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Abstract 
In this research, Galleria mellonella larvae served as an in vivo model to examine the virulence of two 

pathogenic bacteria, Salmonella Typhimurium and Escherichia coli, along with their quorum-sensing receptor 
mutants, qseC and qseE. The most widely used inoculation route for Galleria is intra-haemocoelic injection 
through the last left pro-leg (the route used in this study). To determine the optimum bacterial dose, a range 
of inocula was used (103,104, 105, 106, and 107 CFU/10 µl injection volume); these were injected using a 
Hamilton syringe (26-gauge, 10 µl capacity). For control purposes, 10 larvae were inoculated with only 
Phosphate Buffered Saline (PBS) buffer. Lethal dose (LD50) was a useful tool for differentiating between high 
and low pathogenicity, but not for intermediate pathogenicity. The larvae were subsequently incubated at 37°C 
in a dark environment, and the culture dilution that resulted in the mortality of 50% of the larvae (LD50) for 
each replicate was assessed after 24 hours. For each experiment, a minimum of 10 larvae (located in 100 mm 
Petri dishes) were used per strain to be tested. Likewise, melanization could function as a criterion for 

evaluating the pathogenicity of the isolates, but it is essential to correlate it with other factors. Throughout 
the experiment, individual larvae were consistently assessed for indications of melanization and viability by 
observing their reflexive responses to physical contact. Mortality rates and survival curves were useful tools 
for characterizing non-pathogenic and highly pathogenic isolates. The precise numbers of inoculated bacteria 
into the larvae were carried out by plating serial dilutions of the inoculum onto Luria agar. The findings are 
expressed in terms of percent survival and are derived from at least three independent experimental trials. 
Keywords. Bacterial Virulence, Galleria Mellonella, Infection, In vivo Study, Melanization. 

 

Introduction 

Understanding the intricate relationship between the host and the bacterium is a crucial step for revealing 

the pathogenicity of a certain strain. The role of animals in experimental research is essential for exploring 

the pathogenicity of bacteria. However, during the preclinical phase, in vivo models using mammals, 

particularly mice and rats, face certain challenges, including the need for adequate facilities and lengthy 
experimental processes. In recent years, there has been an increasing trend towards the use of insects in in 

vivo studies, which make up approximately 90% of all animal species. This preference is largely due to the 

similarities between the insect immune system and human innate immunity [1,2], which can be referred to 

as the "evolutionary roots of human innate immunity [3]. Consequently, insects serve a dual purpose in 

research; they are utilized not only to examine their interactions with natural pathogens but also to 
investigate the virulence factors associated with human pathogens and to evaluate the efficacy of 

antimicrobial drugs in vivo [4-6]. The larvae of Galleria mellonella, commonly known as wax moth larvae, 

are notable for their numerous benefits. They are regarded as one of the most prevalent and favoured models 

for serving as an alternative surrogate host in the investigation of microbial infections [6]. This type of mini-

host offers economic and ethical advantages compared to mammals, and its short lifespan makes it suitable 

for high-throughput studies [7,8].  
The scientific community has shown a significant rise in interest in employing larvae for the research of 

pathogenic bacteria, especially in the past few years [9]. Galleria mellonella has been a valuable model for 

investigating host-pathogen interactions in several organisms, including Pseudomonas aeruginosa [10]. In 

recent studies, it has been specifically utilized to analyze the virulence factors of Vibrio parahaemolyticus 

[11]. It is noteworthy that a clear correlation has been established between the virulence of an organism in 
G. mellonella and its virulence in mammalian models [12]. The Galleria mellonella insect serves as an in 

vivo model and belongs to the Galleriinae subfamily within the Pyralidae family of the Lepidoptera order, 

where it is known to infest bee hives. This greater wax moth progresses through four distinct life stages: 

egg, larva, pupa, and adult. The larvae of Galleria are characterized by their opaque white coloration, 

reaching approximately 3 cm in length and weighing between 0.3 and 0.5 grams, before undergoing 

metamorphosis into grey moths. Temperature plays a vital role in the insect's development, with optimal 
conditions ranging from 29 to 33°C; additionally, the larvae are capable of surviving at the physiological 

temperature of mammals, which is 37°C [13,14].   

G. mellonella has characteristic advantages valuable to infection studies, such as they are cheaper than 

mouse models, they do not need special laboratory equipment, and can adapt and live at 37˚C temperature 

[15], preferred by human pathogens. Moreover, G. mellonella's short lifespan positions it as an optimal 
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choice for high-throughput infection investigations. In most cases, experimental evaluations of the response 

to infection are restricted to analyzing the melanization process and quantifying the death rate of larvae. In 

this investigation, G. mellonella larvae served as an in vitro model to assess the virulence of the pathogenic 

bacteria Salmonella typhimurium and E. coli, including their two-component system (TCS) mutants. 
 

 
Figure 1. Illustrates the various developmental stages of Galleria mellonella. The stages include eggs (1), a 

caterpillar that is around 10 days old (2), a caterpillar approximately 20 days old (3), caterpillars aged 
between 25 to 35 days (4 and 5), a caterpillar in its final larval stage at about 40 days old (6), as well as the 

pre-pupae and pupae stages (7 and 8), culminating in the adult moths (9) (31). 

 

Methods 
Bacterial Strains and Growth Conditions 

Larvae of the Greater Wax Moth, G. mellonella (GM) were obtained from Live Foods Ltd (Rooks Bridge, UK). 

Larvae were stored in the dark at 15˚C and used within 10 to 21 days of receipt. The larvae of the Greater 

Wax Moth, Galleria mellonella (GM), were acquired from Live Foods Ltd located in Rooks Bridge, UK. They 

were kept in a dark environment at a temperature of 15˚C and utilized within a timeframe of 10 to 21 days 
after their arrival.  

For the experiments, the selected groups were required to meet certain specifications: a length of 2 to 2.5 

cm, a weight ranging from 0.25 to 0.35 g, a cream hue with minimal speckling, and an absence of grey 

markings, which are considered signs of compromised food health. Groups of ten larvae, all receiving the 

same treatment, were placed in a 100 mm petri dish and incubated at 37°C following infection. The bacterial 
inocula underwent washing before the infection to limit the introduction of virulence factors that could have 

been produced during the microorganism's growth in vitro. In G. mellonella, infection can occur via two 

methods: either through intra-haemocoelic injection administered in the last left proleg or by direct 

application through the skin [16].  

 

Bacterial strains 
Enterohaemorrhagic E. coli (EHEC) O157:H7 85-170 NalR is a spontaneous nalidixic acid-resistant stx1- 

and stx2-lacking derivative of strains 84-289 [17]. This strain and its ∆qse mutants were gifted by Professor 

Mark Stevens of the Institute of Animal Health, Compton, UK. The qseC and qseE genes were mutated by λ 

Red recombinase-mediated integration of linear PCR products [18]. The S. Typhimurium isolate 4/74 and 

strains were cultured in Luria-Bertani (LB) medium or Standard American Petroleum Institute (serum-SAPI) 

medium supplemented where appropriate with antibiotics at the following concentrations: nalidixic acid 
(Nal, 20 μg ml-1), ampicillin (Amp, 100 μg ml-1) and kanamycin (Kan, 50 μg ml-1). The S. Typhimurium 

qseC and qseE genes were similarly mutated by λ Red recombinase-mediated integration [18]. 

 

Culture preservation 

Stock cultures of each species of bacteria were maintained in Luria broth by adding 25 % (v/v) sterile 
glycerol, dividing cultures into 1 ml aliquots, and freezing at -80°C. An aliquot of this stock was thawed, and 

to ensure the validity of the strains, reactivated, cultured on plates once every 24 hours for three days before 

use in the experiments. 

 

Evaluation of LD50 in Galleria mellonella Larval infections 

Observation findings were recorded if larvae' colour changed from their normal pale cream coloration to 
brown or black, indicative of melanisation. The pathogenicity of E. coli and Salmonella Wild Type (WT) and 

their QseC/E mutants was compared. To establish the 50% lethal dose (LD50). Larvae were subjected to 

injections of different doses, including 103, 104, 105, 106, and 107 Colony Forming Units (CFU) of both the 

wild type and its mutant strains. Larvae that received an inoculation of 106 colony-forming units of 

WT/larvae exhibited the highest mortality rates, resulting in the death of 50% of the larvae within 24 hours 
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(Fig. 2, Fig. 3).  In culture dilutions lower than 106, only one or two out of ten worms died when exposed to 

wild-type E. coli, Salmonella, and their respective mutants. However, at dilutions exceeding 10^6, there 

were no recorded fatalities among the larvae injected with Buffered Phosphate Saline (BPS). Thus, the 

subsequent experimental assay, set at 106 CFU per larva, was carried out to compare the virulence of the 
bacterial strains. Overnight growth of the bacterial strains was conducted in Luria broth at 37°C, followed 

by collection via centrifugation at 4000xg for 10 minutes. The cells were then washed twice with 1 mL of 

BPS, and the resulting cell suspensions were standardized to an optical density (OD600) of 1.0. The colony-

forming units (CFU/mL) were confirmed through a viable count assay. To limit the introduction of virulence 

factors released during in vitro growth, bacterial inocula were washed before the infection process. The most 

frequently utilized route for infection is through intrahemocoelic injection [19] which is performed either via 
the last left pro-leg or through the skin [16].  

For each strain's serial dilution (103,104, 105, 106, and 107 CFU/10 µl), a minimum of three biological 

replicates were prepared, with 10 larvae placed in 100 mm Petri dishes. These were injected using a Hamilton 

syringe (26-gauge, 10 µl capacity) within a 96-well flat plate. For control, 10 larvae were administered with 

PBS. The larvae were subsequently incubated at a temperature of 37°C in a dark environment, and the 
lethal dose that resulted in the death of 50% of the larvae (LD50) for each replicate was assessed after 24 

hours. Each experiment involved the use of 10 larvae from each strain being tested. Bacterial cell counts 

were determined by performing serial dilutions of the inoculum and plating them onto Luria agar. 

Regular evaluations of individual larvae were conducted during the experiment to monitor signs of 

melanization and viability, based on their reflex actions in response to contact. The results are expressed as 

survival percentages and reflect the outcomes of at least three separate experiments. 
 

Statistical Analysis 

Statistical analysis was performed as needed, utilizing One-way ANOVA (Analysis of Variance) or two-way 

ANOVA through the GraphPad Prism software. A P value of less than 0.05 denotes statistical significance. 

 

Results 

Observational data were noted when the larvae transitioned from their usual pale cream hue to brown or 

black, which indicates melanization and the level of infection severity. 

In Figure 2, Galleria mellonella larvae were inoculated with Salmonella wild-type and its QseC, QseE, and 
QseEC mutants for a duration of 24 hours, resulting in discoloration caused by melanization. A minimum 

of three biological replicates, each comprising 10 larvae in 100 mm Petri dishes, were subjected to injections 

with various concentrations (103,104, 105, 106, 107 CFU/10 µl) and incubated at 37°C in the absence of 

light. The LD50, indicating the dilution that led to 50% larval mortality, was calculated for each replicate 

after 24 hours. The findings are reported as percentage survival and are representative of at least three 

independent experiments. 
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Figure 2. Inculcation of Galleria mellonella with Salmonella wild-type 

 

In Figure 3, Galleria mellonella larvae were inoculated with E. coli wild type, as well as QseC, QseE, and 

QseEC mutants, and observed after 24 hours. The observed discoloration is attributed to melanization. A 

minimum of three biological replicates, each consisting of 10 larvae in 100 mm Petri dishes, were injected 

with varying concentrations (103,104, 105, 106 and 107 CFU/10 µl), followed by incubation at 37°C in 

darkness. The lethal dose required to kill 50% of the larvae (LD50) for each replicate was assessed after 24 
hours. Data are presented as percentage survival and represent the results of at least three independent 

experiments. 

Figure 4 shows that G. mellonella larvae were observed 24 hours post-inoculation with PBS. A minimum of 

three biological replicates, each comprising 10 larvae in a 100 mm Petri dish, received injections of BPS at 

concentrations of (103,104, 105, and 106 CFU/10 µl),, followed by incubation at 37°C. 
G. mellonella larvae are examined after being inoculated with Salmonella and E. coli strains, including the 

wild type and the QseC, QseE, and QseEC mutants, at a dose of 107 CFU over a 24-hour period. The 

discoloration noted is attributed to melanization, and full melanization, represented by black larvae, is 

linked to the death of the larvae (Figure 5). 
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Figure 3. Inculcation of Galleria mellonella with E. coli wild-type 

 
Figure 4. G. mellonella larvae 24 hours post-inoculation  

 

As shown in figure 6, a minimum of three biological replicates, each with 10 larvae in a 100 mm Petri dish, 
were injected with concentrations of (103,104, 105, 106 and 107 CFU/10 µl), The samples were incubated 

at 37°C in a dark environment, and the dilution that resulted in 50% larval mortality (LD50) was evaluated 

after 24 hours. The findings are shown as percentage survival and are representative of at least three 

independent experiments. 
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Figure 5. G. mellonella larvae after being inoculated with Salmonella and E. coli strains 

 

 

 
Figure 6. A comparison of the virulence (LD50) between wild-type Salmonella and its qse C/E 

mutants. 
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As shown in figure 7, a minimum of three biological replicates, each consisting of 10 larvae placed in 100 

mm Petri dishes, were injected with varying concentrations (103,104, 105, 106 and 107 CFU/10 µl), The 

larvae were then incubated at 37°C in darkness, and the dilution that resulted in the death of 50% of the 

larvae (LD50) for each replicate was assessed after 24 hours. The data are presented as percentage survival 
and represent the outcomes of at least three independent experiments. 

 

 

 
Figure 7. The virulence (LD50) of wild-type E. coli and QseC/E mutants in Galleria mellonella 

larvae. 

 

Discussion 

The findings of our study suggest that G. mellonella could be an effective alternative model for examining 

the virulence of bacterial infections, including their mutants, namely Salmonella enterica serovar 

Typhimurium strain ST4/74 and Enterohaemorrhagic E. coli (EHEC) O157:H7. In vivo experiments, using 
laboratory animals, are an essential element for determining the degree of pathogenicity of bacterial strains 

and understanding interactions between the host and the pathogen. Despite using of rodent models (as an 

in vivo experiment) is widely in studies concerning the pathogenesis of bacterial infections, these types of 

studies have many disadvantages, such as time time-consuming, requiring an expensive experimental 

setup, and being associated with significant ethical issues. The use of invertebrate models can participate 

in reduction of research costs and minimize ethical concerns. A variety of research studies have indicated 
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and validated that the Wax moth G. mellonella serves as an effective model for examining certain aspects of 

bacterial strain pathogenicity. [20, 21]. Our study's results demonstrate that the virulence of Salmonella 

and E. coli, evaluated using a G. mellonella infection model, is dependent on the concentration of the 

inoculum administered. 
At high concentrations of 107 CFU/larva was enough to induce death of the worm after 24 hours (figure 5). 

However, those which injected with different dilutions of PBS buffer for control purposes were not affected, 

and they were alive (Figure 4).  At 106  ( figure  6 & figure  7), these levels of bacteria killed half of the worms 

and were considered as lethal dose LD50 [22]. The melanization response refers to the process of 

synthesizing and depositing melanin to encase pathogens at the site of injury, which is subsequently 

accompanied by hemolymph coagulation and opsonization. This response is comparable to the formation of 
abscesses in infections observed in mammals [23, 24]. The process of melanization is viewed as an integral 

aspect of the innate immune response of arthropods in response to parasitic challenges, making it a useful 

tool for evaluating the health of insects. Furthermore, the synthesis of melanin was found to be induced in 

a dose-dependent manner, culminating in the emergence of 100% dark-colored larvae at 24 hours following 

inoculation with 1 × 107 bacteria. The larvae injected with PBS exhibited no indications of melanization 
(Figure 4) [25-27]. They displayed no symptoms, and the survival rate for the control larvae was 100% [24, 

28, 29]. 

This investigation has focused on the virulence of two pathogenic bacterial types, Salmonella and E. coli, 

including their mutants, employing G. mellonella as an in vivo infection model. G. mellonella is regarded as 

a suitable model for investigating the virulence factors of bacteria and their impact on the host. It leverages 

the innate immune response to microorganisms, thereby serving as an initial starting point in research 
related to human health.[30]. A key feature of G. mellonella is its innate immune system, which exhibits 

functional structures similar to those found in mammals [31]. The study reveals that both the strains and 

their mutants possess the same LD50. Additionally, the deletion of the QseC and QseE proteins does not 

alter the virulence of either the wild-type Salmonella or E. coli strains, nor their mutants. This highlights 

the potential role of these receptors as one of multiple mechanisms through which bacteria can exhibit 
virulence. The findings suggest the QseC/E proteins have no role in the virulence activity of the bacteria 

tested in this infection model. Both types of wild-type and mutant bacteria can infect and kill G. mellonella in 

a dose and time-dependent manner. In conclusion, the data collected indicate the importance of G. 

mellonella in the study of bacterial pathogens. This organism serves as an effective model owing to its 

beneficial experimental characteristics, simplicity in handling, and cost-effectiveness. Additionally, its brief 

life cycle facilitates efficient testing durations. In addition, its resemblances to the human immune system 
render it an excellent tool for experimentation. Nevertheless, despite these benefits, there are notable 

disadvantages to take into account; the primary issue is the absence of regulations governing its application, 

which hinders the ability to compare experimental results across different laboratories. Despite the 

restrictions associated with employing larvae as an in vivo model, it continues to serve as a significant 

resource for investigating bacterial infections, owing to its various benefits. Several studies have examined 
both virulence and immune responses, along with the impact of antimicrobials. It is widely accepted that, 

while the application of this insect as a pre-clinical in vivo model has become a standard practice in 

laboratories, the complete potential of G. mellonella remains to be fully realized. To further scientific 

research, it is imperative to achieve a complete genomic profile of G. mellonella and to develop standardized 

procedures. 

 
Conclusion 

The findings of this study underscore the potential of Galleria mellonella as a valuable alternative model for 

assessing bacterial virulence, particularly for pathogens such as Salmonella enterica serovar Typhimurium 

and enterohemorrhagic E. coli (EHEC) O157:H7. Our results demonstrate that bacterial virulence in this 

model is dose-dependent, with higher inoculum concentrations leading to increased larval mortality and 
melanization, a key immune response analogous to mammalian abscess formation. Notably, the study 

revealed that the deletion of QseC and QseE proteins did not alter the virulence of the tested bacterial 

strains, suggesting that these receptors may not be critical for pathogenicity in this infection model. This 

highlights the complexity of bacterial virulence mechanisms and the need for further investigation. 
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 المستخلص

ّ  لمااستض اتقانو ينمن تل البيتيرت الموقاتض، نهوت الستتلمنيل  التلللض ال لأارض في هذا البحث، استتخخمت  رقات  اتليرت تللنيل  نمونج  ي

لم  الحول داخل اهلختلض اللستق  رخ qseEن  qseCنالإشتقريلض الونلنيلض، اتلإاتت ض  ط رلقا  تستتوب   استت تلتا الملختتة اهتاتض ا وت، 

ستتخخمت   ونمالأخ شتلنمات يتليرتت نلتحمرم ايقمض البيتيرض المسطلس، ا ستضك رنطق رقل التلولي  ستتخمفي في هذا الماا ستلنة المس ض يو )نهن الأ

تليقنلتر تل يجم الحولك؛ نيخوم  هذا اللوتيت  اتستتخمافي  10نيمو ت تيلل تستتلوقو  107، ن106، 105، 104، 103تل اللوتيت  )

ستتلض 26ملتا محومض هتتللتنن ) ضتتب ، ت تلولي  10،  ستتلت  10تليقنلتركت نلأغقاض ال  و ت  (PBS) رقات  بمحلنل تلحّ تخمظّم اتللن

ستت ضت  (LD50) نتي  ايقمض المولتتض اتتلض المتن ضتتض، نليم ت ن تيل نذلم لضتقا اتتلض اللتللض نالممخل رداو تللمو للتوللز ان الإتقا

ضتتمت  الياتت  التم جلتم ممتم  ليتل  (LD50) % تل الياتت 50ض في الوتض تظلوتض، ناسلم م يللا المزامتض التذى رد   ط يلنل دااتض تونرت 37يخ

ستتتخختمفي تتت   روتل مل  24تيقاا التم  ستت لتض ل ختبتتات ناتتلمطتل،  100رقاتت  )تناندو في رربتتل اترى  10ستتتتمتضت ليتل  قاتض، ا تمك ليتل 

اتتلض اللز  لختتبا ايلمى نوللتا لتوللم  تقا ضتتقناى اا ب الناتل رخق ت رنال التجقاض، ت توللم اليات  يميل رن رلول الت  ، نليل تل ال

   اللقدرض اتستتوقاا ثطات مل تششتقا  التلخبا ايلمى ناتاللت ت للبوتم تل خ ل تقاابض استجتاتت ت ا يليتسلض للت تا ايسمىت نتي  تلم

اتتلا  شتتتمرتمو الإتقاضت ت عتمرتم الأمتماد الن لتت  نتمحملتت  البوتتم ملس التم الحلتتو ردنا  تللتمو لتن ستتببتض لاتقاض ناللز    اللز   غي الم

ستبض البوتم مل ستلض تل المسلوي ملس راتا لنارتت نتخلل المتتعن مل ي ستل ات  يلللت  تت س الم المالوض للبيتيرت المسلوحض في اليات  مل رقرق ن

 .لالحلتو، نهّ تستومو تل ث ث  تاة  قربلض تستولض ملس الأا
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