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Abstract

Bacillus paralicheniformis, a species known to produce the antimicrobial bacitracin,
could be misidentified as Bacillus licheniformis, depending on the identification
method used. For this reason, the European Commission requested EFSA to re-
view the taxonomic identification of formerly assessed B. licheniformis production
strains. Following this request, EFSA retrieved the raw data from 27 technical dossi-
ers submitted and found that the taxonomic identification was established by 16S
rRNA gene analyses for 15 strains and by whole genome sequence analysis for 12
strains. As a conclusion, only these 12 strains could be unambiguously identified
as B. licheniformis.
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1 | INTRODUCTION

The species Bacillus licheniformis is a Gram-positive, rod-shaped bacterium that belongs to the Bacillus genus, commonly
found in soils.

B. paralicheniformis, classified in 2015 as a new species, is closely related to B. licheniformis within the Bacillus genus.
Among the few differences between the two species, it is notable the capacity of B. paralicheniformis to produce bacitracin,
fengycin and a lantipeptide (Dunlap et al., 2015). Bacitracin is considered a medical important antimicrobial and it has been
previously shown to induce cross-resistance to colistin (Xu et al., 2018), an important antimicrobial (as defined by the ‘WHO
List of Medically Important Antimicrobials, 2024).

Strains of both species may qualify for the qualified presumption of safety (QPS) approach, provided that certain criteria
(the qualifications) are met. The QPS is a scientific approach developed by EFSA to simplify the safety assessment frame-
work of a microorganism for its use in the food chain (EFSA, 2007; EFSA BIOHAZ Panel, 2022). The QPS list was published
at the species level since 2008 and updated regularly thereafter (EFSA BIOHAZ Panel, 2023). Following an unambiguous
taxonomic identification of the strain, the QPS qualifications are applied at the strain level. For Bacillus species, these in-
clude the absence of acquired antimicrobial resistance (AMR) genes to clinically relevant antimicrobials and the absence
of toxigenic activity. Due to the ability of some strains of B. paralicheniformis to produce bacitracin, which presence in
food products is a hazard, an additional qualification applies for strains of this species which is the inability to synthesise
bacitracin.

The most recent guidance on the risk assessment of food enzymes (EFSA CEP Panel, 2021c) specifies that taxonomi-
cal identification for bacteria should be exclusively conducted through a computational approach using whole genome
sequence (WGS) data. Before this guidance, although EFSA encouraged WGS-based approaches (EFSA CEP Panel, 2019),
identification through the comparison of sequences classically used for taxonomic identification (such as the 16S rRNA
gene) or other characteristic genes (e.g. housekeeping genes) were considered acceptable. Consequently, scientific opin-
ions published before the implementation of the EFSA's scientific guidance of 2021 may contain a less robust taxonomical
identification, potentially misidentifying strains of Bacillus paralicheniformis as Bacillus licheniformis.

Several studies indicate that taxonomic identification through phylogenetic analysis based solely on the 16S rRNA
gene sequence may be insufficient to distinguish between different species within the Bacillus genus (Burgess et al., 2010;
Branquinho et al., 2014; Olajide et al., 2021). Conversely, taxonomic identifications based on WGS analysis are capable of
unequivocally identifying Bacillus species and discriminating between B. licheniformis and B. paralicheniformis.

Recognising the importance of unequivocal taxonomic identification of B. paralicheniformis from B. licheniformis, in
December 2023, the European Commission requested EFSA to re-examine all the published scientific opinions on food
enzymes in which B. licheniformis was reported as the production strain. In this statement, EFSA re-examined the data
provided in the technical dossiers supporting the publication of the EFSA's opinions to document whether the taxonomic
identifications were based on WGS.

1.1 | Background and Terms of Reference as provided by the requestor
111 | Background as provided by the European Commission

On 8 March and 5 July 2023, EFSA adopted two opinions on the safety evaluation of the food enzyme subtilisin from the
non-genetically modified strains of Bacillus paralicheniformis LMG 5-30155% and DP-Dzx96.3

The opinions state that the presence of bacitracin, a medical important antimicrobial, in the food enzyme represents a
risk for the development of resistance in bacteria. The food enzyme cannot therefore be considered safe.

In light of the adopted opinions and in accordance with article 19(4) of Regulation (EC) No 178/2002, the Commission
sent a letter asking the applicant to take the necessary follow-up actions and notably to withdraw the food enzyme from
the market.

EFSA further clarified that Bacillus paralicheniformis is the only species of the Bacillus subtilis group that can produce
bacitracin.

Whole genome sequence (WGS) analysis is required for the identification and characterisation of bacterial strains in-
tended for use as food enzyme production strains by the ‘Scientific Guidance for the submission of dossiers on Food
Enzymes” published in 2021. Due to the possibility to re-identify a Bacillus licheniformis strain as a Bacillus paralicheniformis
based on the internationally accepted classification, EFSA systematically checks the data and methodology used in the
initial submission and whenever needed, requests the applicant to redo the species identification by a WGS analysis.

Only food enzymes produced with a production strain unambiguously identified as Bacillus paralicheniformis by WGS
analysis are subject to further scrutiny regarding the presence of bacitracin.

'WHO List of Medically Important Antimicrobials, 2024, https://cdn.who.int/media/docs/default-source/gcp/who-mia-list-2024-lv.pdf?sfvrsn=3320dd3d_2.
“https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2023.7910.

3https://www.efsa.europa.eu/en/efsajournal/pub/8155.

*https://doi.org/10.2903/j.efsa.2021.6851.
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Between 2017 and December 2023, several opinions were adopted for food enzymes produced by Bacillus licheniformis
strains. As WGS data were not always available in the applications submitted before the date of entry into force of the guid-
ance, the Commission considers that there is a need for checking the data and methodology used for the identification of
the production strain for those already adopted opinions of food enzymes from Bacillus licheniformis and to confirm their
identity.

The new rules on transparency introduced by Regulation (EU) 2019/1381 of the European Parliament and of the Council
on the transparency and sustainability of the EU risk assessment in the food chain shall not apply to those applications, as
they were submitted before Regulation (EU) 2019/1381 entered into application.

1.1.2 | Terms of Reference

In accordance with Article 29 of Regulation (EC) No 178/2002, the Commission requests the assistance of the European
Food Safety Authority in the re-assessment of adopted opinions for food enzymes from Bacillus licheniformis to confirm
the taxonomic identity of the production strains in accordance with the ‘Scientific Guidance on Food Enzymes’ published
in 2021. In that assessment, the Authority shall take into account in particular the information already received by the
Authority in the technical dossiers for the safety evaluation of the corresponding food enzymes and any other relevant
new scientific and technical information that has become available.

2 | DATA AND METHODOLOGIES
2.1 | Data

Scientific opinions on food enzymes published in the EFSA Journal between 2014 and January 2024 were searched to iden-
tify those using B. licheniformis as production strain. Raw data on the taxonomic identification of each production strain
were retrieved from the related technical dossiers submitted by the applicants.

2.2 | Methodologies

The original applications and the corresponding scientific opinions were screened to confirm whether the taxonomic iden-
tity analysis of the production strains was conducted by a computational approach using WGS data, in accordance with
the ‘Scientific Guidance for the submission of dossiers on Food Enzymes’ (EFSA CEP Panel, 2021c). The data in section
‘Source of the Food enzymes’ of the scientific opinions were verified with the analysis data provided in the corresponding
dossiers. The identity of the production strains as B. licheniformis was considered unequivocally confirmed when the WGS
of the production strain was compared with the genome of the B. licheniformis type strain and showed either an average
nucleotide identity (ANI) of >95% or a digital DNA-DNA hybridisation (dDDH) value of >70%. Confirmation of the species
identity by phylogenomic analysis based on WGS data was also considered sufficient. The outcome of this analysis was
used to (i) confirm the taxonomic identification of formerly assessed B. licheniformis production strains and (ii) identify a list
of applications for which an unambiguous identification of the production strain could not be achieved.

3 | OUTCOME

EFSA published scientific opinions on food enzymes produced with B. licheniformis strains since August 2017. By January
2024, a total of 27 such scientific opinions were published in EFSA Journal. The information on the methodology used
and the results of the identification of the production strain was extracted and collated in a tabulated form to facilitate its
analysis (Table 1).
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TABLE 1

B. licheniformis
production
strain name

NZYM-CX

NZYM-AC

T74

NZYM-DI

NZYM-AY

NZYM-BC

NZYM-BT

NZYM-CY

NZYM-SD

NZYM-FR

NZYM-LU

NZYM-KE

DP-Dzb52

DP-Dzb45

NZYM-VR

DP-Dzr50

DP-Dzb25

DP-Dzf24

DP-Dzb44

DP-Dzr46

NZYM-CE

DP-Dzp39

DP-Dzb54

NZYM-JB

NZYM-AV

NZYM-AN

NZYM-JA

EFSA
question
number

Q-2022-00545

Q-2013-00586

Q-2022-00592

Q-2021-00225

Q-2021-00292

Q-2013-00685

Q-2015-00093

Q-2021-00137

Q-2021-00138

Q-2021-00142

Q-2021-00222

Q-2012-00898

Q-2016-00093

Q-2016-00143

Q-2019-00442

Q-2016-00096

Q-2016-00202

Q-2015-00448

Q-2015-00836

Q-2016-00095

Q-2015-00064

Q-2015-00667

Q-2015-00666

Q-2016-00031

Q-2014-00794

Q-2015-00084

Q-2015-00275

Reference to published opinion

EFSA CEP Panel, 2023b
https://doi.org/10.2903/j.efsa.2023.8406

EFSA CEP Panel, 2023c
https://doi.org/10.2903/j.efsa.2023.8393

EFSA CEP Panel, 2023a
https://doi.org/10.2903/j.efsa.2023.8160

EFSA CEP Panel, 2022h
https://doi.org/10.2903/j.efsa.2022.7470

EFSA CEP Panel, 2022g
https://doi.org/10.2903/j.efsa.2022.7467

EFSA CEP Panel, 2022e
https://doi.org/10.2903/j.efsa.2022.7370

EFSA CEP Panel, 2022f
https://doi.org/10.2903/j.efsa.2022.7358

EFSA CEP Panel, 2022d
https://doi.org/10.2903/j.efsa.2022.7366

EFSA CEP Panel, 2022b
https://doi.org/10.2903/j.efsa.2022.7368

EFSA CEP Panel, 2022c
https://doi.org/10.2903/j.efsa.2022.7367

EFSA CEP Panel, 2022a
https://doi.org/10.2903/j.efsa.2022.7359

EFSA CEP Panel, 2021a
https://doi.org/10.2903/j.efsa.2021.6433

EFSA CEP Panel, 2021b
https://doi.org/10.2903/j.efsa.2021.6564

EFSA CEP Panel, 2020c
https://doi.org/10.2903/j.efsa.2020.6311

EFSA CEP Panel, 2020b
https://doi.org/10.2903/j.efsa.2020.6184

EFSA CEP Panel, 2020a
https://doi.org/10.2903/j.efsa.2020.5972

EFSA CEP Panel, 20199
https://doi.org/10.2903/j.efsa.2019.5900

EFSA CEP Panel, 2019e
https://doi.org/10.2903/j.efsa.2019.5739

EFSA CEP Panel, 2019f
https://doi.org/10.2903/j.efsa.2019.5738

EFSA CEP Panel, 2019d
https://doi.org/10.2903/j.efsa.2019.5684

EFSA CEP Panel, 2019c¢
https://doi.org/10.2903/j.efsa.2019.5685

EFSA CEP Panel, 2019b
https://doi.org/10.2903/j.efsa.2019.5554

EFSA CEP Panel, 2019a
https://doi.org/10.2903/j.efsa.2019.5549

EFSA CEP Panel, 2018c
https://doi.org/10.2903/j.efsa.2018.5476

EFSA CEP Panel, 2018b
https://doi.org/10.2903/j.efsa.2018.5318

EFSA CEP Panel, 2018a
https://doi.org/10.2903/j.efsa.2018.5317

EFSA CEP Panel, 2017
https://doi.org/10.2903/j.efsa.2017.4896

Examination of the taxonomic identification of individual production strains.

Date of
publication
in EFSA
journal

Nov-23

Nov-23

Aug-23

Aug-22

Aug-22

Jul-22

Jul-22

Jun-22

Jun-22

Jun-22

Jun-22

Mar-21

Apr-21

Nov-20

Jul-20

Jan-20

Nov-19

Jun-19

Jun-19

May-19

Apr-19

Jan-19

Jan-19

Nov-18

Jul-18

Jul-18

Aug-17

Basis of the taxonomic
identification analysis

WGS 16S rRNA

v

v

v

v

v

v

v

v

v

v

v

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v

Unambiguous
identification as
B. licheniformis

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No
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As shown in Table 1, 12 production strains were identified by WGS analysis and 15 production strains by 16S rRNA gene
analyses, as summarised in Table 2.

TABLE 2 Summary of the taxonomic identification of B. licheniformis production strains in published scientific opinions.

Production strain unambiguously Production strain not
Taxonomic identification method Number of production identified as B. licheniformis by the  confirmed as B. licheniformis
used in former evaluation strains® re-examined present report by the present report
16S rRNA sequence analysis 15 0 15
Whole genome sequencing analysis 12 12 0
Total 27 12 15

?Each production strain was reported in a single scientific opinion.

The retrospective screening revealed a significant reliance on 16S rRNA sequence analysis for taxonomic identification
in applications for food enzymes declaring B. licheniformis as the production strain before October 2021. Upon enforce-
ment of WGS-based taxonomic identification as requested by the latest EFSA guidance of 2021, a shift towards a more
robust identification was taken. The strains analysed by WGS can be considered unequivocally identified as B. licheniformis.
Timewise, the scientific risk assessment of all those 15 applications was concluded before the latest guidance for the sub-
mission of dossiers on food enzymes (EFSA CEP Panel, 2021c).

4 | CONCLUSIONS

The Panel examined the raw data and methods of 27 technical dossiers of food enzymes with B. licheniformis production
strains. The taxonomic identification was established by 16S rRNA gene analyses for 15 strains and by WGS analysis for 12
strains. As a conclusion, only these 12 strains could be confirmed as B. licheniformis.

5 | DOCUMENTATION AS PROVIDED TO EFSA

1. Application for authorisation B-amylase produced by a genetically modified strain of Bacillus licheniformis (strain
NZYM-JA). EFSA-Q-2015-00275.

2. Application for authorisation of a-amylase produced by a genetically modified strain of Bacillus licheniformis (strain
NZYM-AN). EFSA-Q-2015-00084.

3. Application for authorisation of a-amylase produced by a genetically modified strain of Bacillus licheniformis (strain
NZYM-AV). EFSA-Q-2014-00794.

4. Application for authorisation of acetolactate decarboxylase produced by a genetically modified strain of Bacillus licheni-
formis (strain NZYM-JB)". EFSA-Q-2016-00031.

5. Application for authorisation of a-amylase from a genetically modified strain of Bacillus licheniformis (DP-Dzb54).
EFSA-Q-2015-00666.

6. Application for authorisation of pullulanase from a genetically modified strain of Bacillus licheniformis (strain DP-Dzp39).
EFSA-Q-2015-00667.

7. Application for authorisation of endo-1,4-p-xylanase from a genetically modified strain of Bacillus licheniformis (strain
NZYM-CE). EFSA-Q-2015-00064.

8. Application for authorisation of glucan 1,4-alpha-maltotetraohydrolase from a genetically modified strain of Bacillus
licheniformis (strain DP-Dzr46). EFSA-Q-2016-00095.

9. Application for authorisation of from a genetically modified strain of Bacillus licheniformis (strain DP-Dzf24).
EFSA-Q-2015-00448.

10. Application for authorisation of a-amylase from a genetically modified strain of Bacillus licheniformis (DP-Dzb44).
EFSA-Q-2015-00836.

11. Application for authorisation of a-amylase from a genetically modified strain of Bacillus licheniformis (DP-Dzb25).
EFSA-Q-2016-00202.

12. Application for authorisation of glucan 1,4-a-maltohydrolase from a genetically modified strain of Bacillus licheniformis
DP-Dzr50. EFSA-Q-2016-00096.

13. Application for authorisation of phospholipase C produced by a genetically modified strain of Bacillus licheniformis
(strain NZYM-VR). EFSA-Q-2019-00442.

14. Application for authorisation of a-amylase from a genetically modified strain of Bacillus licheniformis (DP-Dzb45).
EFSA-Q-2016-00143.

15. Application for authorisation of Alpha-amylase from a genetically modified strain of Bacillus licheniformis (strain
NZYM-KE). EFSA-Q-2012-00898.

16. Application for authorisation of a-amylase from a genetically modified strain of Bacillus licheniformis (DP-Dzb52).
EFSA-Q-2016-00093.
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17. Application for authorisation of pullulanase produced by a genetically modified strain of Bacillus licheniformis (strain
NZYM LU). EFSA-Q-2021-00222.

18. Application for authorisation of maltogenic amylase produced by a genetically modified strain of Bacillus licheniformis
(strain NZYM-SD). EFSA-Q-2021-00138.

19. Application for authorisation of maltogenic amylase produced by a genetically modified strain of Bacillus licheniformis
(strain NZYM-FR). EFSA-Q-2021-00142.

20. Application for authorisation of maltogenic amylase produced by a genetically modified strain of Bacillus licheniformis
(strain NZYM CY). EFSA-Q-2021-00137.

21. Application for authorisation of Alpha-amylase from a genetically modified strain of Bacillus licheniformis (strain
NZYM-BC). EFSA-Q-2013-00685.

22. Application for authorisation of f-Galactosidase produced by a genetically modified strain of Bacillus licheniformis (strain
NZYM-BT). EFSA-Q-2015-00093.

23. Application for authorisation of Alpha-amylase produced by a genetically modified strain of Bacillus licheniformis (strain
NZYM-AY). EFSA-Q-2021-00292.

24. Application for authorisation of phosphoinositide phospholipase C produced by a genetically modified strain of Bacillus
licheniformis (strain NZYM DI). EFSA-Q-2021-00225.

25. Application for authorisation of Alpha-amylase produced by Bacillus licheniformis (strain T74). EFSA-Q-2022-00592.

26. Application for authorisation of Subtilisin produced by Bacillus licheniformis (strain NZYM-CX). EFSA-Q-2022-00545

27. Application for authorisation of Alpha-amylase from Bacillus licheniformis (strain NZYM-AC). EFSA-Q-2013-00586.

ABBREVIATIONS

WGS whole genome sequence

ANl Average nucleotide identity
dDDH digital DNA-DNA hybridisation
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