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Stellingen

Zolang ophopingen niet resulteren in een monocuituur van het
gezochte micro-organisme moeten speciale eisen gesteld worden aan

(s)electieve isolatiemedia.
Dit proefschrift

Cox's wet van verwarring: Het aantal methoden om listeria’s te bepalen is
M =N + 1, waarin M= het aantal methoden, N = het aantal microbiologen

en 1= de methode in het boek.
LJ Cox, persoonlijke mededeling

De aanduiding ‘hamburger disease’ voor infecties veroorzaakt door
Escherichia coli 0157:H7 wijst te eenzijdig op rundvlees als bron van deze
pathogeen.

De noodzaak van een ophopings- en bevestigingsstap maakt veel commerciéle
microbiologische detectiemethoden tot niet meer dan een snelle en dure
tussenstap in een traditionele microbiologische bepaling.

Bij veel voorverpakte voedingsmiddelen wordt krampachtig geprobeerd door
misbruik van het begrip 'vers’ iets te claimen wat eigenlijk is voorbehouden
aan de ambachtelijke sector.

De praktische bruikbaarheid van (extracten van) specerijen of kruiden en
bacteriocinen als conserveermiddel is twijfelachtig.

Bacterién delen om te vermenigvuldigen; mensen moeten delen omdét ze zich
vermenigvuldigen.

Zolang besmetting van gesneden vleeswaren met listeria’s niet kan worden
- nitgesloten, moet de houdbaatheidstermijn van deze produkten worden

verkort.
Dit proefschrift
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Er is dringend behoefte aan een leerstoel levensmiddelenvirologie.

Er sterven meer mensen aan liefdesverdriet dan aan listeriose; bovendien is

eerstgenoemde kwaal moeilijker te voorkomen,
Naar Uncle Benn in "More dic of heartbreak’, Saul Bellow, 1987

Persoonlijke en huishoudelijke hygiéne kan bijdragen aan preventie van

listeriose.
Dit proefschrift

Handen wassen is reguliere geneeskunde.
Céline’s proefschrifi over Semmelweiss

Het is een illusie te denken dat rauwe voedingsmiddelen vrij kunnen zijn van
pathogene micro-organismen. Het is daarom noodzakelijk, naast (hygiénische)
maatregelen bij oogst, slacht, distributie en verdere verwerking, de
consument van jongsaf aan te scholen in het hygiénisch bereiden van voedsel.
Het vak *Verzorging’ in het voortgezet onderwijs biedt hiervoor een goede
gelegenheid.

Het aantal personen dat betrokken is bij het onderzoek naar listeriose is
aanzienlijk groter dan het aantal slachtoffers van deze ziekte.

Swetsitis bij levensmiddelenmicrobiologen die zich met risicoanalyse
bezighouden kan bestreden worden met de door Hollander beschreven
therapie voor deze humanose: verandering van milieu, in dit geval van bureau
naar praktijk.

Hollander ZWO (1967) Tijdschrift voor Diergenceskunde 92 458-460

Rijkelt Beumer
stellingen bij het proefschrift
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ABSTRACT

In this thesis, Listeria monocyfogenes, a bacterial pathogen was studied, with emphasis
on the detection and behavicur in food and environment.

Epidemics of foodborne listeriosis have raised concern about the incidence of L.
rmonocytogenes in foods. In the past 10-15 years listeriosis has emerged as a foodborne
illness in a series of large outbreaks from contaminated milk, coleslaw, soft cheese and
pité. The organism is ubiquitous in the environment and has been isolated from a
variety of raw and ready-to-eat food products.

As there is a lack of reliable enrichment procedures, factors influencing the isolation,
confirmation and identification of L. monocytogenes were investigated. It was shown
that the other (faster growing) listerias can mask the presence of this pathogen in
enrichment media. The use of lithium chloride did not overcome this effect. It was also
observed that the use of acriflavine in enrichment media affected the isolation of L.
monocytogenes both directly and indirectly. Because these effects will lead to inferior
detection of L. monocytogenes, it is worthwhile to introduce an isolation medium on
which the pathogen can be differentiated from non-pathogenic listerias. On enhanced
hemolysis agar (EHA), L. monocytogenes can be distinguished from other listerias on
the basis of hemolysis.

The traditional methods for the detection of L. monocytogenes are both time consu-
‘ming and labour intensive. Therefore, rapid test kits for Listeria and L. monocytogenes
have been developed. Differences among the various test kits may be contributed to the
enrichment protocols, the detection limits of the tests and the concentration of Listeria
cells in the samples.

in the second part of this thesis, the behaviour of L. monocytogenes in food and
environment was investigated.

In the literature contradictory results on the growth of the organism on meat surfaces
have been reported. In this study it was shown that growth on raw meat was strain
dependent and mainly determined by initial pH and storage temperature. On cooked
meat products the growth was not or only slightly affected by the storage atmosphere
and the presence of lactic acid bacteria. At the end of shelf life, levels of 107 cfu per g
could be reached.

Under osmotic stress conditions exogenously added proline, betaine and camtine
significantly stimulate growth in laboratory media. Because these compounds are also
present in foods, they can contribute to growth of L. monocytogenes in various foods at
high osmolarities.
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In sporadic cases of listeriosis it is often difficult to link food products with this disease,
unknown sources may also be responsible for illness. From an investigation in the
domestic environment it became clear that L. monocytogenes may be present in high
numbers.

To be able to control the problems caused by L. monocytogenes, international micro-
biological criteria, based on <10° L. monocytogenes cells per gram om sell-by-date
should be established. Persons at risk (immuno-compromized, pregnant) should be
strongly advised not to eat food products likely to contain the pathogen, Meanwhile,
more atiention should be given to challenge studies, factory ecology, cleaning and
disinfection and both personal and domestic hygiene,
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GENERAL INTRODUCTION

Food microbiologists usually consider Listeria monocyfogenes to be a newly emerged
(foodborne) pathogen, but is this really true? In the second edition of Dr. H.P.R.
Seeliger’s (1961) monograph ’Listeriosis’ the foreword was written by Dr.Dr.h.c. K.F.
Meyer (Hooper Foundation for Medical Research, San Francisco, California), The text
of the first paragraph is quoted below.

“"About 44 years ago, shortly after the causative agent of listeriosis had been
encountered in wild rodents, there was an epizootic among veldt rodents in the De Aar
area along the Tiger River in South Africa. Sand rats were dying in numbers, and an
organism was isolated, not virulent for most rodents but fatal to gerbils by ingestion. On
the principle prevailing at that time -of casting out devils by Beelzebub- the so-called
Tiger River virus, or Listeria monocytogenes of today, was used in an effort to destroy
gerbils over a belt of South African country some 20 miles long, with some success.
Among those entrusted with the control of plaque there were advocates of introducing
Listeria into other continents for rodent control. This is understandable, because the first
proved human infection was not reported until 1929, and the livestock infections, much
later still. But there can be hardly any doubt that infection with this organism was
associated with illness and death in man and other vertebrates long before the cause was
isolated and identified”.
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TAXONOMY

The first description of the causative organism of the syndrome that now is called
listeriosis was published in 1926 by Murray, Webb and Swann (1926). The micro-
organism was isolated from infected rabbits in the stables of the laboratories in Cam-
bridge. Since a typical monocytogenes (increased quantities of monocytes, a type of
white blood ceils) was observed in infected animals this organism was named Bacterium
monocytogenes. One year later the same organism was described by Pirie (1927): he
isolated it from a gerbil in South Africa. To honour Lord Lister, and due to the typical
liver infections this microorganism could induce in experimentally infected animals, the
pathogen was named: Listerelle hepatolyticus. Being identical, both species were
combined to: Listerella monocytogenes but in 1940 this species name was changed into
Listeria monocytogenes (Pirie 1940), since the generic name Listerella was already in
use. However, some objections were made to the new name: Listera was used for an
orchid and Listeria for one of the diptera. Because the name L. monocytogenes was used
generally by the bacteriologists of that time, the International Commission of Bacterio-
logical Nomenclature decided to accept this name. After the inclusion of this name in
the standard text books of bactericlogy, this bacterium was redescribed several times as
a new organism (Seeliger 1961).

As Gram-positive, non-sporeforming, catalase positive rods, the gemus Listeria,
having one species: L. monocytogenes, was placed in the family Corynebacteriaceae.
Between 1961 and 1971 three additional species, L. denitrificans, L. grayi and L,
murrayi were described (Seeliger and Welshimer 1974). The classificatdon of L.
denitrificans in this genus was questionable and later this species was transferred to a
new genus: Jonesia (Jones 1992). L. grayi and L. murrayi were not sufficiently different
from each other to merit seperate species status. A proposal to transfer these species to
a new genus: Murraya (Stuart and Welshimer 1974) was rejected. Based on the work of
Rocourt et al. (1992) both species were combined to L. grayi.

From numerous studies it became clear that listerias showed more similarity with
lactic acid bacteria than with corynebacteriae, reason to move the genus to Section 14 in
Bergey’s Mamual of Systematic Bacteriology: regular, non-sporing Gram-positive rods
(Seeliger and Jones 1986).

In the description of L. monocytogenes special attention was given to non-hemolytic
strains, non-pathogenic for mice. For these strains Secliger (1981) proposed a new
species: L. innocua. Later, DNA-DNA hybridization studies on mumerous strains of L.
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GENERAL INTRODUCTION

monocytogenes showed the presence of five genomic groups now represented by the
species: L. monocytogenes, L. innocua, L. ivanovii (straing first described by Ivanov
1962}, L. seeligeri and L. welshimeri (Rocourt et al. 1982). These resuits have been
reinforced by 16S tRNA sequencing studies of Collins et al. (1991). Multilocus enzyme
studies resulted in the detection of two L. ivanovii subspecies L. {vanovii subsp. ivanovii
and L. ivanovii subsp. londoniensis (Boerlin et al. 1992). On the basis of current data
the genus contains six species representing two closely related, but distinct lines of
descent: 1) L. monocytogenes, L. innocua, L. ivanovii subsp. L. ivanovii, L. ivanovii
subsp. londoniensis, L. seeligeri and L. welshimeri and 2) L. grayi. The gemus is most
closely related to the genus Brochothrix (Jones 1992),

OCCURRENCE AND DISTRIBUTION IN THE ENVIRONMENT

L. monocytogenes is widespread in the environment and as a consequence of this, raw
food products harbour this pathogen in low numbers, and processed foods may be
contaminated from the production environment. Because this pathogen is able to growth
at refrigeration temperature, a considerable increase in numbers is possible in contami-
nated products with a long shelf-life at low temperature such as pit€ and soft cheeses.

Air

There have been a few reported incidents of listeriosis associated with aerosol infection
in man or animals: the inhalation of ’infected dust’ (Seeliger 1961) and a case of
Listeria sepsis following an aspiration pneumonia after eating contaminated coleslaw
(Schlech 1984). But no reliable data are available about presence of Listeria spp. in air.
Air in close proximity of water purification plants may be contaminated with listerias
since presence of pathogen indicators was demonstrated during land application of
sewage shudge (Pillai et al. 1996),

Water

Listeria has been detected, using MPN techniques, in fresh surface water (2 per 100 ml)
and in samples of untreated and treated sewage (up to 1320 per 100 ml). The most
frequently isolated species were L. innocua and L. monocytogenes in sewage, and L.
seeligeri in samples from ponds and lakes (Watkins and Sleath 1981, Geuenich et al.
1985, Colburn et al. 1990, Bernagozzi et al. 1994). Other species were detected, but to
a lesser extent. It has been suggested that waters not receiving sewage effluents have a

4 Beumer rijkelt
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low isolation rate of Listeria spp. Although not statistically significant, this is supported
by coliform and Escherichia coli counts being higher in waters that were positive for
Listeria spp. compared to those which were negative (Dijkstra 1982, Frances et al.
1991, Bernagozzi et al. 1994). Because the numbers of Listeria spp. found in sewage
are usually low, and enrichment procedures are employed for their detection, it is not
possible to confirm a seasonal variation or a decrease in mumbers by sewage treatment
(MacGowan et al, 1994),

Silage

During the 1960s there was no certainty about a natural reservoir of L. monocytogenes.
There was some evidence that silage-feeding was connected with outbreaks of listeriosis.
Moreover, there was reason to suspect its latent existence among rodents, and in the tick
species Ixodes ricinus, associated with cows and rodent species (Seeliger 1961). Only a
few years later it was shown that the use of silage of inferior guality was of importance
in the explanation of clinical outbreaks in animals (Dijkstra 1965).

Listeria spp., including L. monocytogenes, were isolated regularly from soil and
plants, The percentage of positive samples ranging from 9%-75% (Welshimer 1968,
Weis and Seeliger 1975) and especially in decaying (vegetable) material presence of L.
monocytogenes was demonstrated, which is in agreement with the high numbers found
in poor quality silage (Kalat and Woolford 1982). Moreover, it was shown that Listeria
could survive in soil for up to 295 days (Welshimer 1960).

Faeces

Due to its ubiquity, Listeria spp. can also be isolated from faecal samples. The
incidence in cattle faeces ranges from a few percent up to 29% of the samples inves-
tigated (Kampelmacher and Van Noorle-Jansen 1969 1980, Dijkstra 1965, Ralovich
1984). Higher percentages (up to 51%) were reported by Skovgaard and Morgen
(1988). Presence of Listeria was also demonstrated in faecal samples (12.3%) from
horses (Weber et al. 1994) and other domestic animals (Weber et al. 1995),

Fenlon (1985) reported that birds feeding on sewage had a higher carriage rate of
Listeria spp. than birds feeding elsewhere. This is supported by the results of a study on
the intestinal carriage of pathogens in pigeons in the city of Barcelona (Spain): Listeria
was only isolated from one of the 400 faecal samples investigated (Casanovas et al.
1995). Listerias were even isolated from the faeces of a high percentage of apparently
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healthy adults, discased patients and their household contacts (Bojsen-Meoller 1964,
Kampelmacher and Van Noorle-Jansen 1969 1972, MacGowan et al. 1991, Schuchat et
al. 1991). In most cases, faecal shedding seems to be caused by oral ingestion of
contaminated food rather than by contact with infected animals (Kampelmacher and Van
Noorle-Jansen 1969, Schlech 1991, Schuchat et al. 1991). A low incidence of faecal
carriage of Listeria spp. (1%) was described by MacGowan et al. (1994) probably due
to the different isolation methods used. A previous study indicated seasonal distribution
in faecal isolation (MacGowan et al. 1991), which was confirmed in this later study,
where the predominant species identified were L. monocytogenes and L. innocua. These
results agree with findings of Lamont and Postlethwaite (1986).

DETECTION METHODS

Since it became obvious that L. monocytogenes was pathogenic in man and animals,
there was a need for reliable detection methods. The first isolation methods were
generally based on the direct culture of samples on simple agar media. In case of low
numbers of viable Listeria cells, isolation was difficult and inoculation into test animals
(intraperitoneally or subcutaneously), including embryonated eggs, was recommended.
Both promising and discouraging results were described. From experiments with guinea-
pigs and mice, Larsen (1969) concluded that the biological method, using test animals,
could be of value for detecting small numbers of Listeria in samples without competitive
microorganisms. However, in presence of contaminants, test animals died of
septicaemia, apparently caused by a Gram-negative mixed flora.

Better results were obtained with the cold enrichment procedure. Testing of the same
material using the refrigeration technique resulted in more positive samples compared
with incubation at elevated temperatures. One of the first reports about the survival of
Listeria (in brain tissue) at low temperatures was published by Biester and Schwarte
(1939). Almost ten years later Gray et al. (1948) described a new technique based on
cold enrichment for several weeks at 4°C. Since that time the method has been applied
successfully (Gray 1957 1962, Girard and Sbarra 1963). In short the procedure was
based on homogenization of the sample in a mortar, to which broth or water was added.
From this suspension material was streaked, directly and at regnlar intervals (days or
weeks), on colourless agar media: tryptose- or McBride agar. The incubated plates were
examined for the presence of characteristic blue colonies using oblique trans-illumination
(Henry 1933). The major disadvantage of this method was the long incubation period
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Table 1 A selection of selective agents used in media for the detection of Listeria spp.

Selective agents Reference Year
Acridine dyes Bockemiihl et al. 1971
Acriflavine Skalka and Smola 1983
Alkaline pH Seeliger 1955
Amphotericin B Simon 1956
Brilliant Green Robin and Magard 1960
Chloramphenicol Kampelmacher and Van Noorle-Jansen 1961
Chromium trioxide Mavrothalassitis 1977
Colistin Fallon 1985
Cycloheximide Bearns and Girard 1959
Gallocyanin Mavrothalassitis 1977
Glycerine-saline Olson et al. 1953
Guanofuracin Shimizu et al. 1954
Indigo Durst and Berencsi 1975
Lithiumchloride Bearns and Girard 1959
Methylene blue Despierres 1971
Moxalactam Lee and McClain 1986
Nalidixic acid Beerens and Tahon-Castel 1966
Nitrofurazone McBride and Girard 1960
Nystatin Braveny and Grote 1973
Polymyxine B Bojsen-Metler 1963
Phenylethanol Bearns and Girard 1959
Potassium dichromate Mavrothalassitis 1977
Potassiom tellurite Gray et al. 1950
Potassium thiccyanate Lehnert 1964
Propolis Gronstol and Aspoy 1977
Pyronine Mavrothalassitis 1977
Sodium chloride Stenberg and Hammainen 1955
Tartrazine Durst and Berencsi 1975
Thallium acetate Kramer and Jones 1969
Thionine Mavrothalassitis 1977
Trypaflavin Ralovich et al. 197t
Viomycin chloride Sagdullacva 1986

Listeria monocylogenes




GENERAL INTRODUCTION

{(up to several months). Newer techniques were based on the use of a variety of selective
and elective agents in isolation and enrichment media. Results were sooner available
compared with the cold enrichment and, for that reason more suitable for routine work.
Nevertheless, it was commonly accepted that the sensitivity of the cold enrichment
combined with the Henry illumination could not be improved by using other techniques
(Girard and Sharra 1963). None of the methods applied at that time gained universal
acceptance and, although numerous selective agents have been proposed for the use in
enrichment and/or isolation media since then (see for a selection of these Table 1), up
till now there is not a generally accepted method for the detection of Listeria.

Direct after the major listeriosis outbreaks in the United States two federal agencies:
the United States Department of Agriculture (USDA) Food Safety and Inspection
Service (FSIS), which is responsible for the regulation of meat, poultry and egg
products, and the Food and Drug Administration (FDA) of the Department of Health
and Human Services (DHHS), which is responsible for other foods, including seafood,
both recommended their own methods for the detection of Listeria spp. The FDA
method, was based on 48h enrichment in Listeria Enrichment Broth (LEB), a medium
with a low buffering capacity (Lovett et al. 1987), and the USDA method was originally
based ont a broth formulated by Dominquez Rodriquez et al. (1984) and adapted by
Donnelly and Baigent (1986), a medium with sufficient buffering capacity. The USDA
method was soon changed from a one stage to a two-stage enrichment, which resulted in
a more effective method for the recovery of L. monocytogenes from meat samples
(McClain and Lee 1988). Due to the qualifications of the agencies it was gencrally
accepted that the USDA method was suitable for meat products and the FDA method for
other food products such as dairy products, seafood and vegetables. However, this was
never demonstrated: very few studies were done that compared both methods for the
same set of samples. Recently, the International Organization for Standardization (ISO),
published a draft method for the detection of L. monocytogenes, based on the USDA
method (Anonymous 1995).

Many solid media have been developed to isolate Listeria from enrichment media, or
for direct plating methods. One of the first selective media described was McBride agar
{MA, McBride and Girard 1960), a medium based on glycine anhydride, lithium
chloride and phenylethanol. Blood was added to detect hemolytic strains of Listeria. The
medium was improved (modified McBride agar, MMA) by adding cycloheximide to
inhibit fungi {(Lovett et al. 1987) or by adding potassium teHurite, bacitracin, nalidixic
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acid and moxalactarn (ARS-MMA, Buchanan et al. 1987). At the same time another me-
dium was developed, lithium chloride phenylethanol moxalactam agar (LPM). In compa-
rison with MMA, concentrations of lithium chloride (10x) and mozxalactam {(4x) were in-
creased (Lee and McClain 1986). Because LPM was more selective than MMA, the use
of MMA decreased. The introduction of media containing aesculin and ferric citrate as
elective system was a further improvement (Curtis et al. 1989, Van Netten et al. 1988).
Comparative studies with a lot of different plating media have been published from that
time (Brackett and Beuchat 1989, Golden et al. 1990, Slade 1992, Hayes et al. 1992,
Paranjpye et al. 1992). None of these media is generally accepted and all suffer from
the disadvantage that L. monocytogenes cannot be differentiated from other Listeria spp.
Probably due to the strict regulations, the media recommended in the FDA (LPM and
Oxford agar) and USDA (modified Oxford agar, McClain and Lee 1989) procedures are
the most frequently used in the United States. In Europe, PALCAM (Van Netien et al.
1988) and Oxford agar (Curtis et al. 1989} are prefered to LPM. In a comparative study
using these two plating media it was concluded that PALCAM agar was consistently
more effective in suppressing competitive microorganisms, thus enhancing the possibility
of detecting Listeria spp. present in low numbers (Gunasinghe et al. 1994).

Recently it has been shown that the incidence of L. monocytogenes may be under-
reported, because presence of this pathogen in enrichment media can be masked by
faster growth of other Listeria spp. (Petran and Swanson 1993, McDonald and Suther-
land 1994). In procedures where all species of a genus are considered to be pathogenic,
i.e. Salmonella, this will only result in epidemiologically false information and not in
missing contaminated samples. In case of detecting L. monocytogenes, the only species
of this genus pathogenic to humans, the use of isolation media that allow identification
of this pathogen in presence of high numbers of other listerias, should be recommended.

AM AND OUTLINE OF THIS THESIS

The aims of this study are to improve the detection of L. monocytogenes, to clanfy its
behaviour in raw meat and meat products, to investigate the growth possibilities in
presence of high salt concentrations and to0 determine its occurrence in domestic
environments. In part A of this thesis (Chapters 1-6), results concerning isolation,
confirmation and identification of this pathogen are reported. The behaviour of L.
monocytogenes in raw and processed meat products, the effect of osmoprotectants on its
growth, and the occurrence in domestic environments are described in Part B.

Listeria monocytogenes 9



GENERAL INTRODUCTION

As there is a lack of reliable enrichment procedures for L. monocytogenes, attempts
have been made to improve the detection of this pathogen. In Chapter 2 the performance
of an enrichment medium based on lithium chloride is described. It does not inhibit
listerias significantty if lithium chloride is used at concentrations up to 2%, but further
comparative studies are required to recommend its use in the present protocols. In
Chapter 3 it is shown that the presence of L. monocytogenes in the traditional enrich-
ment procedures is masked by other, faster growing, Listeria spp. To overcome this
problem an isclation medium on which L. monocytogenes can be differentiated from
other listerias, has been improved and its performance is described in Chapter 4. So-
called 'rapid methods’ for the detection, confirmation and identification of Listeria
and/or L. monocytogenes are evaluated in Chapter 5 and Chapter 6.

Chapter 7 is a review about the presence and the behaviour of L. monocytogenes in
food products. Because contradictory results on the growth of the organism on meat
surfaces have been published, the factors that influence the growth of this pathogen on
raw meat are investigated in Chapter 8. In products with a long shelf life, listerias
(present by post process contamination) can grow to unacceptably high levels. In
Chapter 9 this is shown for the growth of L. monocytogenes on cooked meat products.
The effect of the competitive microflora (lactic acid bacteria) is also described in this
chapter.

Qsmoprotectants such as betaine, a trimethyl amino acid, and proline are involved in
the adaptation to high extracellular solute concentrations., Another trimethyl amino acid
is carnitine, an important compound in mammalian tissues, involved in lipid meta-
bolism. Chapter 10 describes the effect of proline, betaine and carnitine on the growth
of L. monocytogenes and L. innocua in a minimal medium and in a rich medium with
increasing salt concentrations,

Especially in sporadic cases of listeriosis it is difficult to link food products with this
disease. It may be possible that other sources of L. monocytogenes might be responsible
for human listeriosis. The occurrence of this pathogen in domestic environments is
reported in Chapter 11. The general discussion, including recommendations for
standards and detection of this pathogen, is presented in Chapter 12.
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EFFECT OF LITHIUM CHLORIDE

SUMMARY

The effect of lithium chloride (LiCl) on the growth of Listeria was studied in enrichment
broths to determine the optimum levels of this inhibitor. Listeria monocytogenes could
grow at concentrations up to 2%, but above this level, inhibition was noted. Entero-
coccus faecalis, a major competitive organisin, was inhibited by low levels of LiCL
Competitive flora capable of growth in the presence of LiCl is normally inhibited by
nalidixic acid except for staphylococci. Substrates such as skim milk powder do not
affect the inhibition of competitors by LiCl significantly. Acriflavine was shown not to
significantly inhibit the L. monocytogenes strain studied in the presence of LiCl. The
combination of LiCl, acriflavine and nalidixic acid should be studied farther in enrich-
ment procedures for L. monocytogenes.
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INTRODUCTION

Lithium chloride has been used traditionally in media for the isolation of Sraphylococcus
aurens from foods (Minor and Marth 1976). The first post-war reference to the use of
LiCl was that of Ludlam (1949} for the inhibition of 5t. albus in selective media for Sz,
aureus. Zebovitz et al. (1955) improved Ludlam’s medivm by the inclusion of glycine
and potassium tellurite. The media of Vogel and Johnson {1960} (V-J} and of Baird-
Parker (1962) employed LiCt at the level of 0.5% recommended by Ludiam (1949) and
the tellurite-polymixin-egg yolk medium of Crisley et al. (1964) contained a level of
0.22%.

McBride and Girard (1960) were the first to employ LiCl in a (solid) medium for the
isolation of Listeria monocytogenes in combination with phenylethanol and glycine, and
blood to indicate hemolysin production. Most solid media for isolation of listeria’s are
modifications of V-J (Buchanan et al. 1989), or McBride Listeria agar. Beerens and
Tahon-Castel (1966) were the first to incorporate the quinolone antibiotic nalidixic acid
into solid media. Laier, solid media have been formulated that contain much higher
concentrations of LiCl (Curtis et al. 1989, Van Netten et al. 1988) and newer antibiotics
such as ceftazidime (Bannerman and Bille 1988, Lee and McClain 1988, Curtis et al.
1989).

Liquid media for the enrichment of listerias have developed along a historical course
somewhat different to that of solid media, and have been mostly based on the trypa-
flavine-nalidixic acid mediwm of Ralovich et al. (1971). Reviews of the various liquid
and solid media and selective agents and methods used for isolation of listerias have
been made by Prentice and Neaves (1988) and Cassiday and Brackett (1989).

Despite the fact that LiCl has been used for many years in microbiological media, its
mechanism of action on bacterial cells is still poorly understood. Table 1 gives a brief
overview of literature concerning the positive and negative effects of lithium ions on
IMHCTOOTZANISINS.

However, few data occur in literature concerning the limiting concentrations of LiCl
or cother inhibitory compounds for growth of listerias. The use of LiCl in liquid media
for improved selective enrichment of listerias is a logical step, particularly in media for
the examination of foodstuffs which can contain high numbers of competitive flora. The
first application of LiCl (3 g I'"} was reported by Fraser and Sperber (1988). Later, Van
Netten et al. {1989) incorporated LiCl at a level of 10 g I'' in 'L-PALCAMY’, a liquid
enrichment medium for Listeria spp.
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The "Oxford’ solid medium (Curtis et al. 1989) contains 1.5% LiCl, as does a medium
described by Van Netten et al. (1988), concentrations which could render them hyper-
osmotic. This should be taken into account as a significant inhibitory factor.

Table 1 Positive and nepative effects of lithium ions on microorganisms

General effect

Specific effect

Reference

On metabolism of
halophiles

On ceil wall
synthesis

On metabolism
and transport in
Gram-negative
organisms

On Gram-positive
organisms

On fungi
On yeasts

Other
non-specified

Na* sparing effect (various organisms)
Inhibition of succinate oxidase and

NADH dehydrogenase (marine bacterium

1055-1)

Stimulation/inhibition of antolysis
Production of unbalanced growth forms
in Listeria spp.

Unbalanced growth in Salmonella
typhimurium

Stimulation of proline transport in
Escherichia coli

Inhibition of aspartokinase in E, cofi
Inhibition of melibiose transport in
E. coli

Stimulation of thiomethyl galactoside
uptake in E. coli

Inhibition of glycolysis and pyruvate
kinase

Increased sensitivity of ATP-ase to
dicyclohexylcarbodi-imide in E. coli
Stimulation of sporulation in Bacillus
subtilis

Reversal of F* enhancement of
extracellular polysaccharide synthesis
by Streptococcus mutans

Stimutation of aflatoxin synthesis
Growth inhibition

Growth inhibition

Increased transformation efficiency
Growth inhibition of Clavibacterium
michiganensis

Growth inhibition of Clostridium
perfringens

Chan et al. 1979
Ichikawa et al. 1981

Sugahara et al. 1983
Zigangirova et al. 1985
Konstantinova et al. 1983
Chen et al. 1985

Shaw et al. 1983
Tanaka et al. 1980

Tsuchiya et al. 1978
Umeda et al. 1984
Feinstein and Fisher 1977
Warburg et al. 1985
Treasure 1981

Bhatnagar et al. 1979
Kurita and Punabashi 1984
Takenishi and Takada 1984
Ito et al. 1984

Smidt and Vidaver 1986

Bartsch and Walker 1982
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Not only is the flora of food samples quite variable, but the food substrate may also
have an effect on the inhibitory nature of media containing certain antibiotics (Beumer et
al. 1988). The laster effect is particularly notable with samples containing proteins such
as casein, which are thought to bind inhibitors such as acriflavine, thereby reducing the
effective concentration in the medium (Chapter 3).

In view of the lack of information on the effects of LiCl, and the factors affecting its
inhibitory properties, the following subjects were smdied: growth of Listeria spp. and
competing flora from foods in liquid media containing LiCl at different concentrations,
the effect of the presence of high protein substrates on the inhibition of competing flora
by LiCl, the pature of the competing food flora growing in the presence of LiCl, and
the effect of different concentrations of nalidixic acid on the growth of L.
monocytogenes and competitors.

MATERIALS AND METHODS

All solutions were prepared wiv. Antibiotics were added as appropiate volumes of filter
sterilized stock solutions to give the absolute concentrations mentioned in mg 1" of the
final medium after autoclaving,

The effect of LiCl concentration and food substrate on the growth of L. mono-
cytogenes and Enterococcus faecalis

Strains used for these experiments were from the Nestec culture collection and from the
collection of the Agricultural University of Wageningen. They represented straing from
natural, industrial and clinical sources.

As a control, tryptone soy broth supplemented with 6 g I' yeast exiract was used
(TSB). This medium was prepared by dissolving 30 g tryptone soy broth powder and 6
g of yeast extract in 900 ml distilled water, followed by autoclaving at 121°C for 15
min. Portions of 135 ml of this concentrated TSB were supplemented with 0.03, 0.3,
2.0 and 3% LiCl, added as 15 ml of filter sterilized solutions of appropiate dilutions of
the salt in distilled water. The effect of high protein substrates was tested by addition of
sterilized skimmed milk powder (SMP) at a level of 10% (w/v) to media containing
3.0% LiCl.

A loopful of the organism:under test was transferred to 5 ml of TSB and incubated
overnight at 30°C. Flasks containing 150 ml of the broth under investigation, pre-
warmed to 30°C, were inoculated to give a level of about 10? cfu mi*. Broths were then
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incubated statically at 30°C in a circulating water bath and samples taken periodically
for enumeration.

Enumeration was carried out by spread-plating of decimal dilutions of samples taken
at 0, 2, 4, 6,9, 12, 18 and 24 h of incubation, onto tryptone soya agar (TSA) supple-
mented with 6 g 1! yeast-extract. Plates were incubated at 37°C for 24 h. Growth
curves were constructed for each experimental variant.

Competitive flora of meat and milk products, able to grow in the presence of LiCl
Milk and meat products were enriched in TSB + 2% LiCl (TSBLC) and/or TSB +15
mg 17 acriflavine and 40 mg I nalidixic acid (TSBTN) and the flora characterized.

Samples of Italian cheese (Cacetti), French soft cheese (Camembert and Tomme),
feta cheese and raw ham (non-pasteurized, sliced) were purchased from a local super-
market. Twenty-five gram samples of each were mixed by stomaching with 225 ml of
TSBLC (2%), prepared as described above.

Broths were incubated at 30°C for 24 h, After this time, a loopful from each broth
was streaked on to blood agar, TSA and a modified McBride agar containing 0.3% LiCl
(MMA+). Plates were incubated at 30°C for 24 h, after which, colonies of differing
morphology were selected for identification. Isolated organisms were submitted to the
usual identification scheme to genus level (Seeliger and Jones 1986).

Effects of LiCl and nalidixic acid on Listeria spp. and competing flora

To get to know whether non-Listeria microflora present in products does or does not
grow in TSBLC, isolates obtained as above were tested for their ability to grow in
TSBLC (2%) medium and TSBLC (2%) supplemented with 40 mg 17 nalidixic acid
(TSBLCN). In addition, 92 strains of L. monocytogenes (9: serotype 1/2a; 29: serotype
1/2b; 6: serotype 1/2c; 1: serotype 3a; 14: serotype 4b; 4: scrotype '4’; 3: serotype 'I’;
26: not serotyped), and 54 strains of L. innecua and one strain of L. seeligeri from our
collections were tested for growth in TSBLC,

A loopful of an overnight culture of each competitor or Listeria strain in TSB
medinum was inoculated into 200 ul of TSBLC (2%) as a control and 200 gl of TSBLCN
in wells of microtitre plates. These were incubated at 30°C for 24 h and then examined
for visible growth.

22 Beumer rijkelt




2

Effect of nalidixic acid concentration on growth of L. monocytogenes

TSB was prepared with different concentrations of nalidixic acid ranging from 0 to 80
mg 1", Quantities of 100 ml were inoculated with L. monocytogenes (about 10°-10* cfu
ml') These were incubated at 30°C for 16 h. Enumeration was carried out as previously

described and growth curves were constructed,
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Fig.1 Effect of LiCl concentration on growth of Listeria monocylogenes CMB in tryptone soya
broth ((J) 0% LiCl, (+) 0.03% LiCl, (a) 0.3% LiCl, (©) 2% LiCl, (I) 3% LiCl

Effect of acriflavine and LiCl on growth of L. monocyfogenes

To investigate whether LiCl and acriflavine in combination had an inhibitory effect on
L. monocytogenes, the organism was grown in TSB containing 0.3% and 2% LiCl plus
12 mg 1" acriflavine. A growth curve was obtained as previously described.
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EFFECT OF LITHIUM CHLORIDE

RESULTS
Effects of LiCl concentration on growth of L. monocytogenes CMB and E. faecalis
Figs 1 and 2 show the effect of LiCl concentration on the growth of these organisms.
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Fig.2 Effect of LiCl concentration on growth of Enferococcus faecalis in tryptone soya broth
(1) 0% LiCl, (+) 0.03% LiCl, (a) 0.3% LiCl, (©) 2% LiCl

From an initial inoculum level of 2.3 (log number of cells) ml', L. monocytogenes
achieved a final level of 9.8 ml"' after 24 h in TSB. Growth in the presence of 0.03 and
0.3% LiCl followed essentially similar kinetics although the final levels achieved (9.6

ml)
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were slightly, but not significantly less than the control. In the presence of 2%
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LiCl, the growth curve assumed a slightly flatter slope with a lag phase of approxi-
mately 3 h and a platean between 9 and 12 h, However, the final mumber of organisms
after 24 h was 9.4 ml', which was similar to that achieved in the presence of 0.3%
LiClL. The presence of 3% LiCl was definitely inhibitory. Numbers increased only
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Fig.3 Effect of skim milk powder (SMP) on growth of Listeria monocytogenes and Listeria
innocua in tryptone soya broth with 3% LiCl (+) Lm 3% LiCl, (a) Li 3% LiCl, (<) Lm 3%
LiCl+SMP, (I) Li 3% LiCl+SMP

slightly over the first 12 h to 3.0 ml", after which a slow increase to 5.1 ml” occurred

at 24 h. A minor difference between the effect of 1 and 2% LiCl was observed (data not
shown).
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EFFECT OF LITHIUM CHLORIDE

E. faecalis, like L. monocytogenes, grew well in TSB with a typical sigmoid curve and
attained a level of 8.9 ml* after 24 h (Fig. 2). The presence of 0.03% LiCl had little
effect on the final number attained (8.6 ml!) and did not change the shape of the curve,
However, 0.3% LiCl resulted in a severe inhibition (4.2 ml"' after 24 h) and 2% LiCl
resuited in death of the original inoculum.
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Fig.4 Effect of skim milk powder (SMP) on growth of Enterococcus faecalis in tryptone soya
broth with LiCl (<) 3% LiCl, (I) 3% LiCl+SMP

Fig. 4 shows the effect of SMP addition on the growth of E. faecalis in the presence of
2 and 3% LiCl. No significant effect on inhibition was observed.
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Effect of substrate addition on the growth of L. monocytogenes CMB, L. innocua
and E, faecalis in LiCl-containing media
In the presence of SMP, the inhibitory effect of 3% LiCl on both L. innocua and L.
monocytogenes was alleviated significanfly (Fig. 3). In the presence of LiCl (3%), L.
innocua followed the same lag phase course as for L. monocytogenes up to 12 h, After
this time, growth of L. innocua followed a steeper curve and reached about 6.0 ml?!
after 24 h compared to only 5.0 ml" for L. monocytogenes. In the presence of SMP, the
lag phase for L. innocua lasted around 4 h only. Growth followed an exponential course
untit 12 h, after which a flattening-off was seen. A final level of around 7.5 mi*? was

Table 2 Competitive microflota isolated from TSB+2% lithium chloride (TSBLC) medivm

Produsct Enrichment Solid mediom  # isolates Identity (#)
Camembert LiCl blood apar 12 Streptococcus spp. (T}
Staphylococcus sp. (1)
Pseudomonas sp. (1)
Baciilus spp. (3)
TSBYETN  blood agar 3 Streptococcus spp. (3)
Feta LiCl TSA 2 Proteus vuigaris (1)
Citrob. freundii (1)
MMA + 4 Staphylococcus spp. (4)
Caceiti LiCl TSA 9 Bacillus spp. (7)
Staphylococcus sp. (1)
Hafnia alvei (1)
MMA+ 9 Staphylococcus spp. (8)
Bacillus sp. (1)
Tomme LiCl TSA 2 Citrobacter freundii (1)
Streptococcus lactis (1)
Ham LiCl TSA 4 Bacillus spp (3)
Staphylococcus sp. (1)
MMA + 5 Staphylococcus spp. (5)

Listeria monocylogenes
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EFFECT OF LITHIUM CHLORIDE

reached after 24 h. L. monocytogenes showed a longer lag phase of 9 h after which
growth occurred rapidly, reaching approximately 5.0 mi* at 12 h. After this, however,
the curve flattened and a level of approximately 6.5 mi" was achieved after 24 h.
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Fig.5 Effect of nalidixic acid concentration on Listerig monocytogenes (serotype 4b) in tryptone
soya broth ((J) 0 pg m1?, (a) 40 pg ml”, () 60 ug ml*, (X) 80 pg mi’

Competitive flora growing in the presence of 2% LiCl

Table 2 shows the results of the study of microorganisms present in TSBLC (2%)
medium that were able to grow both on MMA+, blood agar and TSA. From a total of
18 isolates on MMA+, 17 were identified as Staphylococcus spp. The remaining isolate
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was a Bacillus sp. A total of 32 isolates was obtained from non-selective media, of
which 11 were identified as Streptococcus spp., 3 Staphylococcus spp., 13 Bacillus spp.,
4 Enterobacteriaceae and one Pseudomonas sp.

Growth of Listeria spp. and isolated competing flora in TSBLC and TSBLCN

All strains of Listeria tested, grew in TSBLC and TSBLCN, giving highty turbid
suspensions after 24 h at 30°C.
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Fig.6 Effect of lithium chloride on growth of Listeria monocytogenes in tryptone soya broth
containing acriflavine (12 mg 1) ([J) 0% LiC}, (+) 0.03% LiCl, {(a) 0.3% LiCl, (<) 2% LiCl
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