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Het aantonen van lage aantallen middels hitte beschadigde Listeria monocytogenes cellen
is niet goed mogelijk met de huidige 1ISO 11290-1 methode voor de detectie van Listeria
monocytogenes, als gevolg van de te korte incubatietijd (24 uur) van de eerste
ophopingstap in het *half Fraser” medium.

(dit proefschrift).

Referentiematerialen worden, internationaal gezien, nog weinig gebruikt voor de
kwaliteitsborging van microbiclogische analyses. Dit heeft meerdere oorzaken, zoals
bijvoorbeeld onbekendheid met de beschikbaarheid van de materialen en de
gebruikskosten zonder dat er een direct voordeel duidelijk is.

(dit proefschrift).

De frequentie van het analyseren van referentiematerialen bij routinematig gebruik wordt
te makkelijk gesteld op "bij elke serie analyses”. Daarentegen wordt de frequentie voor
het gebruik van gecertificeerde referentiematerialen te makkelijk op nul gesteld.

{dit proefschrift),

De opmerking in de 1SO 11290 betreffende de detectie en enumeratie van Lisferia
monocytogenes dat er ook haemolyse negatieve Listeria monocytogenes bestaan, is van
generlei belang voor het vinden van pathogene Listeria monocytfogenes.

Het huidige systeem voor het maken van internationale standaarden door de 1SO of de
CEN houdt een zodanig lange procedure in dat op het moment van uitgifte van dergelijke
standaarden deze vaak al niet meer up to date zijn.

De resultaten gevonden met de, door Beecher en Wong beschreven, HBL plaat
methode om het Bacillus cereus HBL enterotoxine complex aan te tonen, komen niet
overeen met die verkregen met PCR methoden (gericht op het aantonen van de
enterotoxine genen) en de Oxoid Reverse Passive Latex Agglutination test {gevoelig
voor het L, deel van het HBL-complex).

{Beecher, D.J. and Wong, A.C.L. (1894) Appl. Environm. Microbicl., 60 {(5), 1646 - 1651).

De algemene eisen voor accreditatie die aan laboratoria gesteld worden zijn in
internationale normen vastgelegd om een gelijk {kwaliteits)niveau van geaccrediteerde
laboratoria te realiseren. Echter, op het niveau van de heoordeling door een
vakdeskundige blijkt dat, internationaal gezien, gelijkwaardigheid van de interpretatie van
de eigen nog ver te zoeken is.

De kwalitatieve methoden voor het aantonen van pathogenen in levensmiddelen zouden
moeten worden vervangen door kwantitatieve bepalingsmethoden om hiermee een
betere bijdrage te kunnen leveren aan de risicoanalyse.

De vraag of de oorzaak van het slecht begrijpen van een publicatie, zoals bijvoorbeeld
een proefschrift, gezocht moet worden in een gebrekkige formulering dan wel in de
leesvaardigheid van de lezer is niet altijd naar ieders tevredenheid te beantwoorden.
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Het probleem voor een simpele en snelle oplosprocedure voor de referentiematerialen,
bedoeld voor de evaluatie van tellingsmethoden, blijkt niet simpel en snel op te lossen.

De tijdsbesparing als gevolg van het gebruik van computers voor het maken en
corrigeren van rapporten en verslagen wordt teniet gedaan door de aandacht voor de
presentatie.

Wie niet in staat is verbanden te leggen, doet er beter aan eens een E.H.B.O.-cursus te
volgen.

Het te vroeg op de markt brengen van nieuwe producten kan na gebleken problemen
leiden tot extreme reacties bii zowel producent als consument die niet in relatie staan tot
de proporties van het probleem, zoals dit bijvoorbeeld werd gezien bij de intreductie van
de A-klasse van Mercedes-Benz.

De mate van dominant gedrag van honden die, maatschappeliik gezien, wordt
getolereerd is omgekeerd evenredig met de grootte van de hond.

Uitgaande van het gegeven dat muziek tenslotte geluid is, verkeren sommige musici ten
onrechte in de veronderstelling dat geluid ook altijd muziek is.

Stellingen behorende bij het proefschrift 'The development and evaluation of reference
materials for food microbiology’.

Paul in 't Veld, Wageningen, 7 december 1998.
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Abstract

Paul in 't Veld (1998) Development and evaluation of reference materials for food
microbiology. PhD-thesis, Wageningen Agricultural University, The Netherlands
{184 pp., summaries in English and Dutch).

This thesis describes the evaluation and certification of reference materials (RMs) for quality
assurance of the microbiological examination of food, the use of RMs and certified RMs
(CRMs) in food microbiology laboratories and the setting up of regular production and
distribution of such materials. The microbiclogical RMs were produced by spray drying a
bacterial culture suspended in milk. The highly contaminated milk powder (HCMP) cbtained
was mixed with sterile milk powder and filled into gelatin capsules. There are two types of
these RMs, one for the evaluation of enumeration methods and the other for detection
methods. The RMs for Bacilius cereus (containing ca 10* colony forming particles (cfp) per
capsule} and Listeria monocylogenes {containing ca 5 cfp per capsule) were evaluated with
respect to the general requirements for RMs (stability, homogeneity and representativity). Both
RMs fulfilled these requirements. The use of the L. monocytogenes BM in laboratories was
further evaluated in three collaborative studies, testing the RM both with and without
competitive micro-organisms (the latter as capsules containing a mixture of micro-organisms
or as real food samples). Most laboratories were able to isolate L. monocytogenes when no
competitors were present. However, the addition of competitive micro-organisms reduced
the number of positive isolations, while in the presence of food there was an even greater
reduction in the number of positives. Several RMs were certified by the European
Commission and became the first microbiological CRMs available world-wide. The
Salmonella CRM was certified for the fraction of capsules in which no Salmonelfa could be
detected by the 1SO isolation method (2.7 %). The B. cereus CRM was certified using both
MEYP (53.4 cfp per plate) and PEMBA (55.0 cfp per plate) agars. Based on the variance
components user tables were constructed that presented the 95 % confidence limits for the
number of capsules likely to be examined in practice. Fluid bed spray granulation was
evaluated as an alternative method to spray drying for the preparation of HCMPs. Several
strains were dried in milk by this methoed and the resulting material tested for homogeneity
and stability when stored at -20 °C and 22 °C. The stability of the HCMPs stored at -20 °C
was comparable to that of the spray dried material but at 22 °C was less stable. RMs are
mainly intended for the quality control (QC) of routine examination. Control charts can be
produced for enumeration methods even when the RMs used are not fully stable. CBMs are
used to determine the accuracy of a methed or laboratory. A power analysis indicates the
minimal difference between the certified value and the true laboratory mean that can be
detected using a CRM. Market research was undertaken to obtain information on the need
for RMs and to compare this need to the characteristics of the RMs developed. Commercial
production of RMs was set up at the Foundation for the Advancement of Public Health and
the Environment (SVM). RMs and CRMs are produced in the same way, but for CRMs there
is an additional certification study. The sale of RMs is increasing gradually and interviews
conducted after the initial market research indicated that the QC of routine analysis is
increasing in importance. The RMs develcped were proved to be competitive (in
performance and price) with alternative RMs available from other sources. It is concluded,
therefore, that stable, homogeneous and representative microbiclogical RMs and CRMs can
be produced and that they play an important role in quality assurance of the microbiological
examination of food.
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Abbreviations and symbols

ABBREVIATIONS

AOAC Association of Official Analytical Chemist,

ATCC American Type Culture Collection.

Ay water activity.

BCR Communities Bureau of Reference {see also SM&T).
BGA Brilliant Green Agar.

BHI Brain Heart Infusion broth,

BHIA Brain Heart Infusion Agar.

BMT Management & Marketing Consultants.

BPLSA Brilliant green Phenol red Lactose Sucrose Agar.
BPw Buffered Peptone water.

ca circa,

cB Collaborative Study.

CEN European standardisation organisation

cfp colony forming particle (same as ¢fu).

cfu colony forming unit (same as cfp).

CMP Contaminated Milk Powder.

CRM(s) Certified Reference Material(s).

EC European Commission

EU European Unicn.

(12) FB (half) Fraser Broth.

FDA Food and Drug Administration.

KFA Kenner Fecal Streptococcus Agar.

HCMP Highly Contaminated Milk Powder.

i.d. initial decrease

IDF International Dairy Federation.

IRMM Institute for Reference Materials and Measurements.
180 International Organisation for Standardisation.
LEB Listeria Enrichment Broth.

LL Lower Limit.

LPM Lithium chloride-Phenylethanol-Moxalactam agar.
LSA Lauryl Sulphate Agar.

m-EA membrane-Enterococcus Agar according to Slantez and Bartley.
MEYP Mannitol Egg-Yolk Polymyxin agar,

MK Muller Kauffmann broth.

mmp mixed milk powder.

mp milk product no. 17 Nestlé.

NCTC National Collection of Type Cultures.

NIST National Institute of Standards & Technology.
NSM non-standard method.,

PEMBA  Polymyxin pyruvate Egg-yolk Mannitol Bromothymol blue Agar.
PHLS Public Health Laboratory Service (UK).

PS Peptone Saline solution.
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Abbreviations and symbols

QA Quality Assurance.

Qc Quality control.

RIVM National Institute of Public Health and the Environment.

RM(s) Reference material(s).

RV Rappaport-Vassiliadis magnesium chioride malachite green broth.
RVS RV prepared with Soya peptone.

s.d. standard deviation.

SM standard method.

smp skim milk powder.

SBA Sheep Blood Agar.

SMAT Standards Measurements and Testing Programme (former BCR).
SOP Standard Operating Procedure.

SVM Foundation for the advancement of Public Health and Environmental Protection.
T7A Lactose 2,3,5-Triphenyl Tetrazolium Chloride agar with Tergitol-7.
TSA Tryptone Soya Agar.

TSAYE  Tryptone Soya Agar supplemented with Yeast Extract.

TSB Tryptone Soya Broth.

TSBY(E) Tryptone Soya Broth supplemented with Yeast Extract.

UL Upper Limit.

USDA United States Department of Agriculture.

XLD Xylose Lysine Desoxycholate agar.

SYMBOLS

o significance level.

1-f power of the test.

g regression coefficient.

B intercept.

B2 slope of first line segment.

Bz + Bs slope of second line segment.

¥ Chi-square test statistic.

£ error compoenent.

U orpe, certified value.

Miab laboratory mean.

5-;p variance component for capsules.

-2 . "

O, vatiance component for laboratoties.

variance component for replicates.

O. variance for a combination of capsules and replicates.

Cetp number concentration of celony forming particles of the test strain in a broth
cultura or in contaminated milk.

Fran F test statistic with I-1 and N degrees of freedom.

IX



Abbreviations and symbols

Thom

(total) number of capsules examined.

number of replicate samples examined per capsule.

number of laboratories used for the determination of the (certified) value.

total number of capsules tested (minus the number of homogeneity tests
performed).

number of colony forming particles of Salmenella in one capsule.

fraction of negative capsules {capsules not containing the target organism)
observed by a laboratory.

certified fraction of negative capsules.

chance of finding "y” positive isolations.

repeatability.

reproducibility.

average moving range.

storage time.

time point at which a structural break occurred.

Student t-test value at {1 - ¢/2) fractile and L-1 degrees of freedom.

Cochran's dispersion test statistic, to determine the variation in z between
samples from one reconstituted capsule.

Cochran's dispersion test statistic, to determine the variation in z between
samples from different reconstituted capsules of one batch.

T, applied to four sets of long term stability test data to estimate homogeneity.
logio count {number of cfp) per capsule.

logio count of the 1™ capsule.

number of positive isolations.

count of sample j of capsule 1.

sum of counts of all replicate samples examined of capsule /.

sum of counts of all replicate samples examined for all capsules.

count of capsule /.

surn of counts of all capsules.
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Introduction

THE MEASUREMENTS PROCESS IN MICROBIOLOGY

There are many Kinds of measurement processes, varying from relatively simple ones
such as measuring the temperature of air, to complex ones, such as measuring the
concentration of dioxing in milk. Measurement processes in microbiology differ from those in
other disciplines in that the analyte is a living organism.

Several techniques exist to determine the presence or concentration of a certain type or
group of micro-organism(s) in a sample. Detection (or qualitative) methods are used to
determine the presence or absence of a specific micro-organism in a defined quantity of
sample {in food microbiology usually 25 gram). The principle of this technique is that the
sample is homogenised in an enrichment broth and after incubation and subculture to a solid
medium the suspect target organism is isolated. Identification of the colonies isolated as the
target organism confirms the presence of that organism. Results are expressed as presence
or absence of the organism sought in a defined quantity (gram or ml) of sample.

The, so called, Most Probable Number (MPN) technique is an extension of this basic
detection procedure to allow quantification of low levels of target organisms. It is based on
detection of the organism in various quantities or dilutions of the sample. The number of
positive results chtained for the various dilutions of the sample are used te estimate, from
appropriate tables, the concentration of the target organism in the sample. Resulis are
normally expressed in the same manner as for quantitative technigues i.e. per gram or ml of
sample, but are less precise than quantitative methods. The MPN technique is not used in
food microbiology as often as the detection or enumeration techniques, it is usually for
specific applications. Therefore it is not specifically dealt with in this thesis.

Enumeration {or quantitative) methods are used to determine the concentration of total
or specific micro-organisms in a sample. The principle of these methods is that the sample is
first homogenised in a diluticn fluid (for food microbiology usually 10 gram of focd in 80 ml of
peptone saline solution). This suspension is then decimally diluted and defined quantities of
various dilutions are plated (usually in duplicate) onto solid media which may be general
media for the total flora or selective media for specific target organisms. After incubation of
the plates the number of colonies (total or suspected target organisms) are counted and, if
necessary, confirmed by means of biochemical tests. Counts are expressed as the number
of colony forming particles (or units) per gram or ml sample.

ACCURACY OF MICROBIOLOGICAL MEASUREMENTS

In general a measurement technique should produce accurate results, aiming to
approximate the true value. The principles and definitions in relation to accuracy are described
in the 1SO standard 5725-1 (Anon., 1994a). The accuracy of a measurement result depends
on two factors which are related as follows: accuracy = trueness + precision. Aceuracy is
defined as the closeness of agreement between a test result and an accepted reference value.
Trueness is defined as the closeness of agreement between the average value obtained from
a large series of test results and an accepted reference valus. An accepted reference value is
used, when the true value is not known. The accepted reference value (Anon., 1994a) is a
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value that serves as an agreed-upon reference for comparison, and is derived as one of the

following:

a) atheoretical or established value, based on scientific principles.

b) an assigned or certified value, based on experimental work by a national or international
organisation.

c) a consensus or certified value, based on collaborative experimental work under the
auspices of a scientific or engineering group.

d) when a), b) and ¢) or not available, the expactation of the measured quantity, i.e. the mean
of a specific population of measurements.

Precision is defined as the closeness of agreement between independent test results
obtained under stipulated conditions (Anon., 1994a). Precision data should be obtained under
repeatability and reproducibility conditions to assure independence of the test results.
Repeatability is defined as the precision of independent test results obtained using the same
method on identical test items in the same laboratory by the same operator using the same
equipment within a short interval of time. Reproducibility is defined as the precision of test
results obtained with the same method on identical items in different laboratories by different
operators using different equipment. So, in other words, trueness is related to the systematic
errors and precision to the random errors of the measurement process.

Normally repeatability is expressed as the repeatability limit representing the maximum
value for the absolute difference between two test results obtained under repeatability
conditions. This value is calculated as 2.8 times the standard deviation {s.d.) for repeatability.
Similarly the reproducibility limit is calculated as 2.8 times the s.d. for reproducibility. The
Association of Analytical Chemists (ACAC) expresses the precision of their methods in an
alternative manner. They specify the s.d. for repeatability and reproducibility and the relative
s.d. for repeatability and reproducibility (RSD,g) based on transformed counts, The RSDypg is
the s.d. for r or R divided by the mean count (Youden and Steiner, 1975; Park et al., 1996).

How do the principles of accuracy, trueness and precision apply to microbiological
measurements? The definitions given above are used for quantitative data that conform to a
normal distribution. in theory the distribution of micro-organisms in a sample is not described
by a normal distribution but by a Poisson distribution (Niemelda, 1983; Heisterkamp of al,
1993}. For quantitative microbiological methods log transformation of the counts is appropriate
to approximate a normal distribution of the log transformed counts. Using log transformation it
is possible to calculate the precision of methods. Precision limits can be expressed as a
difference in log units between two log values or as a ratioc between values on the normal
scale.

For qualitative methods the situation is more difficult. The 1SO 5725 (Ancn., 1994a) is
only applicable to quantitative methods. Recently the first attempts were made to define
precision for qualitative methods within the framework of a project financed by the European
Commission to determine the precision of various 1SO methods. Hopefully within a few years
techniques will become available to allow expression of precision for gualitative methods.

The true value in microbiology is not known. Results depend on the method used and
even non-selective methods do not recover all organisms present in a sample. Therefore, the
overall mean of a set of results obtained in different laboratories is used as the accepted

2
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reference value for quantitative methods. The validation procedure for rapid {(quantitative as
well as qualitative) methods set up by Microval uses the term relative trueness when the mean
value of the rapid method is compared to the reference method used in the validation study
(Anon., 1997). An example of the use of the overall mean obtained in an interlaboratory study
as a true value is in the certification of reference materials as described in this thesis.

MICROBIOLOGICAL REFERENCE MATERIALS

Reference materials (RMs) are defined in the 1SO guide 30 (Anon., 1992} as a material
or substance one or mare of whose property values are sufficiently homogeneous and well
established to be used for the calibration of an apparatus, the assessment of a
measurement method, or for assigning values to materials. The property values of a material
are established by subjecting that material to a collaborative study in which at least two
independent laboratories determine the property value using their own measurement
procedure. The value obtained in the collaborative study is the consensus true value
(trueness in the measurement process). The property value of the RMs is expressed as the
mean value including its uncertainty. When more than one measurement procedure
determines the property of the RM, the values obtained must be within the uncertainty
assigned to each measurement procedure. When the differences between measurement
procedures are too large the value can be expressed on a method dependent basis.

From the above description a number of general requirements for RMs can be derived
(Griepink, 1989; Anon., 1989) including:

* Homogeneity.

The homogeneity of the RM, which is the variation in the property value between portions

of the RM, must be within specified limits. In the ideal situaticn the variation in the property

value between portions of the RM is negligible compared to the variation in the
measurement method.
+  Stability.

The property value must remain stable within specified limits over a specified period of

time during storage and transport.
+ Representativity.

The RM should be representative for its intended use in respect to, for example, the type

of matrix and level of contamination.

In addition to RMs there are also certified reference materials (CRMs). A CRM is a
reference material that has been certified for its properties by means of a technically valid
procedure and should be accompanied by, or traceable to, a certificate or other documentation
which is issued by a certifying body (Anon., 1989). ISO/REMCO (Anon., 1994b) reported the
existence of a total of 46 certifying bodies world-wide that currently preduce CRMs. The two
major certifying bodies are the Community Bureau of Reference (BCR) of the European
Commission, currently called the Standards, Measurement and Testing programme (SM&T)
and the National Institute of Standards & Technelogy (NIST) in the United States of America.

Many RMs have been produced and certified world-wide, especially in the fields of
physics and chemistry, but, until recently, none in microbiclogy. There are various reasons for
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the lack of microbiological RMs and CRMs. These are mainly related to the fact that this type of
RM contains living organisms and thus to the fact that stability over a long period of time and
homogeneity of the number of arganisms is difficult to achieve. It is also well recognised that
differences between the results of different microbiological measurement procedures exist.
This means that the values stating the properties of an RM are expressed according to a
specific measurement procedure, which may limit their use.

In 1985, Beckers ot al. (1985} reported for the first time the availability of a microbiological
reference material for the evaluation of the method for detecting Salmonefla in food. This RM
evolved from air drying salmonellae in milk (Van Schothorst and van Leusden, 1972). Since
1987 the development of these RMs received additional impetus when the BCR/SM&T
supported the development and evaluation of this type of material. Currently, a number of the
RMs developed are available for use by laboratories from the Foundation for the Advancement
of Public Health and the Environment (SVM).

In the last few years other microbiological RMs have become available. These alternative
RMSs (Oxoid's Quanti-Cult™"® ™ marksted by Unipath Ltd, U.K. and the RMs produced by the
National Food Administration in Sweden) are both based on the stabifisation of micro-
organisms by freeze drying (Peterz and Steneryd, 1983). The Quanti-Cul™ S ™ systems
contain a single type of organism per RM and cover a range of organisms not specifically
intended for food microbiology. The two RMs prepared by the National Food Administration in
Sweden contain a mixture of various organisms (pathogens and non-pathogens) commonfy
found in foods.

PRODUCTION OF MICROBIOLOGICAL REFERENCE MATERIALS
Production process

The spray drying process described by Beckers et al. (1985) has been used as a basis for
the preparation of the microbiological RMs developed by the RIVM/BCR. A bacterial
suspension in milk is spray dried to produce a contaminated milk powder, referred to as
"highly contaminated mitk powder” (HCMP) as this powder contains more organisms per
gram than the final reference material. After spray drying the HCMP is stored for some time
to stabilise the concentration of micro-organisms.

In order to produce an RM the micro-organism has to survive the spray drying process.
Micro-organisms capable of surviving HTST pasteurisation (15 s at 72 °C) can also survive
the spray drying process (Stadhouders et al., 1982). Among these so called thermoresistant
bacteria are spores of Bacillus and Clostridium species, Enterococcus and Micrococcus
species. Survival of bacteria in the spray drying process is related to the outlet temperature
of the dryer {LiCari and Potter, 1970; Miller of al., 1972; Chopin et al., 1977; Thompson ef
al., 1978). Evaporation of water from the milk droplet after atomisatien in the hot (inlet) air
will cool the milk dropiet and reduce the air temperature. The temperature of the milk droplet
does not exceed the outlet air temperature. Most of the drying occurs at even lower
temperatures (Verhey, 1973). The reduction in water content of the milk during the drying
process increases the heat resistance of the bacteria present. Dega et al. (1972) observed
an increase in the heat resistance of Salmonefla and Escherichia coli when milk was
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concentrated. LiCari and Potter (1970) observed D values for various Salmonella serotypes
2 to 5 times higher during spray drying compared to their D values in liguid milk. Reduction
of non thermophilic bacteria in a spray dryer is in the range of 1 - 5 log,q units. For examples,
reductions of 1 - 1.5 log,y units have been observed for Listeria monocytogenes (Doyle et al.,
1985), 2 - 5 log+e Units for various Salmonelfla serotypes (LiCari and Potter, 1970), 1 - 6 logqo
units for various Safmonelia serotypes and 3 - 5 logyo units for Escherichia coff (Miller ef al.,
1972} in relation to the outlet temperature of the spray dryer.

The HCMP produced by spray drying is used as stock powder for the preparation of the
final RM. For this purpose the HCMP is mixed with sterile (y-irradiated) milk powder. Mixing
is performed in steps using a mortar and pestle for quantities up to ca 200 g mixed powder
followed by the use of a mixing apparatus for larger quantities. For each step an squal
quantity of contaminated milk powder is mixed with sterile milk powder. The mixing
procedure is the critical step in the production process to obtain homogeneous RMs. The
stock powder can be used for many years {an HCMP prepared in 1978 is still being used
today) and the level of contamination of the final batch of AM can be adjusted by changing
the mixing ratio. The mixed powder is packed into gelatin capsules in quantities of ca 0.3 g of
powder.

Two types of RMs can be identified based on their use. The first type is a quantitative
RM (also called a high leve! RM) and is intended for evaluation of enumeration methods. The
level of contamination in a quantitative RM is between 10° and 10 colony forming particles
{cfp) per capsule. The second type, a qualitative RM (also called a low level RM), is intended
for the evaluation of presence/absence or detection methods. The level of contamination is
ca b cip/capsule.

Control of production

During production the level of contamination and homogeneity of the material is checked
quantitatively. The results obtained are compared to predefined limits and when a deviation
from (one of) these limits is observed the level of contamination and/or homogeneity is
adjusted by (re)mixing of the batch or the entire batch is rejected for further use. For this
check the RMs need to be reconstituted in a standard manner before counting of organisms.
The quantitative RMs are reconstituted in a test tube containing 10 ml peptone saline
solution. During incubation at 38.5 °C for 30 minutes, the solution is agitated several times at
regular intervals to promote dissolution of the gelatin and dispersion of the milk powder. After
reconstitution 0,1 ml of the suspension is used for inocculation of plates according to
standardised methods (In 't Veld et al., 1995).

The qualitative RMs are reconstituted in a Petri dish containing five ml peptone saline
solution, The dishes are incubated at 38.5 °C for 45 minutes with shaking. After
recenstitution a non-selective agar is added and the dishes are incubated for four h to
resuscitate injured organisms. After resuscitation a selective agar is added on top of the
non-selective agar and incubated further.

The reconstitution procedure for qualitative RMs when used in presence/absence testing
is simple. The RM capsule is added intact to the (pre)enrichment broth. Depending on the
incubation temperature te be used, pre-warming of the broth, before addition of the capsule,
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may be required. For incubation temperatures below 35 °C it is recommended that the broth
is pre-warmed to 37 °C, before addition of the capsule and then the broth is incubated at the
desired temperature. The in-use reconstitution procedure for quantitative RMs is identical to
the procedure used to check the level of contamination and homogeneity at production
{described above).

The homogeneity of the RM is checked by means of two tests. Both tests are based on
Cochran’s dispersion test statistic (Cochran, 1954) and uses the count values for the number
of cfp on the plates. The first test, aiso called the Ti-test (Heisterkamp et al., 1993},
determines the variation between replicate samples from the same reconstituted capsule. T,
is approximately x° distributed with fe(J - 1)’ degrees of freedom assuming that the variation
between counts from the same reconstituted capsule is a Poisson distribution. The second
test, called the T, test, determines the variation between the sums of the replicate sample
counts per reconstituted capsule. The test statistic T, is also approximately ° distributed
with (/- 1) degrees of freedom. The formulae for calculating the T, and T, test statistics are
presented in chapter 1. When the variation between the counts conforms to a Poisson
distribution the value of T»/(/ - 1)} equals one. Both T, and T, tests are used to determine the
homogeneity of the quantitative reference materials. For the qualitative RM only the T, test is
used as for this type of RM the entire capsule is used for the enumeration method.

The procedure for enumeration of organisms in qualitative RMs is specifically designed
to check the level of contamination and homogeneity of a batch of RMs during production.
This cannot be achieved by just testing for presence or absence of the organism in a
capsule. It is possible to estimate the mean level of contamination (assuming a Poisson
distribution) on the basis of the fraction of negative capsules found by testing for the
presence or absence in a capsule. However, no information on the variation in the number of
cfp between capsules can be obtained by such tests.

The homogeneity tests verify whether or not the distribution between the counts on the
plates conform to a Poisson distribution. For other purposes (such as expression of a mean
valye or analysis of results from a collaborative study} a log, transformation of the counts
(obtained with the quantitative RMs} is used in order to obtain normally distributed data. As a
result of the log,, transformation mean values on the normal scale represent the geometric
mean. In contrast, the mean values calculated for the qualitative RMs represents the
arithmetic mean because at the low level of organisms logy, transformation is not suitable for
obtaining normally distributed data.

OBJECTIVES OF THE WORK

The main objective was to evaluate the possibility of producing microbiclogical reference
materials that could fulfil the general criteria for reference materials stipulated by Griapink
{1989) and Anon. {1989). Secondly, the possibility of certification of the microbiclogical RMs
was evaluated. As an off-shoot of the work protocols for carrying out microbiological
collaborative studies and statistical techniques for control of production and evaluation of
collaborative studies were developed. A third objective was to set up production facilities for

1 . . .
f=number of capsules examined, J = number of replicates examined per capsule.
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microbiclogical RMs fo ensure continuation of production once the possibility of producing
microbiclogical RMs and the need for these materials in laboratories were established.

OUTLINE OF THE THESIS

The first chapter describes the production and characterisation of a quantitative RM {used
for the evaluation of enumeration procedures) and a qualitative RM (used for the evaluation of
detection procedures). For the qualitative RM the Listeria monocytogenes material is described
and for the quantitative BM the Bacillus cereus matetial. The RMs are characterised by their
stability, homogeneity and representativity. The implications of changes in the characteristics of
the bactetia due to the drying process are discussed.

After an RM has been produced and tested for its stability and homogeneity, it is evaluated
by other taboratories in a collaborative study. The second chapter, therefore, describes the
evaluation of the Listeria monocytogenes RM in three European collaborative studies. The AM
was evaluated both in the presence and in the absence of competitive micro-organisms.
Competitive organisms were inoculated into appropriate media together with the RM either as
a mixture of dried strains or as a naturally contaminated food sample.

After an RM has been successfully evaluated for stability and homogeneity and in a
collaborative study, certification is the next step. Chapter 3 presents the certification study
presented to the Community Bureau of Reference (BCR} for the qualitative Salmorefia
typhimurium RM and chapter 4 for the quantitative Bacifius cereus RM. The certification
pracedure, the results of the study and the certified values are presented.

The general procedure for the preduction of RMs and CRMs is based on the preparation
of a HCMP by spray drying a bacterial culture in milk. Spray drying uses high temperatures for
drying the milk, which affects the survival of the organism. An alternative procedure for the
production of an HCMP, without the application of high drying temperatures, is described in
chapter 5. This method is evaluated for the production of HCMPs for various organisms, most
of which are either difficult or impossible to dry by means of spray drying. The HCMPs obtained
were evaluated for stability and homogeneity.

Once the materials have been developed they can be used in practice. For this it is
necessary to determine who the candidate users are and how they can and will use the RMs
and CRMs. The various possibilities for use of RMs and CRMSs are described in chapter 6. The
possibilities and limitations for use are divided into routine and incidental use and a further
division is made between the quantitative and qualitative RMs and CRMs. For identification of
the customers and how they will use the materials a market research was conducted in
collaboration with a marketing consultant bureau. The customers’ needs were identified and
compared to the properties of the materials (see chapter 7). The possibilities for improvement
of the design quality of the materials are presented. As a result of the market research the
production of RMs was established at the Foundation for the Advancement of Public Health
and the Envircnment (SVM). Chapter 7 also describes the sefting up and the reproduction
quality of the RMs and CRMs.
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Chapter 1

Production of reference materials for
Bacillus cereus and Listeria monocytogenes

and some of their characteristics.

ABSTRACT

Reference materials (RMs) for Bacillus cereus and for Listeria monocytogenes
were developed based on spray drying of artificially contaminated milk. The spray
dried powders obtained were used to prepare batches of RMs at the desired level
of contamination by mixing the contaminated milk powder with sterile milk powder.
Quantitative RMs containing B. cereus at a level of ca 10* colony forming particles
{cfp) per capsule and qualitative RMs containing Listeria monocytogenes at a level
of ca & cfp per capsule were prepared. The batches prepared were used to
characterise the behaviour of the RMs in relation to the general requirements for
reference materials (stability, homogeneity and representativity). For determining
the representativity of the B. cereus RM the effects of osmotic shock and heat
injury and of heat shock, storage time and lysozyme on germination were tested.
For the L. monocytogenes RM the parameters examined included the effects of
osmotic shock, heat injury, pre-warming of enrichment broth and incubation time
on recovery. Both RMs fulfilled the general requirements for reference materials.
Differences found in stability and the effect of heat injury and osmotic shock
between the two RMs are related to the use of spores for the B. cereus RM. Based
on the stability of the RMs at higher temperatures it is concluded that the B. cereus
RM can be shipped to other laboratories without special precautions, but for the
L. monocytogenes RM cooling during transport is necessary.

Parts of this chapter have been published:

¢« In't Veld, P.H., Soentoro, P.S.S., Delfgou-van Asch, E.H.M. and Notermans, S.HW.
(1991) Influence of reconstitution on isclation and enumeration of Listeria
monocytogenes from milk powder used for reference samples. J. Food Prot. 54 (2),
124 - 126,

s In 't Veld, P.H., Scentoro, P.S.8. and Notermans, S.H.W. (1993) Properties of Bacillus
cereus spores in reference materials prepared from artificially contaminated spray dried
milk. /nt. J. Food Microbiol. 20, 23 - 36.
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INTRODUCTION

The development of microbiclogical reference materials (RMs) at the National Institute
of Public Health and the Ernvironment has a long history. In 1965 Kampelmacher was
already using artificially inoculated minced meat samples in comparative studies
{Kampelmacher, 1967) as a standard sample for the evaluation of the performance of the
Salmonelia detection procedure in various laboratories. Later Sa/monella was dried onto milk
powder which resulted in the production of a reference material (gelatin capsules containing
spray dried milk artificially contaminated with Salmonella) for use in laboratories methods
trials (Beckers et al, 1985). The development of other reference materials and their
evaluation was initiated in 1986 when the first contract for water microbiology with the former
European Communities Bureau of Reference (BCR) was agreed. A contract for the
development of reference materials for food microbiology followed in 1987, These reference
materials (RMs) are prepared from spray dried artificially contaminated milk. The initial spray
dried powder (called highly contaminated milk powder or HCMP) is mixed with sterile milk
powder to give the desired level of contamination and the mixed powder is subsequently
packed into gelatin capsules.

There are two types of such reference materials. The first, the so-called qualitative RM,
is intended for the evaluation of qualitative tests (detection or presence/absence procedures)
while the second, the so called quantitative RM, is intended for the evaluation of quantitative
tests (enumeration procedures). Reference materials must fulfil a number of general
requirements (Griepink, 1989). These requirements are:

» stable within specified limits over a defined pericd of time.
» homogeneous within defined limits.
= representative for their intended use.

After a micro-organism is spray dried it has to survive in the dry conditions. The stability
{rate of decrease in the level of contamination over time) of the micro-organism in these
conditions will depend on the storage temperature and water content {or water activity} of the
milk powder, the type of micro-organism and the particular strain present. Stability is of
importance as the RMs must be usable for a long period of time without change in the
number of micro-organisms present. In general the lower the percentage of moisture in the
milk powder or the lower the relative humidity under which it is stored the better the survival
(Higgingbottom, 1953; Palumbo and Williams, 1990). The same is true for the storage
temperature of the milk powder {Palumbo and Wiliams, 1880), i.e. the lower the storage
temperature the better the survival.

Most experiments refated to the survival of micro-organisms in milk powder are directed
gither towards the rate of decrease under the normal storage conditions for milk powder or
to conditions that accelerate their destruction. Chopin and co-workers (1978) observed a
decrease for Staphylococeus aureus of between 0.5 and 2.5 logyy units after seven weeks
storage at ambient temperature depending on the strain used and the water activity of the
powder. For E. cofi a reduction of 2 logqe units was observed after four weeks storage at
25 °C (Thompson et al., 1978). A reduction of = 3 log, units during storage for 4 - 8 weeks
at 45 °C or 55 °C was observed for Saimonella {LiCari and Potter, 1970). Both LiCari and
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Potter {(1970) and Chopin and co-workers (1978) observed a decrease in the rate of
destruction with increasing storage time.

Homogeneity of an RM is of importance as a signiticant difference between counts
{within or between laboratories) is detected sooner when the variation between the number
of micro-organisms is smaller. The homogeneity of a spray dried RM will be influenced by
the dispersion of the micro-organisms in the milk used for drying and by the mixing
procedure used for diluting the HCMP to achieve the desired level of contamination of the
final RM.

The spray drying process and subsequent storage of the contaminated milk powder may
affect the behaviour of the micro-organism. For example, the procedure for rehydration of
Saimonelia from dried products can affect their recovery (Van Schothorst et al, 1979).
Changes observed in the behaviour of the test organisms must not interfere with the
intended use of the RM, otherwise the representativity of the BM is affected.

This chapter will focus on the preparation and characterisation of both quantitative and
qualitative RMs. For qualitative tests the RM containing Listeria monocytogenes is described
and for quantitative tests the RM containing Bacilius cereus. The evaluation of
representativity will focus on the behaviour of the strains after drying and not on the
evaluation of the RMs in collaborative studies, this aspect is described mainly in chapter 2.

MATERIALS AND METHODS
Preparation of highly contaminated milk powder (HCMP)

Bacillus cereus RM

For the development of a reference material for B. cereus, a strain (identification
number ATCC 9139) from the American Type Culture Collection (Rockville, USA) was used
that showed typical reactions on the media used for the enumeration of B. cereus. In August
1990 the strain was streaked for purity on sheep blood agar (SBA} and incubated for ca24 h
at (37 + 1) °C. After incubation a single colony was suspended in 10 ml peptone saline
solution (PS) by mixing on a vortex mixer. This suspension was used to inoculate 10 plates
{0.3 ml per plate) containing the Polymyxin pyruvate Egg yolk Mannitol Bromothymol blue
Agar (PEMBA) of Holbrook and Anderson (1980) prepared from original ingredients. The
PEMBA plates were used for rapid sporulation of B. cereus and were incubated at
(37 x 1) °C. After ca 24 h incubation five ml peptone saline solution (PS) were added to each
plate and the cells were suspended in the fluid using a sterile glass spreader. The
suspension from each plate was pipetted into a single tube and heated for 10 minutes in a
waterbath at {80 x 0.5) °C to inactivate vegetative cells.

The heated suspension was added to three litres of Friesche Vlag Haivamel (sterile milk
evaporated to a dry mass concentration of 240 g.I", dry fat mass concentration 40 g,
which was then spray dried using a Niro mobil minor spray dryer operated at an inlet
temperature of ca 180 *C and an outlet temperature of ca 70 °C. No special precautions
were taken to prevent contamination of the HCMP by the air used for drying. It was assumed
that the level of contamination of the HCMP resulting from contaminated inlet air was
negligible compared to the contamination level of the organism inoculated into the milk. The
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HCMP thus obtained was sealed in a polyethylene bag (0.2 mm thick} and stored at 5 °C.
The water activity of the powder was determined using a Novasina Thermoconstanter TH2
{Defensor, Pfaffikon, Switzerland) set at 25 °C.

The HCMP was filled into gelatin capsules (0.27 g per capsule) to determine the number
of colony forming particles {cfp) per gram of the HCMP. Five capsules containing the HCMP
were analysed after reconstitution and appropriate dilution of the suspension. For
enumeration the capsules were reconstituted as described below:

a. test tubes (diameter 26 mm) were filled with 10 £ 0.2 ml of PS.

b. the tubes were pre-warmed in a waterbath maintained at (38 x 0.5) °C for 30 minutes.

c. the capsules were added to the test tubes (one per tube) and mixed on a vortex mixer
for a few seconds 10, 20 and 30 minutes afier the addition of the capsule. The tubes
were out of the waterbath for as short a time as possible.

d. after the last mixing the tubes were transferred from the waterbath to iced water.

e. the reconstituted capsule solutions were used within two hours,

0.1 ml volumes of dilutions of the reconstituted capsules were spread on each of two
plates of Mannitol Egg Yolk Polymyxin agar (MEYP, Mossel et al., 1967). The plates were
incubated for (24 + 2} h at (30 £ 1) °C before counting.

Listeria monocytogenes BM

For the development of a reference material for L. monocytogenes the Scott-A strain
was chosen. This strain is a human isolate from a food-borne outbreak involving pasteurised
milk (Fleming et al., 1985) and was obtained from Dr. M. Doyle (University of Wisconsin-
Madison, USA). Using this strain two HCMPs were produced. The first one (HCMP 2-1) was
prepared in January 1988. The strain was streaked for putity on sheep blood agar and
incubated for ca 48 hours at (37 + 1) °C. A single colony was suspended in Tryptone Soya
broth (Oxoid CM 129) and incubated for ca 24 hours at {37 + 1} °C. This culture was
subsequently diluted 100 times in PS and five ml of this dilution used to inoculated each of
16 Roux bottles containing 200 ml Tryptone Soya Agar (Oxoid CM 131). The Roux bottles
were incuhated for ca 24 hours at (37 + 1) °C. The cells were harvested by carefully shaking
the Roux bottles with 10 ml sterilised milk (Friesche Vlag Goudband, milk evaporated to a
dry mass concentration of 320 g.I", dry fat mass concentration of 90 g.I") and some sterile
giass beads. The suspension of organismé in milk from all the Roux bottles was transferred
to a ca three | sterile glass bottle containing three litres of sterilised milk (mibxture of 50 %
Friesche Vlag Goudband and 50 % Friesche Viag Halvamel). This final mixture was
homogenised by shaking and spray dried using a Niro mobil mincr spray dryer at an inlet
temperature of ca 200 °C and an outlet temperature of ca 70 °C. The resulting HCMP (given
the batch number 2-1) was sealed in a polyethylene bag (0.2 mm thick) and stored at 5 °C
until required.

In December 1989 a second HCMP was produced. The Scott-A strain  of
L. monocytogenes was streaked for purity on sheep blood agar and incubated for ca 48
hours at (37 + 1) °C. A single colony was suspended in 10 ml Brain Heart infusion broth
(BHi, Difco 0037-01-6) and incubated for ca 24 hours at (37 = 1) °C. This culture was
subsequently diluted in PS and one ml of a 10 dilution was inoculated into 225 ml Tryptone
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Soya Broth {Oxoid CM 128) and incubated for ca 24 hours at (37 + 1) °C. After incubation
0.1 ml of the Tryptone Soya Broth culture was inoculated into three | of sterilised milk
(Friesche Vlag Halvamel). The milk was homogenised by shaking and spray dried using a
Niro mobil minor spray dryer at an inlet temperature of ca 200 °C and an outlet temperature
of ca 70 °C. The resulting HCMP (given the batch number 2-2) was left for stabilisation
sealed in a polyethylene bag (0.2 mm thick) and stored at 5 °C until required.

Both HCMPs were filled into gelatin capsules (0.27 g per capsule) to determine the
number of colony forming particles (cfp) per gram of the HCMP. For both HCMPs five
capsules containing the HCMP were analysed after reconstitution and appropriate dilution of
the suspension., The capsules were reconstituted as described for B. cereus and 0.1 mi
volumes of dilutions of the reconstituted capsules were spread on each of two plates of
Oxford agar (Curtis ef al., 1989). The plates were incubated for (48 £ 4) h at (30 + 1) °C
before counting.

The water activity of the powders was determined using a Novasina Thermoconstanter
TH2 set at 25 °C.

Preparation of the reference materials

Baciflus cereus BM

Based on the observed number of cfp per gram of HCMP a mixing schedule was
established. A 0.5 g quantity of the HCMP was mixed in steps with a total of 1.0 kg of
v-irradiated (dose 10 kGy) skim milk powder (smp; DOMO, Beilen, The Netherlands) in a
Turbula type 10 b mixing apparatus (W.A. Bachofen A.G., Basel, Switzerland) using a
17 litre stainless steel drum. In the first step, 0.5 g HCMP was mixed with 2.0 g smp. In the
following steps approximately equal amounts of mixed powder and smp were further mixed
until a final guantity of one kg mixed powder was obtained. Each mixing step was done for
one hour at room temperature. The drum used for mixing was sterilised by autoclaving at
{121 = 1} °C for 15 minutes. The final mixed powder was stored at 5 °C. Mixing commenced
24 days after production of the HCMP.

The mixed powder was distributed into size one ochre/white y-irradiated (dose 10 kGy)
gelatin capsules (Elanco Qualicaps, Fegersheim, France) using an aluminium filling
apparatus in a laminar air flow cabinet, 17 g powder were distributed into 80 capsules (0.28
g per capsule).. The filling apparatus was cleaned with 70 % ethancl and dried for five hours
at (90 + 5) °C. Sets of five capsules were packed together with a bag of desiccant (silica gel)
into a screw capped plastic container and stored at -20 °C. Both the bag of desiccant and
the container were pre-sterilised by y-irradiation (dose 10 kGy).

Listeria monocytogenes RM

Table 1 summarises the production and use of the five batches of L. monocytogenes
RM. Batches L-1 to L-4 were mixed in steps using approximately equal amounts of
contaminated milk powder and sterile milk powder. All mixing steps were done using the
Turbula mixer at room temperature for four hours each (one hour each for batch L-4). Mixing
of batch L-5 was done using a mortar and pestle and the Turbula mixer as described by In 't
Veld and co-workers {1996). Sterile milk product {mp; milk product no. 17 from Nestlé,
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Amsterdam, The Netherlands) was used instead of smp because of the better reconstitution
properties of the mp.,

Table 1.  Production and use of batches of the Listeria monocytogenes RM.

Batch Mixing Used for testing
code
L-1* | 0.5 g HCMP 2-1 with 1.6 kg smp" | osmotic shock and heat injury
L-2* | 2.5 g batch L-1 with 1 kg smp osmotic shock and heat injury
L-3* | 0.8 g batch L-1 with 1 kg smp osmotic shock and heat injury

L-4° | 45 g HCMP 2-2 with 1,5 kg mp® stability at storage temperature

L-5° | 120 gHCMP 2-2 with 2.2 kg mp | stability test at higher temperatures, effect of
pre-warming the enrichment broth and effect
of incubation time on recovety

mixing started ca 10 months after production of HCMP 2-1.
mixing started ca 2 years after production of HCMP 2-2.
mixing started almost & years after production of HCMP 2-2.
smp = skim milk powder.

mp = milk product no. 17.

0o oD

Al the final mixed powders were distributed as described for the B. cereus RM except that
the capsules used were orange/white and only 16 g powder were distributed into 60 capsules
(0.27 g per capsule). Sets of 10 or 5 capsules were packed as described for the B. cereus RM
and stored at -20 °C.

Characterisation of the reference materials

Stability

For testing the stability of the RM two tests were carried out. The first determined
stability of the RM at the storage temperature of -20 °C over a long period of time
(ca two years) and the second {challenge test) determined stability at various temperatures
over a period of ca four weeks.

- Baciflus cereus RM

Every four weeks, over a period of ca two years, five capsules were enumerated to
demonstrate stability at the -20 °C storage temperature. For the challenge test capsules
were stored at -20 °C (reference), 22 °C, 30 °C and 37 °C. Each week, over a peried of four
weeks, the organisms in five capsules per temperature were enumerated. For enumeration
the capsules were reconstituted as described for the preparation of the HCMP. 0.1 ml
volumss of the reconstituted RMs were spread on each of two plates of sheep blood agar
(SBA) and two plates of MEYP (for the stability test at the -20 °C storage temperature only).
All plates wera incubated for (24 + 2) h at (30 + 1) °C before counting. Counts of B. cereusin
the capsules were expressed as the number of cfp per 0.1 ml of reconstituted capsule. The
counts obtained were log, transformed and subsequently analysed using linear regression to
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determine the regression coefficient and corresponding #value. The t-values were used to
determine whether or not the regression coefficients differed significantly from zero.

- Listeria monocytogehes RM
Batch L-4 was used for testing the stabilty at the -20 °C storage temperature.
Approximately every four weeks, over a period of ca two ysars, the L. monocytogenes in 50
capsules were enumerated, The study began in November 1992, To determine the stability
at various temperatures capsules from batch L-5 were stored at -20 °C (reference), 5 °C,
22 °C and 30 °C. Once a week, over a period of five weeks, the organisms in 25 capsules
from each storage temperature were enumerated. This study began in November 1994, At
the start of the study 100 capsules were enumerated.
For enumeration the procedure used was as described below:
a. dissolution of the capsules.
Each capsule was placed in a separate Petri dish and 5 mi = 0.5 ml of pre-warmed PS
(38.5 °C) was added. All dishes were transferred directly to a basket placed at an angle
of ca 20 degrees. The basket was then placed at an angle of ca 20 degrees in a shaking
incubator operating at (38.5 + 1.0) °C and the dishes incubated for {45 + 5} minutes
while shaking at ca 100 rpm.
b. repair of sublethally injured Listeria.
To each Petri dish 5 ml + 0.5 ml double strength Tryptone Soya Agar {TSA) was added
and mixed carefully with the dissolved capsule. The plates were incubated at
30 °C for (4 £ ¥2) h.
c. selective growth of Listeria.
To each Petri dish prepared in (b) above 10 ml = 1 ml of double strength Oxford agar
was added over the surface of the TSA. The plates were incubated further at 30 °C for
{44 £ 2) h.

Counts were expressed as the number of cfp of L. monocytogenes in the reconstituted
capsule. The counts obtained were analysed (without log transformation of the counts) using
generalised linear models (McCullagh and Nelder, 1983) to determine the regression
coefficients and corresponding fvalues. For the model a Poisson distribution between
counts was assumed. The Pvalues were used to determine whether the regression
coefficients differed significantly from zero.

Homogeneity

The homogeneity of the RM was checked by means of two tests, both of which are based on
Cochran’s dispersicon test statistic (Cochran, 1954). The first test, also called the T, test
(Heisterkamp et al, 1993), determines the variation between replicate samples from the
same reconstituted capsule and is calculated as follows:
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where: Z; = count of sample j of capsule i.
z, =sum of counts of all replicate samples examined of capsule i,
J= number of replicate sampies examined per capsule.
{ = total number of capsules examined.

T, is approximately x° -distributed with fe(J/ - 1) degrees of freedom assuming that the
variation between counts from the same reconstituted capsule is Poisson distributed. The
second test, called the T test, determines the variation between the sums of the replicate
sample counts per reconstituted capsule and is calculated as follows:

2

Z++

' (z*‘ t )
Te=) So—~

Z++
/

where: z,, = sum of counts of all replicate samples examined for all capsules.

=1

The test statistic T, is also approximately x*-distributed with (/ - 1) degrees of freedom.
When the variation between the counts conforms to a Poisson distribution the value of T,
divided by (/- 1) equals one. Overdispersion is expected and as a criterion for acceptance of
a batch of RM a value for To/(/ - 1) £ 2 is used. Both Ty and T, tests are used to determine
the homogeneity of the quantitative reference materials.

For the qualitative RM only a modified T; test is used as for this type of RM the entire
capsule is used for enumeration. The formula for the T, test will then be calculated as

follows:
2
Z+
(-7)
Te=y —+

i=1 +
where: z; = count of capsule i
Z, = sum of counts of all capsules.

The homogeneity of a batch of RM is determined using the results of the stability tests.
Each time capsules were enumerated for the stability test, the T, andfor T. value were
calculated. The value for homogeneity of the RM is then calculated as the sum of the T,
values of the various days divided by the total number of capsules examined minus the
number of examinationhs {= no of test days) cf the capsules. This value is also called Tyom/N
and is used to quantify the homogeneity of a batch of RM. When the variation between the
counts conforms to a Poisson distribution the value of T, does not differ significantly from a
x2-distribution with N degrees of freedom.
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Testing the representativity of the reference material

The representativity of the RM after spray drying and subsequent storage at -20 °C was
determined by testing the effect of the various conditions of preparation, composition and
storage of the RMs.

Baciflus cereus BM
- Osmotic shock

For this purpose, osmotic shock is defined as the difference in counts of the organism
between encapsulated milk powder and free milk powder (In 't Veld et al., 1991a). For the
experiments using encapsulated milk powder, 10 capsules were reconstituted according to
the method described for the stability test, except that the counts were done singly. For the
experiments using free milk powder the contents of 10 capsules including the opened
capsules were each added to a tube (& 26 mm) containing 10 ml PS of 38 °C. After addition
they were immediately mixed for five seconds on a vortex mixer and placed in iced water. 0.1
ml volumes of both suspensions were spread onto TSA and MEYP plates. The plates were
incubated at (30 + 1) °C and the number of colonies counted after ca 20 h incubation. The
effect of osmotic shock was tested for significance using the rtest (Wardlaw, 1985) based
oh logy, transformed counts for each medium separately. The experiments were performed
five months after spray drying (corresponding to four months after preparation of batch 90-2}
and was repeated 3% months later to determine the effect of storage time.

- Heat injury

Heat injury is defined as the difference in counts on a non-selective medium (TSA) and
a selective one (MEYP) (In 't Veld et al., 1991a). This difference was tested for significance
using the test (Wardlaw, 1985) based on logi, transformed counts. The results from the
experiments described for testing the effect of osmotic shock were used for the #test. This
was done separately for encapsulated and free milk powder.

- Heat shock on germination

The effect of heat shock is defined as the difference in counts between heat treated and
non heat treated reconstituted capsules. For this the contents of a capsule including the
opened capsule were reconstituted as described for testing the effect of osmotic shock,
except that saline solution (9.5 g.I" NaCl; Merck 1540) was used for reconstitution instead of
PS. Four portions of ca 1.5 ml were each transferred into a small polyethylene bag (0.05 mm
thick), sealed and placed in iced water. The remaining suspension in the tubes was kept in
iced water and used as the unheated control. The bags were subsequently heat shocked
(fully submerged) for 10 minutes in a waterbath at (50 + 0.5} °C, {60 + 0.5} °C, (70 = 0.5) °C
and (80 t 0.5) °C, respectively. After cooling in iced water 0.1 ml volumes of each bag were
spread onto TSA and MEYP. The plates were incubated at 30 °C for 20 h. The experiment
was performed with 10 capsules. The effect of heat shock was tested for significance using
an one way analysis of variance (ANOVA) based on log, transformed counts,
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- Germination in relation to storage time

To test for germination the content of a capsule including the opened capsule was
added to a tube (& 26 mm) containing 10 ml prewarmed saline solution at (38 + 0.5) °C. The
tubes were placed on a vortex mixer and mixed for ca five seconds at the highest speed.
The tubes were replaced in the waterbath and incubated for up to one hour. After several
time intervals the tubes were transferred to iced water and a sample of ca 1.5 ml was
removed and placed in a polyethylene bag, sealed and put in iced water. The sealed bags
were heated submerged for 10 minutes in a waterbath at 80 °C. After cooling in iced water
0.1 ml from each bag was inoculated onto a TSA plate. The plates were incubated at 30 °C
for 20 h. The experiment was performed 1, & and 9 months after preduction of the HCMP to
test the effect of storage time of the milk powder. Three capsules were examined for each
timeftemperature combination. In addition the effact of reconstitution temperature (30 °C
instead of 38 °C) and the effect of reconstitution medium (PS and BHI instead of saline
solution) was also determined.

- l.ysozyme on germination

To determine the effect of lysozyme on germination of spores capsules were
reconstituted as described for the stability test. The reconstituted capsules were inoculated
onto freshly prepared TSA supplemented with 0, 10, 100 and 200 pg.ml”' lysozyme (Sigma
L-6876), MEYP base (MEYP without egg yolk and polymyxin} and MEYP base
supplemented with 200 pg.ml” lysozyme. The suspension from one reconstituted capsule
was used for inoculation of all the media. The tests were carried out as two experiments, 30
capsules examined in the first and 25 in the second. The effect of lysozyme was tested for
significance with an one way ANOVA for results obtained using TSA and a #test for MEYP-
base both based on log,, transformed counts,

Listeria monocyfogenes BRM
- Osmotic shock

The effect of osmotic shock was tested using the three batches of RMs prepared from
HCMP 2-1. Using batch (L-1) the same procedure was followed as described for the
B. cereus RM, with the following excepticns: use of Oxford agar (Oxoid CM 856 + SR 140)
instead of MEYP agar and incubation cf the plates at (37 * 1) “C for ca 48 h. Differences in
counts between encapsulated milk powder and free milk powder were tested for significance
using the ttest (Wardlaw, 1985) based on leg., transformed counts for each medium
separately.

With batches (L-2) and (L-3) twe enrichment methods were used. In the first, a two step
enrichment, a capsule or free milk powder was added to 100 ml Tryptone Soya Broth (TSB,
Oxoid CM 129) supplemented with 6 g yeast extract {Oxoid L 21} and incubated for
{18 = 2) h at (30 £ 1) °C. After incubation 0.1 ml was transferred to 10 ml of LEB medium
according to the [DF standard 143 {Anon., 1990} (TSB supplemented with 6 g.I'" yeast
extract, 10 mg.I”" acrifiavine (Brocacef AC 463), 40 mg.I" nalidixic acid (Sigma N 8878) and
50 mg.d" cycloheximide (Sigma C 6255)). The LEB was incubated for {48 + 4} h at 30 °C.
L. menocytogenes was isolated after 24 and 48 h incubaticn by streaking a 10 pl locpful onto
Oxford agar which was then incubated for (24 + 2} h at 30 °C. in the second method, a one
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step method, a capsule or free milk powder was added to LEB and incubated for (48 + 4) h
at 30 °C. L. monocytogenes was isolated after 24 and 48 h incubation by streaking a 10 !
loop onto Oxford agar.

For each method and each batch of RM 50 capsules and 50 portions of free milk
powder were examined. All experiments were carried out ca one year after spray drying. For
the enrichment experiments the osmotic shock is defined as the difference in percentage
positive Listeria isolations between encapsulated milk powder and free milk powder.
Differences in number of positive and negative isolations between encapsulated milk powder
and free milk powder were tested for significance using the following x*-test (Wardlaw, 1985)
based on a 2 x 2 contingency table:

N{(a» d)- (bec) -1/2N)
“(@a+b)e(c+d)e(atce(b+d)

2

¥

where: N = total number of observations.
a = positive isolations obtained with treatment 1.
b = negative isolations obtained with treatment 1.
¢ = positive isclations obtained with treatment 2.
d = negative isolations obtained with treatment 2.

Encapsulated milk powder and free milk powder are the two treatments in this example. All
y*-values obtained were tested for significance at one degree of freedom (critical value is 3.8
at o = 0.05). The combination of results obtained with the two batches and two methods
were also tested for a significant effect using the Cochran-Mantel-Haenszel statistics
{Rothman, 1986) as calculated by the statistical programme SAS (version 6.11).

- Heat injury

Heat injury using batch L-1 is defined as the difference in counts on a non-selective
medium (TSA) and a selective one (Oxford agar) and for batches L-2 and L-3 as the
difference in the percentage of positive Listeria isolations. The difference in counts using
batch L-1 was tested for significance using the #-test based on log,, transformed counts. For
batches L-2 and L-3 the difterence in number of positive and negative isolations were tested
for significance using the x°-test as described for osmotic shock of L. monocytogenes. The
results from the experiments described for testing the effect of osmotic shock were used.

- Pre-warming of the enrichment broth

The effect of the different pre-warming temperatures, 30 °C and 37 °C, of the
enrichment broth on the recovery of L. monocytogenes was tested. Three jars containing
225 ml each of LEB and half Fraser Broth (% FB, consisting of FB base (Oxoid CM 895}
supplemented with one vial Fraser supplement (Oxoid SR 156) and ammonium-
iron(til)citrate (250 mg) per litre FB base) were incubated overnight at (30 £ 1) °C and
(37 £ 1) °C. One capsule was added to each pre-warmed jar and all jars were incubated
further at 30 °C, After 20 and 26 hours incubation a 0.1 mi sample of each culture was
spread onto Oxfard agar and incubated at 37 °C for ca 24 h. The number of positive
capsules, i.e. these producing at least one typical colony on Oxford agar, was determined.
The experiment was repeated six times using LEB and four times using %2 FB. The effect of
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pre-warming temperature, incubation time and type of medium was tested for significance
using the Cochran-Mantel-Haenszel statistics as described for osmotic shock.

- Incubation time on recovery
The effect of incubation time on the recovery of low numbers of L. monocytogenes using
RMs, heat treated and vital cells was tested in LLEB and %2 FB.

Refarence materials:

Using RMs this effect was examined by using 10 capsules per medium type. One
capsule was added to each jar containing 225 ml pre-warmed (overnight incubation at 37 °C)
enrichment broth and incubated at 30 °C. After 7, 24, 31 and 48 hours incubaticn a one ml
sample was withdrawn from each jar into a sterile tube and immediately placed in iced water.
Serial dilutions of each sample were made in PS and 0.1. ml of the appropriate dilution was
spread, in duplicate, on Oxford agar. The number of typical colonies was counted after
24 hours incubation at 37 °C.

Heated and unheated Listeria:

The recovery of a heated and unheated Listeria culture was tested as follows: A tube
containing 40 ml BHI was inoculated with L. monocytogenses and incubated at 30 °C for
24 hours. 0.1 ml of this 24-hour culture was inoculated into five ml fresh BHI, transferred into
a polyethylene bag (0.05 mm thick), sealed and heated in a waterbath at (56 + 0.5) °C (fully
submerged) for five minutes. The remaining inoculated BHI solution in the tubes was used
as unheated control. After cooling in iced water the number of uninjured and injured cfp was
determined by serial diluting in PS and plating (0.1 ml spread plates) in duplicate on Brain
Heart Infusion Agar (BHIA, Difco 0037 + Oxoid L11) and BHIA supplemented with 4% NaCl
(Merck 1540). The number of cfp was determined after ca 48 hour incubation at 30 °C. The
non selective medium (BHIA) supports the growth of both injured and uninjured cells,
whereas the selective medium (BHIA + 4% NaCl} only supports the growth of uninjured cells.

Serial dilutions of the unheated and heated culture were made in PS and 0.5 mi of the
appropriate dilution were inoculated into 225 ml LEB and 225 ml 2 FB. The inoculation was
replicated twice for each enrichment broth. The incubation temperature, sampling intervals
and counting procedure were the same as described for testing the RMs.

RESULTS

Bacillus cereus RM

Preparation of the highly contaminated milk powder and reference material
The identification of the strain is described in chapter 5. Due to the spray drying an

almost fourfold decrease occurred in the number of viable spores. The contamination level of
the milk before spray drying was 7.6 x 107 cfp.g'1 dry weight of the milk compared to
2.0 x 107 cfp.g”’ dry weight of the milk powder after drying. The water content of the HCMP
was 3.7 % (w/w) corresponding to a measured water activity of 0.25. The water activity of the
sterile skim milk powder used for mixing was 0.21.
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Charactearisation of the reference material

- Stability tests

The results of the stability test on MEYP at the -20 °C storage temperature over 101
weeks are presented in Figure 1 as gecmetric means of the number of cfp per 0.1 mi
sample, including the 95 % confidence limits. Statistical analysis of the data showed that for
MEYP as well as for SBA no significant increase or decrease could be detected. The results
of the stability test at higher tempsratures are presented in Figure 2. Statistical analysis
showed that at none of the temperatures tested did a significant increase or decrease
occurred. The regression coefficients and corresponding #-values for both stability tests (at
the sterage and higher temperatures) are presented in Table 2.

geometric mean of cfp/sample

Figure 1.
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-20 °C.
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Figure 2. Level of B. cereus in the RM as indicated by the geometric mean number of cfp
per sample on SBA in relation to storage time at various temperatures (-20 °C +,
22°CV,30°C 0,37 °C o).

Table 2.  Regression cosfficients and corresponding t-values for B. cereus stability tests.

Storage Counting Regression t-value

temperature medium coefficient’

-20°C* SBA® 0.000034 0.57
MEYP* 0.000130 1.85
-20 °C" SBA 0.001448 0.68
2z <C’ SBA 0.003078 1.45
30°C’ SBA 0.00289% 1.36
37 °C’ SBA - 0.000094 0.04

a stability test at the -20 °C storage temperature {over a period of 101 weeks).

b stability test at higher temperatures (over a period of 4 weeks}.

¢ SBA = Sheep blood agar.

d MEYP = Mannitol Egg Yolk Polymyxin agar.

e regression coefficient = rate of change in cip/sample per day based on log, transformed counts.
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- Homogeneity tests

The stability test at -20 °C consisted of 24 sets of observations on five reconstituted
capsules, examined in duplicate on MEYP and SBA. For each set of observations on MEYP
or SBA, the corresponding T, and T; values were calculated. In only one case did the T;-test
indicate a significant deviation from the Poisson distribution. This indicates that, on average,
the variation in the number of viable spores within one reconstituted capsule was not
different from a Poisson distribution. The T,-test indicated more frequently that the variation
between capsules was significantly greater than would be expected for a Poisson
distribution, on 16 out of 24 times on MEYP and on 9 out of 24 times on SBA. In six cases,
the To-test was significant on both media. The homogeneity parameter of the batch (Tho/N)
was estimated as 3.0 on MEYP and 2.6 on SBA based on all 24 sets of observations. The
values for the homogeneity parameter indicate that the variation of the number of viable
spores between capsules was higher than expected for a Poisson distribution (on average
by a factor of 2.6 on SBA).

Testing the representativity of the reference matetrial
The strain used for the preparation of the RM was regarded as representative for

Bacillus cereus as it:

+ showed typical growth on MEYP agar.

» showed typical growth and rapid spotrulation on PEMBA agar.

+ showed typical reactions using the confirmation tests described by 1SO 7932
(Anon., 1993a).

» belonged to an officiat culture collection (ATCC).

After spray drying and subsequent sterage the representativity was tested further for the
effect of the following conditions:

- Osmotic shock

The results of the experiments are presented in Table 3. No significant difference
(critical tvalue; 2.10 at o = 0.05) could be detected between the free and encapsulated milk
powder on hoth TSA (ktest values after 5 and 82 months, 1.47 and 0.69, respectively} and
MEYP (t-test values after & and 8'2 months, 0.91 and 0.87, respectively).
- Heat injury

The results of the experiments are presented in Table 3. No significant difference
(critical tvalue; 2.10 at o = 0.05) couid be detected between the counts on TSA and MEYP
for both free (ftest values after 5 and 8% months, 0.1% and 0.80, respectively) and
encapsulated milk powder (+test values after 5 and 8'2 months, 0.58 and 1.08, respectively).

- Heat shock on germination

The effect of heat shock (10 minutes at 50 °C, 60 °C, 70 °C and 80 °C) on the germination
of the spores was examined after storage of the spray dried milk for five months. The resulis
of the experiments are presented in Table 4, No significant effect (¢« = 0.05} of the
temperature for the heat treatment on both TSA (F-value 2.4, p = 0.06) and MEYP (F-value
0.67, p = 0.61) was detected.
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Table 3. Geometric mean, mean logs, and log,, standard deviation of the number of cfp

per sample of B. cereus counted on MEYP and TSA for encapsulated and free
milk powder in relation to the time after spray drying.

Time after Encapsulated milk powder® Free milk powder®
drying TSA MEYP TSA MEYP
5 months | geom. mean® 982 102.4 110.0 111.9
mean log;, ° 1.99 2.01 2.04 2.05
108 5.4.° 0.078 0.109 0.091 0.075
82 months | geom. mean® 75.9 82.1 81.1 87.4
mean log, " 1.88 1.91 1.91 1.94
logy s.d.° 0.076 0.063 0.105 0.073

O a0 o

geom. mean = geometric mean 10 values.

mean logy, = mean of log transtormed counts.

logyg s.d. = standard deviation of log transformed counts.

encapsulated milk powder = capsule recenstituted in 10 ml PS at 38 °C for 30 minutes.

free milk powder = capsule opened and reconstituted in 10 ml PS at 38 °C by mixing for 5 seconds.

Table 4. Geometric mean, mean log,,, log standard deviation of the number of cfp per

a
b
c

0.1 ml volume of the reconstituted RM of B. cereus after heat shock counted on

MEYP and TSA.

Heat

treatment TSA MEYP

{10 min at)

control geom. mean® 741 819
mean logy, * 1.67 1.91
logsg s.d.° 0.085 0.098

50°C geom. mean” 67.4 78.3
mean togio ° 1.83 1.89
logqg 8.d.° 0.040 0.103

60°C geom. mean® 855 80.9
mean logy, 1.93 1.91
l0gy 8.d.° 0.055 0.085

70°C geom. mean® 73.5 83.6
mean logy, ° 1.87 1.92
log, 8.6.° 0.065 0.048

80 °C geom. mean® 78.3 75.3
mean logy b 1.69 1.68
logy, 8.d.° 0.110 0.060

geom. mean = geometric mean of 10 vatues.
mean lagy, = mean of log transformed counts.
log.g 5.d. = standard deviation of log transformed counts.
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- Germination temperature

The rate of germination of spores at 38 °C depended on the storage time of the milk
powder {see Figure 3). One month after spray drying more than 90 % of the spores
germinated within 30 minutes, 8 months later less than 10 % of the spores germinated in the
same period. Comparable results were obtained both at 38 °C and at 30 °C (the latter resulis
are not presented). Germination of the spores also depended on the type of medium used
for reconstitution of the milk powder. The resuits of the experiments performed nine months
after spray drying are presented in Figure 4. The number of spores present in salinge solution
directly after reconstitution (O h) is used as reference {100 % spores).

- Lysozyme on germination

Table 5 presents the effect of the addition of lysozyme (up to 200 pg.ml™) to TSA and
MEYP base. No significant effect (o < 0.05} of the addition of lysozyme to TSA {F-value 0.29,
p = 0.84) and to the MEYP base (F-value 1.74, p = 0.09} could be detected.
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Figure 3. Germination of B. cereus in saline solution at 38 °C in relation to reconstitution
time and storage time of the HCMP {1 menth +, 5 months ¥V, 9 months O),
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Figure 4. Germination of B. cereus at 38 °C in relation to reconstitution time and the type

of reconstitution medium (saline +, BHI V, peptone saline solution O}.

Table 5. Geometric mean, mean togq, and logy, standard deviation of the number of ¢fp
per sample of B. cereus counted on MEYP base and TSA and the effect of
lysozyme.

Medium | Lysozyme Geom. mean® | Meanlogy® | Logy s.d.f
added {ug.mi" )
TSA o° 79.5 1.90 0.057
10° 81.7 1.9 0.049
100° 81.4 1.91 0.058
200° 80.7 1.1 0.056
MEYP- o° 74.8 1.87 0.077
base’ 200° 81.4 1.91 0.073

a MEYP-base = MEYP without egg yolk and polymyxin added.

b 30 capsules used in experiment.

¢ 25 capsules used in experiment.

d geom. mean = geometric mean.

e mean i0g., = mean of log,, transfarmed counts.

f logyg s.d. = standard deviation of log,o transformed counts.
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Listeria monocytogenes RM

Preparation of the highly contaminated milk powder and reference materials

The strain exhibits the typical biochemical reaction pattern for L. monocytogenes. Results
of these test were presented by In 't Veld and co-workers (1996). The serotype of this strain
was 4 b and with phagetyping (according to the procedure of Rocourt and co-workers (1985)) it
reacted with phage 2425A only.

For the production of HCMP 2-1 milk was used which had a contamination level of ca
3 x 10° cfp.g” dry weight. The HCMP itself had a contamination level of ca 7 x 107 cfp.g” dry
weight (as determined one week after drying). The water activity of the powder was 0.20. For
the production of HCMP 2-2 milk was used which had a contamination level of ca 4 x 10°
cfp.g” dry weight of the milk, the HCMP itself contained ca 2 x 10° cip.g” dry weight (as
determined five weeks after drying). The water activity of this HCMP was 0.28. A difference in
survival of L. monocytogenes between both HCMPs was found, which is probably related to the
difference in water activity and the storage time of the HCMPs before the level of
contamination was determined.

Characterisation of the reference materials

- Stability tests

The results of the stability test at the -20 °C storage temperature over a period of 96
weeks are presented in Figure 5. The results are presented as the arithmstic mean of the
number of the c¢fp per capsule, including the 95 % confidence limits. Statistical analysis
showed that the contamination leve! did not change significantly over the period tested. The
resulis of the stability test at higher temperatures (challenge test) are presented in Figure 6.
At 30 °C the results did not meet the linear assumption, so no regression coefficient was
determined. At 5 °C and 22 °C a significant decrease in the mean number of ¢ip per capsule
was chserved of 0.47 % and 1.62 % per day respectively. The regression coefficients and
corrasponding tvalues for both stability tests (at storage and higher temperatures) are
presented in Table 6.

- Homogeneity tests

The stability test at -20 °C consisted of 19 sets of observations on 50 reconstituted
capsules each. For each set of cbservations, the corresponding T, and T,/(/-1) values were
calculated. None of the T /(1) values, ranging hetween 0.66 and 1.25, was significantly
greater than expected for a Poisson distribution. The homogeneity parameter of the batch
{Tho/N) based on all sets of ohservations was 0.96. This value indicates that the variation in
number of cfp between capsules is not different from a Poisson distribution.
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arithmetic mean of cfp/capsule

Figure 5.

arithmetic mean of ctp/capsule

Figure 6.
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Leve! of L. monocytogenes in the RM as indicated by the arithmetic mean
number of ¢fp per capsule and 95 % confidence limits in relation to storage time
at -20 °C.
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Level of L. monocytogenes in the RM as indicated by the arithmetic mean

number of cfp per capsule in relation to storage time at various temperatures
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Table 6. Regression coefficients and corresponding #values for L. monocyfogenes stability

tests.
Storage Regression t-value
temperature coefficient”

-2p°C? 0.00024 19

-20°C* - 0.0029 1.5

5°C* - 0.0047 25°

22°C° -0.0162 7.5

30 °C® non linear n.d.®

Stability test of batch L-4 at storage temperature {(over a period of 396 weeks).

Stability test (challenge test} of batch L-5 at higher temperatures (over a period of 5 weeks).
regression coefficient = rate of change as the fraction of cfp per day.

significant f-value (p < 0.05).

n.d. = not detemined.

QO o

Testing the representativity of the reference material
The strain used for the preparation of the RM was regarded as representative for
Listeria monocylogenes as:
« it originated from food borne outbreak.
» it showed typical growth on Oxford agar.
» it showed typical reactions using the canfirmation tests described by IDF {(Anon., 1990).

After spray drying and subsequent storage at 5 °C the representativity was tested
further for the effect of the following conditions:

- Osmotic shock

The results of the experiments using batch L-1 are presented in Table 7. Highly
significant differences (p < 0.001) could be detected between the free and encapsulated milk
powder on both TSA (t+test value 11.0) and Oxford agar (+test value 12.8). Table 8 presents
the results of the experiments using batches L-2 and L-3. A significant (p = 0.036) effect of
osmotic shock was found for the combination of method 1 and batch L-2 (x*-test value 4.4).
For the other three combinations of batch and method the effect was not significant
(p > 0.05). Based on all results (irrespective of the batch and method used) a significant
(p = 0.024) effect of osmotic shock was found (Cochran-Mantel-Haenszel statistic value 5.1).

- Heat injury

The results of the experiments using batch L-1 are alse included in Table 7. Highly
significant differences {p < 0.001) could be detected between the counts on TSA and Oxford
agar for both free (ttest value 6.7) and encapsulated milk powder (t-test value 7.0}. The results
of the experiments using batches L-2 and L-3 are included in Table 8. Also for the detection of
L. monocytogenes a highly significant {p < 0.001) difference in the number of positive isolations
between method 1 (including pre-enrichment) and method 2 was found {Cochran-Mantel-
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Haenszel statistic value 113). The significant difference was found for all combinations of the
batches and encapsulated or free milk powder (x’-test values > 18).

Table 7. Geometric mean, mean log and log,o standard deviation of number of cfp per

Q0 ow

0.1 ml volume of reconstituted RM of L. monocytogenes counted on Oxford agar
and TSA for encapsulated and free milk powder,

Encapsulated milk powder® Free milk powder®
TSA Oxford agar TSA Oxford agar
geom. mean®” 61.7 43.7 23.4 8.3
mean log,, ® 1.79 1.64 1.37 0.92
logq 8.d.° 0.05 0.05 0.1 0.17

geom. mean = geometric mean of 10 values.

mean log,, = mean of log transformed counts.

logo 5.d. = standard deviation of log transformed counts.

encapsulated milk powder = capsule reconstituted in 10 ml PS at 38°C for 30 minutes.

free milk powder = capsule opened and reconstituted in 10 ml PS at 38°C by mixing for 5 seconds.

Table 8. Number of pesitive L. monocytogenes isolations (out of 50 capsules axamined)

ToO0ow

T ™

for encapsulated and free milk powder using two different enrichment methods
and two different batches of RM .

Encapsulated milk powder® Free milk powder"
method 1° method 2 | method 1° method 2
batch L-2* 49° 28 42 20
{98 %)" (56 %) (84 %) (40 %)
batch L-3° 3z 6 33 2
(64 %) {12 %) {66 %) (4 %)

mean level 16.2 cfp/capsule (based on the enumeration of 50 capsules).

mean level 3.0 cfp/capsule (based on the enumeration of 50 capsules).

encapsulated milk powder = capsule reconstituted in 1G¢ ml PS at 38°C for 30 minutes.

free milk powder = capsule opened and reconstituted in 10 ml PS at 38°C by mixing for 5 seconds.
method 1 = pre-enrichment in TSBY for 18 h at 30 °C, foliowed by enrichment in LEB for 24 h and
48 h at 30 °C and iselation on Oxford agar.

method 2 = enrichment in LEB for 24 h and 48 h at 30 °C and isolation on Oxford agar.

number of positive isolations.

percentage of pasitive isolations.

- Pre-warming of the enrichment broth

Table 9 presents the number of positive isolations after 22 h and 26 h incubation in LEB

and 2 FB in relation to the pre-warming temperature (30 °C and 37 °C) of the broth. The
results were obtained using batch L-5. A highly significant difference (p = 0.007) in the
number of positive isolations was found between pre-warming at 30 °C and 37 °C {Cochran-
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Mantel-Haensze! statistic value 7.2). However, the effect of pre-warming was medium
related. For LEB a significant effect was found (Cochran-Mantel-Haenszel statistic value 8.2,
p = 0.004), for 2 FB the effect was not significant (Cochran-Mantel-Haenszel statistic value
0.93, p = 0.34). No significant effects of incubation time {Cochran-Mantel-Haenszel statistic
value 3.5, p = 0.06) or medium (LEB and % FB) {Cochran-Mantel-Haenszel statistic value
2.6, p = 0.11) were found.

Table 9. Number of positive Listeria isolations after 22 and 28 h incubation at 30 °C in
LEB and ¥ FB in relation to pre-warming of the broth.

Enrichment broth and Pre-warming temperature
incubation time 3 °C 37°C
LEB 22 h 1118° 16/17
(56 %) (95 %)
26h 15/18 17/17
(83 %) {100 %)
2 FB 22 h 712 9/12
(58 %) (67 %)
26 h g/12 16412
(75 %} (83 %}

a number of positive isolations/total number of capsules examined.

- Incubation time on recovery

The effect of incubation time on recovery using batch L-5 of the Listeria RM was tested
in LEB and % FB and compared to the recovery of a heat treated culture (5 min at 56 °C)
and non heat treated culture of the same Listeria strain. The level reached in the BHI used
for heat treatment was logy, 9.2. After heating the level decreased to log 4.9 as counted on
BHIA or log 1.8 as counted on BHIA supplemented with four % NaCl. The results of the
recovery experiments are presented in Table 10. The levels of L. monocytogenes obtained
with the heat treated culture were ca 2 log. Units lower than the level obtained with the RM.
Comparable levels after 48 h incubaticn were obtained for the culture and RMs, indicating
that maximum levels of growth were achieved within 48 h. Differences in growth between
LEB and '2 FB were not observed, indicating that both media support growth of vital and
sublethally injured L. monocytogenes equally well.
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Table 10. Level of L. monocytogenes (logy, cfp.ml”) after 0, 7, 24, 31 and 48 h incubation
at 30 °C in LEB and ¥ FB broth inoculated with a culture, heat treated culture
(5 min at 56 °C} and reference material.

Incubation | Enrichment Culture Heat treated RM
time broth culture
oh LEB 03 0.0° -1.4
% FB 0.3 0.0 -1.4
7h LEB 2.0 <1 <1
% FB 20 <1 <1
24 h LEB 6.3 <2 3.0
1% FB 6.7 <2 3.2
31h LEB 7.5 2.7 4.6
%2 FB 7.4 3.0 52
48 h LEB 9.1 6.7 az
% FB 8.3 66 8.7

a level added based on counts on BHIA.

DISCUSSICN

The requirement for stability of reference materials is, for the RIVM/BCR microbiclogical
RMs, met by spray drying of the micro-organisms. The use of spores of B. cereus for the
preparation of an RM has additional advantages that are related to the resistance of spores
against adverse conditions. This advantage is demonstrated in the stability of the material
tested. Two stability tests were carried out, firstly at storage temperature {-20 °C} and
secondly at higher temperatures to simulate the effect of temperature during shipment {also
called challenge test). At none of the time/temperature combinations tested was a significant
decrease in level of contamination detected. Thompson and co-workers (1978) reported the
survival of B. subltilis after spray drying of milk and subsequent storage. Only the spores of
B. subtilis survived the spray drying process but during storage of the powder the number of
spores slowly decreased {ca 0.06 log,, units after four weeks and ca 0.2 log, units after 32
waeks at 25 °C). For the B. cereus RM a decrease of 0.009 log,, units is expected after 32
weeks storage at 37 °C, based on the regression coefficient found in the challenge test.

For the L. monocytogenes RM the same stability tests were done but produced quite
different results. Stability at storage temperature was good, but the stability decreased
rapidly when the storage temperature was increased. Even at & °C a significant decrease in
the level was observed. A temperature of 5 °C was used instead of the 37 °C used for
testing the B. cerets RM as a limited stability at higher temperatures of the
L. monocytogenes RM was expected. Doyle and co-workers (1985) studied the survival of
two strains of L. monocytogenes stored at 25 °C. Four weeks after spray drying they
observed a decrease of between 0.3 - 0.9 logyp units (depending on the type of milk and
experimentat trial} for the Scott-A strain and between 2.3 and 3.8 log units far the V-7 strain.
The L. monocytogenes RN, prepared from the Scott-A strain, showed a rate of decrease of
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0.35 iog units (based on the regression coefficient at 22 °C and four weeks of storage) that
is comparable to the results obtained by Doyle and co-workers {1985) for the same strain.

The L. monocytogenes RM needed a very long time for the HCMP to stabilise. The
experiments presented were started almost three years after spray drying. Several stability
tests started earlier did not give satisfactory results. This observation is in accordance with
LiCari and Potter (1970) and Chopin {1978) who found a decrease in the die-off rate with
increasing storage time for Salmonella and 8. aureus respectively,

Based on the stability of the RM at higher temperatures transport conditions must be
chosen that will have no influence on the RM. The B. cereus RM can be shipped without
special precautions using (airymail, but for the L. monacytogenes RM limits for time and
temperature have to be set. The Listeria RM is shipped in a polystyrene box with a cold pack
(frozen at -18 °C) and the transport time is limited to one week.

A second requiremeant for an RM is that it should be homogeneous. The homogeneity of
microbiological RMs, prepared by spray drying and dilution of the HCMP obtained to achieve
the desired level of contamination, is influenced by two factors. The first factor is the
homegeneity of the HCMP itself and the second is the mixing process. The HCMP is
produced from concentrated milk containing the target organism and, therefore, a
homogeneous distribution of the micro-organism in this milk is essential. This, however, can
be achieved relatively easily by mixing or stirring the contaminated milk and is, therefore, not
regarded as a critical factor. Care should be taken to avoid large clumps of organisms as, for
example, can be found after suspending pellets of organisms obtained by centrifugation or
lumps of medium after harvesting organisms grown on solid media. In addition to having an
adverse effect on homogeneity these can also ciog the nozzle of the spray dryer.

The mixing procedure for the milk powder is mare critical in relation to the homogeneity
of the RM. The effect of the mixing procedure on the homogeneity of a batch of RM is
illustrated by the following: The L. monocyiogenes HCMP 2-1 was used for the preparation
of three batches (L-1, L-2 and L-3) at various contamination levels (see atso Tabie 1). For
batch L-1 the HCMP was diluted 3,200 times, while batches L-2 and L-3 were diluted ca 10°
times (one gram HCMP could be diluted to ca 10° kg mixed powder). Batches prepared from
this HCMP, such as L-1, showed a much better homogensity. The batch of RM (level
6 x 10° cfp per capsule) used for comparison of the recovery of L. monocytogenes on Oxford
agar and PALCAMY (In 't Veld and de Boer, 1991b) had a T»{F1) of 3.1 {a value of one is
expected in the case of a Poisson distribution). Batches, such as L-2 and L-3, prepared at a
low level from the same HCMP showed much poorer homogeneity. The batch of RM used
for the first L. monocytogenses comparative study (see alsc chapter 2) had a mean level of
contamination of 11.6 cfp per capsule and a Tx/{/-1) of 7.9, based on the enumeration of 99
capsules. A second batch of HCMP (HCMP 2-2) containing ca 4 x 10° cfp.g” was produced.
Using this HCMP, homogeneous powder at a low level of contamination could be produced
(batch L-4 had a T/ value of 0.96). So, a high dilution factor of the HCMP adversely
effects the homogeneity of the mixed powder.

Mooijman and co-workers (1995} showed that mixing in steps with a ratio of
contaminated powder to sterile powder of 1 : 1 using a mortar and pestle improved the
homogeneity of the batch, The use of a mortar and pestle also shortened the time needed
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for the preparation of a batch. Each mixing step in the mortar takes ca ona minute, mixing
times using the Turbula mixer varied from 30 minutes up to four hours. The mortar can only
be used with a total amount of mixed powder up to ca 500 gram, above that amount the
Turbula mixer must be used. The improvement in homogeneity using the mortar is
demonstrated for the B. cereus RM. A batch for certification (see chapter 4) was prepared
(Trhom/N value on MEYP 0.71) which showed a better homogeneity {Thon/N of 3.0 on MEYP)
than the batch prepared using the Turbula mixer described in this chapter.

A third requirement for an RM is the representativity of the material. The behaviour of
the strain after drying and storage was theretore evaluated. Due to the drying process the
celis become subléthally injured by the high temperatures used for drying {heat injury) and
by the drying process itself {osmotic injury}. The lack of effect of heat injury and/or osmotic
shock for the B. cereus AM is due to the use of spores in the RM. Thus the lack of effect of
osmeotic shock in particuiar can lead to a simplified use of the RM. For bacteria that are
sensitive to osmotic shock a slow reconstitution of the mitk powder {Van Schothorst et af,
1979) and the use of gelatin capsules for the RMs (Beckers et al., 1985) are essential for
preventing death due to osmotic shock. Normally it takes 3¢ minutes to reconstitute a
quantitative RM. For the B. cereus RM the contents of one capsule and the capsule parts
can be added to the tube containing the PS and mixed for ca 5 seconds on a vortex mixer,
This rapid reconstitution procedure was evaluated in a collaborative study {In 't Veld et al.,
1993). No significant difference between the normal (30 minutes at 38 °C) and the rapid
reconstitution procedure could be found. However, a general remark from the participants
indicated that opening of the capsule was difficult and easily led to spilling of the milk
powder. It was, therefore, decided to advise the users of the RM not to open the capsule but
to use the general reconstitution procedure for the quantitative RMs.

For the L. monocytogenes RM significant effects could be observed due to heat injury
and osmotic shock (Tables 7 and 8). For heat injury significant effects were observed for
both enumaration (using batch L-1) and detection (using batches L-2 and L-3) methods. The
eftect of osmaotic shock was less for detection methads than for enumeration methods. For
enumeration a highly significant difference was found, but for detection a significant
difference was found when the results were tested irrespective of the batch and method
used and for the combination of method 1 and batch L-2. The difference in effect of osmotic
shock between enumeration and detection methods depends on the way the results are
expressed (counts versus present or absent). A twofold decrease in the level is not similar to
a twofold decrease in the number of positive isolations, as in principle only one organism
should survive the effect of osmotic shock in order to give a positive detection result.
Beckers and co-workers (1985) found a decrease in the percentage of positive Saimonella
isolations from 100 % to 18 % using a batch of AM at a ievel of 6.5 cfp per capsule. The
effect of osmotic shock for the L. monocytogenes RM was less pronounced than for the
Salmoneifa RM. This difference might be related to a difference in cell wall composition
between Gram positive and negative strains.

For germination of spores of some types of Bacillus and Closiridium strains a heat
shock is necessary {Keynan et al, 1964). The germinaticn of the spores of the B. cereus
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strain used for preparation of the RM was not increased by heat shock (Table 4). For these
experiments saline solution was used as reconstitution medium. With this medium an effect
on the rate of germination was found in relation to the time after spray drying. The longer the
time after drying the slower the germination rate, indicating that the spores were becoming
more dormant. Using other, nutrient richer, media (PS and BHI) as reconstitution media, the
rate of germination was restored. Lysozyme can also affect the germination of spores.
Suzuki and Rode {1969) found that spores of B. megaterium were affected by the action of
lysozyme. However, lysozyme added in concentrations up to 200 ug.ml” to TSA and MEYP
did not affect the count of spores from the reference material.

The use of a non selective pre-enrichment was beneficial for the detection of
L. monoeytogenes. Based on the results presented in Table 8 a highly significant difference
between the number of positive isolations between methods 1 (including pre-enrichment)
and 2 {direct selective enrichment} was observed. However, the use of enrichment in a non
selective broth is routine use for the detection of Salmonelfa (Anon., 1993b) but not for
L. monocytogenes (Warburton et al., 1992), The growth of Listeria in LEB and Y2 FB using
the RM or a heat treated culture is retarded in relation to the growth of a diluted culture (see
Table 10). After 24 h incubation particularly the number of Listeria originating from the RM or
heat-treated culture were at least 3 log:e units lower compared fo the diluted culture. The
growth of Listeria from the RM was better than for the heat-treated culture. The poor growth
of injured Lisferia cells in selective enrichment broths after 24 h incubation is confirmed by
Lammerding and Doyle (1989), Bailey and co-workers (1989) and Wang and Hitchins
(1994), Wang and Hitchins (1994) stated that severely damaged cells required at least 20 h
to recover in TSB supplemented with yeast extract and even longer when selective agents
were added. The tests carried out by Bailey and co-workers (1989) and as described in this
chapter were performed without the addition of food samples. The addition of food samples
will effect the recovery of Listeria even further. One of the problems is the decrease in pH of
the medium, especially when it is not buffered as is the case for the LEB medium
(Lammerding and Deyle, 1989). The effect of the addition of competitive micro-crganisms is
also described in chapter 2 .

The procedures for the detection of L. monocytogenes currently in use are all based on
enrichment at a temperature of 30 °C. For good reconstitution of the gelatin capsule a
temperature of ca 37 °C is needed. Table 9 showed that the pre-warming temperature of the
broth has a highly significant effect on the number of positive isolations after ca 24 h
incubation using LEB. It is not clear why the effect of pre-warming was not significant when
using ¥ FB, although for this broth pre-warming also resulted in more positives. The effect of
pre-warming will, most likely, disappear when the incubation time is prolonged to 48 h. So
the effect of pre- warming will be of importance when the incubation time of the (first)
enrichment broth is not longer than 24 h as recommended for example in ISC 11280-1 for
the detection of Listeria monocytogenes (Anon., 1997)
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CONCLUSIONS

+ Reference materials for B. cereus and L. monocytogenes can be produced that meet the
critetia for homogeneity, stability and representativity.

« The procedure used for mixing the HCMP with the uncontaminated milk powder is critical
for a homogeneous end product. Mixing in steps and the use of a mortar and pestie
improve the homogeneity of the RM.

« The stability of the L. monocytogenes RM is not as good as that of the B. cereus RM.
The rapid decrease in stability with a rise in storage temperature of the
L. monocytogenes RM means that attention must be paid to the shipment conditions of
this RM.

+ The behaviour of the L. monocytogenes strain after drying was changed with respect tc
the occurrence of osmotic shock and heat injury. Osmotic shock is prevented by the use
of gelatin capsules. The occurrence of heat injury requires the use of a resuscitation step
in the enrichment procedure. Direct selective enrichment for the dstection of
L. monocytogenaes with only a 24 h incubation period may be too short.

e For the B. cereus RM there were no apparent changes in behaviour of the strain after
drying.
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Chapter 2

Potential use of microbiological reference materials
for the evaluation of detection methods for
Listeria monocytogenes and the effect of competitors:

a collaborative study.

ABSTRACT

Reference materials {(RMs) for Listeria monocytogenes were developed and tested
for their suitability in three European collaborative studies. In the first study, the 40
participants each tested 20 RMs. In the second, the 42 participants each tested 25
RMs in combination with RMs containing compstitive micro-organisms. In the third
study, the 30 participants each tested a vatiable number of RMs in combination
with food products. In all studies, RMs with ca 5 colony forming units (cfu) per
capsule were used. In the third study RMs at two levels were used containing ca 5
and ca 100 cfu per capsule. Based on the number of cfu per capsule or the fraction
of RMs not containing L. monocytogenes, the intended isolation frequency was
calculated. All participants tested the materials according to their own procedures.
These non-standard methods (NSMs) were divisible into six groups of comparable
methods. In the first and second study a standardized method was also used by
each participant. The results from the first study showed that most laboratories
were able to isclate L. monocytogenas in the expected isolation frequencies. Using
the standardized methad 97 % of the AMs were found positive for Listeria. In the
second study only ca 80 % of the RMs were found positive as a result of the
addition of the competitors (Enferococcus faecium, Bacillus subtilis, Lactobaciilus
plantarum and Lactococcus lactis at a level of, respectively, 8 x 10%, 11 x 10°,
5 x 10° and 5 x 10° cfu per capsule). The groups of NSM methods based on the
Food and Drug Administration'’s method for the detection of L. monocytogenes
seemed 10 be less affected by the addition of the competitors than the groups of
NSM methods based on the US Department of Agriculture’s method. Addition of
RMs to food products resulted in a substantial decrease in the isolation of
L. monocytogenes. No relationship was apparent between the type of method used
and the type of food product tested. It was concluded that the RMs are suitable for
testing laboratory performance of the detection methods for L. monocyfogenes.

P.H. in’t Veld, $.H.W. Notermans and M. van den Berg
Published in Food Microbiology, 1995, 12, 125-134.
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INTRODUCTION

Listeria monocylogenes has become a micro-organism of interest to food microbiclogists
as a result of several focd borne outbreaks (Fleming ef al,, 1985; Gellin and Broome, 1989). As
a consequence, an increase in research for improvament of enrichment broths and isolation
agars for the detection of L. monocytogenes has occurred. Various new detection methods
were developed of which the methods proposed by the Food and Drug Administration (FDA)
and US Department of Agriculture (USDA) are the most widely used. The original FDA method
was developed for testing dairy products and seafoods; the USDA method for testing meat pro-
ducts. The FDA method, developed by Lovett et al (1987), uses tryptone soya broth (TSB)
supplemented with 0.6% (w/v} yeast extract as a basal broth to which nalidixic acid
(40 mg.I"), cycloheximide (50 mg.I") and acriflavine (15 mg.I") are added as selective agents.
The broth is incubated at 30 °C for 24 and 48 h and Listeria is isolated on medified McBride
agar. The USDA method, developed by McClain and Lee (1988), involves a two stage
enrichment in a phosphate buffered broth to which nalidixic acid (10 mg.I") and acriflavine are
added for selectivity. The concentration of acriflavine is 12 mg.I" for the first step and 25 mg.I"
for the second. Incubation is carried out at 30 °C for 24 h for each step; one ml of the first
enrichment broth is inoculated in nine ml of the second broth. Listeria is isolated on lithium
chloride-phenylethanol-moxalactam agar (LPM). The essential difference between both
methods is the concentration of acrifiavine and the application of a phosphate buffer. These
two methods have been modified and have extensively been tested for their efficacies (Bailey
ot al., 1990; Lammerding and Doyle, 1989; Lovett et al., 1991; Neah et al,, 1991; Warburton et
al., 1991 and 1992).

Most methods developed so far use acriflavine as a selective substance. The exact
concentration of acriflavine to be used in the enrichment broths is controversial as it also
inhibits the growth of Listeria, especially of serotype 4b (Beumer et al., 1988).

It is remarkable that the use of non-selective pre-enrichment, as commonly used for
detection of Salmonelia, has gained so little attention. A few studies have been published
concerning the use of a non-selective pre-enrichment {Lammerding and Doyle, 1989} but it has
not yet been widely accepted and used. A reason for this might be that the selectivity of the
succeeding selective enrichment is too poor to allow a proper detection of Listeria.

in most of the comparative studies, either naturally contaminated sampies without
knowledge of the number of Listeria cells present or diluted cultures were used for inoculation
of samples. Only a few (Lammerding and Doyle, 1989 and Bailey ef al., 1990) tested samples
with a known low number of sublethally injured cells, as they are commonly found in the types
of food products tested for the presence of Listeria.

For testing the performance of microbiological detection methods the use of reference
materials should be considered. On behalf of the European Union's Measurement and Testing
programme [former Community Bureau of Reference {BCR)), the National Institute of Public
Health and Environmental Protection (RIVM} is developing such reference materials containing
low numbers of sublethally injured cells. For the preparation of such materials micro-organisms
are suspended in milk and subsequently spray dried. Due to this proces the micro-organisms
become sublethally injured. Several reference materials have already heen developed and
evaluated (In 't Veld and Notermans, 1992; In 't Veld et al, 1993). The effect of the injury on
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recovery and the detection of L. monocytogenes has been tested by In 't Veld et al. {1991) and
results indicated that the use of pre-enrichment is beneficial for the recovery of
L. monocytogenes.

The reference material developed for Lisferia was evaluated for its suitability as a quality
control for Listeria detection procedures by collaborative studies.

MATERIALS AND METHODS

Three collaborative studies were organised in which the Listeria RMs were used. In the
first collaborative study (CB-1) the Listeria RMs were tested alone. In the second study (CB-2)
the RM was tested in combination with RMs containing competitive micro-organisms. In the
third study (CB-3) the RMs were tested in combination with food products. An overview of the
design of the collaborative studies is presented in Table 1.

Table 1. Overview of the design of the collaborative studies

Collaborative Materials Design
study no. analysed
No. of Detection No. of samples
participants methods analysed

CB-1 RM Listeria 40 SMm? 25

NSM® 25

CB-2 RM Listeria + 42 Sh° 30

RM competitors NSM 30

CB-3 RM Listeria + 30 NSM voluntary

food products

a Standard method used in CB-1 involving pre-enrichment in tryptone soya broth with yeast extract
{TSBYE) (16-20 h at 30 °C), selective enrichment in Listeria enrichment broth (LEB) (24 h at 30 °C),
isolation on Qxford agar (48 h at 37 °C).

b NSM, method of choice of participating laboratory.

¢ Standard method used in CB-3 involving pre-enrichment in phosphate buffered TSBYE (16-20 h at
30 °C), selective enrichment in phosphate buffered LEB (48 h at 30 °C}, isolation on Oxford agar (48 h
at 37 °C).

RM, reference materials.

Preparation of the Listeria reference materials

The Listeria RMs used in CB-1 were prepared as described by In t Veld et al. {1991). For
the batch used in CB-1, 0.5 g of the contaminated milk powder (CMP-1) was mixed with one kg
sterilized (gamma irradiated; 10 kGy) mitk powder (SMP) for four hours at room temperature in
a 17 | stainiess steel drum (mixer, type T 10b, W.A. Bachofen A.G. Maschinenfabrik, Basel,
Switzerland). From the mixed powder 1.5 g was mixed further with one kg SMP. The final
mixed powder was distributed into gamma-irradiated gelatin capsules (0.28 g/capsule).
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In the preparation of the batch for CB-2, a second CMP (CMP-2) was used. The CMP-2
was prepared as follows; Listeria was grown in 10 ml of brain heart infusion broth (Difco 0037)
for 24 h at 37 °C. This culture was diluted in peptone saline and one ml of a 10™ dilution
inoculated into 225 ml TSB (Oxaid CM 129) and incubated for 24 h at 37 °C. From the TSB
culture 0.1 ml was transferred to three | milk {dry matter content 28 %, fat content 6.5 %). The
milk was spray-dried as described by In 't Veld et al. (19921). Fifty grams of this CMP-2 was
mixed with 1.6 kg SMP as described above.

For CB-3 two batches {A and B) were prepared. Batch A was prepared by mixing one g of
the CMP-1 with 100 g SMP. Forty grams of the mixed powder were diluted further with 1.5 kg
SMP and 170 of this mixed powder were diluted with 1.5 kg SMP. Batch B was prepared by
mixing 30 g of the CMP-2 with one kg SMP, the mixed powder was further diluted with one kg
SMP. Mixing apparatus and conditions were identical as described above.

The mean numher of cfu of the mixed powder was determined after each mixing step by
the procedure described by In 't Veld et al. {1991}, except for batch B of CB-3. For this batch
each capsule was reconstituted in a test tube (diameter 25 mm) with cap containing 10 ml
peptone saline at 38 °C, and after 10, 20 and 30 minutes mixed for a few seconds on a Vortex
mixer. After the final mixing one ml of the solution was transterred, in duplicate, to a Petri dish
and 10 ml molten cooled tryptone soya agar (TSA) added. The plates were incubated for four h
at 30 °C and then an overlayer of 10 ml double strength Oxford agar (Oxoid CM 856 plus SR
140) added. The plates were incubated for an additional period of 44 h at 30 °C.

Preparation of the materials containing competitive micro-organisms

The competitive micro-organisms material contained the following strains: Baciflus subtilis
(ATCC 6051); Enfgrococcus faecium (NCTC B8213); Lactococeus lactis (ATCC 7962);
Lactobacilius plantarum (ATCC 8014). The species to be used as compstitive micro-organisms
were selected in concert with the participating laboratories. The strains were cultured as
described by In 't Veld et al. (1992). Spray-drying apparatus and conditions were identical as
described for Listeria. For preparation of the batch of reference materials the following
amounts of the CMPs were mixed with 1.5 kg SMP: 1.5 ¢ CMP B. subtilis, 1.5 g CMP
E. faecium, 6.5 g L. lactis (previous 1:100 diluted by mixing the CMP and SMP) and 2.5 g
L. plantarum CMP. Mixing apparatus and conditions were identical as described above. The
powder was filled in gamma irradiated gelatin capsules {0.28 g/capsule).

The contamination level of the mixed powder was determined after reconstitution of a
capsule in a test tube (diameter 26 mm) with cap containing 20 ml peptone saline of 38 °C, and
mixed after 5, 10, 15 and 30 minutes for a few seconds on a Vortex mixer. After the last mixing
0.1 ml volumes were spread, in duplicate, on TSA with yeast extract {TSAYE) and incubated
for 24 to 48 h at 30 °C.

Baciilus subtilis could be distinguished by colonial momphology, E. faecitm was confirmed
by streaking a colony on TSA containing 50 ml I egg yolk tellurite emulsion {Oxoid SR 54),
blackening of the agar confirned the organisms as Enterococcus. A distinction between
L. lactis and L. plantarum was made on the basis of their different fermentation of mannitol and
melezitose. L. Jactis fermented melezitose and mannitol and L. pfantarum only fermented
mannitol. The mean number of cfu of the competitive micro-organisms sample was in total
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2.9 x 16" per capsule. The levels for E. faecalis, B. subtilis, L. plantarum and L. lactis were
respectively 8 x 10%, 11 x 10%, 5 x 10" and 5 x 10°.

Design of the collaborative studies

For each study the participants received a detailed description of the procedures to be
followed together with the dates on which the studies had to be carried out. A draft procedure
was discussed beforehand with the participating laboratories in a plenary meeting. The
reference materials were sent to the participants on dry ice by special delivery service for CB-1
and by (airymail for CB-2 and CB-3. The materiais were stored at 4 °C upon receipt. In CB-1 40
laboratories participated, in CB-2 42 and in CB-3 30 (Table 1).

In the first two studies (CB-1 and 2) the materials were tested by means of two methods.
The first method (called standard method or SM) was standardized for all laboratories, the
second method (called non-standard method or NSM) was the choice of the participating
laboratory. In the third study no standardized method was used. The SM of CB-1 involved pre-
enrichment in TSB supplemented with 0.6 % yeast extract (TSBYE) for 16 - 20 h at 30 °C.
After incubation, 0.1 ml of the pre-enrichment broth was transferred into 10 ml of a selective
enrichment broth with a reduced acrifiavine concentration of 10 mg." (LEB according to
International Dairy Federation (IDF) standard 143; Anon., 1990) and was incubated at 30 °C.
After 24 h incubation the Listeria enrichment broth (LEB) was inoculated onto an Oxford agar
plate (Oxoid CM 856 + SR 140) which was incubated at 37 °C and examined after 24 and 48 h
incubation, For confirmation as L. monocytogenes the colonies were examined under Henry's
illumination for a blue-grey colour and tested for catalase activity. The SM of CB-2 was similar
to that of CB-1 except that the (pre)enrichment broth contained a phosphate buffer (8.64 g.I"
Na;HPO, plus 3.94 g.I" KH,PO,) and the selective enrichment was extended with a second
isalation step after 48 h incubation. The confirmation procedure (In 't Veld et al,, 1992) included
additional Gram staining, rhamnose/xylose fermentation, motility and haemolytic activity. The
haemolytic activity was tested according te In 't Veld and de Boer (1991} by adding 100 pl of a
48 h culture grown in brain heart infusion broth at 37 °C to 100 pl of a two % sheep erythrocyte
sugpension in phosphate buffered saline (pH 7.4). The mixture was incubated in a microtiter
plate for 45 minutes at 37 °C followed by two h at 4 °C,

In CB-1 25 individually numbered samples were tested for each of the two metheds. For
both methods five of the 25 samples were negative for Listeria and the numbers of these
blanks were unknown to the participants. For CB-2 30 samples were tested including nine
blank samples. For CB-3 each participant received capsules from both batches according to
their own choice.

Analysis of the data

1. Calculations were made for each batch, except for batch B ot CB-3, with the use of the
binomial distribution to determine the chances of receiving capsules not containing
L. monocytogenes amongst the intended positives capsules. These calculations were based
on the 95 % confidence upper limit of the percentage of capsules not containing
L. monocytogenes on the basis of enumerations of L. monocytogenes in the capsules. The
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summarized chances (up to at least 95%} was used as the expected number of positive
L. monocytogenes isclations out of a specified number of capsules analysed (corresponding
to an o of < 5%).

2. The homogeneity of the batch was calculated using the following formula for T: (Mooijman
et al., 1992);

(Yi-Y. /1P

in which Y;is the count from one capsule and Y, is the total count from ali capsules. The T
wili follow a ° distribution with 1 degrees of freedom {/ being the number of capsules
tested).

3. For each laboratory tests were made to determine whether diffarent results were obtained
with the SM and NSM methods used in CB-1 and 2. For this the ¥° test (Wardlaw, 1985),
with correction for continuity was used.

4. To investigate whether there were systematic differences between the SM and NSM
methods, averaged over all laboratories, the data from CB-1 and CB-2 were analysed by
fitting two different *quasi likelyhood models’ (McCullagh and Nelder, 1983). The first model
included the effects of methods and laboratories. The second model included only the effect
of laboratories. If the first model fitted the data significantly better than the second model,
then it was concluded that there was a significant difference between the SM and NSM
method.

5. The NSM methods could be divided into six categories of laboratories of comparable
methods. The groups of methods are presented in Table 2. Some laboratories could not be
assigned to any of the categories. To detect a difference between any of the six NSM
methods, the Kruskal and Wallis test (Siegel, 1956) was applied. For pairwise comparison
of the first group with the other groups the Mann Whitney U test was used, taking into
account the presence of ties {Lehman and D'Abrerea, 1975).

The blank capsule results were treated separately from the artificially contaminated capsule
results. The total number of false positive resuits were calculated from the blank capsule
results.

RESULTS

Number of ¢fu, homogeneity, expected isolation frequency of the RM batches and the
RM shipping times.

The mean number of cfu per capsule and the corresponding homogeneity of the batch is
presented in Table 3 for all the batches used in the CBs. For testing presence/absence of
L. monocylogenes it is important to know the fraction of capsules in which no
L. monocytogenes can be detected. The fraction with the corresponding 95 % confidence
upper limit is also presented in Table 3. Based on the upper limit the expected isclation
frequency for a laboratory was determined.
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The average shipping time of the reference materiais for CB-1 was 3.8 days (ranging from
1 to 11 days) and for CB-2 the average time was 7.9 days (ranging from 2 to 31 days). No
shipping times were recorded for CB-3. No relation between shipping time and isolation
frequency in participating laboratories was observed (data not presented).

Table 2,  Non-standard methods.

Group Method®

1 Single step enrichment in Listeria enrichment broth (incubation for 24
and/or 48 h; isolation on selective agar of own choice”.

2 Two step enrichment in LEB (incubation of 24 h for each step); isolation on
selective agar of own choice®.

3 Enrichment in non-selective tryptone soya broth with yeast extract
(incubation for 24 h}, second enrichment step in LEB (incubation for 24 -
48 h); isotation on selective agar of own choice”.

4 Two step enrichment, first in UYM-1 (incubation for 24 h), second step in
UVM-2 (incubation for 24 h}; isclaticn on selective agar of own choice”.

5 Identical te group 4, only instead of UVM-2, Fraser broth was used.

6 Single step enrichment containing thiocyanate as selective agent
(incubation for 24 - 48 h}; isolation on selsctive agar of own choice”.

a Abbreviations see section on design of collaborative studies.

b On average the following isolations agars were used in order of frequency of use: Oxford agar,
polymyxin-B-acriflavine-ceftazidime-lithium chloride-aesculin-mannitol agar, Modified McBride agar,
McBride agar and lithium chloride-phenylethanol-moxalactam agar.

Isolation of L. monocytogenes using the contaminated capsules

Table 4 presents the average percentage of capsules found positive for L. monocytogenes
by the participating laboratories and the percentage of laboratories finding at least the
expected number of positive isolations (see expected isolation frequency presented in Table
3). In CB-1 and CB-2 five laboratories {12 - 13%) found a significant difference between the
SM and NSM method. None of these laboratories found this difference in both CBs. The SM
used in CB-1 gave, on average, significantly more positive isclations than the NSM method in
CB-1. For CB-2, where the competitive micro-organisms were applied, no difference between
the SM and NSM method could be detected.

Table 5 summarizes the percentage of positive isclations in relation to the NSM method
used and the collaborative study. The method of group no. 86, using thiocyanate as selective
agent, gave the lowest recovery of L. monocylogenes.
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In CB-3 both batches of RMs were tested in combination with various types of food
products. The relation between the type of food product and the number of cfu of the RMs
used is presented in Table 6. The lowest recovery rate was found with soft cheeses, the
highest with milk or milk products other than cheeses. The use of a higher inoculum {RMs of
batch CB-3B) did result in more positive isclations. It has to be noted that there are differences
between the number of laboratories and the number of food products analysed by them for the
various combinations of method and food products.

Table 3. Data on presence and level of Listeria monocytogenes in the batches of samples
used in the collaborative studies.

Data Collaborative study batch number

CB-1 CB-2 CB-3A CB-3B
cfus per capsule® 11.6 4.9 5.4 67
Homogeneity” 79 15 0.9 0.3
Number of capsules analysed 99 50 25 10
Fraction ‘negatives” 0.0 1.6 0.5 n.d.
Upper limit’ 1.0 45 1.9 n.d.
Number of capsules analysed 356 192 25 n.d.
Expected isolation frequency® 19/20 18/21 18/20 20/20

Mean number of cfu per capsule.

Homogeneity expressed as T,/(I-1); T, is defined in Materials and Methods section.

¢ Fraction of 'negatives’ is the fraction of capsules (%) in which no L. monocytogenes could be detected
based on enumerations carried out by the organizing laboratory.

d Ninety-five parcent confidence upper limit of the fraction of 'negatives’ (%).

e Expected isolation frequency is the expected number of positive L. monocytogenes isolations out of a
specified number of capsules testad.

n.d., not determined.

o

Isolation of L. monocytogenes using the blank capsules

In CB-1 four iaboratories (10 %) found false positive isolations corresponding to 1.5 % of
the blank capsules analysed. In CB-2 five laboratories (12 %) found false positive isolations
corresponding to 1.1 % of the blank capsules. One laboratory found false positive results in
both CBs. For CB-3 no blank capsules were analysed.
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Table 4.  Isolation of Listeria monocyiogenes averaged over all laboratories for each
collaborative study.
Collaborative study batch | % Positive isolations Laboratories attaining
no. and method {number of capsules analysed) | > expected isolation
frequency (%)
CB-1 - SM 97 (800) 85
- NSM 85 (800} 55
cB-2 -SM 79 (882) 45
- NSM 78 (882) 53
CB-3A - NSM* 88 (392)° n.d.
- NSM® 64 (1253)° n.d.
CB-3B - NSM® 98 (1253) n.d.
- NSM® 73 (1238)° n.d.

a RMs tested without food product.
b RMs tested in combination with food praduct.
SM, Standardised mathod; NSM, Non-standard method; n.d. = not determined.

Table 5.  The percentage positive isolations obtained with the various types of Non-standard
methods {NSMs).
Collaborative NSM group ne®
study batch no.
1 2 3 4 5 6
CcB-1° 94 % 94 % 100 % 74 % 80 % 46 %
cB-2° 99 % 98 % 76 % 60 % 58 % 24 %
CB-3A% 92 % 82 % 98 % 7% 65 % 60 %
CB-3A% 69 % 75 % 68 % 48 % 58 % 44 %
CB-3B** 99 % 88 % 99 % 100 % 95 % 100 %
CB-38° 70 % 85% 77 % 64 % 66 % 67 %

-~oaQCcoTo

Number of group of NSM corresponds to numbers in Table 2.

Number of laboratories per group of NSM are, respectively: 7, 9, 2, B, 2 and 4.
Number of laboratories per group of NSM are, respectively: 7, 6, 6, 4, 4 and 2,
Only reference materials tested.

Number of laboratories per group of NSM are, respectively: 7, 3, 7, 4, 4 and 1.
RM tested in combination with food product.
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Table 6.  Effect of food type and reference materials contamination level on the isolation rate
of Listeria monocytogenes.

Food added RM contamination level®
(5 cfu) {100 cfu)
Soft cheeses 36 % 36 %
Other cheeses 53 % 74 %
Meat/meat products 57 % 69 %
Poultry/poultry products 73% 76 %
Fish/fish products 86 % 90 %
Milk/milk products 90 % 92 %
other than cheese

Other foods 47 % 54 %

a Batches RM CB-3A and CB-3B.

DISCUSSION

For the production of a material suitable as a reference matetial, the variation in cfu
between capsules must be within defined limits. The optimal variation in cfu between samples,
in the ideal situation of a homogeneous solution, conforms to a Poisson distribution (Niemeld,
1983). The spray-drying and mixing of powders invoived in the production of the RM will result
in a farger variation hetween samples, conforming to a variation wider than the Poisson
distribution (so called over-dispersion; Heisterkamp et al., 1993). The variation in the number of
cfu between the capsules was much higher for the BM batch used in CB-1, than for the other
batches. This was probably caused by the extreme dilution of the CMP-1 used to obtain the
intended contamination level. The use of CMP-2, containing lower numbers of cfu.g‘1 CMP, for
the batches used in CB-2 and CB-3 (batch A), resulted in a much lower variation of cfu
between the capsules. For batch B in CB-3, using CMP-1 which was less diluted than that used
in CB-1, a reduced variation in cfu between the capsules was realized. The two batches of
RMs used in CB-3 had a variation in cfu between capsules that did not differ significantly from
a Poisson distribution.

A second important requirement for RMs is that its stability should be known. During the
collaborative studies stability tests indicated a constant number of cfu during storage at 4 °C for
a few months (results not presented). A two year stability test at -20 °C is currently in progress;
after 1.5 year storage the level is still constant.

Due to the spray-drying process the cells become sub-lethally injured (by heat and
desiccation). This sub-lethal injury will have an effect on the recovery of the organism. Also, in
practice, food samples that contain sub-lethally injured organisms will be analysed. The degree
of injury can vary widely as a result of several stress factors or combinations of them {e.g. heat,
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drying, pH, wateractivity, freezing, etc.). Most collaborative studies are carried out with natural
contaminated samples and/or with artificial contaminated samples inoculated with vital
organisnis. Only a few studies also analysed attificially inoculated samples containing sub-
lethally injured organisms [heat treated cells by Bailey et al. (1990)]. Collaborative studies were
carried out to test the possibility for use of the RM to evaluate the performance of the analytical
test procedures (the third requirement for an RM). CB-1, in which the Lisferia RMs were tested
without competitive micro-organisms, clearly showed (see Tabla 4) that most of the
laboratories were able to detect Listeria, especially when using the SM which included a pre-
enrichment step, The lowest recovery was obtained using the NSM used by group 6. The
thiocyanate selective agent in this detection procedure may have a negative effect on the
growth of L. monocytogenes. The NSM based on the USDA methed (NSMs of groups 4 and 5)
gave somewhat lower recoveries than the methods based on the FDA method.

Addition of competing micro-organisms as an RM, on average reduced the recovery rate
of L. monocytogenes. The use of a non-selective pre-enrichment step (SM and NSM of group
3) was not beneficial, even though for the SM a buffered enrichment broth was used to reduce
a pH drop caused by the competitors (resuits not presented).

The results obtained by Lammerding and Doyle (1989), showed that a non-selective
enrichment has a positive effect on the recovery of (sub-lethally injured) Listeria and were
confirmed when no competitors were present. The addition of the competitors did not affect the
FDA-related methods (NSMs of groups 1 and 2).

CB-3 tested the RM under conditions found in daily practice and whether the inoculum size
effects recovery. Tables 5 and 6 show that the incculum size only marginally influenced the
isolation frequency. However, food matrices influenced the isolation rate enormously. On
average, the isolation rate was 25 % lower when food products were added. The results with
food products were lower than obtained in CB-2 for all groups of NSMs except group 6. This
indicates that food matrix effects may be difficult to simulate by using an artificial competitive
microflora. The difference between food samples and the artificial competitive microflora is
related both to the type and level of artificial microflora present in the RM.

The differences between the groups of methods were also less when the food products
were added (see Table 5). Also, the type of food product influenced the isolation rate (Table 6).
Isolation of L. monocytogenes from soft cheeses seems 1o be difficult, while isolation from fish
products and non-cheese milk products was easier, No relationship between the group of
methods used and the type of food products was observed.

The one % false positive rate obtained in these studies is not unusual. In other
collaborative studies, using the Salmoneffa RM, an overall false positive rate of ca 2.7 % was
found. False positives may be caused by accidental switching of samples or cross
contamination between blank and contaminated samples.

The results, clearly demonstrate the suitability of testing RMs for evaluating the
performance of detection procedures for L. monocyfogenes in collaborative studies (for
example the AOAC collaborative studies) using the RMs as a standard inoculum {level of
contamination and homogeneity are known) of samples. It is also recommended that RMs
should be analysed in combination with food products in order to measure the effect of the
food matrix on the isolation of L. monocytogenes for the type of food under investigation. This
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effect indicates the ability for recovering low numbers of (sub-lethally) injured
L. monocytogenes from the type of food under investigation. In this way the performance can
be checked and results obtained by other laboratories can be compared.
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Wageningen, Mr. R. Beumer, Landbouwuniversiteit Wageningen, Wageningen, Dr. H.
Joosten, Coberco Research, Deventer; United Kingdom - Dr. R. Blood, Leatherhead Food
Research Association, Leatherhead, Surrey, Dr. S. Johal, Laboratory of the Government
Chemist, Teddington, Middlesex, Dr. R. Betts, Campden Food and Drink Research Associati-
on, Chipping Campden, Dr. C. Wray, Ministry of Agriculture, Fisheries and Food, Surrey,
Weyhbridge, Dr. J.E.L. Corry, University of Bristol, Avon, Dr. D. Roberts, Central Public Health
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Laboratory, Londen, Dr. S. Scotter, Ministry of Agriculture, Fisheries and Food, Norwich,
Norfolk, USA - Dr. W. Andrews, Food & Drug Administration, Washington DC.
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The certification of a reference material
for the evaluation of the ISO method
for the detection of Saimonelia

ABSTRACT

A reference material (RM) containing Salmonelia thimun’um was certified as
CRM 507 by the Standards, Measurements and Testing Programme of the
European Commission. The material consists of a gelatin capsule filed with
artificially contaminated milk powder. The material is certified for the evaluation of
presence/absence methods based on the ISO 6579 procedure for the detection of
Salmonefia. In the certification study 11 laboratories determined the
presencefabsence of Salmonelia from each of 50 capsules. They also determined
the mean number of colony-forming particles (cfp) and the homogeneity of the
batch of RM according to an enumeration procedura.

Certified values were calculated for both procedures separately. Based on the
presence/absence procedure a fraction of capsules in which no Salmonella could
be detected of 2.7 % (one-sided 95 % confidence upper limit 4.4 %)} was certified,
for the enumeration procedure this fraction was 0.61 % (one-sided 95 %
confidence upper limit 1.6 %). The certified mean number of Salmonella cfp in one
capsule is 5.2 (two-sided 95 % confidence interval 5.3 - 6.4). Data on the
preparaticn, identification, stability (at storage and higher temperatures) and
homaogeneity of the material are preserited.

P.H. in 't Veld, N.G.W M. van Strijp-Lockefeer, A.H. Havelaar and E.A. Maier
Published in the Journal of Applied Bacteriology, 1996, 80, 496-504.
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INTRODUCTION

Since 1987 the Laboratory of Water and Food Microbiclogy of the National Institute of
Public Heaith and the Environment has been working on the development and evaluation of
microbiological reference materials (RM) in cooperation with the European Commission’s
Standards, Measurements and Testing Programme (SM&T), formerly called the Community
Bureau of Reference {BCR). The first reference material containing Salmonelia typhimurium
was developed several years before that. The first results with this RM were presented by
Beckers ef al. {1985). Several RMs have been developed so far for use in water and food
microbiology. All of them have been evaluated in European collaborative studies, for example,
RM containing Salmonelia typhimurium, Listeria monocytogenes (In 't Veld et al, 1995), or
Enterococcus faeciurm (Mooiiman et al., 1992). The Salmonella RM has been evaluated in two
collaborative studies {In 't Veld et al, 1988, 1990}. In the first study the Salmonella RM was
examined without competitive micro-organisms, in the second study the RM was examined in
combination with an RM containing competitors. In both studies the materials were evaluated
by means of two presence/absence methods. The first method was based on the 150 6579
procedure for the detection of Salmonella {Anon., 1980) and was standardized for all
laboratories, the second method was the choice of the participating laboratory.

As the RM for Saimonelia is intended for the evaluation of presence/absence methods, a
fow number of cells has to be present in the RM. Therefore the mean level of contamination
was set at ca 5 colony-forming particles (cfp) per capsule. Due to the low mean number of cfp
per capsule and the corresponding distribution of the cfp over the capsules there exists a small
chance that a capsule will not contain any Salmonella. To check the level of contamination an
enumeration procedure for the RM has been developed for this purpose. This enumeration
procedure has also been evaluated in a collaborative study (In 't Veld ef al., 1989).

The results of all these studies indicated that the RMs fulfilled the requirements for an RM.
These requirements are that the RM is representative for its intended use, stable within
specified limits over a defined period of time and that the RM is homogeneous within defined
limits (Griepink, 1989). As the results of the evaluations were sc promising it was also decided
to start a centification procedure for the RM. For certification a standardized procedure has to
be followed (Anon., 1994a). The steps in this procedure are presented below: (1) production of
a batch of reference material, {2) homogenesity testing, (3) stability testing, (4) the certification
measurements (collaborative study), (5) evaluation of the results, (6} preparation of a
certification repont, (7) assistance to storage, distribution and stability monitoring.

For the certification measurements a group of selected laboratories examine a part of the
batch of RM according to a strict analytical protocol. As the certification is based on a
standardized method, the evaluation of results first focuses on the technical details to see
whether the laboratory has strictly followed the protocol of this standard method. The resulis of
the study are not known to the participants at the time of this technical discussion. This
procedure is used to ascertain the highest possible degree of confidence in the results
obtained in the certification study. After the evaluation of the technical results the data are
analysed statistically as described by Heisterkamp et al (1993). Finally the certification
committee of the EC decides on the basis of the certification report if the material is up to the
standard for certification. The certification of the RM containing Salm. typhimurium (CRM 507)
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and an RM containing Ent. faecium (CRM 506) were the first two reference materials
containing living microorganisms to be centified worldwide. The CRM centaining Ent. faecium is
used for the evaluation of enumeration procedures for faecal contamination of water (Mocijman
&t al, 1994). This manuscript describes the method used and the results of this certification
procedure for the Saim. typhimurium RM.

Some of the notations used in the certification report are not commonly used in
microbiology. These notations were defined by the certification committee of the EC in
accordance with meteorological principles and definitions. The same notations will be
presented in this manuscript. For example the term colony-forming units is commonly used in
microbiology but the word "unit” in metrology is reserved for S1 units, therefore the term colony-
forming particles (cfp) will be used instead.

MATERIALS AND METHODS
Preparation of the material

Saimonelia typhimurium {ALM 40) was streaked for purity onto a sheepblood agar dish
and incubated for 24 h at (37 + 1) °C. A single colony was used for inoculation of two | heart
infusion broth (prepared from individual ingredients). The broth was subsequently incubated at
37 °C for ca 24 h. After incubation the culture was divided over 250 ml centrifuge tubes and
centrifuged for 15 min at 5000 rev.min” (2900 g,). The pellet was resuspended in two mi of
peptone saline solution and added to concentrated pasteurized full fat milk. The milk was spray
dried after homogenization at the Agricultural University (Wageningen, The Netherlands) using
a Stork pilot plant spray dryer at an inlet temperature of ca 140 °C and an outlet temperature of
ca 80 °C. The resulting highly contaminated milk powder was stored at & °C.,

To obtain the desired number of ¢fp in the contaminated milk powder, 30.8 g of the highly
contaminated milk powder was mixed with 2.5 kg of sterile skim milk powder. The milk powder
used for mixing was commercially available skim milk powder and was sterilized by y-irradiation
with a dose of 10 kGy.

The mixing of powder was done in a 17 | stainless steel drum with a Turbula type T 10 b
mixing apparatus during four h at room temperature. The mixed powder was filled in gelatin
capsules with 17 g of powder for 60 capsules using an aluminum filling apparatus sterilized for
15 minutes at 121 °C. The empty capsules were sterilized by y-irradiation with a dose of
10 kGy. Fifty of the filled capsules were used for the determination of the number of cip
according to the procedure used in the cerification study. Based on the results (level of
contamination and homogeneity) of these capsules it was decided to use the batch for the
certification study.

Stability studies

For testing the stability of the materials at storage temperature {-20 °C), every two months
50 capsules were enumerated according to the enumeration procedure used in the certification
study. Also the stability of the materials stored at higher temperatures was determined at four
different temperatures. The temperatures tested were; -20 °C (reference), 22 °C, 30 °C and
37 °C. Once a week, over a period of four weeks, 25 capsules for each storage temperature
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were enumerated. At the start of the test 50 capsules were enumerated. The counts obtained
for each siorage temperature were analysed separately using generalized linear models
(McCullagh and Nelder, 1983). The stability tests were carried out by several technicians at the
same laboratory.

Homogeneity studies

The homogeneity is expressed as the variation in number of cfp between the capsules and
is calculated by means of the T, test statistic which is based on Cochran’s index of dispersion
(Heisterkamp et al., 1993).

The formula for caleulating the T, value is presented below:

where z = number of colony forming particles of Saimonelia in one capsule (Ng.p), 2, = sum of
Ns o in all capsules examined, / = total number of capsules examined.

In the case of a Poisscn distribution {a homogeneous distribution of bacteria in a sample is
approximately Poisson distributed (Heisterkamp st af., 1993)) T, follows a x’-distribution with
{F1) degrees of freedom. In this case the expected T, value is the same as the number of
degrees of freedom. Hence the measure of dispersion (Tx/{1)} is expected to be equal to 1.
Howevaer, overdispersion is expected (Heisterkamp et al., 1993) and hence the criterium for the
acceptance of the prepared batch for use in the certification study was setat < 2.

Cettification study

For the certification study of the Salmonella RM two different procedures were used. The
first procedure determined the presence or absence of Salmonella in one capsule, the second
procedure determined the number of cfp of Saimonella in one capsule {Ns ;). Both procedures
were carried out according to a detailed procedure presented in the analytical protocels (In *t
Veld ot al., 1994).

Presence/absence procedure:

This procedure was based on the ISO 6579 procedure for the detection of Salmoneila
(Anon., 1990}). Each labcratory determined the presence or absence of Salmonefla in 50
capsules. Four of these individually identified capsules were biank control capsules. The code
numbers of these capsules were unknown to the laboratories at the time of analysis. Each
laboratory was free to select one selective enrichment broth and one type of isolation medium
within the specifications of the 1SO 6579. All dishes showing typical colonies were subjected to
biochemical and/cr serological tests for confirmation of Salmoneila. If only a serological test
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was caried out and the result was negative, an additional bicchemical confirmation was
requested.

The statistical analysis carried out on these data is described in detail by Heisterkamp et
al. (1993). For comparison between {aboratories the fraction of negatives obtained by the
laboratories were tested for significant differences using Fisher's exact test using the mid-p-
value.

Enumeration procedure:
The enumeration procedure was especially designed for the enumeration of low numbers

of Saimonella in the RM. Each laboratory enumerated in total 50 capsules, the capsules were

dissolved in two rounds. For each round also a control was tested, consisting of a Petti dish

containing peptone saline to which no capsule was added. A summary of this procedure is

presented below:

» dissoiution of a capsule in 5 ml peptone saline in a Petti dish (dissolution conditions: (45 + 5}
min in a incubator at (38 + 0.5) °C while shaking at ca 100 rpm);

« repair of Salmonelia in Plate Count Agar {incubation time {4 = 1) h at (37 £ 1) °C);

« selective growth of Salmonelia by adding Violet Red Bile Glucose agar on top of the Plate
Count Agar (incubation time; (20 + 2) h at 37 °C).

After the second incubation period the number of typical colonies per capsule were
reported. Each iaboratory isolated ca 20 coionies from several dishes for confirmation of
Salmonefia. Confirmation was done as described for the presence/absence procedure. In
earlier pilot studies (In 't Veld ef al., 1989}, the dissolution step has been shown to be the most
critical step in this procedure. Thersfore much attention has been paid to this step. Examples
of acceptable and not acceptable dissolved capsules were presented in the protocels.

The statistical analysis carried out on these data is described in detail by Heisterkamp et
al. {1993). The dispersion in Nsq, between capsules was calculated by means of the T, test
statistic. For each laboratory the value of Ty/()-1) (f = number of capsules analysed)} was
compared to the overall measure of dispersion (Th/N) by means of a one-sided F-test, at the
5% level. For this a critical value for each laboratory was calculated as Frqy® ZTpor/N. The first
five times of examinations carried out for the stability tests at -20 °C were used for the
calculation of Th./N. This value is the sum of the T, values for each examination divided by the
total number of capsules examined minus the number of examinations.

An overall comparison between the mean Ng, found by the laboratories was made by
means of analysis of deviance. Grubbs' test was applied to detect laboratories with outlying
averages.

The difference between the fraction of capsules not containing Salmonelia as found for the
enumeration test and by the presence/absence procedure was tested using Fishar's exact test.

RESULTS
Preparation of the material, homegeneity and stability

After mixing of the highly contaminated milk powder with the sterile mitk powder 60 gelatin
capsules were filled. Fifty of these capsules were examined to determine the number of cfp of
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Salm. typhimurium in one capsule (Ns) and the homogeneity of the batch. The Nsg, found
was 5.04 and the measure of dispersion (T2/(-1)) was 1.25. The value for homogeneity was
according to the criterion set (T:/(1) < 2) and indicated that the counts did not differ
significantly from a Poisson distribution {0 < .05). Therefore, it was concluded that the
prepared batch was suitable for use in the certification study. The results (up to June 1995} of
the stability test at storage temperature (-20 °C) of the batch is presented in Figure 1.
Statistical analyses of the results did not indicate a decrease in Ns .

10

mean Ng .,
o
1
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storage time (weeks}

Figure 1.  Stability of the mean number of colony forming particles of Salmonelia typhimurium
in one capsule (Ns ) in relation to storage time at -20 °C.

The results of the first five stability test are presented in Table 1. The T, values of these tests
were used to determine the overall measure of dispersion {Tpen/N). The Tyor/N was found to be
1.28 which is significantly different from the xz-distribution. It was, therefore, concluded that
overdispersion existed. This overdispersion was taken into account when comparing the
laboratory means.

Figure 2 presents the mean N, obtained at the higher storage temperatures (-20 °C,
22 °C, 30 °C and 37 °C). At -20 °C and 37 °C the results did not meet the linear assumption,
s0 ho regression coefficient could be determined. At 22 °C no significant decrease was
observed, at 30 °C a significant decrease of three % per d was observed.
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Table 1.  Mean number of Salmonelfa fyphimurium colony forming particles in one capsule
(N5 o), number of capsules analysed, T, value and measure of dispersion (T/(1))
found for enumerations of the stability test at storage temperature.

Stability Meanh Ns.qp Number of cap- T. TA(F1)
test no. sules examined (1)
1 5.84 49 68.0 1.42
2 4.13 48 49.3 1.05
3 5.74 46 60.9 1.34
4 6.13 48 704 1.50
5 6.02 50 53.3 1.09

* significantly different from x*-distribution with (~1) degrees of freedom (one-sided) at 95% confidence level.

mean Ng .,

L
0 7 14 21 28

storage time (days)

Figure 2. Stability of mean Mo, stored at various temperatures during four weeks.
o, -20 °C; V, 22 °C; 0, 30 °C; 0, 37 °C.
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Certification procedure

Presence/absence procedure:

The technical data of the laboratories were discussed to eliminate incorrect or doubtful
results before the data were made available to the participants. Based on technical grounds
the results of two laboratories were not used for certification as a result of errors made with the
blank control capsules. Table 2 summarizes, for the remaining nine laboratories, the selective
enrichment broth data (type of broth, pH, inoculation and incubation conditions) and the type of
isolation medium used. All capsules showing typical colonies on the isolation agar were
subjected to a confirmation for Sa/fmonelfa. At least two colonies per capsule were used for this
confirmation. Al colonies (> 1000 colonies) tested by the laboratories gave a positive
Salmonelia identification. Four laboratories used biochemical and serological tests, three used
only serological tests and two laboratories used only biochemical tests.

Table 2. Summary of the selective enrichment broths, pH, inoculation, incubation conditions
and isotation media used for the presence/absence procedure.

Selective enrichment data
Lab | Broth® | Manufacturer pH | Inoculation | Inc. Total Isolation
ratio” temp. | incubation | medium®
(°C)* | time
1 RV Oxoid, CM 669 52| 0110 42 47h 40min | BGA
2 MK Individual 53 | 0.1/10 42,5 47h 00min | BGA
ingredients
3 RVS Oxoid, CM 866 5.0 | 1.01100 415 48h 15min | Rambach
4 RV Oxoid, CM 669 53| 1/99 42 47h 43min | BGA +
XLD
5 RV Oxoid, CM 669 52| 0110 42 24h 00min | BGA
6 RV Oxoid, CM 669 52 | 0.110 42.5 48h 30min | BPLSA
7 RV Oxoid, CM 669 52| ¢.1/10 43 48h 15min | BGA
8 RV individual 5.6 | 0.1/10 37 45h 45min | BGA
ingredients
9 RV individual 55| 0.1/10 42 47h 15min | BGA
ingredients

a RV, Rappapont Vassiliadis magnesium chloride malachite green broth; RVS, RV prepared with soya
peptone; MK, Muller Kauffmann broth.

inoculation ratic = volume {ml) of BPw used for inoculation/volume {ml) of selective enrichment broth,
inc, temp. = incubation temperature.,

BGA, Brilliant Green Agar; XLD, Xylose Lysine Desoxycholate agar; BPLSA, Brilliant green Phenol red
Lactose Sucrose Agar.

Qoo
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Table 3 presents the number of positive and negative capsules found by the remaining
individual laboratories. The number of negatives found per laboratory (excluding the blank
control capsules) varied between zero and three. No significant difference was found between
laboratories for the fraction of negative capsules.

Table 3. Number of capsules found positive and negative for Salmonefla in the
presence/absence procedure (excluding blank control capsules).

Lab Capsules Capsules
found negative  found positive

1 1 45

2 2 44

3 1 45

4 o 46

5 2 44

6 1 45

7 3 43

8 1 45

9 g 46
total 11 403

The cetified values for the fraction of capsules not containing Saimonella was calculated
including its confidence limits on the basis of the nine sets of results. These values are
presented in Table 4.

Enumeration procedure:

The technical data of the laboratories were discussed to eliminate incorrect or doubtful
results before the data were made available to the participants. None of the laboratories found
any Salmonelia testing the blank contrals for each round. Seven laboratories, which used a
biochemical confirmation or a biochemical and a serological confirmation, confirmed all
colonies tested (n = 238) as Salmonefla. Four laboratories, which used only serological
confirmation, confirmed 86 % of the colonies tested (n = 83} as Salmonefla. The remaining
14 % were all confirmed as Salmonelfa by means of an additional bicchemical confirmation.
Three laboratories reported that for in total of seven capsules the exact Nsg, could not be
determined due to spreading of colonies in the dishes. Since these capsules contained
Salmonelia the results were used as a positive count capsule for the determination of the
fraction of capsules not containing Saimonelfia.
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Based on technical grounds the results of one laboratory were not used for certification as
a result of an error of the incubation period. The mean Ns, of the remaining laboratories are
presented in Table 5. A significant difference between laboratory means was found, although
the Grubbs' test could not identify outlying laberatories.

Table 4.  Certificate of analysis of Salmonella typhimurium CBM 507.

CRM 507,
nurnber fraction of negative capsuies and number of cfp of
Salmonelia typhimurium in artificially contaminated milk powder

quantity certified confidence sets of
(test procedure) value limit(s) accepted
results
fraction of capsules in which no 27 % 4.4 %" g

Saimonella could be detected
{presence/absence procedure)

number of Salmonefla colony 5.9 53-6.4° 10
forming particles in one capsule {Nscp)
{enumeration procedure)

fraction of capsules in which no 0.61% 1.6 %° 10°
Saimonelia could be detected
{enumeration procedure)

one-sided 95% confidence upper limit.
hased on the results of 414 capsules.
two-sided 95% confidence interval.
based on the results of 485 capsules.
based on the results of 492 capsules.

OO0 T

Table 5 also presents the vaiues for the measure of dispersion found per laboratory.
Based on the value of the overall measure of dispersion a critical value for T»/(-1) was
calculated per laboratory. None of the laboratories found a value higher than the critical value.
Figure 3 presents the frequency distribution of the capsules examined by the 10 laboratories
{in total 485 capsules).

Based on the results of the 10 laboratories the certified values for the mean Mg o, and for
the fraction of capsules not containing Salmonelia were calculated including its confidence
limit(s). The certified values are presented in Table 4.
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Table 5. Mean N5 per round, To/{(i-1) level found and critical value for each laboratory for
the enumeration procedure.

Mean Ns Tal(+1)
Lab First Second Combined | Actual Critical
round round
1 7.32 7.36 7.34 1.560 1.796
2 6.21 6.16 6.19 1613 1.811
3 4.33 4.81 457 0.941 1.838
4 5.62 5.68 5.60 1.050 1.796
5 6.04 6.96 6.54 1.031 1.796
6 5.18 4.75 4.94 1.639 1.796
7 7.81 6.12 6.66 0.868 1.796
8 6.58 4.88 576 1.783 1.796
9 5.68 5.44 5.56 1.066 1.796
10 6.19 4.96 552 1.342 1.816
DISCUSSION

Certification rasults

Analysis of the results of the stability test at storage temperature confirmed the stability of
the material for almost four years. As long as this batch of certified RM (CRM) is available for
use tha monitering of its stability will continue. The stability data at higher storage temperatures
indicate that normal (airymail without cocling of the RM is possible, if the transport time is
limited to one week.

The values of T»/{}-1) found for the homogeneity of the batch are slightly higher than the
theoretical optimum of 1. Recently a new procedure for (pre)mixing the highly contaminated
milk powder with sterile milk powder using a mortar and pestle was introduced. Preliminary
results obtained using this procedure indicate that the homogenseity of the mixed powder can
still be improved.

The presence/absence procedure demonstrated that results obtained examining the batch
of AM in various laboratories did not differ significantly from each other. As can be seen from
Table 2 not all laboratories used the same selective enrichment broth nor the same isolation
media and also the incubation conditions varied to some extent. So the variations in the
experimental conditions within the ISO 6579 standard resulted in similar results.

The enumeration procedure, which was especially designed for this purpose, proved in the
certification study that reproducible results can be obtained in various laboratories. The RM has
a very low Ns . and the distribution of the cfp over the capsules is homogeneous. Although the
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enumeration procedure will not often be used it was included in the certification study to
demonstrate the reproducibility of the RM's homogeneity and level of contamination. As can be
seen from Figure 3 there is a considerable variation in the number of cfp between capsules,
which represents the normal (random) variation at such a low level of contamination. Some of
the capsules did not contain any Saimonella. This is of special importance as these capsules
can not be found positive using a presence/absence procedure.

number of capsules
3% ] [ ] E (448 (=23 | w w
o o [=] [3 o (=] [=) o

—_
o

o

0 1 2 3 4 5 6 7 8 910111213 14 15 16 17 18
N
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Figure 3: Frequency distribution of the enumeration of the RM, based on the examinations of
10 laboratories.

A significant difference between laboratories was found. However, none of the laboratories
could be identified as an outlier.

The difference between the fraction of capsules not containing Saimonelia as found by the
anumeration tests (0.61 %) and by the presence/absence test (2.7 %) was not significant. Both
values are certified according to the measurement procedure used. For a microbiological CRM
method dependent certification is used as differences in procedures are likely to recover
different parts of the bacterial population present in the CRM. For other CRM methods
independent certification can be used, for example, when there exists a standard or SI unit to
which the certified property can be related. In this way all the measurement procedures that
are applied to this CRM have to lead to the same value.
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Use of the CRM

The certified values presented in Table 4 cannot directly be used in practice, The certified
values are based on the examination of a large number of capsules (more than 400 capsules),
in practice a laboratory will examine only a small number of capsutes. Depending on the
number of capsules examined a certain number of capsules should be found positive for
Salmonella. This is calculated by means of the binomial distribution (Wardlaw, 1985). Table 6
presents the relation between the number of capsules examined and the expected (probability
> 0.95) minimum number of capsules that should be found positive depending on the certified
fraction of capsules not containing Salmonella.

Table 6. Expected minimum number of Salmonelfia isclations (95% probability) based on the
number of capsules analysed and in relation to the measurement procedure.

Number of Fraction of negative
capsules capsules
examined 0.61 %" 27 %"
5 5 4
6 6 5
7 7 6
8 8 7
9 8 8
10 9 9
11 10 10
12 11 11
13 12 12
14 13 12
15 14 13
16 15 14
i7 16 15
18 17 16
19 18 17
20 19 18

a certified fraction of capsules in which no Salmonefla could be detected according to the
enumeration procedure.

b cerified fraction of capsules in which no Salmoneila could be detected according to the presence/
absence procedure.
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The more capsules that are examined simultaneously, the better the performance of the
procedure can be judged. For example examining five capsules by the presence/absence
procedure and finding four Salmonelia isolations (which is an acceptable resulf) does not mean
that when examining 10 capsules eight Salmonefla isolations are acceptable {in this case at
least nine Salmonelia isclations are expected).

The performance of the presence/absence procedure for Saimonella as used for the
cerification study does not include the selectivity of the procedure (ability to isolate Salmonelfa
in the presence of competitive micro-organisms). To test the influence of a certain
(food)product (matrix effect) an RM is added to the homogenized food sample (In ’t Veld ef al,,
1992). The number of Salmonelia isolations obtained will in most cases be lower than is
expected without the addition of the food sample.

To compare the performance of various selective enrichment broths, it is advisable to
inoculate the selective enrichment broths from the same Buffered Peptone water culture. If one
of the selective broths obiains a positive Salmonella isolation (meaning that the capsule
examined was contaminated) all procedures should obtain a positive Salmonelia isolation. The
overall performance (number of capsules found positive with at least one selective enrichment
broth) should conform to the expected number of Salmonelia isolations.

In the newsletter no. 4 of SM&T (Anon., 1994b) it is stated that a CRM is used to verify
that a given method, as applied under given circumstances in a given laboratory, provides
satisfactory results. In this case the given circumstances is the standardized method used to
certify the material. A CRM is not used routinely for statistical contro! of methods as they are
too expensive for that pumpose. Instead of a CRM, intemal quality control samples should be
used or the non-certified RM obtained from outside the laboratory. These samples are used for
routine quality control to demonstrate the quality of analysis from day to day. In this way no
comparisons with other laboratories are made. A CRM is used incidentally to demonstrate that
the performance is on the right level by comparing the laboratories’ results to the certified value
and, therefore, to other laboratories.
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The certification of a reference material
for the evaluation of methods

for the enumeration of Bacillus cereus

ABSTRACT

A reference material containing Bacillus cereus was certified by the Community
Bureau of Reference (BCR) for its number of colony forming particles (cfp) in 0.1
ml reconstituted capsule solution. To this end, a batch of ca 15,000 capsules was
produced and tested for its homogeneity and stability. The variation in the
number of cfp between capsules (homogensity) was found to be not significantly
different from a Poisson distribution. Stability was tested for extended periods at
storage temperature {-20 °C) and at various higher temperatures up to 37 °C for
four weeks to simulate transport conditions. Only at 37 °C did a small but
significant decrease in the number of cfp occur. At -20 °C, no decrease in the
number of cfp was observed over a period of ca four years. For certification, 12
iaboratories determined the number of cfp on two agars Mannitol Egg-Yolk
Polymyxin agar (MEYP, incubated at 30 °C} and on Polymyxin pyruvate Egg-yolk
Bromothymol blue Agar (PEMBA, incubated at 37 °C). The cettified geometric
mean value on MEYP after 24 h of incubation was 53.4 cfp per 0.1 ml of the
reconstituted capsule solution (95 % confidence interval 51.7 - 55.2) and on
PEMBA 55.0 (95 % confidence interval 52.8 - 57.4). Based on these certified
values user tables were constructed specifying the 95 % confidence limits when
testing smaller number of capsules, as would be done in individual laboratories.
Based on the infoermation on homogeneity, stability and the certification study,
the BCR decided to certify the material as CRM 528,

P.H. in 't Veld, A.H. Havelaar and N.G.W.M. van Strijp-Lockefesr.
Accepted for publication in the Journal of Applied Microbiology.
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INTRODUCTION

Bacillus cereus is a spore forming organism fraquently found in various types of food.
Normally B. cereus is present in low levels but when high levels are present it is capable of
producing two types of toxins (entero and emetic toxins) that can cause food poisoning.
Several enterctoxins are known at present (Agata et al, 1995; Beecher and Wong, 1994;
Granum et al., 1996} and one type of emetic foxin, called cereulide {Agata ef al, 1994). The
best-characterised enterotoxin is the HBL-complex, a toxin consisting of three units (B, Ly and
Lz) that are all needed for activity. Enterotoxins are mostly produced in protein rich foods such
as meat, emetic toxins in starch rich foods such as rice and pasta (Granum, 1897). To be able
to produce toxins at a level that can cause food poisoning, B. cereus has to be present at high
levels (> 10° cells per gram). In The Netherlands ca 19 % of all foodborne cases of disease
with known aetiology are caused by B. cereus (Notermans and van de Giessen, 1983).
Recently, the formation of enterotoxin by psychrotrophic strains of B. careus in mikk became a
focus of interest (Christiansson et af., 1989; van Netten ef al., 1990).

For the enumeration of B. cereus in foods several selective media are available: MEYP
agar as described in 1SO 7932 (Anon., 1983), PEMBA agar (Holbrook and Anderson, 1980) or
KG agar (Kim and Goepfert, 1971), All three media contain egg yolk in arder ta exhibit the
lecithinase reaction as a characteristic feature of B. cereus.

To be able to rely on results obtained in different laboratories quality assurance principles
have 1o be applied by the laboratories. Reference Materials (RMs) and Certified RMs (CRMs)
are useful tools in this respect. To be able to produce an (C)BRM the number of organisms
present must be distributed homogeneously over the samples and must remain stable over a
long period of time. Spores were used for the production of the CRM containing B. cereus as
they easily survive adverse environmental conditions such as heat, pH, low water activity etc.
The production process for this CRM is comparable to other CRMs developed by the National
Institute of Public Health and the Environment, such as Saimoneffa (In 't Veld and Notermans,
1992) or Listeria monocytogenes {In 't Veld et al, 1995). The difference between an RM and
CRM is the degree of accuracy of the (certified)} values stating the number of organisms
presant in the material. In the 1SO guide 35 (Anon., 1989) a CRM is defined as an RM that
has been certified for its properties by means of a technically valid procedure and should be
accompanied by a certificate issued by a certifying body. The certifying body in this respect
is the Community Bureau of Reference (BCR) of the European Union.

MATERIALS AND METHODS
Preparation of the material

Bacillus ceraus (ATCC 9139) was streaked for purity on sheep biood agar {SBA) and
incubated for 24 h at (37 + 1) °C. After incubation a single colony was suspended in 10 ml
peptone saline solution (PS) by mixing on a vortex mixer. This suspension was used to
incculate 10 plates (0.3 ml per plate} containing the Polymyxin pyruvate Egg yolk Mannitol
Bromothymaol biue Agar (PEMBA} of Holbrock and Anderson (1980) prepared from original
ingredients. The PEMBA plates were used for rapid sporulation of B. cereus and were
incubated at (37 + 1) °C. After 24 h incubation five ml PS was added to each plate and the
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cells suspended with the use of a sterile glass spreader. The suspension from each plate

was pipetted into a single tube and heated for 10 minutes in a waterbath at (80 + 0.5) °C to

inactivate vegetative celis.

The heated suspension was added to three litres of sterilised milk {evaporated to a dry
mass concentration of 240 g.l", dry fat mass concentration 40 g.I"), which was then spray
dried using a Niro mobii minor spray dryer operated at an inlet temperature of ca 190 °C and
an outlet temperature of ca 70 °C. The highly contaminated milk powder (HCMP) thus
obtained was sealed in a polyethylene bag (0.2 mm thick} and stored at 5 °C until required.

To obtain the desired number of colony forming particles {¢fp) in 0.1 ml of the
reconstituted capsule solution, one g of the HOCMP was mixed with a total of seven kg of
sterile skim milk powder. The milk powder used for mixing was a commercially available
skim milk powder sterilised by gamma irradiation with a dose of 10 kGy. The mixing of the
HCMP with the skim milk powder was done in 13 steps. For each step equal amounts of
contaminated milk powder were mixed with sterile milk powder, except for the last step in
which ca four kg contaminated milk powder was mixed with ca three kg of sterile milk
powder. The first sight steps were done using a mortar and pestie. Each of these steps
consisted of mixing the powder for 15 - 20 seconds using the pestle, followed by remodelling
of the powder using a paper card, this procedure was repeated three times. The remaining
five steps were done in a 17 litre stainless steel drum with a Turbula type T 10 b mixing
apparatus for one hour for each step.

The mixed powder was filled into gelatin capsules with an aluminium filling apparatus in
a laminar air flow cabinet using 19 g powder for 60 capsules (0.317 g for each capsule}.
Before filling, the empty capsules were sterilised by gamma irradiation with a dose of 10
kGy. The first stage was to fill two sets of 60 capsules with powder obtained from different
places in the mixed powder, in order to determine the level of contamination and
homogeneity of the powder. Ten capsules from gach of these two sets of 60 capsules were
analysed in duplicate on MEYP and SBA. Before use the capsules were reconstituted as
follows:

a: filling of test tubes {diameter 26 mm) with 10 + 0.2 ml of peptone saline solution.

b: pre-warming of the tubes in a waterbath maintained at (38.5 + 0.5) °C for 30 minutes.

c. addition of the capsules to the test tubes and mixing on a Vortex mixer for a few
seconds 10, 20 and 30 minutes after the addition of the capsule, leaving the tubes
outside the waterbath for as short a time as possible.

d: after the last mixing transferring the tubes from the waterbath to iced water.

e: using the dissolved capsule solution within 2 hours.

The plates were incubated at 30 °C for 24 hours,

After a first check whether or not the results met the criteria set, the entire batch of
mixed powder was filled into gelatin capsules. Two capsules were taken from each filling of
60 capsules and were used to determine the variation in mass of the capsules (including the
capsule itself). The variation in mass of the empty capsules is negligible in comparison to the
filed capsules. From these capsules a further 20 capsules were selected at random to
determine the level of contaminaticn of the final batch on MEYP and SBA as described
above.
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Homogeneity studies

The variation in number of cfp between replicates from one reconstituted capsule (T4}
and between replicates from different reconstituted capsules of a single batch (T} were
tested separately {(Heisterkamp et al, 1993). The formulas for the T, and T, test were
published earlier by In 't Veld et al. (1393). In the case of a Poisson distribution T, and T,
follow a x’-distribution with respectively {{ ¢ {+1)} and (-1} degrees of freedom {/ is the
number of capsules, J is the number of replicates). In this case, the expected values of T,
and T. are the same as the number of degrees of freedom. Hence, T,/(/ ¢ (J-1)} and T2/(/-1)
are expected to be equal to ona, For the variation between replicates of different capsules of
a single batch, the Poisson distribution is theoretically the smallest possible variation which
could be achieved. However, overdispersion between capsules is expected and T/ (/1) will
usually be larger than one (Heisterkamp et al, 1993). The homogeneity of the batch was
determined based on the results of the stability test at higher temperatures. Only the results
from the capsules stored at -20 °C were used. The five T, values for each medium at
different points in time were summed to obtain the overall dispersion test statistic (Thom) for
SBA, MEYP and PEMBA. The number of degrees of freedom of Tom, called N, is the sum of
the number of capsules examined minus the number of homogeneity tests carried out
{so N =25 - 5). The value of T,/ is expected to be equal to one.

Stability studies

Two types of stability tests were done, a long term stability test at storage temperature
(-20 °C) and a short term stability test at higher temperatures simulating transport conditions.
For testing the stability of the materials stored at -20 °C, ten capsules were examined in
duplicate at regutar time intervals on MEYP and SBA. The stability of the material stored at
higher temperatures was determined at four different temperatures. The temperatures tested
were -20 °C (reference), 22 °C, 30 °C and 37 °C. Once a week, over a period of four weeks,
five capsules from each storage temperature were examined in duplicate on MEYP and
SBA. Analyses on PEMBA were also made in parallel to the stability test at higher
temperatures but only for the capsules stored at -20 °C. The results were used to determine
the overall measure of dispersion for PEMBA (see above under homogeneity studies). The
counts obtained for each storage temperature were log,, transformed and analysed using
linear regression.

Certification study

For the study twelve laboratories were selected, all experienced with the enumeration of
B. cereus and with the reconstitution procedure for the RMs. Each participating laboratory
received, by courier service, a parcel containing two series of eight numbered capsules
each. The capsules were stored at -20 °C upon receipt. The study was carried out according
to the fixed time schedule laid down in the analytical protocol. After reconstitution of each
capsule the number of cfp of B. cereus in 0.1 ml capsule solution was determined for each
capsule in duplicate on two agars (MEYP and PEMBA) and a third optional agar (Sheep
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Blood Agar, SBA). The method for inoculation and incubation of the plates was described in
a Standard Operating Procedure. The procedure for incubation and confirmation of
B. cereus using MEYP was based on ISO 7932 (Ancn., 1993} and that for PEMBA on
method no L 00.00 - 25 (Anon., 1992) of the German Federal Food Law with confirmation
according to 15O 7932, Laboratories incubated SBA according to their own procedures.

The MEYP plates were incubated for 48 h at 30 °C and the number of colonies counted
after 24 h and 48 h. The PEMBA plates were incubated for 48 h at 37 °C and counted after
24 and 48 h. The plates were relabelled with randem numbers before the first count, after 24
h incubation, was made. The colonies were marked on the base of the plates and after 48 h
incubation only the additional colonies were counted and .reported (the same random
numbers were used for counting after both 24 and 48 h incubation). Each laboratory
selected at random a number of colonies from each medium for confirmation. Confirmation
tests were done as described in the ISO 7932,

The results of the analyses were reported on a test reporting form. Each laboratory was
free to analyse the capsules in one or two series as long as the time for inoculation of all
dishes in a series was not longer than 2 h. Each series of capsules contained one (blind}
control sample consisting of a gelatin capsule filled with sterile milk powder.

The relationship between reconstitution time and the number of cfp per 0.1 mi sampie
on MEYP and PEMBA was tested in addition to the certification study by the organising
laboratory. For this purpose 10 capsules were examined in two series of five capsules on
separate days using separate batches of media. For each capsule, pottions of one ml were
taken after 30, 40, 50, 60, 75 and 90 minutes of reconstitution. The portions were directly put
in iced water before inoculation of the plates. The incubation conditions were identical to
those used for the certification study. The plates were counted after 24 h incubation.

Statistical analysis

The results from the blank capsules were excluded from the statistical analysis. The
statistical analysis performed on the data is described in detail in a separate report
{Heisterkamp et ai., 1993). A summary of the analysis carried out is presented below:

First the variation between the duplicate counts was calculated per laboratory, per
medium and per incubation period by means of the Ty test. It was expected that replicate
counts would follow a Poisscn distribution, in which case the T, test statistic would follow a
y*-distribution with { (= the number of capsules examined} degrees of freedom (o = 0.05}. If
the T, result of a taboratory was significantly different from a x -distribution, the T; results of
duplicates per capsule were further considered. Problems related to single capsules were
concluded if the T, value per capsule was significantly different from a x-distribution with
one degree of freedom and at ¢ = 0.05 divided by /, where [ is the total number of capsules
examined for cne medium {maximum 14} (Bonferroni's rule).

The variation between capsules was calculated per faboratory, per medium and per
incubation pericd by means of the Txtest. The T, value was divided by (1) (number of
degrees of freedom for the T, test). For each laboratory the value of Tx/(}-1} was compared
to the overall measure of dispersion (Tron/N) for that medium. For each laboratory the value
of Tx/(F1) was compared to the Ty.w/N for that medium by means of a one sided F-test
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{Heisterkamp et al., 1993) with /-1 and N = 20 degrees of freedom, with a probability of
95 %. The critical thrashold was calculated as Fi.in @ ZTh/N for each faboratory separately
depending on the number of capsules examined.

The laboratory means were compared for MEYP and PEMBA separately and per
incubation period by using an analysis of variance {Snedecor and Cochran, 1967) on the
logyg transformed results. The Grubbs’ test (Anon., 1988) was applied to indicate outliers. For
SBA no analysis of variance was carried out due teo the limited numbet of laboratories using
this medium.

From the analysis of variance the variance components were calculated per medium
and per incubation pericd. These variance components were used to calculate the certified
values and 95 % confidence limits for MEYP and PEMBA. The 95 % confidence limits for
SBA were calculated as x 2 times the standard deviation (based on logy, transformed
counts). The mean values and confidence limits were back transformed to the original scale.

Technical discussion of analytical procedures

Before the results of the statistical analysis were presented to the participants a
discussion on technical details of the analytical procedure {as laid down in the analytical
protocol) was held. This discussion was used to determine whether deviations from the
analytical protocol would influence the counts reported. If an influence was expected or could
not be excluded the count(s) were not used in the final analysis of the data and thus in the
calculation of the certified valua(s).

RESULTS
Preparation of the material, homogeneity and stability

The highly contaminated milk powder (HCMP) contained ca 10" cfp.g” powder. After
mixing, the level of contamination and homogeneity was checked against predefined criteria
{sea Table 1}, The results of the first check indicated that all requirements were met, so the
entire batch of mixed milk powder was filled into capsules. In total 15,600 capsules were
produced. After the entire batch was filled into capsules a check was made to test the
variation in weight of the filled capsutes. The criterion for the variation in mass was: the
standard deviation in mass divided by the average mass of a filled capsule should be less
than 0.03. Two sets of respectively 210 and 310 capsules were weighed. The variation in
mass was 0.017 and 0.015, respectively. From these capsules a further 20 capsules were
selected at random to determine the level of the final batch on MEYP and SBA as described
above. The results of this analysis are also presented in Table 1 together with the criteria for
acceptance of the final batch.

Homogeneity studies

The T, values needed to determine Tpn.n/N were calculated for SBA, MEYP and PEMBA
separately. All T, values, except three out of 15, were not significantly different {rom the
x*-distribution. This means that the variation between analytical portions of one reconstituted

capsule was according to a Poisson distribution.
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Two out of 15 Ty/(/-1) values were above the limit of 2. The factor T,/ N was found to
be 0.71 on MEYP, 1.14 on PEMBA and 1.27 on SBA. The mean dispersion values for each
medium were smaller than two and none were significantly different from the x-distribution.
It was, therefore, concluded that the variation between samples of different capsules was
according to a Poisson distribution.

Table 1.  Results and criteria of testing the batch of milk powder directly after mixing (first
check) and after filling of all capsules.

Medium Arithmetic T THE1)
mean count®
MEYP first check:
set 1 57.0 8.78° 0.97
set 2 59.3 16.0° 2.19
both 58.1 24.8° 1.56
SBA first check:
set 1 60.3 6.14° 0.83
set 2 60.5 13.5° 0.56
both 60.4 19.7¢ 0.66
MEYP all capsules 51.6 15.0° 1.24
SBA all capsules 52.5 13.5° 0.77

criterion for number of cfp: between 40 and 70 cfp per 0.1 ml reconstituted capsule.
criterion for T,: not significantly different from %* {limits footnotes ¢ and d).

95 % confidence interval: 3.25 - 20.5.

95 % confidence interval: 9.59 - 34.2.

criterion To/(F1): < 2.

o2 oW

Stability studies

The results of the analyses from the start in January 1994 up to November 1997 on
MEYP are presented in Figure 1. The results for SBA (t-value = 0.50} did not indicate a
significant (o = 0.05) change in number of cfp over the period tested when using linear
regression. However, on MEYP (t-value 2.52) a small but significant (p = 0.012) increase in
the number of cfp was found. The rate of increase observed was 0.00015 logys units per
week, corresponding to an average increase of one cfp per year.

Figure 2 presents the results of the stability test at higher temperatures using MEYP.
Only at 37 °C a significant decrease of the mean number of cfp of 0.34 % per day was
observed. Based on these results it is concluded that shipment of the materials at ambient
temperature will have no effect on number of cfp.
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Figure 1. Resuits of stability tests at storage temperature {-20 *C) on MEYP over a period
of 200 weeks.
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Figure 2. Results of stability tests at various temperatures (- 20 °C +, 22 °C A, 30 °C O,
37 °C 0O) over a period of four weeks.
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Relationship reconstitution time and number of cfp

The results of the tests to determine the relationship between reconstitution time and the
number of cfp per 0.1 ml sample are presented in Figure 3. The results are averaged for the
two sets of five capsules each.
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Figure 3. Relation between reconstitution time at 38 °C and the arithmetic mean of the
number of cfp per 0.1 ml sample on MEYP {+) and PEMBA (<).

Certificaticn study

Technical discussion

Before use, the capsules needed to be reconstituted according to the protocol. The
period for reconstitution specified in the protocol was 30 minutes. The laboratories used
between 30 and 40 minutes for reconstitution, except for one laboratory that used ca 67
minutes. The results from the latter laboratory were not used for certification because the
period was too long and muitiplication of the spores could not be excluded (see Figure 3). No
other deviations from the protocol were identified that (could have) influenced the results.

The results reported for the two blank capsules did not show any false positive counts.
Confirmation tests on selected colonies according to the ISO 7932 standard showed that all
cclonies tested were B. cereus. Laboratories tested a total of 120 colonies from both MEYP
and PEMBA and 40 colonies from SBA.
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Statistical analysis

The results of the T, tests, T tests and the geometric means are presented in Table 2
for MEYP and PEMBA agar and in Table 3 for SBA. Results are based on the examination of
14 capsules per laboratory.

Table 2. Results per laboratory on MEYP and PEMBA counted after 24 h incubation.

Labcode MEYP PEMBA
Ty TH(F1) | Geometric T, T{F1} | Geometric

mean mean

1 5.37 1.83° 57.5 6.50 1.69 62.2
2 22,1 1.73° 53.9 1.4 1.14 55.8
3 7.20 1.09 50.9 14.0° 2.1¢¢ 52.4°
4 8.57 0.52 55.2 11.0 2,23 55.6
5 14.7 1.40 50.5 17.7 1.48 54.9
6 25.0° 1.09 53.8 15.0 0.37 53.1
7 10.3 278" 53.9 4.98 1.94 54.3
8 12.3 0.60 49.2 6.53 0.83 50.0
9 21.7 1.01 55.1 11.6 1.67 57.6
10 31.8° 1.59 56.5 13.8 1.99 58.8
11 18.3 1.98" 51.5 21.8 3.11° 51.8

significantly different from x*-distribution (critical value 23.7 at /= 14 and o = 0.05).
significantly different from Tyon/V (critical value Ther/NeF .4 = 1.59 at /= 14 and o = 0.05).
significantly different from T/ N (critical value Ton/NeF .y = 2,57 at /= 14 and o = 0.05).
results based on the examination of 13 capsules.

ao o

Table 3. Results of the laboratories using SBA.

Labcode Ts TA(F1) Thom/N » Fgyn Geometric
mean
1 12.8 0.78 2.85 51.5
4 8.29 0.97 2.85 48.4
11 13.0 1.05 2.85 52.8
12 19.7 2.52 2.85 47.7
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The results presented are obtained after 24 h incubation, results obtained after 48 h
incubation were similar (results not presented).

For various laboratories it was shown that the T, values were significantly different from
the y’-distribution. For laboratory 3 it was shown that the result of the T, value of one
capsule on PEMBA was a problem, the results of this capsule were excluded for certification
due to problems with pipetting the capsule solution (formation of foam in the tube}). For the
other laboratories with a significant T, value no capsule could ke identified as causing
problems. For these faboratories the results were therefore considered as unexplained
deviations and therefore retained for analysis.

The results of To/(F1) on MEYP and PEMBA are presented in Figure 4. For MEYP three
taboratories found a higher value for T /(1) than the critical threshold, these results were
related to the exceptionally low value for Ty,/N for this medium. For PEMBA one laboratory
found a higher value for Ty/(f1) than the critical threshold, this result might be explained by
random variation of Tx/(/-1}.
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Figure 4, Relation between dispersion test statistic (To/(f1)) and arithmetic mean number of
cfp per 0.1 ml sample found on MEYP (A) and PEMBA (s) after 24 h incubation.

Significant differences between laboratory means existed for MEYP and PEMBA after both
24 and 48 h incubation. However, no outlier was indicated in the group of laboratories. Thus it
was concluded that the results were obtained from a sufficiently homogeneous group of
laboratories.

The certified values are presented in Table 4. The indicative values on SBA resulted in a
geometric mean number of cfp of 50.1 after 24 h incubation (95 % confidence interval 48.4 -
51.7} based on the examination of 56 capsules in four laboratories.
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Table 4. Certified values of CRM 528 on MEYP and PEMBA after 24 and 48 h incubation.

Procedure Certified value® | 95 % Confidence limits | Sets of
lower limit upper limit accepted

resuits

MEYP (ISO 7932) 53.4 51.7 55.2 11°
after 24 h incubation

MEYP (ISO 7932) 53.7 52.1 55.4 11®
after 48 h incubation

PEMBA (L 00.00 - 25)° 55.0 52.8 57.4 11°
after 24 h incubation

PEMBA (L 00.00 - 25)° 55.8 53.6 58.0 11°
after 48 h incubation

a this value is the geometric mean of 11 accepted sels of data, independently obtained by 11
laboratories.
b  comprising the results of 154 capsules.

¢ comprising the results of 153 capsules.
d German Federal Food Law method number.
DISCUSSION

Certification results

The batch of the B. cereus RM fulfilled the requirements of a CRM to a high degree. The
homogeneity test of the material indicated no significant difference from a Poisson distribution,
irrespective of the type of medium used. However, in the certification study a number of
laboratories found a significantly higher dispersion than expected from the results of the
producing laboratory, especially on MEYP. In Table 2 it can be seen that the values for To/(*1)
are, for most laboratories, higher than the value of one for a Poisson distribution. The average
value for Tx/(I-1) on MEYP was 1.4 and on PEMBA 1.7. However, only one out of the 11
laboratories found a value for T»/(F1) significantty higher than one on MEYP and one laboratory
on PEMBA. So, the homogeneity of the material is good which can also be derived from the
narrow confidence interval of the certified values. Also, the variance compenents indicate that
the variation resulting from differences between capsules is small compared to the variation
due to replicates. The variation between laboratories is also small and comparable to the
variation between capsules. This is reflected in the small differences between the mean counts
per laboratory (see also Table 2).

Bacterial counts of the stability test at storage temperature were stable for almost four
years. The increase in the number of cfp observed on MEYP is regarded as of no or minor
importance as the increase is very small. As long as this batch of certified RM (CRM} is
available for use the monitoring of its stability will continue. The stability data at higher
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temperatures indicate that normal (air)mail without cocling of the RM is possible for shipment
to other laboratories, if the transport time is limited to one week.

The reconstitution procedure is regarded as the main critical factor to obtain reproducible
resuits. In the certification study one laboratory used 65 — 70 minutes for reconstitution of the
capsules whereas the protocol specified 30 — 40 minutes. Additional tests indicated that up to
60 min no increase in the number of cfp occurs, but after 75 min a substantial increase was
observed. Hence, the results of this laboratory were excluded from further analysis. These data
also indicate that the time limits in the protocol are not that critical and can be exceeded as
long as the total time needed for reconstitution is less than one h.

Use of the CRM

The certificate states the certified values with their 95 % confidence limits. These
certified values are obtained from a large number of examinations carried out during the
certification study. As the user of a CRM will examine only a smail number of capsules, user
tables are prepared for the interpretation of results in a single laboratory presenting the 95 %
confidence limits for different combinations of capsules and replicates per capsule that are
likely to be used in practice. These limits are presented in Figure 5.
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Figure 5. The 95 % confidence limits of the geometric mean of number of ¢fp per 0.1 mi on
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cereus CRM 528.
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The limits are calculated using the certified value and variance components per method
on the log,o scale. Back-transformation of the obtained values for the upper and lower limit
will give the limits on the normal scale. Due to the back-transformation the values cn the
original scale represent geometric mean values. The limit values are rounded to whole
counts. For the lower limit values are rounded to the lowest whole count, for the upper limit
values are rounded to the highest whole count.

In Figure 5 it becomes clear that the examination of more than a few capsules does not
lead to a substantial improvement of the confidence limits. It is therefore recommended to test
four capsules in duplicate each time the CRM is used.

From all the results presented it can be concluded that the enumeration of B. cereus on
MEYP or PEMBA using the CRM is highly reproducible or, in cther words, is very precise.
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Chapter 5

An alternative method for the preparation
of highly contaminated milk powder
for use in the production

of microbiological reference materials.

ABSTRACT

Highly contaminated milk powders (HCMP), for the preparation of microbiological
reference materials, were produced using the STREA-1 fluid bed dryer. Te
achieve this concentrated milk containing the target micro-organism, was
sprayed onto sterile milk powder held fluidised by means of air at 40 °C, a
process known as spray granulation. Firstly, the optimal drying conditions for the
homogeneity of an HCMP using Bacilfus cereus spores were determined and
evaluated. Then several other organisms (Lisferia monocytogenes, Salmonefia
enteritidis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa
and Campylobacier jejuni) were dried using this procedure and also tested for
their homogeneity and stability when stored at both -20 °C and 22 °C. C. jejuni
did not survive the drying procedure at all, no organisms could be recovered from
the milk powder the day after drying. The homogeneity of the HCMPs varied
widely. The time used for spraying the milk onto the powder was critical for
obtaining homogeneous HCMPs. At 22 °C a non linear decrease in the number
of cfp was found for most strains; this was not as good as material prepared by
silica gel drying and/or spray drying. Stability at -20 °C was satisfactory and was
comparable to freeze drying. Production of an HCMP by using the STREA is
therefore regarded as an alternative method to production of HCMP by spray

drying.
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INTRODUCTION

Microbiological reference materials are prepared from highty contaminated milk powder
(HCMP) produced by spray drying a bacterial culture in evaporated milk. The HCMP thus
obtained is stored for a pericd of time to allow stabilisation of the number of viable bacteria in
the powder. The time needed for stabilisation depends on the organism and varies widely.
A stable Bacillus cereus RM was produced directly after spray drying, while that for Listeria
monocytogenes took more than one year (see also chapter 1}. After the HCMP has been
stabilised it can be stored for many years at -20 °C and used as a stock powder for the
preparation of batches of RM. These are prepared by dilution {mixing) of the HCMP with
sterile milk powder until the desired contamination level is obtained. Batches of RM
produced over time from the same HCMP show similar or improved stability with increasing
age of the HCMP, i.e. the rate of decrease in the number of cfp in the RMs is constant or
even declines with the age of the HCMP,

The spray drying process has been proven successful for various organisms, for
example Salmonella typhimurium {see chapter 3), Bacillus cereus (see chapter 4), Listeria
monocytogenes (In 't Veld et al, 1996), Enferococcus faecium (Mooijman et al, 1994),
Enterobacter cloacae (Mogijman et al.,, 1995) and Escherichia coli (Mocijman et al., 1996).
Howsaver, some strains proved to be very difficult or impessible to stabilise by spray drying.
Among these strains are Pseudomonas aeruginosa, Aeromonas spp. and Campylobacter
Jjefuni.

The survival of bacteria during spray drying is essentially related to the outlet
temperature of the spray dryer and the type of bacteria (Chopin et a/., 1977a/b; Fu and Etzel,
1995) but the injury to bacterial cells during spray drying is not identical to the injury from
heating alone. Lievense and co-workers (1990} reported that bacterial inactivation following
fluidised bed drying of Lactobacillus plantarum was a result of two mechanisms: thermal
inactivation and inactivation due to dehydration. Thus low temperatures (< 40 °C) were
recommended for drying L. plantarum in order to reduce the effect of thermal inactivafion.
For the production of milk powder spray dryers are usually operated at outlet temperatures
ranging between 65 °C and 100 °C. Thus a temperature of ca 70 °C was used for the
preparation of our HCMP. Lowering the outlet temperature for spray drying results in a
higher water content and thus a higher water activity of the final powder (Chopin et al., 1977
b). A higher water content or storage at higher relative humidity has an adverse effect on the
survival of bacteria after drying (Thompson et al, 1978; Palumbo and Williams, 1990).
Chopin and co-workers (1978) found the greatest survival of various strains of
Staphylococcus aureus when spray dried in milk and stored at 25 °C at a water activity (a,)
of 0.1, Survival at an a,, of 0.2 was almost the same as that at a,, 0.1; at an a,, of 0.3 survival
was much reduced.

Sugars added to the heating menstruum also have an effect on the heat resistance of
organisms. Corry (1974 and 1976a) demonstrated the effect of various sugars and polyols
(at concentrations up to ca 1.5 M) on the heat resistance of Salmonella and osmophilic
yeasts. Sucrose gave the greatest increase in heat resistance for the strains tested; the
effect was related to the degree of plasmolysis of the cell and therefore to the degree of
water extraction from the cell (Corry, 1976 b). Sugars can also be accumulated or produced
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by micro-organisms themselves under conditions of osmotic stress in order to prevent
plasmolysis of the cell. Not only are sugars accumulated or produced by micro-organisms as
a reaction to osmotic stress, but also polyols, amino acids or betaines. All these compounds,
accumulated or produced by micro-organisms, are referred to as compatible solutes (organic
compounds compatible with cellular enzymatic activities and counter-balancing osmaotic
pressure) according to Brown (1976). Trehalose is considered to have a special role (Crowe
el al., 1984) as this sugar is present in some organisms (for example in the spores of certain
fungi and Saccharomyces cerevisiae) that can survive complete dehydration. Janning (1995}
tested the effect of the addition of sugar to milk containing various micro-organisms con the
resistance of the organisms towards drying onto silica gel. For all organisms tested an
improvement in survival just after drying and/or an improvement in the stability of the dried
organisms stored at 25 °C was observed. In general though sucrose gave the best results,
better than trehalose, although trehalose was used at a lower concentration due to solubility
problems.

It would be advantageous to have an alternative method to spray drying that could
produce a stock material (comparable to an HCMP produced by spray drying) for the
production of RMs without the need to use high drying temperatures and thus reduce the
amount of heat injury to the bacteria. Janning and co-workers {1994) developed a silica gel
drying system as a model for determining the susceptibility of bacteria to drying at ambient
temperature. Small gquantities (1 g) of silica-gel were inoculated with a fixed volume (0.1 ml)
of a suspension of a test strain suspended in concentrated milk. Various types of micro-
organisms were dried by this method ranging from strains which it is known can be
effectively dried by spray drying (for example, Enterococcus faecium) to strains which are
difficult to stabilise by spray drying (for exampte, Pseudomonas aeruginosa). In general this
silica-gel drying method, compared to spray drying, resulted in better survival of organisms
through the drying process itself and also in comparable rates of reduction after drying for all
the strains tested. For example, the regression coefficient of E. coli dried on silica-gel
(Janning ef af., 1994) was -0.034 log, cfp per day at 22 °C {tested over a period of ca 100
days). For the E.coli CRM produced by spray drying (Mooijman ef al, 1996) this was
-0.02 logy, cfp per day at 22 °C (tested over a pericd of 28 days). The main advantage cf the
silica-gel system is the ease of drying a number of different strains at the same time, which
is not possible with the spray drying method. Although the silica ge! drying method showed
promising results as a screening test it could not be regarded as an alternative to spray
drying as only a limited number of samples can be prepared at any one time and the
production of a stock powder is not feasible.

Freeze drying is often used for the preservation of micro-organisms (Heckley, 1985) and
has been proven as a method that can be used for a wide range of micro-organisms. Freeze
dried micro-organisms are contained in vials or ampoules under vacuum. Although freeze
drying is commonly used for the production of samples used in proficiency testing (see also
chapter 7), stability of these samples is needed for only a relatively short period of time (up
tc a few months). Litle guantitative data are available on the survival of freeze dried
organisms over time. Peterz and Steneryd (1993) tested the stability of freeze dried samples
containing a mixture of organisms over a period of ca one year. The greatest decline in
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numbers of organisms observed was ca 0.8 log, units for coliforms; only for Salmonella
{based on MPN determinations) and spores of Clostridium perfringens was no significant
decrease observed. In principle freeze dried material can be used as a stock material for the
production of an RM, however, the mixing properties of freeze dried material with milk
powder were expected to be difficult and the stability of the freeze dried strain is likely to be
changed or even disappear after removal of the vacuum from an ampoule or vial and
subsequent mixing of the material.

A third alternative method is fluid bed drying. Fluid bed drying is a technique that uses
(heated) air for both drying and to keep the product fluidised. The advantage of such a
system is the relatively low temperature used for drying. The disadvantage is that liquids
cannot be dried without the addition of a support material which then aliows it to be extruded
into a granulated product (Lievense, 1991); various types of polysaccharide are used as
support material. Little is known about which micro-organisms can be dried by this method.
Most of the research on fluid bed drying of micro-organisms is related to the drying of yeasts
(Tagymans et al, 1986; Hill, 1987a) which can be dried without the addition of a support
material. Lievense and co-workers {1990) described the fluid bed drying of Lactobacilius
plantarum using potato starch as support material.

A special form of fluid bed drying, called spray granulation or fluid bed spray drying,
involves spraying a liquid on to a support material; an agglomeration occurs and the support
material is then dried in the fluid bed both during and after the liquid is added. Spray
granulation has been used for drying lactic acid bacteria (Hill, 1987b; Roelans and
Taeymans, 1990; Zimmerman and Bauer, 1990). Various substances such as different types
of flour, lactose, skim milk powder and even sodium chloride were used as support material
(Roelans and Taeymans, 1990; Zimmerman and Bauer, 1990; Hill 1987b).

This chapter describes the spray granulation of various micro-organisms using milk
powder as support material for the production of HCMPs. The HCMPs thus prepared, using
the STREA-1 (Niro Aeromatic, Bubendorf, Switzerland}, were tested for both homogeneity
and stability.

MATERIALS AND METHODS

The experiments were divided into three parts. The aims of these parts were:

1. to determine the optimal operational conditions for drying the bacterial suspension.

2, to determine the homogensity of the powders thus obtained and the recovery of the
micre-organism both before and after dilution with sterile milk powder using an HCMP
containing B. cereus spores.

3. to prepare and test the stability of HCMPs containing different test strains.

Determination of the optimal drying conditions with the STREA

The STREA dryer used (see Figure 1) consists of a glass column containing the milk
powder. The mitk powder is held fluidised by means of heated air; the amount of air used
and the temperature are both controfled. The column contains a nozzle through which
contaminated milk is sprayed on top of the fluidised milk powder. The air leaves the column
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through four filter bags that are regular cleaned by means of blowing compressed air into the
bag (blow back dwell}. The inlet and outlet temperatures are recorded. The entire apparatus
is placed in a faminar down flow cabinet to ensure sterility of the air used for the drying
operation.

In the first part of the study the operational conditions required for drying a bacterial
culture onto milk powder were determined. The criteria for the process conditions were:
« ocutlet temperature should not exceed 40 °C.
« a, of the HCMP should be less than 0.3.

The process parameters to be determined were:

« temperature of drying {the relaticnship between inlet and outlet temperature).
s nozzle pressure and pump speed.

» pressure required for cleaning the outlet air filter bags (blow back dwell).

+ quantity of milk suspension 1o be added to the milk powder.

» degree of fluidisation of the milk powder during drying.

J

1 =fan 2 = inlet air filter 3 = heating device
4 = fluidised milk powder 5 = outlet air filter bags 6 = air outlet
7 = outlet air pipe 8 = pump 9 = nozzle

10 = milk suspension
Figure 1. STREA spray granulation apparatus.

Determination of the homogeneity and recovery of B. cereus from the HCMP

Preparation of the HCMP

For preparation of the HCMP a spore suspension of Bacillus ceretis was used. This
suspension was prepared by inoculation of B, cereus (ATCC 9139) (0.2 ml of a reconstituted
capsule from a previously prepared reference materiai} onto ten plates of Polymyxin
pyruvate Egg yolk Mannitol Bromothymol blue Agar (PEMBA) (Holbrook and Anderson,
1980), prepared from original ingredients. The PEMBA plates were used for rapid
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sporulation of B. cereus and were incubated at (37 x 1) °C. After 24 h incubation five ml
Peptone Saline solution (PS) were added to each plate and the cells suspended by means of
a sterile glass spreader. The suspension from each plate was pipetted into a sterile test tube
and heated for 10 minutes in a waterbath at (80 = 0.5) °C to inactivate vegetative cells. The
number of colony forming particles (cfp) of B. cereus per ml was determined both before and
after the heat treatment. Counts were made on Mannitol Egg Yolk Polymyxin agar (MEYP)
according to 1SO 7932 (Anon., 1993} incubated for (24 + 2) h at (30 £ 1) °C. Based on these
counts spore suspensions were made by adding the appropriate quantity of spore
suspension to 50 ml portions of sterilised milkk (Friesche Vlag Halvamel, milk evaporated to a
dry mass concentration of 240 g.I', dry fat mass concentration 40 g.I"}, to give spore levels
of ca 10°, 107 and 10° cfp per ml milk suspension. These suspensions were dried under the
process conditions previously determined and described on page 96 (Drying conditions with
the STREA). The milk powder used was y-irradiated milk product 17 (Nestlé, Amsterdam,
The Netherlands). The resulting HCMPs were named A, B and C for the low, medium and
high fevels of inoculation respectively.

Homogeneity
The homogeneity of the powder obtained by the spray granulation method was tested as

described below. Part of the HCMPs were filled into gelatin capsules (0.27 g per capsule) in
a laminar down flow cabinet. Ten capsules from each HCMP were reconstituted and after
appropriate tenfold dilutions, duplicate counts per capsule were made on MEYP agar (0.2 ml
sproad plates for HCMP A, 0.1 ml spread plates for HCMP B and C). Reconstitution was
performed as described in chapter 1 for the B. cereus RM. The resulting counts were
analysed for their dispersion between duplicate counts (T, test) and the dispersion of the
average counts between capsules (T test). The formulae for the calculation of the T, and T,
tests were presented in chapter 1.

Since the homogeneity is also influenced by mixing HCMP with sterile milk powder, the
homogeneity test was repeated after dilution of the HCMP B and C with sterile milk powder
to a mean number of ca 10* cfp per capsule. The milk powder used for mixing was the same
as that used for drying the milk suspension. Mixing the HCMP with y-irradiated skim milk
powder (smp) was done in a series of steps, resulting in a mixed milk powder (mmp) for
each step. For HCMP-B the following scheme was used:

. 10gHCMP-B + 10 gsmp =mmpg,
II. 20gmmpg: + 20gsmp =mmpg;
H. 40gmmps. + 40gsmp =mmpgs
IV. 80gmmpgs + 20gsmp =mmpgy
For HCMP-C the following scheme was used:

. 1 g HCMP-C + 1gsmp =mmpc,
I 2 g mmpe 2gsmp =mmpe.;
1. 4.9 mmpg.s 4gsmp =mmpecs
V. 8 g mmpega Bgsmp =mmpcs
V. 16 gmmpga 16 gsmp =mmpes
VI. 32gmmpcs 32gsmp =mmpcs
VIl. 64 g mmpgs 26 gsmp =mmpc.;

+ o+ o+ o+ o+ o+
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All steps were performed using a sterile mortar (volume 1.7 litre) and pestle. Each step
consisted of mixing the powder for 15 - 20 seconds using the pestle, followed by remodelling
of the powder using a paper card (sterilised by v-irradiation, dose 10 kGy). This procedure
was repeated three times for each step. All mixing steps were undertaken in a laminar down
flow cabinet. The final mixed powders (mmpg.4 and mmpg.;) were filled into gelatin capsules.
Ten capsules from sach HCMP (B and C) were reconstituted and duplicate counts per
capsule were made on MEYP agar. The counts were analysed by the T, and T, tests.

Preparation and stability testing of the first series of HCMPs

Preparation of HCMP
Using the drying conditions described for B. cereus, HCMPs were prepared with the

following strains:

1. Pseudomonas aeruginosa (strain identification ALM 32; origin unknown).

2. Salmonella enteritidis (phage type 2, rifampicin resistant, strain identification LBA
88-8993; National Salfmonelia Centre, Bilthoven, The Nethetlands).

Escherichia coli (strain identification WR 1; Mooijman et a/., 1986).

Listeria monocytogenes (strain identification Scott-A; see chapter 1).

Staphylococcus aureus (strain identification ALM 25; food poisoning isolate).
Campylobacter jejuni (PHLS strain identification FQA No. 043; raw chicken isolate).

i

1. The P. aeruginosa strain was streaked for purity onto a Tryptone Soya Agar (TSA) plate
and incubated for (24 + 2) h at 37 °C. After incubation a single colony was suspended in
each of four tubes containing 10 ml Brain Heart Infusion broth {(BHI) and incubated for
{24 = 2} h at 37 °C. From this BHI culture a suspension of the strain was made in 100 ml
evaporated sterile milk supplemented with 2 M sucrose. Sucrose was used as it has been
shown to improve stability of various organisms either dried onto silica gel (Janning, 1995} or
spray dried (Moriamez, unpublished results). The target level of inoculation of the milk
suspension was 10° cfp.g”’ HCMP. The BHI culture was first concentrated by centrifugation
for 15 minutes at 10,000 g,. The pellets from all four tubes were resuspended in the milk
containing 2 M sucrose.

2. The 8. enteritidis strain was cultured as described for P. aeruginosa except that the TSA
and the BHI was supplemented with 50 ug.ml'1 rifampicin.

3. The E. coli strain was also cultured as described for P. aeruginosa except that two
pellets from the centrifuged BHI culture were used for inoculation of the milk containing 2 M
sucrose and two for inoculation of 100 ml milk without sucrose,

4 and 5. The L. monocytogenes and the S. aureus strains were cultured as described for
P. aeruginosa but without concentration of the BHI culture by centrifugation. The full five ml
of BHI culture were directly inoculated into milk containing 2 M sucrose.

A second HCMP (HCMP-11) was produced for both L. monocytogenes and S. aureus. The
L. monocytogenes strain was cultured as described above except that thirteen BHI tubes
were used instead of four and 50 ml of milk instead of 100 ml. The 8. aureus strain was
cultured as described for the second HCMP produced for L. monocytogenes except that the
BHI contained 10 % NaCl.
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6. The C. jejuni strain was cultured from the freeze dried Food Microbiclogy EQA sample
no. 0031. The sample was reconstituted in 50 ml Buffered Peptone water, 0.1 ml of the
suspension inoculated onto a Bolton agar plate (modified CCD agar; Hulchinson and Bolton,
1984) and incubated under microaerobic conditions (85 % N. and 15 % CO,) for (48 + 4) h
at 42 °C. After incubation a colony was streaked for purity onto a fresh Bolton agar plate and
incubated as described above. This plate was used for the incculation of eight tubes
containing 10 ml BHI. The tubes were incubated as described for the Bolton agar. After
incubation the cultures were concentrated by centrifugation (15 min at 10,000 g,) and the
pellets from four tubes used for inoculation of 100 ml evaporated milk containing 2 M
sucrose and the other four for inoculation of 100 ml evaparated milk without added sucrose.

A total of ten HCMP were prepared using the procedures described above and stored at
-20 °C. Part of the HCMP was used for filling gelatin capsules (0.24 g/capsule} and for the
determination of the a,, (measured at 25 °C).

Stability tests
The stability and homogeneity of the HCMP were tested by storing the capsules at

22 °C and -20 °C. The stability at -20 °C was determined by monitoring the number of cfp in
the material over a petiod of ca 11 months and at 22 °C over 5 - 6 weeks. For the
S. entenltidis, S. aureus and E. coli {(dried with sucrose) HCMP the stability at 22 °C was
determined again over a period of ca three weeks after initial storage of the capsules for ca
seven months at -20 °C, The stability of the HCMP-1I containing L. monocytogenes and S.
aureus were determined for ¢a five months at -20 °C and for ca four weeks at 22 °C.

After preparation the HCMPs were stored for one day at -20 °C before the capsules
were filled and stored at 22 °C and -20 °C. For both the HCMPs-Il the capsules were filled
and stored at -20 °C and 22 °C on the day of preparation. After ca 200 days storage at
-20 °C a number of capsules of S. enteriticis, E. coli (with sucrose) and 8. aureus were
stored at 22 °C to check whether the stability at 22 °C had changed.

For each measurement five capsules were reconstituted and diluted in PS according to
the procedure described for B. cereus in chapter 1 and 0.1 ml volumes examined in
duplicate on TSA (except for C. jgjuni}. The plates were incubated for (24 £ 2) h at 37 °C.
For C. jejuni counts were made on Bolton basal agar incubated for {48 + 4) h at 42 °C. From
these counts the corresponding values for the T, and T, test statistics were calculated. The
T, values for each time point of the stability test at -20 °C were summed and divided by the
total number of capsules examined minus the number of time peints, to obtain a value for the
homogeneity of the material {called The./N).

Based on the stability test data at -20 °C a regression analysis was performed (logye
transformed counts) using the Genstat (release 5.2) programme. A piecewise linear model
was used for the regression analysis as described by Pindyck and Rubinfeld (1881). The
model used is a continuous one marked by one structural break (significant change in
slope). The method is summarised below, further details can be found in Janning (1995).
The following equation represents the piecewise linear model used:
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x=B+pt+B(t-1,)D, +¢ (1)

where: X = logq o number of cfp per capsule
t = storage time (days)
t; = time point at which a structural break occurred
B, = intercept of the first line segment
B3, = slope of first line segment
B3 + B; = slope of the second line segment
Di=1itt>1t
D, = 0 otherwise
€ = error component

For the first line segment (before the structural break) D, is 0. Formula 1 can then be written
as:

X=f+pt+e (2)

After the structural break (second line segment) D, is 1. Formula 1 can then be written as:
x=f-At.+(G+A)+e @

where: By + Ba.t, = intercept of second line segment
B, + B3 = slopa of the second line segment

To detect the occurrence of a structural break a two tailed Students *test (¢t = 0.05) was
used to test whether B3, differed significantly from 0. When no structural break was detected
the equation was reduced to a single straight line (formula 2}. Tests were done to determine
whether the slope of this fine differed significantly from zero by means of a two tailed
Students #test (o = 0.05). When B3 differed significantly from zero a structural break
occurred at time point t,. Further tests were made to determine whether the slope of the
second line fragment (B: + B3) differed significantly from zero by means of the F-test
{a. = 0.05). The inverse of the regression coefficient {3. + 8.} was used to calculate the time
needed for a one 10g,, reduction in the number of cip.

Preparation and homogeneity of the second series of HCMPs

A second series of HCMPs was produced for the strains S. enteritidis (HCMP-If and 1),
L. monocytogenes (HCMP-1Il and IV) and L. innocua (strain identification ALM 105, origin
unknown). The S. enteritidis and L. monocytogenes strains were cultured as described for
the preparation of the first series of HCMPs, except that for L. monocytogenes 500 ml BHI
was used and after incubation the culture was concentrated by centrifugation as described
for 8. enteritidis. L. innocua was cultured as for L. monocytogenes but using only 250 ml
BHL. Two HCMPs were produced for both S. enteritidis and L. monocytogenes but only one
for L. innocua. The drying conditions were identical to those for drying for the first series of
HCMPs, except for the time used to spray the milk suspension onto the milk powder. For the
first series the spraying time was 2 - 3 minutes, for the second ca 20 minutes. This increase
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was achieved by lowering the feed rate of milk suspension (pump set at 0.5 ml.min™") and by
spraying at intervals (15 seconds on and off for 8. enteritidis and 30 second cycles for the
Listeria strains).

After production the HCMPs were stored at -20 °C for a few days and used to fill gelatin
capsules (ca 0.28 g per capsule}. Homogeneity was determined based on the examination of
two sets of 10 capsules of each organism. The capsules were reconstituted, appropriately
diluted and duplicate counts made on:

a) PCA with an overlay of Violet Red Bile Glucose agar (VRBG) for S. enteritidis (see
mathed described in chapter 3) and
b) PALCAM agar for the Listeria strains.

The counts obtained were used to caiculate the T, and T values for each individual set and
the combined sets of 10 capsule per HCMP,

RESULTS
Drying conditions with the STREA

Preliminary experiments indicated that the powder obtained from Nestlé (mitk product
17} gave better results than skim milk powder. The skim milk powder quickly formed large
wet lumps that could not be held fluidised when the sterile evaporated milk was added. The
difference in composition between milk product 17 and skim milk powder is that the former
contains free flowing agents and sucrose which prevent the formation of large lumps of
powder during the spraying of the evaporated milk. The maximum amount of milk powder
that could be kept fluidised was 500 grams. Table 1 presents the relationship between the
inlet temperature (as set on the apparatus} and the cuttet temperature obtained.

Table 1.  Relationship betwaen inlet and outlet air temperature and the effect of addition of
milk and drying on the water activity of milk product 17.

Temperature Water activity of milk product 17
inlet outlet untreated after addition of 10 | after
air® air® ml evaporated milk | drying®
40 30 0.21 0.34 0.25
50 35 0.21 0.34 0.19
60 40 n.t.*t nt n.t.

variation in temperatures of + 5 °C,
water activity after pre drying for 3¢ minutes, addition of 10 milk and post-drying for 15 minutes.
¢ n.t =not tested.

oW

In order to obtain a lower final a,, the milk powder was kept fluidised both before {pre-
drying) and after the addition of the milk culture (post-drying). The results of pre-drying for
30 minutes and post-drying for 15 minutes at inlet temperatures of 40 °C and 50 °C are
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presented in Table 1. As the a, of the final HCMP should be less than 0.3 and the
temperature for drying should be as low as possibie (to prevent injury due to heat), drying at
40 °C was selected for further experiments. The use of 10 ml as a volume of evaporated
milk to be sprayed onto the powder could not be modified because a larger volume of milk
led to the formation of lumps of milk powder. Spraying 10 ml evaporated milk onto the
powder took 2 - 3 minutes. The remaining process conditions selected were: nozzle pressure
of one bar and a pressure for cleaning outlet air filters (blow back dwell) of two bar.

Thus the following main process conditions were used for further experiments: 10 ml
evaporated milk (corresponding to 10.75 g) sprayed onto 500 gram of milk product 17 at an
inlet temperature of 40 °C. The powder was both pre-dried for 30 minutes and post-dried for
15 minutes.

Homogeneity of and recovery of B. cereus from the HCMP

The number of cfp in the B. cereus spore suspension in PS was determined both before
and after heat treatment (10 min at 80 °C). The number of cfp before heat treatment, as
determined on MEYP agar, was 1.2 x 10° mI" and after heat treatment 8.3 x 10° mi". This
indicates that sporulation was almost complete (ca 70 % of the cells). This spore suspension
was used to prepare HCMPs A, B and C. The results of the drying experiments are
described in Table 2.

Table 2.  Preparation of HCMP containing B. cereus spores.

HCMP | Number of efp in milk | Milk suspension added Expected number of
suspension (m!™) during drying (g) ¢fp in HCMP (g™)
A 23x10° 8.7 4.0x10°
9.6 x 10° 9.0 1.7 x10°
o 7.4 x 107 8.2 1.1x10°

The results presented in Table 2 for the number of cfp of B. cereus in the HCMPs
represents the expected levels. These levels were calculated based on the amount of milk
added to the powder and the number of cfp per ml of the milk.

The HCMPs were filled into gelatin capsules to determine the number of cfp.g”’ after
drying. To determine the recovery of the spores from and the homogeneity of the HCMPs
ten capsules of each were enumerated in duplicate on MEYP agar after reconstitution of the
capsules and appropriate tenfold dilution of the capsule suspension. The results of these
tests are presented in Table 3. The recovery was calculated as the ratio between observed
and expected number of cfp. None of the T, values calcuiated (results not presented)
exceeded the critical value for the T, test, which means that variation between duplicate
counts from a capsule suspension conformed to a Poisson distribution. The homogeneity of
the powder is expressed as T»/{/-1), where (}-1) is the number of degrees of freedom. In the
case of a Poisson distribution the expected value for T/(/-1) is 1.
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The effect of mixing the HCMP with sterile milk powder on the homogeneity of the mixed
powders was tested for HCMP-B and C. The resuits of enumeration of 10 capsules in

duplicate on MEYP agar are presented in Table 4.

Table 3. Number of cfp, homogeneity and recovery of B. cereus from the HCMPs.
HCMP | Number of efp Number of cfp | T(F1)* | Recovery® | a,
per capsule in HCMP (g") (%)
A 1.6x10° 5.8x10° 1.05 145 0.22
50x10°? 1.9x10° 0.61 110 0.27
c 25x10° 9.5x10° 1.61 88 0.27

average of 9 instead of 10 capsules.

/= number of capsules examined.

¢ recovery from the drying procedure expressed as observed number of cfp per gram HCMP after
drying divided by the expected number of cfp per gram HCMP.

oo

Table 4.  Number of ¢fp and homogeneity of B. cereus HCMP-B and C after mixing with
sterile miilk powder
Mixed milk | Number of cfp of Dilution factor | Recovery after | T.A{F1)
powder B. cereus per capsule | of HCMP mixing (%)
MMPe.s 6.8x10° 10 136 1.00
mMmpe.7 28x10° 100 104 1.03

Preparation of the first series of HCMPs

Table 5 summarises the results of the preparation of the HCMPs with all the test strains
and the expected numbers of cfp per gram HCMP {assuming 100 % survival), This expected
level was used as the reference for calculating the percentage survival directly after drying
and also during storage at -20 °C. The reference for calculating the percentage survival at
22 °C was the level of the ocrganism in the HCMP stored at -20 °C at the time the monitoring
experiments were started.

Survival of the test strains in the first series of HCMP

The survival of the test strains directly after drying (inittal decrease) is presented in
Table 6. Figures 2 and 3 present the results of monitoring at -20 °C for S. enteritidis,
P. aeruginosa, E. coli (dried from milk supplemented both with and without sucrose),
L. monocytogenes (HCMP-1 and II) and S. aureus (HCMP-I and 1),
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Table 5. Preparation of first series of ten HCMPs.

Test strain Number of | Sucrose | Milk suspension Expected a,
cfp per added added during number of
ml milk to milk drying (9) cfpper g
suspension HCMP
S. enteritidis 1.6 x 10° yes 8.72 2.7 x10° 0.26
L. monocytogenes
- HCMP-I 1.1 x 108 yes 8.54 1.9x10° 0.25
- HCMP-Il 25x 10° yes 9.15 42x10 0.23
E. coli 3.5x10° yes B8.70 6.1 x10° 0.24
2.2 x 10 no 9.15 3.9x10° 0.25
S. atireus
- HCMP-| 3.8x107 yes 8.45 6.4 x10° 0.24
- HOMP-i1® 29x10° yes 8.15 4.7x10° 0.23
P. aeruginosa 6.6 x 10 yes 8.29 1.1 x10° 0.26
C. jejuni 35x10° yes 8.73 6.1 x 10° n.d.
1.3x 10° no 8.78 2.3x10° n.d.

a cultured in BHI eontaining 10 % NaCl.

n.d. = not determined

Table 6. Survival of the test organisms in the first series of ten HCMPs directly after drying.

Test strain Observed number of | Time between drying Survival®
cfp per g HCMP and testing (days) (%)
S. enteritidis 6.3x 10* 1 2.3
L. monocytogenes 5
- HCMP-I 2.3x10 1 12
- HCMP-II 6.3 x 10° 4 15
E. coli 4.4x10° 1 7.2
2.4x10*° 1 0.82
8. aureus .
- HCMP-| 3.6x10 1 5.6
- HCMP-II 3.3x10° 4 69
P. aeruginosa 1.9x10* 1 1.7
C. jejuni <10° 1 <0.01
< 1072 1 < 0.01

a  na sucrose added to the milk for drying.

b survival = ratic between observed and expected number of cfp per gram HCMP.
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Figure 2. Survival of S. enteritidis (+), P. aeruginosa (A), E. cofi dried from milk
supplemented with 2 M sucrose {O) and E. coli dried from milk without added
sucrose () after initial decrease and storage at -20 °C,
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Figure 3. Survival of L. monocytogenes HCMP-l (+), L. monocylogenes HCMP-Il (4),
5. aureus HCMP-1 (O) and S. aureus HCMP-II (O) after initial decrease and
storage at -20 °C.
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The results of the linear regression analysis are presented in Table 7 and are based on
the counts from the -20 °C storage temperature. The data from day 195 for the S. aureus
HCMP-I were hot used for the regression analysis as these counts were exceptionally low
and were most probably due to an unidentified error made during the microbiological
analysis. For all strains, with the exception of E. cofi, a structural break was observed during
monitoring. A significant decrease in the number of cfp was observed for most strains
(except for S. aureus) even after a structural break. Table 7 presents the rate of decrease
after the structural break. It should be noted that the regression analysis did not always give
a good fit. For a good fit the percentage explained variation should be about 80 % or higher,
lower values mean a poarer fit of the model to the data.

Table 7.  Regression analysis of counts from the first series of HCMPs stored at -20 °C.

Test strain t, | Regression | Time for 1 logs % explained
coefficient’ j reduction varlation
(day) | (days™) (days)
8. enteritidis 49 - 0.00065° 1539 60.4
L. monocytogenas 419 - 0.00086° 1210 79.2
L. monocytogenes (HCMP-Il) | 27 -0.0019° 519 67.9
E. coli (with sucrose) 0 | -0.000589%° 1699 44.4
E. coli (without sucrose) 0 - 0.00377° 265 89.3
S. aureus 42 | -0.00011¢ 9049 50.6
8. aurgus (HCMP-II) 27 - 0.00032 3175 87.9
P. asruginosa 42 | -0.00077° 1295 88.3
C. jejuni n.d. n.d. n.d. n.d.

a time at which a structural break occurred.

b regression coefficient (B, + B3) of the second line segment (after t,).
¢ regression coefficient differed significantly from 0 {o = 0.05}.

d excluding the results of day 195.

n.d. = not determined.

Figures 4 - 7 present the results of monitoring at 22 °C for the strains mentioned above.
No linear regression analysis was performed on these data as too few data were available
for a proper analysis.
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Figure 4. Survival of S. enteritidis and P. aeruginosa at 22 °C after storage of the HCMP at
-20 °C for different times (1 day (+) or 200 days (A) for S. enteritidis and 1 day
for P. aeruginosa (0)).

100 4
102
= ]
2
=
5 13
S 3
© ]
0.1-E
0.01 LN, AL N N B B N B D B O N B N I B Y L B B O B Y N B S B |
0 7 14 21 28 35 42

storage time (days)

Figure 5. Survival of E. coli at 22 °C after storage of the HCMP at -20 °C for different times
(1 day (+} or 195 days (A} for HCMP dried from milk supplemented with
2 M sucrose and 1 day for the HCMP dried from milk without added sucrose (0)).
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Figure 6. Survival of L. monocytogenes at 22 °C after storage of the HCMP at -20 °C for
different times {1 day for HCMP-| {+) and 4 days for HCMP-II (A)).
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Figure 7. Survival of S. aursus at 22 °C after storage of the HCMP at -20 °C for different
times (1 day (+) or 195 days (O) for HCMP-I and 4 days for HCMP-II (A)).

103



Chapter &

Homogeneity of the first series of ten HCMPs

A significant T, value was found on 13 of the 72 occasions an analysis was performed.
To obtain an estimate for the dispersion of the mean counts between capsules (homogeneity
of the batch) the T.,n/M values were calculated for each HCMP based on the counts
obtained at the -20 °C storage temperature. All data were used for the calcuiations without
exclusion of that with a significant T, value. The procedure for the calculation of Tpon/N is
described in chapter 4. Table 8 presents an overview of the homogeneity of the various
HCMP.

Table 8. Homogeneity of the ten HCMPs from the first series (data from storage at -20 °C).

HCMP containing n* 1T, N Toon | Thon!N
S. enteritidis 10 265 40 6.6
L. monocytogenes 10 57.5 40 1.4
L. monocytogenes (HCMP-11) 6 88.7 24 37
E. coli (with sucrose) 10 139 40 3.5
E. coli (without sucrose) 10 64.9 40 1.6
8. aureus 10 121 40 3.0
8. aureus (HCMP-I1} 7 78.3 28 28
P. aeruginosa 9 70.9 36 2.0
C. jefuni n.d. n.d. n.d. n.d.

a number of time points.
b N =degrees of freedom for Ty, test.
¢ n.d. = not determined.

Homogeneity of the second series of five HCMPs

The results of the homogeneity tests of the five HCMPs prepared in the second series are
presented in Table 9. The values for the T, tests are not presented as none of the T, values
found was significantly higher than would be expected for a y*-distribution. The high value
for Them/N of the L. monocytogenes HCMP-IIl is caused by the difference in means found for
the individual sets of 10 capsules. For the first set the mean of the counts on the plates was
80.0 and for the second set 106.2 cfp. No explanation for the difference in means could be
found. The counts were made at the same time as those for L. monocytogenes HCMP-1V,
using the same batch of PALCAM plates.
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Table 9. Results of examination of the second series of five HCMPs.

Test strain Arithmetic TA(F1) Thom™®
mean® first set second set

8. entoritidis

HCMP-(} 3.0x 10 1.68 1.17 1.50
HCMP-ilt 4.5x10* 0.68° 1.35 1.04
L. monocytogenes

HCMP-II§ 93x10 2.05¢ 1.16 5.36°
HCMP-IV 43x10 2.15°% 1.63 1.90°
L. innocua 1.7 x 10° 0.75 1.55 1.50

a arithmetic mean of the number of cfp per capsule (containing ca 0.28 g HCMP),

b Tha/N is the sum of the T, values of both sets divided by the total number of capsules examined
minus 2.

examination of seven capsules,

significantly different from x°-distribution (critical value for T»/(i-1) of 1.88 with {= 10 and o = 0.05).

e significantly different from x*-distribution (critical value for Then/N of 1.60 with A= 18 and o = 0.05).

o0

DISCUSSION
Spray granulation conditions

The process conditions selected for the preparation of HCMP are directed at minimising
the bacterial injury due to heat. For this reason an inlet temperature of 40 °C was chosen,
even though a higher inlet temperature would result in powders with a lower water activity.
The temperature chosen is similar to those used for drying various Laclobacillus species by
Hill {1287b), Roelans and Taeymans (1990), Zimmerman and Bauer {1990) and Lievense
(1990). The use of various types of support material is also described by Hill (1987b). The
choice of which support material was used depended on the particular application of the
dried material as a starter culture. The use of milk powder as support material was described
by Hill (1887b) for the production of a yogurt starter culture and was also used in the
experiments described by Roelans and Taeymans {1990).

The pre- and post-drying times used in the process compensated for most of the
increase in water activity due to the addition of 10 ml of milk suspensicn to the milk powder.
The increase in a, could be reduced further by leading the air used for drying over
anhydrous silica gel in order to lower the water content of the air.

The first step in the evaluation of the drying process was to test the hemogeneity and
the recovery of the bacteria after drying. For this purpose a spore suspension of B. cereus
was first used as no die off during the drying process was expected. Using the spore
suspension three HCMPs wete prepared at various contamination levels. The recovery of
the organisms after drying was high, indicating that the spores survived well and did not form
aggregates during the drying process, which, after reconstitution, would only yield a single
colony that would really consist of an aggregate of spores. The homogeneity of the powders
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before and after mixing (see Tables 3 and 4) was good (results based on the analysis of 10
capsules). No significant difference from a Poisson distribution (T /(1) = 1) could be
detected. No data on the homogeneity of spray granulation of Lactobaciffus species are
currently available in the literature,

Drying of the first series of ten HCMPs

Preparation of HCMPs containing various non-spore forming bacteria gave varying
results with respect to survival directly after drying (initial decrease} and upon storage of the
HCMP. The bacterial strains used were selected because they had proved o be sensitive to
the spray drying pracess and/or to show poor stability after spray drying.

Initial decrease
The recovery after the first analysis time (after 1 - 3 days storage at -20 °C) is used as

an indication of the survival of the strain through the drying process. It appeared to be
impossible to dry Campylobacter by the spray granulation method. Only one day after drying
the organisms could not be cultured from the powder. The mere addition of the
Campylobacter culture to milk containing 2 M sucrose resulted in a decrease in the number
of cfp in the milk suspension by almost 3 log:, units (data not presented). Because of this
extremely high initial decrease (i.d.) no further efforts were made to improve drying
conditions by this method for Campylobacter. Drying of Campylobacter onto silica gel also
resulted in no detection of the crganism after one day of storage at 22 °C (Janning, 1995). It
is well known that Campylobacter is sensitive to dry conditions, but the strain used for drying
was isolated from a freeze dried material, indicating the capability of this strain to survive dry
conditions. The difference in the resistance of Campylobacter to spray granulation and to
freeze drying may be related to the sensitivity of the organism to oxygen; this is minimised in
freeze drying and storage of the material under vacuum.

All other strains survived the spray granutation process. The survival directly after drying
varied from 69 % survival for the 8. aureus HCMP-ll to 1.7 % fer P. aeruginosa. The
difference in i.d. observed for the two S, aureus HCMPs is the effect of the addition of 10 %
NaCl to the BHI used to culture the strain and prepare the HCMP-II. The values found for the
i.d. using spray granulation are different from the those observed for silica gel drying
(Janning et al., 1994). Although there was a difference in the storage temperatures used
before the first analyses of the samples {silica gel samples were stored at 22 *C and the
spray granulation samples at -20 °C), this difference cannot explain the cbserved difference
in i.d. Large differences between the i.d. for silica-gel drying (> 5 log,) and spray granuiation
(1.7 logqo) were particularly found for P. aeruginosa. However, this difference is again related
to the addition of sucrose to the milk used for drying. Janning (1995} also tested the effect
of sucrose on the drying of P. aeruginosa on silica gel. Using 2 M of sucrose an i.d. of
1.3 logso (5 % survivai) was found. The difference observed in i.d. between spray granulation
and silica gel drying of 5. enteritidis is also most likely to be the effect of the addition of
sucrose. However, no explanation can be found for the better i.d. of E. coli dried on silica
gel.
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The percentage survivals found with spray granulation of Lactobacillus species (Hill,
1987b; Roelans and Taeymans, 1990; Zimmerman and Bauer, 1990) are > 10 % and,
therefore, comparable to the i.d. values found for L. monocyfogenes and S. aureus. The
results for i.d. obtained with spray drying are expected to be higher than those obtained with
spray granulation due to the higher temperatures used for spray drying. However, when low
outlet temperatures (65 - 70 °C) and a high solids content of the milk {40 % total solids) are
used comparable survival rates can be obtained. For example, LiCari and Potter (1970a)
observed a 0.6 logyy reduction (25 % survival) for S. tennessee at an outlet temperature of
65 °C. For other Saimonelia serotypes higher i.d. values (1 - 3 logso units) were observed at
an outlet temperature of 65 - 67 °C (LiCari and Potter, 1970a; Miller et al., 1972). Thompson
and co-workers (1978) ohserved a survival of 0.46 % for E. coli dried at 71 °C which is
comparable to the values found for E. cofi spray granulation dried in milk without added
sucrose. Chopin and co-workers (1977a/b and 1978) observed i.d.s for 8. aureus ranging
between 0 and 10 % using various strains dried at an outlet temperature of ca 70 °C.

Survival during storage
The survival during storage of the first series of HCMPs was determined at a storage

temperature of -20 °C (normal storage temperature for RMs) and at 22 °C (temperature
normally used to determine the stability of dried organisms).

Regression analysis was perfermed on the results from the survival studies cn storage
at -20 °C. The first fact to be determined was whether a structural break occurred (test if 3,
differed significantly from 0). For all HCMPs, except the two £. cofi HCMPs, a structural
break could be detected. The time needed for this break (1} varied between 27 and 49 days
storage. For the two E. coli HCMPs ne structural break could be detected indicating that the
rate of decrease was constant over the period tested. After the structural break tests were
performed to determine whether {3, + ;) differed significantly from zero (no decrease or
increase in the level of contamination over time). Only for the two S. aureus HCMPs did the
regression coefficient not differ significantly from zero. For the other strains a negative slope
and thus a rate of decrease was found. It is difficult to compare the data obtained at a
storage temperature of -20 °C with data from the literature as in the latter stability was
determined at ambient temperature. A comparison of the regression coefficients with those
abtained by Peterz and Steneryd (1993) for their freeze dried RMs stored at 4 °C, indicates a
comparable rate of decrease. For S. aureus, Salmonella (compared to freeze dried sample
B) and E. cofi (dried from milk supplemented with sucrose) the rates of decrease are bettar
for spray granulation than for freeze drying. With E. coli (dried from milk without added
sucrose) and Salmonella (compared to freeze dried sample A) the opposite was observed.

For most of the strains dried the rate of decrease at 22 °C was non-linear. After a
certain period of time the rate of decrease was reduced. However, at this time a very low
level of contamination of the HCMP was reached, of the order of less than 100 cfp.g™
HCMP. This level corresponded to a decrease of 4 - 5 logyo units compared to the expected
level of contamination of the HCMP. A reduced rate of decrease after a certain period was
also observed for Saimonelfa stored at high temperatures (25 °C to 55 °C) by LiCari and
Potter {1970b}. In the first four weeks after spray drying and storage at 25 °C a reduction in
the level of contaminaticn for various Salmonella strains of 1 - 2 log,, was cbserved. For
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spray granulation of 5. snteritidis a larger decrease was observed of 2 log,, after one week
of storage at 22 °C.

The addition of sucrose to the milk containing E. coli had resulted in the improvement of
the i.d. and the rate of decreasae at -20 °C (see Figure 5). The time needed to reach a 2 logyo
reduction in the number of cfp.g” HCMP was ca three weeks compared to less than one
week in the absence of sucrose. However, after 4 - 5 weeks storage at 22 °C a similar
reduction in the number of cfp in both HCMPs was obtained. The level in the E. coli HCMP
dried from milk without sucrose stabilised after ca three weeks storage, but the level in the
HCMP dried from milk supplemented with sucrose siill decreased. A compatison of the
stability at 22 °C of E. cofi dried using spray granulation with silica gel drying (Janning ef al.,
1994) or spray drying (Thompson et al., 1978; Mooijman et al., 1996) indicates that stability
using spray granulation is less than for silica gel or spray drying. Also for P. aeruginosa
spray granulation gave poorer results compared to silica gel drying.

The time needed for a 2 logy, reduction of S. aureus stored at 22 °C in spray granulation
dried material was ca three weeks. This value corresponds to the values observed by Chopin
and co-workers (1978} for various spray dried S. aureus strains at an a,, of 0.3 and stored at
ambient temperature. Lower water activities (0.1 and 0.2) improved survival of the S. aureus
strains.

Mgoijman and co-workers (1992} observed a relationship between the stability of
batches of RM prepared from the same HCMP (containing Enferobacter cloacae) and the
age of the HCMP. The older the HCMP the better the stability of the material. A similar effect
was observed by LiCari and Potter (1970) and Chopin (1978) who noted a decrease in the
rate of destruction with increasing storage time of the milk powder. These findings could not
be confirmed when the stabilities at 22 °C of the HCMPs for S. enteritidis, E. coli and
8. aureus were monitored. Stability at 22 °C was monitored directly after drying and again
after ca 200 days of storage at -20 °C. Only small differences in the rate of decrease were
observed.

Homogeneity of the STREA HCMPs

The homogeneity of the first series of ten HCMPs (see Table 8) expressed as Tho/N
varied widely. Although homogeneous powders could be produced using B. cereus spores
(see Table 3 and 4), all other values for the homogeneity test statistic {Tnon/N) were
significantly different from a ¥*-distribution at o = 0.05. At & = 0.01 only the value for
L. monocytogenes (HCMP-1) was no fonger significant. For the production of an RM a value
for To/()-1) < 2 is regarded as acceptable (see also chapters 3, 4 and 7). Using this criterion
for Tuem/N three HCMPs had acceptable homogeneity (L. monocytogenes HCMP-I, E. coli
(dried from milk without added sucrose) and P. aeruginosa). In order to improve the
homogeneity of the HCMPs a second series of trials was undertaken. For these trials the
time taken to spray the milk suspensions onto the support material was increased by
reducing the feed rate and spraying at intervals. The resuits of the homogensity tests for
these HCMPs (see Table 9} indicated that the homogeneity was improved. Except for
L. monocytogenes the values found for Tyn./N were not significantly different from the
x*-distribution at o = 0.05. For the L. monocytogenes HCMP-IV the Th.n/N value was < 2,
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which is regarded as acceptable. These results indicate that homogeneous HCMPs can be
produced by spray granulation although particular attention must be paid to the method and
timing of spraying on the milk suspension.

CONCLUSIONS

» |t is possible to prepare homogeneous HCMP using spray granulation under the process
conditions determined in combination with a longer spraying time ot the mitk suspension
onto the powder in order to improve homogeneity of the HCMP.

e Results for survival through the drying process (initial decrease) were good and
comparable to silica gel drying or to spray drying under the most favourable conditions for
survival of the organisms.

= The results of the stability tests at 22 °C are not as good as those for silica gel drying or
spray drying.

» The drying procedure for spray granulation is less labour and time intensive compared to

spray drying.
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Chapter 6

Use of reference materials for

quality assurance of laboratory examinations

ABSTRACT

Laboratories using reference materials (RMs) have to make a choice from
different options: certified or non-certified RMs; quantitative or qualitative tests;
occasional or routine use. This chapter presents the protocols that were
developed for these combinations and the statistical methods for evaluation of
the results.

Shewhart control charts are suitable for the evaluation of resuits obtained from
the routine use of quantitative RMs. To construct these charts, log transformed
counts are used to calculate the mean and control limits. The use of Kalman
filtering is proposed in order to use Shewhart type control charts with data
obtained from unstable RMs.

For qualitative RMs it is recommended that one capsule at a time is examined
for routine use. The results are then judged for each individual capsule (they
should be positive) and for a series of capsules (the number of positives can be
compared to the expected number of positive isolations as calculated for the
occasicnal use of qualitative RMs). The fraction of negatives for a quantitative
RM or CRM should be at or very close to zero percent as the result for each
analysis should be positive.

Certified RMs are used occasionally and are mainly intended for the
determination of trueness in a laboratory. The certificate provided with a CRM
gives the mean expected value and its 95 % confidence limits. Based on these
results user tables are constructed presenting the 95 % confidence limits for the
number of capsules (and replicates per capsule in the case of quantitative
CRMs) likely to be examined in practice. The results of power analyses are given
to demonstrate the minimum difference between the certified value and the true
laboratory mean (for quantitative CRMs) or the fraction of negatives (for
qualitative CRMs} that can be detected. For the qualitative CRM a fraction of
negatives of 0 % is necessary in order to minimise the number of capsules
needed to detect a certain fraction of negatives found in the laboratory (pige).

For the occasional use of non-certified RMs additional information is required
on the variation between laboratories in order to interpret results. The laboratory
variance component of a CAM can be used to adjust the confidence limits of the
RM obtained in cne laboratory.
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INTRODUCTION

The previous chapters focused on the characteristics of the reference and certified
reference materials developed. The next two chapters will tocus on the possibilities tor their
use in laboratories (chapter 6) and whether the requirements of the users of the materials
correspond to their properties (i.e. the quality of the reference materials described in chapter
7). Both chapters focus on the users of the RMs and CRMs as the quality of the material and
their possible use are interrelated. The definitions of and possible uses of RMs are given in
the international standard 1SO guide 30 {Anon., 1992). However, this document gives only a
general description, as it has to be valid for a wide range of RMs and their usage in
microbiclogy is not considered specifically. Also it does not deal with the use of RMs for
presence/absence testing. More information on microbiological quality assurance is
presented by Lightfoot and Maier (1998).

The use of RMs is a part of the total guality assurance measures and is referred to as
analytical quality control (Lightfoot and Maier, 1998). This requires that in addition to use of
AMs attention must aiso be paid to the correct use and/or maintenance of laboratory
protocols, equipment, materials etc. The use of RMs is directed towards establishing the
standard of performance of methods, apparatus, technicians etc. Three types of analytical
quality control (QC) can be identified. First line quality control is performed by the technician
and at a high frequency (referred to in this chapter as routine use of RMs). The objective of
first line QC is to demonstrate equal performance of a method over time. Second line QC is
the responsibility of a person not directly linked to the examination itself and is performed
less frequently. The objective here is to demonstrate comparable performance of
technicians, apparatus etc. Third line QC is the responsibility of laboratory management and
is intended to demonstrate equivalent performance between laboratories (for example by
participation in proficiency testing schemes and/or in inter-laboratory collaborative studies).
Protocols were therefore developed for the use of the microbiolegical RMs and CRMs and are
described in more detail in this chapter. Two types of RM can be distinguished, those
intended for the evaluation of enumeraticn procedures (quantitative RMs) and those for the
evaluation of detection procedures (qualitative RMs). Both quantitative and qualitative
materials are available as non certified RMs and certified RMs,

The level of contamination (for quantitative RMs) or fraction of negatives (for gualitative
RMs) provided with each batch of RM is stated in relation to the measurement method as it
cannot be related to a standard (for example an Sl unit). A range of measurement methods
that differ in measurement principle do not exist in relation to these materials, the principle of
the microbiological methods used to examine the RMs is based on the multiplication of the
organism in a liquid or on a solid growth medium before enumeration or detection.

The possible uses of RMs and CRMs can be summarised as (Mooijman et al,, 1992):

1. for first line quality control.

2. as standard stable material for collaborative studies.

3. for determining the influence of matrix ingredients and competitive micro-arganisms on the
isolation of a particular organism.

4, for developing and validating methods and media for the detection and enumeration of
micro-organisms.
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5. for comparing the performance of different laboratories.
6. for testing accuracy in individual laboratories.

The six uses listed above can be further subdivided into two major groups. The first
being the use of RMs on a routine basis {item 1) and the second the use of RMs and CRMs
on an occasional basis (items 2 - 6).

USE OF REFERENCE MATERIALS ON A RCUTINE BASIS

RMs can be used for the quality control of routine microbiolegical examinations. For this
RMs are examined at the same time as routine samples on a regular basis and the results
evaluated by the technicians themselves based on predetermined criteria. This is first line
quality control or a first line check and is intended to evaluate the quality of examination over
time.

Routine use of quantitative reference materiais

Control charts can be constructed for the routine use of guantitative RMs. The results
obtained from the RMs (representing the information on the current measurement process)
are compared to limits established after consideration of the inherent measurement process
variability. The most commoenly used type of control chart is the Shewhart chart. These
charts, developed by Shewhart (1931), are a statistical device used for the study and control
of repetitive (production) processes (Duncan, 1974). They are graphs with, in general, the
observations made over the course of time plotted on the horizontal axis, a quality
characteristic on the vertical axis and control limits (statistically based) for judging the
measurement process. The quality characteristic can be a sample mean, a sample range or
a sample standard deviation. Shewhart (1931) suggested that the control chart may serve;

» 1o define the goal or standard for a process that management strive to attain.
» as an instrument for attaining that goal.
+ as ameans of judging whether or not the goal has been reached.

Such charts can therefore be used in specification, production and inspection (Shewhart,
1931). Control charts are aimed at differentiating between natural variation (due to chance)
and variations caused by assignable or special causes. Such assignable causes may be
related to analytical problems in a particular measurement or series of measurements and
the cause should be investigated and identified. Combinations of quality characteristics can
be presented on different charts from the same observations, for example combinations of
means and ranges (Anon., 1991). For production processes the observations plotted onto
the graphs are based on the analysis of more than one sample. Therefore, it is possible to
plot the range or standard deviation for each observation. When examination of more than
one sample is impracticable or impossibte (as in a micrebiological laboratory) a decision can
be made to use only one sample per observation on the graph.

The use of control charts with averages as the quality characteristic is useful for
controlling the average of the process, i.e. the average number of ¢fp in a standard volume
using RMs over a period of time. The statistics used in combination with these control charts
are described in the I1SO 8258 standard {(Anon., 1991). However, these statistics assume a
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Normal distribution of the data, which is not the case for microbiotogical RMs (Niemela,
1983). Heisterkamp and co-workers' (1991) showed, both on a theoretical and an
experimental basis, that a logarithmic transformation of the microbiological counts resulted in
data that behave apptoximately Normally. The analytical results are therefore logio
transformed before the mean and standard deviation {s.d.) is calculated. For calculation of
the s.d. the following formula is used.

— — 1 <
5.d.=08865¢R and R= T—12 X, - X,
—li=2

where: s.d. = standard deviation.

R = average moving range.
| = total number of capsules examined.
x; = log transformed count of the /" capsule.

The s.d. is calculated on the basis of the difference between two succeeding logio
transformed counts. This method of calculating the s.d. is preferred when only one sample is
examined for sach observation on the graph (Anon., 1991). It will result in a more robust
estimate of the s.d. compared to the usual way of calculating the s.d. It also means that this
estimate of the s.d. is likely to be less affected by variations in counts due to assignable
errors {Van Dommelen, 1995) and results in more robust control limits. From the mean and
standard deviation the following control chart limits are calculated on the fogarithmic scale:

* warning limits : Xt2esd.
» actionlimits : x+3es.d.

After calculation of the mean and the control chart limits these values are back-
transformed to the original scale in order to obtain a control chart for the original scale. As a
result of this transformation, single counts cbtained from an RM can be plotted directly on
the control chart without calcufation of the logy, value. The back-transformation will lead to
an asymmetrical distance for the upper and lower warning and control limits around the
geometric mean level. The geometric mean and the upper and lower control limits are drawn
on the control chart as horizontal lines (see Figure 1). Each time an RM is examined the
count is plotted on the graph, using the X-axis as the order of examination. The back-
transformaticn of the mean and the control charts limits is not essential but is merely used to
facilitate the notation of new observations.

The geometric mean and the upper and the lower control limits are calculated from the
results of examination of the first 20 RMs. Each RM having been examined singly and
preferably on different days and by different technicians to cover within laboratory variations.
The counts of these RMs should be plotted on a graph, preferably a separate graph, in order
to check whether these counts meat the criteria stated below (i.e. that the analytical process
is under control). if the result of one or more of these 20 counts does not meet the criteria,
the cause(s) for this should be identified and a decision made about the validity of the
count(s). If the cause can be identified (assignahble cause) then this count should be
disregarded and the geometric mean and control limits recalculated from the remaining
counts. If the cause cannot be found then the count should be regarded as belonging to the
normal variation of the process and should therefore he included in the calculation of the
geometric mean and control limits.
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Figure 1. Shewhart control chart using data obtained with the B. cereus RM.

When the measurement process is under control, that is when any variation in counts is
basically due to chance, the counts obtained with the RMs, in 85 % of the cases, fall
between the lower and upper warning limits and in 99.7 % of cases between the lower and
upper action limits. When the variation in the counts does not cenform to the pattern that
might reasonably be produced by chance vatiation, then it is concluded that the process is
out of control, meaning that there are one or more assignable causes. Several tests for
detecting out of control situations have been develcped. The purpose of each test is to
detect a particular non-random pattern in the points plotted on the control chart. These tests
have been evaluated by Nelson (1984; 1985). The following criteria are used for interpreting
the microbiological control charts (Nelson, 1884; Van Dommelen, 1985):

1. there is a single violation of the action limit (x 3 e 5.d.}. _

2. two out of three consecutive observations exceed the same waming limit (x £ 2+ 5.4d.).
3. there are nine observations in a row on the same side of the mean.

4. six consecutive observations are steadily increasing or decreasing.

When a measurement process is under control, the chance of incorrectly obtaining a
false signal that the process is out of control is less than 0.5 % for each of the tests
mentioned above. The overall probability of obtaining a false signal from one or more of
these tests is ca 1 %. However, in practice these tests should be considered as simple
practical rules for action rather than tests with specific associated probabilities (Nelson,
1985).

When a measurement process is out of centrol, the cause(s) should be identified and a
decision made on the validity of the count(s). The various tests are sensitive to different
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kinds of special cause of error in the measurement process and can be of help in identifying
the cause(s}). Nelson {1985) gave an overview of each test and their sensitivity for different
sources of error. Test 1 is sensitive to a single aberration in the process such as a mistake in
calculation, an etror in measurement, malfunctions of equipment and so on. Test 2 is
sensitive to a shift in the process average although it is also somewhat sensitive to an
increase in variation. Test 3 is sensitive to a shift in the process average and test 4 is a test
for trend or drift. No simple rules can be defined for judging the validity of results as this will
depend on many factors, which are not always strictly related to the measurement process
itself, such as the availability of replicate samples or the consequences of using the incorrect
results.

In general Shewhart control charts are more sensitive for detecting incidental changes in
the measurement process than for detecting smatfl shifts in the average value of the process
{trends). An alternative is the use of Cusum charts for a more rapid detection of trends. The
essence of Cusum charts (Cusum stands for cumulative sum) is that the values for each
observation, after they have been subtracted from a reference value (e.g. the process
mean), are summed (Anon., 1997). To be able to judge whether or not a process is out of
control a, so called, V-mask is used. The most convenient farm of V-mask is the truncated
V-mask. The V-mask consists of three lines, one vertical and two sloping lines, called
decision lines. The length of the vertical line is 10 times s.d. and the middle of this line is
placed on top of the ohservaticn of interest, normally the last observation. The decision lines
start at both ends of the vertical line and have a slope of + (0.5 ¢ s.d.} per observation
interval. Using this V-mask it is possible to judge whether or not a previous observation fails
outside the mask, which indicates an out of control situation. An example of a Cusum chart
with truncated V-mask arbitrarily placed at cbservation number 117 is presented in Figure
2a. The data is the same as that used in Figure 1 for the Shewhart control chart. The
average of the first 20 (log,, transformed) observations was used for the calculation of the
reference value, the same observations were also used to calculate the s.d.

Another type of Cusum chart is described by Van den Berg and co-workers (1396). This
type of chart consists of two charts, one for the positive deviations (S* chart) and one for the
negative deviations {S™ chart). Each chart has its own reference value (k" and k™ for the $”
and S charts respectively) that are 0.8 s.d. units above (for the S™ chart) and below (for the
S chart) the reference value. Negative Cusum values are plotted as zero on the S* chart and
the reverse for the S chart. Each chart has an acticn limit defined as the reference value
plus or minus {3.2 » s.d.). Once the action limit has been exceeded the corresponding value
in the 8™ or S chart is reset to zero. An example of such a chart using the same logs
transformed data as for the other Cusum chart is presented in Figure 2b,

Neither Shewhart nor Cusum charts can be used when the material examined is not fully
stable. The stability of an RM is difficult to achieve and may not be obtained for all types of
micro-organism. For these less stable materials alternative contrel charts are needed that
take into account a change in the level of contamination. A possibility is to adapt the method
of calculating the control limits used in a Shewhart control chart by applying the principle of
Kalman's filtering (Streje, 1981). The model developed by Kalman is described in more detail
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a: Cusum chart with truncated V-mask.
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b: Combined S* and § Cusum chans.

Examples of Cusum charts using logy, transformed data obtained with the
Bacillus cereus RM.,
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in annex A. In simple terms Kalman's filtering produces an estimate of the value for the next
observation based on the previcus observations. Te use Kalman’s filtering the time interval
between two observations should be more or less constant as the estimates produced are
not related to a specific time interval but to the different observations.

An example of a Shewhart centrol chart with and without Kalman’s filtering is presented
in Figure 3. The data were obtained with the RM for Staphylococcus aureus (enumerated on
Baird-Parker agar) as developed by the Dutch Food Inspectorate in Groningen (see also
chapter 7) and were Kindly supplied by the Dutch Food Inspectorate in 's Hertogenbosch.
The AMs were examined over a period of ca one year and the level of contamination
decreased from ca 80 cfp/plate to ca 65 cfp/plate. The control limits for the chart without the
use of the Kalman filtering were calculated as described previously. The data presented are
just a part of the total number of observations as there were too many points to include in
one chart. The data were transformed by taking the root of each value before Kalman's
filtering was applied. Root-transformation of counts is appropriate in the case of Poisson
distributed counts. The standard deviation needed to calculate the control limits was derived
from the estimate of the mean as, for a Poisscn distribution, the variance is equal to the
mean. However, overdisperison from the Poisson distribution is expected and also included.
The overdispersion was estimated based on the previous observation in a similar manner to
the estimate of the value according to Kalman's filtering. The calculations for the estimates
for Kalman’s filtering need to be done with computer software (for example with a
spreadsheet programme such as Excel or Lotus 1-2-3). In general the use of software
makes it easier to calculate control limits and can be of help in detecting an out of control
situation irrespective of the type of control chart.

The control limits for a Shewhart chart are calculated on the first 20 observations. The
control limits for charis with Kalman’s filtering are calculated each time an observation is
plotted on the char, but it will take a number of cbservations before the estimates produced
by Kalman'’s filtering are comparable to the limits calculated without Kalman's filtering. The
number of observations needed will depend on the initial values for overdispersion and level
of contamination. With the data sets examined, to determine the effect of the Kalman's
filtering, 20 observation were more than enough to give comparable control limits to the ones
calculated without Kalman’s filtering.

The detection of an out of control situation using a Shewhart chart with Kalman’s filtering
will be more difficult than for the original Shewhart chart due to the fluctuating control limits.
Howevet, this alternative chart allows the use of a quantitative control (although not stable in
time) which is preferable to the use of any type of qualitative control as the latter is less
sensitive in detecting an out of control situation. The criteria for detecting out of control
situations for the original Shewhart chart cannot be identical for a Shewhart chart with
Kalman's filtering. Tests 1 and 2, as presented earlier, can be used for charts with Kalman's
filtering but tests 3 and 4 cannot be applied as they are directed towards the detection of
trends.
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Shewhart control chart without (upper figure with control limits based on the first
20 observations) and with {lower figure) Kalman filtering using part of the data
obtained with an "unstable” RM containing S. aureus.
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Qualitative reference materials

Control charts for processes in which the data are not Normally distributed are aiso
possible. In the ISO 8258 standard (Anon., 1991) examples of control charts are presented
that are based on binomial and Poisson distributions. These distributions could also apply to
results obtained using the qualitative Ris. However, many replicates have to be made to
obtain a singie observation for such control charts. This wilt not be possible in practice using
RMs. The alternative is to examine a single capsule for the presence of the target organism
with each series of examinations. The result of this examination has to be positive, even
though there is a small chance that a capsule will not contain the target organism. As long as
the fraction of capsuies in which the target organism is not present is smal! (< 5 %), all
capsules examined should be found positive.

Some laboratories examine two capsules at a time instead of one in routine use. This is
discouraged as laboratories tend to accept one negative isolation result out of the two
capsules examined. They assume that the one negative is the result of a truly negative
capsule and thus there is nothing wrong with the detection procedure. However, because the
prcbability of a capsule not containing the target organism is small at the mean level of
contamination of the RM, the probability of one capsule not containing the target organism
and one that does will still be very small. For example, when the percentage negative
capsules is 2.0 % the chance of finding one negative and one positive capsule is just 4 %.

This can be illustrated by the following example from a laboratory using the Saimonella
RMs. Each time samples were tested for the presence of Salmonelfa the laboratory
examined two Salmonelila BMs as positive control samples, this was done in fotal 182 times.
Out of the 162 test times on 23 occasions one capsule was found positive and the other
negative with a particular selective enrichment broth. Based on the above premise the
laboratory would tend to accept that these 23 cases were due to a truly negative capsute.
However, this laboratory did not use just one selective enrichment broth but three; all were
inocutated from the same pre-enrichment culture. With the other two enrichment broths they
found only 12 instances whare there was one positive and one negative capsule. So on 11
occasions the one enrichment broth showed a poorer performance than the other two, but
results with this broth would have been accepted if it had been used alone.

In order to judge performance over a longer period of time {overall performance) the
number of negative isclations are added together and compared with the expected number
for that batch of RMs. The expected number of negative (or positive) isolations is calculated
from the fraction of negative capsules and the total number of capsules examined by using
the binomial distribution. The calculation is detailed in the section con the occasional use of
qualitative CRMs (see page 130). As leng as only a single capsule is used on each test
cccasion the interpretation for the occasional use of RMs and CRMs can be followed as no
day to day variation can be calculated. In ordet to facilitate the intetpretation of overall
performance, the results of each analysis of an RM (+ or -) can be plotted on a chart.
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USE OF REFERENCE MATERIALS ON AN OCCASIONAL BASIS

As the results of experiments performed occasionally have to be judged per experiment,
they need to be compared to a reference value. RMs are supplied with an indication of their
level of contamination (quantitative RMs) or their fraction of capsules not containing the
target organism (qualitative RMs). These values are based on the results of examination of a
small number of capsules in a single laboratory. Certified RMs are supplied with a certified
reference value which is based on the resuits from a number of laboratories. The resuits
obtained by a laboratory using CRMs are therefore compared to the results of all the
laboratories involved in the process of certification of the material. However, CRMs are very
expensive and not widely available. Their main importance is to enable a laboratory to
demonstrate its trueness. In most other cases of occasional use CRMs will not be necessary
but RMs can be used instead. The use and limitations of quantitative and qualitative BMs
and CRMs for occasional use are described below.

Occasional use of quantitative reference materials

Certified reference materials

The procedure for certification of a quantitative RM is described in chapter 4 for the
Bacillus cereus RM. The certificate accompanying the CRM gives the certified geometric
mean with 95 % confidence limits that are based on the examination of a large number of
capsules. For example, the results from the examination of 171 capsules were used for
calculation of the certified values for the B. cereus RM on MEYP agar. As the user of a CRM
will examine only a small number of capsules user tables must be prepared. In these tables
the 95 % confidence limits are given for different combinations of numbers of capsules and
replicates per capsule likely to be examined in practice. These limits are calculated using the
certified value and the variance components using the following formulae (Heisterkamp et
al., 1993):

A2 AP
~Z acap O

A2
Ox=0. =y "0

LL=a- t!—aIZ,L—1 * OAR and (J[ =pa+ tisine® 6&'

where: | = number of capsules examined.
J = number of replicates examined per capsule.
L = number of laboratories used for the determination of the certified value.
LL = lower limit.
UL = upper limit.
t\_az1-1= Student t-value at (1 - /2) fractile and L-1 degrees of freedom.
~2

o

. = variance component for capsules.

&7 = variance component for laboratories.

62, = variance component for replicates.

6% = variance for a combination of number of capsules and replicates examined.
[i = certified value,
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The limits are calculated using the certified value and variance components per method on a
logo scale. Back-transformation of the values obtained for the upper and lower limit will give
the limits on the normal scale. Due to the back-transformation the certified values {(mean,
upper and lower limit) on the original scale represent geometric values. The limit values are
rounded to whole counts. For the lower limit valuas are rounded to the lowest whole count
while fot the upper values are rounded to the highest whole count,

A user table presents the upper and tower limits a laboratory user must find with respect
to number of capsules and replicates examined. Based on the counts obtained the user
calculates the geometric mean and compares this value to the limits presented in the user
1able for that specific combination of capsules and replicates examined. The user table for
the Bacillus cereus CRM 528 on MEYP and PEMBA incubated for 24 h at 30 °C is presented
in Table 1. The upper and lower confidence limits on MEYP are also presented in Figure 5 in
chapter 4 to illustrate the effect of the number of capsules examined on the confidence
limits. Table 1 below and the Figure 5 in chapter 4 both show that the effect of the increase
in the number of capsules examined is limited once ca four capsules are examined.

Table 1. The 95 % confidence limits of the geometric mean number of cfp per 0.1 ml on
MEYP (cerified value 53.4) and PEMBA (cenified value 55.0) after 24 h
incubation at 30 °C (MEYP)} or 37 °C (PEMBA) for different combinations of
capsules and replicates of the Bacillus careus CRM.

Number of | Number ot MEYP PEMBA
capsules replicates lower upper lower upper
examined examined | geometric | geometric | geometric | geometric
mean mean mean mean
1 1 37 77 38 79
2 40 70 40 74
2 1 41 70 42 72
2 43 66 43 69
3 1 42 67 43 70
2 45 64 45 67
4 1 44 65 44 68
2 45 63 46 66
5 1 44 64 45 67
2 46 62 46 66
6 1 45 63 45 66
2 46 62 46 65
7 1 45 63 46 66
2 46 61 47 65
8 1 45 62 46 66
2 47 61 47 65
9 1 46 62 46 65
2 47 61 47 64
10 1 46 62 46 65
2 47 61 47 64
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Although provisional conclusions can be drawn from the user table about the number of
capsules that should be examined, another point must be taken into consideration, the
power of the analysis. In order to explain what the power is (see also Kish, 1965), more
information on the theory of testing statistical hypotheses is needed. For this a comparison
between the result of an experiment, in this case the examination of a CRM in a laboratory,
and the true situation is made. The true situation is based on the certified value and is
denoted as £ while the result of an experiment is denoted by u ... The hypothesis is tested
to determine whether u ., is equal to ji or not. Four different situations can be distinguished

which are presented in Table 2 together with their statistical probabilities.

Table 2. Possible combinations between the results of an experiment (u.,) and the
certified value (,ﬁ } and their statistical chances.

Result of the experiment

~

Hab= U ﬂ|ab¢ﬁ

True situation Hiab = H 1-0 o

L * [ B 1-B

For the results presented in a user table the true situation of y ., = £ is tested. The
95 % confidence fimits are also presented in the user table, meaning that « is set at 5 %.
Thus in 5 % of the experiments performed the wrong conciusion is made, meaning that the
geometric mean value found by the laboratory is not equal to the certified value although it is
equal in reafity. This is called a type | error. For the power of analysis a similar formulation
can be given, only in this case the true situation of g, = £ is tested. The power {denoted by
1 - B) can be defined as the chance that the geometric mean value found by the laboratory is
not egual to the certified value when in reality they indeed are different. Where they actually
are different it is called a type Il error (B).

Van Dommelen {1995) elaborated on this power analysis for CRMs. The power of the
analysis should theoretically be as high as possible. For power analysis of microbiclogical
RMs a value of 0.8 is used. Higher values will lead to a greater difference between the upper
and lower limits presented hereafter or more capsules will need to be examined to detect a
certain difference.

Before a recommendation can be made on the number of capsules that need to be
examined, a decision should be made on how large the difference between the geometric
mean value from the experiment and the certified value at maximum may be. The smaller
the difference accepted the greater the number of capsules that need to be examined in
order to draw conclusions with the same power. Tha size of the difference must be chosen in
relation to what difference is acceptable in practice or what difference will have a
consequence for the judgement of results. Figure 4 shows the relationship between the
power of the test and the geometric mean value that can be detected as different from f

examining 1, 2, 5 and 10 capsules respectively in duplicate for the B. cereus CRM.
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Figure 4. Relationship between the power, the geometric mean count and the number of
capsules (| =1V, =2 A; 1 =3¢ | =4 +) examined, using two replicates per
capsule for the Bacillus cereus CRM 528 enumerated on MEYP agar after 24 h
incubation at 30 °C (certified value 53.4).

Table 3 presents, for the same conditions of examination, the lower and upper vaiue for
the observed geometric mean values for a power of > 0.8 for various combinations of
numbers of capsules and replicates. The values presented are rounded up or down in the
same way as for the values presented in an user table.

As can be seen from Table 3 the effect of examining each capsule in duplicate is most
pronounced when small numbers of capsules are examined. The effect of the number of
replicates is demonstrated in Figure 5 for the examination of cne and five capsules. From
these figures it can be seen that the effect of more than two replicates is relatively small
especially using a higher number of capsules.

Based on the user tables and the results of the power analysis Van Dommelen {1995)
recommended the number of capsules that should be examined. For the B. cereus CRM
examination of five capsules in duplicate is recommended. A larger number of capsules will
lead to only a small improvement in detecting a difference from the certified value. The
difference in limits between the user table {see chapter 4) and Table 3 are small using the
recommended number of capsules. This means that when a laboratory finds a geometric
mean value in an experiment which is, according to the user table, significantly different from
the certified value then, according to Table 3, it shows that a systematic difference between
the true laboratory mean and the certified value exists. Where the true laboratory mean is
only slightly different from the certified value the chance of detecting such a small systematic
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difference is minimal, meaning that the results found in an experiment wiil, in most cases not
be significantly different from the certified value.

Table 3. Lower and upper geometric mean values at a power of at least 0.8 in relation to
the number of capsules and replicates examined using the Baciilus cereus CRM
on MEYP agar after 24 h incubation at 30 °C (certified value 53.4).

Number of Number of | Lower Upper
capsules replicates | geometric | geometric
examined examined | mean mean
1 1 32 88
2 36 78
2 1 37 77
2 40 71
3 1 32 73
2 42 68
4 1 40 70
2 43 67
5 1 L3 69
2 43 66
6 1 42 68
2 44 65
7 1 42 67
2 44 64
8 1 43 66
2 44 64
9 1 43 66
2 45 64
10 1 44 65
2 45 63

The recommendation made by van Dommelen (1995) was based on the usual practice
in laboratories of examining only 1 or 2 replicates per sample. As the price of CRMs is very
high, alternative combinations of less capsules and more replicates per capsule may be

beneficial. Using the variance components for the B. cereus CRM (6f= 0.00028; &;p:

0.00038 and 6;: 0.00413) the variance for combinations of numbers of capsules and

replicates can be calculated. An alternative with a comparable variance for the examination
of five capsules and two replicates per capsule (variance components 0.00077) would be
three capsules and four replicates per capsule (variance component 0.00075). However for 3
capsules/4 replicates more plates are needed. It is therefore for the laboratory to decide the
optimal combination of capsules and replicates.
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Figure 5.
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Relationship between the power, the geometric mean and the number of
replicates (J =1 V; J =2 A; J =3 0; J = 4 ) for the Bacillus cereus CRM
enumerated on MEYP agar after 24 h incubation at 30 °C (certified value 53.4).
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Non certified reference materials

The level of contamination determined for each batch of RM is based on the
examination of 20 capsules, in duplicate, on a single day, using the same batch of medium,
and in one laboratory. The geometric mean count and its 95 % confidence interval are
calculated from the results obtained with these 20 capsules. The interval is then calculated
using log.e transformed counts and the following formula:

~

LL=a- tozi 1O, and UL =i+t tatzd1® OA-x

wherg; | = number of capsules examined.
LL = lower limit.
UL = upper limit.

by piz.0 = Student tvalue at (1 - o/2) fractile and |-1 degrees of freedom.

6, = standard deviation of (log,, transformed) counts,
A = mean of (logs, transformed) counts.

Before these limits can be use as a reference value additicha! information on the variance
between laboratories is needed. This can be obtained from the certification study on a
similar RM. The different variance components (for laboratories, capsules and replicates) are
presented in the certification report. The variance for the laboratory component is added to
the other variance component to calculate the 95 % confidence interval as follows:

. [ 2
At pip112405 + 07

The adjusted interval now represents the interval within which the results of other
laboratories should fall.

A similar procedure can be followed when precision data are available. The laboratory
component is the difference between the reproducibility (R} and repeatability (r) values. The
variance component tar laboratories is calculated by dividing the R and r values by 2.8. The
values are then squared and finally the lowest value is subtracted from the highest. The
laboratory variance component obtained can be included in the formula above. No precision
data are published to date in international standards, but a current project financed by the
European Commission is determining the precision of a number of 1SO standard methods
for the European standardisation organisation (CEN).

Qualitative reference materials

Certified refarence materials

As with the quantitative CRM user tables also have been constructed for the qualitative
CRM for the smali numbers of capsules that are normally examined in practice. Instead of an
upper and lower limit of the geometric mean, for qualitative CRMs, the user tables must give
the minimum number of capsules that must be found positive for the target organism. The
calculations are based on the certitied fraction of capsuies in which the target organism
could not be detected. The certified fraction is based on the number of negatives found in
the certification study using a specified detection method. The total number of capsules
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examined in the certification study was high (each of the 10 - 12 laboratories examined ca 45
capsules) and the number of negatives was small. This means that only a small number of
capsules will not contain the target organism and will therefore result in the expected
negative detection rate. Using the binomial distribution the chances of finding a certain
number of negative (or positive} capsules cut of a given number of capsules examined can
be calculated using the certified fraction of negative capsules (p..g) in the formula presented
below:

=[5 )+ ) " (=)’

(ﬁ]:y—'.—“{‘:‘;ﬂﬁ and !!=l'([—1)'(’—2)0 ..... »]

where: p, = chance of finding "y positive isolations.
Preg = certified fraction of negative capsules.
y = number of positive isclations.
[ = number of capsules examined.
| - y = number of negative isolations.

Using these formulae the chances for a specific event ("y" positive isolations out of "I"
capsules examined) is calculated. To obtain the 95 % confidence limit for the number of
capsules that must be found positive the individual chances of obtaining ™V, "I-17, "I-2” etc.
positive isolations (thus 0, 1, 2 etc. negative isolations) are added together until the
cumulated chance is equal to or higher than 95 %. Using these calculations user tables are
prepared in which the minimum number of positive isolations are presented in relation to the
number of capsules examined and the certified fraction of negatives.

Here again the power of the analysis is also of importance. The number of capsules that
should be examined will depend on the maximum acceptable difference between the
certified fraction of capsules in which the target organism could not be detected (pne) and
the fraction of capsules in which the target organism could not be detected by the taboratory
examining the capsules (pgp). Figure 6 presents the power of analysis in relation to the
number of capsules examined and the value for py,, using the certified value (Da.g = 0.012)
for the Listetia monocytogenes CRM 595 (In 't Veld et al., 1996).

As for the quantitative CRM a power of 0.8 is used as a minimum for the qualitative
CRM. Figure 6 shows that the more capsules that are examined the smaller the detectable
difference between p,., and p.,. However, the difference betwsen the examination of 20 and
30 capsules is very small. This is a result of the relationship between the number of capsules
examined and the humber of capsules expected to be found positive for the target organism.
Using the formulas for the binomial distribution presented earlier, the number of negatives
expected in relation to the number of capsules examined can be calculated. For a p,gy of
0.012 and an o of 5 %, he negatives are expected when 1 to 4 capsules are examined. One
negative can be expected when 5 to 28 capsules are examined and two negatives when 30
to 68 capsules are examined. The changes in the expected number of positives and their
effect on the power of analysis can be seen in Figure 7, the sudden drop in the curve
represents the power of analysis.
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Chapter 6

Once a laboratory has decided which fraction of negatives is acceptable in relation to
the certified fraction of negatives (or which difference betwean p.,, and py,) it is easy to
calculate the required (and therefore recommended) number of capsules that must be
examined for a power of > 0.8. Subsequently the minimum number of capsules that must be
found positive is calculated using o = 0.05. Such a user-table was prepared for the
L. monocytogenes CRM (In 't Veld et al., 1996) and is presented in Table 4.

Table 4. Recommended number of capsules to be examined and minimum number of
capsules to be found positive in order to detect a certain laboratory fraction of
negatives (.} with a power of > 0.80, using the Listeria monocytogenes CRM
595 and a certified fraction of negatives of 0.012,

Prab Recommended number | Minimum number of capsules
of capsuies to be to be found positive for
examined L. monocytogenes

3% 378 370

4% 197 192

5% 110 107

6 % 91 88

7% 60 58

8% 53 51

9% 47 45

10 % 29 28

11 % 27 26

12 % 24 23

13 % 23 22

14 % 21 20

15 % 18 18

Non certified reference materials

The percentage of negative capsules (not containing the target organism}) and the 95 %
confidence upper limit, as presented with each batch of RMs, are based on the enumeration
of 50 capsules in a single laboratory at one time according to a specific protocol. This
protocol was specially developed for the enumeration of low numbers of organisms in a
single capsule and is thus difterent from the procedure employed by the user of the RM. The
theoretical percentage of negative capsules is calculated based on the average level of
contamination and the assumption of a Poisson distribution. 1t is also tested by the T, test
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(see chapter 1) to determine whether the counts conform to a Poisson distribution. When the
variation between counts is significantly ‘arger than would be expected for a Poisson
distribution the homogeneity factor (T»/(/-1)) is included in the calculation of the fraction of
negatives. The formula for calculation of the upper limit for the fraction of negatives
(including the homogeneity factor} is presented below.

. . T.
i tlhgs e |A o =

1-1
Ji

exp-

where: 1., = Student t-test value with o = 0.05 and 49 degrees of freedom.

£i = mean of counts.
{ =number of capsules examined.
T, = Cochran’s dispersion test statistic.

The number of capsules that should be found positive out of a given number examined
can easily be calculated from the fraction of negatives {or the upper limit for this fraction)
indicated with the batch of RM. It can be done in the same way as for the user tables with
the certitied RM using the formula for binomial distribution.

The advantage of the enumeration procedure for the qualitative BM is that both the level
and homogeneity of the batch can be checked. Using a detection procedure only the
percentage of capsules not containing the target organism can be determined and a large
number of samples must be examined in order to state the fraction of negatives with a
precision similar to that of the enumeration procedure. The reconstitution procedures for
enumeration and for detection of qualitative RMs are different and might (ead to a difference
batween the detection results found in practice and those obtained by the special procedure
for the enumeration of the capsules. Fortunately, only a small difference was observed
between enumeration and detection results in the certification studies of the Salmoneiia (see
chapter 3) and L. monocytogenes RMs (In 't Veld ef al., 1996). In both studies a somewhat
higher fraction of negatives was found using the detection procedures. Thus for qualitative
RMs the enumeration procedure is preferred in order to determine the fraction of negatives
of a batch as the costs for the checks will be much lower and the difference between the
enumeration and detection procedures is small in relation to the use of the RM.

DISCUSSION
Use of RMs on a routine basis

Quantitative RMs

Two types of control chart (Shewhart and Cusum) have been presented as tools to
monitor the quality of the quantitative methods routinely carried out in a laboratory. The
Shewhart chart, which is already in use in laboratories in The Netherlands, works very well
with a stable RM. The control limits can be calculated from the first 20 {logo transformed)
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counts, although not all laboratories use log,, transformation of counts for Shewhart charts
{(Mulder and Strikwerda, 1996). Figure 2a/b presents two types of Cusum chart that both
lead to conclusions about the control of the measurement process that are similar to those
from a Shewhart chart. The fact that Cusum charts are more sensitive for the detection of
small shifts in the level of contamination (trend) is best demonstrated by the chart prepared
according to the ISO/TR 7871 document {Anon., 1997}. The V-mask in Figure 2a is placed
in a position where this trend is most obvious, althcugh according to the ISO/TR 7871 there
was actually no trend as none of the observations exceeded the lines of the V-mask. This
possible trend is not indicated as clearly in the other Cusum chart (Figure 2b). The
advantage of the combined S*/S” charts is that they are much easier to interpret as fixed
action limits are defined.

For RMs that are not fully stable Shewhart and Cusum charts as such do not function
well (see Figure 3). Kalman's filtering, however, gives an cpportunity to apply the basic
principles of Shewhart control charts using data obtained from such RMs, Detection of out of
control situations from Shewhart charts both with and without Kalman'’s filtering led to similar
conclusions (when used on data sets where no decrease in the level of contamination
occurred). However, this procedure requires further testing and with application to more data
sets to optimise its use. A disadvantage of Kalman's filtering is that it becomes impossible to
detect small trends. Some trends might be caused by other factors related to the laboratory
rather than due to the instability of the RM. Therefore, use of Shewhart charts with Kalman's
filtering must be limited to instances where the instability of the material is proven and not to
compensate for the occurrence of changes in the level of contamination. Kalman’s filtering is
preferred to a linear regression model because the rate of decrease in numbers of
organisms in the RMs is not always constant. Stability tests carried out with both RMs {see
chaptar 5) and also data from the literature (LiCari and Potter, 1970) indicate that the rate of
decrease is not always constant.

Qualitative RMs

Detection of out of control situations by the routine use of qualitative RMs is not as
sensitive as it is with quantitative RMs. The recommendation to examine only a single
capsule on each occasion will mean that only large deviations in performance will be
detected with a reasonable probability. However, because of costs and labour, it is not
feasible to increase the number of capsules examined each time. Thus it is of importance
{even more than with the quantitative RMs) and strongly recommended that several
capsules are examined at regular intervals as described for the occasional use of CRMs.
The frequency of this type of testing is difficult to define but, for example, a change in the
batch of dehydrated medium used would be a good reason to increase the number of
capsules examined.

Use of RMs on an occasional basis

Quantitative RMs and CRMs
The variance components (for laboratory, capsule and replicates) for a CRM will
determine the magnitude of the difference between the true laboratory mean and the
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certified value that can be detected. Table 5 presents the variance compeonents for the
guantitative CRMs produced so far.

Table 5. Variance components {on logy, scale) for quantitative CRMs.

Variance component
Medium laboratories capsules replicates
CRM containin used for =2 —? =2
’ enumeration (0.) (G (O

Enterococcus fascium KFA 0.0128° 0.0032° 0.0126°
{CRM 506) m-EA 0.00869% 0.0064% 0.0095°
Enterobacter cloacae LSA 0.0086 0.0028 0.0073
(CBM 527)
Bacilius cereus MEYP 0.00028 0.00039 0.00413
{CBM 528) PEMBA 0.00052 0.00126 0.00303
Escherichia coli T7A (30/37) 0.0073 0.0027 0.0051
{CRM 594) LSA {30/37) 0.0055 0.0030 0.0193

a = variance components on log, scale

For the B. cereus CRM these variance components are small. For example, examination
of five capsules in duplicate of this CRM will detect a difference of 22 % between the
certified value and the true geometric mean of the laboratory (for a lower and upper
geometric mean value of 43.7 and 65.3 respectively and a certified value of 53.4). In
comparison the variance components for the Enterobacter cloacae CRM (Mocijman et al,,
1995) are much higher and will lead to a much wider range for the upper and lower
geometric mean value than with the B. cereus CRM. The E. clcacae CRM has a certified
value of 34 on Lauryl Sulphate Agar (LSA) and the corresponding lower and upper geornetric
mean values are 16.7 and 70.3 respectively (examination of five capsule in duplicate) which
corresponds to a difference of 104 % between the true laboratory mean and the certified
value. This difference in variance components cannot solely be due to a difference in the
homogeneity of the CRMs, but is also related to differences in methodology and the
physiclogical state of the organisms in the CRM. The levels of the selective agents of the
LSA agar might be critical for the recovery of sublethally injured organisms from the CRM
and/or the preparation of the agar is critical.

When a laboratory uses a non cerdified RM a confidence interval can be calculated that
includes the variation between laboratories. Between laboratory variance data can be
obtained from the certification study of a similar RM or precision data included in
international standards. However, is it permissible to use the laboratory variance component
of a CRM, which is determined for a specific batch, for batches of non-certified RMs?
Differences between batches of RMs are related to the leve! of contamination and the
homogeneity. The variation caused by these factors are included in the within laboratory
variance (variance of capsules and replicates) and thus will be determined for each batch of
RM. The between laboratories variance component can therefore be regarded as
independent of the batch of CRM and so the laboratory variance component of a CAM is

135




Chapter &

applicable to batches of RM. The confidence limits calculated for an RM are based on the
examination of 20 capsules in duplicate, a number nct likely to be examined in a laboratory.
In order to estimate the confidence limits for smaller numbers of capsules examined the
lower and upper limit presented on page 125 must be adjusted by multiplying the term &, by

the square root of the number of capsules examined divided by 20. For example, when four
capsules instead of 20 are examined the term &, must be multiplied by a factor of V5.

Qualitative RMs and CRMs

From Table 4 it is clear that, using qualitative CRMs, it is very expensive to demonstrate
that the performance of a laboratory (pi) is close to the certified fraction of negatives. In
practice examination of 20 - 30 capsules at one time is considered feasible. This means that
a P of 10 % or more can be detected with a high probability (power > 0.8). Here again the
drop in the power curve greatly affects the number of capsules that must be examined. This
effact can be eliminated in the ideal situation where a CRM has a p,e of 0 %, in this situation
all capsules examined should be positive. A negative detection result proves that a
laboratory has a gy, of > 0%. But how high is this p,,, value likely to be? A user table similar
to Table 4 can be constructed for a pe; of 0 %, the results are presented in Table 6 which
shows the minimum value for pg, that can be detected in relation to the number of capsules
examined. If a CRM has a p,,, = 0 % the number of capsules to be examined is reduced for
a certain value of p.. However, it is still difficult to demonstrate small differences between
Preg and pras. Examination of 20 - 30 capsules will only reveal a gy, of > 6 %.

Table 6. Relationship between the laboratory fraction of negatives (p,,) and the number of
capsules to be examined for a power of > 0.8 and a P, 0of 0 %.

Prab Recommended number of
capsules to be examined

1% 161

2% 80

3% 53

4% 40

5% 32

6 % 27

7 % 23

8% 20

9 % 18

10 % 16
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RMs with a pr,, of 0 % can be prepared by raising the average lavel of contamination of
the batch. However, this has its limitations as the higher the level the easier it will be to
detect the target organism. Raising the average level of the batch to a mean of 8 or 9
cfp/capsule reduces the chance of obtaining a capsule without the target organism to three
and one respectively out of 10,000. The batches of CRM produced so far consist of 5,000 -
10,000 capsules.
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Appendix A: Kalman's filter model

Sometimes the value (i.e. the level of contamination) of RMs is subject to a gradual
change. Often this change is a slow decrease in the level of contamination as a result of
prolonged storage. The change has no effect on the use of a control chart as long as it is
taken into account. Assuming a fixed value for the RM an out of control situation would be
reached some time after such change has set in. Appropriate quality control would consist of
a comparison of a current observation with its expectation, where the expectation must take
into account the gradual change in the value that has taken place up to the time of
observation.

The Kalman's filter model (KF) is eminently suited for this purpose as it attempts to
estimate the “state” (here: the true value) of the process based on all prior observations. The
essence of the KF is that there exists, at any sequential observation &, a "state” x; that slowly
changes according to the formula;

X(k+1) =ae X, +W,
However, the state is only observed with error as yi according to the following formula:
V=X tV,
The variables w and v, are zerc mean random variabies with variances var(w,) and var(vy,
respectively, a is a constant.

Standard formulae for estimating the state (value) at point k are available. Essentially they
are weighted means of the estimated state at point (kX —1) and the observation at k, y.. If the
process has ne built-in drift (i.e. 2 = 1} then the best predictor for the next observation (k+1)
is simply the state at point k. This would provide a suitable starting point for control, as this
"best predictor” can be compared with the actual observation yu.s. If the observation differs
"too much” from its predictor, this is a signal that somewhere an error has occurred.

The problem encountered when applying this model in laboratory practice is finding
suitable values for var(w,} and var(vi) as these are not themselves estimated by the KF. If
the observations are counts, then it seems logical - as a first approximation - to assume a
Poisson distribution. Reot transforming those Poisson counts would then automatically give
a value for var{vJ of 0.26 (Rao, 1973). A suitable value for var(wy) has to be found
empirically by using training sets of similar data. For the example in Figure 3 var{w,) was set
at 0.01 as this gave the smoothest control limits and followed the changes in the level welk.

Oiten, however, the counts are not truly Poisson distributed, but are subject to extra-
Poisson variation (overdispersion), it therefore seems appropriate to take this into account
by specifying var(vi) = 0.25%odf, where odfy is the overdispersion factor at observation k. It
is then possible to estimate the overdispersion factor from the data. At the start of the
process no overdispersion is expected, so odf, = 1. The control limits for a Shewhart chart at
point X. are subsequently calculated as:

x, £ 2e fvar{v }eodf, and x, t3e. jvar(v,)s odf,
for the warning limits and the actions limits respectively.

Reference:
Rag, C. (1973) Linear statistical interference and its application. John Wiley & Sons, New York.
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Chanter 7

The design and reproduction quality

of reference materials.

ABSTRACT

During the development and evaluation of the RMs market research was
undertaken to collate the opinions of potential customers on the characteristics of
the product developed. During this market research representatives of both
inspection and production laboratories (all with some knowledge of the product)
were interviewed. From this research a number of requirements for the reference
materials became apparent and these requirements were compared to the
developed product. Most of the requirements (Juran's customer's needs) could
be or already were included in the product, but some were difficult or even
impossible to include at the moment. The requirement for a simple and short pre-
treatment for quantitative RMs was particularly evident, Based on the results of
this market research production of the RMs was set up at the SVM with the help
of the RIVM. The increase in sales of the RMs over the first years of commercial
production (ca 10 % per year) was much less than predicted by the market
research. To obtain information on the organisation of quality assurance
programme in laboratories and the role of RMs in these programmes a second
series of interviews was organised. From these interviews it became apparent
that the routine use of RMs is important. This was not clear at the time of the
original market research., The quantitative RMs were used in conjunction with
contrel charts. It was also apparent that the level of contamination of the
qualitative RMs should be increased to eliminate the risk of finding capsules
without the target organism. In order to increase the sale of the RMs more
information on how the BMs can be used in quality assurance of routine
microbiological examinations should be made available to laboratories in Europe,
in particular to those which are accredited.
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INTRODUCTION

This chapter will focus on the quality of the reference materials from the viewpoint of
potential users of RMs and CRMs and is based on interviews held with such users. The
quality of a product depends on two factors, the design quality and the reproduction quality.
The design quality indicates how far the designed or developed product conforms to the
wishes and/or expectations of the target group or part of the market for which the product is
intended. The reproduction quality indicates to what extent the product of continuous
manufacture conforms to the product as designed (Van den Berg, 1993).

The reference materials in their present form (gelatin capsules containing antificially
contaminated spray dried milk) were first described by Beckers and co-workers {1985). The
intended use of these first RMs, containing Salmoneila typhimurium, was to check the
performance of the 1SO standard method for the detection of Saimonefla. Other materials
were developed from 1986 onwards under contract with the former Bureau Communautaire
de Reference (BCR) (now known as Standards, Measurement and Testing (SMAT)) of the
Eurgpean Commission. BCA/SM&T is involved in the development and certification of RMs
for a range of measurements, but at that time was not covering food and water microbiology.
The aim of the BCR/SMAT is to promote mutual recognition of analytical measurements by
increasing confidence in results. The BCR also lays down basic requirements for RMs (see
chapter 1). Each of the materials developed for food and water microbiclogy was evaluated
in a collaborative study and the results discussed with the participants. Once several
materials were successfully evaluated, market research among potential users of both RMs
and CRMs within laboratories in the EU was undertaken to compare the requirements of
these users with the RMs as developed and to determine the need for both RMs and CRMs
(Van Oostwaard and Rauwerdink, 1993). CRMs were considered as a special batch of RMs
because of the additional data provided and thus the increased ptice. During the market
research interviews estimates of the prices of RMs and CRMs were presented. As a result of
the findings of this research the production of non certified RMs was taken up by the
Foundation for the Advancement of Public Health and Environmental Protection {SVM} and
the certification process for RMs was initiated (see also chapters 3 and 4). In 1998 a second
series of interviews was held to update the information obtained in the first series. Four
laboratories that use the reference materials were selected for these interviews.

DESIGN QUALITY OF THE REFERENCE MATERIALS
Identification of customers

The identification of customers is the first step in the Juran quality planning rcadmap
{Van den Berg, 1993)}. Juran is one of the main experts in the field of production quality in
recent years. At the start of the BCR-project in 1986 no future customers, as such, were
identified, the aim at that time was to determine whether or not stable and homogeneous
microbioclogical RMs could be developed. It was, more or less, taken for granted that
laboratories operating in the field of microbiological examination of water and food were the
future customers for RMs. Laboratories from food inspection services, research institutes
and universities were involved in the collaborative studies organised to evaluate the
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materials intended for use in food micrabiology. At first no laboratories from the food industry
were involved. For the evaluation of RMs intended for use in water microbiology laboratories
from water production, water inspection, research institutes and universities were involved.
During market research laboratory managers and/or quality managers were interviewed by a
marketing expert from a consulting agency (BMT, Utrecht, The Netherlands) and an expert
(food or water microbiologist) from the National Institute of Public Health and the
Environment (RIVM). A differentiation was made befween food or water inspection
{governmental) laboratories and production (industrial) laboratories. The laboratories
selected were regarded as leading laboratories in their particular country and were familiar
with ali or some of the RMs developed. Central research laborateries of food producers were
also interviewed as they can influence the use of RAMs throughout their company
laboratories. All the inspection laboratories interviewed were also involved in the
collaborative studies organised to evaluate the RMs. In total 22 laboratoties were
interviewed, four from food production, six from food inspection, four from water production,
five from water inspection and three were involved in both water and food inspection. These
laboratories were located in nine different countries throughout Europe {France, Germany,
Greece, Spain, Sweden, Switzerland, The Netherlands, Portugal and the United Kingdom).
The disadvantage of choosing laboratories that were familiar with the RMs was that they
may have been biased, however, there was an advantage in that they are able to evaluate
the need for this particular material. Based on the results of the market research it was
concluded that all laboratories interviewed were intending to use RMs and thus could be
regarded as potential customers.

Identification of customer needs
After the groups of customers were identified their specific needs had to be identified
{second step in the Juran quality planning roadmap). At the time knowledge of what RMs
were and how they could be used was not widespread among micrchiology laboratories. The
driving force behind the use of RMs was the introduction of or working with a quality
assurance system and accreditation of the laboratory. Accreditation was more important to
inspection laboratories than to production laboratories, although most laboratoties had at
that time no quality assurance system based con the EN 45001 standard (Anon., 1991). Most
of the requirements of customers could not be related to a specific group of users. These
requirements are referred to as general requirements and were identified in the two series of
interviews and also during discussions with participants in the collaborative studies for the
evaluation of the RMs. The general requirements could be summarised as follows:
» ease of use (no or only a short pre-treatment needed and the pre-treatment procedure
not requiring specific apparatus etc.).
« availability of a variety of praducts covering the range of organisms (pathcgens and non-
pathogens) routinely tested for in the laboratory.
« combinations of various organisms in a single RM (so the same RM could be used to
test various methods).
« clear instructions on use and interpretation of data.
+ easy storage conditions.
¢ able to be used in combination with routine samples (spiking of samples).
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e lowin price.
= known stability and homogeneity.
«  security of supply.

From the first series of interviews it became apparent that the materials would be used
mainly in collaborative studies and for method development/evaluation. The most important
requirement of RMs for use in collaborative studies is the stability of the material, as this will
guarantee that all laboratories participating in the study are testing identical samples. The
advantage of using RMs for method development/evaluation is that the samples will be
inoculated with a well defined number of organisms and with well defined stress conditions.

The idea of using RMs in first line quality control (i.e. quality assurance of routine
microbiological examinations) by routine production and inspection laboratories caused
some hesitation due to the cost of RMs and, more importtant, the cost and time needed for
the additicnal tests required. Provision of information on the advantages of the use of RMs in
first line QC may overcome this hesitation. Most laboratories just beginning to use RMs in
first line QC had similar considerations at first, but this attitude changed after some time to a
mare positive appraisal of the use of RMs.

Comparison of custemer needs with RMs as developed

After the second step in the Juran quality planning roadmap a number of steps were
included to translate the customers’ needs into a final product. The characteristics of the
RMs were generally regarded as satisfactory. However, the requirements for RMs in general
needed to be compared to the RMs developed as those interviewed were already familiar
with the material at the time of the market research. Table 1 presents an overview of the
priorities in requirements for RMs. Extension of the range of RMs available was regarded as
more important than improvement in the characteristics of the materials. The main item
where the requirements of the user did not meet the characteristics of the RMs was in
relation to the pre-treatment of the RMs {ease of use).

Pre-treatment of BMs

A distinction must be made between the RMs for qualitative tests and those for
quantitative tests. For qualitative tests, especially with the Salmonefla RMs, no pre-treatment
is usually necessary as the gelatin capsule can be added directly to the enrichment broth
which is subsequently incubated at 37 °C. When the incubation temperature is lower (for
exampie, 30 °C as used in the first enrichment step for the detection of Listeria
monocytogenes according to the ISO standard (Anon., 1997)) pre-warming of the
(pre)enrichment broth at 37 °C is necessary for good and rapid dissclution of the gelatin
capsule, After pre-warming and addition of a capsule the broth can be incubated at the
desired temperature.

For the quantitative RMs a more time consuming pre-treatment is necessary. The
capsules have to be reconstituted before inoculation of the plates or, as is commeon in water
microbiology, passing through the membrane filter. The water related laboratories clearly
expressed their requirement for a shorter pre-treatment of the RMs as they mainly use
quantitative membrane filtration methods. The reconstitution procedure takes 30 - 40
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minutes in addition to the time needed {(ca 15 minutes) for pre-warming the tubes containing
the peptone saline solution. In addition the incubation temperature for reconstitution
{38.5 °C) is not commonly used in the laboratory and thus a separate waterbath is needed. A
reconstitution temperature of 37 °C would be more acceptable to the user but this results in
a poorer dissalution of the capsule.

Table 1. Reguirements and priorities for RMs by food production and food inspection
laboratories based on the results of the market research.

Micro-organism Qualitative/quantitative test | Priority” | RM available

Salmonelia Qualitative | yes
Listeria monocytogenes Qualitative Il yes
Quantitative m yes

Escherichia coli Qualitative Il no
Quantitative | yes

Staphylococcus aureus Qualitative Il no
Quantitative I no

Bacillus cereus Qualitative I no
Quantitative I yes

Clostridium perfringens Qualitative 1A no
Quantitative | yes

Yersinia enterocolitica Quantitative 1A no
Campylobacter Quantitative ] no
L.D.-Streptococei Qualitative [ no
Vibrio Quantitative in no
Total count (30 °C) Quantitative I yes®
Total count (55 °C} Quantitative I} no
Yeasts Quantitative i no

Moulds Quantitative ] no

a priority 1 = high pricrity (needed by most of those interviewed).
priority Il = reasonably high priority.
priority Hll = low priority (only occasionally needed).
b RAM containing E. faecium (available for water microbiology) is recommended for this purpose.
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Wider test tubes (diameter 26 mm) than normal should also be used for optimal
reconstitution. All these factors (time and temperature for reconstitution and size of the
tubes) are a result of the use of gelatin capsules as containers for the contaminated milk
powder. The advantage of using gelatin capsules as containers is twofold. Firstly, it is easy
to fill equal amounts of milk powder into each capsule. Pharmacists use the standard
deviation of the weight divided by the average weight of the capsule as a measure of the
variation in weight of filled capsules. Their criterion for variation in weight is a maximum of 3
%. In practice values of iess than 2 % were obtained, for example with the Bacilius cereus
CRM 5895 (In 't Veld &t al., 1995). The second advantage is that controlled, or even better,
slow, reconstitution prevents osmotic shock of the micro-organisms in the milk powder. The
negative effect of osmotic shock has been demonstrated for RMs containing Saimonella
(Beckers et al, 1985) and Listeria monocytogenes (see chapter 1). In particular for the
Saimoneila RM osmotic shock had a large effect on recovery of the organism.

Range of available RMs

During the market research a list was made of the requirements and pricrities for RMs
(see Table 1). The availability of RMs was limited in comparison to the requirement of the
potential customers. The desired range of test organism covered almost all the pathogenic
bacteria found in foods as well as a number of general plate count methods. For a number of
organisms both quantitative and qualitative materials were required. Comparison of these
requirements with the RMs available demonstrated that most of the priority | RMs were
already available.

The need for both a guantitative and qualitative RM for Escherichia coli for food
examination was recognised as this was onhe of the materials that has been evaluated in a
collaborative study (In 't Veld and van Dommelen, 1994). However, the stability of this
material was not acceptahle as determined by an enumeration method for E. coli, based on
the ISO 6391 (Anon., 1988) involving a four hour resuscitation step at 37 °C. Also this RM
was difficult to use for the enumeration of Enterobacteriaceae or coliforms as the Violet Red
Bile Glucose agar (VRBG) or Viclet Red Bile Lactose agar (VRBL) respectively would vield
only a few organisms per plate due to the high selectivity of these media without a prior
resuscitation step. For water microbiology satisfactory stability results were cbtained using
Lauryl Sulphate Agar (Anon., 1990). Incubation of this agar invelved a four h resuscitation
step at 30 °C. The results were acceptable for certification of this material (Moocijman et al.,
1996a).

A specific RM for total counts at 30 °C was not developed as the main interest in the
development of RMs for food microbiology was for pathogens, However, the RM containing
Enterococcus faecium is suitable for this purpose. This RM has been evaluated, and also
cettified, for total counts at 37 °C in water microbiology (Mooiiman et al., 1994) and therefore
can be used for the total count method at 30 °C in food microbiclogy.

The Listeria monocytogenes RM is the only RM not given priority I. This material was
developed as a reaction to the interest in this crganism in the 1980’s due to some large
focdborne outbreaks of listeriosis. Among the RMs given priority 1} and lil are a number of
organisms for which the current production process {spray drying of bacterial culture in milk)
does not give satisfactory results (for example Campylobacter and Vibrio strains); these
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organisms are too sensitive to the high drying temperatures and/or the low water activity of
the milk powder,

In addition to the availability of the RMs containing specific micro-organisms gelatin
capsules containing sterile milk powder are also available in capsules of the same colour
combination as those containing the target micro-erganism. These samples are used as
negative control samples mainly in collaborative studies. In practice false positive results
have been obtained in all collaborative studies involving qualitative tests. The requirement
for negative control samples was not evaluated in the market research.

Production of combinations of several micro-organisms in a single RM is possible but is
much more difficult than single organism RMs. The following items have to be considered
before such an RM can be produced:

» stability of the various organisms in the RM (the period for use of the RM will be
determined by the least stable organism).

= adjustment cf the level and homogeneity of a single organism.

e cost of production compared to RMs containing a single organism (the first mixing steps
for each organism should be separate and the level and homogeneity would need to be
tested individually).

Instructions for use and interpretation of data
Each RM is supplied with information on the batch and also the procedure to follow to

determine the level of contamination or the percentage of negative capsules, the
reconstitution procedure, routine and incidental use (see also chapter 6), interpretation of
results and the producer.

Storage conditions for RMs

For all RMs (and also for CRMs) a storage temperature of -20 °C + 5 °C is prescribed in
the instructions for use of the materials. For most types of organisms this temperature is
essential in relation 1o the specified stability of the material, For certain RMs and CRMs
{those containing spores of B. cereus and C. perfringens) higher storage temperatures (for
example 5 °C or 22 °C} will have little ar no effect on the specified stability, however storage
at -20 °C is still recommended in order to avoid confusion. Most users of RMs do not have a
problem in providing storage at -20 °C as most have freezers for a variety of purposes.

Price of RMs

The laboratories interviewed did not find the price of RMs too high (85 DFL per set of 10
capsules (ca 25 ECU)). The price is low compared to the cost of examination of an RM,
especially when metheds for pathogens are used.

Stability and homogeneity of RMs

Most of the RMs produced so far have been prepared from the same HCMP that was
used in collaborative studies for the evaluation of the RMs, for certification and for
determination of the stability of the material. For some RMs (for example Listeria
monocytogenes or Enterobacter cloacae) it has been proven and for many others it is
assumed that a new batch of RM has similar (or even better) stability than previous batches
of RMs prepared from the same HCMP. The RMs currently available have a stability period
of at least one year after production (the time at which the level of contamination of the batch
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was determined) at a storage temperature of -20 °C. Stability at higher temperatures is such
that the transpott conditions {(RMs are cooled by ice packs during transport if hecessary) will
have no considerable influence on the level of contamination.

From the market research study it became clear that the requirement of the user for a
stable product was such that the longer the stability period the better. The period specified at
present is regarded as very good, considering the materials contains living organisms.

Limits are set for the homogeneity of the material during production. The target for
homogeneity is a Poisson distribution, overdispersion is accepted as long as the variation in
the counts (for quantitative and qualitative RMs) does not exceed twice that of an Poisson
distribution. This limit is acceptable fo users. In general the variation in counts observed by
the usets of RMs is smaller than they expected.

Security of supply
The batches of RMs for the collaborative studies were originally produced by the RIVM

within the frame-work of the contract with the BCR/SM&T. Such batches were also supplied
to interested laboratories but the numbers produced were limited and a regular supply could
not be guaranteed. A secure supply was explicitly demanded by industry, but couid not be
guaranteed by the RIVM as this did not fit with the core tasks and the financial/economical
structure of the Institute, Therefore a secure supply was arranged by placing the production
of the RMs with the SVM as the organisation was already responsible for the production and
marketing of vaccines.

REPRODUCTION QUALITY OF THE REFERENCE MATERIALS
Reproduction of reference materials

Before setting up production and marketing by SVM the following items were considered
in order to assure the reproduction quality of the RMs:
¢ implementation of the existing production technique and training of production staff.
» quality control of production {and sale).
« management of production and stock.
= preparation of instructions for use.
e provision of information on the new product for the sales department staff.
¢ promotion of the product.

Figure 1 presents a general flow diagram of the production and control process as
implemented at SVM.

Implementation of the existing production technique and training of production staff

The existing production technique could be used as the size of the batches of RMs at
the start of production (3,000 - 5,000 capsules) was comparable to the size of batches
produced for cerlification of the materials. The production staff of SVM were trained in the
mixing of batches (use of pestle & mortar and mixing apparatus} and filling of gelatin
capsules.
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_ Mix the HCMP with
rd sterile milk powder
Check level of contamination
and homogeneity
results not accepted \L \l/ results accepted
Adjust level of contamination Fill batch into
or homogeneity gelatin capsules
Check variation in weight,
level of contamination
and homogeneity
results not accepted \l/ \I’results accepted
Reject batch Pack capsules into containers
and label containers
Check in QA department
results not accepted \b \bresults accepted
Reject batch Release batch for sale
[ ]

v

Prepare orders

v

Check prepared orders

NZ

Distribute

Figure 1. Flow diagram of the production process for RMs at SVM.
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Quality control of production

A protocol for the preparation of a new batch of each type of RM was prepared which
specified the amount of HCMP and sterile milk powder to be mixed and the steps necessary
for mixing the powders in order to obtain the desired level of contamination. In general
batches of 1 - 2 kg mixed powder are prepared. The first stage in the preparation of a batch
takes the form of a contral foop in which the batch is mixed, the level and homogensity are
assessed and the test results are compared to predefined criteria. When the test results do
not meet the criteria, the batch is remixed until the test results do conform to the criteria.
After each mixing procedure two samples of the mixed powder are taken, gelatin capsules
are filled and two sets of 10 capsules are examined in duplicate {two sets of 25 capsules for
the qualitative RMs) for their leve! of contamination and homogeneity. Based on these
results the mean level of contamination and the homogeneity are calculated for quantitative
RMs as presented in chapter 1. Criteria for the level of contamination and homogeneity were
formulated based on previous expetience. For the qualitative. RMs the fraction of negatives is
calculated based on the level of contamination and homogeneity of the batch. The results
are checked and when the batch conforms to the criteria set the batch is filled into gelatin
capsules. The variation in weight of the filled capsules is checked, the criterion to be met is a
value of less than 0.03 for the standard deviation divided by average weight. For this
purpose one capsule out of every set of 60 filled {the number of capsules that can be filled at
the same time) is used. A further 20 capsules {or 50 capsules for quantitative RMs) are
checked done by an independent accredited laboratory for level of contamination and
homogeneity. The results are checked using the criteria applied for the earlier check(s). The
gelatin capsules are then packed in sets of 10 capsules per container. Each container is
labelled with information on the level of contamination of the test material, including, for
quantitative RMs, the 95 % confidence limits or, for qualitative RMs, the fraction of negatives
including a 95 % upper confidence limit. Before the batch is finally released for sale the QA
department of SVM checks the results laid down in the test reports.

Management of production and steck
The time taken to preduce a batch of RMs depends on a number of factors of which the

most important is the number of microbiological examinations needed to check the level of
contamination and homogeneity. For each batch it is expected that the level of contamination
and/or homogeneity will need to be adjusted 2 to 3 times before the prescribed criteria are
met. Once the entire batch is filled into gelatin capsules an external check is made which
takes a further 2 - 3 weeks. The entire procedure leads to a minimum production time (from
the start of mixing to the availability of the batch for sale) of four weeks. In practice
production times of 2 - 3 months are assumed. This will mean that for proper managerment
of production an inventory of stock and expected rate of sale are essential. Another point
that has to be considered in production planning is the expiry date of the batches. Normally
batches are sold for up to three months before expiry date. This means that the start of
production of a new batch must be ca six months before the expiry date of the current batch.

In order to reduce production time the number of mixings (and therefore checks) should
be kept to a minimum. Although mixing schemes are set up based on previous experience a
single mixing step is normally not sufficient. This is due to a combination of the following
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factors: non-homoegeneity of the HCMPs, variation in counts due to the method of
examinaticn, the number of samples used and the criteria for acceptance of a batch. For the
better selling RMs more powder is mixed than is needed for the production of one bateh of
filled capsules. The powder left over after filling the required number of capsules for the
batch is stored for production of the next batch. This procedure saves both the time and cost
of mixing and checking the level of contamination after each mixing. This previously mixed
powder will be checked for the level of contamination before it is used for filling the next
batch of capsules.

Preparation of instructions for use

With each order instructions for use of the particular type of RMs are supplied. The
information in the instructions for use has been described earlier in this chapter. A draft of
the instructions for use were sent 10 a number of potential users for their opinion on the
information supplied. The final instructions were prepared taking into account their
comments.

Information on the new product for the sales department staft

SVM is already selling a range of products but including mainly vaccines. The RMs are
quite different to the products already sold. The sales department will be the first point of
contact for questions or remarks on the materials and their use. Tc enable the sales staff to
handle simple questions from the user a short training course on the general aspects of the
RMs was given. To provide additional support in the marketing of the RMs the
microbiclogists invalved in the development of the materials are available for advice and
assistance for example in relation to more detailed questions on the RMs and quality
assurance aspects.

Promotion of the product
The product was promoted in three ways:

1. by the production of two leaflets, one containing general information on the RMs
including a list of those available and their prices, the other presenting information on
the quality assurance of examination by both occasional and regular use of the
qualitative and quantitative RMs and CRMs.

2. by advertising in water- and food industry magazines aiming to supply information on the
availability of the RMs to the laboratory manager. Advertisements however, only
appeared in Dutch magazines as the price for the adverts was very high and it was
considered not 1o be cost effective. Although the EU financially supported the
development of the materials no funds were available for promotion of the product. The
reason for this is that the EU cannot recommend or support the use of a specific
commercial product.

3. by presenting scientific information and/or data by the microbiologists involved in the
development of the RMs at symposia and cangresses. This information includes the
development and evaluation of the materials and also the use of RMs in quality control.
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EXPECTED AND REALISED DEMAND FOR RMs

Based on the market research an estimate of the immediate need for RMs and the
expected increase in demand was made. The immediate demand for RMs was estimated at
20,000 - 30,000 capsules per year. No differentiation was made between the demand for the
various types of RM. It was expected that after an initial demand of 20,000 to 30,000
capsules per year there would be an increase to 100,000 - 200,000 capsules per year within
1 - 2 years. This predicted strong increase in demand did, howaver, not happen. A gradual
but steady increase was observed starting from ca 17,000 capsules sold in 1994 (1 year
after production at SVM started) and increasing to ca 30,000 in 1998 (prediction based on
the results of the first half of 1998). The Salmoneila RM accounted for more than 40 % of the
total demand. This is due to the fact that Salmonelia is the pathogen most frequently tested
for by food producers and this qualitative RM is easy to use. Possible explanations for the
difference between the expected and realised sales and ways in which sales might be
stimulated, include:

e The use of RMs on a national and international scale.
Although no clear difference in the expected use between countries was observed in the
market research the use of RMs is mainly limited to laboratories in The Netherlands
{more than 50 % of the RMs sold in 1995 and 1996). Information on the availability and
use of the RMs should be focused on other European countries in order to increase
sales. Accreditation bodies could stimulate the use of RMs in laboratories when they
stipulate the use of control samples having a defined number of organisms.

s Availability of alternative RMs.
At the time of the market research no alternative RMs were available. At the present
time a number of alternatives exist althcugh some are still at the experimental stage.
The differences between the RMs developed and these alternatives (in terms of cost,
application etc.) should be made clear to potential users.

= Availability of proficiency testing schemes.

In addition proficiency testing schemes were not well developed at the time of the market

research. Currently a range of such schemes are available, all having a large number of

participants. Proficiency testing schemes have an advantage compared to the use of

RMs in that they offer a comparison between different laboratories and can offer

standardised samples that differ in the level of contamination for the target and

background organisms in each distribution. However, the disadvantage of such schemes
is the frequency of use, which is low compared to the possibilities for the routine use of

RMs.

Both the alternative RMs and proficiency testing schemes are used for quality assurance
by laboratories and thus can affect the demand for RMs produced by SVM. A short overview
of these alternatives is presented helow. A second series of interviews was organised to
obtain information on how laboratories had organised the quality assurance of their
microbiclogical examinations and the role and need for RMs.
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Alternative reference materials

Two alternative freeze dried RMs, containing a mixture of micro-organisms are
available. The first is produced by the National Food Administration in Uppsala, Sweden, as
an off-shoot of their proficiency testing programme. The various micro-organisms are
present at different levels and the mixture covers a range of food microbiological methods,
including pathogens and general plate counts (Peterz and Steneryd, 1993). For each
organism the level is specified (determined according to a specified Nordic Committee on
Food Analysis (NMKL) method) and the variation between samples is based on the variation
in results obtained by the National Food Administration and also adjusted for the variation
between laboratories participating in the proficiency tests. Thus laboratories should obtain
results within a specified 85 % confidence interval (the range differing from 0.5 to 1.2 logis
units depending on the organism). The stability pericd for these samples is 12 months when
stored at -20 °C. The samples are reconstituted in 50 ml BPw and should then be used
immediately. The price for a set of ten samples is ca 120 ECU (ca 250 DFL). Compared to
the RMs developed by the RIVM/SM&T these Swedish RMs although they cover a wider
range of organisms and are easy 1o use are more expensive and have a shorter shelf life.

The second alternative is the Quanti-Gult™® ™ which contains pre-quantified (10 - 100
cfp) micro-organisms per vial. The organisms (a limited number of ATCC strains) are dried in
a cap which is placed on a tube containing the rehydration fluid. Reconstitution is performed
at 35 - 37 °C for ten minutes after which the contents of the vial are applied to the medium to
be evaluated. Ten tests can be performed from one vial, but they must be started within 30
minutes of rehydration. The certificate supplied with the product only gives information on
the strain and batch not the number of organisms present nor any variation within the batch.
The stability period of the vials is specified as 6 - 10 months {depending on the organism)
when stored at 5 °C. The price for a set of ten vials is 700 ECU (ca 1500 DFL). Compared to
the RMs developed by RIVM/SM&T these RMs are expensive, although easy to use, have a
limited stability and a less accurate quantification of the number of organisms present.

Two further types of RM are currently in an expetimental stage. The first of these is the so
called "Lenticules” developed by the Public Health Laboratory in Newcastle, U.K. These
Lenticules are being evaluated in project called "Microbath™ financed by the European
Commission (SM&T) and also in the PHLS External Quality Assessment Scheme for water
microbiology. A wide range of these RMs, containing both water and food related organisms
are currently being tested for homogeneity and stability. The production process for the
Lenticules is based on drying the organisms in a protective matrix at ambient temperature
using silica gel as the drying agent. Small droplets of the bacteria suspended in the matrix
when dried form the Lenticules which are lentil shaped. Discussion on the production
possibilities of these RMs have started recently. The lenticules have the advantages that
they are easy to reconstitute {a Lenticule is left for 10 minutes in a specified quantity of PS at
room temperature and subsequently mixed) and are dried at ambient temperatures which
eliminates any heat injury to the cells. When stability and homogeneity and price of the
lenticules are satisfactory they will become real competitors to the RMs developed by the
RIVM/SMAT.
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The second experimental type of RM has been developed by the Dutch Food
Inspectorate in Groningen. The preduction process is a simplification of that described by
Schijven and co-workers (1994). The organism is cultured and diluted to the desired
concentration in sterile whole milk. This suspension is then distributed into small vials and
frozen at -20 °C (Mulder and Strikwerda, 1996). The material containing S. aureus proved to
be stable for one year when stored at -20 °C. These RMs are used mainly in first line QC by
laboratories of the Food Inspectorate in The Netherlands. Although some of these materials
have proved to be stable for a year when stored at -20 °C the disadvantage is that they have
to be shipped frozen which will limit their application in other laberatories.

Proficiency testing schemes

Proficiency testing schemes are used by participating laboratories to demonstrate their
performance in comparison to others. The existing schemes provide simulated food or water
samples at regular intervals, normally every t or 2 months. Details of a number of the
schemes available are presented below:

e The PHLS Quality Assessment Schemes.

Varicus schemes (e.g. food and water microbiology) exist, all organised from the Public
Health Laboratory Service in the United Kingdom. The food microbiclogy scheme started in
1991 and is run by the Food Hygiene Laboratory at the Central Public Health Laboratory in
London. The samples, containing a mixture of organisms, are freeze dried. Within this
scheme there are currently five sub-schemes each aiming at different groups of laboratories
testing a wide range of or more specific samples. The standard scheme is intended for
official control laboratories examining samples for a prescribed range of tests including
pathogens. The extended scheme is more directed towards public health laboratories
examining food samples for a wider range of crganisms and including samples associated
with cutbreaks of food poisoning. For both of these schemes there are six distributions per
year, each distribution containing 2 - 4 samples. Scores (2, 1 or 0} are allocated to the
participants’ results depending on whether the results are fully, partially or not correct. Costs
are 1100 - 1250 ECU (2350 - 2700 DFL) per distribution year, excluding additional shipment
costs for non UK members (ca 150 ECU}.

¢ The Nordic Proficiency testing scheme.

This scheme is organised by the Nationa! Food Administration in Uppsala, Sweden and has
been operating since the beginning of the 1980s. The samples are similar to those of the
PHLS EQA scheme but are intended only for general food microbiology, they do not
simulate food samples involved in outbreaks as with the PHLS EQA scheme. The method of
evaluating results alsc differs from that of the PHLS. Participants’ results are tested to
determine whether they are outliers in relation to those of other laboratories by using
z-scores. No scores are allocated to the laboratories’ performance. The scheme is intended
for laboratories in the Nordic countries, but is open to any laboratery. Three distributions are
made per year each consisting of 4 or 5 samples covering a range of organisms to be
tested. The costs are ca 625 ECU {ca 1300 DFL) per year.
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» Food Examination Performance Assessment Scheme (FEPAS).

This scheme is operated from the Ministry of Agriculture, Fisheties and Food (MAFF) Central
Science Laboratory in Norwich, UK. The samples consist of artificially contaminated freeze
dried minced beef or chicken. Originally it was only available to UK laboratories but since
July 1997 it has been available to laboratories in other countries. The sampies contain a
mixture of organisms, target and natural background flora. The target organisms include
pathogenic, indicator and spoilage bacteria. Five distributions are planned per year each
consisting of three samples giving a total of 15 different samples with different target
organisms. The analysis of the data is performed according to the International Harmonised
Protocal for the Proficiency Testing of (Chemical) Analytical Laboratories as far as it is
applicable to microbiolegical data. The costs depend on the number of samples requested
per year. For all 15 samples the costs will be ca 2200 ECU (ca 4600 DFL). For countries
outside the UK additional shipping costs are added.

» Quality Management (QM).

This scheme is operated by a commercial company that produces samples intended for the
food industry. It also produces samples specifically aimed at the dairy and brewing
industries. Samples consist of milk powder or cat meal, they contain a mixture of organisms
and are available for both pathogen and general plate count testing. The organisms are
spray dried and reference is made to the evaluation of spray dried RMs by the BCR/SM&T.
The frequency and number of samples to be examined are determined by the participant.
Participants’ results are reported as a z-score, with a reference value based on the median
value of the study. Costs are ca 160 ECU (ca 335 DFL) per sample but can be lower
depending on the frequency and number of samples examined.

The second seties of interviews

For this second series of interviews four laboratories, two central laboratories from the
food industry and two food inspection laboratories were selected. All had been familiar with
the use of RMs for a number of years. The inspection laboratories were both accredited by
the Dutch Board for Accreditation (formerly Sterlab). The industrial laboratories used a
company quality assurance system and intended to become accredited in the future. RMs
were used by all four laboratories for first line quality control. Three laboratories used the
RMs produced by SVM, the fourth RMs prepared by themselves. The frequency of use was
with every series of examinations. Reducing the frequency of use was not a point for
discussion, the point of view of these laboratories was, that the perfermance of each series
of examinations should be proven particularly in relation to possible disputes between
production and inspection. The results obtained with the RMs were generally used to
produce a type of contrel chart. Apart from the use of RMs for first line quality control, they
were also used in method validation studies. This use of RMs for first line quality control is
confirmed by other Dutch laboratories but differs from the conclusions of the ariginal market
research. At that time RMs were mainly used in collaborative studies and for method
development/validation. The use of RMs in collaborative studies is likely to decrease in the
future as the organisers of such studies are seeking samples that are prepared according to
their specific requirements. The providers of proficiency testing schemes are more flexible in

155




Chapter 7

producing samples that are more specific than the RMs produced by SVM. CRMs were
either not regarded to be of great use (except by one of the inspection laboratories) or it was
felt that insufficient information was available on the difference between RMs and CRMs,

The level of contamination or fraction of negatives presented for each batch of RMs
produced by SVM were regarded as sufficiently accurate to be used by each laboratory.
Thay felt there was no need to improve the confidence in these values as this would lead to
a higher price. For industry the cost of quality control is eritical, but the costs involved are
mainly those far the additional examination and not the cost of an RM. The cost of examining
RMs on a regular basis is too high for laboratories directly linked to a production site in
industry. In these laboratories RMs are used less freguently (e.g. once a week) or not at all.
For all laboratories, but especially for those linked to a production site, participation in
proficiency tests is important in addition to or instead of the use of RMs. All four laboratories
participated in various internally and externaily organised proficiency tests.

The range of RMs made by SVM could not cover the entire range required by these
laboratories. For one laboratory this was one of the reason(s) why they started to produce
their own RMs. There is also a perceived need for RMs containing strains that can easily be
distinguished from normal food isolates, for example to be able to trace false positive
detection results. They also agreed that for the qualitative RMs the level of contamination
should be increased so that the fraction of negative capsules is zero. A fraction of negatives
of ca 1 % is regarded as too high. The opinion of the four laboratories on the reconstitution
procedure for the guantitative RMs differed, although all of them had comments on the
application of the procedure in the laboratory. It was not possible to obtain an opinion on the
alternative RMs, except for the one laboratory that produced its own, as the other
laboratories were not familiar with these alternatives. The laboratory that produced its own
RMs felt that it was too early to compare them to the RMs produced by SVM as they were
still in an experimental stage.

REQUIREMENTS AND POSSIBILITIES FOR IMPROVEMENT IN THE DESIGN QUALITY

From the data obtained from both series of interviews the following peints that could
improve the design quality of the materials were further considered:
= pre-treatment of the quantitative RMs.
» increase in the level of contamination of the gualitative RMs.
e use of strains with a marker.
¢ extension of the range of RMs.

Pre-treatment of the quantitative RMs

The need to change the procedure for pre-treatrent of the quantitative RMs became
apparent in the original market research and was confirmed during the second series of
interviews. Based on the findings of the market research additional research was initiated to
develop an alternative reconstitution precedure. For RMs containing organisms that are not
affected by osmotic shock, for example those with spores of B. cereus, opening of the
gelatin capsules and direct reconstitution in peptone saline solution is possible. However,
this procedure leads to a larger variation in results when compared to those obtained with

166




Chapter 7

the normal reconstitution procedure. This is due to the difficulties in transferring the powder
quantitatively into the test tube containing peptone saline solution (see also chapter 1). The
direct use of contaminated milk powder without capsules was alse examined by Mooijman
and co-workers (1996 b) using a strain of Enterobacter cloacas. Various parameters in the
reconstitution procedure were varied such as temperature, the amount of peptone saline
solution used and the reconstitution time. After reconstitution one ml volumes were
membrane filtered. Almost all alternative procedures showed a poorer homogeneity {larger
variation in counts) and in most cases an effect of osmotic shock was apparent (the number
of micro-organisms recovered was lower than with the "reference” reconstitution procedure).

A possible procedure for RMs with organisms that are not affected by osmotic shock
(Bacillus cereus and Clostridium perfringens) could be to raise the level of contamination of
the capsule tenfold (to ca 5 x 10* cip/capsule) and reconstitute the capsules in 100 mt of
peptone saline using a stomacher. After reconstitution 0.1 ml is then plated onto the medium
of choice. Another advantage of this approach is that reconstitution can be combined with
the inoculation of 10 grams of a food sample at a level of 5 x 10° per gram of food. For cther
organisms that are only slightly affected by osmotic shock (for example Enterococcus
faecium) it will be necessary to determine the effect of the osmatic shock and also whether
this approach would lead to reproducible results.

Raising the level of contamination of the RMs has limits in relation to the amount of
HCMP needed. For organisms showing no or only limited (less than one log,, unit) die off
during the spray drying process problems are not expected. However, with many other
organisms a reduction of 2 - 3 logyp Units is not uncommon. For these organisms increasing
the level of contamination of the RM would pose a problem, as the level of contamination of
the HCMP is too low to give the higher final contamination level in the capsule.

Increase in the level of contamination of the qualitative RMs

For the qualitative RMs the level of contamination should be increased so that the
fraction of negative capsules is zero. There should be no doubt whether a failure of a
laboratory to isolate the target organism is due to an analytical error or to a capsule not
containing the organism. The target contamination leve! for production of new batches of
RMs is between 5 and 6 cip/capsule. This corresponds to a maximum fraction of negatives
of 1.6 %, taking into account a value for T,/(/ - 1) of 2. Increasing the target level of
contamination to between 8 and 9 ofp/capsule could lead to an expected maximum fraction
of negatives of 0.1 %. A further increase is not recommended, as the level of contamination
should be as close as possible to the theoretical detection limit.

Use of strains with a marker

The strains used in an RM should be easy to distinguish from normal food or water
isolates. The type of marker used should be simple so that each laboratory can easily
demonstrate this feature. The need for marked organisms is to eliminate the possibility of a
false positive result, this is particularly important with detection methods. For example to
demonstrate that the strain isolated from a food sample is the same strain used for the
production of the RM. Several types of markers can be used such as, for example, an
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antibiotic resistance that is not commonly found in the specific type of organism or the
incorporation of fluorescence or luminescence genes in the organism.

Extension of the range of RMs

From both series of interviews it was clear that the existing range of BRMs is small
compared to the requirements of different laboratories. The alternative RMs cover a wider
range of organisms. This is likely to affect the demand for RMs produced by SVM in the
future.

RECOMMENDATIONS

The target group of RM users should be defined as inspection laboratoties and centrat
industrial taboratories.

In general the larger laboratories have less difficulties with the specific requirements for
reconstitution of the quantitative RMs. However, the reconstitution procedure for the
quantitative RMs should be made more user friendly, to allow the market to be extended
to the smaller routine laboratories. The existing and developing alternative RMs are
more user friendly in this respect.

The routine use of RMs (as first line quality control) gives an opportunity for laboratories
to check the performance of methods at a much higher frequency than with proficiency
testing. The routine use of RMs is common in The Netherlands but less so in other
(European) countries. Efforts to extend the market for RMs should be directed towards
the routine use of the materials. More information on the use of RMs in first line quality
control should be made available to potential users. At the moment a project called
Equase (financed by SM&T) is working on the introduction of quality assurance
principles into laberatories undertaking microbiological examination of water samples. A
similar project should be initiated targeting control laborataries testing food samples.
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General discussgion

INTRODUCTION

The development of the reference and certified reference materials described in this
thesis is built upon a line of work that began in the early 1970's with the organisation of
collaborative studies in order to standardise the detection method for Salmonefla. For this
particular purpose identical samples were needed for all the laboratories throughout Europe
participating in these collaborative studies. In order to obtain sublethally injured organisms, a
culture of Salmonefla was suspended in milk and dried in Petri dishes at 43 °C (Edel and
Kampelmacher, 1973). Subsequently the dried mitk was ground, further diluted with milk
powder and used as a separate inoculum for spiking test samples. Later, the Salmonella
was suspended in milk, spray dried and, after dilution, filled into gelatin capsules (Beckers et
al., 1985). This principle is still in use for the production of RMs and CRMs today.

THE REQUIREMENTS OF REFERENCE MATERIALS

Three general requirements for reference materials can be formulated. Reference
materials should be stable, homogeneous and represent the samples that are examined by a
laboratory in practice as far as possible (representativity of the reference material).

Stability

From the viewpoint of the user of certified and non-certified RMs the level of
contamination must be stable within defined limits over a period of at least one year at the
recommended storage temperature (-20 °C). The stability of various RMs at storage
temperature is presented in chapters 1, 3 and 4. All the materials described fulfilled the
requirement for stable RMs as no significant decrease in the level of contamination was
demonstrated. Most of the RMs tested were stable over periods much longer than a year, for
example, the Salmonelia RM was stable for more than six years. Sometimes a small but
significant increase in the level of contamination was observed. This increase, however, was
s0 small that it hardly affected the use of the RM in practice. It is difficult to explain this
increase in the contamination level but one reason that might contribute to the effect is the
experience of the technician in reconstituting the samples.

Apart from testing the stability at storage temperature the materials were also tested for
their stability at higher temperatures in an attempt tc simulate the conditions of shipment.
The B. cereus RM proved to be very stable (up to four weeks at 37 °C) and was probably
due to the use of spores. Other materials, such as the Listeria RM, were less stable thus
cooling during shipment of these RMs is necessary.

Homogeneity

The theoretical distribution of micro-organisms in a sample is described by a Poisson
distribution (Niemela, 1983; Heisterkamp et al,, 1993). The T, and T. tests were used to
determine whether the variation within a single RM (T, test) or between different RMs
{T, test) was according to a Poisson distribution. In practice overdispersion was found
between different RMs but nct within reconstituted RMs. At the start of the project
homogeneity was sometimes difficult to achieve. However, the homogeneity of different
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batches of RMs was improved by the intreduction of mixing by means of a mortar and pastle
(see chapter 1), For production of an acceptable batch of RMs a limit for the value of To/(-1)
of < 2 was set. This limit was set based on empirical results obtained in practice when the
HCMPs were mixed with sterile milk powder. The results from the coliaberative and
certification studies confirmed that this limit had little influence on the results obtained by
laboratories. Table & in chapter 6 shows that for the quantitative CRMs the variance
component due to capsules (homageneity of the materials) is small compared to the total
variation {sum of all variance components). Hence, it is concluded that the homogeneity of
the RMs is acceptable.

Representativity

Evaluation of the effect of the production process
In the ideal situation an RM should be similar to the sample that is examined by a

laboratory in practice. However, for almost all RMs and CRMs this is not possible to achieve
as it would be impossible to fulfil the requirements for stability and homogeneity. An RM
should also represent a sample or a physiological state of the organism that is critical for the
method to be evaluated and thus the target organisms should have a certain degree of
sublethal injury. However, too much injury to the target organisms would make it difficult to
obtain a representative RM. in the spray drying process the organisms become injured due
to the high temperatures used for drying (heat injury) and also to the drying process itself
(osmotic injury). Chapter 1 describes how the production process for RMs influenced the
behaviour of the quantitative Bacilius cereus RM and the qualitative Lisieria monocytogenes
RM. From the results presented it is concluded that the effect of the production process and
storage conditions did not change the reprasentativity of the RMs.

Both heat injury and osmotic shock were cbserved to have an effect on the
L. menocytogenes BRM. The osmotic shock effect emphasises the need for a standardised
reconstitution procedure {use of the gelatin capsules). The heat injury effect makes the
target organism more sensitive towards the selective agents used in both the enrichment
broths and the isolation media. This effect is illustrated by the prolonged lag phase of the
L. monocytogenes grown in Listeria enrichment broth (LEB) or half strength Fraser broth
(¥ FB) {see chapter 1, Table 10). With the B. cereus RM the spores present in the material
required a prolonged time for germination, this was due to the production and storage
conditions, but it did not affect the normal counting procedure for B. cereus. No heat shock
was necessary to germinate the spores.

Evaluation in collaborative studies

In addition to the use of RMs in an individual laboratory, the materials were further
evaluated in coltaborative studies involving laberateries throughout Europe. The three
studies organised to evaluate the L. monocyfogenes RMs are presented in chapter 2. It was
concluded that the RMs preduced are suitable for testing laboratory performance of methods
for the detection of L. monocytogenes.

The first study, in which L, monocytogenes was the only organism present in the RM,
showed that most Iaboratories detected the expected number of L. monocytogenes positive
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samples. The study demonstrated the ability of laboratories to detect low numbers of
sublethally injured organisms. The next studies aimed to evaluate the selectivity of the methods
by the addition of competitive micro-organisms to the enrichment broth containing the RM. in
the second study competitive organisms were added in the form of a capsule containing a
selection of organisms spray dried in milk and in the third study naturally contaminated food
samples were added. In both studies a decrease in the expscted number of positive isclations
was observed, the greatest decrease being when naturally contaminated food samples were
added. The effect of the addition of food depended on the food type and was net the same in
ali laboratories. The addition of RMs to food samples proved to be a sensitive tool to evaluate
the performance of a laboratory in relation to the method and type of food added.

CERTIFICATION

The highest status that an RM can obtain is that of a certified RM. Several studies were
undertaken to certify RMs that had been shown to fulfil the requirements of a reference
material. The certification procedure for the qualitative Salmonella RM and the quantitative
B. cereus RM are described in chapters 3 and 4 respectively. In these studies it was
demonstrated that the materials developed met the high standard set by the BCR for
certification of RMs. In total six materials, Enterococcus faecium, Enterobacter cloacae and
Escherichia coli for water microbiology and Salmonella typhimurium, Bacillus cereus and
Listeria monocytogenes for food microbiclogy, were certified over a period of a few years. To
date these CRMs are the only microbiological CRMs available world-wide.

PRODUCTION OF HCMPs AND ALTERNATIVES

Two different spray dryers were used for the preduction of HCMPs over the study
period. At first a Stork pilot plant spray dryer, located at the Agricultural University in
Wageningen, The Netherlands, was used. Later a Niro mobii minor spray dryer was
purchased for the production of HCMPs at the RIVM. The Niro is much smaller than the
Stork spray dryer and milk powders with different properties were obtained with the two
pieces of eguipment. The HCMPs produced by the Niro dryer consisted of much finer
patticles, while the Stork HCMPs resembied more the milk powder that is available
commercially. The Stork dryer is operated using pasteurised milk concentrated up to
450 g.I" total solids while the Niro dryer uses sterile mitk concentrated up to 240 g.I” total
solids. The HCMPs obtained using the Stork spray dryer contained spores (10° - 10° spores
per gram HCMP) due to the fact that the milk used was only pasteurised and also unfiltered
air was used for drying. The Stork dryer is operated at fower inlet and outlet temperatures
and uses mitk with a high total solid content, both factors that will favour the survival of
micro-organisms {Dega et al, 1972; Thompson et al, 1978). Although the Stork dryer
produces better HCMPs (in terms of survival of the organisms and mixing properties of the
powder) it has the disadvantage that other organisms (mainly spores) will be present in the
powder at relatively high numbers.

During the production of the highly contaminated milk powders {HCMPs) by spray drying
the micro-organisms become sublfethally injured (both heat injury and injury due to osmotic
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shock). Some of the organisms become so injured that the requirement for stability cannot
be obtained. For such organisms the extent of injury must be reduced. As injury due to
osmotic shock cannot be avoided by drying, reduction in injury must be effected by a
reduction in the injury due to heat. To eliminate the heat injury effect the organisms must be
dried at lawer temperatures. For this purpase fiuid bed spray granulation was tested for the
production of HCMPs as an alternative to spray drying (see chapter 5). The production of
HCMPs by this method is much easier than by spray drying. However, the expected
improvement in survival using spray granulation was not observed when compared to spray
drying using low gutlet temperatures {ca 70 °C}, indicating that heat injury was not the main
factor for survival. Homogeneity of the HCMPs produced by fluid bed spray granulation is
more difficult to obtain than for spray drying. Attention must be paid to the process ot
spraying the contaminated milk onto the milk powder in order te obtain homogeneous
HCMPs.

The spray drying process is not well suited for testing the effect of various cuituring or
drying conditions on the survival of the micro-organisms as the drying process is very
faborious. This testing can be achieved more easily with spray granulation. In fact, the
survival of E. cofi through the drying process could be improved by addition of sucrose to the
milk and the survival of S. aureus by the addition of sodium chloride {(NaCl) during culturing.
These results confirm the expectations based on laboratory studies, using a model drying
system on silica gel (Janning et al., 1994; Janning, 1995). Janning tested the effect of the
addition of sucrose and trehalose to the milk used for suspending the bacteria betore drying
onto silica gel and aiso the effect of adding some compatible solutes to the BHI used as
culture medium. To stimulate the uptake of these compounds during growth NaCl was added
to the BHI to create an osmotic stress. tn general, the additions improved the percentage
survival and the stability of the dried organisms. The effect of the addition of high
concentrations of sugar to the milk was the mast pronounced. The effect of sucrose was
better than that of trehalose but the best results were obtained with milk supplemented with
2M sucrose.

Before a definite recommendation can be given on the use of spray granulation instead
of spray drying more information on the long term stability of the HCMPs produced by spray
granulation is needed.

USE OF REFERENCE MATERIALS

The possible uses of RMs are presented in chapter 6. A distinction is made between
occasional and routine use of RMs in quality assurance for both quantitative and qualitative
BMs. In chapter 7 the actual use of RMs is analysed on the basis of the resulis of a market
research (Van Oostwaard and Rauwerdink, 1993) and interviews with users of the RMs held
in 1898. Over recent years quality assurance systems have been introduced into many
laboratories and the majority of them are or intend to become accredited. The introduction of
a quality assurance system stimulated participation of laboratories in proficiency testing
schemes in order that they may demonstrate their performance in comparisen to other
laborateries. Participation in a proficiency testing scheme is a primary step when a quality
assurance system is set up in a laboratory, and many such schemes have been set up in the
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past 10 years with the number of participating laboratories continuing to increase. The use of
an BM could be the next step. At the time of the market research the use of RMs for quality
assurance of routing microbiclogical examination met with some resistance, but from the
later interviews it became clear that this type of use is becoming more and more established.
In general it is recommended that, for QA of routine examination, RMs should be used with
every seties of examinations (Lightfoot and Maier, 1998). However, when a measurement
process has been proven to be under controi then the frequency of use of RMs can he
reduced. The less frequent examinations are thus used as a means of verifying that the
measurement process is still under control. A guideline for the frequency of use is difficult to
give as it will depend on many factors such as, for example, the consequence of not
detecting an out of control situation.

Although the general requirements for laboratories to become accredited are laid down
in an international standard {(EN 45001, Anon., 1991) and more detailed information for
microbiclogical laboratories is now available (e.g. Eurachem EAL-G18, Anon., 1896) the
requirements with regard to the type of controls are not the same in different countries. For
example the use of a quantitative control for a quantitative method is common in accredited
laboratoties in The Netherlands but not in most other countries. Thus, further harmonisation
of requirements for accreditation in different countries is needed. The Commissicn of the EU
intends to stimulate this harmonisation in their fifth framework programme. In addition,
projects such as the Equase project (an EU SM&T project promoting the introduction of
quality assurance in small laboratories) can stimulate harmonisation of requirements for
accreditation.

DESIGN AND REPRODUCTION QUALITY OF RMs

The market research (Van Oostwaard and Rauwerdink, 1993) and the interviews held in
1998 (described in chapter 7) supplied information on the design quality of the product. A
number of the customers’ needs could not be met by the RMs developed. The main problem
was the need for a simple and rapid reconstitution procedure for the quantitative RMs.
Studies aimed at producing alternative reconstitution procedures did not give satisfactory
results. An alternative reconstitution procedure is only possible for organisms that do not
experience osmotic shock upon reconstitution of the milk powder.

The level of contamination of the qualitative RMs should be slightly increased to
eliminate the fraction of capsules not containing the target organism. An increase in the level
of contamination also has a positive effect on the power analysis for the CRMs as the drop in
the power curves will disappear.

Comparisons between the RMs and alternatives indicate that the RMs developed are
competitive with respect to homaogeneity, stability and price. However, the alternative RMs
are much easier to reconstitute than the gelatin capsules. The main application of the
materials should be in first line QC. In addition the qualitative RMs can easily be used as a
standard inoculum for samples in collaborative studies or methed development/validation.
The RMs cannot be regarded as a suitable alternative to proficiency testing as the samples
examined change from test to test with respect to the type and number of strain(s) included
and the level of contamination.
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The production of RMs and CRMs is similar, both are produced in a comparable manner
using the same HCMP. The main difference between an RM and CRM is the collaborative
study organised to establish the certified values. The confidence in the values stated for
each batch of RM can be increased when maore laboratories are involved in the
establishment of the values and/or the comparison of the batch of RMs with an existing
batch of a CRM. Further standardisation and certification of the production process could be
used to predict the level of contamination of batches of RMs. However, the confidence of
users in the values stated fer the current RMs is high and changes that lead to a higher price
for the RMs are not desirable at present. The fact that the RMs have been developed by and
produced in non commercial companies gives confidence that the level of contamination of
the RMs is as stated.

CONCLUSIONS

» The RMs developed fulfil the basic requirements for reference materials (i.e. stability,
homogeneity and representativity). They proved to be useful in evaluating laboratory
performance to detect or enumerate micro-organisms.

s The qualitative RMs can be used easily to evaluate the influence of food matrices on the
detection of the target organism.

¢ The increase in sale of the RMs is less than expected from the market research,
however, an average increase in sale of 10 % per year was realised between 1995 and
1998.

+ Compared to the alternatives the developed RMs are most suited to situations where
stability and homogeneity are crucial, as for example, in guality assurance of routine
microbiolegical examinations. The use of RMs in this respect is increasing as confirmed
by the increase in sales of RMs.

« Six AMs have been successfully certified by the Standards, Measurements and Testing
programme (SM&T) of the European Commission. The sale of CRMs is low compared to
the RMs as they are used conly occasicnally {i.e. to determine the accuracy of
laboratories or new methods).

RECOMMENDATIONS

¢ The level of contamination of the gualitative RM should be increased in ordet to eliminate
the chance of some capsules not containing any target organisms.

« The reconstitution procedure for the quantitative RMs should be improved as this
hampers the application of these RMs.

» Laboratories, especially cutside The Netherlands, must be informed ahout the existence
and application of AMs for quality assurance of (routine) microbiological analysis.
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Summary

Since 1986 the National Institute of Public Health and the Environment (RIVM) has
worked on the development and evaluation of microbiological reference materials (RMs) with
support from the European Communities Bureau of Reference (BCR), now called Standards
Measurement and Testing (SM&T). The RMs are the result of efforts, which was started
many years ago, to develop standardised samples that could be used in collaborative
studies and in particular for the evaluation of methods for the detection of Salmonelfia. This
work ultimately led to the development of capsules filled with artificially contaminated milk
powder. The objectives of this thesis were to evaluate the possibility of producing RMs that
fulfii the general requirements for such materials ie. stability, homogeneity and
representativity, to produce certified RMs (CRMs) and to set up (commercial) production of
RMs.

The basic process for preparation cf the RMs is the spray drying of bacteria suspended
in milk with subsequent mixing of the contaminated milk powder (called highly contaminated
milk powder; HCMP) with sterile milk powder untii the desired level of contamination is
achieved. The mixed powder is then filled into gelatin capsules. Various RMs were
developed using this process, for example, the RMs for Bacillus cereus and Listeria
monocytogenes as described in chapter 1. The B. cereus RM is an RM containing ca 10
colony forming particles (cfp) per capsule and is intended for the evaluation of enumeration
(quantitative} methods (they are also referred to as quantitative RMs). This RM is first
reconstituted in 10 ml peptone saline solution after which 0.1 ml is plated onto an agar plate for
enumeration of the organism. The L. monocytogenes RM is an RM containing only ca 5 ¢fp per
capsule and is intended for the evaluation of detection {qualitative) methods (also called
qualitative RMs). This RM is added, whole, to a {pre-warmed) enrichment broth.

Both RMs were used to characterise the behaviour of the material in relation to the
general requirements for RMs. They were stable at storage temperature (-20 °C) over a
period of more than 96 weeks. The B. careus RM was stable for at least four weeks at higher
temperatures (tested up to 37 °C). The L. monocytogenes RM showed a significant decrease
in the level of contamination when stored for four weeks at 5 °C or higher, indicating the need
for cocling during transport of this material. Both RMs could be produced homogenaously,
meaning that the variation between the number of cfp was less than twice the value expected
from a Poisson distribution. The L. monocytogenes HCMP 2-2 could not be diluted
homogeneously to a level of five cfp per capsule due to the high level of contamination of this
HCMP. In general, mixing using a mortar and pestle improved homogeneity of the final mixed
powders. The representativity of the B. cereus RM was tested by examining the effects of
osmotic shock and heat injury and of heat shock, storage time and lysozyme on spore
germination. The parameters examined for the L. monocyfogenes RM included the effects of
osmotic shock, heat injury, pre-warming of enrichment broth and incubation time on recovery
of the organism. For the 8. cereus RM no effect of the varicus parameters tested could be
observed, but with the L. monocytogenes RM there was an effect due to both heat injury and
osmotic shock. As a result of heat shock (tested by comparing direct selective enrichment
and non selective pre-enrichment) 40 - 50 % less positive isolations were observed with the
direct selective entichment. The effect of osmotic shock (tested by comparing free milk
powder and the powder filled in gelatin capsules) led to ca 10 % less positive isclations using
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the free milk powder. The growth rate of Listeria using RMs was faster than with a heat
treated culture of the same strain (ca 2 log, units difference after 31 h incubation at 30 °C).

As a part of the evaluation of the RMs a number of collaborative studies were organised.
Chapter 2 describes three international collaborative studies using the L. monocytogenes
BRM. This RM was tested both with and without competitive micro-organisms. The
competitors were added either as a capsule containing a mixture of strains or as a food
sample. The food samples were tested in combination with RMs at two contamination levels
(ca 5 cofp per capsule and ca 100 cfp per capsule). Based on the known level of
contamination of the RMs the number of positive isolations expected was calculated and
compared to the results obtained by the laboratories. Most found the expected number of
L. monocytogenes isolations when no competitors were present. However, the addition of a
capsule containing competitive micro-organisms {ca 3 x 10* cfp per capsule) reduced the
rate of positive isolations from 97 % to 80 %. In the presence of food samples the positive
rate decreased even further. No relationship between the effect of the competitive micro-
organisms and the type of food product and/or the detection method used was observed.
The RMs proved to be useful in evaluating the performance of a detection method in the
presence of competitive micro-organisms.

Once the stability, homogeneity and representativity of an RM are proven it can be used
to produce a CRM. The procedure necessary for ebtaining a qualitative CRM for Salmoneila
typhimurium is described in chapter 3 together with the results of the collaborative study
organised to establish the certified values. The batch was certified based on the results from
9 or 10 laboratories for the number of Salmonelia cfp in a single capsule (mean value 5.9)
and the fraction of capsules in which no Sa/monelia could be detected (2.7 % using the 1SO
detection method). The certification of the quantitative B. cereus RM is described in
chapter 4. For certification, the number of cfp on two media, MEYP (incubated at 30 °C} and
on PEMBA (incubated at 37 °C) was determined. The certified geometric mean value on
MEYP after 24 h incubation was 53.4 cfp per 0.1 ml reconstituted capsule solution {95 %
confidence interval 51.7 - 55.2) and on PEMBA 55.0 cfp per 0.1 ml (95 % confidence interval
52.8 - 57.4), both sets of figures are based on the results from 11 laboratories. The
certificate for both CRMs gives the mean expected value and the 95 % confidence limits.
From these results user tables are constructed presenting the 95 % confidence limits for the
number of capsules {and replicates per capsule in the case of quantitative CRMs) likely to be
examined in practice.

Chapter 5 describes the evaluation of an alternative method for the preparation of
HCMPs by means of fluid bed spray granulation. This method was chosen as this drying
procedure {spraying of concentrated milk containing the micro-crganism onto sterile milk
powder held fluidised by means of air) dees not require drying temperatures as high as
those necessary for spray drying. A number of different micro-organisms (Bacillus cereus,
Campylobacter jejuni, Escherichia coli, Listeria monocytogenes, Pseudomonas aeruginosa,
Salmonelia enteritidis and Staphylococcus aureus) were dried using this procedure and the
resulting materials tested for homogeneity and stability when stored at -20 °C and 22 °C.
The strain of C. jejuni did not survive the drying procedure, no organisms could be recovered
from the milk powder the day after the drying. The homogeneity of the various HCMPs
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produced varied widely. The time used for spraying the milk onto the powder was a critical
factor in obtaining homogeneous HCMPs. An initial decrease in numbers of organisms was
found comparabie to that obtained with spray dried material. This indicates that the drying
temperature is not the only factor determining survival of organisms through the drying
process. The stability at 22 °C showed, for most strains, a non linear decrease and the
results obtained were not as good as those for silica gel or spray dried material. Satisfactory
results were obtained with stability tests at -20 °C, but more information is needed on long
term stability. Production of HCMP by spray granulation is less laborious than by spray
drying and the spray granulation process is better suited for testing the influence of culturing
and drying conditions on the survival of micre-organisms.

Chapter 6 describes the use of RMs and CRMs. A distinction is made between the use
of both quantitative and qualitative RMs for quality assurance of routine and occasional
examinations. Control charts such as the Shewhart chart can be constructed for the routine
use of quantitative RMs. The control limits for the Shewhart chart are calculated using log-
transformed counts and can be back-transformed to produce a chart for counts on the
original scale. Each data point on the chart is the result from a single enumeration of one
capsule. It is possible to adapt the method of calculating the control limits for RMs that are
not fully stable by using the principle of Kalman's filtering. For routine use of qualitative RMs
it is recommended that a single capsule is examined on each test cccasion. The results from
a series of tests can be compared to the expected number of positive isolations as
calculated for the occasional use of RMs. Certified RMs are used only occasionally and are
mainly intended for the determinaticn of trueness in a laboratory. Results of power anaiyses
are presented to demonstrate the minimum difference that can be detected between the
certified value and the true laboratory mean (for quantitative CRMs) or the fraction of
negatives (for qualitative CRMs). For the gualitative RM and CRM a fraction of negatives of 0
% is needed in order to minimise the number of capsules necessary for evaluation of
laboratory performance. Additicnal information is required on the variation between
laboratories for occasional use of non-certified RMs in order to interpret results. The
laboratory variance component of a CRM can be used to adjust the confidence limits of an
RM determined by a single laboratory.

During the development and evaluation of the RMs market research was undertaken to
chtain the opinions of potential customers on the characteristics of the product. In this
market research, reported in 1993, both inspection and production laboratories (all with
some knowledge of the materials) were interviewed. The results of this market research are
presented in chapter 7. A number of requirements for the materials became apparent and
these were compared with the product developed. Most of the reguirements could be or
already were included in the product, but some would be difficult or even impossible to
incorporate. The specific requirement for a simple short pre-treatment for the quantitative
RMs was evident and has not been resclved. On the basis of the results of the market
research production of the materials was set up at the SVM with the assistance of RIVM.
The actual sale of RMs is gradually increasing but the increase is much slower than was
predicted by the market research. In order to cbtain information on the organisation of
quality assurance in laboratories and the role played by RMs, a second series of interviews
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was organised in 1998. It became apparent from these interviews that the use of RMs in
quality assurance of routine microbiological examination is important; this was not as
apparent at the time of the otiginal market research. Some laboratories used a type of
control chart for evaluation of results from the use of guantitative RMs over a period of time.
it was also agreed that the level of contamination of the qualitative RMs needs to be
increased to eliminate the chance of finding capsules that do not contain the target
organism. To increase the sale of the RMs more information on their use in QA should be
made available to laboratories throughout Europe, especially to those that are accredited
and also for routine examinations. A comparison between the RMs developed and
alternatives from other sources indicates that they are competitive with respect to
homogeneity, stability and price. However, as far as the quantitative RMs are concerned, the
alternative RMs are much easier to reconstitute than the gelatin capsules.

Based on the studies undertaken it can be concluded that RMs and CRMs can be
produced, that fulfil the accepted requirements for such materials. Market research indicated
that thers is a need for this kind of material and, therefore, the production of RMs was set up
at SVM. Although sales of the RMs are less than expected they are increasing. The RMs
developed are competitive with existing alternative RMs and are useful for quality assurance
purposes.

List of available reference materials (non-certified and certified).

reference materials (non-cettified) (available from SVM, Bilthoven, The Netherlands)
¢ Bacillus cereus BM (5,000 cfp per capsule)

o Clostridium perfringens BM (5,000 cfp per capsule}

+ Enterobacter cloacae RM (500 cfp per capsule)

s Enterococcus faecium RM (500 cip per capsule)

e Escherichia coli RM (500 cfp per capsule)

e Ljisteria monocytogenes RM (5 cfp per capsule)

e Listeria monocytogenss RM (5,000 cfp per capsula)

» Salmonelia panama RM (5 cfp per capsule)

« Sfaphylococcus warneri RM (500 cfp per capsule)

cenrtified reference materials (available from EC, IRMM, Geel, Belgium)
e Enterococcus faecium CRM 506

» Salmonella typhimurium CRM 507

+« Enterobacter cloacae CRM 527

s Baciilus cereus CRM 528

+ Escherichia coli CRM 584

» Listeria monocytogenes CRM 585
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Sinds 1986 heeft het Rijksinstituut voor Volksgezondheid en het Milieu (RIVM) gewerkt
aan de ontwikkeling en de evaluatie van microbiologische referentiematerialen (RM's) met
ondersteuning van het "Communities Bureau of Refarence” (BCR), tegenwoordig "Standards
Measurement and Testing" {(SM&T) genaamd. De RM's ziir het resultaat van de
inspanningen, die jaren geleden waren opgestart, om gestandaardiseerde monsters te
ontwikkelen die gebruikt konden worden in ringonderzoeken en in het bijzonder voor de
evaluatie van methoden voor de detectie van Saimoneffa. Dit werk leidde uiteindelijk tot de
ontwikkeling van capsules gevuld met kunstmatig besmst melkpoedar. De doelstellingen van
het werk beschreven in dit proefschrift waren het evalueren van de mogelijkheid om RM's te
ontwikkelen die voldoen aan de algemene eisen voor zulk soort materialen (d.w.z. stabiliteit,
homogeniteit en representativiteit), het produceren van gecertificeerde RM's (CRM's) en het
opzetten van de (commerciéle) productie van RM's.

Het basis proces voor de bereiding van RM’s is het sproeidrogen van bacterién
gesuspendeerd in melk en vervolgens het mengen van het besmette melkpoeder
(zogenaamd hoog besmet melkpoeder; HCMP) met steriel melkpoeder tot het gewenste
besmettingsniveau. Het gemengde poeder wordt dan afgevuld in gelatine capsules. Diverse
AM’s zijn volgens dit proces ontwikkeld, zoails bijvoorbeeld het RM voor Bacillus cereus en
Listeria monocytogenes beschreven in hoofdstuk 1. Het B. cereus RM is een RM dat circa
10* kolonie vormende desltjes (cfp) per capsule bevat en is bedoeld voor de evaluatie van
telmethoden (kwantitatieve methoden, ock wel gerefereerd als kwantitatieve RM's). Dit RM
wordt voor gebruik eerst gereconstitueerd in 10 ml pepton zout oplossing waarna 0,1 ml
uitgespateld wordt op een agarplaat om het organisme te kunnen tellen. Het
L. monocytogenes RM is een RM dat maar circa 5 cfp per capsule bevat en is bedoeld voor de
evaluatie van detectie (kwalitatieve) methoden {ook wel kwalitatieve RM’s genoemd). Dit RM
wordt voor gebruik in 2'n geheel toegevoegd aan een (voorverwarmd) ophopingsmedium.

Beide RM's werden gebruikt om hun gedrag te karakteriseren in relatie tot de algemene
eisen voor RM's. Beide RM's waren stabiel over een periode van minimaal 96 weken bij
opslagtemperatuur {20 °C). Het B. cereus RM was stabiel voor minimaal 4 weken bij hogere
temperaturen (getest tot maximaal 37 °C). Het L. monocytogenes RM gaf een significante
daling van het besmettingsniveau te zien bij opslag gedurende 4 weken bif 5 °C of hoger,
waarmee de noodzaak werd aangegeven voor koeling tijdens transport van dit materiaal.
Beide RM's konden homogeen worden geproduceerd, dat wil zeggen dat de variatie tussen de
aantallen cfp minder was dan tweemaal de waarde zoals die van een Paisson verdeling wordt
verwacht. Het L. monocytogenes HCMP 2-2 kon niet homogeen worden verdund tot een
niveau van 5 cfp per capsule als gevolg van het hoge besmettingsniveau van dit HCMP. In het
algemeen werd de homogeniteit van het uiteindelijke mengsel verbeterd door t¢ mengen met
behulp van een mortier en vijzel. De representativiteit van het B. cereus RM werd getest door
het onderzoeken van het effect van osmotische shock en hitte beschadiging en van hitte
shock, opslagtijd en lysozym op ontkieming van de sporen. Be parameters onderzocht met het
L. monocytogenes RM omvatte het effect van osmotisch shock, hitte beschadiging,
voorverwarming van ophopingsmedia en incubatie tijd op het terugvinden van het organisme.
Met het B. cereus RM kon geen effect van de diverse parameters worden waargenomen, maar
met het L. monocylogenes RM was er een sffect als gevolg van hitte beschadiging en
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osmotische shock. Het resultaat als gevolg van de hitte shock (getest door vergelijking van
direct selectief ophopen en niet selectieve voorophoping) was dat 40 — 50 % minder positieve
isolaties werden waargenomen met het direct selectief ophopen. Het effect van osmotische
shock (getest door vergelijking van los melkpoeder met poeder gevuld in gelatine capsules)
leidde tot circa 10 % minder positieve isolaties met het gebruik van het losse melkpoeder, De
groeisnelheid van Listeria vanuit het RM was hoger dan met een hitte behandelde cultuur van
dezelfde stam (circa 2 log,o eenheden verschil na 31 uur incubatie bij 30 °C).

Als onderdeel van de svaluatie van de RM's werd een aantal ringonderzoeken
georganiseerd. Hoofdstuk 2 beschrijft een drietal internationale ringonderzoeken met het
L. monoeytogenes RM. Dit BRM werd getest met en zonder competerende micro-organismen.
De competerende micro-organismen werden toegevoegd als een capsule die een mengsel
van stammen bevatte of als een monster van een levensmiddel. De levensmiddeien-
monsters werden getest in combinatie met RM’s op twee niveaus (circa 5 cfp per capsule en
circa 100 cfp per capsule). Gebaseerd op het bekende besmettingsniveau van de RM's werd
het verwachte aantal positieve isolaties berekend en vergeleken met de verkregen resultaten
van de laberatoria. De meesten vonden het verwachte aantal L. monocytogenes isolaties
wanneer er geen competerende micro-organismen aanwezig waren. Echter, de toevoeging
van een capsule die competerende micro-organismen bevatte (circa 3 x 10* ¢fp per capsule)
reduceerde het aantal positieve isolaties van 97 % tot 80 %. In de aanwezigheid van
levensmiddelenmonsters werd het gevonden aantal positieven nog verder verlaagd. Er werd
geen relatie waargenomen tussen het effect van de competerende micro-organismen en het
socrt levensmiddel en/of de gebruikte detectiemethode. De RM's bewezen nuttig te zijn voor
het evalueren van de prestatie van een detectiemethode in de aanwezigheid van
competerende micro-organismen.

Toen eenmaal de stabiliteit, homogeniteit en representativiteit van een RM was
bewezen kon het gebruikt worden voor de productie van een CRM. De noodzakelijke
procedure om een kwalitatief CRM voor Salmonelia te verkrijgen is beschreven in hoofdstuk
3 tezamen met de resultaten van het ringonderzoek dat werd georganiseerd om de
gecertificeerde waarden vast te stellen. De batch werd gecertificeerd, op basis van de
resultaten van 9 of 10 laboratoria, voor het aantal Salmoneifa cfp in één capsule
{gemiddelde waarde 5.9} en de fractie capsules waartin geen Salmonella kon worden
aangetoond (2.7 % volgens de 1SO detectie methode). De certificering van het kwantitatieve
B. cereus BRM is beschreven in hoofdstuk 4. Voor cettificatie werd het aantal cfp op twee
media, MEYP (geincubeerd bij 30 °C) en PEMBA (geincubeerd bij 37 °C} vastgesteld. Het
gecertificeerde geometrisch gemiddelde op MEYP na 24 uur incubatie was 53,4 cfp per 0.1
ml van de gereconstitueerde capsule oplossing (95 % betrouwbaarheidsinterval 51,7 — 55,2)
en op PEMBA 55,0 cfp per 0,1 ml (95 % betrouwbaarheidsinterval 52,8 — 57,4}, beide data
sets zijn gebaseerd op de resultaten van 11 laboratoria. Het certificaat voor beide CRM's
geeft het verwachte gemiddelde en de 95 % betrouwbaarheidsgrenzen. Gebaseerd op deze
resultaten zijn gebruikerstabellen gemaakt die de 95 % betrouwbaarheidsgrenzen geven
voor het aantal capsules (en herhalingen per capsules in het geval van een kwantitatief
CRM) dat in praktijk waarschijnlijk zal worden onderzocht.
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Hoofdstuk 5 beschrijft de evaluatie van een alternatieve methode voor de bereiding van
HCMP’s door middel van "fluid bed spray granulation”. Deze methode was gekozen omdat
deze droogprocedure (geconcentreerde melk dat micro-organismen bevat wordt verneveld
op steriel melkpoeder dat met behulp van fucht in werveling wordt gehouden) niet zulke hoge
droogtemperaturen nodig heeft als sproeidrogen. Een aantal verschillende micro-
organismen (Bacillus cereus, Campylobacter jejuri, Escherichia coli, Listeria
monocytogenes, Pseudomonas aeruginosa, Salmonella enterilidis en Staphylococcus
aureus) werd gedroogd volgens deze procedure. De hieruit verkregen materialen werden
getest op homogeniteit en stabiliteit bij opslag bij 22 °C en -20 °C. De C. jgjuni stam
overleefde het droogproces niet, er konden, één dag na het drogen, geen crganismen meer
in het melkpoeder worden teruggevonden. De homogeniteit van de diverse geproduceerde
HCMP’s varieerde sterk. De tijd die nodig was om de meik op het poeder te vernevelen was
een kritische factor voor het verkrijgen van homogene HCMP’s. De gevonden initiéle afname
van het aantal organismen was vergelijkbaar met die verkregen met sproeidrogen. Dit duidt
erop dat de droogtemperatuur niet de enige factor is die de overleving van de organismen in
het droogproces bepaalt. De stabiliteit bij 22 °C toonde, voor de meeste stammen, een niet
lineaire afname aan en de verkregen resultaten waren niet zo goed als die met silicagel of
gesproeidroogd materiaal. Stabiliteit bij -20 °C gaf bevredigende resultaten, maar meer
informatie over de stabiliteit op de lange termijn is nodig. Productie van HCMP met "spray
granulation” is minder arbeidsintensief dan met sproeidrogen en het "spray granulation”
proces is beter geschikt om de invioed van kweek en droog condities op de overleving van
de micro-organismen te testen.

Hoofdstuk 6 beschrijft het gebruik van RM’s en CRM's. Een onderscheid wordt gemaakt
tussen het gebruik van zowel kwantitatieve als de kwalitatieve RM's voor de
kwaliteitsborging van routinematig en incidenteel onderzoek. Voor het routinematig gebruik
van de kwantitatieve RM’s kunnen controlekaarten, zoals de Shewhart controlekaart, worden
geconstrueerd. De controlegrenzen van de Shewhart kaart worden berekend op de log-
getransformeerde tellingen en kunnen worden teruggetransformeerd om een Kaart fe
produceren veoor tellingen op de originele schaal. Elk data punt in de kaart is het resultaat
vah het onderzoek van één capsule in enkelvoud geteld. Voor RM's die niet volledig stabiel
zijn is het mogelijk om de manier voor het berekenen van de controlegrenzen aan te passen
door gebruik te maken van het principe van de Kalman’s filtering. Voor het routinematig
gebruik van kwalitatieve RM's wordt aanbevolen om één capsule te onderzoeken voor elke
test gelegenheid. De resultaten van een serie van testen kunnen worden vergeleken met
verwachte aantal positieve isolaties zoals berekend voor het incidenteel gebruik van RM's.
Gecertificeerde RM's worden alleen incidentee! gebruikt en zijn voornamelijk bedoeld voor
het vaststellen van de "ware waarde” {trueness) in een laboratorium. De resultaten van
"power analyses” worden gepresenteerd om het minimale verschil dat kan worden
aangetoond tussen de gecertificeerde waarde en het werkelijke ilaboratorium gemiddelde
(voor kwantitatieve CRM's) of de fractie negatieven (voor kwalitatieve CRM's} aan te tonen.
Voor de kwalitatieve RM's en CRM's is een theoretische fractie negatieven van 0 % nodig
om het aantal capsules dat noodzakelijk is voor de evaluatie van de laberatorium prestaties
te minimaliseren. Aanvullende informatie over de variatie tussen laboratotia is nodig om, bij
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het incidentele gebruik van niet gecentificeerde RM’s, de resultaten te kunnen interpreteren.
De laboraterium variantie component van een CRM kan gebruikt worden om de, in één
laboratorium bepaalde, betrouwbaarheidsgrenzen van een RM aan te passen.

Gedurende de ontwikkeling en evaluatie van de RM's werd een marktonderzoek
gehouden om de mening van potentiéle klanten over de eigenschappen van het product, te
peilen. In dit marktonderzoek, dat in 1993 werd gerapporteerd, werden zowel controle en
preductie laboratoria {allen met enige kennis van de materialen) geinterviewd. De resultaten
van dit markionderzoek worden gepresenteerd in hoofdstuk 7. Een aantal behoeften voor de
materialen werd duidelijc en deze werden vergeleken met het ontwikkelde product. De
meeste van de behoeften Konden of waren reeds opgenomen in het product, maar voor
enkele zou het moeilijk of zelfs ocnmogelijk zijn om dit erin op te nemen. De specifieke
behoefte aan een simpele kortdurende voorbehandeling voor de kwantitatieve RM's was
duidelijk en koh nog niet verbeterd worden. Op basis van de resultaten van het
marktonderzoek werd de productie van de materialen opgezet bij SYM met assistentie van
het RIVM. De werkelijke verkoop van de RM's neemt geleidelijk toe maar de toename is veel
langzamer dan was voorspeld uit het marktonderzoek. Ten einde informatie te verkrijgen
over de organisatie van kwaliteitsborging in laboratoria en de rol die RM's hierin spelen werd
een tweede serie van interviews gecorganiseerd in 1998, Uit deze interviews werd duidelijk
dat het gebruik van RM's voor de kwaliteitshorging van routinematige microbiologisch
onderzoek belangrijk is; dit was nog niet zo duidelik ten tijde van het originele
marktonderzoek. Enkele laboratoria gebruikten een soort controlekaart voor de evaluatie van
resultaten over een hepaalde periode verkregen met de kwantitatieve RM's. Men was het er
ook over eens dat het besmettingsniveau van de kwalitatieve RM's verhcogd moest worden
om de kans, op het vinden van capsules die het doel erganisme net bevatten, uit te sluiten.
Om de verkoop van de RM's te verhogen zou meer informatie over het gebruik van RM’s in
kwaliteitsharging beschikbaar gemaakt moeten worden aan laboratoria in Eurcpa, met name
aan diegenen die geaccrediteerd zijn en tevens routinematig onderzosk uitvosren. Een
vergelijking van de ontwikkelde RM's met alternatieven van andere producenten geeft aan
dat de ontwikkelde RM's concurrerend zijn wat betreft homogeniteit, stabiliteit en prijs.
Echter, voor zover het de kwantitatieve RMs betreft, zijn de alternatieve RM's veel
gemakkelijker te reconstitueren dan de gelatine capsuies.

Gebaseerd op het uitgevoerde onderzoek kan worden geconcludeerd dat RM’s en
CRM’'s kunnen worden geproduceerd die voldoen aan de algemeen aanvaarde eisen aan
zulke materialen. Markionderzoek toonde aan dat er een behoefte is aan dit soort materialen
en daarom werd de productie van de RM’s cpgezet bij SVM. Ondanks dat de verkoop van
de RM's lager is dan verwacht, neemt ze wel toe. De ontwikkelde RM's zijn concurrerend
met de bestaande alternatieve RM’s en zijn nuttig voor kwaliteitsborgingsdoeleinden.
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Lijst van beschikbare {gecertificeerde) referentie materialen.

referentie materialen (verkrijgbaar bij SVM, Bilthoven, The Netherlands)
« Bacillus cereus RM (5.000 cfp per capsule)

» Clostridium perfringens BM (5.000 cfp per capsule)

« Enterobacter cloacae BM (500 cfp per capsule)

s Enterococcus fascium RM (500 cfp per capsule)

s FEscherichia coli RM (500 cfp per capsule)

e Listeria monocytogenes RM (5 cfp per capsule}

s Listeria monocytogenes BM (5.000 cfp per capsule)

« Salmonelia panama BM (5 clp per capsule)

» Staphylococcus warneri RM (500 cip per capsule)

gecertificeerde referentie materialen (beschikbaar bij EC, IRMM, Geel, Belgium)
¢ Enterococcus faecium CRM 506

» Salmonelia typhimurium CRM 507

s Enterobacter cloacae CRM 527

« Bacillus cereus CRM 528

s Escherichia coli CRM 594

e Listeria monocytogenes CAM 595

177



178




Nawoord

Zoals met zovele proefschriften is ook dit proefschrift niet zonder hulp van velen tot
stand gekomen. Bij deze wil ik hen die een bijdrage hebben geleverd bedanken, echter in
een volgorde die niet de volgorde van belangrijkheid van de bijdrage weerspiegelt.

Diane Roberts, a special word of thanks to you for your valuable comments and
suggestions for improvement of the thesis, your input in the discussion on the collaborative
studies organised over the past 11 years and your enjoyable lunch/diner conversations.
Eddy Maier and Ben Griepink for their enthusiasm for the project on the development of
micrabiological reference materials and as inspiring chairmen. | have iearned a lot from you
both. The {more than 40 different) participants in the collaborative studies organised are
thanked for their input in the discussions and their willingness to participate in the sometimes
very laborious studies,

Het werk had niet tot stand kunnen komen zonder al het laboratotiumwerk dat in de
projecten is uitgevoerd. In volgorde van tijd waren dit: Wilma Ritmeester, Jannie Hobers en
Marleen de Winter. Wilma, dank je voor je voortdurende (ook nadat je niet meer op het
project werkte) adviezen/commentaar op de opzet en Litvoering van het werk en je kritische
houding ten opzichte van kwaliteitszaken in het algemeen. Marleen, jij hebt het het langste
volgehouden op het project; ock jij had een waardevolle kritische houding ten aanzien van
de opzet en uitvoering van het werk. Ouok is er een bijdrage geleverd door mensen die niet
direct bij het project betrokken waren. Behalve hun bijdrage aan het laboratoriumwerk waren
er ook de opmerkingen en discussies over de aanpak en uitvoering van het werk. In dit
verband wil ik Pop Soentoro, John Dufrenne en Ellen Delfgou-van Asch bedanken. Kirsten
Mooijman wilde ik bedanken voor samenwerking over de vele jaren waarin we vergelijkbaar
werk hebben uitgevoerd, de perikelen van het projectmedewerkerschap hebben maogen
ervaren en je commentaar op delen van het proefschrift. Mary Manavakis, je pakte het werk
snel op en hebt gedurende de laatste 2 jaar van het project een grote hoeveelheid werk op
je genomen. Arie Havelaar bedankt voor je inzet als projectieider en alles wat hiermee
samenhangt en voor het accepteren van het co-promotorschap aan het einde van de “rit™.
Andre Henken bedankt voor je gedetailleerde commentaar op het concept proefschrift.
Serve Notermans wilde ik bedanken voor zijn inbreng bij het schrijven van mijn {eerste)
publicaties, Harry Beckers voor het feit dat ik altijd bij je terecht kon voor vragen zowel in
mijn begintijd op het RIVM als later toen je bij Nestle ging werken. Een reeks van
wiskundigen/{bio)statistici (Janneke Hoekstra, Noor van Strijp-Lockefeer, Judith van
Dommelen, Siem Hiesterkamp en Nico Nagelkerke) wilde ik bedanken voor hun inzet en
vermogen zich in te leven in de wereld van de microbiologische analyses. Met name Nico
voor zijn bijdrage in de laatste fase van het schrijven. Jullie hebben mij het nut van statistiek
doen inzien en mijn desinteresse weten om te buigen. Verder wilde ik nog een aantal
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interviews. Leden van de taakgroep kwaliteit van de KMK, met name Annemarie Mulder en
Petra Koenraad, voor de samenwerking en het gebruik van de SRM gegevens. De
taakgroep ringonderzoeken van de KMK en de voorloher hiervan voor de mogelijkheid om
de RMs te kunnen gebruiken bij de interne ringonderzoeken, Rijkelt Beumer wilde ik
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promotorschap, zijn waardevolle en verhelderende kijk op kwaliteitszaken en zijn geduld bij
het tot stand komen van dit proefschrift.

Als laatste wilde ik Selma bedanken voor haar steun op de lange weg naar het voltooien
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Zwijndrecht. Daarna vervolgde hij zijn opleiding aan de Landbouwuniversiteit Wageningen.
In 1987 studeerde hij af in de lLevensmiddelentechnologie met als afstudeervakken
Levensmiddelenchemie en Levensmiddelenmicrobiologie.

Vanaf 1987 is hij werkzaam bij het Rijksinstituut voor Volksgezondheid en Milieu (RIVM}
te Bilthoven, op het Laboratorium voor Water en Levensmiddelenmicrobiologie (LWL) dat na
een reorganisatie in 1996 onderdeel is geworden van het Microbiologisch Laboratorium voor
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de ontwikkeling en de evaluatie van microbiologische referentiematerialen voor de
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Huidige werkzaamheden liggen op het gebied van Communautair Referentielaboratorium
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entero-toxine productie van Bacillus cereus).
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