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This literature review aimed to provide a narrative review of evidence on validity
of clinical and microbial indicators of infection and to gain insights into the diagno-
sis of infection in chronic leg ulcers (CLUs). A search was conducted in Cinahl,
Medline, the Cochrane Library databases, Embase, Web of Science, ScienceDirect,
Pubmed, PsycINFO, ProQuest dissertations, and Google Scholar from January
1990 to July 2017. The inclusion criteria were original studies, systematic reviews,
and consensus documents focused on “infection” in CLUs, English language, clini-
cal and community settings, and human. The reviewed studies were inconsistent in
criteria for infection between investigated wound types and lack of specificity
regarding wound types. There were few studies investigating the criteria for diag-

nosis of infection in leg ulcers. The identification of leg ulcer infection still remains
problematic and relies on out-of-date and not uniform evidence. Literature in this
area was mostly limited to level III and IV evidence based on The Australian
National Health and Medical Research Council Levels of Evidence, or expert opin-
ion. This literature review showed seven clinical signs and symptoms that could be
diagnostic for infection in CLUs, including: new, increased, or altered ulcer pain;
malodour; increased ulcer area; wound breakdown, delayed or non-healing; and
erythema and increased local temperature, whilst the microbial indicators used to
diagnose infected leg ulcers were varied and regarded as less important.
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1 | INTRODUCTION This narrative review aimed to gain insights into the diag-

nosis of infection in CLUs in the literature from the last

Chronic wounds are defined as wounds that do not heal in three decades.

a timely and orderly manner, whilst chronic leg ulcers
(CLUs) are chronic wounds that are located below the

1 . - 2
knee.” CLUs contribute almost 70% of chronic wounds. 2 | METHODS

To date, the management of chronic wounds, especially

infection, is still a challenging problem because of pro-

longed healing and reoccurrence. Clinically infected ulcers 21 1 Aims

can result in serious consequences for patients, which can
increase the burden to patients, health care systems, and
society.> Whilst many studies focus on management of
chronic wound infection, the diagnosis of infection remains
problematic and debatable between health professionals.

This literature review aimed to assess the available evidence
on diagnosis of infection in CLUs by examining the clinical
signs, symptoms, and standards used to diagnose infection
in CLUs in the past three decades. The literature review
explored the following questions:
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1. How has infection in CLUs been diagnosed?

2. Which clinical signs and symptoms of infection and
microbial indicators have been used to diagnose infected
leg ulcers?

3. What clinical and microbial indicators have been identi-
fied as diagnostic of CLU infection?

2.2 | Search Strategy

An extensive search for relevant published literature of the
online databases CinaHl, Medline, Cochrane Library data-
bases, Embase, Web of Science, ScienceDirect, Pubmed,
PsycINFO, ProQuest dissertations, and Google Scholar was
undertaken. Because of limited evidence on diagnosing
infection in CLUs, this article reviewed literature published
from January 1 1990 to July 31 2017. To avoid the acciden-
tal exclusion of any relevant studies, broad terms were used.
The search terms were: “infect*” AND “leg ulcer*” OR
“mixed ulcer*” OR “Venous ulcer*” OR “arterial ulcer*”
OR “varicose ulcer*” OR “lower leg ulcer*” OR “lower leg
wound*” OR “chronic wound*” with further resources as
cited in relevant articles. Publications were restricted to
those published in English, with abstracts available and stud-
ies conducted on adult humans.

2.3 | Inclusion criteria

This literature review focused on studies that examined clini-
cal signs and symptoms of localised and/or spreading infec-
tion in CLUs including venous, arterial, and mixed leg
ulcers; studies investigating accuracy of using clinical and
microbial indicators to diagnose infection; and/or those eval-
uating the specificity and sensitivity of available suggested
criteria for diagnosis of infection. Because of the limited
available literature, this review also included studies that
investigated treatments for infection in CLUs, but only to
examine how infection has been diagnosed and which indi-
cators have been used to diagnose infection. This review
included all quantitative studies,
controlled trials, cohort studies, case—control studies, cross-

such as randomised

sectional studies, and case studies and case series. System-
atic review articles were also included if they met the
inclusion criteria.

2.4 | Exclusion criteria

Those studies that included participants with wound types
other than CLUs were excluded. Articles were also excluded
if the studies did not clearly describe the criteria used to
diagnose wound infection. Studies that used qualitative
designs were excluded from this review.

Key Messages

e to date, despite significant advances in wound management,
the management of chronic wounds, especially infection, is
still a challenging problem. Accurate diagnosis of leg ulcer
infection can reduce burdens to patients, health care systems,
and society

e a narrative literature review of evidence on validity of clinical
and microbial indicators of leg ulcer infection found few arti-
cles on validation of clinical and/or microbial infection criteria

e the identification of leg ulcer infection remains problematic,
based on outdated information and inconsistent evidence

e seven clinical indicators have been shown (level III and IV
evidence) to be diagnostic for leg ulcer infection, including:
new, increased or altered ulcer pain; malodour; increased ulcer
area; wound breakdown, delayed or non-healing; and ery-

thema and increased local temperature

2.5 | Levels of evidence

The Australian National Health and Medical Research Coun-
cil Levels of Evidence were used to rate the findings from
reviewed research anicles,4 as follows:

Level 1
Level I

Evidence from a systematic review of level II studies

Evidence from: a study of test accuracy with an independent,
blinded comparison with a valid reference standard, among
consecutive persons with a defined clinical presentation in
diagnostic accuracy; or a randomised controlled trial study in
intervention studies; or a prospective cohort study in prognosis
studies

Level Evidence from: a study of test accuracy with: an independent,
III-1 blinded comparison with a valid reference standard, among
non-consecutive persons with a defined clinical presentation in
diagnostic accuracy; or a pseudorandomised, controlled trial
study in intervention studies

Level Evidence from: a comparison with reference standard that does
1I1-2 not meet the criteria required for level II and III-1 evidence in
diagnostic study; or a comparative study with concurrent
controls (such as non-randomised, experimental, cohort
study, case—control study, interrupted time series with a
control group) in intervention studies; or retrospective cohort
study

Level Evidence from: diagnostic case—control study in diagnostic
1I-3 studies; or a comparative study without concurrent
controls, such as historical control and two or more single
arm study, interrupted time series without a parallel control

group

Level Evidence from: study of diagnostic yield (no reference standard)
v or case series with either post-test or pretest/post-test
outcomes

The first reviewer assessed the articles for levels of
evidence and sent a narrative summary of the primary
results to two other reviewers along with the articles for
independent assessment. All disagreements were resolved
by discussion and a narrative synthesis of results was
undertaken.
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3 | RESULTS

The search located 8134 articles and 80 articles were
included for final full-text review (Figure 1). There was
one systematic review—Ilevel I evidence’ which compared
the value in identifying pathogens between wound swab
and wound biopsy techniques. Six expert opinion or con-
sensus documents, which focused on diagnosis of infection in
chronic wounds and/or CLUs were also included.*~'° Of the
remaining 73 articles, eleven focused on clinical signs and
symptoms of infection in chronic wounds, 12 focused on
diagnosis of infection, and 50 examined the effectiveness of
numerous treatment methods for chronic wound infection.

The level of evidence for most of the studies in relation
to diagnosis of infection was low (level II-IV), with only
one study meeting the criteria for level II evidence. The
details of level of evidence of these 73 articles are as fol-
lows: twelve randomised controlled trials (level II), how-
ever, these studies focused on testing the effectiveness of
dressings or treatment-related on patients with infected leg
ulcers''™2!; one cohort study (level II) examined the effec-
tiveness of a dressing on the bacteria in patients with
venous leg ulcers (VLUs)22; 40 level III evidence studies;
and nineteen level IV evidence studies, including case
series, case studies, and case series with pretest/post-test
outcomes. There was one systematic review that focused
on the effectiveness of silver dressing in treatment of
chronic wound infection.”® Participant numbers ranged
from 1 to 482 with a total of 1274 CLUs (including venous,
arterial, and mixed leg ulcers).

Most studies were conducted in Canada and the United
Kingdom, however, others were also conducted in United
Sates, Germany, and Spain, followed by France and Nether-
lands. Studies were conducted in different settings, mainly
wound clinics, outpatient clinics, and dermatology depart-
ments in hospitals or community settings.

This article will first (a) discuss the use of the terms

2

“localised infection,” “critical colonisation,” and the infec-
tion continuum in CLUs and/or in chronic wounds; and
(b) review the definition of infection in chronic wounds
and/or CLUs. The evidence on diagnosis of infection and
the clinical and microbial indicators of infection in CLUs
used from these studies is then synthesised and discussed
under the headings of either (c) existing criteria for diagno-
sis of infection in CLUs, (d) clinical and microbial indica-
tors that have been used to diagnose infection in CLUs,
(e) validation of clinical and microbial indicators, (f) how
clinical signs and symptoms of infection have been used to
diagnose infection in leg ulcers, (g) other indicators of infec-
tion, (h) relationships between clinical judgement and micro-
biological indicators of infection, and (i) how infection in
CLUs has been diagnosed. A summary of literature on diag-
nosis of infection in CLUs concludes this literature review.

3.1 | “Critical colonisation,” “biofilm,” “localised
infection,” and the infection continuum in CLUs and/or
in chronic wounds

The infection continuum was used to explain the progression
of a wound from contamination to infection in the presence

Records identified through database searching
(n = 8131)

Records excluded
(n =4922)

(n= 3209 )

Records identified through screening key words & title

Duplicate records excluded
(n= 1615)

1

Records after duplicates removed
(n=1594)

,
[ Screening ] Identifying}
.

Records excluded
(n = 1285)

Additional records from relevant references
(n =22)

Full-text articles excluded

(n = 225)

Records selected through screened abstracts
& (n =283)
=0
=
\ ) Articles for assessing full text
(n =305)
Studies included in the literature review
(n=380)
FIGURE 1 Literature selection process
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of bacteria. Whilst some divided it into contamination, colo-
nisation, critical colonisation, localised infection, spreading
* many others did not
include critical colonisation.*'” Kingsley* defined “critical

infection, and systemic infection,2

colonisation” as “host defences unable to maintain healthy
balance, either too many microbes or too many species in
wound base,” which results in “delay in healing”*>®P>%,
Kingsley>® suggested that the clinical signs for critical colo-
nisation included delayed healing despite appropriate treat-
ment, slough, and intransigent in odour. Other researchers
diagnosed “critical colonisation” in chronic wounds when
the wound presents with at least three out of five clinical

12 5 infectio-

signs suggesting “heavy bacterial colonisation
n/inflammation. Even though the term “critical colonisation”
is still used by some,'""'*2® an international expert panel has
excluded this term from the infection continuum since
2008.° Recently, the wound infection continuum has
included biofilm and its role in wound infection.?” The con-
cept of biofilm has been widely recognised in recent
years.”®*?° According to Hurlow and Bowler,**®"® biofilm
is defined as “bacteria-derived living material” that “has a
cloudy, translucent and viscous, gel-like appearance,”
“forms above granulation tissue,” attaches “firmly to wound
tissue,” and “can be carefully peeled away without causing
damage to underlying tissue.” Biofilms may be related to
“critical colonisation,” a concept that “compromise wound
healing without including clear signs of clinical infec-
tion”30®PY) Therefore, biofilms were not included in this lit-
erature review.

3.2 | Definitions of infection in chronic wounds

Infection in chronic wounds was defined in different ways.
defined
whilst many defined chronic wound infec-

Some authors
19,31-33

infection based on microbial
standards,
tions based on the clinical pathophysiology in the relation-
ship between bacterial virulence and the host defence®*>*~2¢
(Table 1). Despite these differences, authors all agreed that
in chronic wounds, infection is present when the host loses
its ability to fight against the microbial virulence either from
one microbe type or when bacteria interact with each
other. 1938 Ag a result, the level of toxins and bacterial viru-
lence exceed the host's ability to defend itself.**"

Many experts categorised infection in chronic wounds
into localised, spreading, and systemic infection; whilst
others divided it into superficial and deeper wound infec-
tion.' #4941 In fact, this current review showed that the terms
“infection in chronic wounds” and/or “infection in CLUs”
were the most frequently used compared with “critical colo-
nisation” and “localised infection” in chronic wounds and/or
in CLUs. Thus, the term “infection in CLUs” was used
throughout this literature review.

TABLE 1 Definitions of chronic wound infection

Author(s), year Definition of infected chronic wounds

Daréczy, 2006 “infection develops if the number of bacteria
colonies is so high (10°/cm®) that they can
cause local and systemic inflammation and
toxic symptoms; the number of bacteria
depends on more factors: their species and
number, the immunological condition of the
host organism, the number of bacterial species
present, their virulence and synergic
connections” — page 83

East et al, 20153 “Infection is defined as purulence or two or more
other local signs of inflammation in any tissue

or part of the lower limb” — page 3

“Infected ulcers were defined as those with 10° or
greater organisms per gram of viable, soft
wound tissue or wounds containing f-hemolytic
Streptococcus at any level” — page 180

Gardner et al, 200132

Gardner et al, 2006°! “Infected wounds were defined as those
containing 1 x 10° or more organisms per gram

of tissue” — page 548

Kingsley, 2003** “Infection can be defined as the process by which
organisms bind to tissue, multiply, and then
invade tissue and elicit a marked immune

response” — page 3

Enoch & Harding, 2003*> “Wound infection is defined as the presence of
replicating microorganisms within a wound
with a subsequent host response that leads to a
delay in healing.” “The signs and symptoms of
local infection are redness (erythema), warmth,
swelling, pain and loss of function. Foul odour
and pus may accompany this” — page 13/26

Harding et al, 20167 Clinically infected is “defined as a wound that
required the use of systemic antibiotics or
topical antimicrobials™ or “not clinically
infected: exhibiting some signs and symptoms
of clinical infection, but not requiring antibiotic
or topical antimicrobial treatment” — page 443

Bhat et al, 2014>* “Wound infection is defined as the presence of
replicating microorganisms within a wound
with a subsequent host response that leads to
delayed healing.” “It is important that infection

is recognised as early as possible” — page 135

Woo & Sibbald, 2009%° Superficial critical colonisation or convert
infection, or localised infection, or increased
bacterial burden: “replicating microbial burden
in the wound surface compartment with subtle
clinical signs of host injury” — page 41

Deep wound infection: “level of microbial burden
or virulence has overwhelmed the host
responses and the microorganisms cause
clinical injury by invading locally (surrounding
or deep skin below the wound base) before
potential systemic sepsis” — page 41

Wounds Australia, 2011 10" «“Wound infection can be defined as multiplication

of bacteria that overwhelm host defences,
resulting in disruption of healing and damage
the wound. Wound infection can result in local
and systemic host responses” — page 4

3.3 | Existing criteria for diagnosis of infection
in CLUs

From this review, six sets of criteria for diagnosis of infection in

CLUs were found. Of these, five sets were for diagnosis of infec-

3,7.9,1042

tion in chronic wounds and one set was for diagnosis of

infection in granulating wounds.® However, five out of these six
criteria were based on expert opinions>®"*!% and one was based

on a cross-sectional study of 41 participants (level III)42 (Table 2).
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All authors of these six sets of criteria were united in
regarding microbial indicators as being less important than
clinical indicators when diagnosing infection and agreed that
infection should be initially diagnosed based on clinical indi-
cators.>*7%142 They also agreed that microbial data usage
must be considered in accordance with the individual
patient, and bacteria growth alone may be not sufficient to
confirm infection.>®7--10-42

Cutting and Harding developed a set of criteria in 1994
to diagnose infection in granulating wounds.® The criteria
included 10 clinical signs: three traditional signs (abscess,
cellulitis, and discharge) and seven additional signs
(delayed healing, discolouration, friable granulation tissue,
unexpected pain, pocketing, bridging at wound base,
abnormal smell, and wound blreakdown).6 Within the time-
frame of this search, this was the first developed criteria for
diagnosis of wound infection, however, it was for diagnosis
of infection in granulating wounds, therefore may not be

M- WiLey- L«

absolutely appropriate for use in diagnosis infection in
CLUs.%*% Despite this limitation, many studies are based
on this criteria set to diagnose or to develop new criteria for
diagnosis of infection in chronic wounds.”**?

Gardner's 12 clinical signs and symptoms check list
(CSSC) in 2001** was developed based on a cross-sectional
study of 41 participants with chronic wounds (including
seven patients with CLUs). This highly cited checklist was
underpinned by Cutting and Harding's criteria and included
twelve clinical signs and symptoms: increased ulcer pain,
erythema, oedema, heat, purulent exudate, serous exudate,
delayed healing, discolouration of granulation tissue, friable
granulation tissue, pocketing at wound base, foul odour, and
wound breakdown. In fact, six signs in this CSSC (delayed
healing, discolouration, friable granulation tissue, unex-
pected pain, pocketing at base of wound, abnormal smell,
and wound breakdown) were previously suggested by Cut-
ting and Harding.® Furthermore, when validating this CSSC

TABLE 2 Clinical signs and symptoms of infection according to suggested criteria

Clinical signs & Cutting & Harding Cutting & White Wounds Australia
symptoms 1994° Gardner 20014 20047 Sibbald, 2007° WUWHS, 2008> 2011'°
2 experts Cross-sectional study 54 experts 3 experts 13 experts— National consensus
international

Ulcer-related pain Yes, unexpected Yes, increasing pain in

Yes, change in the No

consensus

Yes, new, increased or  Yes, increased

pain/tenderness the ulcer area® nature of pain altered pain® pain/unexpected
pain
Malodour Yes Yes* Yes Yes Yes Yes
Increase in wound size ~ No Yes, 4 weeks period: Yes Yes No Yes
no change or an
increased in the ulcer
size
Purulent exudate Yes Yes No No Yes Yes
Wound breakdown Yes Yes* No Yes Yes® Yes
Delayed/non-healing Yes, delayed healing ~ Yes No Yes Yes®* No
Increased exudate levels No Yes Yes No
Erythema No Yes Yes Yes Yes Yes
Bridging of the Yes No No Yes Yes
epithelium or soft
tissue
Pocketing at base of a Yes Yes No Yes Yes
wound
Discolouration of Yes Yes Yes No No No
granulation tissue
Friable granulation No Yes® No Yes Yes No
tissue
Increased local No Yes, within 4 cm from  Yes Yes Yes Yes
temperature the ulcer margin
Oedema No Yes No Yes Yes, peri-wound Yes, localised to
oedema peri-wound tissue
Cellulitis Yes No Yes No No No
Abscess Yes No No No No No
Palpable crepitus from  No No Yes, for arterial leg  No Yes No
gas in soft tissue ulcers
Slough or necrotic No No No Yes No No
tissue on the wound
surface
Induration No No No No Yes No

# Highly indicative of infection.
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in a different study, Gardner et al concluded that only
increasing pain and wound breakdown were sufficient indi-
cators of infection with 100% specificity, but none of the
twelve clinical signs in the CSSC were considered necessary
in identifying infection in chronic wounds.** The authors
also suggested further research to confirm the reliability of
this CSSC.*? Cutting and White’ found that the “pocketing
at base” was not a valid sign. Dennis et al ** examined the
validity of this CSSC by assessing both clinical signs
according to this checklist and bacterial loads from
203 patients with CLUs (with 13.3% infected). The authors
found that the CSSC was not well structured and insufficient
to represent coherent criteria for diagnosis of chronic wound
infection.**

The third reviewed criteria were proposed by Cutting and
White” for diagnosis of infection in different types of chronic
wounds, including one criteria set for arterial leg ulcers
(ALUs) and one for VLUs.” The Delphi approach was used
with 54 wound experts, to generate criteria in which signs and
symptoms of infection were based on levels of importance
(high, medium, and low).” This is the only document that sug-
gested the levels of importance for each clinical indicator.
Cellulitis was regarded as one of the most important signs of
infection in both types of CLUs. However, cellulitis is charac-
terised by local pain, tenderness, local heat, and erythema.24
Thus, the use of cellulitis as an indicator to diagnose wound
infection may not be appropriate. Pus or abscess was also
excluded from these criteria.” The importance of other clinical
signs was rated differently between VLUs and ALUs. Dry
necrosis turning wet was rated more important than increased
pain in ALUs whilst increased exudate was considered less
important than increased pain in VLUs.” Overall, the common
signs and symptoms of infection in all CLU types included
cellulitis, pain, delayed healing, malodour, and wound break-
down.” However, the number of signs required to confirm
infection was not specified.

Sibbald et al’ divided bacterial damage levels into super-
ficial critical colonisation and deep infection, and suggested
assessment models for use to diagnose chronic wound infec-
tion, NERDS and STONEES. According to the authors,
when bacterial virulence increased and the wound no longer
healed as expected the clinicians should assess the wound
for clinical signs of critical colonisation based on the
NERDS model. The NERDS was a mnemonic term of non-
healing wound, exudative wound, red and bleeding wound,
debris in the wound, and smell from the wound.” When the
bacteria were not only present within the wound bed but also
multiplying and “spreading to the deeper and surrounding
tissue,” clinicians should look for clinical signs in the
STONEES model, which is size increasing, temperature, 0s
probes to bone, new breakdown, oedema/erythema, exudate,
and smell®™®. These models were created based on a
review of literature, including Gardner's criteria,42 and Cut-
ting and White's criteria.”® These suggested criteria have

been validated in a cross-sectional study (level III) of
112 patients with chronic wounds (35 CLUs) and found the
criteria's specificity for moderate and heavy bacterial growth
was low, 0.80 and 0.69, respectively.’® The authors also
determined that no single clinical sign was sufficient to diag-
nose infection; however, any three of these suggested signs
can provide a valid indicator for bacterial damage levels.*

The fifth criteria were proposed by the World Union of
Wound Healing Societies (WUWHS).3 In this criteria set,
the importance of clinical signs and symptoms was rated,
and if two or more of the clinical suggested signs were pre-
sent chronic wounds were more likely to be infected.® These
criteria highlighted the importance of new, increased or
altered pain, and delayed or stalled healing.> However, no
attempts were made to differentiate clinical signs of infection
between different types of chronic wounds. When these cri-
teria were used to diagnose infection in 192 patients with
211 chronic wounds from a Dutch nursing home, Rondas
et al found that pain, increased exudate, erythema, and
delayed healing were the only relevant signs to diagnose
infected chronic wounds.** More importantly, no association
between clinical signs of infection and microbiological cul-
tures, taken by a Levine-technique swab, was found. In addi-
tion, these criteria have not been validated and no attempts
have been made to differentiate clinical signs of infection
between different types of chronic wounds.

The last reviewed criteria were proposed by the Australian
Wound Management Association in 2011 and were mainly
based on the two previous suggested criteria of Cutting and
White in 2004 and the WUWHS criteria in 2008."" This doc-
ument highlighted the correlation between levels of bacterial
impairment and clinical signs of infection, in which local
infection was more likely to present if there were some or all
clinical signs (Table 2). Although the document is not a clini-
cal practice guideline, it is a useful document with compre-
hensive and up-to-date knowledge about interaction between
microorganisms and the wound. However, the current review
did not find any evaluation studies on these criteria.

Overall, seven clinical indicators have been consistently
suggested to be diagnostic of infection by these experts:
(a) new pain, increasing pain or altered pain in the ulcer
area; (b) malodour; (c) increase in ulcer area; (d) wound
breakdown; (e) delayed healing; (f) erythema; and
(g) increase in local temperature (Table 2).

3.4 | Validation of clinical indicators of infection
in CLUs

The following section examines how suggested clinical
signs and symptoms of infection have been explored and/or
validated in clinical research. Ten studies of level II to IV
evidence focused on examining and/or validating clinical
signs and symptoms of chronic wound infection. These
studies used a  cross-sectional

included seven
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32,36,44-48 49-51

design, three were case studies
used the Delphi approach® (Table 3).

Four studies (two cross-sectional studies, one Delphi
study® and one case study®) concluded increasing pain was
diagnostic of chronic wound infection. It is essential to dif-
ferentiate between pain related to infection and pain related
to venous hypertension or other causes. Pain related to
wound infection located in the ulcer area can be new pain
from a previously non-painful leg ulcer or increased pain in
a patient who had experienced ulcer pain before.” Gardner
et al*? determined increasing pain had a specificity of 100%
in indicating infection.

Malodour was determined to be significantly associated
with chronic wound infection by two cross-sectional
studies,’**® to have a significant relationship with heavy
bacterial load>®** (cross-sectional studies), and to be the
most frequently presented sign in CLUs.*' Malodour was
found to have 100% sensitivity to infection in a cross-
sectional study.*” Malodour is the abnormal and unpleasant
smell of the wound and can be an indicator for infection.®*°
The cross-sectional study of 71 CLUs (43 infected and
28 non-infected) by Bowler et al*® compared the severity of
malodour between infected and non-infected CLUs and
found malodour was rated as three times higher in infected

and one study

32,48

leg ulcers compared with non-infected CLUs (18.6% and
6.7%, respectively), (level 1II). When investigating types of
bacteria that produced malodour, the authors concluded that
the increase in malodour severity may be a result of synergic
interactions between anaerobic and aerobic bacteria.*® Gard-
ner et al*> found foul odour had specificity of 88%. How-
ever, the sensitivity of malodour was only 36%.*
Furthermore, in a cross-sectional study of 203 patients with
CLUs, Dennis et al** found malodour was a significant pre-
dictor of bacterial load. Woo and Sibbald*® in a cross-
sectional study of 112 chronic wounds (35 CLUs) also found
smell was the clinical sign with the second highest specific-
ity in relation to moderate to heavy bacterial growth, using a
wound swab culture with the Levine technique. A descrip-
tive study of 482 patients with chronic wounds (269 CLUs)
by Vowden and Vowden®' determined malodour was one of
the most frequently presented signs of infection (level IV).
Delayed healing was identified to be a sufficient indica-
tor of wound infection in two cross-sectional studies®>>¢
(level II) and to be significantly associated with high bacte-
rial load** (level III). Delayed healing is identified if the
ulcer size shows no change or even increases despite appro-
priate treatment.’” Fierheller and Sibbald*’ used a cross-
sectional design to study 20 participants without wounds
and 40 participants with CLUs (22 infected) and determined
delayed healing was one of the three most specific signs of
infected leg ulcers with a specificity of 86% (level II).
Wound breakdown was found to be a sufficient indicator
32.36 (level III) and related to

increased bacterial load** (level II). In a cross-sectional

of infection in chronic wounds

M- WiLEy- L«

study of 36 patients with chronic wounds, Gardner et al**
found that all wounds presenting with wound breakdown
were diagnosed as infected, based on the positive quantita-
tive culture from wound biopsy tissue (level III). Wound
breakdown was also found in another cross-sectional study
to have 100% sensitivity to infection in CLUs.*’

Despite not being investigated in many studies, increased
wound size was identified as having a specificity of 83% in
relation to moderate to heavy bacterial growth,*® and was
able to diagnose chronic wound infection. Danielsen et al*’
reported ulcer enlargement presented in an adult patient with
a CLU infected with Pseudomonas aeruginosa (level IV).

Erythema was found to be significantly associated with
chronic wound infection in four studies*>**~! (levels III
and IV) and a diagnostic sign of infection in chronic wounds
in a multi-centre cross-sectional study.*> Erythema was also
determined to be the most specific factor related to infected
leg ulcers with a specificity of 92% in a study conducted in
20 participants without wounds and 40 participants with
CLUs by Fierheller and Sibbald*’ (level II). Rondas et al
used a multi-centre cross-sectional design to investigate
signs and symptoms that were used to diagnose infection in
72 chronic wounds (5.6% were CLUs) by physicians in
Netherlands.*> The authors found erythema present in 81.3%
of infected chronic wounds and was used as a diagnostic
sign of infection in chronic wounds.*’

In terms of exudate, six studies investigated different
exudate-related indicators in relation to diagnosis of infec-
tion in chronic wounds.**?%4+47:3031 A increased level of
exudate was able to diagnose chronic wound infection®®
(level IIT) and identified to have 100% sensitivity to infec-
tion*’ (level II). Purulent exudate was also identified to be
associated with infection in chronic wounds in four stud-
ies. 2473031 Fierheller and Sibbald found purulent exudate
had a sensitivity of 87% for infection in chronic wounds.*’
Purulent exudate was also found significantly associated
with higher levels of bacterial load.**

Four studies agreed increased local temperature were
associated with infection in chronic wounds.*¢47-%
Increased temperature in the surrounding skin was found to
have high specificity for infected leg ulcers. Fierheller and
Sibbald*” in a cross-sectional study determined increased
temperature of the surrounding skin was one of the most
specific signs for infected leg ulcers with a specificity of
86%. Gardner et al*? determined the specificity of infection
by heat was 84% (level III).

Other clinical signs, such as bridging of the epithelium,
abscess, and induration, were not investigated in these stud-
ies. However, it is important to acknowledge that the pres-
ence of clinical signs and symptoms of infection may differ
depending on numerous factors. For instance, Gardner
et al®? compared clinical signs of leg ulcer infection in
patients with and without diabetes,
highlighted that although no relationships between diabetes

and the authors
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and the expression of any clinical signs and symptoms of
infection have been found, patients with diabetes were less
likely to present with erythema compared with those without
diabetes (level III).

Overall, seven clinical signs and symptoms were found
to have high specificity for infection, including: (a) new
pain, increasing pain, or altered pain in the ulcer area;
(b) malodour; (c) increase in ulcer area; (d) wound break-
down; (e) delayed or non-healing; (f) erythema; and
(g) increase in local temperature (Table 3). These clinical
indicators were diagnostic for infection in CLUs (level II-
IV). It is interesting to note that these clinical signs and
symptoms of infection were also the seven clinical indicators
recommended from international experts3 6,7,9,10,42 (Table 2).

3.5 | How have clinical signs and symptoms of
infection been used in practice and research?

This review of the literature showed twenty-two different
clinical indicators were used to identify infection in chronic
wounds, and the frequency of clinical signs and symptoms
of infection used in the literature are represented in Table 4.
These clinical signs and symptoms of localised infection
were used differently from study to study. The highest num-
ber of clinical indicators used for diagnosis of infection per
study was 12 whilst the smallest number was one. The most
frequently used clinical signs were malodour, erythema,
oedema, increased ulcer-pain, increased exudate levels or
purulent exudate, increased local temperature around the
wound, delayed or non-healing, and friable granulation tis-
sue (Table 4).

Malodour was used in 25 studies with a total of 1298
CLUs and erythema was used in 25 studies with
811 CLUs!21422:3437.38414547.50.51.53-66 (Typle 4). Malo-
dour has been used in combination with other clinical
signs‘“’5 8.62 and/or microbial indicators.*>%7%° However, in
a study that investigated the roles of specific bacteria in
wound malodour production between 43 infected and
30 non-infected leg ulcers, the authors found malodour pre-
sented in both infected (18.6%) and non-infected leg ulcers
(6.7%), (level III),.*

Ulcer-related pain was also used in 22 studies including
almost 600 CLUs. In these studies, pain was described dif-
ferently by authors as either continuous pain,>® persistent or
spontaneous pain between two dressing changes,**”""°
extreme pain, and increases or changes in the nature of
pain'?3426-7! 34:33.6566 New, increasing pain or
extreme pain or change in the nature of pain was used by
most authors.*®%%6372 According to Cutting et al,® the expe-
rience of pain should be “best described by the patient from
their own subjective stand point.”®PP7®) Increased pain in a
wound can be a result from swelling and increased tension
in the wound because of increased tissue fluid.® A case study
reported a patient with mixed leg ulcers>® indicated infection
was the cause of increased wound pain (level IV). A Delphi

or pain.

M- WiLey- L«

approach study of 21 international health experts concluded
the majority of experts regarded new ulcer pain, alteration in
ulcer pain, or increasing pain in the ulcer area were indica-
tors of wound infection.®

Increased levels of exudate or change in exudate charac-
teristics, including types and consistency, were also fre-
quently reported signs for early identification of infection.
The exudate characteristics were used variously among
authors, however, there was consistency in assessing ulcer
exudate for any negative changes, such as a significant
increase in exudate levels, consistency or odour. Purulent
exudate was used in 18 studies with more than 550 CLUs,
increased exudate level was used in 16 studies with
926 CLUs, and moderate to heavy exudate was used in
5 other studies with more than 170 CLUs. The exudate level
was determined based on the percentage of the dressing
stained with exudate.>® However, the evaluation of exudate
levels remains problematic, as currently there are no guide-
lines for this assessment.

Oedema was used in 22 studies with a total of
484 CLUs, 12-14.22.37.38.41.47.48.50.54-60.62.73

Seventeen studies used increased temperature around the
wound or warmth or hot to touch to diagnose infection in
nearly 250 CLUs. Seventeen reviewed studies used delayed
healing to diagnose infection in 181 CLUs, five studies used
increased ulcer area in almost 500 CLUs, and wound break-
down was also used in five studies with almost 200 CLUs.
Friable granulation tissue that bleeds easily was used in
16 studies of 395 CLUs.

Cellulitis was still used as a clinical sign to diagnose
infection in CLUs in four studies.'®!767-74

Altogether, seven clinical indicators, including erythema,
malodour, oedema, increased ulcer pain, increased or puru-
lent exudate, delayed healing, and increased local tempera-
ture, were found to be used most frequently (Table 4).
Except for oedema, other frequently used clinical indicators
were also found to have higher specificity for infection in
chronic wounds, including CLUs (Table 3).

3.6 | Timeframe for assessment

Whilst all authors agreed on assessing for any changes in the
ulcer appearance, surrounding ulcer, and general patient
health, the recommended timeframe for this assessment var-
ied. Some determined changes by comparing measurements
within a 4-week period.'"*¢>*7> Others only compared mea-
surements between two dressing changes,'>*” or did not
clearly describe what timeframe they used to determine a
change. For instance, with regard to assessing delayed heal-
ing, Gardner’> defined delayed healing if the ulcer area did
not change or even increased after four weeks of appropriate
treatment. The WUWHS stated if the ulcer surface reduced
more than 30% in the first two weeks after commencing
treatment, the ulcer is more likely to heal.* According to Jor-
gensen et al, delayed healing occurs when the ulcer size does
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TABLE 4 Clinical indicators used to diagnose “critically colonised” and/or “locally infected” chronic leg ulcers

Clinical signs & symptoms

Erythema

Malodour

Increased pain or new/unexpected
ulcer pain or pain or continuous
pain or persistent pain between
two dressing changes

Oedema

Increased exudate levels

Moderate to heavy exudate/heavy
exudate

Purulent exudate/pus discharge

Delayed or non-healing

Increased temperature around the
wound/warmth/heat/hot to
touch

Friable granulation tissue bleeds
easily

Discolouration of granulation
tissue

Yellow/slough

‘Wound breakdown or increase in
ulcer area

Necrotic tissue

Pocketing

Cellulitis

Induration

Bridging of the epithelium

Abscess

Studies

Forlee et 21153; Beele et 3180; Gago et a154; Harding et al”'; Lazareth et allz; Murphyss;
Rondas et al*’; Trial et al’®; Walker et al®’; Woo et alM; Woo et alss; Woo et al*!;
Fierheller & Sibbald*’; Graham®®; Lantis & Gendics®%; Lisle®’; Rossi &
Wertzbergerm; Sari et al°%; Sibbald et al*®; Thai et al®> ; Tudorso; Vowden &
VowdenSI; Bhat et a134; Braumann et al“; Bruce et al®

Forlee et 3153; Beele et also; Harding et 3137; Lazareth et allz; Murphy55 ; Rondas et al® H
Trial et al® 6; Vanscheidt et a113; Walker et al’’; Woo et al”; Woo et al“; Fierheller &
Sibbald‘ﬂ; Gerry et a192; Grahamsg; Lantis & Gendicszz; Lisle"o; Rossi &
Wertzbergerf"; Salavastru et al®®; Sibbald et al*®; Tudor’®; Vowden & Vowden’';
Woo & Sibbald36; Bhat et 3134; Braumann et 3164; Bruce et al®

Forlee et al’*; Murphy®>; Vanscheidt et al'*; Fierheller & Sibbald*’; Martin et al’%;
Sibbald et al*®; Thai et al®*; Tudor’®; Woo et al'*; Woo et al>®; Woo et al*';
Eisenstein’%; Graham®?; Lisle®®; and Rondas et al*’; Alcaraz et al’'; Gago et al>*;
Bhat et a134; Braumann et 3164; Bruce et al®® ; Beele et also; Trial et a156; Lantis &
Gendicszz; Derbyshire69

137;

Forlee et al® 3; Gago et a154; Harding et al37; Lazareth et a]'z; Murphy55 ; Rondas et al® H
Trial et 3156; ‘Walker et a157; Woo et alM; Woo et 3158; Woo et a.l‘“; Eisensteinn;
Fierheller & Sibbald47; Graham®’; Lantis & Gendics22; Rossi & Wertzberger“;
Sibbald et al38; Tudorso; Bhat et al34; Braumann et al64; Bruce et al® ; Derbyshire69

Forlee et 3153; Murphy5 5; Rondas et a145; Woo et alM; Woo et al’ 8; Woo et al‘“;
Fierheller & Sibbald“; Gerry et algz; Lantis & Gendicszzg Martin et al’’; Salavastru
et alﬁ(’; Sari et 3162; Sibbald et alm; Vowden & VowdenSI; Bhat et al34; Dryden et al®®

1804 112.

1%7; Lazareth et a

Beele et al®”; Harding et a Alcaraz et al’'; Derbyshire®

East et al”; Forlee et al> ; Gago et a154; Rondas et al®® ; Trial et alS(’; Walker et a157;
Fierheller & Sibbald*’; Graham®; Griffiths et al'®; Lantis & Gendics®?; Nagoba
et al()s; Sari et al()z; Sibbald et al40; Thai et 3163; Tudorso; Vowden & VowdenSI;
Braumann et alf’4; Dryden et al®®

Murphy55 ; Rondas et al*’; Woo et al'*; Woo et al’®; Woo et al*'; Gerry et al®?;
Graham®”; Lantis & Gendics>*; Nagoba et al®®; Sibbald et al*’; Sibbald et al*®;
Alcaraz et al’'; Banu et al®®; Bhat et al**; Derbyshiresg; Dryden et al®®; Fierheller &
Sibbald*’

Forlee et a153; Beele et also; Gago et a154; Rondas et a145; Trial et alS(’; Woo et al”; Woo
et al’®; Woo et al*'; Graham’; Lantis & Gendics??; Lisle®®; Rossi & Wenzbergerm;
Sibbald et al*®; Tudor’®; Woo & Sibbald®®; Braumann et al®*; Bruce et al®®

Forlee et al’>; Beele et also; Murphy55 ; Rondas et a145; Vanscheidt et a113; Walker
et al’’; Fierheller & Sibbald*’; Graham®®; Lantis & Gendics?; Sibbald et al*;
Sibbald et al38; Tudorso; Woo & Sibba1d36; Woo et al”; Woo et al’ 8; Woo et al*!

Forlee et al’?; Beele et al®”; Vanscheidt et al'®; Walker et al47; Fierheller & Sibbald*’;
Graham® 9; Lantis & Gendicszz; Nagoba et al(’g; Sibbald et al‘m; Tudorso; Woo et 21114;
Woo et al’®; Woo et al*!

Beele et al®’; Nagoba et al®®; Rossi & Wenzbergerm; Sibbald et al*’; Thai et al®>;
Tudor’®; Vowden & Vowden®!; Alcaraz et al’'; Bhat et al**; Derbyshire®; Dryden
et al®®

Vanscheidt et al'? ; Graham59; Sibbald et alsg; Tudor’ 0; Woo & Sibbald® 6; Woo et all4;
Woo et al’®; Woo et al*'; Salavastru et al°®; Woo & Sibbald*®

Forlee et al’>; Beele et al®®; Sari et al®?; Sibbald et al*’; Vowden & Vowden’'; Dryden
et al®®

Beele et al*®; Murphy®; Vanscheidt et al'®; Graham®?;

Vanscheidt et al”; Isbary et al'’; Isbary et al'®; Salavastru et al®®

Murphy®’; Rondas et al*’; Gerry et al®?

Vanscheidt et al'®; Sibbald et al*’

Vanscheidt et al'?

Total leg ulcers

967

1278

426

664

936

171

576

231

244

665

595

390

676

164
607

132
126

Total studies

25

25

25

22

16

18

17

17

13

11

10

N W R

not decrease or even increase over a 4-week period.'"”> Sib-
bald et al® found that a chronic wound should reduce in size
from 20% to 40% over a 4-week period of commencing
appropriate treatment to heal by 12 weeks.’

3.7 | Microbial and other indicators of infection

In terms of microbial indicators of infection, this review arti-
cle focused solely on investigating what microbial standards

were suggested to be used or have been used, to diagnose
infection in CLUs. The details of bacterial types or bacterial
profiles, hence, were out of this article's scope. Traditionally,
bacteria in the wound can be identified quantitatively
(by culturing) or qualitatively from either wound tissue
(obtained by biopsy) or wound exudate (Table 5). However,
recently molecular testing or deoxyribonucleric acid (DNA)

based methods have gained great attention by both
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TABLE 5 Microbial indicators used to diagnose infected leg ulcers

Total leg Total

Microbial indicators Authors, year ulcers  studies

Alcaraz & Kelly7'; Danielsen 617 20
et 21149; Flock et al(ﬂ; Imbernon
et alg3; Imbernon-Moya et alg';
Isbary et al”; Isbary et all(’; Lei
et alzo; Madhusudhan21; Lisle®;
Gerry et 3192; Grahamsg; Nagoba
et albs; Martin et a]70; Rossi &
Wenzberger(’l; Sari et al(’z; Thai
et a163; Tudorso; Salavastru
et al®®

Bhat et al® 4; Gardner et 3132; 127 6
Gardner et al®?; Peral et al””;
Lantis & Gendicszz; Raad et al®!

Culture positive

Bacterial load >10°
CPU/g of tissue

Dar6czy'®; Kordestani et al'®; 141 4
Sibbald et al*®; Woo et al*®

Bacterial load >10°
CPU/mL fluid
or/cm? fluid

B-haemolytic Gardner et al*?; Gardner et al>> 14 2

Streptococcus at
any levels

Bacterial load >10°  Sibbald et al*’ 20 1

CPU/g of tissue

If beta-haemolytic Kordestani et al'® 20 1

streptococcus
present then
>10° CFU/mL

CFU, colony-forming units.

qualitative and quantitative identification of bacteria in
chronic wound infection.”®””® Molecular testing included
quantitative polymerase chain reaction (QPCR) and DNA
sequencing.”® Four studies compared bacterial characteristics

in chronic wounds between culture testing and molecular

76-79

testing, (level III-IV). The authors agreed that molecular

testing cannot only detect the majority of bacteria that were
detected by culture methods but also bacteria not detected by
culture methods.”®7° However, further research is needed as
molecular testing such as gPCR may not be available to test
for some types of bacteria.’’

The microbial indicators for infection are still debatable
within clinicians and researchers. This literature review
found 30 studies used microbial indicators to diagnose
infected leg ulcers, however, the microbial indicators used
varied widely (Table 5). A positive culture was used to diag-
nose infection in 20 studies. Four studies used bacterial load
>10° CFU/mL fluid or/cm® ﬂuid,18’19’36’38 6 studies used
bacterial load >10% CFU/g of tissue,>**%7>81:82 gne study
used bacterial load >10° CFU/g of tissue,*® one study used
bacterial load >10° colony-forming units (CFU)/mL if there
was the presence of beta-haemolytic streptococcus,'® and
two studies diagnosed infection in leg ulcers if there was the
presence of beta-haemolytic streptococcus at any levels.*>%°
The samples for microbial analysis were obtained from
wound swabs or biopsy with different techniques. Whilst the
microbial indicators were used differently to diagnose CLU
infection, there was strong evidence on the complexity of
bacteria in CLUs. Bowler et al*® examined bacterial profiles

between infected and non-infected leg ulcers (clinical diag-
nosis), and noted the complexity of the bacterial profile in
CLUs and determined the important role of microbial syn-
ergy in CLU infection. As bacteria are always present in
CLUs, the longer the wound delays in healing, the more
likely it will be exposed to and acquire multiple
microorganisms.*7-83:84

Ten studies used a bacterial load >10° CFU of bacteria

: 32,3
per gram of tlSSllsz’ 2,34,52,75,81,82

ﬂuid18,19,36,38

or per mL of wound
to diagnose infection in chronic wounds
(Table 5). This popular threshold of 10> CFU has been used
as a critical criterion for diagnosis of infection in chronic
wounds, reasoning on the induction of local tissue damage
in the wound because of the increase in the levels of
bacterial-related toxins and inflammatory mediators.'* His-
torically, the bacterial load at >10°> CFU per one gram of tis-
sue that was obtained from wound swabbing, biopsy,
or > 10° CFU/mL wound fluid can be seen as an indicator
for wound infection.®> However, this bacterial load has been
shown not to be accurate in diagnosing infection as there
may be some bacteria with high virulence levels, especially
when they have microbial synergy. In this case, the bacterial
load may be lower than >10° CFU/g or > 10° CFU/mL;
however their pathogenic effects can be greater than each

Gardner et al’>*?

bacterium working independently.®*
defined infected leg ulcers when the results from biopsy
were at >10° organisms per gram of viable wound tissue or
at any levels if it contained p-haemolytic Streptococcus. In
fact, the prospective study by Cooper et al®* compared the
bacterial load using three different techniques to obtain sam-
ples (swab, fluid, and biopsy), and found that the bacterial
load depended on the wound size and the duration of the
wound; as the highest bacterial load was found in the largest
and the longest ulcers.®” In a prognostic study with a pri-
mary aim of evaluating the diagnostic properties of three
enzymes identified from wound fluid of 81 patients with
acute or chronic wounds (11 CLUs), Blokhuis-Arkes et al®
examined the relationship between clinical and microbiolog-
ical diagnosis of infection and found no relationship between
the clinical judgement and microbiological results.

A systematic review compared the Levine or Levine-like
technique for wound swabs to the biopsy technique used to
obtain samples for cultures of infected wounds. The authors
found that for chronic wounds, including VLUs, both types
of techniques were comparable for initial wound monitoring;
however, swabs were better when performing quantitative
analysis. The swabs were also found to be most valuable for
identifying pathogens in infected diabetic foot ulcers that did
not involve bone.” Gardner et al’' in a study of 83 patients
with chronic wounds (5 VLUs) defined “true” wound infec-
tions if the bacterial load from quantitative cultures was
>10° organisms per gram of viable wound tissue and com-
pared three techniques to obtain samples, which included
wound biopsy, wound swab with the Z technique, and
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wound swab with the Levine's technique. The authors found
that the Levine's technique resulted in the highest accuracy
of quantitative cultures compared with the Z-technique and
with biopsy to obtain the specimens.*’

3.8 | Relationship between clinical judgement and
microbiological indicators of infection

This literature review found no studies reporting a signifi-
cant relationship between clinical signs and symptoms of
infection and microbiological results, including the qualita-
tive and quantitative results. Rondas et al*® examined
192 patients with a total of 211 CLUs and found no signifi-
cant relationships between the clinical diagnosis of infection
(using the WUWHS, 2008 criteria) and standardised wound
swab results, using the Levine technique. With regard to
how microbial results were used in wound infection, a sur-
vey of 345 health professionals, with approximately 10-year
experience in wound care across the United States, found
that wound infections were mainly diagnosed based on clini-
cal signs and symptoms, and that of those clinically diag-
nosed as infected, only 60% were cultured.”

3.9 | How has infection in CLUs been diagnosed?

The standards for diagnosis of infection in CLUs have been
used differently between researchers. This literature review
included 50 studies focusing on treatment of critically colo-
nised or localised infected chronic wounds, and one study
evaluating the activities of numerous enzymes to diagnose
infection.?” Of these studies, 20 studies used clinical indica-
tors only to diagnose infected leg ulcers (Table 6) whilst six
studies solely used the microbial standards (Table 8).
Twenty-five studies used both clinical and microbial indica-
tors to diagnose CLU infection (Table 7).

Of 38 studies that used microbial indicators for diagnosis
of infection either solely or combined with clinical indica-
tors, 12 studies used quantitative standards to confirm diag-
nosis of chronic wound infection, 24 studies used positive
culture for the confirmation of wound infection, and three
studies used both quantitative and qualitative results to con-
firm the diagnosis of chronic wounds infection (Tables 7
and 8).

This review literature showed twenty-two different clini-
cal indicators of infection were used (Table 4) to diagnose
chronic wound infection. The highest numbers of clinical
indicators used for diagnosis of infection per study were
12 whilst the smallest number was one.

Four studies investigated what criteria were used by cli-
nicians to diagnose chronic wound infection.*>***%% The
results indicated that clinicians used unreliable and different
sets of criteria to diagnose chronic wound infection.®® For
example, where the original set of criteria suggested using
11 clinical signs to diagnose infection, the clinicians only
used two or five clinical signs. Lorentzen et al®’ agreed that

the clinical assessment of infection in chronic wounds was a
difficult task, with great variability and a low reliability.

4 | SUMMARY OF LITERATURE REVIEW
ON INFECTION IN CLUS

Early identification of infection in chronic wounds is critical
and many studies have attempted to investigate criteria for
infection diagnosis from both clinical and microbiological
perspectives. Despite significant advances in chronic wound
management, the existing evidence for standardised criteria
for identifying chronic wound infection is limited. There is a
large volume of published studies investigating interventions
for wound infections, yet the identification of infection in
CLUs still remains problematic and the diagnostic criteria
for infection in CLUs are currently not uniform. The
reviewed studies were inconsistent and lacked specificity in
terms of wound types, clinical characteristics, and indicators
used to diagnose infection. Whilst eleven studies identified
clinical signs and symptoms of infection in chronic
wounds, 33236:44:47-51

10 years ago
evidence ®3%33:447464952 Thig Jiterature review could not

many were conducted more than

32:46:50 level of

and were of a low
find strong evidence to describe the optimal criteria for diag-
nosis of infection in CLUs.

All things considered, this review showed seven fre-
quently used clinical indicators that were suggested by inter-
national experts and validated by eleven studies of low-level
evidence, to be diagnostic for chronic wound infection.
These include: (a) new pain, increasing pain, or altered pain
in the ulcer area; (b) malodour; (c) increase in ulcer area;
(d) wound breakdown; (e) delayed or non-healing; (f) ery-
thema; and (g) increase in local temperature (Tables 2-3,
and 4).

With regard to how these clinical signs and symptoms of
infection have been applied to diagnose chronic wound
infection, this article showed great variation in practice.
Even though most experts agreed on using at least two clini-
cal indicators to diagnose chronic wound infection, the diag-
nostic standards must be validated in larger samples.
Importantly, there has been little research focusing on the
clinical signs and symptoms of infection in patients with
CLUS, including venous, arterial, and mixed leg ulcers.
Early identification of infection can play a vital role in effec-
tive management of CLUs, enhancing healing, improving
patients' quality of life, and reducing the burden on the
health care system. This can only be performed if there is
precise guidance available for early identification of chronic
wound infection, which is specific on the number of indica-
tors required and how they present for a leg ulcer to be diag-
nosed as infected.>
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TABLE 6 Studies that used clinical indicators only to diagnose infection in chronic leg ulcers

Author(s), year

Beele et al, 2010%°
Belgium and
Netherlands

Braumann et a.,
2011%

Germany

Bruce et al, 2012%°

United Kingdom and
Ireland

Derbyshire, 2010%°

Dryden et al, 2016

Forlee et al, 20143
South Africa

Gago et al, 2008°*
Spain

Harding et al, 20167
United Kingdom

Jgrgensen et al,
2005""

15 centres in
7 countries

Jorgensen et al,
20087
Denmark

Lazareth et al, 2012'2
France

Meaume et al, 2005%°

Study design

A randomised, prospective, open
label, multi-centre,
multi-national trial

Compared antimicrobial effects of
an ionic silver
alginate/carboxymethylcellulose
dressing with a non-silver
calcium alginate fibre dressing

A cohort study

A multi-centre pre-post evaluation
study

Case studies

Non-comparative pre-post
evaluation study in a
multi-centre, international setting

To explore the clinical effects of
Surgihoney RO, a topical wound
dressing in bacterial load,
biofilm and healing

A prospective, open, multi-centre
observational study

To assess the clinical acceptability
of the new gelling fibre dressing
containing silver DURAFIBER
Ag

A prospective, comparative,
observational study

To compare 3 types of silver
dressing: Acticoat Comfeel Ag,
hydrocolloid/Biatain Ag
polyurethane foam; and Aquacel
Ag

A pre-market non-comparative
controlled trial study

To investigate the safety and
performance of a next-generation
antimicrobial dressing
AQUACEL Ag+

A multi-centre, open,
block-randomised and controlled
trial study

To compare the effect of a
sustained silver-release foam
dressing Contreet Foam with a
foam dressing Allevyn
Hydrocellular without added
silver in critically colonised
VLUs with delayed healing

An open non-comparative
observational study to
investigate the effect and safety
of Biatain-Ibu combined with an
ionised silver-releasing wound
contact layer- Physiotulle Ag

An open-labelled, randomised,
controlled trial for 4 weeks

To assess the ability of a silver
lipidocolloid contact layer in
comparison with the same
wound dressing not impregnated
with silver salts to promote the
healing process

A randomised open-label
multi-centre comparative
two-arm parallel-group trial

Sample size & Total leg ulcers

36 clinically, critically colonised
wounds: 24 CLUs

52 wounds: 2 CLUSs
12 infected wounds

14 chronic wounds: 10 CLUs

3 cases: 2 CLUs

114 clinically infected wounds: 33 CLUs

14 VLUs: 12 clinically infected

75 patients with infected chronic
wounds: 50 leg ulcers

42 patients with clinically infected VLUs

129 patients with CLUS,
critically colonised

24 patients with locally infected VLUs

102 patients with “heavy bacterial

colonisation” VLUs

99 critically colonised chronic wounds:

71 VLUs

Clinical indicators used

Continuous pain erythema, warmth, Moderate to
serious exudates, >50% yellow/slough,
discolouration of granulation tissue, friable
granulation tissue that bleeds easily, pocketing
at wound base, foul odour, and necrotic

Pus, malodour, pain, erythema, oedema, and
warmth

Erythema, heat, oedema, pain, and odour

Delayed healing, heavy slough, extreme pain
between dressing changes, heavy exudate;
swelling

Non-healing, wound deterioration, green-tinged or
purulent/haemopurulent/seropurulent exudate,
heavy or moderate level of exudate, slough or
necrotic tissue.

Wound static or deteriorating, increased
exudate/secretion levels, increased pain,
increased temperature around the wound,
discolouration of granulation tissue, friable
granulation, tissue necrosis, local erythema,
oedema, purulent drainage, and odour

Pain, redness, heat, oedema, and/or purulent
exudate

Pain between two dressing changes, peri-ulcer
skin erythema/inflammation, oedema,
malodour, and heavy exudate

‘Wound healing stalled or delayed compared with
the normal expectation for the patient; increased
exudate levels within the past 4 weeks;
increased pain in the study ulcer area within the
past 4 weeks; discolouration of granulation
tissue; and foul odour “clinical infection
including erysipelas and cellulitis of periulcer
skin”

Painful; discolouration of the granulation tissue;
exuding, Wound healing stalled or delayed
compared with the normal expectation for the
patient; and malodour

Pain between 2 dressing changes, peri-wound
erythema, oedema, foul odour, and heavy
exudate. Patients presented with at least 3/5
local signs of heavy bacterial colonisation

Continuous (spontaneous) pain, erythema,
oedema, increase local warmth, moderate to
high levels of exudate, at least 50% of the
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TABLE 6 (Continued)

Author(s), year

Murphy, 2016
United Kingdom

Trial et al, 2010°¢
France

Vanscheidt et al,
20037
Germany

Vanscheidt et al,
20123

43 centres in the
United Kingdom,
Germany, France,
Denmark and
Poland

Walker et al, 20157

Canada, United
Kingdom,
Germany,
Denmark, Croatia,
Spain, Lithuania,
Italy, Czech, Rep
Sweden, Bulgaria,
Portugal, Slovakia,
Netherlands

Woo et al, 2012
Canada

Woo et al, 20128
Canada

Woo & Heil, 20174
Canada

BUIET AL.

Study design

13 centres recruited 99 patients
with either VLUs or PUs

to evaluate the clinical impact of
using a silver-releasing
hydro-alginate dressing

4 case studies
To describe the effect of Zorflex

Prospective, open-label, controlled,
and randomised trial

To compare the efficacy and
tolerability of a new ionic silver
alginate matrix Askina Calgitrol
Ag with that of a standard
silver-free alginate dressing
Algosteril

A multi-centre, non-comparative,
non-randomised, pilot trial

To evaluate primarily the safety and
the initial performance of the
ionic silver dressing Aquacel Ag

International, multi-centre,
double-blind and randomised
controlled clinical trial

To evaluate the cytotoxic effect of
octenidine
dihydrochloride/phenoxyethanol
in comparison with Ringer
solution

An international, multi-centre,
pragmatic, non-randomised
observational study

To assess the effectiveness of
AQUACEL Ag + dressing in
facilitating healing in a variety of
hard-to-heal wounds that may
have been compromised by
infection and/or biofilm

A prospective, open-label, 4-week
randomised controlled trial

To evaluate the effectiveness of a
topical silver dressing that
consists of silver alginate powder
(Arglaes Powder) compared with
moisture balance with foam
alone- Optifoam

Case series: 9 patients

To evaluate the application of
transdermal continuous topical
oxygen therapy to promote
healing in chronic wounds

Prospective, non-randomised
observational study

To evaluate the performance of an
antibacterial foam dressing
containing methylene blue and
gentian violet (Hydrofera Blue
Classic dressing)

Sample size & Total leg ulcers

4 VLUs

42 locally infected chronic wounds: 12 leg

ulcers

15 patients with CLUs: 11 clinically
infected

126 patients with locally infected chronic

VLU

113 patients: 59 CLUs

34 critically colonised chronic wounds:

13 CLUs

9 patients with CLUs

29 participants CLUs with localised
infection

CLUs, chronic leg ulcers; PUs, pressure ulcers; VLUs, venous leg ulcers.

Clinical indicators used

wound covered with yellow slough, discoloured
or friable granulation tissue, pocketing or
undermining at the base of the wound, or foul
odour

Case 1: painful 7/10, green slough;

Case 2 yellow slough ~50%, heavy exudate, the
wound failed to progress

Case 3 painful non-healing ulcer, the wound bed
was red & inflamed, ~60% slough, wound was
static, heavy exudate, excoriation to
peri-wound, failed to respond to treatment

Case 4 the wound deteriorated, very painful 7/10,
high volumes of exudate caused peri-wound
maceration

Clinical infection score: (0-18): fever, local heat,
peri-lesional erythema; persistent pain between
2 dressing changes, oedema, malodour, pus,
exudate production

Cellulitis, pain, slough, discharge, erythema, and
friable granulation tissue

Presence of at least 2/9: abscess, cellulites,
discharge, discolouration, friable granulation
tissue that bleeds easily, unexpected
pain/tenderness or change in the nature of pain,
pocketing at base of wound or wound
breakdown, bridging of the epithelium or soft
tissue and abnormal smell

Purulent exudate, erythema, oedema, malodour,
friable granulation tissue, and discoloured
granulation tissue

A standardised upper—critical colonisation:
unhealthy tissue, pain, poor healing, exudate,
and reek

Lower—deep infection: larger in size, osseous
tissue, warmth, oedema, and redness

Upper: unhealthy tissue, pain, poor healing,
exudate, and reek for superficial wound
infection

Lower: larger size, osseous tissue, warmth,
oedema, and redness for deep wound infection

Upper: unhealthy tissue, pain, poor healing,
exudate, and reek

Lower: larger in size & new areas of breakdown,
osseous tissue, warmth, oedema, and redness
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TABLE 7  Studies that used both clinical and microbial indicators to diagnose infection in chronic leg ulcers

Author(s), year

Alcaraz & Kelly,
20027

Bhat et al,2014>*

Danielsen et al,
1998%

Eisenstein, 200872
USA

Flock, Gibbs &
Sykes, 2000%

Forlee, Rossington, &
Searle, 20143
South Africa

Gerry et al, 2007°2
USA

Graham, 2014%°
USA

Griffiths,
Fernandez &Ussia,
2001"3

Australia

Imbernon et al, 2016
Spain

Isbary et al, 2010"7
Germany

Isbary et al, 2012'°
Germany

Kordestani et al,
2008
Iran

Lantis & Gendics,
20117

Study design & aims
Case study
To describe the effect of honey

dressing in management of an
infected VLU

Single arm before-after clinical trial
design

To test the effectiveness of the
Panchavalkala cream on chronic
non-healing wounds that were
infected

Case study

Case study

Case study

A prospective, open, multi-centre
observational study

Case study

A pilot observational study

To assess the viability of a MRSA
wound healing protocol intended
for use in multiple settings

A double-blind randomised
controlled trial

Case study

A prospective randomised
controlled phase II trial

To examine the safety and
efficiency of 5 minutes daily
cold atmospheric argon plasma
to decrease bacterial load

A prospective randomised
controlled phase II trial

Investigated a 2-min daily plasma
treatment with MicroPlaSter
alpha device versus MicroPlaSter
beta device

A randomised controlled trial study

To compare the wound healing rate
and incidence of infection in
wounds treated with either a
bioactive dressing or the control
dressing

A prospective cohort study

Total CLUs
1 infected VLU

50 patients with infected

chronic non-healing wounds

1 infected VLU

1 infected VLU

1 infected VLU

14 VLUs: 12 clinically infected

1 infected VLU

40 patients with
MRSA-infected lower

extremity wounds: 10 VLUs

35 patients with 49 wounds:
5 VLUs

An infected VLU in a patient
with diabetes

38 chronic infected wounds in
36 patients: mostly CLUs

24 patients with chronic
infected wounds: 17 VLUs,
4 ALUs, 2 MLUSs

54 patients with either diabetic
foot ulcers, pressure ulcers,
or leg ulcers

24 patients with VLUs

Clinical indicators used

Sloughy, painful, and very wet with
green exudate

Slough, swelling, redness,
discharge, Malodour, pain, and
tenderness

Ulcer enlargement, no cellulitis

Extreme pain and swelling in the
left ankle

Ulcer related pain, foul odour,
mucopurulent discharge, and
oedema

Wound static or deteriorating,
Increased exudate/secretion
levels, Increased pain, Increased
temperature around the wound,
Discolouration of granulation
tissue, Friable granulation,
Tissue necrosis, Local erythema,
Oedema, Purulent drainage, and
Odour (Cutting & Harding,
2004)

Wound failed to heal, extensive
induration, foul-smell, and wept
turbid fluid

Erythema, oedema, heat, pain, and
purulent exudate, odour, serous
exudate, delayed healing, friable
granulation tissue, discoloured
granulation tissue, pocketing of
the wound base, and wound
breakdown

Using Cutting's criteria: purulent
discharge

Disabling and highly painful leg,
erythematous edges, seropurulent
exudate with haemorrhagic scabs

Did not clearly mention

Had at least one chronic infected
skin wound large enough for the
plasma treatment and a control
area of 3 cm®

29/36 patients received systemic
antibiotics

Did not clearly mention

Had at least one chronic infected
skin wound large enough for the
plasma treatment and a control
area of 3 cm?®

22 patients received systemic
antibiotics

Did not mention/describe but
needed to show clinical signs of
infection

>1 clinical signs of infection:
oedema, malodour,

M- WiLEy-L ¢

Microbial indicators used

Wound swab, culture: heavy
growth of Haemolytic
streptococci group G, Proteus
spp, and moderate growth of
anaerobes

Punch biopsy

10°-10° dilutions: mildly infected

107-108 dilutions: moderate
infected

>108 dilutions: Severe infected

Wound exudate cultured found
Pseudomonas aeruginosa
exotoxin

MRSA and Enterobacter spp.

Wound swab & culture: mixed
flora and anaerobes

Positive tissue biopsy results at
the initial assessment
>10* CFU/g

Culture of the wound identified
Stenotrophomonas

‘Wound swab culture positive for
MRSA

‘Wound swab culture: mixed
growth of Staphylococcus
species and Proteus species

Culture positive for Methicillin
Resistance Staphylococcus
aureus

Wound swab

Semi-quantitative assessment
Bacterial types were detected
from the wounds from culture

‘Wound swab culture to identify
bacteria present in the wounds

‘Wound swab

Infected if the bacterial bioburden
>10° CFU/mL, or if
beta-haemolytic streptococcus
was present then 10° CFU/mL
was the indicator of infection

Had a bioburden of >10° CFU/g
of tissue
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TABLE 7

Author(s), year
United Kingdom

Raad et al, 2010%!
USA

Lisle, 2002%°
England

Nagoba et al, 2008°®
India

Martin et al, 20087°
Spain

Rossi & Wertzberger,
1996°!
Italia

Salavastru et al,
2012%¢
Romania

Sari et al, 2009%*
Turkey

Schiffer et al, 2015%¢
Austria

Sibbald et al, 2001
Canada

Sibbald, Coutts &
Woo, 20117
Canada

BUIET AL.

(Continued)

Study design & aims

To determine the in vivo effect of a
sustained-release silver
sulphadiazine powder foam
dressing—Allevyn Ag

Non-Adhesive on the bacterial
burden of VLUs

A retrospective review of 5 cases

To determine the in vivo effect of a
sustained-release silver
sulphadiazine powder foam
dressing on the bacterial burden
of VLUs

Case study

Two cases

Case study

Case study

Total CLUs

5 patients with VLUs

1 infected leg ulcer

1 CLU

A retrospective observational study 420 patients with VLUs

using the hospital's electronic
database

Prospective pre-post evaluation
study
To evaluate the efficacy of a

46 patients presented

52 wounds: 35 lower

extremity ulcers

vacuum-assisted closure -V.A.C. 31 infected wounds

Therapy device in the
comparative management of
clean and infected wounds

Prospective cohort study

An uncontrolled, open-label
prospective study, single centre,
four arm study

To evaluate the clinical effect of the
ionised nanocrystalline silver
dressing on a variety of chronic
wounds

A multi-centre, prospective,
double-blind, pilot, randomised
controlled clinical trial

To evaluate the effectiveness of a
PHMB foam dressing compared
with a similar non-antimicrobial

95 patients clinically diagnosed

with infection: 10 CLUs

29 patients: 6 VLUs

45 subjects with leg (n = 23)

and foot (n = 22) ulcers

Clinical indicators used

local/peri-wound erythema,
spontaneous pain between
dressing changes, increased
exudate, discolouration of
granulation tissue, increased
temperature at wound,
non-progression of wound
closure, and purulent exudate or
friable granulation tissue

Ulcers greater than 200 cm?

Hot to the touch, red, painful (pain
rated at 8 out of 10 by Mrs R)
and with offensive smelling
exudate

Case 1: unhealthy granulation
tissue and slough, delayed
healing despite treatment

Case 2: the ulcer had a very bad
look with abundant slough and
active pus discharge

Painful ulcers in both legs, which
carried a chronic lymphoedema
background

increased pain and exudation

The wound: 14 X 7 cm, covered
with slough, malodorous, warm
to touch, erythematous and
oedematous to the knee

Increased exudate production, foul
odour, rapid extension of the
ulcerated area, hyperpyrexia, and
cellulitis

The presence of exudation and
peri-lesional erythema were
considered signs of inflammation
or infection

Covered with necrotic tissue,
purulent discharge

Patients were clinically diagnosed
with infection by physicians, but
did not describe clinical signs

Non-healing, devitalised loose
yellow debris and necrosis in the
base of the ulcer, increased or a
bright red granulation tissue that
friable and exuberant, bridging
of non-viable epidermis,
increased exudate, and exudate
becomes purulent

Peri-wound infection: the presence
>3 criteria from the STONEES:

Size, Temperature difference by 3-
F by infrared thermometry,

O—probe/exposed bone, new
satellite area breakdown,

Microbial indicators used

Biopsy, Quantitative cultures:

bacterial load >10° CFU/g of
tissue

Two patients had
multi-drug-resistant
pseudomonas, three with
MRSA. All five had coliforms
present as well

Swabs cultured positive: MRSA,
p-haemolytic streptococci and
mixed enteric flora.

The culture of the exudates
yielded S. aureus — Case 1

A culture of the exudates yielded
S. aureus and Escherichia coli
—case 2

Mixed flora—consisting of
multi-resistant bacterial
organisms—was isolated from
both legs. In addition, Vibrio
metschnikovii was isolated from
the left lower limb

Positive culture Swabs

Positive bacteriological swab:
S. aureus — present in
55 patients (26.3%),
Enterobacter spp. (17.2%),
Proteus spp., E. coli and
P. aeruginosa, two cases of
Enterococcus spp. and one case
of Candida albicans

Positive wound culture. The most
common pathogen isolated in
wound cultures was
P. aeruginosa followed by
S. aureus

Swab microbiology analysis — did
not describe standards used

Wound swab — semi-quantitative
>10° CFU/g tissue

Wound infection was equated to
>10° colony-forming units per
millilitre



BUIET AL.

M- WiLEy- L«

TABLE 7 (Continued)

Author(s), year Study design & aims Total CLUs

foam for the treatment of
superficial bacterial burden,
wound-associated pain, and
reduction in wound size

Clinical indicators used Microbial indicators used

erythema and oedema, exudate
smell, non-healing, exudate, red
friable granulation debris on the
surface Smell

Thai et al, 2002% Case study describes the effects of 3 chronic wounds: 1 mixed led Loosely adherent slough, copious  Semi-quantitative bacterial

USA ultraviolet light C on wound ulcer
bioburden and closure in three
people with chronic ulcers
infected with
methicillin-resistant S. aureus

amounts of purulent yellow cultures

exudate, significant erythema Presence of three types of
surrounded the wounds, extreme bacteria: MRSA, P. aeruginosa
pain limiting patient's mobility and S. aureus

and significant sleep

disturbances.

ALU, arterial leg ulcer; CFU, colony-forming units; CLUs, chronic leg ulcers; MLU, mixed leg ulcers; MRSA, methicillin-resistant Staphylococcus aureus; PHMB,

polyhexamethylene biguanide; VLUs, venous leg ulcers.

TABLE 8 Studies that used microbial indicators only to diagnose infection in chronic leg ulcers

Author(s), year Study design
Daréczy, 2006 Prospective randomised controlled trial
Hungary To assess the effectiveness of (a) topical

povidone-iodine with and (b) without
compression bandages, (c) to compare the
efficacy of systemic antibiotics and topical
antimicrobial agents to prevent the progression
of superficial skin ulcers.

Dubhashi & Sindwani, 2015°° A prospective comparative study

India To evaluate the use of honey and phenytoin with
respect to the process of wound healing,
eradication of infection, pain relief and hospital
stay

Imbernon-Moya et al, 2017°' 3 cases of a chronic venous ulcer infected by

Spain multi-resistant bacteria including Pseudomonas
aeruginosa and methicillin-resistant
Staphylococcus aureus

Lei et al, 2015%° A randomised controlled experiment

China

Madhusudhan, 2016>' A prospective randomised controlled clinical trial
India over a period of 6 mo

Peral et al, 20107 A prospective uncontrolled study

Argentina To investigate the effectiveness of bacterio-therapy

with Lactobacillus plantarum on infected
chronic venous ulcers and on interleukin-8
production

Number of CLUs Microbial indicators used

63 patients with infected VLUs ‘Wound swab: the number of bacteria

colonies is so high
(10° Colonies/cm®)

150 patients: 32 wound infections, ~ Culture positive swabs: MRSA was

22 VLUs the most common organism
isolated in the study (16%) along
with other organisms like
Pseudomonas and Klebsiella

3 infected VLUs Culture positive infected by

multi-resistant bacteria including
P. aeruginosa and
methicillin-resistant Staphylococcus

aureus
26 patients with CLUs infected Bacterial culture confirmed
with P. aeruginosa P. aeruginosa
32 patients with chronic wounds Culture proven to be infected with
infected with P. aeruginosa P. aeruginosa
34 patients with VLUs A bacterial load at a level > 10°

microorganisms per gram of tissue

CLUs, chronic leg ulcers; MRSA, methicillin-resistant Staphylococcus aureus; VLUs, venous leg ulcers.

5 | RECOMMENDATIONS

The following are recommendations for clinicians and
researchers when assessing clinical signs and symptoms of
infection in patients with CLUs:

e When assessing patients with CLUs for clinical signs
and symptoms of infection clinicians need to focus on
the seven clinical indicators. These include: (a) new
pain, increasing pain, or altered pain in the ulcer area;
(b) malodour; (c) increase in ulcer area; (d) wound
breakdown; (e) delayed or non-healing; (f) erythema;
and (g) increase in local temperature.

e Of the seven clinical signs of infection found from this
literature review, new pain, increasing pain, or altered
pain in the ulcer area was a subjective sign that is best
described by patients. Patients' level of pain should be

documented accordingly based on the description given
by the patient and should not be based on clinicians'
assumption.®

Assessing pain as an indicator for infection should be
focused on any changes in the nature of pain in the ulcer
area. This change can be, for instance, a new ulcer pain
or an increase in the patient's existing ulcer pain.
Reported pain must be located in the ulcer area and/or
surrounding ulcer area and not related to changing
dressings.

The assessment of exudate for signs of infection should
include the amount of exudate, type of exudate (eg,
changing from serous to purulent), and the exudate
consistency.

Because of the variation in frequency of dressing
changes, the assessment of an increase in ulcer size
between two dressing changes may not be consistent.
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The ulcer area needs to be measured regularly with a
consistent approach, with a maximum of 4 weeks
between appropriate treatments.''**>*7> Any increase
>20% between two measurements should be considered
as an increase in wound size. In addition, if over a
4-week period of appropriate treatment, the ulcer size
does not decrease at least 20%, delayed healing should
be noted.”°

e If a swab is required, the Levine technique should be
used to obtain specimens in CLUs as it has been deter-
mined to give a better microbial result compared with
other techniques.

6 | LIMITATIONS AND FURTHER
RESEARCH

Because of the scope of the literature review, this article did
not investigate the bacterial profile in patients with CLUs, as
well as the reliability of current microbial indicators in diag-
nosis of infection in this specific population.

Further research is required to validate these seven clini-
cal indicators: (a) new pain, increasing pain, or altered pain
in the ulcer area; (b) malodour; (c) increase in ulcer area;
(d) wound breakdown; (e) delayed or non-healing; (f) ery-
thema; and (g) increase in local temperature; for their speci-
ficity and sensitivity in diagnosis of infection in patients
with CLUs; and possibly develop an evidence-based guide-
line for diagnosis of infection in CLUs.
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