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ARTICLE INFO ABSTRACT

Keywords:
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Introduction: Wound measurements are relevant in monitoring the rate of healing (RoH) and may predict time to
healing. Predicting the time to healing can help improve the management of Buruli ulcer. We examine three
methods for the determination of RoH and their use as predictors of time to healing.

Methods: Lesion measurements of Buruli ulcer patients treated from 2007 to 2022 were obtained with acetate
sheet tracings (2D) or Aranz software (3D) fortnightly. RoH was determined using the absolute area, percentage
area reduction and linear methods at 4 weeks post onset of antibiotic treatment. Predicted time to healing was
compared to the actual healing time. Baseline characteristics were assessed for associations with healing.
Results: All three methods for calculating the RoH significantly distinguished between fast and slow healers (p <
0.0001). The predicted healing time using the linear method was comparable to the actual healing time for fast
healers (p = 0.34). The RoH was influenced by the form of lesion, with plaques [OR 2.19 5 %CI (1.2-3.6), p =
0.009], and oedemas [OR 8.5; 95 %CI (1.9—36.9), p = 0.004] being associated with delayed healing. The
proportion of patients with paradoxical reactions 16 % vs 3 %, p < 0.0001), higher baseline bacterial load (75/
104;72 % vs 21/47;45 %, p = 0.001) and delayed clearance of viable organisms (71,/104;68 % vs 9/47;19 %, p <
0.0001) was higher in the slow healers than the fast healers.

Conclusion: Predicted healing rates were comparatively lower for slow healers than fast healers. Baseline char-
acteristics associated with healing can be explored for an improved disease management plan to reduce patient
and caregiver anxiety.

Wound measurements
Rate of healing
Linear method

Ghana

1. Introduction

Buruli ulcer (BU), a necrotizing skin disease caused by Mycobacte-
rium ulcerans is common in west Africa [1,2]. It typically presents as a
painless nodule or plaque, characterized by a raised firm and dis-
coloured portion of the skin or non-pitting oedema that can affect the
whole limb or surround an ulcer. Subsequently, the lesion enlarges and
ulcerates, with a characteristic necrotic base and cottonlike yellow
slough [3,4].

Current treatment is with combination of rifampicin and clari-
thromycin [5,6]. Additionally, good wound care with normal saline for

cleansing, covering with vaseline gauze, and short-stretch bandaging to
reduce surrounding oedema are essential. Skin grafting may be needed
for larger lesions, and physiotherapy can reduce disability, especially if
joints are affected. Time to complete wound closure is a crucial endpoint
for clinicians managing BU wounds. Buruli lesions treated with antibi-
otics may heal rapidly or enlarge due to breakdown of necrotic tissue,
experience a paradoxical reaction, or develop secondary bacterial
infection; these can delay wound healing [3,7-11]. Establishing the time
to healing or rate of healing at patient presentation can be a challenge
highlighting the need for tools to guide critical care decisions.

Wound measurements using tools including ruler, acetate tracings,
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digital planimetry, and structured light devices, can determine wound
size, surface area, volume, tissue analysis, and healing scores. Tracking
changes in wound size is commonly used to compute the rate of healing
[12-15] while tissue analysis can help detect signs of infection and
complications [16].

Determining the rate of healing (RoH) in BU is crucial for assessing
effectiveness, predicting complications, and guiding treatment de-
cisions. Real-time feedback on healing progress helps providers decide
whether to continue current treatment, consider early surgical inter-
vention, or adjust for better clinical outcomes [17,18].

The RoH in BU is not well understood and varies among individuals.
Delayed healing can be frustrating for patients and caregivers. Predict-
ing healing time through wound measurements could greatly aid BU
management. In this study, we examined slow and fast healing in Buruli
ulcers to identify associated factors and explore the potential of wound
measurements in guiding patient management in Ghana.

2. Methods
2.1. Ethical considerations

The Committee on Human Research, Publications, and Ethics
(CHRPE) of the Kwame Nkrumah University of Science and Technology
(CHRPE/AP/335/19) approved the study. Written informed consent
was obtained from participants, and ethical principles of the Declaration
of Helsinki were followed [19].

2.2. Study setting

Individuals with confirmed BU between 2007 and 2022 from Agogo
Presbyterian, Tepa, Toase and Dunkwa Hospitals were included. Wound
care was provided in health posts, health centres, and Community-based
Health Planning Services (CHPS) compounds. Clinical and demographic
data was collected using standardized WHO BUO1 and case report forms.

2.3. Study design and population

In this prospective observational study, individuals with PCR
confirmed BU who consented were included, while those with BU-
negative lesions were excluded.

2.4. Study procedures

Fine needle aspirates from non-ulcerative lesions and swab samples
from undermined edges of ulcerated lesions were collected for labora-
tory procedures.

2.4.1. Laboratory procedures

Samples were transported in appropriate transport media and pro-
cessed immediately upon arrival at the Kumasi Centre for Collaborative
Research (KCCR). All tests and molecular assays were performed using
established methods including smear microscopy for acid fast bacilli,
Culture on Lowenstein-Jensen medium and 1S2404 qPCR [20,21].

2.4.2. Combined 16S rRNA reverse transcriptase / 1S2404 qPCR assay

Samples were transported in RNA Protect bacterial solution, and
DNA and RNA were extracted simultaneously using the Qiagen AllPrep
DNA/RNA kit (Qiagen, Hilden Germany). The extracts were then sub-
jected to 16S rRNA and 1S2404 qPCR for quantification and detection of
viable organisms [3,22].

2.4.3. Treatment for BU

Antibiotic therapy comprised of either rifampicin (10 mg/kg) with
streptomycin (15 mg/kg) (RS8) or clarithromycin 12.5 mg/kg (RC8)
daily for 8 weeks. Some received treatment with rifampicin (10 mg/kg)
and streptomycin (15 mg/kg) for 2 weeks followed by rifampicin(10
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mg/kg) and clarithromycin daily for 6 weeks (RS2RC6).

2.4.4. Wound care procedure and follow up

Wounds were dressed daily or on alternate days using standard
procedures, including cleaning with normal saline, covering with vase-
line gauze or nitric oxide-releasing dressings. Large wounds were treated
with sterile gauze sponge (Drawtex®) to absorb exudates. Short stretch
bandages were applied to reduce surrounding oedema. Trained health
workers performed wound care during clinic visits, while in the com-
munities, trained community-based surveillance volunteers (CBSVs) or
affected individuals and caregivers provided self-care at home with
monitoring by nurses or CBSVs. This decentralised approach aligns with
national and global objectives [23]. Participants were reviewed fort-
nightly by experienced clinicians during the 8 weeks of antibiotic
treatment and monthly thereafter for 1 year.

2.4.5. Wound measurements

Wound measurements were recorded at each clinic visit using ace-
tate sheets or Aranz software. Acetate sheets were placed on the lesion,
and its outline was traced and measured. Silhouette 3-dimensional im-
aging (ARANZ Medical, Christchurch, New Zealand) was also used for
automatic computation of wound dimensions, including width, length,
perimeter, surface area, depth, and volume. Measurements were recor-
ded in millimeters, and digital photographs were taken at each visit
(Fig. 1).

2.4.6. Clinical data

The time to healing (complete epithelization), WHO reporting details
obtained on BUO1 forms, and microbiological/molecular characteristics
of lesions (time to clearance of M. ulcerans, baseline bacteria load, and
M. ulcerans culture) were documented in a Microsoft Excel database.

2.5. Data management

Data was managed with Microsoft Excel database. RoH was calcu-
lated for each wound using the Absolute Area (AA), Percentage Area
Reduction (PAR), and Linear methods (Linear advancement method,
LM) as proposed by Gilman (Table 1) [13]. The three methods were
compared to determine the most reliable for computing healing rates.
Calculations were based on measurements recorded at baseline (week 0)
and week 4. Calculated wound healing rates were used to predict

I Area: 76.4cm? Perimeter: 331mm Length: 130mm Width: 77mm

Fig. 1. Wound measurements using acetate sheet (A) and Silhouette 3-dimen-
sional imaging/ Aranz software (B).
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Table 1 Table 2
Methods for calculating wound measurements. Baseline characteristics of study participants.
Measurement method Formula used Unit of Healing
measurement Category
Absolute Area (AA) HR = AA/t mm? /week Characteristic All,n = Slow Fast p value
Healing Rate (HR) Where AA = Ag— A4 Weeks 536 Healers n = Healers n
Predicted Healing Time t = 4PHT= 375 =161
(PHT) (Ap*t)/ AA .
Percentage Area Reduction HR = AA/(Ap * t) % /week Age, median (IQR), 15(9,30) 14(9,28) 16(10,31) 076
(PAR) Where AA = Ag - Ay years
. Gender, n (%)
Healing Rate (HR) t=4 Male 260(48.5)  186(49.6) 74(46.0) 0.45
PredictedHealing Ti PHT = median % AA/A ’ ) ) ’
(;;T‘; edtiealing time median % AA/Ao Female 276(51.5)  189(50.4) 87(54.0)
L 0
Linear method (LM) HR = d/t mm / week Clinical forms, n (%)
Healing Rate (HR) Where d = AA/P Weeks Nodule 157(29.0) 99(26.0) 58(36.0) 0.0011
Predicted Healine Time (4 e Plaque 114(21.0) 89(24.0) 25(16.0)
(PHT) g AA AL A4 Py = Po+ P Oedema 31(6.0) 29(8.0) 2(1.0)
P 2P;{T07 D /; o Ulcer 234(44.0) 158(42.0) 76(47.0)
D _ V_\I /;ax WHO category, n (%)
¢ T"‘Z’ © I (<5cm) 286(53.0) 164(44.0) 122(76.0) <0.0001
d: AA/P I (5-15 cm) 203(38.0) 165(44.0) 38(24.0)
_ ave 111 (>15 cm) 47(9.0) 46(12.0) 1(1.0)
t-time; A,-Area at week 0; A4 -Area at week 4; P, -Perimeter at week 0; Py- Location of lesion, n
Perimeter a week 4; P,-Average perimeter; Wo-longest diameter at week 0. (%)
Lower limb (LL) 257(48.0) 174(46.4) 83(52.0) 0.37
. . o Upper limb (UL) 217(40.0) 159(42.4) 58(36.0)
healing times and compared to actual healing times. Other locations 62(12.0) 42(11.2) 20(12.0)
Antibiotic Treatment
2.6. Data analysis type, n (%)
CR8 140(25.0) 94(25.0) 46(29.0) 0.66
) ) ) SR2CR6 34(6.7) 25(6.7) 9(6.0)
Data was analysed using GraphPad Prism 9 (GraphPad Prism, San SRS 362(68.3) 256(68.3) 106(66.0)
Diego, California USA) and Stata 17 (Stata Corps USA). Data were Study site, n (%) <0.0001
compared using the Fisher exact, Chi-square or the non-parametric Agogo 345(64.0) 226(65.0) 119(35.0)
Mann-Whitney test as appropriate. A logistic regression was per- Tepa 133(25.0) 107(80.0) 26(20.0)
ney ‘appropriate. 8l gression P Dunkwa 30(6.0) 17(57.0) 13(43.0)
formed to find the association between baseline characteristics and the Nkawie 28(5) 25(89.0) 3(11.0)
RoH. Percent wound area progress was calculated by expressing the Microscopy, AFBs 136/261 121/197 15/64 <0.0001
change in area as a percentage of the initial size. Wound trajectories positivity, ratio (%) (52.0) (61.0) (23.0)
were plotted using the average area progress per week (up to 10 weeks) BaCtega C“h“ret’h (63?7/ 106)1 52/112(46.0)  8/49(16.0) ~ 0.0003
. . . .. . confirm growth, K
for each healing category. To identify the set of clinical variables that ratio (%)
best predicted delayed wound healing, a logistic regression analysis with 152404, median cps/ 500 500 500(500, 0.038
backward selection based on likelihood ratios was performed. The ml (IQR) (500,1000)  (500,1750) 500)
variance of the model was assessed using Nagelkerke R squared and we B"“l’d'? Mu 165 ERNA’ 5(;)(;000 520;)0 2000 0(0,500) 0.003
determined the goodness-of-fit by the Hosmer-Lemeshow test. A p-value ‘(IIIS[S‘ n cps/m (0,1000) (250,2000)
< 0.05 was considered statistically significant. Week 4 Mu 16S rRNA,  0(0,500) 500(0,1500) 0(0,0) <0.0001
median cps/ml
3. Results (IQR)
Time to clearance of Mu  8(0, 12) 12(5,12) 0(0,4) <0.0001
. h L. 16S rRNA, median
3.1. Participant characteristics (weeks) (IQR)
Time to healing, 19(8,28) 24(16,33) 6(4,8) <0.0001
Table 2 shows the clinical characteristics of 536 participants with median (IQR),
PCR-confirmed BU. The median age was 15 years [IQR (9,30)] with a Dwefks ; 6612.0 61016.0 5030 0.0001
median time to healing of 19 weeks [IQR (8,28)]. There was a marginal ?:r:é’:;:alo (120 (16.0) 3.0 <

preponderance of females [276 (51.5 %)] but this did not have any in-
fluence on the time to healing.

Lesions comprised 157 (29 %) nodules, 114 (21 %) plaques, 31 (6 %)
oedema and 234 (44 %) ulcers located principally on the upper limbs
217 (40 %), lower limbs 257 (48 %) or other sites 62 (12 %). Lesion
categories were 286 (53 %) category I, 203 (38 %) category II and 47 (9
%) category III. All participants completed 8 weeks of antibiotic therapy
and were monitored until complete healing.

One hundred and sixty one (30 %) of participants had complete
lesion healing by week 8 post initiation of antibiotic treatment and were
classified as fast healers and 375 (70 %) whose lesions healed after week
8 post initiation of antibiotic treatment were classified as slow healers.

3.2. Clinical characteristics of slow and fast healers
There were statistically significant differences between Buruli ulcers

that healed fast with respect to clinical forms (p = 0.0011) and lesion
category (p < 0.0001). There was a higher proportion of participants

reaction, n (%)

with oedema (94 %) and plaque lesions (78 %) in the slow healers than
there were in the fast healer groups. Age of participants (p = 0.76),
gender (p = 0.45) and lesion site (p = 0.37) were comparable between
fast and slow healers. The type of antibiotic therapy had no influence on
the time to healing. There were significantly more paradoxical reactions
among slow healers 61 (16 %) compared to fast healers 5 (3 %), (p <
0.0001) (Table 2).

3.3. Microbiological and molecular characteristics of slow and fast
healers

Microbiological parameters such as AFB positivity, M. ulcerans cul-
ture positivity and molecular parameters such as baseline M. ulcerans
16S rRNA and IS2404 quantity in copies/ml were significantly different
in the fast healer and slow healers.
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The proportion of participants with positive M. ulcerans culture (52/
112 (46 %) vs 8/49 (16 %), p = 0.0003) and the proportion with positive
microscopy results (121/197 (61 %) vs 15/64 (23 %), p < 0.0001)
before initiation of treatment were significantly higher in slow than fast
healers (Table 2). The time to healing was shorter for fast healers than
the slow healers [median (IQR) 6 (4, 12) vs 24 (20, 33) weeks; p <
0.0001]. Similarly, slow healers had a significantly higher bacterial load
expressed in [S2404 copy numbers at baseline, [median (IQR) 500 (500,
1750) vs 500 (250, 2000) cps/ml, (p = 0.038)] and viable M ulcerans
16srRNA [median (IQR) 500 (500, 500) vs 0 (0, 500) cps/ml, (p =
0.003)] than fast healers. The median (IQR) time to clearance of viable
M. ulcerans for slow healers [12 (5, 12) weeks] was longer than that of
the fast healers [0, (0, 4) weeks].

3.4. Comparison of rate of healing using different wound measurement
methods

Table 3 shows the comparison of rate of healing at 4 weeks as
assessed by AA, PAR or LM in slow and fast-healing Buruli ulcers. The
median (IQR) rate of healing assessed by the AA [117.4 (-19.66, 659.0)],
PAR [0.075 (-0.24, 0.032)], and the LM [0.60 (0.47, 1.51)] were
significantly lower for the slow healers compared to the AA [165.2
(297.3, 551.6)], PAR [0.25 (0.19, 0.22)] and LM [2.79 (2.95, 4.03)] for
fast healers (p < 0.0001).

Lesion sizes increased in some slow healers, including those with
paradoxical reactions. Excluding individuals with paradoxical reactions
eliminated the negative healing rates as indicated by the IQR in Table 3
and supplementary Table S1 for slow healers. Furthermore, the median
rate of healing as assessed using all three methods was still lower for
slow healers than fast healers when individuals with paradoxical re-
actions were excluded from the analysis (supplementary Table S1).

The rate of healing was compared between the method of recording
the lesion measurement: acetate method (2D) and the silhouette soft-
ware from Aranz (3D). The rates of healing using 2D and 3D measure-
ments were comparable when computed using AA (p = 0.893) and PAR
(p = 0.489), but a significant difference was observed in healing rates
obtained using the linear method (p = 0.0012) (Table 3).

Figs. 2a and 2b shows wound trajectory curves obtained using the
average area progress per week for fast and slow healers constructed
using pooled, percent area progress data for both fast and slow healers.
Fast healers approached 100 % wound healing indicated by complete
closure quicker than slow healers. The wound trajectory for fast healers
was clearly different from the trajectory for slow healers right from the
start of treatment. By week 4, the median percent area progress of the
two trajectories was significantly different (72 % vs. 31 %, p < 0.0001).

3.5. Predictability of time to healing using different measurement methods

The actual time to healing and predicted healing time were
compared for slow and fast healing Buruli ulcers based on the AA and
the LM for measuring healing rate at 4 weeks (Table 4.). The LM suc-
cessfully predicted healing time in fast healers but not in slow healers.
However, the actual and predicted healing times were significantly
different for AA (p < 0.0001) and linear (p < 0.0001) methods for slow

Table 3
Comparison of rate of healing using different wound measurement approaches.
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healers while for fast healers, there was a difference between actual
healing time and predicted healing time using the AA method (p =
0.02).

3.6. Association of baseline characteristics with healing

In a logistic regression model, slow healing was strongly associated
with clinical markers such as larger lesions; category II [OR 3.2; 95 %CI
(2.1-4.9), p < 0.0001], category III [OR 34.2; 95 %CI (4.7-252.1), p =
0.001], plaques [OR 2.195 %CI (1.2-3.6), p = 0.009], and oedematous
lesions [OR 8.5; 95 %CI (1.9-36.9), p = 0.004]. Lesion location was not
associated with healing status. Development of paradoxical reactions
[OR 6.1, 95 %CI (2.4-15.4p < 0.0001] and the late clearance of viable
organisms [OR, 10.8,95 %CI (4.5-25.6), p < 0.0001] were also strongly
associated with slow healing (Table 5).

Microbiological and molecular parameters such as positive micro-
scopy for AFB [OR 5.2 (2.7-9.9), p < 0.0001], positive M. ulcerans
culture [OR 4.4 (1.9-10.4), p = 0.001], 16S rRNA positivity at baseline
[OR 3.9 (1.92-8.12), p < 0.0001) and after week 4 [OR 10.8 (4.5-25.6)
p < 0.0001] were associated with slow healing.

To identify the set of clinical variables that best predicted delayed
wound healing, a logistic regression analysis with backward selection
based on likelihood ratios was performed. Variables included were
lesion site, form of lesion, category of lesion, treatment type, study site
and the development of paradoxical reaction. The most appropriate
model predicting delayed healing in the study population included
lesion category, form of lesion, study site and the development of par-
adoxical reaction (R? = 0.15, Hosmer-Lemeshow goodness-of-fit test, p
= 0.97). Development of paradoxical reaction and category III lesions
produced a larger effect on the model (Supplementary Table S3).

4. Discussion

This study sought to investigate the occurrence of slow and fast
healing in Buruli ulcers and to determine early predictors of complete
wound healing. Here, we show that 30 % of Buruli ulcer lesions healed in
less than 8 weeks (fast healers) compared with 70 % who healed after 8
weeks (slow healers) following initiation of antibiotic therapy. Clinical
parameters associated with slow healing were plaque forms (2-fold),
oedema (8-fold), category II lesion (3-fold), category III lesion (34-fold),
and development of paradoxical reactions (6-fold). Interestingly
microbiological factors such as a positive AFB result, higher bacterial
load, and a positive M. ulcerans culture result that were recently shown
to be associated with the development of paradoxical reaction [3] were
also strongly associated with slow healing. A positive baseline micro-
scopy result for AFB (5-fold), positive culture (4-fold), a positive
M. ulcerans 16S rRNA result at baseline (4-fold), and a positive
M. ulcerans 16S rRNA at 4 weeks (10-fold) increased likelihood of slow
healing. Efforts made to identify such predictors are likely to lead to
better care for Buruli ulcer patients.

Although antibiotics have transformed the outlook for patients with
BU, the current oral regimen of rifampicin with clarithromycin for 8
weeks is far from ideal [5,6]. While the disease can be cured in most
patients who adhere to this regimen, healing rates are highly variable

Healing category

Measurement recording method

Method Slow healers (n = 375) Fast healers (n = 161) p value 2D (n = 260) 3D (n = 276) p value
Absolute area

Median, (IQR) 117.40(-19.66,659.00) 165.20(297.30,551.60) <0.0011 127.70(23.32,426.10) 150.00(12.50,376.00) 0.89
Percentage Area Reduction

Median, IQR 0.07(-0.24,0.03) 0.25(0.19,0.22) <0.0001 0.13(0.03,0.21) 0.13(0.01,0.23) 0.49
Linear Model

Median, IQR 0.60(0.47,1.51) 2.79(2.95,4.03) <0.0001 0.50(0.02,2.63) 1.84(0.16,3.61) 0.001
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Table 4
Predictability of time to healing by different wound measurement methods.

Slow Healers

Fast healers

Method:

ethods Actual healing time Predicted Healing time P value Actual healing time Predicted Healing time p value
Absolute Area
Median (IQR) 24(16,33) 5.82(-1.13,11.61) <0.0001 6(4,8) 4(4,4.70) 0.02
Linear Model
Median (IQR) 24(16,33) 8.98(-3.52,21) <0.0001 6(4,8) 4(4,5.88) 0.34

p values were computed using the Mann Whitney t-test; healing times were measured by weeks.

even in patients with seemingly similar lesions. Nienhuis et al reported
median healing times for category I lesions of 18 weeks and 30 weeks for
category Il and III lesions [24]. Sarfo et al specified median healing times
for nodules of 8 weeks, 12 weeks for ulcers, and 2-48 weeks for oedema
[25]. Phillips et al described median healing times of 14 weeks (RS8) and
16 weeks (RS2RC6) [26]. Vincent et al observed median healing times of
12.6 weeks [27]. In a recent cohort that established oral antibiotic
regimen, the median time to healing was 24 weeks (IQR 8-28) in the RS8
group, and 16 weeks (IQR 8-25) in the RC8 group [5]. Our findings that
two-thirds of patients were slow healers indicate that urgent measures
need to be implemented to identify such patients early.

To improve outcomes in BU, several measures are proposed. Patients
could be triaged to ensure that those with a likelihood of healing slowly
are provided with better monitoring. Plaque and oedema forms, large
lesions, a positive AFB at baseline could be triaged as severe forms for
better care. Development of paradoxical reactions, with renewed
inflammation, despite progressive bacterial killing by antibiotics [3]
should be a red flag for slow healing. The median time to complete

healing for patients with paradoxical reaction was 28 weeks compared
to 16 weeks for those with no paradoxical reaction [3]. Presence of
viable M. ulcerans assessed with 16S rRNA at baseline and at week 4
would provide a strong indication of likelihood of slow healing. Hos-
pitalization for close monitoring, early skin grafting offered as an option
after antibiotic completion at week 8, improved nutrition [28-30] or
consideration for extended antibiotic treatment in patients with viable
M. ulcerans may result in improved outcomes.

Here we investigated simple wound measurement tools that have the
capability of predicting the slow or fast healing of Buruli wounds to
allow clinicians to properly plan patient care. Measurement of wound
size is important in monitoring the healing process and in the evaluation
of the effects of treatment. The results of this study suggest that clini-
cians could effectively use either of the three measuring approaches. The
median healing rates computed by all three methods were significantly
lower for slow healers than fast healers. The LM resulted in comparable
actual and predicted healing times in fast healers than the AA or PAR
methods. None of the three methods produced comparable actual
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Table 5
Logistic regression analysis of the association of baseline characteristics with the rate of healing.
Unadjusted Adjusted
Characteristics Number (%) in Number (%) in slow Number (%) in fast OR (95 % CI) p value OR (95 % CI) p value
Cohort healers healers
Clinical Forms n (%) 157(29) 99(63) 58(37) 1 1
Nodule
Plaque 114(21) 89(78) 25(22) 2.1(1.2-3.6) 0.009 1.0(0.5-1.9) 0.99
Oedema 31(6) 29(94) 2(6) 8.5(1.9-36.9) 0.004 1.1(0.2-5.1) 0.89
Ulcer 234(44) 158(68) 76(32) 1.2(0.8-1.9) 0.36 0.6(0.4-1.1) 0.09
WHO Category, n (%)
I (<=5cm) 286(53) 164(57) 122(43) 1 1
II (5-15 cm) 203(38) 165(81) 38(19) 3.3(2.1-4.9) <0.001 3.1(1.9-5.1) <0.0001
III (>15 cm) 47(9) 46(98) 1(2) 34.2 0.001 26.3 0.003
(4.6-252.1) (2.9-235.5)
Location of lesion, n (%)
Lower limb (LL) 257(48) 174(67) 83(33) 1 1
Upper limb (UL) 217(41) 159(73) 58(27) 1.3(0.9-1.9) 0.17 1.4(0.8-2.2) 0.21
Other locations 62(12) 42(68) 20(32) 1.0(0.6-1.9) 0.93 1.3(0.7-2.4) 0.46
Study site
Agogo 345(64) 226(65) 119(35) 1 1
Tepa 133(25) 107(80) 26(20) 2.12(1.3-3.5) 0.002 2.16 0.01
(1.18-3.60)
Dunkwa 30(6) 17(57) 13(43) 0.67(0.3-1.5) 0.33 0.7(0.3-1.6) 0.37
Nkawie 28(5) 25(89) 3(11) 4.3(1.3-14.8) 0.017 4.2(1.1-16.0) 0.03
Microscopy, AFBs positivity, ratio (%)
Negative 125/261(48) 76(61) 49(39) 1 1
Positive 136/261(52) 121 (89) 15 (11) 5.2(2.7-9.9) <0.0001 3.9(1.9-7.7) <0.0001
Bacteria culture, confirm growth, ratio
(%)
Negative 101/161(63) 60(59) 41(41) 1 1
positive 60/161(37) 52(87) 8(13) 4.4(1.9-10.4) 0.001 4.9(2.0-11.7) <0.0001
Baseline Mu 16S rRNA, Positivity
Negative 58/152(38) 29(50) 29(00) 1 1
Positive 94/152(62) 75(80) 19(20) 3.9(1.9-8.1) <0.0001 1.9(0.8-4.3) 0.142
Wk 4 Mu 16S rRNA, Positivity
Negative 82/152(54) 41(50) 41(50) 1 1
Positive 70/152(46) 63(90) 7(10) 8.9(3.7-22.0) <0.0001 6.8 <0.0001
(2.56-2.19)
Time to clearance of Mu 16S rRNA, median
(weeks) (IQR)
<week 4 73/152(48) 33(45) 40(55) 1 1
>week 4 79/152(52) 71(90) 8(10) 10.86 <0.0001 4.9(1.8-3.8) 0.002
(4.5-25.6)
Development of paradoxical reaction, n
(%)
No 470(88) 314(84) 156(97) 1 1
Yes 66(12) 61(16) 5(3) 6.1(2.4-15.4) <0.0001 5.0(1.9-12.9) 0.001

Multivariate logistics regressions reporting odds ratios to test associations with baseline characteristics. Adjustment was performed for all characteristics. Abbrevi-
ations: WHO, World Health Organization; AFB, Acid-Fast Bacilli; OR, Odds Ratio; CI, Confidence Interval.

healing times and predicted healing times in slow healers. Gilman [13]
recommends linear measurements as the most useful and valid mea-
surements for clinical practice but contrary suggestions have been pro-
posed [31-33]. In many clinical situations, there is a need for wound
measurement methods that do not require cameras, computers, or a lot
of data manipulation. Wound trajectories for lesions were clearly
discriminatory by treatment week 4 for fast and slow healers suggesting
their potential usefulness as a simple clinical tool in determining the
course of a BU lesion [15,31,34].

In our study wound healing rates computed using measurements
from acetate tracings (2D) or using the Silhouette Camera (3D) applying
AA and PAR were comparable suggesting that they could be used in the
same clinic. On the contrary healing rates were not comparable when
the linear advancement method was employed for 2D and 3D mea-
surements suggesting that if employed in clinical settings for BU, either
should be used consistently to prevent errors in wound monitoring.
Although, it is well known that shallow wounds are not planar but are 3-
dimensional (3D), methods for obtaining quantitative 3D wound mea-
surements are not always convenient as the 2D methods [35-37].
However, the newer digital tool (silhouette camera) employed in this
study was convenient to use but cost implications need to be considered.

5. Conclusion

The rate of healing for slow healers using all methods was lower
compared to fast healers. The linear method could be used to predict fast
healers while the percentage area reduction method could be used to
predict an approximate time to healing. High baseline bacterial load and
delayed clearance of viable M ulcerans are associated with slow healing
in BU disease. The clinical and microbiological characteristics associated
with healing in BU should be considered in the development of
improved disease management plans and reducing patient and caregiver
anxiety.

Continuous variables were compared using Mann-Whitney U test. All
Proportions were compared using chi-square tests for categorical data
and Fisher’s exact test. Abbreviations: WHO, World Health Organisa-
tion; cps, copies; IQR, Interquartile Range; AFB, Acid-Fast Bacilli; SRS,
Streptomycin+.
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