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based treatments. 

As the presence of bio lms across the spectrum of 

chronic wounds has signicant implications both 

medically and economically, clear and concise 

information is required to help guide health-care 

professionals managing these recalcitrant causes of 

delayed healing. An increasing body of evidence from 

in vitro models and animal23,24 and human studies25 has 

identied the capacity of wound isolates to grow as 

bio lms,and for chronic non-healing wound samples 

to harbour biolm.26 This has been driven largely by 

advancements in molecular microbiology, microscopy 

technology and techniques for the study of bacterial 

populations in situ. This has allowed authors to identify 

bio lm as the cause of non-healing chronic wounds 

and in the development of associated clinical infections. 

The bulk of evidence supporting the notion that 

bio lm complicate non-healing chronic wounds is from 

in vitro model and in vivo animal data.27–30 A recent 

review of the scientic literature for the presence of 

bio lm in chronic wounds has eloquently explored the 

models used.31 However, human chronic wound studies 

are under-represented with most having low sample 

sizes. For this reason we aim to determine the prevalence 

of bio lm recognised in human chronic wounds by 

systematically reviewing the literature published on 

in  vivo human chronic wound studies and to increase 

sample size and power by performing a meta-analysis.

Methods
Search strategy 

A start date of 2008 was used based on a decision by the 

authors that this best represented the start of publications 

that used acceptable terminology and visualisation 

methods that best described and depicted microbial 

aggregates, extracellular polymeric substance (EPS) and 

the spatial orientation of microorganisms in samples. A 

systematic review of the Cochrane Library, Embase, and 

Medline (PubMed) databases was conducted for articles 

published between January 2008 and December 2015 

using the following search terms: ‘bio lm’ [all elds] 

AND ‘chronic wounds’. 

A secondary search was undertaken using ‘bio lm’ 

with supplementary keyword lters: OR ‘diabetic foot 

ulcers’ OR ‘venous leg ulcers’ OR ‘pressure ulcers’ OR 

‘decubitus ulcers’ OR ‘non-healing surgical wounds’, 

OR ‘visualization’, OR ‘scanning electron microscopy’ 

OR ‘ uorescent in-situ hybridization’, OR ‘16S rRNA’.  

Only articles in the English language were included. 

The search was limited to prospective clinical studies, 

case reports, case series and published conference 

abstracts. The systematic review was conducted in 

accordance with the PRISMA guidelines.32

Data extraction

Investigators (MM and TB) independently reviewed titles 

and abstracts of all articles to establish their eligibility on 

the basis of predened criteria. All eligible article 

references were tabled and their abstracts obtained for 

review. Articles meeting the eligibility criteria were hand-

searched for additional studies. For the purpose of the 

meta-analysis, we extracted the following domains or 

variables from the articles: date of study publication 

(2008–2015), prevalence rates (number of conrmed 

tissue samples over the total number of samples 

screened), sample size and study design.

Study eligibility 

Articles publishing data on in vivo human chronic 

wounds, in participants over the age of 18, were included. 

Chronic wound aetiologies included in the search were 

DFUs, VLUs, PUs and non-healing surgical wounds 

(NHSWs). Individual searches of the methodology 

section were undertaken and universal denitions of a 

chronic wound or phrases denoting the chronicity of 

participant wounds such as ‘non-healing’, ‘delayed 

healing’ and/or ‘chronic’ were used to ensure eligibility. 

Only articles detailing the presence of bio lm and 

bacteria in general through microscopy with or without 

combined molecular methods were included for review. 

In line with recent guidelines33 the following 

visualisation techniques were deemed appropriate for 

the conrmation of biolm presence: scanning electron 

microscopy (SEM), transmission electron microscopy 

(TEM), confocal laser scanning microscopy (CLSM), 

conventional and peptide nucleic acid–uorescent in 

situ hybridisation (PNA–FISH) and microscopy with or 

without staining methods. Articles diagnosing bio lm 

presence by clinical observation were excluded. 

Con rmation of biolm included all visualisations of 

aggregated bacteria within the wound bed.34

Additionally, to meet inclusion criteria, articles 

must have cited optimal collection methods for the 

sampling of chronic wounds with tissue biopsy, 
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Title and abstract screened
(n=452)

Full-text articles assessed 
(n=9)

Failed to meet study inclusion 
criteria

(n=443)

Duplicates removed
(n=102)

Database article sources
(n=554)

Medicine=368
Cochrane library=4

Embase=182



curettage or debridement material being regarded as 

gold standard. Swab cultures of the wound bed were 

excluded for being inadequate for biofilm 

identication, given the inability to distinguish 

between planktonic and bio lm phenotype.33

Statistical analysis

Data from studies were extracted as raw numbers using 

the number of samples with conrmed biolm over the 

total number of samples obtained. Data were analysed 

using comprehensive meta-analysis software (Biostat 

Inc., NJ, US). Prevalence estimate rates, weighted 

averages and 95 % con dence intervals (CIs) were 

undertaken using xed-effects meta-analysis. Forest 

plots were reported for inconsistencies in effect sizes 

and their CIs. Between-study variance or heterogeneity 

in estimates was modelled using Cochran’s Q and the 

I2 statistic. Where Cochran’s Q value was reported with 

p-values less than 0.10 and I2 values exceeded  50  %, a

random-effects model was used.35

Results
Search results

The search identi ed 554 studies from the literature 

databases. After removal of duplicates, exclusion and 

the screening of 452 titles and abstracts, eight studies 

involving 185 chronic wounds met the inclusion 

criteria (Fig 1). The numbers of each respective chronic 

wound were: DFUs (n=33), VLUs (n=67), PUs (n=26), 

NHSWs (n=28), unspeci ed chronic wounds (n=31). 

There were eight articles from prospective cohort 

studies with the remaining one study being case 

reports/series (Fig 2). Primary authors were contacted 

for data from two studies in order to clarify the number 

of positive bio lm samples.36,37 Between-study results 

identied heterogeneity (Q test p<0.022, I2=55 %), to 

address this a random-effects model was used with 

prevalence rates reported. 

Prevalence of biolms in chronic wounds

The prevalence of bio lms in chronic wounds was 

78.2  % [CI 61.6–89, p<0.002]. Bio lm prevalence across 

studies identied the percentage(s) of positive biolm 

samples was no lower than 60  % (noted in three 

studies),10,38,39 with all remaining studies identifying 

100 % bio lm prevalence.36,37,40–43 Given the relatively 

small sample size and the covariable of four different 

chronic wound aetiologies, inferences regarding 

whether bio lms were more prevalent in one particular 

chronic wound were not possible.

Discussion
Early publications providing evidence for the presence of 

bio lm in chronic wounds have provided guidance for 

clinicians and researchers alike.10,11,39 These studies 

identied that biolm were present in 60 % of non-

healing chronic wounds. Since then, studies employing 

combined molecular and microscopy methods to directly 

Table 2. Random–effects model of nine chronic wound bio lm studies

Author/s (year) Study design Number of 

participants

Visualisation 

methods with or 

without molecular

Chronic wound 

aetiologies

Number of samples 

with con rmed 

bio lm (%)

James et al. (2008)10 Prospective study 

case versus control

66 Light microscopy, 

SEM 16S rRNA with 

DGGE

13 DFUs, 21 PUs

8 VLUs, 24 NHSWs

30/50 (60%)

Kirketerp-Moller et al. (2008)39 Prospective cohort 

study

22 PNA-FISH, CLSM Unspeci ed chronic wounds 13/22  (60%)

Fazli et al. (2009)41 Prospective cohort 

study

9 PNA-FISH, CLSM 10 VLUs 10/10  (100%)

Thomsen et al. (2009)44 Prospective cohort 

study, sub analysis

2 PNA-FISH, 16S 

rRNA

2 VLUs 2/2  (100%)

Han et al. (2011)38 Prospective cohort 

study

15 PNA-FISH, CLSM

16S rRNA

4 DFUs, 5 PUs, 2 VLUs

4 NHSWs

9 /15  (60%)

Neut et al. (2011)43 Case report 2 CLSM 2 DFUs 2 /2  (100%)

Oates et al. (2014)40 Prospective cohort 

study, sub analysis

4 FISH, SEM 4 DFUs 4 /4 (100%)

Martinez-Velasco et al. (2014)36 Prospective cohort 

study, conference 

abstract

20 SEM, LM Unspeci ed chronic wounds 20/20  (100%)

Honorato-Sampaio et al. (2014)37 Prospective cohort 

study

45 TEM 45 VLUs 45/45  (100%)

SEM–scanning electron microscopy; 16S rRNA–16S ribosomal RNA sequencing for identi cation of microbes; DGGE–denaturing gradient gel electrophoresis; PNA–FISH–peptide nucleic 
acid–uorescent in situ hybridisation, CLSM–confocal laser scanning microscopy; LM–light microscopy; TEM– transmission electron microscopy; DFU–diabetic foot ulcer; PU–pressure 
ulcer; VLU–venous leg ulcer; NHSW–non-healing surgical wound



visualise biolms have gathered pace.

This systematic review and meta-analysis has collated 

all available in vivo studies pertaining to the 

identication of biolms from non-healing human 

chronic wounds. In doing so, our meta-analysis results 

suggest that biolms are prevalent in all these wounds. 

Prevalence rates identify that 78 % of non-healing 

chronic wounds harbour biolms, with prevalence 

rates varying between 60 % and 100 %. We propose, 

therefore, that biolm are ubiquitous in nearly all non-

healing chronic wounds and the disparity in prevalence 

rates may be a reflection of study design and 

methodological limitations. For example, we argue that 

heterogeneous distribution of microorganisms within 

wounds may allow for variability in sampling, 

increasing the likelihood of returning negative or 

inconclusive samples. 

Previous studies,39,44,45 have highlighted the 

heterogeneous spatial distribution of wound microbiota 

through sampling multiple areas of the wound bed, 

identifying vast shifts in community diversity. This 

suggests relying on a single site for sampling may 

reduce the chances of visualising biolm. Obtaining 

samples from multiple sites of the wound may improve 

the detection of biolm. However, this is often not 

feasible at a clinical level and is reected in many 

studies that employ tissue collection methods.

The primary aim of this systematic review and 

meta-analysis was to provide a statistical approach for 

further justifying the evidence that biolm are present 

in chronic non-healing wounds. We acknowledge 

that our analysis has obvious limitations, in particular 

the low number of human studies available and the 

requirement for further in vivo studies with larger 

sample sizes to support existing data. This, however, 

further emphasises our rationale of performing a 

meta-analytical approach. 

It was also not our intention to provide guidance for 

treatment of chronic wounds, for that we would like to 

refer to the European Society of Clinical Microbiology 

and Infectious Diseases (ESCMID) guideline for the 

diagnosis and treatment of bio lm infections.33

Another limitation or dif culty with analysing the 

presence of bio lm in chronic wounds has centred 

around ‘what we de ne as a bio lm’. Often biolm 

are de ned based on in vitro observations, and these 

describe bio lm as bacteria attached to surfaces 

within a self-produced extracellular matrix and 

tolerant to antimicrobials. In addition, biofilm 

development is often described over three to ve 

stages, initiated by planktonic bacteria attaching to a 

surface, maturation of the biolm and, lastly, dispersal 

of bacteria from the bio lm.46 

However, in vitro observations based on ow cell 

models using glass surfaces and fresh oxygenated 

culture media continuously owing over the bacterium, 

differ greatly from the conditions within chronic 

wound infections.34 Here, the bacteria are not exposed 

to a continuous ow of fresh media and are not 

attached to a glass surface (or to a surface at all).10,39 

In  vivo chronic wound biofilm are also often 

encapsulated in a matrix, which includes host material, 

making dispersal problematic. 

Therefore, using in vitro observations to de ne, 

diagnose and treat bio lm in chronic infections may 

provide a misguided impression.47 There are, however, 

Table 2. Random–effects model of nine chronic wound bio lm studies

Study authors (year) Statistics for each study Event rate  

and 95% con dence interval 

Event rate Lower limit Upper limit Z-value p-value

James et al. (2008)10 0.600 0.460 0.725 1.405 0.16 0

Kirketerp-Moller et al. (2008)39 0.591 0.382 0.772 0.848 0.396

Fazli et al. (2009)42 0.955 0.552 0.997 2.10 3 0.035

Thomsen et al. (2009)44 0.833 0.194 0.990 1.039 0.299

Han et al. (2011)38 0.600 0.348 0.808 0.769 0.442

Nuet et al. (2011)43 0.833 0.194 0.990 1.039 0.299

Oates et al. (2014)40 0.900 0.326 0.994 1.474 0.140

Martinez-Velasco et al. (2014)36 0.976 0.713 0.999 2.594 0.009

Honorato-Samaio et al. (2014)37 0.989 0.849 0.999 3.172 0.002

Total 0.782 0.616 0.890 3.102 0.002

−1.00 −0.50 0.00 0.50 1.00

Favours biolm not 
prevalent

Favours biolm is prevalent
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commonalities between in vitro and in vivo evidence that 

can help in providing a denition of a bio lm. These 

include: aggregation of bacteria, some sort of matrix that 

is not restricted to self-produced as it can also be of host 

origin, and extreme tolerance and protection against 

most antimicrobial agents and the host defence. 

We suggest following this simpli ed de nition in 

order to de ne bio lm in chronic infections: an 

aggregate of bacteria tolerant to treatment and the 

host defence.  

Conclusion 

When combining the results of our systematic review 

and meta-analysis with the available in vitro models and 

in animal studies it seems highly likely that biolms are 

ubiquitous in non-healing human chronic wounds. It 

is important therefore, that clinicians appreciate the 

distinct differences  of  biolm p henotypes t o t heir 

planktonic counterparts, in particular the challenges in 

eradicating  and  removing  bio lm f rom a  w ound. A  

paradigm shift to a biofilm-based wound care 

approach should be adopted. 
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