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Biotherapy: Medicinal Maggots
and Invertebrate Immunology
from the Clinician’s Perspective

Ronald A. Sherman and Edwin L. Cooper

Biotherapy is the term used to denote the practice of using live animals to treat or
diagnose illness. The term, and the formal discipline, are only about 30 years old,
but the practice itself dates back thousands of years. The use of leeches and honey
bees, for example, can be traced back to ancient Greek, Egyptian, Persian, and
Asian societies (Gileva and Mumcuoglu 2013; Kim 2013). Biotherapy encompasses
a variety of living creatures, from microbes to mammals (Fig. 1). Examination of one
of these modalities, maggot therapy, offers an opportunity to examine how inverte-
brate immunology and physiology have been harnessed to benefit human health.
Maggot therapy, also known as maggot debridement therapy (MDT), larval therapy,
biodebridement, and biosurgery, is the application of live fly larvae to wounds in
order to aid in wound debridement (cleaning), disinfection, or healing. A maggot
infestation on a living vertebrate host is called myiasis. When that infestation is
limited to a wound, it is called wound myiasis. Maggot therapy is basically a thera-
peutic wound myiasis, controlled to optimize efficacy and safety (Sherman et al.
2013). We control myiasis by carefully selecting the species and strain of fly
(Table 1), disinfecting the larvae, using special dressings to maintain the larvae on
the wound, and integrating quality control measures throughout the process.
Maggot therapy treats chronic wounds through three main actions: debridement
(removal of dead tissue and debris), disinfection, and stimulation of healthy tissue
growth (Sherman 2014). These actions are brought about through the maggots’
digestive secretions/excretions and through the physical action of the maggots
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Fig. 1 Phylogenetic diagram of most commonly used biotherapeutic animals. Major clades
include viruses, archaea, bacteria, fungi, platyhelminths, annelids, nematodes, insects, cyprinids

(carp), canines, and equines
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Table 1 Fly species (Order: Family Species
Diptera) that have been used Calliphoridae
in maggot therapy Calliphora vicina

Chrysomya rufufacies
Lucilia caesar

Lucilia cuprina

Lucilia illustris

Lucilia sericata

Phormia regina
Protophormia terraenovae

Sarcophagidae
Sarcophaga haemorrhoidalis
Sarcophaga bullata
Wohlfahrtia nuba

Muscidae

Musca domestica
After Sherman et al. (2013)

crawling about the wound bed. Maggot debridement is thorough and precise. It is
accomplished, in part, through the proteolytic action of the maggots’ digestive
enzymes, liquefying the necrotic wound tissue but not the viable tissue. The mag-
got’s spined body also aids in debridement by dislodging dead cells and debris.

Microbial killing was extensively reviewed by Nigam and associates (Nigam
et al. 2006a, b). In the decade since, we have come to learn that Lucilia sericata
secretions/excretions not only kill bacteria in cultures but also dissolve and inhibit
the formation of biofilms (Cazander et al. 2009, 2010; Bohova et al. 2014). It was
long assumed that medicinal maggots produced antimicrobial peptides like many
other insects, especially given the fact that species members, used medicinally,
would need to protect themselves from microbes that abound in their natural envi-
ronments: corpses, feces, and other decaying organic matter. A variety of antimicro-
bial peptides have now been identified, and some have been completely characterized,
including lucifensin (Cerovsky et al. 2011), lucimycin (Poppel et al. 2014), allofer-
ons (Chernysh et al. 2002), and others (Ratcliffe et al. 2014).

Medicinal maggots alter the immune system of the host as well. Clinically, mag-
got therapy has been associated with decreased inflammation, though this may in
part be merely a result of the antimicrobial and debriding actions that also reduce
inflammatory stimuli. Recently, laboratory studies demonstrated that medicinal
maggots might suppress the immune response directly by affecting the complement
cascade. By combining secretions/excretions from L. sericata larvae with serum
from preoperative (healthy) and postoperative (immune-activated) patients,
Cazander et al. (2012) demonstrated that the maggot excretions reduced comple-
ment activation up to 99.9%, via all pathways, breaking down C3 and C4 proteins
in a cation-independent, temperature-tolerant manner. Dauros Singorenko and
coworkers (2017) demonstrated that maggot excretions/secretions upregulated gene
expression in several human wound cell types in vitro, especially monocytes, and
partially reduced the interleukin 8 transcription otherwise seen in response to bacte-
rial lipopolysaccharide exposure.
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In 2004, medicinal maggots became the first live animal to be granted marketing
clearance by the US Food and Drug Administration (FDA) (Sherman 2014). Leeches
(Hirudo medicinalis) are the only other live animal cleared by the FDA for market-
ing in the USA (Mumcuoglu 2014).

The use of these animals as food or nutritional supplements and the use of their
tissues and extracts are not considered to be biotherapies (since it is not the living
animal that is used). But their medicinal benefits may very well be based, at least in
part, on some of the same biochemical and immunological mechanisms of action.
For example, leech saliva has been shown to contain antimicrobial, anti-
inflammatory, and anticoagulant proteins, useful in treating osteoarthritis (Michalsen
et al. 2003, 2008; Andereya et al. 2008; Stange et al. 2012; Cooper and Mologne
2016), and a few hirudin-based drugs have been approved as anticoagulants (Eldor
et al. 1996; Fields 1991). With continued research, the list of medicinal animals
and animal products making their way into mainstream medical practice should
continue to grow.
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