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 Background: Antibiotics are the most preferred treatment in preventing wound 
infection.  With the increase in the number of antibiotic-resistant microorganisms, there 

is a need for natural and cheaper alternatives. Antimicrobial activity of calliphorid 

larval excreta/secreta (ES) was tested against Pseudomonas aeruginosa, Escherichia 
coli, Staphylococcus aureus and Enterococcus faecalis.  Objective: This study 

investigated the antimicrobial activity of calliphorid larval ES against four (4) bacterial 

species commonly found in wounds. Result: The commercial antiseptic and certain 
concentrations of blowfly larval ES exhibited comparable antimicrobial activities 

against the selected bacteria although the commercial antibiotic was the most effective.  

Conclusion:  Calliphorid larval ES is effective against all single bacterial cultures used 
except E. faecalis showing that it can be used as an alternative in wound care 

management although higher concentration is recommended to make it competitive 

with commercial medications used.   
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INTRODUCTION 

 

 Medical care has improved so much through the years especially in the case of wound care.  Since the 

discovery of antibiotics, it has been popularly used for protection against the harmful effects of pathogenic 

bacteria.  It has been a most effective practice but its tendency to get abused or misused is always high 

especially if the patients are not properly educated on the nature of wounds.  Although appropriate use of 

diagnostic tools are essential [1] and bears part of the burden, inappropriate use of antimicrobials (especially 

antibiotics) creates an environment for the selection of resistance against the currently available antimicrobial 

products, with the potential consequence of significantly jeopardizing patients’ health status [2]. With the 

increase in the cases of antibiotic resistant-organisms [3-7] and the decrease in the production of new antibiotics 

against them [8-11], it is more than worthwhile to look at natural alternatives which are also safe to use. 

 Some olden wound care practices have persisted through the years and one of these is larval therapy. Larval 

therapy or maggot debridement therapy or biosurgery is the therapeutic use of fly larvae to debride necrotic 

tissue [12].  It involves the removal of nonviable material, foreign bodies, and poorly healing tissue from a 

wound [13]. The history of larval therapy goes back to the olden times and this is even mentioned in the old 

testament of the holy bible.  Its popularity dwindled down when antibiotics and antiseptics was discovered but it 

regained its popularity in the 1990s [14].  

 Wounds are injuries that break the skin or other body tissues. If not given the proper care, a wound can 

easily get infected.  Contamination is the presence of non-replicating organisms on a wound, while colonization 

is defined as the presence of replicating microorganisms on the wound without tissue damage. Local 

infection/critical colonization is an intermediate stage, with microorganism replication and the beginning of 

local tissue responses. Invasive infection is defined as the presence of replicating organisms within a wound 

with subsequent host injury [15]. In other words, contamination is a precursor of colonization [16].  Considering 
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the progress of infection, the concept of critical colonization should be viewed as part of a continuum from 

contamination to infection [17].   

 Wound infection is detrimental to wound healing [15]. Approximately half of all infections in soft-tissue, 

community-acquired wounds are polymicrobial, and approximately one-quarter of infections in these type of 

wounds are caused by Staphylococcus aureus [18].  Both aerobic and anaerobic microbial populations can be 

found in most acute and chronic wound infections [19, 20] with low levels of bacteria being beneficial to the 

wound healing process [15].  Biofilms play a significant role in a large number of infections in humans.  A 

biofilm is a community of microorganisms encased within an extracellular polymeric matrix, which accumulates 

at a surface.  This continuously changing barrier protects microorganisms from external threats [21]. Wound 

infections are difficult to treat effectively due to the intrinsic resistance of these structures to an array of 

antimicrobial agents and host defense mechanisms [22, 23].    

 This study investigated the antimicrobial activity of calliphorid fly larval excreta/secreta (ES) against 

bacteria commonly found in wounds, namely, Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia 

coli and Enterococcus faecalis..      

 Pseudomonas aeruginosa is member of the Gamma Proteobacteria class of Bacteria. It is a gram-negative, 

aerobic rod-shaped bacterium, an opportunistic pathogen, meaning that it exploits some break in the host 

defenses to initiate an infection.  It is primarily a nosocomial pathogen [24]. It causes a high incidence of 

hospital infections that represents a threat to immune compromised patients [25]. It has very simple nutritional 

requirements, even often observed "growing in distilled water", which is evidence of its minimal nutritional 

needs [26]. 

 Escherichia coli is a member of the faecal coliform group and is a more specific indicator of faecal 

pollution than other faecal coliforms [27].  E. coli strains are usually associated with a commensal lifestyle in 

the gastrointestinal tract. However, some strains have acquired the ability to cause disease. It can also be a 

highly versatile, and frequently deadly, pathogen. Several different E. coli strains cause diverse intestinal and 

extraintestinal diseases by means of virulence factors that affect a wide range of cellular processes [28]. 

 Staphylococcus aureus is a frequent cause of infections in both the community and hospital. It is the second 

most frequent cause of nosocomial blood infections [29].  It is the most predominant gram-positive bacteria in 

post-operative wounds in a hospital in Nepal [30].  Worldwide, the increasing resistance of this pathogen to 

various antibiotics complicates treatment of S. aureus infections [31].  In the human body, the anterior nares are 

the main reservoir of S. aureus [32].  Colonization by S. aureus is a characteristic feature of several 

inflammatory skin diseases and is often followed by epidermal damage and invasive infection.  In the case of 

Community-Acquired Methicillin-Resistant S. aureus (CA-MRSA) strains, a toxin called beta-hemolysin 

promotes skin colonization [33]. 

 Enterococci are gram-positive, catalase-negative, non-spore-forming, facultative anaerobic bacteria, which 

usually inhabit the alimentary tract of humans in addition to being isolated from environmental and animal 

sources. They are able to survive a range of stresses and hostile environments, including those of extreme 

temperature (5–65 C), pH (4.5-10.0) and high NaCl concentration, enabling them to colonize a wide range of 

niches [34]. Enterococcus faecalis is a commensal member of the gut microbiota of a wide range of organisms. 

With the advent of antibiotic therapy, it has emerged as a multidrug resistant, hospital-acquired pathogen [35].  

 

MATERIALS AND METHODS 

 

Collection of sample:  

  Laying stock of flies was collected from a public market where exposed raw meat is readily available.  

Collection of samples was done using insect nets.  The captured insects were transferred to a 14 X 14 X 22 

(inches) cage that could accommodate 200 flies. The cage was covered with plastic screen and provided with a 

fitted sleeve on one side for feeding and for adding in more flies. 

 As soon as the flies were captured, they were fed with a mixture of 30 ml strained honey, 3 g Brewer’s 

yeast and 70 ml water.  This mixture was poured into petri dishes lined with absorbent cotton.  Fresh dishes 

were provided in abundant supply every day.  Fresh meat was provided when egg-laying began.  The meat was 

placed in the cage allowing exposure to the flies for about seven (7) hours.  Afterwards, the meat was taken out 

and the eggs were collected. 

 Egg collection was done by gently washing them off the meat and some by picking them out using a small 

probe or a knife.  The eggs were placed in a small bottle containing sterile water to make sure that the eggs will 

not dry out.  The bottle with the eggs was then placed in an icebox which was maintained at a temperature of 4.5 

degrees Celsius (C).  This ensured that the eggs would not hatch and could be kept for 24 hours without injury. 

 Eggs were sterilized in test tubes (15cm long by 7cm diameter) which were fitted with wooden applicators 

and plugged with cotton. Clumps of eggs were separated by vigorous stirring of the sterile applicator stick into 

the water.  The contents of the bottle were then divided into test tubes.  Eggs were allowed to settle and the 

supernatant liquid was poured off and the remnants removed using sterile pipette.  Phosphate buffered saline 
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solution was used as the sterilizing solution.  This was added to the eggs, with periodic gentle mechanical 

agitation by the stirring motion of the wooden applicator up to an hour. 

 Eggs were strained using sterile gauze and were washed by pouring sterile distilled water over them.  Using 

aseptic technique, the eggs were transferred to a bottle containing sterile food.  The bottle was placed in an 

incubator maintained at 37C, with moisture being supplied by open pans of water placed in the incubator.  

 

Preparation of food for calliphorid larvae:  

 Two hundred fifty (250) grams of pig liver was cut into equal sized small cubes, placed in a pan and 

covered with water and boiled over flame for 20 minutes. One cube was placed into each bottle, allowing it to 

rest at the bottom.  A mixture of liquefied agar culture medium and yeast was poured into the bottle up to 2.5 cm 

from the brim.  Food for the larvae are modifications of diets used in several studies [36-41]. The bottles 

containing the food were autoclaved for 35 minutes at 15 psi, allowed to cool and then incubated at 37C for 36 

hours.  Autoclave sterilization was done again for another 35 min at 15 psi.  The food was stored in an ice box 

and kept for several weeks. 

 

Collection of calliphorid larval secretions:  

  Using sterile forceps, sterile larvae were transferred to test tubes containing sterilizing solution consisting 

of ethyl alcohol and hydrochloric acid.  After 10 minutes, the larvae were rinsed thoroughly with sterile water 

and transferred to vials containing 2 mL of phosphate buffered saline (PBS) solution, kept immersed in it for 

about an hour to extract their excreta and/or secreta (ES).  Each vial contained sixty (60) larvae. Only 2-day old 

and 3-day old larvae were used.  

 

Determination of antimicrobial phenotypes of calliphorid larval secretions:  

  Bacterial samples used in this study included Enterococcus faecalis, Escherichia coli, Staphylococcus 

aureus and Pseudomonas aeruginosa.  These are of the bacteria typically found and mostly isolated from wound 

infections [42-46].  All cultures were obtained from Philippine National Collection of Microorganisms 

(University of the Philippines, Los Baños, Laguna).   

 Kirby-Bauer disc diffusion test is one of the susceptibility methods used to measure the potency of 

antibiotics, or the degree of antibiotic resistance in a bacterium.  The technique utilizes antibiotic-impregnated 

discs placed over an agar plate inoculated with the test organism.  The size of the zone of inhibition is equated 

with clinical experience of whether or not the organism is sensitive or resistant to the antibiotic at standard 

doses.  Antibiotic susceptibilities are stated in qualitative form:  Susceptible (S), Susceptible-Dose Dependent 

(SD) or Resistant (R).   

 Bacterial suspension from the identified clinical samples was emulsified in distilled water and was matched 

to #0.5 McFarland Turbidity Standard.  One hundred (100) L of the sample was dropped and swab-streaked 

into Mueller-Hinton Agar (MHA) plates.  Chloramphenicol discs were manually dispensed onto the surface of 

the agar and the plates were then incubated for 18 hours at room temperature. 

 After incubation, the plates were examined for the extent of the zones of inhibition (clear rings around the 

antibiotic disc).  Bacterial growth extending to the rim of the discs implied no inhibition and the organism was 

described as resistant (R).  A zone of inhibition which appeared around the disc was measured and compared to 

the guidelines set by the Clinical Laboratory Standards Institute (CLSI, formerly NCCLS).    

 The same method was employed in the set-up using an over-the-counter antiseptic povidone-iodine and in 

the set-up using larval ES.  Only pure and 50% dilutions were made since only minimal volume of ES could be 

extracted from the larvae.  Using micropipette, sterile discs were moistened with the extracts and were 

dispensed on the surface of the agar formerly inoculated with bacteria. 

 

Results:  

 The members of the family Calliphoridae are commonly known as blow flies, bluebottles, cluster flies or 

green bottles. They are slightly larger than houseflies but resemble them in habits. They are distributed 

worldwide.   

 Blowfly eggs were observed to be creamy white, elongated and slightly tapered towards one end [47].    

Samples collected were of uniform sizes, estimated to be 1 mm in length.  Eggs were usually deposited in 

clumps, resembling rice balls but there were also individually dispensed eggs on the surface of the meat.  Larger 

masses are usually the result of oviposition by several females at the same location on the meat.  This is because 

the female flies appear to coopt semiochemicals associated with feeding flies as resource indicators, taking 

chances that resources are suitable for oviposition, and that ovipositing flies are present [48].  

 The larvae which emerged from eggs after 24-hours have worm-like appearance and almost transparent.  

They appeared to be light yellow in color after a few days of incubation.  The selected larvae were 2 to 3 days 

old, with lengths ranging from 7 to 9 millimeters.  Blowfly maggots are of two forms: the smooth and the 

‘hairy’ ones.  Only hairy maggots were used in this study. 



91                                                           Wendell Lou B. Ladion et al, 2015 

Advances in Environmental Biology, 9(19) Special 2015, Pages: 88-95 

Antimicrobial Spectrum of the Excretions/Secretions (ES) of Calliphorids:  

  Antibiotics may have a cidal (killing) effect or a static (inhibitory) effect on a range of microbes. The range 

of bacteria or other microorganisms that is affected by a certain antibiotic is expressed as its spectrum of action. 

Antibiotics effective against prokaryotes that kill or inhibit a wide range of gram-positive and gram-negative 

bacteria are said to be broad spectrum [26].  One popular broad spectrum antibiotics is chloramphenicol.  It acts 

on both gram-positive and gram-negative bacteria by inhibiting protein synthesis.  

 Table 1 shows the comparison of diameters of zone of inhibition on microbial test cultures using larval 

extracts (2-day old and 3-day old larvae) with commercial antiseptic and chloramphenicol. 

 Chloramphenicol showed the biggest zone of inhibition (averaging from 26.67-36.5 mm) with the highest 

value against E. coli and the lowest against P.aeruginosa.  

 The OTC antiseptic (povidone-iodine) showed the greatest effect against P. aeruginosa, and the least 

against E. faecalis.  The values are, however, less than half the diameters of the zones of inhibition in the 

chloramphenicol set-up.  This is because even the pure antiseptic is actually 10% povidone-iodine solution 

water, yielding only 1% iodine which is the actual bactericidal component [49].  Diluting it further to produce 

the 50% solution (of the 10% commercial form) will decrease the concentration of iodine to 0.5%.   Although it 

was expected for the zones of inhibition to be bigger in the set-up using the undiluted 10% povidone-iodine 

solution than in the diluted solution, no difference was seen in the average measurements from the SA plates, 

while in the EC plates, the ones using the diluted antiseptic got a bigger zone of inhibition.  EF plates produced 

the smallest zones but the difference between the pure and the diluted is evident.  

 
Table 1:  Average diameter (mm) of zones of inhibition by discs treated with aqueous agents. 

TEST CULTURES 

AVERAGE DIAMETER OF INHIBITED ZONES USING 3 AQUEOUS SAMPLES 

Chloramphenicol 
(+ control) 

Sterile dH2O 
(neg. control) 

OTC antiseptic 
2-day old maggot 

ES 

3-day old maggot 

ES 

pure 50% pure 50% pure 50% 

PA 26.67 0 10.33 9.33 7.67 7.00 0 5.33 

SA 30.5 0 9.00 9.00 9.00 5.67 0 0 

EC 36.5 0 10.00 11.00 12.33 8.67 7.00 8.00 

EF 34.33 0 8.33 2.33 0 0 0 0 

PA/SA 42.33 0 13.33 10.33 7.67 9.00 5.00 2.33 

PA/EC 36 0 9.67 7.00 8.00 3.00 0 4.67 

PA/EF 26.17 0 8.67 7.33 11.33 7.00 0 5.00 

SA/EC 31.67 0 8.00 7.67 4.00 18.00 7.33 8.00 

SA/EF 38.5 0 11.33 10.00 14.33 8.67 5.00 7.00 

EC/EF 33.17 0 10.67 8.00 7.33 9.67 0 0 

PA/SA/EC 25.5 0 11.33 9.00 9.00 5.33 2.33 4.67 

SA/EC/EF 39 0 5.33 8.33 0 0 0 8.33 

EF/PA/SA 23.67 0 10.00 9.00 6.67 8.33 0 4.67 

EC/EF/PA 27.17 0 10.00 7.33 12.00 0 2.33 8.00 

PA/SA/EC/EF 35.67 0 11.33 7.67 10.00 7.00 5.00 8.33 

PA – Pseudomonas aeruginosa; EC – Escherichia coli; SA – Staphylococcus aureus; EF – Enterococcus faecalis 

 

 Pure and diluted ES extracts from 2-day old larvae exhibit antimicrobial activity against E. coli (the biggest 

zone of inhibition), S. aureus and P. aeruginosa (the smallest zone of inhibition) while none was observed in 

cultures of E. faecalis.   Extracts from 3-day old larvae, however, only show inhibition against E. coli (for both 

pure and diluted extracts) and against S. aureus (50% dilution).  No inhibition was exhibited against the other 

bacterial cultures implying that there are antimicrobial products of the 2-day old larvae that are not produced by 

the 3-day old larvae.  This is consistent with the findings of selective antibacterial activity of ES from Lucilia 

sericata maggots [50-57]. 

 Since wounds are usually polymicrobial in nature, various combination cultures of bacteria were used.  

Different combinations of the 4 bacteria were made in the preparation of 2-bacteria and 3-bacteria cultures and 

one set-up contained all of the 4 bacteria.   

 In the 2-bacteria set-up, the biggest zones of inhibition were still observed in the cultures containing the 

chloramphenicol discs with the biggest measurements seen in the combined culture of P. aeruginosa and S. 

aureus (PA/SA) and the least in the combined culture of P. aeruginosa and E. faecalis (PA/EF).   This is in 

agreement with the results from the single bacterial cultures but with a little higher diameter range          of 26.17 

to 42.33 millimeters. The OTC povidone-iodine antiseptic showed zones of inhibition in all combined cultures 

although the diameters are much smaller than those of the chloramphenicol set-ups.   

 In the cultures using maggot ES, zones of inhibition were observed in all the combinations administered by 

the ES from 2-day old maggots with the biggest diameter of 14.33mm in SA/EF combination.  Unlike the single 

bacterial cultures where the pure extracts were more effective, there are instances wherein the diluted extract 

shows bigger zone of inhibition as in the case of the PA/SA, SA/EC and EC/EF combinations.  ES from 3-day 

old maggots worked best in the SA/EC culture although the diameters are comparable to the least value for the 
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2-day old maggot set-up.  No inhibition is shown against EC/EF and also in PA/EC and PA/EF set-ups where 

pure ES extracts were used.  However, the diluted ES worked against the cultures previously mentioned.   

 For cultures containing 3 combined bacteria, biggest zones of inhibition were produced by the 

chloramphenicol set-ups although the sizes are smaller compared to the single and 2-bacteria cultures.  OTC 

antiseptic showed values almost similar to the 2-bacteria cultures, with the biggest diameter against PA/SA/EC 

culture. This time, however, the ES set-ups did not adhere to the trend shown in the single and 2-bacteria 

cultures as shown in the absence of zone of inhibition in the SA/EC/EF culture for both pure and diluted ES and 

in the EC/EF/PA culture for the diluted ES.  Pure ES from 3-day old maggots did not work against SA/EC/EF 

and EF/PA/SA but the diluted ES inhibited all the 3-bacteria combinations.    

 In the cultures using all 4 bacteria, chloramphenicol produced the biggest zone of inhibition while the 

povidone-iodine antiseptic produced only about one-third of the size of the former.  ES from 2-day old maggots 

also worked much better compared to ES from 3-day old maggots although the diluted 3-day larval ES was 

more effective than the pure ES.   

 

Discussion: 

 The high effectiveness of chloramphenicol against the four (4) species of bacteria agree with the findings 

that topical administration of chloramphenicol on wounds after minor dermatological surgery was found to have 

statistically lowered the incidence of infection [58]. 

 Povidone-iodine is a commonly used antimicrobial agent and the most common commercial form is a 10% 

solution in water yielding 1% available iodine. Povidone-iodine is available as a surgical scrub or skin cleanser 

with a detergent base or in other forms [59].  In some cases, the use of newer, relatively nontoxic antiseptic is 

preferable to use of topical antibiotics [60].  Despite suggestions of possible cytotoxic effects of this antiseptic 

and probable effect in slowing the wound healing process, [61-63] have shown that it is safe to use as an 

antiseptic in the management of wounds due to its ability to reduce bacterial load without delaying the process 

of healing.   Additionally, in a listing of bacterial species that povidone-iodine work against, all of the bacteria 

included in this study are among those listed [62].    

 The majority of dermal wounds are colonized with aerobic and anaerobic microorganisms that originate 

predominantly from mucosal surfaces such as those of the oral cavity and gut. The role and significance of 

microorganisms in wound healing has been debated for many years. While some experts consider the microbial 

density to be critical in predicting wound healing and infection, others consider the types of microorganisms to 

be of greater importance. However, these and other factors such as microbial synergy, the host immune 

response, and the quality of tissue must be considered collectively in assessing the probability of infection [19].   

 It is very clear that although the larval ES exhibited antimicrobial activity against most of the test bacteria, 

the need to produce higher doses of ES is great to make it competitive with the medications currently used. The 

differential responses of the combined cultures to larval ES could be explained by microbial synergy although 

the other factors [19] cannot be assumed to operate similarly in vivo as it did in the conduct of this study. 

 

Conclusion: 

 With the increase of drug-resistant organisms, there is a need for innovative therapies in the treatment of 

wound especially those which have biofilms.   Wound larval debridement therapy (LDT) has been shown to 

have promise in healing chronic wounds by eradicating biofilms [64].  Debridement helps to repair the defective 

remodeling of extracellular matrix proteins and prevent the failure of reepithelialization.   While the process can 

involve live maggots, the use of maggot ES provides another option for wound care.  The use of higher 

concentrations of larval ES is recommended. Larval ES, when administered with antibiotics, has been shown to 

enhance its effectiveness [65]. This synergism makes the reduction of antibiotic doses possible and thus 

minimizes the development of antibiotic resistance [66].  
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