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Abstract

Background: Although the advances in contemporary medicines li@lped to improve the healthcare services,
the wounds that do not heal remain a problem. Ratidife expectancy has increased and many disease
now considered chronic.

Objective or Aims: The present historical study explores the impadrntse of Maggot Debridement Therapy in
clinical practice from antiquity to this day.

Methodology: A literature review of both Greek and internatiblitarature was conducted. Popular data bases
such as Pubmed, Medline, and latrotek were alst. use

Results: Maggot therapy is a controlled therapeutic myiagiging which, fly maggots are placed on the traum
and help to clean the dead and infected tissueseTheaggots have been sterilized and have beenifred
laboratories with strict quality control protocoldsually, the preferred species for this particulgre of
treatment is the speciksicilia sericata

Discussion:Maggot therapy first appeared at the beginningiafization. From the Ngemba tribe to the Maya
civilization, from army physicians during war carignes to the 2% century, maggot therapy has been used to
treat ulcers.

Keywords: maggot therapy, soldiers, wound healing, myidsisijlia sericata
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Introduction Therefore, the maggots remove the necrotic

sue both by consuming it and by scraping it

. . i
Maggot therapy is used to clean dead tissue. 1pS
dates back to the beginning of civilizationW%IIe they crawl along the wound. Moreover,

(Whitaker et al ,2007; Stadler, 2020). Maggo?jue fo the production of a large number of
therapy had raised a lot of controversy anaroteases, as already me'.“'oned’ the Iarvae' are
ble to dissolve necrotic material (debris)

physicians did not usually prefer this type o .
treatment to clean a surgical wound. However, ﬁhem'."a”y _(Shermgn, .2014)' The_second phase
disinfection, which is accomplished by the

is a safe, cheap, and simple treatment, with ve . ) .
cretion and excretion of a mixture of

good results and that is why it has been wide . ) )
accepted (Stadler et al, 2015; Sherman, 200 oteolytic enzymes, such as lucifensin (a
! ' : efensin), cyclo [Pro, Pro], p-

Today, both hospitalized and non-hospitalize ydroxyphenylacetic acid anghydroxybenzoic
patients with chronic, difficult to heal, diabetic cid (Sherman, 2014; Naik et al, 2017:

ulcers can benefit from maggot thera o .
(Whitaker et al, 2007; Heitkampg%t al, 201%' uberman e'g al, ZOO_'Cerovskyet al, 2010)The
Peck et al. 2015 Jones et al. 2009 Cru ast phase is healing (Sherman, 2014). After
Saavedra et’ al 20i6' Uysal et al ’2018' Meime ieatment with larvae an increased oxygenation
et al, 2015). The main action bticilia sericata and perfu_spn was observed (Wollina et al,
larvae is biological cleaning (scavengingzooz.)' Th'? IS pr_obaply due to the detection of
debridement) of necrotic tissue, especially of th gtti?j'i?]eamg]_o uzcr:?dsinlg igeié?]?gggga sm;cnhd asL_L-
yellow fibrous tissue that covers ulcers’ bOttom\'/alinol ’subs?ances thpat phave been known to
It must be noted that. sericatalarvae’s physical ’ . . )
activity at ulcers’ bottom consists one of theenhance the proliferation of the endothelial cells
main reasons that made the U.S. Food and Dr} d angiqgenesis (ngfiedxﬂ al, 2010). The'most
Administration (FDA) classify them among thecOmmon Insect species _f_or maggot debridement
medical technology media (Sherman, 2014 hera_lpy (.MDT). are_Lucn!a sericata and L.
uprina(Diptera: Calliphoridae). Also, numerous

They possess a wide range of matri ; ) )
metalloproteinases (MMP), including serineo'[her Calliphoridae have been used in MDT,

: . such agCalliphora vicing Chrysomya rufifacigs
proteases trypsin and chymotrypsin-typane %\;_milia caesar L. illustris, Phormia regina

aspartic protease and one MMP exopeptidas fotophormia  terraenovae as  well  as
type, which can act at a wide range of pH (5. I- ohlfahrtia nuba (Diptera: Sarcophagidae).

10.0). (Schmidtchen et al, 2003; Telford et al :
2018).(More specifically, through ammonia(Gr"’ISSberger etal, 2013) (Figures 1a,1b,1c)

secretion, the ulcer's area becomes alkalizeHtistorical background of Maggot Therapy
thus proteases like trypsin contribute to celbver the centuries

proliferation. The larvae antimicrobial activity is
extremely importantMaggots control bacteria
[both  methicillin-sensitive  (MSSA) and
methicillin-resistant (MRSA) Staphylococcus
aureus Streptococcus pyogenesand partly

Pseudomonas aerugindgsa through their

digestion tract (Mumcuoglu et al, 2001; Bexfield “My body is clothed with worms and scabs, my

Maggot Debridement Therapy (MDT) is not a

novel treatment; it dates back to the beginning of
civilization. The oldest written reference may be

found in the Old Testament, where a man’s
wound was infected by larvae of flies.

et al, 2004; Kerridge et al, 2005) skin is broken and festering”.
Mechanism and Species of LarvaeThe larvae The Holy Bible, Old Testament, Job 7:5
act on the wound in three phases. The first phase (New International Version (NIV), 2011)

is the debridement, the removal of the dead
tissue, in order to improve the healing potentighncient Times

of the remaining healthy tissue (Sherman, 2014pigtorant primitive civilizations, such as the

Each maggot has the ability to remove up tQgempa tribe of New South Wales, the Burmese
25mg of necrotic tissue within  240rS..y neonle in Northern Myanmar, and Mayan
(Mumcuoglu, 2001) Debridement is achieVeq,oqiars of Central America used fly larvae

me_chanically and chemically (_Sherman_, 201‘ki\Nhitaker et al, 2007; Sherman et al, 2000;
Naik et al, 2017). The mechanical debridemeri; o 1943 Nigam et al, 2010; Weil, 1933)
can be attributed to the tiny spines that cover the ’ ’ ’ : :

maggot’s body, as well as its mouthpart hooks.
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They soaked bandages in bovine blood arappear. Then they applied the bandages on a
exposed them to the sun, so that the flies coulchuma (Whitaker et al, 2007; Nigam et al, 2010;
lay their eggs and larvae (maggots) wouldVeil et al, 1933).

Figure 1

1a 1b 1c

Figure 1a: Eggs of maggots
Figure 1b: Sterile maggots in vials
Figure 1c: Maggots for use in wounds

(photos from our Lab)

1510-1590 their beneficial effect during the Napoleonic

. . ars (Whitaker et al, 2007; Sherman et al, 2000;
The French surgeon Ambroise Paré (1510-1590)". P ’ i ' '
was the first to describe the positive effect gf fl Ie” et f”‘l’ 1933; Graner, 1?197’ Voyart‘;oglou et
larvae on soldiers’ wounds. (Whitaket al, al, 1999; Larrey, 1832). Furthermore, his interest

2007) No other references on MDT were foundl troops’ health in the battlefields led him to a

in the literature before Paré’s novel descriptionrseVOIunonalry and original idea: a plan for the

during the 18 century (Graner, 1997). A rapid evacuation of the injured through a medical
partic%lar case of a peﬁient with ’a Iarge- dediansport vehicle, in an effort to avoid deaths due

skull trauma was of great importance becau bleeding. That invention made him the father
Paré managed to observe the presence ofmodern ambulance (Larrey, 1832; Skandalakis

maggots on the bone deficiency (Nigam, et a?z[s:étszggzlelrnatt:algzgi’c:t?izglt?tlnrr?egn;hzthotrT:rSleed
2010) and decided to allow the maggots’ action,

. . jature’s work by eliminating the necrotic cells,
L?gearﬁagteg} ;eoi%\;ered (Whitaker et al, 2007nbecause they devoured them without disturbing

the live tissue” (Whitaker et al, 2007; Sherman et
1766-1842 al, 2000; Weil et al, 1933; Graner, 1997;
R ) Voyatzoglou et al, 1999; Larrey, 1832). One of
Baron Dominique-Jean Larrey (1766 1842)MDT’S characteristics that aroused his interest

Napoleon’s battlefield surgeon, noticed tha the i t of infl " d th
maggots not only removed necrotized tissue frogfas e Improvement ot inflammation an €

the trauma, but also cared for the rest of ﬂ{éeductlon of pus, which was noticed by a male

nurse in Mercy Hospital (Weil et al, 1933).

healthy bone. Larrey first recorded the Wa)é i in his bookOb i
maggots act in cases of trauma and recogniz grey notes in his bookbservations on

www.internationaljournalofcaringsciences.org
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Wounds, and their Complications By Erysipela2009;Baer, 2011). Baer was considered to be the
Gangrene and Tetanus, and on the Principdather of MDT, having the first scientific
Disease and Injuries of the Head, Ear, and Eyeeference in the international bibliography,
(1832) that the French Napoleonic campaign idespite his not being the person who discovered
1798-1801 benefited by the use of fly maggotis. During the I World War, he used MDT on
on several soldiers. two soldiers in the battlefield with neglected
0ﬁactures of the femoral bone and large
e%bdominal wounds. After their transport to the

Larrey resented the view of fly maggots becau&gzp';:be?agrr] dogsfgvfgmas Iigksgf;glﬁinwggot?{e
they grew rapidly and increased in size eveR!S: ' ymp pSIS.

e ; _ verall good condition of the patients that
\évcl)TISn Sa(;@;(\{\ggker et al, 2007; Stadler et aﬁnpressed him the most. After removing the

bandages, he noticed the formation of pink
American Civil War (1861-1865) During the granular tissue (Weit al, 1933; Graner, 1997;
American Civil War (1861-1865), William Baer, 2011; Wainwright, 1988; Ashley et al,
Williams Keen (1837-1932), a military surgeon2018).Baer also observed that fly maggots tend
claimed that fly maggots do no cause any harto crowd in specific areas and that despite their
in wounds, despite their repulsive appearancgeed for air and sunlight, they seek shade,
(Whitaker et al, 2007). Furthermore, John Fornegescribing thenilike dogs that seek the shade”.
Zacharias (1837-1901), a surgeon frorThus, Baer placed artificial light on a scar The
Maryland, and Joseph Jones, a military doctoinjuries healed, while bacteria  like
were the first ones who used MDT during th&taphylococcus, Proteus etc diminished, leading
American Civil War. Jones noticed that the usBaer to the conclusion that fly maggots restore
of fly maggots on numerous wounds did nothe injury and affect bodily fluids, playing a key
affect the healthy tissue, only the necrotizedple in healing (Wainwright, 1988).
while J.F. Zacharias reported that fly maggot 29-1931
removed necrotized tissue from gangrene shor
after their application, saving numerous livedn 1929, Baer cured children suffering from
(Whitaker et al, 2007; Graner, 1997;0steomyelitis and injuries of the soft tissues and
Voyatzoglou et al, 1999; Yan et al, 2018). managed to publish his work in 1931 (W&ilal,

World War | (1914-1918) During the F \World 1933; Graner, 1997; Baer, 2011). With the aid of

. . L is colleagues, he managed to create methods for
War, mortality rates raised due to the injuries an}qerilizing the flies’ eggs (Whitaker et al, 2007,

the insufficiency of antiseptic methods (Whitake ) e
et al, 2007; Sherman, 2009) .Fly maggots wet aer, 2011)but there were quite a few scientists

unsuccessfully used in  patients  with at disagreed with MDT because its effect was
not clear and knowledge was considered to be

osteomyelitis by the American military and. g .
orthope)(/jic surgeon William Stevensor): Baegsuffmlent (Whitaker et al, 2007, Graner, 1997).

(1872-1931). Baer was born in Baltimore an ?a?r:to(ilede I'_Ai\\rjirrgl s7t’on193éﬁeAft$1irs hlsstfcfear:?s:
graduated from Johns Hopkins University in. " . : 9 Lo : SO
1894. He served as a House Officer at Johﬁgntmued the MDT, starting its W'de appllca_ltlon
Hopkins Hospital in the surgical wing. The yea'rn wound healing in American hospitals

1917 was important for Baer because he becar{f]Wh'taker et al, 2007;Graner, 1997). Livingston,

a Clinical Professor of Orthopedic Surgery at thff'o was Chief of the Orthopedics Service of the

Nevertheless, despite their positive effect
wounds and the encouragement of the soldi

Johns Hopkins University. One of his man dward Hines Jr. Veterans Administration

accomplishments was the establishment of t OSp'ta}I at Hines, lllinois, cor_1tr|buted greatly
with his research and effective treatment in

Children's Hospital School in Baltimore. Durin . .
gé/ound healing, saving nhumerous veterans who

g]fpegﬁlirgr?aryyego’rc:se ig]omgringge Wﬁrgreerlca\ id not lose their lower limbs. He published

: . . . everal papers; his last one being in 1942. After
remained for 2 years. During this period, MDT : o
aroused his interest (Baer, 2011; Wainwrigh{he fall of MDT, he stopped working as a clinical

: searcher and became Chief of Staff at the
1988). Baer was the first one to use fly maggor : . . :
systematically on injuries and he discovered th Ibany VA Hospital until 1965. He is considered

in order to apply them on an injury, they have t e savior Of. countless Amerlcan_ . sol_dlers,
be sterile (Whitaker et al, 2007: Sherman,0|d'ng a special and honorable position in the
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medical history of the American army (Graner1989 in USA, and from the mid-1990s in the UK
1997). and Israel, MDT returned to successfully treat
numerous patients (Mumcuoglu et al, 2001,
World War I (1930-1940) Mumecuoglu et al, 1999). More precisely, Ronald
During the 2 World War, military doctors of Sherman and Edward Pechter brought MDT back
Burma used MDT and monitored the progress @b the spotlight and encouraged the use of
the treatment (Whitaker et al, 2007). During thenaggots in the USA during the 1990s. (Naik et
decade 1930-1940, numerous publicatiors, 2017). During that time, many studies were
referred to MDT, since more than 300 Americaperformed on patients with ulcers from MDT
hospitals applied it for wound healing.supporters, reporting faster removal of the
Nevertheless, the discovery and wide availabilitgecrotized tissue and faster healing rate, in
of antibiotics, along with the amelioration ofcomparison to other surgical treatments and
surgical practices that flourished during that eragchniques (Whitaker et al, 2007;Sherman, 2009;
led to the loss of interest for MDT applicationrHuberman et al, 2007)An increase of its
(Whitaker et al, 2007; Stadler et al, 2015application was noticed, despite the hesitation of
Sherman, 2009; Jones, 2009; Huberman et &kalth professionals to its reintegration in the
2007; Yan et al, 2018; Huberman et al, 2007health system. Thus, MDT reappeared in the
This loss of interest started after the wide use gpotlight in the UK and the Biosurgical Research
sulfonamides. Moreover, the production ofUnit was established in Bridgend, South Wales,
penicillin (originally discovered in 1922, whenproducing since 1995 sterile maggots and
Alexander Fleming noticed that this substancexporting them to Europe (Whitaker et al, 2007).
may suspend the development of staphylococ '1rst Centur
streptococci, meningococci etc) started, alon% y
with the production of new antiseptic agent$n 2004, the U.S. FDA received a patent to breed
(River, 1943; Graner,1997; Voyatzoglou et almaggots for pharmaceutical purposes, which
1999; Yan et al, 2018; Chain et al, 2005). Swould remove necrotic skin tissue and soft
numerous traumas that in the past were curdéidsues (Grassberger et al, 2013; Sherman et al,
with fly maggots, like osteomyelitis and soft2018). During the same year, this particular type
tissue abscesses caused by bacteria, were leksaggot treatment was approved by the Health
common due to the use of sulfonamides an@luthorities of Germany and Austri@rassberger
penicillin (Sherman, 2009; Nigam et al, 2010)et al, 2013)In addition to that, in 2010, this type
Furthermore,  publications  with  MDT’s of treatment received approval from the EMA
successful results decreased, because it w&uropean Medicines Agency) to be used in foot
considered an alternative solution fowulcers. Maggot therapy was included in the
unfavorable conditions. In the 1950s, MDT wasealthcare system in 2011 (Sherman, 2014,
rarely used and less often reported (Whitaker &herman et al, 2001).1t is estimated that 50.000
al, 2007; Sherman, 2009; Nigaet al, 2010; treatments take place every year and that fly
Voyatzoglou et al, 1999). maggots are bred in, at least, 25 laboratories
Late 20" Century (Sherman, 2009; Grassberger et al, 2013) and are
then delivered in 40 countries, such as Argentina,
In 1980, the antimicrobial resistance of pressurustralia, Austria, Belgium, Brazil, Canada,
ulcers and diabetic ulcers was common, whil€hina, Colombia, Czech Republic, Denmark,
other treating methods were unsuccessful. Th&cuador, Egypt, France, Finland, Germany,
appearance of bacteria resistant to antibioti¢sungary, Indonesia, Iran, Italy, Israel, Japan,
such as MRSA, along with restrictions in the uskenya, Malaysia, Malta, Mexico, New Zealand,
of antibiotics, resulted in the return of MDT inNorway, Philippines, Poland, Russia, Singapore,
hospitals  (Sherman, 2009; Jones, 200%lovakia, Slovenia, Saudi Arabia, South Africa,
Voyatzoglou et al, 1999; Malekiaet al, 2019). Spain, Sweden, Switzerland, Tanzania, The
Antibiotics do not remove necrotized tissue anietherlands, Thailand, Turkey, the UK, Ukraine,
sometimes decelerate the beneficial action @ihd the USA (Mumcuoglu, 2001; Mumcuoglu et
non-pathogenic microorganisms during healingal, 1999).

On the other hand, fly maggots eradicate bactetrj . .
and remove necrotized tissue, while theﬁ)day’ many companies breed sterilized fly

facilitate the development of granular tissu aggots in the USA, the UK, and in Germany,
(Voyatzoglou, et al,1999; Nigam, 2016).Since
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Israel, Japan, Malaysia, and ThailandBexfield A, Bond AE, Morgan C, Wagstaff J, Newton

(Mumcuoglu et al, 1999). RP, Ratcliffe NA, Dudley e, Nigam Y.(2010). et
) ~al. Amino acid derivatives from Lucilia sericata

Maggot therapy is a type of therapy for chronic excretions/secretions may contribute to the

wound healing, when the wounds do not respond beneficial effects of maggot therapy via increased

to conventional treatments and surgical cleaning angiogenesis. Br J Dermatol. 162(3):554-562.

is not an option (Huberman et al, 2007). Bexfield A, Nigam Y, Thomas S, Ratcliffe NA .

. . (2004).Detection and partial characterisation of
Pioneers of contemporary MDR are Sherman in 1,0 antibacterial factors from the

Europe and Mumcuoglu in Israel. They try to excretions/secretions of the medicinal maggot
continue maggot therapy all over the world. Lucilia sericata and their activity against
methicillin-resistant ~ Staphylococcus  aureus
5 (MRSA). Microbes Infect. 6(14):1297-304.
Maggot therapy can be applied to all kinds ofefovsky V, Zfarek J, Faik V, Monincova L,
trauma, such as diabetic foot ulcers, pressure Voburka Z, Bém R. (2010).Lucifensin, the long-
wounds etc. and in areas that are difficult tottrea  SCUght antimicrobial factor of medicinal maggots
Maggots remove necrotic tissue without harming f the blowfly Lucilia sericata. Cell Mol Life

the healthy tissue, the blood vessels, and tﬁjﬁ"%ﬂ?’gigfy_ﬁ?/v Gardner AD, Heatley NG

tendf_’”s_- MDT can be, gpplied_ to  both Jennings MA, Ewing JO, Sanders AG. (2005) et
hospitalized and non-hospitalized patients. There 5. THE CLASSIC: penicillin  as a
are almost no side effects and it is a very quick chemotherapeutic agent. 1940. Clin Orthop Relat
and effective treatment for wound cleaning. It Res.439:23-26.
significantly reduces bacterial burden, whileCruz-Saavedra L, Diaz-Roa A, Gaona MA, Cruz ML,
increasing tissue granulation and healing. Ayala( M, C)orteﬁ-Ve;:fmo J'?\, Pat?rroyo MA, Bellt()}I
o MA. (2016) .The effect of Lucilia sericata- an
(';Ah?gg%t thgr?]%i C;r?dr?)?gcgnihle'rﬁgrg?rl:ga:;%snsof Sarconehsiopsis magellanica-derived larval therapy
IC wou \ I utat . on Leishmania panamensis. Acta Trop. 164:280-
Moreover, during this type of therapy, there is 289.
less need for antibiotics and hospitalization andraner JL. S.K.(1997). Livingston and the Maggot
patients do not need to visit the hospital very Therapy of Wounds. Mil Med.162(4):296-300.
often. Maggot therapy can also improve patient§¥rassberger M, Sherman RA, Gileva OS, H.,
quality of life, since it reduces pain and bad odor ghrt'rs]t()pher I\Iﬂ tK'm' F',V'.”mC‘I‘Oglu (leI(D (Zt(.)l?f)'A
Maggot therapy is not only a low-cost and =o' .eralpé d IS O?}” rinciples a”d ractice: .
effective treatment, but also a way to gracuca ,j' e to }_-e- Dlaggoss an Tregtm.ent ©
o ' ; isease Using Living Organisms. Springer
S|gn|f|cantly_ reduce the medical expenses for pgrgrecht Heidelberg New York London.
wound healing. Heitkamp RA, Peck GW, Kirkup BC. (2012).Maggot
Abbreviations Perceptions.  and . Prevaience. Wil Med
FDA = Food and Drug Administration 177(11):1411-1416.
MMP = tri tall tei Huberman L., Gollop N., Mumcuoglu K.Y., Block C.,
= matrix metalloproteinases Galun R.(2007). Antibacterial properties of whole
MSSA methicillin-sensitive Staphylococcus body extracts and haemolymph of Lucilia sericata
aureus maggots. J Wound Care.16(3):123-127.
Huberman L., Gollop N., Mumcuoglu KY, Breuer E,

Conclusions

MRSA = methicillin-resistant Staphylococcus Bhusare S.R.,Shai Y, Galun R. (2007) et al.

aureus Antibacterial substances of low molecular weight
. isolated from the blowfly, Lucilia sericata. Med

MDT = maggot debridement therapy Vet Entomol. 21(2):127-131.
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