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			Abstract | Maggot debridement therapy is a controlled myiasis used as an auxiliary method to debride chronically infected wounds and ulcers that contain necrotic tissues without suitable surgical conditions. Today, maggot therapy is used as a simple, fast and effective method with low costs and numerous studies have demonstrated its efficacy. To determine the shelf life of L. sericata eggs and larvae at refrigerator temperature, eggs and larvae were divided into sterile and non-sterile groups. Experiments on batches of 100 eggs and larvae on 8cm plates at three different temperatures of 2, 4 and 6 °C and at three time periods of 24, 48 and 72 h, respectively, and three repetitions of the experiment for each temperature and time had been conducted. The egg sterilization protocol was done with 1% sodium sulphite solution in physiological serum under the hood. The next step, which includes placing the eggs on the blood agar medium at predetermined temperatures and periods, was performed. The detachment of eggs from the blood agar medium and washing them using sterile distilled water were done. The results of the examination of ٥٤٠٠ egg samples, at three time periods (٢٤, ٤٨ and ٧٢ h) showed that the most appropriate time for hatching eggs is ٧٢ h (٧٧.٥٨٪). Also, the most appropriate time for storing larvae is ٢٤ h (٧٩.٩٣٪). The most suitable temperature for egg hatching was ٦ degrees (٨٨.١٤٪). The most suitable temperature for larvae is ٦ °C (٨٢.٩٥٪). The most appropriate time for all three temperatures was ٧٢ h (٨٠.٣٨٪), and the most suitable temperature for all three times was ٦°C (٨٦.٠٧٪). According to the our study, sterility or non-sterility had no significant effect on the hatching rate of eggs. However, persistence evaluation experiments show that sterile larvae have a longer shelf-life than non-sterile groups. 

			Novelty Statement | This is the first comprehensive assessment of the effect of temperature and time on sterile and non-sterile eggs and larvae of L. sericata in Iran, adding valuable data to the field of Maggot Debridement Therapy.
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			Introduction

			Chronic and non-healing wounds are a significant healthcare problem the world over (Jones et al., 2011). Maggots or larvae of flies have been used to treat open wounds for a long time, which is not new (Sherman et al., 2013). Still, since the middle of the 1450s, the discovery and introduction of the first class of antibiotics (sulfonamides and penicillin) and the improvement of surgical techniques, there was a relatively long break in utilizing them. The resistance of microbial infections due to overuse of Antibiotics, failure in common treatments of chronic wounds, and the lack of suitable conditions for surgery caused people to return to maggot therapy (Stadler, 2020). They can be used in many types of wounds and ulcers, including diabetic foot ulcers, pressure sores, burns, abscesses and infected surgical wounds (Amiri et al., 2021).

			Maggot therapy is controlled myiasis and involves using sterile larvae of certain species, particularly those within the Calliphoridae family, including Calliphora vicina Robineau-Desvoidy and Lucilia sericata (Meigan, Diptera: Calliphoridae), to debride a sloughy or dirty wound containing necrotic tissue (Biodebridement) that needs cleaning to allow it to heal (Mohd et al., 2020). Maggots effectively heal these wounds by removing devitalized/ necrotic tissue, disinfecting and secreting powerful enzymes to break down dead tissue, and stimulating growth hormones and the body’s immune systems (Harvey et al., 2021). It was approved by the Food and Drug Administration of the United States of America (FDA) in 2014 as a prescription-only treatment (Jordan et al., 2018). About 50,000 cases worldwide are treated with this method. Today, with the increasing spread of chronic wounds that require surgical debridement, the failure of common treatments, and the high costs of treating these wounds, maggot therapy is used as a simple, fast and effective method with low costs and numerous studies have demonstrated its efficacy (Yoshida et al., 2022).

			In this regard, accurately identifying the applied samples, laboratory breeding, mass production, and sterilization steps are particularly important. The common green bottle flies L. sericata have medical, veterinary, and forensic importance and do not usually invade live tissues due to their high tendency to use necrotic for feeding. It is a suitable candidate for maggot therapy (Harvey, 2022). 

			The inside of a flies egg is sterile, although the outer surface is mainly contaminated with bacteria (non-sterile). Sterilizing the outer surface of the flies’ eggs and allowing them to hatch in a sterile condition produces sterile larvae. 

			Experiences have shown that mass rearing of Lucilia sericata larvae cannot be done in all provinces of Iran. mass rearing of larvae is being carried out in the School of Health, Tehran University of Medical Sciences. Creating Systems and Processes for keeping eggs in the refrigerator, and sterilization provides the possibility of sending packages of sterile larvae to all parts of the country. Experiments show that survival of eggs and larvae is different at different temperatures. Therefore, this study was conducted for the first time to determine the effect of temperature and time on sterile and non-sterile eggs and larvae of L. sericata and the best temperature and time to store the eggs and larvae of these flies in Iran.

			Materials and Methods

			Research design

			The study adopted cross-sectional research using the observational study design method. Descriptive research investigates and describes a case about the current situation of an event or how it has happened in the past.

			Collection technique and identification

			A sweep net and bottle fly traps (reverse-cone model) were used to collect flies around human habitations in September and October of 2022 from several sites in Tehran and Karaj County. The samples were kept and reared in an insectary at the Medical Entomology Department of Tehran University of Medical Sciences. The flies were identified by using valid flies’ systematic keys.

			Mass rearing 

			The clusters of L. sericata fly eggs were placed separately in 2 and 3L-lidded plastic containers with some meat. With the emergence of black oral hooks (third instar larvae), the larvae were transferred to sawdust containers to transform into pupae. For transformation into adults, pupae are transferred into 40x40x40 cages containing sugar or honey dissolved in water (5% solution), and the water container comprises a cotton wick and meat to feed adult flies. Then flies were transferred to special rearing cages, and fresh meat was placed for females laying eggs.

			Laboratory maintenance

			To determine the shelf life of L. sericata eggs and larvae at refrigerator temperature, 10,800 eggs and larvae, including 5,400 eggs and 5,400 first instar larvae, were divided into sterile and non-sterile (without intervention) groups. Experiments on batches of 100 eggs and larvae on 8cm plates at three different temperatures of 2, 4 and 6 degrees Celsius and at three time periods of 24, 48 and 72 h, respectively, and three repetitions of the experiment for each temperature and time had been conducted (Table 1).

			Disinfecting stages of the eggs and larvae of L. sericata

			The egg sterilization protocol was followed: Firstly, separating the eggs from the laying location (inside the adult container), then washing eggs with normal water containing a little detergent. The eggs were washed with sterile distilled water, and sterilization with 1% sodium sulphite solution in physiological serum comprising 5.2% formaldehyde was done under the hood. The next step,  

			Table 1: Determining the shelf life of L. sericata fly eggs and larvae in refrigerator temperature.
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			which includes placing the eggs on the blood agar medium at predetermined temperatures and periods, was performed. The detachment of eggs from the blood agar medium and washing them using sterile distilled water were done, and, finally, they were kept in Eppendorf tubes or sterile plates until usage in the next stage of the experiment.

			Results and Discussion

			The effect of time on the hatching of L. sericata eggs 

			The results of the examination of 5400 egg samples, including 2700 sterile and 2700 non-sterile at three time periods (24, 48 and 72 h) showed that the most suitable time for hatching sterile eggs was 72 h (88.22%) and the most suitable time for hatching non-sterile was 24 h (78.67%). The most appropriate time for hatching eggs (sterile and non-sterile) was 72 h (77.58%) (Figure 1).
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			Figure 1: The effect of time on the relative percentage of hatching in sterile and non-sterile eggs of L. sericata (Error bars: 95%cl).

			Also, the results of the studies showed that, on average, 70.35% of the eggs in both sterile and non-sterile groups hatched in all three desired periods and reached the first instar larval stage. In other words, about 30% of the eggs did not hatch (Figure 2).

			The effect of time on 1st instar larvae of L. sericata 

			The results of the study on 5400 samples of 1st instar larvae, including 2700 sterile and 2700 non-sterile, in three time periods of 24, 48 and 72 h showed that, on average, the most suitable time for the survival of sterile larvae in refrigerator conditions was 24 h (82.33%) and for non-sterile was 24 h (79.86%). Also, the most appropriate time for storing larvae (sterile and non-sterile) was 24 h (79.93%) (Table 2).

			Table 2: Effect of time on sterile and non-sterile 1st instar larvae of L. sericata time for survival in refrigerator conditions.
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			Figure 2: Comparison of the effect of time on the relative rate of egg hatching of L. sericata .

			Also, the results show that relatively 77.61% of the larvae in sterile and non-sterile groups hatched in the three periods and reached the 2nd instar stage. In other words, about 23% of the larvae were lost (Figure 3).

			The effect of temperature on the hatching of L. sericata eggs

			The results of the study of 2700 sterile and 2700 non-sterile eggs at three temperatures of 2, 4 and 6 °C showed that the most suitable temperature for sterile eggs was 6 degrees (88.67%) and for non-sterile also 6 degrees (87.6). %). Thus, the most suitable temperature for egg hatching (sterile and non-sterile) was 6 degrees (88.14%) (Figure 4).
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			Figure 3: The effect of time on the persistence of 1st instar larvae of L. sericata.
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			Figure 4: The effect of temperature on the relative percentage of hatching of sterile and non-sterile eggs of L. sericata.

			Also, the results of the studies showed that, on average, 70.69% of the eggs in both sterile and non-sterile groups hatched at the three temperatures and reached the 1st instar larval stage; in other words, about 30% of the eggs were lost.

			Effect of temperature on 1st instar larvae of L. sericata 

			The results of the study of 2700 sterile and 2700 non-sterile larvae at three temperatures of 2, 4 and 6 °C showed that the most suitable temperature for the sterile group was 2 °C (82.67%) and the most suitable temperature for the non-sterile was 6 °C (83.33%). Overall, the most suitable temperature for larvae (sterile and non-sterile) was 6 °C (82.95%) (Figure 5).

			Also, the results of the studies showed that, on average, 74.29% of the larvae in both sterile and non-sterile groups hatched in the three desired temperatures and reached the 1st instar larval stage; in other words, about 26% of Larvae were wasted (Figure 6).
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			Figure 5: temperature effects on sterile and non-sterile larvae of L. sericata.
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			Figure 6: The effect of temperature on the persistence of 1st instar larvae of L. sericata.

			Synchronous simultaneous effects of temperature and time on sterile and non-sterile eggs

			The results of the effect of temperature (2, 4 and 6 degrees °C) and periods (24, 48 and 72 h) on 5400 sterile and non-sterile eggs showed that the most suitable synchronic effect of temperature and time observed in the 2°C and 4°C at the 72 h (87%), and for 6°C at 48 h (92.5%). The most appropriate time for all three temperatures was 72 h (80.38%), and the most suitable temperature for all three times was 6°C (86.07%) (Figure 7) and relatively 74.96% of the eggs hatched and reached the next stage (1st instar larvae).

			Simultaneous effect of temperature and time on sterile and non-sterile larvae

			The results of the study on the simultaneous effect of temperature (2, 4 and 6 degrees Celsius) and periods (24, 48 and 72 h) on 5400 sterile and non-sterile larvae showed that the most suitable simultaneous effect observed in the 2°C was at 48 h (89%), for 4 and 6°C was 24 h (83.55%). The most suitable time for all three temperatures was 24 h (81.11%), and the most suitable temperature for each Three time periods was 6°C (82.94%) (Figure 8). About 74.51% of the larvae reach the next stage (2nd instar larvae).
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			Figure 7: The effect of temperature and time on the relative percentage of hatching of sterile and non-sterile eggs of L. sericata Error bars: 95%cl.
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			Figure 8: The effect of time and temperature on the persistence of larvae Error bars: 95%cl.

			So far, numerous studies have been conducted regarding using sterile larvae in various chronic wounds. The medical literature demonstrates due to the antibiotic resistance of bacteria, that maggot therapy has been widely used in indigenous medicine (Pereira and Bartolo, 2016). Scientific clinical and biomedical evidence shows that it is effective and safe (Sherman, 2009). This method is carried out by flies with facultative myiasis, such as L. sericata, and one of its challenges is the mass breeding of flies and their maintenance conditions (Čičková et al., 2015). Temperature and humidity are two critical factors in the growth and reproduction of insects, including flies (Chia et al., 2018). Much research has been done on the biology of L. sericata, considered the most important and common species in maggot therapy (Nigam et al., 2010). Before medical use, the larvae of flies must be sterilized as they are often infected with pathogens and can lead to secondary bacterial contamination of wounds when used.

			Larvae and non-sterile eggs from the L. sericata population used in this study survived best at 24 °C and with increasing time, the probability of survival decreased. but in sterile eggs, the best time is 72 h. This variation in sterile and non-sterile egg survival may be attributed to the sterilization process under laboratory conditions. The most suitable temperature for sterile eggs and non-sterile larvae and eggs was Six degrees. This reveals that the temperature of 6 °C is the best condition for keeping both sterile and non-sterile eggs to have their highest hatching rate. At lower temperatures, larval development was slower and survival was impaired, particularly at 4°C, so some larvae died when they reached the migratory phase.

			The results of this research, show the summary of calculations that help store and utilize eggs and larvae, which are essential in maggot therapy procedures.

			Conclusion

			

			Our study provides maggot debridement therapy with an Assessment of the effect of time and temperature on the survivorship rate of sterile and non-sterile eggs and larvae of L. sericata. According to the researchers results, sterility or non-sterility had no significant effect on the hatching rate of eggs. However, persistence evaluation experiments show that sterile larvae have a longer shelf-life than non-sterile groups. Thus, their sterilization process should be considered to assess their maximum shelf-life and reduction of loss and costs.
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Abstract | Maggot debridement therapy is a controlled myiasis used as an auxiliary method to
debride chronically infected wounds and ulcers that contain necrotic tissues without suitable
surgical conditions. Today, maggot therapy is used as a simple, fast and effective method with
low costs and numerous studies have demonstrated its efficacy. To determine the shelf life of
L. sericata eggs and larvae at refrigerator temperature, eggs and larvae were divided into sterile
and non-sterile groups. Experiments on batches of 100 eggs and larvae on 8cm plates at three
different temperatures of 2,4 and 6 “C and at three time periods of 24, 48 and 72 h, respectively,
and three repetitions of the experiment for each temperature and time had been conducted. The
egg sterilization protocol was done with 1% sodium sulphite solution in physiological serum
under the hood. The next step, which includes placing the eggs on the blood agar medium
at predetermined temperatures and periods, was performed. The detachment of eggs from the
blood agar medium and washing them using sterile distilled water were done. The results of the
examination of 5400 egg samples, at three time periods (24, 48 and 72 h) showed that the most
appropriate time for hatching eggs is 72 h (77.58%). Also, the most appropriate time for storing
larvae is 24 h (79.93%). The most suitable temperature for egg hatching was 6 degrees (88.14%).
The most suitable temperature for larvae is 6 “C (82.95%). The most appropriate time for all
three temperatures was 72 h (80.38%), and the most suitable temperature for all three times was
6°C (86.07%). According to the our study, sterility or non-sterility had no significant effect on
the hatching rate of eggs. However, persistence evaluation experiments show that sterile larvae
have a longer shelf-life than non-sterile groups.

Novelty Statement | This is the first comprehensive assessment of the effect of temperature and
time on sterile and non-sterile eggs and larvae of L. sericata in Iran, adding valuable data to the

field of Maggot Debridement Therapy.
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