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ABSTRACT

Background
Diabetic foot and lower limb complications affect
40-60 million people globally. A rapid method is
needed to understand the bioburden and type of
infecting bacteria on diabetic foot ulcers.

Aim
To compare the accuracy and efficacy of a novel
multispectral imaging device, against the standard
culture method and correlate bacterial bioburden
levels with metagenome sequencing.

Method
A clinical study was conducted on diabetic foot ulcer
patients. Wounds, post-debridement, were imaged
using the multispectral imaging device and the re-
port, containing spatially mapped regions of bac-
terial burden along with their bacterial gram type,
was compared with the culture sensitivity report. Ad-
ditionally, metagenome sequencing was done on a
subset of the patient samples.

Results

A total of 157 patients were imaged, and 177 deep
tissue biopsies were taken from colour-coded regions
(Gram Positive/Gram Negative infected) identified by
the machine learning algorithm. The class-averaged
accuracy of the device was found to be 90.4% for
gram-positive, -negative, polymicrobial and for no
bacterial burden. A total of 26 biopsies were also
sent for 16S rRNA sequencing. Of these, cultures
were positive in 17 and correlated with the species
identified through 16S rRNA results in 16 cases. In
five cases where there was no growth in culture,
the multispectral imaging device could still detect
the presence of bacteria as confirmed by 16S rRNA
results (using 50 reads as a cut-off) and thus be
used as an adjunct for monitoring wounds’ bacterial
burden over time.

Conclusions
The novel multispectral imaging device can be used
to effectively understand the bioburden in a wound
of clinical significance and the gram type of infect-
ing bacteria.
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Implications for clinical practice
The autofluorescence imaging device can assist doc-
tors in evaluating wounds’ bacterial burden level,
spatial bioburden extent and the gram type of bac-
teria present, thus aiding in effective debridement
and proper wound-management protocols.

INTRODUCTION
Diabetes, one of the most prevalent chronic diseases,
is projected to affect more than 700 million peo-
ple globally by 2050 according to the International
Diabetes Federation (1). People in underdeveloped
and low-income countries are more prone to develop
diabetes, and about 12-25% of those are at risk of
developing diabetic foot ulcers as well, which can
further lead to chronic wounds, amputation and even
death (2-6). Wound bacterial burdens are known to
be initially composed predominantly of gram-posi-
tive bacteria (such as Methicillin-susceptible/resist-
ant Staphylococcus aureus, Streptococcus), but as the
infection progresses, they become colonised by gram-
negative bacteria (such as Pseudomonas aeruginosa,

Klebsiella species) (7-12).

Wounds frequently differ in their clinical character-
istics, making the diagnosis of infections through
signs and symptoms alone difficult (13). In hospital
settings, the current standard method for detecting
bacterial burden requires a swab or deep tissue biopsy
for culturing microorganisms, followed by biochemi-
cal methods for species recognition and antibiotic
susceptibility testing, which usually takes 3-5 days.
In short, these methods fail to provide the immediate
clinical information (such as the presence/absence
of bacterial burden and gram type of bacteria) re-
quired for first-line treatment (14). In addition, the
culture sensitivity methodology has other limitations,
including a bias to certain species, depending on the
choice of growth medium and incubating conditions;
a requirement for special apparatus for anaerobic bac-
teria; and an inability to pick up the full diversity of
infecting organisms (2). Accurate identification of
polymicrobial species infecting the wound can only
be achieved using genotypic methods such as16s
rRNA sequencing, shotgun sequencing and so on
(15-16). However, these methods are cumbersome,
costly and have yet to be adopted in mainstream clini-

cal practice (14).

The ability to offer targeted treatment during a first
consultation offers a tremendous advantage for timely

wound healing. With proper and timely management

of a wound, clinicians can achieve resolution in >90%
of mild to moderate soft tissue infections (7); there-
fore, there is a significant need for a modality that
focuses on the early assessment and classification of

pathogenic gram types infecting a wound.

Multispectral imaging, which involves shining mul-
tiple wavelengths of light and collecting the emission
response, has proven to be a useful technique for
identifying and classifying bacteria based on their
autofluorescence (19). In addition, autofluorescence
imaging is label-free, which is advantageous in terms
of reduced complexity and cost. Studies have shown
that bacteria have characteristic emission fluorescence
when excited in the UV and blue regions of light,
contributed by metabolic and infectious markers such
as NAD(P)H, flavins, porphyrins and pyoverdine (in
the case of Pseudomonas) and so on (19-20). Previous
studies have also shown that gram-positive bacteria
typically have more fluorescence intensity in the red
region, due to an increase in the release of porphyrins,
compared to gram-negative bacteria. Similarly, some
gram-negative bacteria have increased NAD(P)H and
flavins, when compared to gram-positive bacteria (21-
22). In addition, Pseudomonas aeruginosa, which is
one of the most predominant pathogens present in
diabetic foot infections (21), has clearly distinguish-
able autofluorescence contributed by pyoverdine.
These key differences in the relative concentration
of biomarkers and autofluorescence in various spec-
tral bands can potentially be used to design a rapid,
non-invasive diagnostic technique for the presence/
absence of bacterial burden and the classification of
the gram type of the bacteria infecting the wounds.
Fluorescence imaging has emerged as a promising
point-of-care technique for monitoring bacterial
burden in wounds (21,22). Fluorescence imaging,
in combination with clinical signs and symptoms,
has been used to effectively monitor wounds with
moderate-to-heavy bacterial loads (23). Similarly, sur-
gical sites with a high prevalence of bacterial burden
have been assessed with point-of-care fluorescence
imaging devices (24). These results show that when
the standard clinical signs and symptoms are assessed
in conjunction with the inputs from fluorescence im-
aging, bacterial burden diagnostic accuracy improves.
A bacterial fluorescence imaging system was also used
for effective wound debridement, which results in
accelerated wound healing (25). Further studies have
demonstrated that the use of fluorescence imaging
to monitor wounds results in reduced antibiotic use

(>30%), a reduction in antimicrobial wound dress-
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Figure 1: Overview of Illuminate multi-spectral autofluorescence imaging platform for pathogen

detection and gram-type classification
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ings (>45%) and improved wound healing rates
(>20%) over 12 weeks (26). Overall, the improved
healing rates are projected to reduce annual wound
care costs by 10% in National Healthcare System,
United Kingdom. Recently, guidelines were evolved
for the detection of bacterial burden in wounds using
fluorescence imaging based on the Delphi consensus
protocol (27).

The current point-of-care devices for fluorescence
imaging require careful interpretation. In addition to
autofluorescence from bacterial bioburden, human
tissue has its own autofluorescence, contributed to,

for example, by collagen or elastin, thus it is impera-

Table 1: Age, gender, and ulcer grade distribution

> 9

/N

Gram positive
bacteria bacteria

Gram negative

tive to distinguish pathogenic autofluorescence from
this background noise. Advanced machine learning
techniques trained on data from skin and wound
regions can overcome the above limitations by pro-
viding correction for these interfering factors.

Innovation
To the best of our knowledge, lluminate® is the first
device to use multispectral autofluorescence imag-
ing integrated with machine learning to provide spa-
tial-temporal information on the presence/absence
of bacterial burden and gram type of bacteria infect-
ing a wound and to provide the ability to monitor

a wound continuously (Figure 1). We conducted a

No. of participants (%) N = 157

< 35 years 4 (2.55 %)
36-45 years 16 (10.19 %)
46-55 years 39 (24.84 %)
56-065 years 44 (28.03 %)
266 years 54 (34.39 %)
Median 60
Q1 51
Q3 69
IQR 18
Gender (M: F) 104:53
Wound Classification
Grade 1 5
Grade 2 33
Grade 3 60
Grade 4 59
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Clinical Generated

Tissue biopsy
region

Figure 2(a):

Gram negative bacteria infected wound

Patient ID: 6_64

Highlighted color-coded region is the Illuminate
prediction of the infection and gram type. Tissue
biopsy region is taken from this highlighted region
and the culture results are compared with the
[luminate device result.

Device Report: Gram Negative Bacteria

Culture Report: Pseudomonas spp., Heavy
Growth.

Clinical Generated

Figure 2(b):

Gram negative bacteria infected wound
Patient ID: 15_24

Device Report: Gram Negative Bacteria
Culture Report: Klebsiella species - Moderate
growth.

Clinical Generated

Figure 2(c):

Gram Negative bacteria infected wound

Patient ID: 21_184

Device Report: Gram negative bacteria

Culture Report: Pseudomonas sp. - Heavy Growth

Clinical Generated

Figure 2(d):
Gram positive bacteria infected wound
Patient ID: 20_34

Device report: Gram positive bacteria

Gram Staining Report: Gram positive cocci in pairs
& short chains
Culture Report: Enterococcus sp. - Scanty Growth

clinical study on diabetic foot ulcer patients to un-
derstand the clinical significance of this device for
bacterial burden identification and accuracy of the
gram type classification of bacteria in wounds, to aid

doctors in administering first-line treatment.

Clinical problem addressed

Currently, the assessment of wounds for the presence

or absence of bacterial burden based on visual char-
acteristics alone is subjective and can be erroneous.
In addition, information on the gram type of bacteria
infecting the wound using standard microscopy and
culture tests is both time-consuming and reagent-
intensive. Understanding the bacterial burden and
infection status and monitoring these infections in

a wound over time is of the utmost importance for
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Clinical Generated

Figure 2(e):

Gram positive bacteria infected wound
Patient ID: 22_30

Device Report: Gram positive

Culture Report: Staphylococcus sp. - Moderate
Growth

Clinical Generated

Figure 2(f):
Gram positive bacteria infected wound
Patient ID: 17_32

Device Report: Gram positive

Culture Report: Staphylococcus sp.

enabling wound closure. Further, identifying bacte-
rial burdens that are of clinical relevance is equally
important, as wounds have high loads of commen-
sals present. A bacterial load >10% CFU/g is usually
considered to be of clinical significance, and earlier
fluorescence imaging methods have been able to de-
tect bacterial burden above this value effectively (23).
With the imaging device, the algorithm thresholds

are adjusted to detect a bacterial load >10* CFU/g.

MATERIALS AND METHODS
Study design
An interventional single-arm comparative study
was carried out at a tertiary care centre in Chennai,
India after obtaining institutional ethics committee
approval (IEC 031#HYC/IEC/2018). The study was
registered with the Clinical Trial Registry of India
(Reg. No. CTRI/2018/10/016147). Adults (>18
years) diagnosed with diabetic foot ulcers and who
were willing to give their consent were included in the
study and imaged on their first visit, and during any
follow-up visits to the hospital. Patients’ diabetic sta-
tus was confirmed from various standard biochemical
tests that measure blood sugar levels. Patients with
infections under intact skin and/or with pre-existing
skin conditions, such as eczema or psoriasis in areas

close to the wounds, were excluded from the study.

Imaging procedure with the multispectral
autofluorescence imaging device
All multispectral images were collected using the de-
vice in either a dark room, or by covering the wound

with a black hood to minimise interference due to

ambient light. Patient details were entered into the
device, and the wounds were cleaned with normal
saline solution before imaging. The device was held
10-12 c¢m from the wound region. A guide icon on
top of the application page, which uses information
from the distance sensor integrated into the device,
ensured that the required distance of ~10 cm was
maintained during imaging. The capture button was
then pressed, to record a series of >15 multispectral
autofluorescence images in <20 seconds. Upon suc-
cessful imaging, the user was prompted with a white
light clinical image to ‘lasso’ the region of interest
to assess the bacterial burden. The built-in image
processing (to compensate for the slight movement
of patients during the imaging and identify regions
of interest) and an edge-inferencing machine learn-
ing algorithm (to detect and classify bacteria causing
infections) then displayed a colour-coded overlaid
image of the wound, along with the infected region
(if any) and the gram type of bacteria. The device
also displayed the length, breadth and area of the
wound based on proprietary wound segmentation
algorithms. A guided swab/tissue sample was taken
from the infected region predicted by the device and
sent for microbial culture, and the presence/absence
of the bacterial burden, along with the gram type,
were compared with the report generated from the
device. Patients were imaged progressively, and a pro-
gressive report tracking/monitoring the wound was
also displayed to get a quick understanding of the

wound status during follow-up visits.
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Table 2: Organisms isolated from tissue biopsy samples

Organism type

Pseudomonas spp.
Enterococcus spp.
Klebsiella spp.

E. coli
Proteus mirabilis
Morganella morganii
Staphylococcus aureus
Non-fermenting gram negative bacilli
Streptococcus spp.
Enterobacter spp.
Acinetobacter spp.
Aeromonas spp.
Citrobacter koseri
MRSA
Candida Spp.

Occurrence in tissue samples

e e = Y A N BN )

Image processing and machine
learning algorithms

After collecting multispectral autofluorescence im-
ages, thresholding was applied to identify the regions
exhibiting higher autofluorescence, and spectral
intensity features were extracted from each of the
threshold images and sent for machine learning.
The algorithm’s image-processing thresholds were
adjusted to detect bacterial loads, typically >104
CFU/g. The machine learning algorithm based on
random forests (a highly accurate ensemble classi-
fier) was trained using an 80:20 data split ratio. The
hyperparameters, such as the number of trees, tree
depth, split criterion and so on, were optimised for
maximum accuracy. A five-fold cross-validation was
done to assess the accuracy of pathogen detection
and gram type classification.

After two minutes, the machine learning algorithm
could detect and classify the gram type of bacteria,
and the built-in application displayed a wound re-
port, as shown in Figure 2a—f. Both clinical and de-
vice’s post-processed wound images were displayed
for easier comparison. Gram-positive bacteria are
colour-coded in red, and gram-negative bacteria are
in green.

Specimen collection
Following debridement, a deep-tissue biopsy was

taken from the colour-coded region of the wound

area, as indicated by imaging device. Specimens were
placed in sterile transport containers and delivered to
the certified microbiology laboratory for gram stain-
ing, culture and antimicrobial susceptibility testing.
The laboratory personnel were blind to the findings
of the device. Some samples were also sent for 16s
rRNA sequencing, for comparison of the culture re-
sults for bacterial species identification. Samples were
also taken from regions of no fluorescence, to serve
as controls. No antimicrobial agents were adminis-

tered into the wounds before specimen collection.

Cultures

All tissue biopsies obtained post debridement were
cultured at a National Accreditation Board for Test-
ing and Calibration Laboratories-accredited labo-
ratory and analysed initially by gram-staining and
conventional aerobic methods by plating into various
enriched and differential growth medias. The colo-
nies were then sent for biochemical assay for species
recognition. Bacterial load was estimated by a plate
count semi-quantitative analysis and then graded as
scanty, light, moderate or heavy (1+, 2+, 3+ or 4+),
wherein moderate and heavy growth indicated a sig-
nificant bacterial load (i.e., greater than 100,000 per
gram of tissue). An antibiotics susceptibility profile
was then obtained using the disk diffusion method,
as per Clinical and Laboratory Standards Institute
guidelines.
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Table 3: Confusion matrix for infection and gram type classification

87 2

GN GP

NG GPGN

Predicted label

16S rRNA sequencing
16S rRNA gene amplicon sequencing was performed
on a subset of 26 patient samples at a certified labo-
ratory. DNA was isolated from the tissue samples
using the EXpure microbial DNA isolation kit. PCR
was used for selective amplification using 27F and
1492R primers targeting the V3 and V4 regions.
Unincorporated PCR primers and dNTPs from the
PCR products were removed using the Montage PCR
cleanup kit. The quality, quantity (-100 ng/pl) and
formulation of the PCR product was checked using
a Qubit Fluorometer 3.0. Nanopore sequencing was
subsequently used on a 1 pg DNA template, and the
results were analysed using the EPI2ZME 16S analysis
workflow. Finally, 16S rRNA sequencing results were
compared with the results obtained from the culture

method and the fluorescence imaging device.

Statistical analysis
The sample size was calculated to be 164 at a 99%
confidence level, with a 10% margin of error. Cor-
relation between the gram type obtained from fluo-
rescence imaging device and the tissue biopsy culture
was assessed using Cohen’s Kappa method in IBM’s
SPSS software. The results from the device were com-
pared with the culture results for gram type identifica-
tion, and the multi-class performance metrics, such
as accuracy, sensitivity and specificity were calculated

using standard formulas (28).

RESULTS
Clinical characteristics of the subjects
A total of 157 diabetic foot ulcer patients (104 males,

53 females) with a median age of 60 years were en-
rolled in the study, and 177 tissue samples were ob-
tained from these patients. Nine wounds were present
in the distal phalanges, 34 in the dorsal regions, 8
in the lateral heel region, 28 in the medial aspect of
the heel, 67 in the plantar region, 10 in the posterior
regions and 1 in the anterior tibia. In terms of the
Wagner classification scoring system, 5 patients had a
Grade 1 ulcer, 33 had a Grade 2 ulcer, 60 had Grade
3 ulcer and 59 had a Grade 4 ulcer (Table 1).

Organisms isolated in culture
Fifteen pathogens were isolated from the 177 tissue
biopsies collected (Table 2): 112 gram-negative, 43
gram-positive and 1 fungus; 42 reports came back
showing ‘no growth of bacteria’. Pseudomonas species
has the highest occurrence (40 samples), followed by
Enterococcus (22) and Klebsiella (20) species.

Inferences
The device picked up 111 wounds with gram-nega-
tive bacteria, 25 with gram-positive bacteria and 15
wounds with both gram-positive and -negative bac-
teria. A further 26 wounds had no bacterial burden.

Statistical data
Cohen’s kappa was used to determine the probability
of an agreement between gram type results obtained
from both the semi-quantitative culture test and the
multispectral imaging device in 177 tissue samples.
A good agreement was found between both meth-
ods, K = .774, 95% CI, [-.0359 to .121], p< .001.

The results of the machine learning algorithm are
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Table 4: Machine learning performance of the Illuminate device

PPV 78.38 76.00 92.31 86.67

NPV 92.42 97.37 88.08 95.68
Accuracy 83.62 94.35 88.70 94.92
TPR (Sensitivity) 94.57 82.61 57.14 65.00
TNR (Specificity) 71.76 96.10 98.52 98.73

GN= Gram Negative; GP= Gram Positive; TP= True Positive; FP= False Positive; TN= True Negative;
FN= False Negative; TPR= True Positive Rate; TNR=True Negative Rate; PPV= Positive Predictive Value;

NPV= Negative Predictive Value

summarised in the confusion matrix provided in
Table 3. The class-averaged accuracy of the device
was found to be 90.4%, with a positive predictive
value of 78.38% for detecting gram-negative bacteria,
76.00% for gram-positive bacteria, 86.67% for pol-
ymicrobial (GP&GN) bacterial burden and 92.31%
for no significant bacteria burden (no growth). The
negative predictive value was found to be 92.42%
for gram-negative bacteria, 97.37% for gram-positive
bacteria, 95.68% for polymicrobial bacterial burden
and 88.08% for no growth. The sensitivity for gram-
negative bacteria was 94.57%, 82.61% for gram-
positive, 65% for polymicrobial and 57.14% for no
growth. Specificity for gram-negative was 71.76%,
96.10% for gram-positive, 98.73% for polymicrobial
and 98.52% for no growth. It should be emphasised
that, since the accuracy of the gold standard culture
method is not 100%, the accuracy of the fluorescence
imaging device could be potentially much higher.
The device’s imaging results and comparisons with
the culture report for various wounds with gram-pos-
itive bacteria, gram-negative bacteria and no growth

are shown in Figure 2.

16S rRNA sequencing results
To better assess the performance of the fluorescence
imaging device in the detection of bacterial burden,
16S rRNA sequencing was conducted to provide
more information on the polymicrobial species pre-
sent in the wound, as compared to a standard cul-
ture test. The results of 16S rRNA sequencing were
compared with the results obtained by the fluores-
cence imaging device and the culture method for the
presence/absence of significant bacterial bioburden.

Of the 26 biopsies compared with the 16S rRNA

sequencing and culture method, the culture method
gave positive results in 17 cases. In these 17 cases,
the species identified by the culture method corre-
lated with at least one of the species identified by
the 16S rRNA sequencing results in 16 cases. The
device also showed significant levels of bacterial bur-
den, which correlated with both the culture and 16S
rRNA results. However, the culture method showed
no growth in several cases (9 cases), where the 16S
rRNA results showed significant reads (>50 reads for
at least one organism) in five samples. Interestingly,
in four of the five cases, the fluorescence imaging
device was still able to show the presence of bacterial
burden, demonstrating the superior sensitivity of the

device, as compared to the culture.

DISCUSSION
Understanding bacterial burden is important for
the effective management of diabetic foot ulcers
and preventing downstream complications. Earlier
studies have shown that the clinical evaluation of
signs and symptoms (CSS) has a low accuracy rate for
identifying wounds with moderate to heavy bacterial
burdens (23). CSS is typically based on the clinical
signs of critical colonisation (NERDS) or infection
(STONEES) (29). The accuracy results vary widely
among the studies, ranging from <30% (23) to <80%
(29), hence, a better technique is needed for accu-
rate wound bioburden assessment. It is well known
that pathogens emit autofluorescence when excited
with UV and violet/blue regions of light during the
phase of growth and infection (21-22). This weak
autofluorescence is typically studied using standard
spectrofluorometers, which are both expensive and
bulky, making them difficult to adopt in a point-of-
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care setting (30). A novel portable and handheld mul-
tispectral imaging device was developed for rapid and
non-invasive bacterial burden assessment at the bed-
side in under 2 minutes (31-31). The device detects
bacteria that have infected the tissue and are express-
ing significant metabolic activity, as the device mainly
targets NAD(P)H and flavins. The device integrates
multiple wavelengths of light both in the UV-A and
violet regions and captures weak autofluorescence at
different spectral emission bands using high optical
density to minimise background autofluorescence.
These spectral images are fed to an image processing
and machine learning algorithm that compares these
images and identifies significant bacterial burden re-
gions based on the differences in autofluorescence
intensities at various spectral bands before classifying
them based on the gram type.

This study was carried out to detect the accuracy
of the device in comparison with the current gold
standard culture method and proved that the device
is capable of accurately detecting and distinguishing
the gram type of bacteria within 2 minutes. Thus,
fluorescence imaging device can be used as a first-
line screening solution, especially when access to
microbiology labs is problematic (33). In addition,
the results show that the device has a better sensitiv-
ity and specificity in identifying bacterial burden,
compared to the standard CSS technique. The device
also enables evidence-based continuous monitoring
of patients’ wounds during hospitalisation, rather
than visual inspection, making wound tracking easier.
At present, it is difficult to accurately assess if infected
tissues have been removed completely post debride-
ment using CSS alone. Fluorescence imaging can aid
in effective debridement (25), as demonstrated in
earlier studies, and the device used in the present
study was also able to improve debridement efficiency
by providing immediate feedback regarding the status
of bacterial burden after debriding each layer. This
also saves healthy viable tissue from excessive debride-
ment, improving wound healing. Further, the device
can be used to check whether a wound area is free of

bacterial burden before tissue grafting.

There are several instances when a wound may ap-
pear infected clinically, but the culture report shows
no growth. This could be the result of concurrent
antibiotic therapy, the ability of culturing to pick only
out certain types of bacteria or a defective wound
swabbing/biopsy site (34-37). Devices such as the

novel multispectral imaging device can guide accu-

rate swabbing by identifying areas with the highest
levels of bacterial burden, leading to a better under-
standing of the overall microbial burden, especially
for polymicrobial wounds, for further therapeutic
interventions. In addition, the device helps doctors
to identify bacterial burdens away from the wound,
which can potentially be missed by visual inspection
alone.

Despite the above, the manual interpretation of mul-
ti-spectral autofluorescence images is difficult, subjec-
tive and requires significant training. This cumber-
some process might pose severe challenges in terms
of ensuring the accuracy of decisions. This is where
machine learning plays a vital role, as it corrects for
the background noise caused by tissue autofluores-
cence and automatically classifies infected regions as
gram-positive or gram-negative. The colour-coding
aids in effective spatial understanding of pathogen
presence in the wound. Typically, it is assumed that
the bacterial burden is present at the centre of the
wound, at the site of maximum slough, but the device
was frequently able to detect the presence of patho-
gens, including pseudomonas, away from wound, at

the peri wound site, providing hints about the reasons

behind delayed wound healing.

Limitations
The device has the following limitations. Bone, ten-
don and fat regions of wounds have autofluorescence
of their own, primarily contributed by collagen. The
algorithm may misrepresent these regions as infected,
due to high levels of autofluorescence. Hence, the
results from the device must be clinically correlated
in such scenarios. The presence of betadine and other
cleaning solutions that are fluorescent in nature will
also interfere with these weak autofluorescence sig-
nals; hence, the wound must be thoroughly cleaned
with saline solution before imaging. In future,
through advanced image processing and machine
learning techniques, it may be possible to compen-
sate for the interference from betadine fluorescence
and extract the bacterial fluorescence signatures to as-
sess the bioburden, especially at high bacterial loads.
Surgical sutures and cotton dressing remaining on
wounds might also predict a false bacterial burden,

hence one needs to be cautious while imaging.

CONCLUSION
The device is a first-of-its-kind device that uses mul-
tispectral autofluorescence imaging combined with
machine learning for the rapid detection of bacte-

rial burden and gram type classification on diabetic
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foot wounds. The device demonstrated >90% class-
averaged accuracy, compared to the current gold
standard culture method in gram type classification.
In addition, the device can pick up bacterial bur-
dens, even in cases the culture report has missed, as
confirmed by 16S rRNA sequencing. Thus, the de-
vice can guide doctors towards guided debridement,
the right first-line treatment protocol and improved
wound tracking.

IMPLICATIONS FOR
CLINICAL PRACTICE
= Doctors and clinicians can obtain an instant
understanding of the bioburden on the wound

and gram type of infecting bacteria.

® The device aids in effective wound debride-

ment.

m Doctors can optimise dosages and prescriptions
based on the bacterial type and bioburden

present on the wound.

Further research
Areas for further research could include:
m Large-scale studies correlating the performance
of the device with the results from metagenome
studies.

# Quantification of the bioburden using a

fluorescence imaging device.

= Longitudinal tracking of bioburden and
correlations with wound healing in ulcer

patients.
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Key messages
® A novel multispectral imaging device is a first
of its kind device which uses multispectral
autofluorescence imaging combined with
machine learning for rapid detection of
bacterial burden and gram type classification
on the diabetic foot ulcers.

u The device demonstrated >90% class-averaged
accuracy as compared to the current gold
standard culture method in gram type
classification and can pick-up bacterial burden
even in cases where the culture method has

missed as confirmed by 16S rRNA sequencing.

u It can assist doctors towards right first line
treatment protocol, guided debridement, and

effective wound tracking.
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