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1 Background

Proper wound care is increasingly becoming a very crucial component of the man-
agement of Buruli ulcer (BU). The cytopathic activity of the main virulent factor
of the causative pathogen, M. ulcerans, leads to the formation of extensive necrotic
ulcerative lesions, which are a good medium for the growth of other bacteria. Data
from a number of clinical studies showed that in up to 80% of cases presenting
with limited (category I and II) lesions, healing occurs within 6 month after onset
of antibiotic treatment without the need for surgery [1-7]. However, wound healing
is delayed in a proportion of affected patients, in particular in those reporting with
large lesions [4, 8, 9]. In particular, after completion of antimycobacterial therapy
good monitoring and wound care is important to avoid massive secondary bacterial
infections [10], potentially affecting the healing potential of wounds and increas-
ing the risk of more severe pathology and sepsis. The WHO recommends that sec-
ondary infection in BU should be suspected when a wound develops cellulitis or
becomes painful [11]. Secondary infection in BU disease is not well characterized
and recognized because it is assumed to be infrequent [11]. Thus, its occurrence
has been documented only by few studies [10, 12—16]. Previously, it was specu-
lated that mycolactone secreted by M. ulcerans during active disease may sterilize
BU wounds and prevent secondary infection by other bacteria, since a number of
macrolides have broad spectrum activity against many bacterial species including
streptococci, pneumococci, staphylococci, enterococci, mycoplasma, mycobacte-
ria, rickettsia, and chlamydia [17]. However, several studies [10, 14] have proven
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that mycolactone does not prevent secondary bacterial infection of BU lesions. In
these studies, the microbial flora of BU wounds was found to be very diverse and a
broad range of bacteria species colonizing the lesions were identified. Furthermore,
research by Scherr [18] using synthetic mycolactones also demonstrated the growth
of the bacterial species Streptococcus pneumoniae, Neisseria meningitidis and
Escherichia coli, as well as the yeast Saccharomyces cerevisae and the amoeba
Dictyostelium discoideum in the presence of mycolactone. Thus, secondary infec-
tion in BU may be more common than formerly thought.

2 Bacterial Species Associated with Secondary Infections
2.1 Species Diversity

Extensive work on the microbial flora of BU wounds has been done by research
groups in Ghana [10], Benin [14] and Nigeria [13]. Yeboah-Manu and Barogui
studied the microbial flora of BU patients before, during and post antibiotic treat-
ment while the study by Anyim included pre-treatment patients only. In the study
by Yeboah-Manu et al., many different bacterial species were isolated, including
Staphylococcus aureus, Pseudomonas aeruginosa, Proteus mirabilis, Coagulase
negative Staphylococcus, Chryseomonas luteola, Enterobacter cloacae, Klebsiella
pneumonia, Escherichia coli, Streptococcus dysgalactia, Providencia stuar-
tii, Staphylococcus haemolyticus, Morganella morganii, Streptococcus agalac-
tia, Staphylococcus warneri, Proteus vulgaris and other Gram negative bacteria.
S. aureus, P. aeruginosa and P. mirabilis were frequently isolated pre-treatment.
During treatment, P. aeruginosa and P. mirabilis were the dominating isolates,
while P. aeruginosa, P. mirabilis and S. aureus were the most frequently isolated
bacteria post antibiotic treatment. The study by Barogui isolated Group A strepto-
cocci, Group B or C streptococci, S. aureus, S. epidermidis, Staphylococcus sp., P.
aeruginosa and Enterobacteriaceae with S. aureus and P. aeruginosa dominating
pre and post treatment and P. aeruginosa being the most frequently isolated bacteria
during treatment. The study by Anyim et al. isolated S. aureus, A. hydrophila P.
aeruginosa, K. pneumoniae, Enterobacter cloacae, Pseudomonas pseudomallei and
Burkholderia cepacia.

The species diversity isolated from the wounds represent the spectrum of micro-
bial isolates commonly isolated from other wound types such as burn and infected
diabetic foot ulcers. However, the main bacteria commonly cited as responsible for
wound infection and healing delay are S. aureus, P. aeruginosa and p-hemolytic
streptococci [19-21].

S. aureus and P. aeruginosa dominating among the isolates detected in the BU
lesions, have been found to be associated with infection and healing delay in both
chronic and acute wounds and are frequently implicated in healthcare-associated
infections. The virulence of these bacterial species is based on their ability to pro-
duce a number of destructive enzymes and toxins. Through intrinsic and acquired
mechanisms, they exhibit increased resistance to many antimicrobials. They also
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have the ability to form biofilms which increase their persistence and antibiotic
tolerance [21-23]. Interestingly, in the two studies which assessed the species
diversity at different time points [10, 14], S. aureus was not isolated from patient
lesions during antibiotic treatment. Further research will be needed to explain the
absence of this bacterial species during treatment and its probable “re-emergence”
post treatment.

3 Bacterial Burden

The role of microorganisms in wound healing and infection is diverse and related
not only to the type of microbial species colonizing a wound but also to the number
of microorganisms or the wound’s bioburden. Localized wound infection is a signif-
icant cause of impaired healing and wound chronicity [24]. The pathogenic effects
of bacteria may be increased through the formation of biofilms and the release of
toxic products [22]. Endotoxins released by Gram-negative bacteria in wounds lead
to elevated levels of proinflammatory cytokines (IL-1 and tumour necrosis factor).
In addition, factors including the release of free radicals, degradation of growth
factors, production of metabolic products, consumption of local oxygen and inter-
ference with collagen formation may also result in a non-conducive wound environ-
ment. The effects of these mechanisms increase with high bacterial loads leading to
impaired wound healing [20, 21].

Many studies have confirmed that, a wound’s bioburden is an important pre-
dictor of wound infection and wound healing. In decubitus ulcers, wound healing
was found to progress only when the microbial load of wound fluid was below 10°
colony forming units (cfu) per ml of wound exudates (cfu/ml) or per gram of tissue
(cfu/g) [25] with healing being inhibited above this value. The success of skin grafts
has also been demonstrated to be associated with bacterial loads <5 x 10* cfu/cm?
[26]. These studies and others on diabetic foot ulcers and pressure ulcers led to the
conclusion that the determination of bacterial loads could be useful in the prediction
of wound healing and infection [27-32]. Thus traditionally, bacterial levels above
10° cfu/ml are used as predictors of wound infection and related wound healing
delay. An exception to this is, where a wound is colonized by p-haemolytic strep-
tococci, which has been found to cause disease even at levels <103 cfu/g of tissue.

A recent study [33] assessing the bacterial load in the lesions of BU patients lon-
gitudinally to gain insight into the evolution of the bacterial load showed that levels
of bacteria are not constant throughout the period of antibiotic treatment of BU
patients. High bacterial loads were reported before and after treatment compared
to decreased loads during treatment. A study by Gardner [34] reported a decrease
in bacterial load in subjects on systemic antibiotics compared to those not on anti-
biotics. This could account for the decreased loads reported in BU patients during
treatment with the 8-week regimen of streptomycin and rifampicin (SR8), which
have broad spectrum activity. This result was also in agreement with clinical signs
observed during the treatment period such as fewer lesions presenting with slough,
necrosis and high wound exudate production. The increase in bacterial burden in



230 G. S.Kpeli and D. Yeboah-Manu

the BU lesions was found to be highest after the antibiotic treatment phase. The
impact of an increased bacterial load on wound healing cannot be underestimated
and the presence of bacteria in wounds even in the absence of obvious clinical signs
can inhibit the normal wound healing process. BU wound management guidelines
should therefore consider and include strategies for preventing secondary infection.

4 Diagnosing Secondary Infection in BU

Generally, for a wound to be considered as infected, bacterial multiplication should
increase strong enough to induce immune reactions from the host. Clinically, such
reactions will present with signs and symptoms such as pain, swelling, erythema
(redness), increased temperature, malodour and discoloured granulation tissue etc.
Diagnosing wound infection is challenging and ideally, a holistic analysis of lesions
employing all available diagnostic methods is favourable [21].

Diagnosis should consider both the clinical presentation of the wound and the
results of microbiological investigations through quantitative and qualitative inves-
tigations involving direct microscopy and cultures. In diagnosing BU secondary
infection, where possible, histopathological analysis of suspected secondarily
infected lesions gives an added advantage to the quality of results obtained. In the
absence of specimen for histopathological analysis, bacterial loads above 10° cfu/g
or cfu/ml are the accepted gold standard in diagnosing localized infection [32, 35,
36] as research has shown that the bacterial burden of a wound has an inverse rela-
tionship with wound healing and wound healing is likely to progress only when
bacterial counts are below 10° cfu/ml [25, 27-32].

Yeboah-Manu [10] combined clinical observations, histopathological analysis,
qualitative and quantitative microbiological methods to identify secondary infection
in BU wounds. Results revealed correlations between clinical signs and microbio-
logical and histopathological features (Fig. 1). Lesions of 28 patients with clinical
indications of infection after SR8 treatment were analyzed and 75% of these lesions
yielded quantitative cfu counts >10° cfu/ml with an average value of 1.2 x 10 cfu/
ml, clearly above the levels representing the lower limits of infection by quantitative
microbiology (10° cfu/g or cfu/ml). Among these patients, clinical signs highly pre-
dictive for infection were pain and yellow discharge. Histopathology also confirmed
the presence of infecting bacteria in 75% of the lesions microbiologically classified
as infected.

5 Drug Susceptibility Patterns of Bacterial Isolates
from BU Lesions

Countries with a high burden of infectious diseases rely on antibiotics as an impor-
tant part of their health-care. There are currently no guidelines for the management
of secondarily infected BU lesions; however, it is common practice among health
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Fig. 1 Histopathological analysis of tissue from two patients excised 6 and 8 weeks respectively
after SR8 treatment respectively. Histological sections were stained with Ziehl-Neelsen (acid fast
bacteria) and methylene blue (DNA, secondary infection). (a) clinical presentation of a patient
presenting with a large lesion on the right foot. (b) overview over excised tissue specimen (open
ulcer surface) revealing the presence of an infection (blue band, box). (¢/d) higher magnification
confirming the presence of densely packed rods. (e) clinical presentation of a patient presenting
with a large lesion covering the left leg. (f) overview over excised tissue specimen revealing an
epidermal hyperplasia as well as a strong edema. (g/h): secondary infection of the dermal and
subcutaneous tissue with rod shaped bacteria [10]

personnel to prescribe additional antibiotics for BU patients suspected of having
a secondary infection. Studies of the antibiotic susceptibility patterns of bacterial
isolates from BU wounds has revealed a high level of resistance to the commonly
prescribed first-line drugs against infectious diseases including the BU treatment
drugs streptomycin and rifampicin [10, 14, 37].

The high level of streptomycin resistance reported in Ghana is not surprising as
it is a widely used antibiotic in animal husbandry for treatment and disease preven-
tion. It was also until recently used as a first line treatment drug for tuberculosis
in Ghana. Thus years of streptomycin use in both humans and animals appears to
have resulted in selection pressure leading to high resistance rates. Lower levels
of resistance were reported for amikacin, gentamicin and tobramycin (also ami-
noglycosides) as well as for the carbapenem imipenem [10]. Amikacin, genta-
micin and tobramycin are expensive injectable drugs only prescribed for serious
and life-threatening infections. These factors discourage the abuse of these anti-
biotics and contribute to the low resistance levels reported. Carbapenems are the
last choice of antibiotics used in treatment of infections due to extended spectrum
B-lactamase (ESBL)-producing bacteria and are not widely used or easily acces-
sible. Meropenem is the only carbapenem approved for use in Ghana and has so far
not recorded any resistance though it has been on the market since 2002.
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Drug resistant bacteria including multi-drug resistant (MDR) P. aeruginosa,
Methicillin resistant S. aureus (MRSA) and Extended Spectrum f-lactamase pro-
ducers were also detected in BU lesions [10, 14, 37-39]. Of increased concern is
the high frequency of MRSA with prevalence rates of 33%, 38%, 13% and 22.8%
reported [10, 14, 37, 38].

The resistome of whole genome sequenced S. aureus isolates from BU patients
was investigated by Kpeli [37] and Amissah [12]. Kpeli’s study identified antibiotic
resistance genes coding for resistance to p-lactams (blaZ), chloramphenicol (cat
and catpC221), trimethoprim (dfrG), methicillin (mecA), quinolone (norA), strep-
tomycin (str) and tetracycline (fetK, tetL and tetM). The study also further investi-
gated the rpoB gene of rifampicin resistant strains and identified two known amino
acid substitutions H481N and 1527M implicated in rifampicin resistance. Amissah’s
study identified resistance to penicillin characterized by the presence of various
blaZ operons; resistance to chloramphenicol (catA and fexB), tetracycline (fetK, tetL
and tetM), trimethoprim (drfG), streptomycin (str), and rifampicin (rpoB mutation
encoding an amino acid substitution that changed Asp471 into Gly). Six methicil-
lin resistant isolates were also identified with five encoding the mecA gene and one
identified as a borderline oxacillin resistant strain.

Based on the results from various studies on the antimicrobial susceptibilities of
bacteria isolated from BU wounds, it is clear that the use of antibiotics needs to be
minimized. The definition of secondary infection is subjective in many cases and
clinicians are unsure of how to manage wounds, especially if they show no clini-
cal evidence of infection. Specific guidelines on the management of BU wounds
secondarily infected by other bacterial species are urgently needed [14]. Guidelines
on whether to use antibiotics for treating these wounds, the choice of antimicro-
bial agents to prescribe, the duration of treatment and whether topical antimicrobi-
als should be prescribed and prioritized over systemic antimicrobials need to be
clarified.

6 Molecular Epidemiology
6.1 Sources of Infection

All wounds healing by secondary intention are prone to microbial contamination.
Wounds can be infected from the environment, surrounding skin and also from
endogenous sources such as the nasal mucosa, gastrointestinal tract and the geni-
tourinary tract. Sources of wound contamination in the health-center can be from
health-care workers (HCW), other patients and the inanimate environment. Most
of the bacterial pathogens recovered from the lesions of BU patients are known
nosocomial pathogens. A study by Kpeli et al. [37] to identify the possible routes
of infection of BU lesions identified three modes of infection of BU lesions in two
health centers in Ghana; two health-care facility related sources, through a HCW
and the environment, and a self-infection (Fig. 2). S. aureus was the main bacterial
pathogen identified in many of the samples analyzed and these isolates were selected
for further studies. The study employed molecular (S. aureus protein A, (spa) typ-
ing) and whole genome sequencing (WGS) methods to identify transmission events
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Fig.2 Spa phylogeny
showing clusters and
relationships between
isolates: Maximum
likelihood phylogeny tree
based on spa gene typing.
The tree was rooted in the
midpoint. Numbers in nodes
indicate support values in
the form of proportions of
bootstrap pseudoreplicates.
Branches with support
values higher than 55% are
collapsed. A-J = the clusters
identified. The green
colored strains are from
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ongoing within the health centers. Phylogenetic analysis of spa types found in S.
aureus isolates from samples collected from the health center, from HCW’s and
patients were analyzed. Different clusters were identified and comprised strains iso-
lated in both health centers (clusters A, C, D, H and J), strains found only in Facility
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A (clusters B, G, and I) and strains isolated only in Facility B (clusters E and F)
(Fig. 2). Isolates within cluster F included isolates from samples taken from the
hand of a health care worker and from patients dressed consecutively by this worker
on the same day, isolates taken on another day from a forceps used to dress patients
after it had been used on four different patients consecutively and two isolates from
a patient who attended the health facility for treatment at two different time points
(weeks 2 and 8) during treatment (Fig. 2). Isolates in cluster I were from three BU
lesions of a patient. These isolates had the same spa type (t2500), and sequence type
(ST 32489). They had SNP differences of 29 bp, 51 bp and 34 bp between them,
and these small numbers of SNPs suggests that they could have been spread from
a common source. Similar clusters were also predicted by the WGS analysis [37].

Using a WGS-based-gene-by-gene typing approach, Amissah et al. [12] also
identified transmission events between different patients at a health center. Results
from this study showed that transmission events could have occurred during over-
lapping visits of the patients to the health center. Further analysis of the S. aureus
isolates detected from the wounds showed that they belonged to lineages which
have also been reported by other studies from the Ghanaian health-care setting
strongly suggesting that these lineages could be associated with transmission within
our health centers [12, 40].

7 Predisposing Socio-Economic Factors

Several factors could predispose BU patients to wound infection. Firstly, because
of the painlessness of early lesions, most affected people do not report early to the
formal health centers for treatment. They resort to home management of the wounds
until they have deteriorated and lesions become clinically and microbiologically
infected [33]. Secondly, BU is seen in many endemic areas as a spiritual disease.
An unhealing wound is thought to be caused by spiritual forces, charms, witches,
ancestral spirits or even the gods of the land [41]. These beliefs drive the affected to
seek for help from traditional healers and witch doctors as their first point of call and
not biomedical health facilities [41-44]. These witch doctors and traditional healers
also apply various kinds of concoctions to manage the lesions and these concoctions
may not have been prepared under hygienic conditions and may serve as conduits
for the introduction of contaminants into the wounds.

Cases are only reported to the biomedical health centers after all efforts have
been exhausted by these various approaches and no improvement has been seen.
Therefore frequently large wounds are presented which may have been treated over
long periods of time with various concoctions usually not prepared under aseptic
conditions.

The socio-cultural beliefs and perceptions of the patients also affect their
response to treatment even at the formal health centers. Some categories of people
such as pregnant women, ‘promiscuous people’, breastfeeding mothers are con-
sidered unqualified to manage wounds in a community. Our research has shown
that when patients encounter any of these categories of people in the formal health
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center, they resort to re-dressing their wounds after they have been dressed by these
people and thus end up introducing contaminants into their wounds [41].

Economic hardships have also been found to predispose BU patients to wound
infection. In Ghana, treatment of the disease is free; however, affected patients have
to bear the cost of wound management. This places a huge financial burden on
patients and their families, which they are sometimes unable to bear. Thus instead
of using fresh bandages anytime the wounds are dressed, patients resort to recycling
of old bandages. Some of these bandages are not washed properly after use and
analysis of some of the washed bandages by Yeboah-Manu et al. [10] showed that
potential pathogens similar to those isolated from the wounds can be isolated from
the recycled washed bandages.

8 Prevention of Secondary Infection

In order to prevent secondary infection, the cycle of events that lead to the con-
tamination of wounds by bacteria must be broken. This will entail dealing with
the sources of potential pathogens in order to minimize their spread or transmis-
sibility. In BU wound management, observing aseptic techniques at every stage
of wound management is critical to preventing super-infection by other bacteria.
Thus education of both HCWs and patients is important and periodic monitoring to
ensure compliance with laid down guidelines will also go a long way in reducing the
occurrence of secondary infection in BU disease [45]. Decentralized treatment may
reduce the risk of nosocomial wound infection compared to in-patient facilities [8].
Guidelines for the prevention and management of wound infection were released
in 2010 by the WHO. These guidelines which can be accessed at www.who.int/
gpsc/SSI-outline.pdf?ua=1 provide core principles for the appropriate prevention
and management of infected wounds as well as protocols to guide the management
of the wound site, tetanus prone wounds and antibiotic prophylaxis and treatment.
Separate guidelines for the prevention of surgical site infection (www.who.int/hac/
techguide/tools/guidelines_prevention_and_management_wound_infection.pdf)
have also been released by the WHO and these can also be used to strengthen infec-
tion prevention and control programmes in the health centers and applied in cases
where infected patients require surgical interventions.

9 Wound Care

The median time to healing in early, limited BU lesions has been found to be
18 weeks [1]. For large lesions, this can be more than 2 years. Therefore, after
antibiotic therapy, wound care will form the core of BU wound management until
wound closure is achieved and the procedure should be adequate to ensure wound
healing by decreasing time to healing, pain and morbidity [46—48].

Basic principles of wound management seek to treat or manage relevant sys-
temic conditions, maintain a moist wound environment [49], protect the wound
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from trauma, promote a clean wound base, prevent infection, and control edema
and lymphoedema. Basic wound care depends on the type of wound being man-
aged; however fundamental wound management practices involve cleansing the
wound, debriding and applying appropriate dressing materials. The correct type
of dressing is essential in maintaining a moist wound environment and decreas-
ing rates of infection [45]. Traditional gauze dressings have been shown to have
increased infection rates compared to moisture retaining dressings [47, 49], there-
fore selection of appropriate dressing is important. Personal observations show
that different clinicians use varying dressing materials for BU patients to reduce
edema, however none of the dressings have been evaluated in a controlled trial.
Other practices that ensure timely wound healing are irrigation with physiologi-
cal saline solution during cleansing, pain management and working under asep-
tic conditions. The WHO has two guidelines on wound management that can be
applied to BU [50, 51]. However, a study by Velding [45] accessing the wound
care practices for BU in Ghana and Benin concluded that they differed from the
recommended WHO guidelines [45]. It is important that health centers adhere
to the available guidelines on wound care to ensure timely healing of wounds.
Though some of the differences in wound management techniques were related to
the economic conditions of the health centers, Velding recommends some simple
and low cost solutions which can be implemented in the health centers to enhance
the standard of wound care [45]. As such, health care workers need to be trained
on the appropriate guidelines for wound management and a retraining and moni-
toring machinery should be put in place to ensure compliance with laid down
guidelines.

Many lines of evidence indicate that good wound care practices can decrease
the length of hospital stay and also increase the number of wounds healing without
surgical intervention. Wound care is expensive and the burden usually falls on the
affected patients and their families who are sometimes ill-equipped to handle the
financial costs over a long period of time. Good wound care will therefore reduce
this burden on the affected individuals by ensuring they do not stay for prolonged
periods in the health centers.
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