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Abstract

Lucilia sericata bottle fly worms can be used to heal infected, chronic, or

necrotic wounds, including those associated with ulceration and diabetic foot.

The study aimed to evaluate changes in the microflora in patients treated with

L sericata larvae due to leg ulcers and diabetic foot. One hundred twenty-nine

patients diagnosed with lower limb ulceration and diabetic foot were enrolled

in the study, of which 80 of them met the eligibility criteria for maggot

debridement therapy (MDT). On the contrary, 49 unqualified patients were

offered ozone therapy (22 with leg ulcers; 27 with diabetic foot). In each of

these patients, a microbiological swab was performed before and after the start

of therapy. The group of 80 patients was further divided into four equal groups

in terms of the treated area (lower leg vs foot) and the number of larvae/cm2

(5 vs 10). Twenty-three particular species of bacteria in the infected wound

were studied microbiologically in terms of presence/absence within the wound

environment before and after treatment of patients with diabetic foot and

lower limb ulceration. It was noted that there was a more intensive bacterial

accumulation in the feet of patients compared to legs; furthermore, this applies

to almost all analysed species. Diabetes status is also a clinical factor that gen-

erates a lower chance of bacterial appearance in the wound environment. Den-

sification of MDT larvae per wound area unit also reduced the chance of the

presence of Corynebacterium species, Enterobacteriaceae, Pseudomonas

aeruginosa, Staphylococcus aureus MSSA, and Streptococcus coagulase negativa;

however, it increased the likelihood of occurrence for Proteus mirabilis and the

Proteus species. A microbiological analysis in this non-reference study shows

the efficacy of larval therapy for leg and foot ulcers. Rearrangement of the

microflora within the wound has been reported as a result of the therapy.
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1 | INTRODUCTION

Diabetes mellitus (DM) is a global healthcare issue and
according to the International Diabetes Federation, 1 in
11 adults (20–79 years) have diabetes (463 million peo-
ple).1 DM and its concurrent complications impact a sig-
nificant proportion of the world population and create a
large financial burden on worldwide healthcare systems.2

One of the most common complications of both type
1 and type 2 diabetes is ulceration of the lower leg or
feet.3 It is suggested that more frequent occurrences of
ulcerations may lead to death in patients with diabetes
with coexisting cardiovascular and kidney disorders.4,5

Brownrigg et al indicate that the risk of death in persons
with diabetes having ulcerations of the lower leg or feet
was approximately 1.89 times (95% CI: 1.60–2.23) higher
than in the group without these changes.6 In the treat-
ment of ulcerations in the course of diabetes, the follow-
ing, among others, are utilised: growth factors; somatic
stem cells; antidiabetic drugs; herbal preparations; bio-
logical agents, such as the acid peptide matrix.7

Therefore, a traditional wound healing approach
using the application of sterile laboratory-reared Lucilia
sericata larvae, which has recently been approved for the
treatment of chronic wounds, is a cost-effective and suc-
cessful treatment for diabetic foot ulcers and many other
medical conditions.8

The maggots of the green bottle fly L sericata can be
used to treat infected, chronic, or necrotic wounds, par-
ticularly those that cannot be cured using conventional
approaches. Besides the efficient removal of necrotic tis-
sue and the acceleration of wound healing, the benefits
of maggot debridement therapy (MDT) include wound
disinfection.9,10 A variety of growth factors and antimi-
crobial peptides delivered by the larvae in maggot excre-
tions to the wound environment have been already
reported in the literature with the aim of enhancing
wound healing.11,12

The study aim was to evaluate changes in the micro-
flora in patients treated with L sericata larvae due to leg
ulcers and diabetic foot.

2 | MATERIALS AND METHODS

One-hundred twenty-nine patients diagnosed with lower
limb ulceration and diabetic foot were enrolled in the
study (Bioethics Committee of the Opole Doctor's Cham-
ber agreement No. 156/08) in the “ChirMedicus” doctor's
surgery in Kędzierzyn-Ko�zle, Poland, in the years 2010 to
2012. From all of these patients, who took part in the
study, informed and voluntary consent was obtained for
them to participate in this study.

With regard to inclusion criteria, for the con-
ducted 5 and 10 larvae/cm2 MDT (depending on the
patients' expected pain level during the larval ther-
apy), there were qualified patients who had fulfilled a
few clinical conditions. Firstly, subjects with chronic
wounds covered with necrotic tissue as well as with
purulent exudates in the vascular calf and feet area of
diabetic aetiology were qualified. Moreover, a condi-
tion that allowed for patients to undergo MDT was
compensated diabetes, which was confirmed by the
use of a test of current blood glucose concentration,
efficient circulation, and respiration, together with a
correct result in the examination of the coagulation
system and ultrasound examination of the venous and
arterial vessels of the lower limb at the current time,
performed with the use of Doppler ultrasonography
techniques (colour and spectral). Criteria for exclud-
ing patients were patients with wounds lacking necro-
sis and exudates, acute and traumatic wounds,
bedsores, cancer ulcers, and burn wounds. Subjects
treated with anticoagulants and those with symptoms
of chronic circulatory failure in the form of oedema of
the lower limbs and dyspnea at rest were also
excluded from MDT. Additionally, patients with
symptoms of uncompensated or decompensated dia-
betes confirmed using testing of current blood glucose
in serum, and those without Doppler ultrasound
examination the veins and arteries of the lower limbs
(both colour and spectral) also did not undergo larval
therapy. Therefore, patients who did not qualify for
larval therapy or did not consent to its use were
referred to the group treated with ozone therapy.

Key messages

• the cleansing of wounds with the use of Lucilia
sericata larvae is particularly recommended in
situations where necrosis has penetrated deep
into the tissue

• the study aim was to evaluate changes in the
microflora in patients treated with L sericata
larvae due to leg ulcers and diabetic foot

• microbiological analysis carried out as part of
this study indicates the effectiveness of larval
therapy in the case of lower limb and foot
ulceration

• it is recommended that further studies, includ-
ing those on a larger population of patients as
well as studies with the use of molecular bio-
logical methods
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It is noteworthy that during both MDT and ozone
therapy, patients were not treated with antibiotics. Of the
total set of patients—129, 80 underwent MDT, while, on
the other hand, the remaining 49 underwent ozone ther-
apy. The clinical characteristics of the patients are pres-
ented in Table 1.

The clinical factors listed in Table 1, that is, location
of wounds, the density of larvae, DM status, days of
MDT, gender fractions, patient ages, months of ulcera-
tion, number of larvae applications, and wound areas,
were set as predictors generating a statistical chance of
occurrence or disappearance of bacterial species before
and after treatment. In turn, in Figure 1, selected photos
of ulcers are presented.

In the next stage of the study, the microbiological
analysis of the wound environment was performed.
Before applying the first larvae-containing dressing, the
wound surface was rinsed with a 0.9% NaCl solution.
After that, using a sterile stick ended with a viscose ball,
microbial material was collected from the wound and
sealed in a transport container with a Stuart medium.
Within 48 hours, this container was sent to the Unit of
Microbiological Diagnostics at the Kędzierzyn-Ko�zle
County Hospital for qualitative assessment of bacterial
flora. Subsequent microbiological assessments of the
wound were performed identically after completion of
larval therapy (in this study, a clinical event of healing
was established if there was a decrease of at least >50%
in the wound area after the conclusion of observation).

To model the probability of presence/absence of cer-
tain bacteria before and after the treatment, logistic
regression was used, which adopts a logistic function to
model a binary (“0/1”, “yes/no”, etc.) response based on
a linear combination of one or more independent

variables and express the statistical effects via odds
ratios (ORs).

Since repeated measurement of dichotomous data
(presence/absence of bacteria) and explanatory predictors
(wound areas before and after treatment) appeared in the
statistical material, an extension of the logistic regression
with random effects that models correlation among
observations within a cluster13 was adopted in the statis-
tical analysis.

The classical statistics fit the logistic regression
utilising an iterative procedure like maximum likelihood.
Due to some missingness of data in the second microbio-
logical measurements and also high dimension and

TABLE 1 Clinical characteristics of patients treated with either larvae or ozone

Group

Larvae therapy Ozone therapy

1 2 3 4 5 6

Location Foot Leg Foot Leg

Number 20 20 20 20 22 27

Density of larvae per 1 cm2 5 10 5 10 0 0

DM status (%) 100 100 30 35 100 26

Age 63 ± 11.9 60 ± 10.4 69.5 ± 8.8 66.8 ± 17.8 60.9 ± 11.2 71.1 ± 7.4

Days of MDT 13.5 ± 6.98 8.0 ± 3.0 2.3 ± 0.7 3.8 ± 1.6 0 0

Months of ulceration 3.6 ± 1.8 5.2 ± 2.9 3.0 ± 2.4 3.0 ± 2.4 4.7 ± 1.8 5.8 ± 2.8

Larvae application 4.6 ± 2.7 2.7 ± 1.1 2.3 ± 0.7 1.3 ± 0.5 0 0

Wound area before treatment (cm2) 16.0 ± 13.9 24.9 ± 29.2 220.7 ± 123.9 39.1 ± 46.5 12.8 ± 13.7 133.6 ± 130.7

Wound area after treatment (cm2) 10.2 ± 13.5 8.6 ± 11.0 66.6 ± 71.9 2.4 ± 4.4 9.4 ± 11.3 105.5 ± 111.6

Abbreviations: DM, diabetes mellitus; MDT, maggot debridement therapy.

FIGURE 1 Presenting ulcerations in patients qualified for

larvae therapy
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analytically intractable regression, which was consisting
of eight (listed earlier) explanatory variables, the estima-
tion in classical statistics resulted in non-convergence
modelling, alternatively, the Bayesian methodology was
employed in this study, which enables statistical infer-
ence on posterior distributions. Additionally, in Bayesian
statistics, the Markov chain Monte Carlo (MCMC) algo-
rithm approach was used to provide an estimate of com-
plicated distribution. The performance of the MCMC
chains based on an initial “burn-in” 1000 samples and
following 10 000 “production run” cycles of the Gibbs
sampler were determined with the Geweke statistic using
the WinBUGS software.14

3 | RESULTS

twenty-three different species of bacteria in the wound
infection were studied microbiologically in terms of pres-
ence/absence within the wound environment before and
after treatment of patients with diabetic and lower limb
ulceration. Ultimately, therefore, each patient was to be
tested twice microbiologically (before and after therapy).

In the group of patients with diabetic foot undergoing
MDT, the most numerous bacteria before treatment in
group 1 were as follows: Streptococcus B haemolyticus
(24%); Streptococcus coagulase negativa (19%);
Enterobacteriaceae, and Enterococcus faecalis (14% each),
whereas in group 2: Staphylococcus aureus (37%); Entero-
coccus faecalis, and Pseudomonas aeruginosa (11% each).
After the therapy, it was noted that, in group 1, the
wound was colonised primarily by the Proteus species
(46%) and Enterobacteriaceae (23%), whereas in group
2 it was the Proteus species (29%) and Proteus mirabilis
(21%). In turn, among patients with diabetic foot quali-
fied for ozone therapy (group) before therapy began, the
dominating bacteria were as follows: Staphylococcus
aureus (23%), Streptococcus B haemolyticus (23%), and
Pseudomonas aeruginosa (11%), whereas after the com-
pletion of treatment: the Proteus species (32%) and Staph-
ylococcus aureus (32%).

However, in the case of lower limb ulceration before
larval therapy, in the microbiological culture, the greatest
amount of bacteria was determined for, in group 3: Pseu-
domonas aeruginosa (20%) and Staphylococcus aureus
(14%); in group 4, this was Staphylococcus aureus (32%),
Streptococcus B haemolyticus (16%), and Streptococcus
coagulase negativa (10%). After the completion of ther-
apy, the following can be observed for group 3: Pseudo-
monas aeruginosa and Staphylococcus aureus (17% each);
Serratia marcescens, Enterobacteriaceae, and Klebsiella
oxytoca (11% each), whereas in group 4: Proteus species
(53%) and Proteus mirabilis (29%).

On the other hand, in group 6, represented by
patients with lower limb ulceration, treated with ozone
therapy, the greatest percentage was noted for Staphylo-
coccus aureus (20%) and Pseudomonas aeruginosa (18%);
and after the treatment this was Staphylococcus aureus
(30%), Enterococcus faecalis (22%), and Streptococcus
coagulase negativa (15%). The results are presented in
Figure 2.

The estimated significant (P < .05, one-sided) ORs
with 95% credible intervals (CIs) in the multivariable
regression approach for the microbiological response
compared to clinical predictors are reported in Table 2.

From the results presented in Table 2, at first glance,
there is a tendency towards more intensive bacterial
accumulation in the feet of patients compared to the legs,
as it can be observed that there is a radical disparity
between these locations. Furthermore, this applies to
almost all analysed species. The status of diabetes is
another clinical factor that generates a lower chance of
bacterial appearance in the wound environment. Densifi-
cation of MDT larvae per wound area unit also reduced
the chance of Corynebacterium species,
Enterobacteriaceae, Pseudomonas aeruginosa, Staphylo-
coccus aureus MSSA, Streptococcus coagulase negativa
presence; however, it increases the likelihood of Proteus
mirabilis and Proteus species existence within the wound
environment. With the shorter duration of the ulcer, a
reduction in the Proteus species, Streptococcus coagulase
negativa, and Streptococcus G could be expected as well
as an increase in the likelihood of Staphylococcus aureus
MSSA ulcer colonisation. Although the increased number
of applications elongates the duration of larval therapy,
the larger the number of applications enhances the
microbial response in the Corynebacterium and Proteus
species, whereas MDT duration is a factor that reduces
their presence.

4 | DISCUSSION

The treatment of difficult-to-heal wounds is a significant
clinical problem, especially in the case of the coexistence
of diseases and factors impeding its surgical development.
One of the methods used to clean cavities from necrotic
tissues is larvae therapy. There exists evidence of deliber-
ate use of larvae for cleaning wounds by many ancient
cultures such as the Aboriginal Ngemba tribe, residents
of Burma (Myanmar), or the Mayans. Therefore, as these
larvae consume only necrotic tissues and there also exist
methods of sterilising their eggs, in practice, most often
fly larvae of the blowfly family are used of the L sericata
species. They are bred and propagated according to a
strictly defined protocol, under aseptic conditions on
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special sterile substrates, and the eggs are sterilised three
times with 0.25% chloramine.8,10,15 MDT is a rec-
ommended form of cleaning wounds in the situation
where the surgical cleaning of necrotic tissue cannot be
used. The cleansing of wounds with the use of L sericata
larvae is particularly recommended in situations where
necrosis has penetrated deep into the tissue, which can-
not be removed mechanically using a traditional tech-
nique. The therapeutic effect resultant from L sericata is
an implication of necrotic tissue being removed by the
larvae, crawling on the wound surface, which results in
the stimulation of granulation and angiogenesis as well
as the secretion of enzymes by them, which have an
effect similar to trypsin and chymotrypsin, deoxyribonu-
cleases, and metalloproteinases. Consequently, an
increase to a more alkaline pH is noted, which translates
to a decrease or halting of an increase in bacteria.15,16

In this study, we focused on assessing the changes in
the bacterial microflora of wounds appearing in ulcera-
tions in the lower limbs as well as diabetic foot under the
influence of MDT.

Aldhyfan et al conducted a retrospective analysis of
the microbiome of infected wounds in patients who
underwent surgical cleansing or amputation of limbs.
They determined the occurrence of anaerobic microflora
in 89.6% of patients, with a predominance of growth of
Escherichia coli (22% of cases) in patients with diabetic
foot. The bacterial microflora isolated before therapy is
characterised by diversity. However, the advantage of

pathogenic microflora, which does not occur under phys-
iological conditions, should be noted.17 Both Gram-
positive and Gram-negative bacteria can be distin-
guished, as well as aerobic and anaerobic bacteria and
relative anaerobes. Such a complicated microbiological
picture is characteristic of chronic conditions.18,19 We
observed a more varied microflora composition as well as
heightened colonisation by it in ulcer cases located on
feet, compared to changes in the lower legs. This could
be connected with better vascularisation of this area,
while simultaneously having a greater influx of oxygen
and nutrients and therefore better conditions for the exis-
tence of microorganisms.20

Moreover, we noted that in patients with diabetes, the
number of isolated microorganisms was lower than in
the group without comorbid diabetes. Our observations
coincide with the results obtained by Kim et al, who
assessed the diversity of ulcer bacterial microflora in mice
with type 2 diabetes, compared with a group without this
illness. They determined that a significant factor deter-
mining a lower microbiological diversity in the group
with diabetes is a phenomenon of wound-induced and
aggravated oxidative stress in the course of diabetes.21

Furthermore, these authors indicated that colonisation
by Pseudomonas aeruginosa is characteristic for chronic
ulcers, whereas the presence of Escherichia coli and
Enterococcus faecalis are the characteristics for fresh
changes.21 It is also possible that the cause of a lower
microbiological diversity in ulcerations in patients with

FIGURE 2 Bacterial microflora in the wound environment before and after treatment of patients with diabetic foot and lower limbs'

ulceration
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TABLE 2 The estimated significant (P < .05, one-sided) ORs of the microbiological response vs clinical predictors (multivariable

regression)

Bacteria (microbiological response) Risk factor (predictor) OR 95% CI P (one-sided)

Acinetobacter baumannii Leg vs foot 0.11 (0.02, 0.50) .0017

Citrobacter freudii Leg vs foot 0.10 (0.02, 0.43) <.0001

Clostridium sp. Leg vs foot 0.12 (0.03, 0.43) <.0001

DM 0.23 (0.05, 0.99) .0247

Corynebacterium species No. of larvae per cm2 0.62 (0.33, 0.98) .0196

No. of applications 3.81 (1.01, 15.3) .0227

DM 0.25 (0.06, 1.03) .0261

Time of MDT (day) 0.60 (0.35, 1.00) .0319

Empedobacter brevis Leg vs foot 0.10 (0.02, 0.39) <.0001

Age of patients 1.15 (1.01, 1.39) .0285

Enterobacteriaceae No. of larvae 0.80 (0.63, 0.96) .0047

Age of patients 0.95 (0.89, 1.00) .0425

Enterococcus faecalis Wound area (cm2) 1.020 (1.010, 1.034) <.0001

Leg vs foot 0.13 (0.03, 0.46) .0005

Enterococcus sp. Leg vs foot 0.12 (0.03, 0.41) .0001

Escherichia coli Leg vs foot 0.19 (0.04, 0.81) .0068

Klebsiella oxytoca Leg vs foot 0.09 (0.02, 0.36) <.0001

Morganella morgani Leg vs foot 0.21 (0.07, 0.69) .0064

Proteus mirabilis Leg vs foot 0.20 (0.06, 0.60) .0014

DM 0.22 (0.08, 0.70) .0063

No. of larvae per cm2 1.22 (1.03, 1.46) .0125

Wound area (cm2) 0.980 (0.955, 0.999) .0226

Proteus penneri Leg vs foot 0.09 (0.02, 0.40) <.0001

Proteus species Wound area (cm2) 0.965 (0.942, 0.985) <.0001

No. of applications 2.66 (1.33, 5.61) .0027

Time of MDT (day) 0.71 (0.54, 0.93) .0042

Time of ulceration (month) 0.81 (0.65, 0.97) .0095

DM 0.36 (0.13, 0.90) .0146

No. of larvae per cm2 1.14 (1.01, 1.29) .0193

Providencia rettgeri Leg vs foot 0.13 (0.03, 0.54) .0010

Pseudomonas aeruginosa No. of larvae per cm2 0.25 (0.08, 0.58) <.0001

Wound area (cm2) 1.035 (1.011, 1.069) .0006

Leg vs foot 0.21 (0.05, 0.99) .0255

Age of patients 1.27 (1.01, 1.74) .0370

Serratia marcescens Leg vs foot 0.08 (0.02, 0.35) <.0001

Staphylococcus aureus Wound area (cm2) 1.005 (1.001, 1.011) .0471

Staphylococcus aureus MSSA Time of ulceration (month) 1.41 (1.08, 1.87) .0070

Leg vs foot 0.22 (0.05, 0.83) .0111

No. of larvae per cm2 0.72 (0.49, 0.98) .0149

Age of patients 0.92 (0.84, 0.99) .0302

Streptococcus B haemolyticus Leg vs foot 0.19 (0.06, 0.58) .0010

Time of ulceration (month) 0.64 (0.37, 0.92) .0034
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comorbid diabetes is the fact that the disease also nega-
tively impacts the blood supply to tissues, which delivers
oxygen and nutrients22,23 to these tissues, which seems to
result in a failure to meet the proper conditions for the
growth in certain types of bacteria.24 Diabetes-related
hyperglycaemia significantly disturbs the balance
between the concentration of pro- and anti-angiogenic
factors, which in turn leads to abnormal wound healing
and tissue regeneration. During diabetes, disturbances in
the integrity of the blood vessel walls are also noted. An
increased concentration of glucose in diabetics is the
cause of micro- and macrovascular complications, which
may ultimately affect angiogenesis and wound healing.
Otherwise, assessment of the involvement of bacterial
microflora in the induction and afterward development
of the inflammation accompanying the foot and lower
limb ulceration can be more difficult as the culture was
only taken from the surface of the wound and not from
within. Therefore, it could be observed the isolation of
the physiological flora, such as coagulase-negative Staph-
ylococcus, Corynebacterium spp., and Propionibacterium
spp., alongside bacteria with relatively low pathogenicity,
including Enterococcus spp., Stenotrophomonas
maltophilia, and Pseudomonas sp., which makes the clin-
ical interpretation of our results harder.24-26 This is one
of the factors limiting our study.25,26 A significant factor
that hinders the healing of ulcers is the fact that bacteria,
which colonise chronic wounds, indicate the ability to
secrete biofilm. This causes a delay in wound healing,
which may be due to the insufficient supply of nutrients
for the growth of bacteria, which causes their slow
growth, which in turn causes resistance to antibiotics.26

It is also worth considering the molecular mechanisms
related to wound healing and keratinocytes involved in
this process. These cells are capable of secreting factors
whose secretion influences the healing time of wounds or
ulcers. This group consists of transforming growth factor-
beta (TGFβ); vascular endothelial growth factor-A
(VEGF-A); connective tissue growth factor (CTGF); and
antioxidants. In patients with diabetics, an impairment in

the secretion of these factors by keratinocytes was
observed due to the conditions that prevail in the wound
microenvironment (elevated levels of glucose, advanced
glycation end-products (AGEs), reactive oxygen species
(ROS), and inflammatory cytokines). An increased con-
centration of glucose and AGE decreases the proliferation
of keratinocytes and their migrations, which impairs the
healing process.27

In our previous study, we assessed the influence of
MDT on the healing process of wounds, and we noted
that the used therapy gave expected results in the form of
a decreased ulceration area.28 Tantawi et al noted that
there was a significant decrease in the number of bacteria
as a result of larval therapy, before beginning they iso-
lated 20 types of bacteria in a group of 14 patients,29

whereas in our population of patients, we managed to
isolate 23 different bacteria, of which most were aerobic
bacteria. The reason for these differences can be individ-
ual and population variability,30 as Tantawi et al.
assessed the effects of biosurgery in the Egyptian popula-
tion.29 Tantawi et al. conducted their research on a group
of 14 recumbent patients with pressure ulcers, who
underwent a 3-week therapy with L sericata larvae. The
ulcers were examined each week in terms of changes to
their size, the size of the necrosis, and the microflora
before the start and after the end of the given therapy
cycle (4.86 × 108 CFU/mL of exudate vs 1.92 × 104 CFU/
mL of exudate; P < .05).29 These results indicate that lar-
val therapy seems to be a fast, simple, effective, and eco-
nomically reasonable method for treating pressure ulcers,
which do not respond to conventional treatment and sur-
gical intervention.29

What is significant is that recent studies indicate that
obtaining an adequate clinical response to larval therapy
is only resultant if there is a rearrangement in the micro-
flora of the ulcer wound environment, as L sericata do
not indicate having the ability to secrete cytokines and
growth factors.31 Furthermore, the antibacterial activity
of L sericata via the Gram-positive and Gram-negative
bacteria is ambiguous. In other studies, observations can

TABLE 2 (Continued)

Bacteria (microbiological response) Risk factor (predictor) OR 95% CI P (one-sided)

Age of patients 1.12 (1.03, 1.27) .0071

No. of larvae per cm2 0.76 (0.51, 0.99) .0216

Streptococcus G Leg vs foot 0.23 (0.06, 0.78) .0031

Time of ulceration (month) 0.60 (0.33, 0.95) .0121

DM 0.23 (0.05, 0.89) .0135

Streptococcus species Leg vs foot 0.11 (0.02, 0.43) .0003

Abbreviations: DM, diabetes mellitus; MDT, maggot debridement therapy.
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be found that larval therapy has the same effectiveness
towards both Gram-positive and Gram-negative bacteria,32

as well as reports of larger effectiveness towards Gram-
positive bacteria, as Gram-negative bacteria are capable of
endotoxin secretion which, in turn, neutralises the secre-
tion of L sericata larvae.33 The results obtained by us may
indirectly indicate greater bactericidal activity of larvae as
a result of Gram-positive bacteria. Firstly, of the 23 isolated
bacteria, 13 of them are Gram-negative microorganisms;
therefore, it is possible that in the group of patients in
which a larger number of larvae per cm2 of ulceration was
used, the size of the ulcer decreased more noticeably
compared to the group of patients, in which five larvae
per cm2 were used. Secondly, the statistical analysis indi-
cated that together with an increase in the number of lar-
vae per cm2, there is also a larger likelihood of Gram-
positive bacteria being absent: Corynebacterium species,
Enterobacteriaceae, S aureus MSSA, and Streptococcus
coagulase negativa, whereas only one Gram-negative
bacteria—Pseudomonas aeruginosa. Finally, with a
simultaneous decrease in the likelihood of contamination
of the ulceration by Gram-positive microorganisms, an
increase in the chance of the Gram-negative bacteria
Proteus sp. being absent was noted.

It was determined that the Proteus mirabilis bacteria
constitute the natural intestinal microflora of L sericata,
thus being a natural defence against the action of patho-
genic microorganisms towards the larvae.34,35 Hence, it is
possible that the source of these bacteria in the ulcers
after therapy can be the same larvae, which during their
life released these bacteria into the environment of the
wound together with the secretion, which is a beneficial
effect of larval therapy. Nonetheless, however, it can be
observed that together with an elongation of the treat-
ment period, the likelihood of a decrease in the colonisa-
tion of the wound by the Corynebacterium and Proteus
species is increased, which can suggest a gradual decrease
in the therapeutic effectiveness or could be a result of the
larvae themselves dying; however, this does require fur-
ther research.

In conclusion, microbiological analysis carried out as
part of this study indicates the effectiveness of larval ther-
apy in the case of lower limb and foot ulceration. The
rearrangement of microflora in the wound area under
larval therapy was noted. Of course, it is recommended
that further studies, including those on a larger popula-
tion of patients as well as studies with the use of molecu-
lar biological methods, which allows for a more precise
assessment of therapy effectiveness.
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