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ABSTRACT

Background: Salmonellosis is an important cause of diarrhea in horses with zoonotic implications. Diagnosis depends 
on the isolation of the agent through serial cultures or molecular techniques. The aim of this retrospective study was to 
describe the clinical, laboratory, and microbiological aspects of salmonellosis in horses presenting diarrhea referred to a 
veterinary teaching hospital. 
Materials, Methods & Results: Horses presenting signs of diarrhea treated between January 2009 and December 2019, 
from which Salmonella spp. were isolated from feces, were included in this study. Epidemiological data, clinical and 
laboratory findings (hematology, serum biochemistry, and blood gas analysis), and in vitro antimicrobial resistance profiles 
were analyzed. During this period, 78 of the admitted horses presented diarrhea, and Salmonella spp. were isolated from 
28% (22/78) of them. Among these patients, 41% (9/22) were younger than 3 months, 27% (6/22) were between 6 and 12 
months, 14% (3/22) were between 2 and 7 years, and 18% (4/22) were older than 9 years. Clinical signs included tachy-
cardia, tachypnea, mucous membrane congestion and liquid feces. Clinicopathological tests revealed hyperfibrinogenemia, 
increased serum gamma-glutamyl transferase serum activity and metabolic acidosis. In addition to feces, Salmonella spp. 
were isolated from 10% (2/22) and 5% (1/22) of lung and intestinal tissues and blood, respectively, from horses that did 
not survive. The isolates were resistant to sulfamethoxazole/trimethoprim (4/20; 20%) and gentamicin (3/20; 15%), along 
with partially resistant strains (5/20; 25%) and strains resistant (2/20; 10%) to ceftiofur. The mortality rate in the study 
population was 59%. 
Discussion: The study highlights the severe impact of equine salmonellosis, particularly in cases complicated by septic 
shock, which contributed to a high mortality rate and limited the assessment of hospitalization duration and prognosis. 
The confirmed etiology of diarrhea was based on the isolation of Salmonella spp. through fecal, tissue, and blood cultures, 
with systemic dissemination evident in some cases. Serial fecal culture remains the diagnostic gold standard, although a 
single positive sample can suffice in horses with gastrointestinal symptoms. The antimicrobial resistance profile revealed 
significant resistance to sulfamethoxazole/trimethoprim, gentamicin, and ceftiofur. Notably, some isolates were partially 
sensitive (25%) or resistant (10%) to ceftiofur, reflecting concerns about the future efficacy of cephalosporins due to their 
widespread use in veterinary medicine. However, the absence of multidrug-resistant strains in this study contrasts with 
findings from other species and age groups, suggesting that antimicrobial use practices and regulatory differences may 
influence resistance patterns. Necropsy findings were consistent with equine salmonellosis and bacterial enterocolitis, 
indicating loss of intestinal barrier integrity, bacterial dissemination, and sepsis development. These findings underline the 
importance of early diagnosis, effective antimicrobial stewardship, and a better understanding of resistance mechanisms 
to improve outcomes in equine salmonellosis cases. This study confirms that salmonellosis is a prevalent cause of entero-
colitis in horses and is responsible for a high mortality rate. We emphasize the importance of evaluating the antimicrobial 
susceptibility profile in all cases.
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INTRODUCTION

Salmonellosis, caused by bacteria of the genus 
Salmonella, affects the gastrointestinal tract of do-
mestic and wild animals, leading to significant health 
impacts across species [1,35,40,42,56]. As a major 
zoonotic disease with substantial economic and public 
health implications, its control requires a comprehen-
sive One Health approach [14].

In horses, Salmonella spp. infection can be the 
primary etiology of diarrhea [2,6,39]. In this context, 
Salmonella spp. infections can manifest as acute or 
chronic enterocolitis with intermittent diarrhea, along-
side potential extraenteric signs such as abortion, fever, 
anorexia, and lethargy, even without marked gastroin-
testinal involvement [25,33]. In foals, often present as 
sepsis or acute enterocolitis, featuring fever, diarrhea, 
lethargy, and hypovolemic shock [25,57].

Antimicrobial treatment should ideally be 
based on in vitro susceptibility testing, but it some-
times needs to be initiated beforehand due to the time 
required to obtain the results [4,5]. In horses with 
sepsis, broad-spectrum antimicrobial drugs are prefer-
able [26,29,31,47,57]. This study aims to characterize 
the clinical manifestations, laboratory findings, and 
antimicrobial resistance profiles associated with sal-
monellosis in horses presenting with diarrhea.

MATERIALS AND METHODS

Data collection 

A retrospective study was conducted at the 
Large Animal Internal Medicine Service of the School 
of Veterinary Medicine and Animal Science at the São 
Paulo State University (UNESP), Botucatu campus, 
São Paulo, Brazil (22°53'09" S and 48°26'42" W). 
Medical records from January 2009 to December 2019 
were reviewed. Horses with gastrointestinal signs (ab-
dominal discomfort and/or intestinal hypermotility) 
and diarrhea, with the isolation of Salmonella spp., 
were included in the study. The following signalment 
were assessed: breed, sex, age, and outcome (discharge 
or death). Clinical examination at the time of admis-
sion included analysis of heart and respiratory rates, 
rectal temperature, mucous membrane color, fecal ap-
pearance, intestinal motility, dehydration scores, and 
appetite. Antimicrobial therapy, analgesics, and anti-
inflammatory drugs were described for the therapeutic 
procedures adopted.

Clinicopathological exams. 

A complete blood count, serum biochem-
istry and whole-blood clotting time (WBCT) were 
performed in the clinical pathology laboratory of the 
veterinary teaching hospital following their standard 
operational protocols. Venous blood gas analysis 
was performed by radiometer and was obtained 
SID₃ (Strong Ion Difference) according to formula 
[SID₃=(Na+K)−Cl] [7].

In addition to the hematological variables 
for the foals included in the study, the neutrophil-
lymphocyte ratio (NLR) [45] was calculated, and the 
animals were divided into 2 groups based on the out-
come. They were also classified using a sepsis score 
described previously [4,9].

Microbiological cultures for Salmonella spp. 

The samples were transferred to sterile test tubes 
containing 10 mL of tetrathionate broth and incubated 
at 37°C for 12 h for selected isolation of Salmonella 
spp. Notably, in some animals, more than one fecal 
sample was collected. The samples were subsequently 
cultured on Salmonella-Shigella agar (SS)1 and kept 
under aerobic conditions at 37°C for 24-48 h. Colonies 
with a morphology suggestive of the Salmonella genus 
(colonies with a diameter of 1-2 mm with blackened 
centers) after 24 h of incubation were subjected to bio-
chemical characterization, including indole production, 
citrate utilization, lysine degradation, urease production, 
motility and utilization of glucose, lactose, and citrate.

In vitro antimicrobial susceptibility tests (AST) 
were conducted through the disk diffusion technique, 
and the interpretation of the results was based on the 
Clinical and Laboratory Standards Institute for En-
terobacteriaceae [8]. Seventeen antimicrobials2 from 
6 classes were tested: 1)- Aminoglycosides (amikacin 
AMK: 30 μg and gentamicin GEN: 10 μg); 2)- Beta-
lactams and derivates (amoxicillin AMX: 25 μg, am-
picillin AMP: 10 μg, cephalexin LEX: 30 μg, ceftiofur 
CFUR: 30 μg and ceftriaxone CTR: 30 μg); 3)- Fluo-
roquinolones (ciprofloxacin CIP: 5 μg, enrofloxacin 
ENO: 5 μg, levofloxacin LVX: 5 μg marbofloxacin 
MBF: 5 μg, norfloxacin NOR: 5 μg); 4)- Macrolides 
(azithromycin AZM: 30 μg); 5)- Sulfonamides (sulfa-
methoxazole/trimethoprim STX: 1.25/23.75 µg), and 
6)- Tetracyclines (tetracycline TET: 30 µg). Salmonella 
strains that exhibited resistance to 3 or more classes 
of antimicrobials were considered multidrug-resistant 
isolates [31].
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Histopathological examination. 

Macroscopic postmortem findings and histo-
pathological evaluations of intestinal segments stained 
with H&E were analyzed.

Statistical analysis. 

A statistical analysis of the clinical signs and 
laboratory test results was performed. These results 
were analyzed for distribution via the D'Agostino-
Pearson normality test and the Shapiro-Wilk test 
(GraphPad Prism 5 for Windows - GraphPad Soft-
ware). The data analyzed descriptively are reported 
as averages and standard deviations if normally dis-
tributed and as medians and ranges if not normally 
distributed.

RESULTS

Study population

During the study period, a total of 823 horses 
were referred to the hospital, and their medical records 
were evaluated. Among these, 78 were referred to pre-
senting diarrhea. Salmonella spp. was isolated from the 
fecal, blood, and/or organ samples of 28% (22/78) of 
the diarrheic horses. In total, 64% (14/22) were male, 
and 36% (8/22) were female. The median age of the 
diarrheic horses from which Salmonella spp. was 
isolated was 3.4 ± 6 years. Among these horses: 41% 
(9/22) were younger than 3 months; 27% (6/22) were 
between 6 and 12 months; 14% (3/22) were between 
2 and 7 years, and 18% (4/22) were older than 9 years. 
The breed distribution was as follows: 55% (12/22) 
American Quarter Horse; 32% (7/22) Mangalarga; 
5% (1/22) Thoroughbred; 5% (1/22) American Paint 
Horse and 5% (1/22) mixed breed.

Clinical signs

During inspection of the feces, 73% (16/22) 
presented liquid diarrhea with a foul odor, 23% (6/22) 
had pasty diarrhea, and 4% (1/22) presented fluctua-
tions in fecal characteristics (liquid to normal). On 
admission, the horses presented a mean heart rate of 
74 ±31 beats per minute. Tachycardia was detected 
in 72% (16/22) of the horses (more than 40 beats 
per minute). The mean respiratory rate was 38 ± 20 
breaths per minute, and 23% (5/22) of the horses pre-
sented an elevated respiratory rate on admission (more 
than 16 movements per minute). Intestinal hypermo-
tility was observed in 55% (12/22) of the horses, and 

the mean rectal temperature was 37.7±1.17°C, with 
36% (8/22) of the horses presenting fever (rectal 
temperature > 38.5°C). In terms of mucous membrane 
color: 32% (7/22) were congested; 4% (1/22) were 
icteric, and 4% (1/22) were cyanotic. Dehydration 
was observed in 96% (21/22) of the horses, with 5% 
dehydration detected in 36% (8/22), 7.5% in 32% 
(7/22), and 10% in 27% (6/22) of the horses. With 
respect to appetite, upon admission, whereas 37% 
(8/22) had hyporexia or anorexia.

Laboratory findings

A complete blood count was conducted on 
21 of the horses included in the study. The primary 
hematological abnormalities observed included: hy-
perfibrinogenemia 81% (17/21); neutrophilia 43% 
(9/21); anemia 38% (8/21); leukocytosis 28% (6/21); 
leukopenia 24% (5/21); neutropenia 24% (5/21); 
monocytosis 19% (4/21), and the presence of band 
neutrophils 4%  (1/21). Table 1 provides individual 
results for each horse, along with the means, median 
and standard deviation.

Serum biochemistry was performed on 15 
of the 22 horses. The findings included:  elevated 
levels of globulin 82% (9/11); urea 73% (11/15); 
gamma-glutamyl transferase (GGT) 71% (10/14); 
aspartate aminotransferase (AST) 21% (3/14); 
creatinine 20% (3/15); reduction in albumin 46% 
(6/13), and total plasma protein (TPP) 25% (2/8). 
Individual results for each horse, along with the 
means, median and standard deviation, are detailed 
in Table 2.

Blood gas analysis was performed on 6 horses 
(6/22). The primary abnormality observed was meta-
bolic acidosis, with a reduction in HCO

3-
 67% (4/6) 

and an increase in the anion gap 67% (4/6) [Table 3]. 
All foals included (2, 3, 4, 5, 6, 7, 8 and 9) in the study 
were classified as non-septic.

Microbiological culture from animals

Salmonella spp. was isolated from the fecal 
samples of 86% (19/22) of the animals included in 
this study. The pathogen was isolated from the blood 
culture of a single animal (horse 21), using a sample 
collected at the time of discharge. In the remaining 
cases (horses 2 and 9), the agent was isolated from 
organ fragments collected during necropsy (lung and 
intestine) 9% (2/22 - horses 2 and 9). The results of 
the in vitro AST of the isolates are described in Tables 
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5. Isolates resistant to sulfamethoxazole/trimethoprim 
20% (4/20) and gentamicin 15 (3/20) were observed, 
along with partially resistant strains 25% (5/20) and 
strains resistant 10% (2/20) to ceftiofur.

Treatment

The treatment generally adopted for these 
cases consisted of fluid therapy (lactated Ringer's 
solution) for replacement (according to the degree 
of dehydration) and maintenance (50 - 150 mL/kg/h) 
for all horses. Acid-base imbalances were corrected 
with electrolyte replacement as needed. Concern-
ing the antimicrobial drugs used, the combination 
of potassium penicillin (40,000 IU/kg/IV/QID) and 
amikacin (25 mg/kg/IV/SID) was used in 36% (8/22) 
of the horses, and ceftiofur sodium (10 mg/kg/IV/SID) 
and amikacin (20 mg/kg/IV/SID) were used in 23% 
(5/22) of the horses. Ceftiofur sodium alone (10 mg/
kg/IV/SID) was used in 14% (3/22) of the patients. In 
the remaining cases 27% (6/22), other antimicrobial 
combinations were used (e.g., gentamicin, rifampi-
cin, azithromycin, metronidazole). Pain control was 
performed with flunixin meglumine (1.1 mg/kg/IV/
SID) in 41% (9/22) of the cases, meloxicam (0.5 mg/
kg/IV/SID) in 36% (8/22), sodium dipyrone (25 mg/
kg/BID) in 14% (3/22), and dexamethasone (0.05 mg/
kg/IV/SID) in 9% (2/22).

Outcome and post mortem evaluation 

Regarding the length of hospitalization until 
the outcome, 46% (10/22) of the horses were hospital-
ized for up to 7 days, 32% (7/22) for 7-15 days, 13% 
(3/22) for 15-30 days, and 9% (2/22) for 30-60 days. 
In terms of the clinical outcome, 59% (13/22) of the 
horses either died or were euthanized, and 41% (9/22) 
were discharged (horses: 1, 3, 5, 6, 7, 13, 16, 16 and 
16 and 17). Among foals less than 3 months old, 63% 
(5/8) were discharged, and 37% (3/8) died. Among the 
animals older than 3 months, 69% (9/13) died and 31% 
(4/13) were discharged.

The main findings in horses subjected to  
necropsy (n=13) included fibrin hemorrhagic entero-
colitis, focal coagulative necrosis in the right dorsal 
colon, and segmental enteritis. Histologically, diffuse 
mucosal necrosis associated with a mixed inflamma-
tory infiltrate (neutrophils, lymphocytes, and plasma 
cells) in the mucosa and submucosa of the colon was 
detected, along with diffuse congestion (Figure 1). Ta
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DISCUSSION

Among the horses admitted during this period, 
gastrointestinal disorders accounted for 10% (78 out of 
823) of the cases treated by the hospital. Among these 
cases, salmonellosis represented 28% (22/78) of the 
cases, suggesting that salmonellosis is a frequent infec-
tious cause of diarrhea in horses [40,50,56]. The greater 
number of cases in young animals (up to 12 months) 
68% (15/22) is similar to what has been described in 
the literature [31,50] and highlights the importance of 
this pathogen in young horses.

The main clinical signs (diarrhea, fever, and 
lethargy) observed in this retrospective study have 
been commonly described in horses with salmonellosis 
[6]. They are caused mainly by systemic abnormali-
ties resulting from dehydration, metabolic acidosis, 
systemic and local inflammation, and the translocation 
of the agent from the gut to the bloodstream [6,25,56].

Hematological analysis revealed neutrophilia 
in 43% (9/21) of the horses. This abnormality is as-
sociated with the development of inflammation in the 
intestinal mucosa (enteritis, typhlitis, and colitis) and 
increased intestinal permeability, leading to macro-

Figure 1. Intestinal anatomopathological changes in equine salmonellosis. A- Gross view of enteritis with mucosal edema. B- Gross necro hemorrhagic 
and hyperemic aspect of rectal mucosa. C- Small intestine. Severe and diffuse villus necrosis marked inflammation (lymphoplasmacytic) in lamina 
propria and edema in submucosa [HE; obj.100x]. D- Large intestine. There is diffuse mucosal necrosis, marked lamina propria and submucosal edema, 
inflammation, and congestion [HE; obj.100x]. 
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phage invasion and systemic dissemination of bac-
teria [28,46,56]. On the other hand, neutropenia was 
observed in 2 horses older than 3 months of age 15% 
(2/8) and 3 horses younger than 3 months of age 37% 
(5/13), and neutrophilia in 38% (3/8) and 46% (6/13) 
of the 2 age groups was more frequently observed in 
severe and acute cases of salmonellosis, respectively 
[52]. An increase in fibrinogen was observed in 81% 
(17/21) of the horses, 75% (6/8) of the foals under 3 
months, and 85% (11/13) of the horses over 3 months, 
confirming the presence of ongoing inflammation in 
these animals [52].

The NLR values observed in the foals were 
similar to those described in hospitalized foals [45]. 
When divided into 2 groups, the foals that were dis-
charged had NLR values close to those described in 
healthy animals, whereas the animals that died had 
values similar to those of septic foals [19,45]. All foals 
were classified as non-septic at the time of admission 
on the basis of the sepsis score applied [19].

The serum urea concentration marginally in-
creased in most animals, which could be explained by 
dehydration and the development of the early stages of 
sepsis and acute kidney injury. The creatinine values re-
mained within the normal range in most animals (80%), 
except in three horses that presented with azotemia. 
These findings indicate that renal evaluation should be 
considered for horses with salmonellosis, along with 
additional examinations such as urinalysis [27,37].

The serum biochemistry findings in this study 
were similar to those reported in a previous study [52]. 
Liver enzyme activity is commonly increased in severe 
cases of salmonellosis, resulting from hepatic damage 
due to the filtration of bacterial toxins from the portal 
circulation [52]. However, the increase in AST activity 
can also be attributed to muscle injury [27].

Blood gas analysis revealed metabolic acidosis 
due to the accumulation of organic acids and electrolyte 
disturbances. These results arise from the significant 
loss of fluids and electrolytes in the feces. Although 
not measured, the horses likely had hyperlactatemia, as 
indicated by the elevated anion gap (17.9±5.2 mmol/L). 
This response is attributed to hypovolemia and con-
sequently anaerobic metabolism, resulting in lactic 
acid production in tissues [7,16-18,52]. Despite the 
electrolyte concentrations being within the reference 
range, an alteration in the sodium ratio was observed, as 
evidenced by the reduction in the SID3 value [7,16-18].

The short hospitalization period observed in 
animals with septic shock due to death or euthanasia 
limits the ability to investigate the relationship between 
hospitalization length and prognosis [1]. This study’s 
high mortality rate 59%  (13/22) is consistent with 
similar studies in horses with bacterial enterocolitis 
[16-18,30]. These effects result from the worsening 
of systemic alterations and compromised vital func-
tions [5,6,37].

In the present study, the etiology of diarrhea 
was confirmed by isolating Salmonella spp. Serial fecal 
culture, with three to five samples collected at 12-24 
h intervals, is considered the gold standard for the 
diagnosis of equine salmonellosis [12,51]. However, 
isolating the agent in only one sample from horses with 
gastrointestinal alterations is sufficient for determining 
the diagnosis [5,6]. In addition, isolation of the agent 
from tissue samples and blood indicates systemic dis-
semination of the agent [58].

The resistance profile observed in this study, 
without the isolation of multidrug-resistant strains, 
differs from what has been described in studies with 
foals [24], adult horses [10], calves [36] and pigs [48]. 
These results may be associated with antimicrobial 
use practices in different countries and the regulation 
of their sale.

The antimicrobial drugs to which the isolates 
presented the highest proportion of resistance were 
sulfamethoxazole/trimethoprim (SXT), gentamicin 
(GEN), and ceftiofur (CFT). These results are similar 
to those described in hospitalized horses [10,32].

The observation of partially sensitive isolates 
(25%) or those resistant (10%) to ceftiofur should be 
highlighted. Other studies have described the presence 
of Salmonella spp. strains resistant to cephalosporins 
and aminoglycosides in foals [2,3,11]. The widespread 
use of cephalosporins in veterinary medicine may 
be associated with bacterial resistance in the future 
[2,3,32,59].

The findings observed via necropsy are similar 
to those described in cases of equine salmonellosis 
[56] and in horses with bacterial enterocolitis [60] This 
leads to the loss of intestinal permeability, favoring 
bacterial dissemination and the onset of sepsis [24].

The limitations of this study include the lack 
of serotyping identification of isolates or molecular 
characterization, the absence of epidemiological data 
(previous history of medication use, sanitary changes 
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and the involvement of other animals), the lack of 
tests for the detection and isolation of other etiological 
agents, and the small sample size. Nevertheless, this is 
the first study to describe the clinical, laboratory and 
pathological changes in equine salmonellosis, as well 
as the AST profile, in this geographical area.

CONCLUSION

Salmonellosis is a common cause of diarrhea 
in horses and is associated with high mortality in 
hospitalized cases. Clinical findings include diarrhea, 
dehydration, hyperfibrinogenemia, neutrophilia, and 
metabolic acidosis. Antimicrobial resistance was high-

est for sulfamethoxazole/trimethoprim, gentamicin, 
and ceftiofur, emphasizing the importance of rational 
antimicrobial use in treatment strategies.

MANUFACTURERS
1Kasvi Ltd. São José dos Pinhais, PR, Brazil.
2Thermo Fisher Scientific Inc. Waltham, MA, USA.

Acknowledgments. This study was supported by the Veterinary 
Hospital of the “Faculdade de Medicina e Zootecnia”, “Univer-
sidade Estadual Paulista ‘Júlio de Mesquita Filho’” (FMVZ-
Unesp), Botucatu/SP.

Declaration of interest. The authors report no conflict of in-
terest. The authors alone were responsible for the content and 
writing of paper.

REFERENCES

1	Aceto H., Miller S.A. & Smith G. 2011. Onset of diarrhea and pyrexia and time to detection of Salmonella enterica 
subsp. enterica in feces in experimental studies of cattle, horses, goats, and sheep after infection per os. Journal of the 
American Veterinary Medical Association. 5(238): 1333-1339. DOI: 10.2460/javma.238.10.1333

2	Braga P.C.R., Basso R.M., Martins L.S.A., Ribeiro M.G., Amarante A.F., Casas M.R.T., Nassar A.F.C., Pereira 
J.G., Pantoja J.C.F., Cerri F.M., Possebon F.S., Oliveira-Filho J.P. & Borges A.S. 2023. Occurrence of Salmonella 
spp. in fecal samples from foals with and without diarrhea in the state of São Paulo: microbiological diagnosis, antimi-
crobial susceptibility profile, and molecular detection. Pesquisa Veterinária Brasileira. 43(1): 1-12. DOI: 10.1590/1678-
5150-PVB-7194

3	Braga P.R.C., Dos Santos C.A., Bertani A.M.J., Vieira T., Amarante A.F., Reis A.D., Sacchi C.T., Camargo C.H., 
Ribeiro M.G., Borges A.S. & Tiba-Casas M.R. 2023. Detection and genomic characterization of a multidrug-resistant 
Salmonella newport coharbouring blaCMY-2, qnrB19 and mcr-9 from the diarrheic feces of a foal. Journal of Global 
Antimicrobial Resistance. 5(35): 198-201. DOI:10.1016/j.jgar.2023.09.01

4	Brewer B.D. & Koterba A.M. 1998. Development of a scoring system for the early diagnosis of equine neonatal 
sepsis. Equine Veterinary Journal. 20: 18-22. DOI: 10.1111/j.2042-3306.1988.tb01445.x

5	Burgess B.A. & Morley P.S. 2018. Risk factors for veterinary hospital environmental contamination with Salmonella 
enterica. Epidemiology and Infection. 146(10): 1282-1292. DOI:10.1017%2FS0950268818001164

6	Burgess B.A. 2023. Salmonella in horses. Veterinary Clinics of North America: Equine Practice. 39(1): 25-35. DOI: 
10.1016/j.cveq.2022.11.005

7	Cerri F.C., Oliveira J.P.M., Broomberg C.R., Lisbôa J.A.N., Amorim R.M., Oliveira Filho J.P. & Borges A.S. 
2022. Eletroneutralidade e gamblegram no equilíbrio ácido-base em grandes animais. Revista CFMV. 90(28): 43-54.

8	Clinical and Laboratory Standards Institute-CLSI. 2024. Performance Standards for Antimicrobial Disk and Dilution 
Susceptibility Tests for Bacteria Isolated from Animals. Wayne. 34th edn. Wayne (Clinical and Laboratory Standards 
Institute). 416p.

9	Corley K.T.T. & Furr M.O. 2003. Evaluation of a score designed to predict sepsis in foals. Journal of Veterinary 
Emergency and Critical Care.13:149-155. 

10	 Cummings K.J., Perkins G.A., Khatibzadeh S.M., Warnick L.D., Aprea V.A. & Altier C. 2016. Antimicrobial 
resistance trends among Salmonella isolates obtained from horses in the northeastern United States (2001-2013). 
American Journal of Veterinary Research 77(6): 505-513. https://doi.org/10.2460/ajvr.77.5.505.

11	  Duijkeren E.V., Wannet W.J.B., Heck M.O.E., Pelt W.V., Oldruitenborgh-Oosterbaan M.M.S.V., Smit J.A.H. & 
Howers D.J. 2002. Serotypes, phage types, and antibiotic susceptibilities of Salmonella strains isolated from horses in 
The Netherlands from 1993 to 2000. Veterinary Microbiology. 86: 203-212. DOI: 10.1016/S0378-1135(02)00007-X

12	 Feary D.J. & Hassel D.M. 2006. Enteritis and Colitis in Horses. Veterinary Clinics of North America: Equine Practice. 
22: 437-479. DOI: 10.1016/j.cveq.2006.03.008



11

                                                                                                           N.H.V. Cunha, F.M. Cerri, R.M. Basso, et al. 2026. Salmonella spp. in Horses with Diarrhea - Clinical, Laboratory and  
Microbiological Aspects.                                                                                                                  Acta Scientiae Veterinariae. 54: 2005.

13	 Freeman K.P., Farr A.J. & Barrelet A. 2010. Hematology of Equids. In: Weiss D.J. & Wardrop K.J. (Eds). Schalm’s 
Veterinary Hematology. 6th edn. Ames: Blackwell Publishing Ltd., pp.993-1003.

14	 García-Díez J., Moura M., Cenci-Goga B., Saraiva S., Silva F., Saraiva C. & Ausina J. 2024. Salmonella spp. in 
domestic ruminants, evaluation of antimicrobial resistance based on the One Health approach—a systematic review 
and meta-analysis. Veterinary Science. 11(7): 315. DOI: 10.3390/vetsci11070315

15	 Giordano A., Rossi G., Pieralisi C. & Paltrinieri S. 2008. Evaluation of equine hemograms using the ADVIA 120 
as compared with an impedance counter and manual differential count. Veterinary Clinical Pathology. 37(1): 21-30. 
DOI: 10.1111/j.1939-165X.2008.00012.x

16	 Gomez D.E., Arroyo L.G., Schoster A., Renaud D.L., Kopper J.J., Dunkel B., Byrne D. & Toribio R.E. 2023. 
Diagnostic approaches, etiological agents, and their associations with short-term survival and laminitis in horses with 
acute diarrhea admitted to referral institutions. Equine Veterinary Journal. 1: 1-1. DOI: 10.1111/evj.14024

17	 Gomez D.E., Arroyo L.G., Stampfli H.R., Cruz L.E. & Oliver O.J. 2013. Physicochemical interpretation of acid-base 
abnormalities in 54 adult horses with acute severe colitis and diarrhea. Journal Veterinary Internal Medicine. 27(3): 
548-553. DOI: 10.1111/jvim.12071

18	 Gomez D.E., Leclere M., Arroyo L.G., Li L., John E.M., Afonso T., Payette F. & Darbym S. 2022. Acute diarrhea 
in horses: A multicenter Canadian retrospective study (2015 to 2019). Canadian Veterinary Journal. 63(10): 1033-1042. 
DOI: 10.1111/jvim.12071

19	 Gori E., Pierini A., Lippi I., Lubas G. & Marchetti V. 2021. Leukocytes ratios in feline systemic inflammatory 
response syndrome and sepsis: a retrospective analysis of 209 cases. Animals. 11: 1-9. DOI: 10.3390/ani11061644

20	 Grondin T.M. & Dewitt S.F. 2010. Normal Hematology of the Horse and Donkey. In: Weiss DJ, Wardrop KJ. (Eds). 
Schalm’s Veterinary Hematology. 6th edn. London: Wiley-Blackwell, pp.821-828.

21	 Harrell J.E., Hahn M.M., Souza S.J.D., Vasicek E.M., Sandala J.L., Gunn J.S. & McLachlan J.M. 2020. Salmo-
nella biofilm formation, chronic infection, and immunity within the intestine and hepatobiliary tract. Front. Cellular 
Infection and Microbiology. 2(1): 1-20. DOI: 10.3389%2Ffcimb.2020.624622

22	 Harvey R.W., Price T.H. & Joynson D.H. 1979. Salmonella isolation from hospital areas. Journal of Hygiene. 83(3): 
461-468. DOI: 10.1017%2Fs0022172400026309

23	 Hassel D.M. 2015. Fluid Therapy for Gastrointestinal Diseases. In: Fielding C.L. & Magdesian K.G. (Eds). Equine 
Fluid Therapy. London: Wiley Blackwell, pp.206-219.

24	 Iacob S. & Iacob D.G. 2019. Infectious threats, the intestinal barrier, and its Trojan horse: dysbiosis. Frontiers in 
Microbiology. 7(10): 1-11. DOI: 10.3389/fmicb.2019.01676 

25	 Juffo G.D., Bassuino D.M., Gomes D.C., Wurster F., Pissetti C., Pavarini S.P. & Driemeier D. 2017. Equine salmo-
nellosis in Southern Brazil. Tropical Animal Health and Production. 49: 475-482.  DOI: 10.1007/s11250-016-1216-1.

26	 Kabir A., Lamichhane B., Habib T., Adams A., El-Sheikh A.H., Slovis N.M., Troedsson M.H.T. & Helmy Y.A. 
2024. Antimicrobial Resistance in Equines: A Growing Threat to Horse Health and Beyond - A Comprehensive Review. 
Antibiotics. 13(8): 713. DOI: 10.3390/antibiotics13080713

27	  Kaneko J.J., Harvey J.W. & Bruss M.L. 2008. The Erythrocyte: Physiology, Metabolism, and Biochemical Disorders. 
In: Clinical Biochemistry of Domestic Animals. Cambridge: Academic Press, pp.157-172

28	 Kim L.M., Morley P.S., Traub-Dargatz J.L., Salman M.D. & Gentry-Weeks C.R. 2001. Factors associated with 
Salmonella shedding among equine colic patients at a veterinary teaching hospital. Journal of the American Veterinary 
Medical Association.218(5): 740-748. DOI: 10.2460/javma.2001.218.740

29	 Kohnen A.B., Wiedenheft A.M., Traub-Dargatz J.L., Short D.M., Cook K.L., Lantz K., Morningstar-Shaw B., 
Lawrence J.P., House S., Marshall K.L. & Rao S. 2023. Antimicrobial susceptibility of Salmonella and Escherichia 
coli from equids sampled in the NAHMS 2015–16 equine study and association of management factors with resistance. 
Preventive Veterinary Medicine. 213(1): 105857. DOI:10.1016/j.prevetmed.2023.105857

30	 Kopper J.J., Kogan C.J., Cook V.L. & Schoot H.C. 2019. Outcome of horses with enterocolitis receiving oncotic 
fluid support with either plasma or hetastarch. Canadian Veterinary Journal. 60(11): 1207-1212.

31	 Kurowski P.B., Traub-Dargatz J.L., Morley P.S. & Gentryweeks C.R. 2002. Detection of Salmonella spp. in fecal 
specimens by use of real-time polymerase chain reaction assay. American Journal of Veterinary Research. 9(63): 1-9. 
DOI: 10.2460/ajvr.2002.63.1265



12

                                                                                                           N.H.V. Cunha, F.M. Cerri, R.M. Basso, et al. 2026. Salmonella spp. in Horses with Diarrhea - Clinical, Laboratory and  
Microbiological Aspects.                                                                                                                  Acta Scientiae Veterinariae. 54: 2005.

32	 Leon I.M., Dawhon S.D., Norman D.S., Threadgil D.S., Ohta N., Vinasco J. & Scott H.M. 2018. Serotype diversity 
and antimicrobial resistance among Salmonella enterica isolates from patients at an equine referral hospital. Applied 
and Environmental Microbiology. 84: 1-5. DOI: 10.1128/AEM.02829-17

33	 Madic J., Hajsig D., Sostaric B., Curic S., Seol B., Naglic T. & Cvetnic Z. 1997. An outbreak of abortion in mares 
associated with Salmonella abortusequi infection. Equine Veterinary Journal. 3: 230-233. DOI: 10.1111/j.2042-
3306.1997.tb01674.x

34	 Magdesian K.G. 2005. Neonatal foal diarrhea. Veterinary Clinics of North America: Equine Practice. 21: 295-312. 
DOI: 10.1016/j.cveq.2005.04.009

35	 Magiorakos A.P., Sirivasan A., Carey R.B., Carmeli Y., Falagas M.E., Giske C.G., Harbarth S., Hindler J.F., 
Kahlmeter G., Olsson-Lijequist B., Paterson D.L., Rice L.B., Stelling J., Struelens M.J., Vatapoulos A., Weber 
J.T. & Monnet D.L. 2012. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an interna-
tional expert proposal for interim standard definitions for acquired resistance. Clinical Microbiology Infection. 18(3): 
268-281. DOI: 10.1111/j.1469-0691.2011.03570.x

36	 Maninshimwe R., Moncada P.M., Bugarel M., Schott H.M. & Loneragan G.H. 2021. Antibiotic resistance among 
Escherichia coli and Salmonella isolated from dairy cattle feces in Texas. Plos One. 7: 1-10. DOI:10.1371/journal.
pone.0242390

37	 Mendonça F.S., Navarro M.A. & Uzal F.A. 2022. The comparative pathology of enterocolitis caused by Clostridium 
perfringens type C, Clostridioides difficile, Paeniclostridium sordellii, Salmonella enterica subspecies enterica serovar 
Typhimurium, and nonsteroidal anti-inflammatory drugs in horses. Journal of Veterinary Diagnostic. Investigation. 34: 
412-420. DOI: 10.1177/10406387211041091

38	 Meuten D. 2012. Laboratory Evaluation and Interpretation of the Urinary System. In: Thrall M.A., Weiser G., Allison 
R.W. & Campbell T.W. (Eds). Veterinary Hematology and Clinical Chemistry. 2nd edn. Hoboken: John Wiley & Sons, 
Inc., pp.355-370.

39	 Morse E.V., Myhron E.P. & Greenwood D.E. 1976. Salmonellosis in man and animals’ health problem. Journal of 
Environmental Science and Health. 11: 755-769. DOI: 10.1080/10934527609385813.

40	 Olivo G., Lucas T.M., Borges A.S., Silva R.O., Lobato F.C., Siqueira A.K., Silva Leite D., Brandão P.E., Gregori 
F., Oliveira-Filho J.P., Takai S. & Ribeiro M.G. 2016. Enteric Pathogens and Coinfections in Foals with and without 
Diarrhea. Biomedical Research International. 1: 1-12. DOI: 10.1155/2016/1512690.

41	 Qamar F.N., Azmatullah A., Kazi A.M., Khan E. & Zaidi A.K.M. 2014. A three-year review of antimicrobial re-
sistance of Salmonella enterica serovars Typhi and Paratyphi A in Pakistan. Journal of Infection and Public Health. 8: 
981-986. DOI: 10.3855/jidc.3817.

42	 Reche D.V., Potter L., Vaz C.S.L., Pereira D.I.B., Sangioni L.A., Vargas A.C. & Botton S.A. 2016. Antimicrobial 
Resistance in Nontyphoidal Salmonella Isolated from Human and Poultry-Related Samples in Brazil: 20-Year Meta-
Analysis. Foodborne Pathogens and Disease. 14: 116-124. DOI: 10.1089/fpd.2016.2228.

43	 Ribeiro M.G., Fernandes M.C., Paes A.C., Siqueira A.K. & Borges A.S. 2010. Caracterização de sorotipos em lin-
hagens do gênero Salmonella isoladas de diferentes afecções em animais domésticos. Pesquisa Veterinaria Brasileira. 
2: 155-160. DOI: 10.1590/S0100-736X2010000200010.

44	 Rubini S., Ravadioli C., Previato S., I’ncau M.D., Tassinari M., Guidi E., Lupi S., Meriald G. & Bergamini M. 
2016. Prevalence of Salmonella strains in wild animals from a highly populated area of northeastern Italy. Annali 
dell'Istituto Superiore di Sanità. 52: 277-280. DOI: 10.1111/j.1751-0813.2009.00547.x.

45	 Samuels A.N., Kamr A.M., Reed S.M., Slovis N.M., Hostnik L.D., Burns T.A. & Toribio R.E. 2024. Association 
of the neutrophil-lymphocyte ratio with outcome in sick hospitalized neonatal foals. Journal of Veterinary Internal 
Medicine. 38(2): 1196-1206. DOI: 10.1111/jvim.16995.

46	 Schaer B.L., Aceto H., Caruso M.A. & Brace M.A. 2012. Identification of Predictors of Salmonella Shedding in 
Adult Horses Presented for Acute Colic. Journal of Veterinary Internal Medicine. 26: 1177-1185. DOI: 10.1111/j.1939-
1676.2012.00984.x.

47	 Schott H.C., Ewart S.L., Walker R.D., Dwyner R.M., Dietrich S., Eberhart S.W., Kusey J., Stick J.A. & Derk-
sen F.J. 2001. An outbreak of salmonellosis among horses at a veterinary teaching hospital. Journal of the American 
Veterinary Medical Association. 218: 1152-1159. DOI: 10.2460/javma.2001.218.1152.



13

                                                                                                           N.H.V. Cunha, F.M. Cerri, R.M. Basso, et al. 2026. Salmonella spp. in Horses with Diarrhea - Clinical, Laboratory and  
Microbiological Aspects.                                                                                                                  Acta Scientiae Veterinariae. 54: 2005.

http://seer.ufrgs.br/ActaScientiaeVeterinariae
2005

48	 Shen W., Chen H., Geng J., Wu R.A., Wang X. & Ding T. 2022. Prevalence, serovar distribution, and antibiotic re-
sistance of Salmonella spp. isolated from pork in China: A systematic review and meta-analysis. International Journal 
of Food Microbiology. 16: 1-11. DOI: 10.1016/j.ijfoodmicro.2021.109473.

49	 Slovis N.M. 2003. Gastrointestinal failure. Clinical Techniques in Equine Practice. 2: 79-96.
50	 Slovis N.M., Elam J., Estrada M. & Leutenegger C.M. 2014. Infectious agents associated with diarrhea in neonatal 

foals in central Kentucky: A comprehensive molecular study. Equine Veterinary Journal. 46: 311-316. DOI: 10.1111/
evj.12119.

51	 Slovis N.M., Elam J., Estrada M., Thao M.F. & Leutenegger C.M. 2010. Comprehensive analysis of infectious agents 
associated with diarrhea in foals in central Kentucky. In: American Association of Equine Practitioners Proceedings.  
(Lexington, USA). pp.262-266.

52	 Spier S.J. 1993. Salmonellosis. Veterinary Clinics of North America: Equine Practice. 9: 385-397. DOI: 10.1016/
S0749-0739(17)30405-4.

53	 Tang B., Siddique A., Jia C., Dra A.E., Lin H. & Yue M. 2023. Genome-based risk assessment for foodborne Sal-
monella enterica from food animals in China: A One Health perspective. International Journal of Food Microbiology. 
392: 1-10. DOI: 10.1016/j.ijfoodmicro.2023.110120.

54	 Tulukder H., Roky A.S., Debnath K., Sharma B., Ahmed J. & Roy S. 2023. Prevalence and Antimicrobial Resistance 
Profile of Salmonella Isolated from Human, Animal and Environment Samples in South Asia: A 10-Year Meta-analysis. 
Journal of Epidemiology and Global Health. 26: 1-15.

55	 Uzal F.A., Arroyo L.G., Navarro M.A., Gomez D.E., Asín J. & Henderson E. 2022. Bacterial and viral enterocolitis 
in horses: a review. Journal of Veterinary Internal Medicine. 34: 354-375. DOI: 10.1177/10406387211057469.

56	 Ward M.P., Alinovi C.A., Couetil L.L. & Wu C.C. 2005. Evaluation of a PCR to detect Salmonella in fecal samples 
of horses admitted to a veterinary teaching hospital. Journal of Veterinary Diagnostic Investigation. 17: 118-123. DOI: 
10.1177/104063870501700204.

57	 Weese J.S., Baird J.D., Poppe C. & Archambault M. 2001. Emergence of Salmonella Typhimurium definitive type 
104 (DT104) as an important cause of salmonellosis in horses in Ontario. Canadian Veterinary Journal. 42: 788-792.

58	  Wen S.C., Best E., & Nourse C. 2017. Nontyphoidal Salmonella infections in children: Review of literature and 
recommendations for management. Journal of Pediatrics and Child Health. 53: 936-941. DOI: 10.1111/jpc.13585.

59	 Wright J.G., Tengelsen L.A., Smith K.E., Bender J.B., Frank R.K., Grendon J.H., Rice D.H., Thiessen A.M.B., 
Gilbertson C.J., Sivapalasingam S., Barrett T.J., Besser T.E., Hancock D.D. & Angulo F.J. 2005. Multidrug-resistant 
Salmonella Typhimurium in four animal facilities. Emerging Infectious Diseases. 11: 1235-1241. DOI: 10.3201/
eid1108.050111.

60	 Zakia L.S., Arroyo L.G., Gomez D.E., Boerlin P., Surette M.G. & Lille B.N. 2023. Postmortem examination of 
equids >1-year-old with enterotyphlocolitis in Ontario: a retrospective descriptive study. Journal of Veterinary Diag-
nostic Investigation. 35(4): 350-354. DOI: 10.1177/1040638723117622.

https://seer.ufrgs.br/ActaScientiaeVeterinariae

