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Diagnosis and control of
Salmonella Dublin in dairy

herds
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Salmonella enterica subspecies enterica serovar Dublin (Salmonella Dublin) infection
has a significant impact on productivity and welfare in infected cattle herds, as well
as having zoonotic potential. This article focuses on the impact of Salmonella Dublin
on the health and welfare of dairy cattle, and discusses important aspects of the
pathogenesis, clinical presentation, diagnosis and control of Salmonelia Dublin.

Prevalence and associated cost

Salmonella enterica subspecies enterica serovar Dublin
(Salmonella Dublin) infection has a significant impact on
productivity and welfare in infected cattle herds. It has
zoonotic potential, andis characterised by a more invasive
disease and a higher mortality in people than other non-
typhoidal Salmonella serovars (Lester and others 1995].
Zoonotic infections may be acquired by direct contact with
cattle or faeces, or through drinking unpasteurised milk
or dairy products, including cheese made with raw milk.

Veterinary Investigation Diagnosis Analysis (VIDA] data
recorded 370 diagnoses of abortion due to Salmonella
Dublin in the past five years, and 1506 diagnoses for
presentations other than abortions. The VIDA data
includes diagnoses from beef herds, although the majority
were from dairy cattle. Accurate prevalence and incidence
figures in the UK are not available, and under-reporting
is likely to be a problem. Davidson and others (2005)
found that 7.5 per cent of 449 dairy farms were positive
for SalmonellaDublin on culture of pooled faecal samples
and slurry. The actual herd prevalence is likely to be
higher as faecal culture, and particularly pooled faecal
culture, has a low sensitivity. Nielsen (2003) found the
sensitivity of individual faecal culture in animals without
clinical disease to be between 14 and 32 per cent, and that
pooling reduced this by 57 per cent.

Various estimates of the cost of SalmonellaDublin in dairy
herds have been published. Financial losses associated
with the introduction of the bacterium into a herd were
modelled based on data from previous outbreaks (Nielsen
and others 2013). In this study, losses were highest in
the first year after the introduction of infection, with an
estimated range of €8200 to €56,800 for a 200-cow herd.
The losses continued for 10 years, with ongoing annual
losses of €1400 to €34,800. In this work, hygiene and
management standards were considered to be important
factors in limiting outbreak cost. The main component of
thelosswasadecreased milkyieldinsubclinically affected
cows. In addition, mortality, abortion, treatment costs and
the farmer’s time were considered to be important.

Pathogenesis

Salmonella Dublin is a host-adapted bacterium.
Transmission usually occurs via the faecal-oral route,
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but rarely infection may be acquired by the respiratory
or conjunctival route (Nielsen 2013a). Salmonella Dublin
can cross the placenta, but this is likely to lead to abortion
rather than the birth of infected calves (Nielsen 2013a).
The severity of the clinical presentation will vary with the
infective dose, with higher doses producing more severe
clinical signs and more consistent shedding. The severity
of clinical signs also varies with age, with clinical disease
most common in animals between two weeks and three
months of age (Nielsen 2003).

Whether infection will become established, and to what
degree, depends on the host physiology. A high infective
dose or an alteration in gastrointestinal motility is
required to allow the bacterium to invade the small
intestine (Nielsen 2013a). Concurrent infections, such
as bovine viral diarrhoea virus can make animals more
susceptible to infection (Nielsen 2013a).

Once ingested, Salmonella Dublin adheres to and invades
enterocytes, and crosses the small intestinal wall, where
it may be taken up by macrophages and transported to the
local mesenteric lymph nodes. Depending on the host’s
immunity and innate resistance, the immune system may
be able to successfully kill the bacteria during this time,
or the bacteria may be systemically distributed in lymph
and blood.

Immune response to Salmonella
Dublin

Both cell-mediated and humoral immunity are important
in the response to Salmonella Dublin infection, but
cell-mediated immunity appears to be more protective
(Chaturvedi and Sharma 1981). This is of relevance as
antibody levels may not be detectable in an individual
animal, but the animal may still be protected by cell-
mediated immunity.

Antibody levels begin to rise one week after infection and
peak five to six weeks later. The speed of response is age
dependent, with older cattle responding more rapidly.
Antibody production by calves less than 12 weeks of age
is poor (Nielsen 2013a). This may be partly due to the
interference of maternally derived antibodies, which can
persist until three months of age (Nielsen and Ersbgll
2004). These factors should be taken into consideration
when selecting animals for serological testing.
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Previous infection can result in a partially protective
immunity and infected animals subsequently show
milder clinical signs and shed lower numbers of bacteria
(Steinbach and others 1996).

Risk factors for infection

Risk factors for Salmonella Dublin can be divided into
those operating at the herd level and those that impact on
the individual animal (Tables 1, 2).

SalmonellaDublinis a host-adapted strain and so infected
cattle present the main risk to a naive herd. Buying
in cattle, direct contact with other cattle, particularly
co-grazing, and having seropositive neighbours are risk
factors for the introduction of infection (Wedderkopp and
others 2001, van Schaik and others 2002). Farms which
have no biosecurity measures in place for professional
visitors are more likely to experience an outbreak (van
Schaik and others 2002).

Increased herd size, increased surface water area and
the presence of liver fluke on farm increase the odds of
infection. Herds managing animals solely at grass with no
buffer feeding over the summer have increased odds of
becoming infected with Salmonella Dublin (Vaessen and
others 1998].

In general, the degree of faecal material that animals are
exposed to is an important determinant of the bacterial
load ingested by an individual animal, and the degree to
which infection becomes established within a herd. The
herd structure will also determine which animals are
exposed.

Individual rather than group calving pens are associated
with a lower risk of a herd having Salmonella Dublin
(Losinger and others 1995). The stocking density and the
type of housing system will have an impact on bacterial
spread, with loose housing increasing transmission
(Nielsen 2003).

The age and production stage of an individual will
have an impact on the likelihood of acquiring infection,
and of clinical disease becoming established. Calves
between 14 days and three months and animals in
the first 14 days of lactation are most susceptible to
Salmonella Dublin [Nielsen 2003]). Conditions which
lead to immunosuppression or altered gastrointestinal
motility predispose to infection and lower the infective
dose required to produce clinical disease (Nielsen 2003).
These may include concurrent disease, failure of passive
transfer, inadequate nutrition or inconsistent feeding
practices. Addressing these can allow calves to withstand
low levels of challenge.

Carrier status

Carrier status is a well-recognised complication of
Salmonella Dublin infection, and an important factor in
the maintenance of endemic herd infection. Carrier cows
may shed the bacterium constantly, intermittently or
become a latent carrier (Nielsen 2013a). Latent carriers
can subsequently recrudesce and shed the bacteria in
faeces. Certain factors are known to increase the risk of
carriage. The timing of infection is important, with heifers
between one year and calving, and cows around calving
more likely to become carriers (Nielsen and others
2004b). Around calving, cows experience a reduction in
immune function that may increase the chance of infection
and establishment of a carrier state. Stressors such as
diet change and group moves also contribute to this risk.
The decrease in dry matter intake in late pregnancy may
allow increased ruminal growth of Salmonella Dublin, as
volatile fatty acids that are normally produced are toxic to
salmonellae. Some studies have found that septicaemia
in young calves is a risk factor for carrier status (House
and others 1993 [cited in Nielsen and others 2004b]), but
this is not a consistent finding (Nielsen and others 2004b).
Low within-herd prevalence of Salmonella Dublin is a
risk factor for carriage in an individual animal, perhaps
because animals in high-prevalence herds have a better
developed cell-mediated immunity (Nielsen and others
2004b).

Carrier status is also more likely to occur in animals
which have been clinically ill (Nielsen and others 2012a).
Animals infected with Fasciola hepatica shed Salmonella

Table 1: Herd level risk factors for Salmonella Dublin

Risk factor Reference

Trade of living animals, or direct van Schaik and others 2002,
contact with other animals, Vaessen and others 1998
particularly co-grazing

Dublin for longer than control animals, with greater
persistence in tissues (Nielsen 2003).

Clinical presentation

There are a variety of clinical signs associated with
Salmonella Dublin infection. As the infection is often
systemic, a wide range of pathologies and associated
clinical signs can occur, in addition to diarrhoea and
septicaemia. In particular, clinical signs of pneumonia and
meningitis are not uncommon (Figs 1, 2. Clinical signs
can be chronicand include poor growth rates and illthrift.

Cattle returned to herd after off-farm van Schaik and others 2002

activity

Wedderkopp and others
2001

van Schaik and others 2002

Neighbouring farms being seropositive

Professional visitors not requested to
wear protective clothing

Group, rather than individual, pens Losinger and others 1995

Increased herd size Vaessen and others 1998

Increased surface water area on farm  Vaessen and others 1998

Table 2: Individual risk factors for Salmonella
Dublin

Risk factor Reference

Animals kept solely at grass over the Vaessen and others 1998

summer

Presence of liver fluke on farm Vaessen and others 1998

Age (14 days to three months most Nielsen 2003
Season (peak during July to October]) Nielsen and Dohoo 2013 susceptible)
Increased stocking density Nielsen 2003 Immunosuppression Nielsen 2003
Loose housing Nielsen 2003 Alteration in gastrointestinal flora Nielsen 2003
Poor general hygiene of environment ~ Nielsen 2003 Stage of lactation (animals in the first 14 Nielsen 2003

and utensils days of lactation are most susceptible)
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Fig 1: Pneumonia is not an uncommon finding in calves with Salmonella

Dublin

Dublin

Arthritis, osteomyelitis and sloughing of the extremities
occur less frequently (Fig 3). On postmortem examination,
common gross findings include jaundice, splenomegaly,
hepatomegaly and orange discolouration of liver tissue
(Figs 4, 5).

Areviewoftheclinicalhistories ofthe carcasesorsamples
submitted to SAC C VS over the past five years highlights
the diversity of presentations (Table 3). Although

Fig 3: Vertebral body osteomyelitis and pathological
fractures can be caused by SalmonellaDublin

Fig 4: Jaundice is a common postmortem finding in calves
with septicaemic salmonellosis

Fig 2: Meningitis can occur as a result of infection with Salmonella

diarrhoea was the most common presenting sign, it was
not present or reported in 34 per cent of adult cattle and
47 per cent of calves. Pneumonia was the primary clinical
signin 17 per cent of cases in calves, withillthrift reported
in 6 per cent of calves and 9 per cent of adult cattle. It
is important to note that these are cases in which the
practitioner requested testing for Salmonella organisms,
and thus some less recognised clinical syndromes will go
undiagnosed.

Diagnostics

There are two approaches to the diagnosis of Salmonella
Dublin. Testing may be used to detect the organism itself,
or to detect the antibody response of the animal.

The organism can be detected by bacterial culture in
a number of sample types. Faecal culture is the most
common approach, and has a quoted sensitivity of 60
to 100 per cent in clinically affected animals (Nielsen
2013a). The sensitivity depends on the presentation,
stage of infection and prior antibiotic treatment (Nielsen
2003). Submitting faecal samples, rather than swabs,
increases sensitivity, and samples should not be pooled
(Nielsen 2003). Isolation from the more chronic clinical
manifestations or from treated animals can be difficult. At
postmortem examination, a wide range of tissues should
be collectedtoincrease the chance of successfulisolation,
for example, lung, liver, gall bladder, intestine, spleen
and bone marrow. Culture of fetal stomach contents can
be carried out on aborted calves. This is often the first

Fig 5: Splenomegaly is a common postmortem finding in
cases of SalmonellaDublin
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indication of Salmonella Dublin in a herd, and serves as

Table 3: Reason for submission for samples or carcases from which . : o S
areminder of the importance of abortion investigations.

Salmonella Dublin was isolated, and considered to be clinically significant

Reason for submission Percentage of isolates  Percentage of isolates Samples are cultured directly onto selective agar, and also

from adult cattle from calves

go through an enrichment stage before being plated onto

Diarrhoea 66 53 a second selective agar plate. Often, Salmonella species
Respiratory signs 3 17 will be identified on d_irec_t cultures from tissues obtained
- at postmortem examination, whereas Salmonella species
a2z reeumlnzne L e i from faecal samples, particularly those from treated
IUthrift 9 6 animals, may be isolated only following the enrichment
Found dead 1 7 process.
Milk drop 17 0 The diagnostic sensitivity and specificity of the ELISA for
Neurological 0 6 antibody depends on the age of animal tested, with optimal
Jointill 0 1 sensitivity and specificity being in calves between 100 and
ey 0 1 300 days of age (Nielsen and Ersbgll 2004).
Mastitis 1 0 The presence of maternally derived antibodies in calves
Figures taken from SAC C VS data from 2011 to 2016 less than three months of age complicates interpretation

of the ELISA in this age group. Cross-reactions with other
B and D group salmonellae can occur (Nielsen 2013b).
For this reason a positive serological finding should be
followed up by attempts to culture the organism from

Table 4: Testing options for herd level diagnosis of Salmonella Dublin targeted faecal samples. Because of the time taken for
Testing option Herd level sensitivity Comments seroconversion, serology is best used for retrospective
Slurry cultures 45 per cent diagnosis, or for monitoring purposes and faecal culture
for clinical diagnosis.

Drinking water cultures 5 per cent

Bulk tank filter cultures 7 per cent Serological testing can also be carried out on milk
Faecal cultures of animals with 38 per cent samples. The monitoring of bulk milk antibody levels
clinical signs forms the basis of the Danish and Dutch eradication

schemes. More details relating to the herd level sensitivity

Bulk tank serology 54 per cent - single sample;  Range of sensitivity - 31 ) )
95 per cent for three- per cent with clinical signs are contained in Table 4.
monthly sampling events of salmonellosis in the
(Warnick and others 2006) youngstock only and 79 per The most appropriate test will depend on whether a
cent ich_inical signs WErE diagnosis is required for an individual animal, or on a herd
present in lactating animals. basis. Table 4 highlights options for detection on a herd

Can be used as an early
warning system in continued
herd monitoring (Stockmarr

basis, while Table 5 identifies the diagnostic options for an
individual clinical case.

and others 2013)

Seralony &l el i e Serology provides the rT\ost sensitive assessment of herd

status (Table 4). Sampling 10 calves over the age of three
Serology of all calves of four to 91 per cent months can be a useful compromise between cost and
Sheins ol g sensitivity. The sensitivity of this screen depends on the
Serology of animals with 80 per cent herd prevalence of Salmonella Dublin and herd size and
previous clinical signs structure.
Serology of the 10 youngest 60 per cent to 99 per The most appropriate
calves above three months of cent depending on herd sample size for a herd will Our experience of using serology to monitor the presence
age prevalence for herd size of depend upon the herd size, of Salmonella Dublin in a herd is that infection can

100 (Nielsen 2013b) and the number and size of

be cohort specific, with markedly differing levels of

seroprevalence in neighbouring cohorts. This can be the
Allfigures taken from Veling and others 2002, unless stated otherwise case evenwhen calves have nose-to-nose contact through

management groups

non-solid pen divisions. Therefore all management
groups should be surveyed to ensure that the presence of

Table 5: Testing options for individual clinical cases of Salmonella Dublin

Testing option Sensitivity and specificity Comments
Faecal culture Sensitivity is 60 per cent to 100 per cent depending Sensitivity will be affected by antibiotic treatment. Faecal samples
on presentation (Nielsen 2013a) are more sensitive than rectal swabs. Pooling cultures markedly

reduces sensitivity (Nielsen 2003)

Postmortem examination Sensitivity is improved by culturing multiple tissues ~ Cultures will also be affected by antibiotic treatment, but
anecdotally taking a range of tissues, including bone marrow for
culture, improves diagnostic return

Serology Sensitivity and specificity dependent on the age of Retrospective diagnostic tool, due to the time taken for
animals and the positive cut-off value used seroconversion. In calves infected under 12 weeks of age
seroconversion is slow (Nielsen 2013a). Cross reactions can occur
Ranges: sensitivity 45 per cent to 94 per cent and with other B and D group Salmonella serotypes (Nielsen 2003)

specificity 89 per cent to 100 per cent. Best results
are achieved in calves from three to 10 months of
age (Nielsen and Ersbgll 2004)
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Salmonella Dublin is not missed. The number of samples
required depends on the number of management groups
and the number of calves within these. Advice on sampling
frames can be either be obtained by contacting SAC C VS
or calculated using the FreeCalc sample size calculator
(Sergeant 2017).

Identification of carrier animals is challenging, as they
may not shed, or may shed intermittently. The sensitivity
of faecal culture for the detection of carrier animals may
be as low as 6 to 14 per cent (Nielsen and others 2004a).
Shedding increases during periods of stress, and so
postpurchase or postcalving cultures are likely to have
greater sensitivity.

The use of the antibody ELISA has been assessed for
identifying carrieranimals. Three serum samples over 120
days has been suggested (Smith and others 1992) as the
optimum sampling regime. This relies on the premise that
only carrier animals will have persistently high antibody
levels. However, while youngstock with high antibody
levels are more likely to shed the bacteria, there is a poor
correlation between the serostatus of older animals and
theirrisk of shedding (Nielsenand others 2007a). Therefore
the test may be useful in identifying seronegative herd
replacements, but has a poor positive predictive value
when identifying shedders in the adult herd.

Treatment

The treatment of Salmonella Dublin infection is beyond
the scope of this article. However, it is worth noting that,
unlike in some other countries, such as the USA, in the
UK and Denmark Salmonella Dublin is usually sensitive
invitro to most of the commonly used antibiotics. All
isolates screened by SAC C VS in the past five years were
sensitive invitro to ampicillin, amoxicillin/clavulanic
acid, tetracycline, trimethoprim sulphonamide and
enrofloxacin.

Control of Salmonella Dublin in
infected herds

There are a number of measures that can be taken to
address the spread of Salmonella Dublin in herds, either
in the control of an outbreak, or to try to eradicate an
endemic infection. Many of these are also applicable to
otherinfectious diseases, particularly Johne’'s disease.

As part of the Danish Salmonella Dublin eradication
scheme, a risk assessment tool was produced to assess
potential routes for the spread of infection (Nielsen and
Nielsen 2012]). This has been adapted for a UK situation
(Fig 6). Management practices are assigned a score from
0 to a maximum score. The maximum score is weighted
according to the importance of the risk factor. These
scores are entered into a spreadsheet document, added
according toagroup orarea, and a risk matrixis produced
(Fig 7).

Although control of Salmonella Dublin is challenging, the
application of standard methodology has been shown to
reduce herd level prevalence: the Danish eradication
scheme achieved a drop in infected dairy herds from 26
per cent to 6 per cent (Nielsen 2009, Sandg and Tillisch
2015].

Calving pen management

The calving pen represents one of the most important
areas to address in Salmonella control (Fig 8). Latent
infections can reactivate around calving, and active
carriers shed in greater numbers (Nielsen 2013b). Cell-
mediated immunity is poorly developed in the newborn
calf,and takes at least two weeks to become fully effective.
During this time it is very susceptible to infection. Leaving
the calf with the dam allows transmission, and so calves
should be removed within two hours of birth. Other cows
present a risk, as well as the calf’s own dam, through
faecal shedding and cross-suckling. Work carried out

This scoring system is an aid in developing a management plan for the control of Sa/lmonella Dublin in dairy herds. It is based on work carried out as part of the Danish
eradication scheme. The risk assessment highlights areas of potential spread of Sa/monella Dublin and other pathogens. It can be used in conjunction with serological

monitoring of calves between three and six months of age

Farm name

Risk factor _Risk score _Score and criteria for each score
0 | Never
11- 5 | Occurs rarely and only when cows are considered low-risk based on serological testing or no previous episodes of consistent clinical signs
Many cows 0 15 |Occurs frequently but only when cows are considered low-risk based on serological testing or no previous episodes of consistent clinical signs
in the calving 20 | Occurs rarely but regardless of test status or clinical history
area 25 |Occurs in about half of calvings, regardless of the cows’ test status or clinical history
30 | Occurs all the time, regardless of the cows’ test status or clinical history
12— 0 |Never
IContamination of 6 | Pen-bedded daily and cleaned out every two weeks. Only small amounts of manure visible
the calving area 5 10 | Pen-bedded once to twice a week, cleaned out monthly. Only small areas are contaminated with manure
with manure 14 | Pen-bedded once to twice per month. Most of the area is contaminated with manure
20 | Pen-bedded cleaned less than once a month. Extensive manure contamination
0 | Not used for sick cows
1.3~ 5 |Used for lame cows
© Sick cows in 10 10 | Used for cows suspected of suffering from ketosis, milk fever or other metabolic conditions
e the calving 10 | Used for cows that appear weak but for which no diagnosis has been reached
g area 15 |Used for cows with gastrointestinal disorders other than salmonellosis
IS 20 |Used for cows suspected of suffering from salmonellosis
% 1.4 - 0 |Always removed from the dam less than one hour after birth
(¢) Amount of time 20 6 | Always removed from the dam less than six hours after birth
newborn calves 15 |Removed from the dam more than six hours after birth in one to five of 10 calvings
stay with the dam 20 |Removed from the dam more than six hours after birth in more than half of calvings
15— 0 [Never
" 3 |Rarely and only in low-risk dams
Calves suckling 10 6 | Frequently but only in low-risk dams
the cows 10 | Frequently, regardless of clinical history of the dam
1.6 — 0 |Never
Contamination 3 | Teats are clean. Udders of some Qf the cows are moderately contaminated
X 10 5 |Teats are clean. Udders of the majority of cows are contaminated
of udders with 7 | Teats are moderately clean. Udders of the majority of cows are very contaminated
manure 10 | Teats and udders of the majority of cows in the area are very contaminated
55 110

Fig 6: Extract from a risk assessment document, which has been adapted from Nielsen and Nielsen (2012) for a UK situation
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Total risk (all)

Calving area
60

50

40

Infection from 30 Calves before
other herds weaning

20

Calves after
weaning

(until the age
of six months)

Cows

-

Rearing heifers (from
the age of six months)

Fig 7: Example of a risk assessment matrix

on Johne's disease (Shulaw 2008) found that of 88 cows
to go through a calving pen in a year, seven were faecal
culture positive for Mycobacterium avium subspecies
paratuberculosis, while the organism was identified on
the udders of 33 of the cows. This indicates that there
is significant cross-contamination, which can also be
expected with Salmonella Dublin. Minimising the number
of cows present in the calving pen, replenishing bedding
and disinfecting regularly, and avoiding using the calving
pen as a sick pen are important measures in reducing
spread (Nielsen and others 2012b).

Il

1 L IO 1

BN

Fig 8: Good calving pen hygiene is crucial in preventing spread of the Salmonella organism
from cow to calf
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Preweaning calf management

Calves of less than three months of age are most sus-
ceptible to infection with Salmonella Dublin (Nielsen
2003) and general principles of good colostrum
management apply, including avoiding pooling and
maximising cleanliness (Nielsen and others 2012b).
Feeding waste milk is a risk for exposure of calves to the
bacterium (Weber and others 2009) and pasteurisation
can be beneficial in this respect. Calf accommodation
should be separate from cow and postweaning calf
accommodation, and this includes preventing calves
having access to adult cow faeces. Where calves are
housed individually, transmission of infection by fomites
is the most important route of spread and the use of
utensils specific to the preweaning calves is essential.
Maintaining a clean environment with appropriate
stocking density will minimise exposure to faecal
material, and therefore to the bacterium (Fig 9).

Group sizes should be small and stable, to avoid mixing
calves with differing immunities and infection statuses.
Groups of two to four calves are optimal, but may not be
practical for herds using automatic feeders. Groups of
more than eight calves increase the risk of a Salmonella
Dublin outbreak in the youngstock. There should be no
more than two weeks age difference between the oldest
and youngest calves in the cohort. Groups should not be
topped up, and nose-to-nose contact between batches
should be avoided.

Heifer management

Contact of heifers with older animals and their manure
should be avoided. Mixing of groups should be kept to a
minimum, and heifers should not be grazed on land to
which adult cow slurry has been applied (Nielsen 2013a).
Adequate space allowances, and hygiene of bedding and
feed and water troughs are important. For loose housing
the lying space recommended will vary with size and
age, from 6 m?for a 200 kg heifer, to 7.5 m?for a heifer

Fig 9: Good hygiene in the preweaning calf environment is
crucialin preventing the spread of Salmonella Dublin
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approaching calving. If heifers are kept in cubicles, there
should be 5 per cent more cubicles than heifers.

Adult cows

Appropriate stocking density and general hygiene are
important in reducing the bacterial challenge to adult
cattle. Thereshouldbe 5 percent more cubicles than cows,
or 7.5 m? lying space for cows in loose housing. Transition
cows should have 1.25 m2 per 1000 kg of annual mean cow
milk production (Green and others 2008). In particular,
attention to calving pen management and hygiene are
crucial, as cows are more susceptible to infection and
more likely to become carriers if infected around this time
(Nielsen and others 2004b).

The culling of carrier animals is not necessary to achieve
control (Weber and others 2009, Nielsen and Dohoo 2011),
and whether it is economically viable will depend on the
prevalence of infection and number of carrier cows. The
difficulties involved in diagnosing carrier cows means that
it is likely that animals that are not a risk will be culled
erroneously (Nielsen 2013b).

Biosecurity

Purchase of animals, particularly from multiple sources,
isasignificantriskfactorfortheintroductionof Salmonella
Dublin into a herd (Vaessen and others 1998, van Schaik
and others 2002, Nielsen and others 2007b). Additionally,
co-grazing with other herds and the re-introduction of
animals into the herd after a show or unsuccessful sale
increases the odds of herd infection (van Schaik and
others 2002).

Quarantine screening using faecal testing has a low
sensitivity. ELISAs can be used, and the introduction of
seronegative animals has been shown not to increase the
risk of a herd breakdown (Weber and others 2009).

A low level of biosecurity with respect to professional
visitors was found to correlate with increased odds of a
herd becoming infected (van Schaik and others 2002). Vets
and other professionals may spread infection via fomites,
and skin infection due to SalmonellaDublin has also been
demonstrated (Williams 1980). Good hygiene and wearing
gloves will minimise the risk of transmission between
farms. Salmonella Dublin has been isolated from rodents
on farms where cattle are infected, and so vermin control
and protection of feed stores may be important (Tablante
and Lane 1989).

Clinically ill animals should be isolated, with care taken
not to return them too quickly to the main herd.

Vaccination

The licensed vaccine for Salmonella Dublin and
Salmonella Typhimurium in the UK is Bovivac S (MSD
Animal Health), which is an inactivated vaccine.

Vaccinating for Salmonella Dublin has been shown to
induce antibodies to the bacterium (Smith and others
2015), and reduce the odds of a cow aborting (Crilly and
Power 2004, cited in O'Leary 2014). Whetheritis to be used
in a herd must be assessed on a case-by-case basis, but
it should be used alongside a management programme to
minimise the infective challenge.

Factors affecting the success of herd
control

Approximately 50 per cent of herds that have an outbreak
of SalmonellaDublin become endemically infected (Veling

2004). The outcome depends on how well transmission is
controlled in the early stages of the outbreak.

Factors which influenced the likelihood of herd recovery
have been examined (Nielsen and Dohoo 2013). Larger
herds may be less likely to recover, possibly because
of the increased number of susceptible, non-immune
animals. The larger the herd the more important hygiene
and management practices are in shortening infection
duration. Organic herds have an increased risk of not
becoming Salmonella Dublin-free, or of taking longer to
do so. This may be due to the requirement for the calves
to be left with their dams for a longer period of time after
birth, and the increased contact between preweaned
calves, thereby preventing a full control programme from
being implemented. Close contact with neighbours and
purchase of animals from test-positive herds were also
associated with a reduced likelihood of recovery (Nielsen
and Dohoo 2013). Unsurprisingly, the implementation of a
Johne'sdisease control programme is a positive predictor
for herd recovery from Salmonella Dublin.

Conclusion

Salmonella Dublin infection has a significant impact
on the profitability and welfare of dairy herds. Much
can be done to reduce the likelihood of the infection
entering the herd. Additionally, once infection is present
within a herd, the risk assessment matrix (Nielsen and
Nielsen 2012) provides a useful, evidence-based tool for
identifying likely routes of transmission and allowing a
herd-specific management plan to be putin place. Control
measures for SalmonellaDublin are consistent with those
recommended for other infectious diseases, particularly
Johne’s disease and preweaning calf disease.

The variation in the range of clinical signs that can occur
with Salmonella Dublin means that it may be overlooked
or underdiagnosed. It remains an important differential
diagnosis for herds with poor calf growth rates and high
disease incidence.
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