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Bacterial Fluorescence Imaging to Address Racial
Inequities in Wound Infection Assessment

Charles A. Andersen, MD, MAPWCA; Gabriel Ayoola, PhD; Alton R. Johnson, Jr, DPM, CWSP; Jonathan Johnson, MD, MBA;
Martha R. Kelso, RN, HBOT; Thomas E. Serena, MD, MAPWCA; and Alisha Oropallo, MD

acial and ethnic minority populations experience

significant outcome disparities across all medical

specialties. Patients with dark skin tones in wound

care experience more chronic wounds and poorer
healing than White populations.'? In turn, those with dark
skin tones are also likely to have more severe pressure
injuries and higher amputation and mortality rates.”
Research has begun to unravel the complex factors un-
derlying these disparities, including social determinants
of health, lack of skin tone diversity in medical research,
and unconscious provider biases.*” Racial and ethnic mi-
nority populations may experience suboptimal care and
outcomes because of language barriers, cultural differ-
ences,® medical mistrust, and lack of implicit trust.” Criti-
cally, addressing these disparities necessitates a comprehen-
sive approach encompassing policy changes, cultural compe-
tency training for healthcare professionals, improved access
to high-quality care, and community engagement aimed at
building trust and meeting the distinct needs of racial and
ethnic minority communities.

Wound infection mounts over time as bacterial loads
accumulate, beginning with innocuous contamination that
starts to impede healing processes upon reaching loads
around 10* colony-forming units (CFUs) per gram.'” Clin-
ical infection is typically associated with bacterial loads
above 10° or 10° CFU/ g, confirmed via deep tissue or
swab cultures; however, this is dependent on the spe-
cies present as well as host factors. Accurately identify-
ing bacterial infection, particularly in the early stages, is
key to preventing deterioration and serious complica-
tions.'® Chronic inhibitory bacterial load (CIBL) is a rel-
atively new diagnostic term that describes the persis-
tent presence of pathologic bacteria levels that prevent
healing and increase infection risk, with or without
symptoms typically associated with infection."® Clini-
cians frequently fail to recognize symptoms of infec-
tion or CIBL in individuals with dark skin."! This leads
to misdiagnoses and delayed treatment, resulting in

disproportionally poor outcomes for patients with
dark skin tones.

Detecting wound infection using clinical symptoms,
most notably visual indications, can be challenging in all
skin tones, but more so in patients with dark skin. Why is
equitable wound assessment such a challenge? Clinicians
need to recognize the importance of approaching wound
assessment differently in patients with dark skin tones."
Improving clinical signs and symptoms (CSSs) training alone
is unlikely to address this disparity; however, integrating
objective technologies has shown great promise. Bacterial
fluorescence imaging enables clinicians to identify CIBL
promptly and intervene early, ideally before infection."
It also reduces the need for systemic antibiotic therapy.'?

In this article, the authors discuss how skin tone can
complicate the identification of wound infection or CIBL
through the lens of a recent research study by Johnson
et al"! calling attention to this issue. They also highlight
bacterial fluorescence imaging as an emerging biotech-
nology to help bridge the gap between the current stan-
dard of care and improved wound assessment.

SKIN TONE INFLUENCES THE APPEARANCE OF CHRONIC
WOUND INFECTION
Understanding how skin tone (ie, melanin content) influ-
ences the appearance of common signs of chronic wound
infection or CIBL and how its misinterpretation can af-
fect patient outcomes is crucial for advancing equitable
healthcare. Although pathogenic bacterial loads above
10* CFU/g of tissue can set the stage for a more aggres-
sive wound infection, even the highest bacterial loads in
patients with a wound may fail to express recognizable
clinical symptoms.'” As a result, delay in healing, as in-
dicated by poor wound area reduction after 4 weeks of
treatment, is often the first sign that bacterial infection
or CIBL may be present."

A recently published study by Johnson et al'! analyzed
clinical assessment findings and quantitative bacterial
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culture data from 350 chronic wounds to assess the oc-
currence and potential drivers of racialized disparities in
wound infection assessment.'’ The analysis revealed
that infections, as identified by the presence of three or
more CSSs, were reported less often among patients with
Fitzpatrick scores of 5 or 6 despite there being no signifi-
cant difference in the amount of wound bacteria present
(10° CFU/g, on average) in those patients versus patients
with lower Fitzpatrick scores (1-4). The Fitzpatrick scale
is a tool commonly used to classify patients according to
their skin tone in relation to their response to UV light
exposure. In all patients, the sensitivity of CSSs was poor
(15%), and in patients with dark skin (scores 5 and 6), the
sensitivity was only 3%.

What caused this disparity in assessment? The study re-
vealed that the frequency of detection of erythema,
wound breakdown and enlargement, and delayed healing
varied based on skin pigmentation: these symptoms were de-
tected less frequently among patients with high skin pigmen-
tation. These findings were statistically significant, or near
statistically significant in the case of erythema; there were
no significant differences for the other infection symptoms
studied. The rationale for poor erythema detection is evident:
melanin pigmentation can alter the perception of erythema
by creating a different color appearance.'* A darker or more
purplish hue may be apparent, thus making it more difficult
to accurately assess the extent and severity of erythema—the
limited educational references for wound assessment on skin
of color compound this diagnostic challenge. The rationale
for less frequent diagnosis of wound breakdown and de-
layed healing needs to be clarified.

The current point-of-care approach to detecting infec-
tion or CIBL in wounds and subsequently indicating the
need for intervention (including sampling) is mostly based
on CSSs. This approach is counterintuitive because CSSs
are often absent or muted at this stage and/or in this pa-
tient base, leading to missed timely intervention and in-
appropriate use of antimicrobials and antibiotics. This
lack of adequate diagnostics puts patients with dark skin
tones at a distinct disadvantage in terms of wound care.
Because CSSs are less frequently detected in dark skin,
infection diagnosis and treatment are delayed, contribut-
ing to disproportionally poor outcomes. Education cam-
paigns are essential to enhance the accuracy of CSSs-based
wound status assessment among patients with dark skin
tones, thereby facilitating a positive transformation in
their healthcare. These initiatives should involve the de-
velopment of practical guidance by medical educators,
professional wound care associations, and clinicians. In
addition, collaboration with regulatory bodies such as
the CMS and the US FDA is crucial to support education
initiatives through medical policy. Another key step to-
ward equitable wound care is the universal adoption of
objective assessment measures.
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BACTERIAL IMAGING AS AN OBJECTIVE AND EQUITABLE
DIAGNOSTIC TOOL

The past decade has seen a surge in biotechnology ad-
vances that enable more objective assessment of patients
with all skin colors. Technology to assess wound healing
progress systematically and indiscriminately for all patients is
key to mitigating disparities in current clinical assessment. To
that end, implementing technologies that objectively mea-
sure changes in wound size and wound bacterial infec-
tion markers (eg, bacterial autofluorescence imaging,
thermal imaging) can better inform treatment decisions.

Johnson et al' undertook a post hoc clinical trial analy-
sis to assess the performance of bedside fluorescence im-
aging for identifying and mapping regions of high bacte-
rial loads across patients with a range of skin pigmen-
tation."" The imaging device (MolecuLight; MolecuLight,
Inc) detects locations of bacteria at loads greater than
10* CFU/g by safely illuminating the wound with violet
light. In turn, bacterial metabolites emit endogenous fluo-
rescence signals registered by the device (red for most
species or cyan/bright white with a greenish blue “halo”
for Pseudomonas specifically). The device also has digital
wound measurement capabilities. However, the original
clinical trial was a single time point and did not investi-
gate wound area changes over time.

Johnson et al'! found that combining clinical assessment
with bacterial fluorescence imaging significantly improved
the detection of high bacterial loads in wounds across all skin
pigmentations. The most significant benefit was observed in
patients in the higher pigment group (12-fold improvement).
Despite evidencing a clear trend toward enhanced detection
sensitivity among all skin tone groups, the detection sensitiv-
ity varied between groups and remained the lowest
among patients with high skin pigmentation. This, along
with the inherent principles of fluorescence imaging,
may suggest that melanin content could interfere with
bacterial fluorescence signals by competitively absorbing
violet light. However, more research is needed to under-
stand this potential confounding factor.

Using the imaging device, the treating clinician accessed
immediate information on the wound'’s bacterial status
without requiring invasive measures (eg, wound sam-
pling) and achieved a higher detection sensitivity than
standard, CSSs-based infection assessment. Similarly,
Andersen et al'® reported the ability of bacterial auto-
fluorescence imaging for instances of wound-associated
cellulitis that would have otherwise gone clinically un-
detected; they used these insights to guide management
up to resolution. Other studies have demonstrated that
leveraging imaging insights frequently changes treatment
plans. This includes alerting the clinician to the need for
additional cleansing or debridement,'®!” the need for
antimicrobials (including dressings),'® and facilitating
more accurate and representative culture samples.'®

WWW.ASWCJOURNAL.COM



—n Practice Reflections

8/ +AWAOANDMMNBeAAIAVYO/YIAEIDTIASALLIAIPOOAEIEAHION/ADAUMYTXOMA

DYOINXFOHISABZIUTCH+erNIOITWNOIZTARNHADSINQUE AQ [eUINODMSE/WOD" MM|"S[euINol//:dny WOy papeojumoq

¥202/T€/80 Uo

The ability to redesign, on-thespot, personalized and
evidence-backed treatment plans is the crux of the clinical
utility of bacterial fluorescence imaging. All patients, but es-
pecially those with dark skin tones, would benefit from incor-
porating objective, unbiased diagnostics. However, under-
privileged populations such as racial minorities, older
adults, or long-term-care residents are often the last to gain
access to emerging healthcare technologies. This is especially
true for those who receive care in resource-limited settings
or who live in geographic clusters of poverty. Census data
have shown that residential segregation of racial and ethnic
minority patient gpopulations limits their access to primary
care physicians." Further, these minority populations more
frequently live in regions of concentrated poverty in the
US than do White populations,® limiting their access to ad-
equate healthcare or resources needed to maintain at-home
care plans. In this context, there is immense value in imple-
menting easily accessible, bedside technologies that improve
early and proactive diagnoses of wound infection.

CLINICAL EXAMPLES OF WOUNDS ON PATIENTS OF COLOR
Figure 1 illustrates examples of wounds on a range of skin
tones. Objective localization of bacterial regions (red or
cyan/bright white with a greenish blue “halo”) is clear
from the accompanying fluorescence images, including
the wounds on dark skin. This detection enhancement
has proven advantageous even for the most experienced
clinicians in terms of fluorescence image interpretation.''

Irrespective of racial bias, the issue of missing covert
bacterial loads during unassisted clinical assessment is
all too common among chronic wounds with a torpid
evolution and atypical presentation.'” Following are
two case examples of patients with dark skin tones and

complex wounds for whom fluorescence imaging find-
ings provided insight that led to more effective treat-
ments. Case 1 describes a patient for whom debridement
was ineffective and oral antibiotics were needed, and case 2
describes a delay in a planned skin grafting procedure due
to unsuspected Pseudomonas. Both patients provided con-
sent for their case details and images to be published.

Case 1
A 24-year-old man with Fitzpatrick score of 6 and a
medical history of incomplete paraplegia because of a
spinal injury in 2017 presented to the wound clinic with
an unstageable pressure injury to the sacrococcygeal re-
gion and right ischium (Figure 2). Upon initial clinical
assessment, erythema and scarring surrounded the sacral
injury; however, the investigator determined that the
wound did not contain excessive bacteria levels. Follow-
ing cleansing with sterile 0.9% sodium chloride, the wound
was scanned with a fluorescence imaging device in search
of covert areas containing high bacterial loads. Extensive
red (bacterial) fluorescence was observed in and around
the sacral injury, and targeted, sharp debridement was
performed under fluorescence guidance. However, un-
able to debride further, the last fluorescence scan demon-
strated persistent bacterial loads. As a result, the provider
prescribed oral doxycycline to control the persistent bac-
terial contamination and applied antimicrobial dressings.
Following the initial assessment, the patient received
care from a home health nurse twice a week and returned
to the clinic weekly for reassessment, including fluo-
rescence scans. Two weeks into treatment, the bacterial
regions were vastly reduced, the erythema had resolved,
and a slough formed over the healing wound. After

Figure 1. STANDARD (TOP) AND FLUORESCENCE (BOTTOM) IMAGES OF CHRONIC WOUNDS ACROSS A RANGE OF
SKIN TONES (FITZPATRICK SCORES 1-6)

Red/yellow fluorescence indicates most bacterial species at loads >10* CFU/g (panels 1-4, 6), whereas cyan/bright white fluorescence signal with a greenish blue “halo” indicates

& .(W-z"
,

Pseudomonas aeruginosa specifically (panel 5).
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Figure 2. CASE 1

Initial wound
assessment

Standard images

Fluorescence

Abbreviation: FL, fluorescence.

3 months of treatment, the wound continued to heal with
the persistent removal of bacterial fluorescence near the
sacrum. There was a resurgence of bacterial fluorescence
at the 3-month visit, which is not uncommon in sacral
pressure injuries due to urine and fecal matter. However,
the ability to monitor this bacterial presence and address
it through targeted hygiene offset this challenge.

Case 2

A 39-year-old woman with Fitzpatrick score of 5 pre-
sented with surgical site complications following a re-
duction mammoplasty (Figure 3). She was scheduled
for a split-thickness skin graft at this visit, and upon clin-
ical assessment, the wound’s condition appeared suitable
for grafting (no overt signs of infection). As per standard
practice at the Madigan Army Medical Center wound clinic,
the wound was scanned for bacterial fluorescence prior to the
grafting procedure. Imaging revealed cyan fluorescence,
appearing in this case as a bright white signal with a green-
ish blue “halo,” indicative of Pseudomonas aeruginosa at
>10* CFU/ g, along the wound border, on the wound dress-

Figure 3. CASE 2

3 weeks
of treatment
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3 months
of treatment

ing, and on the debrided skin. Pseudomonas drastically
reduces grafting success, and its presence is predictive
of graft failure.”" Although it can have a unique clinical
presentation (odor, greenish tinge), Pseudomonas is clini-
cally inapparent in up to 20% of wounds, and yet likely
to construct a tenacious biofilm that reduces antibiotic ef-
fectiveness. Therefore, the skin graft was postponed be-
cause of these imaging findings. The patient was treated
with targeted debridement to disrupt the biofilm and IV
antibiotics to clear the bacteria. Culture results from a
sample collected from the fluorescence-positive region
later confirmed the presence of Pseudomonas resistant to
all oral antibiotics.

Upon examination after 2 weeks of IV antibiotics, the
wound had decreased in size, and there were no CSSs
of infection. Repeat fluorescence imaging still demon-
strated Pseudomonas on the wound dressing and debrided
skin and a yellow signal in the wound bed indicating sub-
surface bacterial loads. Because the bacteria were not re-
solved, the grafting was postponed again, and the patient
continued to receive IV antibiotics. On follow-up after

Cyan/white FL on
debrided skin \

Abbreviation: FL, fluorescence.
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1 month of antibiotics, the wound size had significantly
decreased, and grafting was not required.

CONCLUSIONS

The authors strongly believe that increasing access to technol-
ogies that narrow the assessment disparity, such as bacterial
fluorescence imaging, can transform wound assessment for
patients of color. Its visual nature transcends language bar-
riers, aiding non-English speakers, and its portability facili-
tates use in remote areas and health campaigns. Proactive
wound care enables early intervention, possibly reduc-
ing complications and improving population health. ®
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