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NTRopyucTION

.I,Dapel“s dealing with the subject of
hrsliw@r” pathogens have been pub-
(DLed several times the last years
1 Oyle, 1985; Buchanan and Palumbo,
Mj]ls; Holmberg and Farmer, 1984;
5 € and Koburger, 1985; Archer
198‘I.Young, 1988; Bostock, et al.
Y‘efl’ Johnston, et al. 1985). They

€t a phenomenon of increased
N reness of consumers, legislators
i food technologists for public
ng th_ problems caused by micro-

Nisms with unfamiliar names.

fie describing or only naming a
W0u1d0f- these microorganisms, we
thep, nllke to consider why we call
cag newer" or what is the likely
i eon that they emerge. Then the
th@%’ attitudes of the consumer of
theiPUtUPe will be looked at, because
wh: . cating habits will determine

deleh Pathogens will emerge the next
Cadeg

Wy

¥ o PATHOGENS EMERGE ?
&
Ch&nges in eating habits

ale;seean old postulate that the prev-
Somegps of foodborne diseases has
by Mg to do with eating habits,
thig °fly in the last 15-20 years has
ngdrelationship been clarified. We
habit add that by changing eating
New problems may be created.
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Anisakiasis or herring worm disease
in Holland was linked with the
consumption of raw fish. This habit
also exists in Japan and consequent-
ly Anisakiasis occurs also in that
country. In most other countries this
disease is unknown. After the war,
the main animal protein source in
Japan was fish, and consequently
Vibrio parahaemolyticus, a marine
microorganism, was one of the most
important causes of foodborne dis-
eases. This microorganism emerged
some thirty years ago in that coun-
try. Later the Japanese started to
eat more meat which they imported,
like many European countries in
those days, from Latin America.
From that time on, a steady increase
of the number of salmonellosis cases
in Japan could be observed and in
fact Salmonella became an important
microorganism in a couple of years.
Consumption of raw milk has caused
many cases of salmonellosis and
campylobacteriosis in Scotland. Man-
datory pasteurisation changed the
prevalence of these milk-borne dis-

eases dramatically (Forbes et al.
1986; Sharp et al. 1986). Tempeh
made in Indonesia from fermented
soya beans has a good health

record. The same type of product
made from coconut causes regularly
Bongkrek disease, a foodborne ill-
ness provoked by toxins produced
by Pseudomonas cocovenenans in this
substrate.

2. Changes in perception,
awareness and interest

Having eradicated many traditional
infectious diseases and improved as a
result our quality of life, our per-
ception of hazards which now repre-
sent a threat to us changes. In the
developed world we worry about
newer hazards which many times only
threaten a minority of the population.




Compared to the developing world
where the problems are often still as
they used to be 50 - 100 years ago
in our countries, this may seem
strange. It is nevertheless a fact
that such increased concern has lead
to the emergence of "new hazards"
which are often not new or not
related to food (e.g. Listeria
monocytogenes is not new), and
relatively unimportant in their effect
on overall mortality.

The communication explosion and
increased publicity are certainly
factors which have influenced the
(over)-reaction of consumers, legis-

food industry and the retail
chains. We should not be misunder-
stood here. We do not mean to say
that there has not been an increase
in the number of foodborne diseases
or of the number of microorganisms
linked to them or that the economic
impact of these diseases is not
important. We want to stress that
there are certain factors which have
influenced their recognition and
therefore the increase or its impact
may sometimes be more apparent than
real.

lators,

3. Improvement of detection methods

For certain microorganisms, improved
detection methods have lead to their
emergence. Campylobacter as a cause
of diarrheal disease and as a food-
borne pathogen was hardly known
until the end of the seventies when
a good selective method for its
isolation was described. Since then,
in many countries of the world the
number of reported isolations from
stools has increased steadily and in
some countries campylobacters are
now more important than salmonellas.
The emergence of viruses as food-
borne pathogens is also linked to the
availability of detection methods
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(and also to epidemiologic?

work) .

good

4. Improved epidemiology

Improved epidemiology is certainly &

important factor to be mentioned 1‘
relation to the emergence of certd

microorganisms or particular strai®
is the eme!

of them. An example
gence of Listeria monocytogenes #
the cause of outbreaks involvil*
food as a common source (James °
al. 1985; Bille, 1988). Although tV
is certainly so we should not let’
tempt us to believe that this orga’
ism and its presence in sufficie’
quantities in foods is the sole reasol‘
for the emergence of this particul?
problem (Cox, 1989). Epidemiologic
evidence should be used to point thf
way for further research, rath®
than be used as a substitute
etiological evidence.

5. Changes in Food Production
(Raw materials)

Large scale production of raw mat?
rials or primary food, increases tl«:
possibility of creating ecologi®
niches where microorganisms mig,
grow and from there be disse”
nated. Changes in practices may alf
introduce possibilities for growth f‘j
certain microorganisms which bef?
did not exist, or did not exist |
this extent. For instance, a far
with only a few chickens, pigs l
cattle cannot, from the ecolog'ivci
point of view, be compared W
today's large 'factory farms' whe’
hundreds or thousands or more |
the animals are grouped togethel"l
close contact with one another.

At the same time, however, mod?’
slaughter techniques, developed
be able to slaughter a large numb®

e Iy
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of Animals in a short period of time,
Ve added cross contamination

Problens The  consumption of

Undercooked poultry and red meat

:’as all that was needed to cause the

lemenr‘gence of "the Salmonella prob-
" (van Schothorst, 1986).

e Changes in Food Processing

Technology

Changes in processing conditions
e;ve also been influential in the
Shsr‘gence of some pathogens

imrter fermentation and maturation
maf for fermented sausages, peeling
and‘hlnes for frankfurters, slicing
hety, vacuum packing, .brining
S O0ds etc. can be mentioned as
erinl_i)les. The meat industry has
req aln_ly been very influential in the
at}llletlon of the prevalence of
to Ogens in meat products, but due

digt Fhe . high output and wide
ineié’lbutlon, the consequences of an
impg €ntal contamination are more
ohocrtant.  The creation of chill

P:’ns _has been primordial in the
i ®ntion of foodborne diseases, on
QOnto_theP hand they could potentially
Sy(ﬁbme to the emergence of
Fotrophic pathogens.

i

athmeo Use of wvacuum or modified
QantSphe_re packaging has signifi-
erta' Increased the shelflife of
thi. R food products. The nature of

S . i
the teChnology is such that it limits

Ocqy,.. [ Multiplication of normally
Hoy, Cring spoilage microorganisms.
thatevel‘, this creates the possibility

byt Other microorganisms might grow
off\sbemain undetected due to lack of
Mells  or tastes that would

nQI;
mally warn the consumer.
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7. Changes in Handling and
Preparation practices

As eating habits and their changes
may lead to certain food concerns,
so may food handling and prepara-
tion practices and their changes.
Numerous outbreaks have been
described with faulty food prepara-
tion ©practices as the causative
factor. Often these occur in can-
teens, hospitals, prisons and small
catering establishments. But they
also occur during scientific sympo-
sia, wedding parties, pleasure
cruises, etc. In general, when a
large quantity of food has to be
prepared in advance, often wunder
inadequate conditions, problems can
emerge. In all statistics available,
mistakes in food handling and food
preparation practices have been
described as the most important
causative factor (Bryan, 1988;
Davey, 1985; Roberts, 1982; Todd,
1983).

We should not forget either that
household culinary technologies are
changing rapidly. Microwave ovens,
and the various 'food processors'
now available may contribute to
undercooking or cross-contamination
in the home if not used or cleaned
correctly.

8. Demographic changes
a. The state of the population

Changes in the human population
which have occurred or are occur-
ring have to be considered. The
very young, the very old and ill
people are recognised to be more
vulnerable than normal healthy
persons. More and more people have
underlying diseases for which drugs
are taken that may influence their
resistance to infection. Diseases like




AIDS, cancer and other diseases
which affect the immune system
influence the susceptibility of a
person, but many other factors may
be influential such as intake of

antiacids and alcohol. In the western
world we also have to consider the
proportion of old people in the
population and their susceptibility.

We must take into account too the
very young. Apart from Dbeing
naturally less resistant to infection

other problems can emerge due to
the 'virgin' nature of the infant gut.
Infant botulism (Long, 1985; Long et

al., 1985; Sonnabend, 1985) has
arisen as a problem in some cases
due to honey feeding. Not only

infants, but also adults in whom the
gut flora has been altered due to
antibiotic therapy, may be prone to
such types of infection where organ-
isms exceptionally grow and/or
produce toxin in the gut.

There is no real reason to believe
that in future the population will
become more resistant. It is more
realistic to assume that more people
will be at risk, than ever efore.

b. Mobility

These days the population is more

mobile than ever before. Immigration
and migration (tourism) may also
affect the emergence of certain

diseases previously uncommon in the
population. The demand for "ethnic
foods" in some communities has given
rise to problems.

c. Social conditions

It is beyond the scope of this article
to go into the causes and effects of
the social plight of human beings
except to say that these are many
and that social conditions may some-
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times change very suddenly due t0
disasters or war. All these have®
their effect on the food supply and
the emergence of pathogens old and
new.

9. Changes in the behaviour
of microorganisms

After having discussed some of tb¢
factors which may have been influer”
tial or which may continue to b*
influential in the occurrence o
foodborne diseases let us touch witl
a few words on what is known aboW'
the behaviour and changes in b€
haviour of some microorganis®
which may cause foodborne diseas®’
(Archer and Young, 1988).

Some provoke disease because thef
multiply in the intestinal tract 'wlﬂ
or without invading the t1ssUe
(Shigella type of infection). Other”
may multiply in the gut and releas’
toxins (Vibrio cholerae, some E. 001,l
C. perfringens). Others multiply ?
the food and produce toxins, in tb
case it is the ingested toxin the
provokes the reactions (Staphyl"/
coccus aureus, Bacillus cereus/
Several combinations occur and t
exact mechanism or nature of th
toxins is not always known.

For several microorganisms
number to be ingested to provo¥
reactions or to produce toxin in fo’
is assumed to be high (B. cerells
for others low Campylobactef
Sometimes the minimal disease pI’
ducing number may also be d?‘
pendant on the food. Salmonella '
chocolate or raw minced meat 1“3
cause problems in low doses (Hocl‘]
et al., 1989), in non-fatty foo
high doses may be required.
Sometimes specific factors which pel
them to colonize the intestinal track
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(adhesins) are needed to provoke

ef-eas& Other virulence factors may
ah,\l,St’ the role of which is mnot
b ays well known (haemolysin for
Stflnce) (Parry and Rooke, 1985;
Vine, 1987; Sussman, 1985).

yeenean cite as an example the cur-
- é Smergence of §. enteritidis Pt4
ritain. This organism has become
‘eapted to laying hens and has as a
Sult found its way into eggs. In
:1 1§St three years cases of salmo-
. 08ls due to this organism have

) "Creased rapidly (PHLS, 1989.)

"OMe of these factors are chromo-
others are deter-
act by plasmids. When these
Panors are on plasmids they may be

Sferred from one species to to

: Q
"othey. thereby changing the be-

avy . X
Vlour of  gometimes  otherwise

microorganisms (Kiipstein
Engert, 1975, 1976; Guarino et
1987)

‘évsnshoum und'er*l.ine here, that as a
iQ]Psoluence, it is not the names of
b Organisms that are important,
. th.eir behaviour. In explaining
be ae'_[lolog‘y of foodborne diseases,
ana Vlour in terms of competitiveness
op Conditions necessary for growth

nut;_oxin production (e.g. a_, pH,
tuPe;entS’ redox potential, tempera-

rat ePaPe the deter‘r.ni'ning par’arpeters
in iy than the position of a microbe
Dle Y taxonomic scheme. For exam-

> B. cereus is considered to be a

mes .

stl,ao.phlle but psychrothrophic

of Ms exist. Even certain strains
Clog

ang tridium botulinum-B may grow
tey. Produce toxin at refrigeration
Sratures.
In
of Ifézscﬁbing a few microorganisms
ling €nt concern, we should bear in
know that others which are not yet
habjtn’ may emerge because our
S and behaviour change, or that
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existing organisms may change their
behaviour due to transfer of plas-
mids or due to a natural selection
process in new ecological niches.

"NEWER" FOOD-BORNE PATHOGENS
E.coli.

The newest microorganism of concern
carries one of the oldest names in
microbiology, 1i.e. Escherichia coli.
One particular serotype (0157:H7)
has been recognised as the causative

organism in outbreaks of haemor-
rhagic colitis and the more serious
hemolytic uremic syndrome (Riley et
al., 1983; Griffin et al., 1988;
Carter et al., 1987; Neill et al.,
1985; Kinney et al., 1988). Out-
breaks have been linked to the

consumption of raw or undercooked
ground beef or hamburgers (Waters,
1989). These strains produce a toxin
similar to those produced by shigel-
las, the ability to produce this toxin
seems to be phage-encoded. All the
available evidence leads to the
conclusion that only a low number of
these microorganisms is necessary to
produce disease. However, why the
microorganism emerged is not yet
clear. It may be that just the seri-
ousness of the disease and good
epidemiological investigations have
lead to the recognition that this
microorganism may lead to disease
through the consumption of certain
foods. Another factor may have been
a changing preference from well done
to rare or medium rare meat and
barbecuing. Outbreaks have also
been linked to the consumption of
raw milk.

Listeria monocytogenes.

Another important pathogen which

may cause serious disease is




Listeria monocytogenes. Although
many Yyears back, consumption of
sausages was suspected to be re-
sponsible for cases of Listeriosis and
a few epidemiological investigations
have linked Listeriosis with the
consumption of frankfurters and
some other meat products (Schwarz
et al., 1988), most studies have
revealed no clear evidence that meat
and meat products have caused
Listeriosis. This does not mean that
under the appropriate set of condi-
tions this may not happen exception-
ally. However, knowing the frequen-
cy with which L. monocytogenes can
be found in meat and meat products
and the still very low frequence of

Listeriosis has lead several expert
groups to the conclusion that
Listeria is considered not to be a

hazard for people who do not belong
to the high risk group (WHO, 1988).
In some of the epidemiological
studies, the normal predisposing
factors were not found in some pa-
tients (Bille, 1988). This may mean
that they were either not recog-
nised, or that there are still other
factors which play a role in the
etiology of this disease.

The major contentious point concern-
ing this organism is the relative
importance of the factors which may
have brought about the emergence of
this pathogen.

Listeria may have emerged as food-
borne pathogen due to increased
shelflife of certain foods at refriger-
ation temperatures, increase in the
use of refrigerated temperatures
during storage or to change in
processing  practices. The best
investigated outbreak, the one linked

to a certain type of cheese in
Switzerland (Bille 1988), gives
reasons to state that changed
practices (longer shelflife) and

changed processing conditions (use
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of pasteurised milk instead of r#

milk) did contributed to the grow?

of this microorganism and its emer

gence. One important characteris’li“
of this microorganism is its grow!
at refrigerated temperatures, anoth¢
is its wubiquitous presence in tV
general environment, in wet enviro?
ments of factories and, very ¥
portantly, in domestic environmen®
(Cox et al., 1989; Weis and Seelige’
1971). Even so, there are aspects ¢
the epidemiology of listeriosis whi¢
lead us to believe that its ingestid
in sufficient quantities by sensiti’
persons is not the only factor if
volved in its causation.

Campylobacter jejuni

Campylobacter jejuni has now world
wide been recognised as a causati"
organism of diarrheas. Food aF
especially undercooked poultry ar
unpasteurised milk (Taylor et al
1982) have been implicated in ou'
breaks. The minimal infective do®
seems to be quite low, the mict?
organism can be invasive but also’
can produce two or more toxins, o?
of which is related to cholera toxi’

Its prevalence in poultry and O]‘
poultry meat has been well es’tf"‘b
lished. These bacteria are qui'

sensitive to drying which explal
their low incidence on carcass me?'
For this reason these meats are
a major source of human infectio”
The microorganism does not grow 2
temperatures below 30°C and cons®
quently growth does not occur )
foods unless they are mishandle®
They are killed by normal cooki®
procedures.

Yersinia enterocolitica

- - - - . “‘
Yersinia enterocolitica is not a ﬂf
pathogen, it has been recognised 8
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t}}e causative agent of enterocolitis
"ith or without diarrhea for several
Uecades, Foodborne outbreaks have
aien reported since the early 1970's
Gr_d_eating raw pork has been in-
Stlllml_nated in several epidemiological

qles. Not all strains are patho-
E}enl.o, virulence may be plasmid
Cdiated. It is a psychrotroph and
inay as such become more important
Sta};[he future. It produces a heat
ible enterotoxin but it seems that

S is not produced at temperatures
ove 950,

Vih -
brio yyumnificus

é}?sther emerging pathogen that
» Uld be mentioned is Vibrio vulni-
it\‘us' Like Vibrio parahaemoliticus
Fay OCcurrence is mainly linked to
iy Sea food but the disease is much
y = Serious. We mention this micro-
agi?nlsm because it underlines
kn()‘:,l, tbat certain strains of well
tect I microorganisms may go unde-
Vib:id for a long time as pathogens:
Datho cholerae was recognised as a
yearogen already more than hundred
meps ago. The reason for the
gence of this organism is its
sig _genicity in persons with cirrho-
Stategf the liver or other disease
in S; where levels of iron are high
€ serum (Tacket et al., 1984).

A‘emm()llas hydrophila
A
t::n?:mﬂas hydrophila is an ex-
cap bY common microorganism which
Othey, € found in fresh water and
qu@ntlwe-t environments and is fre-
They Y isolated from human stools.
but ma.y perhaps cause diarrhea
Sy Qe:edlng studies have been un-
.SDE‘Qie sful in provoking illness. This
im_si Produces a enterotoxin which
Dohtantlar to cholera toxin. An im-
characteristic is the ability
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of the organism to grow at refriger-
ation temperatures in foods as well
as in water.

PREDICTING THE FUTURE

Habits ard changing habits have
been underlined as the major driving
force in the emergence of pathogenic
organisms. Our industry is driven
by consumer forces which dictate the
needs of the future and the develop-
ment of products. It is thus essen-
tial to try to predict the future
needs and habits of consumers, in
order to predict the behaviour of the
organisms of the future.

Studies of the consumer of the
future carried out in Germany,
Australia and the United States all
lead to the same kind of conclusions.
There will be more leisure time, and
more money will be spent to obtain
pleasure foods. But convenience,
health aspects, freshness, etc. will
also increase in importance. More
variety, ethnic foods, fermented
oriental foods, more daring combina-
tions, etc. will be demanded by the
consumer of the future.

Out of home eating will increase but
not only fast food restaurants, also
speciality restaurants will increase in
number. In many of these places the
meals will not be completely prepared
at the spot. Many dishes will already
be totally or partly pre-prepared
("assembled meals"). But also the
consumer himself will take up cook-
ing as one means of filling its leisure
time. Slogans like '"champagne,
lobster and company" are used to
describe experimenting with cooking
by the amateur. The same cook may
however grab the next day for a
health food with a low calorie intake
or for a snack food because he has
no time to prepare a meal. He may




therefore want to have available in
his refrigerator quite a variety of
food which he can take whenever his
mood asks for a specific item.
Normally a home refrigerator is not
designed for a "first in-first out"
type of management, and too long
storage can be a consequence.
Moreover, he wants "freshness" |,
"naturalness", but at the same time
the food should be convenient and
have a long shelflife. This may also
create some hazards because some of
these wishes of the consumers are
contradictory to safety and the
wishes may change all the time.
These demands will create opportuni-
ties for inventive food producers but
we doubt whether they, even large
or small, would know all the hazards
the new formulations could lead to.
But even if they knew the handling
of such foods by the consumers
would not be easy to predict.

CONCLUSION

Based on these considerations, we
expect that in future some well
known microorganisms will cause

more problems than they do at the
moment or that new microorganisms
will emerge because we created the
right set of conditions for their
emergence.

To prevent this, the food industry,
retailers and everyone handling food
professionally should continue to
question whether changes in pro-
cessing, distribution conditions,
changes in formulation, changes in
packaging, etc. may not create
hazards. We wuse specifically the
word hazard here because this kind
of hazard anticipation is an integral
part of the Hazard Analysis Critical
Control Point concept which is and
should be pushed by governments
and food professionals alike, as one
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of the means to increase consumé
protection. At the same time hones
information of food handlers, cooK
and consumers will be one of tI¥
most important action progran®
because their habits will continue
be responsible for many of the cas€
or outbreaks of food poisonin
(ICMSF 1988). We used specificalll
the word "information" and not tP
word "education", the word normalll
used in this context. Informati
should be balanced, it should contal
all the elements which allows tI¥
consumer to make up his mind, ¥
choose the eating habits which suif
him most, considering however at tI
same time the hazards which thel
may involve. In this way, the co¥
sumer can join the professionals
prevent old and 'newer' foodbor®
diseases.

References are available on reques’
from the authors.
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