Wound Care Diagnostics: Infection
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DEFINITION OF WOUND
INFECTION

In chronic wounds, prolonged
inflammation leads to macrophage and
neutrophil recruitment to the wound bed.
There is then a release of pro-inflammatory
cytokines and increased production of matrix
metalloproteinases (MMPs) and a decrease of
tissue inhibitors of metalloproteinases (TIMPs).
This leads to degradation of the extracellular
matrix and dysfunctional collagen deposition.
This cellular cascade results in necrotic tissue,
high bacterial burden and tissue breakdown.’
Wounds are traditionally defined as being
infected when bacteria reach 10° colonies per
gram of tissue. This culture-based data, along
with clinical signs of infection (calor, rubor,
purulence, etc.), are combined to make the
diagnosis of infection.

BACTERIA CONTAMINATION-
INFECTION SPECTRUM

Open wounds are not sterile. There are
always bacteria on the intact skin surface (i.e.
coagulase negative staphylococcus aureus,
yeast). This also populates on the surface of
wounds. In healthy hosts, the immune system
is able to overcome and progress a wound
through the normal phases of healing. There
is a spectrum of bacteria on wound beds that
run from contaminated to colonized to critically
colonized to infected (fig 1). Wounds that
become critically colonized indicate increased
bacterial colonies that are overwhelming the
host. Signs of critical colonization include
* anon-healing wound (i.e. did not improve as

expected over a period of time)
* increased edema
* exudate and debris in the wound bed.

If the bacterial overgrowth is not arrested
in this stage, the wound may progress to be
clinically infected and the patient may require
systemic antimicrobial therapy. Sibbald et al
described this process with an examination of
the factors contributing to critical colonization
and then infection.?® The concepts of Wound
Bed Preparation and the DIME method of
wound care reviews these principles in detail.??
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Figure 1. Source: www.worldwidewounds.com

TYPICAL MANNER OF
DIAGNOSING WOUND INFECTION
For decades, wound infection has been
identified by tissue culture or biopsy, preferably
quantitative cultures or biopsy. Tissue biopsies

are invasive procedures that require training
(not all wound clinicians are able to perform
this procedure), are expensive and can
possibly exacerbate an infection.“® However,
studies have shown that tissue biopsies are
accurate in detecting bacterial load with
nearly 100% sensitivity, 90% specificity and
95% accuracy for predicting wound closure.“®
Many laboratories cannot process quantitative
cultures. Therefore, clinicians rely on semi-
quantitative swabs, which are much easier to
obtain. The majority of wounds are treated on
an outpatient basis. and the inability to capture
accurate data can result in delays in healing
and other wound healing complications. The
swab process is not standardized, imprecise,
time consuming (results take hours to days)
and may not fully report polymicrobial bacteria
on the wound bed. In addition, improperly
collected swabs may lead to overtreatment
with systemic antimicrobials which can lead to
increased antibiotic resistance.

The manner in which semi-quantitative
culture swabs are obtained is often variable.
There are several validated techniques to
obtain wound cultures. The Levine technique

involves rotating the wound swab over a 1 cm?
area of the wound for 5 seconds. The Z-swab
technique involves rotating the swab in a
zig-zag fashion across the wound without
touching the wound edge. Both methods have
been well studied, and evidence suggests that
Levine is superior to the Z-swab technique. It
is believed this is due to the Levine technique's
ability to express fluid from the wound bed
and obtain samples from both the wound bed
and slightly below the surface of the wound.
The Levine swab may be useful for routine
wound monitoring, but quantitative biopsies
are preferred if there is suspicion of antibiotic-
resistant organisms.*®

Key points of consideration are:

1. Routine cultures of clinically non infected
wounds should be discouraged as they are
of low yield.

2. Wounds must be cleaned of debris and
exudate prior to culture. Swabbing the
surface without cleansing has little utility.®

3. Swabbing pus is of low yield as well. It is
important to know what lies beneath the
wound surface in the subcutaneous tissue
and on the wound bed.*®

4. Swab viable and not necrotic tissue.
Preferably, the wounds will be sharply
debrided of any non-viable tissue prior to
culture.®
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5. If the wound is dry, the culture swab should
be moistened with saline as bacteria will
attach better in this environment.®

6. Wound cultures taken in the home
environment and in the absence of
debridement are likely to be contaminated
and. Therefore. are relatively useless in
determining a course of antimicrobial
therapy.

7. Cultures serve as a guide for proper
antimicrobial therapy, not an absolute
indication of need.

DNA-BASED IDENTIFICATION
METHODS

Analysis of DNA-based microbial
identification methods demonstrates that the
use of culture-based methods and subjective
clinical signs/symptoms of infection grossly
underestimate the complexity of the wound
microbial burden.”® Polymerase chain reaction
(PCR) and 16S rRNA sequencing are being used
more commonly now to evaluate bacterial
load. These tests are completed more rapidly
than culture swabs. The 16S rRNA gene-
based analyses found approximately 4 times
more bacterial strains than the culture-based
analyses. This discrepancy may lead to under
treatment of a pathogen and over treatment
of a colonizer. More studies are underway
to further elucidate the most specific and
sensitive methods to detect complex bacterial
communities.”® This work will further the
definitions of critical colonization vs. clinical
infection and development of algorithms for
treatment.

BIOFILM

Hurlow et al define biofilm as “a structured
community of microbial cells enclosed in a
self-produced polymeric matrix that is adherent
to an inert or living surface."® The presence
of biofilm can indicate a stubborn group of
microorganisms that become embedded
into the wound and are generally intolerant
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of antibiotics, antiseptics and inflammation.
Biofilm formation is known to exist in chronic
wounds, particularly in those patients who also
have implanted devices or foreign bodies such
as suture material. Evidence shows they are
also in acute wounds. Evaluations are ongoing
to determine if biofilm precedes wound
infection and how it affects overall healing.
There is no validated screening or diagnostic
tool available yet for biofilm detection.’ The
impact of biofilm on culture-swab analyses
and DNA-based bacterial analyses is unknown
currently.

FUTURE TECHNOLOGY

Ideally, a wound clinician could swab a
wound and have accurate results reported back
while the patient was still being treated. Point-
of-care (POC) testing for wound microbiomes,
similar to glucometers checking blood glucose
levels, is being evaluated currently. POC
technology already exists (WOUNDCHEK™,
WOUNDCHEK™ Laboratories, North Yorkshire,
UK) and is use in Europe and Canada to
detect an imbalance of proteases which
lead to increased inflammation and bacteria
proliferation.’ These results in turn aid in
directing topical therapy appropriately to treat
this imbalance with MMP stabilizing dressing,
such as, oxidized reducing collagen (ORC).
Other therapies which are in development
include “smart" dressings which have
microsensors to detect increasing levels of
bacteria and which would either turn colors to
alert patient and clinicians to heavy bioburden
or which could send signals to a computer or
smart device with the changes in microbial load.

Overall, wound clinicians have been
reliant on culture-based analyses to determine
infection despite its known limitations and
flawed methodology for procurement. The
scientific advances with POC technology, as
well as DNA-based microbial detection, are
changing how microbiome data is obtained and
how that data can be utilized to treat wounds

more effectively and to decrease the amount
of antibiotic resistance in the wound patient
population.
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