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Editorial

This issue of EUROREFERENCE is devoted to
microbiology surveillance networks in Europe. This
account is obviously not intended to be exhaustive,
but to demonstrate the usefulness of these networks
via a few examples.

You will find descriptions (in greater or lesser detail)
of the work of several such networks, in Belgium
(AMCRA: Center of expertise on Antimicrobial
Consumption and Resistance in Animals in
Belgium), Italy (Integrated veterinary networks for the
surveillance of zoonotic agents in Italy) and France
(Purpose and overview of results of the Vigimyc
Network for the epidemiological surveillance of
mycoplasmoses in ruminants in France; ACTEOLab-
Salmonella: a tool for monitoring salmonellae of non-
human origin), together with other European networks
such as the database on Listeria monocytogenes set
up by the EURL or the database on the genotypes
of the Mycobacterium tuberculosis complex, serving
a network that covers five continents. We have also
included an article about a network involving a private
company and a public university working together
on the large-scale genotyping of Clustered Regularly
Interspersed Short Palindromic Repeats (CRISPRs).

Lastly, the Point of View looks to the future,
emphasising the importance of the IMMEM-10
Meeting in the ongoing development of concepts
and techniques for the molecular characterisation
of bacteria and viruses for surveillance purposes.
The journal naturally keeps an eye on some highly
technical problems (see the video on Trichinella)
and regulatory issues (Methodological guide to the
implementation of a process for airborne surface
disinfection applied to containment areas).

We hope you enjoy this new issue!

The editorial team
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Genomic epidemiological typing of pathogens: feedback on the

IMMEM-10 Conference

Paul M. V. Martin' (paul.martin@ANSES.fr) & Sylvain Brisse?
1. ANSES, Laboratoire de Lyon, France
2. Institut Pasteur, Paris, France

The 10™ International Meeting on Microbial Epidemiological
Markers (IMMEM) was held at Institut Pasteur in Paris from 2
to 5 October 2013. The contents of the scientific
communications presented at the meeting were described in
detail in a recent publication (Brisse et al., 2014). More than
400 participants from 40 different countries attended the
meeting, which included 72 oral communications, 190 posters
and, of course, multiple opportunities for discussion between
sessions and during coffee breaks. The above show that this
conference, the 10t since the first event held in Brussels in
1987, has been a successful scientific meeting; but is was not
only that: the IMMEM-10 meeting will probably be considered
a turning point in the development and use of epidemiological
markers for pathogenic agents in public health. It has become
clear that there will be a before and an after IMMEM-10. Here
are the reasons why.

If we exclude the two welcome addresses, the general
introduction on challenges in public health surveillance and the
outstanding tribute paid to Mark Achtman and Brian Spratt, at
least 40 communications out of 67 (60%) concerned at least one
of the following key words: WGS (whole genome sequencing),
NGS/HTS (next generation sequencing, high-throughput
sequencing), pan-genome analysis, genome comparisons,
microbial genome (or whole genome) analysis, or ‘genome-
wide’. Several other communications implicitly referred to the
whole genome sequences of studied pathogens. The place
given to the use of whole genomes in public health is a true
landmark that we would like to highlight here.

A number of communications discussed the sequencing of
dozens or hundreds of genomes of the same bacterial species:
957 genomes of Clostridium difficile, 237 genomes of Shiga toxin-
producing Escherichia coli (STEC), 25 vancomycin-resistant
Enterococcus faecium, 111 uropathogenic Escherichia coli, etc.
Delegates from Public Health England (PHE) presented the first
results on sequences of 1500 strains of Salmonella: 1000 S.
Typhimurium, S. Typhi, and the most commonly found serovars
in 2012, and 500 strains of other serovars. The conclusion for
Salmonella was that there is no full congruence between the
serovars, the current standard epidemiological biomarkers, and
the results of WGS, confirming the results already obtained by
MLST (multi-locus sequence typing) (Achtman et al., 2012). It
would therefore be necessary to entirely rethink the current
epidemiological “classification” systems used in public health,
by inventing new nomenclatures. As was put somewhat
provocatively by Mark Achtman, in the near future we will have
to “forget our gels” and genomic epidemiology will gradually
replace “fingerprinting” methods.

These results, like those obtained for other bacterial species,
pose a recurring question: should the systematic use of these
new methods integrate data obtained over many decades
with typing methods that have become “conventional” today,
such as serotyping, MLST markers, PFGE (pulsed-field gel
electrophoresis) or MLVA (multiple-locus VNTR analysis)?
Although they now appear to be insufficient, traditional typing
methods have proven their effectiveness as microbiological
tools for use in public health.

It would not therefore be desirable, from a public health
decision-making standpoint, and for methodological reasons,
to loose the correspondence with molecular typing data
accumulated over more than a quarter of a century, and the
associated epidemiological knowledge on the spatial and
temporal distribution of strains and their preferential association
with various sources of infection. New data from WGS are
rapidly proving their value in public health, on the basis of
actual experience, during outbreaks or significant events
that affect pathogen population dynamics (spread of a high
pathogenicity clone, of a resistance plasmid, etc.). How can
we reconcile changing practices made possible and desirable
by high-throughput sequencing technologies without creating
a rupture with former practices, which would be damaging for
decision-making in public health? There are various solutions.
Two communications at the meeting showed that classic typing
data can still be integrated in the era of genomic epidemiology.
F.-X. Weill from the Institut Pasteur in Paris presented the use of
CRISPR markers (clustered regularly interspaced palindromic
repeats) and their application in Salmonella epidemiology. This
relatively new method can be used to perform simultaneous
typing and subtyping of all Salmonella in real time (Fabre et
al., 2012). Characterisation of spacer variability of CRISPR
markers is today a validated typing method for Salmonella.
The study of 150 strains of serovar Typhimurium showed that
the microevolution of spacers could be used to identify and
individualise many subtypes of this major serotype. Sequences
or presence/absence of these spacers, identifiable through
conventional methods in molecular epidemiology (including
the CRISPOL method using Luminex technology), are two
characteristics of strains that can easily be extracted from the
genome sequence.

In the same way MLST data, used as nomenclature reference
for bacterial clones can easily be deduced from genomic
sequences. Keith Jolley from the University of Oxford presented
the concept of gene-by-gene genomic epidemiology and the
bioinformatics tool associated with the Bacterial Isolates
Genome Sequence Database (BIGSdb), which extends the
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concept of the MLST method to the entire genome (Maiden
etal., 2013).

The system makes it possible to develop a database of bacterial
strains for each pathogenic species, in which the genomic
sequences and metadata associated with each strain are
stored. The BIGSdb system also contains a database that
defines, one by one, all the genes of the species (pan-genome).
It is then possible to define any combination of genes, called
schemes, useful for strain genotyping. Genotyping schemes
can include different numbers of genes, for example 7 genes
like in MLST schemes, or several thousands. This flexibility
enables the degree of discrimination of typing schemes to be
modulated based on specific needs: for example, a few dozen
genes may be sufficient to identify international clonal groups,
while the pan-genome may be needed to decrypt transmission
events during a localised outbreak. The BIGSdb system can
also be used to define schemes corresponding to groups of
genes of interest (virulence, resistance). Accessible via its web
interface, this system is a simple and fast tool for extracting
from genomic sequences, medically important data. Moreover,
this tool and other equivalent systems under development are
designed to enable each community of expert microbiologists
on a given pathogen to define algorithms that can be used to
establish the correspondence between the genome sequences
and traditional epidemiological markers (Jolley and Maiden,
2010).

These two examples show that we have entered a transition
period, rather than reaching a breaking point. This transition

French agency for food, environmental
and occupational health & safety
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towards pan-genomic molecular epidemiology will help
microbiologists working in the area of surveillance of
pathogens and outbreak control, to continue fulfilling public
health requirements. It can be expected that data from whole
sequences of isolates obtained during outbreaks and other
important events in public health will provide new knowledge
on the circulation of pathogenic agents and the epidemiology
of the diseases they cause.
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A CRISPR genotyping network in France and Europe:
A 5-year experiment for Research, Training and Global Health.

Christophe Sola' (christophe.sola@u-psud.fr), Guislaine Refrégier' et Michel Gomgnimbou'2.
1. Institut de génétique et microbiologie, équipe IGEPE et services de génotypage « Beads4Med », CNRS-université Paris-Sud, UMR8621,

Orsay, France.
2. Centre Muraz, Bobo-Dioulasso, Burkina Faso.

We created a partnership and laboratory networking initiative between a private industrial company, Luminex Corporation (TX),
and a public laboratory, Institut de Génétique et Microbiologie (IGM, UMR8621), for the development of high-throughput
microbead-based multiplexed technologies for public health, in relation to the growing interest in polymorphic genetic objects,
i.e. CRISPRs (Clustered Regularly Interspersed Short Palindromic Repeats). These loci are known to be useful for surveillance
and control of infectious bacterial diseases; we show how an initial focus on a respiratory disease, tuberculosis, led us to an

interest in food-borne pathogens and to new perspectives.

Keywords: CRISPR, multiplex, microbead-based hybridization, Legionella pneumophila, Salmonella enterica, Mycobacterium

tuberculosis.

Context and History of CRISPR research; typing
the Mycobacterium tuberculosiss

The first characterization of a CRISPR locus was made in E. coli
by Ishino et al. in 1987. At that time, the CRISPR acronym did
not exist; it was created in 2002 by Jansen et al. In 2004, a paper
by the CDC (Centers for Disease Control) in Atlanta described
the switch from 2D to 3D DNA chips technology for the
tuberculosis “spoligotyping” technique, developed in 1997 by
Kamerbeek et al. (Cowan et al. 2004). This genotyping technique
assays the diversity of the CRISPR locus in the M. tuberculosis
complex (MTBC) and remains one of the first-line genotyping
techniques used for molecular epidemiology of tuberculosis.
International spoligotyping database projects (SpolDB1 to
SpolDB4 and now SITVITWEB?) helped provide high visibility
for spoligotyping and enabled us to increase our knowledge
concerning both the phylogeographical population structure of
the MTBC and the evolution of CRISPR loci. There are now
around 840 published references with spoligotyping as a
keyword in PubMed.

MTBC, the agent of human and bovine tuberculosis,
harbours one unique and “frozen” CRISPR locus, with a
Direct Repeat (DR) of 36 bp with the consensus sequence:
5-GTCGTCAGACCCAAAACCCCGAGAGGGGACGGAAAC-3'.
A total of 94 spacers have been published, although only 68
were found to be specific to the MTBC and 26 were only found
in the M. canettii ecotype. AlImost no genetic variation within the
DR repeat was found.

Multiplex-bead-array assays (MBAA) are considered to be a
recent innovation, although single-cell analysis can be found
in the literature as far back as 1977. MBAA can be used both
for immunological and molecular ligands (Dunbar et al. 2006).
Multiplexing (defined as a quantitative assay of multiple
analytes simultaneously in small volumes of material) of up to
500 coloured bead types, each with its own spectral signature,
as well as lasers, microfluidics and bioinformatic innovations,

provide robust devices and equally robust results. The potential
cost- and time-savings when compared with single-plex
methods provide a strong incentive for the routine use of these
methods both in research and clinical laboratories. Indeed,
multiplexing technologies are to genetics what optical fibres are
to information technologies: a way to have multiple information
channels in a single pipe and to produce and transmit a deluge
of data. This amazing process should however of course be
complemented by data storage and data analysis processes
(e.g. by cloud computing and data-mining systems).

When creating the IGEPE team in 2007, the business development
unit of Luminex in the Netherlands (Luminex BV, Oosterhout)
helped us establish microbead-based flow cytometry in our
research team. The original team actually consisted of only
two people, but grew rapidly. No laboratory in Europe had
tried to reproduce the transfer of spoligotyping in bead-based
format; this first step had been done at the CDC as previously
mentioned, and Zhang et al. extended in our laboratory the
original 43-spacer spoligotyping format to a 68-spacer format,
which was shown later to be more efficient for achieving better
discrimination in M. bovis and South-East-Asian genotypes of
MTBC clinical isolates (Zhang et al. 2010, 2011).

With funding from the “Région lle-de-France” and technical
assistance from Luminex BV, we started to provide genotyping
services, training, and sales of microbead-based spoligotyping
services, and were also able to develop innovative non-
catalogue coupled microbead-based assays with the support
of a few customers in Europe (the RIVM in the Netherlands)
and especially in France (Inserm research team in Montpellier,
Bichat Hospital and National Reference Tuberculosis Centre in
Paris, ANSES teams). We trained dedicated staff within these
teams and looked at new ways of applying microbead-based
techniques to public health issues. Figure 1 shows a brief
chronology of method development over the last six years.

3. Spoligo-International Type, VNTR-International Type. http://www.pasteur-guadeloupe.fr:8081/SITVIT_ONLINE/.
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Figure 1. Brief chronology of the development of microbead-
based methods on Luminex platforms; since 2010, all methods
have been developed on both the Luminex 200® and on the
MagPix®. Black arrows: assays developed on the Luminex 200®;

red arrows: assays developed on the MagPix®.

The CRISPOL technique: Application of CRISPR
technique to Salmonella enterica

Among enterobacteriae, Salmonella enterica is a major food-
borne pathogen and is consequently of great economic
interest. For the time being, the identification of thousands of
serovars remains the gold standard though it is a tedious and
costly method. The initial serovar typing scheme goes back to
1934, but has been regularly updated, most recently in 2007.
Even if molecular genotyping methods (PFGE, MLST, MLVA),
databases and networks (PulseNet) are well implemented, there
is a need for more cost-effective methods. The recent E. coli
0104:H4 outbreak in Germany and France also pointed up the
need for an increased use of very discriminatory loci such as
CRISPR loci when responding to health crises.

An exhaustive analysis of the genetic diversity of CRISPR
loci in Salmonella was performed thanks to a huge CRISPR
loci sequencing operation on the historical collections of the
Enterobacteria laboratory at the Pasteur Institute, with the firm
commitment of its current director, Dr F.X. Weill, and the support
of the genomic and public health departments.

In Salmonella, there are two CRISPR loci, CRISPR1 and CRISPR2.
The CRISPR1 locus is located downstream from the iap gene,
whereas CRISPR2 is located upstream from the ygcF gene. The
DRs of both CRISPR loci are 29 bp long and have the consensus
sequence 5-CGGTTTATCCCCGCTGGCGCGGGGAACAC-3.
CRISPR analysis by PCR and sequencing of 783 strains
belonging to 130 serotypes revealed the presence of 3,800
spacers with a mean size of 32 bp (Fabre et al. 2012). The
spacer content was found to be correlated with both serotype
and multilocus sequence type (MLST). Furthermore, spacer
microevolution (duplication, triplication, loss or gain of spacers,

\J

presence of SNP variant spacers or VNTR variant spacers)
discriminated between subtypes within prevalent serotypes such
as Typhimurium (STM), the most prevalent serotype worldwide.
In eight genomes and 150 strains of serotype Typhimurium and
its monophasic 1,4,[5],12:i:- variant, 57 CRISPR1, 62 CRISPR2
alleles and 83 CRISPR1-CRISPR2 combined alleles were found.
Forty unique spacers (including four with variants, such as SNP
or VNTR variants) were identified in CRISPR1. Thirty-nine unique
spacers (including two with a SNP variant) were identified in
CRISPR2. Particular well-characterized populations, such as
multidrug-resistant DT104 isolates, African MDR ST313 isolates,
and DT2 isolates from pigeons, each had typical CRISPR alleles.
Based on this high polymorphism of the spacer contents, a
microbead-based liquid hybridization assay, CRISPOL (for
CRISPR polymorphism) has been developed. This assay targets
72 spacers identified previously.

The CRISPOL assay was patented by the Institut Pasteur, and
implemented in routine both at the Pasteur Institute and at the
ANSES laboratory (Fabre et al. 2012). It enables the identification
of emerging Salmonella enterica serovar Typhimurium
outbreaks almost in real time, using a new CT (CRISPOL type)
clone nomenclature. Our team contributed to the development,
implementation and optimization of this assay, and to the
optimization of the reagent production process, and is now
a supplier of quality-controlled coupled-microbeads to these
public health laboratories. Figure 2 describes the principles
and schematizes the CRISPOL technique.
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Figure 2. Description of all steps of the CRISPOL technique.
Contrary to MTBC, Salmonella has two CRISPR loci. A total of 72
spacer probes (including 4 SNP variants) are assessed during
this four-five hour method. The technique was implemented in
routine analysis and can detect outbreaks in the early stages for
a few Euros per assay. (Reproduced from Fabre et al. 2012 with

authorization.)

ion {1 h}

1. Pulsed Field Gel Electrophoresis
2. Multi-Locus sequence Typing
3. Multi-Locus VNTR Analysis
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Legionella pneumophila ST1/pulsotype Paris

and the LP-SPOL technique

Legionella pneumophila is a gram-negative facultative
intracellular pathogenic bacterium that was identified as the
infectious agent of Legionnaire’s Disease (LD) or Legionellosis
in 1977. Several species of the Legionella genus can cause
LD, but L. pneumophila is responsible for the major outbreaks
of LD and for more than ~90% of all identified clinical cases,
and L. pneumophila serogroup 1 accounts for ~85%. The
organism is quite ubiquitous in water environment, whether
natural or artificial water networks. Its pathogenicity is related
to pulmonary infections, mainly acute pneumonia, which can
be fatal in quite a large number of cases (29 fatal in 182 cases
in the first reported outbreak).

The reference method for studying the molecular epidemiology
of L. pneumophila is restriction enzyme analysis using pulse-
field gel electrophoresis (PFGE). This method, although
laborious, remains a reference even though sequence-based
typing (SBT), monoclonal antibody typing and more recently
MLVA (Multiple-locus Variable Number of Tandem Repeat
Analysis) have been developed. However such methods have
limitations in molecular epidemiological investigations due to
their lack of power of discrimination of certain strains and they
are tedious and slow.

In a previous study, Ginevra et al. showed that in certain cases,
some indistinguishable strains either by the STB or PFGE
methods, particularly within the L. pneumophila ST1/Paris
pulsotype, could be studied more efficiently using CRISPR, and
they developed a membrane-based spoligotyping method. The
purpose of our recent collaboration with the National Reference
Centre on Legionella was to transfer the previously-developed
membrane-based spoligotyping technique to the microbead-
based format. The Legionella direct repeat is a 37 bp repeat
with the following sequence:
5-CCAATAATCCCTCATCTAAAAATCCAACCACTGAAAC-3".
We recently successfully transferred the membrane-based
method to microbeads, both on Luminex 200® and on a
Magpix® device and are planning to launch an international
multicentric study. The method appears promising for tracking
certain specific clones of L. pneumophila (Gomgnimbou et al.
2014).

More sophisticated and integrated methods for
diagnosis and surveillance can be developed

In 2009-2010, our team became the French beta-tester site
of a new fluorescence imaging technology (MagPix®) that
eliminates most of the microfluidics systems as well as the
Laser technology used in flow cytometry. This technology
uses a magnet that attracts spreaded paramagnetic beads on
a surface, LED technology and a CCD camera, thus providing a
portable, bench or field device, with a reduced 50-plex format
and a slightly longer read-out time. In collaboration with other
teams (the Royal Tropical Institute in Amsterdam or KIT) or
by using in-house expertise, we developed more complex
assays that use SNPs and deletion typing to work on this
new platform, as well as other molecular biology strategies to
optimize the multiplexed assays. One first solution to facilitate
PCR multiplexing is to use the MLPA (Multiple Ligation-
dependent Probe Amplification) principle. MLPA is used very
successfully in human genetics and was applied to develop
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an assay on the MagPix, which simultaneously (i) identifies
MTBC species (MTBC versus non-tuberculosis mycobacteria),
(i) identifies drug-resistance genotypes, and (iii) allows sub-
species and even clade-level identification of genotypes based
on characteristics-SNPs and signatures (Bergval et al. 2012).
A second solution for performing such assays uses the DPO
principle (dual-priming oligonucleotides) to simultaneously
perform (i) spoligotyping and obtain a rifampin genetic
susceptibility profile of the most frequent drug-resistance
mutations or to simultaneously perform (ii) spoligotyping,
obtain a rifampin and isoniazid genetic susceptibility profile on
the most frequent mutations, with 90% sensitivity and 100%
specificity (Gomgnimbou et al. 2012, 2013). The first method
uses the direct assessment on positions 516, 526 and 531 of
the rpoB 81 bp Hot-Spot and indirect assessment on the other
positions of the rpoB gene due to “sloppy” molecular probes.
The second method adds the detection of katG 315 and inhA
-7 and -15 mutations, all mutations responsible for isoniazid
resistance. With this assay we can thus simultaneously detect
and track multi-drug-resistant tuberculosis bacilli transmission.
This last assay (TB-SPRINT) is currently being evaluated directly
on biological samples. Such an assay, if disseminated to well-
trained reference laboratories, could also change the way
drug-resistance surveys are regularly performed in developing
countries with high TB prevalence, with greater efficiency and
lower costs.

Outlook for CRISPR typing on new models or new
technologies

Spoligotyping could soon become a generic method, since
polymorphic CRISPR regions are described at an increased pace
and for more and more pathogens such as Corynebacterium
diphteriae, Lactobacilliand Streptococci. Spoligotyping is widely
accepted internationally as a first-line method for genotyping
MTBC for molecular epidemiological studies and for enhancing
our understanding of the global phylogeographical structure
of the M. tuberculosis bacilli population. When associated
with drug-resistance gene mutations, it now provides a
unique laboratory method for tracking the spread of MDR-TB,
easier to analyze than Whole-Genome Sequencing and Next-
Generation Sequencing (WGS/NGS). The possibility of running
spoligotyping on flow cytometers or fluorescence imaging
devices offers a number of advantages. These microbead-
based systems are high-throughput, thus allowing faster flows
and a better standardization of assays, making it easier to
develop and implement these techniques. These systems are
cost-effective, and well suited for use in routine analysis and for
the surveillance and control of infectious diseases. Such typing
systems, which can detect variations in CRISPR content, are
dependent on the rate of spacer turnover and/or acquisition, a
process that is strongly dependent on phage challenges and
hence on environmental conditions.

It is too early to predict whether CRISPR-based methods will
gain wide acceptance at a time when WGS/NGS and Mass
Spectrometry are tending to become the preferences of clinical
and public health microbiologists. It is certain that the price
per sample, the possibility of fully automating technological
platforms, and the user-friendliness of data processing and
results management software applications will play a key role
in the success or failure of CRISPR-based methods. Quality
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controlled, niche assays (non-Luminex catalogue), that may
only be run once or twice a year for very specific purposes on
these devices, are unlikely to find a market unless an adequate
ecosystem of many multiplexed techniques is specifically
developed. This is the mission and vision of the IGEPE team and
of “Beads4Med” genotyping services, to serve public health
laboratories by expanding our activities through the sustained,
partner-based, realistic but ambitious development of our
products and services portfolio for European and world-wide
public health issues.
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Introduction

It is estimated that approximately 60% of emergent or re-
emergent human diseases are zoonoses' (diseases which
animals can transmit to humans and vice versa). Due to
the widespread distribution of affected animal species??,
effective prevention methods, reliable controls and heightened
surveillance of zoonotic diseases are essential. One zoonotic
disease, trichinellosis, constitutes a major public health issue
worldwide since there is no curative treatment for it. The
availability of an effective system for detecting trichinellosis-
positive carcasses prior to consumption is therefore crucial.

Trichinellosis

Trichinellosis is a globally distributed zoonosis caused by
consumption of raw or undercooked meat infected with
Trichinella spp. muscle larvae. This pathogen is a nematode
(roundworm) parasite with an infectious stage located in the
striated muscle cells of its host (Figure 1). Trichinella is able to
infect all monogastric mammals (in particular pigs, wild boars
and horses) and some raptors or detritivore birds and reptiles.

Figure 1 : Trichinella spiralis muscle larvae

http://vimeo.com/user16014309/methodetrichinella

« lllustration d’une méthode de détection de Trichinella
dans les viandes»

«Implementation and critical points of a Trichinella detection
method in meat : artificial digestion and microscopic

examination (reference method according to the UE regulation
n° 2075/2005).»

Worldwide, the number of people contaminated by Trichinella
is estimated at 11 million* and each year approximately
10 000 new infections occur®.

Trichinellosis is an asymptomatic disease in animals, but in
humans it is characterised by a painful presentation (diarrhoea,
fever, facial oedema, muscle pain and nervous signs) for which
there is no effective curative treatment. Contamination by
Trichinella larvae can lead to sometimes irreversible sequelae
and in very rare cases to death. Thus, inspection of carcasses
for Trichinella at the slaughterhouse is a key regulatory measure
for collective control. In France, these analyses are performed
on carcasses of species susceptible to Trichinella infection
(pigs, wild boars, horses) by official laboratories approved by
the Ministry of Agriculture.
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The detection method in meat

The reference method on the date of online publication of this
video (June 2014) is the artificial digestion of blended muscle
samples. This method is described in Commission Regulation
(EC) No 2075/2005 of 5 December 2005 (Annex |, Chapter I),
amended by Regulation (EC) No 1245/2007 dated 24 October
2007. It consists in artificial digestion of muscle samples in
order to release and then detect by microscopy any Trichinella
larvae present. Although the test’s principle is simple, its
implementation is fully manual and cannot be automated.
The performance of the method therefore mainly relies on the
technical expertise of the analyst. Furthermore, there is no
possibility of including any internal positive or negative controls
during the test. Maintaining a high level of technical expertise,
especially by training analysts to master the critical points of the
method, is therefore essential to ensure the quality of results.

A new tool to supplement the training of
Trichinellosis screening analysts

To this end, the French National Reference Laboratory for
Foodborne Parasites (ANSES, Maisons-Alfort Laboratory
for Animal Health, France) has created a video to present a
technical operating procedure for the artificial digestion method,
highlighting critical points. This video can specifically be used
as one of the tools for primary and continuous technical training
of analysts performing the artificial digestion method.

(3

1. This video is intended only as an illustration of an operating
procedure for detecting Trichinella muscle larvae by artificial
digestion in accordance with the reference method described
in Commission Regulation (EC) No 2075/2005 of 5 December
2005 (Annex I, Chapter ), amended by Regulation (EC) No
1245/2007 dated 24 October 2007. This video has no legislative
or regulatory value; laboratories must refer to current regulations
fo obtain the text for the method to be applied. ANSES shall in
no way be held liable for damages of any kind for a laboratory
resulting from analyses performed as per the method described
in this video, particularly if, in doing so, the laboratory deviated
from rules applicable on the date of the analysis.

2. This video is the property of ANSES. It is protected by
international conventions on industrial, literary and artistic
property rights currently in force, and by legislative and regulatory
provisions in effect in France. Reusing this video is subject to
compliance with the rules stipulated in the “Legal Information”
section of the ANSES website
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uide to the implementation of a process

for airborne surface disinfection applied to containment areas
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Introduction

Microbiology laboratories are nowadays subject to strict
security constraints designed to protect workers, the public
and the environment. In particular, public health concerns
related to the toxicity of formaldehyde, used as an airborne
surface-disinfection (ASD) agent, have led to the development
of alternative processes whose use and efficacy are not always
well controlled. Knowledge of the basic principles of ASD and
broad user experience are of crucial importance for maintaining
biosafety in laboratories. Consequently, ANSES’s Committee
for the Control of Laboratory Biorisks (CMRBL) decided to
compile a guide on all the information available in this area
that could help the user select an ASD process. Note that the
disinfection techniques covered in this guide relate exclusively
to automatic disinfection process , without human presence.
This guide reviews the key principles of ASD use, presents the
main applicable regulations and standards relating to it, and
provides users with practical advice for implementing ASD.

General information on airborne surface-
disinfection processes

With regard to the aims of this guide, ASD can be defined as “an
operation with a temporary result that reduces contamination
of inert environments or surfaces by micro-organisms to an
acceptable level, depending on the objectives set by the risk
assessment”.

This operation is performed by means of an automatic process,
whose active ingredients are chemical agents in gaseous or
mist form. It is intended for disinfecting surfaces in a given
volume, regardless of their orientation. Because of the toxicity
of the disinfectants used, this type of process is essentially
implemented in a laboratory, strictly in the absence of any
human presence. This operation, which is especially vital to the
operation of Biosafety Level 3 (BSL3) laboratories, is justified
prior to periodic maintenance of the room, and also prior to
moving a device outside the containment area, before in situ
maintenance of a contaminated device or system, or after
accidental release of infectious material.

European regulations

Products used for ASD are defined as “biocidal” products
under the European Biocides Directive, 98/8/EC. The European
Union has established a regulatory framework for the marketing
of biocidal products to ensure a high level of protection for
humans, animals and the environment. Since 1 September
2013, implementation of this Directive has been subject to
Regulation (EU) no. 528/2012 of 22 May 2012, which consists
of two steps:

- an assessment of biocidal active substances, that may or
may not result in their inclusion on a European positive list;
-an assessment of products that contain the active
substance(s), with a view to obtaining national or European
marketing authorisation (MA) that meets common
requirements at European level.
Among the 22 product types (PT) covered by the European
regulation, in the scope targeted by this regulation, biocidal
products used for ASD fall into category PT2. Fullimplementation
of this regulation involves a transitional period that currently
requires manufacturers to declare their products and processes
to the Ministry of Ecology.

French regulations

The above-mentioned Biocides Directive has been transposed
into French law in Articles R 522-1 to 522-47 of the French
Environment Code. In addition, the Decree of 19 May 2004
defines the conditions relating to control of the marketing of
biocidal active substances and marketing authorisation for
biocidal products. The French National Agency for Medicines
and Health Products Safety (ANSM) has been entrusted with
monitoring the market for ASD processes in accordance
with Article L.3114-1 of the French Public Health Code
(CSP), which stipulates that “when it is necessary due to
either the transmissible nature of infections of people being
accommodated, treated or transported, or the risk factors for
acquiring infections by people admitted to these premises
or transported in these vehicles, biocidal products must be
used to disinfect: 1) premises receiving or accommodating
patients and those where medical, paramedical or veterinary
treatments are given; 2) vehicles used for medical transport or
for transporting bodies; 3) premises and vehicles exposed to
the micro-organisms and toxins mentioned in Article L.5139-1
of the Public Health Code (Decree of 30 April 2012 establishing
the list of micro-organisms and toxins).”

Since 2007, the French government has regularly published
decrees leading to bans on biocidal substances. These bans
must be linked to a given product type, and result in the suppliers
withdrawing these products for a specific use. In fact, for the
ASD processes covered by the ANSM’s market surveillance,
these bans now only concern the hospital sector. In addition,
the user must choose from the products and processes that are
on the market according to the specificities and constraints of
the laboratory(ies) for which they are intended.

European and French standards

With regard to the claims declared by the manufacturers, in
terms of efficacy, each product granted an MA must meet
the requirements described in some or all of the following
standards, taking into account, where appropriate, additional
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requirements according to their specificities. Examples include
the following standards:

- NF EN 14348 for mycobactericidal activity;

- NF EN 14476 and NF EN 14675 for virucidal activity;

- EN 1650 and EN 1657 for fungicidal activity;

- EN 1276 and EN 1656 for bactericidal activity;
It should be noted that this list is not exhaustive and is constantly
evolving. The Afnor website can be consulted for updated
information. For the ASD processes targeted by this guide, the
French standard NF T 72-281 (2009) proposes a method for
determining bactericidal, fungicidal, yeasticidal and sporicidal
activity for ASD processes. It applies to automatic and manual
processes, non-pressurised (spray type) or pressurised (limited
to 10 bars). In early 2011, this method was proposed at European
level and discussions are underway on a future European
standardisation by the European Committee for Standardization
(CEN/TC 216: “Methods of airborne disinfection of surfaces -
Determination of bactericidal, fungicidal, yeasticidal, sporicidal
and virucidal activity”). As part of the next revision of the
French NF T 72-281 Standard, a chapter on the determination
of virucidal activity will be included.

Focus on the use of formaldehyde and its derivatives
in ASD with regard to the regulations

The provisions of Decree No. 2001-97 of 1 February 2001
establishing the specific rules for the prevention of carcinogenic,
mutagenic or reprotoxic (CMR) risks and amending the French
Labour Code apply to formaldehyde and any preparation
containing more than 0.1% of formaldehyde. The Decree of 13
July 2006 (amending the Decree of 5 January 1993 establishing
the list of carcinogenic substances, preparations and processes
within the meaning of the second paragraph of Article R.231-56
of the French Labour Code) includes formaldehyde. Although
formaldehyde is still authorised under PT2, this French (and
perhaps future European) position led to work being reinitiated
on seeking alternatives to formaldehyde. In fact, formaldehyde
is classified as a Group 1 carcinogen by the International
Agency for Research on Cancer (IARC) and as a Category 3
carcinogen with the risk phrase R40 (“Limited evidence of a
carcinogenic effect”) in the European classification.

Principles of airborne surface disinfection

ASD involves applying a biocidal product to surfaces, using air
as the diffusion vector. The aim of this method is to disinfect
surfaces (equipment, walls, floors) by emitting a biocidal product
into the atmosphere using an automated dispersion device. It
is important to emphasise that this process only applies to the
disinfection of surfaces and cannot under any circumstances
be applied to directly disinfect the air. The device should diffuse
the biocidal product in such a way that it comes into contact
with all the surfaces in the room to be disinfected. At least three
types of dispersion device are currently available on the market
and are based on the following processes:

- Nebulisation: droplet size is less than 5 um;

- Spraying: droplet size ranges from 10 to 50 ym;

- Flash evaporation: the heated biocidal product (e.g.
hydrogen peroxide) vaporises and is drawn by an airstream
into the room to be disinfected.

The level of efficacy of the biocidal products will depend on the
diffusion process that is selected. Consequently, the efficacy
assessment, as well as the laboratory validation of a process,
apply only to an inseparable “device/product” combination.

7

Preparation of the room
The preparation of the room to be disinfected is an important
preliminary step that should not be neglected. Inadequate
preparation could otherwise lead to non-compliant disinfection
results or degradation of equipment. This phase includes:

- cleaning and bio-cleaning;

- protecting sensitive devices;

- opening doors and drawers in furniture;

- installing disinfection equipment;

- verifying that it is in working order;

- configuring the air handling unit (AHU);

- verifying that the room is sealed;

- positioning biological (Bls) and chemical indicators.

The various phases of ASD
An ASD cycle can theoretically be broken down into four
successive phases that can be adapted as needed:

-the pre-treatment phase during which the correct
environmental conditions (temperature and humidity) are
obtained in the room to be disinfected, in order to optimise
the efficacy of the treatment. This optional phase is
dependent on the chosen process;

- the phase of dispersion of the disinfectant by the device in
the room to be disinfected;

- the phase of contact between the product and the surfaces
to be disinfected;

- the aeration phase intended to remove the disinfectant
before operators can re-enter the room. Environmental
verifications may be considered in order to better determine
how long the room will be unavailable, for ensuring safety
of personnel. The maximum exposure limits (MEL) for each
product must be known.

Dispersion time, contact time and particle size

of the disinfectant droplets

The dispersion and contact times for the biocidal product with
the surfaces to be disinfected are parameters to be considered
closely:

- dispersion time is the period needed to reach the target
concentration of the product on the surface to be disinfected,
in a given volume;

- the contact time of the product with the surfaces to be
disinfected is the duration needed to achieve the expected
biocidal efficacy.

The automated devices diffuse the biocidal products either as
a gas or in the form of microdroplets. Concerning the size of
these microdroplets, a relationship has been established with
their settling times. The example given in Table 1 concerns a
room left undisturbed and clearly demonstrates that the smaller
the droplets’ diameter, the greater their stability in the air.

Table 1. Relationship between biocide droplet size
and settling time
Droplet diameter 0,5 ym

41h

1pm
12h

3um
1.5h

10 pm 100 pm

Settling time 8 min 5 sec

It is also important to note that the particle size of the droplets
is dependent on the viscosity of the products. Thus, for the
same process, two products of different viscosity will produce
droplets of different size. Finally, the efficacy of ASD is
dependent on the stability in air of the biocidal product, which,
in order to maintain its biocidal power, must remain chemically



a2 7OReference anses

French agency for food, environmental
and occupational health & safety

smmer2012_ JOUrNal No.,

stable for a sufficiently long period. A trade-off must be found
between the product’s chemical stability to obtain optimal
biocidal activity and its rapid post-disinfection degradation to
prevent it persisting on surfaces, which is both hazardous to
personnel and harmful to facilities. Therefore it is important
to obtain precise information from the supplier of the process
(device/product combination) about the size of the droplets,
their propulsion speed in the air, or the maximum distance
reached by these droplets under normal operation in a room left
undisturbed, as well as the duration of the product’s chemical
stability.

Compatibility of the disinfectant with the materials

In a laboratory, the facilities and equipment are composed of
a wide variety of materials. In addition, new equipment can be
regularly introduced and new layouts arranged. It is important
to ensure that the surfaces to be disinfected are compatible
with the selected product. Therefore, it is necessary to obtain
information from the manufacturer about the product’s
corrosive power and its compatibility with the target surfaces
to be disinfected. This is because many of the available

Table 2. Example of biocidal products used for ASD

Product | Forms | Conditions of use
Formaldehyde Liquid 3% 10 10%
41010 g/m3
Formaldeh
ormaldehyde Gas 18 - 22°C and 70% chumidité
2%
lutaraldeh Liqui
Glutaraldehyde iquid Optimal pH: 8
Chlorine derivatives:
Sodium hypachlorite,
Sodium Liquid Optimal pH: 6-7
dichloroisocyanurate,
Chloramine T
Chlorine dioxide Gas Soluble in water
. - Relatively unstable:
Peracetic acid Liquid decreases by 0.4% per month
Useable from 5 to about 35%.
Hydrogen peroxide Gas Liquid Relatively unstable.
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products are highly acidic and/or oxidising (Table 2). Given
these characteristics, users should be aware that excessive
condensation promotes the corrosion of many materials.

Authorisation of personnel and maintenance of the
disinfection process

Laboratory operators need to be authorised to use, maintain
and verify the disinfection process. Regarding the process,
before it can be implemented, it is important to obtain precise
information on its maintenance, upkeep and appropriate
verifications. On some types of complex equipment, it may be
necessary to establish a maintenance contract.

Criteria for selecting an ASD process

The ultimate objective when selecting an ASD process is to
obtain microbicidal efficacy against the strains used in the
laboratory. The microbicidal efficacy of the device/product
combination should be assessed under the conditions of use
specified by the manufacturer. This efficacy with regard to the
known targets handled in the laboratory can be measured
through biological indicators selected as being representative,

Advantages | Disadvantages

Broad spectrum of activity Highly irritating, toxic

mutagenic, carcinogenic by
inhalation
Broad spectrum of activity

Irritant, toxic to the skin and
respiratory tract.

Activity greatly reduced in the
presence of soiling.

Broad spectrum of activity

Aggressive.
Toxic disinfection by-products.

Activity reduced in the
presence of soiling

Broad spectrum of activity

Broad spectrum of activity,

Unlike hydrogen peroxide gas, it can tolerate a
wide range of temperature and humidity

Produced in situ, corrosive

Active at low concentrations in the presence
of organic and inorganic soiling.

Good candidate to destroy biofilms

Irritating to eyes and
respiratory tract.

Depending on the procedure,
may require humidity to be
controlled at a low level.

Some devices are expensive.

In fumigation: faster and safer than
formaldehyde.

More stable than peracetic acid.
Greater activity in the gas/liquid form
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in terms of resistance of the micro-organisms handled by the
laboratory. These biological indicators can then be used to
validate the ASD process.

Criteria of the device/product combination
The correspondence between the device's power to diffuse
the biocidal product and the volumes to be treated must be
assessed. The upper and lower limits to the volume that can
be treated by the device must be specified by the supplier.
The microbicidal efficacy must be assessed for the device/
product combination, under the conditions of use specified by
the manufacturer. For this reason, it is important to obtain from
the manufacturer full test reports that must be consistent with
the claims and conditions of application. If the manufacturer
makes any technical changes to the device (e.g. changes to
the nozzle, pump, etc.), it must provide updated test reports. In
terms of performance, the minimum log10 reductions expected
by the manufacturers, according to the NF T 72-281 (2009)
Standard, must be greater than or equal to, respectively:

- 5 log for bactericidal activity;

- 4 log for fungicidal activity;

- 3 log for sporicidal activity;

- for virucidal activity, if the falls in titres from the other

European standards are used, this is set at a minimum of 4.

In addition to these levels of requirements specified by the
standards, each laboratory should consider whether to adapt
these performance levels to the risks associated with the
biological agents handled.

Laboratory criteria

The room may be more or less complex in shape and have a
varying degree of partitioning. Furthermore, the internal space
may differ greatly, not only from one room to another but also in
the same room, from one period to another and thus from one
disinfection operation to another. Consequently, during the initial
validation of the ASD application conditions described in the next
section, and then during successive disinfection operations, a
review of rooms and equipment is recommended in order to
determine any changes and assess their potential impact. To
promote air circulation for better diffusion of the disinfectant in
the most inaccessible areas, aeraulic disinfection bypasses and/
or fans carefully positioned in the TWRs may be used. Users
must be especially vigilant to the risk of diffusion outside the
room to be treated, given the toxicity of the biocidal product.

Procedure for validating an ASD process

ASD must be systematically validated (biological qualification)
to ensure the efficacy of the process. It must undergo an initial
validation before being used routinely.

It is important that operators and managers of the operation
be qualified to apply and verify ASD, and to decide whether
it is compliant. As each laboratory has its own organisation
and configuration, it is difficult to see how this phase could be
standardised. Only the main principles will be presented here.

Initial validation procedure

Initial validation involves ensuring that ASD is suitable for
the room and the activities concerned, and that it meets the
requirements set. It is a prerequisite to allowing a containment
laboratory to become operational, and guarantees that, when
used routinely, the process will be optimal. Therefore, this
procedure must be validated, documented and formalised. All
the critical parameters (temperature, humidity, time, etc.) should
be verified and if possible recorded continuously throughout the

7

ASD. Any changes to the layout of the room must be assessed
with a view to possibly reconsidering the initial validation
procedure. The initial validation phase includes a detailed plan
of the containment laboratory specifying:

- the choice of biological indicators (Bls);

- the plan for positioning Bls;

- the plan for positioning chemical indicators, if necessary

and if available;
- the plan for positioning ASD devices and fans, if necessary.

Choice of biological indicators

The choice of Bls is crucial because it is proof of the microbicidal
efficacy of the process implemented. Among the biological
criteria for selecting these indicators, the following should be
taken into account:

- the nature of the micro-organisms to be tested that will be
used as Bls;

- the nature of the medium on which these test micro-
organisms are deposited;

- the possible presence of interfering material.

Regarding the choice of micro-organism, the microbicidal
activity of the device/product combination should ideally be
tested on the micro-organisms actually used in the laboratory.
However, some micro-organisms cannot be tested because of
their high pathogenicity and/or for technical reasons (this is
the case with viruses, for instance). In this case, a literature
review is needed to find representative micro-organism(s) from
among non-pathogenic representatives of the same family,
or for reasons of safety, highly resistant micro-organisms
should be chosen whose resistance covers that of a very wide
range of micro-organisms. For information, suppliers typically
recommend using Geobacillus stearothermophilus and Bacillus
atropheus as Bls. These two micro-organisms have long been
used to test sterilisation methods using moist or dry heat.
However, the use of commercial Bls occasionally has certain
disadvantages:

- the preparation method for commercial Bls (drying on
medium from spore suspensions placed in aqueous or
alcoholic solutions) is not always representative of the target
micro-organisms (such as viruses) that may be included in
complex environments (culture media, excretions, biological
fluids, faeces, etc.) likely to interfere with the disinfectants
and reduce their efficacy;

- following the ASD operation, when the strips containing
these Bls are returned to culture, they may contain residual
disinfectant likely to inhibit germination and growth of
vegetative forms.

The chosen solution could then be for the laboratory to
manufacture its own biological indicators. Regarding virucidal
activity, the limits inherent to some Bls should be taken into
account (varying loss of viral titre on drying, difficulty producing
a sufficiently large viral stock, no cell line for production and
titration of virus, etc.). Selection of biological indicators,
whether they are commercial or in-house, must also take into
account the nature of the medium for the micro-organisms:
the medium on which the Bl is deposited should not interfere
with the disinfectant. The medium used is normally made
of stainless steel, or glass or plexiglass slides. It should not
promote excessive adsorption of the disinfectant, which could
inhibit the culture of the Bls. The last parameter to be taken into
account in the choice of Bls, which would enable the efficacy
of the chosen ASD process to be validated, is the presence of
interfering materials. Indeed, in some cases, such as in facilities
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holding large animals or autopsy rooms, the microbicidal activity
should be tested in “dirty” conditions. This is because there is
interference between disinfectants with high chemical reactivity
(oxidants, aldehydes, peracids, quaternary ammonium, etc.)
and various organic media that can contain micro-organisms.
For this reason, it is necessary to deposit the Bls on a strip
containing an organic medium representative of the organic
materials (secretions, excretions, faeces, blood, etc.) of interest
to the operator. Usually this means using semi-skimmed milk at
1/20 dilution, 1% albumin or 1% yeast extract.

Once the choice of Bl has been made, the ASD will be validated
by calculating the reduction factor in the microbial population.
This reduction is assessed by comparison with a Bl that has not
been exposed to the decontaminant. When using dehydrated
Bls, it should be noted that during drying, 1 to 3 log losses
of titres are not uncommon. The media may contain residual
disinfectant that must be neutralised to avoid inhibition of micro-
organism growth or a toxic effect on the cell system. In the latter
case, gel filtration could be considered. Ideally, the process
should be carried out three times to ensure reproducibility of
results and that the results from the Bls meet the established
compliance criteria. When the results are unsatisfactory, an
analysis should be carried out to determine why the Bls were
not completely inactivated. The following questions should be
asked: is it related to a failure of performance by the process
or the way it was applied? Is it related to a difference in the
resistance of the Bls from one batch to another?

Plan for positioning biological indicators

This must be established taking into account the volume of
the room, its shape, available space, MSCs, incubators and
refrigerators, levels, specific critical areas, etc. Indicators
should be positioned horizontally and vertically, in such a way
that both sides of the strip can come into contact with the
biocide. They should be placed in the parts of the laboratory
most inaccessible to the product.

9,

Plan for positioning chemical indicators

Where available, chemical indicators for detecting the presence
of the decontaminating product should be used and positioned
in the least accessible places in order to detect any possible
heterogeneity in the decontaminating treatment.

Plan for positioning ASD devices and fans if
necessary

This positioning plan should display the list of the devices
used (name, serial numbers) to ensure that they are always
positioned in the same place during routine ASD.

Routine checks

Each time ASD is implemented, it must undergo biological
qualification. However, for routine use, it is no longer necessary
to place the Bls in the most inaccessible places, they may be
limited to critical areas where contamination is most common
(handling areas, incubators, refrigerators, storage areas, areas
of personnel traffic, etc.). This routine checking phase assumes
that nothing has changed since the initial validation (no
modification to the ASD process during upkeep or maintenance
- no rearrangement of the room - no new micro-organisms
handled in the laboratory, etc.). If this was not the case, the
initial validation operation should be repeated. A fundamental
point is verification of the compliance criteria for the disinfection
cycle, which must be fully consistent with those used in the
initial validation. This is why it is important that the temperature
and humidity parameters be systematically recorded.
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Practical guidelines for the implementation of the ASD procedure
This section offers a set of practical guidelines for the implementation of ASD. This list, based on the experience and discussions
of the CMRBL, is not exhaustive.

Preparatory phase
During the preparatory phase, entering and leaving the BSL3 area shall be in accordance with the usual work procedures.

Tidying and
removing clutter

Sealing doors

Protecting
equipment that
must not be
decontaminated

Preparing
materials and
equipment

Surface cleaning

Waste disposal

Putting up signs

Positioning
biological and
chemical
indicators

Putting ASD
devices in place

Putting fans in
place

Sealing the
entrance door

People involved

Description

Put all equipment away in its place, if possible in cupboards or drawers.
Remove paper and cardboard as well as small consumables not wrapped in double packaging.
Empty water baths.

Seal exterior doors (interlocking security doors for equipment and personnel) with adhesive tape, if they do not have
inflatable seals, to prevent micro-leakage.

Use hermetic packaging to protect equipment that must not be decontaminated and that will therefore not be accessible
while the laboratory is open (e.g. microscope, computer equipment, etc.).

Tape the doors of chambers containing biological material to prevent access. If possible, lock these chambers with keys or

protection bars. Personnel with BSL3

authorisation and trained

in disinfection
To enable the decontaminant to come into contact with all areas, open cupboards, drawers, furniture under lab benches (if

empty), incubators, centrifuges, etc.

If it is compatible with the decontaminant, switch on the containment equipment (MSC, insulators, ventilated cabinets,
ventilated rack) to ensure that the product passes through the filters.
If the containment equipment is not compatible with the decontaminant, consider disinfecting the filters separately.

Please note that switching on the containment equipment may also have an adverse affect on the product’s diffusion in the
room.

Thoroughly clean all surfaces (lab benches, worktops, MSC, incubators, etc.) using the detergent/disinfectant normally
used for cleaning surfaces in the laboratory.

Personnel with BSL3
authorisation and trained
in the use of incubators

Take out all of the waste bins (after tidying, removing clutter and cleaning) and autoclave them. Remove liquid waste
(water from incubators, water baths, etc.) either by autoclaving (liquid cycle) or via the effluent treatment plant by pouring
them in the sink.

Display a sign on freezers, refrigerators and non-decontaminated equipment: “Do not open/use”.
Display a sign at the laboratory entrance explaining that entry is prohibited during the disinfection phase.

Prepare the indicators and position them according to the validated procedure.
The number of Bls will depend on the volume of the room to be disinfected (usually between 3 and 5 for 10 m?).

Personnel with BSL3
authorisation and
responsible for application
of the disinfection
procedure

Check beforehand that the ASD devices are in working order.

The ASD devices should be positioned according to the volume to be treated and the available space in the room.
If possible, arrange them so they are visible from the outside in order to be able to check their operation.

Check that the volume of decontaminant is adequate for the disinfection cycle.

If the laboratory is not equipped with a disinfection “bypass”, use fans to improve the diffusion of the disinfectant: note
that they must be arranged as validated and described in the disinfection procedure.

Leave the area to be disinfected and tape the entrance door giving access to the area.

Disinfection phase
Once the operators are out of the room, the disinfection phase can begin. It is then necessary to switch off or bypass the ventilation

system.

The ASD device will then operate for the time that was previously defined during the initial validation phase. When the contact time
has elapsed, the ventilation system is restarted.
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Post-disinfection phase

J

At this stage, when entering the laboratory, the operator must wear the normal PPE.

Ventilation time

Description

People involved

Generally 2 to 5 hours but depends on the product and process used. It is preferable to speak of air
renewal rate. Each decontaminant manufacturer provides guidance in Volume/h.

Measurement of the residual concentration of the disinfectant in the air by means of test tubes and/

Verifying that there is no  Or @ measuring device.

Personnel with BSL3 authorisation and
responsible for the disinfection
procedure

remaining disinfectant  Measurement of the concentration of disinfectant must give a result consistent with the
requirements of the product’s safety data sheet.
. ) Recover the Bls and culture them; this operation is performed in the BSL3 laboratory.
l';f."s'},?;ggig;f G 6 Remove the stoppered test tubes after surface disinfection and incubate.

Check BI growth in the tubes daily for at least 5 days.

Validating the disinfection

Disiifecnonicertcate inspections and maintenance.

Authorisation to reopen
the laboratory

Protection and safety of personnel

Produce a disinfection certificate that can be given to all companies working in the BSL3 for

Remove the signs prohibiting entry to the containment area.

Disinfection can be validated if the Bls most exposed to the disinfectant remain negative after the
required culture time and the chemical indicators are positive.

Laboratory manager + person in charge
of the facility and of risk management
+ Laboratory director

Personnel with BSL3 and disinfection
procedure authorisation

Type of protection

Protection against biological risks: PPE normally used in the BSL3 laboratory.

Put up the “disinfection in progress” signs.

Safety instructions

Follow the instructions relating to lone workers: a LWP system must be worn or mandatory presence of 2 people inside

and one person outside who can intervene in an emergency.

Disinfection initiation phase

Type of protection

Safety instructions

Disinfection verification phase

Type of protection

Safety instructions

Conclusion

Disinfection of surfaces in a containment laboratory is a
complicated yet important operation, both for the safety of
users and for the laboratory environment. It must be carried
out meticulously and methodically, with the aim of achieving
zero contamination risk. Given the many parameters involved
in this operation, we have seen that there is no universal
process or method. Only a very good knowledge of the

Description

To start the device: normal PPE but with a protective mask against chemical contamination fitted with a chemical filter
suitable for the disinfectant used (e.g. single-cartridge gas mask with panoramic visor and chemical filter).

Work in pairs monitored from the outside by at least one person who can intervene if necessary.

PPE suitable for the biological risk and chemical mask suitable for the disinfectant used (see above).

Work in pairs monitored from the outside by at least one person who can intervene if necessary.

situation of the laboratory concerned and its operation, along
with the training of qualified personnel, will guarantee the
success of the operation. Carrying out an ASD operation is
relatively onerous and expensive. Therefore, once it has been
validated, we recommend writing down the entire protocol in
detail to ensure that the operation can easily be reproduced.
Document traceability is important because it is often an aid to
reconstruction of events in case of an incident.
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Definitions and acronyms

A3 animal housing: Biocontainment level 3 animal housing in
accordance with the Decree of 16/07/2007

Aerosol: Suspension of solid or liquid particles in a gas with a negligible
settling rate

Afnor: French Standards Institute
AHU: Air handling unit

ANSES: French Agency for Food, Environmental and Occupational
Health & Safety

ANSM: French National Agency for Medicines and Health Products
Safety

ASD - Airborne Surface Disinfection: operation with
a temporary result that reduces contamination of inert
environments or surfaces by micro-organisms to an acceptable
level, depending on the objectives set by the risk assessment.
This operation, performed by means of a process whose active
ingredients are chemical agents in gaseous or mist form, is intended for
disinfecting surfaces in a given volume, regardless of their orientation.

Automatic disinfection process: Process that diffuses a substance
in gaseous or mist form, solid or liquid, from an emitting source, without
human presence.

BI: Biological indicator

Biocide: Preparations containing one or more biocidal active
substances presented in the form in which they are delivered to the
user, and intended to destroy, deter, or render pests harmless, to
prevent their action or to combat them in any other way, by chemical
or biological action. A disinfectant used for ASD is a biocide.
Bio-cleaning: Operation that combines cleaning and disinfection
Biological agents: Micro-organisms, including those obtained
by genetic engineering, cell culture and endoparasites, whether
pathogenic or not.

Biological pathogens: Biological agents capable of causing infection,
allergy or toxicity or otherwise constituting a risk to human health.
BSL3: Biological safety level for handling group 3 micro-organisms as
defined by the Decree of 18 July 1994.

BSL3 laboratory: Biosafety level 3 containment laboratory

Chemical disinfection: according to the EN 15889-1 Standard: “action
of one or more chemicals whose main aim is to be a microbicide”.

CMR: Carcinogenic, mutagenic, reprotoxic

CMRBL: Comittee for the Control of Laboratory Biorisks

Contact time: Time required to reach the expected efficacy.
Containment: Series of technical measures and actions aimed at
keeping a biological agent or other entity within a given space.

Containment area: Area built and used (and equipped with a suitable
air treatment and filtration system) to prevent the external environment
being contaminated by biological agents from this area.

Contaminant: Any particulate, molecular, non-particulate or biological
entity likely to produce an adverse effect on a product, process,
organism, or on the environment in general.

Contamination: Phenomenon of interaction by contact between two
entities, one being the contaminant and the other the target, entailing
disturbance of the target and whose consequences can be diluted
over time.

CSP: French Public Health Code

\J

Disinfection: Operation consisting in reducing the number of micro-
organisms in or on an inert matrix, achieved by the irreversible action
of a chemical or physical process on their structure or metabolism, at
a level deemed acceptable for a defined objective.

According to the AFNOR NF T 72-101 Standard: disinfection is “an
operation with a temporary result that can eliminate or kill micro-
organisms and/or inactivate viruses carried by contaminated inert
matrices, depending on the objectives set”.

Disinfection bypass: Aeraulic system enabling closed-circuit
laboratory ventilation

Dispersion: Dissemination of micro-droplets in the air.

Dispersion time: Time required to reach a defined concentration of
the product in a given volume.

IARC: International Agency for Research on Cancer

ID,: Dose infecting 50% of target tissues or species.

Inactivation: Partial or complete destruction of a given activity or
destruction of a microbiological system.

Infected: Contaminated by foreign biological agents that can multiply
in a matrix and may or may not reproduce there.

LWP: Lone worker protection
MA: Marketing authorisation
MEL: Maximum exposure limit

Micro-organism: Any microbiological entity, whether cellular or non-
cellular, capable of reproducing or transferring genetic material

MSC - Microbiological safety cabinet: ventilated enclosure designed
to protect the user and the environment from hazards related to aerosols
when handling potentially hazardous and hazardous micro-organisms,
with the air filtered before being released into the atmosphere.

Non-compliance: Non-fulfilment of a requirement

Procedure: Description of the operations to be carried out and
precautions to be taken in an area, directly or indirectly related to the
micro-organisms or toxins.

PPE: Personal protective equipment

Qualification of equipment, facilities, a room: Operation seeking to
demonstrate that the equipment/facilities/room function properly and
actually give the expected results.

PT2 - Product Type 2: Private and public health area disinfectants
and other biocidal products

REACH: European Regulation on the registration, evaluation,
authorisation and restriction of chemicals. It entered into force on 1
June 2007.

Risk: Probability of occurrence of a hazard causing harm and the
degree of severity of this harm.

TWR - Technical Work Room: rooms in which samples, bodies
and animals - which have been or are likely to be contaminated
with biological pathogens — are handled, as well as rooms in which
biological pathogens are intentionally handled.

Validation: Establishment of proof, in accordance with the principles
of good manufacturing practices, that the implementation or use of
any process, procedure, equipment, raw materials, packaging article
or product, activity or system can actually achieve the desired results.
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AMCRA : center of expertise on antimicrobial consumption and

resistance in animals in Belgium

Bénédicte Callens (scientific collaborator, AMCRA - benedicte.callens@amcra.be) and Evelyne De Graef (coordinator, AMCRA)

Keywords: network, antimicobial resistance, animal, Belgium

Objectives and achievements

AMCRA is a Belgian initiative that was launched in January
2012. From the ‘One World, One Health’ perspective, AMCRA
aims to fight against the selection and spread of antimicrobial-
resistant bacteria by promoting reduced and responsible use
of antimicrobial agents in veterinary medicine in Belgium.
This requires joint action through an industry-wide approach,
together with the authorities and all relevant stakeholders:
veterinary practitioners, agricultural organizations, the
pharmaceutical industry, compound feed manufacturers and
the scientific world. In order to accomplish this mission, several
strategic objectives were achieved in 2012 and 2013, and more
objectives are planned for 2014.

A first and crucial objective achieved involved drafting a study
report on the establishment of an electronic database on
antimicrobial consumption per animal sector and category,
at the veterinarian and farmer levels. The quantification of
antimicrobial use in veterinary medicine and corresponding
identification of high-level users is a major priority. Indeed, in
January 2014 a Belgian swine-farming quality system initiated
a data collection programme for providers of antibiotics in the
swine-farming industry, which covers approximately 60% of
swine farms in Belgium. Further data collection systems are
planned for the poultry and veal calf industries, two other ‘high
use’ sectors. With regard to data collection, methodology and
calculations, special attention should be paid to harmonization
between animal sectors and countries in order to keep data
comparable. In addition, data analysis output must produce
reliable ‘herd-orientated’ results as they are the basis for herd-
specific recommendations.

A second objective for 2012 was to study the possibility of using
zinc oxide (ZnO) at pharmacological doses in swine feed as a
possible alternative to use of antimicrobial agents. The report
on Zn0O included an assessment of environmental issues and
questions concerning dosage. Several temporary registrations
of pharmaceutical doses of ZnO in feed were granted in Belgium
between August and September 2013. In this respect, Belgium
is the 11th country in the EU with a (temporary) approval. Also, an
agreement has been reached between the Belgian government,
compound feed manufacturers and feeding companies to
reduce the amount of zinc used as a feed additive from 150
ppm to 110 ppm in the fattening phase. Even though the dosing
schedule during fattening leads to a total decrease of 4.5% of
the environmental Zn burden, the search for alternatives to both
antibiotics and heavy metals should be continued, as resistance
to Zn might occur in bacteria and Zn is a potential selector for
methicillin-resistant Staphylococcus aureus (MRSA).
Furthermore, in 2012 and 2013, several working committees
with relevant representatives of all stakeholders concerned
were set up per animal species/group (swine, poultry, veal
calves, beef cattle and dairy cattle). These committees made

proposals for self-regulation of the animal sectors with respect
to the use of antimicrobial agents in veterinary medicine. These
proposals include measures concerning production and trade,
aimed at veterinarians and farmers. The working committees
also worked closely on the establishment of national guidelines
on the careful and rational use of antimicrobial agents in
livestock animals. The multidisciplinary expertise of all
stakeholders involved resulted in the establishment of well-
structured and valuable practical guidelines with both general
information regarding good herd health, and the correct use
of antimicrobial medicines as species-specific information
with specific therapeutic recommendations depending on the
disorder (‘formularies’). Currently, guidelines for pets (dogs and
cats) and for horse practitioners are being developed.
Moreover, other challenging aspects were dealt with, for
example storage of medicines by veterinarians and farmers
which led to drafting of an opinion on the need to hold a stock
of antibacterial agents, etc., and the conditions for doing so.
More activities are planned, such as drafting proposals to
broaden legislation on the prescription and use of medicated
feed with a view to centralised electronic data collection on
the prescription and use of medicated feed. Also, guidance
documents are planned concerning the implementation of
alternatives that could reduce the use of antibiotics, with special
attention to vaccines (e.g. the correct application of vaccination
programmes) and biosecurity measures, for all animal species/
groups.

Other challenging objectives are on the horizon, such as
discussions with the authorities and the different stakeholders
about targets for a specific percentage reduction in antibiotic use
in livestock animals by a certain year, or concerning restrictions
on the use of the critically important antimicrobials for human
medicine in food-producing animals. Furthermore, it is and will
remain essential to continue encouraging the different animal
sectors and quality labels to provide specifications concerning
the implementation of self-regulating measures, and the use of
animal health guidelines and formularies.

Many actions have been implemented these last 2 years, but
there is still a long way to go. It is only through continuous and
committed participation of all stakeholders that the challenging
goals of this industry-wide and unique initiative can be met. In
this respect, a central aspect of AMCRA’s mission is to continue
informing veterinarians, farmers and animal owners on rational
use of antibiotics by developing information and awareness
campaigns and giving presentations for veterinarians and
farmers locally.

Would you like to stay informed about our progress and
activities? Please visit our website at www.amcra.be. You
will find all our guidance documents and reports on finalised
objectives, as well as guidelines for veterinarians and farmers,
and upcoming events in regard to awareness campaigns.
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ACTEOLab-Salmonelia : more than a database for
the French Salmonella network, a tool for monitoring salmonellae

of non-human origin.

Renaud Lailler' (renaud.lailler@ANSES.fr), Isabelle Berta-Vanrullen? (isabelle.berta-vanrullen@ANSES.fr), Louis-Ziad Alexandre® (Louis-Ziad.

Alexandre @ANSES.fr)

1. ANSES, Laboratoire de sécurité des aliments, Maisons-Alfort, France.
2. ANSES, Direction scientifique des laboratoires, Maisons-Alfort, France.
3. ANSES, Direction technique et informatique, Maisons-Alfort, France

Since 1997, the ANSES Laboratory for Food Safety has been coordinating and leading the French network for the
epidemiological surveillance of Salmonella strains of non-human origin. This network currently comprises some 140

laboratories throughout France.

Work has begun on modernising the network’s information system to extend the database’s functional capabilities and
storage capacities while tailoring it to EFSA standards (standard sample description available at www.efsa.europa.eu/fr).
ACTEOLab-Salmonella is a web application used to centralise and transfer data. Geared to the Salmonella network’s
operational epidemiology needs, it is designed to apply epidemiology tools to enhance the relevance and responsiveness
of the surveillance system on Salmonella strains of non-human origin throughout France.

Keywords: data bank, non-human Salmonella, network

ANSES, the French Agency for Food, Environmental and
Occupational Health & Safety, was entrusted with creating or
