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Introduction to salmonella
almonella is a Gram negative
bacterium that is associated
with certain diseases in poultry (pullorum disease, fowl typhoid
as well as diseases caused by some
other serotypes or strains such as
Salmonella enteritidis and S.
typhimurium).
In addition, various salmonella
serotypes can colonise the bird’s
digestive tract without causing disease and at processing can contaminate the carcase. These can
then cause food poisoning in man.
In breeders and table egg layers,
certain salmonella can contaminate
the egg either transovarially or by
egg shell contamination. This can
result in infected progeny or contaminated table eggs. The latter
can be associated with human
food poisoning.

S

Diseases in poultry
Historically, the greatest concern
were the serotypes of salmonella
capable of causing disease in poultry. These have been brought
under control by good management, vaccination and schemes to
confirm the negative status of
breeder flocks and hatcheries such
as NPIP (National Poultry
Improvement Plan) in the USA.
As a consequence of this success, coupled to a greater consumer concern about food safety,
the serotypes of salmonella associated with human food poisoning
are the ones causing most concern
in the poultry industry today.
Salmonella can enter a farm by
many routes, including day old
chicks, point of lay stock, feed,
water, bedding material, on equipment, via staff and their food and
by vermin, lizards, insects and wild
birds.

Control
Salmonella control starts by getting
a farm clean and keeping it clean
by managing all these different
inputs. Needless to say, this is not
possible if you have a contaminated day old chick or feed
source.
For this reason, control has a
second line of defence and this
centres around protecting the
birds by using approaches such as
vaccination, competitive exclusion

June-September 2010

May-November 2011

Salmonella hadar
Turkey burgers
10 States, USA
12 human cases

Salmonella enteritidis
Eggs
Iowa and other States, USA
1,939 human cases

April-November 2011

August – November 2011

Salmonella heidelberg
Broiled chicken livers
NY and other States, USA
179 human cases

Salmonella heidelberg
Ground turkey products
34 States, USA
136 human cases

Fig. 1. Some recent US poultry related food poisoning outbreaks.
and the use of feed additives, for
example organic acids and various
organic products.
Obviously the start of this
process is to have a salmonella
free farm and to this end it has to
be accepted that old buildings in a
poor state of repair are virtually
impossible to disinfect to the level
needed to remove every salmonella organism. Thus, a pre-requisite to effective salmonella control
is to have houses that can actually
be properly cleaned and disinfected.
Then there is not much point
achieving this if the farm has a
viable rat or mouse population
that is carrying one or more salmonella serotypes.

Salmonella free stock
Today the international breeders
place a heavy emphasis on producing salmonella free stock and this
has helped the industry a lot.
Poultry feed can also introduce
salmonella into a flock and as
every bird eats feed every day this
can be a way of introducing salmonella into a flock.
Very young birds, in which
stomach acid production has not
become established, birds at point
of lay, very old birds and immunosuppressed birds are more susceptible to becoming infected with
salmonella.
When it comes to salmonella in
feed the first important thing to do
is to stop using ingredients and
suppliers with poor salmonella
track records because if salmonella
is not taken into the feed mill it can
not get into the feed!

Mill hygiene and pest and wild
bird control programmes are also
very important.
Treatments to counter salmonella contamination in the feed are
varied and include various heat
treatments and the use of various
feed additives such as organic acids
and their salts, and aldehydes,
whereas the probiotics, phytogenics or essential oils, enzymes and
mannanoligopolysaccharides
although administered via the feed,
tend to exert their influence in the
bird’s digestive tract.
In all of these areas one can not
just assume everything is satisfactory – a continuous monitoring
programme is required to confirm
everything is satisfactory or, if it is
not, to trigger off corrective
actions.
Poultry have two products that
can be contaminated by salmonella, and ultimately cause food
poisoning in man – eggs and meat.
The former are often associated
with human food poisoning caused
by S. enteritidis and this problem is
compounded because eggs are
often eaten raw or only partly
cooked, for example, as an ingredient of mayonnaise or as soft
boiled eggs.

Egg pasteurisation
Eggs for commercial use can be
shelled and pasteurised (a process
that kills off salmonella and other
bacteria), but shell eggs can not be
treated without affecting their
form.
For this reason the only practical
way to produce salmonella free
eggs is from salmonella free flocks

and this is recognised by various
quality assurance programmes
such as the British ‘Lion Scheme’.
When it comes to poultry meat
thorough cooking will destroy salmonella but two situations frequently arise – undercooking and
the contamination of foods that
are not to be cooked by the juices
from raw poultry meat.
A good example of this is thawing a whole chicken on the top
shelf of a refrigerator and allowing
it to drip contaminated juices on
to the salad or cheesecake on the
shelf below.
Similar scenarios can happen on
a much bigger scale in cooking
plants when post cooking product
is contaminated.
Human food poisoning has a few
prerequisites and these include a
serotype which is pathogenic to
man, an adequate number or dose
of micro-organisms, and the actual
consumption of the salmonella.
These can be coupled to factors
in the victim (host) that will favour
the salmonella’s ability to cause
food poisoning such as age and
depressed immunity.

Contaminated chocolate
Sometimes, the salmonella is protected from the defence mechanisms and a good example is the
food poisoning outbreak due to
S. napoli contamination of soft
chocolate.
The salmonella in this chocolate
was in a globule of fat which protected it from the stomach’s acid.
Once the globule reached the
small intestine it was broken down
by lipases and the salmonella then
caused the food poisoning!
Wherever we are in the production chain, from the international breeder to the
supermarket’s chill cabinet, there
is one very important factor to
consider in the management of salmonella and that is the human factor. Many outbreaks of salmonella
food poisoning can be traced back
to a human error! Thus, staff education and training is very important.
From this brief introduction to
salmonella you will have seen that
there are many facets to this
important bacterium and these will
be covered in future issues of this
series of articles.
n
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Contamination of hatching eggs
almonella is an issue on the
breeder farm. This is because
if the hatching egg or its contents become contaminated with
salmonella then there is the possibility of that salmonella contaminating progeny chicks and, thus,
the flock those chicks are placed
in.
Over a period of time, it is quite
likely that a salmonella positive
breeder flock will contaminate
many progeny flocks/farms, which
could be in more than one country
Needless to say, if we are high
up the breeding pyramid, say, at
great grandparent level, the consequences of vertical transmission of
salmonella down through the pyramid can be very significant as more
flocks will ultimately be contaminated.

S

Regular screening
Salmonella screening of such
breeder flocks should be regular
enough to detect the occurrence
in the flock before the chicks are
hatched so that management can
decide what to do with the chicks.
The higher up the breeding pyramid, the greater the likelihood that
a flock will be culled should it
become contaminated by salmonella.
If there is no salmonella on the
farm then the hatching eggs will
not be contaminated and so control issues relating to the eggs are
not as relevant. control of these
other inputs will be considered
elsewhere in this series.
However, there is a strong argument for maintaining these measures in place at all times as
‘tomorrow is another day’ and salmonella is widespread in the general environment and able to enter
the flock at any time.
Vaccination can reduce the shedding of salmonella and thereby
reduce vertical transmission.
However, it should be noted
that if salmonella enters a vaccinated flock it could take longer to
detect by culture.
This is because vaccination interferes with blood tests invalidating
their use in a monitoring and
detection programme.
When it comes to the natural
infection of hatching eggs with salmonella the rate can be relatively
low (one in 1,000 or one in

10,000) and so early detection in a
flock is not always easy. It may not
occur until horizontal spread of
salmonella has occurred in the
resulting flock. For this reason, we
tend to focus our monitoring of
pooled samples of material from
the hatchery rather than the testing of individual progeny chicks.
So, now let us consider how salmonella can contaminate hatching
eggs.
If the hen is carrying salmonella
in her gut, and it is an invasive
strain like Salmonella pullorum or
S. enteritidis, it will enter the bird’s
body and go to her reproductive
system. Infection of the hen may
also occur via contaminated airborne dust. There is also some
evidence that reproductive tract
contamination with salmonella can
occur in the male.
Historically, it was thought that
salmonella organisms were then
incorporated into the yolk before
oviposition and there is nothing to
disprove this scenario.
However, more recently, some
evidence has come to light to suggest that the salmonella organism
may be incorporated in the first
layer of albumen to be laid down
after ovulation and, therefore,
ends up in the albumen adjacent to
the yolk. Salmonella contamination
can also occur in the oviduct
In time, a salmonella so placed
might penetrate the vitelline membrane and enter the yolk or stay in
the albumen and, in due course,
be imbibed by the developing
embryo.
It is postulated that yolk derived
nutrients may percolate through
the vitelline membrane and feed
the nearby salmonella.

Chemical systems
Within the albumen and yolk are
various chemical systems that
counter the salmonella by inhibiting their growth or reproduction.
Included here are the lysozymes.
If the hen has salmonella in her
digestive tract, there is a shortfall
in her design that favours the contamination of eggshells with salmonella before or during lay.
That shortfall in design is that
both faecal material and eggs ultimately pass out of the same orifice
– the cloaca. Thus, it can be seen
how salmonella contamination of

egg shells can occur. In mammals
the cloaca becomes the vagina and
rectum which are separate and
this greatly minimises the risk of
progeny contamination by faecal
organisms.
At the time of being laid the
egg’s contents are at hen body
temperature and, thereafter, start
to cool.
With this cooling of the egg’s
contents comes their contraction
and so any bacteria in the
eggshell’s pores tends to be drawn
towards the egg’s contents.
For reasons that will become
apparent, the egg needs to be
cooled and so anything that
reduces microbial contamination
of the eggshell at the time of lay or
shortly after it has been laid is beneficial.
Obviously, there is not much
intervention we can do in the
cloaca so we need to focus on the
bird’s gut contents and the nest
box environment.
As far as the gut contents are
concerned this should focus on
preventing salmonella getting there
in the first place and the use of
interventions that reduce intestinal
salmonella burdens (see later
issues).
When it comes to the nest box
environment, it is a case of ensuring that we have clean nest box
contents and that the length of
time the egg is in the nest box is
minimised.
The hands of staff who collect
the eggs should be regularly sanitised and floor eggs, which are
usually microbiologically dirtier,
should be collected separately.
Various factors influence the ability of salmonella to penetrate
eggshell and these include number
of salmonella present, pH, pore
density on the eggshell, humidity
and vapour pressure.
The cuticle and the outer egg
membrane offer some protection
to the egg. The rate of salmonella
penetration of eggs appears to
increase as egg storage temperature increases, but this may be an
effect of faster multiplication of the
salmonella once they are in the
egg’s contents.
The incubation cycle favours salmonella survival and multiplication.
As many salmonella serotypes are
not embryo lethal this will explain
the big differences in salmonella
prevalences in hatching eggs pre-

incubation (0.001-0.01%) and samples taken post hatching (often 80100%).
When embryos are sampled
pre-pipping, salmonella is very
rarely found but post pipping 1520% of chicks test positive for salmonella.
Correctly executed egg washing
can reduce salmonella carriage on
the surface of hatching eggs, but
poor egg washing such as an
immersion based method or the
wrong (reducing) temperature
gradient in a spray based egg
washer can significantly worsen
the situation by favouring
increased microbial contamination
of the egg.

Storage recommendations
Experimental work in the UK in
the early 1990s showed that once
in the egg contents (albumen) salmonella could overcome the egg’s
defence mechanisms when the
eggs were stored at higher temperatures but at lower temperatures this did not occur.
Out of this work came the recommendation for storing table
eggs at cooler temperatures.
It should be noted that the influence of albumen on salmonella
growth is serotype dependent and
some salmonella serotypes appear
to be better able to survive in the
albumen.
It would therefore also be logical
to look at maintaining egg storage
temperatures at recommended
values and reducing these by a few
degrees if egg storage pre-incubation was to be prolonged >7-10
days.
Another route of vertical transmission is for salmonella to remain
on the eggshell and become a
source of infection after the chicks
have hatched.
Obviously, sanitisation or fumigation of eggs will remove salmonella
from the surface of the egg but salmonella behind faecal material, for
example a faecal plug in a pore,
will be protected against such
treatments.
Salmonella transfer occurs in the
hatcher and research has shown
that up to 80% or more of chicks
hatched in the trays above and
below trays containing artificially
infected eggs can become infected
with salmonella.
n
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Vertical transmission
hen salmonella moves
sideways between
birds in a flock, such
movement is known as lateral
spread or transmission. When salmonella goes from the mother to
the offspring it is known as vertical
transmission or spread. As the
parent hen never sees her progeny
chicks, vertical transmission of salmonella in poultry must involve
transmission in or on the egg and
this is what we will now consider.
If we look at the structure of the
poultry industry and the way a
breeder flock supplies a hatchery
or hatcheries, which then in turn
supply chicks to many commercial
broiler or table egg farms, it
should be apparent that the chicks
from one breeder flock is can be
placed on, and hence, infect many
commercial farms.
Needless to say, the consequences can be significantly greater
if the flock of origin is a grandparent or great grandparent breeder
flock.

W

Keep breeder flocks free
The first important thing to
remember is that if there is no salmonella in a breeder flock then no
vertical transmission can occur. So,
if we can keep a breeder flock free
from salmonella we do not have to
worry about vertical transmission.
Let us now consider how vertical
transmission occurs. First we will
consider transmission in the egg.
For this to occur the salmonella
serotype must be invasive, that is
capable of invading the hen’s body
either at the back of the throat or
from the intestines. Serotypes
capable of doing this include
Salmonella pullorum, S. gallinarum
and S. enteritidis.
Once in the hen’s body the salmonella needs to be transferred
via the blood to the ovary where it
enters an ovum. This means that
the salmonella is located in a good
nutrient medium – the yolk –
which is going to be part of the
developing embryo and young
chick as the yolk sac. This puts it in
a very good place to infect the
developing embryo/chick.
Recently, it has also been postulated that the invading salmonella
organisms may be transferred to
the upper part of the oviduct and
incorporated in the albumen clos-

est to the ovum.
Then two possibilities could
occur – firstly
the salmonella
organism
migrates into the
yolk and infects
the chick.
Secondly, the
albumen is eventually imbibed by the embryo in its
latter stages of development.
Whichever route of infection
occurs (sometimes referred to as
transovarial infection), we must
remember one important thing –
by the time the chick gets to the
farm the salmonella organism is
already in the chick and so strategies aimed at stopping infection of
the chick once it has hatched are
too late and will not work. Such
strategies include competitive
exclusion.
However, if
the chicks are
actively excreting
salmonella,
although such an
intervention
strategy is ineffective against
those organisms in the body, it will
protect chicks in the flock from the
lateral spread of these excreted
salmonella organisms which represent a threat to the other chicks in
that flock.

Transmission on the egg
Now let us consider the second
method of vertical transmission –
on the egg. For an egg to be contaminated on its surface it must be
contaminated after the shell has
been laid down and before the egg
is laid, during the egg laying
process or after the egg has been
laid. If we consider the hen’s
anatomy she has been very badly
designed in that both eggs and faeces exit via the same orifice – the
cloaca.
So, if the hen is carrying salmonella in her
digestive tract
and periodically
shedding salmonella she will
invariably be
contaminating
the shell of
some, if not

most of the eggs
she lays. Thus,
intervention
strategies which
reduce or eliminate salmonella
from the digestive tract will
play a role here.
If we are talking about a
larger breeder flock it is quite
probable that such an intervention
is best considered as one of minimisation rather than one of 100%
elimination. It might appear to be
the latter but this could be
because the number of salmonella
has been lowered to a point that
detection does not always occur.
As far as contamination after laying of the egg has occurred we
need to consider the cleanliness of
the nest box environment and the
duration of time
that the egg stays
in that environment.
An egg can be
contaminated
with salmonella
after it has left
the nest box and
this possibility should always be
considered.
The sequence of events that
occurs in the egg after it has been
laid can favour salmonella penetration of the shell. When the egg is
laid its contents are at the
chicken’s body temperature and
then cool quite quickly to environmental temperature.
With this cooling, contraction of
the egg’s contents occurs and this
places an inwards suction force on
the pores in the eggshell. If these
pores contain salmonella organisms this might facilitate their
movement into the egg.
Egg shell quality deteriorates late
in lay and this does appear to correlate with more bacteria getting
into the egg, whether salmonella
or pseudomonads that cause rots
and bangers.
Obviously chicks hatch into an
environment
(the hatcher basket that contains
and egg shells)
which can be
contaminated
with salmonella
and in which
chicks can be

contaminated with salmonella
prior to pulling. Chicks are naturally curious creatures and will
peck at anything and this favours
them picking up salmonella infection. Again, strategies such as the
use of formalin in hatchers should
be viewed as strategies of minimisation rather than total elimination. In theory, the administration
of a competitive exclusion product
into the hatcher during hatch by in
ovo injection should theoretically
be useful, but to date success in
practice has been very limited.

Control by vaccination
Irrespective of which route of vertical transmission occurs, it is likely
that vaccination will minimise or
suppress the amount of vertical
transmission that occurs.
Many examples of apparently
controlling vertical transmission of
salmonella by vaccination have
been reported.
Again, in large breeder flocks we
need to consider whether this is
true elimination of salmonella or
whether it is minimisation to the
extent that the detection system
used fails to detect the salmonella
that are present.
This is not a case of failure of the
test method, but rather a case of
not testing enough samples. Also,
as vaccination interferes with
blood testing by creating false positive results, this means that the
value of blood testing in vaccinated
flocks is limited and greater importance has to be given to culture
based testing methods.
If vaccination has been >99% our
culture based testing methods can
be chasing a microbiological needle in a haystack.
For this reason, there is a point
of view which says do not vaccinate birds in the upper tiers of the
breeding pyramid but rely on
excellent biosecurity and frequent
screening to detect a salmonella
outbreak as early as possible so
that we can minimise its downstream effects.
At the end of the day, the only
thing that will eliminate vertical
transmission is to have salmonella
negative breeder flocks!
Intervention strategies are a second best option and tend to minimise or greatly minimise rather
than eliminate the problem.
n
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Monitoring
e undertake monitoring to assess our salmonella status so that
we are better informed to take
management decisions. In the case
of government or statutory monitoring, a lot can depend on the
outcome because in some countries the finding of certain salmonella serotypes can result in the
disposal of the flock.
Monitoring must have as its goal
‘to find salmonella if it is there’ but
sometimes the odds are against
achieving this.
A good example to illustrate this
is to consider breeder feed. When
testing feed we normally test 25g
and in one tonne of feed there are
40,000 samples of 25g. So, if there
were 20,000 salmonella in a tonne
of feed we would need to test at
least two samples to find a salmonella and if there were 4,000 salmonella in a tonne we would need
to test at least 10 samples and if it
was at a very low level, say 40 salmonella a tonne we would need to
test at least 1,000 samples. This is
assuming that the salmonella are
evenly distributed in the feed and
that the testing system used is
capable of detecting one organism.

W

How much do we test?
Thus, the first question we need to
ask is how much testing should be
done? In doing this, we need to
appreciate that even with quite a
high level of testing we cannot
define something as salmonellafree, but only that the samples we
tested gave us ‘not detected’ or
‘negative’ results.
This logic is also the reason why
when we get a ‘detected’ or ‘positive’ result, we may not get the
same result when testing the next
sample. Both results are correct,
but we then have the dilemma of
which result to act on.
In reality, we should act on the
first result, but most managers are
much happier taking a decision
when more than one ‘positive’
result is available.
It is tempting to claim that the
sample was cross contaminated
before it reached the laboratory
or at the laboratory. Obviously
both of these are theoretically
possible – the problem is how to
prove it if further samples from the
farm are negative.

INPUT MONITORING

FLOCK MONITORING

Hatchery monitoring
of chicks
First few days’ mortality

Chick box liners
Feed
Staff

Breeder
rearing

Bedding

Feed

Bedding

Blood testing
Cloacal swabs/composite
faeces/boot swabs pre PoL

Water

Staff

Cloacal swabs/composite
faeces/boot swabs in rear

Breeder
laying

Cloacal swabs/composite
faeces/boot swabs in rear
(or rely on hatchery
monitoring)
Blood testing

Water

Define a monitoring plan

Post cleaning swabs
Hatching eggs

see if the risk has materialised. In
some instances, we may rely on
outside results, for example from
the feed mill or from the breeding
company, to assure us of the status of their product and then do
random checks to verify this.
When monitoring inputs, samples that are composite in nature
are preferable – for example it is
preferable to sample day old
chicks using a composite meconium sample or pooled soiled
chick box liners rather than taking
one or two vent swabs because
our sample is then representative
of far more chicks.
Disposable boot coverings used
as a ‘litter swab’ can be viewed in
a similar way.

Hatchery

Post cleaning swabs

Dead on trays,
meconia and fluffs
Chick box liners

Regarding the number of samples tested, work undertaken in
the UK during their Salmonella
enteritidis problem was very
revealing. The Government was
concerned that farms which had
had a S. enteritidis problem and
been depopulated, thoroughly
cleaned and disinfected and then
tested with negative results, subsequently broke again with S. enteritidis infection.
They tested a number of farms
taking 10 times more swabs. In
some the swabs which would have
constituted normal testing yielded
a negative result but, when all the
swabs were tested, the result was
positive. Interestingly, the number
of positive swabs in these cases
never exceeded 10%.
So, there is a dilemma here!
How do we define negative, when
the more intense (and expensive!)
a monitoring programme is the
greater the possibility of finding
salmonella.
Obviously, the acceptable cost
of monitoring increases as we
ascend the breeding pyramid.
In most situations, budgets are
finite so how can we use them to
best effect? Firstly, look at the
product flow through your operation and identify point(s) at which
flows come together because if we

concentrate monitoring at such a
point it will give us a good indication of the salmonella status upstream from that point.
A good example is the hatchery.
If no salmonella are found, we can
assume a reasonable salmonella
status for the breeder farms supplying that hatchery.
If salmonella is found, we can
then monitor our breeding farms
to ascertain its true source.
The other advantage is a proportion of the sampling is concentrated in one area and the staff in
that area can develop a competency and expertise in the task of
sampling. If we are talking about
the hatchery, samples can be taken
that are flock specific, such as dead
in trays, meconia or fluffs. This is
especially so if single stage incubation is practised.

Monitor your inputs
The next aspect of monitoring is
to monitor inputs on the basis that
if we have a salmonella negative
flock we want to know if an input,
such as feed, water or bedding
material, has, or could, put that
status at risk.
If that scenario occurs, we then
monitor the flock in question to

We then need to define a monitoring plan that gives due consideration to the actions that could
be taken in the result of a positive
result. As an example, at the
higher levels of the breeding pyramid, we might define our frequency of testing so that in the
event of a positive result very few
subsequent hatches take place.
At GGP level this action could
well be not placing the chicks. In
such an instance monitoring could
well be weekly or fortnightly.
The other aspect of monitoring
that we need to give due consideration is that which, legally, is
known as ‘continuity of evidence’.
To achieve continuity of evidence we need to have a system in
place that ensures that each sample is correctly identified at the
time it is collected and that the
sample keeps that identity on its
journey to the laboratory and
throughout the testing and reporting process.
If there is any doubt to this continuity of evidence and you end up
in litigation you will very likely lose
your case. Therefore, we have to
work on the basis that any sample
we take could ultimately be
involved in litigation and on that
basis we need to have a robust
continuity of evidence for all samples.
For example, it is no good collecting samples and then identifying
them retrospectively. Sample identification must occur at the point
of sampling!
n
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Monitoring of breeders
f we have salmonella free
breeders, we are well on the
way to having salmonella free
broiler or table egg layer flocks in
our business. When it comes to
monitoring breeding flocks we
need to appreciate that we are
talking about screening biological
entities with all the issues, vagaries
and problems that this entails.
Yes, the scientists will talk about
sampling plans and confidence limits, but these can be affected by so
many things. For example, something as simple as cloacal swabbing
can be done very differently by
two individuals – one can end up
with virtually clean swabs, while
another will get a good amount of
faecal or caecal material on each
swab.
You do not have to be a high
powered scientist to appreciate
that testing the swabs sampled by
the second person will be more
likely to give a positive result!
Also, salmonella is not often uniformly distributed throughout a
flock. In theory birds should be
sampled/swabbed from throughout the flock.
In practice does this really happen or do the farm staff catch 50
or 60 birds at one point in the
shed? If so, what are the consequences of this non-representative
sampling?

I

Different technologies
When it comes to sampling breeders three technologies are available to us – microbiological
culturing, screening bloods for
antibodies and PCR.
Although PCR has much going
for it, it has one drawback – it
came into everyday use after many
countries had enshrined salmonella
testing in their animal health and
food safety testing.
If such legislation only permits
microbiological culture and/or
blood testing then PCR misses
out. This is for no technical reason, just the fact that it is not mentioned in the legislation.
However, some breeders use
PCR for testing over and above
the statutory requirement.
So, on breeder farms in many
countries there is some defined
statutory testing which must be
done, and in some instances this is
all the testing that is done,

whereas in other instances additional non-statutory testing is carried out. The degree of extra
testing undertaken usually reflects
the risks involved and the importance of being able to know that
you are free of salmonella.
Thus, primary breeding flocks
will be tested more than GGP
flocks, which will be tested more
than GP flocks, which will be
tested more than commercial
breeding flocks.

Blood testing
Let us consider blood testing first.
In blood testing we are screening
for antibodies that are produced
as a result of salmonella infecting
the bird.
So, if a flock has been vaccinated
against, say S. enteritidis the vaccination will have produced antibodies and so blood testing is a
meaningless task in vaccinated
birds. Blood testing can therefore
only be used in non-vaccinated
flocks.
In some diseases DIVA tests
(Differentiating Infected and
Vaccinated Animals) can be used
to differentiate the four types of
animals/birds present. These are:
l Vaccination positive and infection positive.
l Vaccination positive and infection negative.
l Vaccination negative and infection positive.
l Vaccination negative and infection negative.
The DIVA option is not yet available for use in poultry for salmonella.
Also, with blood testing, antibodies take time to develop so
there is a time lag between a flock
being infected and becoming antibody positive. This time lag is normally between one and two
weeks. Similarly, if taking bloods
from young chicks, consideration
needs to be given to the vaccination status of their parents as this
may interfere with the blood test
result.

95% confidence limit
To be within the 95% confidence
limit we need to test a minimum of
23 bloods from a group (house) of
birds. When collecting bloods it is

always prudent to take a few additional ones in case some of the
bloods are not suitable for testing.
The timing of blood tests is such
that if we have a positive we have
time to do something about the
situation.
For example, if we practise rear
and move we should test before
the move rather than after. Then if
the decision is to cull the flock we
will not have contaminated the laying farm with salmonella.
Alternatively, we might then be
in a position to adopt a control
strategy known as medicate and
move, which for a successful outcome needs to move the medicated birds into a salmonella free
environment.
It is also useful to culture and
blood test a flock before depopulation so that we can be as sure as
possible about its status at depopulation.
Blood testing can be general or
can be serotype or serogroup specific. The trend is to only blood
test for Salmonella enteritidis, S.
gallinarum, S. pullorum (all Group
D) and S. typhimurium (Group B).
S. gallinarum and S. pullorum
cause specific nasty poultry diseases so testing for them is basically on bird health grounds,
whereas the other two serotypes,
although they can cause bird
health problems, are primarily
screened because of their important role in human food poisoning.

Microbiological culturing
One of the advantages of microbiological culturing is that it can
detect any serotype and there is
no delay to wait for antibody
development.
Having said this, if salmonella
infection enters a flock by infecting
one bird then the probability that
this will be the bird to be sampled
is pretty remote – it takes several
cycles of infection to occur before
there would be a reasonable
chance of detection.
In this context it is worth
remembering that the 95% confidence limit means that we would
detect salmonella 95% of the time
if five or 1% (defined in the confidence level being used) of the
birds in the flock were infected
with salmonella.
Remember, in a flock of 10,000,

5% equates to 500 birds and 1% is
100 birds. Therefore, if the number of infected or positive birds is
less than these two figures we
would most likely get a negative
test result!
We can use culturing as a means
of knowing the salmonella status of
what is coming out of the hatchery
and going on to our farms.
We can not test the day old
chicks and have the result to act
on before the chicks reach their
destination, but we can test the
supplying breeder flock(s) and
have the result because we have
three (chicken) or four (turkey)
weeks while the egg is in the incubator.
This might not be done in commercial hatcheries, but is worth
doing higher up the breeder pyramid where the financial consequences of placing a salmonella
positive GP or even parent flock
can be so great.

Management decisions
If we know the status before
pulling the chicks we can avoid
contaminating the farm that they
should have gone on, leaving it
available for another placement
much sooner.
At breeder level our microbiological monitoring programme can
be quite intensive and involve dead
on tray and dead on arrival chicks,
first three days mortality, any mortality at three and six weeks of age
and then regular screening of cloacal swabs or drag swabs or pooled
faeces as well as environmental
dust samples.
We also need to screen other
inputs such as feed and bedding so
if there is a risk we detect it as
early as possible.
Two philosophical points for us
to conclude with. First, what can
we do if we find a positive breeder
flock? If we decide to instantly cull
it there is unlikely to be enough
slack production in the system in
2013 to make up the shortfall in
hatching eggs and, hence, chicks.
Secondly, the major driving force
for salmonella free flocks is some
of the industry’s largest customers.
If we do not have any of these
customers do we still need to be
worried about salmonella? Here
ethics and commerce might come
into conflict!
n
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S. enteritidis in breeders
veryone who was in the
industry in the late 1980s will
remember the steep learning
curve we all went through when
Salmonella enteritidis first came on
the scene.
Although S. enteritidis had been
around for many years it suddenly
became more pathogenic to both
poultry and man. Maybe this was
the emergence of a mutated strain.
At the same time it appeared in
many countries over a relatively
short period of time, which suggested a breed or a feed ingredient
as the vehicle of spread.
Although there has been much
conjecture over this, there would
appear to have been no firm conclusions.
However, some countries that
were politically isolated or relatively self-contained on the breeds
and feed front, like Canada, North
Korea and South Africa, remained
free of S. enteritidis longer than
most other countries. One has to
ask why?

E

Poultry and man
S. enteritidis is one of very few salmonella serotypes to cause disease in both poultry and man
(food poisoning).
In poultry, the problems it is
associated with are very similar to
those caused by E. coli, which is
probably not that surprising bearing in mind that these two bacteria
are closely related.
Thus, the entities we see are
yolk sac infection, chick septicaemia, a septicaemia in older
birds, characterised by a fibrinous
pericarditis, perihepatitis, peritonitis and pleurisy and egg peritonitis.
In fact, often the only way to
decide whether S. enteritidis or E.
coli is the cause in broilers is to
resort to bacterial culture!
S. enteritidis is so pathogenic
because it has invasive properties
that facilitate its entry into the
bird’s body.
Once there, it can be quite virulent. Like many diseases, the
organism was more virulent in the
early days and then the virulence,
and, hence, mortality figures
declined with time.
Another property that favours S.
enteritidis is that it can easily be
transmitted vertically either in or
on the egg.

This means that should it get
into, say, a grandparent flock we
will see the S. enteritidis in two
generations of progeny.
Thus, S. enteritidis became a real
problem for hatcheries and breeders!

In the bird’s body
When S. enteritidis enters the
bird’s body it is then transferred to
the internal organs via the bloodstream. Those organisms that get
to the ovary will be involved in
vertical transmission.
Nowadays, it is also thought that
some S. enteritidis are also
deposited in the upper oviduct and
become deposited in the albumen
closest to the ova and, subsequently, the developing embryo.
In the early days there was success with treatment. One of the
strategies used was medication
and move and this could be used
when rearing and laying were on
different farms.
The strategy was to medicate a
S. enteritidis flock for a week or so
and then move the flock under
medication to the laying farm.
On cessation of medication a
competitive exclusion product was
used to ensure S. enteritidis did
not sneak back into the flock while
its intestinal flora bounced back
from being suppressed by the
medication.
The preferred antibiotic was
enrofloxacin but this approach
declined in popularity with the
increased concern over fluoroquinolone resistance in salmonella.
This decline was accelerated by
the emergence of effective S.
enteritidis vaccines.

Effective vaccines
As effective vaccines emerged,
vaccination became the preferred
control strategy. However, one
had to remember vaccination produces antibodies and this negates
the value of blood testing as a
means of confirming S. enteritidis
freedom.
So, the wisdom of using vaccination in the higher levels of the
breeding pyramid is questionable
but could become common practice if a marker vaccine was developed so that the DIVA principle

could be applied. One issue with
some of the vaccines is declining
titres late in lay, which make flocks
susceptible to infection at that
time.
However, vaccination against S.
enteritidis at commercial breeder
level is to be recommended and is
widely practiced.
Nowadays a bivalent S. enteritidis/S. typhimurium vaccine is
often the preferred product.

Basic principles
With S. enteritidis vaccine the
basic principles of vaccination still
apply.
For example, if some birds do
not receive the killed vaccine they
will not develop immunity and will
remain at risk.
In addition, live vaccines can be
killed by disinfectant in the water
system – a scenario which renders
the vaccine ineffective.
It should be noted that vaccination protects the bird against the
disease caused by S. enteritidis but
that it also greatly suppresses S.
enteritidis shedding, be it into the
environment or into the egg.
It is important to appreciate that
this is at a level which, for all practical purposes, is total.
Thus, if an infected vaccinated
breeder flock is badly stressed it
might start to shed S. enteritidis
and produce a low incidence of S.
enteritidis infected progeny.

Other aspects of control
It is important, excuse the pun,
not to put all your eggs in one basket. In other words it is imprudent
to place total reliance on vaccination alone.
All other aspects of control,
such as biosecurity, feed treatment, stress minimisation and the
like need to be actioned in parallel.
Another important aspect of S.
enteritidis management is to monitor your flocks so that you know
their S. enteritidis status.
If you have a positive breeder
flock, it and its eggs and their
resulting chicks needs to be managed to minimise risk.
The first thing to do is to ascertain if its eggs really are needed – if
they are not, get rid of the flock
and you get rid of the problem.

Then the eggs from the S. enteritidis positive flock want steering
through the system to minimise
the risk they represent.
This can include:
l Placing all the eggs from the S.
enteritidis positive flock in the
same setter(s) every time so you
do not rotate contaminated eggs
around numerous machines in the
hatchery.
l If single stage incubation is used
set the eggs from the S. enteritidis
positive flock later so you can
process all your positive chicks and
get them out of the hatchery
before pulling your negative chicks.
Sometimes this is also possible
with single stage machines.
l Minimise the number of settings
of S. enteritis positive eggs by sensible banking. You halve the number of hatches of positive chicks by
setting once a week instead of
twice.
l Minimise the number of broiler
farms taking positive chicks and do
not follow the old hatchery practice of ‘giving everyone a bit of the
problem’.
If we do this, medication of positive chicks on placement becomes
more of an attractive proposition.
It also minimises the number of
negative chicks being put at risk by
co-housing on farms containing S.
enteritidis positive chicks.
Needless to say, any monitoring
programme needs to be designed
so that you know you have an S.
enteritidis problem at the earliest
possible time.
This means giving consideration
to the frequency and sensitivity of
testing, which basically means the
number of samples/tests required
which obviously equates to cost.
It might be feasible for a great
grandparent or grandparent to
carry a level of costs which could
not be justified for a commercial
breeding flock.
Hopefully, this article has
addressed the core of the topic of
controlling S. enteritidis in breeders.
Other related issues, for example biosecurity, treating of feeds
and monitoring programmes, will
be covered elsewhere in this series
of articles.
n
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I

than it normally is. In such a scenario, the number of salmonella
organisms exceeds the number
needed to maintain a viable population of S. enteritidis in the flock
or progeny flock.
In simple terms, vaccination creates birds that do not multiply up
the S. enteritidis and if there are
enough of these birds in the flock
the odds are that S. enteritidis will
not become established in that
flock.
Vaccination is not an ‘all or nothing’ phenomenon but rather a
means of tipping the balance for
the natural biological control of
infection very much in the birds’
favour.

The basic principles
So, when considering vaccination
against S. enteritidis, we first of all
need to understand the basic principles of vaccination in general.
Vaccination is the effective presentation of antigen to a competent immune system which is then
able to produce enough antibody
to protect the bird against a disease challenge by the same microorganism.
There are several prerequisites
to successful vaccination including:
l The vaccine must contain
enough antigen in a dose to adequately stimulate the bird’s
immune system.
l As the strongest protection
comes from a homologous vaccine
(one containing the same serotype
as the one we want to protect our
flocks against) it is important that
the vaccine contains the right salmonella serotype(s).
l The vaccine must be presented
to the immune system. Thus, we

are talking about effective vaccine
application to all birds.
l The immune system must be
competent and be fully capable of
being stimulated. If it is not, fewer
or no antibodies will be produced
and this will be reflected in the
level of immunity conferred. There
are various things, such as other
micro-organisms and certain
mycotoxins, that can act as
immunosuppressants and these
are capable of quantitatively
depressing antibody formation and
thereby affect the degree and/or
duration of protection given.
l The antibodies produced need
to be at levels of adequately protecting the bird throughout its life
or we need a means of boosting
antibody levels when they start to
wane.
l If we are protecting progeny
chicks passively via maternal
immunity there must be high
enough levels of immunity in the
dam to ensure each egg receives
an adequate (protective) quantity
of maternal immunity.
So, when it comes to vaccinating
against salmonella, the same practical considerations apply for any
vaccination. For example, for killed
bacterins only those birds receiving a full dose will be fully protected so we need to be sure that
our vaccination guns are correctly
calibrated and delivering the correct dose. We must also be sure
that our operators are not accidentally going through the skin
twice with a needle and shooting a
dose of vaccine into the litter!
For live vaccines we must be
sure that we do not kill them by
overheating, for example while in
transit to the farm, or by exposing
them to disinfectant during preparation or in the poultry house’s

water system. Live vaccines that
have been killed do not work.
In areas where pullorum disease
and fowl typhoid are not an issue,
the goal of our vaccination programme is to protect our flocks
against infection by S. enteritidis
and/or S. typhimurium and this is
usually done by using bivalent vaccines. Many of the other salmonella serotypes associated with
human food poisoning are Group
B (the serogroup S. typhimurium
belongs to) and the S. typhimurium vaccine also cross protects
against these strains.
To get the best protection in our
breeders we need to define what
we want our vaccination programme to achieve. Breeders are
at greatest risk of salmonella infection at the outset of lay when they
are physiologically stressed and at
the end of lay when vaccinal
immunity is waning. Good protection at these two times is a paramount requirement of any
vaccination programme.
Both these goals are satisfied by
high vaccinal titres early in lay. This
is why it is important to give the
final vaccine dose in rear relative
to point of lay and not at a specific
age in flocks whose onset of lay
has been delayed.
Most breeders use a vaccination
programme based on live (or
sometimes dead) vaccines in rear
and then boost titres for the laying
period using a killed oil adjuvanted
vaccine for the pre-point of lay
vaccination.
In the event that a breeder flock
is moulted, vaccination for the
moult cycle usually consists of a
single shot of killed oil adjuvanted
vaccine given the same number of
weeks before point of lay as it was
in the previous laying cycle.
n

Fig. 1. Laboratory reports of human Salmonella enteritidis PT4 cases in the UK, 1981-2010 (Source: HPA).
Laboratory reports (thousands)

n the UK confirmed cases of
Salmonella enteritidis in man fell
from almost 20,000 per annum
in 1993 to under 500 today (see
Fig. 1) and this has been mainly
attributed to the introduction of
salmonella vaccination of poultry
(table egg birds and breeders).
Obviously, there have been other
changes, such as improved biosecurity, but most people feel that
this improvement is primarily as a
result of vaccination.
There is nothing new in using
vaccination to counter salmonella
as it has been used very successfully in the past to counter pullorum disease and fowl typhoid –
two important diseases in poultry
caused by poultry specific salmonella serotypes.
S. enteritidis shares the same
serogroup as these two salmonellas and, in the early days of
S. enteritidis, vaccines against S.
gallinarum were used to counter
S. enteritidis with some success.
Before considering aspects of
vaccination we need to consider
one situation where its use may be
inappropriate. This is in birds near
the top of breeder pyramids and
this is because vaccines produce
antibodies and if disease freedom
is being defined in terms of antibody status, vaccinal antibodies
can cause status and certification
problems. This could be overcome
in the future with the use of a
marker vaccine, as such a vaccine
produces antibodies that can be
differentiated in the laboratory
from the antibodies arising from a
field challenge.
When we are vaccinating for S.
enteritidis we get the usual vaccinal benefit of protecting birds
against the disease but we also
obtain the benefit of greatly reducing horizontal (bird to bird) and
vertical (mother to progeny)
spread of S. enteritidis and this is
what we are really looking for
from our vaccination. I say greatly
reducing rather than eliminating
spread because that is what, in
fact, is actually happening. However, in most instances this is, for
all practical purposes, elimination
of S. enteritidis.
This is worth bearing in mind
when investigating ‘vaccination failures’ as we are usually not investigating a total failure but rather a
scenario in which the degree of
shedding reduction is slightly less
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Biosecurity
n the context of this article we
are going to consider biosecurity as what we can do to stop
salmonella entering our breeding
farm and our hatchery. Salmonella
is a bacterium and, as such, can be
carried on to the farm in infected
birds (or eggs) or on their feathers
or shells or on any inanimate
object or fomite.
If salmonella gets on to a
breeder farm its vertical transmission to progeny flocks means that
the consequences can be very
serious. Thus, investing in biosecurity is a very worthwhile exercise.

When it comes to fomites we
need to appreciate that the closer
the item comes to the birds the
greater the risk it represents.
In addition, the longer there is
contact or proximity the greater
the risk of passing salmonella on
becomes.

I

Minimising risks

1

Management exercise
Let us start by considering a simple management exercise that will
help us in achieving this goal. To
do this we need to give our farm
or hatchery a perimeter boundary
(for the purpose of this exercise,
this can be imaginary). Then we
draw up a list of everything that
crosses this boundary to enter the
site (Table 1). This list needs to be
complete, so it will take some
time to compile.
Then we consider each item in
our list and ask two questions of
it. The first question is – ‘Does it
have to enter the farm/hatchery?’
If the answer is ‘NO’ then we stop
it entering and we have removed
the risk! If the answer is ‘YES’ then
we consider what actions we can
take to eliminate the risk of introducing salmonella to our farm/
hatchery or, if this is not possible,
to minimise the risk of introduction.

Salmonella free source
Obviously, hatching eggs or day
old chicks will be on our list.
These should come from a salmonella free source that is able to
confirm its status. But birds do not
have to be day old chicks, as point
of lay pullets are sometimes
brought to the farm. Then there is
the practice of ‘spiking’ in which
young males are introduced to an
ageing breeder flock to boost its
declining fertility. In both these
instances sourcing from a salmonella negative source is important.
If the source is salmonella positive it is possible to use a procedure known as ‘Medicate & Move’

2

1

The farm needs to have a boundary – real or imaginary

2

List absolutely everything that crosses the boundary
Then ask the question: Does it have to?
NO - stop it!
YES - What can be done to eliminate or
minimise the risk?

Fig. 1. Biosecurity management exercise.
in which the flock is medicated
before moving and then treated
with a competitive exclusion product when placed on the ‘clean
farm’.
Unfortunately, this procedure is
now frowned upon in many countries because the best antibiotic to
use in ‘Medicate & Move’ is
enrofloxacin which is centre stage
in the debate on salmonella and
antibiotic resistance.
It should be remembered that
contaminated semen intended for
artificial insemination represents a
risk.
In this context, the wisdom of
turkey stag farms is very questionable.
At least in traditional turkey
breeding, in which each farm has
its own stags, limits the spread of
any vertically transmitted disease
to the turkey hens on that farm
and not to all the breeder turkey
hens in the company!
When it comes to ‘spiking’, the
good news is that this practice is
declining in popularity as management of cockerels in rear and lay is
improving, thereby reducing the
need to spike flocks.

So, what can we do to minimise
such risks?
Let us consider what happens if
we have a fan failure. If a couple of
engineers come on site, walk
through our birds and bring with
them a dirty tool bag that contains
a mixed composite litter sample of
the last 20 farms the engineers
have been on, then there is a real
risk of our biosecurity being
breached.
Contrast the risks associated
with that scenario with the farm
that has plug in fan units. With
these, the farm staff can replace a
fan unit in a few minutes and then
the broken unit can be taken off
site for repair.
This latter scenario does not
breach the farm’s biosecurity! n

Table 1. Some of the things that can bring salmonella on to the farm or into
the hatchery.
Poultry

Eggs, day olds, point of lay stock, males for spiking
Semen for AI (turkeys)

Animals

Rats, mice, shrews, lizards
Wild birds
Insects
Dogs, cats, sheep (for grazing grass)

People

Salmonella carriers (enteric)
Hands, hair, nasal passages
Clothes and footwear
Staff food

Dust

From passing poultry vehicles

Water

Drinking water source
Contaminated during storage (drowned rat)

Feed

Contaminated in production or during transit

Fomites

Bedding material
Partitions
Equipment (drinkers, feeders, nest boxes)
Cleaning equipment (brushes, spades, washer units)
Packages (drugs, vaccines)
Vaccination guns
AI equipment
Vehicles, Bobcats etc
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Certification issues
certificate is a document
that certifies or attests to
the status of something and
when it comes to salmonella and
poultry it is usually a certificate on
the salmonella status of something
that has been tested, such as a
flock or end products.
Certificates vary a lot in form
and format and in who issues and
signs them. For example, it may be
a laboratory testing certificate
issued to certify the status of samples that have been tested, or it
could be an export certificate
issued by a government to certify
the status of exported chicks or
hatching eggs.
All certificates have several components in common:

A

l Who is authorised to design
and construct a certificate?
This varies with the certificate. For
example, an export certificate will
be drawn up by the importing
country and then agreed by the
exporting country.
Laboratory certificates often
have to comply with the rules and
regulations of the body which has
given the laboratory its accredited
status.
l Who is authorised to sign the
certificate?
In the case of an export certificate
this will usually be a veterinarian
approved by the Ministry of
Agriculture in the country producing and providing the certificate.
In the case of a laboratory certificate, this will be a signature

approved by the laboratory in
accordance with its SOP (Standard
Operating Procedure).
l Wording.
This must be an accurate and true
statement of the appropriate facts
and one should never sign something that can not be substantiated.
For example, one would never
sign a flock as ‘free of salmonella’.
One could say that ‘the flock was
inspected and showed no clinical
signs suggestive of salmonella’ or
‘that certain samples were tested
in accordance with a specified protocol and yielded negative results’.
In other words, a certificate is
not guaranteeing a status but giving
the recipient accurate information
on which to make an informed
judgement (at his risk).
To put it another way, caveat
emptor or ‘buyer beware’ applies.
l Duration of validity.
A laboratory certificate is defining
the results of tests undertaken on
a specific day, so the older that
certificate, the less likely it is to
reflect the current situation.
Retesting and recertification may
be required.
With regard to certificates that
certifies a clinical inspection, these
often have their validity stated on
them, for example, ‘valid for three
days’ or ‘valid for 10 days’.
l Official stamp.
Official certificates, such as export
certificates, often require an official

stamp to be applied to them and
the issuing of these and the rules
applying to their use are often
tightly managed by the authority
issuing the certificate.

Signing certificates
Whenever a certificate is issued
and signed, the individual signing
the certificate needs to be able to
satisfy a number of questions:
l Am I authorised/approved to
sign this certificate?
l If this is an official certificate is it
approved for the purpose it is
going to be used for in this
instance?
l Are the facts used to describe
the flock or sample correct? If the
sample has moved, for example
the transfer of hatching eggs from
a farm to a hatchery, are adequate
measures in place so that I know I
am certifying what is defined on
the certificate. Am I sure that it is
what I inspected and that no substitutions or additions have
occurred?
l Is what I am certifying physically
possible? For example, a flock of
2,000 broiler breeders can not lay
100,000 eggs over a 7-10 day
period.
l If I am certifying on the basis of
information supplied by a third
party, have I got that information

in a written and signed form and
does the format meet the requirements of such a document?
l Is the basis for giving the certification reasonable? For example, is
the sample size and frequency reasonable and is the testing procedure reasonable?
l Can I honestly sign the declaration I am being asked to sign? Am I
qualified to sign the certificate? If I
am challenged about anything I
have signed, can I defend my
actions?
l Have I got written declarations
from the party I am signing for
confirming that they have done
what they should have done and
have I got copies of any reports,
such as laboratory reports, that I
am basing my declaration and signature on?
l If movements of product have
occurred, do I have information
that satisfies ‘The Continuity of
Evidence Rules’, in other words,
can I prove this product really is
the product it is claiming to be? n
This Salmonella series has been
running across all our titles.
In September we will be
consolidating all the articles
into a single ebook. To be able
to source your copy of this
interesting publication please
forward your email address to
info@positiveaction.co.uk

Salmonellaplex
Innovation for

SALMONELLA CONTROL
with

NATURAL HERBALS

Telephone: +36 29 378 150 • E-mail:mail@drbata.com • www.drbata.com

36,37, salmonella 1 (IPP) 27/07/2012 Week 30 11:54 Page 2

International Poultry Production

Focusing on

Salmonella

Introduction to salmonella
almonella is a Gram negative
bacterium that is associated
with certain diseases in poultry (pullorum disease, fowl typhoid
as well as diseases caused by some
other serotypes or strains such as
Salmonella enteritidis and S.
typhimurium).
In addition, various salmonella
serotypes can colonise the bird’s
digestive tract without causing disease and at processing can contaminate the carcase. These can
then cause food poisoning in man.
In breeders and table egg layers,
certain salmonella can contaminate
the egg either transovarially or by
egg shell contamination. This can
result in infected progeny or contaminated table eggs. The latter
can be associated with human
food poisoning.

S

Diseases in poultry
Historically, the greatest concern
were the serotypes of salmonella
capable of causing disease in poultry. These have been brought
under control by good management, vaccination and schemes to
confirm the negative status of
breeder flocks and hatcheries such
as NPIP (National Poultry
Improvement Plan) in the USA.
As a consequence of this success, coupled to a greater consumer concern about food safety,
the serotypes of salmonella associated with human food poisoning
are the ones causing most concern
in the poultry industry today.
Salmonella can enter a farm by
many routes, including day old
chicks, point of lay stock, feed,
water, bedding material, on equipment, via staff and their food and
by vermin, lizards, insects and wild
birds.

Control
Salmonella control starts by getting
a farm clean and keeping it clean
by managing all these different
inputs. Needless to say, this is not
possible if you have a contaminated day old chick or feed
source.
For this reason, control has a
second line of defence and this
centres around protecting the
birds by using approaches such as
vaccination, competitive exclusion

June-September 2010

May-November 2011

Salmonella hadar
Turkey burgers
10 States, USA
12 human cases

Salmonella enteritidis
Eggs
Iowa and other States, USA
1,939 human cases

April-November 2011

August – November 2011

Salmonella heidelberg
Broiled chicken livers
NY and other States, USA
179 human cases

Salmonella heidelberg
Ground turkey products
34 States, USA
136 human cases

Fig. 1. Some recent US poultry related food poisoning outbreaks.
and the use of feed additives, for
example organic acids and various
organic products.
Obviously the start of this
process is to have a salmonella
free farm and to this end it has to
be accepted that old buildings in a
poor state of repair are virtually
impossible to disinfect to the level
needed to remove every salmonella organism. Thus, a pre-requisite to effective salmonella control
is to have houses that can actually
be properly cleaned and disinfected.
Then there is not much point
achieving this if the farm has a
viable rat or mouse population
that is carrying one or more salmonella serotypes.

Salmonella free stock
Today the international breeders
place a heavy emphasis on producing salmonella free stock and this
has helped the industry a lot.
Poultry feed can also introduce
salmonella into a flock and as
every bird eats feed every day this
can be a way of introducing salmonella into a flock.
Very young birds, in which
stomach acid production has not
become established, birds at point
of lay, very old birds and immunosuppressed birds are more susceptible to becoming infected with
salmonella.
When it comes to salmonella in
feed the first important thing to do
is to stop using ingredients and
suppliers with poor salmonella
track records because if salmonella
is not taken into the feed mill it can
not get into the feed!

Mill hygiene and pest and wild
bird control programmes are also
very important.
Treatments to counter salmonella contamination in the feed are
varied and include heat treatments
and the use of feed additives such
as organic acids and their salts, and
aldehydes, whereas the probiotics,
phytogenics or essential oils,
enzymes and mannanoligopolysaccharides, although administered via
the feed, tend to exert their influence in the bird’s digestive tract.
In all of these areas one can not
just assume everything is satisfactory – a continuous monitoring
programme is required to confirm
everything is satisfactory or, if it is
not, to trigger off corrective
actions.
Poultry have two products that
can be contaminated by salmonella
and ultimately cause food poisoning in man – eggs and meat.
The former are often associated
with human food poisoning caused
by S. enteritidis and this problem is
compounded because eggs are
often eaten raw or only partly
cooked, for example as an ingredient of mayonnaise or as soft boiled
eggs.

Egg pasteurisation
Eggs for commercial use can be
shelled and pasteurised (a process
that kills off salmonella and other
bacteria), but shell eggs can not be
treated without affecting their
form.
For this reason the only practical
way to produce salmonella free
eggs is from salmonella free flocks
and this is recognised by various

quality assurance programmes,
such as the British ‘Lion Scheme’.
When it comes to poultry meat
thorough cooking will destroy salmonella but two situations frequently arise – undercooking and
the contamination of foods that
are not to be cooked by the juices
from raw poultry meat.
A good example of this is thawing a whole chicken on the top
shelf of a refrigerator and allowing
it to drip contaminated juices on
to the salad or cheesecake on the
shelf below.
Similar scenarios can happen on
a much bigger scale in cooking
plants when post cooking product
is contaminated.
Human food poisoning has a few
prerequisites and these include a
salmonella serotype which is pathogenic to man, an adequate number or dose of micro-organisms,
and the actual consumption of the
salmonella.
These can be coupled to factors
in the victim (host) that will favour
the salmonella’s ability to cause
food poisoning, such as age and
depressed immunity.

Contaminated chocolate
Sometimes, the salmonella is protected from the defence mechanisms and a good example is the
food poisoning outbreak due to S.
napoli contamination of soft
chocolate.
The salmonella in this chocolate
was in a globule of fat which protected it from the stomach’s acid.
Once the globule reached the
small intestine it was broken down
by lipases and the salmonella then
caused the food poisoning!
Wherever we are in the production chain, from the international breeder to the supermarket’s chill cabinet, there is one
very important factor to consider
in the management of salmonella
and that is the human factor.
Many outbreaks of salmonella
food poisoning can be traced back
to human error! Thus, the education and training of staff is very
important.
From this brief introduction to
salmonella you will have seen that
there are many facets to this
important bacterium and these will
be covered in future issues of this
series of articles.
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Sources of salmonella
almonella organisms are not
spontaneously created on the
farm – they must come from
somewhere! By knowing the
sources of salmonella, we can
review our biosecurity to see if it is
adequate to keep salmonella out
of the farm.
In essence, anything coming on
to the farm has the potential to
bring salmonella with it, but those
items which have had animal or
faeces contact, those items which
frequently come on to the farm in
large quantities, and those items
which go into close proximity of
the birds or are consumed by
them, represent the greatest risks.

S

Feed

Water

Airborne

Day old
chicks,
cockerels
for ‘spiking’,
point of lay
stock

Rats,
mice,
wild birds,
lizards,
insects etc

Equipment

People

Vehicles

Fig. 1. Routes by which salmonella can enter the poultry farm.
Salmonella free chicks
An obvious starting point is the
day old chicks or point of lay pullets that are placed on the farm. If
they are already infected then the
flock they are going to become on
the farm will be infected with salmonella.
Thus, we need to obtain our
stock from salmonella free sources
and have that source confirm to us
the salmonella status of the stock
they supply. If we obtain our stock
from several sources the chances
of salmonella being there is
increased – we should regularly
obtain our birds from one proven,
reputable source.
Levels of freedom can vary –
sometimes freedom from the four
pathogenic serotypes (Salmonellas
pullorum, gallinarum, typhimurium
and enteritidis (plus S. arizonae for
turkeys) is enough; on other occasions freedom from all serotypes is
required. To some extent this will
be defined by what your customers require.

Sampling on arrival
Many farmers recheck stock at
time of placement and it is best to
sample the birds on the lorry
before offloading. Then the argument that ‘they picked the salmonella up from the farm they were
placed on’ can not be used if a
positive result occurs.
When it comes to testing we
need to define our policy. Is our
policy to do the minimum required
to comply with legal/customer
requirements or is our policy to

maximise testing to satisfy us that
we really are free of salmonella?
When it comes to point of lay
pullets it is prudent to require
these to be vaccinated against S.
enteritidis and S. typhimurium and
the other two previously mentioned serotypes if they are present in your country/area.

Know your feed source
Every bird eats every day, therefore feed must be free of salmonella – this is the feed delivered to
the farm and not at point of production, because contamination
can occur in transit from poorly
cleaned lorries or bird droppings
falling on to uncovered feed in an
open lorry.
You need to know the salmonella status of your supplying feed
mill and the processes it uses to
keep feed free such as using ingredients of known negative status,
use of HACCP, heat and/or acid
treatments, etc, etc.
Your feed mill should be regularly testing feed, ingredients and
environmental (dust) samples and
making the results available to customers who want to see them. If a
feed mill refuses to make results
available, it is usually because they
want to keep something secret!
Check the water supply to
ensure it does not becomes contaminated. Remember – every bird
drinks every day! The next most
important source is animals, and
these range from man to wild birds
and vermin through to insects. Man
includes your staff and visitors and
the greatest risk is from those who

work close to the birds for a long
time.
Salmonella is an intestinal infection of man that is spread by the
faecal route so the importance of
using the toilet facilities provided
and not squatting in the corner of
a shed (yes, this does happen!) and
thoroughly washing and sanitising
hands must be stressed to all staff.
Cloth towels are an easy way of
spreading salmonella between
people so use disposable towels.
Require staff and visitors to confirm they are well and not suffering
from diarrhoea – if they are keep
them away from your birds!
We can not require wild birds,
vermin and the like to give a similar assurance, so we must keep
these animals away from our
flocks. This has two components.
Firstly, keep the area surrounding
poultry houses unattractive for
them, for example concrete or
short grass (incidentally do not use
animals like sheep as lawn mowers!) and keep it free from clutter
(hiding places) and roosting points.

Danger of wild bird faeces
This last point is important
because the wild bird may not get
into the poultry house, but its faeces may via worker’s boots. For
the same reason, never drag items
intended for use in a poultry house
across the concrete outside that
house.
Keeping small animals out, such
as rats, mice and lizards, can be a
challenge. Do not rely on workers
to close doors – make them selfclosing and ensure all holes are

sealed. For example, it is amazing
how often a 6cm hole is made for
a 4cm pipe and the difference is
more than enough space for a
mouse or lizard to get through!
The size of the risk presented by
small animals and insects is to
some extent defined by what
other operations are in close
proximity to the farm.

Know everything!
Anything else going into the poultry house has the potential to
bring salmonella with it so you
need to know everything that
comes into the house. The following management exercise is well
worth doing.
First of all list everything that
comes on to the farm (if you do
not list everything it will soon
become apparent how failure can
occur). You will never list everything in one go so take three
weeks to do this, during which
time you must regularly revisit the
exercise and involve several people.
Once you have this list ask
whether each item has to come on
to the farm? If the answer is ‘NO’
then stop that item and you have
eliminated a potential salmonella
vector. If the answer is ‘YES’ then
ask what you can do to eliminate
the risk of introducing salmonella
or at least greatly reduce it?
Such control strategies include
washing, disinfection, fumigation,
passing through a UV box, removing outer packaging and leaving it
outside the farm and changing supplier.
n
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Feed contamination
ll birds in a flock eat every
day, so what better route is
there for introducing salmonella into a flock than by the
feed? In this article we will look at
how feed can become contaminated by salmonella and what can
be done to counter this threat to
our poultry.
First of all, let us consider two
underlying principles. The first of
these is the concept of dose.
Under this concept, we need a
certain number (dose) of salmonella to set up infection in a bird. If
this dose level is not achieved,
infection will not usually become
established in the bird.
For example, if we are infecting
the bird via its gut only one in 100,
or one in 1,000 organisms will successfully cross the acid barrier in
the bird’s stomach (proventriculus) and reach the small intestine
where colonisation and the establishment of infection occurs.
Also, salmonella needs to get
past the bird’s immunological
defences. Thus, straightaway we
can envisage two scenarios where
it is much easier to infect a bird.
These are before adequate levels
of acid are established in the
proventriculus in the first day or so
of the chick’s life (this favours
rapid spread within the hatcher
from chicks infected by vertical
transmission to their hatch mates)
and when a bird is immunosuppressed.
When we then consider what
happens in nature these two principles combine as follows – an
immunosuppressed bird becomes
infected and then rapidly multiplies
up the salmonella and sheds them
into the environment, thereby presenting other birds with a much
higher level (dose) of salmonella
which are then more able to infect
‘normal’ birds.
So, it can be argued that salmonella control also involves countering possible causes of
immunosuppression.
Now, let us consider the feed
and the various ways it can be
contaminated by salmonella. First
of all, there is the route of contaminated ingredients. These can be
contaminated in their production
or in their subsequent storage. For
obvious reasons, animal byproducts can present a real risk.
However, this risk has been
appreciated for a long time and
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Fig. 1. Wild birds and vermin can be sources of contamination of feed.
efforts by the animal byproducts
sector in terms of product treatments mean that most byproducts
producers now have a good
record when it comes to salmonella freedom. Another thing that
helps is that, in certain countries,
animal byproducts can not be
incorporated into animal feeds.
Certain ingredients, for example
sunflower seed meal, have a reputation for presenting a greater risk
and, if practical, it is best not to
use these.
The first way to prevent salmonella contamination of poultry feed
is to avoid ingredients and suppliers with a poor salmonella track
record. To do this, you need to
know the status of an ingredient
and of its production and storage.
This means auditing suppliers and
testing samples.
One should never forget the
possibility of contamination of an
ingredient (or for that matter finished feed) in storage, be it via the
droppings of vermin or wild birds
that have access to the store, or
via putting an ingredient into a
storage area which previously contained a salmonella contaminated
ingredient and was not adequately
cleaned/disinfected between
batches.
Contamination is also possible
during feed production. A good
example of this is when the post
pelleting cooler becomes contaminated with salmonella.
The salmonella flourishes here as
all its needs in terms of food,
moisture and temperature are
provided.
The insides of these coolers
need to be accessible for periodic
cleaning and sanitisation.
With the wisdom of hindsight,
some feed mills in the 1980/90s

were probably contaminating the
feed they produced by this route
for years!
Various processes can be applied
to feed in its production to rid it of
salmonella and these can be
divided into two main groups –
heat treatments and chemical
treatments.
For heat treatments time temperature combinations are applied
and the higher the temperature
the shorter the period of time it
needs to be applied for.
For chemical treatments the
chemical must be applied at the
right concentration.
In either case, the correct application must be applied to 100% of
the feed – if even 0.1% of feed is
inadequately treated the salmonella contamination will survive!
It should also be remembered
that heat treatments do not
bestow residual benefits but many
chemical treatments do.
A residual effect is when the
process continues to work after its
application. Looking for salmonella
in a feed mill is not an easy task,
but one quick and easy way to gain
an overview of a mill’s salmonella
status is the routine screening of
composite environmental dust
samples for the organism.
A very good way to recycle salmonella in a poultry integration is
to inadequately treat the home
produced feather or offal meal!
But, the risk of contamination
does not stop once the feed has
been manufactured. One must
ensure that post-production salmonella contamination does not
occur. This can occur during storage or transportation. Let us consider a couple examples of the
latter.
In the first of these, open topped

trucks for bulk feed were left
overnight in the loading bay with
their tarpaulins rolled back to facilitate a quick loading the next
morning to facilitate a quick departure from the mill. The trusses in
the roof above where these lorries
were held overnight was a roosting point for pigeons at night.
Needless to say, during the night
the lorries were contaminated
with pigeon droppings (and salmonella!) during the hours of darkness!
In the second example, supposedly dedicated breeder feed lorries were being used to carry
backloads of broiler litter and, yes,
you’ve guessed it, that litter was
contaminated with salmonella! As
a result, the feed and, in time, the
breeders were also contaminated
with the same strain of salmonella.
A final point to ponder. When
we test feed for salmonella we test
a 25g sample. In a tonne of feed
there are 40,000 25g samples and
in a 20 tonne load there are
800,000 25g samples!
Even if salmonella is homogeneously distributed in the feed,
which is highly unlikely, and that
our test can pick up one salmonella organism in 25g the probability is one in two of detecting as
positive a feed containing 20,000
salmonella per tonne and one in
four of detecting as positive a feed
containing 10,000 salmonella per
tonne!
Thus, a positive feed test result is
a positive, but all a negative result
is saying is that salmonella was not
detected in the sample that was
tested. You then have to consider
what this really means, especially if
the feed is a starter feed or is
being fed to immunocompromised
birds.
n

15, salmonella 4 (IPP) 10/12/2012 Week 50 11:34 Page 1

International Poultry Production

Focusing on

Salmonella

Control in feed
very bird eats every day so a
very effective way to infect
birds with salmonella is to
feed them with a salmonella contaminated feed.
The likelihood of salmonella contaminated feed resulting in infection becoming established in the
flock consuming that feed will
depend upon the dose (number)
of salmonella organisms the bird
consumes, the serotype or strain
of salmonella involved and bird
factors that make the bird more
susceptible to infection such as
immunosuppression. It will also
depend on whether any control
measures, for example vaccination, are in place.
Whether or not feed is salmonella contaminated or not depends
on the status of its ingredients,
opportunities for contamination to
occur during the production of the
feed, salmonella control processes
the feed has been subjected to and
opportunities for post-production
contamination in storage at the
mill, during transportation and
during on-farm storage prior to
consumption.
The status of ingredients is
important. A salmonella contaminated ingredient can contaminate
the feed it is incorporated in, but it
can also introduce salmonella into
the mill’s environs and this can
contaminate other feeds which do
not use the contaminated ingredient.
The likelihood of an ingredient
being contaminated is influenced
by its type, the processing it is subjected to and the quality of the
storage it is held in. let us now
consider these in turn.
l The type of ingredient.
Historically ingredients of animal
origin, such as meat and bone
meal or feather meal, were considered to be high risk but nowadays
they are not used because of bans
on animal products in poultry
diets. Where they are allowed
they have been adequately
treated, for example, with an acid.
l Processing of the ingredient.
For certain ingredients, for example some soya based products
where the extraction process
involves a cooling stage, salmonella
can survive in the cooler (a perfect
bacterial environment in terms of
food, moisture and temperature)
and regularly contaminate the
ingredient during its production.

E

l Ingredient storage.
The quality of ingredient stores
varies considerably and where
these are on farm and of poor
standard vermin
infestation is
common. As a
result, vermin or
wild bird droppings (often plus
salmonella) can
easily get into
the ingredient.
So, it is important to know your ingredients and
where they come from. Audits of
ingredient suppliers and ingredient
stores should be undertaken and
samples should be regularly tested
for salmonella. Ideally, ingredient
suppliers should be operating
HACCP.
Where an ingredient from a particular supplier has a bad track
record that supplier should, if at all
possible, be
replaced by one
with a good salmonella track
record.
Where a company operates
several feed mills
one should be
designated as the
recipient of dubious status ingredients so these are
confined to one mill and are not
spread across all the feed mills.
Obviously the mill producing
GP/breeder or starter feeds
should receive the best ingredients
in terms of their salmonella status!
Feed mills should be designed so
they can be cleaned and kept
clean. A good way to get a quick
insight into the salmonella status of
a feed mill is to screen composite
environmental dust samples for
salmonella.
The feed mill should operate a
HACCP programme for salmonella. This includes identifying critical control points (CCPs) and then
monitoring these to confirm that
they are functioning and are effective.
In milling the
only effective
CCPs are those
associated with
heat treatments
or the addition
of salmonellacidal chemicals.
Minimise the use

of high risk ingredients. Monitoring
of CCPs is critical and it is important that the true picture is monitored and not just part of it.
Thus, when we
are taking a temperature we
should fully evaluate the process
and make sure all
feed is subjected
to an adequate
temperature.
Likewise, we
need to be satisfied that any chemical is added uniformly.
In this day and age a feed mill
should operate on a uniflow basis,
This means having all the raw
materials on one side of the production area and the finished feed
storage areas on the opposite
side. Control access to the finished
feed side so it is out of bounds to
staff from the ingredients side.
The mill should
be wild bird and
vermin proofed
and operate
appropriate programmes such as
vermin baiting.
As has already
been said, dust
often contains
salmonella and
so dust control in the feed mill is
essential.
Let us now look at some of the
chemicals that can be used to control salmonella in feed.
Organic acids and their salts are
relatively stable in feed and are
metabolised in the bird, therefore,
present no residue issues, or they
can be stabilised in which case they
are not absorbed and pass out of
the bird in the faeces.
Individual acids vary with regard
to their effectiveness but in general
medium chain fatty acids are more
effective than short chain fatty
acids.
Salmonella can become acid tolerant to inorganic acids but it
would appear

that this is not the case with
organic acids.
It is also thought that acids interfere with the expression of salmonella virulence genes, thereby
interfering with the salmonella’s
ability to invade the bird by crossing the intestine.
Research has shown the relative
effects of organic acids against
Salmonella typhimurium to be
formic>propionic>lactic.
Efficacy is also dependent on the
original level of salmonella contamination in the diet. In this context
it should be noted that when looking at laboratory data one should
put most faith in that derived from
a trial that most closely simulates
the real situation.
In other words, the effect of
acid against low numbers of salmonella in a feed sample should
possibly be viewed as more credible than the effect of acid against
billions of salmonella in a test tube
with no organic matter present.
Formaldehyde has a high level of
disinfectant activity and is less likely
to be inactivated by organic matter. A product based on formaldehyde, propionic acid and terpene
has been shown to be an effective
in feed treatment for salmonella
control.
Essential oils are basically mixes
of terpenes, terpenoids and low
molecular weight organic compounds of several classes derived
from plants. They exert their
antimicrobial effects in a variety of
ways and can be used counter salmonella.
Most chemicals have residual
effects and are effective for some
time after their addition and, in
some cases, even in the bird’s gut.
Heat treatments, on the other
hand, have no residual effects and
leave the feed totally open to
recontamination after cessation of
the treatment. To be effective, a
combination of heat, moisture and
time are required to kill salmonella
(see Table 1).
n

Table 1. Heat treatment conditions to kill S. seftenberg.
Temp ˚C

Time to kill 90% (minutes)
10% moisture

15% moisture

63

910

138

74

79

12

80

19

3

85

6

1
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Control in egg layers
almonella has always been
associated with eggs, but this
association assumed a greater
prominence with Salmonella enteritidis and the British ‘Salmonella
in Eggs Scare’ at the end of the
1980s.
Two or three decades earlier
and duck eggs for human consumption were notorious for their
salmonella status, except this time
it was S. typhimurium.
Human food poisoning associated with eggs is favoured by
human tastes for the likes of soft
boiled eggs and fried eggs with
runny yolks, as such eggs have not
been adequately cooked to kill the
salmonella. In addition, raw eggs
are used in the production of various products for human consumption; the most popular of which is
mayonnaise. In the recent problems with S. enteritidis, mayonnaise was often the source of
human infection.

S

Introduction points
To produce salmonella free eggs
necessitates studying their chain of
production, identifying possible
introduction points and then closing these off. In addition, we make
the hen better able to fend off
infection and this is done by vaccination.
However, these two strategies
should operate in parallel because
vaccination protects the bird
should salmonella be introduced
into the flock and, conversely,
reducing the salmonella challenge
helps the vaccine to be more
effective in its role.
Let us first consider the main
inputs of salmonella and the basics
of their control:

ents, segregation of raw materials
and finished feed, HACCP and
heat and/or chemical treatment of
the feed.
● Bedding material.
This is used in some alternative
systems and should be sourced
from a reputable supplier and then
stored in vermin and wild bird
proofed area.
● House environment.
Prior to placement of day olds or
point of lay pullets, the house and
its equipment must be scrupulously cleaned and disinfected.
● Water.
The poultry house’s water must
come from a reputable source and
ideally be chlorinated or otherwise
treated. In addition, tanks, header
tanks and the like should be properly lidded so debris, vermin droppings and even vermin can not fall
in and contaminate the water.

● Point of lay pullets.
These should also be sourced
from a reputable supplier that can
validate their salmonella status.

● People (staff and visitors).
In larger units anyone visiting the
unit should wear company provided overalls and boots and wash
their hands before entering.
Previous poultry contact should
not have occurred. People can be
carriers of salmonella so good toilet practice is essential, such as
washing hands after visiting the toilet. If staff have diarrhoea they
should report it to their manager.

● Feed.
This should be sourced from a salmonella clean feed mill that can
demonstrate a salmonella control
policy that includes mill biosecurity, sourcing policy for ingredi-

● Vermin.
The house should be vermin proof
as rats, mice and lizards can introduce salmonella. In fact,
typhimurium literally means ‘fever
of mice’! In addition to having ver-

● Day old chicks.
These should be obtained from a
reputable source that can validate
their salmonella status.

min proof houses, an appropriate
baiting programme should be in
place. Vermin proofed housing is
just as important when it comes to
the storage of bedding or feed.
● Wild birds.
Wild birds and their droppings
should not have contact with the
flock either directly or indirectly,
for example, bird droppings on
equipment, staff boots or in straw
(bedding).
Obviously some of the above
are impossible to achieve on free
range units! We can then regularly
screen our flock and the eggs it
produces to confirm, or otherwise, that they are free of salmonella. To some extent the basis for
doing this is customer defined –
some want freedom from all salmonella serotypes, whereas others are only concerned about S.
enteritidis and S. typhimurium.

95% confidence limit
When we are testing we must
remember that most screening
protocols in a statutory scheme
operate with a 95% confidence
limit – so there will be occasions
when salmonella in a flock is not
detected. If such a salmonella is of
significance it may well be missed
because the flock is in the stage of
early infection with only a few
birds infected – when the infection
has spread it will be detected on a
subsequent test.
In the early days of S. enteritidis
in the UK, houses were being
screened by swabbing and
declared negative only to have a

subsequent flock in the house
break with S. enteritidis.
Two hypotheses were put forward and both were proved. The
first was that the S. enteritidis was
surviving in the mouse population
and the second was that the swabbing was not intensive enough.
The latter was proven by using
ten times more swabs and finding
houses that were negative on normal swabbing but positive on the
intensive level of swabbing.
Now let us focus on vaccination
as a salmonella control tool. The
right vaccine must be correctly
administered to birds that can fully
respond to the vaccine.
A correct vaccine must have an
adequate dose (amount) of antigen in it in a form that is available
to the bird after its administration.

Vaccine administration
Correct administration ensures
each bird gets its dose. For live
vaccines this means ensuring that
the birds drink water containing
the vaccine and there are various
‘tricks of the trade’ for ensuring
this, such as a period of water
deprivation. Also, it is important
to check that vaccine gets right
down the water line and is not just
being given to birds in the first half
of the shed.
For killed adjuvanted vaccines
this means ensuring that each and
every bird receives its dose of vaccine. This is very much dependent
on operator skill and ensuring they
have the right equipment and
enough time to do the vaccination
properly.
Birds to be vaccinated need to
be fully immunocompetent, that is,
they need to be able to fully
respond to the vaccine and produce an adequate level of immunity. Immunocompetency can be
adversely affected by various
immunosuppressors such as
immunosuppressive diseases and
certain mycotoxins.
The effectiveness of vaccination
can be assessed by blood testing.
The best vaccination regimens
are programmes based on a combination of live and killed vaccines
with the latter given pre-point of
lay. If layers have an extended lay
their immunity in late lay may have
waned to the point that it does
not confer full protection.
n
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Statistics of salmonella
f we look at the statistics associated with salmonella, both in
poultry and in man, we can
learn much about this organism
and how it behaves.
On this page are some graphs
that clearly highlight this point –
including the prevalence of salmonella in whole raw chicken in the
UK and the number and seasonality of isolation rates over the last
decade.
n
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Fighting salmonella?
Get the killer punch!
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The duck story
almonella can be found in
ducks and duck products can
be contaminated with salmonella and, as such, become a cause
of human food poisoning. This is
especially the case with duck eggs.
After the Second World War
Salmonella typhimurium was regularly found in ducks eggs for
human consumption. In fact, it was
found so frequently that many
regarded salmonella and ducks as
being synonymous and this ultimately reduced duck egg consumption.
In 2010, duck eggs and duck
products were implicated in a
national outbreak of salmonella
food poisoning in the UK and the
hospitalisation of at least two people and the death of one.
This outbreak involved the
serotype S. typhimurium DT8, a
strain which is often seen in ducks.
Common symptoms include
diarrhoea, vomiting and stomach
cramps.

S

Salmonella typhimurium
Salmonella typhimurium DT8 is
often associated with ducks and is
more prominent in the summer
months given the weather and the
movement of birds.
Ducks have always been linked
with salmonella and the consumption of duck eggs has been associated with a high likelihood of an
upset stomach for as long as anyone can remember.
Conversely, over the years there
have been relatively few outbreaks
of salmonella food poisoning in
man due to the consumption of
duck meat.
Although salmonella are regularly
encountered in ducks, it is likely
that the ducks themselves are not
overly affected by salmonella infections. This might be a consequence of the gregarious life style
of ducks in that, in nature, they
regularly swim, feed and drink in
their own faeces.
This has produced an animal
which is relatively tolerant to the
potentially pathogenic microorganisms which this behaviour
exposes the duck to.
Clinical disease is rare.
Salmonella septicaemias can be
encountered and these are usually
seen following environmental or
management stress.

Such septicaemias are usually
seen in very young ducklings. The
picture seen with S. enteritidis PT4
is similar to that seen in poultry
with an acute septicaemia in young
ducklings and then from three
weeks of age a disease picture akin
to colisepticaemia is seen.
As in chickens the clinical and
post mortem pictures for these
two entities is so similar that bacteriological culture is required to
confirm whether the causal agent
is S. enteritidis or E. coli.
Clinically significant salmonella
infections in ducks are characterised by hunched, listless ducklings with diarrhoea and
dehydration with eventual deaths.
Deaths can occur quite quickly.
Recovered birds can show signs
of unthriftiness which can involve
hock or foot synovitis and/or
arthritis. When infection occurs in
adult breeders or egg laying strains
there are no clinical signs or egg
drop to indicate that something is
wrong.

Post mortem findings in ducks
infected with salmonella tend to
reflect the clinical signs seen and
include carcase and visceral congestion, pericarditis, peritonitis,
perihepatitis, typhlitis, and nephritis/nephrosis as well as specific
lesions such as yolk sac infection
or arthritis/synovitis. Sometimes
microabcessation and/or brain
infections are seen in salmonella
infections.
Duck flocks are monitored as
part of the strategy for salmonella
control with regards to public
health. In devising such a programme it should be remembered
that egg transmission of salmonella
is often seen without visible signs
of the infection in either the parents or the progeny.
The faecal shedding of salmonella in ducks is of variable duration, sometimes a serotype
transmitted transovarially differs
from the one(s) being shed via the
faecal route and seroconversion
accompanies egg transmission.

In many countries, there is no
salmonella monitoring of ducks
required by statute, but it would
be prudent to follow the sampling
protocols for chickens.
Duck flocks can become infected
from their dam flocks or from the
environment they are housed in.
Horizontal transmission can
come from the feed, the litter, the
previous flock on the farm, vermin
and wild birds. Obviously, the
management of some of these is
difficult in free range flocks.
When it comes to the litter it
should be remembered that duck
litter can be wetter than chicken
litter because of the ducks’ behaviour with water and this is compounded by trough or bell
drinkers. Here we have one of the
ironies of welfare legislation in that
legislation requires ducks to have
the opportunity to beak bathe
even though this might favour salmonella!
From the point of view of water
hygiene, the use of nipple drinkers
is to be preferred as this system
delivers clean drinking water to
the birds as and when it is
required, whereas trough and bell
drinkers often deliver a bacteria
and faecal soup!

Vertical transmission
Vertical or egg transmission does
occur and arises when the egg is
infected/contaminated before
being laid. Although the duck egg’s
very thick cuticle probably reduces
the opportunities for salmonella to
actually get into the egg it should
be noted that the extent and quality of cuticle cover can vary extensively. When it comes to eggshell
contamination this is favoured by
the fact that ducks like to defecate
in their nest boxes and duck faeces
are more fluid than chicken faeces.
Vertical transmission favours the
establishment and spread of salmonella in a duck operation and
this is probably a key reason why
S. typhimurium is well established
as ‘the salmonella of ducks’ in
many countries.
In many countries, S. typhimurium is the predominant serotype
involved and other serotypes tend
to come through in waves. This is
possibly a reflection of a contaminated source of a feed raw material passing through the system. n
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Disinfectants
disinfectant is basically a
chemical that kills microorganisms in the environment, ideally without any
detrimental side effects to the
birds, hatching eggs, farm staff or
the environment.
Disinfectants are used in a variety of situations in poultry production. They play an important role
in the between cycle cleaning
process, they are used in foot dips
and they can be used to sanitise
the birds’ drinking water. In some
situations they have even been
used to reduce the microbial burden in the air.

A

High hygiene standards
Hatching eggs are ‘disinfected’
before leaving the breeder farm or
upon receipt at the hatchery,
chicks are often hatched off under
low levels of formalin gas and disinfectants play an important role in
the maintenance of the high
hygiene standards that are essential in the hatchery.
The lorries transporting birds to
the abattoir are washed and disinfected after every delivery of birds
to minimise the risk of taking
germs from the processing environment on to the next farm they
visit. The same applies to the
hatchery’s egg and chick trucks.
Disinfectants also play an important role in the cleaning and
hygiene of the processing and further processing plants and in some
countries they can be used to treat
carcases.

Spectrum of activity
How a disinfectant acts against
microbes can be defined in terms
of spectrum of activity and percentage kill and these can be
viewed as qualitative and quantitative definitions respectively.
Spectrum of activity defines the
different microbes against which
the disinfectant is effective. When
checking the spectrum it is worth
remembering that some important
pathogens of poultry, such as
Aspergillus fumigatus, Gumboro
disease virus and Pseudomonas
aeruginosa are among those that
are the hardest to kill and some
disinfectants are not effective
against one, two or all of these.

Percentage
kill (%)

Initial number
of bacteria

Number
killed

Number
surviving

0

1,000,000

0

1,000,000

50

1,000,000

500,000

500,000

90

1,000,000

900,000

100,000

99

1,000,000

990,000

10,000

99.9

1,000,000

999,000

1,000

99.99

1,000,000

999,900

100

99.999

1,000,000

999,990

10

99.9999

1,000,000

999,999

1

Table 1. Understanding percentage kill.
Thus, check they are in the spectrum of kill.
Percentage kill is just that – it is
the proportion of bacteria that are
killed by the disinfectant. Probably
the easiest way to appreciate the
significance of percentage kill is to
refer to Table 1.
In everyday language 90% is seen
as a good proportion but a 90%
kill means 100,000 of every million
bacteria survive!
In theory, when talking about
disinfectants we should be talking
about a 99.99% kill because quite
often we are encountering millions, if not more, of bacteria in situations where we are using
disinfectants.
To put it another way, a small

percentage of a big number is still
a big number!
Fortunately for poultry producers, salmonella are relatively sensitive to disinfectants although some
strains of salmonella are capable of
producing protective biofilms
which not all disinfectants are
capable of breaking down.
However, for a disinfectant to
work it must have contact for an
adequate length of time at the
right concentration.
If you only apply the disinfectant
solution to 90% of an area, do not
be surprised if at least 10% of the
micro-organisms survive. Similarly,
if you over dilute a disinfectant do
not be surprised if it does not
work!

Table 2. Some factors that can interfere with the effectiveness of a disinfectant.
l Dirt (organic matter)
Organic matter quickly neutralises some products, for example
hypochlorites, and this makes them unsuitable for certain uses, for
example foot dips.
l Sunlight (UV light)
Sunlight neutralises some products. This is a good reason for having
a lid on your foot dip.
l Rain
Rain dilutes foot and vehicle dips. Important when there is heavy
rainfall, for example in the tropics.
l Temperature
Activity of some products varies with temperature.
l pH
Some products are acidic or alkaline and these can be quickly
neutralised if a detergent of the opposite designation is used before
disinfection and left in situ.
l Water hardness
Some disinfectants do not work well in hard water.

We need to know the contact
time for a disinfectant because
there is little point applying the
next rinse stage, if there is one,
until the contact time has been
exceeded.
Table 2 details some of the other
factors that can interfere with the
effectiveness of a disinfectant.
Another important issue is that
the surfaces that are to be disinfected need to be thoroughly
cleaned before the application of
the disinfection. If not, the remaining dirt might neutralise the disinfectant or protect the microbes by
creating a barrier between them
and the disinfectant.
Surfaces need to be hard,
smooth and impervious as well as
free of cracks, holes and square
corners (rounded corners facilitate
thorough cleaning).
However, remember that these
microbes are very small (there are
at least 10,000 bacteria in a chain
of bacteria 1.0cm long).
Thus, we also need to consider
microscopic holes and cracks. So,
materials such as raw woods,
exposed breeze blocks, raw concrete and tile grouting are very
undesirable.

Management audits
A good management procedure is
to audit a hatchery, poultry house
or processing plant and identify
those areas which, by their very
nature, will hinder effective cleaning and, therefore, effective disinfection. Where practical, these
areas should then be upgraded.
When it comes to cleaning and
disinfection, people, systems and
management are as important, if
not more so, as the actual product
used.
In fact you can get rid of 99% of
microbes with thorough washing
using an appropriate detergent.
The disinfection stage is putting
the proverbial icing on the cake!
Finally, we can assess the effectiveness of cleaning and disinfection by sending bacterial swabs to
the laboratory.
Just one key point – do not let
your cleaning team know when
and where you are going to test or
you may get misleading good
results as those areas will have
received extra cleaning time and
disinfectant!
n
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Antibiotic resistance
acteria can become resistant
to antibiotics. When this
occurs we can have difficulties in treating the diseases they
cause in poultry. However, if the
bacterium concerned has zoonotic
implications, then it may be a case
that we have difficulty in treating
the disease it causes in man –
which is more serious.
Today there is a debate going on
as to whether zoonotic pathogens
acquire their antibiotic resistance
as a consequence of coming into
contact with antibiotics when they
are in animals or when they are in
man. This is reflected in an ongoing debate on the use (overuse)
of antibiotics in man and animals.

B

Origins of resistance
The origins of antibiotic resistance
in bacteria lies in their competition
for advantage in their environment. If a bacterium is naturally
more resistant against a particular
antibiotic it is more likely to survive in a flock treated with that
antibiotic and become dominant.
With the arrival of antibiotics
some bacteria were able to
develop defence mechanisms and
this gave them the opportunity to
survive and dominate.
Nowadays, resistance phenomena of one type or another have
been encountered in virtually all
bacterial types and against all
antibiotics.
Obviously antibiotic resistance
makes a particular disease situation worse in that losses are
greater and some treatments are
not effective. These are therefore
wasted when a second one then
has to be prescribed. To put it
bluntly, antibiotic resistance is an
expensive phenomenon for the
poultry farmer.

be spread by transformation. This
is a process in which bacterial
DNA is taken up by the cells or by
transduction in the delivery of a
bacterial gene by a bacteriophage
into a new host cell (another bacterium).
Five trends have been seen in
antibiotic resistance in salmonella
(Table 2).

Antibiotic

Mode of action

Main resistance
mechanism

β-Lactams

Cell wall synthesis

β-Lactamases, altered
penicillin binding proteins,
reduction in permeability

Aminoglycosides

Protein wall synthesis,
ribosome 30S unit

Modifying enzymes,
reduction in uptake

Tetracyclines

Protein wall synthesis,
ribosome 30S unit

Efflux

Quinolones

DNA gyrase

Altered target

Chloramphenicol

Protein wall synthesis,
ribosome 30S unit

Acetyltransferase

A look at history

Folate inhibitors

Inhibition of folic acid
metabolism

Altered target

Finally, let us close by looking at
history. The first reports of resistant salmonella were in the 1960s.
For example, antibiotic resistance
to tetracycline steadily increased
over this decade. In the USA the
first antibiotic resistance was seen
in the mid to late 1950s.
Even at this early stage it was
seen that S. typhimurium had a
higher frequency of resistance than
other serotypes.
In the 1970s DNA isolation procedures allowed for the genetic
basis of antibiotic resistance to be
more precisely defined. Around
this time spread of multi-resistant
salmonella serotypes received
attention.
In the 1980s apramycin resistance steadily increased following
its introduction. In the early 1990s
the possible link between resistance in human and animal isolates
came to the fore with similar
increases in man and animals
(Table 3).
The 1980s and 90s were dominated by the appearance and
spread of multiple resistant strains
of S. typhimurium.
By the end of the 1980s evidence of resistance to the fluoroquinolones was emerging and by
the 1990s links between the emergence of resistance in poultry isolates of salmonella and human
ones were being postulated.
This was important because
ciprofloxacin was emerging as a
drug of last resort for treating
human cases of salmonellosis.

Table 1. The main resistance mechanisms in enterobacteria.
In poultry production two situations have come together to
favour the emergence of antibiotic
resistance. Firstly, a resistance trait
has to be present in a bacterial
population (and this can be at a
very low frequency) and, secondly,
there has to be a selective pressure on that population of bacteria
which favours the emergence of
those bacteria that possess that
resistance trait.
In time this means that the proportion of the total bacterial population carrying resistance genes
increases.
A major selection pressure on
salmonella arises from the overuse
of therapeutic and prophylactic
antibiotics on the farm, especially
the long term continuous use of in
feed antibiotics to counter vague
health issues or enhance performance.

Antibiotic usage controls
Fortunately, many countries now
have controls on such usage and a
good example of this is the banning of in feed antibiotic growth

Table 2. Trends in antibiotic resistance in salmonella
• lsolates without anthropogenic selective pressures are mainly
sensitive against antimicrobial agents
• A general increase in resistance levels, but not all serotypes, such as
Salmonella typhimurium which is linked to livestock production
• A general increase in multiple resistance
• A general increase in the number of resistance determinants that are
integrated into a salmonella chromosome
• The use of a newly licensed antibiotic often leads to increased
resistance levels against that antibiotic

promoters by the EU a decade or
so ago.
This has probably not been that
relevant with regard to the development of antibiotic resistance in
salmonella because the primary
action of most of these growth
promoters is against Gram positive
bacteria and salmonella is a Gram
negative bacterium. In some parts
of the world tetracycline is still
used as a growth promoter, but
that is another story!
Serotype

Resistance (%)
1980 1990

S. typhimurium

36

54

S. virchow

16

76

Table 3. An animal human link in
salmonella resistance?
When it comes to salmonella it
is interesting to see that there
tends to be low resistance levels in
areas with low antibiotic usage
such as Sweden.
Table 1 details the main resistance mechanisms in the bacterial
group known as enterobacteria,
which includes salmonella. In general terms, three mechanisms of
action exist – antibiotic destroyed
or modified so no longer effective,
prevention of access of antibiotic
to target site or target site modified and made insensitive.
Under therapeutic conditions
three types of resistance are
encountered:
l Intrinsic or natural resistance.
l The spread of single resistance
genes.
l The spread of more complex
genetic entities.
Individual resistance genes can

The way forward
The way forward would appear to
be for veterinary control over the
prescribing of antibiotics in animals
and for a dramatic reduction in the
non-essential use of antibiotics in
man.
n
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Introduction to salmonella
almonella is a Gram negative
bacterium, certain serotypes
of which are associated with
specific diseases in livestock. In
addition, various salmonella
serotypes can colonise the animal’s or bird’s digestive tract without causing disease and at
processing can contaminate the
carcase. These can then cause
food poisoning in man.
Historically, the greatest concern
were the serotypes of salmonella
capable of causing disease in animals but these have been brought
under control by good management, vaccination and schemes to
confirm negative status. Such a
scheme is the NPIP (National
Poultry Improvement Plan) in the
USA which focuses on breeder
flocks and hatcheries.

S

Meat industry concerns
As a consequence of such successes, coupled to a greater consumer concern about food safety,
the serotypes of salmonella associated with human food poisoning
are the ones causing most concern
in the meat industry today. As far
as meat and meat products are
concerned salmonella typically
comes into the abattoir in animals
and so has a farm origin.
Salmonella can enter a farm by
many routes including in animals,
feed, water, bedding material, on
equipment, via staff and their food
and by vermin, lizards, insects and
wild birds.
Salmonella control starts by getting a farm clean and keeping it
clean by managing all these different inputs. Needless to say, this is
not possible if you have a contaminated animal or feed source.
The objective of salmonella control is to have salmonella free animals coming to the abattoir so
that the abattoir can, in turn, produce salmonella free meat and
then the processor can produce
salmonella free products.
For this reason, control has a
second line of defence. This centres around protecting the animals
on the farm by using approaches
such as vaccination, competitive
exclusion and the use of feed additives such as organic acids and various organic products.
Obviously the start of this
process is to have a salmonella

July-August 1989

October 2007

Salmonella typhimurium DT193
Cold sliced pork
Northern England
206 human cases

Salmonella newport
Pulled pork
Georgia, USA
67 human cases

May 2012

August-November 2011

Salmonella enteritidis
Ground beef
7 States, USA
>33 human cases

Salmonella heidelberg
Ground turkey products
34 States, USA
136 human cases

flows the wrong way or drains
flowing from pre-cook into the
post cook area.
At the level of the butcher’s
shop the segregation of cooked
and raw meats is critical and a
member of staff ignoring the segregation rules can transfer salmonella, or for that matter other food
poisoning organisms from raw to
cooked meat. Needless to say, the
latter is not subjected to a bactericidal process (such as cooking)
between contamination and subsequent consumption!

Fig. 1. Examples of salmonella food poisoning outbreaks.

Food poisoning in man

free farm and to this end it has to
be accepted that old buildings in a
poor state of repair are virtually
impossible to disinfect to the level
needed to remove every salmonella organism. Thus, a pre-requisite to effective salmonella control
is to have houses that can actually
be properly cleaned and disinfected. Then there is not much
point achieving this if the farm has
a viable rat or mouse population
that is carrying one or more salmonella serotypes.
Very young animals in which
stomach acid production has not
become established, animals
becoming reproductively active,
very old animals and immunosuppressed animals are more susceptible to becoming infected with
salmonella.

Human food poisoning occurs
when someone consumes adequate numbers of salmonella to
enable the establishment of infection in their intestines. Human
food poisoning has a few prerequisites and these include a serotype
which is pathogenic to man, an
adequate number or dose of
micro-organisms and the actual
consumption of the salmonella.
These can be coupled to factors
in the victim (host) that will favour
the salmonella’s ability to cause
food poisoning such as age,
depressed immunity and malfunctioning defence mechanisms.
Sometimes, the salmonella is
protected from the defence mechanisms and a good example is the
food poisoning outbreak due to S.
napoli contamination of soft
chocolate. The salmonella in this
chocolate was protected in a globule of fat which protected it from
the stomach’s acid. Once the globule reached the small intestine it
was broken down by lipases and
the salmonella then caused the
food poisoning!
Wherever we are in the production chain from the farm to the
supermarket chill cabinet to the
consumer’s plate there is one very
important factor to consider in the
management of salmonella and
that is the human factor. Many
outbreaks of salmonella food poisoning can be traced back to
human error! Thus, staff education
and training is very important.
From this brief introduction to
salmonella you will have seen that
there are many facets to this
important bacterium and these will
be covered in future issues of the
magazine.
n

Salmonella free feed
Animal feed can also introduce salmonella into a farm and as every
animal eats feed every day this can
be a very quick way of introducing
salmonella into a farm.
When it comes to salmonella in
feed the first important thing to do
is to stop using ingredients and
suppliers with poor salmonella
track records because if salmonella
is not taken into the feed mill it can
not get into the feed! Mill hygiene
and pest and wild bird control
programmes are also very important.
Feed treatments to counter salmonella contamination in the feed
are varied and include heat treatments and the use of feed additives, such as organic acids and
their salts, and aldehydes. The

probiotics, phytogenics or essential oils, enzymes and mannan oligopolysaccharides ,although
administered by the feed, tend to
exert their influence in the bird’s
digestive tract.
In all of these areas one can not
just assume everything is satisfactory – a continuous monitoring
programme is required to confirm
everything is satisfactory or, if it is
not, to trigger off corrective
actions.
Most salmonella in meat and
meat products can be traced back
to the farm the animals came from
but occasionally contamination can
arise in the processing plant.
Two scenarios here are failure of
the end of shift terminal sanitisation to rid the plant environment
of salmonella so it is carried over
into the next day’s production and
the introduction of salmonella
from an infected worker.
When it comes to poultry meat
thorough cooking will destroy salmonella but two situations frequently arise – undercooking and
the contamination of foods that
are not going to be cooked by the
juices from raw poultry meat.
A good example of this is thawing a whole chicken on the top
shelf of a refrigerator and allowing
contaminated juices to drip onto
the salad or cheesecake below.
Similar scenarios can happen on
a much bigger scale in cooking
plants when post cooking product
is contaminated. This usually has
its origins in the failure to totally
segregate the pre- and post-cooking halves of the plant. This can
occur by staff breaking the segregation rules, wrong air pressures in
the two halves of the plant so air
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Product surveys
For an insight into statistics, we thought we would highlight the findings of
several recent surveys.
AUSTRALIAN CHICKEN SURVEYS
In a recent (2010) Australian survey chickens were tested on farm,
prior to and post processing. Some 47% of caecal contents from
flocks/houses were positive for salmonella (47% with pathogenic
types). In a separate survey, 13% of birds pre-processing yielded
salmonella (7.5% with pathogenic types). In a third survey 37% of 1,112
carcases yielded salmonella (22% with pathogenic types).
AUSTRALIAN RTE SURVEY
During August to November 2008, a total of 154 packaged sliced
ready-to-eat (RTE) meat products were purchased from supermarkets,
greengrocers, farmers markets and retail butcher shops in the greater
Sydney area. These samples were tested for compliance with Australian
microbiological limits. The survey found that 95.5% complied with
microbiological regulatory limits. No samples were found to contain
salmonella

BRITISH RTE SURVEY
During the period from March to September 2007, 1,691 samples of
ready-to-eat (RTE) cooked sliced meat were randomly collected from
1,000 retail premises throughout the UK, of which 1,686 samples were
acceptable for testing. A total of 1,651 ready to eat pâté products were
also randomly sampled from 1,000 UK retail outlets over the same
period, and 1,648 were acceptable for testing. Salmonella was not
detected in any of the cooked sliced meat or pâté samples tested.
BRITISH HALAL SURVEY
This study, reported in 1999, examined 183 raw prepared meats and
212 environmental samples from 105 halal butcher premises.
Salmonella were detected in 12 (7%) of these samples.
BRITISH FRESH MEATS SURVEY
Between March 2006 and June 2007, 6,243 samples of fresh red meat
were taken from 1,583 retail premises throughout the UK, of which
5,998 samples were acceptable for testing. Relatively few samples were
positive for salmonella (0.24%). Of the 3,249 beef samples tested, six
(0.18%) were positive for salmonella, of the 1,693 pork samples tested,
nine (0.51%) were positive for salmonella and of the 1,056 lamb samples tested, none were positive for salmonella.

EU POULTRY SURVEY
An EU survey (2010) reports that 22 Member States found salmonella in
sampled chicken carcases. On average, 15.7% of sampled carcases were
found to be contaminated, although figures varied significantly between
Member States. Of the various types of salmonella, 17 Member States
reported S. enteritidis and S. typhimurium, which are responsible for
most salmonella infections in humans.
EU POULTRY CARCASES SURVEY
A European Union-wide baseline survey for salmonella on broiler carcases was carried out in 2008. A total of 10,132 broiler batches were
sampled from 561 slaughterhouses in 26 EU Member States and two
other countries. Salmonella was detected on the broiler carcases from
22 Member States and one other country. There was an EU prevalence
of 15.6%. This prevalence varied widely among the EU States from 0.0
to 26.6%. However, one EU state had an exceptionally high prevalence
of 85.6% with the majority of isolates being S. infantis. The EU prevalence of S. enteritidis or S. typhimurium contamination was 3.6%.

USA MEAT SURVEY
In this American survey 31 laboratories examined a total of 6,169 meat
samples – 1,236 from abattoirs and 4,933 from retail and other outlets.
Salmonella was looked for in 4,002 samples of which 94 (2.3%) were
positive. Isolation rates for salmonellae were 75/3,576 (2.1%) from
retail and 19/426 (4.5%) from abattoir samples.
USA 1950 MARKET SURVEY
In 1950, the examination for the presence of salmonella in various
foods purchased from open markets in Illinois gave the following
results. Salmonella was present in 0.6% of 500 shell eggs and in 3.0%. of
powdered egg samples, in 0.2% of 512 beef samples, in 17.6% of 102
samples of hamburger hash, in 0.9% of 327 poultry carcases of ‘US
inspected’ grade and in 10.8% of 748 uninspected birds, in 14.3% of
573 ‘US inspected and passed’ pork samples, and in 26.8% of 101 uninspected pork samples.
USA HORSE MEAT SURVEY
Horse meat produced in the same establishment as that suspected of
causing clinical salmonellosis in guard dogs was examined for salmonella. Salmonella derby, S. typhimurium, S. newport, S. norwich, S. anatum, S. georgia, S. newington, S. sandiego, S. heidelberg, S. meleagridis
and S. paratyphi B var. java were isolated. S. derby and S. anatum were
isolated most frequently. Hourly samples collected at the chopper in
the packing establishment often revealed the same types of organisms
on succeeding samples. It is believed that this occurs as a result of the
continued boning of a single carcase rather than contamination of all
carcases.

IRISH SAUSAGE SURVEY 2008
Raw pork sausages (1,098) were sampled from retail establishments in
Ireland between January and April 2008 and were analysed for salmonella. Salmonella was detected in 1.7% of samples and three salmonella
serotypes were identified, namely, S. typhimurium (17), S. brandenburg
(1) and S. bredeney (1). These serotypes are commonly isolated from
pig carcases and pig meat.
IRISH SAUSAGE SURVEY 2002
A national salmonella control program in the Irish pork industry was
enacted in 2002. The objective of this survey was to assess the prevalence of salmonella in Irish pork sausages at retail level. Samples, comprising branded pre-packed sausages and loose sausages from supermarket
meat counters and butcher shops, were collected from selected retail
sites in four cities from October to December 2001 and from June to
August 2002. Salmonella serotypes were detected in 4.4 and 1.7% of
samples in each of the two sampling periods, a level similar to those
reported in other US and UK studies. When it came to antibiograms, 18
salmonella isolates (70%) were resistant to at least one antimicrobial and
15 (58%) were resistant to four or more antimicrobials.

NEW ZEALAND RETAIL MEATS SURVEY
A national survey of five types of uncooked retail meats in New
Zealand was undertaken from August 2003 to May 2005 to establish
baseline salmonella data. The overall prevalence of salmonella in 1,108
meat samples was 1.1%. Figures for individual meats were: 3% in
chicken, 1.3% in lamb and mutton, 0.5% in unweaned veal, 0.4% in beef,
and 0% in pork. The salmonella serotypes isolated were Salmonella
infantis from beef; S. typhimurium PT1 from unweaned veal and
chicken; Salmonella sp. 6,7:k:-, S. enteritidis PT9a, Salmonella sp.
4,5,12:-:-, Salmonella sp. 4,12:-:-, and S. typhimurium PT160 from
chicken; and Salmonella sp. 4:-:2 and S. brandenburg from lamb.
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The processing plant
n considering salmonella and its
dynamics in processing we will
take poultry as an example. This
is because we have a good working knowledge of salmonella in a
poultry context, the equipment is
more developed and the numbers
involved bring a whole new dimension to the subject.
Let us start by considering the
basics. First, if no salmonella come
into the processing plant there will
be none to go out on the product.
However, salmonella does occur
on poultry farms and from time to
time it will come into our plant.
Second, when it does come we
want to minimise the multiplier
effect of processing under which
<1% of birds coming into the plant
are carrying salmonella, but well
over 75% of carcases leaving the
plant are contaminated with salmonella.

I

Effective control points
The only effective Critical Control
Point (CCP) is cooking, providing
we can prevent post intervention
(cooking) recontamination with
salmonella. Other CCPs of a
chemical nature have recently
come on to the scene and are
being developed. Results look
promising but this will not be covered here. Other CPs exist such as
rinsing and temperature and these
will be addressed.
When considering salmonella
and the incoming birds, it can only
be in three places – on the feathers, in the digestive tract or, in the
case of invasive strains such as
Salmonella enteritidis, in the internal organs.
The key management aspect in
relation to the first two of these is
to separate the feathers and digestive tracts from the birds as quickly
and efficiently as possible and to
remove them from the processing
area. If we have a poor standard of
defeathering or if digestive tracts
are ruptured and have their contents spilt out over the carcase
during the evisceration process,
the level of salmonella contamination will be increased.
In both these scenarios the issue
of line speed plays a role as the
slower the line speed the better
these tasks are executed and
hence less contamination.
However, slowing down line

Spraying at evisceration, as well as immediately after, is good practice.
speeds significantly impacts hourly
output.
Let us follow the birds through
processing and consider management factors relevant to salmonella control. If the lorry and
crates bringing the birds to the
plant have not been thoroughly
cleaned and sanitised, they could
be contaminated with salmonella
from a previous load and this
could contaminate the current
load of birds.
The early processes include
killing, scalding and defeathering.
The last two of these present ideal
opportunities for cross contamination to occur.
During scalding if the temperature of the water is too high the
carcases/skin can be damaged or
discoloured, so there can be a tendency to err on the side of caution
which favours salmonella survival
and multiplication.
The scald tank is not designed
for salmonella control and often
the carcases are passing through a
‘bacterial soup’ which favours bacterial cross contamination.
New technologies like the
AeroScalder should improve the
situation as this system uses hot
moisturised air for scalding rather
than immersing carcases in water,
thereby removing a key cross contamination opportunity.
Immediately after scalding the
birds pass into the defeathering
machines with the rapidly revolving fingers. However, the flying
feather debris and water spray
also favour bacterial cross contamination.
From this stage onwards, it
should be remembered that the
longer organic debris (blood, bile,

feathers and/or faecal material)
stays on the carcase the more it
adheres, and the harder it is to
rinse off, so the sooner the carcase is rinsed the better it will be
cleaned.
From the point of view of salmonella control the strategic placing
of sprays to regularly rinse carcases is important but these must
be targeted onto the carcases
(often they are not).
Ideally, sprays should be placed
immediately after a process that
contaminates carcases, for example, defeathering, evisceration, etc.
In some plants, this can present a
dilemma because of the cost of
water or shortage of supply.

Minimise carcase handling
Integral to minimising carcase contamination with salmonella is minimising carcase handling and the
avoidance of cross contamination
points. A cross contamination
point is a point that each and
every carcase has contact with.
It has been shown with marker
organisms that if a contaminated
carcase contaminates such a point,
that organism can be detected on
the next 100-200 carcases.
As has already been mentioned,
evisceration is a key process and if
not done to the highest standards
can result in the contamination of
carcases with intestinal contents.
A key aspect of line management
is to constantly check that evisceration is being done to the highest
possible standards and that carcases are being rinsed immediately
afterwards, preferably in a spray
tunnel.

When wet chilling is practised
the carcases then pass through the
spin chillers. It should be noted
that this operation is to cool carcases, not to wash them and carcases entering the spin chillers
should be as clean as possible.
Having said this, in some countries chlorine is added in the spin
chiller water to reduce bacterial
numbers. If this is practised then
two things should be remembered
– firstly, if too much chlorine is
added carcases will be discoloured
and, secondly, high levels of
organic debris adversely impact on
the chlorine’s ability to be effective.
The higher the temperature the
faster bacteria grow and multiply.
So the other thing we want to do
in processing and then in portioning is to cool the carcase as quickly
as possible and keep it cool.
By the time the carcase leaves
the spin chiller (or air chillers) its
deep meat muscle temperature
should be 4°C or less.
In essence, the microbiological
(salmonella) management in the
processing plant can be summarised as follows:
Get it clean, keep it clean.
Get it cold, keep it cold.
An inherent advantage of the
poultry abattoir is that until birds
go into the spin chiller in the case
of wet chilling or the packing or
portioning rooms in the case of air
chilling the birds have been kept in
sequence by being on shackles.
That is we have maintained FIFO
(First In, First Out) and so no one
carcase stays in the working environment longer than any other.
When we get into portioning or
packing this discipline can be lost
so an important supervisory
responsibility is to ensure the
maintenance of FIFO! If a carcase
experiences FILO (First In Last
Out) then it will have had the
opportunity to warm up and its
bacterial (salmonella) population
may be greater than a FIFO carcase.
If you summarise the above it is
all about people management and
ensuring that your processing staff
do what they should every minute
of every shift and that your supervisors regularly check everything
that should be checked. The problem is people are human!
n
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Cleaning and disinfection
bviously, it is not possible
to keep an abattoir or a
processing plant free of
salmonella because there is a big
unknown in the status of incoming
animals and their resulting meat.
However good the management
and monitoring of animals on the
farm, some will always carry salmonella, and for that matter other
enteric zoonotic foodborne
pathogens like E. coli O157:H7,
campylobacter and Clostridium
perfringens.
This being the case, abattoir
management at the evisceration
stage needs to focus on preventing/minimising intestinal contents
spillage.
Even so, some will occur so we
need to divide our day by efficient
clean downs/sanitisations so that if
salmonella contamination occurs it
is confined to one short period of
production and does not linger in
the plant to contaminate subsequent production.
The main cleaning/sanitisation
period will be the terminal clean
down at the end of the day but
this will be augmented by cleaning/sanitisation during the breaks
and in some situations during
work.
Obviously anything that will
reduce the level of soiling and contamination of the plant and its
equipment will predispose
towards better cleaning/sanitisation.
In this context, the practice of
refusing to accept badly soiled animals that occurs in some parts of
the world is to be applauded.
Cleaning is as good as the equipment, people and chemicals
employed and each of these will
now be considered in turn.

O

Equipment
The equipment used needs to be
fit for purpose and bald brushes or
pressure washers with inadequate
pressure should not be used.
In large plants, equipment should
remain in a designated area and,
for example, the brushes used in
the lairage or hanging on area
should not also be used in, say,
further processing.
This can easily be managed by
colour coding the equipment so
that each area and the equipment
in it remains separate.

You do not want to have staff
moving from high risk to low risk
areas and one way to manage this
is to supply coloured clothing that
matches the colour designated to
the area they are working in.
Something that is often overlooked is to clean and sanitise the
cleaning equipment. There is no
point trying to clean and sanitise
an area if the mobile unit you are
using is filthy!
Finally, equipment, walls and
floors need to be constructed and
in an adequate state of repair so
that they protect salmonella from
the cleaning process. That is, surfaces should be hard, impervious
and smooth.

find aspects of the job that can be
done better and by just being
there they will exert a motivational
influence.
There must be a process of
‘inspection and signing off’ otherwise standards will slip. The first
stage to this is a visual inspection
but this can be backed up by using
a rapid testing system.
In the case of the latter, keep
your staff there while you do the
test and praise them if there is a
satisfactory outcome. If there is
not, insist the re-clean is done
immediately. Nothing motivates
cleaners more than being late for a
coffee or meal break!

Chemicals
People
Some say that people are only as
good as the tools they are given.
However, when it comes to cleaning and sanitisation it is also very
true to say that the job done is as
good as the people doing it!
For example, if your staff only
apply the disinfectant to 80% of
the surfaces to be cleaned, do not
be surprised if at least 20% of the
micro-organisms survive!
Likewise, it is amazing how many
staff do not appreciate that water
runs downhill and start cleaning a
wall base upwards with the result
that dirty contaminated water runs
down over the area that has been
cleaned. If they work top down
then any run off water runs over
an area still to be cleaned and can
serve the useful role of pre-wetting.
Cleaning and disinfection are
jobs with specific skills and expertises so it is better to have a
defined cleaning team so that its
members can then become specialists.
The practice of looking for volunteers from the workforce to do
a few hours overtime at the end of
a strenuous day is not to be
encouraged. This is because tired
workers can not give the job the
attention to detail that it requires if
there is to be a satisfactory outcome. In addition, it is worth
selecting staff with some ability to
do this job and pay a small premium to your cleaners.
Senior managers should be
encouraged to spend time in the
plant with the cleaners – they may

Chemicals do not work well in
dirty environments so the first
stage of the cleaning process is
removing the dirt to prepare us
for the second disinfection stage.
Disinfection is no substitution for
good cleaning – the best results
are obtained from good cleaning
plus good disinfection!
We need to use a chemical that
is effective (bactericidal, not bacteriostatic) against salmonella.
Effectiveness is defined in terms
of percentage kill.
Do not be misled by percentage
kill figures – remember a 98% kill
means two out of every 100 survive or 20,000 out of every million
survive. Salmonella can multiply up
quickly so 20,000 can quite quickly
become a million again. A good
disinfectant for salmonella should
have at least a 99.99 or 99.999%
kill rate!
We then need to consider the
environment that we will be using
the disinfectant in, for example is
the product effective in hard
water?
Our cleaning process will not
always be 100%, so is the disinfectant effective in the presence of
organic matter (dirt)?
If we are using an acidic or alkaline disinfectant we need to be
sure that the chemicals we use in
the cleaning stage are not the
opposite. Otherwise, any that
remains after the cleaning stage
could neutralise the disinfectant in
the disinfection stage to some
extent.
In meat plants we want products
to be meat product friendly so

that no smell or taint is left on
meat products should some disinfectant come into contact with
them. This need not be direct contact – for example disinfectant
remaining in live haul crates can
taint poultry meat.
In 2013 we need to use products
which are safe for the operatives
and for the environment. We also
need to have dilution rates which
are easy to calculate so that mistakes do not occur.
In reality, effective disinfection is
the combination of people plus
products plus equipment.
In many situations it is the people that are the weak link. For
example, the product is right and
has been correctly diluted and the
equipment is producing the correct foam, but the people just do
not ensure that the foam gets on
to all the surfaces to be cleaned/
disinfected.

Three stage checking
So, how can we check that the
cleaning has been properly done?
There are three stages to checking. First is the visual check, in
which we just look to see that
everything is clean. This includes
looking at undersides of tables,
conveyors and the like and the
topsides of cupboards and beams.
In addition, look inside things like
holding hoppers, mincers and
sausage machines. Importance is
given to any area with product
contact.
Secondly, we can use the modern instant test kits that tell us
immediately whether a surface is
clean or not.
Thirdly, and finally, there are various microbiological tests. These
are primarily to satisfy customers
that what is ‘visibly clean’ is also
‘microbiologically clean’.
This is because results take days
and, therefore, can not be used as
a management tool except to
identify places (swabs) which are
repeat offenders.
If we are doing inspections or
testing it is important that the
results are shared with the cleaning teams – poor results identify
areas that need more attention
and good results are a motivational force!
People always like to be told that
they have done a good job!
n
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Control in the processing plant
ed meat and poultry processing plants have many
similarities and some interesting differences when it comes
to managing the salmonella problem.
Managing salmonella in both has
two key components. Firstly, if salmonella does not come into the
processing plant then we can not
have a problem. However, in reality salmonella will come into our
plant quite regularly.
Secondly, if salmonella does
enter the plant we want to minimise the number of carcases it
contaminates. The extent to which
this cross contamination occurs
depends on several factors:
l The load or number of salmonella present.
l The proximity of carcases to
each other, both in terms of physical and temporal closeness.
l The amount of water present.
l The use of the same equipment,
with inadequate cleaning between
carcases.
l The physical presence of cross
contamination points.
Let us consider some of these
further. A cross contamination
point is something that all carcases
touch – the first carcase deposits
salmonella on this point, which will
then be picked up by subsequent
carcases coming down the line.
In poultry processing plants it has
been demonstrated that one carcase can contaminate 200 or so
carcases in this fashion. Water
provides a means of cleaning carcases but also a way of transferring
bacteria, like salmonella, from one
place (carcase) to another. So, it is
important to ensure that water
from one carcase does not contaminate another.
Before going any further let us
consider the important differences
between cattle and poultry when it
comes to primary processing.
Firstly, cattle carcases are usually
treated as individual carcases and
there is the opportunity to practise rectal plugging and tying off the
rectum before separating it from
the rest of the carcase to prevent
spillage of digestive tract contents.
Secondly, consider the numbers.
A beef abattoir may only kill a few
beasts a day, but poultry processing plants can be processing up to
a million birds a day! Also, consider the value of the carcase and
what can be spent on control

R

measures on a per carcase basis!
It could be argued that in beef
processing we are still practising
the art of processing on individual
carcases, but in poultry processing
plants we are applying the science
of processing to a rapidly moving
production line carrying tens of
thousands of birds per hour!

Back to basics
The first thing in the control of salmonella is not to let it into the
plant in the first place, but if we
have to process known salmonella
positive animals, we should
process them at the end of the
day. In this way, there are no subsequent carcases that can be cross
contaminated and we can rid the
processing area of salmonella by
end of shift cleaning and sanitation.
For cattle and sheep something
as simple as only processing animals with clean hides and fleeces
can significantly reduce the number of salmonella going into the
processing plant.
In addition, feed removal some
hours before kill can reduce the
gut load in broilers and significantly
reduce gut spillages during processing.

Ensuring that live haul lorries are
always thoroughly cleaned before
they collect animals from the farm
helps minimise salmonella spread
and contamination of the new
load. Then, simple and obvious
things like clean lairages need to
come into our thinking.
Once we have done all we can
to reduce salmonella inputs we
then need to do all we can to
avoid crossover contamination
during processing. This is especially
important during poultry process-

ing, so this species will now be
used as an example.
Once we have washed dirt (and
salmonella) off a carcase it is gone
for ever. We can achieve this by
using large volumes of water.
In this day and age water is not
cheap so broiler processing plant
managers often have the amount
of water used per carcase as one
of their key performance indicators. Thus, we can not really
address this issue by quantities of
water alone, but rather by the efficient use of water.
We need to use water where it
will have the greatest impact. In
general, this means as soon as possible after contamination has
occurred because if we leave dirt
for any longer it will adhere more
firmly to the carcase and be more
difficult to remove.
So, the sooner we can wash carcases in the process the better. If
we are using spin chillers we must
remember that their function is to
cool carcases, not to be a final
washing stage.
The cleanliness or bacterial load
of spin chiller water is a good way
to get a hands on assessment of
how effective our washing
processes have been. It is also
worth remembering that cooling
water (making ice) costs money
and if we have to tip the contents
of a spin chiller early because they
are too dirty this is just a case of
literally pouring money down the
drain.
So, the debris produced by killing
and defeathering wants to stay in
the defeathering room and the
debris getting on carcases wants to
stay in the evisceration area.
Visual inspection of carcases
leaving either of these areas and/
or entering the spin chiller will give
us a good indication of how effective these early processes have
been.
We also need to ensure sprays
are targeted on to the carcases to
be washed – water sprayed past
the carcase is wasted. In this context, we need to remember to
realign spray heads and nozzles
each time bird size changes.
After the spin chillers, the more
a carcase has contact with surfaces
like tables or conveyors the
greater the opportunities for salmonella cross contamination.
Thus, on shackle meat stripping or
the use of cones has merits.

If we have a cutting room that
relies on key conveyors for moving
product we should have continuous Cleaning In Place units operating so that the conveyor is cleaned
and sanitised on it return trip.
Another source of cross contamination is to have a shackle line
of carcases running in parallel to
and above a conveyor line carrying
cut product. The cut product is
cross contaminated by the water
dripping off the carcases. If you
think about it, this is how we can
contaminate a previous batch of
production – normally we contaminate subsequent batches of production!

Quality control checks
A common assumption in the processing plant is that everything is
okay or to have the QC team look
for visual carcase defects. Why not
have a QA or QC operator regularly auditing for bird cleanliness,
spray effectiveness and condition
of spin chiller water. This person
could also look for and remove
cross contamination points.
Salmonella growth is temperature dependent. So the old processing adage of ‘get it clean, keep
it clean and get it cool, keep it
cool’ is just as relevant for salmonella control as it is for general
quality issues in poultry production. Finally, remember the longer
product is in the processing area
the more opportunities there will
be for contamination to occur and
or temperature of product to rise.
Hence, it is also important to
ensure the principles of First In,
First Out apply at all times to
product flow through the processing area.
n
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Further processed products
hen looking at salmonella in further
processed products,
the key question is where does the
salmonella come from? This is
because the best method of control is to stop the salmonella getting into your product in the first
place!
In general, this question can be
answered by saying that the salmonella status of further processed
products is as good as the salmonella status of the ingredients going
into that product.
The notable exception to this is
cooked further processed product
because if the cooking is done
properly all salmonella should have
been eliminated as cooking is one
of the few CCPs in poultry processing. Thus, if we find salmonella
we are talking about post-CCP
recontamination of the further
processed meat product.

W

Non-meat sources
Let us start by considering nonmeat sources of salmonella for further processed meat products.
Almost any ingredient can be a
source, but spices and herbs have
a variable track record when it
comes to salmonella, especially
imported ones which have been
produced under dubious hygienic
circumstances.
Sometimes the source can be
surprising. Some time ago a company garnished fresh poultry portions with fresh parsley.
Microbiologically, the faecal indicator levels oscillated and sometimes high faecal indicators were
accompanied by a salmonella isolation. The same picture was not
seen in products with no parsley
garnish.
Upon investigation it was found
that the source of the unacceptable levels of faecal indicators was
the parsley and that their levels on
the parsley varied significantly and
were at their highest when the
parsley was harvested after rain.
What was happening was that
the rain was splashing mud up on
to the parsley and the original
source of the faecal indicators and
salmonella was actually the soil the
parsley was grown in.
The problem in the poultry portions was resolved by replacing the
fresh parsley that garnished the

The garnish should be added at time of cooking or consumption, not days
earlier in production.
poultry portions with a picture of
product with parsley on the label.
When any product is cooked
there is a temperature gradient
from its outside to its centre. Thus
if any part of a product is inadequately cooked it will be its centre.
For a piece of whole meat the
centre will not contain salmonella
unless it came from a bird that was
septicaemic (salmonellosis) and
such birds are rejected at meat
inspection.
However, for products manufactured by forming from many small
pieces of meat, such as burgers
and sausages, it is easily possible to
have salmonella organisms on the
surface of a small piece of meat
transferred to the centre of the
product. If that product is then
inadequately cooked, not only is
the salmonella not killed but it is
taken to a higher temperature
(below the lethal temperature) at
which it grows and multiplies
quicker, thereby greatly increasing
the probability of creating an infectious dose of salmonella.
Salmonella typhimurium is often
found in pork sausages. Poultry
further processed products often
contain the salmonella serotype(s)
found in the integration/processing plant from which the meat
came. In the 1990s S. typhimurium
accounted for 14% of total isolates
from beef carcases, 10% of total
isolates from chicken carcases,
18% of isolates from raw ground
pork and 15% of isolates from raw
ground beef in the USA.
In American poultry, S. heidelberg accounted for 26% of all sal-

monella isolates from chicken carcases, 14% from turkey carcases,
30% from ground raw chicken and
6% from raw ground pork, while in
turkeys S. hadar accounted for
15% of total isolates from turkey
carcasses and 24% from raw
turkey meat.
These figures are interesting as
they show an increase in percentage of isolates from whole bird to
further processed products.
For example, for S. hadar in
turkeys, the figure almost doubles
from 15 to 24%. If this is happening, some serotypes must be doing
the opposite and so some salmonella are favoured by a move into
the processing environment, while
others are not.

Injection exception
It was said that salmonella was not
normally found in the centre of a
piece of solid meat, well there is
an exception to this and this is a
piece of meat that has been
injected for whatever reason.
Typically this occurs when the
needle picks up bacteria, including
salmonella, and takes them on the
needle(s) to the deep meat.
A more serious situation is when
the solution being injected
becomes contaminated. For this
reason such solutions should only
be made up immediately prior to
use and part used solutions should
never be held overnight or over
the weekend as this gives salmonella time to multiply.
Let us now focus on control and

this starts with knowing the status
of your ingredients. Obviously, the
major ingredient is the meat and
one way of minimising salmonella
risk is to minimise the number of
places you source your meat from.
You also need to satisfy yourself
that the meat is being produced
under hygienic conditions and that
your supplier understands about
salmonella and tests for it.
Salmonella will occur from time
to time on meat so if your product
is going to be cooked do not get
over excited about a single salmonella isolation. However, if isolations start to become a regular
occurrence that is another matter!
See if there is anything you can
do to minimise risk. Returning to
the parsley story cited earlier,
there was also the possibility of
soaking/rinsing the parsley in an
appropriate food grade sanitising
solution.

Substrate switch
Another scenario to be aware of is
that of substrate switch. In this, an
ingredient contains salmonella that
are not growing and multiplying
and therefore the risk is not great.
However, when this ingredient is
added to meat and meat juices,
which salmonella like, they move
from the ingredient to the meat
and meat juices and start to grow
and multiply and soon create an
infectious dose. Remember, the
infectious dose per gram goes
down as the amount of food consumed increases.
You might never have thought
about it before, but it is because of
substrate switch that some
yoghurts have a split compartment
with one section for yoghurt and
the other for fruit or nuts. It is also
one of the reasons for providing a
sauce in a sachet rather than pouring it over the product at the outset.
Never forget that salmonella
could be hiding somewhere in
your further processing environment and so on going and end of
shift cleaning and sanitisation is
important. Do not let your cleaning and sanitation become a management afterthought.
An experienced manager should
be responsible for hygiene and
cleaning and should regularly liaise
with the cleaning team at work. n
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Training of staff
Training is often personal to the trainer so rather than ‘teaching your
grandmother to suck eggs’ (which has an accompanying salmonella risk!)
we decided to give you, in bullet point format, the key components of an
effective training programme for staff.

• Importance of personal hygiene, including how to wash hands properly
• Good toilet practice
• Risks, for example contact with animals, foreign holidays, etc

Testing for salmonella
Know your enemy
• History
• What salmonella is
• What a serotype is
• DTs and PTs
• Its growth requirements
• Always originates from gut contents – remember flies, wild birds,
vermin, lizards etc.
• Favourite foods to contaminate
• Salmonella and meat/meat products
• How contamination occurs
• Persistency
• Antimicrobial resistance
• Basic principles of biosecurity

Food poisoning
• Pathogenic and apathogenic serotypes
• Infectious dose
• Vulnerable groups of people
- The old
- The young
- The sick
- The immunocompromised
• Common sources/foods
• Inactivation by gastric acid
• What is an outbreak?
• Dynamics of spread

Sources of contamination
• Faecal contamination
- Of product directly, for example at evisceration
- Of product indirectly, for example via workers’ hands, equipment
- Of water supply, for example dead rat in header tank
- Of ingredient, for example spices
• Danger of bacteraemic carcases (S. enteritidis in poultry)
• Products – steaks etc on surface, burgers etc throughout substance –
importance of thorough cooking
• Cooking: effective temperature-time combinations
• Cross over contamination in processing
• Cross-contamination points and their significance
• Imported meats, ingredients etc
• Status of purchased meats/ingredients
• Certificates of analysis

Staff as a salmonella risk
• Signs of salmonella infection (food poisoning) in man
• Reporting of diarrhoea or sickness
• Stool testing
• Company policy on salmonella positive staff

• Sampling
- Objectives
- Statistics
• Methodology of testing
- Pre-enrichment
- Selective enrichment
- Selective plating
- Chemical confirmation
- Poly ‘O’ and ’H’
- Serogrouping
- Serotyping
• Rapid testing
• PCR
• Legal basis of testing
• Accredited/certified methods
• Reporting of results
• Sensitivity of testing
• Interpretation of reports

Sampling strategy
• What is its goal?
• What needs to be tested?
• Level of sampling
• Meeting legal requirements
• Satisfying customer requirements
• Traditional end product testing
• Testing integrated into HACCP and other QA programmes
• Fixed programme sampling versus controlled random sampling
• Action to be taken if a positive result
• On-going testing or positive release?

Salmonella control
• Sourcing from negative sources/suppliers
• Control starts on the farm
- Biosecurity
- In feed controls
- Vaccination
- Competitive exclusion
• Certification required and what it actually means
• Scheduling, for example kill positive poultry flock last
• On-going cleaning processes, for example water sprays
• End of batch cleaning/sanitisation processes
• End of day cleaning/sanitisation processes
• Deep cleans
• On-going sanitisation of key equipment, for example knives
• Application of FIFO (first in, first out)
• Temperature management
- Room/air
- Product
• The value and use of HACCP
• Cooking: effective temperature-time combinations

This Salmonella series has been running across all our titles. In September we will be consolidating all the articles into a single ebook.
To be able to source your copy of this interesting publication please forward your email address to info@positiveaction.co.uk
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Introduction to salmonella
almonella is a Gram negative
bacterium that is often associated with food poisoning in
man. Such food poisoning outbreaks are often associated with
foods of animal origin such as eggs,
poultry meat, other meats, milk
and cheese. Food poisoning can
also occur when faecal material
contaminates foodstuffs for human
consumption, such as melons,
tomatoes or nuts.

S

Dairy products
If we take milk or dairy products
as an example, various salmonella
serotypes can colonise the cow’s
digestive tract without causing disease and can contaminate the milk
and/or at the end of the cow’s life
can contaminate the carcase.
This contamination of the milk
can be from an infected udder or
from faecal material on the teats
that then gets into the milk. Milk
contamination can also arise from
poor hygiene practices at or after
milking. The contaminated milk or
meat can then cause food poisoning in man.
The risk of milk as a source of
various infections for man, including salmonella, has been known for
a long time. Originally we were
talking about diseases like tuberculosis and brucellosis and the risk of
passing these infections on to man
was removed by pasteurising the
milk. Nowadays, salmonella in milk
can be controlled by the same
process.
Pasteurisation is effective at
killing off salmonella bacteria in
milk so it is surprising that consumers want to drink raw (unpasteurised) milk or consume cheeses
made from such milk.

S. enteritidis in poultry
A couple of decades ago,
Salmonella enteritidis came to the
fore in poultry products – firstly,
and quite notoriously, in eggs and
then in poultry meat products. In
fact, it was the situation that arose
with ‘salmonella in eggs’ that took
our thinking on food safety to a
new level that involved supermarkets to a much greater degree
than previously.
In recent years there have been
a whole host of salmonella food

October 2006-January 2007

May-November 2011

Salmonella montevideo
Cheese (ex raw milk)
France
23 human cases

Salmonella enteritidis
Eggs
Iowa and other States, USA
1,939 human cases

July-August 1989

August -November 2011

S. typhimurium DT 193
Cold sliced pork
Northern England
206 human cases

Salmonella heidelberg
Ground turkey products
34 States, USA
136 human cases

1984-1985

March 2011

Salmonella typhimurium
Milk
IL and five other States, USA
16,824 human cases

Salmonella panama
Cantaloupes
5 States, USA
13 human cases

October 2006-January 2007

April 2011

Salmonella litchfield
Papaya
Australia
26 human cases

Salmonella bareilly
Tuna
20 States, USA
116 human cases

Fig. 1. Examples of salmonella food poisoning outbreaks.
poisoning outbreaks around the
world involving a wide diversity of
foods including cantaloupes,
peanut butter, soft cheeses and
ground turkey meat, to name but
a few.
Salmonella usually enters the
meat chain on the farm and there
are many sources including in animals, feed, water, bedding material, on equipment, via staff and
their food and by vermin, lizards,
insects and wild birds.
Salmonella control starts by getting a farm clean and keeping it
clean by managing all these different inputs. Needless to say, this is
not possible if you have contaminated animals or feed regularly
entering the farm.
For this reason, control has a
second line of defence and this
centres around protecting the animals by using approaches such as
vaccination, and the use of feed
additives such as organic acids and
various organic products.
At farm level one can not just
assume everything is satisfactory –
a continuous monitoring programme is required to confirm
everything is satisfactory or if it is

not to trigger off corrective
actions.
When it comes to processing
animals, attention needs to be
given to preventing the spillage of
digestive tract contents as this
material can contain salmonella.
Processing poultry needs a high
standard of evisceration coupled
with the practice of regular carcase rinsing (washing).

Cross-contamination
The importance of avoiding crosscontamination is then an issue for
the rest of the food chain right up
to the consumer’s plate. This can
especially be the case in the consumer’s own home.
Two examples of what can go
wrong are storing raw meat in the
refrigerator above a salad or
cheese cake (which will not be
subsequently cooked) and allowing
meat juice to drip on to them and
the practice at barbecues of placing cooked burgers or sausages
back on to the plate that they originally came from!
Similar scenarios can happen on

a much bigger scale in cooking
plants when post cooking product
is contaminated.

Control by cooking
Thorough cooking will destroy salmonella but we need to be sure
that the meat is cooked right
through. This is especially so for
products like burgers and sausages
in which salmonella can be mixed
into the product and so be present
throughout its substance. Compare this to a steak derived from a
healthy animal in which the only
issue is surface contamination.
Human food poisoning has a
few prerequisites and these
include a serotype which is pathogenic to man, an adequate number
or dose of micro-organisms and
the actual consumption of the salmonella. These can be coupled to
factors in the victim (host) that will
favour the salmonella’s ability to
cause food poisoning, such as age
factors, depressed immunity or
defence mechanisms that are malfunctioning.

Contaminated chocolate
Sometimes, the salmonella is protected from the defence mechanisms and a good example of this
was the food poisoning outbreak
due to S. napoli contamination of
soft chocolate.
The salmonella in the chocolate
was protected in a globule of fat
which protected it from the stomach’s acid. Once the globule
reached the small intestine it was
broken down by lipases and the
salmonella then caused the food
poisoning!
Wherever we are in the production chain, from the farm to the
supermarket chill cabinet, there is
one very important factor to consider in the management of salmonella and that is the human factor.
Many outbreaks of salmonella
food poisoning can be traced back
to a human error! Thus, staff education and training is very important.
From this brief introduction to
salmonella you will have seen that
there are many facets to this
important bacterium and these will
be covered in future issues of the
magazine.
n
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History of human food poisoning

T

Early typhoid outbreak
In the USA it is thought that a
typhoid outbreak killed 6,000 or
more settlers between 1607 and
1624 and in the Spanish-American
War (1898) some 21,000 recruits
contracted typhoid with a mortality rate of almost 8%.
In the Boer War in South Africa
(1899-1902) the British lost
13,000 men to typhoid and just
8,000 in action.
In the early days salmonella
problems were associated with
poor sanitary conditions in urban
areas and many outbreaks were
traced back to contaminated milk
or water supplies.
In the early to mid 19th Century
Dr William Budd urged for more
disinfection and an effective treatment for the water supply. The
subsequent introduction of piped
and filtered water (chlorination
came later) into urban areas was
accompanied by a dramatic reduction in the number of cases of
typhoid fever.
As early as 1896 a vaccine
against typhoid fever was available
but many people refused this vac-

20
Number of isolates (x1000)

he name salmonella comes
from the fact that this bacterium is named after Dr
Salmon, an American veterinarian
who in 1885 discovered and isolated the first strain. That isolate
was the organism that we now
know as Salmonella choleraesuis, a
strain which causes an acute disease in pigs.
Salmonella can be divided into
those strains which cause typhus, a
fever in man (typhoid Salmonella
typhi and paratyphoid) and those
which cause gastroenteritis or
food poisoning. Their main habitat
is the digestive tracts of animals –
many of the early recorded cases
of salmonella infection were probably typhus.
Although the discovery of salmonella was in 1885, salmonella infections were suspected, often
retrospectively, of killing key people in history such as Alexander
the Great and Prince Albert, the
consort of the English Queen
Victoria, in 1861. In Victorian
times in England it was estimated
(based on clinical signs) that there
were some 50-60,000 cases of salmonella infection in man.

S. enteritidis PT4

S. enteritidis non-PT4
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Fig. 1. Food poisoning in England and Wales due to S. enteritidis.
cine because of the violent side
effect associated with its use.
However, by the time of the
First World War this problem had
been overcome and the number of
soldiers who died from typhoid
fever was much less than in previous military campaigns.
At the start of the 20th Century
an infamous lady came on the
New York scene who quickly
became known as Typhoid Mary.
This lady was a chronic carrier of
S. typhi and she was in domestic
employment as a cook. She
worked with several families over
a relatively short period of time
and was associated with 22 deaths
due to typhoid fever in these families. She had an uncanny knack of
disappearing and moving on to
another family just as the authorities were beginning to realise there
was a possible carrier as the cause
of each small outbreak.
In 1907 Typhoid Mary was
apprehended and spent three
years in a quarantine centre. She
was released on the understanding
that she never again worked in a
job with food handling. She broke
this undertaking, was associated
with further cases of typhoid fever
and was returned to quarantine
for the rest of her life.

Other serotypes
In this first phase of the history of
salmonella most cases were due to
S. typhi. As we went into the 20th
Century other serotypes were
more frequently encountered and
many of these were foodborne.
For example, in 1985 an outbreak of human salmonellosis due
to S. typhimurium involved some

16,000 cases across six States in
the USA and this was traced back
to milk from a dairy in Chicago. It
was one of the largest salmonella
outbreaks in the USA and had its
origins in the inadvertent mixing of
raw and pasteurised milk – all the
milk sold should have been pasteurised.

and, in so doing, caused a slight
shift in product pH which favoured
S. enteritidis. After his new recipe
was promoted there was a surge
in cases of food poisoning!
The other thing highlighted by
the ‘Salmonella in Eggs’ saga was
the role politicians can play. In the
UK a few ill-chosen words by the
Junior Health Minister decimated
eggs sales for quite a few weeks.
This highlighted the importance
of always choosing your words
carefully when speaking to the
media.
In the early days, there was a
reluctance of governments to act,
but when they finally did, the
impact of intervention could be
seen. For example, once a monitoring and culling of positive flocks
or a vaccination programme was
introduced into table egg flocks
the level of human cases of salmonellosis was, in time, reduced.

Global pattern
Post CCP contamination
Virtually all outbreaks of salmonellosis at this time were associated
with foods that were not subjected to control measures (CCPs)
using heat, such as cooking or pasteurisation, or with foods that
were subjected to post CCP contamination with salmonella.
In the late 1980s the large
‘Salmonella in Eggs’ problem associated with S. enteritidis occurred
and this highlighted new aspects of
human food poisoning. S. enteritidis came from the chicken flocks
and in the early days the focus was
on table egg laying flocks.
The fact that there was also an
issue in meat flocks was overlooked at the outset.
This problem appeared in many
countries at about the same time,
begging questions about a common source, whether bird or feed
related. Also consumer preferences influenced the probability of
getting salmonella, for example,
those who ate soft boiled eggs
rather than hard boiled eggs were
much more at risk as were consumers of products containing raw
egg, such as mayonnaise.
The mayonnaise dimension highlighted the issue of product pH. In
one country, a celebrity chef created his own mayonnaise recipe

S. enteritidis was a global problem
and other global or multi-country
problems have been seen, for
example, food poisoning caused
by S. poona from Mexican cantaloupes. Also, the great increase
in global travel has increased the
number of people who are
infected, say in a holiday resort,
and then diagnosed on their return
home. There have even been
cases of ‘bioterrorism’ associated
with salmonella – one of the most
publicised was with S. typhimurium
in salad bars in Oregon State, USA
in the mid-1980s.
It should also be remembered
that salmonella can come from
other sources. These include pets
and cases relating to Iguanas in the
USA and terrapins in Europe come
to mind. Other unusual cases have
involved contaminated cannabis
and contaminated organic Viagra!
The lesson from history is one of
a changing picture and the next big
salmonellosis may well involve a
foodstuff that has not been previously seriously implicated.
This has happened recently with
foods like soft cheeses (especially
if made from unpasteurised milk),
almonds, soft chocolate and
peanut butter. Perhaps the future
will see more multi-antibiotic
strains of salmonella associated
with human food poisoning.
n
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Isolation
any countries or major
customers have salmonella testing as part of
their food testing requirements
and typically this requires confirmation of absence of salmonella in
25g of product or, in the case of
some high risk foods such as baby
foods, confirmation in a larger
amount of the product.
Results are typically shown as
‘not detected’ or ‘detected’ as this
is a true reflection of what the test
result is telling us rather than ‘negative’ or ‘positive’ as negative misleads some producers to think all
their product is free of salmonella
and view this as a guarantee, which
it is not!
Let us consider why this should
be so. Firstly, if we consider a
tonne of product there are 40,000
25g samples in it.
Thus, if the salmonella is homogeneously distributed through the
product and the product contains
less than 40,000 salmonella organisms per tonne there are going to
be samples that contain no salmonella and when the product contains less than 10,000 salmonella
organisms there will be 75% or
more of samples that do not contain salmonella and, as such, would
give a ‘not detected’ result on testing.
In reality, most products have
salmonella unevenly distributed
through them and this just compounds the scenario previously
described.
In addition, it is questionable
whether all testing methods are
capable of detecting one salmonella organism in 25g of product!
So, this is another complicating
factor.
In fact in the 1990s a laboratory
survey in a European country
showed some 10% of laboratories
failed to pick up salmonella which
was known to be present at a level
of 10 cfus per gram (250 cfus in a
25g sample)!
Thus, we can say a ‘detected’
result means something but we
need to keep an open mind about
an isolated ‘not detected’ result.
However, the more detected
results we get from a product or a
plant the greater the reality that
the product or plant really is salmonella negative.
Testing involves two key stages –
sampling and the actual testing
process.

M

25g of sample

24 hours in resuscitation broth

24 hours in selective
enrichment broth A

Selective
agar X

24 hours in selective
enrichment broth B

Selective
agar Y

Selective
agar X

Selective
agar Y

Identify suspect colonies

Confirmatory chemical tests

Poly ‘O’ and ‘H’, serogrouping and serotyping
Fig. 1. A typical salmonella testing protocol.
This article will focus on the latter, but first of all a few comments
on the former.
Any sampling process should
provide us with a representative
sample and for bulk commodities
this often involves taking multiple
samples from throughout the
commodity, pooling and mixing
them and then sampling this composite sample to provide the sample for testing.
Needless to say, we must not
introduce salmonella during the
sampling process via contaminated
sampling equipment.
In many products, salmonella, if
actually present, is present in very
low numbers among a multitude of
other bacteria and can quite aptly
be described as ‘looking for the
bacterial needle in a haystack’!
This is reflected in the design of
most testing procedures.
The actual laboratory testing
used most frequently is based on
traditional microbiological methods. This procedure (see Fig. 1)
has several stages and these will
now be considered.
1. Resuscitation
This is a process in which 25g of
the sample is incubated for 24

hours in a nutrient broth and its
purpose is to revitalise any failing
salmonella so as to maximise the
possibility of isolating them. This
stage also allows multiplication to
occur.
2. Selective enrichment
In this stage an aliquot of the incubated resuscitation broth is transferred into a selective enrichment
broth which is then incubated for a
further 24 hours.
Selective enrichment broths
favour growth and multiplication,
while at the same time inhibiting
the growth of other bacteria.
Thus, if salmonella is present, at
the end of this period of incubation the relative proportion of salmonella in the broth will be
significantly increased. A typical
selective enrichment broth is
Rappaport Vassiliadis Broth.
3. Selective plating
After the period of selective
enrichment has been completed a
loop full of the broth is taken and
streaked on to a salmonella selective agar such as Brilliant Green
Agar or XLD Agar.
These agar favour the growth of
salmonella and bestow on result-

ing salmonella colonies a characteristic, usually a colour, which
facilitates their detection among
other colonies on the selective
agar plate.
In the case of Brilliant Green
Agar red colonies are produced
and in the case of XLD Agar the
colonies are black.
If at this stage we have isolated
characteristic colonies we have a
‘presumptive detected result, or, if
no characteristic colonies have
been isolated we have a not
detected result.
To increase the probability of
isolating salmonella two selective
enrichment broths are used which
in due course are each streaked
on to two selective agars.
The next stages are to confirm
that the presumptive colonies
really are salmonella as some
closely related bacteria, such as
Citrobacter freundi, can produce
colonies which look very similar to
those produced by salmonella.
The first tests done are biochemical ones.
To do these tests we need to
produce a stock of salmonella
from a suspect colony and this is
done by selecting a colony and
streaking it on to an appropriate
nutrient agar.
Nowadays the biochemical tests
are usually done using an appropriate API test strip. This strip contains some 20 or so wells each of
which contains the reagents for a
specific chemical test. A solution of
the salmonella to be tested is then
added to each well and the strip is
incubated for 24 hours.
At the end of 24 hours the
results of each test is read and it is
then confirmed whether or not
the profile of results produced is
that of salmonella.
The next tests that can be done
are immunological ones. All salmonella contain antigens which are
unique for salmonella.
These basically fall into the ‘O’
and ‘H’ antigens and if a solution of
the salmonella to be tested contains a salmonella, agglutination
will occur when it is mixed with
Poly O and H salmonella antisera.
Using the same principles and
appropriate antisera this process
can be continued to confirm the
salmonella’s anti group and, if
taken further, the actual salmonella
serotype involved can then be
defined.
n
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A

Salmonella typhimurium

1

4, [5]*, 12

i

{

{

{

{

Group O:4 or Group B

Subspecies

O antigen

Phase 1

Phase 2
H antigens

1,2

I 4,5,12:i:1,2
I

4,12:i:1,2

Salmonella typhimurium var. 0 5- or
Salmonella typhimurium var. Copenhagen

[5]* means O antigen 5 may or may not be present

Fig. 1. The makeup of S. typhimurium.

Importance of serotyping

Number
designation

So, why is serotyping important?
Firstly, strains/isolates of the same
serotype (especially, if it is a rare
one) may be related and this can
be very important when it comes
to the epidemiology of a food poisoning outbreak.
For more common serotypes we
need to further break down the
serotype. Good examples of this
are phage types (PTs) for
Salmonella enteritidis and definitive
types (DTs) for S. typhimurium.
Also, some serotypes correlate
to their ability to cause disease
such as S. typhi and other invasive
serotypes. Serotyping is internationally recognised as the language
of salmonella.
Nowadays, there are two
species of salmonella – Salmonella
enterica and Salmonella bongori.
S. enterica is further divided into
seven subspecies. Some 99% of
human isolates are subspecies I.
A few are also found in subspecies IV, IIIb, II, IIIa and VI (the
order given reflects the order of
frequency in human isolates).
The correct (full) name for S.
typhimurium is Salmonella enterica

2
4
7
8
9
3, 10
13

Old letter
designation

Typical ‘O’ antigens

A
B
C1
C2
D1
E1
G

2, 12
4, 12
6, 7
6, 8
9, 12
3, 10
13

Table 2. The ‘O’ groups which include 97% of all human salmonella isolates.

Taxonomic name

I

S. enterica subspecies enterica

II

S. enterica subspecies salmonae

IIIa

S. enterica subspecies arizonae

IIIb

S. enterica subspecies diarizonae

IV

S. enterica subspecies houtenae

VI

S. enterica subspecies indica

Serovar
S. typhi
S. ndolo
S. dublin
S. enteritidis
S. gallinarum
S. pullorum
S. panama

O
antigens
9,12,Vi
9,12
1,9,12
1,9,12
1,9,12
(1),9,12
1,9,12

Phase 1 (motile)
H antigens
d
d
g,p
g,m
no phase 1 antigen
no phase 1 antigen
l,v

Phase 2 (non-motile)
H antigens
no phase 2 antigen
1,5
no phase 2 antigen
no phase 2 antigen
no phase 2 antigen
no phase 2 antigen
1,5

Fig. 2. The makeup of S. IV 48:g,z51 (formerly S. marina).
Group O:48 or Group Y
IV

48

g,z51

{

Subspecies

Table 3. An example of some of the serogroup D salmonellas in the
Kauffmann White Scheme.

{

Table 1. S. enterica subspecies.

designated by numbers (see Table
2). The ‘H’ antigen is a protein
antigen and is a variation in the
middle surface exposed portion of
the protein. Salmonella is unique in

{

subspecies enterica serotype
typhimurium, but for obvious reasons this is shortened in everyday
situations to Salmonella typhimurium!
Table 1 shows the S. enterica
subspecies. The ‘O’ antigen is the
outermost portion of lipopolysaccharide and is a carbohydrate antigen. Different sugars and linkages
between the sugars produce the
different ‘O’ antigens. The ‘O’
antigens are the most important
for determining serotype and are
found in all Enterobacteriacea.
There are 46 ‘O’ serogroups and
these were originally designated by
capital letters but when they ran
out of letters they started to use
numbers. Today, all ‘O’ groups are

having two different ‘H’ antigens
known as Phase 1/Phase 2.
Typically these are co-ordinately
expressed, that is, when one is on
the other is off.
There are 120 or so ‘H’ antigens
and these are typically designated
by letters, for example a or e, h or
e, n, x, but when all the letters had
been used numbered z’s were
used, for example z4, z10 and z89.
Salmonella serotypes are designated according to the conventions of the Kauffman White
Scheme, which now contains over
2,500 recognised serotypes.
On average, 10-20 new serotypes are added each year.
Nowadays, the laboratory submitting a new serotype names it,
but historically serotypes were
named after the place they were
first found, although some that
were associated with disease in
animals were so named, for example S. abortusequi, S. choleraesuis
and, interestingly, S. typhimurium
(fever of mice).
Subspecies I salmonella are designated by name and formula.
Fig. 1 explains this for S.
typhimurium. Subspecies II to IV
are now designated by their formula only (see Fig. 2).
Some serotypes are ‘naturally’
monophasic and have no second
flagellar antigen and these include
S. enteritidis.
n

{

serotype is the name given
to an individual salmonella
and is a system of nomenclature that has been in existence
for over 80 years.
Serotyping can be defined as the
phenotypic characterisation of a
salmonella isolate based on the
immunological reactivity of two
structures on the surface of the
salmonella bacterium.
These structures are the ‘O’
antigen, which is a lipopolysaccharide, and the ‘H’ antigen, which is a
flagellin protein in the bacterium’s
flagellum – a whip like appendage
capable of propelling the bacterium through water films.

Subspecies

O antigen

Phase 1

Monophasic

-*
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Public health implications
he history of salmonella in
public health goes back to
the 1880s when the cause
of typhoid, Salmonella typhi, was
first isolated by culture. Then the
American veterinarian, Dr Salmon,
whom this bacterium was subsequently named after, reported the
isolation of the bacterium that
caused hog cholera.
As the ability to serotype isolates
of salmonella improved, so did our
understanding of their important
role in human health and this further progressed with the ability to
determine phage types.
Nowadays, this has progressed
even further with the evolution of
various molecular or genotypic
typing procedures.
Up until 1940 in the UK the
majority of salmonella isolates
from human cases of illness
belonged to a dozen or so serotypes and S. typhimurium, S.
enteritidis, S. newport and S.
choleraesuis were the dominant
ones.
Then, associated with the war
and troop movements, 18
serotypes new to the UK but,
which had previously been seen in
the USA, were encountered.
It then became apparent that
many of these new serotypes had
been introduced into the UK via
spray dried egg.
From then on the pattern of
human infections became more
complicated as more serotypes
came on to the scene.
Since that time, S. typhimurium
and S. enteritidis have been ever
present on the human scene, while
the significance of other serotypes
waxed and waned.

T

Upsurge in S. enteritidis
Over the last few decades, human
salmonella infections have continued to be a problem. In the mid1980s an upsurge in the importance
of S. enteriditis occurred as the
salmonella in eggs (and poultry
meat!) story unfolded.
S. enteritidis has over 50 phage
types (PTs) and at the beginning of
the poultry related problems PT4
was the predominant phage type
in Europe, with PT8 and PT13a in
North America.
There was no obvious reason for
this, especially since at the time it
was felt that the S. enteritidis

problems being seen around the
world had a common source.
From then on, the picture
evolved with S. enteritidis PT4
moving out of Europe to other
countries and increasing in importance in North America. In more
recent times other phage types of
S. enteritidis have increased in
importance in the UK.
The number of cases of salmonella infection in man rose rapidly
in the late 1980s, plateaued in the
1990s and then declined following
the control of this serotype in
poultry flocks. During this period,
and to some extent since, S. enteritidis has dominated the scene.
Interestingly, in Europe the combined percentage incidence of S.
enteritidis and S. typhimurium in
man was double the North
American figure in the early 1990s.

Faecal contamination
The ability of salmonella to
colonise food animals means that
virtually any food, especially of animal origin, can cause human infection and many of the fruit/
vegetable/nut related cases are
associated with faecal contamination.
Salmonella problems in man
appear to be short lived outbreaks
or on-going sagas. The latter are
linked to a persisting colonisation
of the animals’ digestive tracts.
Significant outbreaks of food poisoning due to S. agona in 1975 and
S. hadar in 1977-81 were seen in
the UK and these were associated
with contaminated imported animal feeds. Both ‘outbreaks’ were
brought under control by measures implemented in the food
chain.
In the early 1990s there was a
sharp increase in the number of
human and animal isolations of S,
typhimurium DT 104, most of
which had multiple antibiotic resistance. As the S. typhimurium DT
104 was infecting a variety of farm
animals there was a corresponding
involvement of a variety of foods
associated with S. typhimurium DT
104 infection in man.
An analysis of the foods associated with S. enteritidis PT4 and S.
typhimurium DT 104 human cases
in the early 1990s showed a strong
involvement of poultry meat and
eggs but it also showed that any

food that was improperly handled
could cause infection.
Salmonella will grow on a wide
range of raw and cooked foods at
7-46°C and non-refrigerated storage has been associated with many
outbreaks of salmonella infection
in man.

Generation of aerosols
An interesting feature of salmonella in eggs is the generation of
aerosols of salmonella contaminated micro-droplets of egg material by whisking and other mixing
activities in the kitchen.
These then contaminate other
foodstuffs in the kitchen due to the
survival of the salmonella in the
micro-droplets. When salmonella
is transferred to foods like melon
or cooked meat it will grow
rapidly at room temperature
(20°C).
Failure of kitchen hygiene is an
important facet of human salmonellosis and another facet is the
failure of process hygiene. A good
example of this is the failure of the
pasteurisation process in the dairy.
This can result in salmonella contaminated milk or products made
from that milk, such as cheeses.
Needless to say, drinking or
using raw, unpasteurised milk to
produce dairy products is not to
be recommended.

Resistant to control
Some salmonellas may be more
resistant to control processes used
in food production than was once
thought and this can reduce safety
margins in those processes. One
such process is the spray drying of
milk – to avoid such risks there is
wisdom in using pasteurised milk.
In the UK in the 1980s there was
an outbreak of S. ealing in young
children who had been fed with a
spray dried milk product in which
it was thought that the salmonella
came out of cracks in the spray
drier.
In some processes there is a
post process cooling stage and the
environment in such coolers with
its nutrient, temperature and
humidity profiles provides a perfect environment for sustaining a
salmonella population. It only
needs a very short time when the

salmonella control process fails to
allow salmonella to get through to
and seed the cooler.
Then if we are talking about continuous flow production with no
breaks to clean and sanitise the
cooler(s), the plant can be producing a salmonella contaminated
product for a long time. A good
example of this is in the production of some animal feeds.
The mincing of meat will transfer
salmonella from the surface of the
meat to the interior of the product. Here the salmonella can
attach to freshly exposed muscle
tissues and this increases their heat
tolerance, which favours their survival when burgers, sausages and
similar products are undercooked.
This is why the consumption of
rare or medium rare burgers is not
recommended nor is the practice
of cooking from frozen.
Over the years there has been
an association between salmonella
contaminated eggs and egg products and infection in man. In the
past the problems were largely
those associated with bulk, liquid,
raw egg or spray dried egg powder.
Then egg pasteurisation was
introduced in the early 1960s and
it turned out to be a very effective
control measure.
Then in the mid-1980s S. enteritidis came on the scene. This time
the vehicle of infection was undercooked eggs such as soft boiled
eggs and the use of raw egg in
products like mayonnaise.
This was all the more important
because S. enteritidis was regularly
in the egg contents because this
serotype invades the hen’s body
and localises in the reproductive
organs. In addition, S. enteritidis
grows in the eggs contents, especially if stored at >20°C. If this is
for more than three weeks the
egg’s contents become heavily
contaminated making them more
likely to provide a dose of S.
enteritidis that could create an
infection in man.
When it comes to the public
health significance of salmonella
the role of pets as a source of
infection should not be overlooked, neither should person to
person infection. In a Canadian
study in the late 1990s it was concluded that up to 5% of human salmonella infections came from
exotic pets.
n
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Sampling issues
n microbiological testing the
quality of the result is often only
as good as the sample that was
submitted for testing. Fortunately,
salmonella testing is qualitative
rather than quantitative, and so
factors that interfere with the
value of a count are not very relevant.

I

Representative sample
A key issue is how representative
of a product is the sample that was
taken? If we have a large amount
of product to test, such as a 20
tonne lorry of grain, the more
samples we collect the greater the
likelihood of finding salmonella if it
is there.
Let us look at this in a rather
simplistic way. We test a 25g sample, so, in one tonne there will be
40,000 x 25g samples and in a 20
tonne load there will be 800,000
such samples!
Now let us consider a tonne of
grain and make two assumptions
(both of which could well be
false) – the salmonella bacteria are
homogeneously distributed
throughout the tonne of grain, and
that our laboratory testing system
is capable of picking up one salmonella bacterium in 25g of grain.
I remember some years ago in
an external challenge test some 9%
of laboratories failed to detect 250
salmonella in a 25g sample!
Returning to our example and
applying our provisos, if there are
40,000 salmonella in a tonne then
we should detect it. If there are
only 20,000 the chances are only
50%, whereas if there are just
2,000 salmonella bacteria the
chances of a positive laboratory
test are one in 20.
In practice, this means that we
are unlikely to detect the salmonella. If there are only 200 salmonella organisms, just one sample
out of 200 is unlikely to give a positive result!
Obviously, these odds are
lengthened if the salmonella is heterogeneously distributed or if the
test method is less sensitive.
One approach to addressing this
issue for sensitive foods, such as
baby foods, is to test larger samples.
Also, we need to have salmonella that is accessible to the testing system. Some years ago

salmonella quantification was done
on samples of soft chocolate and
the counts were very low.
In fact, when they were compared to the infective dose
required to cause food poisoning
the number were that low that it
was considered that the victim
would probably succumb to
chocolate toxicity before salmonella food poisoning!
It was then discovered that many
of the salmonella were encapsulated in fat micro-globules. These
particular salmonella were also
protected from the test!
Interestingly, it was found that
they were also protected from the
stomach’s acid but once they
reached the duodenum these fat
globules were broken down by the
lipases that occur there and
released.
This also impacted the scenario
previously described because a
much higher percentage of the salmonella organisms were able to
survive gastric acidity and reach
the intestines where they caused
food poisoning.
This issue is now addressed by
having special chemicals in the
broth stage that break down fat
globules and release their bacterial
contents.

Sampling technique
Another issue with sampling is that
we want a positive result to reflect
the product that is to be tested
and not to be the result of poor
sampling technique or contaminated sampling equipment.
In the case of the latter, there is
a strong argument in favour of
using one-use disposable sterilised
sampling kits. However, there are
some situations in which sophisticated sampling tools are required,
for example, borers for sampling
at different levels in a lorry load of
grain. Obviously, prior to use
these must be thoroughly cleaned
and sanitised.
The sampling procedure should
not include any stages that could
remove salmonella from the collected sample. For example, if heat
is being used to sterilise sampling
equipment, the treated equipment
must be given adequate time to
allow it to cool down before it is
used.
If chemical treatments are being

used then the chemical must be
removed prior to the sanitised
equipment being used to sample
product.
Obviously these risks are
removed by having pre-sanitised
sampling equipment. This can be
achieved by using disposable
options or by sanitising sampling
equipment in advance in sealed
packs.

Sample identification
Sample identification is critical
because the consequences of an
error can be very serious. When
6s or 9s are used on their own it is
best to underline them to know
what the number is, for example,
6 and 9 or 669.
If the result is likely to be used in
a dispute with a customer or supplier then remember the requirements of ‘continuity of evidence’.
Basically, this means that the sample numbers and associated paperwork can be used to demonstrate
that a particular result really does
relate to a specific specified sample.
Sample storage and handling is
an issue in its own right. Firstly, we
need to be confident that the sample reflects the status of the product at the time of sampling and
does not reflect a subsequent
action that could have contaminated the sample, such as opening
the sample in a dusty environment.
Then we need to be sure that
nothing has happened to the sample that could have affected its salmonella status, such as it heating
up as a consequence of leaving it
on a windowsill in direct sunlight.
Another process that can rid a
product of salmonella is fermentation and with some products this is
a consequence of temperature
abuse.

Resampling
A subject of much debate is the
issue of resampling. Resampling
can be used to assess the extent of
salmonella contamination but it
should not be used to reverse a
result without giving due consideration to the circumstance surrounding the original positive
sample and the number and results
of the resamples.

If, following a positive salmonella
isolation, we take a further 100
samples and 97 are positive we
have proof of contamination
through the production batch.
If, on the other hand, we only
have two positive samples out of
100 we have a very different scenario and one that can be difficult
to make a judgement call on.
In such circumstances, one
needs to give due consideration to
the recipient groups of the product and whether or not the product will be subjected to a further
bactericidal process before consumption.

Correct terminology
Finally, let us consider the actual
words we use. In this article we
have tended to use the words
positive and negative.
Nowadays, the general opinion
is that we should say detected or
not detected. This is especially so
with regards to laboratory reports
as the phrases detected or not
detected are seen as a closer
reflection to the real situation of
the sample that was tested.
This is because those less knowledgeable on the issues tend to
wrongly assume that words like
negative and positive relate to the
whole production batch, which is
clearly not the case. There have
even been instances when such
reports have been used as guarantees!
In essence, all one should say is
‘a 25g sample of product X was
collected on 16th March 2013 and
tested at Laboratory Y who used
method Z and did not detect any
salmonella’.
You have given an honest report
of the testing – it is then up to the
other party to interpret and act on
the report as they see fit.
n
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Food poisoning
almonella food poisoning
occurs when man consumes
an adequate number of salmonella to establish an infection
and cause digestive tract upset.
To cause food poisoning various
factors come into play and those
can broadly be divided into factors
associated with the infecting salmonella organism and factors
associated with the victim who is
often referred to as the host.
Obviously coupled to this we
need a set of circumstances that
are going to favour the occurrence
of infection. That is, we are going
to need to have a set of circumstances which enables the salmonella organisms to get into the
host.
This usually involves eating or
drinking contaminated food or
drink but it can involve other
means such as the licking of dirty
fingers.

S

Soiled fingers
A good example of this was a survey undertaken a few years ago to
find out whether there was a correlation between the salmonella
causing problems in young children
and the food they consumed.
Interestingly such a link was
weak and there was a much
stronger correlation between salmonella serotypes isolated from
the bags on vacuum cleaners and
soil samples from backyards.
On reflection, this is not surprising since young children crawl on
their hands and knees and regularly suck on their fingers and
thumbs. In addition, young children often put objects such as soil
into their mouths!

Unusual dangers
Pets such as terrapins and other
reptiles often harbour salmonella
and should be kept away from
young children.
Another unusual example was
the occurrence of salmonella poisoning in individuals who had
smoked contaminated marijuana!
Sexual liberation in the 1960s
saw an increase in human worm
infestations and probably con-

tributed to the spread of salmonella. I will not go into the details
other than to say this was due to
direct faeco-oral transmission.
There was also a case of a young
toddler in Scotland who lived on a
farm and was afflicted with several
enteric pathogens at the same
time. These pathogens were found
on the farm and the child in question was seen on several occasions
to lick his father’s boots after he
had come into the house and
taken them off!
So, the message here is, when
investigating cases of food poisoning, keep an open mind and consider everything that could have
passed between the victim’s lips.

Increased susceptibility
There are various factors that
increase someone’s susceptibility
to salmonella infection. The first of
these is age, with the very young
and the elderly being particularly
susceptible to infection.
In the case of the very young
(the first two days of life), it is
because acid production has not
become established. This is to
enable the normal gut flora to
enter and colonise the baby’s
intestines, but it also means that
should such a young baby come
into contact with salmonella infection it could succumb to it.
In addition, the infirm and ill are
more susceptible to salmonella

infection as they are below par
and more susceptible to infections.
In a similar way, new mothers are
more prone to salmonella infection.
Thus, it is important to have high
standards of hygiene in the
kitchens of hospitals, care homes
and maternity hospitals and, if possible, the use of foods associated
with a high risk of salmonella
should be avoided.

Extra testing
The testing of such foods sometimes necessitates a testing programme with a higher testing
frequency or one in which larger
samples of the food is tested. This
latter approach is often used for
infant formulas.
The other issue with hospitals
are that they cluster together high
risk individuals and so major outbreaks of salmonella food poisoning are seen in hospitals from time
to time.
In one such outbreak it was
interesting to note that staff and
patients ate the same food but the
rate of infection was more frequent amongst the patients.
Immunosuppression, a condition
in which the body’s defence mechanisms are suppressed, also predisposes to salmonella infection.
In this context people automatically think of HIV infection and
AIDS but in many countries there

Table 1. Good practices in the control of salmonella food poisoning.
l Keep cooked food away from raw food. Store raw food below
cooked or ready-to-eat food in the fridge to avoid contamination
from drips of contaminated juice.
l Wash raw fruit and vegetables thoroughly before eating.
l Cook all food, especially meat, thoroughly so that it is piping hot.
l Never return cooked meat to the plate the raw meat came from.
l Keep all kitchen surfaces and equipment clean, including knives,
chopping boards and dish cloths.
l When camping or hiking, do not drink untreated water from lakes,
rivers or streams.
l Don't keep reptiles or amphibians in homes with children under five
or someone with a weakened immune system.

are far more people who are
immunosuppressed due to
chemo- or radiotherapy for
cancer.
This brings an interesting
dilemma for producers of food as
these individuals are randomly distributed through the community,
whereas the very old, very young
and new mothers are often clustered in hospitals and care homes
which, as part of our risk avoidance strategy, we could decide not
to supply.
Then there are various factors
associated with the salmonella
organism itself.
The actual serotype involved is
important because not all
serotypes infect man and cause
food poisoning and those that do
can vary in their virulence or ability
to cause food poisoning.

Salmonella enteritidis
Some of the most notorious food
poisoning serotypes, and in this
context salmonella enteritidis is a
good example, are able to invade
the victim’s body and cause secondary, sometimes very serious
problems, when they localise and
create foci of infection in certain
internal organs.
The other organism related factor that is important is the number
of salmonella organisms or the
dose which is present. Thus, the
conditions under which a food is
stored prior to consumption are
important.
Usually, this equates to storage
temperature (up to 40-45°C) as
the warmer the temperature the
faster the rate of salmonella multiplication and the greater the number of salmonella organisms that
will be present at the end of a
given time period.
Another way to look at this is
the warmer the temperature the
quicker we will achieve the number of salmonella organisms that
constitute a dose that is capable of
causing food poisoning.
However, we must remember
that dose is variable and depends
on various salmonella and victim
factors. Table 1 details some basic
tips on how to avoid salmonella
food poisoning.
n
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Other sources
Salmonellosis in dogs and cats

Rattlesnake capsules

The severity of salmonellosis in dogs and cats varies. The most common form is a subclinical carrier state, but an acute entero-colitis or
septicaemia/endotoxaemia can be seen. Salmonella infection in cats has
also been called ‘song bird fever’, reflecting the fact that cats prey on
infected migratory birds.

Dried rattlesnake meat is a Hispanic folk remedy supposed to cure a
host of health problems, including acne, impotence, AIDS and cancer.
A decade or so ago capsules of this dried rattlesnake meat were found
be contaminated with a potentially lethal strain of salmonella –
Salmonella arizonae.

Salmonella infections in dogs and cats are important for several reasons
relating to zoonotic transmission of this bacterium. Salmonella spp.
have been isolated from healthy dogs and cats at rates of up to 36%
and 18%, respectively. These two animal species tend to shed salmonella organisms for prolonged periods of time after infection and they,
especially cats, can shed salmonella organisms in both their faeces and
saliva, meaning that transmission can occur via licking.

Anecdotal evidence linking these capsules of dried rattlesnake meat to
salmonella poisoning has been reported for years but this time DNA
molecular testing definitively proved that the salmonella bacteria found
in the dried snake meat was the cause of a life threatening case of
salmonella infection in a young boy.
S. arizonae is commonly found in snakes and lizards.

Pig ear dog treats have been a source of salmonella infection for both
dogs and the owners who handle these treats. Dogs and cats may
suffer salmonellosis as a ’reverse zoonosis’, with infection transmitted
from human-to-dog and subsequently back to other people.

Unfortunately, the rattlesnake capsules are often given to people
whose immune systems are already compromised!

The kissing and cuddling of pets is obviously not to be recommended!

Beware of carpets!

The role of other domestic animals

A report in 2003 highlighted the potential for inadvertent
contamination of household carpets with salmonella when residents
had occupational exposure to cattle on farms or cats.

The faeces of virtually any animal may be a potential source of
salmonella and, as such, ill and/or hospitalised animals should always be
considered as potential sources of salmonella for those people
looking after them. In one study, salmonella was isolated from 5.5% of
hospitalised horses.
Pigs have become an increasingly popular house pet in some countries
and recognising their potential to be a source of salmonella is
particularly important since human infection with S. cholerae-suis is
associated with a 20% mortality rate!

It should be noted that crawling babies have contact with carpets and
then regularly suck their thumbs and fingers.
Interestingly, American work has shown a stronger correlation
between salmonella isolated from young infants and salmonella isolated
from hoover dust bags than with salmonella isolated from foodstuffs in
the household refrigerator.
A similar relationship was seen with salmonella isolated from soil in
back yards.

Getting high on salmonella!

Turtles and terrapins

At the beginning of 1981, the USA saw an unusually large increase in
salmonella infections across the country. Incidences of the foodborne
illness had risen by nearly 20% from the previous year, surprising health
officials not only with the unexpectedly high number of cases but its
odd timing during the winter season.

Over 350 people have recently become ill in several on-going,
nationwide salmonella outbreaks in the USA that are linked to small
turtles. Most victims are children under five years old.

Ohio, Michigan, Georgia, and Alabama were badly affected by this
salmonella outbreak but from an unusual serotype – Salmonella
muenchen – and investigators were unable to pinpoint its food source.
It turned out not to be a foodborne outbreak, but a marijuana-borne
outbreak instead! Laboratory tests of the marijuana in question found
staggering quantities of S. muenchen, in some instances as high as 107
bacteria per g of bud.
The marijuana was imported from either Jamaica or Colombia and
distributors there appear to have deliberately adulterated the product
with manure prior to shipment in order to increase its weight and
value.
The salmonella was in the marijuana and when the smoker rolled a cigarette, his hands became contaminated, and when he put the cigarette
in his mouth his lips became contaminated. Then a touch or a kiss, or
any sort of contact, could spread the infection. In addition, marijuana
decreases gastric acid, which is an important defence against enteric
infections!

Although many people think that salmonella infections are caused only
by contaminated food, these germs can also be caught by handling animals, including reptiles or amphibians.
Reptiles and amphibians, including turtles, frogs, iguanas, snakes,
geckos, horned toads, salamanders, and chameleons, are popular pets
with many families but they frequently carry salmonella.
Salmonella infections can also result from having contact with reptile or
amphibian environments, including the water from containers or the
cages and aquaria in which they live.
Reptiles and amphibians might have salmonella germs on their bodies
even when they appear to be healthy and clean.
Anything that reptiles and amphibians touch should be considered as a
possibility for salmonella contamination. When reptiles and amphibians
are touched, the salmonella can get on to your hands or clothing.
Some years ago terrapins were a common source of salmonella in the
UK.
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Introduction to salmonella
almonella is a Gram negative
bacterium that is associated
with certain diseases in cattle
such as that caused by Salmonella
dublin in calves.
In addition, various salmonella
serotypes can colonise the cow’s
digestive tract without causing disease and can contaminate the milk
and/or the carcase at the end of
the cow’s life.
This contamination of the milk
can be from an infected udder or
from faecal material on the teats
that then gets into the milk. Milk
contamination can also arise from
poor hygiene practices at or after
milking. Contaminated milk or
meat can cause food poisoning in
man.

S

Role of milk
The risk of milk as a source of
infection to man has been known
for a long time. Originally we were
talking about diseases like tuberculosis and brucellosis and the risk of
passing these infections on to man
was removed by pasteurising the
milk. Nowadays, salmonella in milk
can be controlled by the same
process.
Pasteurisation is effective at
killing off salmonella bacteria in
milk so it is surprising that consumers want to drink raw (unpasteurised) milk or consume cheeses
made from such milk.
Historically, the greatest concern
were the serotypes of salmonella
capable of causing disease in cattle
but these have been brought
under control by vaccination and
good management, including
schemes in some countries to control Salmonella dublin infections.
As a consequence of this success, coupled to greater consumer
concern about food safety, the
serotypes of salmonella associated
with human food poisoning are the
ones causing most concern in the
dairy sector today.

Entry by many routes
Salmonella can enter a farm by
many routes including in animals,
feed, water, bedding material, on
equipment, via staff and their food,
and by vermin, lizards, insects and
wild birds.
Salmonella control starts by get-

October 2006-January 2007

March-April 1999

Salmonella montevideo
Cheese (ex raw milk)
France
23 human cases

Salmonella enteritidis
Cheese
Italy
9 human cases

1984-1985

2009-2011

Salmonella typhimurium
Milk
IL and five other States, USA
16,824 human cases

Salmonella newport
Cheese (ex raw milk)
Utah, USA
Thousands of human cases

Fig. 1. Some milk and cheese related food poisoning outbreaks.
ting a farm clean and keeping it
clean by managing all the different
inputs. Needless to say, this is not
possible if you have contaminated
animals or feed source.
For this reason, control has a
second line of defence and this
centres around protecting the animals by using approaches such as
vaccination, and the use of feed
additives such as organic acids and
various organic products.
Obviously the start of this
process is to have a salmonella
free farm and to this end it has to
be accepted that old buildings in a
poor state of repair are virtually
impossible to disinfect to the level
needed to remove every salmonella organism.
Thus, a pre-requisite to effective
salmonella control is to have animal accommodation that can actually be properly cleaned and
disinfected.

Eliminate vermin
However, there is not much point
achieving clean accommodation if
the farm has a viable rat or mouse
population that is carrying one or
more salmonella serotypes such as
Salmonella typhimurium.
Dairy cattle feed/concentrates
can also introduce salmonella into
a herd and as every milking animal
eats feed every day this can be a
very obvious way of introducing
salmonella into a herd.
Very young calves in which
stomach acid production has not
become established, cows at point
of calving, and very old and
immunosuppressed animals are
more susceptible to becoming

infected with salmonella. When it
comes to salmonella in feed the
first important thing to do is to
stop using ingredients and suppliers with poor salmonella track
records because if salmonella is
not taken into the feed mill it can
not get into the feed!
Mill hygiene and pest and wild
bird control programmes are also
very important.
Feed treatments to counter salmonella contamination in the feed
are varied and include heat treatments and the use of feed additives, such as organic acids and
their salts, and aldehydes.
The probiotics, phytogenics or
essential oils, enzymes and mannan oligopolysaccharides, although
administered via the feed, tend to
exert their influence in the animal’s
digestive tract.
In all of these areas one can not
just assume everything is satisfactory – a continuous monitoring
programme is required to confirm
this or, if it is not, to trigger off
corrective actions.
Dairy cows produce two products that can be contaminated by
salmonella and ultimately cause
food poisoning in man – milk and
meat. The former are often associated with human food poisoning
caused by S. typhimurium and this
problem is compounded when
milk is drunk raw or raw milk is
used to manufacture dairy products such as cheese.

Thorough cooking
When it comes to meat, thorough
cooking will destroy salmonella but
two situations frequently arise –

undercooking and the contamination of foods for human consumption that are not going to be
cooked by the juices from raw
meat.
A good example of this is the
thawing of meat on the top shelf of
the refrigerator that then drips
contaminated juices on to the
salad or cheesecake below.
Similar scenarios can happen on
a much bigger scale in cooking
plants when post cooking product
is contaminated.

Complicating factors
Human food poisoning has a few
prerequisites and these include a
serotype which is pathogenic to
man, an adequate number or dose
of micro-organisms and the actual
consumption of the salmonella.
These can be coupled to factors
in the victim (host) that will favour
the salmonella’s ability to cause
food poisoning such as age,
depressed immunity and defence
mechanisms that are malfunctioning.
Sometimes, the salmonella is
protected from the defence mechanisms and a good example of this
was the food poisoning outbreak
due to S. napoli contamination of
soft chocolate.
The salmonella in this chocolate
was contained within a globule of
fat which protected it from the
stomach’s acid.
Once the globule reached the
small intestine it was broken down
by lipases and the salmonella then
caused the food poisoning!

The human factor
Wherever we are in the production chain from the dairy farm to
the supermarket’s chill cabinet
there is one very important factor
to consider in the management of
salmonella and that is the human
factor.
Many outbreaks of salmonella
food poisoning can be traced back
to human error! Thus, staff education and training is very important.
From this brief introduction to
salmonella you will have seen that
there are many facets to this
important bacterium and more will
be covered in future issues of the
magazine.
n
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Animal and product surveys
ompared to poultry (broilers, layers and breeders)
and pigs there are not so
many national surveillance programs for salmonella in cattle.
However, salmonella is very common worldwide in cattle of various
types including dairy cows and
their calves. There are some
exceptions, such as parts of
Scandinavia.
Why are surveys undertaken?
Generally speaking there are two
reasons – they are either done to
provide basic information on
which salmonella are present and
at what level, or they are done to
confirm or refute a link with a particular problem such as an outbreak of food poisoning.
In the case of the latter, the survey is often being done to protect
dairy farming’s good name.
In these latter type of surveys
information in addition to that of
serotype is often sought. Such
information includes phage (PT)
and definitive types (DT) of a particular serotype and data on antibiotic sensitivity/resistance patterns.

C

Salmonella estimations
Today it is estimated that approximately a third of dairy farms across
the United States of America are
have at least one salmonella
serotype.
Bulk milk can be contaminated
by salmonella from the cows,
often via the manure or from the
environment on farm. In 2002
samples of bulk tank milk from 854
dairies in 21 States in the USA
were tested for salmonella as part
of that country’s National Animal
Health Monitoring System’s Dairy
Survey. Salmonella was found in
12% of samples (farms) using a real
time PCR technique, while 2.6%
were positive with microbiological
culture.
This highlights an interesting
point for reflection and that is the
type of test used can influence the
result obtained. PCR detects the
genetic material of the salmonella
organism, and therefore can also
detect dead and damaged bacteria,
whereas culture only detects
viable salmonella.
On one hand it can be argued
that culture should be the preferred testing method as it only
detects samples which represent a

Cheese type

Country

Year

Cheddar
Farm
Soft cheese
Mozzarella
Mozzarella
Goat’s milk
Goat’s milk
Soft cheese
Mont d’Or
Mont d’Or
Morbier
Mexican soft
Cheese
Soft cheese

Canada
Finland
UK
USA
France
France
France
Canada
France
France
France
USA
France
Switzerland

1984
1985
1989
1989
1991
1990
1993
1994
1995
1996
1997
1997
2001
2006-7

Table 1. Examples of cheeses made from unpasteurised milk that contained
salmonella.
real infection risk. On the other
hand, it is argued that PCR is best
as it detects those samples that
culture would have detected and
those which might have tested
positive by culture, had sampling
been on another day.
In another study, salmonella was
cultured in 6% of bulk milk samples, while in a Californian survey,
in which bulk milk was collected
from 400 bulk tanks on eight different sampling occasions, salmonella was found in the bulk milk on
10-20% of the sampling times.
This survey was more comprehensive and reported that the
most common serotypes were
montevideo, typhimurium, dublin
and give and that approximately a
third of the salmonella isolates
recovered were resistant to multiple antibiotics.
Looking at the wider picture surveys have shown salmonella shedding from dairy cows can range
from 0-99%, and from 0-67% with
pre-weaned calves. Shedding can
continue for several years. A study
in Ohio showed salmonella shedding from cows on 105 dairy farms
to be 31%.

Canadian survey
In a survey of 50 dairy herds in
Alberta, Canada, four (8%) dairy
herds had at least one cow shedding salmonella and different isolates were identified by serotyping,
phage typing, and antibiotic resistance patterns.
Salmonella in dairy cattle is not
just an American phenomenon. A

French survey of almost 500 dairy
farms revealed multi-antibiotic
resistant salmonella to be present
in 8% of dairy herds.
A longitudinal study of salmonella on some 450 dairy farms in
England and Wales in 1999-2001
showed 29 different salmonella
serotypes were identified and a
single serotype was isolated from
the majority of farms at each visit.
Most serotypes isolated were
also identified through routine
national surveillance of cattle in
Great Britain during the same
period.
The most common serotypes
isolated were S. agama, S. dublin
and S. typhimurium and geographical variations in these predominant
serotypes were observed.

Japanese data
Surveys outside Europe and North
America are not that common. In
Japan in 1971, rectal swabs of
1,291 apparently healthy calves
and cows on 280 dairy farms in
Hokkaido were examined for the
presence of salmonella and only
one of them yielded S. johannesburg. In the same year 568 calves
on 12 feed lots were surveyed
similarly and three calves on two
feed lots yielded S. typhimurium.
The other type of survey of
interest are those of dairy products. Obviously pasteurisation will
destroy any salmonella in milk so
milk surveys need to have sampling undertaken prior to pasteurisation or be surveys of
non-pasteurised products.

In a survey to determine the
prevalence of salmonella in the
bulk milk supplies in Ontario in
1986-87, milk filters from 813
farms were cultured over four
sampling periods in six months.
Prevalence rates during the four
sampling periods ranged from
0-1.23%. Eight isolates of S. muenster and two of S. mbandaka were
recovered from nine different
farms. All of the isolates were sensitive to the commonly used
antimicrobials tested.
Some general surveys of dairy
products have been undertaken.
For example one such survey in
Brazil covered 112 milk and milk
product samples, including 46
homemade cheese and commercially manufactured cheeses and 66
raw milk and pasteurised milk
samples.
Salmonella was isolated from
8.70% of the commercial cheese
samples, and all other samples
were negative.
If we review salmonella isolations
associated with cheese and food
poisoning, cheese made from
unpasteurised milk features
strongly. Examples are detailed in
Table 1.
n
Key points to reflect on
l On farm (live animal) surveys
do not necessarily correlate to
human food poisoning figures if
the milk is produced under
hygienic conditions and is pasteurised
l A disproportionally high number of human cases of food poisoning are due to milk that has
not been pasteurised or products made from such milk.
l Currently, there is not a salmonella serotype associated
with dairy products that is as
notorious nor caused human
food poisoning on the scale seen
with S. enteritis and eggs.
l Salmonella in dairy products
does not have to have originated from the milk component
of products such as ice cream or
yoghurt. In the case of the former, inclusion of eggs has been
associated with the introduction
of S. enteritidis.
l Tomorrow is another day!
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Biosecurity
almonella is of concern in two
main areas in dairy farming.
Firstly, a specific serotype,
namely Salmonella dublin, causes
serious disease and losses in calves
and, secondly, various serotypes if
they get into the milking herd can
result in the production of contaminated milk. This, in turn, can
cause human food poisoning
through its consumption or the
consumption of products made
from it. Usually, human food poisoning can be prevented if the milk
is pasteurised, but some sections
of society prefer to consume
unpasteurised milk and products,
such as cheeses, made from it.
This being the case, we need to
be thinking about the control/prevention of salmonella infections on
the dairy farm.
The logical starting point is if
there is no salmonella in the herd
we will not see salmonella related
issues and so, in an ideal world, we
want to have a salmonella free
operation and then prevent salmonella from entering the herd.
Good biosecurity has as its objective the stopping of salmonella
from coming into the farm and
infecting our animals.
Unfortunately, one or two
aspects of modern dairy farming
hinder this and in this context we
can include the fact that many
dairy herds graze pastures and, as
such, have a daily interaction with
the outside world. The situation is
not much better in housed herds
as many herds are in open sided
accommodation so, once again,
have a daily interaction with the
outside world.
In order to protect our herd, we
first of all need to know where the
salmonella can come from. Firstly,
cattle related salmonella, such as S.
dublin, which normally infects
calves, come from other cattle. So,
we need to minimise contact with
other herds and when it comes to
replacement stock, if these can all
be generated from within our
herd, that is a great start! If we
need genetic improvement, bring it
into the herd via semen or
embryos as these should be free of
salmonella, especially if they come
from reputable sources.
The main routes for introducing
salmonella are feed, water, bedding material, visitors and staff and
vermin and wild birds.
A simple management exercise

S

will help you identify salmonella
sources and how to limit the risk
they present to your herd.
First of all, define a barrier
around your herd – ideally this
should physically exist but, if not,
we can do this exercise with an
imaginary boundary. Then we list
everything that crosses that
boundary below ground (water
supply), on the ground and above
the ground (wild birds). This needs
to be a complete list if this exercise is to succeed and involve several members of your team.

of your neighbours’ herds. In high
health pig and poultry operations
visitors are often required to
remain pig or poultry free for so
many days and then shower into
the farm and change into company
owned clothing.
Other people come on to your
farm and unless they require direct
animal contact it should be
avoided. This can not occur with
your staff as they will be working
among your animals every day.
Staff should confine their food to
a canteen area that you have pro-

Then we go through each item
and ask two questions. The first
question is ‘does it have to come
on to the farm?’ – if the answer is
‘NO’, just stop it coming on to the
farm in future and you will have
eliminated a risk. If the answer is
‘YES’, proceed to the second
question and ask ‘what can I do to
minimise the risk of introducing
salmonella (disease)?’
For example, we can not stop
water coming on to our farm
because our cows need to drink
and we need water to wash down
our parlour. However, we should
try to choose the safer of two
sources if we have a choice and
we can also sanitise the water by a
process such as chlorination. If we
chlorinate the water then, as managers, we need to ensure that this
occurs correctly all the time and
that the process delivers the right
concentration into the water.
Another example is people and a
good example of a high risk person
who come to your farm is the veterinarian. For the veterinarian’s
regular visit why not insist your
farm is his first call of the day and
that you provide his coveralls and
boots. If he uses a rubber calving
gown why not purchase one solely
for your veterinarian to use on
your farm? It is a cheap investment
when you consider what such a
gown could bring to you from one

vided on the farm and they should
always use the toilets provided
and wash their hands after going to
the toilet.
In addition, staff should be
encouraged to report when they
are suffering from diarrhoea and,
as this could be due to salmonella
infection, you should encourage
them to visit their doctor to confirm whether or not they actually
have the infection. It is also prudent to keep such affected people
away from highly sensitive parts of
your operation such as the calf
house and milking parlour until
their status has been clarified.
Let us now consider other
sources of salmonella. Every animal eats and drinks every day so
contaminated feed and water
would be an easy way to infect
animals with salmonella. If you are
buying in feed or feed ingredients
you should know their source and
status. Some ingredients are contaminated at harvesting or during
storage, for example by wild bird,
or vermin droppings. In some
parts of the world large proportions of the lizard population carry
salmonella!
Where ingredients are home
grown these roots of contamination are also possible and in this
sense such feed ingredients are of
a similar risk to their bought in
counterparts.

Ingredients, such as soya meal,
and finished feeds can be contaminated in processing. You might
think this is impossible because of
the heat treatment applied in feed
production but the problem can
occur after the treatment in the
coolers. There have been well
known instances of a mill regularly
contaminating feeds by this means
for years!
We also need to consider how
our feeds/ingredients are transported to the farm and then
stored on it as both these stages
provide opportunities for salmonella contamination to occur. A
good example of this was in
Europe where one feed haulier
had poultry litter as his ‘back load’!
As far as wild birds and vermin
are concerned we need to make
our farm and its environs as unattractive as possible to these animals. Obviously, we will never
achieve this 100%, but we can do a
lot to help. For example, that pile
of old pallets and equipment that is
stacked against an outside wall of
your calf house and has accumulated over the last 20 years should
be viewed as a ‘rat hotel’ and it
will attract these four legged salmonella carriers to the vicinity of
your calves and, once they are
there, one thing is certain – they
will go into the calf house!
Regularly clean out ditches near
your buildings as they are a regular
haunt for vermin. Wild birds come
to feed at your expense so try to
keep them out of the cow lots and
ensure feed is not spilt on the
areas surrounding the housing.
We need to appreciate that
biosecurity on the dairy farm will
not be 100% successful year in
year out so we also need a second
lines of defence, such as vaccinating calves against S. dublin and pasteurisation of milk for human
consumption. These processes are
more likely to be successful if the
number of salmonella they need to
counter have been reduced by
good biosecurity measures.
The final point to reflect on is
that customers and consumers are
becoming increasingly concerned
about food safety and will, if they
have not already done so, require
you to have documented procedures in place to counter the risk
of salmonella contaminated milk
leaving your farm and going into
the food chain.
n
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Cattle
hen it comes to salmonella in cattle we can
look at the subject
from three angles – the problem in
calves, the issue in adult animals
and the human health or zoonotic
implications.
Salmonella typhimurium is often
the most common enteric salmonellosis in calves, but in some parts
of the world other serotypes, such
as Salmonella newport, S. infantis,
S. montevideo, S. anatum and S.
muenster, are frequently encountered. S. dublin is a host adapted
cattle strain of salmonella that is
also often seen. S. dublin infection
is different and it is characterised
by respiratory symptoms. Calves
can pick infection up from their
mothers’ faeces, colostrum or
milk.

W

Salmonellosis
Calves with acute, chronic, or carrier enteric salmonellosis shed
varying levels of salmonella organisms in their faeces and these
infect naïve co-housed calves
(those with no protective maternal
immunity) by the faecal-oral route.
Calves with acute or chronic salmonellosis are often septicaemic
and can spread salmonella via
other secretions including urine
and saliva.
For enteric infections, spread via
the faecal-oral route is the norm
and this results in infection of the
distal intestines, caecum or colon.
In these infections mucosal damage results in maldigestion, malabsorption and fluid and protein loss
(scour).
Clinical epidemics of salmonellosis, including that caused by S.
dublin can be seen and this can be
favoured when the widespread
distribution of young calves
occurs. Salmonella, albeit in low
numbers, are shed by healthy carrier cows. Factors that upset the
normal enteric flora of calves and
favour salmonellosis include parturition, transportation, concurrent
diseases, withholding of feed and
water, reduced immunity/resistance and the administration of
antibiotics.
Infected calves shed large numbers of salmonella and their spread
to naïve calves is favoured by poor
hygiene, overcrowding, use of
common feeding equipment, chill-

ing and other environmental
stresses, concurrent diseases and
other stresses. Calves infected
with BVD virus often succumb to
acute salmonellosis.
Following an epidemic of calf salmonellosis some animals that survive will have chronic infections
and others will become asymptomatic carriers.
The typical signs of enteric salmonellosis are fever and diarrhoea. Fresh blood and mucus can
be seen in the faeces. S. dublin
infection shows the clinical signs
normally seen in respiratory infections/pneumonia, septic physitis,
arthritis and meningitis.
Severity of clinical signs depends
upon calf age, immune status and
the existence of concurrent diseases as well as the virulence and
dose of the salmonella organism
involved.
Sometimes the infection is peracute and death occurs before any
scour is seen. Newborn calves that
have been deprived of colostrum
and purchased from a variety of
farms can show clinical signs within
72 hours of birth; otherwise salmonellosis is seen in calves aged
between two and eight weeks old.
Faecal (salmonella) contamination of the calves’ environment is a
real issue and it is important to
thoroughly clean and disinfect
pens, partitions and feeding equipment if subsequent batches of
calves going through the same
facility are going to avoid going
down with salmonellosis.

Diagnosis
Diagnosis of salmonellosis in calves
is going to be based on history,
clinical signs, post mortem findings
and isolation of the salmonella
organism. It should always be
remembered that peracute infections often show minimal clinical
signs and lesions and in such cases
routine examination of cultures is
important.
Salmonellosis is an important
cause of diarrhoea in adult dairy
cattle and septicaemic salmonellosis can result in abortion and the
shedding of salmonella in the milk.
Historically, salmonellosis in
dairy cattle was a sporadic occurrence in individual cows but, more
recently, with the advent of larger
herds and the increasing use of

free stall housing outbreaks of salmonellosis with varying morbidity
and mortality are frequently seen.
Free stall housing greatly helps
the spread of any disease transmitted by the faecal oral route. The
disease situation is further compounded by stressors.

Contaminated feed
Another factor that has increased
in importance in recent times is
the purchase and consumption by
cows of salmonella contaminated
feed ingredients such as protein
supplements and animal byproducts.
In addition, wild birds and vermin can contaminate cut forages
via droppings containing salmonella.
When an outbreak of salmonellosis has an acute onset and high
morbidity, contaminated water or
feed should always be considered
as a possible source.
Equipment used to handle slurry,
feed or to remove sick or dead
animals can very effectively spread
salmonella through a herd. Forage
contamination has increased in
recent years and this is thought to
be related to an increased use of
slurry and no-plough practices
with forage crops.
It does not follow that if there is
an outbreak of salmonellosis in
adults there will be one in the
calves and vice versa.
The clinical signs of salmonellosis
vary greatly in their severity. Fever
and diarrhoea are normally seen.
Abortions are often seen and arise
from foetal infection and death,
endotoxin release or high fever.
Salmonella are found in the milk
of infected cows and this has
zoonotic implications. In addition,
salmonella related problems are
often seen in farm workers on
farms with infected animals and
their families. Herds with S. dublin
infection often have cases of
chronic mastitis. Faecal cultures
are the preferred way to confirm a
diagnosis in cattle.
Around the world herd outbreaks/epidemics of salmonellosis
appear to be increasing. When salmonellosis has been confirmed in a
herd the following courses of
action are prudent:
l Conduct an epidemiological
investigation and try to identify the

source of infection (water, feed,
bought in stock, manure handling,
bedding, proximity of hospital and
maternity pens, carcase disposal
etc).
l Isolate sick animals.
l Treat sick animals.
l Minimise public health risks by
ensuring no raw milk is consumed,
the wearing of overalls and boots,
disinfection foot baths etc.
l Clean and disinfect the
premises. It is important to protect dry cows and to regularly disinfect maternity areas.
l After an outbreak determine
whether any salmonella carrier
animals remain by culturally
screening milk from the bulk milk
tank and faeces from individual animals.
An important aspect of salmonellosis on the dairy farm is that it
is a zoonosis and, as such, can
spread to man. Ideally the farm
should not supply milk to the public or its staff that is raw (from the
bulk milk tank) and anyone working on the farm should be aware of
the importance of personal
hygiene practices, such as washing
their hands before meals.
Salmonella is effectively killed
and therefore eliminated from the
milk by pasteurisation. For this
process to be effective it should be
monitored to ensure the correct
temperature/time combination is
being achieved and that there is no
opportunity to recontaminate the
milk after the pasteurisation
process has occurred.
This is best achieved by separating the pre- and post-pasteurisation areas by a physical barrier and
ensuring staff and equipment do
not move from the pre- to the
post-pasteurisation areas.
In pasteurisation we have a virtually perfect control process for
eliminating salmonella and other
zoonotic pathogens from milk so it
is surprising that there is a small
but significant group that insist on
consuming raw or non-pasteurised
milk and dairy products, such as
butter and cheese, made from it.
These people regularly succumb
to zoonotic infections from the
milk they consume.
Should the individual have the
right of choice or should society
impose food safety legislation for
the common good that bans the
sale and consumption of non-pasteurised milk?
n
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Feed contamination
very cow and calf eats every
day so an easy way to infect
them with salmonella is to
provide them with a salmonella
contaminated feed.
The likelihood of salmonella contaminated feed resulting in infection becoming established in the
animals consuming that feed will
depend upon the dose (number)
of salmonella organisms the animal
consumes, the serotype or strain
of salmonella involved and bovine
risk factors (see Table 1) that
make the animal more susceptible
to infection, such as immunosuppression.
It will also depend on whether
any unintended or intended control measures, for example feed
acidification, are in place.

E

l Commingling of sick, hospitalised, lame, treated or cull cows/calves with fresh cows/calves
l Lack of isolation of sick cows/calves

l Not using monensin in weaned calf or bred heifer diets (USA)

l Purchased concentrate or protein feed storage in buildings not enclosed or wet commodity storage areas
l Access of lactating or dry cows to surface water like lakes, ponds, streams or rivers

l Liquid manure disposal, especially when applied to fields containing roughage eaten or grazed by cattle
l Free stall or confinement housing
l Seasons other than winter

l Purchase of cattle from dealers or markets

l Presence of wild birds, cats, wild geese or rodents in feed and housing areas

l Skid loaders used for manure removal crossing feed alleys or transporting feeds
l Feeding colostrum from cows sick with salmonellosis

l Feeding colostrum from salmonella (for example, Salmonella dublin) infected cows
Table 1. The herd level risk factors that have been associated with salmonella problems (Source: University of
Wisconsin, USA).

Protecting the calf
Salmonella contamination of milk
replacers has occurred in the past
and it is therefore good practice to
give colostrum in the first few days
so the calves pick up maternal
immunity.
There is another good reason
for this. The stomach does not
acidify until some time after the
birth and, by feeding colostrum,
you are protecting the very young
calf from any microbial contaminant in the milk replacer by keeping the replacer away from the calf
until its stomach has its protective
acidification.
Whether or not feed is salmonella contaminated or not depends
on the status of its ingredients,
opportunities for contamination to
occur during the production of the
feed, salmonella control processes
the feed has been subjected to and
opportunities for post-production
contamination in storage at the
mill, during transportation and
during on-farm storage prior to
consumption.
When we are talking about dairy
cattle feeds remember the hay and
silage, especially the former which
may have been stored for months
during which time there are
numerous opportunities for faecal,
and hence possible salmonella
contamination by vermin and wild
birds. Just think, in this context, it
was not so long ago that we fed
cattle poultry litter!
The status of ingredients is
important. A salmonella contami-

nated ingredient can contaminate
the feed it is incorporated in, but it
can also introduce salmonella into
the mill’s environs and this can
contaminate other feeds which do
not use the contaminated ingredient.
How biosecure is the area in
which you manufacture your TMR?
Is it a haven for pigeons and other
wild birds, rats and mice?
The likelihood of an ingredient
being contaminated is influenced
by the type of ingredient, the processing the ingredient is subjected
to and the quality of the storage
the ingredient is held in. Let us
now consider these in turn.

Type of ingredient
Historically, ingredients of animal
origin, such as meat and bone
meal, were considered to be high
risk. Nowadays they are not used
because of bans on animal products in dairy cattle diets or, where
they are allowed, they have been
adequately treated, for example,
with an acid.

Processing of the ingredient
For certain ingredients, for example some soya based products
where the extraction process
involves a cooling stage, salmonella
can survive in the cooler (a perfect
bacterial environment in terms of
food, moisture and temperature)

and regularly contaminate the
ingredient during its production.

Ingredient storage
The quality of ingredient stores
varies considerably and where
these are on farm and of poor
standard vermin infestation is
common. As a result of this, vermin or wild bird droppings (often
plus salmonella) can easily get into
the ingredient.
So, it is important to know your
ingredients and where they come
from. Audits of ingredient suppliers and ingredient stores should
be undertaken and samples should
be regularly tested for salmonella.
Ideally, ingredient suppliers should
be operating HACCP.
Where an ingredient from a particular supplier has a bad track
record that supplier should, if at all
possible, be replaced by one with
a good salmonella track record.
Where a company operates several feed mills one should be designated as the recipient of dubious
status ingredients so these are
confined to one mill and are not
spread across all the feed mills.
Feed mills should be designed so
they can be cleaned and kept
clean. A good way to get a quick
insight into the salmonella status of
a feed mill is to screen composite
environmental dust samples for
salmonella.
The feed mill should operate a
HACCP programme for salmo-

nella. This includes identifying critical control points (CCPs) and then
monitoring these to confirm that
they are functioning and are effective.
In milling the only effective CCPs
are those associated with heat
treatments or the addition of salmonellacidal chemicals. Minimise
the use of high risk ingredients.

Monitoring of CCPs
Monitoring of CCPs is critical and
it is important that the monitoring
assesses the true picture and not
just part of it.
Thus, when we are taking a temperature we should fully evaluate
the process and make sure all feed
is subjected to an adequate temperature. Likewise, we need to be
satisfied that any chemical added is
added uniformly.
In this day and age a feed mill
should operate on a uniflow basis.
This means having all the raw
materials on one side of the production area and the finished feed
storage areas on the opposite
side. Control access to the finished
feed side so it is out of bounds to
staff from the ingredients side.
The mill should be wild bird and
vermin proofed and operate
appropriate programmes such as
vermin baiting.
As has already been said, dust
often contains salmonella and so
dust control in the feed mill is
essential.
n

29, salmonella 6 08/07/2013 Week 28 11:42 Page 1

International Dairy Topics

Focusing on

Salmonella

milk and dairy products
ortunately, salmonella in milk
is destroyed by pasteurisation
so, if milk is pasteurised, it
should be safe to drink. However,
this is not always the case because
sometimes the pasteurisation
process can fail or the milk can
become contaminated post pasteurisation. One thing is certain,
raw unpasteurised milk can, and
sometimes does, contain salmonella and, as such, is a threat to
human health.
This obviously leads us into the
debate of whether all milk should
be statutorily pasteurised, or
whether consumers have the right
to choose to drink raw, unpasteurised milk if they so desire.
However, we will not go into that
debate on this occasion!
It should also be noted that certain categories of people, including
the very young, the very old and
the sick, are more prone to salmonella infection and these are the
very people who often consume
more milk and dairy products.
This being the case, such people
should not drink unpasteurised
milk or consume products, such as
cheeses, made from such milk.

F

How does it get in the milk?
Let us start on the farm and consider how salmonella can get into
the milk. The first way is if cow(s)
are infected systemically with salmonella or are afflicted with a salmonella caused mastitis. In both
these situations, salmonella can
pass directly from the cow to her
milk.
The second way salmonella can
get into the milk is if there are
poor hygiene standards on the

farm. This can occur in the milking
parlour. Faeces can contain salmonella and so cows which are badly
soiled can represent a risk, as can
poor udder hygiene and cleaning
at milking.
In this context, disposable udder
wipes are to be highly recommended. The old fashioned
method of using an udder cloth is
not recommended as this can
become contaminated with salmonella and, instead of cleaning the
udders, can spread salmonella
(and other microbes) from cow to
cow.
If salmonella is on the teat it will
get into the milk when cows are
being milked. Thus, for a whole
host of reasons, including salmonella control, cows and the milking
parlour should be kept clean and
hygienic.
If the milking equipment is
improperly or inadequately
cleaned and it becomes salmonella
contaminated, it may harbour salmonella and contaminate milk
over a period of time.
Our goal should be that if the
equipment becomes contaminated
it only remains so until its next
cleaning. This will only be the case
if every cleaning is thorough and
meticulous and sanitisation
processes are correctly applied.
If this is not the case, salmonella
contamination of the milk from the
equipment can become an ongoing phenomenon.
How can equipment become
contaminated? Well obviously the
first way is if salmonella contaminated milk has passed through it.
Then there is the possibility of
farm staff inadvertently contaminating the equipment, for example,
via dirty hands.

Salmonella outbreak in Mexican-style cheese
A salmonella outbreak that recently made at least 25 people sick in
Minnesota has been linked to a Mexican-style cheese made locally from
raw milk.
This outbreak, which was first reported in April 2013, put 15 people in
hospital, according to the Minnesota Department of Health. All 15
recovered.
Investigators say many of those who fell ill had eaten an unpasteurised
cheese known as queso fresco, made by an individual in a private
home. The product was delivered to customers’ homes in Minneapolis.

Salmonella in soft cheese
Public health authorities estimate that 2,000 people in Utah, USA, may
have been infected with salmonella over recent years by eating soft
cheese made from raw milk by an unauthorised food producer.
An investigation was launched in 2009 after people began to get sick
with Salmonella newport.
Since then, health department officials have confirmed about 40 cases
of S. newport linked to raw milk cheese, but believe as many as 2,000
people may actually have been affected,
On the farm the dust derived
from bedding material, feed or
dried faeces can be contaminated
with salmonella and, unfortunately,
most milking parlours and milk
handling areas are very close by
and can become contaminated by
such dust.
Water is used to clean udders
and equipment so you have a real
problem if your water supply
becomes contaminated. Ideally, all
water used in the parlour and
ancillary areas should come from
the public supply or be treated
(chlorinated) before use.
Unfortunately, there are still
farms in the world who think that
water used for washing down can
just come out of the nearby
stream or pond!
Animals can access and faecally
contaminate such water supplies.
Even water from the public supply
can become contaminated. Just
think of the situation of a badly fitting cover over a header tank and
a rat or mouse falling into the
header tank, drowning and
decomposing!
These animals often carry salmonella which, on their decomposition, will be released into the
water supply. So, having said all
this I think you will agree that
there is a very strong case for pasteurisation of all milk supplies!

Salmonella in dairy products
Let us now consider salmonella in
dairy products. As there are so
many different dairy products let
us consider some general comments on this subject:
l Dairy products by their very
nature (lactose, proteins, fats and
water or moisture) are an ideal

substrate or foodstuff to support
bacterial, including salmonella,
growth.
l Milk has its own bacterial flora
and this can often grow and multiply faster than salmonella, but this
does not mean that the salmonella
is not also growing and multiplying.
l For salmonella to cause problems in man it has to be present at
an infectious dose level in the food
to be consumed. This dose must
be considered in absolute terms
and not in relative terms. For
example, we might eat 5g of butter but drink 500g of milk. Thus,
the number of salmonella in the
butter on a per g basis needs to be
x100 the number in per g of milk
to produce the same infectious
dose.
l The practice of adding other
ingredients, such as herbs into
cheeses and fruits and nuts into
yoghurts, can provide a route by
which salmonella is introduced
into the final product and has
nothing to do with the dairy component of that product. One
yoghurt manufacturer packs his
yoghurt and additions separately
which, microbiologically, is a good
idea.
l Some dairy products have a fermentation stage and this might be
enough to make the bacterial environment in that product such that
it does not support salmonella
growth or multiplication.
l Some dairy products, for example ice cream, are stored frozen
and at such temperatures salmonella will not grow or multiply.
l In many instances, the number
of salmonella present at time of
production may not constitute an
infectious dose for a healthy adult
but this can have changed by the
time the product is consumed. n
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Antibiotic resistance
acteria can become resistant
to antibiotics. When this
occurs we can have difficulties in treating the diseases they
cause in dairy cattle. However, if
the bacterium concerned has
zoonotic implications, then it may
be a case that we have difficulty in
treating the disease it causes in
man – which is more serious.
Today there is a debate going on
as to whether zoonotic pathogens
acquire their antibiotic resistance
as a consequence of coming into
contact with antibiotics when they
are in animals or when they are in
man. This is reflected in an ongoing debate on the use (overuse)
of antibiotics in man and animals.

B

Origins of resistance
The origins of antibiotic resistance
in bacteria lies in their competition
for advantage in their environment. If a bacterium is naturally
more resistant against a particular
antibiotic it is more likely to survive in a herd treated with that
antibiotic and become dominant.
With the arrival of antibiotics
some bacteria were able to
develop defence mechanisms and
this gave them the opportunity to
survive and dominate.
Nowadays, resistance phenomena of one type or another have
been encountered in virtually all
bacterial types and against all
antibiotics.
Obviously antibiotic resistance
makes a particular disease situation worse in that losses are
greater and some treatments are
not effective. These are therefore
wasted when a second one then
has to be prescribed. To put it
bluntly, antibiotic resistance is an
expensive phenomenon for the
dairy farmer.

be spread by transformation. This
is a process in which bacterial
DNA is taken up by the cells or by
transduction in the delivery of a
bacterial gene by a bacteriophage
into a new host cell (another bacterium).
Five trends have been seen in
antibiotic resistance in salmonella
(Table 2).

Antibiotic

Mode of action

Main resistance
mechanism

β-Lactams

Cell wall synthesis

β-Lactamases, altered
penicillin binding proteins,
reduction in permeability

Aminoglycosides

Protein wall synthesis,
ribosome 30S unit

Modifying enzymes,
reduction in uptake

Tetracyclines

Protein wall synthesis,
ribosome 30S unit

Efflux

Quinolones

DNA gyrase

Altered target

Chloramphenicol

Protein wall synthesis,
ribosome 30S unit

Acetyltransferase

A look at history

Folate inhibitors

Inhibition of folic acid
metabolism

Altered target

Finally, let us close by looking at
history. The first reports of resistant salmonella were in the 1960s.
For example, antibiotic resistance
to tetracycline steadily increased
over this decade. In the USA the
first antibiotic resistance was seen
in the mid to late 1950s.
Even at this early stage it was
seen that S. typhimurium had a
higher frequency of resistance than
other serotypes.
In the 1970s DNA isolation procedures allowed for the genetic
basis of antibiotic resistance to be
more precisely defined. Around
this time spread of multi-resistant
salmonella serotypes received
attention.
In the 1980s apramycin resistance steadily increased following
its introduction. In the early 1990s
the possible link between resistance in human and animal isolates
came to the fore with similar
increases in man and animals
(Table 3).
The 1980s and 90s were dominated by the appearance and
spread of multiple resistant strains
of S. typhimurium.
By the end of the 1980s evidence of resistance to the fluoroquinolones was emerging and by
the 1990s links between the emergence of resistance in livestock isolates of salmonella and human
ones were being postulated.
This was important because
ciprofloxacin was emerging as a
drug of last resort for treating
human cases of salmonellosis.

Table 1. The main resistance mechanisms in enterobacteria.
In milk production two situations
have come together to favour the
emergence of antibiotic resistance.
Firstly, a resistance trait has to be
present in a bacterial population
(and this can be at a very low frequency) and, secondly, there has
to be a selective pressure on that
population of bacteria which
favours the emergence of those
bacteria that possess that resistance trait.
In time this means that the proportion of the total bacterial population carrying resistance genes
increases.
A major selection pressure on
salmonella arises from the overuse
of therapeutic and prophylactic
antibiotics on the farm, especially
the long term continuous use of in
feed antibiotics to counter vague
health issues or enhance performance.

Antibiotic usage controls
Fortunately, many countries now
have controls on such usage and a
good example of this is the banning of in feed antibiotic growth

Table 2. Trends in antibiotic resistance in salmonella.
•

lsolates without anthropogenic selective pressures are mainly
sensitive against antimicrobial agents

•

A general increase in resistance levels, but not all serotypes, such
as Salmonella typhimurium which is linked to livestock production

•

A general increase in multiple resistance

•

A general increase in the number of resistance determinants that
are integrated into a salmonella chromosome

•

The use of a newly licensed antibiotic often leads to increased
resistance levels against that antibiotic

promoters by the EU a decade or
so ago.
This has probably not been that
relevant with regard to the development of antibiotic resistance in
salmonella because the primary
action of most of these growth
promoters is against Gram positive
bacteria and salmonella is a Gram
negative bacterium. In some parts
of the world tetracycline is still
used as a growth promoter, but
that is another story!
Serotype

Resistance (%)
1980 1990

S. typhimurium

36

54

S. virchow

16

76

Table 3. An animal human link in
salmonella resistance?
When it comes to salmonella it
is interesting to see that there
tends to be low resistance levels in
areas with low antibiotic usage
such as Sweden.
Table 1 details the main resistance mechanisms in the bacterial
group known as enterobacteria,
which includes salmonella. In general terms, three mechanisms of
action exist – antibiotic destroyed
or modified so no longer effective,
prevention of access of antibiotic
to target site or target site modified and made insensitive.
Under therapeutic conditions
three types of resistance are
encountered:
l Intrinsic or natural resistance.
l The spread of single resistance
genes.
l The spread of more complex
genetic entities.
Individual resistance genes can

The way forward
The way forward would appear to
be for veterinary control over the
prescribing of antibiotics in animals
and for a dramatic reduction in the
non-essential use of antibiotics in
man.
n
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Introduction to salmonella
almonella is a Gram negative
bacterium that is associated
with certain diseases in pigs
such as Salmonella choleraesuis
infection.
In addition, various salmonella
serotypes and especially S.
typhimurium can colonise the pig’s
digestive tract without causing disease and at processing can contaminate the carcase. These can
then cause food poisoning in man.
S. typhimurium is commonly found
in pork products such as sausages.
Historically, the greatest concern
were the serotypes of salmonella
capable of causing disease in pigs
but these have been brought
under control by good management and vaccination.

S

Human food poisoning
As a consequence of this success
coupled to a greater consumer
concern about food safety, the
serotypes of salmonella associated
with human food poisoning are the
ones causing most concern in the
pig industry today.
Salmonella can enter a farm by
many routes including bought in
pigs, feed, water, bedding material,
on equipment, via staff and their
food and by vermin, lizards, insects
and wild birds. Needless to say,
such inputs are virtually impossible
to control in outdoor pig operations.
Salmonella control starts by getting a farm clean and keeping it
clean by managing all these different inputs. However, this is not
possible if you have contaminated
pigs or a contaminated feed
source.
For this reason, control has a
second line of defence and this
centres around protecting the pigs
by using approaches such as vaccination and the use of feed additives, such as organic acids and
various organic products.

Danger of old buildings
Obviously the start of this process
is to have a salmonella free farm
and to this end it has to be
accepted that old buildings in a
poor state of repair are virtually
impossible disinfect to the level
needed to remove every salmonella organism.

October 2007

July-August 1989

Salmonella newport
Pulled pork
Georgia, USA
67 human cases

S. typhimurium DT 193
Cold sliced pork
Northern England
206 human cases

April-May 1995

April-May 2006

S. typhimurium DT 107
Pork tripe, roast pork
Rotherham, UK
22 human cases

Salmonella bovismorbificans
Cured pork
Australia
10 human cases

Fig. 1. Some recent pig meat related food poisoning outbreaks.
Thus, a pre-requisite to effective
salmonella control is to have
houses that can actually be properly cleaned and disinfected.
Then there is not much point
achieving this if the farm has a
viable rat or mouse population
that is carrying one or more salmonella serotypes. Typhimurium
literally means fever of mice!
Today the international breeders
place a heavy emphasis on producing salmonella free stock and this
helps the industry a lot.
Pig feed can also introduce salmonella into a herd and as every
pig eats feed every day this can be
a very quick way of introducing
salmonella into a herd.

Susceptible pigs
Very young pigs in which stomach
acid production has not become
established, pigs at farrowing, very
old pigs and immunosuppressed
pigs are more susceptible to
becoming infected with salmonella.
When it comes to salmonella in
feed the first important thing to do
is to stop using ingredients and
suppliers with poor salmonella
track records because if salmonella
is not taken into the feed mill it can
not get into the feed!
Mill hygiene and pest and wild
bird control programmes are also
very important.
Feed treatments to counter salmonella contamination in the feed
are varied and include heat treatments and the use of various feed
additives, such as organic acids and
their salts, and aldehydes.
Probiotics, phytogenics or essential oils, enzymes and mannan oli-

gopolysaccharides, although
administered by the feed, tend to
exert their influence in the pig’s
digestive tract.
In all of these areas one can not
just assume everything is satisfactory – a continuous monitoring
programme is required to confirm
everything is satisfactory or, if it is
not, to trigger off corrective
actions.

Risks in further processing
Pigs produce pork that can be
contaminated by salmonella and
ultimately cause food poisoning in
man. Pork that is further
processed, for example into
sausages, is more likely to be associated with human food poisoning.
In such products salmonella are
throughout the product and inadequate cooking can result in those
in the middle of the product surviving.
In whole meat products, such as
chops or medallions, the salmonella remains on the surface.
Fortunately for the pork industry, consumers perceive pork as a
risky meat because of trichinosis
and tend to overcook it!
The trend in some countries for
cooking pork to order in restaurants as steaks are is of some concern when it comes to rare or
medium rare pork.

Cooking is effective
When it comes to pig meat, thorough cooking will destroy salmonella but two situations frequently
arise – undercooking and the con-

tamination of foods for human
consumption that are not going to
be cooked by the juices from raw
meat.
A good example of this is the
practice of thawing pork on the
top shelf of the refrigerator, which
then drips contaminated meat
juices on to the salad or cheesecake below.
Similar scenarios can happen on
a much bigger scale in cooking
plants when post cooking product
is contaminated.

Predisposing factors
Human food poisoning has a few
prerequisites and these include a
serotype which is pathogenic to
man, an adequate number or dose
of micro-organisms and the actual
consumption of the salmonella.
These can be coupled to factors
in the victim (host) that will favour
the salmonella’s ability to cause
food poisoning such as age factors,
depressed immunity and defence
mechanisms that are malfunctioning.
Sometimes, the salmonella is
protected from the defence mechanisms. A good example of this is
the food poisoning outbreak that
occurred due to S. napoli contamination of soft chocolate.
The salmonella in this chocolate
was contained in a globule of fat
which protected it from the stomach’s acid.
Once the globule reached the
small intestine it was broken down
by lipases and the salmonella then
caused the food poisoning!

The human factor
Wherever we are in the production chain, from the international
breeder to the supermarket’s chill
cabinet, there is one very important factor to consider in the management of salmonella and that is
the human factor.
Many outbreaks of salmonella
food poisoning can be traced back
to human error! Thus, staff education and training is very important.
From this brief introduction to
salmonella you will have seen that
there are many facets to this
important bacterium and these will
be covered in future issues of the
magazine.
n
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Surveys in pigs
n recent years various surveys
of salmonella in pigs have been
undertaken. These tend to have
the objective of gaining an insight
into what the situation is in a certain country or region or providing
follow up information for comparative purposes. These surveys are
looking for statistics on salmonellas associated with human food
poisoning rather than specific diseases in pigs.
For example in 2003, the
Department for Environment,
Food and Rural Affairs (Defra) in
the UK conducted a survey of animals at slaughter in Great Britain
to determine the faecal carriage of
pathogens, including salmonella in
pigs. This study was similar in
design to a previous abattoir survey conducted in 1999-2000. In
the 1999-2000 survey salmonella
was isolated from 23% of caecal
samples taken from slaughter pigs
and from 5.3% of carcases. No
improvement in levels of salmonella was found during the second
survey in 2003, with 23.4% of caecal samples testing positive.
The results from these two surveys indicate the need to take
action. The industry recognised
this need and the British Pig
Executive (BPEX), together with
the FSA and Defra, launched the
Zoonoses Action Plan (ZAP) in
June 2002.
The overall aim of this scheme
was to monitor trends in the levels
of salmonella on pig farms so that
action could be taken to reduce
the prevalence in pigs presented
for slaughter.
Since then concern about salmonella became an issue across
Europe and a European Union
wide salmonella baseline survey
was conducted in 2008 in farms
containing breeding pigs.
A total of 1,609 farms housing
and selling mainly breeding pigs
(breeding farms) and 3,508 farms
housing breeding pigs and selling
mainly pigs for fattening or slaughter (production farms) from 24
European Union Member States
and two non-Member States,
were randomly selected and
included in the survey.
In each selected breeding and
production farm, fresh voided
pooled faecal samples were collected from 10 randomly chosen
pens, yards or groups of breeding
pigs over six months of age, repre-

I

Fig. 1. Prevalence of salmonella positive pig farms (2008).
senting the different stages of the
breeding herd.
The pooled faecal samples from
each farm were tested for salmonella and the isolates were then
serotyped. The overall European
Union prevalence of salmonella
positive farms with breeding pigs
was 31.8% and all but one of the

24 participating Member States
detected salmonella in at least one
holding. The European Union
prevalence of salmonella positive
breeding farms was 28.7%, and
prevalence varied from 0-64.0%
among Member States (Fig. 1).
The European Union prevalence
of salmonella positive production

holdings (farms) was 33.3%, while
the Member States’ prevalence
varied from 0-55.7%. The number
of different salmonella serotypes
isolated in breeding farms and production farms in the European
Union was 54 and 88, respectively.
Salmonella derby and S. typhimurium predominated in both
types of farms.
Breeding pigs may be an important source of dissemination of
salmonella throughout the pig
production chain.
The results of this survey provided valuable information for setting a salmonella reduction target
for breeding pigs and for assessing
the impact of salmonella transmission originating from farms with
breeding pigs.
Out of this survey (Fig. 2) came
some interesting facts. These
included that the most common
cause of food poisoning in man
was S. enteritidis and this was
strongly associated with poultry.
The second most common cause
of human food poisoning was S.
typhimurium and this was strongly
associated with pigs.
Interestingly, the most common
serotype isolated from pigs was S.
derby and this was of minor significance as a cause of human food
poisoning. Similar surveys have
been undertaken in countries such
as USA, Canada and Australia. n

Fig. 2. Comparison of the salmonella serovar distribution in humans and animal sources in the EU (Salmonella EU
Baseline Survey, 2008).
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Biosecurity
almonella organisms are not
spontaneously created on the
farm – they must come from
somewhere! By knowing the
sources of salmonella, we can
review our biosecurity to see if it is
adequate to keep salmonella out
of the farm.
In essence, anything coming on
to the farm has the potential to
bring salmonella with it but those
items which have had animal or
faeces contact, those items which
frequently come on to the farm in
large quantities and those items
which go into close proximity of
the pigs or are consumed by them
represent the greatest risks.
An obvious starting point is the
pig itself and in this context the
more times you bring stock on to
your farm the greater the likelihood that one day you will bring
salmonella with those pigs. Thus,
we ideally need to obtain our
stock from salmonella free sources
and have them confirm to us the
salmonella status of the stock they
supply. If we obtain our stock from
several sources the chances of salmonella being there is increased –
we should regularly obtain our pigs
from one proven, reputable
source.
Alternatively we can operate on
the basis that we do not bring live
animals on to our farm and any
genetic improvement comes via
semen or embryos.
If we have a salmonella serotype
on our farm it will pass from the
sow to her piglets in the farrowing
crates as the piglets will inevitably
have contact with the sow’s faeces. Hence, we have a scenario
which is difficult to manage.
In the first few hours of the
piglet’s life, stomach acid is absent
and as this hinders establishment
of salmonella in the piglet, it is easier for the piglet to become
infected with salmonella in those
early hours of its life.
Levels of freedom can vary –
sometimes freedom from the
major pathogenic serotypes is
enough, on other occasions freedom from all serotypes is
required. To some extent this will
be defined by what your customers require.
When it comes to testing our
pigs we need to define our policy.
Is our policy to do the minimum
required to comply with legal/customer requirements or is our pol-
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Fig. 1. Routes by which salmonella can enter the farm.
icy to maximise testing to satisfy us
that we really are free of salmonella? In the pig sector it is usually
the former that is the case.
Every pig eats every day, therefore, feed must be free of salmonella – this is the feed delivered to
the farm and not at point of production, because contamination
can occur in transit from poorly
cleaned lorries or bird/vermin
droppings falling on to uncovered
feed in an open lorry.
You need to know the salmonella status of your supplying feed
mill and the processes it uses to
keep feed free, such as using ingredients of known negative status,
use of HACCP, heat and/or acid
treatments, etc, etc.
Your feed mill should be regularly testing feed, ingredient and
environmental (dust) samples and
making the results available to customers who want to see them. If a
feed mill refuses to make results
available, it is usually because they
want to keep something secret!
Also, remember not to let the
water supply become contaminated, because every pig drinks
every day! Troughs for feeding or
drinking favour the circulation of
salmonella within the herd if they
can be easily contaminated with
pig faeces.
The next most important source
is animals, and these range from
man to wild birds and vermin
through to insects. Man includes
your staff and visitors and the
greatest risk is from those people
who work close to the pigs for a
long time.
Salmonella is an intestinal infection of man that is spread by the

faecal route so the importance of
using the toilet facilities provided
and not squatting in the corner of
a shed (yes, this does happen!) and
thoroughly washing and sanitising
hands must be stressed to all staff.
Cloth towels are an easy way of
spreading salmonella between
people so use disposable towels.
Require staff and visitors to confirm they are well and not suffering
from diarrhoea – if they are keep
them away from your pigs!
Staff should only consume food
in the designated canteen area –
they should never take food into
the pig houses. This is because
human food can contain salmonella.
We can not require wild birds,
vermin and the like to give a similar assurance, so we must keep
these animals away from our
herds. Unfortunately, this is not
practically possible with outdoor
production!
Control has two components –
firstly, keep the area surrounding
pig houses unattractive for vermin
and wild birds, for example concrete or short grass (incidentally,
do not use animals like sheep as
lawn mowers!) and free from clutter (hiding places) and roosting
points for wild birds. This last
point is important because the
wild bird may not get into the pig
house, but its faeces may via
worker’s boots. For the same reason, never drag items intended for
use in a pig house across the concrete outside that house.
Keeping small animals, such as
rats, mice and lizards, out can be a
challenge. Do not rely on workers
to close doors – make them self-

closing and ensure all holes are
sealed. For example, it is amazing
how often a 6cm hole is made for
a 4cm pipe and the difference is
more than enough space for a
mouse or lizard to get through!
Slurry channels can provide an
underground network that facilitates vermin access.
The size of the risk presented by
small animals and insects is to
some extent defined by what
other operations are in close
proximity to the pig farm.
Anything else going into the pig
house has the potential to bring
salmonella with it so you need to
know everything that comes into
the house. The following management exercise is well worth doing.
First of all list everything that
comes on the farm (if you do not
list everything it will soon become
apparent how failure can occur).
You will never list everything in
one go so take three weeks to do
this, during which time you must
regularly revisit the exercise and
involve several people.
Once you have this list ask the
question of each item on the list
‘Does it have to come on to the
farm? If the answer is ‘NO’ then
stop that item from coming on to
the farm and you have eliminated a
potential salmonella vector. If the
answer is ‘YES’ then as the question ‘What can I do to eliminate
the risk of introducing salmonella
or, at worst, greatly reduce it?’
Such control strategies include
washing, disinfection, fumigation,
passing through a UV box, removing outer packaging and leaving it
outside the farm and changing supplier.
n
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On-farm hygiene
ygiene is an important
aspect of managing salmonella on the farm. In the
context of salmonella, hygiene has
two components. Firstly, there is
cleaning and disinfection to
remove the salmonella organism
from the environment and, secondly, there is the cleaning and
good housekeeping that make the
farm less attractive to vermin (rats
and mice) and wild birds, all of
which frequently carry salmonella.
Ideally, a farm wants to be ‘all in,
all out’ so that everywhere can be
cleaned and disinfected at the
same time. This is easily achievable
in the poultry sector, but not so
easily achieved with pig farms.
However, some of the largest
operations are achieving this with
their two or three stage grow out
operations.
If the farm is multi-age it is effectively permanently stocked, at
least in part, and so there is always
somewhere salmonella, and for
that matter other pathogens, can
hide. That is, the salmonella keeps
cycling on the farm.
When you have an ‘all in, all out’
farm it is important to stock them in
a sequence so that pigs and cleaning
teams can move through the farm in
one direction so they do not have
to backtrack over areas that have
been cleaned and disinfected when
they leave the farm.
The cleaning process starts with
removing old bedding material and
portable pieces of equipment so
that when it comes to washing
down, each room is effectively just
four walls, a ceiling and a floor.
The portable equipment can
then be washed at one point by
someone experienced in cleaning
such items (rather than by the general wash team).
Specialist equipment can be
used, such as a tank in which the
equipment can be submerged in a
disinfectant solution so that the
disinfectant gets to all parts of the
piece of equipment.
With washing down, and subsequent disinfection, the process
should start at the highest point.
This is because we want the dirty
water to run down over areas still
to be washed/cleaned so that
these are being wetted to help
subsequent cleaning and so that
dirty, contaminated water does
not run over areas that have
already been cleaned, thereby

H

An impossible challenge!
recontaminating them! It is amazing how many staff do not appreciate this very important aspect of
cleaning and the fact that water
actually does run downhill!
When it comes to disinfection it
is important to use a product that
is effective at killing salmonella and
that it is used at the correct dilution rate.
If you run short of disinfectant
do not eke out what is left as you
will over dilute the product and its
effectiveness will be reduced. It is
always best to go and get some
more disinfectant so that the
product continues to be used at its
recommended dilution rate.
It is no good having a good disinfectant, if your staff do not apply it
to 100% of the surfaces! To work,
a disinfectant has to make contact
with the micro-organisms that
need to be killed.
If your staff only apply the disinfectant to 90% of the surfaces,
then do not be surprised if 10% of

the bacteria and 10% of the salmonella survive the cleaning and disinfection process and remain there
to infect the incoming pigs!
One way to ensure this does not
occur is to follow the disinfection
stage with a fumigation or disinfectant fogging stage. In the latter, a
mist of disinfection droplets is generated which, like the fumigant gas,
will get everywhere. Obviously,
this is not a practical proposition
for open sided housing unless that
housing has good fitting curtains.
At each stage of the cleaning/
washing/disinfection process the
effectiveness of the previous stage
should be checked by visually
inspecting the area that has been
processed for visible dirt.
If there is visible dirt there will be
thousands, if not more, microorganisms still there as well.
When the whole process has
been completed swabs can be sent
to the laboratory to confirm
whether visibly clean is also micro-

An ideal environment for salmonella spread.

biologically clean. If swabbing for
salmonella, it is best to use a swab
that is capable of swabbing a large
area, such as a sponge swab. As
with all salmonella testing a positive result confirms that salmonella
is present but a negative result
does not guarantee you are free of
salmonella.
Specific areas need specific
approaches. Such areas include the
water system which could contain
salmonella because of contamination getting into a header tank.
This system can be disinfected by
flushing a disinfectant solution
through the system by adding concentrated disinfectant into the
header tank(s). Do not forget to
include offices, changing rooms
and toilets in your cleaning and disinfection programme.
Now we come to the issue of
making our farm less attractive to
vermin and wild birds. These animals come to the farm because
they are seeking warmth, shelter,
food and drink and, in the case of
birds, roosting points.
If we remove these attractions
we can lessen the number of these
undesirable visitors and, in so
doing, reduce the risk they represent. The first thing to do is to
ensure they can not get into the
buildings. Doors should be tight
fitting and self-closing because
from time to time busy staff leave
doors open.
Other holes in the walls must be
sealed. In this context it is strange
how often a two inch pipe passes
through a wall via a three inch hole
and the gap, which is big enough
for a mouse or young rat, is not
sealed off.
Feed spillages should always be
swept up when they occur. Clutter
and debris should not be allowed
to accumulate as that pile of old
feeders or slats soon becomes a
‘rat hotel’.
Remember, with rats and mice
the problem is not the ones you
do see, but the ones you don’t –
of which there are many more!
The area around the houses
should be open – concrete, sand/
gravel or short grass. This is
because rats and mice do not like
to cross open ground as they fear
an aerial attack by a hawk or owl.
If you reflect on this, on-farm
hygiene is not too complicated, it
is all about people and good management.
n
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Feed contamination and treatment
very pig eats every day so a
very effective way to infect
pigs with salmonella is to
feed them with a salmonella contaminated feed. The likelihood of
salmonella contaminated feed
resulting in infection becoming
established in the animals consuming that feed will depend upon the
dose (number) of salmonella
organisms the bird consumes, the
serotype or strain of salmonella
involved and factors that make the
pig more susceptible to infection,
such as immunosuppression.
It will also depend on whether
any unintended or intended control measures, for example feed
acidification, are in place.

E

Ingredient status
Whether or not feed is salmonella
contaminated or not depends on
the status of its ingredients, opportunities for contamination to occur
during the production of the feed,
salmonella control processes the
feed has been subjected to and
opportunities for post-production
contamination in storage at the
mill, during transportation and
during on-farm storage prior to
consumption.
The status of ingredients is
important. A salmonella contaminated ingredient can contaminate
the feed it is incorporated in, but it
can also introduce salmonella into
the mill’s environs and this can
contaminate other feeds which do
not use the contaminated ingredient.
The likelihood of an ingredient
being contaminated is influenced
by the type of ingredient, the processing the ingredient is subjected
to and the quality of the storage
the ingredient is held in.
Let us now consider these in
turn.
l The type of ingredient.
Historically, ingredients of animal
origin, such as meat and bone
meal, were considered to be high
risk. Nowadays they are not used
because of bans on animal products in pig diets or, where they are
allowed, they have been adequately treated, for example, with
an acid.
l Processing of the ingredient.
For certain ingredients, for exam-

Temperature (°C)

Time in minutes to kill 90%
10% moisture

15% moisture

910

138
12

63
74

79

80

19

3

85

6

1

Table 1. Heat treatment conditions to kill Salmonella seftenberg.
ple some soya based products
where the extraction process
involves a cooling stage, salmonella
can survive in the cooler (a perfect
bacterial environment in terms of
food, moisture and temperature)
and regularly contaminate the
ingredient during its production.
l Ingredient storage.
The quality of ingredient stores
varies considerably and where
these are on farm and of poor
standard vermin infestation is
common. As a result of this, vermin or wild bird droppings (often
plus salmonella) can easily get into
the ingredient.
So, it is important to know your
ingredients and where they come
from. Audits of ingredient suppliers and ingredient stores should
be undertaken and samples should
be regularly tested for salmonella.
Ideally, ingredient suppliers should
be operating HACCP.

Assess track record
Where an ingredient from a particular supplier has a bad track
record that supplier should, if at all
possible, be replaced by one with
a good salmonella track record.
Where a company operates several feed mills, one should be designated as the recipient of dubious
status ingredients so these are
confined to one mill and are not
spread across all the feed mills.
Obviously the mill producing
breeder or piglet starter feeds
should receive the best ingredients
in terms of their salmonella status!
Feed mills should be designed so
they can be cleaned and kept
clean. A good way to get a quick
insight into the salmonella status of
a feed mill is to screen composite
environmental dust samples for
salmonella.
The feed mill should operate a
HACCP programme for salmo-

nella. This includes identifying critical control points (CCPs) and then
monitoring these to confirm that
they are functioning and are effective. In milling the only effective
CCPs are those associated with
heat treatments or the addition of
salmonellacidal chemicals.
Minimise the use of high risk
ingredients.

Monitoring is critical
Monitoring of CCPs is critical and
it is important that the monitoring
monitors the true picture and not
just part of it.
Thus, when we are taking a temperature we should fully evaluate
the process and make sure all feed
is subjected to an adequate temperature. Likewise, we need to be
satisfied that any chemical added is
added uniformly.
In this day and age a feed mill
should operate on a uniflow basis.
This means having all the raw
materials on one side of the production area and the finished feed
storage areas on the opposite
side.
Control access to the finished
feed side so it is out of bounds to
staff from the ingredients side.
The mill should be wild bird and
vermin proofed and operate
appropriate programmes such as
vermin baiting. As has already
been said, dust often contains salmonella and so dust control in the
feed mill is essential.
Let us now look at some of the
chemicals that can be used to control salmonella in feed.

Organic acids
Organic acids and their salts are
relatively stable in feed and are
metabolised in the animal, therefore they present no residue
issues, or they can be stabilised, in
which case they are not absorbed

and pass out of the pig in the faeces. Individual acids vary with
regards to their effectiveness, but
in general medium chain fatty acids
are more effective than short chain
fatty acids.
Salmonella can become acid tolerant to inorganic acids but it
would appear that this is not the
case with organic acids.
It is also thought that acids interfere with the expression of salmonella virulence genes, thereby
interfering with the salmonella’s
ability to invade the animal by
crossing the intestine.
Research has shown the relative
effects of organic acids against
Salmonella typhimurium to be
formic>propionic>lactic.
Efficacy is also dependent on the
original level of salmonella contamination in the diet.
In this context it should be noted
that when looking at laboratory
data one should put most faith in
that derived from a trial that most
closely simulates the real situation.
In other words, the effect of acid
against low numbers of salmonella
in a feed sample should possibly be
viewed as more credible than the
effect of acid against billions of salmonella in a test tube with no
organic matter present.
Formaldehyde has a high level of
disinfectant activity and is less likely
to be inactivated by organic matter
and a product based on formaldehyde, propionic acid and terpene
has been shown to be an effective
in feed treatment for salmonella
control.

Variety of actions
Essential oils are basically mixes of
terpenes, terpenoids and low molecular weight organic compounds
of several classes derived from
plants. They exert their antimicrobial effects in a variety of ways and
can be used counter salmonella.
Most chemicals have residual
effects and are effective for some
time after their addition and, in
some cases, even in the bird’s gut.
Heat treatments, on the other
hand, have no residual effects and
leave the feed totally open to
recontamination after cessation of
the treatment. To be effective a
combination of heat, moisture and
time are required to kill salmonella
(see Table 1).
n
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Monitoring and control schemes
ver the years there have
been various salmonella
control schemes in various national pig industries but
what have they achieved?
At the start of this century
Denmark had a nationwide control program of salmonella in pork
that is integrated from ‘feed-tofood’.
The program was based on routine testing and classification of
slaughter pig herds and subsequent
slaughter of pigs according to the
inherent risk, as measured by the
continual test programme (see
Table 1).

O

Reducing infection level
The Danes then felt that because
salmonella eradication in swine
herds is difficult due to the multiage nature of the production system, reducing the infection level
should be the aim of a control
strategy.
The low infection level in the
herds and contamination in the
products can likely be reduced further in Denmark.
They highlighted the valid point
that as the contamination level
goes below 1%, testing for contamination requires increasingly large

numbers of samples and consequently becomes very expensive,
which is one reason the sampling
plan of herds and products has
become more sensitive in recent
years.
At the same time a British abattoir survey had shown that at least
23% of pigs are carrying salmonella
in their caeca at slaughter. They
felt theoretically that the increasing
vertical integration of the pig
industry and centralisation of
slaughter in larger abattoirs, where
specialised quality assurance and
hygiene control operations are in
place, should reduce the opportunity for dissemination of salmonella infection and contamination.
Unfortunately, poor monitoring
of farm inputs, increasing farm size,
dietary changes and lack of specific
salmonella controls has meant that
salmonella had become more of a
problem for the modern integrated pig industry.
They commissioned series of
experiments designed to evaluate
the use of pooled serum and meat
juice samples in comparison with
the conventional ELISA test carried out on individual samples and
bacteriological results from caeca,
carcase swabs and pooled pen faeces from the farm of origin of the
batches of pigs tested.

Serology

Microbiology

Cheap

Expensive

Sensitivity for
S. typhimurium

High

Medium

Sensitivity for
other serotypes

Questionable/variable

Medium

High but not perfect

Perfect

7 days to weeks

Immediate

Cost

Specificity
Time between
infection and test
reaction

Table 2. Serological or microbiological surveillance.
The objective of this study was
to determine whether pooled
serum or meat juice could act as
an effective indicator of herd salmonella infection status and so
offer the possibility of providing an
effective monitoring programme at
minimum cost.
They noted that the large
amount of work carried out in
development and operation of the
Danish Salmonella Control Policy
had shown that a pragmatic
approach to categorise herds on
the basis of salmonella antibody
seroprevalence can be an effective
tool for identifying highly infected
herds and that this approach had

Table 1. The first salmonella surveillance in pig and pork production in Denmark.
Type of
production

Sample

No. and
frequency

Response

Breeding and
multiplying herds

Blood

10 times a month

Confirmatory bacteriological testing and
restrictions on the movement of animals if
above predetermined level

Pig herds

Faeces

100 in 20 pools of five
collected on indication

Salmonella reduction
plan implemented

Meat
juice

Depending on herd
size (60-100 samples
per year).
Samples are collected
continuously and
semi-randomly

Confirmatory bacteriological testing
(20 pools of 5 faecal samples). Herds are
assigned to one of three levels depending
on serology. Level 1: no sanctions; Level 2:
implementation of salmonella reducing
actions in the herd; and Level 3: same as
Level 2 and obligatory slaughter of pigs
under special hygienic precautions, including
post-slaughter microbial testing and potential
heat treatment of all meat products

Surface
swab

Swabs of five carcases
are pooled into one
sample. One sample
per day in each
slaughterhouse.

Slaughterhouses exceeding a
predetermined number of positive swabs
in a three month period are obliged to
implement corrective actions

Slaughter pig
producers producing
>200 pigs per year

Carcase
after slaughter

been adopted in several other
countries.
A British study concluded that
the individual serum or meat juice
salmonella ELISA test had a poor
correlation with bacteriology on
an individual pig basis but that it
could be used to flag up herds
which are more likely to be in
need of improved salmonella control. This study showed that pooling serum or meat juice would be
a viable surveillance option. Since
then pooled monitoring has operated in the UK.

Conclusions
Now that the approach of pooled
screening has operated for a number of years, what general conclusions are there from around the
world about salmonella control
and monitoring?
Many of the questions still
remain. For example, should we
focus on all salmonella serotypes
in a control programme or just
those causing problems? Should
our strategy be one of control or
minimisation? How do we stop salmonella entering pig herds?
Table 2 compares the two surveillance options and should beg
some interesting questions. Maybe
PCR should come into the frame?
Another dilemma is some of the
strategies that give a positive
impact for salmonella control can
impact negatively on production
parameters.
The key message is probably
‘horses for courses’, that is, the
control and monitoring programme needs to be tailored to
the specific circumstances of an
integrator, abattoir or country. n
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Free range pigs
almonella free, free range pigs
is virtually a total misnomer
because by the very nature of
free range production it is almost
impossible to attain and maintain a
salmonella free status.
Anyone who claims such a status
over a long period of time is either
exceptionally lucky or is not
undertaking enough testing for salmonella!
Let me expand on this by considering where salmonella comes
from and, in so doing, highlight
why it is so difficult to maintain salmonella freedom.
First of all, the piglet is born
straight into an environment contaminated with the mother’s faeces. If the sow is carrying
salmonella she will be doing so in
her guts and salmonella organisms
will be periodically shed in her faeces. There is some evidence to
suggest that this phenomenon is
increased by the physiological
stresses that occur around farrowing time.
To compound this, the piglet’s
stomach does not produce acid in
the first day or so of life. This acid
is a natural mechanism to facilitate
the establishment of the normal
gut flora which comes from the
mother and the farrowing environment. Unfortunately, this mechanism does not differentiate
bacterial types and so also favours
the establishment of salmonella in
the sow’s progeny.
With indoor production some
efforts can be made to maintain
high hygiene standards in the farrowing area but this is usually not a
practical proposition in outdoor
farrowing.
The second important source for
salmonella is food. With indoor
production feed can be easily managed but in outdoor production
feed really has a wider definition –
it is anything that goes into the
mouth, and sows, and for that
matter younger pigs, like to root in
the earth and this can be contaminated by virtually anything!
The faecal material of birds, vermin and other animals often carry
salmonella so we need to think
where these faeces can get to.
Obviously with open feed troughs
we are not just feeding the pigs!
Animals like wild birds, rats and
mice often defecate shortly after
eating and this can contaminate
the pig feed.

S

Also, wild birds flying overhead
defecate from time to time and if
this does not drop into the feed it
can drop on the ground, which will
be turned over by the pigs rooting.
Some people talk about bird/
pest proofing feeders but how
practical is such an exercise when
you can not bird/pest proof the
pasture area?
Anyway, feed is spilt at feeding
and such feed has a higher risk of
being contaminated with salmo-

nella and there is no easy way to
bird/pest proof this feed!
All pigs drink. With indoor production water can be managed via
header tanks, pipes and nipples
but this is not so easy out of doors
when it is often easier for pigs to
drink from puddles of rain water
and wallows which are often faecally (salmonella) contaminated.
There are even free range herds
with streams running through their
fields. Obviously, the pigs will drink

Table 1. Number of times Salmonella serotypes were found in pigs and in
pasture environments during three periods1 (1, 2, 3) in a Danish experiment
with outdoor pigs.
Salmonella serotype2

Pig
1

2

S. typhimurium DT 41

2

S. typhimurium DT 107

3

S. typhimurium DT 109

Environment
3

1

2
2

3

1

1

1

S. typhimurium DT 170

4

6

S. typhimurium NT3

1

S. typhimurium DT RDNC

1

4

S. typhimurium (DT not done)

1
3

S. agona

1

1

S. anatum

3

S. derby
S. goldcoast

3

3
1

1

S. indiana

1

S. livingstone

1

S. newport

1

1

1

1

1

7

S. ohio

2

S. reading

1

S. stanley

1

S. uganda

2

3.10:-:1.5

1

4.12:d:-

2

1

Period 1 = 2 May-10 June 2003; period 2 = 12 June-21 July 2003; period
3 = 23 July-1 September 2003; 2DT = definitive phage type; 3NT = nontypable strain; 4RDNC = routine dilution no conformity; non-specific
phage type
1

the stream’s water unless it is
fenced off. As a farmer you have
no control over what is happening
or what is being discharged
upstream!
A famous case of E. coli
O157:H7 food poisoning occurred
at a boys’ summer camp at which
the boys swam and played in a
small river.
On investigation it was found
that upstream there was a herd of
cows who also liked the river on
hot days and would stand in it for
hours. Then, when nature’s call
came, they just lifted their tails and
did what they had to do as they
stood in the river.
Needless to say, some of these
cows were infected with E. coli
O157:H7!
In an interesting Danish study on
an outdoor pig herd a total of 14
different serotypes and six different S. typhimurium definitive
phage types (DT) including groups
of non-typeable (NT) strains and
strains with unspecific phage
types) were found on 23 and 40
occasions in pigs and in the environment, respectively.
S. typhimurium DT 107 was
detected in two different pigs for
three and two successive weeks in
periods 2 and 3, respectively, and
S. derby was detected in the same
pig twice in two consecutive
weeks in period 2.
The other serotypes were only
detected once in the same pig
throughout the study period.
Furthermore, there appeared to
be only a small overlap between
the serotype strains detected in
the pigs and the environment, as
11 serotypes were found in one
sample only.
However, S. newport, S. livingstone, S. typhimurium DT 41 and
S. typhimurium DT 107 occurred
in the pasture environment at the
same time or in the weeks after
pigs had been excreting these specific serotypes.
Around the pastures a total of
22 small mammals were caught,
including two rats, two house
mice, nine wood mice, eight field
voles and one common shrew.
A total of 19 crow-birds were
caught, consisting of 15 jackdaws,
two hooded crows and two magpies. Two great tits and one skylark were trapped unintentionally.
None of these animals was
found to carry salmonella.
n
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Salmonella infections of pigs
igs are afflicted by diseases
caused by two salmonella
serotypes – Salmonella
choleraesuis and S. typhimurium.
The latter is also important
because of its zoonotic role (its
ability to cause food poisoning in
man).
We will consider S. choleraesuis
first. By its very name this salmonella defines itself very well – it is
the salmonella that causes fever
(cholera) in swine (suis).

P

Important disease
S. choleraesuis causes an important disease in pigs which is a septicaemia with lesions in various
organs. In recent years antibiotic
resistant strains of S. cholera suis
have emerged.
Typically S. choleraesuis infection
appears in weaned pigs less than
five months old, but can be seen in
older (finishers) and younger
(suckling piglets) animals.
The clinical signs seen originally
reflect the early septicaemic state
of infected animals and later on
reflect the organ(s) in which infection has become localised. Initial
signs are inappetence, lethargy and
a high body temperature (105107°F/40.5-41.6°C) and there
may be a shallow, moist cough and
signs of jaundice.
A cyanosis of extremities and the
abdomen is often seen and diarrhoea, characterised by watery
yellow faeces, can be seen from
the third/fourth day onwards.

Nervous signs
Sometimes nervous signs like
those seen in classical swine fever
or Aujeszky’s disease are seen.
This arises from an inflammation of
blood vessels in the brain leading
to an encephalitis and/or meningitis.
Pregnant animals often abort.
This is a disease with a high morbidity and a variable mortality
which is usually less than 10%.
The duration of this disease is
unpredictable and can be long
without intervening medication.
The lesions seen in pigs that have

Antibiotic

No. resistant
isolates

Percentage
(%)

Tetracycline

459

78.6

Sulphisoxazole

393

67.3

Streptomycin

311

53.3

Ampicillin

226

38.7

Chloramphenicol

194

33.2

Amoxicillin/clavulanic acid

88

15.1

Cefoxitin

88

15.1

Ceftiofur

85

14.6

Kanamycin

59

10.1

Trimethoprim/sulphamethoxazole

44

7.5

Gentamicin

12

2.1

Nalidixic acid

0

0.0

Ciprofloxacin

0

0.0

Ceftriaxone

0

0.0

Table 1. Antibiotic resistance in American swine isolates of salmonella taken
from a recent study.
died from the acute septicaemic
form of S. choleraesuis infection
show cyanosis of the ears, feet, tail
and ventral abdomen; enlarged
congested lymph nodes and an
enlarged darkened spleen.

Liver lesions
The liver is also enlarged and
shows small foci of necrosis and
the gall bladder has a thickened
wall.
Small haemorrhages are seen in
the kidney cortices and an acute
interstitial pneumonia is seen.
In pigs that survive the original
onslaught of this disease infarction
of the skin on the ear tips occurs
and as a consequence of this bits
of skin can slough off.
Diagnosis is based on clinical
signs, post mortem findings and
the isolation of S. choleraesuis.
Differential diagnosis should
include consideration of acute
erysipelas, Streptococcus suis
infection, classical swine fever and

Actinobacillus pleuropneumoniae
infection.
In S. typhimurium infection the
presenting sign is a watery, yellow
diarrhoea that initially does not
contain blood or mucus.
This disease spreads rapidly and
within a day or two of first signs all
the pigs in the group will be
affected. This diarrhoea can last
for up to a week and bouts can
often reoccur.
Affected pigs have depressed
intake and a fever and can become
quite dehydrated.
Mortality is low and most of the
affected pigs recover but a proportion will remain as carriers and
a few become runts.

Enterotyphlocolitis
The most common lesions in S.
typhimurium infection are those of
an enterotyphlocolitis.
Diagnosis is based on clinical
signs, post mortem findings and
isolation of S. typhimurium. For

both serotypes diagnosis using
modern technologies such as PCR
is on the increase.
The most common sources of
infection for both these serotypes
are contaminated feed or environment. Pig to pig spread is common. Control is not very effective,
but is based on minimising exposure and maximising resistance to
infection.

Antibiotic resistance
Salmonella are often resistant to
antibiotics but in the current climate of public opinion the wisdom
of using antibiotics in a salmonella
prevention approach is, at least,
questionable. In addition, the salmonella organism is often inside
cells of the pig’s body meaning that
it is inaccessible to antibiotics.
Obviously when faced with a
serious clinical disease situation
your veterinarian will need to
decide whether or not he can justify the use of antibiotics.
If he does it should be at the
highest prescribable dose level and
having given due consideration to
the antibiograms of isolates of the
causal salmonella organism or his
knowledge of the farm.

US resistance patterns
Table 1 shows the antibiotic sensitivity of US swine isolates of salmonella a few years ago. It shows
that all isolates were susceptible to
ceftriaxone, ciprofloxacin, and
nalidixic acid and that antibiotic
resistance to tetracycline was
most common.
Fortunately, S. choleraesuis has
not been implicated in human food
poisoning but S. typhimurium has.
Historically, pork has been perceived as a disease risk to man
because of trichinellosis and there
has always been a tendency to
overcook this meat. This was also
advantageous when it came to
controlling food poisoning.
In this context, the trend in
countries such as the USA
towards eating ‘medium’ and
‘medium rare’ pork is slightly worrying.
n
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Antibiotic resistance
acteria can become resistant
to antibiotics. When this
occurs we can have difficulties in treating the diseases they
cause in pigs. However, if the bacterium concerned has zoonotic
implications, then it may be a case
that we have difficulty in treating
the disease it causes in man –
which is more serious.
Today there is a debate going on
as to whether zoonotic pathogens
acquire their antibiotic resistance
as a consequence of coming into
contact with antibiotics when they
are in animals or when they are in
man. This is reflected in an ongoing debate on the use (overuse)
of antibiotics in man and animals.

B

Origins of resistance
The origins of antibiotic resistance
in bacteria lies in their competition
for advantage in their environment. If a bacterium is naturally
more resistant against a particular
antibiotic it is more likely to survive in a herd treated with that
antibiotic and become dominant.
With the arrival of antibiotics
some bacteria were able to
develop defence mechanisms and
this gave them the opportunity to
survive and dominate.
Nowadays, resistance phenomena of one type or another have
been encountered in virtually all
bacterial types and against all
antibiotics.
Obviously antibiotic resistance
makes a particular disease situation worse in that losses are
greater and some treatments are
not effective. These are therefore
wasted when a second one then
has to be prescribed. To put it
bluntly, antibiotic resistance is an
expensive phenomenon for the pig
farmer.

be spread by transformation. This
is a process in which bacterial
DNA is taken up by the cells or by
transduction in the delivery of a
bacterial gene by a bacteriophage
into a new host cell (another bacterium).
Five trends have been seen in
antibiotic resistance in salmonella
(Table 2).

Antibiotic

Mode of action

Main resistance
mechanism

β-Lactams

Cell wall synthesis

β-Lactamases, altered
penicillin binding proteins,
reduction in permeability

Aminoglycosides

Protein wall synthesis,
ribosome 30S unit

Modifying enzymes,
reduction in uptake

Tetracyclines

Protein wall synthesis,
ribosome 30S unit

Efflux

Quinolones

DNA gyrase

Altered target

Chloramphenicol

Protein wall synthesis,
ribosome 30S unit

Acetyltransferase

A look at history

Folate inhibitors

Inhibition of folic acid
metabolism

Altered target

Finally, let us close by looking at
history. The first reports of resistant salmonella were in the 1960s.
For example, antibiotic resistance
to tetracycline steadily increased
over this decade. In the USA the
first antibiotic resistance was seen
in the mid to late 1950s.
Even at this early stage it was
seen that S. typhimurium had a
higher frequency of resistance than
other serotypes.
In the 1970s DNA isolation procedures allowed for the genetic
basis of antibiotic resistance to be
more precisely defined. Around
this time spread of multi-resistant
salmonella serotypes received
attention.
In the 1980s apramycin resistance steadily increased following
its introduction. In the early 1990s
the possible link between resistance in human and animal isolates
came to the fore with similar
increases in man and animals
(Table 3).
The 1980s and 90s were dominated by the appearance and
spread of multiple resistant strains
of S. typhimurium.
By the end of the 1980s evidence of resistance to the fluoroquinolones was emerging and by
the 1990s links between the emergence of resistance in livestock isolates of salmonella and human
ones were being postulated.
This was important because
ciprofloxacin was emerging as a
drug of last resort for treating
human cases of salmonellosis.

Table 1. The main resistance mechanisms in enterobacteria.
In pig production two situations
have come together to favour the
emergence of antibiotic resistance.
Firstly, a resistance trait has to be
present in a bacterial population
(and this can be at a very low frequency) and, secondly, there has
to be a selective pressure on that
population of bacteria which
favours the emergence of those
bacteria that possess that resistance trait.
In time this means that the proportion of the total bacterial population carrying resistance genes
increases.
A major selection pressure on
salmonella arises from the overuse
of therapeutic and prophylactic
antibiotics on the farm, especially
the long term continuous use of in
feed antibiotics to counter vague
health issues or enhance performance.

Antibiotic usage controls
Fortunately, many countries now
have controls on such usage and a
good example of this is the banning of in feed antibiotic growth

Table 2. Trends in antibiotic resistance in salmonella
• lsolates without anthropogenic selective pressures are mainly
sensitive against antimicrobial agents
• A general increase in resistance levels, but not all serotypes, such as
Salmonella typhimurium which is linked to livestock production
• A general increase in multiple resistance
• A general increase in the number of resistance determinants that are
integrated into a salmonella chromosome
• The use of a newly licensed antibiotic often leads to increased
resistance levels against that antibiotic

promoters by the EU a decade or
so ago.
This has probably not been that
relevant with regard to the development of antibiotic resistance in
salmonella because the primary
action of most of these growth
promoters is against Gram positive
bacteria and salmonella is a Gram
negative bacterium. In some parts
of the world tetracycline is still
used as a growth promoter, but
that is another story!
Serotype

Resistance (%)
1980 1990

S. typhimurium

36

54

S. virchow

16

76

Table 3. An animal human link in
salmonella resistance?
When it comes to salmonella it
is interesting to see that there
tends to be low resistance levels in
areas with low antibiotic usage
such as Sweden.
Table 1 details the main resistance mechanisms in the bacterial
group known as enterobacteria,
which includes salmonella. In general terms, three mechanisms of
action exist – antibiotic destroyed
or modified so no longer effective,
prevention of access of antibiotic
to target site or target site modified and made insensitive.
Under therapeutic conditions
three types of resistance are
encountered:
l Intrinsic or natural resistance.
l The spread of single resistance
genes.
l The spread of more complex
genetic entities.
Individual resistance genes can

The way forward
The way forward would appear to
be for veterinary control over the
prescribing of antibiotics in animals
and for a dramatic reduction in the
non-essential use of antibiotics in
man.
n
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