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Abstract                                                                                                                         

Background: Typhoid fever is a systemic disease which is caused by Salmonella enterica (S. 

typhi, S. paratyphi A, S. paratyphi B, and S. para typhi C). Enteric fever is a systemic infection 

that leads to both severe typhoid and mild paratyphoid fever infections among crowded 

population due to poor sanitation and exposure to polluted food and water. It is one of the most 

serious pathogens affecting humans.                                                                                                                                     

Objective: To detect Salmonella species among Sudanese patients in Khartoum State using the 

Widal and Tubex techniques.                                                                                                       

Materials and methods: Two determent techniques were conducted to detect Salmonella 

typhi among patients suspected of having enteric fever, and using the Widal and Tubex 

techniques.                                                                                                                                         

Results: The Widal and Tubex techniques had detected prevalence rates of 47.7% and 1.3%, 

respectively. The sensitivity and specificity of these different diagnostic tests were calculated; 

and high sensitivity rate was detected by the Tubex technique (80%) and a low sensitivity rate 

was detected by the Widal test (54.7%). The Tubex technique showed the highest specificity rate   

(90%), whereas the Widal test showed the lowest specificity rate (51.6%).                                     

Conclusion: The Tubex technique could be used as a diagnostic method of typhoid fever. It 

was more specific and more reliable than the Widal test for the diagnosis of typhoid fever. 
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Introduction                                                                                                                                          
Salmonella is a Gram-negative bacterium, a genus of rod-shaped bacillus of the family 

Enterobacteriaceae. The genus consists of two species: Salmonella enterica, and Salmonella 

bongori. Salmonella enterica is the type species, and is further divided into six subspecies1.                                                                                                                                              

The genus contains over 2,600 serotypes. It was named after Daniel Elmer Salmon (1850–1914), 

an American veterinary surgeon. Salmonella species are non-spore forming, mainly motile 

enterobacteria with diameters 0.7-1.5 µm and 2-5 µm. It has peritricous flagellae (all around the 

cell body). It obtains its energy from oxidation and reduction reactions using organic sources 

(chemotroph). Also, it is a facultative anaerobe bacterium, capable of generating adenosine  

 

Mohamed, et al., 2021: Vol 6 (4)                                                                                                   

 

http://ajmsc.info/


2 
 

African Journal of Medical Sciences                      http://ajmsc.info 
 

triphosphate (ATP) with oxygen ("aerobically") if it is obtainable. If oxygen is not obtainable, it 

uses other electron acceptors or fermentation ("anaerobically").  Salmonella enterica subspecies 

are found worldwide in all environments and warm-blooded animals. Salmonella. bonfire is 

restricted to cold-blooded animals, predominantly reptiles.                                                                                     

In the present study, detection of Salmonella species was performed using the Widal test and the 

Tubex techniques. The Widal test is a serological test for enteric fever. It is named after its 

inventor, Georges-Fernand Widal (1896). It is an indirect agglutination test for enteric fever or 

undulant fever whereby bacteria causing typhoid fever is mixed with a serum containing specific 

antibodies obtained from an infected individual. Tubex technique detects the presence of anti-O9 

antibodies in the patient's serum by assessing their ability to inhibit the reaction between the 

antigen-coated brown and antibody-coated blue reagents. The level of inhibition is proportional 

to the concentration of anti-O9 antibodies in the sample.                                                                                    

The aim of the study was to evaluate the diagnosis of enteric fever by these two techniques.   

Material and methods:                                                                                                                  
Widal test: This is an agglutination test performed by the tube agglutination technique 

(titration). A serum sample was serially diluted by using fresh 0.95% saline dilution 1:20-1:640 

of typhi and paratyphi A and B anti O and anti H separately in 12 test tubes. Then a drop of O 

and H antigens were added in test tubes in equal amounts. Based on the manufacturer 

instructions, an antibody titer of 1:80 or higher for anti O and 1:160 or higher for anti H 

antibodies were taken as a cut value to indicate a recent infection of typhoid and paratyphoid 

fevers. To find out the exact titer of antibodies, all samples were subjected to the tube 

agglutination test as follows:                                                                                                                           

Serial serum dilutions (0.5 ml saline) were made for each antigen to be tested, including control 

tubes of each antigen to be used. Clean and dry test tubes were used and dilutions should begin 

with 1:20, and then doubled up to 1:320. Then 0.1 ml serum was added to 0.9 ml physiological 

saline and diluted serially by mixing 0.5 ml serum with 0.5 ml saline; and discarding 0.5 ml from 

the last tube. From each specimen, a series of 10 dilutions were prepared, ending with 1:320 

dilution. The prepared tubes were incubated for 24 hours at 37°С, and the agglutination reaction 

was noted at the end of incubation. Serial dilution was interpreted as:                                                                

1/20 (negative), 1/40 (insignificant), 1/80 (doubtful), 1/160 (significant), and 1/320 (significant). 

Positive and negative control sera were run in parallel with each batch. Serum was tested in 

duplicate for each batch to guarantee sensitivity and specificity of the antigens used in the test2.                                                                                                                                        

Tubex test: Tubex IDL (Biotech, Sollentuna, Sweden) is a semiquantitative test that uses 

polystyrene particle agglutination to detect IgM antibodies to the O9 antigen. Tubex detects 

antibodies in patient's serum by the ability of these antibodies to inhibit the binding between an 

indicator antibody-bound particle and a magnetic antigen-bound particle. The Tubex test uses a 

colorimetric reaction which may be masked in haemolized samples, and false positives may 

occur in persons with recent Sal. enteritidis infection. Of the currently available commercial kits 

in developing countries, Tubex seems to be the best. However, none may be better than the 100-

year old Widal test2.  Its specificity and sensitivity were reported to be above 95%. However, at 

least 1 out of 20 patients was misdiagnosed. Surely this is unacceptable in the 21st century for 

such a widespread disease. Tubex method is a semi-quantitative colour reaction competitive  
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agglutination test. It detects IgM antibodies to O9 antigens found in Sal. typhi and other 

subgroup D salmonellae. The Tubex test was performed by adding 45μl of the brown reagent 

(detector) to the Tubex reaction well strip. Then 45μl patient sample were added to Tubex 

positive control and Tubex negative control. The mixture was mixed 10 times by pipetting. Then 

incubated on the bench for 2 minutes. 90μl were added to Tubex blue reagent to work as an 

indicator. The Tubex reaction well strip was covered using the Tubex sealing tape. The Tubex 

reaction well strip was tilted and shaked for 2 minutes. The it was put on the Tubex colour scale, 

allowed separately for 5 minutes, and the test was read and the results were scored by comparing 

the colour of each supernatant to that of the Tubex colour scale. The colour scale ranges from 0 

negative test (clear pink) to 10 positive test (intense blue). 

Results:                                                                                                                                           

524 symptomatic patients attending the out-patient department and suspected to have typhoid 

fever in Khartoum State (Sudan) had been selected randomly for this study.  Most suspected 

patients (60.7%) were males and (39.3%) were females. 63.2% of the cases were in the age range 

of 41-60 years, and 36.8% were in the age range 20-40 years (Table 1).  

Table (1) Enteric fever according to age incidence and gender 

Variables  No. Percent 
 

Age (years) 
20-40  193 36.8 

41-60  331 63.2 

Total 524 100 

Gender Males  318 60.7 

Females 206 39.3 

Total 524 100 

  

Widal test was found significant for enteric fever in (250/47.7%) of total cases; whereas 

(274/52.3%) of cases were found negative. The highest antibody titer detected was (1/160); and 

1/20 titer was used as control negative. By the Widal test (51.5%) females were found positive, 

whereas (45.3%) males were found positive. The negative findings were (54.7%) males and 

(48.5%) females. Generally, by the Widal test the majority of positive reactions were detected 

among females and the majority of negative reactions were detected among males. The cross 

tabulation of enteric fever between age incidence and gender is shown in Table (2).  

Table (2): Cross tabulation of enteric fever between age incidence and gender 

Gender Age incidence  

20-40 years 41-60 years 

Males 38.7% 61.3% 

Females 34.0% 66.0% 
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By the Tubex test negative findings were detected among 243 (98.7%) out of the 250 Widal test 

positive reactions; whereas 7 (1.3%) of cases investigated were found positive for enteric fever. 

Also by the Tubex test the predominant reactions were found negative for enteric fever. When 

comparing the Widal test findings with those of the Tubex findings, the Tubex technique was 

found more specific than the Widal test technique.                                                                              

Discussion:                                                                                                                          
Typhoid fever is common in developing countries due to the limited safe water sources and  

health care system. Typhoid fever has an important socio-economic impact on the population, 

hence accurate diagnosis of the disease at an early stage is beneficial not for etiological diagnosis 

of typhoid fever, but also for identifying individuals that may serve as potential carriers and who 

may be responsible for acute enteric fever outbreaks3                                                                

Most suspected enteric fever patients (60.7%) were males, and only (39.3%) of total cases were 

females. Also there were (63.2%) of cases in the age range 41-60 years, while (36.8%) of cases 

were in the age range 20-40 years. These finding agrees with the findings reported by Gizachew 

(2011). These findings indicate that typhoid fever infection may occur in all age groups and 

disagree with the findings of the study conducted in India by Wain and Hosoglu (2008).                                                                                                                     

who found that the prevalence rate of enteric fever increases with increasing age, and may reach 

its peak in the age range 15-25 years4.                                                                                                             

The present study was conducted in Khartoum (Sudan) and the patients were randomly selected 

from the out-patients' departments in Khartoum State. Two hundred and fifty patients suspected 

of having enteric fever were investigated. The Widal test findings showed there were 250 

patients positively significant for enteric fever; while the Tubex findings were mostly negative 

for Salmonella. Our impression is that the Widal test was not specific for typhoid fever. This fact 

goes in accordance with the findings of Wain and Hosoglu (2008)5 who found that the Widal test 

has limitations in sensitivity and specificity.                                                                                                 

Other studies had concluded that the Widal test in typhoid fever endemic regions may lead to 

problems due to the repeated exposure to S. Typhi or cross-reactivity with other diseases (e.g., 

malaria). This is making difficulties to establish a steady-state baseline titer for the population5.  

Moreover, although the Widal test had been in use for more than a century, the value of the test 

to investigate typhoid fever has been argued for many years since it has been available. 

Nevertheless, the absolute detection of typhoid fever depends on the isolation of Salmonella 

typhi from blood, body fluids, stool, and urine6.                                                                                                         

The 250 samples that gave positive Widal test and positive Tubex test and were confirmed to be 

Salmonella, may indicate that Tubex test is a more sensitive and a more specific diagnostic tool 

as compared with the Widal test.                                                                                                                                                

To sum up, the Widal test was found not very reliable and would not prompt and accurate 

method for the diagnosis of typhoid fever since false positive and false negative results are 

common. Health care personnel should not totally depend on the Widal test for the diagnosis of 

typhoid fever, and they should tackle other diagnostic procedures to differentiate Salmonella 

infection from other febrile infections.                                                                                                          

Conclusion: The Tubex technique could be used as a diagnostic method of typhoid fever. It was                                                                                                
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more specific and more reliable than the Widal test for the diagnosis of typhoid fever.       
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