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ABSTrAcT

The use of sterile medical maggots for rapid debridement of deep burn wound necrotic eschar, 
particularly in preparation of the wound surface for grafting is a promising direction in development 
of medicine. Full thickness burns contain a lot of necrotic tissue and pathogen bacteria that are resis-
tant to antibiotics and topical antibacterials in most cases. For the prevention of wound infection, 
debridement of necrotic eschar as soon as possible is needed, but in most cases it is technically dif-
ficult to remove all necrotic tissues completely without complications only by means of surgery.

In order to study the effectiveness of medical maggots in burn wound safe debridement and their 
antibacterial effect on wound pathogen bacteria, 73 patients with deep burns of less than 15% of total 
body surface area were studied. Patients were divided into a control group (group A) who were 
treated by the traditional method (delayed excision, wound dressing with topical antiseptics, antibiot-
ics) and study group (group B) who were treated with sterile medical maggots. For the qualitative and 
quantitative assessment of wounds bacterial contamination wound surface swabs were taken before 
and after the described treatments. According to the results of this study, due to use of medical mag-
gots debridement of the wounds was achieved significantly faster in group B (M=14±2.8 days) com-
pared with control group A (M=21±4.9 days) (p=0.0007, Student’s t test). In group A clinical cases of 
purulent wound infection were observed among 9 patients, and in group B among 3 patients. Total 
bacterial load was reduced in 43% of wounds in group B, and in 16% of wounds in group A. After 
traditional treatment there was an increased detection rate of pathogenic fungi in group A, but rela-
tive detection rates of burn wound major pathogens Staphylococcus aureus and Pseudomonas aeru-
ginosa were changed slightly. In group B, after the treatment with sterile medical maggots, relative 
detection rates of Staphylococcus aureus, Streptococcus pyogenes decreased significantly, the rela-
tive detection rate of Escherichia coli decreased slightly, and increase in relative detection  rate of  
Pseudomonas aeruginosa and Proteus mirablis was observed. 

The results indicate that sterile medical maggots are effective for debridement of deep burn wounds 
and have a selective antibacterial effect against major pathogen bacteria of burn wounds. Taking into 
account the literature data about potentiation of antibacterial activities of different antibiotics on 
pathogenic bacteria by maggot excretions/secretions (especially on Pseudomonas aeruginosa in stud-
ies in vitro), and data of our own research, the combination of maggots with antibiotics is considered 
to be optimal in preparation of burn wounds for grafting. 

keywordS: burn wounds, medical maggots, antibacterial activity.

AddreSS for correSpoNdeNce:
Yerevan State Medical University
Koryun Street 2, 0025, Yerevan, Armenia
Tel: (+374  94) 31 41 94,
E-mail: edgarcomp@rambler.ru

tive for treatment of necrotic wounds in the acute 
inflammatory phase. There are multiple reliable 
studies proving the effectiveness of maggot de-
bridement therapy (MDT) in the treatment of pu-
rulo-necrotic wounds (pressure ulcers, diabetic 
foot, trophic wounds etc.) [Fleischmann W., 2004; 
Zohrabyan A., 2004; Sherman R., 2009; Steen-
voorde P., 2010; Marineau M. et al., 2011]. The 
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introduction 

Аccording to the literature data sterile medical 
maggots, obtained under laboratory conditions 
from blowfly species Lucilia sericata, are effec-
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main mechanism of MDT is based on necrolytic 
activity of maggot secretion, which contains sev-
eral groups of enzymes (chymotrypsin, carboxy-
peptidase, nuclease, serinoprotease collagenase, 
lipase, etc.) that are known for wide range of thera-
peutic effects on wound healing. Urea and ammo-
nium salts also produced by maggots, result in de-
naturation of necrotic mass proteins and provide 
optimal pH conditions for the action of enzymes. 
Biological peculiarity of blowfly maggots is the 
external type of digestion. Maggots, eating only 
necrotic masses in wounds, inject the secretion of 
digestive gland containing active enzymes directly 
into the necrotic eschar with the help of mouth-
parts, and after complete enzymatic liquefaction 
actively absorbs liquid contents. According to 
Fleischmann W. (2004), due to the action of one 
maggot in wound debridement of 0.4 g necrotic es-
char can be achieved. As a result of the maggot 
enzymes selective action, healthy tissue is not 
damaged, and after the complete wound debride-
ment maggots have a nature to leave the wound. In 
this manner, continuous, selective and active ther-
apeutic effects of maggots in necrotic wound lead 
to rapid and secure debridement [Nigam Y. et al., 
2010; Heuer H. et al., 2011]. According to recent 
studies, maggots also have antibacterial action on 
a wide range of wound pathogens [Mumcuoglu K., 
2001; Sherman R., 2009; Steenvoorde P., 2010]. In 
particular there are multiple descriptions of clini-
cal cases with wound infections resistant to con-
ventional treatment, successfully cured with medi-
cal maggots. The antibacterial properties of the 
medical maggots were observed not only in the 
clinical cases, but also proved with the results of 
microbiological analysis, when there was a signifi-
cant decrease in the level of microbial contamina-
tion in the majority of the wounds treated with 
maggots for up to 102 - 103 pathogens per gram of 
tissue [Zohrabyan A., 2004]. Some authors explain 
the antibacterial properties of maggots with com-
petitive removal of necrotic eschar which is the 
main nutrient substrate for bacteria, and basing on 
the fact of active phagocytosis and lysis of bacteria 
in digestive tract of the maggot. Active phagocyto-
sis and subsequent lysis of bacteria in digestive 
tube of maggots has been proven in in vitro studies 
with fluorescent Escherichia coli bacteria [Mumc-
uoglu K., 2001]. There are also studies of other au-

thors according to which the basic mechanism of 
antibacterial action is more complex and selective. 
In the secretions and excretions of the maggots a 
new class of antibacterial compounds is described 
(lucifensin, p-hydroxy phenylacetic acid, etc.), 
which has demonstrated a selective antimicrobial 
activity in in vitro studies [Bexfield A. et al., 2004; 
Huberman L. et al., 2007]. Together with multiple 
data of recent years research in the field, the spec-
trum of maggots’ direct antibacterial action is still 
a matter of dispute.

Full thickness burns contain a lot of necrotic 
tissue as well as pathogen bacteria resistant to 
most antibiotics and topical antibacterials at pres-
ent. For the prevention of infection complications 
in the wound early debridement is necessary, but in 
the majority of cases complete surgical debride-
ment of deep burn wounds is associated with tech-
nical difficulties (significant blood loss, wet 
slough, damage to healthy tissue, complicated 
wound healing, etc.) in early stages after burn 
trauma. The use of sterile medical maggots for 
rapid debridement of deep burn wound necrotic es-
char, and preparing the wound surface for grafting 
is promising for the development of medicine. 
Published data about use of medical maggots to 
debride full thickness burns are limited with the 
discretion of several clinical cases of successful 
treatment, particularly the aspects of maggots anti-
bacterial action against burn wound pathogen bac-
teria have not been well studied. The aim of this 
study was to investigate the pattern of bacterial 
invasion in burn patients in real time, as well as 
features of maggots antibacterial action against 
burn wounds pathogen bacteria.

MaterialS and MethodS

The study group included 73 patients receiving 
treatment at the Research Center of Radiation 
Medicine and Burns in Republic of Armenia dur-
ing the period 2013-2014, with deep local burns 
involving less than 10-15% of total body surface 
area (TBSA). The average age of patients was 
M=49±15 years. Patients with concomitant dis-
eases that could adversely affect the wound heal-
ing were excluded from the study group. Distribu-
tion of patients included in study group according 
to the etiology of injury is presented in Figure 1. 
All the patients were divided into control group A 
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(n=38) who received standard treatment, and group 
B (n=35) who were treated with the application of 
sterile medical maggots. In both groups were in-
volved patients with burns by folowing provoca-
tive factors: fire, scalds, freeze, electrical, contact 
and chemical. Standard treatment of group A pa-
tients included delayed excision, wound treatment 
with topical antiseptics, dressinga, and parenteral 
antibiotics. Antibiotics were administered after 
isolation of the pathogen bacteria from the wound 
and determination of antibiotic sensitivity. Appli-
cation of medical maggots was performed in group 
B after 7-10 days after all cause burns burn injury, 
with the beginning of necrotic tissue demarcation.

For the cultivation of sterile medical maggots 
blowfly of the genus Calliphora and species Lu-
cilia Sericata was bred in laboratory conditions 
(Fig. 2). Population of adult flies was stored in 
special cages at temperature regime of 24-27°C, 
16:8 day/night cycle, and 70±5% relative humid-
ity. Flies were fed with sugar, beef liver. Water was 
supplied in saturated cotton balls. Mature flies lay 
eggs on fresh beef liver, and then eggs are col-
lected into a test tube (Fig. 2b), sterilized with 
chemicals and seeded on a sterile nutrient medium 

previously prepared in special glass container ac-
cording to the procedure described by Zohrabyan 
A. [Zohrabyan A., 2004]. After incubation at tem-
perature regimen of 31-35°C for 16-24 hours in a 
glass container, usable sterile maggots were 
hatched from eggs. Special glass container con-
taining sterile maggots can be stored at a tempera-
ture +4-8°C in the next 48 hours before use.

Before each application of medical maggots, 
patient’s consent was obtained, according to the 
guidelines accepted by Ethics Committee of 
YSMU. 

Approximately 5-10 maggots/cm2 were placed 
on the wound surface. After the application of 
maggots wound was closed via multilayer dress-
ing. Each dose of maggots was left in the wound 
for 2-3 days. Wound was observed, and dressing 
was changed daily, also maggots dose adjustment 
was carried out. Medical maggots application on 
average 2-3 fold provided complete debridement 
of burn wounds. After complete debridement of 
wound, treatment was continued in a standard way 
(dressing, grafting, etc.), no antibiotics and topical 
antiseptics were administered in group B during 
treatment with medical maggots.

For the qualitative and quantitative assessment 
of burn wounds bacterial colonization, swabs taken 
from wound surface were studied in microbiologi-
cal laboratory using the most accessible and not 
invasive techniques. Swabs were taken first time 
7-10 days after burn injury from 1 cm2 of burn 
wound areas in 2-3 places after partial removal of 
eschar. After collection the samples were placed in 
Steward’s standard transport medium. In the labo-
ratory samples were inoculated in various culture 
mediums designed for the growth of different 
pathogen bacteria (blood agar, Endo’s medium, 
MacConkey agar, egg yolk agar, etc.). After incu-

figure 1. Distribution of patients included in study 
group according to the etiology of injury.

Notes:      Fire,     Freeze,     Electrical,     Contact, 
                Scalds,      Chemical.

figure 2. Cultivation of Lucilia sericata blowfly in laboratory;
 a) the mature blowfly species Lucilia sericata, b) eggs of  Lucilia sericata collected into test tube for fur-
ther processing, c)Lucilia sericata 2nd  instar maggot, d) life cycle of the blowfly.
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bation in the appropriate conditions, the resulting 
bacterial colonies were identified by colony mor-
phology, data of microscopy and enzymatic activ-
ity. To quantify the degree of wound bacterial col-
onization the standard dilutions from wound sur-
face swabs were prepared, with further counting of 
the appeared colonies. According to the number of 

bacteria from species Staphylococcus aureus, 
Escherichia coli, Pseudomonas aeruginosa. Deep 
burn wounds were characterized by high levels of 
bacterial colonization and mixed bacterial growth 
already on 7-10 days after the burn injury. For the 
further comparison of treatment results in control 
and study groups, the quantitative and qualitative 
pattern of burn wounds bacterial colonization 7-10 
day after burn injury for each group was defined. 
The quantitative assessment of bacterial coloniza-
tion level in group A and group B wounds, is pre-
sented in Table 3.

Qualitative assessment of the burn wounds bac-
terial colonization in wounds of group A and group 
B is presented in Figure 4.

After the application of sterile medical maggots 
in group B debridement of the wounds was achieved 
significantly faster (M=14±2.8 days) compared 
with control group A (M=21±4.9 days) (p=0.0007 
Student’s t test), also in group B, in parallel with 
faster debridement, an abundant growth of healthy 
granulation tissue was observed. In group A after 
the mechanical removal of the necrotic eschar fre-
quent cases of secondary necrosis formation were 
observed. Illustrative examples of burn wound de-
bridement cases, after the application of sterile 
medical maggots are presented in Figures 5 and 6.

TABle 1. 
Assessment of the level of bacterial colonization 
according to bacterial colonies counted after the 

samples standard dilution
Level of bacterial 

colonization
Number of colonies counted 

in a Petri dish
Slight growth + <10
Moderate growth ++ 10-20
Abundant growth +++ >20

colonies obtained after standard dilution three lev-
els of bacterial colonization were distributed in a 
way presented in Table 1.

Samples for microbiological examination were 
taken from the wounds repeatedly after application 
of sterile medical maggots and achieving debride-
ment in group B and after achieving debridement 
of wounds using standard treatment in group A.

reSultS and diScuSSion

As a result of microbiological examination of 
samples taken from burn wound surfaces of 73 pa-
tients 7-10 days after the burn injury, quantitative 

TABle 2. 
Quantitative assessment of bacterial colonization 

level in burn wounds
Level of bacterial colonization Number of wounds
Slight growth + 12
Moderate growth ++ 26
Abundant growth +++ 35
Mixed growth 30

and qualitative pattern of hospital burn wounds 
bacterial colonization was defined. The results are 
presented in Table 2.

Based on the calculation of cases when each 
species of pathogen bacteria was detected in exam-
ined wounds the relative detection rate of each 
bacteria species were counted in study group; re-
sults are presented in Figure 3.

As it can be seen from the data in Figure 3, burn 
wounds frequently were colonized with pathogenic 

0      5%   10%   15%  20%  25%   30%  35%  40%

Оther

Proteus m

S.Epidermidis

E.Coli

Ps. Aeruginosa

S. Aureus

4.4%

4.4%

  5.5%

                                   23.1%

                                            27.5%

                                                           35.1%

figure 3. Relative detection rate of concrete bacterial 
species in study group 7-10 days after taking sam-
ples from burn wound surfaces.

TABle 3. 
Quantitative assessment of wounds bacterial colo-

nization level on 7-10 days after burn injury
Level of bacterial 

colonization
Number of wounds

Group A Group B
Slight growth + 9 3
Moderate growth ++ 14 14
Abundant growth +++ 15 18
Mixed growth 16 14
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S. Aureus         Ps. Aeruginosa          E. Coli            Aspegillus Spp.          Proteus m.         Other 
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figure 5. A 65-year-old male patient. 3b degree thermal burn wound in lumbar region.
a) burn eschar on 8th day after the burn, b) first dose of medical maggots in the wound on 10th day, c) 12th day after 

the burn, second dose of  medical maggots acting in the wound, d) 14th day after the injury, wound is debrided.

figure 6. A 65-year-old male patient. Electrical fourth degree deep burn of the foot, with the exposition of the bones and 
tendons. a) day 7 local state of the wound after surgical removal of necrotized phalanges, b) the first dose of medical 
maggots in the wound, c) the state of the wound on the 11th day after the removal of medical maggots first dose, d) day 
18 wound completely debrided, after 2nd application of medical maggots abundant growth of granulation is observed.

figure 4. Relative detection rate of concrete bacteria species in group A (n=38, blue columns) and group B (n=35, 
green columns) on 7-10 days after burn injury.
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figure 7. Relative detection rate of concrete bacteria species in Group A (n= 38 blue columns) after standart treat-
ment and Group B (n=35 green columns) after treatment with sterile medical maggots.
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concerning the maggot secretion/excretions anti-
bacterial spectrum of action, in particular, some 
authors found no significant antibacterial activity 
of maggot secretions [Arora S. et al., 2010], most 
authors noted antibacterial activity against gram 
positive bacteria [Jaklic D. et al., 2008; Kawabata 
T. et al., 2010], while other authors have noted an-
tibacterial activity of maggot secretions also 
against Pseudomonas aeruginosa, and Escherichia 
coli [Huberman L. et al., 2007; Barnes K. et al., 
2010]. Perhaps this difference is due to the use of 
different methodologies in the study, various con-
centrations of maggots secretion, and that the 
methods of antibacterial action detection did not 
had the same sensitivity. The influence of several 
commonly used antibiotics in the clinical practice 
on the metabolism and development of maggots is 
studied by Sherman R. [Sherman R. et al., 1995], 
according to data no adverse toxic effects of most 
antibiotics (except for group metronidazole) on 
metabolism and development of maggots was de-
tected. It was also revealed a significant potentia-
tion of the antibiotics antibacterial action against 
bacteria by maggots secretion in experimental in 
vitro studies [Van Der Plas M. et al., 2008; Cazan-
der G. et al., 2010]. 

Taking into account the data of the literature 
and own research for the rapid preparation of burn 
wounds for grafting, the use of medical maggots, 
can be considered optimal with combination of an-
tibiotics in cases when burn wounds are colonized 
with pathogenic bacteria resistant to the action of 
the maggots.

In group A clinical cases of purulent infection 
complications in wound were observed among 9 
patients, and in group B among 3 patients. After 
achieving full debridement in study group wounds, 
samples for microbiological examination were 
taken from the wounds repeatedly.

The data of microbiological examination after 
the used treatments was marked by noticeable 
changes in the quantity and pattern of the studied 
burn wounds bacterial contamination. Bacterial 
load of wounds in total was reduced in 43% of 
wounds in group B and in 16% of wounds in group 
A. The results of more detailed quantitative analysis 
for group A and group B wounds bacterial coloniza-
tion level after treatment are presented in Table 4.

As can be clearly seen from the data of Table 6 
through the use of medical maggots in the study 
group markedly decrease in the level of group B 
wounds bacterial colonization was achieved. More 
interesting were the qualitative changes in the 
studied groups after the used different types of 
treatments, the results are presented in Figure 7.

As can be seen from the Figure 7 in group B 
after the treatment with sterile medical maggots  
the relative detection rate of Staphylococcus au-
reus, Streptococcus Pyogenes decreased signifi-
cantly, Escherichia coli relative detection rate de-
creased slightly and an increase in relative detec-
tion rate of  Pseudomonas aeruginosa and Proteus 
mirablis was observed. In group A as a result of 
long term use of antibiotics, colonization of 
wounds by pathogenic fungi was observed, the 
relative detection rate of burn wounds major patho-
gen bacteria Pseudomonas aeruginosa and Staphy-
lococcus aureus almost remained without change.

The result of current study show that, together 
with a significant reduction of burn wounds bacte-
rial colonization, medical maggots demonstrated 
selective antibacterial action. In particuliar mag-
gots demonstrate antibacterial action against 
pathogen bacteria that frequently colonize burn 
wounds, and have no antibacterial action against 
Pseudomonas aeruginosa and Proteus mirablis. In 
the majority of literature data the influence of 
maggot secretion/excretion on bacterial cultures 
are studied using experimental in vitro conditions. 
Authors of that studies present different results, 

TABle 4. 
Quantitative level of burn wounds bacterial 

colonization in groups A and B after used treat-
ments 

Level of bacterial 
colonization

Number of wounds
Group A Group B

Slight growth + 15 18
Moderate growth ++ 10 11
Abundant growth +++ 13 6
Mixed growth 9 3
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