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Abstract 

Background: Typhoid fever is a systemic disease which may be caused by Salmonella 

enterica, Salmonella typhi, and Salmonella paratyphi  A, and B. It is one of the most common 

pathogens infecting humans. Over 200 of Salmonella serotypes can often cause gastroenteritis,  

localized infections, and/or bacteremia1. Members of the genus Salmonella are pervasive 

pathogens causing also infections in cattle, wild animals, reptiles, birds, and insects2. It can grow 

under numerous ecological conditions exterior the living hosts3.                                                                                                                                           

Objective: To perform molecular detection of Salmonella species among Sudanese patients in 

Khartoum State using the polymerase chain reaction (PCR) technique.                                                                                                       

Materials and methods: PCR technique was conducted to detect the Salmonella typhi        

(S. typhi) among patients suspected of having enteric fever.                                                                                               

Results: PCR technique detection showed a (99.2%) specificity and a (1.7%) sensitivity for 

diagnosis of typhoid fever.                                                                                                                     

Conclusion: PCR technique is reliable for detection of Salmonella species.                                               

Keywords:  Salmonella species, PCR, Sudanese patients, Khartoum State.                                                            

Introduction                                                                                                                                         
The Salmonella genus was first described by Theobald Smith (1859-1934) and in 1885 two 

American veterinarians, Salmon and Smith isolated the organism causing hog cholera from 

infected pigs1. The name Salmonella was then adopted in honor of Dr. Salmon. Over the decades 

following the pioneering work of Salmon and Smith, many other salmonellae were isolated from 

both humans and animals4. The classification of Salmonella by antigenic serotyping was adopted 

through years of interactions studies of antibodies and bacterial surface antigens by Kauffman 

and White in the 1920s to 1940s4. According to the classification of Kauffmann-White scheme, 

each Salmonella serotype was recognized by its ownership of a particular lipopolysaccharide 

(LPS) or O antigen and a flagellar or H antigen. This had led to description of more than 2500 

serotypes5. Salmonella is a large genus of gram-negative rods within the family 

Enterobacteriaceae and it constitutes more than 2300 serotypes that are greatly adapted for 

growth in both humans and animals and can cause a wide range of illnesses. The growth of S. 

typhi and S. paratyphi is limited to human hosts and lead to enteric (typhoid) fever. The rest of 

Salmonella serotypes may cause non-typhoidal Salmonella infections in the gastrointestinal tract 

of a wide range of animals, including reptiles, birds, mammals, and insects. Over 200 of these  
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serotypes may be associated with localized infections and/or presence of bacteria in the blood 

(bacteremia)1. Salmonellae are non-spore forming, facultative anaerobic, gram-negative bacilli, 

and 2-3 to    0.4-0.6 μm in size2. For growth, they require 4 to 4%sodium chloride. Most 

Salmonella serotypes can grow in a temperature between 5° and 47°C with an optimum 

temperature of 35° to 37°C.However, some salmonellae can grow at temperatures as low as 2 to 

4°C or as high as 54°C. They are often exterminated at a temperature of 70°C or above. 

Salmonella grows at a pH range of 4 to 9 with an optimum of 6.5 and 7.5.                                                                                                       

For the detection of Salmonella using PCR technique, many oligonucleotide primer sets were 

identified, e.g. histidine transport operon hitJ6, SPI1 invasion gene hila7, invA and invE8 , spaQ9, 

virulence plasmid gene spv10, virulence gene sipC11, enterotoxin gene stn12. Latest studies 

described a PCR serotype specific method using the rfbS gene for differentiating Salmonella 

pullorum from other serotypes13.   

Material and methods: 
 Molecular PCR technique was conducted to detect the Salmonella typhi (S. typhi) among patients 

suspected of having enteric fever. PCR technique was conducted through the following steps:    

(1) RBCs lysis: 300 µl whole blood were added to a 1.5 ml tube containing 900 µl RBC lysis 

solution. This was mixed thoroughly by vortexing, incubated for 5 min. at room temperature 

(RT), and inverted at least once during this incubation. Mixture was centrifuged at 12,000 rpm 

for 1 min. Supernant was scanted to leave the white cell-pellet and 50-100 µl of the supernatant. 

Supernant was vortexed vigorously and carefully to re-suspend the cells. Then 300 µl cell lysis 

solution were added to the re-suspended cells and pipetted up and down to lyse the cells. If the 

cells clump is visible after mixing, incubate at 37° C or at RT until the solution is homogenous. 

(2) Protein precipitation: the samples to be tested were chilled to RT and 100 µl PPT buffer were 

added to the cell lysate, vortexed vigorously at a high speed for 20 seconds. Then samples were 

put in ice for 5 mins. to lower their temp. to (-20ᴼC), and centrifuged at 13000 rpm for 3 min. 

when the precipitated proteins form a light white pellet. 300 µl of the supernatant containing the 

DNA were transferred to a 1.5 ml tube leaving behind the precipitated protein pellet.                                   

(3) DNA precipitation step: 300 µl 100% isopropanol were added to the precipitated protein 

pellet into a 1.5 ml tube, and mixed by inverting gently several times. After centrifugation at 

13000 rpm for 1 min., the DNA will become visible as a small white pellet. Then the supernatant 

poured off, and the tube was drained briefly on clean absorbent paper. 1ml 70% ethanol was 

added and the tube was inverted several times to wash the DNA pellet. Centrifugation was made 

at 13000 rpm for 1 min. , the ethanol was carefully poured off, the tube was inverted and drained 

on a clean absorbent paper and allowed to air dry for 15 min. On discarding the supernatant, be 

careful not to discard the DNA pellet, and avoid over-drying since too much dry DNA will not 

dissolve very well in the DNA hydration buffer.  

(4) DNA rehydration: 100 µl DNA rehydration buffer were added to rehydrate DNA and 

incubate at 65°C for 30 min. or at 4°C overnight. Then the DNA was stored at (-20°C) and 

subjected to electrophoresis extraction on agarose gel and stained with ethidium bromide. The 

extracted DNA was checked by electrophoresis blotting. The fluorescence was excited by ultra-

violet radiation on complexion with the nucleic acids.                                                                                                

(5) Polymerase chain reaction (PCR) amplification: According to Vithiya and his colleagues 
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 (2014), two primer pairs were used to amplify PCR as follows: Primers targeting the flagellin 

gene of Salmonella typhi were used after verifying against the database (GenBank accession no 

(AC): L21912). The oligonucleotides used were:                                                                                                                                       

ST3 (5’-ACTGCTAAAACCACTACT -3’) and ST4 (5’-TGGAGACTTCGGTTGCGTAG-3’)  

to amplify a 366 bp fragment corresponding to nucleotide (1060-1077) and (1407-1426) (AC): 

L21912). Forward and reverse primers of iroB gene include oligonucleotides:                                              

(5’- TGCGTATTCTGTTTGTCGGTCC-3’) and (5’TACGTTCCCACCATTCTTCCC-3’).                     

With these primers, a 606-bp DNA fragment could be amplified from all Salmonella enterica 

isolates. A 10µl amplification mixture containing 5µl of master mix (Bangalore Genei, 

Bangalore) 4µl of distilled water, 0.5µl primer 1, 0.5µl primer 2, µl iroB-F with 2.5µl of the 

extracted DNA were used. Primer details are in Table (1).                                                                                                  
 

                                         Table (1): Primes used for PCR amplification 

Primers Nucleotide sequence 

fliC-F 5’- ACTGCTAAAACCACTACT -3’ 

fliC-R 5’-TGGAGACTTCGGTTGCGTAG-3’ 

iroB-F 5’-TGCGTATTCTGTTTGTCGGTCC-3’ 

iroB-R 5’-TACGTTCCCACCATTCTTCCC-3’ 
 

The reaction was carried out in an Eppendrof Master cycler (Eppendrof, Germany). The reaction 

mixture was submitted to touch down PCR of 25 cycles of 2 min denaturation at 94°C, annealing 

at 68°C for 1 min 15 sec and elongation at 72°C for 2 min. followed by 20 cycles of initial 

denaturation of 94°C of 2 min, annealing at 55°C for 1 min and elongation at 72°C for 2 min. A 

final elongation of 10 min duration was done at 72°C (Table 2).                                                                         
 

Table (2)    Temperature cycling program for first round PCR 

     PCR cycling parameters      Temperature cycling program 

      Denature step 94ºC/2 min. 
 

      25 cycles 55ºC/60 sec. 

72ºC/ 120 sec. 

      Extension step 72ºC/2 min 

      Holding step 4ºC 

PCR cycling parameters Temperature cycling program 

Denature step 94ºC/2 min. 

 

25 cycles 

94ºC/60min. 

68ºC/75 sec. 

72ºC/ 120 sec.               

Extension step 72ºC/10 min   

Holding step 4ºC 

                                 

Results: 
The PCR test of samples provided negative mostly 243 (98.7%) out of Widal positive where by 

1.7% of cases reflected positive result for enteric fever which shown in Table (3). The positive  
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results which obtained by the PCR test showed that (4.2%) males whereas (2.8%) females and  
 

the negative results were (95.8%) males whereas (97.2%) females which shown in Table (3). 

Table (3) The result of the enteric fever by PCR technique 

 

PCR Frequency Percent 

Positive 9 1.7 

Negative 241 46.0 

Total 250 47.7 
 

Discussion                                                                                                                              
Typhoid fever has an important socio-economic impact, so accurate diagnosis of the disease at 

an early stage is important not for etiological diagnosis but also for identifying individuals that 

may serve as potential carrier who may be responsible for acute typhoid fever outbreak1. 

Typhoid fever is more common in developing countries where there is limited safe water and 

health care system. For the 250 samples PCR was performed for them and just 9 of them were 

confirmed to be Salmonella this indicated that PCR is more sensitive and specific diagnostic 

method.  Our study The PCR sensitivity was determined to be 100% this agree with several 

studies have reported high sensitivity of PCR of blood for Salmonella typhi13.                                     

Conclusion:  The prevalence rate of reactivity of the PCR method was 3.6%. The study showed 

that the Widal test has a high sensitivity (100%). PCR technique is reliable, and provides an 

accurate diagnosis of typhoid fever. The PCR technique is more specific and more sensitive for 

the diagnosis of typhoid fever.    
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