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KEY POINTS (CLINICS CARE POINTS)

e Horses with systemic illness—regardless of body system affected—and those having any one
of the classic triad of clinical signs (fever, diarrhea, or leukopenia) have a higher likelihood of
shedding.

e Horses can intermittently shed low levels of organisms necessitating the testing of multiple
samples (eg, 3-5) using enriched culture methods to improve the overall sensitivity of the
testing strategy.

e Early risk recognition and implementation of prevention efforts are critical to the effective
management of equine populations and their environments.

INTRODUCTION AND BACKGROUND
What Is It?

The genus Salmonella consists of 2 species, Salmonella enterica and Salmonella bon-
gori, with S enterica being subdivided into 6 subspecies (enterica, salamae, arizonae,
diarizonae, houtenae, and indica). Collectively, there are more than 2400 serovars
(often referred to as serotypes) that differ by surface O-antigens (polysaccharide
portion of lipopolysaccharide) and H-antigens (filamentous portion of flagella or
flagellin). As a member of the family Enterobacteriaceae, S enterica is a gram-
negative facultative anaerobic bacterium that colonizes the small intestine, cecum,
and colon of cold-blooded and warm-blooded vertebrates. This review will focus on
S enterica subspecies Enterica, which accounts for approximately 59% of all serovars
and an estimated 99% of infections in warm-blooded animals."?

A few definitions

In the literature, animals with detectable Salmonella are commonly classified as having
clinical disease or subclinical infection. Generally, clinical disease is an acute or
chronic gastrointestinal disease or sepsis, whereas subclinical infection is the detec-
tion of organism in a healthy animal (ie, without clinical signs). Animals with subclinical
infections are often referred to as subclinical carriers or asymptomatic shedders, or to
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have subclinical colonization. For simplicity, this review will categorize Salmonella in-
fections as clinical disease or subclinical infection.

Natural history of disease

S enterica transmission occurs by the fecal-oral route and can result in enterocolitis,
often manifesting with diarrhea, bacteremia, or subclinical infection. Generally consid-
ered an opportunistic pathogen, it is more likely to cause clinical disease with high
exposure (ie, high infective dose) or among patients with an increased susceptibility
(eg, neonates and patients with severe systemic illness), and often depends on the
infecting serovar. Although the equine practitioner tends to focus on clinically affected
animals, subclinical infection and shedding in the absence of disease is likely much
more common.® S enterica can present a diagnostic challenge as horses tend to
shed intermittently and at low levels, necessitating testing of multiple samples and
enriched culture methods to improve the overall sensitivity of the testing strategy.

Why Is It Important?

S enterica is one of the most commonly identified agents associated with epidemic
disease in veterinary hospitals* and is frequently associated with on-farm contamina-
tion.® As subclinical infection and shedding is much more common than clinical infec-
tions, when Salmonella spreads among patients, environmental contamination is
predictably present and can become widespread before the scope of the problem
is realized.>®~° Oftentimes, these outbreaks result in significant morbidity and mortal-
ity, pose a clear risk to veterinary patients and personnel, and come with great finan-
cial costs.®°

Why Should We Care?

Veterinary practitioners have both an ethical and a legal obligation to appropriately
manage risks related to infectious diseases, such as salmonellosis, in animal popula-
tions and their environments. The veterinarian’s oath calls attention to a veterinarian’s
ethical obligation to protect the individual patient (relief of animal suffering), protect the
animal population of the present and the future (protection of animal health and wel-
fare), and to protect people (promotion of public health)."! The General Duty Clause,
5(a) (1), of the Occupational Safety and Health Act of 1970, highlights an employer’s
legal obligation to provide a workplace that is free from recognized hazards that are
likely to result in “serious physical harm.”'? Although veterinary infection control is
in its early stages, there is a developing recognizable standard of practice; due effort
must be given to the prevention of infectious disease transmission within animal pop-
ulations and facilities.'® In fact, a survey conducted in 2004 among North American
veterinary teaching hospitals found that all 30 survey respondents had some form of
infection control program in their equine hospitals, as did some of the more progres-
sive private veterinary hospitals.*

EPIDEMIOLOGY IN HORSES

Nosocomial outbreaks of salmonellosis have been repeatedly shown to be a constant
risk in all types of veterinary hospitals, resulting in significant morbidity and mortality
among hospitalized patients and zoonotic infections in personnel.6-814:1°

Prevalence of Salmonella Shedding

Shedding prevalence of S enterica can vary markedly with health status, season of the
year, and geographic region. Among healthy horses in the general equine population,
shedding prevalence is an estimated 0.8% (SE 0.5)° and can range from 0.5% to 7%
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among hospitalized horses when tested on admission or throughout hospitalization,
respectively.> 15718 Seasonality of shedding is a consistent finding with a higher prev-
alence in late summer and early fall and a lower prevalence in the springtime.>17:19-2
Geographic region may also influence shedding with warmer and wetter regions of
North America having a higher reported prevalence compared with cooler and dryer
regions.®

Risk Factors for Salmonella Shedding

The central tenet of epidemiology tells us that disease does not occur randomly in
populations. Rather, there are key factors related to the agent, host, and environment
(ie, the epidemiologic triad) that contribute to the development of disease.

The agent

As with any other infectious disease, agent characteristics of Salmonella likely play a
role in the occurrence of disease including the infecting serovar, the inoculating dose,
and environmental persistence. Time to shedding varies by infecting serotype, ranging
from approximately 1 to 5 days among naturally infected horses.?’-?? That being said,
this is likely confounded by health status and infectious dose with increased suscep-
tibility and higher infectious doses being at the lower end of this range. A meta-
analysis of 43 studies experimentally inoculating healthy animals (horses, cattle,
sheep), found that on average, shedding occurred within 1.3 days (95% CI 1.22,
1.39; range 0.75-3 days).?* It is important to note that inoculating doses were higher
than expected in natural infection ranging from 10* to 10'3. Therefore, the average
time to shedding reported is likely shorter than what would be expected in natural in-
fections. Salmonella organisms can persist in damp environments that contain organic
debris, forming biofilms, and environmental reservoirs that serve as potential sources
for continued transmission.?*

The host
Historically, we consider a triad of clinical signs—diarrhea, fever, and leukopenia—to
be indicating Salmonella shedding among horses.?>2% A meta-analysis of 43 studies
experimentally inoculating healthy animals (horses, cattle, sheep), found that on
average, pyrexia occurred within 1.5 days of infection (95% Cl 1.47, 1.55) and diarrhea
occurred within 1.7 days of infection (95% Cl 1.62, 1.83).2° Note that inoculating doses
ranged from 10* to 103, higher than expected in natural infection, and therefore, the
average days reported are likely fewer than what would be expected in natural infec-
tions. Interestingly, this study also reported an average time to shedding of 1.3 days
(95% CI 1.22, 1.39) suggesting that by the time fever and/or diarrhea are recognized,
animals are likely to already be shedding Salmonella in their feces.?® Although more
contemporary studies continue to support this observation,?’~2° this triad of clinical
signs can occur rather infrequently, only accounting for an estimated 2.7% of shed-
ding among a hospital population (ie, the population attributable fraction).?® Indeed,
an estimated 70% of shedding can be attributed to systemic iliness, irrespective of
the body system affected, with more severe disease having a higher shedding
probability.?°

Although the idea that horses with more severe disease are more likely to shed
makes biological sense, it is important to note that during 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 asso-
ciated with abdominal surgery or with vascular compromising conditions,921:22:27.20
whereas other studies have not found similar associations.®>'*? That being said, with
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an estimated shedding prevalence ranging from 4.3% up to 13%, horses with gastro-
intestinal disease or colic are often managed separately from the general patient pop-
ulation at many equine facilities.'-21:32

Many reports suggest that antimicrobial therapy affects the probability of Salmo-
nella shedding; however, this too has been inconsistent.®21.29:31-33 One subgroup
that is consistently reported to be more likely to shed Salmonella during hospitalization
are those admitted to critical care units.®* Horses in this subgroup likely have more se-
vere disease as well as susceptibility, and of particular concern are critically ill foals
with gastrointestinal disease that require intensive management.?"

Although horses with severe disease are likely to be more susceptible to infection, they
are also more likely to be tested. As such, extrapolating findings from studies of limited
patient populations, for example, animals involved in outbreaks, should be done with
caution. Studies reporting the occurrence of endemic disease among the general horse
population have found that both patient and hospital factors may be important, including
transportation distance (travel time >1 hour), abnormal findings on nasogastric intuba-
tion, diarrhea, leukopenia (<5000 WBC/uL), previous antimicrobial therapy, abdominal
surgery, and duration of hospitalization.6-18:20.21.27.32.33 |n contrast, being admitted
for an elective procedure, such as musculoskeletal disease or cryptorchidism, or being
a hospital companion, tends to decrease the likelihood for shedding.'®

One of the challenges in managing salmonellosis in horses is the potential influence
of shedding on the positive-horse and its stablemates. Currently, there are limited data
on the duration of shedding, and therefore, the period of time a shedding horse may
need to be managed differently. An early conference report suggested positive-
horses may shed for up to 30 days; however, the study population was very limited,
reducing the generalizability this finding.>® A more recent prospective study, which
tested positive-horses weekly, preliminarily found an estimated median shedding
duration of 54 days (range 14-121 days) and 31 days (range 4-138 days) among hors-
es with clinical disease and subclinical infection, respectively.3® This study also found
that, on average, horses with severe disease tended to shed for longer, as did horses
receiving oral antimicrobials. With this in mind, it is likely prudent to take precautions
when managing these horses for 6 to 8 weeks. Indeed, it has been shown that when
these horses return to their home farms, they do not seem to adversely affect stable-
mates as long as precautions are in place.?®’

The environment

Disseminated environmental contamination is a universal feature associated with
ongoing Salmonella transmission within a facility.5® Common contributing factors
include suboptimal environmental hygiene practices such as ineffective infection con-
trol policies, damaged floor surfaces that promote the accumulation of contamination,
and use of porous, noncleanable surfaces such as unsealed concrete and wood®?®'%;
and contamination of common use equipment such as buckets, nasogastric tubes,
and rectal thermometers.®°'5 Additionally, the probability of detecting Salmonella in
the environment increases as demand on personnel increases (eg, periods of high
case load or times of limited personnel).?° Although this review is focusing on horses
and their environments, species or management circumstances may be important fac-
tors as intensively managed cattle are more likely to shed than horses, an important
element when managing horses in a multispecies facility.?° Additionally, a seasonal
occurrence to shedding is consistently reported with it being highest in late summer
and early fall, and lowest in the spring,>'7-1°=2" although this may also be influenced
by geographic location with warmer and wetter regions having a higher reported prev-
alence compared with cooler and dryer ones.®
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DIAGNOSTIC TESTING AND TEST INTERPRETATION

Detection of S enterica in horses can present a diagnostic challenge due to the inter-
mittent nature and low level of organisms shed in equine feces. As a result, irrespective
of analytical sensitivity of the testing methods (eg, enriched culture, polymerase chain
reaction [PCR], lateral flow immunoassays [LFls]), the overall detection system (ie,
sample type combined with sample processing and detection method) will have a
poorer epidemiologic sensitivity (ie, lower probability of detecting truly shedding hors-
es). To some degree, this may be overcome by testing larger sample volumes,*® using
enriched culture methodologies, and testing multiple samples from the same animal.?’
The general recommendation is to test 3 to 5 enriched-cultures, obtained in a short
time frame (ie, sampling at 12-24 hour intervals). Assuming independence of test re-
sults, the estimated sensitivity when interpreting in parallel is 44% for a single culture,
66% for 2 cultures, 82% for 3 cultures, and 97% for 5 cultures.®® With this in mind,
practitioners can have reasonable confidence that a horse is truly negative with 3 to
5 negative cultures. It is important to recognize that regardless of detection method,
it should be validated and optimized for its intended use (ie, equine fecal and environ-
mental samples). In the case of S enterica, many different Salmonella serovars can
cause disease and the distribution can change over time.'®*°® Therefore, knowledge
of the common serovars in a given practice location is important to ensure accurate
detection.*°

Practitioners should be aware of the testing methods available, their associated
strengths and limitations, and know which method a laboratory is using because
this can affect test sensitivity/specificity and ultimately its interpretations relative to
disease control efforts.3942

Culture of Fecal Samples

Detection of S enterica by bacterial culture can be affected by the type of sample
(feces, swab, or rectal biopsy), distribution of target organism in the sample, sample
weight or volume, intermittent shedding, culture media and method used, and labora-
tory proficiency.

Type of sample and sample storage

In general, culture of a rectal mucosal sample is more sensitive than a fecal culture,
which is more sensitive than a rectal swab.38*® However, the invasive nature of obtain-
ing a rectal mucosal sample may preclude its routine use. These differences may be
attributed to the amount of material that is cultured as larger sample mass generally
provides higher test sensitivity>® and are affected by the culture media and method
used.***6 Best practice is to refrigerate samples until processing as soon after collec-
tion as possible. That being said, organism recovery does not seem to be greatly
impaired if processed the same day, after 6 days of refrigeration (4°C), or after
14 days of freezing (—15°C).%°

Heterogeneity of organism in the sample

Salmonella organisms tend to cluster within a fecal sample (ie, are not homogenously
distributed)*” resulting in a greater likelihood that a single sample may not contain any
organisms. As such, testing a small aliquot such as a rectal swab or less than 1 g or not
thoroughly mixing the sample may result in a false-negative test result.

Sample weight or volume
In general, the larger the sample, the greater the sensitivity. This means that the rela-
tive sensitivity of culture increases with increasing sample weight,>® which can be

29



30

Burgess

further improved by thoroughly mixing the sample to homogenously distribute
organisms.*’

Intermittent shedding

In horses, Salmonella organisms are intermittently shed at low numbers,'”-3%8 which
affects the accuracy of detection methods when applied in practice. As such, we tend
to test multiple samples (eg, 3-5 samples at 12-24-hour intervals) from the same an-
imal®" and use enriched culture methodologies, respectively.

Culture media and method
There are many different aerobic culture methods for the detection of S enterica that
use a variety of broth and solid culture media, and incubation times and tempera-
tures.'316:2425 Egch methodological choice leads to differences in test accuracy.
For example, the analytical sensitivity of equine fecal culture has been reported to
be as few as 4 cfu/g of feces when enriched in tetrathionate (TET) broth** and
100 cfu/g of feces when enriched in selenite broth.*°

In general, using a Salmonella selective media (eg, TET, Rappaport-Vassiliadis) in an
enrichment step will improve test sensitivity because it allows Salmonella organisms to
grow while inhibiting the growth of competing bacteria.*® Sensitivity can be further
improved if plated on a selective media (eg, xylose-lysine-tergitol 4 or Hektoen enteric
agar).46

Samples with low bacterial burdens, such as environmental samples, may benefit
from preenrichment with nonselective media (eg, buffered peptone water [BPW])
because it allows for bacteria that may have been damaged due to environmental con-
ditions to recover. Preenrichment is not recommended for samples containing high
bacterial burdens such as fecal samples because competing bacteria may overgrow
resulting in a false-negative test result.

Laboratory proficiency

The ability to detect Salmonella can vary greatly among laboratories. These differ-
ences are likely related to the use of less optimal culture methods such as harsh
enrichment media or lower temperatures®®~4246:49 or may simply be due to lower re-
covery rates when using the same methods.*'°° With this in mind, it is important for
practitioners to request confirmation of proficiency testing when selecting a
laboratory.

Culture of environmental samples

Salmonella organisms are relatively hardy in damp environments that contain organic
debris and can develop biofilms resulting in environmental reservoirs for infection.
When sampling the hospital environment, electrostatic dust wipes are more sensitive
than sterile sponges.®°":52 As with fecal culture, these differences may be attributed to
the amount of material that is cultured (a function of the device used and surface area
sampled) as larger sample generally provides higher test sensitivity>® and the culture
media and method used as indicated above. It is generally recommended to perform a
preenrichment step in a nutrient rich media (eg, BPW) before performing an enriched
culture. This allows organisms that may have been damaged or “injured” due to envi-
ronmental conditions (eg, UV light, drying, exposure to disinfectants) to repair them-
selves before being exposed to relative harsh enrichment media. This will delay
time to obtaining results but will improve overall test sensitivity.

Polymerase chain reaction
PCR is generally considered to be sensitive and specific for the detection of Salmo-
nella.>® The analytical sensitivity for PCR assays has been reported to be 100 cfu/g
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of equine feces when testing enriched cultures or 1000 cfu/g of feces when testing
nonenriched samples. Using primers that target highly conserved genes ensures
high analytical specificity because these assays can detect many serovars without
cross-reacting with other common bacteria.>* Although PCR assays are generally
more rapid than enriched culture, providing results in 1 to 2 days compared with 2
to 5 days for enriched cultures,*>°4-56 its epidemiologic sensitivity is similarly limited
due to low level, intermittent shedding of organisms. One consideration when using
PCR is the fact that this assay can detect nonviable organisms as well as degraded
DNA. As such, a positive test may not indicate an infectious risk. This may be impor-
tant relative to its use for the detection of Salmonella in environmental samples
because disinfectants target different parts of bacterial organisms. For example, qua-
ternary ammonium and phenolic disinfectants target cytoplasmic membranes, leaving
DNA intact, whereas bleach and formaldehyde degrade DNA. This could theoretically
lead to differential detection rates when comparing PCR and culture methodologies.®”

Lateral flow immunoassays

Commercially available LFls, developed for use in food safety applications, may be a
practical alternative to traditional detection methods for the detection of Salmonella in
horses and their environments. Experimentally, it has been shown to have an analytical
sensitivity of ~4 cfu/g of equine feces from enriched cultures, good analytical specificity
detecting many different serovars, and can reliably detect organisms in 1-g samples af-
ter 18 hours in enriched cultures.*#°859 |t is important to submit LFIl-positive samples for
follow-up culture to allow for further characterization of isolates (eg, serogroup, sero-
type, antimicrobial susceptibility) to aid in the assessment of transmission risks.

SUMMARY

Salmonella can be challenging to manage in horse populations. Clinical outcomes can
range from mild diarrhea to severe disease, septicemia, and death. Horses are
commonly subclinically infected and can intermittently shed for extended periods. As
a result, the ability to detect positive-horses (ie, test sensitivity) is greatly affected and
necessitates taking multiple samples during a short time period. Unfortunately, this delay
in the detection typically leads to widespread environmental contamination, a common
feature during outbreaks. Indeed, environmental isolates are commonly phenotypically
similar (ie, serotype and antimicrobial susceptibility) to patient isolates, suggesting hors-
es are a likely source for this contamination.®”-52€ This observation emphasizes the
importance of managing high risk groups, such as those animals with severe disease,
to reduce the potential for contamination and transmission and to continue these pre-
cautions on positive-horses even when they return to their home farm. In doing so, vet-
erinarians can reduce the risk of Salmonella to stablemates and their caretakers.
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