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Abstract

Background

Beyond Mycobacterium ulcerans—specific therapy, sound general wound management is

required for successful management of Buruli ulcer (BU) patients which places them among

the large and diverse group of patients in poor countries with a broken skin barrier.

Methods

Clinically BU suspicious patients were enrolled between October 2013 and August 2015 at

a primary health care (PHC) center and a municipal hospital, secondary health care (SHC)

center in Ghana. All patients were IS2404 PCR tested and divided into IS2404 PCR positive

and negative groups. The course of wound healing was prospectively investigated including

predictors of wound closure and assessment of infrastructure, supply and health staff

performance.

Results

53 IS2404 PCR positive patients—31 at the PHC center and 22 at the SHC center were

enrolled—and additionally, 80 clinically BU suspicious, IS2404 PCR negative patients at the

PHC center. The majority of the skin ulcers at the PHC center closed, without the need for sur-

gical intervention (86.7%) compared to 40% at the SHC center, where the majority required

split-skin grafting (75%) or excision (12.5%). Only 9% of wounds at the PHC center, but 50%

at the SHC center were complicated by bacterial infection. The majority of patients, 54.8% at

the PHC center and 68.4% at the SHC center, experienced wound pain, mostly severe and

associated with wound dressing. Failure of ulcers to heal was reliably predicted by wound

area reduction between week 2 and 4 after initiation of treatment in 75% at the PHC center,

and 90% at the SHC center. Obvious reasons for arrested wound healing or deterioration of

wound were missed additional severe pathology; at the PHC center (chronic osteomyelitis,

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0005331 February 28, 2017 1 / 20

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Addison NO, Pfau S, Koka E, Aboagye SY,

Kpeli G, Pluschke G, et al. (2017) Assessing and

managing wounds of Buruli ulcer patients at the

primary and secondary health care levels in Ghana.

PLoS Negl Trop Dis 11(2): e0005331. doi:10.1371/

journal.pntd.0005331

Editor: Richard Odame Phillips, Kwame Nkrumah

University of Science and Technology, GHANA

Received: August 25, 2016

Accepted: January 15, 2017

Published: February 28, 2017

Copyright: © 2017 Addison et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: We received support for this work

through the program “Knowledge for Tomorrow -

Cooperative Research Projects in Sub Saharan

Africa” of the Volkswagen Foundation (NA) and the

Stop Buruli Initiative of the UBS Optimus

Foundation (SP). The funders had no role in study

design, data collection and analysis, decision to

publish, or preparation of the manuscript.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005331&domain=pdf&date_stamp=2017-03-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005331&domain=pdf&date_stamp=2017-03-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005331&domain=pdf&date_stamp=2017-03-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005331&domain=pdf&date_stamp=2017-03-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005331&domain=pdf&date_stamp=2017-03-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0005331&domain=pdf&date_stamp=2017-03-10
http://creativecommons.org/licenses/by/4.0/


chronic lymphedema, squamous cell carcinoma) and at the SHC center (malignant ulceration,

chronic lymphedema) in addition to hygiene and wound care deficiencies.

When clinically suspicious, but IS2404 PCR negative patients were recaptured in the

community, 76/77 (98.7%) of analyzed wounds were either completely closed (85.7%) or

almost closed (13%). Five percent were found to have important missed severe pathology

(chronic osteomyelitis, ossified fibroma and suspected malignancy).

Conclusion

The wounds of most BU patients attending the primary health care level can be adequately

managed. Additionally, the patients are closer to their families and means of livelihood. Non-

healing wounds can be predicted by wound area reduction between 2 to 4 weeks after initia-

tion of treatment. Patients with clinically BU suspicious, but PCR negative ulcers need to be

followed up to capture missed diagnoses.

Author summary

Buruli ulcer (BU), currently endemic in more than 30 countries, particularly in West and

Central Africa, causes chronic necrotising disease of the skin and subcutaneous soft tissue.

The task is twofold, specific therapy directed against the causative agent Mycobacterium
ulcerans and general wound management to get the often very large skin defects closed.

Irrespective of wound etiology, healing requires favorable systemic conditions such as bal-

anced nutrition, protection from trauma and infection, moist wound environment, and

pain control. The authors compared wound healing in BU patients and the infrastructure

and wound care practices at two levels of the healthcare system in Ghana. Our results indi-

cate that with the basic infrastructure at the primary health care level, equipment and

supplies at appropriate quality standards, well-trained health staff and adherence to estab-

lished Buruli ulcer treatment and wound management guidelines, most wounds can be

adequately managed. We further determined the outcome of clinically BU suspicious but

not laboratory confirmed wounds and found that careful follow-up is needed to not miss

important diagnoses requiring specific therapy. Patient centered care needs a horizontal

approach to wound management.

Introduction

Buruli ulcer (BU) is a chronic necrotising disease of the skin and subcutaneous soft tissue. It

is currently endemic in more than 30 countries, particularly in West and Central Africa, where

it is predominantly found in children [1]. The causative organism, Mycobacterium ulcerans,
produces a macrolide toxin, mycolactone, which causes tissue destruction and inhibits local

immune responses [2]. The disease commonly starts as a papule, nodule or a plaque and pro-

gresses to ulceration and often permanent disability in advanced disease [3, 4]. Current World

Health Organization (WHO) guidelines for BU recommend antimycobacterial drug treatment

with rifampicin in combination with streptomycin (“standard antibiotic treatment”) and refer

to”growing evidence of the efficacy of some rifampicin-based oral therapies”(e.g. clarithromy-

cin) for 8 weeks [4]. Thermotherapy shows promise, as recently demonstrated in a proof-of-

principle study and a clinical trial [5, 6].

Wound management of Buruli ulcer patients
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Specific antimycobacterial therapy and general wound management are equally challenging

tasks to cure BU patients. Irrespective of wound etiology, healing requires favorable systemic

conditions such as balanced nutrition, protection from trauma and infection, moist wound

environment, and peri-lesional edema and pain control [7, 8].

Of concern in the treatment of BU wounds is that the time point of transition from myco-

bacterial cure to the phase where only general wound management is needed, can currently

not be determined with certainty. Persistent M. ulcerans infection, relapse, immune reconstitu-

tion-associated so called paradoxical reactions and secondary infections by other pathogens

are all possible differential diagnoses of failing wound healing [9–11]. Mycolactone-based

point-of care tests may solve this problem in the future. Awareness for this problem comes

from clinical monitoring of wounds in the context of clinical trials [6, 12–14].

We are not aware of large prospective wound management studies conducted outside clini-

cal BU trials capturing real life condition in the health care system. In most health care centers

of countries with limited resources, wound management guidelines are not strictly imple-

mented. Additionally, vertical programs select disease-specifically leaving wounds which are

not in the focus unattended.

In the present study, patients with IS2404 PCR positive and negative ulcers were prospec-

tively observed, comparing wound management at a center of the primary and the secondary

health care levels. Additionally, patients with ulcers clinically diagnosed as BU at the PHC cen-

ter but not confirmed by IS2404 PCR were recaptured in the community to verify the correct-

ness of the classification as non-BU cases, to assess the course of wound healing, to make a

final diagnosis and to provide treatment, if wounds persisted.

Materials and methods

The study was conducted at the Obom Health Center, a primary health care (PHC) community-

based, outpatient facility in the Ga South Municipality and the Ga West Municipal Hospital,

Amasaman, which is the main referral hospital at the secondary health care (SHC) level provid-

ing in- and outpatient health services in the Ga West Municipality of the Greater Accra Region.

Both institutions are the main health care facilities that offer BU case management services in

the respective districts. The two districts, which were previously joined as the Ga-District, report

the second highest number of BU cases in Ghana and receive the worst cases nationwide.

A prospective observational study was conducted on patients with clinically suspicious

IS2404 PCR positive and negative ulcers enrolled and followed-up from October to December

2013 at the SHC center and October 2013 to August 2015 at the PHC center (see S1 Study pro-

tocol). Written consent of patients willing to participate, or their representatives was obtained

before enrolment.

For the IS2404 PCR positive cases, complete medical and wound histories were taken and thor-

ough physical examination, wound assessment, photo-documentation and baseline investigations

performed and entered in case report forms (CRF—see S1 Case Report Form (CRF) for enrol-

ment (Day 0) and S2 Case Report Form (CRF) Follow-up). Ulcers were assigned to the WHO BU

categories: Category I—single, small lesion less than 5 cm in diameter; Category II—single large

lesion 5–15 cm in diameter; Category III—multiple lesions, extensive lesion>15 cm, lesions in

the head and neck region, disseminated and mixed forms, bone and joint involvement [4].

The body mass index (BMI) of each patient was determined and patients put into different

weight categories according to WHO criteria. For further details see Table 1.

On weekly follow-ups, the ulcers were assessed, photo-documented and the results entered

in a follow-up CRF. This was done for each patient until complete wound closure or end of

study period.

Wound management of Buruli ulcer patients
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For IS2404 PCR positive ulcers which failed to heal, additional investigations to determine

the cause of delayed healing were carried out. Non-healing ulcers were assessed by wound

management experts, a local expert at the level of the BU unit in Amasaman, a university hos-

pital-based plastic surgery and burns expert at Korle-Bu teaching hospital who serves as con-

sultant to the BU unit, and a plastic surgeon from Berne, Switzerland, who has longstanding

experience of surgical BU treatment in West Africa. Assessment was performed on the basis of

standardized case vignettes with demographic patient data, medical history, information on

treatment and the course of wound healing, including photo documentation (see S3 Case

Reports of the Primary Health Care Center (PHC) at Obom (OHC) and S4 Case Reports of

Secondary Health Care Center (SHC) at the Hospital Amasaman (AMH)). The answers were

tabulated and analyzed.

Wound infection was diagnosed based on the presence of the following local and systemic

indicators: area of redness and hyperthermia around the wound, lymphangitis, localized pain,

increased amounts and change in colored exudate, malodor, delayed or abnormal healing,

wound breakdown, increased systemic temperature, general malaise, and increased leucocyte

count.

Severity and frequency of pain was assessed at each dressing session. A scale of mild to

severe pain was used (see S1 Study protocol). Additionally, patients were interviewed to

describe their perception of wound pain and the use of analgesics. To distinguish uncompli-

cated, well healing wounds from chronic, arrested or deteriorating wounds, the progress of

wound healing was analyzed using the criteria suggested by Flanagan: reduction of the wound

area by 20 to 40% within 2 to 4 weeks of treatment initiation [16].

Patients in whom BU had been suspected at the PHC center on clinical grounds but the

diagnosis rejected on the basis of a negative IS2404 PCR result were recaptured in the commu-

nity. Once the cases were found, the original lesions were identified, described and photo-doc-

umented. Wounds were put into three categories: healed, healing and non-healing. For the

non-healing wounds, additional investigations were performed to determine the cause.

Infrastructure and wound care practices at both health facility levels were assessed on the

basis of direct observation, employing the following criteria using the WHO guidelines as ref-

erence standard [7]:

1. Infrastructure assessment

• Availability of facilities (wound dressing room, sterilization and surgical facilities) to man-

age the different categories of BU lesions, in particular those with and without bacterial

infections, seen at the PHC and SHC centers.

• Appropriateness of patient flow, i.e. keeping patients with bacterially contaminated ulcers

separate from patients with clean ulcers after skin grafting and outpatients from inpatients

to minimize spread of nosocomial infections into the community.

2. Assessment of wound care practices:

Table 1. Weight categories according to Body Mass Index (BMI) [15].

Category Adults BMI (kg/m2) Children (less than 20 years) BMI for age

Underweight <18.50 <5th percentile

Normal weight 18.50–24.99 5th to <85th percentile

Overweight �25.00 �85th to <95th percentile

Obesity �30.00 �95th percentile

doi:10.1371/journal.pntd.0005331.t001

Wound management of Buruli ulcer patients
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• Appropriateness of patient information, in particular explanation of wound management

procedures including dressing, pain control and surgery.

• Appropriateness of wound cleansing, in particular whether wound cleansing was done

with copious amounts of potable water as recommended, or by surface cleaning with wet

cotton wool/gauze.

• Availability of material and appropriateness of dressing technique.

• Appropriateness of infection and pain control.

Ethical clearance

The study was conducted in accordance with the ethical principles that have their origin in the

Declaration of Helsinki and in compliance with ICH-GCP, ISO 14155–1 and -2, and the appli-

cable laws and regulations of the participating country.

Approval was obtained from the Institutional Review Board of the Noguchi Memorial Insti-

tute for Medical Research, Legon, Ghana and the Ghana Health Service Ethical Review Com-

mittee, reference number, GHS-ERC: 07/07/13 (see S1 Ethical Clearance).

Results

Patient characteristics

A total of 133 patients, 111 at the PHC center and 22 at the SHC center, were enrolled in the

study. At the PHC center, 31 patients were IS2404 PCR positive, and at the SHC center 22. At

the PHC center 25 of the IS2404 PCR positive and 77 of the negative patients, and at the SHC

center 15 of the IS2404 PCR positive patients entered the analysis of wound healing. For fur-

ther details see Fig 1.

As expected for an African BU patient population, more than half of the IS2404 PCR posi-

tive patients at the PHC center (53%; 16/31) were younger than 16 years (Fig 2A). Dominance

of children was more pronounced among the patients with PCR negative ulcers, where 82.5%

(66/80) were younger than 16 years (Fig 2B). In contrast, the majority of PCR-confirmed BU

patients at the SHC center (77.3%; 17/22) were older than 15 years (Fig 2A). Among the PCR-

confirmed BU patients, the male to female ratio was less balanced (63.6% males at the SHC

center and 58.1% at the PHC center), than among the patients with PCR negative ulcers

(52.5% males).

Six percent (2/31) of patients at the PHC center and 36% (8/22) at the SHC center were

underweight. The general health status of patients at the PHC center was good; comorbid con-

ditions identified were HIV infection (n = 1), sickle cell disease (n = 1) and arterial hyperten-

sion (n = 1). At the SHC center, comorbid conditions were more abundant and included

arterial hypertension (n = 7), diabetes mellitus (n = 2), sickle cell disease (n = 1), HIV infection

(n = 1), asthma (n = 1), peptic ulcer disease (n = 1) and epilepsy (n = 1).

Lesion characteristics

All IS2404 PCR positive BU patients presented with ulcerative lesions (Fig 3). At the PHC cen-

ter 30 ulcers were assessed and all were located on the lower (93.3%) and upper (6.7%) extrem-

ities with 63.3% of ulcers on the right side. Among the 20 ulcers assessed at the SHC center,

87.5%, 4.2% and 8.3% were located on the lower extremities, upper extremities (63.6% on the

right side) and the face, respectively.

Wound management of Buruli ulcer patients
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Fig 1. Study algorithm at the PHC center and the SHC center.

doi:10.1371/journal.pntd.0005331.g001
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Wound healing

Of the 30 PCR positive skin ulcers assessed at the PHC center, 26 (86.7%) healed completely

without the need for surgical or other adjunctive therapy and 4 (13.3%) did not heal during

the observation period (Fig 4A and 4B). Sixty-five percent (17/26) of healed skin ulcers healed

in less than 3 months, 26.9% (7/26) between 3 and 6 months and 7.7% (2/26) after 6 months.

Three out of four non-healing skin ulcers were reliably predicted to not respond to treatment,

and fulfilled Flanagan’s criteria (Fig 5). For the 4 PCR positive skin ulcers that failed to heal,

underlying problems identified were exposed bone (n = 1), wound infection (n = 1), wound

location at a joint (n = 1) and poor adherence to treatment (n = 1). Additional severe

Fig 2. Age and sex distribution of patients with IS2404 PCR positive ulcers at the PHC and the SHC centers (a) and

patients with PCR negative ulcers at the PHC center (b).

doi:10.1371/journal.pntd.0005331.g002
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pathologies identified amongst the IS2404 positive skin ulcers were chronic osteomyelitis

(n = 2), chronic lymphedema (n = 2) (Fig 6D), and squamous cell carcinoma (n = 1). These

ulcers were excluded from the wound healing analysis because the additional severe patholo-

gies found preclude healing (see Fig 1).

Of the twenty IS2404 PCR positive skin ulcers assessed at the SHC center, 8 (40%) healed at

the endpoint after split-skin grafting (75%), excision (12.5%) and without adjunct treatment

(12.5%). Twelve IS2404 PCR positive ulcers (60%) did not heal during the observation period of

which 10 (83.3%) persisted in a chronic state and 2 (16.7%) in a sub-chronic wound state despite

regular wound care. Underlying pathologies identified for delayed wound healing were: wound

infection (n = 10), venous and arterial insufficiency (n = 4) and nutritional deficiency (n = 7).

Some of the patients had more than one possible cause of delayed wound healing. Ninety percent

(9/10) of chronic wounds were reliably predicted to not respond to treatment, and fulfilled Flan-

agan´s criteria. At enrolment the mean wound area for sub-chronic and healed wounds was 22.2

cm2 (1–132 cm2) and for chronic wounds 78.1 cm2 (1–297 cm2) (Fig 7A and 7B). Additional

severe pathologies identified amongst the IS2404 positive skin ulcers were osteomyelitis (n = 2)

and malignant ulcer (n = 2) (see Fig 6A). These ulcers were excluded from the wound healing

analysis because the additional severe pathologies found preclude healing (see Fig 1). Other com-

plications are shown in Fig 6B and 6C.

Fig 8 contrasts an uncomplicated IS2404 PCR positive ulcer of the left ankle in a PHC cen-

ter patient with a non-healing IS2404 PCR positive ulcer of the right leg in an SHC center

patient.

Figs 5 and 9 illustrate the history and evolution of IS2404 PCR positive ulcers during the

observation period.

Fig 3. WHO categories of all BU patients with IS2404 PCR positive ulcers enrolled at the PHC and the

SHC centers

doi:10.1371/journal.pntd.0005331.g003
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At the PHC center, 66.7% (16/24) of IS2404 PCR positive ulcers with a pre-enrolment dura-

tion of�6 months closed within a post-enrolment observation period of�3 months. In con-

trast, only 16.6% (1/6) of IS2404 PCR positive ulcers with a pre-enrolment duration of>6

months closed within a post-enrolment observation period of�3 months. Two of four patients

with chronic IS2404 PCR positive ulcers which did not close whilst under treatment at the

PHC center during the study period were lost to follow-up (Fig 5).

The SHC center patients had observed their IS2404 PCR positive ulcers on average 33 (range

3–156) months before visiting a health facility. At enrolment the patients were already hospital-

ized on the BU ward or had been treated as outpatients on average for 7 months (range 1–49).

Fifty percent (5/10) of the IS2404 PCR positive ulcers with a pre-enrolment duration of�16

months closed within a post-enrolment observation period of�3 months. In contrast, only 20%

(2/10) of IS2404 PCR positive ulcers with a pre-enrolment duration of>16 months closed within

a post-enrolment observation period of�3 months. Three patients with chronic IS2404 PCR

positive ulcers were lost to follow-up after an average observation time of 12 days. (Fig 9).

Wound infection

At the SHC center 50% of all IS2404 PCR positive ulcers showed evidence of infection at least

once during the observation period as compared to 9% at the PHC center. Fig 10 shows a

Fig 4. Development of IS2404 PCR positive ulcers measured by change in wound area over time at

the PHC center (the patient code "OHC" refers to the patient numbering at the PHC center in Obom) A

acute ulcers which healed within the observations period B chronic non healing ulcers.

doi:10.1371/journal.pntd.0005331.g004

Wound management of Buruli ulcer patients
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typical case of wound infection with unhealthy, pale-looking granulation tissue, creamish dis-

charge and slightly swollen adjacent skin.

Pain assessment

At the PHC center 54.8% (17/31) of patients with IS2404 positive ulcers experienced pain

related to their wounds at least once during the observation period. In 52.9% (9/17) of these

patients, the pain was intermittent, usually during wound dressing in 55.6% (5/9) while 47.1%

(8/17) had constant pain. Of all patients with wound pain, 23.5% (4/17) described it as mild,

52.9% (9/17) as moderate and 23.5% (4/17) as severe. Of the pain associated with wound dress-

ing, 40% (2/5) was mild, 20% (1/5) moderate and 40% (2/5) severe. None of the patients with

wound dressing associated severe pain received analgesics, while 52.9% (9/17) of all patients

Fig 5. Pre-enrolment history and post-enrolment observation of IS2404 PCR positive ulcers of the

study patients at the PHC center (the patient code “OHC” refers to the patient numbering at the PHC

center in Obom).

doi:10.1371/journal.pntd.0005331.g005
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who experienced pain used analgesics at some point during treatment (see Fig 11). The analge-

sics used were paracetamol, diclofenac and ibuprofen, all of which were not prescribed.

At the SHC center, 59.1% (13/22) of all patients with IS2404 positive ulcers (including those

with chronic ulcers) enrolled in the study complained about pain related to their wounds. The

pain was localized at the wound itself and at the surrounding tissues in (53.8%, 7/13) or on the

entire affected limb. Thirty-eight percent (5/13) of patients had wound dressing associated pain

but none of the patients received analgesics prior to wound dressing. 53.8% (7/13) of all patients

who complained about pain received analgesic therapy at some point (see Fig 11). The most fre-

quently prescribed analgesics were paracetamol, diclofenac or a combination of the two.

Infrastructure and wound care practices

At the PHC center the facility had one treatment room where all wounds were dressed. These

wounds included minor burns, traumatic ulcers, minor surgical wounds and Buruli ulcers. As

Fig 6. Complications of IS2404 PCR positive ulcers a) squamous cell carcinoma of the right foot in patient 023 at the

SHC center b) knee contracture in patient 014 at the SHC center; c) exposed necrotic maxillary bone in patient 015 at the

SHC center d) non-healing left lateral malleolar ulcer with underlying chronic lymphedema in patient 007 at the PHC center.

doi:10.1371/journal.pntd.0005331.g006

Wound management of Buruli ulcer patients
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Fig 7. Development of IS2404 PCR positive ulcers measured by change in wound area over time at the

SHC center (the patient code "AMH" refers to the patient numbering at the SHC center in Amasaman)

A sub-chronic and healed ulcers B chronic non healing ulcers.

doi:10.1371/journal.pntd.0005331.g007

Fig 8. a) Uncomplicated IS2404 PCR positive ulcer of the left ankle of a patient at the PHC center; b) non-healing IS2404 PCR positive ulcer of the

right leg of a patient at the SHC center.

doi:10.1371/journal.pntd.0005331.g008
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a measure to prevent possible transmission of M. ulcerans to other wounds, BU wounds were

treated only after all the non-BU wounds had been dressed. Large and complicated wounds

were referred to the closest secondary health-care facility in the municipality.

Availability and quality of dressing materials was limited and the observation of wound

dressing techniques revealed some shortcomings:

• gloves and instruments (scissors, forceps etc.) were sometimes not available in sufficient

quantities

Fig 9. Pre-enrolment history and post-enrolment observation of IS2404 PCR positive ulcers of the

study patients at the SHC center (the patient code “AMH” refers to the patient numbering at the

secondary health care center in Amasaman).

doi:10.1371/journal.pntd.0005331.g009

Fig 10. Infected IS2404 PCR positive ulcers on the left leg of patient 003 at the SHC center.

doi:10.1371/journal.pntd.0005331.g010
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• wound irrigation was hampered by the availability of normal saline and the alternative

approach with clean water [17] has so far not been considered

• re-use of bandages after washing in patients’ households was regularly observed for eco-

nomic reasons

• cleaning of wound surfaces from exudates was mainly mechanical, interfering with

granulation

• contamination of wounds from surrounding skin during wound cleaning and dressing has

been observed as possible cause of secondary bacterial wound infection

• pain control is not perceived as a very important component of wound management

At the SHC center, separation of out- and in-patients, patients with contaminated, bacteri-

ally infected and non-contaminated wounds and wound management following standardised

protocols were not fully installed and inconsistent.

In the expert interviews, all experts identified hygiene and wound care deficiencies as a

major cause of deterioration of wounds, in addition to a lack of identifying complicating

underlying conditions. The wound management recommendations by the local experts were

oriented closely at wound care principles of WHO [7]. The international expert highlighted

additionally the problem of recognition of arrested wound healing and the lack of progression

to active wound management, such as refreshing wound margins.

Fig 11. Pain assessment in BU patients with IS2404 PCR positive ulcers enrolled at the PHC and the SHC centers.

doi:10.1371/journal.pntd.0005331.g011
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Recapture study of patients with IS2404 PCR negative ulcers at the PHC

center

Of the 81 IS2404 PCR negative skin ulcers of patients recaptured at the PHC center, 4 had

additional severe pathologies, chronic osteomyelitis (n = 2) (see Fig 12a1 and 12a2), suspected

malignant ulcer (n = 1) (see Fig 12B), and suspected ossified fibroma (n = 1). They were

excluded from the wound healing analysis because the additional severe pathologies found

preclude healing (see Fig 1).

Of 77 ulcers included in the analysis, 76 (98.7%) were either completely closed (86.8%) or

almost closed (13.2%). The remaining 1 non-healing wound was infected (confirmed microbi-

ologically as Staphylococcus aureus) (see Fig 12C). All open IS2404 PCR negative wounds

remained negative on repeat PCR (recapture wounds–see S1 Wound documentation Recap-

ture Study).

Discussion

This is the first comprehensive prospective observational study on wound healing in BU

patients with IS2404 PCR positive ulcers which compares a primary and secondary health care

Fig 12. Non-healing IS2404 PCR negative ulcers at the recapture study at the PHC center: a1) and a2) chronic osteomyelitis; b)

suspected malignant ulcer; c) infected wound.

doi:10.1371/journal.pntd.0005331.g012
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center. Additionally, patients with ulcers clinically diagnosed as BU at the PHC level but not

confirmed by IS2404 PCR were recaptured in the community to verify the correctness of the

classification as non-BU cases, to assess the course of wound healing, to make a final diagnosis

and to provide treatment, if wounds persisted.

At both the PHC and SHC levels, there were two main categories of IS2404 PCR positive

BU ulcers. One group healed promptly, progressively reducing in size and closing completely

within a maximum of 12 weeks after enrolment, whereas the other group was largely unre-

sponsive to the wound management applied. The latter were chronic ulcers already persistent

over various lengths of time before enrolment.

The proportion of early versus longstanding, often chronic ulcers differed substantially

between the PHC and SHC levels. At the PHC level most (52%) of the IS2404 PCR positive

ulcers were WHO Category I ulcers, whereas at the SHC level the majority (82%) were Cate-

gory III ulcers. As a consequence, the majority of the ulcers at the PHC level closed without

the need for surgical intervention (86.7%) compared to only 40% at the SHC level where the

majority required split-skin grafting (75%) or excision (12.5%). This shows clearly that ulcers

which have become large or chronic run a very high risk of requiring invasive and expensive

therapy to achieve wound closure.

Assessment of healing progress is important to prevent overlooking the transition of ulcers

into chronic forms which need active interventions to prevent longstanding arrest and further

deterioration. Monitoring of wound surface area is a simple and reliable method. Flanagan has

suggested on the basis of an extensive literature review that a reduction of less than 20 to 40%

within 2 to 4 weeks after initiation of treatment is a strong indication of failing wound healing

[16]. This criterion has been incorporated into the WHO guidelines [7] and we have applied it

here to our patients (see Figs 5 and 9). Three out of four of non-healing wounds in the PHC

level cohort, and 90% (9/10) at the SHC level were reliably predicted to fail to respond to treat-

ment at the recommended assessment time points, and therefore fulfilled Flanagan’s criteria.

Monitoring reduction in wound area as a sign of healing, faces difficulties during anti-

mycobacterial therapy. Ulcers may enlarge during therapy, because the skin covering areas of

necrotic subcutaneous tissue may break in and tissue debris may slough off [18]. Furthermore,

immune reconstitution-associated paradoxical reactions [10, 19] may contribute to an enlarge-

ment of the wounds, leading to an inflammatory phase preceding the wound healing phase.

These causes of enlargement of wounds or healing delay often cannot easily be distinguished

from persisting M. ulcerans infection or deterioration caused by secondary infection with

other pathogens [9, 10, 19]. In this study, persistence of M. ulcerans infection after completion

of antibiotic treatment was not observed. All IS2404 positive wounds which failed to close had

underlying pathologies or causes in addition to BU. At the PHC level these were chronic osteo-

myelitis, chronic lymphedema, squamous cell carcinoma and wound infection and at the SHC

level, venous and arterial insufficiency, malignant deterioration, nutritional deficiency and

lymphedema. Other reasons for impaired wound healing at the SHC level were wound care

and hygiene insufficiencies and repeated wound infections. Only 9% of wounds at the PHC

level and as much as 50% at the SHC level were clinically infected. This significant difference

may be attributable to differences in the wound spectrum cared for as well as the greater risk

of acquiring nosocomial infections at the secondary level of the health care system (with in-

patient facilities) compared to the primary level. Since all but two of the patients at the SHC

level where managed as in-patients, the majority of them had intense daily contact with the

hospital environment, in contrast to the PHC level patients who were all managed on an out-

patient basis. At the SHC level there was no adequate spatial separation of patients with clean

post-surgical wounds from those yet to have surgery and new patients with active ulcers. Thus,
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patients were under high risk of cross-contamination of wounds resulting in difficult-to-treat

wound infections.

When critical deficiencies were observed, the responsible persons of the BU control pro-

gram and the health services were informed and corrective measures taken, e.g. supply of

dressing materials and instruments and discussion with the authorities involved on the need

to ensure regular supply of these materials; continuous training of nurses on wound bed prep-

aration techniques and the need to be more sensitive to patient-centered concerns and its

impact on wound healing.

In summary, many factors account for failed wound healing. Patient-dependent reasons

include underlying conditions interfering with wound healing, such as diabetes mellitus and arte-

rial hypertension, malnutrition, and lack of compliance. On the health provider side it includes

infrastructural problems, availability of dressing material, clean water for cleansing of wounds

and lack of training and motivation of health staff, which put patients at risk of impaired wound

healing and deterioration of wounds, with repeated secondary bacterial infections as the main

driving force. We observed various factors facilitating better wound healing and early wound clo-

sure at the community level. For obvious reasons, patients tend to present early to community

health centers and wounds are thus smaller on presentation compared to patients at the second-

ary health care level. Successful wound management is achieved with less effort for both the

health care system and the patients and at much lower cost. Nosocomial infections can be more

easily avoided. Additionally, patients continue to live in their communities which positively

impacts on their nutritional status. We observed only 6% underweight patients at the PHC level

as compared to 36% at the SHC level.

BU wounds are traditionally regarded to be typically painless unless there is superimposed

bacterial infection [3, 4]. In our study, however, the majority of patients (54.8% at the PHC

level and 59.1% at the SHC level) experienced wound pain at various points in time, mostly

severe and associated with wound dressing (55.6% at the PHC level and 40% at the SHC level).

Alferink et al. and de Zeeuw et al. made a similar observation with nearly 30% of BU patients

experiencing severe procedural pain [20, 21]. Adequate preparation and planning of proce-

dures such as wound dressing are key to pain prevention [7].

Pain negatively affects wound healing and severely impairs daily life [22]. However, only

around half of the patients at both health care levels had access to analgesics. None of the

patients received analgesics prior to wound dressing at both health facilities, and the majority

of analgesics used by patients were not prescribed. This is avoidable sufferance and a signifi-

cant deviation from the WHO wound management guidelines [23].

In vertical disease-specific control programs and clinical trials, patients who do not belong

to the target group receive little, if any attention. BU is a particularly difficult disease in this

respect since many more patients with wounds are clinically suspected to be BU than finally

laboratory confirmed. This carries risks in two directions. False negatives do not get the indi-

cated anti-mycobacterial treatment and true negatives may have other significant pathologies

in need of specific treatment or require general wound management to prevent transition into

chronic ulcers and systemic complications. We therefore re-captured at the PHC level all

patients who went back into the community during the study period after clinically suspected

BU had not been confirmed by IS2404 PCR. The aim was to assess the course of wound healing

in these patients, to identify patients who have been misdiagnosed and to treat patients with

persisting ulcers. Ninety-nine percent (76/77) of the IS2404 PCR negative ulcers were either

completely closed (86.8%) or almost closed (13.2%). This can be explained by the fact that the

majority of these patients (60/80; 75%) were children in the 6–15 year group. This is a physi-

cally very active age group, and their wounds were likely of traumatic origin. Very importantly,

however, 5% of the recaptured patients were found to have missed diagnoses of therapeutic
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significance (chronic osteomyelitis, wound infection, ossified fibroma and suspected malig-

nant ulcer). All ulcers which were still open at the time of recapture remained negative in

repeated IS2404 PCR analysis.

Conclusion

After completion of specific treatment, Buruli ulcers often require adequate general wound

management over long periods to achieve wound closure. Even where attempts are made to

follow WHO recommended standards of care, deficits of health care services and delays in the

recognition of complications are continuing bottlenecks to satisfactory outcomes.

This study indicates that with basic infrastructure, equipment and supplies at appropriate

quality standards, well-trained health staff and adherence to wound management guidelines,

most wounds can be adequately treated at the PHC level, where patients tend to report earlier,

stay closer to their families, can maintain their means of livelihood and are less prone to noso-

comial wound infections compared to in-patient facilities. Determining reduction in wound

area after 2 to 4 weeks (Flanagan’s criteria) of treatment is useful to predict non-healing

wounds. Recapture of patients with clinically BU suspicious, PCR negative wounds, clearly

showed that even though the majority had healed without sequelae, significant pathology

remains unattended if not carefully followed-up. Patient centered care needs to change from

vertical to horizontal wound management and facility and training related issues need to be

urgently addressed.
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