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ABSTRACT
The Forum for Biopreparedness Diagnostics (FBD) is a collaborative effort between four Swedish governmental
agencies – the National Food Agency (NFA), the National Veterinary Institute (SVA), the Public Health Agency
of Sweden (PHAS), and the Swedish Defence Research Agency (FOI). The aim of this effort is to strengthen the
diagnostic capability and capacity for selected agents in Sweden. This is achieved by harmonisation of methods and
equipment; optimisation of the national capacity and competence for effective and endurable diagnostics in case of
large-scale spread of highly pathogenic microorganisms; and joint exercises to increase the level of bio-preparedness
in Sweden.
In this project within the framework of FBD we focused on quality assurance from various perspectives by:
1. Assessing the quality of the existing PCR systems (primers and probes) within FBD by in silico validation which
rendered new diagnostic tools that increased laboratory capacity.
2. Performing two biopreparedness EQAs (External Quality Assessment) to assess critical steps in the processing of
samples; The EQAs evaluated the ability to detect risk group 3 bacteria by culturing methods and molecular techniques. The methods used in the EQA were previously harmonised, validated and implemented by all laboratories
belonging to the FBD network. In addition to the Swedish laboratories, three laboratories from Norway also participated in the EQA. Lessons learnt of shortcomings from the first EQA were adapted at the agencies and resulted in
improved results in the second EQA.
3. Performing quality audits and a biosafety audit at the Swedish Biosafety Level (BSL3) laboratories based on ISO/
IEC 17025:2005 and CWA15793.
The main lesson learnt from the project was that the participating laboratories were of high quality, and still improvements could be done, now indicating a good preparedness for the detection of biological agents in the event of
biological threats and extensive natural outbreaks.
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SCOPE OF THE FBD
The overall aim of the Forum for Biopreparedness Diagnostics (FBD) is to strengthen
the capability and capacity to identify microbial high consequence agents (i.e. agents
that require biosafety level 3 laboratories) in
various sample types and enable the authorities to share the sample load during crisis. To
achieve this, the FBD strives to harmonise
methods, equipment and quality assurance
to ensure that results emanating from the
participating authorities are comparable. The
multisectoral laboratory network enables
diagnostic work applied to different sample
types e.g. tissue (human and animal), food,
feed, drinking water and environmental
samples. FBD is a collaborative effort of
four Swedish governmental agencies: the
National Food Agency (NFA), the National
Veterinary Institute (SVA), the Swedish Defense Research Agency (FOI) and the Public
Health Agency of Sweden (PHAS).
FBDs ARBETE
Det övergripande målet med Forum för
beredskapsdiagnostik (FBD) är att skapa och
förbättra förutsättningar för ett mer effektivt
utnyttjande av landets samlade kapacitet
och kompetens för diagnostik av biologiska
riskklass 3 agens (det vill säga patogener som
kräver skyddsnivå 3 laboratorier). Genom
sådan samordning ska myndighetslaboratorierna kunna utföra jämförbar och kvalitetssäkrad diagnostik med god kapacitet och
uthållighet i händelse av storskalig spridning
av allvarlig smitta. Forum för beredskapsdiagnostik (FBD) är ett samarbete mellan fyra
svenska myndigheter: Livsmedelsverket,
Statens Veterinärmedicinska Anstalt (SVA),
Totalförsvarets forskningsinstitut (FOI)
och Folkhälsomyndigheten (FOHM), som
tillsammans täcker kompetensområdena
humanmedicin, veterinärmedicin, foder,
livsmedel inklusive dricksvatten, miljöprover
samt expertis med avseende på miljöprovtagning och bioforensisk analys.
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SAMMANFATTNING
Forum för Beredskapsdiagnostik (FBD) är ett samarbete mellan fyra svenska myndigheter,
Livsmedelsverket, Statens veterinärmedicinska anstalt, Folkhälsomyndigheten och Totalförsvarets forskningsinstitut. Målet med samarbetet är att stärka förmågan att hitta farliga mikroorganismer i olika provtyper vid ett utbrott eller en antagonistisk handling. En förutsättning för att
FBD-myndigheterna laborativt skall kunna samverka vid en större B-händelse är att samtliga
myndigheter upprätthåller samma nivå gällande kvalitetssäkring av diagnostiken för de smittämnen som omfattas av samarbetet. I det syftet har FBD sedan nätverkets upprättande till stor del
fokuserat på harmonisering av metodik och utrustning samt utveckling av myndighetsgemensamma rutiner och krav för kvalitetssäkring. Kvalitetsarbetet har bland annat mynnat ut i en kvalitetshandbok som dels beskriver övergripande arbetssätt inom samarbetet, men även detaljerade
rutiner för bl.a. validering av nya molekylärbiologiska metoder. Inom detta kvalitetsprojekt har
vi utfört kvalitetskontroll av de befintliga PCR systemen inom FBD, anordnat två ringtester med
både levande och icke levande risk klass 3 bakterier samt genomfört internrevisioner baserade på
ISO/IEC 17025:20051 respektive biosäkerhetsrevision CWA157932.
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1. GLOSSARY OF TERMS AND ABBREVIATIONS
BSL3

Biosafety Level 3

CWA 15793:2011

CEN Workshop Agreement, a reference document describing laboratory
biorisk management; Ref. No. CWA 15793:2011 D/E/F2

EMERGE

Efficient Response to Highly Dangerous and Emerging Pathogens at EU
Level

EQA		

External Quality Assessment

FBD

Swedish Forum for Biopreparedness Diagnostic

FFI

The Norwegian Defence Research Establishment

FHI

The Norwegian Institute of Public Health

FOI

Swedish Defence Research Agency

IAC

Internal Amplification Control

ISO/IEC 17025:2005

Standard of the International Organization for Standardization describing
general requirements for the competence of testing and calibration laboratories1

IPC

Internal Positive Control

LIMS

Laboratory Information Management System

MALDI-TOF MS

Matrix Assisted Laser Desorption/Ionization-Time of Flight Mass
Spectrometry

NCBI

National Center for Biotechnology Information

NVI

The Norwegian Veterinary Institute

PHAS

Public Health Agency of Sweden

QUANDHIP

Quality Assurance Exercises and Networking on the Detection of Highly
Infectious Pathogens

RG3 agent

Risk group 3 agent

R&D

Research and Development

NFA

National Food Agency, Sweden

SmiPrimer

PHAS’s in-house software for control of primer and probe

SVA

National Veterinary Institute, Sweden

Tm

Melting temperature
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2. BACKGROUND
Background of the project:
The Forum for Biopreparedness Diagnostics (FBD) is a collaborative effort between four
Swedish governmental agencies – the National Food Agency (NFA), the National Veterinary
Institute (SVA), the Public Health Agency of Sweden (PHAS), and the Swedish Defence Research Agency (FOI). The aim of this effort is to strengthen the diagnostic capability and capacity
for selected agents in Sweden. This is achieved by harmonisation of methods and equipment;
optimisation of the national capacity and competence for effective and endurable diagnostics in
case of large-scale spread of highly pathogenic microorganisms; and joint exercises to increase
the level of bio-preparedness in Sweden.
A corner stone for successful laboratory cooperation between FBD agencies during a larger
B treat event is that participating agencies are maintaining the same level of quality assurance
for diagnostics of infectious agents covered by the cooperation. FBD, since its initiation, has
largely focused on harmonisation of methodology and equipment, as well as development of
common procedures and requirements for quality assurance at the joint agencies. Quality work
has, among other effects, resulted in a quality assurance manual which describes the overall
management of the cooperation, and detailed laboratory procedures, including validation of new
molecular biological methods as well as how to perform different exercises.
Exercises aimed at testing laboratory capability at each agency is a way to assess the national
capacity to deal with major outbreaks of infectious agents that would require the three national
BSL3 laboratories. For example, these exercises should include quality assurance of diagnostic
methods, as External Quality Assessments (EQAs). Methodology to evaluate laboratory capability, developed within the framework of EU projects such as QUANDHIP and EMERGE, should
be transferred and adapted to the national level.
Regular EQAs and laboratory exercises are required to achieve and maintain adequate analytical
quality assurance. Risk group 3 (RG3) infectious agents are the primary object of cooperation
within FBD. The limited availability of reference material and quality panels for these RG3
agents limits opportunities for external quality assurance exercises; this means that cooperation
between BSL3 laboratories is crucial. Quality audits at each high-containment laboratory are
also necessary in order to jointly develop and improve procedures and methods, both in terms of
quality and biosafety.
The present project is in line with the CBRN Action Plan B12 which stipulates that member states should enhance and support: cooperation among laboratories assigned to deal with unknown
pathogens and toxins at national level; establish and support networking among existing laboratories which are competent and have capacity across the EU specialising in high risk biological
agents and toxins.
Effective quality management is built on the concept of continual improvement through a cycle
of planning, implementing, reviewing and improving the processes and through actions that
the organization undertakes to meet goals. This is known as the PDCA (Plan-Do-Check-Act)
principle (Figure 1).
Identified deficiencies from the exercises and audits within this project can subsequently be
suggested as improvements for the participating agencies.
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Effective quality management is built on the concept of continual improvement
through a cycle of planning, implementing, reviewing and improving the processes and
through actions that the organization undertakes to meet goals. This is known as the
PDCA (Plan-Do-Check-Act) principle (Figure 1).
Identified deficiencies from the exercises and audits within this project can
subsequently be suggested as improvements for the participating agencies.

Figure 1. The Plan-Do-Check-Act principle
Figure 1. Figure 1. The Plan-Do-Check-Act principle
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3. AIM OF THIS PROJECT
The overall objective of this project was to assure the quality of the analytical process at the individual agencies in accordance with FBD routines and to assure the comparability of the analytical results from the respective laboratories.
Specific aims of this project were:
• To in silico validate/control existing FBD molecular techniques and new molecular methods
potentially developed within another FBD project (“Improved methods and ability for laboratory biopreparedness”). Tools for the in silico validation was the SmiPrimer system from the
Public Health Agency of Sweden (PHAS)
• To assess the quality of already established diagnostics as well as newly introduced methodologies at the respective participating agencies by means of External Quality Assessments
(EQA).
• To improve the procedures at BSL3 laboratories from a biosafety and biosecurity perspective.
This was to be achieved through a review of the analytical process of the risk group 3 bacteria
against the FBD quality manual3. For example, a sample would be followed from arrival in
the laboratory through to response to the results (vertical audit). The audit was based on the
laboratory management systems CWA 157932 and ISO/IEC 17025:20051 concerning
relevant parts of the project.
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4. QUALITY CONTROL OF PRIMERS AND PROBES
4.1 ACTIVITIES WITHIN THE PROJECT
The in silico validation of primer- and probe sequences was initiated by making an inventory of
the existing PCR systems at the different agencies. The inclusion criteria was PCR systems used
for risk group 3 bacteria in routine diagnostics and within FBD (project report 15)4. Specificity
and sensitivity for primers and probes were evaluated for the following:
PCR detection at the genus level for: Bacillus, Francisella, Yersinia, Brucella, Burkholderia and
Coxiella.
PCR detection at the species level for: Bacillius anthracis, Francisella tularensis, Yersinia pestis,
Brucella abortus, Burkholderia mallei and Burkholderia pseudomallei.
PCR detection at the subspecies level for: F. tularensis ssp. tularensis (type A) and F. tularensis ssp.
holarctica (type B).
A list of the PCR systems was forwarded to a bioinformatic expert at PHAS who evaluated these
with the in-house SmiPrimer. The National Center for Biotechnology Information (NCBI) was
used as the source of reference sequences unless stated otherwise.
4.2 RESULTS
The majority of the PCR systems showed good specificity and sensitivity for most bacterial targets. In the report, primers and probes were numbered along the amplicon direction (5’) so that
the reverse primer was numbered from the 3’ end. Confidence values were included in the report.
The validation revealed the following:
- The genus specific PCR for Yersinia would not detect Yersinia enterocolitica
- A specific PCR for Brucella melitensis was completely missing.
- The subspecies specific PCR for Francisella tularensis ssp. tularensis were not fully specific and
would incorrectly also detect other Francisella tularensis subspecies.
Several PCR methods were predicted to have a very low melting temperature, around 50 °C,
which can result in inefficient or no binding of primers and probes if a too high annealing temperature is used.
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4.3 DISCUSSION
The in silico validation and quality control of primers and probes within the FBD predicted a
good specificity and sensitivity for most of the PCR systems.
Some predictions from the SmiPrimer report did not correspond with the experience from the
laboratory processing. For example, the genus PCR of Bacillus sp. should theoretically not detect
Bacillus cereus according to the report, but in practice it did. In the same manner, the genus PCR
for Francisella sp. should theoretically not detect Francisella novicida, but in practice it did. Few
published references genomes available at the time of the in silico analysis may have contributed
to this deviation. A further example of the lack of concordance between the experiences from
the laboratory and the in silico analysis was that the latter predicted low melting temperatures
that theoretically could have a negative effect on the PCR-systems. But, interestingly, no reduced
sensitivity was noted by the laboratories using these PCR-systems, this in spite usage of higher
annealing temperatures.
As a result of the above, development of two new PCR systems were initiated within the FBD
(“Improved methods and capacity for laboratory biopreparedness”). One genus specific PCR for
Yersinia genus including Yersinia enterocolitica and one specific PCR for Brucella melitensis.
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EXTERNAL QUALITY ASSESSMENT 2014

5. EXTERNAL QUALITY ASSESSMENT 2014
AC

5.1 ACTIVITIES WITHIN THE PROJECT

TIVITIES WITHIN THE PROJECT

g

Planning

Planning was started in April 2014 and the external quality assessment (EQA) was distributed to
all participants
11th of September.
Upon arrival,
each participant
had three weeks to prewas started in April
2014 and on
thethe
external
quality assessment
(EQA)
was distributed
report theirUpon
results.arrival,
Assembling
analysis of data
EQA was
th ofand
ticipants on the 11form
September.
eachand
participant
had from
threetheweeks
to done in October
to
November.
and report their results. Assembling and analysis of data from the EQA was done in

o November.

The EQA comprised four assessments:

• Correct and quick transport of the samples
A comprised four assessments:
• Correctofanalysis
of 15 inactivated samples
orrect and quick transport
the samples
orrect analysis of •15 Turnaround
inactivatedtime
samples
of analysis for five (highlighted in red) of the 15 samples
urnaround time of analysis
five (highlighted in red) of the 15 samples (i.e. time
(i.e. timefor
dependent)
ependent)
• Reporting of results and methodology, used within the specified time and predefined
eporting of results and
methodology,
reporting
format. used within the specified time and predefined
porting format.

Besides the FBD agencies, the Protective Centre from Umeå and three laboratories in Norway –
the Norwegian Defence Research Establishment (FFI), the Norwegian Institute of Public Health
he FBD agencies, the Protective Centre from Umeå and three laboratories in Norway
(FHI) and the Norwegian Veterinary Institute (NVI) – participated in the EQA, i.e., a total of
rwegian Defence Research Establishment (FFI), the Norwegian Institute of Public
8 laboratories.

FHI) and the Norwegian Veterinary Institute (NVI) – participated in the EQA, i.e., a
Preparation
laboratories.

The EQA consisted of 15 inactivated bacterial samples of risk groups 2 and 3 in three different

tion
matrices, i.e. milk, serum and water. The preparation of the samples was done at the PHAS
A consisted of 15 inactivated bacterial samples of risk groups 2 and 3 in three
(Figure 2). At the BSL3 laboratory at PHAS, all bacteria were cultured on agar plates. Species and
matrices, i.e. milk, serum and water. The preparation of the samples was done at the
subspecies were confirmed by MALDI-TOF and real-time PCR. After the isolates were inactiigure 2). At the BSL3 laboratory at PHAS, all bacteria were cultured on agar plates.
vated by heating, sterility culture control was performed for each inactivated material before this
and subspecies were confirmed by MALDI-TOF and real-time PCR. After the
was relocated from the BSL3 to the BSL2 laboratory. Subsequently different matrices were spiked
were inactivated by heating, sterility culture control was performed for each
with inactivated RG3 and RG2 bacteria according to a strict protocol. Before shipment, the
ed material before this was relocated from the BSL3 to the BSL2 laboratory.
concentration of the DNA was quantified by real-time PCR to correspond to a cycle (Cq) value
ently different matrices were spiked with inactivated RG3 and RG2 bacteria
between 20 and 25.
g to a strict protocol.
Before shipment, the concentration of the DNA was quantified
me PCR to correspond to a cycle (Cq) value between 20 and 25.

Figures 2. Preparation of the samples, sample tubes and the two transportation vials
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Performance
Participating laboratories were informed approximately three months in advance about the anticipated number of samples and date for the EQA. Instructions for the EQA (Appendix 1) with
individual laboratory codes, together with a form for reporting the result, were sent by e-mail to
the contact person at each laboratory one week before the samples. The EQA instructions and
the form for reporting the results were also sent with the samples. The recipients were instructed
to use molecular methods for the identification of risk group 3 bacteria at species and subspecies
levels. Each laboratory analysed the samples according to the local routines and therefore used
different target sequences to some extent. Analysis of five (highlighted in red, Table 1) of the 15
samples was time-dependent, i.e., to be performed as fast as possible. For the remaining 10 samples, the participating laboratory had an additional three weeks for analysis. The correct answer of
the EQA and the evaluation questionnaire were sent to the laboratories after the deadline for the
analysis and all the participating laboratories had submitted their results.
For each sample the participants were to properly identity or to exclude the following bacteria:
•
•
•
•
•

Bacillus anthracis
Francisella tularensis ssp. holarctica
Burkholderia pseudomallei
Brucella abortus
Coxiella burnetii

•
•
•
•

Yersinia pestis
Francisella tularensis ssp. tularensis
Burkholderia mallei
Brucella melitensis

Transportation
The samples were transported by courier (Special Delivery Service). They were picked up on 11
September 2014 and were to be delivered before the end of the next working day to a contact
person at each laboratory. Samples were transported as category B infectious substances in a box
containing cooling packs and according to the shipment agreement to be kept at 4-8 °C. After
delivery, some samples were found to be of insufficient quality. Therefore, the delivery of the
samples was stopped and the laboratories that already had received the samples were informed
to discard the samples. Information of the cancellation was sent to all participating laboratories.
Three days later, a second distribution was performed.
5.2 RESULTS
In total, eight laboratories participated in the EQA, five from Sweden and three from Norway.
Transport
The transport of the samples was acceptable but not perfect. The samples were delivered within
24 hours, as contracted, to five of the eight participating laboratories. Three laboratories received
the samples after 48 hours. The packages arrived without damage at all participating laboratories.
Laboratory results
Seven of the eight participating laboratories reported their results. One laboratory was not able
to report the final results within the given time frame and was therefore excluded from this report. One laboratory reported correct test results for all 15 samples (FBD-01-FBD-15) included
in the EQA. The other six laboratories reported correct test results from 53 to 83 percent for all
15 samples. Samples FBD-01 - FBD-05 were in addition analyzed on time (Table 1).
Four different methods for the DNA extraction were used by the seven participating laboratories.
Inhibition control was used by six of seven laboratories, while extraction control was only used
by four.
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The sample (FBD-09) rendering most incorrect answers (four out of seven) was containing
F. tularensis ssp. novicida and it was predominantly incorrectly identified as F. tularensis ssp.
tularensis. For sample FBD-12, Brucella spp., not B. abortus, was considered a correct answer
because of the general lack of molecular methods to detect B. melitensis. In spite this, two laboratories did correctly identify B. melitensis. Three laboratories could not detect Burkholderia pseudomallei correctly and one laboratory had a contamination in the same sample (FBD-14).
Table 1. Results of the FBD external quality assessment 2014
			

Laboratory code

Sample
no.

Agent

Sample type

RS

AC

KL

MS

RQ

AB

UF

Comments

FBD-01

Bacillus anthracis (pXO1
och pXO2 positive)

Tap water

FBD-02

Yersinia.
pseudotubeculosis

Milk1

Not risk group 3 bacterium. Incorrect answer
with a comment is given to laboratories that
reported the wrong bacteria.

FBD-03

E. coli

Distilled
water

Not risk group 3 bacterium.

FBD-04

Francisella tularensis
ssp holarctica

Distilled
water

FBD-05

Brucella abortus

Milk1 (lactose
free)

FBD-06

F. tularensis ssp
tularensis

FBD-07

Yersinai pestis

Tap water

FBD-08

B. anthracis
(pXO2 negative)

Tap water

FBD- 09

F. tularensis ssp
novicida

serum

FBD-10

Burkholderia mallei

Milk1 (lactose
free)

FBD-11

Coxiella burnetii

Milk (lactose
free)

FBD-12

Brucella melitensis

FBD-13

Bacillus cereus

Milk1

FBD-14

Burkholderia
pseudomallei

Milk1

FBD-15

H 2O

Distilled
water

The laboratories with incorrect answers (red
boxes) reported F. tularensis ssp. tularensis.
The laboratory with yellow box had answered
F. tularensis ssp. tularensis/holartica.

The laboratories that reported Brucella sp.
and could not specify the species B. melitensis
were given a green box (correct answer).
Not risk group 3 bacterium. The laboratories
that did not specify Bacillus genes were
given an incorrect answer with a comment
(yellow box).

Correct (%)

13
(87)

15
(100)

11
(80)

8
(53)

13
(87)

13
(87)

12
(80)

Errors (%)

2
(13)

0

4
(20)

7
(47)

2
(13)

2
(13)

3
(20)

A green box indicates a correct answer, a red box indicates an incorrect one and yellow boxes indicate incorrect answers with
comments
1

The sample had a natural contamination of C. burnetii from the milk and therefore did not result in an incorrect answer.
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The time it took for each laboratory to analyse the five time-dependent samples ranged from
2 hours and 20 minutes to 9 hours and 25 minutes (Table 2).
Table 2. Time for analysis of the five time-dependent samples (FBD-01 – FBD-05)

1

Lab code

Time for analysis of sample
FBD-01 – FBD-05

AC

2 h 20 min

AB

3 h 8 min

KL

3 h 30 min1

RQ

4 h 20 min

UF

6 h 24 min

RS

8h

MS

9 h 25 min

NB

Did not complete the EQA

Calculated time. The laboratory could not perform the analysis on time because of other, more urgent tasks.

5.3 DISCUSSION
The ability to analyse risk group 3 bacteria by molecular methods varied between the participating laboratories in the EQA 2014. Only one laboratory reported 100 percent correct results. The
two most challenging analyses were to distinguish F. tularensis ssp. tularensis from F. tularensis ssp.
novicida and to detect Burkholderia pseudomallei (Table 1). Additionally, several participating
laboratories lacked a molecular method to detect Brucella melitensis at the time of the EQA 2014.
As a consequence of the difficulties in detecting B. melitensis, FBD developed and implemented a
species specific molecular method in 2016.
The time it took for each laboratory to analyse the time-dependent samples (FBD-01 – FBD-05)
varied greatly. The two laboratories that reported the shortest turnaround time also reported 100
percent correct results for the five samples. In general, short turnaround time correlated well with
high accuracy of the results i.e. the four laboratories that reported 100% correct results for the five
time-dependent samples were all placed in the top 5 in shortest turnaround time. However, it is
difficult to compare times between different laboratories because some laboratories performed
their analyses in BSL 3 laboratories and others in a BSL 2.
The transportation of the samples during the EQA 2014 was acceptable but not perfect. The
samples were delayed to two laboratories in Norway and there were some troubles with the
communication between the shipper and the operator. The evaluation questionnaire for EQA
2014 revealed that some of the participating laboratories thought that the instructions for the
EQA were somewhat unclear on the performance part, for example if it was a task to identify risk
group 2 bacteria for species and subspecies or not.
In 2015 an EQA was distributed by the Norwegian BLS3 laboratories and all the FBD agencies
participated. The Norwegian colleagues were supported with our experiences acquired from the
EQA 2014, e.g. how to perform spiking with the DNA/inactivated bacterial suspension in different materials and how to assure the quality of the samples at different temperatures.
The results of the EQA 2014 were presented at the Medical Biodefence conference in Munich,
Germany (Boskani et al, 2016) (Appendix 2)5.
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ACTIVITIES  WITHIN  THE  PROJECT  

anning
nning of the second external quality assessment (EQA) started in November 2015, the
ercise was performed in September 2016, and the results were compiled in October. In the
6. EXTERNAL
QUALITY– ASSESSMENT
2016
A there were seven
participating laboratories
three in Norway (FFI,
FHI and NVI) and all
r Swedish FBD6.1agencies.
ACTIVITIES WITHIN THE PROJECT
Planning

e EQA comprised four assessments:
Planning of the second external quality assessment (EQA) started in November 2015, the exer§   Correct andcisequick
transport of the samples
was performed in September 2016, and the results were compiled in October. In the EQA
§   Correct analysis
ofseven
fiveparticipating
samples containing
viable
bacteria
there were
laboratories – three
in Norway
(FFI, FHI and NVI) and all four
Swedish reporting
FBD agencies.of preliminary results
§   Time-dependent
EQA comprised
four assessments: used within the specified time and predefined
§   Reporting The
of results
and methodology,
• Correct and quick transport of the samples
reporting format.
• Correct analysis of five samples containing viable bacteria
• Time-dependent reporting of preliminary results

eparation
• Reporting of results and methodology, used within the specified
e exercise consisted
five
samples
containing
timeof
and
predefined
reporting
format. viable risk group 3 and risk group 2 bacterial
hogens in solid agar tube. All samples were prepared at the PHAS, who also checked
Preparation
bility, i.e. that they were able to grow after 10 days' storage at 4-8ºC.
The exercise consisted of five samples containing viable risk group 3 and risk group 2 bacterial
pathogens in solid agar tube. All samples were prepared at the PHAS, who also checked stability,
that they
were able
grow after
days’target
storage atbacteria
4-8 °C.
bacteria i.e.was
selected
intoorder
to10test
and background flora.

list of
Each
cterial species Awas
cultured
agar
plates,
in
list of specifically
bacteria was selected
in order toon
testappropriate
target bacteria and
background
flora.and
Each incubated
bacterial
time.
Separate
bacterial
propriate environment
(aerobiccultured
or CO
species was specifically
on appropriate
agar appropriate
plates, and incubated
in appropriate
environ2) and at
ment
(aerobic
or
CO2)
and
at
appropriate
time.
Separate
bacterial
suspensions
were
made
for
pensions were made for each agents and diluted to turbidity 0.5 McFarland, from these
agents
and diluted tointurbidity
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Performance
Approximately four months before the EQA, the participating laboratories were informed when
the samples would be sent. One month later, a Material Transfer Agreement MTA (Appendix 3)
was sent by e-mail for each laboratory to sign for the transfer of live material between PHAS and
the participants. Instructions of the EQA (Appendix 4) with more detailed information were
sent out via mail two weeks prior to the test; the e-mail also included a result form and an evaluation questionnaire.
Each set of samples was marked with individual laboratory codes. Every set of the five samples
possibly containing viable risk group 3 bacteria in 1 ml solid agar tube was placed in 50 ml tubes
with absorbent material. These tubes were then packed in a leak proof secondary packaging, according to the general requirements for packaging of category A infectious substances (Figure 4). The
leak proof secondary packaging was then transferred from BSL3 laboratory to BSL2 and subsequently placed in rigid outer packaging. All packages were handed over to the operator (World
Courier) for transport to the participating laboratories. A copy of the EQA instruction were also
sent in the shipment of the samples. The samples were expected to be analysed using both molecular methods and cultivation to identify risk group 3 bacteria at species and subspecies levels.
For each sample the participants were to properly identity or to exclude the following bacteria:
• Bacillus anthracis			

• Yersinia pestis

• Francisella tularensis ssp. holarctica

• Francisella tularensis ssp. tularensis

• Burkholderia pseudomallei		

• Burkholderia mallei

• Brucella abortus				

• Brucella melitensis

(N.B. Coxiella burnetii was not included in this EQA)
Two of the samples contained background flora, i.e., a risk group 2 bacteria per sample. Risk
group 2 bacteria was not compulsory to be characterized at species level, but background flora
was expected to be reported from the processing of the samples. Each laboratory was free to analyse the samples according to their local routines. A preliminary result was to be sent in as quickly
as possible and a final result before the set deadline one month after the shipment of the EQA.

Figures 4. Preparation for transport of the samples

Figures 4. Preparation for transport of the samples

RESULTS  
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6.2 RESULTS
Among the seven laboratories that participated in the EQA, six responded with a final result
within the given time frame. One laboratory did not reported the final result due to problems in
receiving reagents.
Transport
The samples were picked up at PHAS by World Courier on September 12 for delivery at 4-8 °C
during office hour the following day, to a contact person at each laboratory. The transport took
longer time (two days) than agreed to three of the laboratories. These three packages were delayed
in the customs due to missing details in the ”Shipper’s declaration”, caused by World Courier. At
one of the Norwegian laboratories the package was delivered to the goods reception instead of
the specific contact person, the package was picked up later by the contact person. All the packages and samples, including the delayed samples, were in good condition and within the accepted
temperature interval when they arrived.
Results
The time it took for the laboratories to report a preliminary result varied from 2 hours and 40 minutes to 28 hours (Table 3). All the participating laboratories reported correct preliminary results
as well as final results for the five samples that were included in the EQA (Table 4).
Table 3. Time for analysis of the all samples (FBD-01 – FBD-05)

Lab code

Time for analysis of sample FBD-01 – FBD-05

G

2 h 40 min

B

3h

D

6 h 15 min

A

6 h 20 min

C

6 h 45 min

F

28 h

E

Did not complete the EQA

Table 4. Results of the FBD external quality assessment 2016

Laboratory code
Sample no.

Agent

FBD-01

Bacillus anthracis

A

B

C

D

E1

F

G

Comments
pXO1 pos, pXO2 neg

Burkholderia pseudomallei
FBD-02

Francisella tularensis ssp holarctica
Streptococcus pneumoniae

FBD-03

Brucella melitensis

FBD-04

Yersinia pestis

Brucella spp. gave correct
answer

Haemophilus influenzae
FBD-05

Water

Did not complete the EQA
Light yellow box indicates that mixed cultures were not reported by the responder

1
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Analyses
The participating laboratories had slightly different approaches in analysing the samples in the
EQA. All performed direct PCR on the material for the preliminary result. The cultivation was
performed on different agar plates but all came to the same results in the end. Some laboratories
only used MALDI-TOF to identify cultivated bacteria, while others used both MALDI-TOF and
PCR.
6.3 DISCUSSION
The 2016 EQA was the first ever prepared by FBD containing live, risk group 3 bacteria and the
participating laboratories performed very well. All laboratories could detect and isolate correctly
all the risk group 3 bacteria. The laboratory that did not complete the EQA reported that this was
due to problems in receiving reagents. Two of the samples included background flora. Identification of background flora at species level was not included as a task in this EQA; however, it was
expected that participating laboratories should mention the presence of mixed cultures. Some of
the laboratories had difficulties in determining the presence of mixed cultures (Table 4).
The laboratories considered that the EQA was just enough difficult, probably because it was the
first time that isolation of strains was a part of the EQA. The laboratories also considered that
it was good to include background flora in the samples. The transport to certain laboratories
was not optimal and resulted in delays of delivery to all laboratories in Norway. Moreover, one
package was not delivered to the contact person. The operator will be contacted regarding these
complaints to avoid similar events in the future.
In the evaluation of EQA 2014 some participating laboratories complained about unclear instructions. During the preparation of the EQA 2016, the working group therefore tried to be as
clear as possible in the instructions. There were no comments about unclear instructions in the
evaluation after EQA 2016.
During the spring of 2016, the European network EMERGE performed their first EQA, including five coded inactivated samples, in which both PHAS and FOI participated. An aliquot of
the five inactivated samples was forwarded by PHAS to SVA, NFA and Protective Centre in
Umeå for analysis. These results were presented at the FBD closing meeting in November 2016.
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7. QUALITY AUDITS
7.1 ACTIVITIES WITHIN THE PROJECT
Preparation
Annual quality audits are usually not available for non-accredited methods used in BSL3 laboratories. For this reason, it was important to perform an audit program, including all agencies
authorities within FBD.
Training of auditors
A course on how to perform quality audits according to ISO/IEC 17025:20051 was held in May
2015 at the PHAS. Participants were all the members of the project group, as well as one or two
additional persons from each agency. The course was led by Gunn-Mari Löfdahl from SP Technical Research Institute of Sweden. The course comprised the steps in the audit process from
planning and implementation to follow-up of the results.
Audit documentation
Two checklists were produced by the project group – one for biosafety audits (FBD 010, Appendix 5), and one for quality audits (FBD 011, Appendix 6).
Performance
During the autumn of 2015, the project group conducted quality audits at the three agencies with
BSL3 laboratories – PHAS, FOI and SVA. The NFA also participated in the quality audit at the
SVA since they perform their analyses in this laboratory. In addition, a biosafety audit based on
relevant parts of the laboratory management system CWA 157932 was performed at FOI during
the spring of 2015.
The quality audits were based on relevant parts (laboratory operations) of the FBD quality
manual (FBD 001)3 and the standard ISO/IEC 17025:20051 with requirements for an accredited laboratory. The two checklists produced by the project group for quality and biosafety audits
were given to the participating laboratories in advance, together with information on what the
auditors would focus on (for example, which bacterial agent). The laboratories were requested to
send relevant information to the auditors beforehand. Each audit was performed by two auditors
from two different agencies. Each laboratory was given three months to respond to the report.
The suggested improvements from all audits was not compulsory to implement, instead they
were agreed to be seen as recommendations for improvements.
7.2 RESULTS
All revised laboratories had implemented quality system, but the level varied in-between the
participants. The laboratories had high competence for the analyses performed and had well-established procedures for working in BSL3 laboratories. Positive examples and suggestions for
improvement from each audit were communicated to the respective agency. All laboratories
responded within the three-month limit. A compilation of the findings from all four audits can be
found below.
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Positive findings:
• The overall impression was very positive. All laboratories show good order.
• Use of quality systems for document management.
• The quality system contained templates for methods, standard operation procedures, forms,
etc. The quality system tracked how many copies were printed and these were printed in
exclusively reserved colours.
• Training in the BSL3 laboratory environment was performed with a well-established mentor
system.
• Detailed competence levels were available for work in BSL3 (A, AB, AC, D). Competence
certificates are saved in the quality system and are electronically available.
• Availability of manual DNA-extraction methods as a redundant alternative to automated
DNA-extraction. This is especially valuable if the automated extraction system
(EZ1 Advanced) is malfunctional.
• Laboratory Information Management System (LIMS) may reduce the risks of errors and
keeps all information regarding the samples collected in one and the same place.
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Weaknesses to be addressed:
• The following observations or deviations were found in one or more of the participating 		
laboratories:
• The quality system for document management was not traceable (versions) and had no
archive function.
• Full descriptions of methods were missing, e.g., what to do if a sample is inhibited. Instruc-		
tions for interpretation of the test results was missing. Reports of validation were missing.
• Traceability of reagents and substrates was missing.
• The Excel template used as protocol for real-time PCR was not included in the quality
system.
• No personal alarm was in place when working in a BSL3 environment.
• Documents should be clarified, e.g., regarding storage of positive samples. Old information 		
was present in some documents. The names of former staff members at the agency should 		
be removed when updating documents. If needed, they can be mentioned as external reference
persons.
• Instructions regarding competence, training and vaccination procedures were lacking.
• Competence certificates were available only in paper format. Electronic certificates provide 		
better accessibility and overview of which persons can perform a particular method.
• Complete titles and report numbers of FBDs reports should be used when referring to FBD 		
reports in SOP.
• Abbreviations regarding controls should be reviewed to avoid misunderstanding and expla-		
ined in the document in which they are used e.g., IPC, IAC etc. Primers and probes in an 		
assay should have the same target name.
•

Safety equipment was in good order and everything was well planned, but the Fan-assisted 		
breathing protection with helmet were not calibrated or checked routinely for proper func-		
tion at one laboratory.

• Information regarding which bacterial agent, respectively activity, is currently being carried 		
out in the laboratory was missing.
• There were uncertainties in the general safety instruction of BSL3 laboratory work regarding 		
which disinfectant (ethanol, virkon, chlorine, etc.) should be used for the respective agents.
7.3 DISCUSSION
To achieve and maintain reliable and comparable results, it is essential that the quality of the diagnostic analysis chain is assured. This can be achieved, for example, by quality audits. Both quality
and biosafety audits were performed in this project and the general impression from the audits
was positive. The representation from the agencies was broad, the commitment of the participants was high, the laboratory order was good, and so was the knowledge of the analytical operations. Each agency had to reply to their respective audit report within a given time limit, which
everyone did. However, the responsibility for the follow-up was handed over to the respective
agency since FBD has no mandate to require any measures. Sharing the results for both quality
and biosafety audits between laboratories is a good way to learn from each other and therefore
recommended on a regular basis.
The advantage of an external over an internal audit is the opportunity it provides to identify positive aspects and suggestions for improvement where deficiencies are observed. These measures
help revise and thereby improve laboratory activities.
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8. CONCLUSIONS
Within a network of laboratories, it is important with quality assurance especially for highly
pathogenic bacteria since there is seldom commercial proficiency tests available. Also, many
high-consequence pathogens are rarely, or have never been, encountered in many laboratories. In
this project, Quality Assurance Exercises (EQA) were used, Inter-agency audits were performed
at the BLS-3-laboratories at the agencies and primers and probes for PCR systems were validated
in silico.
Regular EQAs are a good way to quality-assure diagnostics at the laboratories. Two different
EQAs, one in 2014 (inactivated bacteria) and one in 2016 (live bacteria) were prepared and distributed to the participating agencies. The laboratories participating in the second EQA reported
more correct results than in the first EQA, indicating that the ability to detect risk group 3 bacteria had been improved. It should be noted that the two EQAs were not fully comparable as they
were different in their designs. For instance, different bacterial species were included respectively
and cultivation methods were included which led to supplementary analyses and confirmation of
the molecular results.
The EQA evaluation questionnaires revealed that it is an advantage to be at least two laboratory personnel who perform the EQA, so that e.g. methods and results can be discussed. An
important experience was that the planning of an EQA, preparation of samples, compiling and
reporting of results were very time-consuming. Both EQAs showed weaknesses regarding sample
transport, underlining the challenges in choosing an appropriate carrier. Most difficulties occurred with the transport from Sweden to Norway, but as all obstacles were identified, the exercises
have given the experiences to circumvent these in future shipments.
The in silico validation and quality control of primers and probes predicted a good specificity and
sensitivity for most of the used PCR systems. The major need for improvements that were identified
was redesign of the genus specific Yersinia PCR and a new specific PCR for Brucella melitensis. As
a consequence, these two PCR systems were designed cooperatively within the network during
2015 and 2016. At the time of EQA 2016, in spite some but not all of the FBD laboratories had
implemented this PCR, this work likely contributed to increase the correct answers from 86% to
100% in samples containing Brucella melitensis.
Inter-agency audits by BSL3 staff members were performed on quality assurance of diagnostic
methods and biosafety at the BSL-3 laboratories, using ISO 170251 and relevant parts of the
CWA 157932. The general impression from the audits was positive. These audits led to improved
practical solutions and facilitated the harmonisation of good practice between the laboratories.
The audits were not only appreciated by the visited laboratory, but also gave the possibility for
the auditors to bring back good examples to improve routines in their own laboratory.
In conclusion, quality assurance of the analytical process and to assure the comparability of
the analytical results from the respective BSL3 laboratories is of great importance for detecting
weaknesses in the analysis process and an important way to improve the national capacity.
8.1 SYNERGY EFFECTS WITH OTHER PROJECTS/AGENCIES
Cooperation with the FBD project 2016/16 ("Nordic Biopreparedness Forum") in order to
establish contact with the Norwegian laboratories.
Cooperation with the FBD project 2016/18 ("Improved methods and ability for laboratory
biopreparedness") in order to develop new PCR which was missing or unspecific during the
quality control by SmiPrimer.
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9. SUGGESTIONS FOR FURTHER STUDIES
Future studies should consider EQAs in various matrices with both clinical materials and
environmental samples similar to mimic real samples. More advanced studies should be considered for assessments, for example, when there is a low concentration of target agents in the
samples.
Furthermore, regular quality audits in BSL3 laboratories and control of PCR systems performed
on a regular basis would be of great value.
The FBD quality manual3 should be updated periodically.

10. APPENDICES
Appendices are not published in this report but are available (in Swedish) for download at
https://www.msb.se/
Appendix 1: EQA instructions, FBD September 2014
Appendix 2: Poster at the Medical Biodefence Conference, Munich 2016
Appendix 3: Material Transfer Agreement (MTA)
Appendix 4: EQA instructions, FBD September 2016
Appendix 5: Checklist biosafety audit
Appendix 6: Checklist quality audit
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