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B.6 Effects on human health 

Note to reader: 

Information from the original DAR and/or addenda to the DAR is highlighted grey.  

 

The company Koppert B.V. is submitting a dossier for the re-approval of the microorganism Lecani-

cillium muscarium Ve6 (19-97), further referred to as Lecanicillium muscarium Ve6, as an active in-

gredient under Regulation (EC) 1107/2009. 

The Microbial Pest Control Agent Lecanicillium muscarium Ve6 (formerly Verticillium lecanii Ve6) 

was included in Annex I of Directive 91/414/EEC on 1 May 2009 pursuant to Article 24b of the Regu-

lation (EC) No 2229/2004, (Commission Directive 2008/113/EC) and then approved according to the 

Commission Implementing Regulation (EU) No 540/2011 of 25 May 2011, implementing Regulation 

(EC) No 1107/2009 of the European Parliament. L. muscarium Ve6 was notified and defended by 

Koppert Beheer B.V. (Koppert B.V. is a 100% daughter company of Koppert Beheer B.V.). The active 

ingredient has been evaluated in The Netherlands according to Uniform Principles. The representative 

formulated product for the initial evaluation was the product MYCOTAL, containing 1.0 × 1010 

spores/g. 

The microorganism has been previously classified as Verticillium muscarium. The strain has been re-

classified in 2001 as Lecanicillium muscarium, based on molecular analysis as RFLP and ITS se-

quence analysis by Zare & Gams. The taxonomy change was already considered for the peer review of 

the pesticide risk assessment of the active substance by EFSA1.  

Here the data is presented that were previously evaluated by RMS The Netherlands in the DAR (June 

2007) and DAR addenda (June 2009, October 2009), as well as new data and information based on 

literature searches and studies. Previously submitted information (consolidated from DAR and adden-

da) is highlighted in grey, and information on the original DAR Points and the respective EU Points is 

complemented where necessary. 

B.6.1 Tier I 

B.6.1.1 Basic information 

New data 2016 

                                                      
1 European Food Safety Authority; Conclusion on the peer review of the pesticide risk assessment of the active substance 

Lecanicillium muscarium strain Ve6, notified as Verticillium lecanii. EFSA Journal 2010; 8(1):1446. [45 pp.]. 
doi:10.2903/j.efsa.2010.1446. Available online: www.efsa.europa.eu 
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A literature search was conducted to identify relevant peer reviewed open literature reporting on hu-

man toxicity of Lecanicillium muscarium (Pfau 2016). The literature research was performed accord-

ing the EFSA (2011) guidance document. The search was based on the genus level of Lecanicillium 

due to only few hits on the species level. The search considered also the L. muscarium Ve6 formulated 

product MYCOTAL, as well as references reporting on Verticillium lecanii since the taxonomy of 

Lecanicillium muscarium has been changed in the past years. Therefore, relevant literature may not 

consider the changes in taxonomy and the current designations of Lecanicillium muscarium. The re-

port summarises an evaluation of a literature search performed according to the EFSA document. The 

search strategy was based on relevance criteria and reliability criteria (see criteria). The databases se-

lected are MEDLINE; BIOSIS, CAB, and SCISEARCH. The search terms used were Lecanicillium or 

Mycotal, or Verticillium lecanii and 2006-2016 and human and (rat or mouse or guinea pig or dog or 

primate or vitro).  So, the search included typical terms targeting references on toxicity on mammals. 

After rapid assessment 8 references of the 264 were identified as being potentially relevant and sub-

jected to detailed assessment of full-text documents. From of the total of 264 hits (after removal of 

duplicates) only four articles were considered relevant for the data point:  Madsen 2007 (B.6 mp), 

Neal 2012 (B.6 ma), Baelum 2012 (B.6 ma) and Kouvelis 2011 (B.6 ma). Four non-relevant articles 

are also identified: one review article with no new data and three articles about isolated substances as 

cyclic lipodepsipeptides verlamelin A and B, lecanindoles and verticilide for Verticillium spp.   

 

Relevance criteria: 

• Identification of the test species as Lecanicillium muscarium 

• Subject relevant for toxicological considerations 

• Test species relevant to the toxicological assessment 

• Route of administration / exposure relevant for assessment 

• Endpoint relevant for assessment 

• Clinical cases and follow-up studies 

• Metabolites or toxins of toxicological concern produced by Lecanicillium muscarium Ve6 (19-

79) 

 

Reliability criteria: 

• Minimum information reported e.g.: test item or related compound, test species relevant 

• Clear and comprehensive description of material and methods, including duration, replicates, 

test conditions 
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• Definition of endpoints 

• Presentation of results 

• Guideline compliance 

 

Comment RMS:  The RMS questions whether the isolated substances are no important metabolites in 

the three non-relevant articles according to the applicant. Therefore, RMS requires more explanation 

from the applicant to explain why these isolated substances are no important metabolites. Furthermore, 

a comprehensive search of the published literature should be conducted with the aim to find all refer-

ences regarding the production of toxins or metabolites of toxicological concern. Therefore the appli-

cant should perform a new literature search including the metabolites only or in combination with 

toxicology (not only the combination of metabolites and the microorganism).  

 

The applicant  submitted the following explanation: 

-Ishidoh et al. 2014: fungus identified only at genus level: Lecanicillium sp. HF627; report is on struc-

ture of Verlamelin A and B. No information on its potential effects on human health. Therefore, the 

report is considered not relevant for the assessment of L. muscarium Ve6. 

-Shiomi et al., 2010: Verticilide inhibitor of an insect specific RyR (Ryanodin receptor). It binds also 

to mouse RyR but 10 times weaker than to cockroach RyR. It is produced by Verticilium sp. FKI-

1033. Produced in culture broth. Taxonomy of the strain is described: due to morphological criteria the 

strain belongs to the genus Verticillium Nees. It seems to be a different species than L. muscarium due 

to different morphology. Therefore, the reference is considered not relevant for the assessment of L. 

muscarium Ve6. 

-Roll et al., 2009: The article presents structural analysis of 4 indolsequiterpenes extracted from a fer-

mentate of Verticillium lecanii 6144. One of the substances turned out to be a potent and selective 

progesterone receptor agonist. Described activities of the substances are of beneficial nature. No fur-

ther information about possible toxic side effects is provided. 

 

Note RMS: Based on this explanation on different metabolites produced RMS cannot exclude the rel-

evance of these metabolites for  Lecanicillium muscarium Ve6. Therefore, still the applicant should  

perform a new literature search including the metabolites only or in combination with toxicology (not 

only the combination of metabolites and  the microorganism). 
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B.6.1.1.1 Medical data 

Information from the original DAR 

Open literature  

Doekes et al. (2004) described a study in which greenhouse employees were subjected to IgE serology 

testing at baseline and after 1, 2 and 3 years of follow-up, using a crude high molecular weight of 

MYCOTAL strain Ve6. Nine to twenty-one percent of the sera tested were positive to Verticillium 

lecanii. For a solid conclusion on the sensitisation-properties of Verticillium lecanii Ve6 a more spe-

cific IgE detection method is needed in combination with the assessment of work-related symptoms. 

 

Eaton et al. (1986) reported on the skin prick testing programme with Verticillium lecanii Ve2 and 

Ve6 run at Tate and Lyle on 116 employees. A positive reaction (wealing responses) was noted for 4 

subjects. At the Glasshouse crops research institute, 31 employees were prick tested, and 4 were 

scored positive. At both sites, the employees had been exposed to Verticillium lecanii for periods for 

up to 10 years. The positive reactions at both sites were noted for Ve2 or the combination of Ve2 and 

Ve6 only, no reaction was scored when tested with Ve6 alone.  

At Tate and Lyle, 85 employees (including the 4 skin positive ones) were also subjected to a medical 

programme on several haematological, hepatic and renal parameters, lung function and immunoglobu-

lins. These results revealed no abnormalities, indicative of a non-toxic reaction. 

 

Eaton and Walport (1982). 

Healthy subjects who had been exposed to Verticillium material (for 6 months to 4 years) were prick 

tested using extracts of Cephalosporium acremonium (Center Laboratories) and Verticillium albo-

atrum (Hollister-Stier (Dome/Hollister-Stier, Slough, U.K.)).  

Respiratory function testing was performed (measuring of Peak Expiratory Flow (PEF), Forced Vital 

Capacity (FVC) and Forced Expiratory Volume in 1 second (FEV1)) plus a general physical examina-

tion. All subjects were negative in the prick tests, and all respiratory and physical examinations were 

regarded normal. 

 

Baelum et al. (2003) 

Symptoms and work conditions of 316 persons working in greenhouse companies using microbiologi-

cal pesticides in Denmark were obtained by interview at annual examinations during 2 years. Spirome-

try, bronchial challenge and skin prick test with standard inhalatory allergens were also measured. The 

use of Verticillium was considered not related to any symptoms of sensitization and inflammatory lung 
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diseases among greenhouse workers, whereas the incidence and prevalence of respiratory symptoms 

and eye-irritancy for Bacillus thuringiensis and Trichoderma harzianum was relatively higher. 

 

New data 2016 

In the literature search covering the last 10 years and focussing on toxicity or pathogenicity of 

L. muscarium on mammals, one article was identified concerning health effects on workers using mi-

crobiological pest control agents. 

Baelum et al., (2012) evaluated the health effects of exposure to microbiological control agents used in 

Danish greenhouses including MPCP containing Verticillium lecanii, Bacillus thuringiensis subsp. 

kurstaki and Trichoderma harzianum. IgE levels were above the detection limit in 53% of the blood 

samples of exposed workers. The measurement was, however, only qualitative and no differences 

between exposed and not exposed samples are detectable. Thus, IgE levels and exposure levels do not 

correlate and no significant changes in respiratory symptoms, lung function or bronchial hyper-

responsiveness were detectable. Additionally, prevalence rate ratios among exposed increased only 

marginally from 1.20 (CI95%: 1.01-1.42) to 1.43 (CI95%: 1.09-1.87) over a 3-year period. 

No health related reactions were observed in personnel working with V. lecanii-derived products for 

several years, thus, there is no evidence that Verticillium lecanii may cause serious health effects after 

repeated inhalation exposure in mammals. 

 

Cited references: 

KMA 5.1.1/01 – Baelum J, Larsen P, Doekes G, Sigsgaard T. (2012), Health effects of selected mi-

crobiological control agents. A 3-year follow-up study; Ann. Agric. Environ. Med., 19, 631-636 

Executive summary 

INTRODUCTION AND OBJECTIVES: Microbiological control agents (MBCA) are widely used in 

greenhouses, replacing chemical pesticides. The presented study aims to describe health effects of 

exposure to three types commonly used: Bacillus thuringiensis, Verticillium lecanii, and Trichoderma 

harzenianum covering seven different products in greenhouse workers with emphasis on sensitization 

and respiratory effects. 

METHODS: 579 persons aged 17 - 67 years culturing ornamental flowers were included. They were 

followed for three years with annual examinations including interview about exposure and symptoms, 

lung function, including bronchial (histamine) challenge test, and blood samples. Direct and indirect 

exposure for each person and year was estimated by information from respondents and employers. IgE 

in serum against the 7 products of MCBA was analyzed using an enzyme immunoassay technique. 
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RESULTS: 65%, 40%, and 78% were exposed to B. thuringiensis, V. lecanii, and T. harzenianum, 

respectively, while 6, 3 and 3% were handling the products. IgE against B. thuringiensis was seen in 

53% of the samples and with prevalence rate ratios among exposed increasing from 1.20 (CI95%: 

1.01-1.42) to 1.43 (CI95%: 1.09-1.87) over the 3-year period.  

As regards Verticillium lecanii 36% of samples revealed respective IgEs above the detection limit, but 

no relation to exposure was seen in any of the runs. 

There was no relation between exposure to any MBCA and neither prevalence nor incidence of respir-

atory symptoms and there was no effect on lung function or bronchial responsiveness. 

CONCLUSIONS: Use of Verticillium lecanii in greenhouses may give rise to antibody formation 

while no effect on the occurrence of sensitization, respiratory symptoms or lung function was ob-

served. The persons had a relatively long exposure. Therefore, a healthy worker effect may have influ-

enced the results. 

B.6.1.1.2 Medical surveillance on manufacturing plant personnel 

Information from the original DAR 

See B.6.1.1.1 

 

New data 2016 

A new short health surveillance report is submitted by the notifier for renewal of Lecanicillium musca-

rium Ve6 under Regulation (EC) No 1107/2009.  

No incidents related to adverse health effects to employees, resulting from exposure to Lecanicillium 

muscarium during production, formulation, and handling of microbial products have been reported 

(Mikkelsen 2016). 

 

Cited references 

KMA 5.1.2/01 – Mikkelsen, H. (2016), Statement concerning hazards to man during the use or han-

dling of Lecanicillium muscarium strain Ve6 (19.79) CBS collection no: 10207; Unpublished report 

without report number. 

B.6.1.1.3 Sensitisation/allergenicity observations, if appropriate 

Please refer to B.6.1.1.2. 
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B.6.1.1.4 Direct observation, e.g. clinical cases 

Information from the original DAR 

- Das et al. (1997) described one case in which Verticillium was isolated from a swelling on the arm. 

This patient had several underlying diseases (one kidney was removed and he received radiotherapy 

and chemotherapy). The lesion on the left arm responded to antifungal therapy and the swelling disap-

peared gradually.  

- Grandesso et al. (1996) reported on seven patients that suffered from a fungal peritonitis. In one case 

a Verticillium species was identified as the causative agent. All these patients had been treated for 

bacterial peritonitis and were treated by intraperitoneal antibiotics in the previous two months. Patients 

were cured by removal of the catheter and by antifungal therapy. 

- Shin et al. (2002) described a 50-year-old man who suffered from infectious keratitis caused by a 

Verticillium species, without history of trauma. The patient recovered after antifungal therapy. The 

author emphasizes that Verticillium species are very rare causes of keratitis. 

 

New data 2016 

In the literature search covering the last 10 years and focussing on toxicity or pathogenicity of 

L. muscarium on mammals, one article was identified describing the outbreak of Lecanicillium species 

in surgery patients. 

Neal et al. (2012) describe the pseudo-outbreak of Acremonium and Lecanicillium spp. in surgery pa-

tients. No adverse effects on human health were reported. Acremonium species are associated with a 

wide spectrum of clinical diseases including localized and disseminated infections in immunoincom-

petent or - compromised hosts. These fungi are also pathogenic to other fungi and have been used as 

plant protection agents. Lecanicillium species are also pathogenic to both insects and some other fungi 

and are also used as biocontrol agents. Unlike Acremonium this species has never been associated with 

disease in humans. As both fungi share many morphological features including hyaline colony, cot-

tony texture, arrangement of conidia etc., morphological distinction is challenging. A cluster of 

Lecanicillium and Acremonium isolates was recovered from tissues of patients removed during ortho-

pedic surgery at a hospital. Fungus culture had been ordered on a couple of samples. 

Firstly, Acremonium spp. have been identified in isolates of one patient. In total, from 2008 to 2009, 

26 out of 320 samples were positive for fungal growth. Nine samples were originally identified as 

Acremonium species. Four of five case isolates were subjected to DNA sequence-analysis at the CDC. 

Four out of five isolates were identified as Lecanicillium lecanii, Environmental swabs taken from 

operating rooms and labs were negative for both species. Further characterisation revealed that all 

Lecanicillium samples were identical and hence from the same source. The outbreak was accordingly 
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Strain: not indicated 

route dermal guideline : OECD 406 

species Guinea pig, Dunkin Hartley acceptability : Acceptable 

group size 20 test, 20 control animals, 
females only 

   

 

Study design 

A range-finding study was performed to determine the maximum non-irritating concentration of the 

test material. 

A test group of 20 female guinea pigs was used, of which a region of 6 by 4 cm on the shoulder was 

shaved. A row of 3 injections were given: 0.1 mL complete Freund’s adjuvant, 0.1 mL 5% Verticilli-

um spp (in sterile distilled water), 0.05 mL complete Freund’s adjuvant and 0.05 mL 5% Verticillium 

spp. 

Seven days later a 25% topical induction was applied (using a test substance-saturated filter) on the 

surface of the same injection site for 48 hours. On day 21 (14 days after topical induction), a challenge 

concentration of 12.5% or 25% (using a test substance-saturated filter) was applied on the flank for 24 

hours.  

Twenty control female guinea pigs were used in a similar way, except that distilled water was used 

instead of the test substance V. lecanii spp. 

 

Results 

No positive skin reactions were observed in any of the test or control animals in the challenge phase. 

Acceptability 

The study is considered acceptable. 

Conclusion 

Under the conditions of this maximisation study, V. lecanii spp is not sensitising to the skin of guinea 

pigs. 

 

New data 2016 

No new data is submitted under this point.  
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year of exe-
cution 

: 1998 vehicle : Phosphate buffered saline 

test substance : MYCOTAL TGAI ( = V. 

lecanii Ve6) 
Spore content: 9.95 × 109 
spores /gram 

GLP state-
ment 

: The RMS could not assess the 
validity of the GLP-statement 
1) 

route : oral  guideline : EPA OPPTS guideline 
885.3050 

species : Rat,Crj:CD (SD) IGS  acceptabil-
ity 

: supplementary 

group size : Test: 14 animals/sex/group 
Control: 2 animals/sex/group  

   

1) The GLP-statement in the English translation of the original Japanese study was not signed. 

 

Study design 

The study was designed partly in accordance with EPA OPPTS guideline 885.3050. Fourteen males 

and 14 females were dosed once orally by gavage with 1.2 × 108 spores/rat, and were necropsied in 

groups of 3 rats on day 3, day 7, and day 14, and in groups of 5 rats on day 21. The control group of 2 

males and 2 females received the vehicle only (phosphate buffered saline (PBS)), and was sacrificed 

on day 21.  

Clinical signs were obtained 1, 3 and 6 hours after dosing and once daily afterwards. Body weights 

were measured prior to dosing and weekly afterwards. 

Faeces samples were collected prior to dosing and on days 1, 3, 7 and 14, and were examined for test 

microbe content using malt extract agar (MEA) media with streptomycin and incubated at 25˚ C for 5 

days. Prior to plating the faeces samples were diluted 1:10 in PBS. 

At necropsy 1 mL of blood was drawn from the posterior vena cava, and after macroscopic examina-

tion, the following organs were dissected: kidneys, brain, liver, lung, spleen, stomach, duodenum, 

caecum and mesenteric lymph nodes. The blood and organs were examined for microbial test agent 

content. Prior to plating (in triplicate) on MAE, the dissected organs were homogenised, and blood 

samples were treated with anticoagulant (K2-EDTA). 

 

The study deviated from the guideline on the following aspects: The study was not performed with 

inactivated/autoclaved Verticillium lecanii, and no shelf control group was used. According to the 

current guideline an oral study should also encompass a concurrent control group of 2 animals per sex 

housed together with the test groups (a “shelf control” group), and 2 control animals per sex housed 

separately from the treated group. 

 

Results 



Lecanicillium muscarium Ve6 

Volume 3MA – B.6 Effects on human health 

 

January 2018- 16 - 

Mortality: none 

Symptoms of toxicology: no abnormalities  

Body weight: no treatment-related findings 

Pathology: no treatment-related findings 

Infectivity: no fungus was detected in the organs and faeces samples (LOQ: < 102 CFU/g tissue or mL 

blood). 

 

Acceptability: 

As the dose preparations were not analysed for (viable) spore content, no LD50 could be deduced from 

this study, and only a qualitative conclusion can be obtained.  

The method of homogenisation of the organs is not described. The RMS cannot deduce whether a 

proper method was used to homogenise the tissues, ensuring the release of any fungus from the cells, 

for microbial examination. 

Conclusions: 

Under the circumstances of this study, Verticillium lecanii Ve6 was not acutely toxic after oral admin-

istration to rats at a nominal dose of 1.2 × 108 spores/animal (actual dose not known). No conclusions 

can be drawn on the infectivity or pathogenicity of V. lecanii Ve6. 

 

RMS re-evaluation of the study for the purpose of the renewal 

As stated in the original evaluation the homogenisation method of the organs was not described. How-

ever, the study by (1998a) was carried out in the same lab 

  in the same time period as the intravenous study 1998b) where the detection of the 

micro-organism in the test organs after dosing (range 102 – 105 CFU/g indicated that a proper method 

of homogenisation is applied. Since it has been shown that test laboratory applied an appropriate ho-

mogenisation method in their facility it can be concluded that Lecanicillium muscarium Ve6 is not 

infective or pathogenic after acute oral administration. 

 

New data 2016 

No new data is submitted under this point.  

Although the previously submitted information had some limitation it was considered to be acceptable 

to cover current data requirements  .  
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Symptoms of toxicity: poor coating conditions and slight hypoactivity were noted in the test substance 

exposed males only.  

Body weight and food consumption: a reduction in body weight was seen during the first 2 days in the 

test animals, and decreased food consumption was noted in all test animals over the 14 days of obser-

vation. No treatment-related effects were seen in controls. 

Macroscopic pathology: no treatment-related findings. 

Organ weights: no treatment-related findings. 

Microscopic pathology: no treatment-related findings.  

Infectivity: no test microbe was isolated from any organ. 

 

Acceptability 

In this inhalation study the dose to which the rats were exposed to be poorly defined; the study director 

does not describe a quantitative dose in the main report, and the dose is described as the MPD (maxi-

mal practicable dose). In an appendix that describes the aerosol characterisation some information is 

provided, but not completely clarified. From this information the RMS deduced a dose of 180 mg/m3. 

However, the actual dose to which the animals were exposed to is not clear. As the method of homog-

enisation was not further described, the RMS cannot deduce whether a proper method was used to 

homogenise the tissues, ensuring the release of any fungus from the cells, for microbial examination. 

Therefore, this study is considered unacceptable for the evaluation of infectivity. Due to the other de-

viations from the guideline, described in the study design, this study is acceptable as supplementary 

for the evaluation of the acute inhalation toxicity.  

 

Conclusion 

Under the circumstances of this study, Verticillium lecanii Ve6 was not acutely toxic by inhalation at a 

dose that is not clearly defined. A conclusion on the infectivity of the test substance cannot be given 

based on the results of this study. 

 

Re-evaluation of the study for the purpose of the renewal: 

The original evaluation on the acceptability of the study is agreed with. It is noted by the RMS that a 

repeated dose inhalation study is available (see B.6.1.2.5). Although the study was carried out with the 

formulation a maximum dose level of 1.08×109 CFU/m3 was reached. 

 

New data 2016 
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homogenizer. Blood samples were treated with anticoagulant (K2-EDTA). The homogenates and the 

blood samples were incubated in triplicate on malt extract agar (MEA) at 25˚C for 5 days. 

 

Results 

Mortality: none 

Symptoms of toxicology: no abnormalities.  

Body weight: no treatment-related findings. 

Pathology: no treatment-related findings. 

Infectivity: test microbe was cultivated immediately after dosing in the following organs: liver and 

spleen (105 CFU/g); kidney (103 - 104 CFU/g); brain, duodenum, caecum (102 - 103 CFU/g); inguinal 

lymph node (103 CFU/g); and blood (102 - 103 CFU/mL). 

On day 3 test microbial was detected in one male in the spleen (70 CFU/g). 

Afterwards no test microbial was detected.  

 

Acceptability: 

As the dose preparations were not analysed for (viable) spore content, no LD50 could be deduced from 

this study, and only a qualitative conclusion could be obtained.  

Method of homogenisation of the organs is not described. However, the results obtained immediately 

after dosing indicate a proper method of homogenisation, and in this case is acceptable to the RMS. 

 

Conclusion: 

Under the circumstances of this study, Verticillium lecanii Ve6 was not acutely toxic after an i.v. in-

jection at a nominal dose of 1.2 × 107 spores/animal (actual dose not known). It was proven that Verti-

cillium lecanii Ve6 did not colonize and was not infective, as no viable fungus was recovered from 

tissue, except immediately after dosing. 

 

Intraperitoneal studies: 

Information from the original DAR 

Intraperitoneal studies from open literature  
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(ASSP). The rats were scheduled for sacrifice in groups of 5 at day 8, 15 and 30. The dose prepara-

tions were analysed for viable spore content. 

Three additional groups of 5 rats/sex/group were treated with viable test substance at 0.6 × 108 

spores/rat SSP, saline (vehicle control group), ASSP, or with carrier (SSP-formulation without spores, 

carrier control group). These additional groups were sacrificed on day 3. 

The body weights were determined pre-dose and weekly afterwards. Food consumption was recorded 

weekly per cage. Blood was drawn for haematological and blood chemistry examination on day 3, 8, 

15 and day 30. At necropsy or intercurrent death, gross necropsy was performed and macroscopically 

abnormalities were noted. Microscopic examination was performed on all animals except for the carri-

er control group (carrier, day 3 sacrifice) and animals sacrificed on day 30. Histopathological exami-

nation was performed on the following organs: adrenal, kidney, liver, lung and bronchi, mesenteric 

lymph node, spleen, testis and thymus. 

In addition, the liver, lung, spleen, mesenteric lymph nodes and kidneys were examined for any mi-

crobial test substance. This was performed on the first 3 males and the first 3 females of the animals 

sacrificed on days 8, 15 and 30. For these infectivity studies tissue sections of 0.5 - 1.0 gram were 

dissected as sterile as possible, weighed and homogenised in diluted (1:4) Ringers medium. This ho-

mogenate was plated in quadruplicate on Malt Extract Agar and incubated at 20 - 24˚C and examined 

morphologically for Verticillium at 4, 7, 10 and 14 days. The residual homogenate was incubated in 

malt extract broth at 20˚C for 7 days. 

 

The study deviated from the guideline on the following aspects: The examination of haematological 

and blood chemistry parameters is not a data requirement. 

 

Results: 

The numbers of viable Verticillium spores in the dosing solutions were in good agreement with the 

nominal spore concentrations. 

 

Mortality: Three males and 1 female receiving ASSP and 4 females and 1 male receiving SSP (1.2 × 

108 spores/animal) died within 2 days of dosing.  

 

Symptoms of toxicity: 

Prior to death the following clinical signs were noted for these rats: hypoactivity, hunched posture and 

pilo-erection. At necropsy distension of the gastro-intestinal tract was noted, and at microscopic exam-
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ination peritonitis. In the addition to the clinical signs noted in the decedent i.p. treated rats, hypoactiv-

ity, hunched posture and pilo-erection was noted in 30% of the rats that received SSP or ASSP for the 

first 4 days. 

 

Body weight and food consumption: 

The ASSP and SSP exposed groups had a slightly lower body weight on day 2 and or 7 as compared to 

the saline group. This body weight loss was related to decreased food consumption in the first week 

Body weight and food consumption in all groups were considered normal thereafter.  

 

Haematology: 

On day 3 no changes were noted. 

Non-significant increase in white blood cell count and neutrophil count, and a decrease in lympho-

cytes were noted on day 8 for females treated with SSP. These changes (except the change in lympho-

cytes) were also noted for males. 

On day 15 the following statistically significant changes were noted for both sexes treated with ASSP 

and SSP: increased white blood cell count, increased neutrophil count and a decrease in lymphocytes. 

On day 29 no changes were noted. 

 

Blood chemistry: 

On day 3 the following changes were noted: reduced total protein for females treated with SSP; de-

creased albumin values for both sexes treated with ASSP and SSP (females); increased α1-globulin for 

males treated with ASSP, and decreased α1 globulin for females treated with ASSP and SSP. α2-

globulin was increased animals treated with ASSP for both sexes, and SSP (females), β-globulin was 

increase for ASSP and SSP (males). The albumin/globulin ratio was decreased for ASSP (both sexes) 

and for SSP (females), and blood urea nitrogen values were decreased for both ASSP and SSP (both 

sexes). After 7, 14 and 29 days of treatment no treatment-related changes were noted. 

 

Macroscopic pathology: 

At macroscopic examination the following was noted: adhesion of a majority of organs (stomach, 

spleen, peritoneum, diaphragm, liver, GI-tract and/or pancreas) in the abdominal cavity at all intervals 

of testing (day 3, 8, 15 and 30) for both ASSP and SSP treated animals, as well as the carrier-treated 

group that was terminated after 2 days of treatment. In some animals yellow/white nodules were seen 

that were associated with these adhesions. 
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Organ weights: no treatment-related findings were noted. 

 

Microscopic pathology: 

Animals treated with both SSP and ASSP showed chronic peritonitis with abscess formation and adhe-

sions involving many organs in the abdominal cavity developing into foreign body granulomas. This 

was noted in the intercurrent deaths and in the other animals until day 15. At the level of the lympho-

reticular system degenerative cells with vacuolated cytoplasm and pyknotic or lysed nuclei were seen 

in the mesenteric lymph nodes, spleen, Peyer’s patches and in the cortex of the thymus. In the liver 

areas of necrosis were noted related to treatment with SSP. 

 

Infectivity: no fungus was isolated from the organs. 

 

Acceptability 

The method of homogenisation of the organs is not described. The RMS cannot deduce whether a 

proper method was used to homogenise the tissues, ensuring the release of any fungus from the cells, 

for microbial examination. Moreover, only a part of the organ was homogenised. Therefore this study 

is considered unacceptable for the evaluation of pathogenicity and infectiveness. The study is accepta-

ble as supplementary for the evaluation of the acute toxicity. 

 

Conclusion  

Effects were observed after i.p injection of Verticillium lecanii Ve6 in both its viable and autoclaved 

form. Four ASSP and 5 SSP i.p. treated animals died with 2 days of dosing, probably due to acute 

peritonitis. The other effects seen for SSP as well as ASSP-treated rats comprised: changes in haema-

tological parameters at day 8 and 15 (increased white blood cells, increased neutrophils, and decreased 

lymphocytes), changes in blood chemistry at day 3 (decreased albumin concentration, increased α2-

globulin concentration, decreased alb/globulin ratio and a decreased blood urea nitrogen concentra-

tion). At macroscopic examination adhesion of several abdominal organs was noted at all intervals of 

testing. Histopathological examination revealed peritonitis with abscess formation involving many 

organs in the abdominal cavity. 
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The study deviated from the guideline on the following aspects: The nominal dose was not indicated in 

units of micro-organisms, and formulations were not analysed for (viable) spore content. No infectivi-

ty study was performed (a Commission Directive 2001/36/EC requirement). 

 

Results  

Mortality: none  

Symptoms of toxicology: no treatment-related signs were noted  

Body weight: on day 2, a slight body weight loss was noted for animals treated with SSP, ASSP and 

homogenised SSP which related to a decreased food consumption over the first 2 days. Body weight 

and food consumption was normalised thereafter. 

Pathology: macroscopic examination revealed adhesions in the abdominal cavity involving the gastro-

intestinal tract and/or liver and/or the peritoneum after 7 and 14 days for mice treated with SSP and 

homogenised SSP, associated with white nodules or areas. 

In the liver, pale areas were noted in mice treated with SSP and ASSP after 7 days, and for one SSP 

mouse after 14 days. In the spleen pale areas and/ or nodules were noted for mice treated with SSP and 

homogenised SSP after 14 days. After 7 days, an enlarged spleen was noted for SSP mice. 

Microscopic examination revealed:  

After 2 days for SSP and ASSP mice: acute peritonitis with abscesses/granulomata, focal necrosis in 

the liver, slight increase in haematopoiesis and sinusoidal chronic inflammatory accumulations.  

After 7 days the same microscopic findings were noted as after 2 days affecting more animals per 

group.  

A slight increase in the hepatocyte mitotic index was noted for all treated groups, except the saline 

control. At day 7 this was noted in the mice treated with SSP, ASSP, clarified SSP and homogenised 

SSP. This elevation in mitotic index was still present day 14, except in the SSP-treated group. 

 

Acceptability: 

As the dose preparations were not analysed for (viable) spore content, no LD50 could be deduced from 

this study, and only a qualitative conclusion could be obtained.  

 

Conclusion: 
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were measured prior to dosing and after 3, and 7 days. Food consumption was recorded weekly. At 

necropsy after 7 days, macroscopically abnormalities were recorded. Histopathological examination 

was performed on the liver and all abnormalities noted at gross section. In addition, the hepatocyte 

mitotic index (total number of mitotic figures/10 fields/animal) was examined. 

The nominal dose was calculated by the RMS: 3.4 × 107 spores/animal.  

 

The study deviated from the guideline on the following aspects: The nominal dose was not indicated in 

units of micro-organisms, and formulations were not analysed for (viable) spore content. No infectivi-

ty study was performed (a Commission Directive 2001/36/EC requirement). 

 

Results  

Mortality: none  

Symptoms of toxicology: no treatment-related signs were noted  

Body weight: a reduced body weight was noted the first 3 days of observation the treated group possi-

bly related to reduced food consumption.  

Pathology: macroscopic examination revealed adhesions in the abdominal cavity involving several 

organs associated with white nodules. Microscopic examination revealed: a moderate to marked 

chronic/granulomatous peritonitis with abscess, and a slight increase of minimal inflammatory sinus-

oidal/portal/perivascular accumulations. A very slight increase in mitotic index was noted occasionally 

(in the SSP-treated rats only).  

 

Acceptability: 

As the dose preparations were not (concurrently) analysed for (viable) spore content, no LD50 could be 

deduced from this study, and only a qualitative conclusion could be obtained.  

 

Conclusion: 

Under the circumstances of this study, Verticillium lecanii Ve6 induced signs of peritonitis after i.p. 

administration at a nominal dose of 3.4 × 107 spores/animal (actual dose not known).  

 

New data 2016 

No new data is to be submitted under this point.  

Previously submitted information is considered to be acceptable to cover current requirements.  
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B.6.1.2.3 Genotoxicity testing 

Information from the original DAR 

According to the data requirements (2001/36/EC), genotoxicity tests are required if the micro-

organism produces exotoxins according to point 2.8.  

Like all living organisms, V. lecanii produces secondary metabolites. Only a limited number of com-

pounds have been described for this and related fungi, however they were not considered to have un-

acceptable effects on human health and/or the environment. As part of the RAFBCA-project it was 

documented for the first time that V. lecanii Ve6 produces destruxins (dtx) A, B and E; however, the 

production was dependent on the production process (dtx were only observed in extracts from labora-

tory scale still liquid production, a type of process not used for commercial scale production), the 

amounts detected were low, and a large variation between the batches was observed. Moreover, in the 

RAFBCA project the presence of toxins in the formulation, spores, and food crops was analysed 

(Skrobek et al., 2005 submitted); see B.7.2.1 for a detailed evaluation of this study. The general con-

clusion was that no destruxins, considered to be the important toxins produced by V. lecanii in labora-

tory cultures, could be detected in the product MYCOTAL, in the unformulated spores or in tomatoes 

or cucumbers after application of MYCOTAL (10 times the recommended dose). Furthermore, the 

mode of action of V. lecanii Ve6 is not considered to be based on toxins. It can be concluded that any 

possible exposure to toxins is expected to be negligible, hence no genotoxicity test are considered 

necessary. 

 

However, as part of the RAFBCA-project several Ames and Vitotox studies were performed with V. 

lecanii Ve6. These studies are submitted by the notifier and evaluated below.  

 

In vitro studies 

A one page poster was provided with information on the Vitotox test with V. lecanii (Kouvelis et al., 

2004). In a Vitotox test two recombinant Salmonella typhimurium test strain are used to determine 

genotoxicity and cytotoxicity simultaneously. The test is based in the luciferase reporter gene system, 

Activity is measured by light emission in a luminometer as a function of the genotoxicity of the test 

compound. A genotoxic compound will initiate reactions that derepress the promoter controlling the 

luciferase gene. The authors concluded on the poster that crude extract of V. lecanii, which offer the 

advantage of examining mixtures of secondary metabolites produced by BCAs, did not show any mu-

tagenicity or genotoxicity in the Ames or the Vitotox assay. Advantages of the Vitotox test are high 

throughput (with robotic system throughput of > 800 samples/day), high reproducibility and sensitivity 
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and a small amount of sample. Moreover, the major benefits of the Vitotox test over the Ames test is 

that the entire DNA content of the cell functions as target for the toxin to display its effects whereas 

the Ames test monitors mutations only in genes related to histidine synthesis, and the Vitotox test can 

simultaneously determine cytotoxicity as well as genotoxicity. 

 

Genotoxicity studies were also performed within the EU- RAFBCA project. Typas et al (2004) studied 

genotoxicity of V. lecanii on a number of different Salmonella typhimurium strains and on E. coli 

strains with polar and non-polar extracts of unformulated spores of MYCOTAL and extracts from the 

product MYCOTAL. No mutagenic effects were found with any of these crude extracts which would 

contain all possible metabolites. Note that also pure metabolites were tested, including destruxins A, 

and that no mutagenic effects were found.  

No in vitro clastogenicity study was performed. Instead an in vivo micronucleus test (summarized in 

section B.6.2.2) was submitted using the oral exposure route. However, as no evidence was provided 

that the compounds reached the target cells, the negative result of this test is considered questionable. 

In case the intraperitoneal route was chosen instead of the oral route, systemic availability of relevant 

compounds in the spore extract would have been of less or no concern. As such the in vivo micronu-

cleus test submitted is not considered acceptable.   

 

Additionally, a report on an Ames test was submitted which was summarised and evaluated below. 

 

Type of study: Ames test, plate incorporate method. 

reference/ : Nesslany (2002a and b)    
type of study : Mutagenicity test on Salmonella typhimurium  
year of execu-
tion 

: 2002    

test substance : Verticillium lecanii Ve6  
7.25 × 106 CFU/mL spore suspension was homogenised by sonification and vor-
texing - the ultrasound sonication was done by Branson B-2200 E1 with a working 
frequency of 47 kHz +/- 6% for 15 minutes (Info from Mr. F. Nesslany). It was 
centrifuged (5 min at 4000 rpm) and the supernatant was filtered (0.22 µm filter) 
and Histidine content was determined at 0 µmol/L. This supernatant was used in 
the Ames test (see below). 

 

GLP statement : yes    
guideline : According to OECD 471    
acceptability : acceptable    
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Indicator cells: 
Salmonella. 
typhimurium 

End point 
Res.  

+act. 

Res.  

- act. 

Activation  
Dose range 

Tissue Inducer 

TA1535 
Point muta-
tion 

- - 

Rat liver 
Arochlor 
1254 

1, 3, 10, 30, 100 µL/plate 

TA1537 
Point muta-
tion 

- - 

TA98 
Point muta-
tion 

- - 

TA100 
Point muta-
tion 

- - 

TA102 
Point muta-
tion 

- - 

No precipitation was observed at any dose range tested.  

The dose range was prepared with water. 

Second test with S9 was performed using the pre-incubation method 

 

Acceptability  

The study was considered acceptable. 

 

Conclusions  

Under the conditions of this test, an extract of the spore solution of V. lecanii Ve6 did not induce point 

mutations in S. typhimurium. 

 

New data 2016 

In the literature search covering the last 10 years and focussing on toxicity or pathogenicity of 

L. muscarium on mammals, one article was identified concerning mutagenic and cytotoxic effects of 

fungal biocontrol agents including e.g. Lecanicillium muscarium. 

Kouvelis et al. (2011) report on the assessment of cytotoxic and mutagenic effects of crude extracts of 

fungal biocontrol agents, including the active ingredient of MYCOTAL, L. muscarium Ve6. In addi-

tion, purified metabolites including destruxin A, B, D and E were tested. No mutagenic effects were 

observed in the Ames and VITOTOX assay on any tested organisms. 

Thus, there is no evidence that Lecanicillium muscarium Ve6 may cause genotoxic effects in bacteria. 

 

Cited references: 
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KMA 5.2.3.1/01–Kouvelis, V.N., Wang, C., Skrobek, A., Pappas, K.M., Typas, M.A., Butt, T.M. 

(2011) 

Assessing the cytotoxic and mutagenic effects of secondary metabolites produced by several fungal 

biological control agents with the Ames assay and the VITOTOX® test; Mutat. Res., 722:1 – 6. 

Abstract 

The potential genotoxic effects of several pure secondary metabolites produced by fungi used as bio-

logical control agents (BCAs) were studied with the Ames Salmonella/microsome mutagenicity assay 

and the Vitotox test, with and without metabolic activation. A complete set of Salmonella tester strains 

was used to avoid false negative results. To detect possible mutagenic and/or cytotoxic effects of fun-

gal secondary metabolites due to synergistic action, crude extracts and fungal cell extracts of the 

BCAs were also examined. Although the sensitivity of the methods varied depending on the metabo-

lite used, clearly no genotoxicity was observed in all cases. The results of the two assays are discussed 

in the light of being used in a complementary fashion for a convincing risk-assessment evaluation of 

fungal BCAs and their secondary metabolites. 

Materials and Methods 

Besides Trichoderma harzianum, several Beauveria, Gliocladium and Metarhhizium spp., cosmopoli-

tan Lecanicillium species and the MYCOTAL strain L. muscarium were tested. 

Purified metabolites were beauvericin, oosporein, gliotoxin, swainsonine, cytochalasin C, elsino-

chrome A and the Lecanicillium-derived destruxins A, B, D, E. 

Ames assays were based on the original method by Maron and Ames (1983) and performed according 

to the pre-incubation procedure in presence or absence of S9 mix as a metabolizing system. Salmonel-

la tester strains TA98, 100, 1535, 1537, 1538 and LT2hisG46 were employed. Bacteria were incubat-

ed at 37°C for 20 min with metabolites or crude extracts. Test samples consisted of 100 µL bacterial 

suspension (108 bacteria/mL), 100 µL test solution, 500 µL S9 or phosphate buffer. Following pre-

incubation 2 mL top agar was added and samples were plated in triplicate on minimal agar and cul-

tured for 2 days at 37°C. Positive and negative controls were employed in parallel. 

The Vitotox test -Kit was used to assess genotoxicity and cytotoxicity of metabolites and extracts ac-

cording to the manufactures instructions. The test kit uses Salmonella typhimurium TA104 derived 

strains and the luciferase reporter gene system. Activity is measured by light emission in a luminome-

ter as a function of the genotoxicity of the test compound. Dilution series of samples and controls were 

run in parallel.  

Results 

Putative mutagenic effects were tested at the maximum feasible concentrations. While positive con-

trols clearly showed mutagenic effects, no genotoxicity was seen with either the pure or metabolites or 
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crude extracts from the nine BCAs examined both in presence or absence of metabolic activation. 

Only strains TA1535 and 1537 showed a slight background layer of small colonies indicating a possi-

ble cytotoxic effect for gliotoxin and destruxin E (dtxE) without S9 mix. 

In the Vitotox assay again, none of the extracts or metabolites exhibited any genotoxic effect. Howev-

er, cytotoxicity was seen at higher concentrations of destruxins B, D, E and the crude extract of 

Lecanicillium muscarium KV01, but not for dtxA or L. muscarium KV07. 

In both assays no mutagenicity was evident in presence of metabolic activation. 

Discussion 

Neither pure metabolites nor crude extracts of fungal BCAs proved to be mutagenic in the Ames assay 

in presence or absence of S9 mix. Crude extracts can be considered equally important as pure second-

ary metabolites because under natural conditions mixtures of metabolites are secreted by fungi with a 

potential for synergistic effects. 

The Vitotox assay additionally provided information on the cytotoxicity of the test items. As with the 

Ames test no genotoxicity was seen. Some cytotoxicity was detected with gliotoxin, oosporein and 

destruxins B, D and E, this was supported by experiments with tester strains TA1535 and 1537 for 

dtxE and gliotoxin. 

This finding is not surprising as these substances are known to exhibit cytotoxic effects on different 

cell lines. 

However, the entomopathogenic fungi tested produce either no or only traces of the above metabolites 

in vivo and even if then quantities are significantly lower, 104 – 106-fold below those secreted in nutri-

ent rich media as employed in these tests. 

Moreover, studies on individual destruxins have shown that there are no effects on human leukaemia 

cell lines but on insect cells SF9. 

Conclusion 

In vitro assessment of genotoxic effects by metabolites or crude extracts is a multistep process requir-

ing a screening strategy based on a number of complementary test systems from bacteria to mammals. 

Both tests employed can provide rapid and reliable results on bacterial mutagenicity of both metabo-

lites and crude extracts. 

In both assays no mutagenicity was evident for any strain tested. 
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/group  
control: 8 per sex  

 

Study design 

The study was designed in accordance with OECD-Guideline 412. Twenty six male and 26 female rats 

were used in this 28-day inhalation study. The animals were exposed to the test substance in a modi-

fied nose-only exposure unit type 8132 (ADG development Ltd, UK). The rats were exposed for 6 

hours on weekdays only (thus were exposed for 20 days in this 28-day study). 

The test substance was diluted in demi-water, and test atmospheres were generated by using nebulis-

ers. The rats were exposed to MYCOTAL at doses of 0, 1, 10 and 100 mg/m3. An additional group of 

3 rats per sex was treated at 0 and 100 mg/m3 for the determination of the spore-content in the lungs 

after a single exposure of 6 hours.  

Clinical signs were obtained once daily afterwards for 14 days.  

Body weights were measured prior to dosing and weekly afterwards. After 24 days of treatment blood 

samples were drawn for haematology and clinical chemistry, urinalysis samples were taken on day 23 

or 24. The animals were sacrificed after 28 days. At necropsy macroscopical abnormalities were rec-

orded. Histopathological examination was performed on all gross lesions, adrenals, bone marrow, lung 

with trachea and larynx, nose, lymph nodes and other major organs. 

According to the analytical certificate, MYCOTAL contains 1.08 × 1010 spores/gram (92.5% viable), 

thus 1 mg contains 1.08 × 107 spores. Of the product MYCOTAL 12.3% is spore powder of V. lecanii 

Ve6 (11.3% viable spores). It should be noted that MYCOTAL also contains another proteinaceous 

component (20%), known to be a (respiratory) sensitiser (see Annex C). 

The study deviated from the guideline on the following aspects: The study was performed with the 

formulated product MYCOTAL and not with the micro-organism only and no infectivity study was 

performed (Commission Directive 2001/36/EC requirements). The study was not performed with inac-

tivated spores. 

 

Results  

Infectivity of the lungs: 

After 6 hours of exposure 0.7 - 2.1 × 105 colony forming units (CFU viable spores) were detected in 

the lungs of the high-dose animals.  

Mortality: none  

Symptoms of toxicology: no treatment-related signs were noted.  

Body weight: no treatment-related findings were noted. 
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Pathology: macroscopic examination revealed grey discolouration and swollen and spongy appearance 

in the lungs, and enlarged white discoloured mediastinal lymph nodes at 10 and 100 mg/m3. Micro-

scopically changes were noted in the nasal cavity, the lungs and the mediastinal lymph nodes, most 

pronounced at 10 and 100 mg/m3 (indexed as very slight for 1 mg/m3). The histological changes com-

prised: rhinitis and /or respiratory epithelial hyperplasia (nasal cavity), slight increase in alveolar peri-

vascular lymphocytes aggregate and diffuse accumulation in alveolar macrophages (lungs) and para-

cortical lymphoid hyperplasia (medistenial lymph nodes). These changes indicated a local immune 

reaction (by inhalation) rather than a toxicological effect. However, this cannot be concluded as no 

control studies were performed that could substantiate this, i.e. no inactivated spores or carrier materi-

al was tested. It should be noted that MYCOTAL contains 12.3% V. lecanii Ve6, but also 20% of an-

other proteinaceous compound, known to be a (respiratory) sensitiser (see Annex C). 

 

Acceptability: 

Infectivity was not studied in the other organs.  

The study was considered acceptable for evaluation of toxicity of the formulation MYCOTAL.  

 

Conclusion: 

Under the circumstances of this study, MYCOTAL (containing V. lecanii Ve6, but also a large quanti-

ty of other proteinaceous material, known to be a (respiratory) sensitiser induced very slight histo-

pathological changes at 1 mg/m3, which were considered of no toxicological relevance. Therefore, the 

no adverse effect level (NOAEL) for MYCOTAL in this study was set at 1 mg/m3. 

 

New data 2016 

No new data is to be submitted under this point.  

Previously submitted information is considered to be acceptable to cover current requirement s.  As 

the micro-organisms together with other proteinaceous material may have the potential to provoke a 

sensitising reaction (as considered for all micro-organisms)   in the Lina (1991) study the very slight 

histopathological changes at 1 mg/m3   are considered to be of no concern.  

B.6.1.2.6 Proposed treatment: first aid measures, medical treatment 

Information from the original DAR 
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After inhalation: Supply fresh air. If required, provide artificial respiration. Keep patient warm. Con-

sult doctor if symptoms persist. 

After skin contact: Instantly wash with water and soap and rinse thoroughly. Get medical attentions if 

irritation develops and persists. 

After eye contact: Rinse opened eye for several minutes (~ 15 min.) under running water. If symptoms 

persist, consult doctor. 

After swallowing: In case of persistent symptoms consult doctor. 

In case of human infection by V. lecanii strain Ve6 treat patient with antifungal therapy like flucona-

zole (Das et al., 1997; Shin et al., 2002). 

 

New data 2016 

No new data is to be submitted under this point.  

Previously submitted information is considered to be acceptable to cover current requirements.  

B.6.1.3 Toxicity studies on metabolites and relevant impurities 

See B.6.1.2.3. 
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B.6.1.4 Summary and conclusions of Tier I studies 

Acute toxicity, LD50/LC50 values 

 

Test sub-

stance 

 

 

Species 

 

Route 

 

Level tested 

(spores/animal) 

 

Toxicity 

 

Infectiveness 

 

Reference/ 

notifier 

Verticillium 

lecanii Ve6 
Rat oral 3.0 × 108 

No treatment-related 

findings 
* 

 

(1982a) 

MYCOTAL 

TGAI 
Rat  oral (1.2 × 108) ** 

No treatment-related 

findings 
Not infective 

 

(1998a) 

MYCOTAL 

TGAI 
Rat  i.v. (1.2 × 107) ** 

No treatment-related 

findings 
Not infective 

 

(1998b) 

Verticillium 

lecanii Ve6 
Rat  inhalation 

1.08×109 

CFU/m3 

No treatment-related 

findings 
* 

 

(1982a) 

Verticillium 

lecanii Ve6  
Rat  i.p. 

0.6 × 108 and 1.2 

× 108 

Mortality, clinical 

signs, BW loss, 

changes in clinical 

pathology, lesion in 

the abdominal cavity  

* 
 

(1982a) 

Verticillium 

lecanii Ve6  
Mouse i.p. (4.5 × 107) ** 

BW loss, lesion in 

the abdominal cavity  

Not per-

formed 

 

(1982b) 

Verticillium 

lecanii Ve6  
Mouse i.p. (6.9 × 106) ** 

BW loss, lesion in 

the abdominal cavity  

Not per-

formed 

 

(1982c) 

Verticillium 

lecanii Ve6  
Rat i.p. (3.4 × 107) ** 

BW loss, lesion in 

the abdominal cavity  

Not per-

formed 

 

(1982c) 

* No conclusion can be drawn based on the single study 

** nominal dose; actual dose not known 
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Before administration, the spore suspension was homogenized by sonification using an ultrasound 

probe and subsequent ultra-turrax treatment. The top dose chosen is the maximum allowable dose by 

gavage (20 mg/kg). 

 

Acceptability  

The breaking of the spores was not confirmed by microscopic examination. However considering the 

elaborate procedure followed, it is most likely that the method was sufficient to destroy the spores.  

The exposure of the test substance was via gavage. No change in the ratio polychro-

matic/normochromatic erythrocytes was observed. Therefore, insufficient proof is present that the test 

substance reached the target cells. Overall the study was considered not acceptable. 

 

Conclusions  

No conclusions could be drawn on the induction of chromosome aberrations in mammalian cells by 

the extract of the spores of Verticillium lecanii Ve6. 

 

New data 2016 

No new data is to be submitted under this point.  

 

B.6.2.3 Genotoxicity – In vivo studies in germ cells 

Information from the original DAR 

No studies required. 

 

New data 2016 

No new data is to be submitted under this point.  

Previously submitted information is considered to be acceptable to cover current requirements.  
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B.6.2.4 Summary and conclusions of Tier II studies 

L. muscarium Ve6 was not infective in the studies submitted. Accumulation of V. lecanii strain Ve6 in 

the body has not been demonstrated. So no more information on specific toxicity, pathogenicity and 

infectiveness was necessary. The submitted reports indicate no genotoxic potential of spore- or MY-

COTAL extracts, destruxins, or crude extracts.  

 

B.6.3 Summary of mammalian toxicity, pathogenicity and effectiveness and overall 

evaluation of the active micro-organism 

This draft assessment report is submitted for the re-approval  of Lecanicillium muscarium Ve6. The 

studies were performed with Verticillium lecanii Ve6. Verticillium lecanii Ve6 has been reclassified to 

the new species Lecanicillium muscarium (Zare and Gams, 2001). Therefore, the conclusions drawn 

for Verticillium lecanii Ve6 are considered valid for Lecanicillium muscarium Ve6. 

 

In the previous DAR the method of organ homogenisation to examine the microbial content in the 

submitted oral, i.p and/ or inhalation studies was not described. The RMS could not properly evaluate 

the results obtained, especially when no fungus was detected in the homogenates that were plated. 

Therefore the infectivity part of the acute studies was considered unacceptable, and the majority of the 

studies were considered supplementary. However, after re-evaluation of the intravenous study (  

1998b) and one of the acute oral studies ( 1998a) it was shown that the laboratory uses an ap-

propriate homogenisation method.  

In addition, when a nominal dose was used, that was not confirmed by analysis of (viable) spore con-

tent, the studies were evaluated qualitatively for toxicity and no LD50 was deduced. 

 

The oral toxicity study was considered acceptable for evaluation of the oral LD50 of V. Lecanii Ve6 

and was considered to be > 3.0 × 108 spores/animal. A second study (nominal dose 1.2 × 108 

spores/animal) confirmed the non-toxicity seen in the first study and showed that the micro-organism 

was not infective or pathogenic.  

 

In the acute i.v. toxicity study V. lecanii Ve6 was proven non-toxic, and not colonising or infective. 

Although the method of homogenisation was not described, the RMS accepts the results as immediate-

ly after dosing V. lecanii Ve6 was detected in the organs.  

 



Lecanicillium muscarium Ve6 

Volume 3MA – B.6 Effects on human health 

 

January 2018- 43 - 

In the acute inhalation study V. lecanii Ve6 was considered not toxic, no LC50 can be determined, as 

the dose used is defined as maximal practical dose, and the measurements of the aerosol concentra-

tions are not elucidated.  

 

Four acute i.p. studies were submitted by the notifier: two rat studies (1.2 × 108 and 3.4 × 107 

spores/animal) and 2 mice studies (4.5 × 107 and 6.9 × 106 spores/animal). These studies were ac-

ceptable for the evaluation of toxicity, but not for infectivity/pathogenicity.  

In the highest dose for rats mortality was seen, preceded with hypoactivity, hunched posture and pi-

loerection. In all studies, macroscopic examination revealed adhesion in the abdominal cavity involv-

ing many organs. Microscopic examination revealed granulomateous peritonitis with abscesses. These 

findings were noted for both the viable spores (SSP) and inactivated autoclaved spores (ASSP). This 

indicates a non-specific immune response to foreign material, consisting of a suspension of (auto-

claved heat-inactivated) spores that was injected into the peritoneum. This is supported by the haema-

tological data, as on day 15 increased white blood cells and increased neutrophils were noted, that 

ceased by day 30. Overall these (local) effects ceased by day 30, and were considered an acute im-

mune-reaction rather than a toxicity reaction.  

 

Overall on the subject of infectivity of V. lecanii Ve6 the conducted studies could not completely elu-

cidate whether the fungus is infective/pathogenic or not. In these studies spores were administered, 

and no fungus was obtained by culturing the homogenates of the organs. The conditions within the 

mammalian body are considered not optimal for germination of the spores, as the fungi germinate on 

host pests with conditions different from vertebrates. Furthermore, V. lecanii Ve6 was not infective 

when administered i.v. Data from open literature indicate that when V. lecanii was administered i.p., 

no infectivity was observed. In addition, the literature submitted on clinical cases of (systemic) infec-

tions of V. lecanii described immuno-compromised cases (either having received chemo/radio-therapy 

or being treated with intraperitoneal antibiotics). Taken together the RMS agrees with the notifier that 

V. lecanii Ve6 is not infective and thus not pathogenic.  

 

Genotoxicity  

No destruxins, considered to be the important toxins produced by L. muscarium in laboratory cultures, 

could be detected in the product MYCOTAL, in the unformulated spores or in tomatoes or cucumbers 

after application of MYCOTAL (10 times the recommended dose) (Skrobek et al., 2005 submitted/not 

published; see B.7.2.1 for a detailed evaluation of this study).  Moreover, the mode of action of V. 

lecanii Ve6 is not considered to be based on toxins. Therefore, it can be concluded that any possible 

exposure to toxins is expected to be negligible, and no genotoxicity test are considered necessary. 
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Moreover, the submitted reports indicate no genotoxic potential of spore- or MYCOTAL extracts, 

destruxins, or crude extracts. 

 

Cell culture  

As Lecanicillium muscarium Ve6 is not an intracellular replicating micro-organism a cell culture study 

is considered not relevant. 

 

Short toxicity and pathogenicity 

A 28-day inhalation study was conducted in which rats were exposed to 0, 1, 10 and 100 mg/m3 of the 

formulation MYCOTAL (containing V. lecanii Ve6, but also a large quantity of other proteinaceous 

material, known to be a (respiratory) sensitiser). Based on the very slight changes noted at microscopic 

examination in the nasal cavity, lungs and the mediastinal lymph nodes the NOAEL was set at 1 

mg/m3. 
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