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Abstract

Maggots have been used in wound therapy for many decades. The digestive peptides of maggots have antimicrobial,
anti-complement and anti-biofilm properties. These peptides can currently be synthesized in bulk, which can change
wound care in terms of applying wound dressings and adhesive bandages with these peptides. In this article, we
reviewed maggot therapy in the last two decades. Although some studies have shown positive clinical results, the
overall long-term clinical efficacy was rated low.

Introduction

Maggot therapy is a biotherapy in which live, disinfected maggots (fly larvae) are placed in a non-healing wound to eat
the necrotic tissue and disinfect the wound. Maggots have been used as a wound therapy since the beginning of
civilization (1). Throughout the centuries, the benefits of maggots in wound healing have been repeatedly reported by
surgeons in the army (2-6). During World War 1, William Baer, an orthopedic surgeon, noted the benefits of using
maggots in compound fractures. He started maggot therapy at Hopkins hospital in Baltimore after a visit at the
Boston’s Children Hospital (6).

The use of maggots declined with the advent of antibiotics. However, in the face of rising resistance to antibiotics,
maggot wound therapy saw a revival when the FDA approved maggot therapy as a prescription only medical device for
the debridement of necrotic tissue. They were classified as a device and not a drug, because the physical activity of the
maggots was believed to be necessary for debridement (7). Maggots are used in the treatment of non-healing necrotic
skin and soft tissue wounds, pressure ulcers, venous stasis ulcers and non-healing traumatic or post-surgical wounds
(8-11). Research into maggot therapy has increased since FDA approval especially in Europe, leading to two published
PhD theses from the Netherlands (12,13). In this review, we discuss the usage and benefits of maggot therapy.

Four Main Actions Of Maggots On Wounds

There are four main actions of maggots on wounds; debridement, disinfection, stimulation of healing, and biofilm
inhibition and eradication (8-11). Most larvae are derived from the green bottle fly or bow fly, Lucilia (Phaenicia)
sericata. Approximately 10 maggots are required per square centimetre of the wound surface. In maggot therapy these
are sterilized larvae delivered in “biobags” or in bottles (14,15). The larvae are ordered one day before the start of
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treatment and are fed with physiological saline. The biobags are square and are used for the smaller wounds. They are
placed at the wound and attached with a closing wound dressing. For bigger wounds the larvae are placed directly onto
the wound surface. A median treatment of 3-4 days will cost € 150-160, with a price of € 160/bottle or pack of biobags
(Monarch Labs LLC,Irvine, CA, USA). At the start of the treatment, the larvae are 1-2 mm in size and after 3-4 days,
they grow to 10-20 mm in length. Wound fluids and liquefied necrotic tissue can enter the biobag and support the
growth of the maggots. The maggots feed through a process known as extracorporal digestion. This is a process
where maggots excrete digestive enzymes and feed off the liquefied material (also known as alimentary secretion and
excretions, ASE). The physical movement of the maggots contribute significantly to the debridement of the wound
(9,10.14).

The ASE proteolytic enzymes include a wide array of matrix-metalloproteinases (MMPSs). They include trypsin-like and
chymotrypsin-like serine proteases, an aspartyl protease, and an exopeptidase-like MMP (16-19). MMPs play critical
roles in all phases of wound healing including hemostasis, thrombosis, inflammatory cell activation, collagen
degradation, fibroblast and keratinocyte migration, and tissue remodelling. Disturbances in wound healing can occur
when one group of proteases is deficient, or out of balance with another (16-19). Some proteases excreted by the
maggots are resistant to wound proteases (20).

Evidence of Efficacy

Numerous studies about the efficacy of maggots have been published (8-11,21-23). In a 2002 study, Sherman et al
studied maggot therapy versus control debridement therapy for pressure ulcers. The average surface area of necrotic
tissue for wounds treated with maggot therapy (n=42) decreased faster and greater than that observed with
conventional therapy (n=49). Of the 31 measurable conventional treated wounds necrotic tissue decreased 0.2 cm? per
week and total wound area increased 1.2 cm? per week. During maggot therapy, necrotic tissue decreased 0.8 cm? per
week and total wound surface decreased 1.2 cm? per week (24). Similarly, it was demonstrated that maggot
debridement therapy for diabetic foot ulcers decreased the average surface area of necrotic tissue for wounds faster
and greater compared to conventional therapy (n=14) (25). In a 2004 study, Sherman and Shimoda reported
decreased rates of postoperative wound infections in patients receiving pre-surgical maggot debridement (n=10). Ten
wounds were debrided with maggots for (1-17 days) prior to surgical closure. Postoperative wound infection was not
observed. Six of the 19 wounds not treated with maggots developed postoperative wound infections (26). Additionally,
between 2002 and 2005 several case reports were published reporting the benefits of maggot debridement therapy
(MDT) in amputation sparing surgery and after breast-conserving surgery (27,28).

In 2009, the first randomized controlled trial of larval therapy in leg ulcers was published. The VenUS-2 trial was an
open randomized trial with 267 patients with at least one venous or mixed venous-arterial ulcer and with at least 25%
coverage of slough or necrotic tissue (8). It was a 3-armed trial comparing loose larvae, bag larvae and hydrogel. The
primary outcome was time to healing of the largest eligible ulcer. Maggot therapy scored only better in the time to
debridement, whereas for the secondary outcomes (including time to debridement, bacterial load, presence of
methicillin-resistant Staphylococcus aureus (MRSA), quality of life, adverse effects, and ulcer related pain), no
improvement was seen when maggots were utilized (8).

In an open letter to the editor of the BMJ, Sherman criticized the study design stating that the true significance of this
study may be in demonstrating that the time saved by larval debridement may be lost if we do not continue to address
the quality of the wound, and its response to treatment throughout the entire healing process. The fact that subjects in
all three study arms failed to heal as quickly as expected, supported the contention, that the study design was not
consistent with good clinical practice. In the opinion of Sherman, eight months to heal a 12 cm? ulcer must not be
accepted as the standard of care, (29).

In 2012, a randomized multicenter trial (n=119) compared two groups of patients receiving MDT or the conventional
treatment for wound debridement during a two-week hospital stay. Percentages of slough were significantly lower in
the MDT group at day 8, but not at day 15. The authors concluded that because there is no benefit in treatment after 1
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week, another type of wound dressing should be used (30). In 2014, Mudge et al also noted faster debridement in
favour of larval therapy over hydrogel therapy in an randomized, controlled trial of patients with leg ulcers (n=88) (31).

A Cochrane meta-analysis on the efficacy of MDT was conducted in 2015, which identified 10 studies with 715
participants. The overall quality of evidence was low, because the studies were small and most were short duration.
There were mixed results between the studies in terms of the amount of slough in the wound bed at the start of the
trial, the duration of the treatments, and the methods used to see how well the debridement worked (32). There is no
strong evidence whether debridement itself or any particular form of debridement is beneficial in the treatment of
venous ulcers (33,34).

Disinfection of the Wound

In insects, the most widespread antimicrobial peptides (AMPS) are defensins. Some medicinally important compounds,
including lucifensin 1 and lucifensin 2 can potentially be used as synthetic AMP analogues in wound dressings (37).
Maggots have been shown to have anti-bacterial properties. Huberman et al showed that the extracts and haemolymph
of Luvilia sericata had bactericidal activity against Gram-positive and Gram-negative bacteria, including Pseudomonas
aeruginosa, Klebsiella pneumonia and methicillin-resistant Staphylococcus aureus isolated from wounds (35). This
bactericidal activity was attributed to a variety of AMPs released by the maggot larvae. Poppel et al. identified a whole
spectrum of AMPs consisting through RNA sequencing, including lucifensin and lucimycin, attacins, cecropins,
diptericins, proline-rich peptides and sarcotoxins. They identified 47 genes encoding putative AMPs and detected the
presence 23 AMP analogues (36). Some analogues had activities against various pathogens, including Pseudomonas
aeruginosa, Proteus vulgaris and Enterococcus faecalis. In some instances, synergistic effects were found against
Escherichia coli and Micrococcus luteus, when selected AMPs combinations were used (36).

Stimulation of Wound Healing

Wound healing is a very complicated process in which a major cytoskeletal component, vimentin, acts as a signal
integrator during wound healing; operating in both signalling delivery and response (38). It was believed for some years
that the physical properties of the maggots were the most important for wound healing, because loose maggots healed
wounds faster than maggots applied while in a bag/container. Current evidence suggests that the secretions
components of the maggots are the most important (39,40). Reports from in vitro studies suggest that MDT could be
replaced with application of the secreted against from maggots alone (39,40).

Complement activation(CA) is needed to initiate tissue repair. However, inappropriate activation of complement, as
observed in chronic wounds, can cause cell death and enhance inflammation. In this way inappropriate CA contributes
to further injury and impaired wound healing. Therefore, attenuation of CA by specific inhibitors may assist to facilitate
wound healing. Currently the effects of several complement inhibitors, such as the C3 inhibitor compastin, and several
C1 and C5 inhibitors are under investigation in wound healing (41,42). Cazander et al. showed maggot secretions
reduce CA in healthy and post-surgical immune activated sera by up to up to 99,9% via all pathways. Maggot
excretions do not specifically initiate or inhibit CA, but breakdown complement proteins C3 and C4 to attenuate CA
(41,42).

Conclusion

Maggot wound debridement therapy has made a revival in the last two decades. However, the quality of research has
been insufficient to establish its efficacy. In a Cochrane meta-analysis, the overall evidence for its use was considered
low (32). Nevertheless, a clear and consistent pattern in all the studies suggest that the maggots increased the speed
of wound debridement in the first week of treatment compared to hydrogel therapy (10,24,28). In addition, maggots
have been shown to produce anti-microbial peptides, which have broad-spectrum bactericidal activity. These AMPs
can be synthesized. They are able to reduce the complement system activity (41-42). The application of synthetic AMP
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analogues in wound dressings and adhesive bandages will potentially solve many issues in wound care (43).
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