Glogovac Kosanovi¢ et al. Scr Med. 2025 Mar-Apr;56(2):245-53.

ORIGINAL ARTICLE

DOI:10.5937/scriptamed56-55187

Effectiveness and Safety of Lysozyme Chloride-Based
Cream on Healing of Grade-Two Pressure Ulcers: A Pilot

Study

Milkica Glogovac Kosanovi¢,' Tatjana Bucéma," 2 Drasko Prtina,! Aleksandar Gaji¢,® Aziz

Sukalo,* Meliha Mehi¢,* Amna Tanovié¢ Avdié,* Una Glamoglija 8

Abstract

Background/Aim: Pressure ulcers develop due to prolonged periods
of increased pressure on certain parts of the skin and underlying tissue.
This study aimed to evaluate the efficacy and safety estimates of lyso-
zyme-based cream in the treatment of pressure ulcers of grade two ac-
cording to Yarkony-Kirk scale.

Methods: Adult patients with neurological diseases and severe functional
deficits with grade-two pressure ulcers according to Yarkony-Kirk scale
were included. All patients were treated with polarised light. Additionally,
the patients were treated twice daily with a cream containing 20 mg/g
of lysozyme chloride (lysozyme group) or with povidone-iodine dressings
(control group). Visual checks of the ulcer were performed at the baseline
and daily until the end of follow-up. Safety was evaluated by the presence
of adverse reactions to treatment. Patients were followed for two months
or less in case of withdrawal from the study, ulcer healing, or worsening.
The Yarkony-Kirk scale grade was determined at the end of follow-up for
each patient and one of the four categories was recorded: healed, im-
proved, no changes or worsened.

Results: A total of 48 subjects were included, 28 (58 %) in the lysozyme
and 20 (42 %) in the control group. Age, sex, pressure ulcer position and
duration of follow-up were similar between groups. The percentage of
healed pressure ulcers was significantly higher in the lysozyme (71 %)
compared to the control (35 %) group (p = 0.005). No adverse reactions to
treatments were recorded.

Conclusion: The lysozyme-based cream was found to be effective and
safe in the treatment of grade-two pressure ulcers. Additional randomised,
blinded, larger studies are needed to confirm these findings.

Key words: Lysozyme; Pressure ulcer; Therapy; Povidone-iodine; Light,
polarised.
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Introduction

Pressure ulcers develop due to prolonged periods
of increased pressure on certain parts of the
skin and underlying tissue.! It is estimated that
1-2 % of the global population suffers from
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difficult wounds. Pressure ulcers are among the
complications of hard-to-heal wounds that can
be caused by different factors? including diseases
or injuries of the nervous system resulting
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in immobilisation of patients for a prolonged
time. 3 Patients with neurological disease are
at increased risk of developing pressure ulcers.*
The development of pressure ulcers involves the
mechanical load of the skin over bones. It can
start from superficial damage to the skin or from
deep tissue damage.! Risk factors are divided
into external mechanical boundary conditions
and internal susceptibility of the individual.?
The Yarkony-Kirk scale can be used to classify
pressure ulcers from grade one (a red area) to
grade six (joint space involvement).

Preventive measures are crucial in patients
with a risk of developing pressure ulcers. Those
include repositioning, skin hygiene, continence
management, usage of bed linen with low friction,
usage of prophylactic dressings and customised
nutrition. Several care and treatment options are
available to prevent the deterioration and induce
the healing of already-developed pressure ulcers.
Those involve pain management, support for
skin healing and customised nutrition.? Various
treatments are applied to support skin healing.
Wound cleaning is performed with saline or
water, surfactant-antimicrobial, or antiseptic
such as povidone-iodine. It is a good practice to
use cleansing solutions with antimicrobials in
case of suspected or developed infection since the
microbial invasion, especially if accompanied by
biofilm formation, can lead to the deterioration
of pressure ulcers. Appropriate wound dressings
are crucial to improve healing and regeneration.?
An improper pressure ulcer management may
interfere with rehabilitation and functional
recovery,® worsening patients’ quality of life,”
8 prolonging the time of hospitalisation’ and
sometimes leading to surgical treatments.?

Despite all available knowledge and guidelines,
pressure ulcers still present a significant burden
and reason for high healthcare costs. The pooled
estimate of incidence in observational studies
published between 1997 and 2017 was 12 %
(95 % CI: 10-14).* The data from the Global
Burden of Disease (GBD) Database suggest that
there is an increase in incidence rate with a
decrease in mortality and disability-adjusted
life-years (DALYs) for the period between
1990 and 2017 in most of the European Union
countries, Australia, Canada and the United
Kingdom. Despite different treatment options
available, priority interventions are still not
defined' and additional research is warranted
to overcome this global problem. One option

is to use the beneficial effects of lysozyme, an
enzybiotic that could be utilised in the treatment
of pressure ulcers. Lysozyme has antimicrobial,
pro-regenerative, immunomodulatory and anti-
inflammatory effects.’® It was found to be able to
inhibit bacterial biofilm formation and decrease
pain.!+16

The aim of this study was to estimate the efficacy
and safety of lysozyme chloride-based cream in
the treatment of grade two pressure ulcers that
will be used for planning an efficacy study with
sufficient power.

Methods

Subjects

Adult patients of both sexes undergoing inpatient
treatment participated in the research. This
prospective, cohort, pilot study, was performed
between January and December 2023. It
included consecutive patients with neurological
diseases and severe functional deficits (poor
or completely immobile at the level of the bed)
who were admitted to the department after
primary treatment of diseases or injuries of the
nervous system. Inclusion criteria were age older
than 18 years and the presence of grade-two
pressure ulcer according to the Yarkony-Kirk
scale® in one of the predilection places (sacrum,
trochanter, malleolus, heels, nape of the neck or
ears). Exclusion criteria were cognitive deficit
and sensitivity to components of applied therapy.
Withdrawal criteria were the occurrence of
adverse drug reactions or deterioration of
pressure ulcers.

Methods

Before any procedure started, each subject signed
a written informed consent form to participate
in the trial. The Helsinki Declaration from 1975
and its amendments from 1983 were followed in
all procedures. The study was approved by the
relevant Ethics Committee.

The patients were divided into lysozyme and
control groups, based on the investigator’s
decision. All patients were treated daily for ten
minutes with a Bioptron®2 lamp (Bioptron AG,
Switzerland) after cleaning the treated area with
saline and hydrogen peroxide. Repositioning of
each patient was performed every three hours.
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Additionally, the patients in the lysozyme group
were treated twice daily with a cream containing
20 mg/g of lysozyme chloride (Lysoderm® cream,
Bosnalijek d.d., Bosnia and Herzegovina). The
patients in the control group were treated with
povidone-iodine dressings twice daily.

The Yarkony-Kirk scale® was used to determine
the grade of pressure ulcers at the baseline and
to monitor the ulcer changes throughout the
study. Visual checks of epithelium damage, the
dimensions, location and appearance of the ulcer
were performed at the baseline and daily until
the end of follow-up. Safety was evaluated by
the presence of adverse reactions to treatment.
Patients were followed for two months or less
in case of withdrawal from the study or ulcer
healing or worsening. The assessment of the skin
morphological state included the evaluation of the
existence and quantity of exudate and the tissue
type on the pressure ulcer surface. As a result of
visual inspection at the end of follow-up for each
patient, one of the four categories was recorded:
healed (there is no break in the continuity of
the skin), improved (Grade [ according to the

Results

A total of 48 subjects were included in the study,
28 (58 %) in the lysozyme group and 20 (42 %)
in the control group. Age, sex, pressure ulcer
position and duration of follow-up were similar
between groups. The median duration of follow-
up in the lysozyme group was 19 days and in the
control group 23 days (Table 1). There was no
missing data or loss to follow-up subjects.

Yarkony-Kirk scale), no changes (remains in the
Grade II according to the Yarkony-Kirk scale),
or worsened (Grades III to VI according to the
Yarkony-Kirk scale).

Statistical analysis

Prior to this pilot study, the sample size planning
was performed. At least 20 patients per group
were planned. In the analysis of the results, the
usual descriptive statistics (absolute and relative
numbers) were applied. Normal distribution of
data was checked by visualisation of histograms,
box plots and Q-Q plots. The numerical variables
age and duration of follow-up did not follow
a normal distribution and the Mann-Whitney
U test was used to compare groups. Pearson’s
Chi-squared test was used to compare sex
between groups. Fisher’s exact test was used
to compare outcomes between groups. All
tests were two-sided and p < 0.05 was a value
accepted as a statistically significant difference.
The R program,’” version 4.4.0, was used for the
analyses and included ggplot2, tidyverse, readxl,
ggpubr, gtsummary, labeled, rstatix, coin, naniar
and ggsci packages.

A statistically significant difference was observed
in the percentage of different outcomes between
the groups (Fisher’s Exact test, p = 0.005). While in
the lysozyme group 71 % of subjects had a healed
pressure ulcer, in the control group this percentage
was 35 % (Figure 1). The odds ratio of healing in
the lysozyme group was 4.48 (95 % CI: 1.16-19.1)
however the difference was not significant when
Bonferroni correction for multiple testing was
applied (p = 0.074).

Table 1: Characteristics of subjects included in the lysozyme and control groups

Total Lysozyme Control

Parameter N = 48" N = 28! N = 201 p-value?

Sex, male* 28 (58 %) 15 (54 %) 13 (65 %) 0.400
Age, years® 66 (61-72) 66 (59-69) 66 (63-82) 0.072
Duration of follow-up, days* 19 (12-29) 19 (12-28) 23 (8-30) 0.900
Position* 0.385

Gluteal 22 (46 %) 12 (43 %) 10 (50 %)

Sacral 10 (21 %) 7 (25 %) 3 (15 %)

Calcaneal 6 (13 %) 5(18 %) 1(5%)

Femoral 2 (4 %) 1(4 %) 1(5 %)

Hip 2 (4 %) 1(4 %) 1(5 %)

Malleolar 2 (4 %) 0(0 %) 2 (10 %)

047
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Foot interdigital 1(2 %) 0(0 %) 1(5%)
Plantar 1(2 %) 0 (0 %) 1(5%)
Thoracal 1(2 %) 1(4 %) 0 (0 %)
Thoracolumbar 1(2 %) 1(4 %) 0 (0 %)
*n (%); tMedian (interquartile range, 1QR)
*Pearson’s Chi-squared test; tMann Whitney U test
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Figure 2: Characteristics of patients with different treatment outcomes in lysozyme and control groups

In patients who had healed pressure ulcers, there
was no significant difference in healing time
between lysozyme with a median of 18 days (IQR:
12-26) and the control group with a median of 28
days (IQR: 23-28) (U = 95, p = 0.175). The effect
size was small 0.27 (95 % CI: 0.02-0.56).

Patients with the worsening pressure ulcers
in the lysozyme group were followed for 7, 19
and 33 days, were 71, 66 and 59 years old and
had pressure ulcers at the sacral, calcaneal and
thoracal positions, respectively. In the control
group, worsening of the pressure ulcer was
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experienced by one patient who was followed
for 28 days, was 88 years old and had a pressure
ulcer at the sacral position (Figure 2).

Both treatments (lysozyme cream or povidone-
iodine) were safe and no adverse reactions were
recorded.

Discussion

This pilot study showed the effectiveness and
safety of lysozyme-based cream in grade-two
pressure ulcer treatment. The results provide in-
formation crucial for planning larger, randomised
efficacy studies with adequate power. Lysozyme-
based cream had better efficacy than povidone-io-
dine in the healing of pressure ulcers. While in the
lysozyme group, 71 % of subjects had a healed ul-
cer by the end of the study, in the control group re-
ceiving povidone-iodine this percentage was only
35 % (p = 0.005). Povidone-iodine is commonly
used for the irrigation of infected wounds. Intra-
operative povidone-iodine irrigation decreases
infection rates at surgical sites.’® It can reduce
oedema, erythema, pain, size and depth of ul-
cer.’ 20 When applied to acute wounds, it increas-
es the expression of transforming growth factor
B (TGF-B) leading to increased epithelisation and
neovascularisation.’ Since pressure ulcers are
often colonised by microorganisms, antimicrobi-
al agents are commonly used in the treatment.?!
Povidone-iodine preparations showed efficacy in
vitro against methicillin-resistant Staphylococcus
aureus, Pseudomonas aeruginosa and Escherichia
coli.*> However, the application of povidone-io-
dine can have disadvantages. When the solution
is not allowed to dry it can cause irritation.?
Also, the increased concentration of serum iodide
was described after the usage of povidone-iodine
dressings.?* Several other antibiotics and anti-
septics are used for the treatment of pressure
ulcers. Among them, lysozyme-based ointment
can be used.?! Lysozyme is a molecule with sev-
eral benefits in treating pressure ulcers. It is an
enzybiotic with specific biological activities that
can be found in almost all living organisms.? In
humans, lysozyme is part of innate immunity and
can be found in all parts of the organism respon-
sible for defence against pathogens.!* Lysozyme
has many activities including antimicrobial, im-
munomodulatory, anti-inflammatory and pro-re-
generative effects.?®?” Elevated concentrations of
lysozyme were found in fluids of infected com-

pared to non-infected decubitus wounds, proba-
bly due to the increased number of monocytes/
macrophages and neutrophils.? Lysozyme isolat-
ed from hen egg white (HEWL) is often used in
therapeutic applications including wound heal-
ing.?” HEWL shares a similar structure and activ-
ity with human lysozyme. The primary structure
has 60 % homology while secondary domains are
almost completely homologous and share very
similar crystal structures.*® HEWL was found to
have inhibitory effects on methicillin-resistant
Staphylococcus aureus (MRSA) and, when load-
ed into the cream, promoted wound healing and
prevented wound infection in animal models.?
Lysozyme-based ointment showed pro-regenera-
tive and healing effects in ulcers, pressure lesions
and herpetic infections.** Various formulations
containing lysozyme were developed and found
to be effective in wound healing.?**” Sugiyama
et al treated 71 patients (88 skin regions) with
lysozyme chloride-based ointment. They showed
that lysozyme chloride induces anti-inflamma-
tory reactions, proliferation of fibroblasts, accel-
eration of mucopolysaccharide metabolism and
the formation of connective tissue. In clinical
cases, the ointment with lysozyme removed ne-
crotic mass, relieved pain, swelling and bleeding
and enhanced the effectiveness of antiseptic oint-
ments.*® Gasior-Chrzan showed beneficial effects
of lysozyme in normal saline (1 mg/mL) in the lo-
cal treatment of patients with crural ulcers. The
ulcerations were cleared quickly of pus, granula-
tion tissue developed and the inflammation and
pain decreased. According to Gasior-Chrzan, the
beneficial effect of lysozyme on wound healing
may be due to its cationic influence on the cell
membranes in the epithelium and to pH change
in the ulcerations.?* According to Guidelines for
the Prevention and Management of Pressure Ul-
cers issued by the Japanese Society of Pressure
Ulcers, lysozyme is recommended for treatment
of pressure ulcers with the level of evidence C1
due to limited available data.*

There is only one randomised study comparing
iodine sugar preparation with lysozyme-based
ointment to treat pressure ulcers. Similar to pre-
sented study, this study had several limitations,
including a high risk of detection bias (no blinding
of outcome assessment). The inclusion criteria
were grades I to IV pressure ulcers. The treat-
ment period was eight weeks. In the lysozyme
ointment group 12 out of 69 (17 %) patients had
wound healing during the eight weeks. This was
similar to iodine sugar preparation where 15
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out of 72 (21 %) patients had wound healing.”* A
lower percentage of healed patients compared to
presented results could be due to the inclusion of
patients with more severe grades of ulcers. The
present study included only patients with grade-
two pressure ulcers according to the Yarkony-
Kirk scale.” This grade refers to the involvement
of the epidermis and dermis with no subcutane-
ous fat observed.®

Although the maximum follow-up in study was
two months, all patients experienced an out-
come (healed, deteriorated, or excluded from the
study) before that period. The median duration
of follow-up in the lysozyme group was 19 days
and in the control group 23 days, with no signifi-
cant difference. In patients who had healed pres-
sure ulcers, there was no significant difference
in healing time between lysozyme with a median
of 18 days (IQR 12-26) and control 28 days (IQR:
23-28) groups (p = 0.175). This could be due to
the small sample size and power of this study
which could not discriminate between healing
times in the two groups although the median
healing time was longer for ten days in the control
compared to the lysozyme group. Similar healing
time could also be due to the duration of biolog-
ical processes. The time to heal pressure ulcers
depends on the anatomical position and grade of
the ulcer. The sacral area is among the positions
with the longest healing time*! and in presented
study two out of four patients with worsening of
symptoms had pressure ulcers in the sacral area.
The time to heal pressure ulcers also depends on
the patient’s condition and applied treatments.
Yoshikawa et al found that the cleaning frequen-
cy three or more times a week significantly re-
duces the time to pressure ulcer healing (65.3
24.8 days) compared to cleaning frequency two
times a week (102.6 + 19.2 days) in older people
receiving home care.*? Kaya et al analysed the
healing time of pressure ulcers in patients with
spinal cord injury treated with povidone-iodine
compared to hydrogel dressing. The study includ-
ed 27 patients with Grade [ to Grade III pressure
ulcers. The mean healing time in the povidone-io-
dine group was 45 days similar to 48 days in the
hydrogel dressing group.*® Evaluation of time-to-
healing of pressure ulcers is often not performed
since many studies have short follow-up periods
with a duration of eight weeks or less.?!

To decrease the time to healing, it is important to
prevent colonisation by microorganisms which
postpone healing and increase ulcer severity.?!

Chen et al found that out of 88 patients, 62 (70.5
%) had wound infections with domination of
Gram-negative bacteria.** In presented study
both preparations with antimicrobial properties
were used. Lysozyme is an antimicrobial protein
that directly hydrolyses peptidoglycan of bacteri-
al cell walls in Gram-positive bacteria.** The out-
er membrane of Gram-negative bacteria makes
them insensitive to the direct catalytic activity of
lysozyme where this protein causes lysis due to
its cationic properties.*®

All patients in presented study received treat-
ment with polarised light.*” Phototherapy is
among the biophysical agents used for the treat-
ment of pressure ulcers.® Chen et al included 88
patients with grades II to IV pressure ulcers all
treated with the linear polarised polychromatic
light (LPPL). Half of the patients were randomly
selected for additional treatment with silver sul-
fadiazine cream. Out of 88 patients, 62 (70.5 %)
had wound infections where Gram-negative bac-
teria dominated. Healing timeframes were differ-
ent depending on the ulcer grade and treatment.
In grade II ulcers treated only with LPPL healing
time was 13.20 * 3.76 days. When LPPL was com-
bined with silver sulfadiazine cream, the heal-
ing time was significantly reduced to 9.76 + 2.38
days.** Healing times in this study were shorter
than in presented study. This could be due to
different LPPL regimes of application. Chen et al
treated patients with LPPL twice daily five days a
week,** while we applied one daily treatment for
the entire study duration. Also, different char-
acteristics of patients could result in different
healing times. Both studies were performed on a
small number of patients and the results should
be confirmed in larger studies.

This study had several limitations. No blinding or
randomisation was applied that could lead to in-
terviewer bias. The study included a small num-
ber of patients and the study was performed at
a single centre, potentially leading to selection
bias. The duration was too short to evaluate the
time-to-heal of pressure ulcers in all patients.
The data about possible confounding factors was
not collected (for example presence of concomi-
tant diseases, other therapies used, nutritional
and social status of patients). The aim of this pilot
study was to provide data for planning a larger,
randomised, blinded, prospective, cohort study
with adequate power that will provide evidence
on the efficacy of lysozyme-based cream for the
treatment of pressure ulcers.
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Conclusion

Lysozyme chloride-based cream was found to
be effective and safe in the treatment of grade-
two pressure ulcers. Additional randomised,
multicentric, blinded, larger studies are need-
ed to confirm these findings.
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