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Resumen: La hemólisis bacteriana indica virulencia en humanos con lisis parcial o total de glóbulos rojos. En 

este estudio, se usaron larvas de Galleria mellonella para evaluar la virulencia humana de 31 bacterias anta-

gonistas de patógenos fúngicos, que previamente mostraron hemólisis alfa y gamma en pruebas in vitro en 

agar sangre. Se eligió Galleria mellonella para evaluar la virulencia debido a ventajas técnicas como bajo 

coste, disponibilidad, resultados en 2-3 días, ausencia de cuestiones éticas y similitudes funcionales con el 

sistema inmunitario de mamíferos e insectos. Se planteó la hipótesis de que las bacterias antagonistas que 

muestran actividad de lisis parcial (α) y sin lisis (ɣ) en la prueba de agar sangre ejercerán efectos de no viru-

lencia en la prueba in vivo con Galleria. De las 31 cepas bacterianas, tres bacterias productoras de hemolisina 

γ (Rhizobium pakistanense PaMR4, Rhizobium pakistanense RpCR1 y Staphylococcus saccharolyticus SC4) 

mostraron virulencia, y las otras veintiocho (hemolíticas α y γ) mostraron efectos no virulentos. La prueba de 

Galleria sugiere que las bacterias productoras de hemolisina ɣ pueden ser patógenas para los seres humanos, 

incluso si no pueden lisar los glóbulos rojos (RBC). Por lo tanto, es esencial realizar pruebas de virulencia 

adicionales a las bacterias que previamente mostraron hemólisis α y ɣ. En este estudio, las 31 cepas bacterianas 

utilizadas mostraron diferentes respuestas a antibióticos. Algunas cepas Gram-positivas mostraron resistencia 

a 23 antibióticos, y las cepas Gram-negativas mostraron resistencia a nueve antibióticos. Las cepas bacterianas 

antagonistas con hemólisis γ, pese a no mostrar actividad hemolítica, podrían mantener capacidad patogénica 

en humanos. Por lo tanto, se recomienda aplicar pruebas complementarias de virulencia, como el modelo in 

vivo con Galleria mellonella, para evaluar su bioseguridad. Si se confirma virulencia, deben excluirse como 

agentes de control biológico en manejo fitosanitario. 

Palabras clave: Bacteria antagonista, Galleria mellonella, Hemólisis, Patógeno, Virulencia. 

 

Abstract: Bacterial hemolysis indicates virulence in humans with partial or total lysis of red blood cells. In 

this study, Galleria mellonella larvae were used to evaluate the human virulence of 31 fungal pathogen antag-

onist bacteria, which previously showed alpha and gamma hemolysis in in vitro blood agar tests. Galleria 

mellonella was chosen to evaluate virulence due to technical advantages such as low cost, availability, results 

in 2-3 days, absence of ethical issues, and functional similarities with the mammalian and insect immune 

systems. It was hypothesized that antagonistic bacteria showing partial lysis (α) and no lysis (γ) activity in the 

blood agar test would exert non-virulence effects in the in vivo test with Galleria. From the 31 bacterial strains, 

three gamma (γ) hemolysin-producing bacteria (Pseudomonas aeruginosa PaMR4, Rhizobium pakistanense 

RpCR1, and Staphylococcus saccharolyticus SC4) showed virulence, and the other twenty-eight (α and γ he-

molytic) showed non-virulent effects. The Galleria test suggests that γ hemolysin-producing bacteria may be 

pathogenic to humans, even if they cannot lyse red blood cells (RBCs). Therefore, it is essential to perform 

additional virulence tests on bacteria that previously showed α and γ hemolysis. In this study, the 31 bacterial 

strains used showed different responses to antibiotics. Some Gram-positive strains showed resistance to 23 

antibiotics, and Gram-negative strains showed resistance to nine antibiotics. Antagonistic bacterial strains with 

gamma hemolysis (γ), despite not showing hemolytic activity, could retain pathogenic capacity in humans. 

Therefore, complementary virulence tests, such as the in vivo model with Galleria mellonella, are recom-

mended to assess their biosafety. If virulence is confirmed, they should be excluded as biological control 

agents in phytosanitary management. 
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INTRODUCCIÓN 

Chemical fertilizers can contaminate soil, water, and food supply, but biologi-

cal fertilizers offer a sustainable alternative by promoting plant growth, increasing 

yield, and improving soil health (Rahimi et al., 2019). Biological fertilizers contain 

bacteria that promote plant growth by secreting metabolites, hormones, solubilizing 

minerals, fixing nitrogen, and protecting plants from pathogens (Poria et al., 2022). 

Plant growth-promoting bacteria in food crops could threaten human health be-

cause of virulence factors in their genomes, which can potentially cause diseases. 

Some bacterial species that can cause human diseases include Acinetobacter bau-

mannii, Bacillus spp, Campylobacter jejuni, Pseudomonas aeruginosa, and Vibrio 

parahaemolyticus (Fedhila et al., 2006; Peleg et al., 2009; Peleg et al., 2009; Senior 

et al., 2011; Beeton et al., 2015; Wagley et al., 2018).  

In this work, several microorganisms with antagonistic activity against plant 

fungal pathogens were studied regarding their potential pathogenicity to humans. 

They belong to the genera Acinetobacter, Bacillus, Pseudomonas, Rhizobium, and 

Staphylococcus. The Acinetobacter genus comprises the Acinetobacter baumannii 

complex, containing A. baumannii, A. nosocomialis, A. pitii, and A. calcoaceticus, 

the most relevant species due to their clinical implications (Nurjadi & Boutin, 

2022). It is widely acknowledged that multidrug-resistant Acinetobacter baumannii 

strains are responsible for infections associated with elevated morbidity and mor-

tality rates (Sunenshine et al., 2007). Bacillus thuringiensis is part of the Bacillus 

cereus group (Bacillus cereus sensu lato). This group includes 21 species, some of 

which have been reported for their importance in the medical field (Baek et al., 

2019). Pseudomonas aeruginosa is another human pathogen implicated in pulmo-

nary infections (Vidaillac & Chotirmall, 2021), as well as the Staphylococcus ge-

nus, where there are some species reported with clinical importance, including the 

most common S. aureus and S. saccharolyticus that can cause human illness (Wang 

et al., 2020). 

Virulence factors in bacteria result from genes expressed via transcription and 

translation, often located in chromosomes but sometimes in plasmids. These factors 

enable bacteria to complete their infective cycle in hosts, including humans, ani-

mals, or plants. Typically, these proteins or enzymes, called virulence factors, are 

key in host cell invasion, evading defenses, and toxin production that cause disease 

(Leitão, 2020). 

Certain bacteria within the same genus and species show different pathogenic 

behaviors due to their virulence factors. Even within the same species, some vary 

in the virulence factors needed to cause disease (Leitão, 2020). Virulence factors 

like adhesion help bacteria complete their infective cycle factors. Some pathogenic 

bacteria produce fimbriae for adherence, invasion factors that facilitate cell entry, 

and are surrounded by capsules that protect from opsonization and phagocytosis. 

Additionally, toxin production is crucial since Gram-negative bacteria's lipopoly-

saccharide endotoxins cause fever, blood pressure changes, inflammation, and 

shock. Endotoxins are protein toxins or enzymes secreted by pathogens, including 

cytotoxins, neurotoxins, and enterotoxins (Leitão, 2020). 
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If all virulence factors are produced, a successful infection by the pathogen can 

develop. It is known that the malfunction of any of them can lead to a reduction in 

pathogenicity or completely inhibit it. In Listeria monocytogenes EGD-e, a muta-

tion in the hlyA gene (the gene responsible for the production of listeriolysin O) 

renders the bacteria completely avirulent, resulting in the complete absence of in-

fection in chicken embryos (Quereda et al., 2018). There is a naturally occurring 

strain of Listeria monocytogenes classified as ATCC 15313, which is avirulent be-

cause it cannot produce listeriolysin O. These are examples of bacteria of the same 

species that can exhibit variations in their pathogenic behavior, depending on their 

virulence factors. Therefore, this paper hypothesizes that hemolysis analysis on 

blood agar is not decisive in ruling out or approving the use of microorganisms in 

crops of interest for food production. To prevent this, microorganisms used as bio-

technological products against plant diseases and fungal infections in agriculture 

must be thoroughly evaluated and tested to mitigate risks to human health. A viable 

alternative is the use of eukaryotic models such as Galleria mellonella. Pathogenic-

ity analysis in eukaryotic models is essential to provide the necessary evidence of 

the pathogenic behavior of microorganisms.  

Insects are a successful group of invertebrate animals that serve as a model for 

studying the virulence of microbial pathogens in humans (Tsai et al., 2016). 

Though insects (invertebrates) and vertebrates are different animal groups, verte-

brates have developed an adaptive immune response. In contrast, the vertebrate in-

nate immune system retains strong structural and functional similarities to the in-

sect immune system (Browne et al., 2013). A group of insects, including Galleria 

mellonella (greater wax moth), Drosophila melanogaster (fruit fly), Manduca sexta 

(tobacco hornworm or Goliath worm), and Bombyx mori (silkworm), as well as, 

Danio rerio (zebra fish) are widely considered alternative model organisms, and 

the virulence results obtained in these model organisms are similar to those ob-

tained with mammals (Fuchs & Mylonakis, 2006; Browne et al., 2013). 

The genus Galleria is part of the Pyralidae family. The larvae of Galleria 

mellonella are used as a model system for testing bacterial virulence in vivo. A few 

features considered for G. mellonella larvae as a model test include availability, 

low cost, basic requirements, and the possibility of obtaining results in a short time 

period, such as two to three days (Desbois & Coote, 2012; Kay et al., 2019). This 

insect's larvae can be rapidly grown at 30–37° C, enabling scientists to examine the 

temperature-dependent microbial virulence factors (Fallon et al., 2012). In addition 

to these technical advantages, G. mellonella larvae are the preferred choice for test-

ing bacterial pathogenicity in humans (Kavanagh y Fallon, 2010; Salgado-Morales 

et al., 2019). Recent studies have shown that agricultural ecosystems are key reser-

voirs for potential human infections, highlighting the need for vigilant surveillance 

to anticipate disease emergence. Some plant pathogens are opportunistic and can 

infect humans through cross-infections. Focus on understanding pathogenicity 

mechanisms to reduce cross-infection risks (Kim et al., 2020). 
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For these reasons, it is also hypothesized that antagonistic bacterial strains that 

exhibit α (with partial lysis effects) and γ-hemolysin (without lysis effects) are ex-

pected to be non-virulent, although there may be exceptions, and these will not be 

pathogenic in the eukaryotic model Galleria mellonella. In alignment with our hy-

pothesis, we investigated the virulence of several plant growth-promoting bacteria 

to discard potential human virulent bacteria. Furthermore, this study examined the 

antibiotic resistance of antagonistic bacterial strains.  

 

MATERIALS AND METHODS 

 

Preparation of biological materials 

Thirty-one antagonistic bacterial strains were evaluated for their virulence ef-

fects on humans by in vivo Galleria mellonella tests (Table 1). Six bacterial strains 

Escherichia coli O157-H7 28-1 (Rivas-Ruiz et al., 2020), Escherichia coli O157-

H7 (Rivas-Ruiz et al., 2020), Escherichia coli JA 31 EC (Anduro-Jordan et al., 

2022) Listeria monocytogenes ATCC 7644, Staphylococcus aureus ATCC11532 

and Salmonella sp ATCC 14028 were used as positive controls and a non-patho-

genic Escherichia coli ATCC 25922 was used as a negative control. The Microbi-

ology Laboratory of the Department of Biotechnology and Food Science at Instituto 

Tecnológico de Sonora (ITSON), Sonora, Mexico, provided the control bacteria. 

Five of the 31 bacterial strains (AcDB3, BaMA26, BsTA16, BsiDA2, and BtMB9) 

were obtained from three bacterial collections deposited at the Department of Ag-

ricultural Biotechnology at CIIDIR-Sinaloa, Instituto Politécnico Nacional (Mex-

ico) previously described in Khalil et al., (2021). The other 26 bacterial strains 

(ArCR5, BaCR3, BvCR6, BvML3, CL1, CL2, CL3, CL4, CL5, CL6, CL7, CL8, 

CS1, CS2, CS3, CS4, ML2, MR1, MS1, PaMR4, PgML1, PpMR2, PpMR3, 

RpCR1, SsCR4 and SwCR2) were isolated from the rhizosphere of giant reed 

(Arundo donax L.) and maize (Zea mays L.). The use of plant growth-promoting 

microorganisms is crucial for enhancing agricultural sustainability. These organ-

isms, including those yet to be molecularly characterized in this work, represent 

promising candidates and have demonstrated benefits to plants by augmenting nu-

trient availability and providing protection against fungal pathogens (Khalil et al. 

2021). 

All bacterial strains were maintained in Luria Bertani broth (LB, Sigma, No. 

Cat. L3022, USA) supplemented with 15% glycerol at -80 °C. To check the viabil-

ity of the strains, all cryopreserved bacteria were transferred onto LB agar (LBA) 

and incubated at 30 °C for 24 h. Nine bacterial strains (BaMA26, BsTA16, BsiDA2, 

CL1, CL4, CL7, CL8, CS3 and CS4) required the addition of glucose (1% w/v) 

with LBA for reactivation and growth. After growing bacteria in LBA, a single 

colony was transferred to 5 mL of LB broth and incubated at 30 °C for 24 h at 200 

rpm. Next, 1 mL of each bacterial suspension (AcDB3, BaMA26, BsTA16, 

BsiDA2, and BtMB9) was transferred to 100 mL of LB and incubated at 30 °C for 

9 h at 200 rpm (Cordero-Ramírez et al., 2013). 
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Hemolysis tests on blood agar medium 

Bacteria were grown overnight in 5 mL of LB medium at 30 °C at 200 rpm. 

Briefly, 1 mL of bacterial suspension was transferred to a 1.6 mL microcentrifuge 

tube and centrifuged at room temperature for 20 min at 13,000 rpm. Next, 50 µL of 

supernatant was added to 5 mm circular wells on the blood agar medium. The wells 

were previously made using a sterile rubber plug punch in the blood agar medium 

at 5% of sheep’s blood (MCD Lab, Cat. 7504). Plates were then incubated for 24 h 

at 37 °C. The results were interpreted based on the clear zone surrounding the wells: 

β-hemolysis was observed as a clear zone, demonstrating complete breakage of 

erythrocytes; α-hemolysis was revealed by a slight change in color surrounding the 

wells, indicating partial erythrocytes breakdown; and γ-hemolysis (or no hemoly-

sis) was suggested by the absence of any change in color or clearness of the medium 

surrounding the well (Misawa et al., 1995). Bacteria showing β-hemolysis were 

discarded, and only α and γ-hemolytic bacteria were used in subsequent studies.  

 

Virulence assays in Galleria mellonella  

Galleria mellonella (G. mellonella) larvae were used as a model to detect the 

virulence of 31 potential antagonistic bacterial strains (Table 1) against humans, as 

described by Menard et al. (2021). The G. mellonella eggs were grown in a plastic 

container and fed. The larvae were fed pellets that had been previously prepared. 

Briefly, 50 g of honey with 50 mL of H2O, 90 g of maize powder, 50 g of wheat 

powder, 50 g of milk powder, 20 g of yeast, 1.2 g of sodium benzoate, 50 mL of 

glycerol, and 50 mL of distilled water were placed in a beaker. Next, the mixture 

was boiled for 5 min at 100 °C. All ingredients were mixed, made into a mold, and 

put into a small plastic container with insect larvae. Larvae were maintained at 30 

°C for 60 days. A plastic sealing film was applied to the top of the container, and 

small perforations were made in the plastic seal to facilitate oxygen exchange. The 

holes were secured with micropore tapes to prevent the small Galleria larvae from 

passing through the pores. When the caterpillar has grown sufficiently to be han-

dled, it is transferred to a new container and classified by size. Only the caterpillars 

in the last larval stage were used for the experiments (Ménard et al., 2021).  

The bacterial strains were incubated overnight at 30 °C in LBA and or LBGA 

medium, depending on bacterial growth conditions. The overnight cultured bacteria 

were inoculated in 5 mL of LB broth medium and incubated for 12 h at 30 °C. After 

12 h of incubation, 50 µL of bacterial suspension was placed in 5 mL of LB broth 

medium and incubated at 30 °C for 6 h. Subsequently, the bacterial pellets were 

collected by centrifugation at 10,000 rpm for 1 min. One mL of MgSO4•7H2O was 

added into a tube containing bacterial pellets and made a serial dilution up to 10-6 

using MgSO4•7H2O (Faga Lab, Cat. 2344). Two bacterial dilutions, 10-5 and 10-6, 

were used for injecting into Galleria larvae and the colony forming units (CFU) 

were counted. Twenty µL of pellet suspension from each dilution [(10-5 (500 CFU) 

and 10-6 (50 CFU)] were injected into each Galleria larvae using a 0.3 mL U-100 

(DL ®) insulin syringe, and 50 µL of them were spread on LBA and or, LBGA 

medium and incubated at 30 °C overnight and the bacterial CFU were counted. 
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Infected Galleria larvae were maintained at 30 °C for 48 hours, and mortality was 

recorded at 24 hours. The assay was performed three times, using ten Galleria lar-

vae for each bacterial test. 

 

Antimicrobial susceptibility test 

An analysis of the minimum inhibitory concentration (MIC, μg/mL) was per-

formed on MicroScan autoSCAN-4 System Beckman Coulter® to determine sus-

ceptibility or resistance to antibiotics, according to the Clinical and Laboratory 

Standards Institute (CLSI) guidelines for the antibiotics listed in Tables 2 and 3, for 

Gram-negative and Gram-positive bacteria, respectively (CLSI, 2024). 

 

RESULTS AND DISCUSSION 

 

Bacterial hemolysis on blood agar tests and mortality effects on Galleria 

mellonella model 

The present study examined the virulence and antibiotic resistance of 31 plant 

rhizospheric bacteria on eukaryotic models. These bacteria show potential for com-

bating plant pathogens and promoting plant growth. Alpha (α)-hemolysin and γ -

hemolysin bacteria were chosen as antagonists, showing minimal or no blood agar 

color change, indicating low erythrocyte lysis. Eighteen (AcDB3, BaMA26, 

BtMB9, CL1, CL2, CL3, CL4, CL5, CL6, CL7, CL8, CS1, CS2, CS3, CS4, ML2, 

MR1 and MS1) out of 31 bacteria showed partial hemolysis (α- lysis) and 13 strains 

(ArCR5, BaCR3, BsiDA2, BsTA16, BvCR6, BvML3, PaMR4, PgML1, PpMR2, 

PpMR3, RpCR1, SsCR4 and SwCR2) showed γ hemolysis (no hemolysis) (Table 

1).  

 

Table 1. Galleria virulence test performed on bacteria isolated from different plant rhizospheres with antagonistic and plant growth-

promoting effects. 

Strain ID Bacteria Gram staining Hemolysis 

Galleria mortality (%) 

Virulence 

50 CFU 500 CFU 

24 h 48 h 24 h 48 h 

Ec* Escherichia coli ATCC 25922 - γ 0 0 0 0 Non-virulent 

EcO157-H7 A* Escherichia coli 0157H7 28-1 - α 40 100 70 100 Virulent 

EcO157-H7 B* Escherichia coli 0157H7 - α 30 100 60 100 Virulent 

Ec JA* Escherichia coli JA-31  - α 30 100 50 100 Virulent 

Lm1* Listeria monocytogenes ATCC 7644  + α 40 100 80 100 Virulent 

Sa* Staphylococcus aureus ATCC 11632 + β 40 100 70 100 Virulent 

Sal* Salmonella enterica ATCC 14028 - β 30 100 70 100 Virulent 

AcDB3 Acinetobacter calcoaceticus  - α 0 0 0 0 Non-virulent 

ArCR5 Acinetobacter radioresistens - γ 0 0 0 0 Non-virulent 

BaCR3 Bacillus aryabhattai + γ 0 0 0 0 Non-virulent 

BaMA26 Bacillus amyloliquefaciens   + α 0 0 0 0 Non-virulent 

BsiDA2 Bacillus siamensis  + γ 0 0 0 0 Non-virulent 
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BsTA16 Bacillus subtilis - γ 0 0 0 0 Non-virulent 

BtMB9 Bacillus thuringiensis  - α 0 0 0 0 Non-virulent 

BvCR6 Bacillus velezensis + γ 0 0 0 0 Non-virulent 

BvML3 Bacillus velezensis + γ 0 0 0 0 Non-virulent 

CL1 NI + α 0 0 0 0 Non-virulent 

CL2 NI + α 0 0 0 0 Non-virulent 

CL3 NI + α 0 0 0 0 Non-virulent 

CL4 NI + α 0 0 0 0 Non-virulent 

CL5 NI + α 0 0 0 0 Non-virulent 

CL6 NI - α 0 0 0 0 Non-virulent 

CL7 NI + α 0 0 0 0 Non-virulent 

CL8 NI + α 0 0 0 0 Non-virulent 

CS1 NI + α 0 0 0 0 Non-virulent 

CS2 NI + α 0 0 0 0 Non-virulent 

CS3 NI + α 0 0 0 0 Non-virulent 

CS4 NI + α 0 0 0 0 Non-virulent 

ML2 NI - α 0 0 0 0 Non-virulent 

MR1 NI + α 0 0 0 0 Non-virulent 

MS1 NI + α 0 0 0 0 Non-virulent 

PaMR4 Pseudomonas aeruginosa - γ 100 100 100 100 Virulent  

PgML1 Pseudomonas guariconensis - γ 0 0 0 0 Non-virulent 

PpMR2 Pseudomonas plecoglossicida - γ 0 0 0 0 Non-virulent 

PpMR3 Pseudomonas plecoglossicida - γ 0 0 0 0 Non-virulent 

RpCR1 Rhizobium pakistanense + γ 0 0 100 100 Virulent  

SsCR4 Staphylococcus saccharolyticus + γ 0 0 33.4 33.4 Virulent 

SwCR2 Staphylococcus warneri + γ 0 0 0 0 Non-virulent  

NI = non-identified. Gamma (γ)- hemolysis = no erythrocyte lysis, alpha (α)- hemolysis = slight erythrocyte lysis, beta (β)- hemol-

ysis = complete erythrocyte lysis. (*) Control strains. 

 

Based on the hypothesis that hemolytic microorganisms are a health risk in 

food production (Gera y McIver, 2013), the hemolysis test excludes microorgan-

isms with partial or complete hemolysis on blood agar plates (Patel, 2023). The 

results suggest that blood lysis is not a key factor in outcomes since human infec-

tion needs specific virulence factors.  

Acinetobacter calcoaceticus, part of the A. calcoaceticus-baumannii com-

plex, is an opportunistic bacterium causing pneumonia and bacteremia (Mancilla-

Rojano et al., 2020). Despite this, A. calcoaceticus isolates from this work is not a 

bacterium of significant medical importance, as it is only slightly associated with 

human infections. Nevertheless, the presence of phospholipases within its genome 

has the potential to catalyze the breakdown of phospholipids in red blood cell 

membranes, which can lead to partial hemolysis (Table 1) (Lehmann, 1973). 

It is reported that isolates belonging to the species of Bacillus amyloliquefa-

ciens do not adversely affect human health and have been used as a probiotic 
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against Clostridium perfringens (Chen et al., 2024). However, in this work, B. am-

yloliquefaciens showed alpha hemolysis, and it is reported that this bacterium can 

produce phospholipases, which are responsible for the degradation of phospholip-

ids, thereby explaining the alpha hemolysis behavior (Chen et al., 2024).  

Bacillus thuringiensis is a well-studied bacterium with a wide range of appli-

cations in agriculture. It also produces phospholipases responsible for lysing eryth-

rocytes, resulting in partial blood hemolysis in isolates of this study (Lereclus et al., 

1996).  

The results obtained for Pseudomonas aeruginosa suggest that this strain can-

not exert hemolysis on the blood agar assay, possibly due to the lack of the gene 

that encodes phospholipase C (Wolfmeier et al., 2022). However, P. aeruginosa 

retains its pathogenicity in the absence of phospholipases, but its potential to induce 

disease may be reduced. Although phospholipases represent certain virulence fac-

tors that facilitate tissue damage and advance disease progression, they do not con-

stitute the only elements that contribute to the bacterium's pathogenicity. Other vir-

ulence factors, including exotoxins, proteases, and adhesins, also play a significant 

role in the infections caused by P. aeruginosa (Strateva & Mitov, 2011).  

The Rhizobium genus is a group of bacteria closely associated with the coloni-

zation and nodulation of plants. There are few reports of human infection by Rhi-

zobium species. The species reported to be pathogenic to humans is Rhizobium pu-

sense (Aujoulat et al., 2015). However, there are no documented cases of Rhizo-

bium pakistanense infecting humans. In the present study, R. pakistanense RpCR1 

did not exhibit hemolytic activity in the blood agar tests. This phenotypic charac-

teristic may be associated with the absence of hemolytic or proteolytic enzymes 

that can affect the erythrocyte cell membrane.  

Staphylococcus saccharolyticus is a recently described human pathogen that 

acts as a skin colonizer (Ahle et al., 2020), but its pathogenicity mechanism is un-

clear (Brüggemann et al., 2019). The results suggest that Staphylococcus saccharo-

lyticus SsCR4 was unable to degrade erythrocytes on blood agar, suggesting that it 

could not produce proteins capable of lysing red blood cells.  

 

Galleria mellonella virulence assay shows that non hemolytic bacterial strains 

may show the ability to behave as virulent. 

 

It was observed that non-hemolytic biological control agents showed virulence 

in the in vivo G. mellonella test (Table 1). It also supports previous studies indicat-

ing that G. mellonella is an easy, cost-effective, and successful model system for 

evaluating bacterial virulence against humans. The Galleria test also demonstrated 

that all α-hemolytic bacteria tested were non-pathogenic, but some γ-hemolytic 

bacteria tested showed virulence, which partially contradicts our hypothesis that 

the α- and γ-hemolytic bacteria will behave as non-virulent in this test (Table 1).  

The insect G. mellonella has been used to inspect bacterial virulence against 

human infectious agents such as diarrheal E. coli (Khalil et al., 2016) and against 

the fish pathogen Vibrio anguillarum (causes inflammation and skin disease) 
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(McMillan et al., 2015). G. mellonella has also been used to test bacterial virulence 

against humans, but so far, it has not been reported that γ-hemolytic plant rhizo-

spheric bacteria can be pathogenic to humans. 

The six human pathogenic strains injected into Galleria as positive controls 

showed 100% mortality in both concentrations (50 and 500 CFU per Galleria) (Ta-

ble 1 and Figure 1 D). After 24 h of injection, the Galleria mortality was 30 to 40% 

using 50 CFU and 50 to 80% with 500 CFU (Table 1). The non-pathogenic Esche-

richia coli ATCC 25922 strain injected into Galleria as a negative control did not 

show mortality at both concentrations after 24 h and 48 h (Table 1 and Figure 1A). 

 

 
Figure 1. Virulence test of thirty-one antagonistic bacteria was performed in Galleria mellonella insects. The percentage of Galleria 

mortality was counted after 24 and 48 h of infection period. A non-pathogenic strain of Escherichia coli ATCC 25922 

was used as negative, and eight human pathogenic bacteria were used as positive controls. A) The infected Galleria with 

Escherichia coli ATCC 25922 (negative control) and B) Acinetobacter calcoaceticus AcDB3 (antagonist) were alive after 

48 h of incubation. C) The Galleria had died after 48 h of incubation while infected with the antagonistic bacterium of 

Rhizobium pakistanense RpCR1 (ɣ-hemolysis) and D) Staphylococcus aureus ATCC 11632 (positive control). Ten rep-

licates were used for each bacterium.  
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Among all the rhizospheric bacteria evaluated, 18 showed α-hemolysis 

(AcDB3, BaMA26, BtMB9, CL1, CL2, CL3, CL4, CL5, CL6, CL7, CL8, CS1, 

CS2, CS3, CS4, ML2, MR1, and MS) (Table 1). Bacteria originating from different 

plant rhizospheres, such as Acinetobacter sp., Bacillus sp., and Pseudomonas ae-

ruginosa, show plant-growth-promotion and antagonism against different phyto-

pathogens (Méndez et al., 2021; Schreiter et al., 2018; Wang et al., 2021). Acine-

tobacter sp. (Jang et al., 2016) and Bacillus spp. (Escamilla-Montes et al., 2015) 

are well known as bio-control agents and widely distributed in plant rhizospheres. 

Biofilm formation is a necessary trait to attach to the plant root surfaces to persist 

for a long time and work against phytopathogens (Chen et al., 2013). A few species 

of Acinetobacter (Giannouli et al., 2013) and Bacillus, (Granum, 1994) are the 

causative agents of human foodborne diseases. Ehling-Schulz et al. (2004) reported 

that Bacillus cereus carried food toxins that may cause human diseases. Guinebre-

tière et al. (2002) mentioned that B. cereus could secrete four different types of 

enterotoxins which may cause food-born diarrhea: two protein complexes, hemo-

lysin BL (HBL) and nonhemolytic enterotoxin (NHE), and two enterotoxin pro-

teins: enterotoxin T (bc-D-ENT) (Agata et al., 1995) and cytotoxin K (Lund et al., 

2000). Based on the hypothesis that hemolytic bacteria pose a risk to human health, 

this study indicated that all the alpha-hemolytic bacteria tested did not present any 

risk in the Galleria mellonella model and exhibited no virulence. 

Among all the rhizospheric bacteria evaluated 13 were γ-hemolytic (ArCR5, 

BaCR3, BsTA16, BsiDA2, BvCR6, BvML3, PaMR4, PgML1, PpMR2, PpMR3, 

RpCR1, SsCR4 and SwCR2). However, Pseudomonas aeruginosa (PaMR4), Rhi-

zobium pakistanense (RpCR1), and Staphylococcus saccharolyticus (SsCR4) were 

virulent in the Galleria test (Table 1, Figures B and C). PaMR4 showed 100% 

mortality in both concentrations after 24 h and 48 h of incubation, while RpCR1 

and SsCR4 evaluated at 500 CFU showed 100% mortality and 33.4% mortality 

after 48 h, respectively (Table 1). 

The results suggest that the Galleria test indicates that the pathogenicity of 

antagonistic bacteria originating from different plant rhizospheres does not depend 

on their red blood cell (RBC) lytic effects. Furthermore, the results obtained from 

Galleria tests demonstrated that the virulence of pathogenic bacteria varies, possi-

bly due to the presence or absence of virulence factors and their relative doses in 

each strain (Bokhari et al., 2017).  

Six human pathogenic bacteria were injected into G. mellonella insects, reveal-

ing that pathogenic bacteria are detrimental to this eukaryotic model, but their vir-

ulence capacity depends on the bacterial doses. A dose of 50 CFU showed a lower 

mortality than 500 CFU after the same incubation period, which confirmed that 

bacterial virulence depends on a pathogen dose. Bokhari et al. (2017) reported that 

the virulence in G. mellonella is influenced by the relative injected dose, and our 

findings support their statements. 

 Divyakolu et al. (2019) reported that gamma (γ)- hemolysin-producing bacte-

ria (Staphylococcus aureus) can threaten humans, and our results agree with their 

findings. In the present study, three antagonistic bacteria (PaMR4, RpCR1, and 
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SsCR4) that did not show hemolysis (γ-hemolysis) in vitro showed virulence in 

Galleria mellonella tests, indicating that these antagonistic bacteria can possibly 

cause human disease.  

Pseudomonas aeruginosa strain was the most virulent antagonist bacterium 

(Table 1). Morin et al. (2021) reported that this bacterium causes multiple infectious 

diseases, such as lung infection with chronic diseases, primary ciliary dyskinesia, 

and ventilator-associated pneumonia, bacteremia and sepsis, urinary tract infection, 

and diabetic foot ulcers.  

Several authors previously mentioned that a few species of the genus Rhizo-

bium are opportunistic human pathogens. Kuchibiro et al. (2018) reported that Rhi-

zobium could cause sepsis in the human body if the patient is previously affected 

with diabetes, hyperlipidemia, hypertension, hypothyroidism, and osteoporosis. 

Rhizobium pakistanense (RpCR1) showed virulence in vivo in the G. mellonella 

test, demonstrating that this bacterium is possibly pathogenic to humans. Khalid et 

al. (2015) reported that Rhizobium pakistanense is a novel species in the group of 

the genus Rhizobium, and it has not been reported as pathogenic to humans until 

now.  

Staphylococcus aureus is a common human pathogenic bacterium that causes 

typical skin infections in humans and animals (Divyakolu et al., 2019; Hanselman 

et al., 2009; Wertheim et al., 2005). Staphylococcus warneri is a less common path-

ogen in humans, but in some cases can cause osteoarticular infection (Legius et al., 

2012). Staphylococcus saccharolyticus can cause different human diseases, such as 

spondylodiscitis (Godreuil et al., 2005; Mikhael et al., 2009; Trojani et al., 2020), 

endocarditis (Westblom et al., 1990), pyomyositis (Young & Bhally, 2017), pneu-

monia (Wu et al., 2009), empyema (Wang et al., 2020), and bone marrow infection 

(Liu et al., 2015). This corresponds with the virulence observed for this strain (Ta-

ble 1). 

The 31 antagonistic bacterial strains used in this study have a strong capacity 

to control different phytopathogens in vitro or in vivo and enhance plant growth 

(Khalil et al., 2021; Zamudio-Aguilasocho, 2019). However, the virulence results 

indicate that PaMR4, RpCR1, and SsCR4 cannot be used as biological control 

agents against phytopathogens because they represent significant risks to humans 

and animals. 

This research could introduce a new concern in the agricultural crop protection 

sector, where biological control agents are used against phytopathogens. Hemoly-

sin production is not the only key factor in determining bacterial pathogenicity. 

Pathogenic bacteria can secrete other virulence factors such as coagulase, entero-

toxins, toxic shock syndrome toxin 1, exfoliative toxins, and Panton-Valentine leu-

cocidin. In human pathogenic E. coli, approximately ninety proteins acting as vir-

ulence factors with different functions are associated to human disease (Pakbin 

et al., 2021). Listeria monocytogenes showed over eleven virulence factors reported 

to be involved in mechanisms like survival, virulence, antimicrobial resistance, and 

persistence in unfavorable environmental conditions (Vera et al., 2013; Matereke 
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& Okoh, 2020). Thus, human pathogenesis is not exclusively due to hemolysin 

production and may require a combination of virulence factors.  

 In conclusion, the three non-hemolytic bacteria, PaMR4, RpCR1, and SsCR4, 

showed virulence in the Galleria mellonella virulence test indicating they can cause 

human diseases. Therefore, before using biological control agents to protect crops 

from devastating diseases, it is essential to confirm their virulence effects with a 

combination of different virulence tests. 

 

Antagonistic bacterial strains demonstrated resistance to various antibiotic 

compounds. 

All the bacterial strains showed different responses to the antibiotics tested. 

The gram-negative bacteria resistance ranged from 10 to 23 antibiotics; the highest 

resistance was observed for strain PaMR4 that showed resistance against 23 out of 

the 24 antibiotics tested, followed by PgML1 and ML2 that were resistant to 20 

antibiotics (Table 2). Other strains with high antibiotic resistance were PpMR2 

(17), PpMR3 (15), AcDB3 (10) and ArCR5 (10) (Table 2). For gram-positive bac-

teria, BtMB9 was resistant to 13 out of 21 antibiotics tested (Table 3). the isolates 

RpCR1, BvCR6, MS1, SsCR4, SwCR2, and BsTA16 showed resistance to 9, 6, 5, 

5, 5, and 4 antibiotics, respectively (Table 3). Thirteen strains (BaCR3, BvML3, 

CL1, CL2, CL3, CL4, CL5, CL7, CL8, CS1, CS2, CS3, CS4) showed resistance to 

3 antibiotics. The strain BaMA26 was resistant to two antibiotics, and BsiDA2 to 

only one (Table 3). 

The unregulated use of antibiotics for animal food production has put a lot of 

pressure on the industry, which is reflected in the rise in antimicrobial resistance 

(AMR) that has become a public concern. Furthermore, if resistant microorganisms 

are used and applied in agricultural food production, they should be handled care-

fully to reduce the risk of illness.  

Pseudomonas aeruginosa was the most virulent bacterial strain (Table 1) and 

it also showed resistance to 23 out of 24 antibiotics tested (Table 2). This species 

has previously shown resistance to several antibiotic compounds, such as amino-

glycosides, β-lactam agents, and fluoroquinolones (Smith et al., 2016). These mi-

croorganisms can resist up to seven classes of antibiotics (Meng et al., 2020). P. 

guariconensis and P. plecoglossicida strains resisted 20 and 17 antibiotic com-

pounds, respectively (Table 2). Therefore, the present study demonstrated that sev-

eral Pseudomonas spp. strains are multi-drug-resistant. 
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Table 2. Antibiotic susceptibility of eight gram-negative bacteria against twenty-four antibiotics. 

Strains ID Antibiotics (M.I.C µg/mL) 
 

AMC AMK AMP CAZ CAZC CFZ CIP CRO CTX CTXC CXM ETP FEP FOF GEN IPM LVX MEM SAM SXT TET TGC TOB TZP 

AcDB3 R>16/8 S<16 R>16 S<1 R>2 R>4 S<1 R>32 R>32 R>4 R>16 R>2 S<4 S S<2 S<1 S<2 S<1 S<8/4 R>2/38 S<4 S<2 S<4 S<16 

ArCR5 R>16/8 S<16 R>16 R>16 S<0.25 R>4 R>2 R>32 R>32 S<0.5 R>16 R>2 S<4 S S<2 S<1 S<2 S<1 S<8/4 R>2/38 S<4 S<2 S<2 S<16 

CL6 S<8/4 S<16 S<8 S<1 S<0.25 S<2 S<1 S<1 S<2 S<0.5 S<4 S<0.5 S<4 S S<2 S<1 S<2 S<1 S<8/4 S<2/38 S<4 S<2 S<4 S<16 

ML2 R>16/8 S<16 R>16 S<1 R>2 R>4 R>2 R>32 R>32 R>4 R>16 R>2 R>16 R R>8 R>8 R>4 S<1 R>16/8 R>2/38 R>8 R>4 S<4 R>64 

PaMR4 R>16/8 R>32 R>16 R>16 R>2 R>4 S<1 R>32 R>32 R>4 R>16 R>2 R>16 R R>8 R>8 R>4 R>8 R>16/8 R>2/38 R>8 R>4 R>8 R>64 

PgML1 R>16/8 S<16 R>16 S<1 R>2 R>4 R>2 R>32 R>32 R>4 R>16 R>2 R>16 R R>8 R>8 R>4 S<1 R>16/8 R>2/38 R>8 R>4 S<4 R>64 

PpMR2 R>16/8 S<16 R>16 S<1 R>2 R>4 R>2 R>32 R>32 R > 4 R > 16 R>2 S<4 S S<2 R>8 R>4 S<1 R>16/8 R>2/38 R>8 R>4 S<4 R>64 

PpMR3 R>16/8 S<16 R>16 S<1 R>2 R>4 S<1 R>32 R>32 R > 4 R>16 R>2 S<4 S S<2 R>8 S<2 S<1 R>16/8 R>2/38 R>8 R>4 S<4 R>64 

The letter R refers to resistance, and S indicates sensitivity. AcDB3 = Acinetobacter calcoaciticus, ArCR5 = Acinetobacter radioresistens, Pa = Pseudomonas aeruginosa, Pg = 

Pseudomonas guariconensis, Pp = Pseudomonas plecoglossicida. Amoxicillin-clavulanate = AMC, Amikacin = AMK, Ampicillin = AMP, Ceftazidime = CAZ, Ceftazidime-

clavulanate = CAZC, Cefazolin = CFZ, Ciprofloxacin = CIP, Ceftriaxone = CRO, Cefotaxime = CTX, Cefotaxime-clavulanate = CTXC, Cefuroxime = CXM, Ertapenem = ETP, 

Cefepime = FEP, Fosfomycin = FOF, Gentamicin = GEN, Imipenem = IPM, Levofloxacin = LVX, Meropenem = MEM, Ampicillin-sulbactam = SAM, Trimetropim-sulfametoxazol 

= SXT, Tetracycline = TET, Tigecycline = TGC, Tobramycin = TOB, Piperacillin-tazobactam = TZP. M.I.C = Minimum inhibitory concentration.  

 

Although multidrug resistance is rising, this topic is well studied due to the Bacillus thuringiensis insecticidal applica-

tions (Gao et al., 2018). This strain (BtMB9) was identified in the present study as one of the most resistant bacteria (resistant 

to 13 antibiotics) (Table 3). Bacillus thurigiensis is closely related to Bacillus cereus, and both belong to the Bacillus cereus 

group. Antibiotic resistance has been studied in species of this group due to their multidrug resistance behavior towards 

aminoglycosides, β-lactams, cephalosporins, and fluoroquinolones (Gao et al., 2018). 

The Acinetobacter genus is of public concern; the representative microbial species is A. baumannii, which belongs to 

the Acinetobacter baumannii complex, which also includes A. calcoaceticus.

https://editoriallince.uadeo.mx/index.php/BiocScientia/index
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 These microbial species have shown multidrug resistance (MDR) to several 

antibiotic compounds, like aminoglycosides, β-lactams, fluoroquinolones, chlo-

ramphenicol, erythromycin, and tigecycline, as in this work (Bello-López et al., 

2020). 

Resistant bacteria can cause human and animal diseases, and their infections 

are more severe than those caused by non-resistant bacteria. Antibiotic resistance 

can lead to higher medical costs, prolonged hospital stays, and significantly in-

creased mortality (WHO, 2020). 

 

Table 3. Antibiotic susceptibility of twenty-three gram-positive bacteria against twenty-one antibiotics. 

Strain ID Antibiotics (M.I.C ug/mL) 

 
AMC AMP CIP CLI CRO DAP ERY FOF GEN LVX LZD MXF NIT OXA PEN  RIF SAM SXT SYN TET VAN 

BaCR3 S<4/2 S<2 S<1 S<0.5 S<8 S<0.5 R>4 S S<4 S<1 S<1 S<0.5 R>64 S<0.25 S<0.03 S<1 S<8/4 S<0.5/9.5 S<0.5 R>8 S<0.25 

BaMA26 S<4/2 S<2 S<1 R>4 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 S<0.03 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

BsTA16 S<4/2 R>8 S<1 R>4 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8  S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

BsiDA2 S<4/2 S<2 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 S<0.03 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

BtMB9 R>4/2 R>8 S<1 R>4 S<8 R>4 R>4 R S<4 S<1 R>4 S<0.5 S<32 R>2 R>8 R>2 R>16/8 S<0.5/9.5 R>2 S<4 R>16 

BvCR6 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 R>4 S S<4 S<1 R>4 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 R>2/38 R>2 S<4 S<0.25 

BvML3 S<4/2 S<2 S<1 S<0.5 S<8 R>4 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 S<0.03 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CL1 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CL2 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CL3 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CL4 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CL5 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CL7 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CL8 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CS1 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CS2 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CS3 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

CS4 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

MR1 S<4/2 S<2 S<1 S<0.5 S<8 S<0.5 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 S<0.03 S<1 S<8/4 S<0.5/9.5 S<0.5 S<4 S<0.25 

MS1 S<4/2 R>8 S<1 S<0.5 S<8 R>4 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 R>2 S<4 S<0.25 

RpCR1 R>4/2 R>8 S<1 R>4 S<8 R>4 S<0.5 S S<4 S<1 S<1 S<0.5 S<32 R>2 R>8 S<1 R>16/8 R>2/38 R>2 S<4 S<0.25 

SsCR4 S<4/2 R>8 S<1 S<0.5 S<8 S<0.5 R>4 S S<4 S<1 R>4 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 R>2/38 S<0.5 S<4 S<0.25 

SwCR2 S<4/2 R>8 S<1 S<0.5 S<8 R>4 R>4 S R>8 S<1 S<1 S<0.5 S<32 S<0.25 R>8 S<1 S<8/4 S<0.5/9.5 S<0.5 S<4 S<0.25 

The letter R refers to resistance, and S indicates sensitivity. Ba = Bacillus aryabhattai, BaMA26 = B. amyloliquefaciens, BsTA16 

= Bacillus subtilis, BsiDA2 = Bacillus siamensis, BtMB9 = B. thuringiensis, Bv = Bacillus velezensis, Rp = Rhizobium pakistanense, 

Ss = Staphylococcus saccharolyticus, Sw = Staphylococcus warneri. Amoxicillin-clavulanate = AMC, Ampicillin = AMP, 

Ciprofloxacin = CIP, Clindamycin = CLI, Ceftriaxone = CRO, Daptomycin = DAP, Erythromycin = ERY, Fosfomycin = FOF; 

Gentamicin = GEN, Levofloxacin = LVX, Linezolid = LZD, Moxifloxacin = MXF, Nitrofurantoin = NIT, Oxacillin = OXA, 

Penicillin = PEN, Rifampin = RIF, Ampicillin-sulbactam = SAM, Trimetoprim-sulfametoxazol = SXT, Synercid = SYN, 

Tetracycline = TET, Vancomycin = VAN. M.I.C = Minimum inhibitory concentration.  

https://editoriallince.uadeo.mx/index.php/BiocScientia/index
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CONCLUSIONS 

The larvae of Galleria mellonella were used in this study as a model insect due 

to their availability, low cost, basic requirements, and fast results. It was demon-

strated that γ-hemolytic bacteria can be pathogenic to humans. The Galleria 

mellonella test also revealed that the blood hemolysis test is not the only feature 

needed for inspecting human bacterial virulence. Pathogenic bacteria can possess 

different virulence factors, but no hemolysin production, and still can cause human 

diseases. Some strains studied here were resistant to most the antibiotics tested, 

highlighting the possibility of encountering multi-drug resistance bacterial control 

agents, which can be also of concern for agricultural use. This work highlights the 

need of performing several virulence tests, as well as antibiotic resistance assays, 

additional in vitro tests, genetic testing, molecular analysis and alternative in vivo 

models before selecting bacterial strains for agricultural purposes, especially if they 

reach consumers. 
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