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Introduction  
 Equine salmonellosis remains a serious economic and health problem in 

many regions of the world, It can affect all species of domestic animals.  

 Young , pregnant and lactating animals are the most susceptible. 

  Clinical manifestations include: Enteric disease (commonest), acute 

septicemia, abortion and others. 

 Many serotypes have been reported to infect horses including S. 

Typhimurium, S.Agona , S. Newport , S.Enteritidis, S. Krefeld, 

S.Saintpaul, S.Anatum and S.Infantis. 

 



 Endotoxemia is a leading cause of mortality and morbidity in adult horses 

and foals  

Breeding of horses usually faces some troubles due to reproductive 

disorders particularly those caused by bacterial agents.  

Major reproductive problems reported in mares are infertility, repeat 

breeder, abortions, reproductive tract infections and dystocia.  

Endometritis is recognized as an important cause of infertility in mares. 

Abortion due to Salmonella is usually caused by ascending infection 

through the cervix that result in placentitis. Chronic placentitis results in 

retardation of fetal growth.  



 Salmonella Typhimurium endotoxin resulted in release of PGF2 alpha and 

progesterone deficiency that leads to fetal loss in pregnant mares .  

 Equine genital tract infections due  to Salmonella Abortus equi are a cause 

of major concern to the stud breeders. 

  As a result of extensive use of antibiotics in human and veterinary 

medicine, a serious increase in spreading of multiple antibiotic resistance for 

salmonellae has occurred , antimicrobial pathogens also pose severe and 

costly animal health problem by prolong illness and decrease productivity as 

well as it could lead to the transfer of resistance to other pathogenic 

organisms. 



 In the last time with the purpose of declaring the 

virulence factor(s), some authors reported that virulence 

of salmonellae is encoded with certain genes which can 

be detected by polymerase chain reaction (PCR).  

 The location of the genes on chromosomes or plasmids 

has controversy character in published investigations. 



Aim of the Work 

1. Isolation and identification of Salmonella from feces of diarrheic and 

apparently healthy horses and foals. 

2. Isolation and identification of salmonellae from vaginal and uterine swabs of 

mares had infertility or repeat breeding and stomach content of aborted foeti. 

3. Serological identification of the isolates. 

4. Antibiogram of salmonellae isolates by disc diffusion technique. 

5. Detection of virulence genes and investigate their location on plasmid DNA 

and/or chromosomes by using PCR. 



Materials and Methods 



• Materials 
 

1. Samples: 

 A total of 318 samples: 

a) 217 faecal samples were collected and examined for salmonellae :  

 145 from the rectum of diarrheic horses  

  72 obtained from apparently healthy horses and foals. 

b) 69 vaginal swabs from mares suffering from infertility and repeat breeder. 

c) 24 double guarded uterine swabs from mares suffering from reproductive disorders 

as repeat breeder. 

d) 8 stomach contents of aborted foeti. 

 These samples were collected from 310 horses and foals as well as 8 aborted foeti. These 

horses were raised in (EL – Zahraa) farm , brook hospital in addition to private farms in EL 

Haram and EL Nobaria. 

 



2. Media used for isolation of salmonellae 

1. Pre-enrichment media:   

a. 2 %buffered peptone water. 

b. Luria Bertani (L.B) broth. 

2. Enrichment media: 

a. Selenite – F  – broth. 

b. Muller Kauffman Tetrathionate Novobiocin broth 

3.  Selective Solid media: 

a. Salmonella Shigella (S.S) agar.  

b. Xylose Lysine Desoxycolate (XLD) agar. 

 



4. Media used for testing antimicrobial susceptibility: 

a. Muller-Hinton broth.                

b. Muller-Hinton agar.   

5. Semisolid nutrient agar media (Cruickshank et al., 1975):  

a. 0.4% agar dissolved in nutrient broth used for the preservation and detection of 

motility. 

b. Nutrient broth with 15% glycerol for preservation of isolates at - 80 ºC           

6. Transportation media:  

 Stuartt's transport medium. 

 



7. Media used for biochemical identification 

a. Triple sugar iron agar (T.S.I). 

b. Christensen's urea agar.  

c. Peptone broth. 

d. Glucose Phosphate broth  

e. Simmon's citrate agar. 

f. Lysine decarboxylation medium. 

g. Sugar fermentation media containing 1% glucose, dulcitol, mannitol, 

lactose,maltose and sucrose. 

   



3. Reagents and chemicals used for biochemical tests 

(Koneman et al., 1994). 

1. 1%  Tetramethyle  -  phenylene  -  diamine  

2. Dihydrochloride solution: used for oxidase test. 

3. Hydrogen peroxide 3% (Merck) for catalase test. 

4. Urea solution 40% (oxoid) for urea test. 

5. Kovac's reagent for indole test. 

6. Methyl red solution 0.04% for methyl red test.    



 

7. Reagent for Voges Proskauer test 

• Solution  (1)  of  5% α  -  napthol in absolute ethyl  alcohol.  

• Solution (2)of 40% potassium hydroxide solution. 

 

8. Andrade's indicator: for sugar fermentation test. 

 

9. Physiological saline 0.85%. 

 

 



4. Stains: 

 Gram's stain: (Cruickshank et al., 1975) 

5. Diagnostic antisera: 

 Diagnostic polyvalent and monvalent somatic O and 

flagellar  H (phase Ι and phase ΙΙ) , 

 Salmonella antisera were used for serelogical identification 

of biochemically identified Salmonella strains  (Denka 

Sieken Co. Ltd., Japan). 

 



6. Antimicrobial discs: (Sigma) 

               Seventeen antibiotic discs were used:- 

 
1. Amoxacillin clavulinic (Amc,10 µg)  

2. Ampicillin (Am,10 µg)  

3. Ceftazidine (Caz ,30  µg) 

4. Ceftriaxone(CRD,  30  µg)  

5. Chloramphenicol(C, 30  µg) 

6. Ciprofloxacin  (CIP,   5µg)  

7. Erythromycin  (E,  15µg) 

8. Gentamycin  (CN,15µg)  

9. Kanamycin(K, 10µg) 

 

10. Levofloxacin  (LEV, 5  µg) 

11. Nalidixic  acid(NA,  30  µg) 

12. Norfloxacin  (NOR,  10  µg) 

13. Ofloxacin  (Ofx,  5  µg) 

14. Spectinomycin(SPT1000,1000  µg) 

15. Streptomycin  (S10,  10  µg) 

16. Sulphamethoxine & Trimethoprin 

(SXT, 25 µg) 

17. Tetracycline (TE, 30µg) 

 



7.  Materials  and  reagents  used  for  Polymerase  chain  

reaction (PCR): For detection of virulence gene(s). 

 1. Bacterial cultures: Eight  Salmonella  isolates  were used. 

2. PCR Master Mix used for cPCR:  

 Emerald  Amp  GT  PCR  master  mix  (Takara)  Code  No.  RR310A  contains: 

a. Emerlad Amp GT PCR master mix (2 x premix). 

b. PCR grade water. 

3. Amplification of virulence-associated region Oliveira et al., (2003) for invA gene 

and Murugkar et al., (2003) for pef and stn genes. 

4. DNA Molecular weight marker 

 



8. Reagents used for electrophoresis (Sambrook et 

al., 1989): 

 

1. Agarose 1.5% Gel loading buffer . 

2. Buffers and reagents required 

a. Ethidium bromide solution 10 mg  ∕ ml 

b.  Tris  borate  EDTA  [TBE]  electrophoresis  

buffer . 



9. Reagents used for plasmid DNA extraction 

 1. EDTA 

2. Sodium dodecyl suplphate 

3. Phenol (saturated phenol) 

4. Chlorform isoamyl mixture.  

5. Ethanol  alcohol 

6. Sodium acetate trihydrate. It was prepared as 3M solution.    

7. Tris  base. Used for preparation of tris EDTA buffer (TE 

buffer). 

8. Tetracycline and ampicillin antibiotic powders. 

9. Equipments and utilities. 



• Methods 

1. Isolation of Salmonella 

    A  loopful  from  the  incubated  broth  was  streaked  

on the  surface  of Salmonella  Shigella  (S.S)  agar  and  

Xylose  Lysine  Deoxycolate (XLD) agar and then 

incubated at 37ºC for 24 hrs. 



  

 

2. Identification of isolates (Quinn et al., 2002) 

a. Biochemical identification 

i. Oxidase test. 

ii. Catalase test. 

iii. Triple sugar iron agar (TSI).  

iv. Urease test. 

v. Indole test. 

 

b. Serological identification of the isolates 

Serological identification of the suspected  Salmonella  isolates were carried  out  

according  to  White  Kauffmann ˗  Le  Minor  scheme  as described by Grimont &Weill 

(2007). 

 

 

vi. Methyl red test. 

vii. Voges - Proskauer test. 

viii. Simmon's citrate test. 

ix. Lysine decarboxlation test.  

x. Sugar fermentation test.  

 



3. Antibiotic sensitivity test of the isolated Salmonella 

serovars  

The  disk  diffusion  technique  was  conducted  according  to  

Clinical and Laboratory Standards Institute [CLSI], 2011 as 

follows: 



6. Amplification  of  virulence-assocaited  genes  in  total   

 and plasmid DNA of Salmonella serovars: 

a. Extraction of the total DNA 
The overnight  bacterial  cultures were  boiled  for  10  min, immediately chilled in an ice and salt mixture and 

centrifuged to remove cell debris. The primer sequences and the PCR conditions used were similar to those 

described by Murugkar et al. (2003). 

b. Detection of virulence genes in plasmid 
 Preparation and Purification of plasmid DNA (MINIPREP)  according to Ausubel et al., (1987) 

 Preparation of  PCR  master mix according to Emerald Amp GT PCR master mix (Takara) code no. RR310A kit. 

 Cycling conditions of the primers during cPCR  

 Temperaure and time conditions of the primer during PCR are according to Emerald Amp GT PCR master mix 

(Takara) . 

7. Agarose  gel  electrophoresis according to Sambrook et al.,1989 

with modification  

 

 



Results 



1. Isolation of salmonellae: 

   a. Salmonellae: S.S agar: 

 



b. Salmonella  on XLD agar: The colonies appeared red 

(alkaline with or without black center. 

 



2. Identification of salmonellae: 

 

a. Under the microscope: 

Microscopical  identification  of  the  suspected  isolates  showed 

gram negative, non sporulated, straight rods. 

 

b. Biochemical identification: 

i. Oxidase reaction: negative, colourless result 

ii. Catalase test: positive, foaming of the reagent  



2. Identification of salmonellae 

iii.   On Triple sugar iron agar test (TSI):  

Positive salmonella had alkaline (red) slant, acid  

(yellow) butt with or without H2S production. 

 

 

 

 

   



iv. Urease  test:  

negative  (medium remain original yellow)     

 



v. IMVC test:   

Indole reaction and Vogas-Proskauer test 

showing negative results  while  

positive methyl red test (red colour) and  

citrate utilization (deep blue colour). 

  



vi.  Lysine  decarboxylation  test:  

       positive(purple colour). 



vii. Sugar  fermentation  test:  

 Glucose,  maltose,  dulcitol  and  mannitol fermentation 

positive, while lactose and sucrose negative. 

 



c.  Serological identification of salmonellae: 

     Serological  identification  of  Salmonella  isolates  and  

its antigenic structure. 

 

 

     
Identified isolate  Antigenic structure 

S. Typhimurium  O4,5,12 H1:i H2:1,2 

S. Abortus equi  O4,12 H1: -  H2:e,n,x 

S. Kentucky  O8,20 H1:i H2: z6 

S.Newport  O6,8 H1:e,h H2:1,2 



3.  Prevalence of salmonellae 

a. Prevalence of Salmonella  in horses: in Correlation with horse status 

and  selected  clinical  finding:  

 

 

 

 

 

 

 

 

 

 

 

Animal status and  

clinical finding 

Total number of  

horses 

Frequency of distribution of Salmonella 

Number of positive 

cases 

% 

Apparently healthy 72  0.0  0.0  

Diarrhea 145 3 2.07 

Infertility  93  4 4.3 

Abortion  8 1 12.5 

Total  318  8 2.52 



% 



 

b. Prevalence of Salmonella in horse correlation with culture site 

Samples 
Number of 

samples 

Salmonella isolates 

Number %* 

Fecal samples 217 3 1.38 

vaginal swab 69 3 4.35 

Uterine swab 24 1 4.17 

Stomach content of aborted fetus 8 1 12.5 

Total 318 8 2.52** 



% 



 

Frequency distribution of horse status in relation to age among 

fecal samples of 217 horses examined 

Horse 

status 

Foal less than one year Horses Total 

No of 

foals 

No of 

+ve 
% * 

No of 

horses 

No of  

+ve 
%* 

No of 

cases 

No of 

+ve 
%** 

Apparently 

healthy 

26 0 0.0 46 0 0.0 72 0 0.0 

Diarrhoea 57 1 1.75 88 2 2.72 145 3 2.07 



Salmonella serovars recovered from different horse status and clinical 

samples 

Type of samples Affection Salmonella serovar Number %* 

  

Fecal samples 

Acute diarrhea and colitis 

(horse) 

S.Newport 1 ̸ 88 1.14 

Mild diarrhea (horse) S.Kentucky 1 ̸ 88 1.14 

 Acute diarrhea (foal)  S.Typhimurium 1 ̸ 57 1.75 

Vaginal swabs Infertility S.Typhimurium(1) 

S.Typhimurium(2) 

S.Typhimurium(3) 

3 ̸ 69 4.35 

Double guarded swabs  Infertility S.Abortus equi 1 ̸ 24 4.17 

Stomach content of 

aborted fetus 

Abortion S.Abortus equi 1 ̸ 8 12.5 



 

Incidence of Salmonella serovars recovered from different clinical cases in 

relation to the number of isolates 



4. Result of antimicrobial sensitivity test of Salmonella isolates 

using disc diffusion method 

 

 Eight Salmonella isolates recovered from horses, foals and aborted fetus were tested with 17 

antimicrobial drugs. 

 The most effective antibiotic was chloramphenicol 100%, followed by ciprofloxacin , 

ceftazidine, levofloxacin and ofloxacin  (87.5%) followed by gentamicin 75% then 

kanamycin,tetracycline, nalidixic acid and norfloxacin (62.5%) and finally sulphamethoxine 

&trimethoprin , ceftriaxone , amoxicillin clavulinic and streptomycin (50%). 

 The most resistant antimicrobial drugs were ampicillin and erythromycin (100%) followed by 

tetracycline and  streptomycin (37.5% fo). 

 



5. Detection of virulence genes of Salmonella isolate using PCR: 

 

a. invA  gene was detected in all the eight Salmonella isolates  

b. pef gene (plasmid encoding fimbriae)  was present in total DNA of only S. Typhimurium 

(1) and was negative to the rest of isolates.  

c. The plasmid associated pef gene 700bp was absent in 4  Salmonella  serovars[S. 

Newport(1),  S. Abortus equi(2)from infertile mare and aborted fetus  and S.Typhimurium 

recovered  from feces). 

 



  
d. The  heat  labile  Salmonella enterotoxin (stn gene was   present  in  total  

DNA  of  S.  Typhimurium  (1)  isolated  by  vaginal  swab from  infertile 

mare and is negative in the all other  7 Isolates,  

e. The same gene  was detected on plasmid DNA in all the isolates.  



Conclusion 



  Salmonella  is  an  important cause of many signs in horses 

and foals firstly: diarrhea and colic,  Secondly: gynecological 

problems in mares (abortion and   infertility),which may  

lead to great economic losses  due to either mortality 

especially  in  foals in addition to  reducing  fertility,  longer  

calving  interval, low lifetime production and increased 

expenses on medication as well as breeding. 



 Bacteriological examination of 310 samples(fecal samples 

(apparent healthy and  diarrheic  horses),  uterine  swabs,  

vaginal  swabs)  in  addition  to  the  8 swabs  were  taken  

aseptically  from  the  stomach  contents  of  the  aborted 

fetuses  revealed isolation of 8  Salmonella  isolates with 

an overall incidence 2.52%.   

 



  It  was  noticed  that  out  of  145  horses  suffering  of  diarrhea  3  

Salmonella isolates  (S.Typhimurium,  S.  Kentucky,  S.  Newport)  were  

recovered  with  a recovery rate 2.07 %. 

 Regarding  to  93  genital  swabs  collected  from  horses  had  infertility 

problems 4 samples were positive  (S.Typhimurium  (3),  S.  Abortus  

equi(1)) with a recovery rate 4.3%. 

  One  out of 8 aborted fetuses was positive for  Salmonella  (S.  Abortus 

equi) with a recovery rate 12.5%. 

 No Salmonella isolates could be recovered from apparently healthy horses. 



 The  most  effective  antibiotic  was  chloramphenicol  

100%  for  the  eight Salmonella isolates recovered from 

horses, foals and aborted fetus. 

  A total number of 8  Salmonella  isolates were 

investigated for the presence of virulence genes revealed 

that all isolates harbor  invA gene and amplified 284 bp 

fragments. 

 



 In  the  present  investigation  we  studied  the  location  of  pef  gene  

plasmid encoded  fimbriae  and  stn  gene in  total  DNA  or plasmid  by  

using  PCR.   

 One  isolate  of  S.Typhimurium  (vaginal  swab) detected harboured both  

pef  and  stn  genes on the total DNA.  

 The  stn  gene was encoded  on  plasmid  DNA  and  amplified  a  region  

600  bp  in  all  isolates while four isolates of  Salmonella  (S.  Typhimurium (3) 

and  S.Kentuky  (1)  )posses pef gene and detected by the presence of 

700 bp product that encoded in  the  plasmid  DNA.   



We  can  conclude  that: 

 The   stn  and  pef  genes  were encoded  mainly  on plasmid  DNA  and hence  on total  

DNA,  

 The absence of  pef gene in S. Newport, S. Abortus equi (2  isolates) and  S. Typhimurium 

recovered from foal inspite of their great pathogenic effect on horses  indicate  that,  the  

intensity  of  virulence  does  not  solely  depend on  the presence  of  this  gene  but  also  

on  some  other  chromosomal  factors  and confirmed  the  multifactorial  elements  

responsible  for  pathogenesis  on Salmonella.  

 



Thank you    


