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 Publishable summary 

The MIBIREM project aims to develop microbiome-based solutions for the bioremediation of contaminated 
environments, focusing on three critical contaminant use cases: cyanides, hexachlorocyclohexane (HCH), and 
petroleum hydrocarbons (PHC). This deliverable presents a guideline for assessing the safety of microbiomes 
developed for use in bioremediation technologies, as part of the MIBIREM project. 

To ensure the safe use of microbiomes in technical applications, Task 5.1 of the project focused on evaluating 
potential risks associated with the selected bacterial strains and consortia. This safety assessment addresses three key 
aspects: 

1. Genome-based safety assessment: Draft genomes of individual strains are analyzed for the presence of 
antibiotic resistance genes, virulence factors, and toxin genes. This helps to identify any traits that could pose 
risks to human health or the environment. The genomic information also enables comparison across strains, 
supporting the rational selection of safe and effective candidates for inclusion in synthetic microbiomes. 

2. Culture-based pathogen detection and quantification: Laboratory experiments using selective media are 
conducted on the consortia to evaluate and quantify the presence of potentially pathogenic bacteria. These 
tests provide not only qualitative detection but also quantitative data on the abundance of specific pathogen 
groups, offering a fast and cost-efficient method of safety assessment of bioremediation microbiomes 
throughout the stages of microbiome selection, scale-up and application in the field. 

3. Ecotoxicity of degradation products: Mesocosm experiments under aerobic conditions are used to study the 
formation of degradation by-products and intermediates during the breakdown of the target contaminants. 
Potential health and environmental risks are assessed through bioassays with Vibrio fischeri (Microtox® test) 
and plant-based assays, enabling an integrated evaluation of toxicity without requiring full chemical 
identification of all intermediates. 

The findings of this work have been synthesized into a practical, transferable guideline for microbiome safety 
assessment. These best practices are intended not only for internal use within MIBIREM but also for future 
applications beyond the project, supporting the broader adoption of safe and sustainable bioremediation strategies. 

This deliverable contributes directly to MIBIREM’s goal of establishing robust and environmentally responsible 
microbiome-based technologies, ensuring that innovation in bioremediation does not compromise safety. 
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 Introduction  

The MIBIREM project aims to advance the development and application of microbiome-based solutions for the 
bioremediation of contaminated environments by focusing on three use-cases: cyanides, hexachlorocyclohexane 
(HCH) and petroleum hydrocarbons (PHC). MIBIREM leverages the metabolic potential of microbial consortia to break 
down these compounds in a safe, effective, and scalable manner. As part of this overarching goal, the objectives of 
WP5 are to bring developed microbiomes into real-world use by assessing their degradation potential and safety at 
scale, scaling up production processes, and performing field trials. 

This deliverable reports on the work carried out in Task 5.1, which focuses on the safety assessment of microbiomes 
intended for technical applications. Ensuring the safety of microbiomes is critical to the responsible development and 
deployment of bioremediation technologies. Microbial consortia can potentially carry or acquire genes associated 
with antibiotic resistance, virulence, or toxin production. In addition, the degradation of complex contaminants may 
result in by-products or intermediate compounds with unknown or poorly characterized toxicological profiles. 

Despite the growing interest in microbiome-based bioremediation, there is currently no comprehensive regulatory 
framework or widely accepted guideline for evaluating the biosafety of microbiomes used in environmental 
applications. This regulatory gap creates uncertainty for developers and end-users and presents a potential barrier to 
the market readiness of microbiome technologies. The objective of this deliverable is therefore to provide a practical 
and transferable set of guidelines for assessing the safety of microbial strains and consortia developed within 
MIBIREM. These guidelines cover: 

- the screening of microbial genomes for potentially harmful traits, 
- the culture-based detection and enumeration of potential pathogens, and 
- the assessment of ecotoxicological risks associated with degradation by-products, using bioassays such as 

Microtox® and phytotoxicity tests. 

By offering a structured approach to microbiome safety evaluation, this deliverable supports the safe implementation 
of microbiome-based remediation and contributes to the broader goals of WP5 and the MIBIREM project as a whole. 

 

 

  



 MIBIREM Project 
D5.1 Guideline for safety assessment of microbiomes 

 

 
Funded by the European Union. Views and opinions expressed are  
however those of the author(s) only and do not necessarily reflect those  
of the European Union or [EUROPEAN RESEARCH EXECUTIVE AGENCY (REA)].  
Neither the European Union nor the granting authority can be held responsible for them. 

5 
 

 Genome-based safety assessment 

 Background and rationale 

Genome-based safety assessment offers a powerful tool for identifying potential biosafety concerns in microbial 
strains intended for use in environmental applications. In the MIBIREM project, such assessments are carried out on 
individual strains isolated in Task 2.4 from enrichment cultures, microcosms, and BactoTraps showing bioremediation 
potential. Isolation was achieved by inoculating these environmental samples onto a variety of selective and general 
growth media, aiming to capture a broad diversity of pollutant-degrading and pollutant-tolerant bacteria. The most 
promising isolates, based on preliminary screening, were selected for whole-genome sequencing under WP3. 

The rationale for using whole-genome sequences for safety assessment lies in their ability to provide a comprehensive 
view of a strain’s functional potential—including traits that may remain undetected in phenotypic tests. Genome data 
enable in silico screening for genetic elements of concern, such as antimicrobial resistance (AMR) genes, virulence 
factors, and toxin-encoding sequences. These elements are particularly relevant when assessing the environmental 
safety of introducing microbial cultures at larger scale. 

Within the MIBIREM project, genome-based screening is used as an early-stage risk filter to identify strains that may 
pose biosafety concerns. Although the presence of a gene does not necessarily imply expression or risk under 
environmental conditions, its detection should prompt additional scrutiny or exclusion of the strain from further 
application. Moreover, genome data can be used to compare safety profiles across multiple isolates, supporting the 
rational selection of strains for inclusion in artificial microbiomes. 

The methodology used for genome-based safety assessment in this deliverable builds on established best practices for 
microbial genomic analysis, adapted to the context of environmental applications. It is informed in part by the 
principles outlined in the EFSA statement on the requirements for whole genome sequence analysis of 
microorganisms intentionally used in the food chain (European Food Safety Authority (EFSA) 2024), while recognizing 
the differences in regulatory focus and risk scenarios between food-related and environmental uses. 

The goal of this assessment is to detect genetic markers associated with biosafety concerns—such as antimicrobial 
resistance genes, virulence factors, and toxin-encoding sequences—by analysing the draft genomes of isolated 
bacterial strains. These strains were selected based on their degradation potential and represent candidates for 
inclusion in microbiome-based bioremediation strategies. The following methodology outlines the steps taken from 
strain cultivation and DNA extraction to sequencing, assembly, annotation, and targeted screening for potentially 
harmful genetic elements. This approach allows for a systematic, scalable, and reproducible safety assessment of 
individual strains prior to their incorporation into larger microbial consortia. 

 Whole-genome sequencing and identification 

To perform a genome-based safety assessment, bacterial isolates must first be obtained in pure culture. For each 
isolate, high-quality genomic DNA should be extracted using protocols capable of recovering both chromosomal and 
extrachromosomal DNA, including plasmids. RNA contamination should be removed using RNase treatment, and DNA 
integrity and concentration should be verified using gel electrophoresis and either spectrophotometric or fluorometric 
quantification methods. 

Sequencing should employ long-read technologies, or a combination of short-read and long-read platforms, to 
enhance assembly completeness and detect mobile genetic elements. When combining technologies, it is 
recommended that sequencing reads originate from the same isolate and ideally from the same DNA extract to ensure 
consistency. Library preparation steps should be carefully optimized to prevent loss of small plasmid DNA. 
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Sequencing quality should meet standard benchmarks, including a per-base PHRED score of ≥20 for short reads and 

an average PHRED score of ≥7 for long reads. Adapter sequences must be trimmed, and a target coverage depth of 

100× is recommended, with an absolute minimum of 30×. If genome coverage or read quality is insufficient for 

reliable downstream analysis, alternative sequencing or re-sequencing strategies should be considered. De novo 
genome assembly should be performed using tools appropriate to the type and quality of sequencing data. In hybrid 
assemblies, a long-read-first strategy is preferred when long-read depth is sufficient, followed by polishing with short 
reads. Where long-read depth is low, a short-read-first approach may be used with long reads aiding scaffolding. 

Assembly quality should be assessed using established metrics. Acceptable assemblies should meet the following 
criteria: 

- Total number of contigs: fewer than 500 
- Genome size: within 20% of the expected size for the species 

- Genome completeness: ≥90% 

- Contamination: ≤10% 

- Additional metrics such as N50 may be used to assess contiguity. 

Taxonomic identification should be performed using digital DNA-DNA hybridisation (dDDH) and/or average nucleotide 
identity (ANI) against genome sequences of type or reference strains (Parks et al. 2020; Meier-Kolthoff, Klenk, and 

Göker 2014). Species-level identification is typically supported by dDDH values ≥70% and ANI values ≥95-96% (Riesco 

and Trujillo 2024; Parks et al. 2022). If these thresholds are not met, a phylogenomic analysis is recommended to 
clarify the taxonomic position of the isolate. 

 In silico screening for safety markers 

To evaluate potential biosafety concerns, assembled genomes should be screened for AMR genes, virulence factors, 
and toxin-encoding genes. Antimicrobial resistance genes should be identified using at least two well-curated AMR 
databases. Within the MIBIREM project, the Comprehensive Antibiotic Resistance Database (CARD, Alcock et al. 2023) 
and the National Database of Antibiotic Resistance Organisms (NDARO) at NCBI (Feldgarden et al. 2021) are used for 
this purpose. Virulence and toxin genes should be screened using specialized and regularly updated databases. Within 
the MIBIREM project, the Virulence Factor Database (VFDB, Liu et al. 2022) and the antibiotics and secondary 
metabolite analysis shell (antiSMASH, Blin et al. 2023) are used.  

Matches should meet minimum thresholds of 70% sequence coverage and 80% sequence identity. Detected genes 
must be evaluated in context: chromosomally encoded, intrinsic resistance genes that are widespread within a species 
are generally not a concern. In contrast, acquired resistance genes—especially those located on plasmids—pose a 
higher risk due to their potential for horizontal transfer. 

The importance of the targeted antimicrobial class should also be taken into account. The WHO List of Medically 
Important Antimicrobials provides a useful classification framework (World Health Organization 2024). Acquired 
resistance genes targeting antimicrobials classified as highly important (HIA), critically important (CIA), or highest 
priority critically important (HPCIA) should be considered a potential safety concern. Their presence does not 
automatically require exclusion of the strain, but should prompt a careful risk assessment, taking into account factors 
such as gene context (e.g. plasmid- vs. chromosome-associated), likelihood of horizontal gene transfer, and intended 
use of the microbiome. 

While many virulence-associated traits - such as biofilm formation or siderophore production - may be beneficial in a 
bioremediation context, the presence of genes encoding known toxins or host-damaging factors should be carefully 
evaluated. These genes may indicate a potential risk, particularly in relation to occupational exposure during 
production and application of microbial cultures. Although their presence does not necessarily imply active toxicity 
under environmental conditions, such findings should be flagged for further consideration.   
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 Culture-based pathogen detection and quantification 

In the context of assessing microbiome safety for environmental application, culture-based screening can be 
employed to detect and quantify specific groups of potentially pathogenic bacteria. Unlike genome-based analysis, 
which focuses on individual strains, a culture-based method provides a practical tool to assess the presence and 
abundance of key microbial risk groups within microbiomes or enrichment cultures. 

 Background and rationale 

Currently, no specific regulations or standardized guidelines exist for the detection of pathogens in microbiomes 
intended for use in environmental bioremediation. Existing microbial safety standards are primarily designed for 
applications in food, feed, or fertilizers, and often focus on pathogens transmitted via the oral-fecal route – an 
exposure pathway that is less relevant in the context of environmental bioremediation.  

To address this gap, we designed a screening panel targeting bacterial genera and species with known pathogenic 
potential that could pose a risk during microbiome production, handling, or environmental application. We prioritized 
organisms that: 

- Grow at lower temperatures, to match environmental conditions. 
- Can be transmitted via wounds, aerosols, or skin contact, as these are more plausible exposure routes than 

ingestion in the intended use case. 
- Are culturable using well-established selective media, allowing rapid and reliable enumeration. 

The goal of this culture-based screening is not to assess the pathogenic traits of individual isolates, but rather to 
identify and quantify potential biosafety-relevant organisms present in the culture as a whole. Detection of high levels 
of any of the targeted pathogen groups may trigger additional evaluation, including reviewing the culture conditions, 
the origin of contamination, and determining whether exclusion or further processing (e.g., filtration, treatment) is 
necessary before application. 

This culture-based method is intended to fill the current regulatory gap by offering a pragmatic and risk-informed 
screening framework that aligns with the expected environmental exposure scenarios of microbiome-based 
bioremediation. 

 Target organisms and growth media 

The selected pathogens and the selective media used within the MIBIREM project are summarized below: 

- Eschericia coli: Coli Fluoro-Broth and MacConkey Agar 
- Staphylococcus aureus: Baird-Parker Agar 
- Enterococcus spp.: Slanetz and Bartley Agar 
- Bacillus cereus: Bacillus cereus Selective Agar 
- Vibrio spp.: HiChrome Vibrio Agar 
- Clostridium spp.: Differential Reinforced Clostridial Broth 
- Aeromonas spp.: Ampicillin Dextrin Agar 

Within the MIBIREM project, samples from enrichment cultures, artificial microbiomes, and scale-up batches are 
inoculated onto these media under aerobic or facultative anaerobic conditions (depending on the target organism), 
and colony-forming units (CFU) or most probable number (MPN) are enumerated after appropriate incubation times. 
Where applicable, media are differential or chromogenic, allowing presumptive identification of the target organisms 
based on colony morphology or color. Total CFU or MPN counts should be obtained in parallel on non-selective 
general growth media (e.g. Nutrient Broth). 
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 Interpretation and threshold setting 

Given the absence of regulatory standards for pathogen content in microbiomes intended for environmental 
bioremediation, a preliminary risk-based threshold was developed to support interpretation of culture-based 
pathogen screening. This threshold is intended to guide decision-making regarding the microbiological safety of 
cultures prior to scale-up or field application, while acknowledging that it may require refinement as more empirical 
data become available. 

A maximum relative abundance of 0.1 % of total culturable CFU is proposed as a tentative tolerance limit for any 
single potentially pathogenic group, as detected on selective media. In other words, the CFU count of any individual 
pathogen group should not exceed 0.1 % of the total CFU count on a general non-selective medium. This initial 
threshold is motivated by the following considerations: 

- Natural background presence: Many of the target organisms are ubiquitous in soil and aquatic environments. 
Complete absence from bioremediation cultures is therefore neither realistic nor necessary. A low relative 
abundance is unlikely to represent a significant health risk.  

- Environmental exposure context: The main exposure routes associated with microbiome production and 
application – such as dermal contact, aerosols and accidental wound exposure- are generally less efficient 
than ingestion. Consequently, tolerance levels can be more permissive than those used in food or water 
safety standards. 

- Alignment with existing guidance: Thresholds for microbial risk in related domains (e.g. sludge, compost, 

wastewater reuse) often identify absolute concentrations around 10⁴–10⁵ CFU/g or mL as a level of concern 

for certain pathogens (European Union 2024; Hudcová, Vymazal, and Rozkošný 2019; World Health 
Organization 2006). In the case of bioremediation inocula with total biomass concentrations in the range of 
10⁷–10⁹ CFU/mL, a 0.1 % relative abundance corresponds to 104–105 CFU/mL, which already approaches 
these conservative thresholds. 

- Technical feasibility: Culture-based enumeration methods are generally capable of detecting and quantifying 
pathogen groups down to 10–100 CFU/mL. A 0.1 % threshold is thus compatible with routine microbiological 
screening and allows for reliable detection. 

Under this approach, if all detected pathogen groups remain below the 0.1 % threshold, the culture may be 
considered provisionally acceptable for further processing or environmental application. If one or more groups exceed 
this level, the culture should be further investigated to determine possible sources of contamination or enrichment, 
and corrective measures may include adjusting cultivation conditions, selective strain removal, or exclusion of the 
batch from further use. 

Importantly, this 0.1% threshold is not a regulatory standard, but rather a working guideline developed within the 
MIBIREM project. It is expected to be evaluated and adjusted based on real-world data as the methodology is 
implemented and more is learned about variability across microbiomes and application scenarios. As such, it serves as 
a protective but flexible benchmark to promote the safe use of bioremediation cultures in environmental contexts. 
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 Ecotoxicity of degradation products 

 Background and rationale 

Bioremediation processes often lead to the formation of intermediate or secondary degradation products, some of 
which may be unknown or poorly characterized, particularly for complex pollutants such as HCH (including lindane) 
and PHCs. While the primary goal of microbiome-based bioremediation is to reduce pollutant toxicity and persistence, 
certain by-products may pose unintended environmental or health risks. 

Since many intermediates are unknown or have not been structurally identified, and because toxicity data is lacking 
for several potential transformation products, making quantitative risk assessments is not feasible. Given the 
limitations in predicting or identifying all potential degradation products through chemical analysis alone, MIBIREM 
adopts a bioassay-based approach to assess the overall ecotoxicological impact of microbiome activity during the 
biodegradation process.  

To assess the potential toxicity of intermediate or final degradation products generated during microbiome-mediated 
biodegradation, two complementary bioassays were selected: the Microtox® acute toxicity test and a plant-based 
phytotoxicity assay. These tests were chosen for their sensitivity, ecological relevance, and applicability to complex 
environmental samples where chemical identification of by-products may be incomplete. In the MIBIREM project, 
these tests are applied to mesocosms at different stages of the bioremediation process, allowing for the monitoring of 
toxicity trends over time. 

Together, the Microtox® and plant toxicity assays provide a robust and practical approach for evaluating the 
ecotoxicological safety of microbiomes used in bioremediation. They allow detection of harmful effects that may arise 
from unknown or poorly characterized degradation by-products, thus playing a critical role in the overall safety 
assessment strategy within the MIBIREM project. 

 

 Microtox® test 

The Microtox® test, standardized under ISO 11348-3, evaluates the acute toxicity of samples by measuring the 
inhibition of bioluminescence in the marine bacterium Aliivibrio fischeri (formerly Vibrio fischeri) (Doherty 2001). This 
species is well-suited for toxicity testing due to its naturally high bioluminescence under normal metabolic conditions. 
When exposed to toxic substances, the bacterium’s metabolic and respiratory processes are disrupted, leading to a 
measurable decrease in light emission. The degree of this inhibition is directly proportional to the toxicity of the 
sample, providing a quantitative indicator of potential harm. 

The Microtox® assay is a rapid and highly sensitive method that is especially useful for detecting water-soluble toxic 
compounds. It provides a general measure of cytotoxicity, identifying both known and potentially unknown 
degradation by-products resulting from the bioremediation process. Due to its sensitivity, the test is capable of 
detecting harmful intermediates that may emerge during microbial degradation of contaminants, which might 
otherwise remain undetected through standard chemical analysis. However, it is important to note that the Microtox® 
test does not provide detailed information on the chemical identity or mode of action of the toxic substances. 
Additionally, the test is limited to substances that are bioavailable in the aqueous phase, meaning that compounds 
which are not soluble in water or those bound within particulate matter may not be detected effectively. 

5.2.1 Methodology 

The methodology for the Microtox® test follows the standardized procedure set by ISO 11348-3, which involves 
exposing A. fischeri to a series of dilutions of the test sample in a buffered aqueous solution. The light emission of the 
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bacteria is measured before and after exposure to the sample, and the degree of inhibition in bioluminescence is 
calculated as a percentage reduction in light output compared to controls. This process is conducted at a constant 
temperature (typically 15–25°C), and samples are tested at multiple concentrations to generate a dose-response 
curve. The concentration that produces 50% inhibition of bioluminescence (EC₅₀) is a key endpoint, providing an 
estimate of the sample’s toxicity. 

5.2.2 Interpretation 

The results from the Microtox® test are interpreted based on the degree of bioluminescence inhibition observed, 
quantified as a percentage reduction from the control. A lower EC₅₀ value (indicating higher toxicity) or a high 
percentage inhibition at low concentrations suggests that the sample contains toxic compounds, warranting further 
investigation. In the context of MIBIREM, the identification of acutely toxic degradation intermediates may indicate 
that specific microbiome formulations should not be advanced for further development or field application. 

It is important to interpret the results within the context of the overall bioremediation process. While a high level of 
toxicity early in the degradation process may signal the formation of hazardous intermediates, a decrease in toxicity 
over time may suggest that the microbiome is successfully degrading these harmful compounds. Conversely, 
persistent toxicity may indicate that the degradation process is not proceeding as expected, or that more toxic by-
products are being formed. 

Thus, the Microtox® test serves as a critical tool in identifying potential safety risks associated with the degradation 
of contaminants and the potential release of toxic intermediates. However, due to the general nature of the assay, 
any positive results should prompt follow-up analyses using more specific ecotoxicity tests, such as the phytotoxicity 
tests described in the following section, to assess broader environmental impacts. 

 

 Phytotoxicity test 

To complement the Microtox® test and to assess phytotoxicity of microbiome-treated samples, Lepidium sativum 
(garden cress) is used as the primary plant model within the MIBIREM project. This species is widely used in 
ecotoxicological testing and is recognized in standardized protocols such as ISO 18763 and the Phytotoxkit. It offers 
several advantages including rapid germination and root growth, high sensitivity to a broad range of pollutants 
(including petroleum hydrocarbons and other organic contaminants), ease of cultivation, and consistent results under 
simple laboratory conditions. Its extensive use in soil and water toxicity studies also facilitates comparison with 
existing data.  

As potential complementary models, Lactuca sativa (lettuce) and Sorghum saccharatum (sweet sorghum) could be 
considered. These species provide ecological diversity (representing dicotyledonous leafy crops and monocot grasses, 
respectively) and may help capture differential sensitivities to toxic compounds. If resources allow for testing more 
than one plant species, including L. sativa or S. saccharatum alongside L. sativum would enhance the ecological 
relevance and robustness of the phytotoxicity assessment. 

5.3.1 Methodology 

The test for assessment of phytotoxicity of microbiome-treated samples is based on the standardized ISO 18763 
protocol. It measures the effects of the contaminated matrix, and thus including possible biodegradation by-products, 
on early plant development, including seed germination and seedling growth. It is designed to capture both acute and 
sublethal toxicity in a soil or water-extract context. Seeds of one or more model plant species are exposed to either 
aqueous leachates from mesocosms or directly to treated soil samples. The seeds are incubated under controlled light 
and temperature conditions for two to three days (extendable to five, if needed). At the end of the test period, several 
endpoints are recorded, including germination rate, root length, and shoot length (optional). These measurements are 
compared to untreated controls and the results are expressed as percentage inhibition. 
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5.3.2 Interpretation 

A key consideration in interpreting these results is that the degradation of complex pollutants does not always 
proceed in a linear or immediately beneficial manner. Many organic contaminants, such as PHCs and chlorinated 
compounds like lindane, are broken down through multi-step microbial pathways that generate a variety of 
intermediate compounds. Some of these intermediates may exhibit greater toxicity than the parent compounds. As a 
result, it is possible – and even expected in some cases – that phytotoxicity initially increases during the early phases 
of biodegradation before declining as further degradation leads to less harmful or fully mineralized end products. 
When interpreting results, it is therefore important to: 

- Assess trends over time, rather than relying on a single time point 
- Compare phytotoxicity data alongside chemical analyses (e.g. contaminant and intermediate concentrations), 

to understand whether observed toxicity changes correlate with the production or breakdown of specific 
compounds. 

- Consider that a transient increase in toxicity is not necessarily indicative of treatment failure, but may instead 
reflect active degradation processes that are progressing toward detoxification. 

- Look for a final decrease in phytotoxicity, ideally below levels observed in the untreated contaminated 
control, as evidence of successful bioremediation. 

In practice, a reduction in root growth inhibition or improvement in germination rate over successive time points can 
signal a positive remediation trajectory. If toxicity remains high or increases persistently, further investigation may be 
needed to identify recalcitrant intermediates, optimize microbial consortia, or extend the treatment period. 

Ultimately, phytotoxicity assays provide an integrative biological measure that complements chemical and 
microbiological data, helping to ensure that the application of microbiomes leads not only to chemical degradation of 
pollutants, but also to a real reduction in environmental hazard. 
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