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Abstract: Staphylococcus aureus is the most serious cause of bacterial keratitis in most populations.
Due to the resistance of this bacteria to methicillin (MRSA), the novel antimicrobial component is
required for novel treatments for keratitis. Excretions/secretions (ES) from larvae of Lucilia sericata
(maggot) have antibacterial activity against a number of bacteria. Around 500 larvae were washed with
1 mL of sterile water every hour for ES development. Bactericidal activity of ES was examined by time
killing assay. MRSA strain was injected intrastromal into rabbit corneas. The rabbits have been split
into three categories, including artificial tear, gentamicin, and maggot ES. Following, the eyes were
clinically examined by a slit lamp. This evaluation included the conjunctiva, iris, and cornea. Lastly,
the cornea of rabbits was collected for bacterial colony counts. After statistical analysis by ANOVA, it
was found that gentamicin and ES, significantly reduced ocular infections in rabbits. Comparisons of
corneal opacity scores with Mann-Whitney U-test showed a decreasing trend of therapeutic effects as
shown below: gentamicin>ES>control. Gentamicin and ES significantly decrease CFU (number of
colony-forming units) compared with the control. The mean bacterial count (log CFU/mL) from corneal
culture for ES, gentamicin, and untreated groups were 6.04, 5.0, and 8.9, respectively (P<0.05). In
conclusion, the extraction of maggot larvae is useful in treating keratitis mediated by MRSA.
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1. Introduction

Bacterial keratitis is one of the most famous eye infections [1,2]. Staphylococcus aureus
is the most serious cause of bacterial keratitis in most populations [1-4]. Individuals with
contact lenses, persons in old populations, people with diabetes, patients with AIDS, and
epithelial trauma caused by means of foreign bodies, are the major groups sensitive to
Staphylococcus Keratitis [3,5]. Immunological and pathological examinations have shown
bacterial products, and host-associated factors destroy the cornea in keratitis [1,3,5]. S. aureus
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keratitis can cause vision loss, ophthalmia, irreversible corneal scarring, acute inflammation,
and corneal perforation [1,4,6].

B-lactam antibiotics (e.g., cefazolin) with aminoglycoside or fluoroguinolone are
currently the selective medicines for keratitis therapy [1-3]. S. aureus infections are especially
complicated to treat because of their acquirement of resistance to many antibiotics [3,7].
Unfortunately, S. aureus resistance to methicillin (MRSA) developed in 1961 and increases the
mortality of infection diseases [7,8]. Accordingly, finding a new antimicrobial drug for keratitis
management is crucial [2,3].

Using the sterile maggots of L. sericata (maggot therapy) is a simple, ancient and
effective technique for healing necrotic and chronically infected injuries [8,9,10]. The success
of maggot therapy is due to several reasons. These reasons include eliminating necrotic tissue
by enzymatic degradation, destroying and killing of living bacteria to disinfect the wound,
producing maggot excreta/secreta (ES) with antibacterial properties, and stimulating tissue
formation and wound healing [7,9-11]. ES is heat stable and protease-resistant and has
antibacterial activity against a range of bacteria [7,8]. In our investigation, an aqueous extract
of maggot larvae (ES) was studied for its in-vivo and in-vitro efficiency in treating the MRSA-
induced Keratitis disease in rabbits.

2. Materials and Methods

2.1. Production of maggot ES.

The ES was prepared from sterile second and third instars larvae (L. sericata). About
500 larvae were used for ES production. The maggot larvae were washed every hour with 1 mL
sterile, deionized water. This work was carried out in the darkness for 4 hours. The crude ES
was centrifuged (8000xg, 5 min) to remove large particles and sterilized by 0.20 um methicillin
filter [9,12,13]. ES sterility was assayed on BHI (brain heart infusion) agar plates.

2.2. Microorganisms and growth conditions.

MRSA strain was a gift from the Khatam-al-Anbia hospital (Tehran, Iran).
Staphylococcus aureus (ATCC 29213) was achieved from the Iranian Research Organization
for Science and Technology as a standard. These bacteria were grown in BHI agar at 37°C and
kept at 4°C.

2.3. In vitro activity of larval ES.

One colony from the BHI plate was inoculated in 25 mL BHI liquid nutrient medium.
The incubation was carried out at 37°C with shaking (180 rpm) until the cell density of the
cultivation reached 5x108 cells/mL. This culture was diluted to reach 102 cells per milliliter by
BHI broth. Subsequently, 1 mL of ES was transferred to test tubes containing 1 mL BHI and
0.1 mL bacterial suspension. In the positive growth control tube, 1 mL 0.9% NaCl was used
instead of the ES. Also, the negative control tube was prepared with 2 mL 0.9% NaCl and
0.1 mL bacterial culture. Following, the number of surviving bacteria was measured every
hour, over 9 hours. 100 uL of each sample (test and controls) was cultured onto BHI agar
plates, and plates were incubated at 37°C. Colonies of bacteria were counted overnight. Each
trial experiment was repeated three times.
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2.4. In vivo animal testing.

White rabbits, all weighing 2.0-3.0 kg were used. The animals were maintained
according to the guidelines of the ARVO (Association for Research in Vision and
Ophthalmology). For anesthesia in rabbits, a 1:5 combination of 100 mg/mL xylazine
hydrochloride and 100 mg/mL ketamine hydrochloride was administered by subcutaneous
injection. Proparacaine hydrochloride 0.1% was spilled into the eye for additional anesthesia
(one drop in each eye) [5,14].

2.5. Determination of ES toxicity.

At first, the toxic effects of ES on the eye should be investigated. The toxicity effect of
ES was assessed by the Draize scoring system on days 0 and 4 for acute toxicity and delayed
toxicity, respectively [14]. Draize scale for scoring ocular irritation includes conjunctiva
(discharge, redness, and chemosis), iris, and cornea (degree of opacity and area of cornea
involved). One drop of ES was instilled into one of the rabbit's eyes every 1 hour for 10 h.
Determinations of signs and symptoms related to ES toxicity on the rabbit's eye were evaluated
by an ophthalmologist. The MMTS (maximum mean total scores) irritation scores are classified
according to table 1.

Table 1. The MMTS for irritation classification.

Irritation classification MMTS*
Nonirritating 0.0-05
Practically Nonirritating 06-25
Minimally Irritating 26-15
Mildly Irritating 15.1-25
Moderately Irritating 25.1-50
Severely Irritating 50.1 - 80
Extremely Irritating 80.1—100
Maximally Irritating 100.1 - 110
Nonirritating 0.0-05

*Maximum Mean Total Score.
2.6. Induction of keratitis.

Keratitis induction was performed as in our previous study [6,15]. Briefly, rabbits were
anesthetized, the corneal epithelium was scratched, and 10 pL of the bacterial suspension
(10* CFU/mL) containing almost 100 CFU of S. aureus was injected intrastromal into rabbit's
cornea. Also, a sterile corneal fixation ring was used to ensure the same inoculation depth and
fix the globes.

2.7. Treatment and scoring of corneal improvement.

The rabbits were divided into three groups, with five rabbits in each group. Rabbits
were treated immediately with a single topical drop (25 pL) every hour, over 10 hours.
Treatment on the 2nd and 3rd days continued with a single topical drop (25 pL) applied every
4 hours. Group 1 was treated with ES, group 2 was treated with gentamicin (10 mg/mL), and
group 3, which is considered as the control group, was untreated. The eyes were evaluated after
treatment and graded by a split lamp. The scoring method previously described by Beasel et
al. and Aghamollaei et al. [6,16] is summarized in table 2. Finally, the total clinical score was
calculated for all treatments, and comparison between the groups was performed with Kruskal—
Wallis (K-W) multiple comparisons.
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Table 2. Scoring of corneal improvement.

Type/Score
Eye macroscopically identical to the state of the eyes previous to the bacterial injection Grade 0
Faint opacity in the injected area Grade 1
Dense opacity in the injected area Grade 2
Dense opacity covering the entire anterior segment Grade 3
Perforation of the cornea Grade 4

2.8. Bacterial quantification.

After the last treatment, corneal samples (test and control) were prepared for bacterial
quantification. Briefly, the corneas were removed aseptically and homogenized with a tissue
homogenizer in 1 mL of sterile buffered saline (8-10 strokes for 10 seconds and repeated
3 times) [17,18]. After vortexing, 100 uL of the homogenate was serially diluted in buffered
saline and cultured on BHI agar plates. Incubating culture plates was done at 37°C, and the
number of CFU counted after 24 h. The experiments were performed in duplicate.

2.9. Statistical analysis.

Nonparametric one-way analysis of variance (K—W test) and Wilcoxon's test were used
for the analysis of the corneal improvement data. Student's t-tests and ANOVA (One-way
analysis of variance) were used to analyze the bacterial count data. P values<0.05 were
considered significant.

3. Results

3.1. In vitro antibacterial activity of larval ES.

One of the goals of our study was to evaluate the sensitivity of Staphylococcus aureus
(MRSA) to maggot excreta/secreta (ES). The CFU test was performed, and the effect of ES on
the number of viable Staphylococcus aureus was determined. Incubation of S. aureus in BHI
with ES revealed that ES reduced the bacterial growth after 3 h about 3.26 times as compared
with the control (P<0.01) (Figure 1). It should be noted that ES reduces bacterial growth after
1 h (1.25 times), which was not statistically significant.
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Figure 1. Antibacterial activity of maggot E/S against Staphylococcus aureus; the filtrate ES has stronger
inhibitory activity, as compared without maggot E/S.
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3.2. Determination of ES toxicity.

Draize testing of normal eyes was performed after adding the ES on day 0 and day 4.
Discharge and redness chemosis is not seen in the conjunctiva. Iris was normal, and corneal
epithelial defects were not observed in any of the rabbits. In general, Draize score for
conjunctiva, Iris, and the cornea was close to zero. Figure 2 demonstrated the MMTS of rabbit
eyes treated with three concentrations of ES and artificial tear as control. As is clear, there was
no severe reaction by the rabbits due to the application ES. Moreover, there was no delayed
toxicity in treated groups. None of the rabbits had blinked or immediately wiped the eye after
pouring the ES into the eyes.

o
)
|

o
Y
1

MMTS irritation score
o o
N &
1 1

o
)
I

> ] ] 3
& &
) ) e Y
L

Figure 2. The result of the Draize testing demonstrating the maximum mean total scores (MMTS) of rabbit eyes
treated with three concentrations of ES and artificial tear. 1:25% ES.2: 50% ES.3: 100% ES. 4: Control group.
The MMTS iirritation scores are classified as follows: 0.0-0.5 nonirritating; 0.6-2.5 practically nonirritating.

3.3. The effect of ES on the treatment of infected corneas.

To ensure the efficacy of ES extract on ocular infections, the eyes were graded using a
slit lamp. Analysis of variance was done after obtaining the amount of total clinical score for
all samples. The median corneal opacity scores of the two treatment groups and control group
on the 4" (end of treatment) are given in Figure 3. According to variance analysis, both
treatment groups (gentamicin and ES) were significantly different from the control group
(P<0.05). But comparing the two treatment groups did not show any significant difference
(P<0.66) (Figure 3). Intergroup comparisons of corneal opacity scores with Mann—Whitney U-
test showed a decreasing trend of therapeutic effects as shown below: gentamicin>ES>control.
Also, after treatment with gentamicin and E/S, the rabbits' eyes were clear without any
problems (Figure 4). As shown in Figure 4, the rabbit's eyes in the control group were
completely opaque.

3.4. Microbiological load of the corneal tissue.

As shown in Figure 5, ES significantly reduced the CFU (6.01 logio CFU) in the
treatment group eyes compared with the untreated eyes (8.89 logio CFU) (P<0.01). Also,
gentamicin reduced the CFU (5.05 logio CFU) in the treated eyes compared to the control
group, and compared to the ES-treated group; this reduction was remarkable.
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Figure 3. Median opacity scores for all treatment groups reached at the end of the treatment period. The
variance analysis showed a significant difference between the two treatment groups (gentamicin and E/S) and

the control group (P<0.05).
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Figure 4. Rabbits' eye 4 days after treatments: A) Control group treated by PBS, B) Group 1 treated by
gentamicin, C) Group 3 treated by ES.
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Figure 5. Colony count of bacteria in infected rabbits' cornea after treatment with ES, Gentamicin, and PBS.
Both ES and Gentamicin significantly reduced the CFU compared to the control group.

4. Discussion

Maggot therapy is a simple and efficient way to treat infected wounds and is used in
many countries [7,19]. Currently, it is documented that maggot larva can produce a
combination of substances into a lesion and accelerate its healing [9,20]. However, the usage
of this method in the treatment of ophthalmic infections is subject to limitations. This
investigation confirmed that maggot excreta/secreta (ES) is a relatively useful treatment for
experimental keratitis caused by S. aureus.

Bexfield and colleagues extracted two antibacterial factors from the native ES of L.
sericata. One of these factors has been isolated using ultrafiltration techniques (weighing less
than 500 Da); has significant antibacterial activity against MRSA [11]. Also, Szczepanowski
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et al. [9] recommended larval therapy, especially for treating Gram-positive bacteria (e.g.
Staphylococcus aureus) infection. In addition, Barnes et al. [12] and Elmorsy et al. [13]
determined that ES extract has inhibitory effects on the three marker bacterial species
(Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus), separately. S. aureus
(MRSA) sensitivity to ES was evaluated in our study, and it showed that ES could reduce
bacterial growth after 3 hours.

Given that the ES extract contains large amounts of proteins and peptides, it is not
unlikely that the antimicrobial properties of this extract will be due to antibacterial peptides
[8]. Therefore, it can be concluded that the loss of antibacterial properties of the ES extract
after 3 hours may be due to the inactivation of these peptides. One of the concerns about new
drugs is their toxicity effect. Draize testing of normal eyes was performed for the determination
of ES toxicity. In this study, there was no severe reaction by the rabbits due to the application
of ES.

The decrease in bacterial CFU in corneas treated with ES was shown in situ killing of
bacteria. In addition, infected corneas treated with ES were observed over 8 days and found to
become free of histopathological changes. However, the effect of gentamycin is better than ES,
and it's more powerful in reducing the number of bacteria. According to In-vitro results, it can
be concluded that the Maggot ES has a bacteriostatic property against S. aureus bacteria. The
length of ES therapy must be adequate to allow eye defense mechanisms to eliminate the
bacteria [19]. Few articles have been published on antimicrobial compounds in maggot ES.
Meanwhile, Kruglikova and Chernysh [20] had identified several classes of antimicrobial
peptides by examining the ES. In their results, a compound with a molecular mass of 6 kDa
was isolated, which possessed a wide range of antibacterial activity against the gram-positive
Staphylococcus aureus. In addition, Huberman and et al. [21] found the low-molecular
compounds (130 to 700 Da) with antibacterial properties. These compounds are capable of
inhibiting Micrococcus luteus and Pseudomonas aeruginosa. Also, Bexfield et al. [11]
examined the antimicrobial activity of the ES with the molecular mass of less than 500 Da, and
its <500 Da fraction was bacteriostatic with respect to MRSA. Although various compounds
in maggot larva excretions have antibacterial properties, the quality of the maggots and
physico-chemical conditions available in vivo environment are mentioned as important factors

[9].
5. Conclusions

Due to the high prevalence of antibiotic-resistant infections in keratitis, new compounds
in the treatment of infectious diseases seem very necessary. Maggot ES contains natural
antibacterial compounds and according to the results is able to inhibit the growth of MRSA in
ocular infections. Further studies are also needed to find the main antibiotic substance of this
antibacterial extract.
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