
CHRONIC WOUND CARE: The Essentials e-Book 87

CHAPTER 8

Landis S, Ryan S, Woo KY, Sibbald RG. Infections in chronic wounds. In: Krasner DL, van Rijswijk L, eds. Chronic Wound Care: The 
Essentials e-Book. Malvern, PA: HMP; 2018:87–110.

Infections in Chronic Wounds
Stephan Landis, MD, FRCP(C);

Siobhan Ryan, MD, FRCPC;
Kevin Y. Woo, PhD, RN, FAPWCA; 

R. Gary Sibbald, BSc, MD, MEd, FRCPC (Med, Derm), MACP, FAAD, FAPWCA

Introduction

Early recognition and management of increased bacte-
rial burden and infection is vital during the ongoing 
care of a chronic wound. Bacterial damage will cause 

wound deterioration, delaying wound healing and increas-
ing the risks of further morbidity and mortality. The appro-
priate use of antimicrobial agents is an ongoing challenge in 
this field. Interestingly, 1 in 4 persons with chronic wounds 
are receiving antibiotics at any one time, and 60% have re-
ceived systemic antibiotics within the previous 6 months.1 
This increased use of antibiotics is related to the clinical un-
certainty associated with diagnosing and managing infection 
in chronic wounds. 

The basic principles of wound management have evolved 
from the use of lint, animal grease and honey in Ancient 
Egyptian times (1600 BCE) to moist wound healing tech-
niques that were first described in the 1960s. Unfortunate-
ly, some of the basic principles surrounding diagnosis and 
management of infection have been forgotten resulting in 
the indiscriminate use of antibiotics. This has promoted the 
development of antimicrobial resistance, particularly with 
methicillin-resistant Staphylococcus aureus (MRSA).

Definitions and Concepts
All chronic wounds contain microorganisms acquired 

either from the host or from the external environment. 
Microorganisms interact with chronic ulcers at 4 levels: 
wound contamination, colonization, critical colonization, 
and infection.2

Objectives
The reader will be challenged to:
•  Differentiate the concepts of 

wound contamination, coloniza-
tion, critical colonization, and 
infection

•  Distinguish infection in a chronic 
wound based upon bedside clini-
cal assessment

•  Analyze microbial culture results 
to identify specific multiresistant 
organisms

•  Select appropriate empiric anti-
microbial therapy for increased 
superficial bacterial burden and 
deep infection in chronic wounds

•  Manage the presence of MRSA in 
a chronic wound.

Additional Resources:
The Development And Content Validation Of 
A Multidisciplinary, Evidence-Based Wound 
Infection Prevention And Treatment Guide
http://www.o-wm.com/article/development-
and-content-validation-multidisciplinary-
evidence-based-wound-infection

http://www.o-wm.com/article/development-and-content-validation-multidisciplinary-evidence-based-wound-infection
http://www.o-wm.com/article/development-and-content-validation-multidisciplinary-evidence-based-wound-infection
http://www.o-wm.com/article/development-and-content-validation-multidisciplinary-evidence-based-wound-infection
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1.  Contamination refers to the presence of non-
replicating microorganisms on the wound 
surface but the bacteria do not evoke any 
clinical host response. 

2.  Colonization refers to the presence of repli-
cating microorganisms attached superficially 
to the surface wound tissue without any 
detectable host injury. Some common colo-
nizing flora are: Corynebacteria sp, coagulase 
negative staphylococci, and viridans streptococci. 
However, wound colonizers are not neces-
sarily harmful and have been shown to ac-
celerate wound healing. Wound healing oc-
curs predictably beneath a moist occlusive 
dressing in the presence of a moderate non-
pathogenic bacterial burden of normal skin 
flora.

3.  Critical colonization involves a replicating mi-
crobial burden in the wound surface com-
partment. Wound healing is delayed or ar-
rested3 in additional to other subtle clinical 
signs of host injury.

4.  Wound infection refers to the presence of 
multiplying microorganisms within the 
deep compartment of a wound. Explicit 
clinical signs are usually detectable to in-
dicate host injury. Although various factors 
can influence the development of a wound 
infection, the common factors are described 
in the following relationship:

 

Microorganisms invade host tissues when 
the level of microbial burden or virulence has 
reached a level where host responses are over-
whelmed. Of these 3 factors contributing to the 
probability of infection, reduced host resistance is 
frequently overlooked while much attention has 
been placed on microbial burden and virulence.

Determinants of Chronic Wound  
Infection

The ability of the host to resist microbial in-
terference is the most important determinant 
of chronic wound infection and involves many 
different local and systemic components. These 
components include:

Size and location of the wound. Larger wounds are 
at greater risk of infection than smaller wounds 
and are associated with heavy microbial burdens. 
The location of a wound may determine the risk 
of wound infection. For example, a diabetic neu-
rotrophic or neuroischemic ulcer over a bony de-
formity on a plantar surface or a pressure ulcer 
over a chronically soiled sacrum or perineal site 
are both more susceptible to infection than a lo-
calized pressure ulcer over the scapula.

Age of the wound. Chronic wounds of long 
duration (more than 6 weeks) are more likely 
to become infected involving deep tissue struc-
tures and bone. It is important to recognize that 
chronic wounds often have a polymicrobial flora 
(eg, gram-positive and gram-negative aerobes and 
anaerobes).4

Vascular perfusion. Inadequate local vascular sup-
ply leading to poor tissue oxygenation will favor 
microbial proliferation, increase the risks of in-
fection and reduce the likelihood of healing. In 
fact, wounds are generally deemed healable if tis-
sue oxygen partial pressures are > 40 mmHg, and 
difficult to heal if below 20 mmHg.5 Up to 30% 
of diabetic neuroischemic foot ulcers will not 
heal in patients with an ankle-systolic pressure of 
< 50 mmHg or an ankle-brachial index < 0.3.6 

Clinicians should maintain a high index of suspi-
cion because infection is more likely to be covert 
when tissue perfusion is poor.

Presence of devitalized tissue or foreign bodies. De-
vitalized tissues including eschar and slough are 
food source for bacteria. The presence of devi-
talized tissues thus increases the risk for the de-
velopment of infection. The presence of foreign 
bodies, such as orthopedic prostheses, surgical 
mesh, sutures, or dressing materials can harbor 
microorganisms and thus predispose an individual 
to infection. 

Systemic and Personal Factors
Behavioral determinants. Some individuals may 

have difficulty adhering to the treatment plan due 
to a lack of understanding, poor motivation, and 
depression. Poor personal hygiene, alcohol abuse, 
and smoking may also interfere with wound heal-
ing. Wound infection rates are 6 times higher in 
smokers than in nonsmokers.7

Among individuals who are having difficulty 
maintaining adequate nutritional intake, wound 

Probability
of infection

(micro burden) × (virulence)

 (host resistance)
=
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healing falters and the risk of infection increases 
when serum albumin levels are consistently be-
low 2.5–3.0 g/dL.

Social determinants. Education and socioeco-
nomic background must be taken into account 
to determine the healability of wounds. For ex-
ample, individuals may not have the resources to 
purchase appropriate offloading devices that are 
essential for healing diabetic neurotrophic or 
neuroischemic foot ulcers.

Associated co-morbidities. Underlying condi-
tions, such as poorly controlled diabetes mellitus 
(HgbA1c > 0.84), increase the risk of infection 
through hyperglycemia and inadequate neutro-
phil function especially with HgbAIc levels above 
0.12 or 12%.8 Chronic renal and liver impair-
ment, as well as immune suppressing therapies, 
(eg, corticosteroid therapy, cytotoxic chemo-
therapies), and chronic viral infections (eg, hu-
man immunodeficiency virus infection, hepatitis 
B and C) increase the risk of wound infection. 
Conditions, including venous insufficiency, con-
gestive heart failure, hepatic insufficiency and cor 
pulmonale, are associated with peripheral edema 
states that will reduce local host defense and in-
crease the risk of infection.

Pathogenesis of Infection in Chronic 
Wounds

Microorganisms. Intact skin is the best defense 
mechanism for preventing microbial invasion. 
It not only serves as a barrier but also inhibits 
pathogen colonization through normal surface 
host flora, and promotes the antimicrobial effects 
of epidermal lipids. Few pathogens can breach 
this first line of defense. Once the skin barrier 
is compromised, microbial contamination and 
colonization occurs. The ecology of wounds is 
complex and most chronic wounds host polymi-
crobial flora, containing a range of 1.6 to 4.4 bac-
terial species per ulcer.9 Whether or not infection 
ensues depends upon which microorganisms are 
involved, how likely they are to produce disease, 
and how effectively the host can resist invasion. 
Interestingly, almost 90% of ulcers without clini-
cal signs of infection still contain more than 1 
species of bacteria.10 Bacteria possess numerous 
virulence strategies to help tip the balance in fa-
vor of host infection. These include:

1.  The presence of adhesins  that allow bacteria 

to attach themselves to the host 
2.  The presence of cell capsules that protect the 

bacteria from phagocytosis 
3.  The production of bacterial biofilm structures 

that provide a shield over the expanding 
bacterial colonies.11

Microorganisms need not invade host tissue 
directly to impair wound healing. They produce 
a wide array of enzymes and toxins at the wound 
surface that can affect host immunity. The con-
cept of bacterial synergy recognizes the impor-
tance of interspecies interactions.12 The growth 
of gram-negative organisms and anaerobes may 
be enhanced by the presence of facultative bac-
teria providing exchangeable microbial growth 
factors.13 Although, the concept of synergy has 
not been conclusively proven in chronic wounds, 
there are good examples of microbial cooperation 
in other conditions, including necrotizing soft tis-
sue infections.

Staphylococcus aureus is a common pathogen 
found in chronic wounds. It has the ability to 
produce many enzymes that have been associated 
with disease production. These bacterial associ-
ated enzymes include: catalase that blocks phago-
cyte-mediated killing; hyaluronidase that breaks 
down connective tissue matrix; beta-lactamase that 
imparts penicillin resistance; and nucleases or lipases 
that disrupt cells leading to abscess formation. A 
variety of extracellular toxins are also produced 
and include: alpha toxin, that lyses the host cells 
(eukaryotic) but not bacterial cytoplasmic mem-
branes; beta toxin, that degrades sphingomyelin, 
and breaks down cells (erythrocytes, leukocytes, 
and fibroblasts); gamma toxin, that breaks down 
erythrocytes; sigma toxin that has a surfactant ef-
fect; and leukocidin, that may induce granulocyto-
penia. In the extreme situation, the production 
of toxic shock syndrome toxin (TSST) induces a 
catastrophic multisystem disorder leading to the 
rapid development of shock and death through 
its activity as a super antigen.

Other microorganisms, such as streptococci, have 
active cell surface virulence factors, such as capsu-
lar polysaccharide, peptidoglycan, lipoteichoic acid, and 
M-protein, that promote bacterial resistance and 
avert phagocytosis.

Anaerobes favor the relatively hypoxic envi-
ronment of the chronic ulcer14 and are frequently 
overlooked as major microbial players in wound 
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infection. Frequent anaerobic wound colonizers 
include: Bacteroides, Peptostreptococcus, and Prevotella 
species. They may not be identified on routine 
wound swab sampling because anaerobic cul-
ture and isolation techniques are more complex, 
labor-intensive and costly. In 9 wound surveys 
(1976–1999) involving wounds of diverse etiolo-
gies, a total of 3,116 microbial isolates were de-
scribed using sensitive isolation techniques; 1,399 
of the 3,116 organisms or 45% of the bacterial 
isolates involved the presence of anaerobes.15 

Host Defense Factors
Acute wounds follow a predictable cascade that 

can be described by the following acronym: V-
I-P-E-R. This cascade induces a vascular phase 
(V) with initial vasoconstriction, platelet activa-
tion, and rapid fibrin plugging. The inflammatory 
phase (I) that follows, typically a pronounced in-
crease in blood flow to the site of injury, as well as 
increased vascular permeability, with a rapid mo-
bilization of phagocytic cells, complement and 
antibody. Cytokine and growth factor release act 
in unison to sequester and remove microorgan-
isms, foreign debris, bacterial toxins, and enzymes. 
The proliferative phase (P) overlaps with the in-
flammatory phase to produce new tissue substrate 
and granulation. This occurs through neovascu-
larization, angiogenesis, matrix material deposi-
tion, and subsequent epithelial migration (E) to 
establish a new skin barrier. The final remodeling 
phase (R) of new skin tissue then occurs over sev-
eral months. 

While this host cascade progresses in a pre-
dictable manner in acute wounds, the healing se-
quence is stalled or arrested in the inflammatory 
(I) or proliferative (P) phases, with the develop-
ment of infection. Thus an acute wound becomes 
chronic. Host injury occurs in a wound infected 
with a virulent population of microorganisms. 
Under most circumstances, the host will try to 
maintain a balance of colonizing flora and keep 
pathogenic flora in check through a wide array 
of defense mechanisms. However, this balance is 
upset within the chronic wound. Infection stimu-
lates an inflammatory response leading to a per-
sistent influx of neutrophils. Neutrophils release 
damaging substances such as cytolytic enzymes, 
free oxygen radicals, and inflammatory mediators. 
Eventually, localized thrombosis and vasocon-

stricting metabolites lead to tissue hypoxia. These 
tissue-damaging events can promote ongoing 
bacterial proliferation, ie, anaerobes, and further 
tissue destruction. As the immune response be-
comes increasingly self destructive in chronic 
infection, an adaptive down regulation of the 
immune response develops, particularly in over-
whelming infection. The wound-bacterial rela-
tionship requires a very fine balance where the 
host tries to fend off pathogenic microorganisms 
while attempting to limit immunological injury 
and foster healing.

Numerous studies have indicated that the pres-
ence of chronic infection delays wound healing 
and reduces tissue tensile strength, particularly in 
the proliferative phase (P). This occurs because 
of over-exuberant small vessel angiogenesis with 
ongoing thrombosis of larger vessels leading to 
localized tissue hypoxia. Fibroblasts in chronical-
ly-infected wounds are reduced in number, have 
reduced metabolic activity, and form weak col-
lagen in disorganized patterns. There is also in-
creased collagenolytic activity in these wounds. 
Thus the patterns of development of granula-
tion tissue are markedly influenced by infection 
in the proliferative phase (P). Granulation tissue 
within an infected wound tends to be pale or 
gray, and is sometimes described as looking more 
like “cooked meat” rather than the healthy firm 
pink “raw hamburger” granulation base required 
for healing. This tissue is often edematous with 
marked friability and increased tendency to bleed 
easily. The epithelization phase (E) has also been 
shown to be impaired where granulation tissue 
displays the features of bacterial damage.

Diagnosis: Bedside Assessments
The assessment of infection in a chronic wound 

is a bedside skill. There is no gold standard for the 
diagnosis of this condition. What does bedside 
clinical assessment tell us about the recognition 
of infection in chronic wounds?

Over the ages, acute wound infection has been 
described by the 4 classic signs of inflammation: 
rubor (vasodilatation), calor (increased tempera-
ture), dolor (painful cytokine-mediated stimula-
tion of nociceptive nerve fibers and nerve damage), 
and tumor (increased vessel permeability leading 
to edema). Sometimes the presence of purulent ex-
udate is added to support the diagnosis of infection. 
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The mean sensitivity of these signs in the diag-
nosis of chronic wound infection is low at 0.38.16 

On the other hand, signs associated with 
chronic wounds also include: delayed healing, in-
creased serous drainage/inflammation, increased tender-
ness, friable/bleeding granulation tissue, foul odor, and 
increased wound breakdown with increased size and 
satellite areas of new ulceration. Using these criteria, 
we note that the corresponding sensitivity rises to 
0.62, an increase of more than 60%.16 Microbio-
logical data is used to supplement and support the 
clinical diagnosis rather than make the diagnosis. 

Severe infection in a chronic wound is seldom 

subtle, particularly when local microbial invasion 
leads to a systemic inflammatory response with a 
“sepsis syndrome.” This is characterized by fever, 
chills, rigors, hypotension, and in the extreme, 
multiorgan dysfunction. Infection of moderate se-
verity often may lack systemic features, but most 
chronic wounds in this situation will show a rim 
of periwound cellulitis with increased erythema, 
swelling, and an increase in local temperature at 
the wound edges. Infections consisting primarily 
of gram-positive organisms typically have puru-
lent exudate. The exudate in mixed infections, 
particularly where gram negatives are present, is 

Figure 1. Checklist for differentiating inflammatory and infected ulcers.1

Inflammatory

Co-existing  
systemic diseases

Constant with  
onset of lesions

Multiple sites 
(often symmetric)

Palpable purpura
• Livedo pattern
• Rolled border
• Focal necrosis
•  Satellite areas of  

breakdown

Local

Normal or warm

• Biopsy
• Patch testing for allergies
•  Labs for autoimmune/

end-organ involvement

 Comorbidities

Pain

Location

Morphology

Erythema

Skin temperature

Directed investigations

Infected

Decreased host resistance  
(immunosuppression)

Increased

Single site 
(usually asymmetric)

•  Classical or subtle signs  
of infection

• Soft tissue crepitus

Advancing

Warm or hot

•  Swab for culture (possible 
biopsy)

• CBC
• ESR
• CRP
• Diagnostic imaging

CBC = complete blood count; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate
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often less purulent. Bacterial leukocidins, phos-
pholipases, and toxins rapidly destroy neutrophils, 
producing watery exudates, sometimes referred to 
as “dishwater pus.” The presence of a noxious odor 
is associated with the presence of anaerobic bacte-
ria, but it is an insensitive sign, and noted in only 
about half of chronic wounds infected with anaer-
obes. Some chronic wound infections are of mild 
severity. These represent so-called “covert” infec-
tions, where the host is being sufficiently harmed 
to the point that healing does not take place. In 
these cases, the pathogen is sufficiently contained 
so that typical inflammatory changes are absent, 
and may represent “critical colonization.”

Infection must be considered in any chronic 
wound that fails to show signs of progressive heal-
ing despite favorable conditions. We need only to 
recall the clinical signs associated with chronic 
wound infection, described above. However, most 
clinical signs have pitfalls. When cellulitis is local-
ized solely to subdermal lymphatics, there may 
be few superficial findings, except increased pain. 

Alternatively, noninfectious processes can pro-
duce an inflammatory response that can mimic 
infection including a condition called pyoderma 
gangrenosum. Tissue destruction with “sterile” 
pus composed of a massive neutrophil infiltrate in 
the skin may be evident. An acute Charcot foot 
can also be confused with cellulitis, when there is 
erythema, swelling, and warmth over recent small 
bony fractures. Inexperienced clinicians may 
over-diagnose infection in ischemic limbs dis-
playing characteristic dependent rubor. The key 
clinical difference is that this ischemic rubor will 
blanche within 1 minute of elevating the limb 
above the level of the heart, while inflammatory 
rubor will only partially diminish if there is true 
tissue infection. Chronic venous insufficiency, ve-
nous thrombosis, and lipodermatosclerosis have 
all been confused with cellulitis in an edematous 
leg. Infection and inflammation1 are compared 
and contrasted in Figure 1.1 

Increased Bacterial Burden and  
Infection

Bacteria can delay healing in a chronic wound 
through damage in a superficial or deep com-
partment. Topical treatment is usually adequate if 
bacterial damage is superficial, systemic therapy 
is often indicated if deep bacterial damage is sus-

pected. In this section we will take the signs and 
symptoms listed above and assign them to the su-
perficial or the deep dermal compartment. Some 
signs may be present with infection at both levels. 
Superficial damage can be documented through 
the mnemonic NERDS:17 Nonhealing, Exudate 
that has increased, Red friable granulation, Debris 
on the surface, and Smell (Figure 2). 

Deep infection often requires systemic treat-
ment. Clinicians need to triangulate looking for 
2 or 3 signs. Odor and increased exudate are in 
both the superficial and deep clusters of the char-
acteristic signs and additional criteria are needed 
to determine if bacterial damage is superficial, 
deep or both. The term STONES17 refers to the 
increased wound Size, increased surrounding 
skin Temperature, the probing or exposed Os, 
New or satellite areas of breakdown, the 3 “E”s 
(Erythema, Exudate, and Edema) along with 
Smell. These 2 paradigms represent a theoretical 
framework to study the effects of various antimi-
crobial agents, but require further validation and 
modification. 

Bacterial Loads, Types, and 
How To Collect Them

Quantitative bacteriology (bacterial bur-
den). As bedside wound evaluation of infection 
may lack adequate clinical diagnostic sensitivity, 
the assessment of bacterial burden has become an 
important adjunctive procedure. 

Skin and subcutaneous tissue are remarkably 
impervious to bacterial challenges. In 1956, 
Elek18 showed that the subcutaneous injection 
of S aureus in young, healthy volunteers pro-
duced no signs of infection until the inoculum 
was >105 (1.0 x 106 or higher) colony forming 
units (CFUs) per mL. Since then a large number 
of studies have tried to determine the specific 
bacterial quantitative threshold that best predicts 
the probable occurrence of soft tissue infection. 
Bendy et al19 demonstrated that pressure ulcers 
were more likely to heal if bacterial burdens fell 
to < 1.0 x 106 CFUs per mL. Krizek et al20 dem-
onstrated that skin grafting would often fail if 
there were > 1.0 x 106 CFUs per gram of tis-
sue in the wound bed. Wound closures tended to 
fail if wound beds contained > 1.0 x 106 CFUs 
per gram of tissue. Noyes et al21 confirmed that 
wound exudate must carry bacterial burdens of 
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Figure 2. The mnemonic “NERDS” for the diagnosis of superficial, increased bacterial burden.

Letter KEY INFORMATION Comments

N Nonhealing wound •  The wound is nonhealing 
despite appropriate inter-
ventions (healable wound 
with the cause treated and 
patient centered concerns 
addressed) 

•  Bacterial damage has 
caused an increased 
metabolic load in the 
chronic wound creating a 
pro-inflammatory wound 
environment that delays 
healing

•  To determine a healing trajectory 
the wound size should decrease 
30% after 4 weeks of appropriate 
treatment to heal by week 12.

•  If the wound does not respond 
to topical antimicrobial therapy 
consider systemic antimicrobial 
and biopsy after 4–12 weeks to 
rule out an unsuspected diagnosis 
such as vasculitis, Pyoderma 
gangrenosum, or malignancy

E Exudative wound •  An increase in wound 
exudate can be indicative 
of bacterial imbalance and 
leads to periwound macera-
tion

•  Exudate is often clear 
before it becomes purulent 
or sanguineous Increased 
exudate needs to trigger 
the clinician to assess for 
subtle signs of infection

•  Increased exudate needs to 
trigger the clinician to assess for 
subtle signs of infection

•  Protect periwound area using the 
LOWE© memory jogger (Liquid 
film forming acrylate; Ointments; 
Windowed dressings; External 
collection devices) for skin bar-
rier for wound margins

R Red and bleeding wound •  When the wound bed 
tissue is bright red with 
exuberant granulation 
tissues and bleeds easily, 
bacterial imbalance can be 
suspected.

•  Granulation tissue should be pink 
and firm. The exuberant granula-
tion tissue that is loose and 
bleeds easily reflects bacterial 
damage to the forming collagen 
matrix and an increased vascula-
ture of the tissue.

D Debris in the wound •  Necrotic tissue and debris 
in the wound is a food 
source for bacterial and 
can encourage a bacte-
rial imbalance. New debris 
indicates the wound surface 
is hostile to cells.

•  Necrotic tissue in the wound bed 
will require debridement in the 
presence of adequate circulation

•  Debridement choice needs to 
be determined based on wound 
type, clinician skill, and resources

S Smell from the wound •  Smell from bacterial 
byproducts caused by tissue 
necrosis associated with 
the inflammatory response 
is indicative of wound 
related bacterial damage. 
Pseudomonas has a sweet 
characteristic smell /green 
color and anaerobes have 
a putrid odor due to the 
breakdown of tissue.

•  Clinicians need to differentiate 
the smell of bacterial damage 
from the odor associated with 
the interaction of exudate with 
different dressing materials 
particularly some hydrocolloids. 
Odor may come from superficial 
or deep tissue damage and this 
should not be relied on along 
with exudate alone as the only 
signs of increased superficial 
bacterial burden.

© Sibbald and Ayello 2006. 
Used with permission
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> 1.0 x 106 CFUs per mL in order to produce 
invasive infection. These studies have generally 
agreed with Elek’s findings. Large populations of 
bacteria are required to produce sufficient toxin 
and proteolytic enzymes in order to overcome 
host resistance and damage living tissue. In the 
presence of a foreign body, infection was estab-
lished with a lower infective dose. In fact, infec-
tion associated with a foreign body, took place 
with a bacterial dose reduction of 4-logs. 

There are several methods to quantify bacteria 
in a chronic wound and each method has its ad-
vantages and pitfalls as outlined below (Table 1).

1. Quantitative biopsy. Quantitative biopsy has 

been considered the gold standard for measur-
ing bacterial burden in a wound (Table 1). Com-
paring paired burn wound biopsies, results from 
quantitative biopsies that contained >105 CFUs 
per gram of tissue were correlated to histological 
evaluation of bacterial invasion into soft tissue.22 
However, the study has been criticized for using 
only a small part of the wound. Overall, while 
quantitative biopsy may be valid in the diagno-
sis of infection in burn wounds, little is known 
about its utility in chronic wounds. The utility 
of quantitative techniques are limited by obser-
vations that many chronic wounds, colonized 
with normal skin flora, will heal even in the 

Table 1. Practical techniques for assessing infection in chronic wounds

Technique Description Laboratory 
processing Strength Limitations Indications

Qualitative 
swab

Irrigate the 
wound, then 
rotate the tip 
of a swab over 
a defined area

Inoculated 
into media for 
identification 
of organisms

Identify organ-
isms with-
out relative 
quantitative 
counts 

No quantita-
tive data

Prone to 
contamination 
with surface 
colonizers 

Common 
practice for 
initial/routine 
bacteriological 
assessment

Semiquanti-
tative swab

Rotate the tip 
of swab over 
a defined area 
on the wound 
bed 

Inoculated and 
streaked into 
4 quadrants on 
standard media

Quick

Cheap

Reproducible

Correlates 
with quantita-
tive biopsy

Reduced 
specificity

Prone to 
contamination 
with surface 
colonizers

Should become 
standard of 
practice if 
further data 
confirm its 
applicability

Wound fluid 
aspiration

Irrigate wound 
with up to 10 
cc of saline 
or water, then 
aspirate fluid 
with needle 
and syringe

Inoculated and 
streaked into 
4 quadrants on 
standard media

Cheap

Reproducible

May correlate 
with quantita-
tive biopsy

Sampling error

Invasive

Deep abscess 
without sur-
face connec-
tion

Quantitative

biopsy

Wound is 
cleaned and 
biopsy taken 
from granula-
tion tissue 
without debris

Weighed, se-
rial dilutions, 
plating and in-
cubation then 
permit enu-
meration and 
identification 
of colonies. 
Colony counts 
are calculated.

Determines 
quantitatively 
the concen-
tration of 
microorgan-
isms within the 
tissue

Invasive 
procedure

Biopsy sites 
maybe slow to 
heal or bleed

Costly

Time 

consuming

Applica-
tion usually 
reserved for 
research set-
tings
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presence of > 106 CFUs per gram of tissue if 
host resistance is dominant over bacterial damage. 
Other chronic wounds may not heal if virulent 
pathogens, such as beta hemolytic streptococci, 
are present even at much lower concentrations. In 
addition, this technique has limited clinical appli-
cation because of increased costs, labor and time 
requirements, need for expert technical process-
ing, risks of bacteremia from an invasive biopsy, 
and potentially unnecessary local tissue trauma. 

2. Quantitative swab technique. The quantitative 
swab technique (exact quantity of dilutant, serial 
dilutions) is a research tool for assessing both the 
quality and quantity of microbial flora in soft 
tissue. It closely approximates findings obtained 
from quantitative biopsy, but like biopsy tech-
nique, it is time consuming and expensive. Also, 
it has not been extensively studied in chronic 
wounds.23

3. Semiquantitative swab technique. Although 
semiquantitative techniques of bacterial assess-
ment have been described in chronic wounds, 
these require further validation. The semiquan-
titative swab has been developed to obtain an 
extra degree of quantification from the routine 
culture swab. To ensure that the pathogen caus-
ing the infection is cultured, it is recommended 
that the wound be irrigated with normal saline 
until all visible debris has been washed away. 
Healthy granulation tissue is selected for the 
swab site. The Levine technique (see below) 
has been validated in burn patients with paired 
quantitative biopsies. Plate counts > 30 CFUs 
identified all patients with > 105 CFUs per gram 
of tissue on quantitative biopsy. Most laborato-
ries do not report wound swabs in semiquantita-
tive fashion, as the technique has not been ex-
tensively described in the literature and has been 
validated only in burn patients. Also, results are 
dependent upon the means by which the cul-
ture is obtained. Inadequate wound bed prepa-
ration may invalidate results. The area where 
the swab comes into contact with the wound 
surface is of critical importance: the greater the 
area swabbed, the greater the number of organ-
isms obtained. It is not clearly established how 
much wound surface area should be sampled for 
a semiquantitative swab to most closely reflect 
the quantitative wound biopsy. Gardner et al24 
have recommended the Levine method for ob-

taining a bacterial swab as being most closely 
associated with results of quantitative biopsies. 
This method selects a central area of wound 
with a granulation base and recommends press-
ing the swab over 1 cm2 of the wound surface 
just enough to produce exudate on the surface. 
The swab is then rotated 360 degrees and placed 
in the transport media. The swab needs to be 
processed in the laboratory in a timely fashion 
where the contents are plated on the Petri dish 
in 4 serial dilutions representing the 4 quadrants. 
The quadrant growth responds to a 1+ to 4+ 
scale or may be reported as scant, light, moder-
ate or heavy growth. Swabs should not contain 
debris or dried exudate from the wound sur-
face. In this example, 4+ or heavy growth was 
equated to 105 growth. Although this semiquan-
titative approach is a promising and more practi-
cal alternative to quantitative wound biopsy, it 
requires further study in chronic wounds. 

Qualitative Bacteriology 
(Bacterial Species)

Microorganisms isolated from chronic wounds 
have varying degrees of pathogenicity, depending 
upon whether they represent normal or acquired 
flora. Highly virulent microorganisms rarely exist 
as “benign colonizers” and should be treated re-
gardless of numbers. These may include: Mycobac-
teriaceae, B anthracis (anthrax bacillus), toxin-pro-
ducing Corynebacterium diphtheriae, Erysipelothrix 
spp, Treponema spp, Brucella spp, chronic herpes 
simplex infection (immunocompromised hosts), 
invasive dimorphic fungi (Coccidioides spp, Blas-
tomyces spp, Histoplasma spp), and some parasitic 
organisms (eg, leishmaniasis).

The flora of a chronic wound generally 
evolves in a predictable fashion, according to 
the duration of the wound. In principle, dur-
ing the first 4 weeks, wounds are colonized by 
gram-positive organisms, initially with normal 
skin flora, followed by enterococci, beta hemolytic 
streptococci, and S aureus. Group B beta hemolytic 
streptococci are the most common streptococci in 
diabetic foot infections and are commonly asso-
ciated with S aureus as co-pathogens. The patho-
genicity of many microorganisms is enhanced in 
the setting of polymicrobial infection through the 
concept of bacterial synergism. When present 
together in a wound, group B beta hemolytic 
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streptococci and S aureus possess an enhanced abil-
ity to lyse cell membranes.

After the first 4 weeks, facultative anaerobic 
gram-negative rods, such as enteric lactose-fer-
menting bacilli, colonize chronic wounds. The 
most common examples include: Proteus spp, 
Escherichia coli, and Klebsiella spp.

As time progresses, common obligate anaero-
bic flora, such as Bacteroides and peptostreptococcus 
spp, join the polymicrobial environment of the 
chronic wound. They may often outgrow other 
flora by at least 1-log in numbers. Some anaer-
obes can be virulent, and may reflect the causes 
of microbial infection, where routine cultures are 
reported as “negative” or “no growth.” It is im-
portant to recall that partial oxygen tissue pres-
sures in the middle of chronic, nonhealing ulcers 
may be ischemic with levels as low as 5 to 20 
mmHg, creating the ideal growth environment 
for fastidious anaerobic bacteria.25 The synergistic 
relationships and interactions between anaerobes 
and aerobic flora in a chronic ulcer infection may 
be more important than the individual microor-
ganisms themselves.

Finally, the wound becomes colonized with 
nonlactose fermenting gram-negative aerobic 
rods, such as Pseudomonas spp, Stenotrophomonas 
spp, and Acinetobacter spp. These microorganisms 
are typically waterborne, and can contaminate the 
wound from regular footwear or during bathing. 

Thus, a chronic wound develops an increas-
ingly complex microflora. Older wounds tend to 
have larger surface areas and deeper tissue layer 
involvement. For this reason, osteomyelitis, or 
bony infection within a chronic wound has a sta-
tistically greater chance of anaerobic polymicro-
bial participation than chronic wounds without 
osteomyelitis.

The role of common skin colonizers with 
low virulence is often unclear. Pathogens, such 
as Enterococcus spp or fungal Candida spp, usually 
do not require treatment when cultured as part 
of a polymicrobial infection. However, if the mi-
croorganisms are isolated in sufficient numbers in 
the absence of other pathogens, and in a wound 
with signs of clinical infection, then they should 
be treated with antimicrobial agents.

The long-term persistence of a chronic wound 
tends to occur in sicker patients and is associ-
ated with frequent and prolonged hospitalization. 

These patients are exposed to multiple antibiotics, 
and are at risk for the development of antimicro-
bial-resistant pathogens, such as MRSA.

The diagnosis of osteomyelitis is an impor-
tant aspect of chronic wound management, since 
chronic wounds currently account for the larg-
est proportion of chronic osteomyelitis in medi-
cal practice. The development of osteomyelitis in 
a chronic wound occurs because of contiguous 
spread of infection from overlying soft tissues to 
deeper regions of underlying bone and joints as 
part of ongoing ulcer enlargement. Diabetic foot 
ulcers are the most likely to develop underlying 
osteomyelitis. The longer an ulcer has been pres-
ent and the larger its size, then the more likely it 
is to be complicated by osteomyelitis. 

The most practical test for chronic osteomyeli-
tis is to have exposed bone, or alternatively pal-
pate or probe the wound with a sterile gloved 
finger and/or a blunt instrument. 

In the context of a diabetic neuropathic foot 
ulcer, Grayson et al26 calculated an 89% positive 
predictive value of underlying osteomyelitis if 
bone is directly encountered. Where osteomy-
elitis is suspected but bone cannot be probed, 
a plain x-ray may show the typical changes of 
osteomyelitis such as osteolysis, bony sclerosis, 
periosteal elevation, and bone fragmentation.27 
If such changes are not seen, the x-ray should 
be repeated in 2 to 3 weeks when radiographic 
abnormalities are likely to become evident. The 
use of magnetic resonance imaging (MRI) and 
radionuclide scanning is less clear, particularly as 
these tests have less specificity and are of greater 
expense when compared to high level of clinical 
suspicion, bedside assessment and plain radiogra-
phy. To document and follow the progress of os-
teomyelitis, the use of a laboratory determination 
of the Erythrocyte Sedimentation Rate (ESR) or 
C Reactive Protein (CRP) level can be useful. 
An ESR level above 40 without another cause or 
an elevated CRP protein may be useful clinically. 
The CRP may normalize at a faster rate than the 
ESR with the resolution of osteomyelitis.

Specimen Collection, Transport, and 
Culture (Table 1)

The simplest and most commonly used meth-
od for assessing the presence of infection in a 
chronic wound is the nonquantitative swab. If 
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properly performed, the swab should provide 
an accurate qualitative assessment of microbial 
wound flora.

Before obtaining a bacterial swab culture, the 
wound bed should be adequately prepared to re-
move nonrepresentative surface colonizing micro-
organisms. This is accomplished by applying saline 
compresses or irrigating the wound, and then per-
forming superficial debridement if necrotic eschar 
or slough is present on the wound surface. 

Qualitative results are better if actual tissue cu-
rettings are sent for culture. If isolated collections 
of abscess fluid are available, then these should 
be aspirated in a capped syringe and sent for mi-
crobial culture. The results of the semiqualitative 
swab will adequately guide antimicrobial thera-
peutic choices in the majority (93%) of diabetic 
foot infections.28

The irrigation-aspiration technique29 has been 
described for use in infected pressure ulcers. After 
irrigating the ulcer bed twice with saline, at least 
2.5 mL of residual fluid is aspirated and sent for 
aerobic and anaerobic cultures. This technique 
has a high correlation with paired skin punch 
biopsy results. The main limitation however re-
mains that the swab technique does not provide 
quantitative measures.

The rapid slide technique described by Heg-
gers et al30 assesses bacterial burden prior to car-
rying out primary or delayed secondary closure. 
It may be useful in determining if there is signifi-
cant microbial load in a chronic wound. Howev-
er, it is rarely performed on a routine basis, since 
it does not permit a qualitative assessment and 
needs to be paired with qualitative swab data. The 
reproducibility of this technique has not been ex-
tensively published.

Other techniques, such as the agar contact 
plate, the contact sponge technique, and the 
capillary gauze technique, have been devised to 
quantify microbial load in chronic wounds. These 
techniques are all limited by the fact that they 
primarily evaluate wound surface flora, and can 
be nonspecific with a discrepancy compared with 
the organisms isolated from tissue samples. 

Expeditious transport of specimens to the mi-
crobiology laboratory is critical for all of the tech-
niques described above. Given that a significant 
practice of wound care occurs in the community, 
it is necessary that effective and practical means 

of transport of diagnostic specimens is available 
to community practitioners. Currently aero-
bic transport media will support the survival of 
typical aerobes that are found in chronic wounds, 
while preventing excessive microbial overgrowth. 
On the other hand, anaerobic flora will not toler-
ate a prolonged transport time in most routine 
aerobic media. Ideally, swabs obtained for an-
aerobic culture should be inoculated onto pre-
reduced, anaerobically-sterilized transport media.

Treatment of Chronic Wound  
Infection

Treating a chronic wound infection involves 
systematically identifying and correcting the un-
derlying cause of the wound and addressing ab-
errant host factors that lead to the development 
of infection in the first place. This might include:

1. Relieving local pressure
2. Managing stress factors
3. Controlling edema
4. Stopping smoking
5. Improving glycemic control
6. Revascularizing ischemic tissues
7. Improving nutrition
8.  Lowering immunosuppressive therapy 

where feasible 
9. Discontinuing potentially offending drugs. 
Wound bed preparation (sharp wound de-

bridement and wound bed cleansing) can pro-
duce a rapid reduction in bacterial burden be-
cause the majority of organisms on the wound 
surface are removed.

Approach to Antimicrobial Use
It is important to differentiate antiseptics, 

disinfectants and antibiotics. Antiseptics refer to 
topical agents that are applied to skin, mucous 
membranes, or inanimate objects to prevent the 
growth and reproduction of microorganisms, but 
do not usually kill the organisms. Disinfectants are 
chemical substances that kill microorganisms on 
organic or inanimate surfaces and are generally 
harmful to humans. Antibiotics are drugs that slow 
the growth or kill microorganisms, but are gener-
ally harmless to the host when used topically or 
systemically. 

There is little, if any, role for disinfectant use 
in the treatment of wounds. For further informa-
tion, see Chapter 5.
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Antiseptics. Antiseptic use must be selective and 
applications should be based on reasonable evi-
dence or expert opinion. Historically, common 
agents such as hydrogen peroxide and aniline dyes 
(gentian violet, mercurochrome) have been used, 
although there is no evidence they are efficacious. 
Hydrogen peroxide de-sloughs only during its short 
effervescent phase, and may harm healthy granu-
lation tissue. Gentian (crystal) violet is a topical an-
tifungal with an additional narrow gram-positive 
but poor gram-negative antiseptic action. It is 
a potential carcinogen and may produce irrita-
tion locally including chemical burns and even 
ulceration particularly on mucous membranes. 
This substance can induce tattoo type staining of 
healing skin.

 Mercurochrome’s antiseptic effect was discovered 
in 1919, and used primarily for minor injuries. 
Its antimicrobial efficacy for chronic wounds has 
not been established. This agent was removed 
from the “generally recognized as safe” list by the 
FDA in 1998, because of theoretical concerns 
over mercury poisoning especially if used in large 
quantities.

Diluted acetic acid or vinegar (standard vinegar 
at 5% is usually diluted to 0.5% to avoid exces-
sive burning and stinging) is a popular adjunctive 
short-term topical treatment in superficial wound 
infections with Pseudomonas spp, as well as other 
aerobic gram-negative bacilli. Pseudomonas aerugi-
nosa, in particular, is prone to develop quick anti-
microbial resistance to most topical and systemic 
agents. A simple treatment like acetic acid for lo-
cal superficial infections is preferable. The low pH 
and particular sensitivity of Pseudomonas spp to 
vinegar means that infections may be effectively 
treated, even if used with a topical compress for 
10 to 15 minutes per day. Dilute vinegar soaks 
are also effective in odor control31 (anti-anaerobic 
activity) and have been used in the palliation of 
distal gangrene in patients with vascular insuffi-
ciency, who either refuse surgery or where sur-
gery is contraindicated. Topical acetic acid may be 
effective for superficial compartment Pseudomonas 
related bacterial damage but systemic agents are 
often required if deep infection develops. Two 
systemic agents or a topical and systemic agent 
should be used in combination due to a trend 
of developing frequent antimicrobial resistance. 
Acetic acid, even in usual concentrations, is cy-

totoxic and its use should be limited to patients 
where the reduction of bacterial burden is more 
important than its tissue toxicity. For further in-
formation, see Chapter 5.

Iodine preparations are potent broad-spectrum 
antiseptics. Expert opinion favors less toxic iodine 
dressings for short-term use in healable wounds 
where microbial burden is high in the superfi-
cial wound compartment (eg, cadexomer iodine). 
In chronic, nonhealable wounds with or without 
infection, an iodine solution can be ordered com-
bining moisture and bacterial reduction (topical 
povidone iodine). In a nonhealable wound, de-
bridement should be conservative, removing only 
loose slough and emphasizing bacterial reduction 
as more important than tissue toxicity. 

Chlorhexidine and its derivative polyhexa-
methylene biguanide (PHMB) also have a broad 
spectrum of action along with relatively low tis-
sue toxicity and a good tissue residual effect. Over 
the next few years, safer iodine and chlorhexidine 
products will be combined with moist interactive 
dressings to treat an increased bacterial burden in 
the superficial wound compartment and serve as 
an alternative to silver. 

For millennia, silver has been recognized for 
its antimicrobial properties, where it is effec-
tive against a broad range of aerobic, anaerobic, 
gram-negative, gram-positive bacteria, yeast, 
viruses, as well as methicillin-resistant Staphylo-
coccus aureus (MRSA) and vancomycin-resistant 
Enterococcus (VRE).32 Silver may also have spe-
cific pro-healing and anti-inflammatory proper-
ties.33 Silver has an advantage over many of the 
other traditional wound antimicrobials because 
it works on at least 3 different bacterial related 
metabolic processes:

1.  Blocks transport of nutrients into bacterial 
cell walls by binding to peptidoglycans that 
are absent in mammalian cells

2.  Denatures microbial proteins especially 
those involved in respiration in the bacterial 
mitochondria

3.  Binds to microbial DNA inactivating trans-
lation of proteins and replication of DNA.

Silver requires ionization in an aqueous media 
to exert its antimicrobial effect. For this reason, 
ointments and creams should not be used under 
silver dressings or on the immediate wound mar-
gin where the material can leak into the aqueous 
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Table 2. Empiric antibiotic therapy for chronic wound infection.

Complex Simple

Ulcer type Diabetic, 
Sacral/trochanteric (deep), 
malignant

Venous leg, 
Other

Common microflorae S aureus, streptococci, skin flora, 
anaerobes, aerobic gram-negatives 
bacilli, Pseudomonas spp

S aureus, streptococci, skin flora

  Clinical presentation   Empiric antibiotic options: dose, route, and duration

Mild:

Superficial

No systemic response

No osteomyelitis

Ambulatory management

•  Amoxicillin/clavulanate 500/125 
mg PO TID x 14 days

•  Clindamycin 300-450 mg QID + 
Ciprofloxacin 500 mg PO BID 
(or moxifloxacin 400 mg OD) x 
14 days

•  Linezolid (MRSA) 600 mg PO 
BID x 14 days

•  Cephalexin 500 mg PO QID x 
14 days

•  Clindamycin 300 mg PO TID x 
14 days

Moderate:

Superficial to deep

+/- systemic response

No osteomyelitis

Ambulatory or in-patient man-
agement 

•  Clindamycin 600 mg PO TID + 
Ciprofloxacin 500 mg PO BID 
x 14days

•  Clindamycin 600 mg PO TID + 
Ceftriaxone 1g/IV Q24H x 2–12 
wks

•  Vancomycin (MRSA) 1g/IV Q12H 
x 14 days

•  Linezolid (MRSA) 600 mg IV BID 
x 14 days

•  Clindamycin 600 mg PO TID + 
Ciprofloxacin 500 mg PO BID 
x 14 days

•  Clindamycin 600 mg PO TID 
+ Ceftriaxone 1g/IV Q24H x 
2–12 wks

Severe:

Deep 

Systemic response

+/- Osteomyelitis

Limb/life threatening 

In-patient management

Prolonged oral therapy 
(2–12 weeks) is required if 
bone or joints are involved

• Clindamycin 600 mg PO TID + 
Ceftriaxone 1g/IV Q24H x 14 days

•  Piperacillin/tazobactam 4.5g/IV 
Q8H x 14 days

•  Clindamycin 600 mg PO TID + 
Gentamicin 5 mg/kg/IV Q24H x 
14 days

•  Imipenem 500 mg/IV Q6H x 14 
days

•  Meropenem 1g/IV Q8H x 14 
days

•  Vancomycin (MRSA) 1g/IV Q12H 
x 14 days

•  Linezolid (MRSA) 600 mg/IV BID 
x 14 days

•  Clindamycin 600 mg PO TID 
+ Ceftriaxone 1g/IV Q24H x 
14  days

•  Piperacillin/tazobactam 4.5 g/IV 
Q8H x 14 days
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wound environment and interfere with the silver 
ionization process. 

There are several advantages to the new mod-
ern silver dressings over silver sulfadiazine cream. 
Silver sulfadiazine cream became available in the 
late 1960s but it does not provide autolytic de-
bridement or moisture balance. There is a rela-
tively small amount of the silver in the ionized 
form and much larger amounts of the silver metal 
are absorbed systemically than with the new silver 
dressings. Silver sulfadiazine cream can cause lo-
cal argyria or dermal deposition leading to a slate 
blue grey discoloration but silver dressings have 
only been associated with periwound keratin 
staining that can be easily removed or dissipates 
with shedding of the scale. The new silver dress-
ings also combine sustained release with moisture 
balance. In some dressings with calcium alginate 
components silver dressings provide autolytic de-
bridement. Silver dressings should be judged by 
their moisture balance properties and the level 
of silver released. Table 3 presents silver products 
commonly used in wound management. The 
dressings are divided into low, medium and high 
release products. If a low release product is not 
clinically effective after a 2- to 4-week trial then 
a medium or high release product should be sub-
stituted or the increased bacterial burden needs to 
be treated systemically.

Sibbald et al34 investigated the original Acti-
coat burn dressing in 29 stalled chronic wounds. 
Quantitative biopsies were performed for bacteri-
al culture at the beginning and end of the 4-week 
study with a number of patients converting to a 
healing trajectory. This study did not demonstrate 
a change in the deep tissue quantitative bacterial 
biopsies and the improvements in these patients 
are most likely due to improved surface compart-
ment critical colonization. A number of patients 
had a dramatic reduction in local wound pain. A 
minority of patients experienced local burning 
and stinging immediately after application due to 
a probable rapid diffusion of the silver ions. If the 
dressing is soaked in water for a longer period 
of time, subjects are less likely to experience the 
burning with dressing application. 

The same researcher35 investigated stalled ve-
nous ulcers and the use of Acticoat 7™ (Smith & 
Nephew, Largo, Fla) dressing applied at weekly 
intervals. This 15-patient case series was a pilot 

study of 4-layer elastic bandage application with 
each patient acting as their own control. The sub-
jects were biopsied at baseline and an average of 
6 weeks later for quantitative bacterial burden 
and histology. There was a dramatic healing re-
sponse with 4 of the 12 patients that completed 
the study; healing in an average of 9 weeks. There 
was a decrease in Staphylococcus aureus counts in 
the second paired quantitative bacterial biopsies 
and this was associated with healing. Histology 
demonstrated an anti-inflammatory action with 
a decrease in neutrophil infiltrates associated with 
healing. This same anti-inflammatory action has 
not been documented to date with the lower re-
lease silver products. 

The only randomized controlled trials (RCT) 
with silver dressings in chronic wounds have been 
performed with a medium release silver foam 
dressing36 (Contreet®, Coloplast, Humlebaek, 
Denmark). In an efficacy study, patients with 
venous disease and mixed arterial and venous 
disease were randomized to receive either com-
pression with the moderate silver releasing foam 
compared to a foam dressing alone (Allevyn™, 
Smith & Nephew, Largo, Fla). The patient’s stalled 
wounds also had an increased exudate, increased 
pain, odor or abnormal granulation tissue in the 
superficial wound compartment. At the 4 week 
mark, there was a 45% reduction in wound size 
in the silver foam group compared to a 25% re-
duction in the ulcer size for the foam compara-
tor (P = 0.05). In addition there were fewer pa-
tients with odor and there was better exudate 
management with less leakage. A similar RCT37 
compared the same silver foam dressing, enrolling 
619 patients from 80 wound clinics around the 
world. In this study the silver foam was compared 
to the best clinical practice in the wound care 
center enrolling the patients with venous, mixed 
venous and arterial ulcers, with a small number 
of patients enrolled with foot and pressure ulcers. 
The relative reduction in ulcer size was 50% for 
the silver foam dressing compared to 34% for the 
local best practices (P < 0.01) and there was a 
significant and accelerated decrease in odor and a 
decrease in ulcer leakage.

Antibiotics (Table 2)
Antibiotics may be delivered topically or sys-

temically (oral or parenteral). In a systematic re-
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Table 3.  Silver preparations used in wound management.

Preparation Delivery  
Mechanism

Product Name Benefits Disadvantages

Silver salts

Silver nitrate 0.5% solutions 
in burn 
wounds

Silver nitrate 
solution

• Easy to use
• High cytotoxicity

• Staining 
•  May lead to electrolyte 

imbalance
• Short half-life

Silver 
sulfadiazine

1% in carrier 
cream-chronic 
wounds and 
burns

Flamazine, 
Silvadene, SSD 
cream (+) 
Contradictory 
values on silver 
release rate in 
literature

• Easily available
•  Wide clinical 
acceptance 
though 
controlled 
studies using 
Silvadene are 
rare

•  Cytotoxic (in vitro)
•  Tends to leave heavy 
deposits of foreign 
matter (termed a 
pseudoeschar) in the 
wound bed

•  Pain associated 
with removal of 
pseudoeschar. 

•  Neutropenia possible. 
•  Staining of tissue known 

to occur 
•  Short half-life
•  High incidence of sulpha 

allergy
•  May need a secondary 

dressing especially as 
product tends to “melt” 
being petrolatum- based

Silver 
amorphous 
hydrogel

Silver chloride SilvaSorb Gel
(+)

Low cytotoxicity, 
broad spectrum 
antimicrobial that 
delivers time-
released silver for 
3 days

May need secondary 
dressing

Silver sodium 
chloride 
polyacrylate 
sheets

Silver chloride • SilvaSorb Sheet
•  SilvaSorb 

Perforated
•  SilvaSorb Cavity
(+)

Low cytotoxicity, 
broad spectrum 
antimicrobial that 
delivers time-
released silver for 
7 days. Donates 
moisture or 
absorbs up to 5 
times their weight 
in exudate

Absorbs well, but slowly

Silver-calcium-
sodium 
phosphates

Co-extruded 
in polymer 
matrix (film) 
for superficial 
wounds 
with limited 
exudate

• Arglaes Film
• Arglaes Island
(+)

Residual 
antimicrobial 
activity lasts up to 
7 days

Limited absorption of 
fluid for film version. 
Good absorption from 
island version with 
calcium alginate pad
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Table 3. Silver preparations used in wound management. (Continued)

Preparation Delivery  
Mechanism

Product Name Benefits Disadvantages

Silver salts

Silver chloride 
site disc

Polyacrylate 
silver chloride

SilvaSorb Site
(+)

Protection for vascular and 
nonvascular percutaneous 
tubes. Delivers silver for 7 
days. Translucent, flexible, 
low profile

Not self adhesive, 
and similar to oth-
er site dressings, 
needs a secondary 
adhesive product 
for securement

Silver salt/cal-
cium alginate 
powder

Polymer silver 
chloride in al-
ginate powder

Arglaes powder
(+)

•  Low cytotoxicity silver 
•  Antimicrobial activity up 

to 5 days with fluid man-
agement 

•  Virtually any size, shape, or 
depth of wound managed 
easily with this product

Needs a second-
ary dressing for 
coverage

Silver calcium 
alginate/car-
boxyme-
thylcellulose 
dressing

Maxorb Extra Ag
(sheet or rope)
(+)
Silvercel 
(sheet or rope)
(+)

Low cytotoxicity delivers 
silver for 4 days for supe-
rior absorption and fluid 
handling, vertical wicking 
and 1-piece removal

Product not 
differentiated by 
color from nonsil-
ver alginate, may 
cause stocking and 
tracking problems

Silver salt/
collagen

Covalon ColAc-
tiveAg (+)

Added benefit of collagen in 
dressing

Secondary dress-
ing is required

Silver-sodium 
carboxy-meth-
ylcellulose 
dressing

Dressing con-
taining 1.2% 
ionic silver 
released via 
ion exchange 

Aquacel Ag
(+)

Provides fluid lock to 
prevent excess wound fluid 
from macerating surround-
ing skin, good vertical 
wicking

May need to be 
rehydrated if 
sticks to wound.

Silver salt con-
taining foam 

Highly exudat-
ing chronic 
wounds

Contreet Foam
(++)
Optifoam Ag
Mepilex Ag
(++)

Provides bacterial balance 
in a foam dressing
2nd generation foam that 
allows partial fluid lock 
high absorption

Similar to all 
foams may give 
back moisture 
leading to irrita-
tion and potential 
maceration of the 
surrounding skin

Silver salt 
combined with 
hydrocolloid

Chronic 
wounds with 
increased bac-
terial burden

Contreet HC
(+)

Provides odor control un-
der hydrocolloid dressing

Limited fluid 
absorption 

Metallic silver

Silver charcoal Silver incor-
porated into 
charcoal for 
odor control

Actisorb
(0)

Silver kills organisms which 
are trapped onto the 
charcoal.
Deodorizing properties 
as odor molecules bind to 
charcoal. Product also traps 
endotoxins

Poor absorp-
tion properties. 
Product cannot 
be cut as charcoal 
particles will leak 
out
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view, O’Meara et al38 examined the clinical im-
provement and cost-effectiveness of topical and 
systemic antimicrobial agents in the prevention 
and healing of chronic wounds. They concluded 
that there was insufficient evidence to support 
the therapeutic role of these agents in wound 
healing in the absence of increased bacterial bur-
den or infection.37 The use of topical antibiotics 
has been long debated, as they are often used too 
liberally, for too long a period of time, raising 
concerns about the development of antimicro-
bial resistance, contact dermatitis, and host sen-
sitization. Clear guidelines for the use of topical 
agents do not exist, although expert opinion of-
fers some direction. Studies assessing the efficacy 
and cost-effectiveness of antimicrobial agents in 
the treatment of chronic wounds are fraught with 
inconsistencies, so results are difficult to compare. 
Controlled trials support the use of topical mu-
pirocin for the treatment of impetigo, caused by 
Group A beta hemolytic Streptococcus or S aureus. 
There is extensive burn experience describing 

the efficacy of topical silver sulfadiazine. This 
formulation reduces bacterial numbers to < 105 
CFUs per gram of tissue in pressure ulcers and is 
associated with enhanced wound healing. 

However, topical antibiotics may be redundant 
if used in combination with systemic antibiotic 
therapy. On the other hand, topical agents may 
be inadequate for soft tissue infection with sig-
nificant microbial invasion. The main indications 
for topical antibiotic use would be for superficial 
wound infection, or critical colonization, where 
there is impaired wound healing, pale friable 
granulation tissue, or suspected or proven high 
microbial burden, without periwound cellulitis 
(NERDS and not STONES as described above 
and in Figures 2 and 3).

There is a much lower tolerance for suspected 
infections of neurotrophic or neuroischemic foot 
ulcers in persons with diabetes because of the at-
tendant risks of limb- and life-threatening sep-
sis. Hence, the clinical threshold to initiate early 
use of antibiotics is accepted in diabetic ulcers, 

Table 3. Silver preparations used in wound management. (Continued)

Preparation Delivery  
Mechanism

Product Name Benefits Disadvantages

Nanocrystalline sliver

Silver coated 
fabric

Burns 
Chronic wounds

Acticoat burn
(+++)

Equivalent to 
silver nitrate in 
burns with less 
frequent dressing 
changes,
anti-inflammatory

•  May need to add 
moisture or pre-
soak dressing

•  Staining of the 
wound

•  May cause burn-
ing and stinging 
on application

Silver coating - 3 
layers 

Leg ulcers and 
other chronic 
wounds for up to 
7 days wear time

Acticoat 7
(+++)

Sustained release 
of bactericidal 
concentrations of 
silver over 7 days 
Useful for weekly 
compression 
therapy in venous 
ulcers

May provide high-
er initial release of 
silver compared to 
other dressings in 
this class

Silver coated 
fabric with calcium 
alginate core

Moderately 
exudating chronic 
wounds

Acticoat 
Absorbent
(+++)

Provides rapid and 
high absorption 
and haemostasis

Potential of 
staining of wound

© Sibbald 2006 (adapted from Sibbald, 2004; Orsted & Sibbald, 2005) 
Ionized silver levels: 0 none; + low; ++ moderate; +++ high
Used with permission.
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Figure 3. The mnemonic “STONES” for the diagnosis of deep compartment infection.16

Letter KEY INFORMATION Comments

S Size is bigger •  Size as measured by the 
longest length and widest 
width at right angles to 
the longest length. Only 
very deep wounds need to 
have depth measured with 
a probe

•  Clinicians need to have a 
consistent approach to mea-
surement

•  An increased size from 
bacterial damage is due to 
the bacteria spreading from 
the surface to the surround-
ing skin and the deeper 
compartment. This indicates 
that a combination of bacte-
rial number and virulence 
has overwhelmed the host 
resistance

T Temperature increased •  With surrounding tissue in-
fection there is an increased 
temperature. This may be 
performed crudely by touch 
with a gloved hand or by 
using an infrared thermom-
eter or scanning device, 
there is > 3˚F difference 
in temperature between 2 
mirror image sites.

It is important to distinguish 
between infection and the 
other 2 potential causes of 
temperature change:
•  A difference in vascular sup-

ply (decreased circulation is 
colder)

•  Inflammatory conditions 
are not usually as warm 
but they can demonstrate a 
marked increase temperature 
with extensive deep tissue 
destruction (Acute Charcot 
joint)

O Os (probes to or exposed 
bone)

•  There is a high incidence 
of osteomyelitis if there 
is exposed bone or you 
can probe to the bone in a 
person with a neurotrophic 
foot ulcer

•  x-rays and bone scans are 
less reliable for diagnosis of 
osteomyelitis with loss of 
bone mass that occurs with 
neuropathy (pelvis x-rays 
may be more reliable) 

N New areas of breakdown •  Note the satellite areas of 
skin breakdown that are 
separated from the main 
ulcer.

•  It is important to remem-
ber this may be due to not 
correcting the cause of the 
wound, infection, or local 
damage

•  Search for the cause of the 
satellite areas of breakdown 
and the need to correct the 
cause

•  Check for local damage and 
consider infection, increased 
exudate, or other sources of 
trauma
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as compared to suspected infections in chronic 
venous or pressure ulcers. Broad-spectrum agents 
are advocated as treatment because of the poly-
microbial nature of diabetic foot infections, but 
there is insufficient evidence to recommend 1 
specific regimen over any other. Clinicians should 
remember that diabetes can be classified as a rela-
tive immunodeficiency state and that host resis-
tance is lower with advantage to the bacteria. The 
inflammatory response may be muted especially 
in patients with high blood sugars and an Hgb 
A1c above 0.12. 

For other chronic wounds with infection of 
the deeper compartments, using systemic oral or 
parenteral antibiotic therapy would be more ap-
propriate. Antimicrobial therapy should be indi-
vidualized as described in Table 2. Once microbi-
al culture data are available, antimicrobial therapy 
can be modified with a step down approach to 

oral treatment, usually once the patient has been 
afebrile for 48 hours and sufficient improvement 
in clinical signs have occurred. 

Most studies of limb- or life-threatening infec-
tion arising from infection in a chronic wound 
have used a 2-week treatment course of paren-
teral antibiotics, followed by a variable course of 
oral therapy, depending upon the extent of infec-
tion.39 When associated osteomyelitis is present, 
oral antimicrobial therapy should be continued 
for 3 to 4 months, in addition to any appropriate 
surgical intervention.40

For further information on the use of antimi-
crobials, see Chapter 5.

Approach to Multiresistant  
Microorganisms

With increasing frequency, chronic wounds are 
becoming colonized and infected with micro-

Figure 3. The mnemonic “STONES” for the diagnosis of deep compartment infection.16

Letter KEY INFORMATION Comments

E Exudate, Erythema, Edema •  All of the features here 
are due to the inflam-
matory response. With 
increased bacterial 
burden, exudate often 
increases in quantity 
and transforms from a 
clear or serous texture 
to frank purulence and 
may have a hemorrhagic 
component. The inflam-
mation leads to vasodi-
latation (erythema) and 
the leakage of fluid into 
the tissue will result in 
edema.  

•  For exudate control we need 
to determine the cause and 
then match the absorbency 
of the dressing (none, low, 
moderate, heavy) to amount of 
exudate from the wound

•  Assess surrounding skin to 
evaluate for maceration. Refer 
to the enabler LOWE© (Liquid 
film forming acrylate, Oint-
ments; Windowed dressings; 
External collection devices)

•  For erythema and edema con-
trol, the cause or the tissue 
infection needs to be treated

S Smell •  Bacteria that invade 
tissue have a “foul” odor. 
There is an unpleasant 
sweet odor from Pseu-
domonas. Gram-negative 
organisms and anaerobe 
organisms can cause a 
putrid smell from the as-
sociated tissue damage

•  Make sure the smell is from 
organisms and not the normal 
distinct odor from the interac-
tion of exudate with some of 
the dressing material

•  Systemic antimicrobial agents 
are indicated that will treat 
the causative organisms and 
devitalized tissue should be ag-
gressively debrided in wounds 
with the ability to heal

© Sibbald and Ayello 2006. 
Used with permission
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organisms that are resistant to the more standard 
choices of antibiotics. Wounds should always be 
assessed for clinical signs of infection, as indicated 
above, and where necessary appropriate antibi-
otic therapy should be initiated. However, when 
an infected wound is unresponsive to treatment, 
then the possibility of infection with a resistant 
or unusual microorganism should be considered. 
Wound swabs or biopsy will help to identify the 
causative agent. As well, a high index of suspicion 

should be maintained, if the patient presents with 
1 or more factors that may predispose them to 
colonization or infection with a resistant micro-
organism. 

Common risk factors for the presence of 
methicillin-resistant Staphylococcus aureus (MRSA) 
in a chronic wound include: 

1. Recent hospitalization 
2. Transfer from a chronic care facility
3. Recent incarceration 

Figure 4. Flow chart for the management of wound positive for MRSA.

MRSA found in wound culture

Infection prevention and control measures

Swab all potential sites

Notify health care provider – Establish source of MRSA

Wound assessment for signs of infection 

No infection

Wound is colonized

Avoid systemic and topical antibiotics

Topical silver or iodine may be indicated

Infection present

 Check antibiotic resistance profile

Mild to moderate infection – oral antibiotics

 Moderate to severe infection

Parenteral antibiotics

 Antibiotic treatment for a limited  
time frame only 

Monitor for clinical response

Wound closure

Decolonization of nares may be indicated in select cases

CBC = complete blood count; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate
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4. Long-term antibiotic therapy 
5. Crowded social conditions. 
However, in cases of skin and soft tissue in-

fections with community-acquired MRSA (CA-
MRSA), easily identifiable risk factors may not 
be present.41 The approach to management of 
the patient with a chronic wound who is posi-
tive for MRSA involves the same basic steps as 
the approach to a wound that is positive for a 
microorganism that is sensitive to treatment 
with beta-lactam agents or similar agents. A flow 
chart outlining the approach to the patient with 
a chronic wound who is positive for MRSA is 
found in Table 4.

Once a wound is noted to be positive for 
MRSA, infection prevention and control mea-
sures should be rigorously observed to prevent 
the spread of the microorganism to other wound 
care patients and providers (see Table 4). Hos-
pitals, long-term care facilities, ambulatory care 
centers, and home care programs all have specific 
protocols for infection prevention and control 
that may vary, but nevertheless usually involve 
universal and/or contact precautions. Consistent 
hand hygiene and hand-washing by health care 
professionals is the single most important factor 
in reducing the spread of MRSA,42 and in gen-
eral, other nosocomial infections.

Patients with a chronic wound positive for 
MRSA may well carry the microorganism in 
multiple body sites including the nose, rectum, 
perineum or axillae, as well as, at the insertion 
sites of percutaneous lines, indwelling catheters 
and feeding tubes. If possible, percutaneous or 
indwelling catheters, and other unnecessary in-
dwelling devices should be removed. It is helpful 
if the patient’s direct health care providers are no-
tified of the patient’s wound status, so that appro-
priate long term management can be arranged. As 
well, this sentinel source may help to determine 
the origin of the MRSA, which might potentially 
reduce further spread to other patients.

 Wounds positive for MRSA should be exam-
ined for signs of infection. If there is no indica-
tion of infection, then systemic and topical anti-
biotics should be avoided. Systemic antibiotics are 
required only if clinical features of infection are 
present. They have no role in infection prophylaxis. 

Topical antibiotics to be specifically avoided in-
clude mupirocin, fusidic acid, clindamycin, eryth-

romycin, and gentamicin. These agents will induce 
microbial resistance if used long term in a chronic 
wound. In a Canadian study, more than 50% of 
the isolates from skin and soft tissue infections 
were shown to have high level resistance to mu-
pirocin. MRSA resistance to mupirocin has been 
described and is believed to have developed dur-
ing long term treatment of chronic ulcers.43 Since 
topical mupirocin may be of benefit in some pa-
tients for decolonization of MRSA from the na-
res, further microbial resistance to this antibiotic 
would be detrimental to long term patient care.

Topical antimicrobials that contain either silver44 
or iodine in a less toxic form, such as cadexomer,45 
are useful in the management of wounds that are 
colonized with MRSA, and may reduce the po-
tential evolution to wound infection.

If a wound is positive for MRSA and clini-
cal signs of infection are present, then these signs 
should be identified and documented. In the case 
of mild to moderate infection, then oral antibiot-
ics should be used. The health care practitioner 
should familiarize him/herself with local patterns 
of antibiotic resistance of MRSA strains, so that 
the appropriate antibiotic choices can be made. 

Where MRSA is susceptible, using 2 of the 
following 3 antibiotics for a limited period is in-
dicated: doxycycline, trimethoprim-sulfamethoxazole 
or rifampin, or using a single antibiotic (linezolid), 
may also be used. In a recent study of commu-
nity-acquired MRSA, 100% of the isolates from 
skin and soft tissue infections were susceptible to 
trimethoprim-sulfamethoxazole and this agent 
may be used alone.46 Although an expensive 
agent, linezolid, an oxazolidinone, is an appro-
priate alternative to vancomycin in patients with 
impaired renal function, poor venous access, or 
inability to tolerate glycopeptides. Linezolid is 
also limited by its association with anemia and 
myelodepression, and its use should be reserved 
for severe refractory MRSA infections. Although 
many MRSA stains remain sensitive to fluoro-
quinolones, resistance is merging due to overuse 
of fluoroquinolones. A mild to moderate wound 
infection with MRSA should be treated for 2 to 
3 weeks with the indicated antibiotics, following 
which the patient’s wound should be assessed to 
determine if the infection has resolved. If signs of 
infection have improved but not cleared, then a 
repeat 2- to 3-week course of antibiotics is prob-
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ably indicated. Long-term use of antibiotics in 
patients with wounds containing multiresistant 
microorganisms is felt to contribute to further 
antimicrobial resistance. 

If the wound shows signs of moderate to se-
vere infection, then parenteral therapy with either 
vancomycin or linezolid is indicated, provided that 
the microorganism is sensitive to these agents. A 
pre-determined period of treatment with antibiot-
ics should be outlined first, and then the patient 
must be re-assessed to determine if the infection 
has resolved. Repeating the bacterial culture with 
a swab may show continued presence of MRSA 
in the wound. Hence, the goal of treatment is to 
resolve the clinical infection, but not necessarily 
the full eradication of the microorganism from the 
wound. So, as soon as infection in a chronic wound 
has resolved, then the antibiotic should be stopped.

Once the wound has closed, then decoloniza-
tion of the nares may be attempted, if warranted. 
This should be done, if there are no other sites 
of carriage of MRSA. Current approaches to de-
colonization are controversial.47 Generally, this is 
achieved through topical mupirocin applied to the 
nasal vestibule twice daily for 5 days, as well as 
daily body bathing with chlorhexidine. Repeated 
use of mupirocin may be needed, but a risk of 
mupirocin resistant MRSA (MR-MRSA) exists. 
Nasal decolonization may be more successful in 
those patients with limited risk factors for re-
currence of the carrier state, and for otherwise 
healthy wound care providers. There is no clear 
evidence to show that it will be successful. For 
further information, the reader is referred to 
the Centers for Disease Control and Preven-
tion ([CDC]: http://www.cdc.gov) and the As-
sociation for Professionals in Infection Control 
(http://www.apic.org).

Conclusion
Infection is a frequent problem in chronic 

wounds, delaying healing and contributing to 
adverse outcomes. A diagnosis of chronic wound 
infection must be made with a holistic review of 
the patient, and it is important to understand the 
relationships between microbial burden, viru-
lence and host resistance. A systematic evaluation 
of the wound should be supported by microbial 
cultures where indicated. There is no gold stan-
dard test for the identification of infection. 

The semiqualitative swab taken from an ap-
propriately prepared wound surface still remains 
the current standard of practice for microbial 
assessment although the diagnosis of surface in-
creased bacterial burden or deep infection should 
be made on clinical criteria. Wound debridement 
and cleansing are probably as important as topi-
cal antibiotic use in the treatment of wound in-
fection and reducing microbial burden. Topical 
agents may be considered in wounds with covert 
or mild infection without significant tissue inva-
sion, but this is based at best upon expert opinion. 
Evidence of tissue invasion requires the empiric 
use of systemic oral or parenteral antibiotics, that 
are chosen based upon the severity of infection 
and the duration of the chronic wound with bac-
terial swab results used to identify multiresistant 

Take-Home Messages for Practice
•  The likelihood of developing infection in 
a chronic wound is directly proportional 
to the presence of a critical number of 
disease-producing microorganisms, and 
inversely related to the host’s ability to resist 
microbial invasion

•  The assessment of infection in a chronic 
wound remains a bedside skill, where a 
high index of suspicion, clinical acumen and 
supportive microbiological information offer 
the best tools for successful management

•  Antimicrobial agents are initially begun 
on an empiric basis, until more definitive 
microbiological data are available. 
Wounds present for less than 1 month 
should be covered for gram-positive 
organisms. Wounds present for greater 
than 1 month duration or in persons with 
immunosuppression require broad coverage 
with gram-positive, gram-negative, and 
anaerobic organisms. Generally, the more 
extensive the infection and the longer the 
duration then specific treatment based on 
bacteriological data is required

•  Multiresistant microorganisms, such as 
MRSA, can complicate current chronic 
wound care, and a systematic approach to 
management is obligatory.
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organisms and modify treatment in patients that 
do not respond to the original regimen. 

The search for underlying osteomyelitis is im-
portant in persons with diabetes, who develop foot 
ulcers as a late manifestation of their long-term dia-
betes. An in-depth appreciation of the limitations of 
local and systemic host resistance in patients with 
chronic ulcers allows the care giver to systematically 
evaluate potentially correctable patient factors. 

The presence of multiresistant microorganisms, 
such as MRSA, has major implications for infec-
tion control. The potential for wound infection 
with a more problematic pathogen increases the 
risks of systemic sepsis especially if the organism 
has gone unrecognized. More accurate diagnosis 
of infection, use of nonantibiotic treatment mo-
dalities, and rational antibiotic prescribing habits 
should reduce the risk of antimicrobial resistance 
in the future.

Self-Assessment Questions
1.  The gold standard for the diagnosis of chronic 

wound deep tissue infection is best expressed as:
A.  The presence of the 4 classic signs of 

inflammation, along with dishwater pus
B.  A wound that resembles cooked rather 

than raw hamburger
C. There is no gold standard
D.  The presence of delayed healing, foul 

odor, wound breakdown, local pain, 
serous drainage and friable granulation 
tissue

2.  The best approach to the treatment of a sus-
pected wound infection in an afebrile, ambula-
tory diabetic neuropathic ulcer would be:

A.  To admit the patient to hospital for 
short-term antimicrobial therapy us-
ing oral clindamycin and intravenous 
ceftriaxone

B.  To debride the wound, obtain cultures 
and start the patient on oral amoxicillin/
clavulanate for 14 days, with follow-up in 
3–5 days in clinic

C.  To apply a local antiseptic dressing, such 
as povidone-iodine

D.  To debride the wound, obtain cultures, 
apply a nanocrystalline silver dressing and 
begin oral clindamycin and a Quinalone 
antibiotic (ciprofloxacin or Moxifloxacin)

3.  A patient with a sacral pressure ulcer that re-
veals the presence of MRSA colonization is 
best managed with:

A.  Contact isolation and daily applications 
of topical mupirocin (Bactroban®) to the 
wound bed for 7–10 days

B.  Notification of relevant health care 
staff, removal of unnecessary indwell-
ing percutaneous lines or catheters, and 
screening of other body sites for MRSA, 
such as nares, axillae, and perineum

C.  Surgical wound closure to guarantee 
elimination of wound space

D.  Immediate institution of topical 
povidone-iodine to decontaminate the 
ulcer bed

Answers: 1-C, 2-D, 3-B
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