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KEY POINTS

� Veterinary practitioners have an ethical obligation to appropriately manage risks related to
Salmonella in animal populations and their environments.

� The goal of infection control is to eliminate sources of potentially pathogenic microorgan-
isms and to disrupt infectious disease transmission.

� Congregating animals from multiple sources increases the risk for transmission of infec-
tious agents such as Salmonella.

� Practitioners should be aware of the different Salmonella testing methods available
because this can affect test results and interpretations relative to disease control efforts.

� Managing Salmonella in populations can be particularly challenging because of the diver-
sity in clinical consequences of infection and intermittent shedding.
INTRODUCTION

Congregating animals from multiple sources, as occurs at veterinary hospitals, race-
tracks, equestrian events, and boarding and training facilities, increases the risk for
transmission of infectious agents such as Salmonella.1 This article provides equine
practitioners with details relevant to effectively managing Salmonella in these popula-
tions. It begins by focusing on the agent, Salmonella enterica, to develop an appreci-
ation of its key features, including the nuances of organism detection and test
interpretation. It then considers the fundamentals of veterinary infection control with
the intent of developing a foundation that can be applied to both hospital and field set-
tings. In addition, the article discusses how infection control principles and under-
standing of the epidemiology of S enterica can facilitate managing transmission
risks related to this organism in hospital populations and field settings. Detailed
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descriptions of bacteriology, pathophysiology, and treatment are beyond the scope of
this article.
IMPORTANCE OF SALMONELLA IN EQUINE POPULATIONS

Salmonella is one of the most common causes of epidemic disease in veterinary hos-
pitals2 and an agent frequently associated with on-farm contamination.3 Significant
efforts are made to control its transmission among animals, especially within equine
hospitals. However, these efforts are predominantly based on first principles because
many prevention methods have not been critically evaluated in clinical studies.
Regardless, outbreaks known to be attributable to Salmonella can come at a great
cost, not only in terms of morbidity and case fatality to affected animals but also in
terms of direct financial costs; they also present a clear risk to veterinary patients
and personnel working with these animals.4,5 Veterinary practitioners have an ethical
obligation to appropriately manage risks related to Salmonella in animal populations
and their environment. There is a recognizable standard of practice with respect to
infection control and due effort must be given to control and prevention of infectious
disease transmission within animal populations and facilities.6

When Salmonella spreads among patients, environmental contamination is predict-
ably present, whether as cause or effect.4,7–9 Although concerns about management
are typically focused on clinically affected animals, subclinical infection and shedding
in the absence of disease is more common than clinical infections, which can greatly
exacerbate environmental contamination before the scope of the problem is recog-
nized.8,10 However, testing strategies for relevant veterinary samples (ie, fecal and
environmental samples) for the presence of Salmonella is variable among laboratories
and current testing methodology generally lacks in sensitivity, likely because of the
intermittent nature and low level of organisms shed in animal feces. Therefore, testing
strategies generally require testing of multiple samples and lengthy enrichment steps,
and it can often take 3 to 5 days to obtain results. In that time, significant environ-
mental contamination and disease transmission can occur. As a result, risk recogni-
tion and the ability to rapidly identify these patients are critical to the effective
management of populations and their environments.
SALMONELLA: THE BASICS

S enterica, a member of the family Enterobacteriaceae, is a gram-negative facultative
anaerobic bacterium found colonizing the small intestine, cecum, and colon of both
cold-blooded and warm-blooded vertebrates. There are more than 2400 serotypes,
which are distinguished by the presence of differing O-antigen (polysaccharide portion
of lipopolysaccharide) and H-antigen (filamentous portion of flagella or flagellin) on the
surface of the bacteria. S enterica subspecies enterica, the focus of this article,
accounts for approximately 59% of all serotypes and is responsible for approximately
99% of clinical and subclinical Salmonella infections in warm-blooded animals.11,12

S enterica is considered an opportunistic pathogen that is more likely to cause clin-
ical disease in situations of high exposure or patients that have an increased suscep-
tibility, such as neonates and patients with severe systemic illness. Transmission
occurs by the fecal-oral route and can result in enterocolitis (ie, diarrhea), bacteremia,
or subclinical infection, with infection depending on the infective dose, host suscepti-
bility, and the infecting serotype. As such, identifying subclinical fecal shedding, man-
aging contacts among patients, and practicing effective personal and environmental
hygiene are critical for protecting animals and people.
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SALMONELLA TESTING AND INTERPRETATION

There are many methods available for the detection of S enterica in samples relevant
to veterinary medicine, including enriched culture, polymerase chain reaction (PCR),
and lateral flow immunoassays (LFIs), all of which require varying levels of expertise,
cost, and time to detection. Practitioners should be aware of the different testing
methods available, their strengths and limitations, and know which method is being
used (eg, the type of enrichments used) by laboratories because this can affect test
results and interpretations relative to disease control efforts.4,13–16

Culture of Fecal Samples

There are limitations to the detection of Salmonella when culturing fecal samples. In
experiments, the analytical sensitivity of equine fecal culture has been found to be
as few as 4 colony-forming units (cfu) per gram of feces when enriched in tetrathionate
broth17 and 100 cfu/g of feces when enriched in selenite broth.18 However, in practice,
fecal culture is an insensitive detection method, probably because of intermittent
shedding of few organisms per gram of feces,19,20 as well as the heterogeneous dis-
tribution of organisms within fecal samples.21 Because of the need to use 1 or more
enrichment steps, it can take up to 3 days to realize test results for a single fecal sam-
ple and the limited test sensitivity means that typically 3 to 5 cultures are needed per
animal, interpreting tests in parallel, to achieve reasonable sensitivity for the overall
diagnostic process.
The reliability of bacterial culture for S enterica detection can be affected by the type

of sample (feces, swab, or rectal biopsy), heterogeneity of target organism in the sam-
ple, sample weight, intermittent shedding, bacterial culture method, and laboratory
proficiency. In general, a fecal culture is a more sensitive detection method than a
rectal swab; this is likely due to the amount of fecal material that is cultured as larger
sample mass generally provides higher test sensitivity.22 Organisms such as Salmo-
nella tend to cluster within a fecal sample rather than being homogeneously distrib-
uted, therefore testing of a small aliquot (eg, swabs or <1 g) may result in
false-negative test results because there is a higher probability that a single sample
does not contain any Salmonella organisms even though the animal is actively shed-
ding at low levels.21 As stated, the relative sensitivity of culture increases with
increasing sample weight and this can be improved upon by thoroughly mixing the
sample (eg, with a paddle blender).21,22 As an alternative, culture of a rectal mucosal
sample can be performed with a reported greater sensitivity than fecal culture,
although given the invasive nature of the sample it may best be reserved for those
difficult-to-sample cases that have scant or liquid feces with minimal solid material.23

There are many different methods that can be used for aerobic culture of Salmo-
nella, which use a wide variety of broth and solid culture media, as well as incubation
times and temperatures.13–16,24,25 These different methodological choices lead to
differences in test accuracy and time until results are reported, which should be care-
fully considered by laboratories, and practitioners should have a general understand-
ing of how methodological choices affect the ability to detect Salmonella. A detailed
review of culture techniques for Salmonella is beyond the scope of this article. In
general, using an enrichment step with Salmonella selective media (eg, tetrathionate,
Rappaport-Vassiliadis) improves overall test sensitivity, allowing Salmonella to grow
while inhibiting the growth of competing bacteria, thus enabling detection on selective
plating media (eg, xylose-lysine-Tergitol 4 or Hektoen enteric agar).24 Preenrichment
of samples with low bacterial burdens (eg, environmental samples) with nonselective
media (eg, buffered peptone water [BPW]) can aid in recovery of bacteria that are
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damaged or stressed because of environmental conditions, but use with samples con-
taining high bacterial burdens (ie, fecal samples) may be counterproductive because
this may allow overgrowth of competing bacteria, resulting in a falsely negative test
result. In general, samples should be kept refrigerated and processed as soon after
collection as possible. However, the proportion of test-positive samples has been
shown to not differ significantly when processed the same day, after 6 days of refrig-
eration (4�C), or after 14 days of freezing (�15�C),26 suggesting that recovery is not
greatly impaired, if at all, when samples are kept cool before cultures are initiated.
We have found, as have others, that the proficiency of laboratories in their ability to

detect Salmonella in enriched cultures can vary greatly (Paul Morley, personal
communication, June, 2014).14 Some of these differences are attributable to use of
suboptimal culture methods (eg, very harsh enrichment media or lower culture tem-
peratures).13–16,24,25 In addition, some laboratories have substantially lower recovery
rates than other laboratories when using the same culture methods, even among
laboratories that routinely process fecal samples for Salmonella culture (Paul Morley,
personal communication, June, 2014).14,27 These differences highlight the importance
of asking laboratories to provide documentation of training and proficiency testing (eg,
check tests) when selecting a laboratory to perform Salmonella cultures.14,27

Culture of Environmental Samples

Salmonella is an organism that is hardy in damp environments that contain organic
debris, having the ability to develop biofilms and environmental reservoirs that serve
as potential sources for infection. When performing environmental surveillance, the
type of sample collection device and testing method should be carefully considered,
because the sensitivities of each are likely to differ. For example, electrostatic wipes
have been found to be an effective and more sensitive collection method than sterile
sponges for detection of Salmonella in the hospital environment.4,28,29 These differ-
ences can be attributed to the collection method (the device used and the size of
the surface area sampled) as well as the culture method. In general, sampling a larger
surface area not only provides a more representative sample but is likely to be a more
sensitive method for organism detection. Organisms in the environment may be
injured by harsh environmental conditions (eg, drying and ultraviolet light) and by
exposure to disinfectants. As such, general practice is to perform a preenrichment
step in a nutrient-rich medium (eg, BPW) before performing an enriched culture.
Although this extends the lag time required to obtain results, it allows for injured or
damaged organisms to repair themselves before being exposed to the harsh enrich-
ment medium, thereby improving overall testing results.

Polymerase Chain Reaction

PCR is generally considered to be a highly sensitive and specific method of Salmonella
detection.30 Most PCR assays use primers that target highly conserved bacterial
genes, allowing detection of many different Salmonella serotypes without cross-
reaction with other common bacteria (eg, Enterobacteriaceae).31 PCR assays have
been reported to have an analytical sensitivity of 100 cfu/g of equine feces in testing
of overnight broth cultures or 1000 cfu/g of feces in testing of nonenriched samples.
They are also generally more rapid than bacterial culture, providing results in 1 to
2 days compared with 2 to 5 days for many enriched culture methods.18,31–33 As a
result, PCR may be particularly useful with samples containing low numbers of organ-
isms and for times when it is important to obtain results quickly (eg, during epidemics).
Although PCR may be useful for earlier detection of shedding and environmental
contamination compared with culture, it does not necessarily detect viable organisms.
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Therefore, a positive PCR result does not necessarily indicate infection risk related to
environmental contamination. In addition, PCR does not replace the need for culture
because it is important to have more than dichotomous (positive/negative) results to
facilitate epidemiologic investigations and ongoing surveillance. It is impossible to
determine the likelihood of health care–associated transmission unless additional
information is available for strain differentiation, such as antimicrobial susceptibility,
serogroup, serotype, or optimally the pulse field gel electrophoresis profile (ie, DNA
fingerprint). As such, PCR testing should always be paired with culture of PCR-
positive samples. Some laboratories have proposed using PCR for broader initial
screening of all samples, which can then be followed by culture-based investigations
of the samples that were PCR positive.30

PCR is often considered a more sensitive detection method than enriched culture
for fecal and environmental samples. However, there is much debate as to the reason
for this apparent higher positive detection rate, or even whether this is consistently
true. In theory, PCR can detect nonviable organisms as well as degraded DNA, which
may account for some of this difference. It is also clear that suboptimal laboratory
methods and laboratory proficiency can likewise affect this observation. In addition,
low numbers of organisms contained within samples, or poor test specificity of
PCR, can also affect apparent test accuracy.33–35 A caveat to using PCR as a method
of detection for environmental samples is that disinfectants target different parts of
bacterial organisms. For example, quaternary ammonium and phenolic disinfectants
target cytoplasmic membranes, leaving DNA intact, whereas bleach and formalde-
hyde degrade DNA, which could theoretically lead to differences in PCR detection
rates.36,37

Lateral Flow Immunoassays

Commercially available LIAs have been developed for use in food safety microbiology,
and have shown promise as practical alternatives to traditional culture and PCR
methods for detection of Salmonella in animals and their environments (Fig. 1).17,38

LFIs have been shown to have an analytical sensitivity of w4 cfu/g from enriched
cultures of experimentally inoculated equine fecal samples, and can reliably detect
S enterica in 1-g samples after only 18 hours in selective broth culture.17 The use of
these tests does not require any specialized training or equipment; just the purchase
of an incubator and premade media are all that are necessary. Although there may be
some differences in the ability to detect different strains (serotypes) of Salmonella,
their low cost, ease of use, and reliability make them an appealing option for point-
of-care testing in equine practice.39 Just as with PCR, it is important to pair LFI testing
with follow-up culture of samples that are LFI positive. In addition to characterization
of isolates, it also allows epidemiologic investigation and assessment of transmission
risks in populations. It should be highlighted that all laboratories, including those that
are set up for limited testing of samples in veterinary practices, should have adequate
facilities and protocols in place to ensure appropriate and safe handling of infectious
materials, especially those that could lead to zoonotic infections if not properly
handled.

Testing Strategy and Test Interpretation

Detecting Salmonella in equine practice can be challenging because horses frequently
shed low numbers of organisms and do so intermittently, except in extreme situations
that may or may not be accompanied by clinical disease.19,20 Regardless of the analyt-
ical sensitivity of test methods, this causes the overall detection system (ie, sample
type combined with sample processing and detection method) to have poorer



Fig. 1. Commercially available lateral flow immunoassay (Reveal 2.0, Neogen Corporation;
see Ref.38) used for the detection of S enterica in equine fecal and environmental samples
(see Refs.17,39,57). Test strip on the left indicates a negative test (only the control line is
visible); the test strip on the right indicates a positive test (the test line [lower line] is as
intense in color as the control line [the top line]).
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epidemiologic sensitivity (ie, lower probability of detecting truly infected/shedding
horses). Although testing larger sample volumes improves, up to a limit, test sensi-
tivity,22 it is also helpful to test multiple samples. Interpreting the results in parallel
for multiple tests performed on the same patient has the benefit of greatly improving
the overall sensitivity of the testing strategy.
Research suggests that a positive patient is more likely to culture positive with

increased number of samples tested.40 The generally accepted application of this
idea is that a minimum of 3 to 5 negative cultures should be obtained in a short
time frame (ie, sampling at intervals of 12–24 hours) to be reasonably sure that patients
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have a low risk of Salmonella shedding.19 Assuming independence of test results, it
has been reported that the sensitivities for a series of fecal cultures using selective
enrichment were 44% for a single culture, 66% for 2 cultures, 82% for 3 cultures,
and 97% for 5 cultures.41 Thus, by obtaining a series of 3 to 5 negative cultures, prac-
titioners can be reasonably confident that a horse is truly negative.
Regardless of the detection strategy used, many different Salmonella serotypes can

cause disease and the distribution of serotypes can change over time.42 Thus it is
important to ensure that the test being used can detect many different serotypes,
especially those commonly detected in a given geographic or practice location.16 In
addition, when evaluating tests, the way they perform on the bench top may differ
from samples relevant to veterinary medicine (ie, fecal and environmental samples),
so methods should be appropriately validated and optimized for their intended use
on relevant veterinary samples.
FUNDAMENTALS OF VETERINARY INFECTION CONTROL

Many of the practices used in veterinary infection control have not been scientifically
evaluated to test their efficacy in applied circumstances. However, veterinarians can
learn from infection control strategies applied in human health care. In the Study on
the Efficacy of Nosocomial Infection Control (SENIC), conducted in US human health
care facilities (1970–1976), the implementation of an infection control program
reduced nosocomial infections by an estimated 32%. The minimum components
needed for programs to achieve this impressive reduction in infection risk were simply
to identify a person to oversee infection control activities, conduct some type of
surveillance activity, and maintain a system for reporting.43 Although similar data
are lacking in veterinary medicine, it is realistic to presume that similar measures
may be effective. In a recent epidemic of multidrug resistant Salmonella Newport,
an ineffective infection control program was cited as an important factor in the
outbreak, which resulted in patient fatalities, hospital closure, and an estimated finan-
cial cost of US$4.1 million.4

Infection control is achieved through all efforts used to prevent the introduction and
limit the spread of contagious pathogens within a facility or population, with the goal of
eliminating sources of potentially pathogenic microorganisms and of disrupting infec-
tious disease transmission. In veterinary hospital settings, this is a challenge because
clinicians are purposefully caring for patients with infectious diseases in the midst of
animals whose resistance to disease may be compromised; and they are doing so
in an environment in which animals from many different farms congregate.
There are several types of preventive measures that can be used to decrease infec-

tious disease transmission risk, including optimizing environmental and personal
hygiene and managing patient movement and contacts during hospitalization.
Although every equine facility is distinctive with its own physical and operational fea-
tures, necessitating the tailoring of infection control efforts to each facility’s specific
needs, all programs are based on these shared infection control principles. Detailed
descriptions for program development have been provided elsewhere.44–46 In addi-
tion, there are many available online resources that can facilitate program develop-
ment.47–49 Although the structure of specific policies enacted to promote prevention
efforts are facility specific, it is important that they are designed with all patients in
mind, not just those suspected of harboring an infectious disease. Consideration
should be given to establishing distinct, segregated hospital areas to manage neo-
nates, patients with severe disease (eg, colic or systemic illness vs elective surgery),
inpatients versus outpatients, and different species (eg, horse vs cattle). Common
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examples of this include segregating intensive care units, isolation facilities, and hav-
ing separate equine and livestock hospitals.
MANAGING SALMONELLA RISK IN HOSPITAL POPULATIONS
Patient Management

Managing Salmonella in populations can be particularly challenging, in part because of
the wide diversity in clinical consequences of infection, ranging from asymptomatic,
intermittent shedding to acute diarrhea and fever with neutropenia to septicemia
and death. In addition, horses recovering from naturally occurring acute salmonellosis
can shed for extended periods of time; one-third shed for up to 30 days,41 and can do
so intermittently. Veterinarians have the challenge of caring for the patient standing
before them but must consider the population of tomorrow in order to effectively con-
trol health care–associated infections (HCAIs).

Factors associated with epidemic disease
Nosocomial outbreaks of salmonellosis, representing a climactic meeting of patient
and hospital factors, have repeatedly been shown to be a constant risk in all types
of veterinary hospitals, resulting in significant morbidity and mortality among hospital-
ized patients and zoonotic infections in personnel.4,7,8,37,50 Environmental hygiene is
commonly identified as a contributing factor, including ineffective infection control
policies; floor surfaces that allow contamination to accumulate; and use of porous,
noncleanable surfaces in other materials such as unsealed concrete and wood.4,7,37

In addition, contamination of common-use equipment (eg, buckets, nasogastric
tubes, and rectal thermometers), and periods of high caseload with limited personnel
have been found to affect the occurrence of HCAIs.7,9,37 In the course of epidemics,
horses with severe disease, such as those with colic or undergoing abdominal sur-
gery, are frequently identified as shedding Salmonella and likely contribute to ongoing
environmental contamination and transmission among hospitalized patients.7,9,51,52

Factors associated with endemic disease
During outbreaks, there is typically widespread environmental contamination and it is
common for patient and environmental isolates to be phenotypically similar (ie, sero-
type and antimicrobial susceptibility); this phenomenon has also been identified during
times of endemic disease, suggesting animals to be a likely source for this contamina-
tion.4,8,29,53 From experience consulting with different veterinary facilities, dissemi-
nated environmental contamination is a ubiquitous feature associated with
nosocomial Salmonella transmission,4,7,8 although use of insensitive sampling and
culture methods can impair the ability to detect this important feature (Paul Morley,
personal communication, June, 2014).4

In the past, Salmonella shedding among horses was associated with a triad of clin-
ical signs (diarrhea, fever, and leukopenia) based on early studies and observa-
tion.54,55 A recent case-control study supports this observation, finding that horses
with acute colic with clinical signs of fever (rectal temperature >39.4�C [103�F]), diar-
rhea, and abnormal leukocyte count (�4500 cells/mL or leukocytosis�12,500 cells/mL)
were more likely to shed Salmonella in feces and reflux in the first 5 days of hospital-
ization.56 This triad of clinical signs can occur infrequently, accounting for only 2.7% of
shedding among a hospital population (the population attributable fraction).57

A meta-analysis of studies experimentally inoculating healthy animals (horses, cat-
tle, sheep), found that, on average, pyrexia occurred within 1.5 days of infection (95%
confidence interval [CI], 1.47, 1.55) and diarrhea occurred within 1.7 days of infection
(95% CI, 1.62, 1.83).58 The 43 studies included in this meta-analysis used inoculating
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doses from 104 to 1013; in natural infection the infective dose is expected to be at least
at the low end of this range and is likely to be lower. Thus, the average times to onset
reported here are probably more rapid than would be expected in natural infections.
This study also reported an average time to shedding of 1.3 days (95% CI, 1.22,
1.39) after inoculation, suggesting that, by the time fever and/or diarrhea are apparent,
animals are frequently shedding Salmonella in their feces. This finding emphasizes the
utility of identifying specific factors or groups of factors associated with shedding that
are easily recognizable, thus allowing prevention strategies to be implemented more
rapidly, before the situation becomes an epidemic.
The duration from exposure to fecal shedding can be affected by serotype, inocu-

lating dose, as well as the health status of the horse. Time to shedding varies by infect-
ing serotype, ranging from approximately 3 to 5 days among naturally infected
horses.51 This is in contrast with experimental inoculation, which results in shedding
within 1.3 days (95% CI, 1.22, 1.39),58 suggesting that infecting dose plays a role
because experimental inoculations are general at much higher doses than would be
expected to occur naturally. Not only can time to shedding vary by serotype, it may
also be affected by health status. Days from admission to shedding among horses
presenting for gastrointestinal disease ranged from 1 day to 3.5 days for serotypes
Saint Paul and Java, respectively,40 likely representing an increased susceptibility in
this compromised subgroup of horses, but this may have been attributable to variation
in virulence among serotypes and strains.
It has been suggested that horses with severe disease are more likely to shed

detectable quantities of Salmonella in their feces. In a recent study, horses admitted
for acute colic (excluding those presenting with diarrhea) were more likely to shed
Salmonella with surgical management versus medical management, as were those
with more severe disease (eg, inflammatory and vascular compromising conditions)
versus those with simple colic (eg, simple obstruction and nonstrangulating lesions)
that resolved with minimal medical management.56 Although the suggestion that hors-
es with more severe disease are more likely to shed makes biological sense, over the
years this has not been a consistent finding. Many studies have evaluated shedding
risk among horses with gastrointestinal disease, and some studies have reported an
increased risk associated with abdominal surgery.40,56 However, others have not
found an association between Salmonella shedding and abdominal surgery.9,59,60 In
addition, although it is commonly thought that antimicrobial therapy affects the prob-
ability of Salmonella shedding, this too has been inconsistently identified as a signifi-
cant risk factor.9,40,59–61

Although horses with severe disease are probably more susceptible to infection
than healthy horses, they are also more likely to have fecal samples tested. For this
reason, extrapolating findings from studies observing limited patient populations
should be done with caution. Studies to determine factors associated with endemic
shedding among the general patient population have found that both patient and hos-
pital factors may be important.57,61–64 Patients with systemic illness, regardless of the
body system affected, and those having any of the classic triad of clinical signs (fever,
diarrhea, or leukopenia) have a higher likelihood of shedding, but these are not the only
animals that shed Salmonella.57 These indicators are specific for identifying shedding,
but they are not perfectly sensitive. Patient management factors may also play a role,
with transportation distance (patients within 32 km [20 miles] having a greater risk),
antimicrobial therapy (specifically being treated with aminoglycosides), and duration
of hospitalization affecting the probability of shedding.57,64 Species or rearing circum-
stances may be important hospital factors as well, with intensively managed cattle
being much more likely to shed than horses; an element that should not be overlooked
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when managing horses in a multispecies hospital.57,64 Further, reports consistently
show a seasonal occurrence to shedding, generally highest in late summer and early
fall, and lowest in the spring.3,19,40,42,57 Thus, studies evaluating a limited time frame
may underestimate risk factor contributions to overall patient shedding. There are
also large regional differences in the shedding prevalence that have been found in
similar species and rearing conditions; shedding seems to be much more likely to
occur in the warmer and wetter regions of North America compared with cooler and
dryer regions.3

Subpopulations and Salmonella Risk

Managing Salmonella in horse populations is challenging because horses can shed
intermittently and often in the absence of clinical signs.10 Patient shedding pre-
valence can vary markedly from as few as 0.5% up to 7%, with horses tested on
admission typically having a lower prevalence than horses tested throughout hospi-
talization.3,19,62,63 In contrast, horses admitted for elective procedures (ie, musculo-
skeletal disease, cryptorchidism) and as hospital companions are less likely to
shed63 and healthy horses in the general equine population have an estimated shed-
ding prevalence of 0.8% (standard error [SE], 0.5).3 At the Colorado State University
Veterinary Teaching Hospital, from 2002 to 2010, culture-positive horses were most
commonly admitted with gastrointestinal disease (60.8% [87 of 143]), followed by
musculoskeletal disease (34.2% [49 of 143]), and approximately 10% were consid-
ered clinically normal by attending clinicians (10.5% [15 of 143]). Thus, differential
patient management may be warranted for patient population subgroups iden-
tified as being at a high risk for Salmonella shedding on admission or throughout
hospitalization.

Horses with gastrointestinal disease
Many facilities manage horses with gastrointestinal disease or colic separately from
the general patient population because this subgroup has an increased likelihood of
shedding, with prevalence ranging from 4.3% up to 13%.40,60,63 Factors that can be
associated with fecal shedding among these patients include transportation distance
(travel time >1 hour), abnormal findings on nasogastric intubation, diarrhea, leuko-
penia (�5000 white blood cells/mL), previous antimicrobial therapy, abdominal sur-
gery, and duration of hospitalization.19,40,56,60

Horses with severe disease
Horses admitted to the critical care unit are also more likely to shed Salmonella during
hospitalization.65 This subgroup of horses, along with critical neonates, likely repre-
sents patients with greater disease severity (as well as susceptibility to infection)
compared with the general hospital population. Equine neonates present a particular
challenge. Critically ill foals are typically unable to stand, require intensive manage-
ment, and those with gastrointestinal disease are at higher risk for shedding Salmo-
nella compared with adults.40 For patients comprising the general inpatient
population, approximately 70% of shedding risk can be attributed to systemic illness
(ie, the population attributable fraction) regardless of body system affected, with more
severe disease having a higher probability of shedding.57,64

Salmonella Surveillance Among Patients in Clinical Practice

Routine surveillance by testing fecal samples may be an effective means to identify
Salmonella shedding among the general inpatient population but careful consideration
should be given to how this might be incorporated into an infection control program
(including cost and ability to manage positive patients). Targeted surveillance of
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horses presenting for acute colic or diarrhea or developing diarrhea during hospitali-
zation has been shown to be an effective method for identifying fecal shedding. How-
ever, research suggests that many horses can be shedding Salmonella in the absence
of clinical signs.8,36,56 A recent case-control study found that most horses presenting
for acute colic were identified as shedding Salmonella through routine untargeted
surveillance of all inpatients (64.4%, excluding isolation patients) rather than on admis-
sion (6.8%) or targeted surveillance triggered by the infection control program
(28.8%).56 Therefore, depending on the types of patients seen at a practice, routine
patient surveillance may be warranted. Box 1 shows specific components of the
Salmonella surveillance program conducted at the James L. Voss Veterinary Teaching
Hospital, Colorado State University, as part of long-term infection control efforts. Note
that this is but 1 example; infection control programs must be tailored for a particular
facility to ensure that they meet those facilities’ specific needs and limitations.
A facility may alternatively find it more cost-effective to focus on syndromic surveil-

lance; a method that is effective at detecting adverse events in hospitalized horses.66

However, applying this technique to horses with Salmonella may be a challenge
because not all patients shedding Salmonella develop clinical signs. As stated earlier,
only 2.7% of shedding has been associated with diarrhea, fever, and leukopenia,
whereas 70% of shedding has been attributed to either systemic illness or gastrointes-
tinal disease.64 Given this, practitioners may elect to differentially manage and
conduct targeted surveillance of those patients with more severe disease or gastroin-
testinal disease.
In addition, environmental surveillance for Salmonella may also be a cost-effective

means for detecting patient shedding because environmental contamination is
commonly detected near where positive patients are managed.29,61 This surveillance
could be conducted as routine or periodic surveillance of high-traffic areas such as
examination areas or alleyways. If contamination is detected, not only can infection
control measures be heightened but more extensive patient testing could be under-
taken to facilitate mitigation efforts.
Box 1

Examplea surveillance program for S enterica conducted at the James L. Voss Veterinary

Teaching Hospital, Colorado State University

Components Sample for Culture Description

Routine
surveillance

Patient fecal sampleb All large-animal inpatients on admission and twice
weekly for the duration of hospitalization

Environmental swabc Approximately 60 sites throughout the small-
animal, equine, and livestock hospitals

Targeted
surveillance

Patient fecal sampleb All patients with 2 of 3 signs (fever, leukopenia,
diarrhea) or developing diarrhea during
hospitalization

Environmental swabc Select locations when an increase (above baseline)
in positive patients or positive environmental
samples is detected

Passive
surveillance

Patient fecal sampleb All diagnostic samples culture positive for
Salmonella from inpatients are reported to
biosecurity personnel

a Surveillance programs must be tailored to each facility’s needs and limitations.
b One-gram fecal sample for enriched culture.
c Collected using a Swiffer (Proctor & Gamble; see Ref.29).



Burgess & Morley12
Management of the Hospital Environment

Incorporating environmental surveillance into clinical practice is a commonmethod for
managing risks associated with Salmonella in populations. Active surveillance of pa-
tients and the environment can complement each other to detect endemic shedding
among patients and to identify outbreaks early in their course, thereby limiting the
overall consequences.8 Research shows that isolates recovered at times of endemic
and epidemic disease can be phenotypically linked (serotype and antimicrobial sus-
ceptibility) to animal isolates, suggesting animals as a likely source for environmental
contamination and ongoing transmission.29,53 In addition, recovery of genetically
related Salmonella isolates during routine patient and environmental surveillance
over an extended period of time suggests environmental persistence and nosocomial
transmission, despite the implementation of a rigorous infection control program.67 As
such, environmental hygiene and surveillance are critical to eliminating reservoirs for
infection within the hospital environment. Again, based on experiences from consul-
ting with a variety of veterinary practices, we have not experienced substantial noso-
comial transmission of Salmonella without also identifying environmental
contamination. Thus, sampling the environment at times of concern can be an impor-
tant investigative tool for detection of HCAIs related to Salmonella. See Box 1 for spe-
cific components of the Salmonella surveillance program conducted at the James L.
Voss Veterinary Teaching Hospital, Colorado State University, as part of long-term
infection control efforts. Note that this is but 1 example; infection control programs
must be tailored for a particular facility to ensure that they meet those facilities’ spe-
cific needs and limitations.
When incorporating environmental surveillance into practice, careful consideration

should be given to locations being sampled and type of samples being collected
(eg, floor-contact surface, hand-contact surface, or a composite sample of both those
surfaces). For example, for mixed-species practices, samples collected in areas used
to manage livestock are more likely to be culture positive, as are samples collected
from floor-contact surfaces or composite samples (but hand-contact samples may
be more important with respect to transmission risk).68 In addition, sample collection
and detection methods, laboratory selection, and available resources (both financial
and personnel) should be taken into consideration. Methods should be appropriately
validated and optimized for their intended use and practitioners should understand
that different collection and testing methodologies can result in different test sensitiv-
ities.4,14,28 In general, sampling a larger surface area provides a more representative
sample and is likely to be a more sensitive method for detecting Salmonella in the
environment.
Environments in veterinary hospitals are frequently contaminated near where posi-

tive patients are managed (eg, equine isolation, livestock hospital, calf isolation), with
floor samples, floor drains, cracks, and crevices being common sites for contamina-
tion.29,36,69,70 It is imperative to maintain nonporous, cleanable surfaces throughout
the hospital environment because epidemics are commonly associated with in-stall
matting and surfaces such as unsealed concrete and wood.4,7,37 Although environ-
mental contamination cannot be completely eliminated, the goal is to reduce contam-
ination of the environment with potential pathogens to a level that becomes
biologically irrelevant. To gain meaningful information, environmental testing should
be performed regularly to establish a baseline level of environmental contamination
with which future findings can be compared. In this way potential environmental res-
ervoirs of Salmonella can be detected and cleaning effectiveness can be continually
monitored.
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MANAGING SALMONELLA RISK IN THE FIELD SETTING

In addition to being one of the most common causes of outbreaks of HCAI in equine
hospitals,2 Salmonella is also frequently detected on equine operations and farms3

and is a recognized cause of farm outbreaks and disease in personnel.71–73 In general,
of nonhospitalized horses in the general equine population that are considered
healthy, an estimated 0.8% (SE, 0.5) shed Salmonella in their feces.3

Although much of this article focuses on managing salmonella risk in the hospital
setting, the same principles regarding infection control apply to other settings; namely,
preventing disease introduction and transmission between facilities and among
animals by breaking the cycle of transmission and practicing rigorous hygiene.
On-farm infection control practices are largely owner dependent. In a survey of Colo-
rado boarding facilities, only 50% of facility managers reported isolating new horses
from resident horses and only 6.6% isolated resident horses returning to the farm after
travel.74 Among US equine operations with at least 5 resident horses, approximately
78% had nonresident horses arriving on farm.75 Although the risk of exposure to
nonresident horses increased with operation size, so too did the likelihood of imple-
menting some biosecurity measures such as entry requirements for personnel.
Advising owners and managers regarding implementation of best practices for infec-
tion control remains an excellent opportunity for veterinarians to provide service and
strengthen productive veterinarian-client relationships.
It is clearly important for practitioners to maintain a minimum standard of infection

control, whether in the clinic or in the field. As ambulatory practitioners move from farm
to farm, it is critically important to maintain a high level of hygiene within practice ve-
hicles, with respect to multiuse equipment, and with outer attire worn on an individual
farm. There are many online resources available to help facilitate on-farm infection
control program development47–49 as well as published resources on program devel-
opment44,45 and outbreak investigation and control.76
SUMMARY

An international panel of infection control experts recently identified critical needs for
infection control in equine populations. One of the issues specifically identified was the
need to expand knowledge about the epidemiology and control of Salmonella infec-
tions in equine populations, along with improving methods for detection.6 Recognizing
the challenges faced by practitioners in managing this agent is the first step to
improving its control. Despite the way this organism is shed, intermittently, at low
levels, and often subclinically, due effort must be made to mitigate associated risks,
whether in the hospital or field setting. Veterinary practitioners have an ethical respon-
sibility to appropriately manage risks related to S enterica in animal populations and
their environments.
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