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Key Points

1. Communities of micro-organisms are likely to exist within their own
microenvironment (biofilm) in wounds

2. Microbial interactions and biofilms may have a significant effect on wound healing
and infection

3. Further research is needed to facilitate deeper understanding of the relationship
between biofilm communities and wound pathophysiology in order to promote
wound healing and infection control.

Abstract

For survival and reproductive success, species of bacteria often rely on close relationships
with other species. A collection of bacteria occupying the same physical habitat is called a
‘community’, and one example of a community of micro-organisms is a 'biofilm'. Biofilms
have been implicated in humerous chronic infections including cystic fibrosis, otitis media
and prostatitis. Through interactions within a biofilm, the resident population of bacteria is
likely to benefit from increased metabolic efficiency, substrate accessibility, enhanced
resistance to environmental stress and inhibitors, and an increased ability to cause infection
and disease. Dermal wounds often provide an ideal environment for bacteria to exist as a
community, which may have a significant effect on wound healing.



Introduction

The conditions under which species of micro-organisms can survive in nature are
determined by physiological and ultimately genetic competence. Consequently species of
bacteria often rely on close relationships with other species for survival and reproductive
success. A collection of bacteria occupying the same physical habitat is called a '‘community’,
and one example of a community of micro-organisms is a 'biofilm' [1]. A biofilm forms

when bacteria attach to a surface and subsequently encase themselves in an exopolymeric
material [1]. Such bacteria are morphologically and physiologically different from free-living
planktonic bacteria and have been implicated in numerous chronic infections ranging from
cystic fibrosis to prostatitis [1], [2]. The existence of biofilms in an acute partial-thickness
wound [3] and in chronic human wounds [4] has been documented.

The relationship between a micro-organism and a specific disease is described by Koch [5],
[6] who states that a micro-organism must be present in every case of the disease, isolated
and grown in pure culture, and then shown to cause the same specific disease when
inoculated into a healthy host with the same micro-organism isolated again from the
diseased host. However, this situation does not apply where a community of organisms are
collectively associated with an infection, particularly when specific organisms are not
consistently causative.

Chronic wounds are invariably polymicrobial, yet most research to date has focused on the
role of specific potential pathogens in wounds (eg Pseudomonas aeruginosa) rather than
the effect of interactions between different species. Only recently have microbiologists
begun to address and recognise the significance and importance of an interacting
community and the relationship to the disease process. It is the intention of this review to
address the potential role that microbial communities and associated biofilms may play in
wound healing.

Development of a microbial community

The composition (chemical, biological and physical) of a surface will determine the initial
microbiology that develops at that surface. In the case of a recently formed wound,
different micro-organisms from endogenous and exogenous sources will contaminate the
wound surface. The properties of the wound surface will predetermine which micro-
organisms will attach, grow and remain components of an early biofilm. The initial
colonising bacteria on any surface are referred to as the ‘pioneering’ species. Colonising
bacteria will modify the habitat and create a 'microenvironment' that encourages the
attachment and growth of secondary colonising micro-organisms. If unchallenged, and with
favourable conditions, a complex community of micro-organisms is likely to develop.
Although such a continuum of events has been documented in the oral cavity, microbial
development and succession in wounds have not been investigated. It has been proposed
that as a microbial biofilm develops the community will ultimately form a more stable
‘climax community' [7]. As the community is able to adapt appropriately to outside
perturbations the term 'microbial homeostasis' has been suggested to reflect stability within
a 'climax community' [7].

Interactions within microbial communities

Within a wound environment, and particularly in the presence of devitalised sloughy tissue,
obligate anaerobes are one of the dominant groups of micro-organisms, despite the
frequent exposure of the wound to air [8]. Anaerobes are able to cope with the toxic effects



of oxygen by interacting with bacteria that are able to grow in air. As the aerobic bacteria
grow they consume oxygen and create a more favourable environment for anaerobic
bacteria. This has been demonstrated in laboratory studies involving communities of oral

bacteria [9], [10], [11].

Many bacteria have a relatively narrow pH range for growth. When present as a community
within a wound biofilm, these bacteria are able to survive within a pH range that would be
inhibitory to cells growing in pure culture [9]. Therefore microbial communities are able to
overcome the constraints imposed by the external macro-environment by creating, through
their metabolism, a mosaic of microenvironments that enable the survival and growth of
the component species. Similarly the sequential breakdown of various nutrients within a
polymicrobial community leads to the formation of a simple food chain whereby the product
of one organism will become the substrate of another organism. This process will ultimately
lead to the development of microbial homeostasis within the community as the component
species would rely on one another to provide substrates for growth and development.

Most infections are caused by a combination of micro-organisms (polymicrobial or mixed
infection) [12]. In a wound environment, individual organisms may be unable to satisfy the
requirements to cause disease and subsequently combine forces to do this. Examples of
this type of situation have been documented for diseases of the gum and peridontium [13]
and leg ulcer infections [8].

In many animal models nhumerous combinations of anaerobic and aerobic bacteria have
been shown to produce levels of sepsis or disease that could not be induced by individual
species [13]. Such synergy has been demonstrated in wound pathogens such as: Prevotella
melaninogenicus, Porphyromonas asaccharolytica and Peptostreptococcus micros [14];
Porphyromonas asaccharolytica and Klebsiella pneumoniae [8], [15]; Escherichia coli and
Bacteriodes fragilis [8], [16] and Staphylococcus aureus [8].

Mechanisms that constitute pathogenic synergy include communal protection from
phagocytosis and intracellular killing, production of essential growth factors, modification of
the local environment (eg redox potential) and the protection of sensitive species by the
inactivation of inhibitors. This protection has been named 'indirect pathogenicity' [17]. In
certain situations some pathogens are found to be antibiotic sensitive but are rendered
‘resistant' by other members of the mixed infection. Treatment in these cases would be
targeted at all of the component micro-organisms in a mixed infection [17], [18].

Opportunistic pathogens are members of the resident microflora that become pathogenic by
gaining access to sites that are not normally accessible to them, or by causing changes in
the local environmental conditions that favour their prevalence within a community. In
addition to synergy, organisms within a wound may interact via quorum sensing. Quorum
sensing involves communication strategies within a mixed community of organisms that
ultimately enable them to coordinate their activities, and enhance their pathogenicity and
ability to cause disease.

Bacterial communities and wound healing

Wound healing and infection is influenced by the relationship between the ability of bacteria
to create a stable, prosperous community within a wound environment and the ability of
the host to control the bacterial community. Since bacteria are rapidly able to form their
own protective microenvironment (biofilm) following their attachment to a surface, the
ability of the host to control these organisms is likely to decrease as the biofilm community
matures. Within a stable, climax biofilm community, interactions between aerobic and



anerobic bacteria are likely to increase their net pathogenic effect, enhancing their potential
to cause infection and delay healing.

As well as the capability to have a direct effect on wound healing through the production of
destructive enzymes and toxins, mixed communities of organisms may also indirectly affect
healing by promoting a chronic inflammatory state (see Figure 1). It is apparent that
prolonged exposure to bacteria within a chronic wound leads to a prolonged inflammatory
response, resulting in the release of free radicals and numerous lytic enzymes which could
have a detrimental effect on cellular processes involved in wound healing. Proteinases
released from a number of bacteria, particularly Pseudomonas aeruginosa, are known to
affect growth factors and many other tissue proteins that are necessary for the wound
healing process [19], [20]. The increased production of exudates that often accompanies
increased microbial load has been associated with the degradation of growth factors and
matrix metalloproteinases (MMPs) which subsequently affect cell proliferation and wound

healing [21].

-I-:ié'ure 1 - Bacteria and inflammation © ConvaTec

In summary, biofilm communities and associated bacterial interactions have been poorly
researched in relation to wound healing, but it is likely that their effect on the wound
healing process, through both direct and indirect mechanisms, is significant. Further
research in this area is important to understand the relationships between biofilm
communities, wound pathophysiology, infection and healing.

This article is supported by an educational grant from ConvaTec. The views expressed in this article are those of the
authors and do not necessarily reflect those of ConvaTec.
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