

  bacteria-04-00002




bacteria-04-00002







Bacteria 2025, 4(1), 2; doi:10.3390/bacteria4010002




Perspective



Antibiotic Stewardship in Silkworms: Navigating the Pros and Cons



Rittick Mondal, Dipanjan Das and Amit Kumar Mandal *





Chemical Biology Laboratory, Department of Sericulture, Raiganj University, Raiganj 733134, India









*



Correspondence: amitkmandal@raiganjuniversity.ac.in







Citation: Mondal, R.; Das, D.; Mandal, A.K. Antibiotic Stewardship in Silkworms: Navigating the Pros and Cons. Bacteria 2025, 4, 2. https://doi.org/10.3390/bacteria4010002



Academic Editor: Bart C. Weimer



Received: 24 September 2024 / Revised: 10 November 2024 / Accepted: 3 January 2025 / Published: 6 January 2025



Abstract

:

To safeguard against microbial diseases and maintain optimal silk yields, the sericulture industry relies on antibiotics to promote the health, well-being, and vitality of silkworms (Bombyx mori). Antibiotics are commonly incorporated into synthetic diets for rearing silkworms or included as key components in bed disinfectant formulations. The silkworm-rearing industry’s reliance on antibiotics has led to concerns about the development of antibiotic-resistant bacteria. Previous research has uncovered a dual role for antibiotics: not only do they prevent disease, but they also promote silkworm growth by reshaping the gut microbiome and enhancing nutrient absorption, highlighting the need for judicious use. Therefore, there is a critical need for prudent management and further exploration of alternative growth-promoting strategies to minimize resistance risks. This study investigates the relationship between antibiotic administration and silkworm growth, shedding light on the mechanisms underlying antibiotic-induced effects and assessing the risk of antimicrobial resistance (AMR) emergence and dissemination.
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1. Introduction


Silkworms (Bombyx mori L.) are well-known monophagous insects that exclusively feed on mulberry leaves and are exploited globally to strengthen the sericulture industry. Mulberry leaves are the sole source of nutrition for silkworms’ growth and development [1]. Almost 70% of silk is produced with the help of proteins found in mulberry leaves [2]. However, the quality and quantity of mulberry leaves consumed positively correlate with larval growth and cocoon yield, which is only up to a specific limit. Mulberry leaves with low nutritional value cannot meet the requirements for high-quality silk production. The quality of the silk depends on several factors, such as cocoon reelability, percentage of raw silk, non-breakable filament length, tenacity, elongation, cleanness, etc. Domestication has compromised silkworm resilience, leading to inbreeding depression, heightened disease susceptibility, and vulnerability to agro-climatic fluctuations, posing significant challenges to the sericulture sector [3]. The alterations in metabolic profiles and enzymatic activities due to microbial infections negatively affect silk yield and quality [4]. Infection during the rearing stages significantly reduces silk crop yield, causing substantial financial loss to the sericulture industry. The ingestion of contaminated mulberry leaves facilitates horizontal transmission of pathogens to silkworm larvae, posing a significant risk to their health. Notable crop losses have been attributed to various pathogens, such as Pseudomonas sp., Staphylococcus sp., Streptococcus sp., Serratia sp., Micrococcus sp., Bacillus sp., etc. [5]. Therefore, it is vital to improve rearing conditions, silk seed and disease management practices, mulberry leaf quality, etc., to achieve successful rearing. One effective method to enrich silkworm food and improve silk quality is to fortify mulberry leaves. Mulberry leaves have been fortified with nutrients like proteins, amino acids, vitamins, minerals, and carbohydrates, along with various antibiotics [6,7,8,9]. Antibiotics play a crucial role in sericulture, with functions encompassing disease prevention, growth promotion through feed additives, and bed disinfection during the rearing process [10]. Oral supplementation of antibiotics with mulberry leaves can ameliorate silkworm growth, biochemical parameters, and silk content [11]. Sericulture has historically utilized broad-spectrum antibiotics like penicillin, tetracycline, streptomycin, chloramphenicol, and others to control bacterial infections [12].



Despite their benefits in growth promotion and disease management, antibiotics’ adverse effects on silkworms necessitate rigorous monitoring and regulation in sericulture. Earlier research has shown that antibiotics can interrupt the balance of the silkworm gut microbiome [13], leading to impaired digestion and compromised nutrient absorption, thereby exhibiting adverse effects on the growth and development potential of B. mori. Antibiotics may induce oxidative damage to intestinal cells and foster the proliferation of antibiotic-resistant bacteria, thereby limiting therapeutic options for future infections (Figure 1). High antibiotic dosages can trigger stress responses, offsetting growth enhancement and immunoprotection. Therefore, investigating antibiotic–gut microbiome interactions and resistance dynamics in B. mori is vital for developing targeted, sustainable sericulture interventions. Our study explores insights into how antibiotic-induced growth promotion in Bombyx mori L. relates to the development of resistance, aiming to promote more sustainable and effective practices in sericulture.




2. Positive Impact of Antibiotics on Silkworm


2.1. Growth Promotion


The administration of antibiotics has been shown to enhance the growth parameters of silkworms by hindering the progress of pathogenic microorganisms and reducing the mucous membrane’s thickness, leading to more nutrient absorption [9]. In addition, antibiotic supplementation in silkworms can also enhance oxygen absorption in the silkworm gut and positively regulate the intestinal flora and physiology. This modulates the microbiota composition, selectively promoting beneficial bacteria while inhibiting pathogenic microorganisms. resulting in growth promotion and silk production [14]. Antibiotic supplementation at different concentrations significantly improved the rearing and cocoon production parameters [15]. For instance, mulberry leaves supplemented with amoxicillin, oxytetracycline, and doxycycline elicited significant increases in the weight of larvae and pupae, including increased body weight and physiological performance metrics [16]. Javaid et al. (2024) also suggest that penicillin-treated mulberry leaves can improve larval weight, larval length, and cocoon production [17]. Earlier studies revealed that chloramphenicol, tetracycline, and amikacin can enhance the cocoon, pupal, and shell weights [18,19]. Cocoon quality metrics, including filament length and shell ratio percentage, exhibited significant improvements following antibiotic treatment. Prior investigations have elucidated the role of antibiotic supplementation in enhancing nitrogen metabolism in silkworm [20]. A concise summary of the effects of antibiotics on silkworms is presented in Table 1.




2.2. Disease Management


Silkworms are highly susceptible to environmental, nutritional, and microbial factors, resulting in various diseases and ultimately leading to mortality and crop losses throughout the year. Pathogenic microbial infections in B. mori L. induce a metabolic shift that affects enzymatic activities and reduces silk quality and productivity [17]. Antibiotics show therapeutic and healing effects in B. mori larvae. Antibiotics such as penicillin, ampicillin, and streptomycin have effectively reduced silkworm mortality by 23–25% [24]. An earlier study suggested that rifampicin can significantly reduce the mortality of nuclear polyhedrosis virus-infected silkworms [25]. Additionally, it was also observed that the antibiotics, viz., amoxicillin, gentamycin, tetracycline, streptomycin, and kanamycin, supplemented with mulberry leaves resulted in a significant reduction in the occurrence of both grasserie and flacherie diseases [26]. Moreover, Table 2 summarizes various antibiotics and their minimum inhibitory concentration (MIC) values employed to treat pathogens affecting silkworms.





3. Negative Impact of Antibiotics in Sericulture


3.1. Oxidative Damage and Gut Microbiota Alterations


Antibiotic supplementation elicits oxidative intestinal toxicity and gut microbiota dysbiosis in silkworms. The antibiotic-induced oxidative damage in silkworms occurs through the down-regulation of crucial antioxidant enzymes (like superoxide dismutase, catalase, glutathione S- transferase, and thioredoxin reductase). Antibiotic exposure elicited transcriptional alterations in antimicrobial peptide genes (attacin, lysozyme, and cecropins), compromising intestinal immune function and promoting intestinal microbiota imbalance in silkworms [13]. This led to enhanced representation of specific bacterial genera Acinetobacter, Bacteroides, Barnesiella, Bradyrhizobium, Burkholderia, Escherichia, Phenylobacterium, Plesiomonas, Shigella, Sphingobium, including some unclassified bacteria, with a notable reduction in Enterococcus. Such antibiotics disrupted the B. mori microbiota, impacting metabolic pathways, enzyme activities, and functional profiles [29].




3.2. Emergence of Antibiotic-Resistant Microorganisms


During antibiotic therapy, the B. mori microflora is exposed to the antibiotic’s selection pressure, leading to the development of antibiotic-resistant strains. These resistant silkworm bacterial strains carry genetic reservoirs with the potential to disseminate antibiotic resistance genes (ARGs) to other strains [30] via horizontal gene transfer (HGT) and vertical gene transfer (VGT), exacerbating antibiotic resistance [31]. Plasmid-mediated conjugation facilitates the process of HGT of ARGs from the infected mulberry leaves to the silkworms. The silkworm gut, with its diverse microbiota, serves as a bioreactor for developing antibiotic resistance. Later, the ARGs are excreted in the silkworm feces and eventually end up in the soil. The colonization of ARG-carrying bacterial pathogens in plant roots and their upward transmission to aerial organs is facilitated by the presence of lateral roots, whose epidermal remodeling creates susceptible entry points (Figure 2) [31,32]. The overlap between silkworm and human pathogens necessitates enhanced biosecurity protocols and surveillance to break the disease outbreak loop from silkworms to humans [33,34]. In a previous study conducted by Javaid and his team, six pathogenic bacterial strains were successfully isolated from infected silkworm larvae. The researchers found that most of these strains (83.3%) demonstrated a high frequency of antibiotic resistance against a panel of antibiotics, viz., penicillin, tetracycline, amoxicillin, ampicillin, and erythromycin. In contrast, only 16.6% of the isolated strains showed susceptibility to these antibiotics. Notably, the screened bacterial strains showed a close phylogenetic relationship with established silkworm pathogens such as Bacillus halotolerans, Pseudomonas aeruginosa, and Serratia marcescens [17]. In our previous study, Mondal and his team successfully isolated multidrug-resistant (MDR) strains of Mammaliicoccus sp. and Pseudomonas sp. from the hemolymph of infected silkworm larvae [35]. Building on our research, we conducted a separate study where we successfully isolated and identified a multidrug-resistant bacterial strain, Enterobacter sp., from infected silkworm larvae, highlighting the diversity of MDR pathogens affecting sericulture [36] and underscoring the necessity for innovative management strategies and adjunctive therapeutic modalities to combat the emergence of these resistant pathogens and ensure optimal silkworm health.





4. Mitigation Strategies for Minimizing the Consequences of Antibiotic Overuse


Multiple strategies based on antibiotic overuse can be employed to reduce the negative impacts of antibiotic misuse in sericulture, as discussed below.



4.1. Implementing Antibiotic Stewardship Programs (ASPs)


The alarming rise of antibiotic resistance necessitates a sustained, collaborative response from stakeholders. The intensive uncontrolled use of antimicrobials in sericulture has led to the emergence of MDR pathogens, posing significant risks to Bombyx mori L. and human health, as well as environmental and food chain safety [37]. To combat this growing threat, implementing Antibiotic Stewardship Programs (ASPs) is crucial. Effective stewardship practices promote responsible antibiotic use, reduce antibiotic-resistant infections, and protect public health. By adopting ASPs, stakeholders can mitigate the risks associated with antibiotic resistance. ASPs are crucial for encouraging the controlled use of antibiotics. These initiatives aid the education and awareness of farmers by providing training on judicious antibiotic application, clarifying when such treatments are necessary, and how to avoid unnecessary antibiotic usage. By focusing on judicious antibiotic administration, farmers can enhance the overall welfare of their livestock, reducing mortality rates and boosting productivity. Furthermore, these programs emphasize the optimization of dosages and duration by establishing guidelines that minimize the risks of antibiotic resistance and the adverse effects linked with it [38,39,40,41,42,43].




4.2. Enhancing Diagnostic and Waste Management Practices


Globally, AMR is one of the most challenging threats to public health; thus, there is an unmet need for rapid diagnostics to reduce the misuse of antibiotics. Identifying the disease-causing specific pathogens and their AMR patterns is foremost important to minimize unnecessary antibiotic use and control the spread of AMR. Innovations in biosensor techniques have revolutionized the rapid diagnostics practices in sericulture [44]. This early detection enables sericulture farmers to implement control measures before diseases spread widely, safeguarding their crops and investments. By accurately identifying pathogens, farmers can tailor their management practices to address specific silkworm health issues, leading to improved animal welfare and productivity. This targeted approach minimizes the reliance on broad-spectrum antibiotics, promoting optimal silkworm health and resulting in healthier silkworm populations, higher quality silk, and improved yield rates. Adopting effective diagnostic practices enables sericulture farmers to monitor the health of silkworms throughout their life cycle, leading to early disease detection and targeted interventions [45]. This not only benefits the individual farmers but also contributes to the reputation and competitiveness of the silk industry as a whole. By prioritizing these practices, sericulture farmers can protect their livelihoods while contributing to a more resilient and sustainable silk industry. To address disease detection issues, researchers have developed rapid biosensor models based on lateral flow assay (LFA) strips and Loop-mediated isothermal amplification combined with lateral flow dip-sticks (LAMP-LFD) methods to detect MDR bacteria, including Pseudomonas sp., Mammaliicoccus sp. [36], as well as microsporidian parasites like Nosema bombycis [46] and viruses such as Bombyx mori bidensovirus (BmBDV) and Bombyx mori nucleopolyhedrovirus (BmNPV) [47,48]. Additionally, improving the disposal management of silkworm by-products is essential to reduce antibiotic residues entering the environment, which can contribute to resistance development in natural ecosystems [13]. Antibiotic residues from silkworm farming can contaminate soil and water, alter microbial flora, harm beneficial soil microbes, and promote the growth of antibiotic-resistant bacteria, posing risks to both environmental and human well-being. Furthermore, silkworm feces can introduce antibiotic-resistant genes (i.e., rpoB, oqxA, and qnrB) into ecosystems, affecting other organisms and humans. The most common antibiotic resistance genes (ARGs) found in feces confer resistance to multiple drugs, β-lactam antibiotics, rifamycins, peptide antibiotics, and quinolone antibiotics. This suggests that the fecal microbiome harbors a diverse array of resistance mechanisms, posing potential risks to human health [31]. While antibiotics are used in sericulture for disease management, improper feces disposal can exacerbate antibiotic resistance. Therefore, effective waste management is crucial to minimize the emergence of MDR bacteria and the associated risks.




4.3. Antimicrobial Peptides as an Alternative to Traditional Antibiotics


The alarming increase in antibiotic resistance necessitates the development and implementation of alternative therapeutic strategies to mitigate the spread of resistant pathogens and address the limitations of traditional antibiotic treatments. Recent studies have highlighted the potential of antimicrobial peptides (AMPs) derived from natural sources as effective substitutes for antibiotics, offering a sustainable solution to mitigate antibiotic overuse and resistance [49]. AMPs are low-molecular-weight oligopeptides that play a pivotal role in the host’s innate immune response and have broad-spectrum antimicrobial activity [50]. These peptides possess secondary structures such as α-helices, β-strands, β-hairpins or loops, or an extended conformation. AMPs destroy the target cells by forming pores and disrupting cell membranes. The general mode of action by the AMPs is (i) attraction of AMPs towards the target cell, (ii) attachment of AMPs to the plasma membrane of the target cell, and (iii) inclusion of AMPs into the lipid bilayer of the target cell, resulting in the formation of leaky pores that allow leakage of the cytosolic content. This mechanism is primarily explained through three models: the barrel-stave model, the carpet model, and the toroidal-pore model [51]. Cationic AMPs exhibit potent bactericidal activity through electrostatic attraction and binding to the anionic cell surface of target microorganisms, facilitating membrane disruption and cell lysis Unlike conventional antibiotics, microorganisms cannot develop resistance to AMPs [52]. Bombyx mori, the silkworm, has evolved an innate immune response involving the production of antimicrobial peptides (AMPs) to counter microbial infections, offering a unique opportunity for identifying novel AMPs with therapeutic potential [53,54]. Various classes of silkworm-originated AMPs, such as cecropins, lebocins, attacins, enbocins, defensins, gloverins, moricins, and ponericins, have shown broad-spectrum antimicrobial activity against bacteria, fungi, and viruses, indicating their potential therapeutic benefits [51,52]. Moreover, combining AMPs with existing antibiotics can enhance efficacy, allowing for reduced antibiotic dosages and minimizing the risk of antibiotic overdose and associated resistance issues [55,56,57]. Additionally, AMPs can be integrated into silkworm feed or their rearing environment to boost immune responses, thus lowering the incidence of infections that require antibiotic treatment [58,59]. Overall, incorporating AMPs into disease management strategies can significantly reduce reliance on traditional antibiotics, promoting healthier and more sustainable sericulture practices.




4.4. Introducing Various Feed Supplementation as Silkworm Growth Enhancer


4.4.1. Probiotic Bacteria as Feed Supplementation


Probiotics have grabbed significant attention in animal husbandry due to their beneficial impact on animal growth and health. Feed supplemented with probiotics, particularly lactic acid bacteria (LAB), significantly improves silkworm health. LAB such as Lactobacillus paraplantarum stimulate the immune responses in the silkworm by promoting cytokine release, thereby improving survival rates against pathogens, including Pseudomonas aeruginosa [60]. Probiotics also enhance digestive health by promoting a balanced gut microbiome, improving feed breakdown and nutrient absorption, and leading to better growth rates. A recent study suggests that the probiotic strain Pediococcus pentosaceus promoted silkworm growth performance metrics, such as body weight, feed efficiency, and silk yield, through alterations in the activity of intestinal digestive enzymes and nutrient supplementation (e.g., Vitamin B). Additionally, P. pentosaceus supplementation elicits the antioxidant level and produces antimicrobial substances that protect the silkworm from pathogens. Furthermore, the strain alters gut metabolite levels and microbiota, ensuring balanced nutrition and optimal health of the host [61]. Suraporn et al. (2015) observed that Lactobacillus acidophilus enhances various growth parameters in silkworms (such as larval weight, survival rate, cocoon weight, pupation rate, and cocoon shell ratio) and ultimately boosts the silk yield. The presence of L. acidophilus in the silkworm mid-gut benefits the host by improving digestion and food assimilation, which in turn leads to increased growth rates and higher silk production [62]. Similarly, Pachiappan et al. (2021) suggest that supplementing the diet of silkworms with 3% probiotic microorganisms such as Saccharomyces boulardii, Lactobacillus rhamnosus, and Bifidobacterium longum can positively alter their enzymatic (amylase and invertase) activity and enhances the cocoon weight, pupal weight, shell weight, and shell ratio [63]. Overall, the use of probiotics in silkworm diets offers multiple benefits, including enhanced immunity, improved pathogen resistance, and greater digestive efficiency. Collectively, these factors synergize to enhance the overall viability and productivity of the silkworm, ensuring optimal growth, development, and silk production [64].




4.4.2. Medicinal Plant Extract as Feed Supplementation


Medicinal plant extracts as feed supplements for silkworms are gaining attention due to various beneficial effects on silkworm growth, health, and silk production. Fortifying mulberry leaves with plant extracts enhances the overall nutritional status, leading to better growth and development of the larvae. Earlier studies showed that dietary supplementation of mulberry leaves with Ocimum sanctum extract (2–3%) exhibited positive impacts on silkworm growth, cocoon quality, and silk production [65,66]. Similar results were also found in the case of 3% Aloe vera and Withania somnifera extract [66]. According to Hassan et al. (2018), fortifying mulberry leaves with Moringa oleifera extract has numerous benefits for silkworm cultivation. This supplementation significantly enhances cocoon weight, shell weight, and filament length, ultimately improving silk production. Additionally, Moringa oleifera extract boosts enzymatic activity, specifically protein transaminases and protease enzymes, which promote protein metabolism. Notably, the extract also exhibits therapeutic activity against bacterial infections in silkworms, reducing susceptibility to disease [67].




4.4.3. Nanoparticles (NPs) Solution as Feed Supplementation


Rearing silkworms with a nanoparticle-supplemented diet effectively enhances the quality and quantity of silk cocoons, as well as fiber quality. A wide range of nanoparticles, like metal nanoparticles such as silver (Ag), gold (Au), and titanium dioxide (TiO2) nanoparticles, and carbon-based nanomaterials such as single-walled carbon nanotubes (SWNTs) and graphene, have been studied for their impact on silkworms [68,69,70]. Earlier studies suggest that silkworm larvae fed with AgNPs beneficially influence larval weight, pupal survivability, cocoon and shell weight, filament length, and quantity of silk production by enhancing the feed efficacy [71,72,73]. Cai et al. (2015) observed that in vivo uptake of TiO2 NPs by silkworms led to the direct production of ultraviolet-resistant silk. TiO2 NPs were incorporated into the silk gland to induce a conformational transition of silk fibroin from random coil/α-helix to β-sheet structure [68]. Additionally, silkworms fed with TiO2 NPs showed a 14.88-fold resistant property against BmNPV relative to control larvae fed with sterile water-treated mulberry leaves [74]. Furthermore, it was also observed that silkworms fed with SWNTs and graphene demonstrated improved elongation and toughness via increasing elongation at break and toughness modules [69]. In our previous study, Mondal and his team observed that AuNPs enhance both the rearing and reeling performances of silkworms without any adverse side effects compared to the control group [35]. However, further research is necessary to elucidate the size- and concentration-dependent toxicity risks associated with nanoparticle exposure in silkworms. Future research should focus on optimizing nanoparticle formulations for safe and effective use in sericulture practices.






5. Conclusions


The benefits of antibiotics in silkworm cultivation are countered by the risk of resistance, which jeopardizes silkworm health, disrupts ecological harmony, and complicates disease management, emphasizing the need for judicious antibiotic use. To address these issues, a multi-pronged approach of maintaining hygiene, improving rearing practices using disease-resistant silkworm breeds, and judicious antibiotic usage is needed to prepare for and manage AMR pathogens in sericulture-based industries. Collaboration between farmers, researchers, and public health authorities is the key to mitigating the risks associated with such pathogens. The stakeholders may also develop comprehensive strategies that could protect public health from emerging infectious diseases, especially when driven by changes in host species. Nowadays, modern research is focused on the newly engineered and natural anti-infective agents that can aid in combating AMR pathogens more effectively. Moreover, the discovery and deployment of rapid, portable, and on-site disease detection platforms like lateral flow assay (LFA)-based biosensors should be the major thrust area in this field to revolutionize sericulture-based industries.
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Figure 1. Illustrative model of antibiotic impacts on silkworm physiology and potential countermeasures to optimize sericulture sustainability [black dotted arrow indicates ‘increase’ and red dotted arrow indicates ‘decrease’]. 
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Figure 2. A thumbnail sketch of the rise of ARG-carrying MDR pathogens in silkworms. 
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Table 1. A summary of key findings on antibiotic–silkworm interactions.
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Antibiotic

	
Dosage

	
Effect on Silkworm

	
Reference






	
Ceftiofur sodium

	
0.05%, 0.10%, and 0.15%

	
The weight of the larvae, silk gland, cocoon, and shell increased, along with filament length, cocoon yield, shell ratio, effective rearing rate (ERR), and raw silk percentage, while the denier decreased.

	
[21]




	
Oxytetracycline




	
Enroflaxcin




	
Oxytetracycline

	
1%, 2%, and 5%

	
The weight of the larvae and pupae increased while the mortality rate decreased.

	
[16]




	
Amoxicillin




	
Doxycycline




	
Norfloxacin

	
50 ppm, and 100 ppm

	
The weight of the silk gland, larval, shell, and cocoon increased.

	
[11]




	
Chloramphenicol

	
25 ppm, and 50 ppm

	
Enhanced shell content and silk production.

	
[22]




	
Amoxicillin

	
1%, 3%, and 5%

	
Enhanced cocoon weight, shell content, filament length, and raw silk percentage.

	
[23]











 





Table 2. Types of antibiotics and their targeted silkworm pathogens.
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Antibiotics

	
MIC (µg/mL)

	
Targeted Pathogens

	
Reference






	
Vancomycin

	
1

	
Staphylococcus aureus

	
[27]




	
Dalbavancin

	
0.5




	
Teicoplanin

	
1




	
Kanamycin

	
8

	
Staphylococcus aureus

	
[28]




	
Arbekacin

	
8




	
Teicoplanin

	
0.5




	
Vancomycin

	
1




	
Tetracycline

	
0.5




	
Minocycline

	
0.4




	
1

	
Stenotrophomonas maltophilia




	
Chloramphenicol

	
16

	
Staphylococcus aureus




	
Flomoxef

	
0.4




	
Linezolid

	
4




	
Sulfamethoxazole-trimethoprim (ST)

	
256

	
Stenotrophomonas maltophilia




	
Imipenem-cilastatin (IPM/CS)

	
256




	
Amphotericin B

	
3.2

	
Candida tropicalis




	
1.6

	
Candida albicans




	
Fluconazole

	
1.6

	
Candida tropicalis




	
0.4

	
Candida albicans
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