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ABSTRACT

In Finland, laboratory diagnostics of infectious diseases is done in clinical
microbiology laboratories that are approved by the Regional State Administrative
Agencies (RSAAs). The Finnish National Institute for Health and Welfare (THL)
has given elaborated instructions for laboratories seeking approval. The main
purpose of this licensure procedure is to ensure the reliability of diagnostics for
infectious diseases regardless of the laboratory performing these investigations.
The two main requirements for the approval are a sufficient number of skilled
personnel and mandatory participation in external quality assessment (EQA)
schemes for each test type that a laboratory offers. The licensure process for
clinical microbiology laboratory is mandatory and independent of voluntary
accreditation processes.

This thesis focuses on three common clinical microbiological investigations:
quantitative urine culture, faecal bacterial culture, and point-of care (POC) testing
for infectious mononucleosis (IM) caused by the Epstein-Barr virus (EBV IM POC).
External quality control (EQC) results were obtained from corresponding EQA
schemes. The results of laboratory investigations will have a direct impact on
patient care and in the case of infectious diseases also have epidemiological and
public health implications, including a role in recognising disease outbreaks and
assessing of epidemiological prevention and control measures effectiveness. For
this reason, the high quality of these results is important.

According to the Finnish Communicable Diseases Act laboratories have
to give information on EQA schemes to THL by request. However the results
from the EQC results sent to EQA provider are confidential. In this study Finnish
laboratories were asked for permission to study their EQC results directly from
the database provided a Finnish company specialised in producing a wide range
of EQA services, Labquality Ltd. Altogether 26,398 EQC results over a nine-year
period (2009-2017) from 413 laboratories were collected and evaluated. Of the
413 laboratories, 335 took part in quantitative urine culture rounds, |7 in faecal
bacterial pathogens rounds and 273 in EBV IM POC rounds.

This study showed that the commitment to EQA was good in Finnish clinical
microbiology laboratories. The laboratories typically attended all four rounds
per year. The rate by which the laboratories replied to the EQA by submitting
their results for the EQC samples varied from 95% to 99.5% according to the
investigation studied in this thesis. This is referred as the response rate.

The success rate for quantitative urine culture testing was 83%. The most
common reasons for the 7% false results were due to interpreting the growth of
expected pathogens as non-significant, or due to mixed growth, or no growth at
all. There were differences in detecting and quantifying of the growth of Gram-
negative and Gram-positive bacteria. In those EQC samples where Gram-
negative rods were present, the quantitative result was correct in 91% of the
results. The most common bacterial pathogen causing urinary tract infections
(UTI), Escherichia coli was correctly reported in 93% of the EQC results. In those

5



EQC samples where Gram-positive bacteria were present; the quantitative result
was correct in 68% of the results. The most common Gram-positive bacterial
pathogens found in urine culture samples, Enterococcus sp. and Staphylococcus
saprophyticus were correctly reported in 85% of the EQC results. More untypical
findings, Sfreptococcus agalactiae and Aerococcus urinae were reported
correctly only in 23% and 31% of the EQC results, respectively. If the same sample
contfains several isolates, it is considered contaminated. In this study, fwo EQC
samples containing mixed growth were correctly reported only in 66% of the
results.

The success rate for faecal bacterial culture testing was 92%. The common
reasons for false results were improperidentification of Shigellasp. and according
to the collected datq, the success rate was 89% for Shigella flexneri and 71% for
Shigella sonnei. The success rate for the detection of Salmonella sp. was 95%. Al
false results with Salmonella were caused by two samples, one with low number
of Salmonella Typhimurium cells, and other with Salmonella Infantis strain. The
success in finding Yersinia sp. was 96% and for Campylobacter jejuni it was 98%.

The overall success in the EBV IM POC rounds was 99.3%. The success
varied between 94.3% for the immunofiltration method to 99.4% for the
immunochromatographic method and 99.6% for latex agglutination method.
The most significant factor regarding the results’ correctness was the clinical
classification of the sample. The samples that represented old EBV immunity
were the most difficult to interpreted with a 98.9% success rate.

In order to evaluate the effect of the laboratory size on the EQC results,
laboratories conducting quantitative urine culture and EBV IM POC investigations
were divided according to the size, categorised by the number of named
investigations they conducted per year. The laboratory type or size did not
influence the success of the EQC results in this setting where all participants
were licenced clinical microbiology laboratories.

Key words: external quality assessment (EQA), external quality control (EQQ),
clinical microbiology, quantitative urine culture, faecal bacterial culture, point-of-
care (POCQ), infectious mononucleosis (IM)



THVISTELMA

Suomessa tartuntatautien laboratoriodiagnostiikkaa ftehdadan aluehallinto-
virastojen hyvaksymissa kliinisen mikrobiologian laboratorioissa. Terveyden
ja hyvinvoinnin laitos (THL) on ohjeistanut hyvaksyntad hakevia laboratorioita
toimintaedellytyksien tayttdmisessa. Toimilupamenettelyn paatavoite on taata
diagnostiikan luotettavuus riippumatta siitd missd laboratoriossa tutkimukset
suoritetaan. Toimintaedellytyksista kaksi tarkeintd ovat riittava ja ammattitaitoi-
nen henkilosto, seka jokaisen tutkimusnimikkeen kohdalla osallistuminen ulkoisen
laadunarvioinnin (EQA) kierroksille, jos niitéd on saatavilla. Kliinisen mikrobiologi-
an laboratorioiden toimilupamenettely on pakollinen ja akkreditoinnista riippu-
maton prosessi.

Tassa tutkimuksessa kasiteltiin kolmea yleista mikrobiologista tutkimusta,
kvantitatiivista virtsaviljelyd, ulosteen bakteeriviljelyd, seké mononukleoosipika-
testia (EBV IM POC) naiden ulkoisen laadunarvioinnin tulosten pohjalta. Labo-
ratoriotulokset vaikuttavat suoraan potilaan hoitoon liittyviin paatoksiin ja infek-
tiotautien ollessa kyseessa niillad on myos rooli taudinpurkausten funnistamisessa
sekd epidemiologisten torjuntatoimien vaikuttavuuden arvioinnissa. Tasta syysta
ndiden futkimusten korkea laatu on tarked.

Tartuntatautilain mukaan laboratorioiden on pyynnosta toimitettava EQA
kierrosten tulokset THL:le. Koska EQA palvelun tuottajalle toimitetut tulokset
ovat luottamuksellisia, Suomalaisilta kliinisen mikrobiologian laboratorioilta pyy-
dettiin lupaa saada ulkoisen laaduntarkkailun (EQC) tulokset suoraan Labquality
Oy:n tietokannasta. Koko yhdekséan vuoden (2009 — 2017) tutkimusjakson aikana
kerattiin ja analysoitiin yhteensa 26 398 EQC tulosta 413 laboratoriosta. Naistd
laboratorioista 335 osallistui kvantitatiivisiin virtsan viljelykierroksiin, I7 ulosteen
bakteeriviljelykierroksiin ja 273 EBV IM POC -kierroksiin.

Taman tutkimuksen pohjalta voidaan todeta ettd sitoutuminen ulkoiseen laa-
duntarkkailuun oli hyva suomalaisissa kliinisen mikrobiologian laboratorioissa.
Laboratoriot osallistuivat tyypillisesti kaikkiin neljagan kierrokseen vuodessa. La-
boratoriot palauttivat kierroksen jarjestdjdlle vastauksen 95% — 995% tutkitta-
vaksi lahetetyista naytteista. Tahan viitataan vastausprosenttina.

Laboratorioiden menestys kvantitatiivisen virtsaviljelyn kierroksilla oli 83%.
Virheellisista vastauksista [7% johtui 16ydoksen tulkitsemisesta merkityksetto-
mdksi, sekakasvuksi tai taysin negatiiviseksi. Grampositiivisten ja gramnegatii-
visten bakteerien tunnistamisessa ja kasvun runsauden arvioinnissa oli eroja.
Niissa EQC naytteissa joissa [0ydoksend oli gramnegatiivinen bakteeri, oikea
kvantitatiivinen tulos raportoitiin 9% vastauksista. Kaikkein yleisin virtsatiepa-
togeeni Escherichia coli oli raportoitu oikein 93% EQC vastauksissa. Niissa EQC
naytteissa joissa |6ydoksend oli grampositiivinen bakteeri, oikea kvantitatiivinen
tulos raportoitiin 68% vastauksissa. Kaikkein yleisimmat grampositiiviset virtsa-
tiepatogeenit, Enterococcus sp. ja Staphylococcus saprophyticus oli raportoitu
oikein 85% EQC vastauksissa. Harvinaisempien l6ydosten, Strepfococcus aga-
lactiae ja Aerococcus urinae tulokset olivat oikein 23% ja 31% analysoiduissa
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kierrosvastauksissa. Virtsandytteiden, joissa kasvaa kaksi tai useampia baktee-
reita katsotaan olevan kontaminoituneita. Taman tutkimuksen aineistossa tallai-
sia laaduntarkkailundytteitd oli kaksi. Naiden naytteiden osalta osallistuneiden
laboratorioiden tulkinta oli oikein vain 66% palautetuista vastauksista.

Ulosteen bakteeriviljelykierroksilla onnistumisprosentti oli 92%. Tassa tutkimuk-
sessa analysoitujen EQC vastausten perusteella vaikeimpia naytteita olivat ne,
joissa odotettuna l6ydoksend oli Shigella sp., Shigella flexneri oli oikein 89% vas-
tauksista ja Shigella sonnei. 71% vastauksista. Naytteissa joissa 16ydoksend oli
Salmonella sp. onnistumisprosentti oli 95%. Kaikki vaarat vastaukset salmonellaa
sisaltavien naytteiden kohdalla johtuivat kahdesta EQC naytteestq, joista toises-
saolivain vahan Salmonella Typhimurium soluja, ja foisessa rikkivetynegatiivinen
Salmonella Infantis kanta. Analysoitujen EQC vastausten perusteella Yersinia sp.
oli oikein 96% vastauksista. Aiemmista tutkimuksista poiketen Campylobacter
jejuni oli tassa tutkimuksessa raportoitu oikein 8% EQC vastauksessa ja ainoa
vaara vastaus johtui mahdollisesta naytesekaannuksesta.

Tassa tutkimuksessa analysoitujen EQC fulosten pohjalta onnistumisprosentti
EBV IM POC kierroksilla oli 993%. Onnistumisprosentti vaihteli menetelmien va-
lilla ollen 94,3% immunofiltraatiomenetelmilla, 994% immunokromatograafisilla
menetelmilld ja 996% latex-agglutinaation menetelmilla. Taman tutkimuksen pe-
rusteella kaikkein suurin vaikutus tulosten oikeellisuudelle oli analysoidun EQC
naytteen edustama kliininen tulkinta. Vanhaa EBV- immuniteettia edustavien
negatiivisten naytteiden tulkinta oli naiden EQC raporttien perusteella kaikkein
vaikeinta ja niiden kohdalla onnistumisprosentti oli 98,9%.

Vastoin ennakko-odotuksia, laboratorion tyypilld tai koolla ei nayttanyt ole-
van vaikutusta menestykseen EQA kierroksilla tutkimusasetelmassa jossa kaikki
osallistujat olivat toimiluvallisia kliinisen mikrobiologian laboratorioita.

Auvainsanat: ulkoinen laaduntarkkailu, ulkoinen laaduntarkkailundyte, kliininen
mikrobiologia, kvantitatiivinen virtsaviljely, ulosteviljely, vieritesti, mononukleoosi
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INTRODUCTION

Reliable and reproducible laboratory diagnostics is the basis of good patient
care and safety. Clinical microbiology uses a variety of test methods ranging
from direct microscopy to bacterial culture, identification and interpretation of
the growth, antimicrobial susceptibility testing to modern nucleic acid detection
based methods. The aim of these methods is to obtain information on the
pathogen that is causing symptoms in clinically ill patients. This information is
then used to decide the best way fo treat the iliness. Because test results have a
direct impact on patient care, they have to be precise and consistent every time.
When diagnostics concern infectious diseases, it has also major epidemiological
and public health implications, including a role in recognising disease outbreaks
and assessing prevention and control effectiveness.

One tool used to monitor the quality of the routine performance of a
laboratory is to follow the laboratories’ success in external quality assessments
(EQASs). Therefore, in this study, the focus was on three common microbiological
laboratory investigations: quantitative urine culture, faecal bacterial culture,
and point-of care (POC) testing for infectious mononucleosis (IM) caused by
the Epstein-Barr virus (EBV), and the EQA for these. About 26,400 external
quality control (EQC) results were collected from Labquality Ltd's databank
after obtaining permission from 413 Finnish clinical microbiology laboratories.
These participating laboratories included large, specialised, clinical microbiology
laboratories as well as small health care centre laboratories.
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2. QUALITY IN GENERAL

The WHO definition of quality of care is “the extent to which health care services
providedtoindividuals and patient populationsimprove desired health outcomes”.
In order to achieve this, the given health care must be safe, effective, timely,
efficient, equitable, and people-centred (1). In modern medicine where laboratory
results play a partin many decisions, this means that laboratory services are also
organised to serve the same goals as the rest of the health care (2).

Quality in clinical laboratories’ investigations are dependent on three phases,
which are the analytical, the pre-analytical, and post-analytical phases (3-6). In
order to be qualitatively good, laboratory results must be accurate, precise, and
on time (7-9). For producing reliable test results a laboratory needs professionally
qualified personnel, good quality test reagents and equipment (10), and well
organised test procedures. The specimens sent to the laboratory to be analysed
must be correctly collected, handled, and identified. The request itself must be
correct (11,12) and the requested investigations must be appropriate to the medical
problem (I3) and to this end good communication between the laboratory and
clinician is needed (14). The reported results must be comprehensible and lead to
correct action and patient care (I5).

The most critical pre-analytical steps identified by the European Federation of
Clinical Chemistry and Laboratory Medicine working group for the pre-analytical
phase (EFLM WG- PRE) are test ordering, patient preparation, fransport, storage,
sampling, management of unsuitable specimens, quality indicators, patient
identification, and paediatric and neonatal sampling (16). Many of these are also
applicable to clinical microbiology laboratories. The objective of the working
group was to reduce the amount of pre-analytical errors, through assessment,
guidance, and harmonisation.

Clinical laboratory investigations are one of the key components in modern
medicine (I718). It has been stated that laboratory results influence as many as
70% of clinical decisions (1920). To this end the quality and consistency of the
results is an important issue for patient care and safety. According to Smit et al.
(2009), the variation in the cost of laboratory investigations, and the distribution
of expenditure by discipline was very similar in European counftries, with average
figures of I5% for infectious diseases and é% for clinical microbiology (21).

The legislation covering laboratory investigations in Europe is diverse.
Some countries have specific licensing systems while others prefer obligatory
accreditation (22). Despite of the diversity, regular external quality assessment
(EQA) plays an important role in assuring the good quality of clinical laboratory
investigations in all of the systems in use (23).

In clinical microbiology, the pre-analytical phase is critical. Pre-analytic events
such as collection, storage, and transport are an important factor in clinical
microbiology. These processing times affect the total turn-around-times (TAT)
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and the quality of the results (24). If the specimen is contaminated at the time of
sampling, or the pathogen is lost during the transport, it is impossible fo resolve
this error in the laboratory (25). Because nowadays most of the errors occur
in the pre- and post- analytical phase (26,27) appropriate quality control and
assessment measures spanning all of these three phases are needed (28,29).

2.l QUALITY MANAGEMENT SYSTEM

A quality management system (QMS) is a tool that can be used to ensure that the
consistency of a product or service is consistent. Quality management includes
quality planning, quality assessment, quality control and quality improvement
(30). In clinical laboratories QMS activities effectively increase patient safety (31).
Quality policy is formally set in the comprehensive intentions and objectives of a
clinical laboratory regarding quality by the laboratory management.

2.1.2 QUALITY ASSESSMENT

These factors can be related to the sample itself, the reagents, or equipment, or
test procedures used in the laboratory. If issues that can have effect on the quality
of the investigation are encountered, documented corrective actions should be
taken. When planning quality assessment programmes, including participation
in various quality programmes, laboratory should take into account requirements
set by authorities, clients, and stakeholders (32-35).

2.1.3 INTERNAL QUALITY ASSESSMENT

The purpose of internal quality assessment (IQA) is to monitor the day-to-day
consistency of test results in the laboratory. IQAs can consist of known positive
and negative samples, control strains that are especially important in clinical
microbiology, or sometimes even re-testing fo detect the level of discrepancies
between IQA and patient samples (36). It is important to keep records of the
results, reagent batch information (test-kit lot-data), and other observations in
order tfo monitor the situation, and pin-point the problem when needed.

2.1.4 EXTERNAL QUALITY ASSESSMENT

Differences in laboratory measurement values in basic clinical chemistry were
observed and described by Belk and Sunderman in 1947 (37), and since then
similar observations on variations in testing results have been made in various
other countries (38,39). This knowledge led to the conclusion that something
had to be done in order to achieve more accurate and concordant test results.
In answer to this conclusion it was felt that external infer-laboratory quality
control systems should be established. The first inter-laboratory quality control
procedure, a predecessor of external quality assessment (EQA), was organised
in 1949 (40). The concept of EQA was first used in clinical chemistry laboratories
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in the mid-1960s. Clinical microbiology soon followed clinical chemistry. EQA
schemes for clinical microbiology were originally developed in the USA, and in
Europe a comprehensive microbiological quality assessment scheme for clinical
microbiological laboratories was established in the United Kingdom in 1974 (41).

The term EQA is often used as a synonym for the term proficiency festing.
EQA is the most objective part of laboratory quality assessment. EQA schemes
are comprised of a set of external quality control (EQC) specimens, which are
samples that have a known composition and are pretested before sending to
the participants. After conducting appropriate clinical tests on these samples,
the participants send their results to the EQA provider, who then sends back
EQA reports to the participating laboratories. Success in the EQA rounds is said
to reflect the laboratory’s everyday performance. This requires that the EQC
samples are processed in the same way as routine patient specimens. EQA
testing is recommended quarterly (32,33) and EQA schemes usually comprise of
several rounds per year, though there are variation between suppliers (Table 1.).

In addition to proving its competence, a laboratory can use EQC samples
for many different purposes (42-44). EQC samples are used to monitor and
improve a laboratory’s processes, and failures should always lead to corrective
actions. Samples can be used for the development of test methods and method
performance evaluation (45-49), as well as risk management, and training of
laboratory personnel (50,5). EQC results can be used for post-market vigilance of
the performance of diagnostic tests (52) and participant performance evaluation
(53-55). EQA is even used to determine the degree of compliance to regulations
on fransporting infectious substances (56).

2.1.5 EQA ORGANISERS

Today there are several credible providers of EQA schemes for various fields
of clinical laboratory science, also in clinical microbiology (Table 1.). In Finland,
EQA schemes are most commonly purchased from Labquality Ltd, though the
UK Neqas, QCMD and Instand eV. are also used.

The Finnish company, Labquality Ltd has been specialised in producing a
wide range of EQA services since |971. It has clients ranging from large hospitals
to small laboratories and point-of-care (POC) testing sites. Labquality Ltd has
a broad clientele of both Finnish and international customers. It currently runs
67 clinical microbiology EQA schemes (Table |.). For example, EQA schemes for
urine culture were started in 1977, quantitative urine culture in 1995, EBV IM in 1987,
Salmonella culture in 1994, and faecal bacterial pathogens in 2000 (57-59).

Since 1989, European clinical laboratory EQA organisers have been arranged
under an umbrella-organisation called the European EQA Organizers in
Laboratory Medicine (EQUALM). This provides a forum for co-operation and
exchange of knowledge on quality-related matters especially with regard to
EQA programmes in Europe. Currently it has 4| European and eight non-European
members (60).
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Table | Common EQA organisers.

Name of the

provider Established

College of

American Pathologists 1949 USA
(CAP)

Instand e V. 1968 Germany
United Kingdom .
National External Quality 1969 K%nlgeodm
Assessment (UK Neqas) d
Labquality Ltd 1971 Finland

Institute for
Quality Management 1974 Canada
in Healthcare IQMC)

Clinical Microbiology

Proficiency Testing (CMPT) 1962 Canada

Quality Assurance
Programmes pty 1988 Australia
Limited (RCPA)

External Quality
Assurance in

Laboratory Medicine 1992 Sweden
in Sweden
(EQUALIS)

Quality Control
for Molecular
Diagnostics
(QCMD)

200l Scotland




Participants No of microbiology =~ No of distributions

(total) schemes per year Reference
22,000 77 2-3 (61,62)
12,500 73 I -4 (63,64)
2,310 52 I-12 (65)
4,404 67 2-4 (59,66)
not known 12 2-3 (67)
not known 9 2-4 (68)
not known 74 2-8 (69)
1,800 27 |- 4 (66,70)
2,000 82 | -4 7N
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2.2 ISO STANDARDS, ACCREDITATION, AND CE MARKING

Accreditation is a demonstration of a competence and compliance to a specific
ISO standard (International Organization for Standardizations (Table 2.). The
area in which the competence has been assessed is indicated in the accreditation
decision (23). Accreditation is sought from a national accreditation body (NAB).
In Finland this is Finnish Accreditation Service (FINAS), which is a unit of the
Finnish Safety and Chemicals Agency (Tukes). In global markets, the International
Authority on Laboratory and Inspection Body Accreditation (ILAC) has a mutual
recognition arrangement (MRA). This arrangement means that accreditation
achieved in one country is automatically valid in all countries where the MRA is
in force (72).

Table 2 List of different ISO Standards related to clinical laboratories and EQA

Standard Name

ISO 17025:2017 Testing and calibration laboratories

ISO 15189:2013 Medical laboratories

ISO 9001:2015 Quality management systems - Requirements
ISO 15190:2003 | Medical laboratories — Requirements for safety
ISO 17043:2010 | General requirements for proficiency testing

ISO 20658:2017 | Medical laboratories — Requirements for collection,
transport, receipt, and handling of samples

ISO 22870:2006 | Point-of-care testing (POCT) -Requirements for
quality and competence

EQA is an important part of accreditation, though specific requirements for
schemes have notbeenimplicated in the most commonly used ISO standard 15189,
which is used in Finnish clinical laboratories. It is stated in the ISO 15189 standard
thatthe laboratory must participatein aninterlaboratory comparison programme
appropriate to the investigation and interpretation of the investigation results,
and that the results must be monitored by the laboratory and the laboratory
should participate in the implementation of corrective actions if predetermined
performance criteria are not fulfilled (73).

According to standards, good laboratory practices at the minimum include
having trained and competent testing personnel, following test manufacturers’
and the laboratory’s own standard operating procedures (SOPs), routinely
performing and evaluating daily quality control, responding to poor results and
correcting problems, applying total quality management and continuous quality
improvement principles and practices, participating in EQA, and documenting alll
activities.
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2.2.1 1SOI17025:2017 TESTING AND CALIBRATIONLABORATORIES
According to the standard “A laboratory's fulfilment of the requirements of ISO
[7025 means the laboratory meets both the technical competence requirements
and management system requirements that are necessary for it to consistently
deliver technically valid test results and calibrations” (74). The ISO 17025 is a more
technically orientated standard than the ISO 15189, which is addressed more to
the clinical laboratories.

2.2.2 1SO 15189:2013 MEDICAL LABORATORIES

According to this standard “A medical laboratory's fulfilment of the requirements
of ISO 15189 means the laboratory meets both the technical competence
requirements and the management system requirements necessary for it to
consistently deliver technically valid test results” (73). This standard has an
increased emphasis on the management system and continuous improvement of
laboratory processes.

Compared to ISO 17025, ISO 15189 addresses the qualifications of the staff in
more detail. Asstatedinthe description of the standard, the professionis practised
in different countries at the same level, regardless of the academic background of
the professionals. The ISO 15189 standard is crafted so that it allows competent
staff members with different academic backgrounds fo become directors of
clinical laboratories (75,76). In some countries a medical degree is required for the
clinical laboratory management.

2.2.3 CE MARKING

Conformité Européenne, CE marking, means a declaration of conformity. It
certifies that a CE marked product has met EU health, safety, and environmental
standards for the intended purpose of use (77,78). Once granted, CE marking is
valid in all European countries. After infroduction to the market, manufacturers
are obligated to carry out continuous post-market surveillance of the quality
of their products (79). From March 2020 onwards, data on CE marked medical
devices in the European Union market is collected in an electronical database
called Eudamed (80,81). The new regulations on in vitro diagnostic medical devices
(IVDR) have tighter rules than CE marking for laboratory tests to enter markets,
and it will probably reduce the number of tests that have been developed or
modified within a laboratory, so called in-house tests, in clinical laboratories, and
will also limit the number of CE marked tests sold by manufacturers (82).

2.2.4 CLINICAL MICROBIOLOGICAL LABORATORIES IN USA,
CANADA AND AUSTRALIA

In the United States of America, laboratories must meet standards defined in the
Clinical Laboratory Improvement Act. The CLIAG7 was the first act to regulate the
practise of clinical laboratory functions. As an improvement, CLIA'88 mandates
universal requirements for all clinical laboratory-testing sites (83).
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The recent CLIA regulations have outlined three categories of clinical laboratory
testing. These categories are waived tests, a limited list of moderate complexity
provider-performed microscopy, and moderate and high complexity tests, also
known as nonwaived tests.

The waived tests are considered simple fests that present low risks concerning
incorrectresults and patientsafety. PPM procedures are performed during patient
visits by physicians or mid-level practitioners. The moderate and high complexity
tests are, as stated in the name, tests that represent moderate to high complexity.
This is estimated on the basis of the required knowledge, training and experience,
reagents and materials preparation, fest system troubleshooting and equipment
maintenance, interpretation and judgment, characteristics of operational steps,
availability and stability of the calibration, quality control, and proficiency festing
materials.

CLIA'88 specifically states that the laboratory director must ensure that the
testing systems used provide laboratory quality services covering all aspects
of test performance, which includes the pre-analytic, analytic, and post-
analytic phases of testing. CLIA'88 mandates laboratories to participate in
EQA programmes approved by Centres for Medicare and Medicaid Services
(CMS). The quantitative performance requirement in CLIA'88 for microbiology
laboratories includes the following: the laboratory has to analyse at least
five EQC samples per festing event, it has to achieve an 80% correct score on
each testing event to achieve satisfactory performance, and it has to perform
satisfactorily in two out of three sets of EQA rounds per year (84).

In Canadaq, accreditation of clinical laboratories is regulated by 10 provincial
health authorities. Five of the provinces have provincial accreditation bodies,
while in the ofher five provinces the clinical laboratories are accredited by
Canadian Counsel on Health Service Accreditation (CCHSA). ISO 15189 has been
accepted in all provinces as the standard for accreditation of clinical laboratories
in Canada, though differences in implementation exist.

Australian clinical laboratories require accreditation under the Australian
government’s Health Insurance Act. Laboratories are assessed according to the
National Pathology Accreditation Advisory Council NPAAC) requirements (85).

2.2.5 EXAMPLES OF ARRANGEMENT OF CLINICAL
LABORATORIES IN EUROPEAN COUNTRIES

The European clinical laboratory field has evolved over time to meet the demands
of national health care systems. Only a few published studies related to the
accreditation level of clinical laboratories have been made and information on
the legislation of the European clinical laboratories is mostly scattered in national-
level instructions. There are many differences between clinical laboratories in
European countries (86), but similarities do exist. The reliability and reproducibility
of laboratory investigations are important aspects for clinical laboratories, and
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this has led them to demonstrate the quality of their results through accreditation.
Thenumberofaccreditedlaboratories varies greatly between European countries.
In most European countries, accredited clinical laboratories have adopted the ISO
15189 standard .The highest percentages of accredited laboratories are in Finland,
Ireland, the Netherlands, Sweden, Switzerland and the UK (87). Additionally, there
are countries such as Slovenia and Albania which have no accreditation process
available. Finland, Germany, and France also have national legal requirements for
clinical laboratories. According to Datema et al (2011), national quality regulations
are recommended if they are available because they are often more detailed
and better adapted to the local situation (88).

One of the critical resources for clinical laboratories are adequate and well-
trained staff. At the national level, many different names are being used for
the professionals of this field and in most European countries the head of the
laboratory can be either physician, pharmacist or laboratory specialist with a
scientific background (89), and consultant competence criteria vary between
countries (75). There is also variation in the numbers and occupational titles of
the clinical laboratory personnel in European countries (89). A concern has been
raised about the sufficiency of the educated workforce for the clinical laboratory
field (90). In order to enhance opportunities for professionals to migrate between
EU countries, the European Federation of Clinical Chemistry and Laboratory
Medicine (EFLM) has crafted a syllabus for postgraduate education and training
for clinical laboratory specialists (91).

Below some information is presented on practices in relation to laboratory
activities from seven European countries: Estonia, France, Germany, Italy, United
Kingdom (UK), Sweden and the Netherlands.

In Estoniaq, each healthcare providing facility, including hospitals, ambulatory
care providers, and private laboratories have a licence from the Health Board of
Estonia. Accreditation of the clinical laboratory is not mandatory. If accredited,
the standard used is ISO 15189.

France has had mandatory accreditation since 2008 according o ISO 15189
for all of its 800 clinical laboratories (92-94). The development of the quality
assessment was started in the 1990s when a guideline for good analysis
performance, the Guide de bonne exécution des analyses de biologie médicale
(GBEA) was published. In France accreditation is sought from the national
accreditation body named the comite Francais d'accreditation (COFRAC).

In Germany, clinical laboratory testing is regulated by the act and guidelines
that regulate quality assessment for the field of clinical laboratory medicine.
The guideline of the German Medical Association on quality assessment in
medical laboratory examinations is called Richtlinien der Bundesarztekammer,
Rili-Bak, and it was issued first time in |971. Its latest version has been effective
since 2014 (95,96). According to the guideline, participation in EQA is mandatory.
Accreditation of clinical laboratories is voluntary and 20% of the laboratories are
accredited (35).

Italy has about 4,200 clinical laboratories in its 20 regions. The regions have
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freedomtosettheirownaccreditationcriteria,procedures,andqualityrequirements
(35). A national decree states that regional quality control programmes should
be carried out to guarantee acceptable performance of laboratories (97-99).
Accreditation is voluntary with the exception of the Autonomous Province of
Trento, and only a few clinical laboratories are accredited (100).

In the UK, Public-Health England maintains variety of standards for laboratory
investigations (101,102). The providers of EQA programmes relate to and inter-
act with a joint working group on quality assessment and its associated national
quality assessment advisory panels (NQAAPs) (103). The NQAAPs are professional
groups that have responsibility for maintaining satisfactory standards of analytical
and interpretive performance in all clinical laboratories in the UK. The UK was one
of the first European countries to infroduce accreditation for clinical laboratories
(104). Accreditation is not mandatory, but it is widely used in the UK.

InSweden there are altogether24 specialised clinical microbiology laboratories
(I05). There is no licensing system in place and accreditation is not mandatory
for clinical laboratories. Based on the quality assessment regulation the health
service chooses, laboratories that can meet high standards (106-108). The first
two clinical laboratories were accredited by Sweden's National Accreditation
Body (SWEDAK) in 1992, and today the majority of the clinical laboratories are
accredited (100,109).

The Netherlands had about 400 clinical laboratories, of which about [00 were
accredited by the Dutch Accreditation Board for Medical Laboratories, (CCKLtest)
at the end of the year 2001 (110). About 80 laboratories are specialised in clinical
microbiology and 90% of them are linked to hospitals (I11,112).
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2.3 QUALITY PROCESSES IN CLINICAL
MICROBIOLOGY LABORATORIES IN FINLAND

Accreditation in Finnish clinical laboratories is voluntary but common (II3).
Most Finnish clinical laboratories are currently accredited against the ISO 15189
standard (114).

The licensing process concerns all clinical microbiology laboratories. However,
it differs from accreditation in some requirements (Table 3.). The main difference
however is that accreditation is voluntary in contrast to the licensure which is
mandatory.

According to the Finnish infectious Diseases Act (II5,16), laboratory
examinations and tasks required to diagnose infectious diseases may be carried
out in the Finnish Institute for Health and Welfare (THL), as well as laboratories
that have been issued an operating licence for this purpose, and also in those
operating units that are under supervision of the latter laboratories.

These licences are granted by the regional state administrative agencies
(RSAAS). Before granting a licence the RSAA requests a statement from THL.
The preconditions for granting a favourable statement are that the laboratory
must have appropriate premises and equipment, as well as competent staff for
performing its tasks, and that its quality controls are organised appropriately
(34). For this, laboratories are obligated to participate in EQA rounds at least
four times per test item per year. In addition to that, when monitoring its
subcontracting laboratories and operating units under its supervision, the
laboratory is responsible for assuring that they are organised in an appropriate
manner. The licence is of a limited duration, commonly three years, and in the
case of shortcomings the RSAA can cancel the granted licence.

At the beginning of the licensure system in the early 1990s, 40% of the clinical
microbiology laboratories did not have a valid license from the Board of Health,
which was the authority previously responsible for granting the licence. A
detailed procedure for the licensing system for clinical microbiology laboratories
was created in 1993 (117). Key justifications for the system included patient safety,
the quality of clinical microbiology test results supporting communicable disease
surveillance for public health purposes, the accelerating competition between
laboratories, which at was causing pressure to compromise on the quality of
testing, and finally the understanding that accreditation alone was not sufficient
to ensure high quality microbiological testing in clinical laboratories. At the early
stage of the system, approximately 400 laboratories were involved.

Before 2017 all laboratories, specialised laboratories and smaller operating
units under their supervision had their own licences. POC tests such as
Streptococcus A Antigen and EBV IM, as well as simple bacterial cultures such
as throat- and urine cultures to level where negatives were answered, could be
done independently. However, the laboratories carrying out more complex POC
tests such as Influenza A and B antigen tests needed a supporting laboratory
that is responsible for reliability of the test results. The role of the supporting
laboratory wasto help the smaller laboratory to choose correct test methods and
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EQA, draw up SOPs, educate the personnel, and assist in reporting the findings
to THL if necessary (118). After 2017, according to the new communicable diseases
act (116), all laboratories are obligated to have expertise in clinical microbiology,
either by themselves or from a supervising laboratory.

THL maintains a register of clinical microbiology laboratories and the
microbiological specimens investigated in those laboratories. The list of
the names of all laboratory investigations (the nomenclature of laboratory
investigations) is maintained by the Association of Finnish Local and Regional
authorities (I19). Currently, more than 700 clinical microbiology laboratories

Table 3 Comparison of the requirements of the ISO 15189 standard, the Finn

Year of publication

Accreditation

ISO 15189

2003

Finnish
licensing sys

1993

Year of latest issue

2012

2017

Validity and other
additional restrictions

One accreditation period
is four years

Licence is vc
for three ye.

Scope and more detailed
Definitions

All clinical laboratory
investigations.
Named investigations in
the accreditation
document or flexible
scope.

Only clinical microbiolc
tions. Three classes of
consisting of licensed la
either:
) expert leve
2) limited level of
microbiology investi
3) supervised oper
performing only P
with CE-marked f
otherwise generally
testing meth

Management and personnel

Led by a professionally
qualified person.
Personnel with appropriate
education, fraining, expe-
rience and demonstrated
skills needed
to perform the tasks

Led by an expert
microbioloc

Clinical microbiolo
present in expe
laboratory. Personr
by the quantity anc
the operatic

'Laboratory-categories were introduced in 1.6.2017 (115)
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or operating units are approved for performing diagnostics for infectious
diseases. Most of the laboratories are state of the art clinical microbiology
laboratories, while the operating units are small medical and healthcare
centres, performing only a few microbiological tests, including urine culture,
throat swab culture tests and some POC tests with commercial test kits.

Together they conduct over 7,000,000 clinical microbiological investigations
per year. Laboratory findings of pathogens listed in Finnish infectious diseases
decree (120,121) are reported in the national infectious diseases register (NIDR)
maintained by THL. Around 90,000 infectious disease findings per year are
entered in the NIDR.

ish licensing system, the German Rili-Bak and the USA CLIA.

German
1971 1967
2014 1988
lid Not Annual competency testing
ars stated for personnel

gy investiga-
laboratories
boratories with

All clinical laboratory
investigations.
Requirements of the named
investigations are listed in

All clinical laboratory
investigations.
Three classes of investigations:
) moderate and high

| or the guidelines. complexity investigations,
*clinical 2) Provider-Performed
jations, and Microscopy (PPM) procedures,
ating units 3) waived investigations.
OC tests

st kits or

/ accepted

ods.

in clinical Led by a professionally Led by a professionally

JY. qualified person. Personnel who | qualified person. Personnel who
gy expert are professionally qualified are professionally qualified
rtlevel corresponding fo legal regula- corresponding to legal regula-
el defined tions. The number of personnel tions. The number of personnel
| quality of must be sufficient with regard to | must be sufficient with regard to
ns. the amount of work the amount of work.
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Table 3 Comparison of the requirements of the ISO 15189 standard, the Finn

Management and personnel

Accreditation

ISO 15189

Led by a professionally
qualified person.
Personnel with appropriate
education, training, expe-
rience and demonstrated
skills needed
to perform the tasks

Finnish
licensing sys

Led by an expert
microbioloc

Clinical microbiolo
present in expe
laboratory. Personr
by the quantity anc
the operatic

EQA

Mandatory participation in
interlaboratory comparison
programme(s) (EQA or PT)
appropriate for the
investigation
and interpretations
of the results.
The laboratory must
monitor the results
of the programme(s) and
participate in the
implementation
of corrective actions when
predetermined performance
criteria are not fulfilled.

Mandatory particip
EQA on a quarterly
it is availak

' Laboratory-categories were introduced in 1.6.2017 (115)
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ish licensing system, the German Rili-Bak and the USA CLIA.

German
Rili-Bak

USA CLIA

in clinical Led by a professionally Led by a professionally

JY. qualified person. Personnel qualified person. Personnel who
gy expert who are professionally qualified are professionally qualified

rt level corresponding to legal corresponding to legal regula-
el defined regulations. The number of tions. The number of personnel
| quality of personnel must be sufficient with | must be sufficient with regard to
ns. regard to the amount of work the amount of work.

ation o the Mandatory participation Mandatory participation in
basis when in EQA programmes approved PT programmes.
le. in accordance The testing must be conducted

with the procedures
described
in the guideline.
The guideline defines
the minimum
requirements for EQA
and IQA for clinical
laboratory
investigations.

on a quarterly basis, except
where the secretary determines
for technical and scientific
reasons that a particular
examination or procedure may
be tested less frequently (but
not less often than twice per
year). Uniform criteria for accep-
table performance.
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2.4 BASIC PRINCIPLES IN MICROBIOLOGICAL
INVESTIGATION

The basics of growing a bacterial culture are same today as they were in the
1880s (123,124). Examined organisms are grown by letting them reproduce in a
predetermined culture medium under controlled laboratory conditions. Cultures
are grown on agar-plates or dip-slides which are incubated at the optimal
temperature for the growth of the suspected bacterial pathogens. In recent years
the plating of patient samples has been automated in some laboratories (125,126).

When examining sample materials rich with contaminating bacterial growth,
such as in stool specimens, the plates may be given additives to inhibit the
growth of undesired bacteria (127-132). Additives can also help to identify the
bacteria growing on the plate. By designing a selective base medium and adding
chromogenic substrates, media can be designed that allow the differentiation
and identification of groups of organisms. There are a variety of chromogenic
plates which can be used to cultivate clinical patient specimens to recover
pathogens such as Escherichia coli, Enterococcus sp. and Salmonella sp. (133-135).

Colonies of suspected bacterial pathogens have to be recognised and
isolated in order to identify them in detail. [dentification is traditionally done using
relevant biochemical methods (I136-141). Recently matrix-assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI-TOF MS) is used as the main
routine identification method in specialised clinical microbiology laboratories
(142,143). In addition, various other modern methods including polymerase
chain reaction (144,145), whole genome sequencing (WGS) (146) and microarray
methods (147,148) are used in several clinical microbiology laboratories.

In the following three chapters below, a few principles associated with the
infections and methods evaluated in this study are briefly described.

2.4.1 URINARY TRACT INFECTIONS AND URINE CULTURE

The clinical diagnosis of urinary tract infection is made on the basis of the
symptoms. However, the microbiological diagnosis is based on detecting the
growth of known bacterial pathogens in numbers that are considered significant
(149150). UTls are one the most common infections treated in healthcare (I51-154)
and the quantitative urine culture is the most common clinical microbiological
investigation performed in clinical laboratories. According to THLs register of
licenced clinical microbiology laboratories, nearly 200 laboratories annually
cultivate over 1.2 million urine specimens in Finland (data from THL's register).
While the number of laboratories has declined, the numbers of investigations
have remained constant (I55). The majority of UTls are caused by E. colj, Klebsiella
pneumoniae, Enterococcus faecalis, and Staphylococcus saprophyticus (156-158).
If the same sample 33 contains several isolates, it is considered contaminated.
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The average contamination rate based in a Q-probes study of CAP was about
15% (159). In order to reduce the workload of culturing of all the urine samples sent
to the laboratory, flow cytometers are used to screen negative samples in some
larger clinical microbiology laboratories (156). The rising trend of antimicrobial
resistance is an urgent public health threat (160). From a public health perspective,
bacterial strains isolated from urine specimens give valuable information on
antibiotic resistance situation in the country.

For example, at present, approximately half of the Extended-spectrum
betalactamases (ESBL) producing E. coli and K. pneumoniae strains (16]) and
Carbapenemase-producing Enterobacterales (CPE) strains (162) in Finland have
been found in urine samples.

2.4.2 GASTROINTESTINAL INFECTIONS AND FAECAL
BACTERIALCULTURE

Gastrointestinal infections are a major public health issue (163,164). Many of the
gastrointestinal infections in Finland are associated with travellers’ diarrhoea
(161,165). Approximately 70,000 faecal bacterial cultures are conducted each year
to clear the ethiology of a suspected diarrheal disease (166). These cultures are
done in clinical microbiology laboratories operating in university and central
hospitals and in the private sector. The minimum content of a faecal culture panel
in Finland specified in the nomenclature of clinical investigations (I18) include
common diarrhoea-causing bacteria: Salmonella, Shigella, Campylobacter, and
Yersinia. Enterohaemorrhagic E. coli is not routinely investigated in all clinical
microbiology laboratories.

Annually approximately 4,500 Campylobacter, 2,000 Salmonella, |00 Shigellq,
600 Yersinia, and over 100 EHEC intestinal infections are reported in Finland (16)).
Therearesomenew PCRbased methodsdevelopedtodetectbacterialpathogens
from stool samples (144,145). However, pure bacterial cultures from samples
are still needed for antimicrobial susceptibility testing and epidemiological
investigations.

2.4.3 POINT-OF-CARE TESTING AND INFECTIOUS
MONONUCLEOSIS

Point-of-care tests have become more common in recent decades in multiple
health care settings (167168). These tests are often used because they are relative
easy to use and can be carried out near the patient to shorten the turnaround
time and help in patient management (169-171). A variety of POC tests have been
developed in order to speed up the diagnosis of certain diseases and streamline
the patient flow in healthcare facilities (I72-175). At best, POC test results can
have an immediate effect on patient care. Because respiratory tract infections
are the most common cause of healthcare visits (151,152), the most common POC
tests used in Finland are those that are used fo diagnose various respiratory tract
infections. Thus, streptococcal antigen tests are done in about 670 laboratories
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and testing sites with altogether 305,000 tests per year, Influenza A and B antigen
tests are carried out in about 210 laboratories and testing sites with 52,000 tests
per year, and 22,500 EBV IM tests per year are carried out in 190 test sites (data
from THLUs register). Laboratory findings on respiratory viruses such as Influenza
A and B, Respiratory syncytial virus (RSV) and Adenovirus are mandatorily
reported to the NIDR and published annually in the Infectious Diseases in

Finland report (161). Numbers of EBV IM findings are not registered.

One of the common viral pathogens causing symptoms of sore throat,
fever and fatigue is EBV. It has been estimated that at least 90% of adults
worldwide have been infected by it in some point of their lives (176,177). The
diagnosis of EBV IM is based on clinical, haematological and serological
findings (178-180). Heterophile antibody tests (I81) are commonly used for
this purpose because they are cheap to perform, robust (182), and available at
the POC.
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3 AIMS OF THIS STUDY

This study gives insight intfo the accuracy of the daily diagnostics of patient
specimens in Finnish clinical microbiology laboratories and testing sites, and
thus patient safety.

Specifically, the study focuses on external quality assessment (EQA) by
evaluating the results of external quality control (EQC) samples for three
investigations of public health or epidemiological importance. These are:

0] Quantitative urine cultures
(2 Cultures of faecal bacterial pathogens
(3) Mononucleosis screening fests
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4  MATERIALS AND METHODS

4.] LABORATORIES AND DATA COLLECTION

The datawascollected from Finnish clinical microbiology laboratories participating
in the EQA process provided by Labquality Ltd. Only the data from those Finnish
laboratories who conducted quantitative urine cultures, cultures of faecal
bacterial pathogens and/or EBV IM POC tests, were included in the retrospective
evaluations. Altogether 413 laboratories met the criteria. The laboratories included
largespecialisedlaboratoriesinuniversity and centralhospitals,smallerspecialised
laboratories focusing on a narrow field of microbiological investigations, as well
as POC testing sites operating in small health care centres, private health clinics
and occupational health clinics (Table 4.). The number of the laboratories per year
changed during the 9 year study period as some laboratories finished and new
ones started their microbiological operations.

The laboratories were divided according to their size categorised by the number
of named investigations they conducted per year. Quantitative urine culture
investigations were done in a total of 335 laboratories, from which 139 were small
and 196 large laboratories. Small laboratories analysed less than 1,000 samples
per year and large laboratories analysed [,000 samples or more per year.

All of the |7 laboratories investigating stool samples for faecal bacterial
pathogens were large specialised clinical microbiology laboratories, including
three private laboratories, four university laboratories and ten centfral hospital
laboratories.

EBV IM investigations were done in a fotal of 273 laboratories, of which 155
were small and 118 were large laboratories. Small laboratories conducted 50 or
less EBV IM investigations per year, while large laboratories conducted 51 or more
EBV IM investigations per year. Of the total of 18,885 EQC results, 9,689 came from
small, and 9,198 results from large laboratories.

Table 4 Definition of the large and small laboratories in different EQA rounds. Data on
the annual sample number was collected from THL's register of clinical
microbiology laboratories.

EQA Small Large No of small  No of large
Round laboratory laboratory  laboratories laboratories
Quantitative <],000 >/,000
[ . 139 196
urine culture  |samples/year| samples/year
Faecal |
! bacterial culture NA NA 0 i
EBV IM point- | <50 samples/ | >50 samples/
Il . 155 118
of-care testing year year

'All participants were specialised clinical microbiology laboratories.
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The EQCresults sentby the laboratories to Labquality Ltd are confidential. Access
to the Labquality Ltd.s database was possible only after receiving permission
from each laboratory. Letters (Appendix |.) to ask permission was sent to 949
laboratories in Finland and abroad participating in any of Labquality Ltd.s
microbiology EQA schemes during 2009—2012. The same request was sent again
the following year. Letters were sent by Labquality Ltd. and the permissions were
collected in THL. Laboratories located outside Finland were excluded, in addition
to the Finnish laboratories that did not take part in any of the three EQA rounds
selected for this evaluation.

Most of the laboratories gave permission for the use of their data from
Labquality Ltd. After receiving permission, the data from the laboratories
participating in EQA rounds included in this study was collected from this
database. The data on the laboratories and from the EQA rounds were merged
in THL. The number of laboratories in this study corresponded to the number of
participants in the selected EQA rounds and laboratories that conducted these
named investigations according to the THLs register. Most of the excluded
536 laboratories did not conduct investigations included in this study, or had
discontinued their microbiological operations or were located outside Finland.

Additional information on the laboratories was collected from the register kept
by THL of licenced clinical microbiology laboratories and information affecting
their operating conditions.
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MATERIALS AND METHODS

4.2 EQA ROUNDS AND EQC SAMPLES

Of the total of 4I3 laboratories, 335 took part in quantitative urine culture
rounds, |7 in faecal bacterial pathogenic rounds and 273 in EBV IM POC rounds
(Table 5.). Quantitative urine culture, faecal bacterial culture and EBV IM POC
investigations were selected for the study because the occurrence of UTls,
gastrointestinal and EBV infections are widely investigated in the participating
laboratories. The EQC samples in these rounds had been pretested beforehand
by an expert clinical microbiology laboratory and the original EQC results were
graded by a clinical microbiology expert appointed by the Labquality Ltd. These
procedures determined the expected, correct or false, results. In these studies
the performance of the laboratories was evaluated based on the number and
proportion of correct and false results obtained from Labquality Ltds register.
The data accompanying the EQC results contained information on culture
and identification methods as well as information on the fest kit used.

Altogether data on 26,398 EQC results from 167 EQC samples were evaluated
in three different studies regarding EQA rounds during the nine-year study
period 2009-2017 (Table 5).

Table 5 Composition of the studies |, Il and lll, years, and the numbers of samples,
participants and number of results evaluated.

EQC Participants

Samples
I Quantitative 2009-20Il 24 335 6,932
urine culture

I Faecal 2009-2014 48 17 58|
bacterial culture

[ EBV IM point- 2010-2017 95 273 18,885
of-care testing

All |67 4|3 26,398

' Total number of participating laboratories
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In quantitative urine culture rounds Gram-negative bacteria were present in 14,
and Gram-positive bacteria were present in 7 of the 24 EQC samples (Table 6.).
The most common bacteria present was E. colj, which was the sole expected
pathogenin 8 samples. The urine culture EQC samples were lyophilised microbial
suspensions, which were suspended in a 100ml buffer solution to represent a
urine specimen and then cultured according to the laboratory’s routine method.

Table 6  List of the expected findings in 24 quantitative urine culture EQC samples
(Study ).

Expected finding No of samples

Gram-negative bacteria
Escherichia coli

Klebsiella oxytoca

Salmonella Virchow

Pseudomonas aeruginosa

8
Klebsiella pneumoniae 2
I
I
I
I

Acinetobacter baumannii

Gram-positive bacteria

Enterococcus faecalis

Enterococcus faecium

Streptococcus agalactiae
Staphylococcus saprophyticus
Aerococcus urinae

Negative (Mixed growth)
Escherichia coli, I
Klebsiella pneumoniae,
Pseudomonas aeruginosa

Escherichia coli, Proteus I
mirabilis, Enterococcus faecalis
Negative (No growth) I

All 24

— ==
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MATERIALS AND METHODS

Table7 List of the expected findings in 48 faecal bacterial culture
EQC samples (Study II).

Expected finding No of samples

Salmonella Abony (serogroup B) 8
Salmonella Agona (serogroup B)
Salmonella Enteritidis (serogroup D)
Salmonella Give (serogroup E)
Salmonella Infantis (serogroup C)
Salmonella Poona (serogroup G)
Salmonella Typhimurium (serogroup B)
Salmonella Virchow (serogroup C)
Shigella flexneri

Shigella sonnei

Yersinia enterocolitica

Yersinia pseudotuberculosis

Campylobacter jejuni
Enterohaemorrhagic Escherichia coli O157 (EHEC)
Two pathogens

— U= UT NN — [ — DN — N

Salmonella Typhimurium, Campylobacter coli
Shigella flexneri, Aeromonas hydrophila

Shigella boydii, Salmonella Typhimurium

I
I
I
Salmonella Enteritidis, Campylobacter jejuni I
Salmonella Enteritidis, Salmonella Agona 2
Negative (Normal faecal microbiota) 5
All 48

The EBV IM POC EQA rounds were comprised of 95 samples, of which 36
were positive and 59 were negative (Table 8.). From the negative samples 23

represented cases with no EBV antibodies and 36 represented cases with old
EBV antibodies.
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Table 8 List of the expected findings in 95 EBV IM POC EQC samples (Study II).

Expected finding No of samples

Positive (recent EBV infection) 36
Negative (no EBV antibodies) 23
Negative (old EBV antibodies) 36
All 95

4.3 STATISTICAL ANALYSIS

A Fisher exact test and chi-square test were used to compare the results
between different sized laboratories, methods used in the investigations, and
different sample groups. The effects as changes in percentages were estimated
using the delta method. For the more complex associations, a logistic regression
analysis was used. (181). A p-value < 0.05 was considered to indicate statistical
significance (Table 9).

Table 9  The statistical methods used and the studies they were used in.

Statistical method Used in study

The Fisher exact 1, 11, 111

Chi-square [, 11, 11
Delta method I
Logistic regression |, 11
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5 RESULTS

The success rate for quantitative urine cultures was 83%, for faecal bacterial
cultures it was 92%, and for EBV IM point-of-care testing it was 99% (Graphic D).
The Finnish laboratories that were enrolled on named schemes attended all four
rounds per year. The commitment to the EQA was good in all three studies. The
laboratories responded by reporting their EQC results to Labquality Ltd in 95% to
99.5% of the cases (Graphic 1.).

Quantitative urine culture (Study

)

Faecal bacterial culture (Study I) I Success rate %

W Response rate %

EBV IM point-of-care testing |
(Study III)

Graphicl  Success and response rates (Studies |, II, I1).
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5.1 EQA SUCCESS OF QUANTITATIVE URINE CULTURES (STUDY )

According to the data collected from the EQC samples, the overall success in
the quantitative urine culture rounds was 83%. The most common reasons for
the 17% false results were interpreting the growth of expected pathogen as
non-significant, or that the culture contained mixed growth, or that there was no
growth at all. There were differences in detecting and quantifying the growth of
Gram-negative and Gram-positive bacteria (Tables 10. and I1.).

Most of the participants were laboratories that only screened samples for
significantgrowth andsentsamplesclassified as positive to areference laboratory
for further investigations. Only 72 (26%) of the 335 laboratories identified growth
that was interpreted as significant.

5..1 EQC SAMPLES CONTAINING GRAM-POSITIVE BACTERIA

In the data for 7 EQC samples in which Gram-positive bacteria were present,
the quantitative result was correct in 68% of 1,994 results (Table I1.). The most
common Gram-positive bacterial pathogens found in the urine culture samples,
Enterococcus sp. and Staphylococcus saprophyticus were correctly reported in
85% of the 1,424 EQC results. More untypical findings, Streptococcus agalactiae
and Aerococcus urinae were reported correctly only in 23% and 31% of the 296
and 274 EQC results, respectively

Table 0 EQC results of urine cultures according to the expected findings.
CFU/ml in the urine samples 210°.

Expected finding No. of No. of Success
samples results rate %

Gram-negative 14 3,964 9l

E. coli 8 2,250 93

Klebsiella sp.! 3 86l 80

other Gram-negative ? 3 853 99

' Klebsiella pneumoniae and Klebsiella oxytoca
? Salmonella Virchov, Pseudomonas aeruginosa and Acinetobacter baumannii
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RESULTS

5.1.2 EQC SAMPLES CONTAINING GRAM-POSITIVE BACTERIA

In the data for 7 EQC samples in which Gram-positive bacteria were present,
the quantitative result was correct in 68% of 1,994 results (Table I1.). The most
common Gram-positive bacterial pathogens found in the urine culture samples,
Enterococcus sp. and Staphylococcus saprophyticus were correctly reported in
85% of the 1,424 EQC results. More untypical findings, Streptococcus agalactiae
and Aerococcus urinae were reported correctly only in 23% and 31% of the 296
and 274 EQC results, respectively Table Il EQC results of urine cultures according
to the expected findings. CFU/ml in samples 210°, expected Aerococcus 210**

Table Il EQC results of urine cultures according to the expected findings.
CFU/ml in samples 210°, expected Aerococcus 210*>

Expected No. of No. of Success
finding samples results rate %
Gram-positive 7 1,994 68
Enterococcus sp.! 4 130 84
Staphylococcus saprophyticus I 294 89
treptococcus agalactiae I 296 23
Aerococcus urinae I 274 3l

I Enterococcus faecalis and Enterococcus faecium
5.1.3 EQC SAMPLES WITH NO GROWTH OR MIXED GROWTH

According to the collected datq, three of the EQC samples during the three-year
study period were negative (with no growth or mixed growth). The one EQC
sample with no bacterial growth was correctly reported by all (100%) participants
and two EQC samples containing mixed growth were correctly reported only
in 66% of the results (Table 12.). They were often reported as growing, but the
laboratories had commented thatin the case of a real patient sample they would
be to be sent to the reference laboratory for further investigations. The expected
result in these cases was negative, mixed growth.

Table 12 EQC results of quantitative urine culture EQC samples according to

the expected findings.
Expected No. of No. of Success
finding samples results rate %
Mixed growth 2 560 66
Negative (no growth) I 286 100




52 EQA SUCCESS OF FAECAL BACTERIAL
CULTURES (STUDY II)

The overall success rate in the faecal bacterial culture rounds was 92%. Common
reasons for false results were improper identification of Shigella sp. and one
biochemically atypical Salmonella strain leading to a false negative culture result
forthose faecal bacterial pathogens. One sample with alow Salmonellacell count
was also reported to be falsely negative in several participating laboratories.

5..2 SALMONELLA SP., CAMPYLOBACTERSP, YERSINIA SP.,
EHEC AND SHIGELLA SP.

During the 6-year study period Salmonella sp. was present in 22 EQC samples,
of which in I8 cases it was the sole bacterial pathogen (Table 15.). According to
the collected data it was correctly identified by all of the participants in 20 EQC
samples. All false results with Salmonella were caused by two samples, one with
a low number of Salmonella Typhimurium cells, and other with the Salmonella
Infantis strain.

According to the collected data, the success rate was 98% for Campylobacter
jejuni and 96% for Yersinia sp. (Table 15.). One false Campylobacter jejuni result
and one false Yersinia enterocolitica result were due to a possible sample mix up.
The only false positive result from the negative sample was caused by a suspicion
that a normal E. coli strain in that sample could have been EHEC. The laboratory
responsible for this result stated that if found in a patient sample, the strain would
have been sent to the reference laboratory for further investigations.

Table 13 EQC results of faecal bacterial cultures according to the expected

findings.
Expected No. of No. of Success  No. of samples
finding samples results rate %  with false results
Salmonella sp. 18 22| 95 2
Yersinia sp. 6 75 926 3
Campylobacter jejuni. 5 59 98 I
Escherichia coli EHEC I 13 92 I
Negative (normal 5 59 98 I
faecal microbiota)
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RESULTS

According to the collected data, the success rate was 89% for Shigella flexneri
and 71% for Shigella sonnei. Only one EQC sample containing the Shigella flexneri
strain was correctly reported by all of the participants in that particular EQA
round. The results of the remaining six EQC samples contained at least one false
negative report per sample from the participating laboratories. In two other EQC
samples where Shigella was present with some other bacterial pathogen, it was
correctly reported in 63% of the 24" EQC results (Table 17.).

Table 4  EQC results of faecal bacterial cultures according to the expected

findings.
Expected No. of No. of Success  No. of samples
finding samples results rate %  with false results
Shigella flexneri 5 57 89 4
Shigella sonnei 2 P 71 2

Table 4  EQC results of faecal bacterial cultures according to the expected

findings.
Expected findings No. of No. of Success  No. of samples
(two pathogens) samples results rate %  with false results
Campylobacter sp.), 2 23 100 0
Salmonella sp.?
Salmonella Enteritidis, 2 22 100 0
Salmonella Agona
Shigella boydii, Salmo- I 12 50 I
nella Typhimurium
Shigella flexneri, Aero- I 12 25 I
monas hydrophila

'Campylobacter coliand Campylobacter jejuni.
2 Salmonella Typhimurium and Salmonella Enteritidis.
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In this study the participating laboratories were all specialised clinical micro-
biology laboratories. Investigations of the EQC samples were done in |7 large
specialised clinical microbiology laboratories, four of which were university or
university hospital laboratories, |0 were central hospital laboratories and three
were private laboratories (Graphic 2.).

Private laboratory
Private laboratory
Private laboratory
Central hospital
Central hospital
Central hospital
Central hospital
Central hospital
Central hospital
Central hospital
Central hospital
Central hospital
Central hospital
University hospital
University hospital
University hospital
University hospital

M Correct results
M False results Shigella

M False results Salmonella

Laboratories by laboratory type

M False results Other

Number of results

Graphic2 The Faecal bacterial culture EQC results from [7 large specialised
clinical microbiology laboratories. The laboratories are sorted by
the laboratory type (3 private, 10 central hospitals and 4 university
hospitals).

False results occurred in 14 of the |7 laboratories, and these laboratories had one
to eight false results per laboratory. The three laboratories that reported all the
EQC samples correctly participated only in five fo four EQA rounds. False results
occurred in |4 of the |7 laboratories, and these laboratories had one to eight false
results per laboratory. In the laboratories that had reported all the EQC samples
correctly the total number of reported EQC results was |0 or less.
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5.2.2 SUCCESS OF THE OTHER EUROPEAN LABORATORIES
IN FAECAL BACTERIAL CULTURE EQA

In the study the results of tests for faecal bacterial pathogens of other European
laboratories were also reviewed. Because the Finnish Communicable Diseases Act
only applies to Finnish laboratories, the data was collected only from Labquality’s
round reports. The number of other European laboratories varied significantly from
I7 to 90 laboratories even between the rounds in the same year. It was common
that laboratories did not participate in every EQA round per year. The success of
the other European laboratories varied between 9%-100%.

The correctly reported EQC results for Salmonella sp. were 47%-100%, while
they were 60%-88% for Shigella sp., 1%-55% for Campylobacter sp. and Yersinia
sp. with success rates varying from 45%-78%, and 9%-96% when there were two
pathogens in the same sample Atypical S. Infantis and samples with a low cell
count of S. Typhimurium were reported successfully in 82% and 47% of the other
European laboratories.

5.3 INVESTIGATION METHODS USED IN EQA ROUNDS
BY THE PARTICIPATING LABORATORIES

According fo the collected data from the EQA rounds, the investigation methods
varied between the participating laboratories. Additionally, some differences
between large and small laboratories were detected in the methods used (see
below and Table 19).

EQC samples for quantitative urine cultures were cultured in participating 335
laboratories either on dip-slides or on agar-plates with a | ul loop. The dip-slide
method was used in 79 laboratories (Table 16.). The plate culture method was used
in 246 laboratories, from which non-chromogenic (CLED or Brolacin) was used in 169
laboratories and commercial chromogenic media designed for urine culture were
used in 77 laboratories. The dip-slide method was more common among the small
laboratories. The growth of bacterial pathogens was determined in both methods
quantitatively in terms of CFU/ml. The plate culture method users reported 86%
and 87%, and dip-slide users 70% correctly of the urine EQC results. The results by
the latter method differed significantly from both of the plate methods (p<0.001).

Table 16 EQC results of quantitative urine cultures according to the used culture method.

Method No. of No. of Success
laboratories results rate %

Dip-slide 79 416 70

Plate culture, 169 3,618 86

non- chromogenic medium

Plate culture, chromogenic medium 77 [,761 87'

"'p<0.001 compared with dip-slide
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In faecal bacterial cultures, no methodological differences were detected. During
the study period the used culture methods were similar in all the participating
laboratories. The laboratories used selenite broth for the enrichment of Salmonella
before culturing the samples on selective agarplates. Samples were cultured on
xylose-lysine-deoxycholate (XLD), cefsulodin-irgasan-novobiocin (CIN), Blood free
charcoal-cefoperazonedeoxycholate agar (CCDA) plates and in some cases on
Onéz and Cystinelactose- electrolyte-deficient (CLED) plates. Suspicious colonies
were selected for further analyses. Potential bacterial pathogens were identified
by appropriate biochemical and serological tests.

In EBV IM POC rounds participating laboratories used altogether [7 different test kits
to investigate the EQC samples (Table I7.). The test kits were assigned fo three groups,
latex agglutination tests, immunochromatographic tests, and immunofiltration tests
according to the method used. The overall success of the laboratories was 99.3%.
The success in obtaining the correct result from EQC samples varied between 94.3
for immunofiltration assays to 99.4% for immunochromatographic assays and 99.6%
for latex agglutination tests. Two of the most commonly used test kits Clearview and
InstAlert comprised 62% and 25% of the 18,885 results, respectively. Test kits with
fewer than 50 results during the study period were analysed togetherin group “other”.
In the laboratories, four test kits, Monogen, Monospot, Clearview and InstAlert, were
used for the whole eightyear study period. The Monospot test kit was used only in
large laboratories. The Mononucleosis and Nadal Mononucleosis test kits were used
in only small laboratories. All of the test kits were CE-marked for professional use.

Table 17 EQC results of EBV IM POC according to the used test method and test kit.

Method (target) Test kit No.of Success
(manufacturer) results rate %
Latex agglutination method Monogen 3ll 994
(heterophile antibodies) (Biokit)
Monospot (Meridian) 166 100
Other! 27 100
Immunochromatographic method Clearview 11,766 995
(heterophile antibodies) (Unipath/ Alere)
InstAlert (Innovacon) 4792 994
Mononucleosis (Sure 694 993
Screen Diagnostics)
Mnitop (All. Diag) 249 100
Nadal Mononucleosis 138 978
(Nal von Minden)
OSOM Mono Test 95 100
(Sekisui Diagnostics)
QuickVue (Quidel) 76 88,2
Other? |49 993
Immunofiltration method (IgM anti- RDT EBV Ilglvi Assay 422 94,3
bodies, EBV VCA recombinant antigen (Bio-Rad)
and IEA-ZEBRA peptide)

' Avitex-IM (Omega Diagnostics), M.N.I Test (Fumouze).? Mnitop optima IM (Biosynex), Diaquick Mononucleosis
Cassette (Dialab), Mono Rapid Test Cassette (Hangzhou AllTest Biotech), Immunocard Stat Mono (Meridian),
Mononucleosis Test Card (ulti med). * Manufacturers’ validation only for the serum samples.
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RESULTS

5.4 EQA SUCCESS OF EBV IM POC (STUDY III)

The overall success rate in the EBV IM POC rounds was 99.3%. No difference

in the success rates between large and small laboratories were observed. The
most significant factor regarding the correctness of the results was the clinical
classification of the sample. The samples that represented old EBV immuni-

ty were the most difficult to interpreted with a 98.9% success rate (Table 18.).
Another important factor associated with the success rate was the test kit used
(see Chapter5.2. and Table 14.).

Table 18 EQC results of EBV IM POC divided according to the expected
findings and clinical status.

Expected finding No. of No. of Success
samples results rate %
Positive (recent EBV infection) 36 7258 996
Negative (no EBV antibodies) 23 4456 995
Negative (old EBV immunity) 37 7717 98,9'

' < 0.00l compared with results in other categories of clinical status

Table 19 Success in EBV IM EQA compared with the test methods and
laboratory size.

Test method Total Large Small p-value

laboratory laboratory laboratory
success %  success %  success %

Latex agglutination method 996 995 [00 1,000
Immunochromatographic 994 995 994 0,433
method

Immunofiltration methodl 94,3 94,4 93,7 0,769
All test methods 993 993 993 0,539

! The test kit only included the manufacturer’s validation for serum samples.
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6 DISCUSSION

According to Kalra (2004), the error rate of clinical laboratories in the literature
varies between 0.1% to 9.3% (184). Because laboratory results play an important
role in clinical decision making and the total number of laboratory investigations
is considerably large, efforts should be made to reduce the error rate and ensure
that it is as low as possible. EQA is one of the tools to monitor the quality of
laboratory investigations and help fo direct corrective actions to where the
impact is most effective.

6.1 PARTICIPATION AND SUCCESS IN EQA ROUNDS

In the Finnish licensing system participation in EQAs on a quarterly basis is
mandatory. The most commonly used EQA provider in Finland is Labquality Ltd.
The Finnish laboratories that were enrolled on the EQA schemes named in this
study participated in all four rounds per year.

During the EQA process not all of the laboratories responded to the EQA
tasks in all cases. However, the laboratories replied by sending their EQC results
to the assessors from 95% to almost [00% of the time. The response rate was
highest in the faecal bacterial pathogens EQA rounds, where all participants
were specialised clinical microbiology laboratories, and it was the lowest in the
quantitative urine culture EQA rounds, where most of the participants were
smaller, non-specialised clinical laboratories and testing sites. This sort of neglect
may mean that the importance of the EQA was not properly noted in some
laboratories. Leaving paid EQC specimens unanalysed and unreported means
wasted money and missed educational opportunities.

6.1.1 QUANTITATIVE URINE CULTURE

In the quantitative urine culture tests, the numbers of bacteria were correctly
reported in 83% of EQC results. The correct results were more often obtained
from samples containing Gram-negative bacteria (91%) than from samples
containing Gram-positive bacteria (68%). The most common bacterial pathogens
such as E. coli (93%), Staphylococcus saprophyticus (89%), Enterococcus sp. (84%)
Klebsiella sp. (80%) were more often detected and correctly quantified, than the
rarer ones such as Aerococcus urinae (31%) and Strepfococcus agalactiae (23%).
During the 3 year study period improvement in the success of these EQC results
was not observed.

The data of the EQC results showed that the test method had influenced
the results of the urine cultures. Namely, the laboratories using the plate culture
method succeeded statistically significantly better (correctly answering 86% of
the time) than those using the dip-slide method (69%). Dip-slides were preferred
in the smaller laboratories, while plate cultures were more common in larger
laboratories. In previous studies on quantitative urine culture and dip-slide
devices by Morandi et al. (2007), Swiss EQC results indicated that specialised
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DISCUSSION

laboratories achieved better results when compared to results in medical
practices (185). In this study the laboratory size did not have an effect on success
in the EQA rounds. In this study the difference between methods was most
evident with EQC results from the samples containing Gram-positive bacteria
and in these cases the culture method had more of an effect on the success than
the laboratory size.

In this study EQC results with overly low CFU/ml values were reported
significantly more often in laboratories using the dip-slide (69%) method than
the plate culture (86%) method. Similar results have been shown by Aspevall et
al (2000) and Morandi et al (2007) (185,186). However, the opposite results have
been published by Petterson et al. (1995) (187). In the data analysed in this study the
difference was greatest in the EQC samples containing Gram-positive bacteria.
In addition to the incorrect CFU/ml measurements there were also high numbers
of laboratories that reported the EQC samples as negative. Because the medium
commonly used in quantitative urine cultures are designed to support the growth
of Gram-negative rods, Gram-positive bacteria can be left undetected and
unreported because of their week growth and small colony size.

In this study one EQC sample contained a high concentration of S. agalactiae.
Of the dip-slide users, 3/% reported the sample as negative, compared to the 6%
of the plate culture users. The poor growth of S. agalactiae on dip-slides has been
observed previously (185,186,188) and small colonies are difficult to detect from
the agar surface (189). In European urinalysis guidelines (190) it is recommended
to use a sensitised urine culture with 10 ul loop and a non-selective medium such
as blood agar in addition to the selective agar in quantitative a urine culture.
Based on the findings of this study if the routine culture from a symptomatic
patient remains negative or the patient is pregnant, a urine culfure with blood
agar should be available. According to the data of the EQC samples evaluated
in this study, chromogenic media were shown to be equal to non-chromogenic
media in the determination of the abundance of growth, and even significantly
better in the case of S. agalactiae.

6.1.2 FAECAL BACTERIAL PATHOGENS

For the faecal bacterial culture tests, the results were correct for 92% of the
cases. Of the 48 EQC samples, 67% were correctly reported by all laboratories.
Common findings such as Salmonella sp. and Campylobacter sp. were found
reliably. False negative Salmonella results were given for two of the 18 samples.
One of these contained an atypical Salmonella strain and the other had a low
count of Salmonella cells. False negative Shigella reports were given for six of
the seven samples. False positive results were rare, two of them were due to a
possible mix-up with the samples and one was the false suspicion of an E.coli
EHEC strain.
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EQC sample containing Salmonella Infantis strain was successfully reported only
by 67% of the participating Finnish clinical microbiology laboratories. This strain
is an atypical H,S negative Salmonella strain. Because of the ability fo produce
hydrogen sulphide (H,S) Salmonella strains usually produce black colonies on
selective plates such as XLD (I91). Some non-typical H,S negative Salmonella
strains exist and can be missed in culture and screening the samples only by
the production of H,S (192,193). Chromogenic media for Salmonella have been
developed (194), according to the data collected in this study they have not been
infroduced in clinical microbiology laboratories in Finland.

One EQC sample with a low count of Salmonella cells was successfully
reportedin 33% of the participating laboratories. Oftenin patients with symptoms
of gastroenteritis, Salmonella cell counts in stool sample are high. In Finland, food
workers are screened for asymptomatic Salmonella carriage (195), especially
in these cases where the bacterial count in stool samples is low, enrichment
procedures are important. In Finland a commonly used selenite enrichment
broth inhibits the growth of many contaminating bacteria such as E. coli and
enterococci in stool samples in the first 6-12 hours and then the inhibitory effect
gradually declines. When incubated for too long, contaminating bacterial growth
can overgrow the low cell count pathogen. Selenite is also slightly inhibitory to
Salmonella and pathogens can be missed if a low cell count containing sample is
plated only after enrichment.

I3 false negative Shigella EQC results were reported by nine of the |7
participating laboratories. Shigellais a known bacterial pathogen which should
be looked for in faecal bacterial cultures (139,196). There were differences in the
success of reporting different Shigella species correctly. S. flexneri as a single
pathogen was reported correctly in 89% and S. sonnei as single pathogen in 71%
of the EQC samples. This could be due to the differencesin the colony morphology
of the control strains used in these EQC samples. While S. flexneri produces very
small clear red colonies on commonly used XLD -plates, S. sonnei produces larger,
opaque colonies on XLD plates (197), which are more easily missed as normal
faecal growth.

If the prevalence of arare bacterial pathogen in patient samples is low and the
identificationis done with expensive reagents, one optionis fo send the suspected
pathogen to a reference laboratory for further investigation. At the moment this
is done in some laboratories, for example, in the case of Salmonella and Shigella
serotyping. All Shigella and Salmonellaisolates of domestic origin are sent to the
reference laboratory at THL for further pheno- and genotypic characterization. In
the EQA rounds in this study, an acceptable result was a finding of Salmonella sp.
and Shigella sp. with the comment that the suspected bacterial pathogen strain
would have been sent for further investigation at the reference laboratory. In the
case of two Salmonella species, S. Enteritidis and S. Agona in the same EQC
sample, only a few laboratories identified the pathogens to the serogroup level.
Because the identification of the pathogen to the genus level was acceptable the
EQC result was correct if either one was found and reported as Salmonella sp. In
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the case of this particular EQC sample, it was possible to succeed better with the
genus level result than the more detailed EQC result. Because only a pure culture
of a suspected pathogen is sent to the reference laboratory, the serotyping result
could be from just one of the findings if two strains were not originally suspected.

Previous studies conducted on 27 and 26 Finnish clinical microbiology
laboratories taking part to the UK Neqas general bacteriology rounds during in
1994-1997 (55) and 1998-2003 (198) showed similar difficulties in faecal bacterial
culture investigations as were found in this present study. In both of those previous
studies EQC samples containing Shigella, Campylobacterand Vibrio strains were
the most difficult. This present study, however, found that the success with EQC
samples containing Campylobacter had improved but difficulties with Shigella
still existed.

As a comparison to Finnish clinical microbiology laboratories, the EQC results
from faecal bacterial pathogens rounds of other European laboratories were
also reviewed. Because the Finnish Communicable Diseases Act applies only to
Finnish laboratories, the data of other European laboratories was collected from
Labquality’'sEQAroundreports. The successofthese laboratories varied between
9%~-100%. In addition to the same difficulties, Shigella sp. and two pathogens in
the same sample, as seen in the data collected from Finnish laboratories. Other
European laboratories had difficulties with Campylobacter sp. and Yersinia sp.
with success rates varying from 1%-55% and 45%-78%, respectively. A possible
explanation for this is that Campylobacter sp. requires specific culture conditions
including a microaerobic atmosphere (139,141) and Yersinia sp. do not belong to the
basic panel for faecal bacterial pathogens panels in some European countries
(199,200). Atypical S. Infantis and samples with low cell counts of S. Typhimurium
were reported successfully in 82% and 4/% of the other European laboratories,
which was slightly better than in the Finnish laboratories.

Finnish laboratories have invested in the introduction of PCR-based methods
(145,146), and it remains to be seen whether these will improve the discovery of
faecal bacterial pathogens from diarrhoeal stool samples. Some indication of
increased recovery rates can be seenin the EHEC findings reported fo the NIDRin
recent years (162,167). The target of the PCR-based methods, the invasion plasmid
antigen H (IpaH) is carried by Shigella as well as by enteroinvasive E. coli (EIEC)
(201). For this reason, in order to successfully isolate Shigella strains from patient
samples reliably, a working culture method is still needed (202,203).

6..3 EBVIMPOC

Heterophile antibody tests are widely used to test for EBV IM, partly because
they are cheap, rapid, and easy fo use. These fests have improved over the past
decades (204-207). Even though POC tests are designed to be easy to use, the
visual reading and interpretation of the test results requires skills and experience
from the personnel conducting the investigation. According to Fox et al. (2006)
and Nissinen et al. (2009), laboratory personnel were better at producing the
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right answer with POC tests for Group A Streptococcus (GAS) antigen detection
than nursing staff (54,208). As the results are often qualitative, it makes the
interpretation of the test results even more important. There are some recorded
cases of mononucleosis pseudo epidemics due to falsely interpreted test results
(209,210). In this study, no laboratory stood out with a high number of false EQC
results and 46 of the 130 reported false EQC result were from EQA rounds that
yielded one or two false EQC results per round. The randomness of the scattered
false results found when analysing the data from the EBV IM EQC samples might
indicate that there were some troubles in conducting the test or interpreting the
results af that particular fime.

6.2 SOME LIMITATIONS OF EQC SAMPLES

It has been stated that a good EQA scheme should be suitable for a wide range
of methods used in clinical laboratories, and that it should be traceable, cost-
effective and appropriate for the intended purpose (792l). An EQA gives an
overview of the situation of a laboratory’s quality at a given time. However, there
are some limitations regarding EQAs and EQC samples that should be kept in
mind. In order to get the most realistic assessment of the situation, EQC samples
should be processed as normal patient samples. In real life this does not always
happen, and in these cases the results from the EQC samples reflect the best
possible quality of the laboratory (212). In order to assure the quality of the results
all of the time, laboratories should also have a suitable IQC in place.

The sample matrix of EQC samples should be the same that is commonly in
use in the participating laboratories (213), but in real life in order to guarantee
a large enough range for all the participants, the EQA organisers are forced to
use artificial simulated samples or samples with equivalent matrix-like serum and
plasma. An example of compatibility was encountered in this study when the
data for the EBV IM POC EQC results were being analysed. The EQC samples
manufactured from single patch plasma were analysed in the participating
laboratories with a test that had been validated by the test kit manufacturer to
be used only for serum samples. In this case the success rate of this test was only
?1% for the negative EQC samples and [00% for the positive EQC samples.

In microbiology there are also some restrictions on the bacterial strains which
can be used in EQC samples, for example Salmonella Typhi and E. colistrains that
can produce Shiga toxins (Stx) are not suitable for this purpose. As a substitute
for Shiga toxin producing E. coli strains, in EQC samples non toxicogenic E. coli
OI57 strains have been used. After the introduction of new methods that are
based on the toxin or stx-gene detection (214), these strains are no longer valid
as EQC control strains.
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6.3 TESTMETHODS USED IN THE EQA ROUNDS BY THE
CLINICAL LABORATORIES AND TESTING SITES

InFinnish microbiological laboratoriestest methods are selected by the laboratory’s
clinical microbiological experts and other personnel responsible for that particular
laboratory. In the case of the EQA rounds in this study, the tests were done using
commonly used microbiological methods and techniques (195).

6.3. URINE CULTURE TEST METHODS USED IN THE EQA ROUNDS

In clinical laboratories urine samples are commonly inoculated on agar plates using
| ul calibrated plastic loops (215). Conventionally laboratories use non-chromogenic
media such as CLED or Brolacin (127150). Chromogenic media has been widely
available since the 1990s (133,216). In Finland the first chromogenic media appeared
in the results of quantitative urine culture EQC samples in 2005 and the number
of users has gradually increased over the years. In the study period 2009-2011 77
laboratories  used chromogenic media in quantitative urine culture
investigations. Mixed growth is more easily seen from chromogenic media (217218).

In addition fo plate cultures, small laboratories especially use dip-slide
devices contfaining two or more agar slides typically made from CLED,
MacConkey and Eosin methylene blue (EMB) agar (185,2172I9). Dip-slides and
culture plates are commonly read after overnight incubation (220,220).

In order fo relieve the large workload from culturing urine culture
specimens, to standardise the inoculation step (215) and shorten the TAT, clinical
laboratories have taken various methods into use. In Finland, laboratories
have tfraditionally used so called graduated urine cultures, where samples are first
screened in smaller laboratories closer to the patient, and only those that are
positive or unclear are sent to a larger laboratory for further investigation
(69). In this study only one quarter (72) laboratories identified the
uropathogens with growth interpreted as significant. Of these, 23 were
laboratories that analysed over 10,000 urine culture specimens per year. Large
clinical laboratories can also screen samples using flow cytometry (156,222),
or automation in culturing the samples (126,223), but this information was not
included in the data that was analysed in this study.

6.3.2 FAECAL BACTERIAL PATHOGENS TEST METHODS USED IN
THE EQA ROUNDS

All of the I7 participants in the faecal bacterial pathogen EQA rounds during
the 6-year study period were specialised clinical microbiology laboratories,
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and according to the accompanied questionnaire (data not shown), the culture
methods in use were similar between laboratories. The methods were the same
that are commonly used in clinical laboratories all around the world (138,224). All
the participating laboratories used similar plates and broths to detect the four most
common bacterial pathogens (Campylobacter, Salmonella, Shigella and Yersinia)
from stool samples. Selenite enrichment broth, which is selective for Salmonella
(225) was commonly used to enrichment for this particular pathogen. Samples
were inoculated on plates before and after enrichment. For Salmonella and
Shigella, plates such as XLD, Onéz and CLED were commonly used. For Yersinia,
laboratories used CIN and for Campylobacter CCDA plates.

Routine laboratory techniques for identification of suspicious bacterial colonies
picked from the primary culture plate are most commonly done by microscopy,
while interpretation of bacteria phenotypic characteristics and biochemical
reactions are tested using commercial methods including API20E (139,141), the VITEK
2 Gram-negative (GN) Identification Card (226) and for some instances an in-house
carbohydrate fermentation test. These analyses are time-consuming and require
lots of expertise from the laboratory personnel conductingthem. The latest addition
in typing methods in clinical microbiology is MALDI-TOF MS where the bacterial
strains are identified according fo a protein profile which is compared against a
the reference database (142,143). The quality of the identification depends on the
coverage of that database. Despite the methodology used in the 57 identification,
EQA schemes should also cover this area of the investigation. In this study data on
the identification method was not included in the data for the EQC false negative
results. Because of this, the influence of the identification method on the success in
the EQA rounds could not be analysed.

6.3.3 EBV IMPOC TEST METHODS USED IN THE EQA ROUNDS

In the Finnish licensing system EQA participation on a quarterly basis is mandatory.
The most commonly used EQA provider in Finland is Labquality Ltd. The Finnish
laboratories that were enrolled on the named EQA schemes in this study
attended all four rounds per year. The most commonly used ftest methods were
immunochromatographic methods (12 test kits, 17959 EQC results), followed by
latex agglutination methods (4 test kits, 504 EQC results) and one immunofiltration
method (| test kit, 422 EQC results). Two of the most common test kits, Clearview
and InstAlert, comprised 88% of the total number of the EQC results. In this study
there were also differences in the used test methods between large and small
laboratories. According to the data for the EBV IM POC EQC results, five of the
I7 EBM IM test kits were used either in large (Monospot, MNI test and Mnitop ) or
small (Mononucleosis and Nadal Mononucleosis ) laboratories.

The lot-to-lot variation is a problem especially in POC testing where there are
limited possibilities to use reagent controls and calibrators due to the nature of the
testing process itself. Investigations are done one test at a time possibly during a
long period of time and in some cases the reagents in the test kit are tested only
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when opening a package for the first fime. Additionally, the yearly volume of the
investigations can be so low that a change in the results may be difficult

to detect. In this study, a possible case of the lot-to-lot variation leading to false
EQC results was noted. Unfortunately, this could not be confirmed because data
on the lot information was not collected by the EQA organiser. In tests where
lot-to-lot variation is a possibility, information regarding the test lot should be
included in the EQC result reporting form. This information would be especially
helpful for the participants when investigating the cause of discrepant EQC results
(227). When there are enough participants and the EQC material is communicable
enough, diagnostic fest manufacturers can use the EQC results for post-market
evaluation (228). There were differences between the test kits used in large and
small laboratories. Monospot, the MNI Test and Mnitop were used only in large
testing facilities. Mononucleosis and Nadal Mononucleosis were used only by small
testing facilities. Monogen, Clearview, InstAlert, OSOM Mono Test, QuickVue and
the RDT EBV IgM Assay were used in both large and small testing facilities. From
the |7 test kits, only four were used during the whole eight-year study period. These
test kits were Monogen, Monospot, Clearview Discussion 58 and InstAlert. All the
test kits used in the EQA rounds evaluated in this study were CE-marked and were
suitable for POC testing.

The used tests and festing methods have been changed in the clinical
microbiology laboratories for many reasons. EBV IM POC test kits and test methods
have improved during the past decades (203-205,229). Additionally, competitive
tendering and user friendliness (182) have had effects on the used test kits and
testing methods. In the study by Leinikki et al. (I998) the participating laboratories
used|0 testsin [996. The most common of these was the latex agglutination method
Monosticon Dri-Dot test and it was used in 60 of the evaluated 8| Finnish clinical
microbiology laboratories (230). This test kit was not seen in this study, and the latex
agglutination method was used only by a handful of participating laboratories.
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6.4 CONSEQUENCES OF THE FALSE RESULTS
OBSERVED FROM THE COLLECTED DATA

In the Finnish licensing system the participation in EQA on a quarterly basis is
mandatory. The most commonly used EQA provider in Finland is Labquality Ltd.
The Finnish laboratories that were enrolled on the named EQA schemes in this
study attended all four rounds per year. The avoidance of the overuse, underuse,
or misuse of the clinical investigations is important (231-234). This study found that
of the urine culture EQC samples containing mixed growth, 66% of the testing sites
reported false positive results. For these samples, the testing sites often reported
growth but added the comment that in the case of a real patient sample they
would have sent the growth fo the reference laboratory for further investigation.
The expected result in these cases, however, was negative mixed growth. Ideally,
no medical decision is made without a reason and the same principle applies also
in ordering clinical laboratory investigations. In routine daily practice, if a urine
sample is taken without clinical symptoms from a patient just in case, this result
can lead to unnecessary additional testing and antibiotic tfreatments (235-237).

The clinical laboratory investigations also have a public health aspect.
For example, when examining clinical samples for faecal diarrhoeal bacterial
pathogens, laboratories play an important role in the prevention of additional
transmissions. The fact that so many Shigella positive EQC samples were
reported as negative raises the question of what the performance of the culfures
are in the case of real patient samples. It has been previously shown that
laboratory diagnostics of Shigella are difficult and it remains to be seen whether
new techniques will bring any improvements to the situation (197,238,239).

EBV IM is diagnosed based on clinical, haematological, and serological
findings. Symptoms of EBV IM may resemble malignant haematological 59
diseases and therefore false positive results that were also seen in this study can
cause delays in initiating the right tfreatment. In this study, the most significant
factor in obtaining the correct EQC result was the clinical classification of the
EQC sample. Negative EQC samples that represented old EBV immunity were
the most difficult to interpret with a 99% success rate compared to the positive
EQC samples representing recent EBV infections and negative EQC samples
with no EBV antibodies with success rates of almost 100%.
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6.5 FUTURE TRENDS AND THEIR EFFECT ON THE EQA ROUNDS

The selection of the test types that laboratories offer have been influenced by the
increased knowledge on diseases, improvement in methodology, need for shorter
TAT in the clinics, and the need to cut costs in laboratories. Good examples of
this include the introduction of multiplex PCR in the detection of faecal bacterial
pathogens (144,145), and the screening of the negative urine samples with flow
cytometry before culturing the samples in a microbiological laboratory (240,241).
Because quality comprises all the steps of the investigation, EQA schemes should
be expanded to cover the whole laboratory process (28). In this study the EQC
results covered only the bacterial culture part of the investigation.

In clinical microbiology, the technical part of testing process and the
interpretation of the result are closely linked. For example Escherichia colj
Klebsiella  pneumoniae and Staphylococcus saprophyticus are common
bacterial pathogens and their role in urinary tract infections is clear, but the
role of Streptococcus agalactiae and Enterococcus sp. found in urine samples
requires consideration of how the result is presented to the clinician (242). The
less frequently encountered bacterial pathogens often caused identification
problems for the participating laboratories in this study. Aerococcus urinae is
a rare urinary tract pathogen, and it is rarely encountered in clinical specimens
(243). In future the interpretation part will become increasingly important and the
new methods such as MALDI-TOF MS and WGS that have improved the TAT
and accuracy of identification of bacterial pathogens in clinical samples (244) an
which have increased the information on the bacteria found in clinical samples
should be taken into account in the EQA rounds. In this study the data on the EQC
results contained only the information for the reported pathogen. Because of this,
the determination of whether the pathogen in the EQC sample was not detected
or whether it was falsely interpreted as insignificant was not possible.

Clinical laboratories are becoming larger and more centralised with fewer
smaller laboratories and this is also the current situation in Finland (245,246). This
trend can have both positive and negative impacts concerning the quality of
clinical microbiology laboratory investigations. Larger laboratories can provide
better equipment and more routine in the sample processing. In times when
there is a shortage of an educated workforce in the laboratory field (90), larger
laboratories might be able to guarantee educated and experienced staff to
be present in the laboratory. In this study the concentration of the laboratory
field was seen in declining a number of the participating laboratories in the
EQA rounds, but no change in the EQC results was observed during the time. In
addition to this, based on the data analysed in this study, the laboratory size did
not have an effect on the success in the EQA rounds.

Distant central laboratories can also mean longer transportation times which
can have negative effects on the quality of patient samples. Longer transport

58



times mean longer final response times, and because the TAT has an influence on
patient care and management in the clinics POC-testing in testing sites outside
the laboratory has started to increase. Smaller, near patient testing sites and
larger, specialised clinical microbiology laboratories can use equipment and
methods that differ from each other, even though the investigation carries the
same name. The method used can have asignificant effect on the results, as was
seen in this study in the case of quantitative urine culture and EBV IM POC EQC
results. An EQA is an important part of the quality management in both clinical
laboratories and testing sites, and EQA organisers should keep an eye on the
developing methodology in order to adjust the schemes to fit the purpose for as
many of the potential customers as possible.

6.6 ROLE OF ACCREDITATION AND LICENSURE IN
CLINICAL LABORATORY

Accreditation is important for clinical laboratories to show service users and
stakeholders that the quality processes are organised properly. The mutual
recognition and international status of accreditation improve the conformity and
mobility of laboratory services. In addition to accreditation, there are national
licensing systems and regulations to respond to differences in the organisation
of clinical laboratories in different countries (234). A common feature of these
national regulations are, that they are stricter, and they have more specific ferms
and criteria that clinical laboratories need to fulfil.

The accreditation standards and licensing specifications direct the clinical
laboratories to participate regularly in relevant EQA rounds. In the Finnish
licensing system, clinical microbiology laboratories are obliged to take part in at
least four EQA rounds per year, if suitable rounds are available, though in the
Finnish licencing system the level of success in these rounds is not defined. The
EQC results can be used as a tool when evaluating and comparing the quality of
the clinical laboratory services. Because the aim is the constant improvement of
the process, setting a minimum level of success 61 in EQC samples in the Finnish
contextis not necessary. Based on the results of this study, false EQC results were
not concentrated in certain participating laboratories.

At the time when the EQC samples whose data was analysed in this study
were sent, many of the 25 large specialised clinical microbiology laboratories
were already accredited, but the rest of the participating laboratories and testing
sites were not. Because of this, in this study the difference in success between
accredited and non-accredited laboratories was not evaluated. Accreditation of
the large clinical laboratories has become more common during the centralisation
of the laboratory field, but the trend is not the same in small laboratories and
testing sifes.

According fo the literature, the results of accreditation have been variable.
According to Ehrmeyer and Laessig (2004), the activities leading to accreditation
can improve quality-related processes in the clinical laboratory (247), and the
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process was found fto be beneficial in building up laboratory quality in Abu
Dhabi (248) and Turkey (249). In Sub-Saharan Africa, Microbiology EQA results
improved notably after accreditation (250), while in Singapore accreditation
of cervicovaginal screening laboratories led to relatively minor improvements
(250). In Finland, there were no differences in serum total-calcium and glucose
measurement results between accredited and non-accredited laboratories (252).
According to Strandén et al. (2004), in the study conducted on 26 Finnish clinical
microbiology laboratories taking part to the UK Neqas General bacteriology
rounds during years [998- 2003 there were no differences in success between
accredited and nonaccredited laboratories (197).

The real focus in EQA schemes should be on continual improvement where
it is possible. According to Bartlett et al. (1994), success in EQA schemes should
be regarded as achieving the minimum acceptable performance and the aim
should not be to receive the accreditation status (253). Based on this study, the
participation in the EQA rounds was regular, but no rising tfrend in success in EQA
results was observed in these sfudies.

In this study the success in the EQA rounds between years and participating
laboratories was stable. The same types of errors recurred during the study
period. This can mean that the educational role of the EQC samples has not
been exploited to the full extent in the participating laboratories and the idea of
constant improvement has been forgotten for these investigations.

60



References

2.

3.

WHO. Quality of care: a process for making strategic choices in health
systems. The World Health Organization (WHO); 2006.

Hilborne LEEH, Nathan LE, Ph D. Quality Assurance in an Era of Cost
Containment. Am J Clin Pathol. 1983;96(4):6-9.

Lundberg Geroge. Acting on Significant Laboratory Results. JAMA.
1981;245(17):1762-3.

Howanitz PJ. Errors in laboratory medicine: Practical lessons to improve
patient safety. Arch Pathol Lab Med. 2005;129(10):1252-6I.

Howanitz PJ, Cembrowski GS. Postanalytical quality improvement:

A College of American Pathologists Q-probes study of elevated calcium
results in 525 institutions. Arch Pathol Lab Med. 2000;124(4):504-10.
Zemlin AE. Errors in the Extra-Analytical Phases of Clinical Chemistry
Laboratory Testing. Indian J Clin Biochem. 2018;33(2):154-62.

Howanitz PJ, Perrotta PL, Bashleben CP, Meier FA, Ramsey GE, Massie
LW, et al. Twenty-five years of accomplishments of the College of
American pathologists Q-Probes program for clinical pathology.

Arch Pathol Lab Med. 2014;138(9):1141-9.

Schifman RB, Strand CL, Meier FA, Howanitz PJ. Blood culture conta-
mination: a College of American Pathologists Q-Probes study involving
640 institutions and 497134 specimens from adult patients.

Arch Pathol Lab Med. 1998;122(3):216-21.

Ackerman VP, Pritchard RC, Groot Obbnink D.J.Bradbury R, Lee A.
Reporting practices of microbiology laboratories. J Clin Pathol. 1980;33:830-5.
Bremond J, Plebani M. VD industry role for quality and accreditation in
medical laboratories. Clin Chim Acta. 2001;,309:167-71.

Valenstein PN, Walsh MK, Stankovic AK. Accuracy of send-out test
ordering: A college of American pathologists Q-probes study of

ordering accuracy in 97 clinical laboratories. Arch Pathol Lab Med.
2008;132(2):206-10.

Valenstein P, Meier F. Outpatient order accuracy: A College of American
Pathologists Q-Probes study of requisition order entry accuracy in 660
institutions. Arch Pathol Lab Med. 1999:123(12):1145-50.

Price CP. Evidence-based laboratory medicine:

Supporting decision-making. Clin Chem. 2000;46(8):1041-50.

Aesif SW, Parenti DM, Lesky L, Keiser JF. A cost-effective interdisciplinary
approach to microbiologic send-out test use. Arch Pathol Lab Med.
2015;139(2):194-8.

Bruns DE. Laboratory-related outcomes in healthcare. Clin Chem.
2001;47(8):1547-52.

Dongen-lases V, Grankvist K, Cornes MP, Church S, Guimara T. The role of
European Federation of Clinical Chemistry and Laboratory Medicine
Working Group for Preanalytical Phase in standardization and harmonization
of the preanalytical phase in Europe. Ann Clin Biochem. 2016;53(5):539-47.

6l



20.

2.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3l

32.

33.

Hallworth MJ, Epner PL, Ebert C, Fantz CR, Faye SA, Higgins TN, et al.
Review Current Evidence and Future Perspectives on the Effective Practice
of Patient-Centered Laboratory Medicine. Clin Chem. 2015;61(4):589-99.
Roy V. Crucial Role of Laboratory Tests in Modern Medicine. Am J Med.
2008;121(9):9343.

Forsman RW. Why is the laboratory an afterthought for managed care
organizations? Clin Chem. 1996;42(5):813-6.

Rohr UP, Binder C, Dieterle T, Giusti F, Messina CGM, Toerien E, et al.

The value of in vitro diagnostic testing in medical practice: A status report.
PLoS One. 2016;:11(3):1-16.

Smit E, Beastall G, Bjorses UM, Candito M, Fiorentini P. The number of
consultant clinical chemists in the 15-nation European Union. Clin Chem Lab
Med. 2005;43(3):335-4l.

Zima T. Accreditation in clinical laboratories. Biochem Medica.
2010;20(2):215-20.

Kailner A. Quality management in the medical laboratory : a comparison of
draft standards. [1998;278:111-9.

Procop GW, Nelson SK, Blond BJ, Souers RJ, Massie LW. The Impact of
Transit Times on the Detection of Bacterial Pathogens in Blood Cultures:

A College of American Pathologists Q-Probes Study of 36 Institutions. Arch
Pathol Lab Med [Internet]. 2019;arpa.2019-0258-CP. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31729885%0A
http://www.ncbi.nlm.nih.gov/pubmed/31729885

Hollensead SC, Lockwood WB, Elin RJ. Errors in pathology and laboratory
medicine: Consequences and prevention. J Surg Oncol. 2004;88(3):161-8I.
Carraro P, Plebani M. Errors in a stat laboratory: Types and frequencies |10
years later. Clin Chem. 2007,53(7):1338-42.

Bonini P, Plebani M, Ceriotti F, Rubboli F. Errors in laboratory medicine. Clin
Chem. 2002;48(5):691-8.

Noble MA. Advances in microbiology EQA. Accredit Qual Assur.
2002;7(8-9):341-4.

Morris AJ, Haremza E, Walker DA. The frequency and potential clinical
impact of non-analytical errors in the RCPA Microbiology QAP 1987-2008.
Pathology. 2011;43(4):346-9.

International Organization for Standardization. ISO 2000:2015 Quality
management systems — Fundamentals and vocabulary. 2015.

Allen LC. Role of a quality management system in improving patient safety
- Laboratory aspects. Clin Biochem [Internet]. 2013;46(13-14):1187-93.
Available from: http://dx.doi.org/10.1016/j.clinbiochem.2013.04.028
Weissfeld A, August M, Hindler J, Huber T, Sewell D. Cumitech 3A.

Quality control and quality assurance practices in clinical microbiology.
Am Soc Microbiol Washington, DC. 1990,

Vandepitte J, Verhaegen J, Engbaek K, Rohner P, Piot P, Heuck C.

Basic Laboratory Procedures in clinical bacteriology. 2nd ed World Heal
Organ Geneva. 2003;1-188.

62



34.

35.

36.

37.

38.

39.

40.

4l.

42.

43.

44,

45,

46.

4].

48.

49.

50.

51.

THL. Guidance for Clinical Microbiology Laboratories (in Finnish)

[Internet]. 2017 [cited 2020 Jul 5]. p. I-8. Available from:
https://thlfi/documents/533963/3370250/Ohijeistus+3.0_290517+%28
valmis%29.pdf/1f3de6f8-d0e9-410e-b561-677e0bf7cdad

Kessler A. Laboratory quality regulations and accreditation standards in
Germany. Clin Chem. 2009;42:315.

Constantine CE, Amphlett M, Farrington M, Brown DFJ, Messer S,
Rampling A, et al. Development of an internal quality assessment scheme in
a clinical bacteriology laboratory. J Clin Pathol. 1993;46(11):1046-50.

Belk WP, Sunderman WF. A Survey of the Accuracy of Chemical Analyses in
Clinical Laboratories. Am J Clin Pathol. 1947:17(11):853-86.

Wootton IPD, King EJ. Normal values for blood constituents inter-hospital
differences. Lancet. 1953;1(6758):470-!.

Tonks DB. A study of the accuracy and precision of clinical chemistry
determinations in 170 Canadian laboratories. Clin Chem. [963;9:217-33.
Hodnett J. Proficiency testing. Lab Med. 1999,30(5):316-23.

Snell JJ,, De Mello JV, Gardner PS. The United Kingdom national micro-
biological quality assessment scheme. J Clin Pathol. 1982,35:82-92.

Libeer J. Role of external quality assurance schemes in assessing and
improving quality in medical laboratories. 2001;173-7.

Tan RZ, Punyalack W, Graham P, Badrick T, Loh TP. Detecting reagent lot
shifts using proficiency testing data. Pathology. 2019;51(7):711-7.

Koerbin G, Liu J, Eigenstetter A, Tan CH, Badrick T, Loh TP. Missed detection
of significant positive and negative shifts in gentamicin assay: implications
for routine laboratory quality practices. Biochem Med. 2018;28(1):010705.
Deom PMA, Rohner AMP. External Quality Control of Direct Antigen Tests
to Detect Group A Streptococcal Antigen. 2003;670-4.

Morandi P, Mauris A, Rohner P. External quality control results of urine
dip-slide devices. Diagn Microbiol Infect Dis. 2007,57:235-41.

Buil JB, Lee HAL Van Der, Curfs-breuker |, Verweij PE, Meis JF. External
Quality Assessment Evaluating the Ability of Dutch Clinical Microbiological
Laboratories to Identify Candida auris. J Fungi. 2019;5(94):1-9.

Reischl U, Straube E, Unemo M. The Swedish new variant of Chlamydia
trachomatis (nvCT) remains undetected by many European laboratories as
revealed in the recent PCR/NAT ring trial organised by INSTAND e. V,
Germany. Eurosurveillance. 2009;14(32):1-4.

Chalker VJ, Vaughan H, Patel P, Rossouw A, Seyedzadeh H, Gerrard K,

et al. External Quality Assessment for Detection of Chlamydia trachomatis.
J Clin. 2005;43(3):1341-7.

Kettelhut MM, Chiodini PL, Edwards H, Moody A. External quality
assessment schemes raise standards: Evidence from the UKNEQAS
parasitology subschemes. J Clin Pathol. 2003;56(12):927-32.

Hawthorne M, Chiodini PL, Snell JJS, Moody AH, Ramsay A. Parasitology :
United Kingdom National Quality Assessment Scheme. 1992,968-74.

63



52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

Thienpont LM, Stéckl D, Kratochvila J, Friedecky B, Budina M. Pilot external

quality assessment survey for post-market vigilance of in vitro diagnostic

medical devices and investigation of trueness of participants’ results. Clin

Chem Lab Med. 2003;41(2):183-6.

Vernelen K, Noble MA, Libeer JC. External quality assessment in micro

biology: Comparison of results from Belgian and Canadian laboratories

with regard fo their ability to identify Streptococcus pyogenes. Accredit

Qual Assur. 2008;13(9):501-4.

Nissinen A, Strandén P, Myllys R, Takkinen J, Bjorkman 'Y, Leinikki P, et al.

Point-of-care testing of group A streptococcal antigen: Performance

evaluated by external quality assessment. Eur J Clin Microbiol Infect Dis.

2009,28(1):17-20.

Siitonen A, Leinikki P. Quality and lack of quality in clinical microbiology

investigation services (in Finnish). Kansanterveys. 1999;2:7-8.

Tiffin SM, Noble MA. External quality assessment of tfransporting infectious

substances in Canada. Can J Infect Dis. 1999:10(3):246-51.

Saris N-E, Pulkki K, Leskinen E. Finnish Association of Clinical Chemistry 50

years (in Finnish). 1997. 1174 p.

Keinanen M, Mononen |, Narhila M, Pikkarainen R, Rajamaki A, Siukkola A,

et al. Quality for health care - Labquality Ltd 1971-2011 (in Finnish). 2011. 1181 p.

Labquality. External quality assesment. Product catalogue 2020 [Internet].

2020 [cited 2020 Jan 4]. p. I-40. Available from: https://www.labquality.fi/

wp-content/uploads/2019/09/Labquality-Product-Catalogue-2020.pdf

EQUALM. List of EQALM members [Internet]. [cited 2020 Jan 4]. Available

from: http://www.eqalm.org/site/member.php

CAP. 2020 Surveys and Anatomic Pathology Education Programs. [Internet].

2020 [cited 2020 Jan 4]. p. I-356. Available from: https://documents.cap.
org/documents/2020-surveys-catalog-mobile-119-v3.pdf

CAP. Guide to CAP Proficiency Testing / External Quality Assurance for

International Participants. 2013.

INSTAND. Program of External Quality Assessment Schemes in Medicall

Laboratories [Internet]. 2020 [cited 2020 Jan 4]. p. I-156. Available from:

www.instand-ev.de

Gelderblom HR, Méller L, Laue M. External Quality Assurance (EQA) in

Diagnostic Electron Microscopy (DEM) of Infectious Diseases: Aims and

Roots, Results and Perspectives. 2016;1-35.

UK NEQAS. Schemes Available [Internet]. 2019 [cited 2020 Jan 4]. p. I.

Available from: https://uknegasmicro.org.uk/images/pdf/W006.pdf

NOKLUS. Program 2020 medisinsk mikrobiologi og patologi. 2020. p. 3I.

Proficiency Testing Program 2020 Catalog [Internet]. 2019

[cited 2020 Jan 5]. p. 92. Available from: https://igmh.org/Portals/0/Docs/

Services/PT/Record-PT-Catalogue-2020-WEB.pdf

cmpt clinical microbiology proficiency testing [Internet]. [cited 2019 Dec 30].

Available from: www.cmpt.ca

64



69.
70.

7.

72.
73.

74.

75.

76.

77.

78.

79.

80.

8l.

82.

83.

84.

85.

86.

87.

RCPA. 2020 Product Catalogue. 2020. p. 95.

EQUALIS [Internet]. [cited 2019 Dec 30]. Available from: www.equalis.se
Quality Control for Molecular Diagnostics (QCMD) [Internet].

[cited 2020 Jan 4]. Available from: https://www.qcmd.org/

The ILAC Mutual Recognition Arrangement. Vol. 10. 2015. p. |-8.
International Organization for Standardization. ISO 15189:2012 “Medical
laboratories — Requirements for quality and competence.” 2012 p. 54.
International Organization for Standardization. ISO 17025:2017 Testing and
calibration laboratories. 2017 p. 36.

Beastall G, Kenny D, Laitinen P, ten Kate J. A guide to defining the
competence required of a consultant in clinical chemistry and laboratory
medicine. Clin Chem Lab Med. 2005;43(6):654-9.

Sanders GT, Beastall GH, Kohse KP, Zérah S, Jansen R, Kéller U, et al. The
practice of clinical chemistry in the European Union. Clin Chem Lab Med.
2002,40(2):196-204.

Directive 98/79/EC of the European Parliament and of the Council of 27
October 1998 on in vitro diagnostic medical device. Off J Eur Communities. 1998;
Regulation (EU) 2017/745 of the European Parliament and of the Council of 5
April 2017 on medical devices, amending Directive 2001/83/EC, REgulation
(EC) No 178/2002 and REgulation (EC) 1223/2009 and replealing Council
Directives 90/385/EEC and 93/42/EEC. Off J Eur Uinion. 2017;

Braga F, Pasqualetti S, Panteghini M. The role of external quality assessment
in the verification of in vitro medical diagnostics in the traceability era.

Clin Biochem [Internet]. 2018,57(January):23-8. Available from:
https://doi.org/10.1016/j.clinbiochem.2018.02.004

Boumans R. Understanding the new Eudamed: the role of Eudamed in MDR
and VDR compliance. 2018.

Karhu N. New European VD regulation. What should we understand about
that? (in Finnish). Kliinlab. 2019;36(2):28-30.

Favalor EJ, Plebanie M, Lippi G. Regulation of in vitro diagnostics (I\VDs )
for use in clinical diagnostic laboratories: towards the light or dark in clinical
laboratory testing? Clin Chem Lab Med. 2011;49(12):1965-73.

Clinical Laboratory Improvement Amendments of 1988 - Public Law 100-578.
1988 p. 2903-I5.

Stang HL, Anderson NL. Use of proficiency testing as a tool to improve
quality in microbiology laboratories. Clin Microbiol Newsl. 2013;35(18):145-52.
National Pathology Accreditation Advisory Council, Requirements for
Medical Pathology Services. 2018. p. [-24.

Huisman W. European medical laboratory accreditation. Present situation
and steps to harmonisation. Clin Chem Lab Med. 2012;,50(7):1147-52.

Boursier G, Vukasovic |, Brguljan PM, Lohmander M, Ghita |, Bernabeu
Andreu FA, et al. Accreditation process in European countries - An EFLM
survey. Clin Chem Lab Med. 2015;54(4):545-5I.

65



88.

89.

0.

ol

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.
104.

105.

Datema TAM, Oskam L, Klatser PR. Review and comparison of quality

standards, guidelines and regulations for laboratories. Afr J Lab Med.

2011;1(1):1-7.

Oosterhuis WP, Zerah S. Laboratory medicine in the European Union.

2015;53(1):5-14.

STM. Needs assessment of medical specialists and dental specialists until

the year 2035 (in Finnish). 2019.

Jassam N, Lake J, Dabrowska M, Queralto J, Rizos D, Lichtinghagen R, et al.

The European Federation of Clinical Chemistry and Laboratory Medicine

syllabus for postgraduate education and training for Specialists in

Laboratory Medicine: version 5 - 2018. Clin Chem Lab Med. 2018;56(11):1846-63.

Gouget B. Organization and evolution of the regulation and standards in

France for the clinical laboratories. Clin Chem. 2009:42:314.

Brosky J. Lab accreditation: One for all and all for ISO 15189 [Internet].

2017 [cited 2019 Dec 16]. Available from: https://healthcare-in-europe.com/

en/news/lab-accreditation-one-for-all-all-for-iso-15182.html

Code de la santé publique Article L621I-2 [Internet]. Journal officiel de la

République Francaise (JORF). 2008 [cited 2020 Jan 14]. Available from:

https://www.legifrance.gouv.fr

Vogt W. New guidelines of the German Medical Association for quality

assurance of medical laboratory tests. LaboratoriumsMedizin. 2015;39(1):6-7.

Revision of the “guideline of the German Medical Association on quality

assurance in medical laboratory examinations-Rili-BAEK” (unauthorized

translation). LaboratoriumsMedizin 2015 p. 26-69.

Bruatta A. External quality assessment programs in Lombardy, Italy. Ann Ist

Super Sanita. 1995;31(1):157-6l.

Menditto A, Morisi G. National and regional regulations on minimal

requrements, quality control and accreditation for clinical laboratories in

Iltaly. Ann Ist Super Sanita. 1995;31(1):149-55.

Vicari G. External quality assessment programs in Italy. Ann Ist Super Sanita.

1991,27(3):467-8.

Plebani M, Lippi G. Uncertainty, quality, safety and accreditation in

laboratory medicine. J Lab Precis Med. 2017,2(80):1-4.

Davies KW, Park H. Quality assurance in clinical chemistry laboratories

in the UK. 1999;18-26.

Quality Assurance in the Diagnostic Virology and Serology Laboratory
Qsop 27. UK Standards for Microbiology Investigations. 2008.

White LO. UK NEQAS in antibiotic assays. 2000,829-34.

Branes I. Pathology Quality Assurance Review [Internet]. Royal College of

Pathologists. 2014 [cited 2020 Jan 5]. p. 40. Available from: http://www.

england.nhs.uk/wp-content/uploads/2014/01/path-qa-review.pdf

Kliniska mikrobiologiska laboratorier i Sverige [Internet]. [cited 2020

Jan 14]. Available from: https://www.folkhalsomyndigheten.se/slim/labo

ratorier/#Klinlabb

66



106.

107.

108.

109.

0.

2.

3.

4.

5.

6.

7.

8.

9.

120.
121.

Socialstyrelsen. SOSFS 2011:9 [Internet]. [cited 2020 Jan 10]. Available from:
https://www.socialstyrelsen.se/regler-och-riktlinjer/foreskrifter-och-all
manna-rad/konsoliderade-foreskrifter/20119-om-ledningssystem-for-
systematiskt-kvalitetsarbete/

Sveriges Riksdag. Health care act 2017:30 (in Swedish) [Internet]. 30. 2017
[cited 2020 Jan 10]. Available from: https://www.riksdagen.se/sv/
dokument-lagar/dokument/svensk-forfattningssamling/halso--och-
sjukvardslag_sfs-2017-30

Sveriges Riksdag. Patient safety act 2010:659 (in Swedish) [Internet].
659.2010 [cited 2020 Jan 10]. Available from: https://www.riksdagen.se/sv/
dokument-lagar/dokument/svensk-forfattningssamling/
patientsakerhetslag-2010659_sfs-2010-659

Kallner A. Accreditation of medical laboratories. Some reflections from the
Nordic Horizon. Clin Chim Acta. 2001:309(2):163-5.

Slagter S, Loeber JG. Accreditation of medical laboratories in The
Netherlands. Clin Chim Acta. 2001;309(2):155-46l.

Nkuchia MM, Lynfield R, Van Beneden CA, de Valk H. The Netherlands'’
infectious diseases surveillance information system. In: Infectious Diseases
Surveillance. Ist. Wiley; 2007. p. 294-300.

Raad voor accreditatie. Met vertrouwen vooruit [Internet]. Publiekverslag.
2019 [cited 2020 Oct I]. p. 66. Available from: https://www.rva.nl/en/our-
organization/annual-reports

Laitinen P. Laboratory and quality regulations and accreditation standards
in Finland. Clin Biochem. 2009;42:312-3.

Finnish acrediattion service Finas [Internet]. [cited 2020 Feb 2].

Available from: https://www.finas.fi/toimijat/Sivut/default.aspx

FINLEX ©. Finnish Communicable Disease Act 583/1986, changed 935/2003,
§10 [Internet]. 1986 [cited 2020 Feb 5]. Available from: http://www.finlex.fi/
en/laki/kaannokset/1986/19860583

FINLEX ©. Translation from Finnish Legally binding only in Finnish and
Swedish Ministry of Justice, Finland [Internet]. 2016 [cited 2020 Feb 5].

p. 33. Available from: https://www.finlex.fi/en/laki/kaannokset/2016/
en20161227.pdf

Siitonen A, Leinikki P. Licenses for clinical microbiology laboratories are
about to expire (in Finnish). Moodi. 1996;(6):252-5.

Strandén P, Riiheld K, Karjalainen K-M, Siitonen A. Licenses for Clinical
Microbiology Laboratories (in Finnish). Moodi. 2005,29(4):129-32.

The Finnish Local and Regional Authorities. The Nomenclature of
Laboratory Investigations. [Internet]. [cited 2020 Feb 5]. Available from:
http://www.kunnat.net/fi/asiantuntijapalvelut/soster/nimikkeis- tot-
luokitukset/laboratoriotutkimusnimikkeisto

Generally hazardous communicable diseases 786/1986. 1986.

Government Decree on Communicable Diseases (146,/2017). 2017.

6/



122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

Department of Health and Human Services. Centres for Disease

Control and Prevention. Current CLIA regulations. Assessed September 3rd
2016. Available at: www.cdc.gov/ophss/csels/dls/clia.html. 2016.

Revision of the “guideline of the German Medical Association on quality
assurance in medical laboratory examinations-Rili-BAEK” (unauthorized
translation). LaboratoriumsMedizin. 2015;39(1):26-69.

Pasteur L. Mémoire sur la fermentation appelée lactique (Extrait par
I'auteur). Mol Med. 1995;1(6):599-60!.

Koch R. Die Aetiologie der Tuberculose. Dtsch Medizinische Wochenschrift.
1882;8(20):283.

Bourbeau PP, Ledeboer NA. Automation in clinical microbiology. J Clin
Microbiol. 2013;51(6):1658-65.

Hirvonen JJ, Liimatainen O, Vuento R. Comparison of Copan WASP plating
system and manual culture in streaking of urine specimens. In: 24th ECCMID
Barcelona, 1876 Obijectives. 2014. p. .

Mackey JP, Sandys GH. Diagnosis of Urinary Infections. Br Med J. 1966;1:1173.
Trepeta RW, Edberg SC. Methylumbelliferyl- -D-Glucuronide-Based Medium
for Rapid Isolation and Identification of Escherichia coli. 1984;19(2):172-4.
Pollock HM, Dahlgren BJ. Clinical evaluation of enteric media in the primary
isolation of Salmonella and Shigella. Appl Microbiol. 1974;27(1):197-201.
Taylor WI, Schelhart D. Isolation of Shigellae. Appl Michrobiology.
1968;16(9):1387-93.

Engberg J, On SLW, Harrington CS, Gerner-Smidt P. Prevalence of Campylo-
bacter, Arcobacter, Helicobacter, and Sutterella spp. in human fecal
samples as estimated by a reevaluation of isolation methods for Campylo
bacters. J Clin Microbiol. 2000;38(1):286-9!.

Schiemann DA. Synthesis of a selective agar medium for Yersinia entero-
colitica. Can J Microbiol. 1979;25(11):1298-304.

Perry JD. A decade of development of chromogenic culture media for
clinical microbiology in an era of molecular diagnostics. Clin Microbiol Rev.
2017,;30(2):449-79.

Rambach A. New plate medium for facilitated differentiation of
Salmonella spp. from Proteus spp. and other enteric bacteria. Appl Environ
Microbiol. [990;56(1):301-3.

Baker M, Cheetham P, Shing J, Yau N. Chromogenic urinary fract infection
medium: Evaluation and introduction for routine urine culture in a large
clinical microbiology laboratory. Br J Biomed Sci. 2001;58(4):207-1.

Esko E. Identification of aerobic bacteria (in Finnish). Vol. 4, Moodi, separate
release. Kliinisten laboratoriotutkimusten laaduntarkkaily; [995. 67 p.
Graham JC, Galloway A. The laboratory diagnosis of urinary fract infection.
J Clin Pathol. 2001;54(167):911-9.

Humphries RM, Linscott AJ. Laboratory Diagnosis of Bacterial Gastro-
enteritis. Clin Microbiol Re. 2015;28(1):3-3l.

68



140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

Smith PB, Tomfohrde KM, Rhoden DL, Balows A. APl system: a multitube
micromethod for identification of Enferobacteriaceae. Appl Microbiol.
1972;24(3):449-52.

Carroll KC, Pfaller MA, Landry ML, McAdam AJ, Patel R, Richter SS, et all,
editors. Manual of Clinical Microbiology. I2th ed. ASM Press; 2019. 2469 p.
O’Hara CM, Rhoden DL, Miller JM. Reevaluation of the API 20E identifi-
cation system versus conventional biochemicals for identification of
members of the family Enferobacteriaceae: A new look at an old product.
J Clin Microbiol. 1992;30(1):123-5.

Seng P, Drancourt M, Scola B La, Fournier P, Rolain JM, Raoult D. Ongoing
Revolution in Bacteriology : Routine Identification of Bacteria by Matrix-
Assisted Laser Desorption lonization Time-of-Flight Mass Spectrometry.
Clin Infect Dis. 2009;49:543-5I.

Patel R. Matrix-Assisted Laser Desorption lonization - Time of Flight Mass
Spectrometry in Clinical Microbiology. Med Microbiol. 2013,57:564-72.
Antikainen J, Kantele A, Pakkanen SH, Laaveri T, Riutta J, Vaara M, et al. A
quantitative polymerase chain reaction assay for rapid detection of 9 pat
hogens directly from stools of travelers with diarrhea. Clin Gastroenterol
Hepatol. 2013;11(10):1300-7.

Rintala A, Munukka E, Weintraub A, Ullberg M, Eerola E. Evaluation of a
multiplex real-tfime PCR kit Amplidiag® Bacterial GE in the detection of
bacterial pathogens from stool samples. J Microbiol Methods [Internet].
2016;128:61-5. Available from: http://dx.doi.org/10.1016/|.mimet.2016.07.009
Rossen JWA, Friedrich AW, Moran-Gilad J. Practical issues in implementing
whole-genome-sequencing in routine diagnostic microbiology. Clin
Microbiol Infect [Internet]. 2018;24(4):355-60. Available from:
https://doi.org/10.1016/j.cmi.2017.11.00I

Miller MB, Tang YW. Basic concepts of microarrays and potential applica
tions in clinical microbiology. Clin Microbiol Rev. 2009;22(4):611-33.

Garaizar J, Rementeria A, Porwollik S. DNA microarray technology: A new
tool for the epidemiological typing of bacterial pathogens? FEMS Immunol
Med Microbiol. 2006;47(2):178-89.

Stamm WE. Measurement of pyuria and its relation to bacteruria. Am J
Med. 1983;(75):53-8.

Kouri T, Anttinen J, Icen A, Ikdheimo R, Irjala K, Kontiainen S, et all.
Recommendation for basic urinalysis and urine culture. Moodi. 1999;(7):1-50.
Rautakorpi UM, Klaukka T, Honkanen P Makela M, Nikkarinen T, Palva E,

et al. Antibiotic use by indication: A basis for active antibiotic policy in the
community. Scand J Infect Dis. 2001;33(12):920-6.

Rautakorpi U-M, Huikko S, Honkanen B, Klaukka T, Makela M, Palva E,

et al. The Antimicrobial Treatment Strategies (MIKSTRA) Program: A 5-Year
Follow-Up of Infection-Specific Antibiotic Use in Primary Health Care

and the Effect of Implementation of Treatment Guidelines. Clin Infect Dis.
2006;42(9):1221-30.

69



154.

155.

156.

157.

158.

159.

160.

6.

162.

163.

164.

165.

166.

167.

Nicolle L. Epidemiology of Urinary Tract Infeftions. Clin Microbiol Newsl.
2002,24(18):135-40.

Schmiemann G, Kniehl E, Gebhardt K, Matejczyk MM, Hummers-pradier E.
The Diagnosis of Urinary Tract Infection. Dtsch Artzteblatt Int.
2010;107(21):361-8.

Siitonen A. Clinical microbiology investigations: what, where and

how many? (in Finnish). Moodi. 2005;29(1):22-3.

Jolkkonen S, Paattiniemi EL, Karpdnoja P, Sarkkinen H. Screening of

urine samples by flow cytometry reduces the need for culture. J Clin
Microbiol. 2010;48(9):3117-2I.

Mandracchia VJ, Hayes DW, Yoho RM, Hayes MF. Diagnosis, Differential
and Treatment Options. Nat Rev Microbiol [Internet]. 2000;13(March):269-84.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4457377/
pdf/nihmsé91311.pdf

Kahlmeter G, Poulsen HO. Antimicrobial susceptibility of Escherichia coli
from community-acquired urinary tract infections in Europe: The ECO-SENS
study revisited. Int J Antimicrob Agents [Internet]. 2012;39(1):45-5I.
Available from: http://dx.doi.org/10.1016/|.ijantimicag.2011.09.013

Bekeris LC, Jones BA, Walsh MK, Wagar EA. Urine culture contamination:
A College Of American Pathologists Q-Probes study of 127 laboratories.
Arch Pathol Lab Med. 2008;132(6):913-7.

Schwartz KL, Morris SK. Travel and the Spread of Drug-Resistant Bacteria.
Curr Infect Dis Rep. 2018;20(9).

Jaakola S, Lyytikainen O, Rimhanen-Finne R, Salmenlinna S,
Savolainen-kopra C, Liitsola K, et al. Infectious diseases in Finland 2017. 2018.
Raisanen K, Lyytikdainen O, Kauranen J, Tarkka E, Forsblom-Helander

B, Gronroos JO, et al. Molecular epidemiology of carbapenemase-
producing Enterobacterales in Finland, 2012-2018. Eur J Clin Microbiol Infect
Dis. 2020;39(9):1651-6.

Balabanova Y, Gilsdorf A, Buda S, Burger R, Eckmanns T, Gartner B, et all.
Communicable diseases prioritized for surveillance and epidemiological re
search: Results of a standardized prioritization procedure in Germany, 20I1.
PLoS One. 2011;6(10):1-7.

Dahl'V, Tegnell A, Wallensten A. Communicable diseases prioritized
according to their public health relevance, Sweden, 2013. PLoS One.
2015;10(9):1-l1.

Vilkman K, Pakkanen SH, Laaveri T, Siikamaki H, Kantele A. Travelers’ health
problems and behavior: Prospective study with post-travel follow-up. BMC
Infect Dis [Internet]. 2016;16(1). Available from: http://dx.doi.org/10.1186/
s12879-016-1682-0

Nakari U, Kiiskinen S, Salmenlinna S. THL's Survey on EHEC diagnostics in
clinical microbiology laboratories (in Finnish). 2015;(I1).

/0



168.

169.

170.

71.

172.

173.

174.

175.

176.

[77.

178.

179.

180.

8.

182.

Kost GJ. Preventing medical errors in point-of-care testing: Security,
validation, performance, safeguards, and connectivity. Arch Pathol Lab
Med. 200;125(10):1307-15.

Lee-Lewandrowski E, Gregory K, Lewandrowski K. Point of care testing in
a large urban academic medical center: Evolving test menu and clinical
applications. Clin Chim Acta [Internet]. 2010,411(21-22):1799-805. Available
from: http://dx.doi.org/10.1016/j.cca.2010.08.002

Von Lode P. Point-of-care immunotesting: Approaching the analytical
performance of central laboratory methods.

Clin Biochem. 2005;38(7):591-606.

Mcintosh BW, Vasek J, Taylor M, Blanc D Le, Thode HC, Singer AJ. American
Journal of Emergency Medicine Accuracy of bedside point of care testing
in critical emergency department patients 2. Am J Emerg Med [Internet].
2018;36(4):567-70. Available from: https://doi.org/10.1016/j.ajem.2017.09.018
Bissonnette L, Bergeron MG. Portable devices and mobile instruments

for infectious diseases point-of-care testing. Expert Rev Mol Diagnistics.
201717(5):471-94.

Kozel TR, Burnham-marusich AR. crossm Diseases : Past, Present, and
Future. J Clin Microbiol. 2017:55(8):2313-20.

Tests Granted Waived Status Under CLIA [Internet]. Available from: https://
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfClia/analyteswaived.cfm
Vakkila J, Koskinen JO, Brandt A, Muotiala A, Liukko V, Soittu S, et al.
Detection of Group A Streptococcus from Pharyngeal Swab Samples

by Bacterial Culture Is Challenged by a Novel mariPOC Point-of-Care.
2015;53(7):2079-83.

Azrad M, Danilov E, Goshen S, Nitzan O, Peretz A. Detection of group a
Streptococcus in pharyngitis by two rapid tests : comparison of the BD
Veritor TM and the QuikRead go © Strep A. 2019;1179-85.

De-Thé G, Day NE, Geser A, Lavoué MF. Sero-epidemiology of the
Epstein-Barr Virus: Prelimnary Analysis of an International Study -

A Review. IARC Sci Publ. 1975;11(2):3-16.

Dunmire SK, Verghese PS, Balfour HH. Primary Epstein-Barr virus infection.
J Clin Virol [Internet]. 2018;102(March):84-92. Available from:
https://doi.org/10.1016/].jcv.2018.03.00I

Aronson MD, Komaroff AL, Pass TM, Ervin CT, Branch WT. Heterophil
antibody in adults with sore throat. Frequency and clinical presentation.
Ann Intern Med. 1982:96(4):505-8.

Nikoskelainen J, Leikola J, Klemola E. Igm Antibodies Specific for
Epstein-Barr Virus in Infectious Mononucleosis without Heterophil
Antibodies. Br Med J. 1974;4(5936):72-5.

Niederman James, McCollum Robert, Henle Gertrude HW. Infectious
Mononucleosis. Br Med J. 1963;203:139-43.

Paul JR, Bunnell WW. The presence of heterophile antibodies in infectious
mononucleosis. Am J Med Sci. 1974,267(3):178-88.

7l



183. Malminiemi O, Liimatainen O, Kaukinen S, Haapala A-M. Choosing the
mononucleosis point-of-care test (in Finnish). Kliinlab. 2009,26(6):117-20.

184. Kalra J. Medical errors: impact on clinical laboratories and other critical
areas. Clin Biochem. 2004;37:1052-62.

185. Morandi PA, Mauris A, Deom A, Rohner P. External quality control results
of urine dip-slide devices. Diagn Microbiol Infect Dis. 2007,

186. Aspevall O, Kjerstadius T, Lindberg L, Hallander H. Performance of Uricult
Trio® assessed by a comparison method and external control panels in
primary healthcare. Scand J Clin Lab Invest. 2000,60(5):38I-6.

187.  Petterson L, Kinnunen K, Forsum U. Risk of overdiagnosis of urine cultures.
Lakartidningen. 1995;(92):2195-6.

188. Mignini L, Carroli G, Abalos E, Widmer M. Accuracy of Diagnostic Tests
to Detect. Obstet Gynecol. 2009;113(2):346-52.

189.  Jokipii AMM, Jokipii L. Recognition of group B streptococciin dip-slide
cultures of urine. J Clin Microbiol. 1979:10(2):218-2I.

190. Kouri TT, Gant VA, Fogazzi GB, Hofmann W, Hallander HO, Guder WG.
Towards European urinalysis guidelines: Introduction of a project under
European Confederation of Laboratory Medicine. Clin Chim Acta.
2000;297(1-2):305-1.

I91. Park S, Ryu S, Kang D. Development of an Improved Selective and
Differential Medium for Isolation of Salmonella spp . 2012,50(10):3222-6.

192. Lin D, Yan M, Lin S, Chen S. Increasing prevalence of hydrogen sulfide
negative Salmonella in retail meats. Food Microbiol [Internet]. 2014;43:1-4.
Available from: http://dx.doi.org/10.1016/(.fm.2014.04.010

193. Sakano C, Kuroda M, Sekizuka T, Ishioka T, Morita Y, Ryo A, et al.

Genetic analysis of non-hydrogen sulfide-producing Salmonella enterica
serovar typhimurium and S. enterica Serovar infantis isolates in Japan.
J Clin Microbiol. 2013;5I(1):328-30.

194. Gaillot O, Camillo PDI, Berche P, Bacte L De. Comparison of CHROMagar
Salmonella Medium and Hektoen Enteric Agar for Isolation of Salmonellae
from Stool Samples. 1999;37(3):762-5.

195. Kuusi M, Seppdld E, Salmenlinna S, Rimhanen-Finne R. Guide fo prevent
Salmonella infections (in Finnish). Vol. 21. 2017. p. II.

196. Jorgensen JH, Pfaller MA, Carroll KC, Funke G, Landry ML, Richter SS, et
al, editors. Manual of Clinical Microbiology, Eleventh Edition. Ilth ed.
American Society for Microbiology; 2015.

197. Kopecko DJ, Washington O, Formal SB. Genetic and physical evidence
for plasmid control of Shigella sonneiform | cell surface antigen. Infect
Immun. 1980;29(1):207-14.

198. Strandén P, Leinikki P, Siitonen A. Quality of clinical microbiology
diagnostics (in Finnish). Suom Laakaril. 2004;59(45):4395-400.

|99. Sihvonen LM, Haukka K, Kuusi M, Virtanen MJ, Siitonen A. Yersinia entero-
colitica and Y. enterocolitica -like species in clinical stool specimens of hu
mans: identification and prevalence of bio / serotypes in Finland. 2009,;757-65.

72



200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Hunter E, Greig DR, Schaefer U, Wright MJ, Dallman TJ, Mcnally A.
|dentification and typing of Yersinia enterocolitica and Yersinia pseudo-
tuberculosis isolated from human clinical specimens in England between
2004 and 2018. J Med Biochem. 2019;1-II.

Sethabutr O, Venkatesan M, Murphy GS, Eampokalap B, Hoge CW, Eche
verria P. Detection of Shigellae and Enteroinvasive Escherichia coliby
Amplification of the Invasion Plasmid Antigen H DNA Sequence in Patients
with Dysentery. J Infect Dis [Internet]. 1993 Feb [;167(2):458-61. Available
from: https://doi.org/10.1093/infdis/167.2.458

Van Den Beld MJC, Reubsaet FAG. Differentiation between Shigellg,
enteroinvasive Escherichia coli (EIEC) and noninvasive Escherichia coli.

Eur J Clin Microbiol Infect Dis. 2012;31(6):899-904.

UdDin A, Wahid S. Relationship among Shigella spp. Brazilian J Microbiol.
2014;45(4):1131-8.

Elgh F, Linderholm M. Evaluation of six commercially available kits using
purified heterophile antigen for the rapid diagnosis of infectious mono
nucleosis compared with Epstein-Barr virus-specific serology. Clin Diagn
Virol. 1996;7(1):17-2l.

Linderholm M, Boman J, Juto P, Linde A. Comparative evaluation of nine kits
for rapid diagnosis of infectious mononucleosis and Epstein-Barr virus-
specific serology. J Clin Microbiol. 1994;32(1):259-61.

Svahn A, Magnusson M, Jagdahl L, Schloss L, Kahlmeter G, Linde A.
Evaluation of three commercial enzyme-linked immunosorbent assays and
two latex agglutination assays for diagnosis of primary Epstein-Barr virus
infection. J Clin Microbiol. 1997:35(11):2728-32.

Tilton RC, Dias F, Ryan RW. Comparative evaluation of three commercial
tests for detection of heterophile antibody in patients with infectious
mononucleosis. J Clin Microbiol. 1988;26(2):275-8.

Fox JW, Cohen DM, Marcon MJ, Cotton WH, Bonsu BK. Performance

of rapid streptococcal antigen testing varies by personnel. J Clin Microbiol.
2006;44(11):3918-22.

Armstrong CW, Hackler RL, Miller GB. Two pseudo-outbreaks of infectious
mononucleosis. Pediatr Infect Disesase. 1986;5(3):325-7.

Blake JM, Edwards JM, Fletcher W, McSwiggan DA, Pereira MS.
Measurement of heterophil antibody and antibodies to EB viral capsid
antigen IgG and IgM in suspected cases of infectious mononucleosis.

J Clin Pathol [Internet]. 1976 Sep 1,29(9):84I LP - 847. Available from:
http://icp.bmj.com/content/29/9/84l.abstract

Green SF. The cost of poor blood specimen quality and errors in pre-
analytical processes. Clin Biochem. 2013;

Ceriotti F, Cobbaert C. Harmonization of External Quality Assessment
Schemes and their role - clinical chemistry and beyond. Clin Chem Lab
Med. 2018;56(10):1587-90.

/3



213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

Kumasaka K, Kawano K, Yamaguchi K, Igari J, Minowa K, Oiski H, et al.

A Study of quality assessment in clinical microbiology performance of
independent laboratories in Tokyo: 18-year participation in the Tokyo
Metropolitan Government External Quality Assessment Program. J Infect
Chemoter. 2001:(7):102-9.

Wasniewski M, Laurentie M, Rizzo F, Servat A, Aubert M, Cliquet F.
Proficiency test for rabies serology: A design complying with international
standards for a reliable assessment of participating laboratories. PLoS Neg|
Trop Dis. 2019;13(12):e0007824.

Isosomppi S, Kuusi M, Rimhanen-Finne R, Rasdnen S, Salmenlinna S. Guide
to prevent EHEC infections (in Finnish). Toimenpideohje. 2019;1-9.

Albers ANNC, Fletcher RD. Accuracy of Calibrated-Loop Transfer.
1983;18(1):40-2.

Perry JD, Freydie AM. The application of chromogenic media in clinical
microbiology. 2007;103:2046-55.

Aspevall O, Osterman B, Dittmer R, Ste L, Lindbdck E, Forsum U.
Performance of Four Chromogenic Urine Culture Media after One or Two
Days of Incubation Compared with Reference Media. 2002;40(4):1500-3.
Hengstler KA, Hammann R, Fahr AM. Evaluation of BBL CHROMagar
Orientation medium for detection and presumptive identification of
urinary tract pathogens. J Clin Microbiol. 1997;35(11):2773-7.

Aspevall O, Forsum U, Kjerstadius T, Hallander H. Evaluation of two
methods for improving quality of diagnosis of bacteriuria by culture in
primary healthcare. Scand J Clin Lab Invest. 2000;60(5):387-94.
Cavagnolo R. Evaluation of Incubation Times for Urine Cultures Down-
loaded from http://jcm.asm.org/ on January 15,2020 at National Institute
for Health and Welfare THL. 1995;33(7):1954-6.

Murray P, Traynor P, Hopson D. Evaluation of microbiological processing
of urine specimens: Comparison of overnight versus two-day incubation.
J Clin Microbiol. 1992;30(6):1600-I.

Kim SY, Park Y, Kim H, Kim J, Koo SH, Kwon GC. Rapid screening of urinary
tract infection and discrimination of gram-positive and gram-negative
bacteria by automated flow cytometric analysis using sysmex UF-5000. J
Clin Microbiol. 2018;56(8):1-14.

Strauss S, Bourbeau PP. Impact of Intfroduction of the BD Kiestra InoqulA
on Urine Culture Results in a Hospital Clinical Microbiology Laboratory. J
Clin Microbiol. 2015;53(5):1736-40.

Investigation of Faecal Specimens for Enteric Pathogens. UK Stand
Microbiol Investig. 2014;Bacteriolo(8.1):-4l.

Leifson E. New selenite selective enrichment medium for the isolation of
typhoid and paratyphoid bacilli. Am J Hyg. 1939,(24):423-432.

Robinson A, McCarter YS, Tetreault J. Comparison of Crystal Enteric/
Nonfermenter System , API 20E System, and Vitek Automicrobic System
for Identification of Gram-Negative Bacilli. J Clin Microbiol. 1994;33(2):364-70.

74



228.

229.

230.

23l.

232.

233.

234.

235.

236.

237.

238.

239.

240.

24.

Stavelin A, Riksheim BO, Christensen NG, Sandberg S. The importance of
reagent lot registration in external quality assurance/proficiency testing
schemes. Clin Chem. 2016;62(5):708-I5.

Thompson S, Chesher D. Lot-to-Lot Variation. Clin Biochem Rev.
2018;39(2):51-60.

Bruu AL, Hjetland R, Holter E, Mortensen L, Natds O, Petterson W, et al.
Evaluation of 12 commercial tests for detection of Epstein-Barr virus-
specific and heterophile antibodies. Clin Diagn Lab Immunol. 2000,7(3):45I-6.
Leinikki P, Siitonen A, Nissinen A, Hirvonen R. Investigation portfolio of
clinical microbiology laboratories and the use of external quality assurance
(in Finnish). Suom Ladkaril. 1998;22-23(53):2455.

Pritt BS. Optimizing Test Utilization in the Clinical Microbiology Laboratory:
Tools and Opportunities. J Clin Microbiol. 2017,55(12):332I-3.

Chami N, Simons JE, Sweetman A, Don-wauchope AC. Rates of in-
appropriate laboratory test utilization in Ontario. Clin Biochem

[Internet]. 2017.50(I5):822-7. Available from: http://dx.doi.org/10.1016/
j.clinbiochem.2017.05.004

van Walraven C, Nylor D. Do We Know What Inappropriate Laboratory-
Utilization Is? A Systematic Review of Laboratory Clinical Audits. JAMA.
1998;280(6):550-8.

Wilson ML. Assuring the Quality of Clinical Microbiology Test Results. Med
Microbiol. 2008;47:1077-82.

Klausing BT, Tillman SD, Wright PW, Talbot TR. The influence of contaminated
urine cultures in inpatient and emergency department settings. Am J Infect
Control [Internet]. 2016;44(10):1166-7. Available from: http://dx.doi.
org/10.1016/].ajic.2016.03.055

Mckay R, Law M, Mcgrail K, Balshaw R, Reyes R, Patrick DM. What can we
learn by examining variations in the use of urine culfure in the management
of acute cystitis? A retrospective cohort study with linked administrative
data in British Columbia, Canada, 2005-2011. PLoS One [Internet]. 2018;14(3):
I-15. Available from: https://journals.plos.org/plosone/article?id=10.1371/
journal.pone.0213534

Leis JA, Rebick GW, Daneman N, Gold WL, Poutanen SM, Lo P, et al.
Reducing antimicrobial therapy for asymptomatic bacteriuria among

non catheterized inpatients: A proof-of-concept study. Clin Infect Dis.
2014;58(7):980-3.

Khot PD, Fisher MA. Novel approach for differentiating Shigella species
and Escherichia coli by matrix-assisted laser desorption ionization-time of
flight mass spectrometry. J Clin Microbiol. 2013;51(11):3711-6.

Trang N, Thiem VD, Sethabutr O, Seidlein L Von, Tung T Van, Canh DG, et al.
Detection of Shigella by a PCR Assay Targeting the ipaH Gene Suggests
Increased Prevalence of Shigellosis in. J Clin Microbiol. 2004;42(5):203I-5.
Jolkkonen S, Paattiniemi E, Ka P. Screening of Urine Samples by Flow
Cytometry Reduces the Need for Culture. 2010;48(%):3117-2l.

75



242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

Paattiniemi EL, Karumaa S, Viita AM, Karpdnoja P, Mdkeld M, Isojarvi J,

et al. Analysis of the costs for the laboratory of flow cytometry screening of
urine samples before culture. Infect Dis (Auckl). 2017:49(3):217-22.

Hooton TM, Roberts PL, Cox ME, Stapleton AE. Voided Midstream Urine
Culture in Premenopausal Women. N Engl J Med. 2013;369(20):1883-91.
Zhang Q, Kwoh C, Attorri S. Aerococcus urinae in Urinary Tract Infections.
2000;38(4):1703-5.

Laupland KB, Valiquette L. The changing culture of the microbiology
laboratory. Can J Infect Dis Med Microbio. 2013;24(3):125-8.

Hakanen A. What drives fo the centralization of the clinical microbiology
laboratories and what brings them to closer to the patient? (in Finnish).
Moodi. 2019;(2-3):10-.

Makarainen H, Kauppinen |. Medical support services (laboratory and
imaging) in sote structures. (in Finnish). STM. 2017:6:37.

Ehrmeyer SS, Laessig RH. Has compliance with CLIA requirements really
improved quality in US clinical laboratories? In: Clinica Chimica Acta. 2004.
p. 37-43.

AbdelWareth LO, Pallinalakam F, Ibrahim F, Anderson P, Liagat M, Palmer B,
et al. Fast track to accreditation an implementation review of college of
American pathologists and international organization for standardization
15189 accreditation. Arch Pathol Lab Med. 2018;142(9):1047-53.

Guzel O, Guner EI. ISO [5189 Accreditation: Requirements for quality and
competence of medical laboratories, experience of a laboratory . Clin
Biochem [Internet]. 2009;42(4-5):274-8. Available from:
http://dx.doi.org/10.1016/|.clinbiochem.2008.09.0

Massambu C. Implementation of the laboratory quality management
system (1SO 15189 ): Experience from Bugando Medical Centre Clinical
Laboratory - Mwanza, Tanzania. Afr J Lab Med. 2018;(2225-2010):1-6.

Tan KB, Chang SAE, Soh VCH, Thamboo TP, Nilsson B, Chan NHL. Quality
Indices in a Cervicovaginal Cytology Service: Before and after Laboratory
Accreditation. Arch Pathol Lab Med. 2004;128(3):303-7.

Linko S, Himberg JJ, Thienpont L, Stockl D, De Leenheer A. Assessment of
the state-of-the-art trueness and precision of serum total-calcium and
glucose measurements in Finnish laboratories - The QSL- Finland study.
Scand J Clin Lab Invest. 1998:58(3):229-40.

Bartlett RC, Mazens-sullivan M, Tetreault JZ, Lobel S, Nivard J. Evolving
Approaches to Management of Quality in Clinical Microbiology. Clin
Microbiol Re. 1994:7(1):55-88.

76



77

Appendix .



/8



TERVEYDEN JA Ulkoinen laadunarviointi 1(2)
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Helsingissi, heindkuussa 2012

Asia: Labqualityn ulkoisen laadunarvioinnin tulokset vuodesta 2009 alkaen
Viite: Tartuntatautilain §10, 4 mom

Hyvi kliinisen mikrobiologian laboratorion vastuuhenkilo

Terveyden ja hyvinvoinnin laitoksen asettaman toimilupatyéryhméan
asiantuntijasihteerind olen tekemdissa selvitystd laboratorioiden ulkoisen
laadunarvioinnin tuloksista. Selvitystd varten pyyddn saada nima tulokset kdyttdoni.
Kéytdnnossd pyydén teitd valitsemaan, saako laboratorionne tulostiedot toimittaa
sdhkdisesti suoraan Labqualitystd vai haluatteko toimittaa ne itse kirjeitse
paperikopioina.

Tavoitteena on selvittdd laboratoriotutkimusten laatua kansallisella tasolla ja siithen
mahdollisesti vaikuttavia tuotannollisia tekijoitd. Ensimmaiisend tarkastelun kohteeksi
on tarkoitus ottaa uloste- ja mérkéaviljelyt. Jatkossa tarkastelemme muidenkin
kierrosten tuloksia. Labqualityd varten tarvitsen teiltd allekirjoituksen, jonka voitte
antaa palauttamalla tdmén kirjeen mukana tulevan liitteen téytettynd
allekirjoittaneelle, halutessanne sdhkopostinkin vilitykselld. Pyydén vastaustanne
mahdollisine tuloskopioineen 15.8.2012 mennessé.

Yhteistyostd kiittden,

Salla Kiiskinen, erikoistutkija, sairaalamikrobiologi
Toimilupatydryhmén asiantuntijasihteeri
salla.kiiskinen@thl.fi tai 0295 247697

www.thl.fi

Terveyden ja hyvinvoinnin laitos * Institutet for hilsa och vilférd < National Institute for Health and Welfare
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LABQUALITYn mikrobiologian ja immunologian ulkoiset laadunarviointikierrokset
Ulkoisen laadunarvioinnin mikrobiologian ja immunologian kierrosten tulokset
|:| saa toimittaa suoraan Labqualitystd

|:| el saa toimittaa suoraan Labqualitystd, vaan toimitamme tarvittavat tulosteet itse

Mikili laboratorionne ei anna suostumusta kaikkien kierrostulosten luovuttamiseksi suoraan
Labqualitysta, alla mainittujen kierrosten tulokset

5180 Salmonellaviljely (2009-2011 Kierrokset 1-4)
5190 Ulosteviljely 1 ja EHEC-viljely (2009-2011 Kierrokset 1-4)
5080 Bakteeriviljely 1, aerobit ja anaerobit (2009-2011 Kierrokset 1-4)

|:| saa toimittaa suoraan Labqualitystd

|:| ei saa toimittaa suoraan Labqualitystd, vaan toimitamme tarvittavat
tulosteet itse™
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Laboratorion nimi ja osoite:

Labqualityn asiakasnumero:

Allekirjoitus, nimen selvennys ja asema:

*Mikaéli ette halua em. kierrostuloksia (5180, 5190 ja 5080 2009-2011) toimitettavan suoraan

Labqualitystd, pyyddmme ystavéllisesti lahettdmadin niistd paperikopiot 15.08.2012 mennessa
osoitteeseen

Toimilupatyéryhmé/ Salla Kiiskinen
Teerveyden ja hyvinvoinnin laitos
Mannerheimintie 166

00300 Helsinki

www.thl.fi

Terveyden ja hyvinvoinnin laitos « Institutet for hilsa och vélfird « National Institute for Health and Welfare
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