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Surgical infection is still an issue
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Dramatic impact in orthopedics and traumatology

‣ Clean surgery

‣ Limited incidence (1-5%)

‣ Greater incidence in joint surgeries 
(0,8 - 15,8%) 

‣ Significant impact for the patient, 
the owner and the surgeon

‣ SSI can lead to implant loosening 
and fixation failure 

‣ Periprostethic infection can lead to 
complete failure of the prosthesis

Surgical infections in orthopedics
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‣ Risk of infection increases exponentially at every revision 
surgery 
‣ First surgery 1.5 to 3%
‣ First revision 2.25% to 9%
‣ Second revision 5% to 81%
‣ Third revision 25% to >100%

‣ Vascular impairment
‣Devitalized tissues 
‣Major attentions to prevent SSI 

Surgical infections in orthopedics

üBraided non absorbable sutures can keep 
inside bacteria for long time

ü  Adhesion of bacteria to the implant
ü  Biofilm production 

üNumber of bacteria necessary to cause SSI it’s  
inversely related to implant dimension

Surgical infections in orthopedics

üInfluence of implants design
üInfluence of implants material
üTitanium VS Stainless Steel
üSuperficial coating
üSilver particles
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Surgical infections in orthopedics

üThe implant surface is 
coated with a protein film

üSome bacteria, such as 
Staphylococcus, can bind 
directly to these proteins

Surgical infections in orthopedics
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‣ Bacteria produce a slime
‣ The slime, in association with the 

substances produced by the 
organism = biofilm or glycocalyx

‣ Biofilm can contain beta-
lactamase

‣ It can make some bacteria more 
resistant

‣ It is a powerful barrier against 
leukocytes, antibodies and 
antibiotics

Surgical infections in orthopedics

ü Most common bacteria:
‣ Staphylococci 45%
‣ Streptococci/enterococci 18%
‣ Escherichia coli 13%
‣ Enterobacter cloacae 9%
‣ Pastorella & Proteus 5%

üOther bacteria
‣ Pseudomonas aeruginosa
‣ Serratia marcescens
‣ Aerobacter spp.
‣ Burkholderia cepacia
‣ Stenotrophomonas maltofilia

ü Anaerobes may be present in 50% of cases

üIncreased incidence of methicillin-resistant 

strains of Staph. pseudointermedius (MRSP) Serratia marcescens

Staphylococcus aureus

Patient 
related 

Environment 
related

Surgical infections in orthopedics

üPREVENTION 

‣ Peri-operative and surgical 
asepsis

‣ Patient conditions 

‣ Respect of tissues during 
surgery

‣ Implants stability

‣ Antimicrobial prophylaxis

Surgical infections in orthopedics

‣ Antimicrobial prophylaxis is 
only one of the pieces of the 
puzzle of SSI prevention 

‣ Antimicrobial prophylaxis 
alone is totally insufficient

Surgical infections in orthopedics

üPREVENTION 
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Whre does infection come from?

Bacteria are everywhere!!

!14

Bacteria are everywhere
It’s imperative to create and maintain barriers

!15

‣OR staff major contaminator 
‣ Every people release in the environment 1 

million bacteria per hour

‣ Patient

‣ Pre- and peri-operative

‣ Intra-operative

‣ Post-operative

Contamination pathways and preventive measures:

Surgical infections in orthopedics
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ü Old animals 
ü Immunodepression 
ü Endocrinopathy
ü Animals carries of MRSP

‣ Staphilococcus psudointermedius MRSP
‣ Piodermitis
‣ Topical treatment 
‣ Systemic treatment only with severe conditions 
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üPatient related factors 

Pre operative contamination

1° degree 2° degree 3° degree

ü Open fractures 
ü Patients with chronic infections 

Pre operative contamination

üUnintentional contamination 
of the patient by the staff 

üContamination of the patient 
before, during and after 
surgery

ü The most underestimated 
source of infections 

üContamination pathway: 
      HANDS

Peri-operative contamination

Bacteria from 
patient

Bacteria from 
staff  

Waterborne  
bacteria

Environmental 
 bacteria

Bacteria from  
contaminated 
disinfectant 
solutions 

Hand as a source of infection

Dr. Luca Vezzoni 2018
Clinica Veterinaria Vezzoni

Dr. Luca Vezzoni 2018
Clinica Veterinaria Vezzoni

Dr. Luca Vezzoni 2018
Clinica Veterinaria Vezzoni



ü Hair clipping 

‣ Risk of contamination of staff’s hands with the skin bacteria 

‣ Staphylococcus intermedius, Streptococcus spp, Enterobacter spp, 
Escherichia coli, etc.

‣ Contaminated hands, bacteria carriers 

‣ Hair clipping after induction of anaesthesia
ORIGINAL STUDIES

Evaluation of Bacterial Contamination of Clipper
Blades in Small Animal Private Practice
Rebecca Mount, DVM, DACVD, Anthea E. Schick, DVM, DACVD, Thomas P. Lewis II, DVM, DACVD,
Heide M. Newton, JD, DVM, DACVD

ABSTRACT

Nosocomial infections are a growing concern in veterinary hospitals, and identifying fomites is imperative to reducing

the risk of pathogen transmission. In veterinary medicine, shaving of hair is necessary prior to many procedures.

Contaminated clipper blades have been cited as potential fomites involved in the transmission of pathogens in

veterinary and human medicine. The primary goal of this study was to evaluate bacterial contamination of clipper blades

in veterinary practices. A secondary goal was to assess whether there was an association between bacterial

contamination of clipper blades and clipper blade cleaning solutions, clipper blade cleaning protocols, clipper blade

storage, and type of practice. Sixty clipper blades from 60 different practices were cultured. Information regarding blade

cleaning solutions, protocols, and storage was collected from each practice. Fifty-one percent (31/60) of clipper blades

sampled were contaminated with bacteria. Category of cleaning solutions had a significant association with bacterial

contamination (P , 0.02). Cleaning frequency (P¼ 0.55), storage location (P¼ 0.26), and practice type (P¼ 0.06) had no

significant association with bacterial contamination. This study documented bacterial contamination of clipper blades in

veterinary practices, and clipper blades should be considered potential fomites. (J Am Anim Hosp Assoc 2016; 52:95–101.

DOI 10.5326/JAAHA-MS-6355)

Introduction
It is expected that bacteria will be present in any hospital

environment, however environmental contamination may be a

reservoir for nosocomial pathogens.1 Staphylococcus spp. and

Pseudomonas spp. have been shown to survive for up to 16 months

on inanimate objects.1,2 In veterinary medicine, 8–36% of small

animals admitted to the hospital will experience a nosocomial event

during hospitalization.3,4 Due to the increasing awareness of

hospital-acquired infections in both human and veterinary

hospitals, identifying potential fomites is critical to reduce the risk

of pathogen transmission between patients. Proper hand hygiene,

environmental decontamination, and equipment cleaning and

disinfection are all vital to minimizing infectious microorganisms

in the hospital environment.2,5,6

Numerous surveillance studies evaluating the presence of

bacteria in hospital environments, on hospital personnel, and on

hospital equipment have been performed in both veterinary and

human medicine. Computer keyboards, cellular telephones,

hospital floors, and door handles have all been found to be

contaminated with various bacterial pathogens, including both

antimicrobial-susceptible and antimicrobial-resistant Staphylococ-

cus spp., Enterococcus spp., Escherichia coli, and Salmonella spp.1,5–9

In addition, inanimate objects that are in contact with patients,

including stethoscopes, beds, cages, and otoscope cones, have been

found to have bacterial contamination.8,10–14

In veterinary medicine, shaving of hair is necessary prior to

many procedures, including surgery, wound repair, ultrasounds,

intravenous catheter placement, and intradermal allergy testing.

Clipper blades can cause skin trauma, and using improperly

From Dermatology for Animals, Albuquerque, NM (R.M.); Dermatology

for Animals, Gilbert, AZ (A.E.S., T.P.L.); and Dermatology for

Animals, Tucson, AZ (H.M.N.).

Correspondence: mount1115@yahoo.com (R.M.)
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maintained or dirty clipper blades creates the potential for

transmission of pathogenic organisms.14 Contaminated clipper

blades have been cited as potential fomites, and exposure to these

blades has been shown to be a risk factor for the transmission of

dermatophytes in veterinary medicine and human immunodefi-

ciency virus and bacteria in human patients.15–17 No studies

evaluating bacterial contamination or cleaning protocols for clipper

blades in veterinary hospitals were discovered. The primary goal of

this study was to evaluate bacterial contamination on clipper blades

in small animal specialty and general private practices and identify

the types of bacteria found. A secondary goal was to assess whether

there was an association between bacterial contamination of clipper

blades and clipper blade cleaning solutions, clipper blade cleaning

protocols, clipper blade storage, and type of practice.

Materials and Methods
Study Design

A total of 60 clipper blades were sampled. All blades sampled were

made of high-carbon stainless steel or ceramic. Samples were

collected from 15 dermatology practices, 15 surgical practices, 15

emergency practices, and 15 general practices. Practices were

selected in locations accessible to the investigator for sample

collection. The clinics were not informed of the purpose of the

study or collection time prior to the investigator’s arrival. Upon

arrival at each practice, consent was obtained from the participat-

ing clinics for sample collection. Samples were collected immedi-

ately following disclosure of information about the purpose of the

study. Following sample collection, a veterinary technician or

veterinarian at each hospital was asked to complete a questionnaire

describing the frequency of cleaning of the blades and storage of

clippers following cleaning. The questionnaire requested a detailed

description of the cleaning protocol, including specific products

used.

Blade Selection

If multiple clippers were utilized in the hospital, the veterinary

technician or veterinarian assisting the investigator was asked to

select one set of clippers for sampling.

Blade Culture

Blades were handled with exam gloves. A sterile commercial

culturette was used for sample collection. The culturette was

aseptically moistened with three to five drops of sterile water and

the top surface of the blade was swabbed 10 times along the

serrated portion of the top surface of the clipper blades. Each

culture was sent to a commercial laboratory via overnight shipping

according to laboratory instructions.

Laboratory Cultures

Upon receipt of the culture at the lab, each swab was rolled on to

TSAII agar with 5% sheep’s blood and MacConkey agar utilizing a

streak plate technique for isolation and identification of bacteria.

The culture plates did not contain any additional ingredients that

could have negatively or positively influenced bacterial growth. The

TSAII plates were incubated at 33–378C in 5–10% carbon dioxide.

The MacConkey agar plates were incubated at 33–378C in oxygen.

Plates were read at 24 and 48 hr. If no growth was noted at 48 hr,

the culture was finalized. If bacterial growth was present, it was

quantified as ‘‘few’’ to ‘‘4þ’’ and then identified (Appendix 1).

Bacillus spp., Corynebacterium spp., Actinomyces spp., Micrococcous

spp., and Enterococcus spp. were identified based on colony

morphology, catalase, and gram stain.18 Staphylococcus spp. and

Pantoea spp. were identified on Vitek 2 XL instrument using a GP

and GN card. Pseudomonas spp., Enterobacter spp., and Acineto-

bacter spp. were identified on Vitek 2 XL instrument using the GN

card only.

Statistical Analysis

All statistical analyses were performed using R 2.15.2 software.

Significance level was set at P , 0.05.

Cultures were classified as contaminated if any bacterial

growth was present.

Cleaning solutions were classified into three categories: (1)

commercially formulated disinfectants made for use on clipper

blades (CD, clipper disinfectants), (2) non-specific disinfectants

and antiseptics (D, disinfectants), and (3) clipper cleaners or

lubricants containing no disinfectants (CC, clipper cleaner).

Individual active ingredients were also evaluated (Table 1).

Four cleaning protocols were reported: cleaning after every

patient, daily, weekly, and as needed when visibly contaminated.

Blade storage was classified as exposed to treatment area (on

counters or treatment tables) or not exposed to treatment area (in

drawers or cabinets). Samples collected from four practice types

(dermatology, surgery, emergency, and general practice) were

evaluated.

Logistic regression was used to evaluate the association

between cleaning solutions, frequency of cleaning, clipper blade

storage, and type of practice with the presence of bacteria on the

clipper blades. Significant associations were analyzed using

independent pairwise contrast.

Results
Fifty-one percent (31/60) of clipper blades sampled were

contaminated with bacteria. Table 2 outlines information about
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Peri-operative contaminations 

ü Tap water and  hands washing by the staff 

‣ Tap water is NOT sterile

‣ Risk of contamination with water carried bacteria

‣ Burkholderia cepacia, Stenotrophomonas maltofilia, Pseudomonas 
aeruginosa, Escherichia coli, etc. 

‣ Contaminated hands, bacteria carriers

Peri-operative contaminations 

WHO GUIDELINES ON HAND HYGIENE IN HEALTH CARE

40

Table I.11.2 
Waterborne pathogens and their significance in water supplies

Pathogen Health significance Persistence in water 
supplies

Relative infectivity

Bacteria

Campylobacter jejuni, C. coli High Moderate Moderate

Pathogenic Escherichia coli High Moderate Low

Enterohaemorrhagic E. coli High Moderate High

Legionella spp. High Multiply Moderate

Non-tuberculosis mycobacteria Low Multiply Low

Pseudomonas aeruginosa Moderate May multiply Low

Salmonella typhi High Moderate Low

Other salmonellae High Short Low

Shigella spp. High Short Moderate

Vibrio cholerae High Short Low

Burkholderia pseudomallei Low May multiply Low

Yersinia enterocolitica High Long Low

Viruses

Adenoviruses High Long High

Enteroviruses High Long High

Hepatitis A High Long High

Hepatitis E High Long High

Noroviruses and sapoviruses High Long High

Rotaviruses High Long High

Protozoa

Acanthamoeba spp. High Long High

Cryptosporidium parvum High Long High

Cyclospora cayetanensis High Long High

Entamoeba histolytica High Moderate High

Giardia lamblia High Moderate High

Naegleria fowleri High May multiply High

Toxoplasma gondii High Long High

Helminths

Dracunculus medinensis High Moderate High

Schistosoma spp. High Short High

Source: WHO Guidelines for drinking-water quality, 2006.228

WHO Guidelines 
on Hand Hygiene in Health Care

First Global Patient Safety Challenge 
Clean Care is Safer Care

Water pathogens and their diffusion in water pipes

ü Contaminated hands of staff 

‣ Contamination of IV catheters, 
IV infusion lines and vials

‣ Contamination of IV solutions

Peri-operative contaminations 
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ü Contaminated IV solutions
ü Time related bacteria replications 
ü Preserved solutions > higher contamination
‣Contamination of the patient’s blood 

stream

Peri-operative contaminations 

ü Contaminated IV solutions
‣Hematogenous bacterial contamination and transient 

bacteriemia 
‣ Contamination of the surgical field
‣ Bacterial growth in blood clots and dead tissues
‣ The animal’s immune system will help most of the times

Peri-operative contaminations 

ü PREVENTION

‣Peri-operative staff and anesthetist 
hands

‣Dry skin disinfectant gel, alcohol 
based, to be renewed for every patient

Peri-operative contaminations 

ü PREVENTION
ü Peri-operative staff and anesthetist
‣Disposable gloves, renewed for every patient

Peri-operative contaminations 
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WHO GUIDELINES ON HAND HYGIENE IN HEALTH CARE
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STERILE 
GLOVES 

INDICATED
Any surgical 

procedure; vaginal 
delivery; invasive radiological 

procedures; performing vascular 
access and procedures (central 

lines); preparing total parental nutrition 
and chemotherapeutic agents.

EXAMINATION GLOVES INDICATED IN 
CLINICAL SITUATIONS

Potential for touching blood, body fluids, secretions, 
excretions and items visibly soiled by body fluids

DIRECT PATIENT EXPOSURE: contact with blood; contact with 
muscous membrane and with non-intact skin; potential presence 

of highly infectious and dangerous organism; epidemic or emergency 
situations; IV insertion and removal; drawing blood; discontinuation of 

venous line; pelvic and vaginal examination; suctioning non-closed systems of 
endotracheal tubes.

INDIRECT PATIENT EXPOSURE: emptying emesis basins; handling/cleaning 
instruments; handling waste; cleaning up spills of body fluids.

GLOVES NOT INDICATED (except for CONTACT precautions)
No potential for exposure to blood or body fluids, or contaminated environment

DIRECT PATIENT EXPOSURE: taking blood pressure; temperatureand pulse; performing SC and IM 
injections; bathing and dressing the patient; transporting patient; caring for eyes and ears (without secretions); 

any vascular line manipulation in absence of blood leakage.
INDIRECT PATIENT EXPOSURE: using the telephone, writing in the patient chart; giving oral medications; 

distributing or collecting patient dietary trays; removing and replacing linen for patient bed; placing non-invasive 
ventilation equipment and oxygen cannula; moving patient furniture.

Figure I.23.1
Situations requiring and not requiring glove use

Gloves must be worn according to STANDARD and CONTACT PRECAUTIONS. The pyramid details some clinical examples in wich gloves 
are not indicated, and others in which examination or sterile gloves are indicated. Hand hygiene should be performed when appropriate 
regardless indications for glove use.

WHO Guidelines 
on Hand Hygiene in Health Care

First Global Patient Safety Challenge 
Clean Care is Safer Care

Peri-operative contaminations 

ü PREVENTION
‣ Aseptic technique for the insertion and care of IV catheters
‣ Prepare clean skin with alcohol based antiseptic solutions
‣ Wear clean gloves for peripheral IV catheters
‣ Wear sterile gloves for central IV and arterial catheters

Peri-operative contaminations 

ü PREVENTION

‣ Discard all unused solutions

‣DO NOT reuse them for the following patient

‣ DO NOT store them for further use

‣ Use a new set line for every patient

‣ Soap and chlorhexidine, betadine soaked gauzes 
can be contaminated (Serratia marcescens)
‣Surgical instruments and sutures left in disinfectant 

solutions can be contaminated by resistant bugs
‣ Consequent patient contamination

JOURNAL OF CLINICAL MICROBIOLOGY, Aug. 1981, p. 157-160
0095-1137/81/080157-04$02.00/0

Vol. 14, No. 2

Nosocomial Transmission of Serratia marcescens in a

Veterinary Hospital Due to Contamination by Benzalkonium
Chloride

JAMES G. FOX,`* CELIA M. BEAUCAGE,lt CAROLE A. FOLTA,2t AND GUS W. THORNTON2

Division of Comparative Medicine, Massachusetts Institute of Technology, Cambridge, Massachusetts
02139,1 and Angell Memorial Hospital, Boston, Massachusetts 021302

Received 1 October 1980/Accepted 16 April 1981

During a 1-year period, Serratia marcescens was isolated from 50% of all

contaminated intravenous catheters from dogs and cats in a large veterinary
hospital. S. marcescens was also isolated from respiratory tracts, genitourinary
tracts, skin, and other sites in hospitalized animals. A total of 55% of the clinical
isolates and 66% of the intravenous catheter isolates had the same API biochem-
ical profile. The source of the S. marcescens was determined to be aqueous

benzalkonium chloride (0.025%) sponge pots located in the intensive care unit,
surgery rooms, and outpatient clinic areas of the hospital. Of the 11 S. marcescens
isolates submitted to the Centers for Disease Control for serotyping (6 from
aqueous benzalkonium chloride sponge pots, 5 from intravenous catheters), 8
were identified as serotype O10:H11. All S. marcescens isolates tested for anti-
biotic susceptibilities were multiply resistant; isolates were most frequently re-

sistant to streptomycin, cephalothin, and ampicillin. This study demonstrates
that improper use of disinfectants plays an important role in the nosocomial
transmission of S. marcescens.

Before 1950, Serratia marcescens was consid-
ered a harmless saprophyte. In the 1960s, cases
of S. marcescens infections were recorded only
sporadically. However, over the past decade,
human infections attributed to S. marcescens
have increased. This organism has been isolated
from patients suffering from a variety of infec-
tions (4, 6, 9, 13, 14, 23). Because S. marcescens
is an opportunistic pathogen, it is found fre-
quently in patients with impaired host resistance
(16, 23). Procedures such as catheterization and
prolonged antibiotic treatment also tend to pre-
dispose a patient to S. marcescens infections.

Recently, S. marcescens has been recognized
as being responsible for numerous nosocomial
outbreaks in humans. In hospitals, S. marces-
cens infections have been transmitted hand-to-
hand by hospital personnel, via solutions used
for medical procedures (8, 16), and by catheteri-
zation or needle puncture (9, 17, 19, 23). Infec-
tions caused by S. marcescens are reported
much less frequently in aniimals than in humans
(1, 3, 22, 24). To our knowledge, there has been
only one report which describes a possible nos-
ocomial outbreak associated with S. marcescens

t Present address: Division of Diagnostic Services, Tufts
University School of Veterinary Medicine, Jamaica Plain, MA
02130.

in a veterinary hospital (24).
Over a 1-year period, 50% of all contaminated

intravenous (i.v.) catheters from clinically ill
animals in the intensive care unit (ICU) of a
large veterinary hospital were positive for S.
marcescens. This report describes an epidemio-
logical study that determined the source of S.
marcescens in that hospital to be aqueous ben-
zalkonium chloride.

MATERIALS AND METHODS

Animals. Most of the animals studied (35 dogs, 6
cats) were admitted to the ICU of the hospital because
they were suffering from trauma resulting primarily
from automobile accidents or other acute illnesses. A
few were suffering from debilitating conditions such as
mammary carcinoma and liver disease. While hospi-
talized, all animals were treated with up to three
antibiotics for varying time periods before the isolation
of S. marcescens from i.v. catheters. All animals en-

tering the ICU were given i.v. catheter placements.
Subsequent cultures of other body sites were obtained,
when indicated, from animals exhibiting clinical signs
of infection. Data pertaining to hospitalization and the
isolation of S. marcescens from various body sites in
the study animals were obtained by reviewing hospital
records over a 1-year period.

Catheter placement and removal. For insertion
of catheters, the leg of the animal was clipped, and an

initial scrub was performed with an iodinated disinfec-
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Peri-operative contaminations Peri-operative contaminations 

ü PREVENTION
‣ Disposable sterile cans for skin scrub
‣ Individual prep solutions, to be discarded at the end of 
the day
‣ Use small bottles of disinfectant agents
‣ Several Gram neg bugs grow in scrub solutions let on air
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üPREVENTION 

‣ Pre scrub of distal extremities with soapy solutions 

Peri-operative contaminations 

üPREVENTION
‣ Purse string suture for hip and femur surgeries 
‣ Decontamination step with non medicated soap
‣ Careful and systematic scrub of the surgical area 
‣ Clean with a soapy solution (Clorexidine 4% diluted) 
‣ Rinse with hydroalcholic solution 
‣ Minimum 4 passages (Contact time around 5’) 

Peri-operative contaminations 

!35

üPREVENTION

‣  Hydroalcoholic “colored” solution
‣  Propan-2-ol 72% + Belzanconium Chloride
‣  Action time 1’ / 2’

Peri-operative contaminations 
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üPREVENTION
‣ Sterile vetrap 
‣ Gauze 
‣ Autoclavable pouch
‣ Sterile vetrap 

Peri-operative contaminations 
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üPREVENTION

Peri-operative contaminations 

!38

üPREVENTION

‣ Skin isolation 
‣ Glue and adhesive drape

Peri-operative contaminations 

70% 
of SSIs begin at 
the incision site4

SSIs can delay healing, increase the risk of skin gaps, and 
cause excess scarring1,2

n   SSIs extend hospitalisation by an average of 4  to 7 days3

n Despite current preventive measures, SSIs account for 1  out of 3 (37%)  
 hospital-acquired infections in surgical patients3

Appropriate support helps maintain the integrity of the skin closure 
and minimise scarring

n   Support is essential to maintaining skin-edge approximation during the critical 
healing period (5  to 7 days after surgery)

During skin approximation, it is important to prevent the formation 
of skin gaps and to keep skin edges everted

n Uneven skin edges may have a negative impact on recovery and cosmetic results
n Compromised wound integrity may contribute to the development of an SSI by   
 allowing bacteria to enter into the wound

Meticulous subcuticular closure with an appropriate suture can help to  
provide optimal cosmetic outcome

Secure skin closure is an integral step in ensuring optimal 
cosmetic outcomes

To address these controllable risk factors, reinforce your closure with new 
DERMABOND ADVANCED™ Topical Skin Adhesive

Breast Augmentation Inguinal Hernia (Open) C-section

2
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Even well-approximated incisions are vulnerableSkin closure is an integral step 
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NO!

 Intra-operative contamination and prevention

ü Strict respect of asepsis guidelines

‣  DO Not touch the skin
‣ Adhesive drapes or stockinette
‣ Michel’s clips 

ü Skin isolation

PRODUCT PERFORMANCE

The performance of a topical skin adhesive will be determined by the unique interaction
among its monomer, formulation additives, and initiator.  Other topical skin adhesives, including
other octyl-based adhesives, have different chemical formulations than DERMABOND ADVANCED™,
possibly affecting the chemical and physical features of the polymerized fi lms and their ability to
deliver outcomes similar to DERMABOND ADVANCED™.

Thus, the unique formulation of DERMABOND ADVANCED™ provides strength and microbial
protection during wound closure2,3.

Inhibition of bacteria
The surface of the human skin has a complex topography, consisting of multiple layers of keratinized
cells, hair follicles, and pores from sweat and sebaceous glands. As seen in the fi gure below, while
preoperative antimicrobial skin preparations can greatly reduce the amount of bacteria on a patient’s
skin, the products do not eliminate all of the bacteria, especially if the bacteria are resident in the
lower layers of the stratum corneum or lining the hair follicles and pores13.

Section highlights:
■ The performance of a topical skin adhesive is determined by the unique interplay

among the all components of its formulation
■ The unique formulation of DERMABOND ADVANCED™ Topical Skin Adhesive provides

strength and microbial protection during wound closure2,

Before antiseptic application Immediately following antiseptic application
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‣ Asepsis
‣ Bacteria deeply seated in hair follicles
‣ 20% of bacteria remain in the deepest 
layers 

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines

ü Skin isolation
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Peri-operative contaminations 

ü PREVENTION

‣Limit the number of blood 
stream accesses (ASA risk)

‣Every blood stream access is 
a potential source of 
hematogenous infection

‣Remove IV catheters asap 
after recovery from surgery

‣ Clean zone separated from dirty zone 

‣ Reduce the equipments to a minimum 

‣ Sunlight in the room is better than only artificial light

‣ Large rooms are better 

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR

‣ Ventilation system - continuous change
‣ HEPA Filter (High Efficiency Particulate Air)
‣ Continuos positive airway pressure ventilation in the OR
‣ Airborne bacteria 
‣ Laminar airflow 

ü Ambiental contamination

 Intra-operative contamination and prevention

‣ Ozone 

‣ UVA 

‣ Ox-Aire (7,5% Hydrogen peroxide)

 Intra-operative contamination and prevention

ü Ambiental contamination
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‣ Regular daily cleaning and disinfection
‣ Periodical ozon disinfection if the OR can be 

sealed or UVA 
‣ Renewal of MRSP cases 
‣ Periodical samples 

‣ Environment 
‣ Surgical wound at the end of surgery

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR
‣ Tacky mats placed outside the entrance of 

operating room / suite, not demonstrated to 
reduce the contamination

‣ Useful as a virtual barrier to the surgical 
suite

‣ Clean clogs for OR only

‣ Check for effective instruments and implants sterilization 
procedures

‣ Periodical microbial monitoring with biological indicators
‣  

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR

!48

‣ Class 1 indicator outside the pack (indicator drape)
‣ Class 5 indicator in the deepest part of the pack

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR
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‣ Envelopes and packs
‣ Integrity
‣ Sterilization indicator and date 
‣ Double check:

‣ immediate after the sterilization
‣ before each use

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR

‣ Storage of packs and 
sterile envelopes in a 
isolated zone

‣ Periodical re-
sterilization with new 
envelops

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR

!51

üPREVENTION

ü Hand disinfection

‣ Hygiene

‣ Cleaning

‣ Disinfection

‣ Skin care

Peri-operative contaminations 

!52

üPREVENTION

‣ Cleaning with neutral soap 
‣ Accurate drying with sterile disposable paper 
and at the end mechanical hand dryer 

ü Hand disinfection

Peri-operative contaminations 
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üPREVENTION

‣ Hydroalcoholic solution

‣ Dry scrub most effective than 
traditional wet scrub

‣ Sterillum (Propan-2-ol 45% e 
Propan-1-ol 30%)

‣ Microfilm

‣ It lasts for several hours 

‣ Sprayed on the skin and leave it dry

‣ 1.5’ 

Peri-operative contaminations 

ü Hand disinfection
‣ Double gloving for orthoapedic sx, change of the outer pair 

when needed
‣ 26% - 43% perforation of at least one pair 
‣ Inner glove intact in 63%
‣ Ability to detect the perforation 30% - 34%

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR

‣ Reduce the number of people in the room 
to a minimum

‣ For each additional person in the OR the 
risk of SSI can increase by as much as 
30%

‣ Limit movements 
‣ Security distance 
‣ 30% greater risk of wound infection for 

each additional hour of anestesia
‣ The risk of SSI approximately doubles 

for every hour of surgery time
‣ Major risk for surgical procedures  >90’

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR

‣ Limit conversation
‣ Reduce spread of bacteria

‣ Change surgical mask for each 
surgery

 Intra-operative contamination and prevention

ü Strict respect of aseptic 
guidelines in OR
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‣ Adequate surgical protection
‣ Ears, nose, mouth, and hairs

NO! YES!

 Intra-operative contamination and prevention

ü Strict respect of aseptic guidelines in OR
‣ Surgical approach

‣ Surgical technique (Halstead’s principles)

‣ Respect of soft tissue and periosteum

‣ Preservation of blood supply

‣ Avoid dead spaces

‣ Duration of surgery

ü Orthopaedic surgery

William Stewart Halsted nel 1874, NY

 Intra-operative contamination and prevention

‣ Frequent lavages with sterile physiologic solution

‣ Keep tissues wet

‣ Copious lavage at end of surgery

‣ Eliminate blood clots and dead tissues

‣ Dilution of contamination

ü Orthopaedic surgery

 Intra-operative contamination and prevention

ü Revisions of orthopedic sx

ü Prophylactic use 
ü Septocoll E: gentamicin solphate and gentamicin crobefate
ü Local activity from 8 to 10 days
ü Antibacterial sutures

Local slow release antibiotic impregnated substances 

 Intra-operative contamination and prevention
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‣ Clean and hygienic environment in p.o. period
‣ Wound dressing for 24-48 hours
‣ To protect early wound sealing

ü Careful patient care

Post-operative contamination and prevention Post-operative contamination and prevention

ü Careful patient care

‣ Licking and suture dehiscence
‣ Contamination of internal sutures
‣ Deep contamination
‣ Prevention: Elizabethan collar

‣ Informative material
‣ Ask for wound pictures 

Post-operative contamination and prevention

ü Careful patient care ‣ NOT TO BE considered an attempt to sterilize tissues 

‣ It’s an additional way to reduce microbial burden of 
bacteria contamination

‣ IV infusion at anesthesia induction

‣ 30/60 min before skin incision 

‣ Repeat every 90 min in prolonged surgery (redosing 
every 2 half-lives)

‣ 1 or 2 additional (within the 24 hours)

PERIOPERATIVE ANTIMICROBIAL PROHYLAXIS (AMP)
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‣ Elective procedures, closed fractures (Staphylococcus): 
Cefazolin

‣ Open fractures (Staphyloccocus, Streptococcus and 
anaerobes): 
‣ Cefazolin or clindamycin +/- aminoglycoside or 

fluoroquinolone (Enrofloxacin should be avoided with 
known or potential Streptococcus canis infection)

PERIOPERATIVE ANTIMICROBIAL PROHYLAXIS (AMP)

‣ Controversial topic
‣ Several studies with different results
‣ Recent evidence suggest that post op AMP may be indicated for 

certain procedures (TPLO)
‣ Clean surgery
‣ Duration
‣ Amocixillin-Clavulanic A. 20 mg/kg every 8 hrs for 5 days

POSTOPERATIVE ANTIMICROBIAL PROHYLAXIS (AMP)

ü Culture
ü Isolation of bacteria and antibiogram
ü Targeted antibiotic therapy

First step

Surgical treatment of orthopedic infections 

ü Culture
ü Isolation of bacteria and antibiogram
ü Targeted antibiotic therapy

First step

ü Removal of implants without further fixation in the case of infected 
but sufficiently consolidated fractures 

üRemoval of implants with new fixation in case of septic 
pseudoarthrosis (stable angle implants are preferred)Trapianto di 
spongiosa

üInsertion of substances impregnated with slow release local 
antibiotics

üProlonged and targeted systemic antibiotic therapy
üPossible removal of the new consolidation system

Second step

Surgical treatment of orthopedic infections 
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‣ Most bone infections in animals are still sensitive to common 
antibiotics (amoxi-clav, cefazolin, doxycycline, 
sulfamethoxazole / trimethoprim, quinolones, amikacin) 

‣Colture Sensitivity Test

‣ Frequent administration to maintain constant levels (every 4-6 h.)

‣ Antibiotics that penetrate the glycocalyx and with a good 
distribution in the bone tissue (rifampicin, minocycline, 
tigecycline)

‣ Removal of implants often required

Antibiotic therapy of osteomyelitis

‣ MRSP
✓ Vancomicin, rifampicin, teicoplanin, linezolid (very 

expensive)
✓ Associations with doxicicline, ciprofloxacin, 

clindamicin to reduce resistance
✓ Fosfomycine

‣ Gram-negative (Pseudomonas, Klebsiella)
✓ Amikacin, 3rd gen cephalosporines, ciprofloxacina
✓ Colistine + rifampicin o co-trimoxazolo

Antibiotic therapy of resistant
osteomyelitis

ü The surgeon is the first person in charge 

ü Prevention always and as mush as possible

ü Asepsis, stable fixation of implants

ü Prevention of nosocomial infections, focus on HANDS

ü Periodical environment samples and samples of the surgical 
wound at the end of surgery

ü Antibiotic prophylaxis as unique strategy is useless 

Strategies to prevent infections
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