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Abstract                                                                                                                                                  

Background: The association between Schistosoma, Salmonella, HBV and HCV had been well 

documented. In endemic areas where Salmonella and Schistosoma species co-occur, several lines 

of evidence suggest a synergistic bacteria-parasite interaction that results in a protracted course 

of Salmonella infection that has proven difficult to diagnose and to treat.                                          

Objective: To study the associated infestation of hepatitis viruses and Salmonella species in 

Sudanese shcistosomiasis patients.                                                                                                         

Materials and methods: This cross-sectional study was conducted at Hillat Mahjoub and 

Hillat Rodhwan villages in Aljazeera area (Sudan). Urine and faecal samples were collected from 

288 individuals and investigated for Schistosoma ova using the modified Kato thick smear 

technique and the concentration technique. A sero-survey of 207 subjects was conducted to 

diagnose Salmonella typhi, Salmonella paratyphi A, and Salmonella paratyphi B using the Widal 

test technique. Hepatitis B surface antigen (HBsAg) and Hepatitis C antibodies were estimated 

using the immunochromatographic technique (ICT).                                                                                                        

Results: Out of the 288 subjects examined in this study, 207 (72%) were found suffering from 

shcistosomiasis infestation. Serological examination for salmonellosis showed that Salmonella 

infection was found in 64 shcistosomiasis cases (30.9%). Salmonella .typhi was found to be the 

most frequent (70.7%) Salmonella species prevalent among schistosomiasis patients, and 1:160 

titer was the commonest (54.1%). 17 patients (26.6%) were found infected with more than one 

species of Salmonella. ICT serological examination detected Hepatitis B virus in 45 cases 

(21.7%) of schistosomiasis patients, while Hepatitis C virus was detected among 20 cases (9.1%) 

of schistosomiasis patients.                                                                                                                                         

Conclusion: Salmonella serological titer was found to increase with Schistosoma haematobium 

infestation. The most common Schistosoma species found to associate with HBV and HCV was 

Schistosoma haematobium. The association established in this study may be explained by the 

immune status of the infected patients investigated.   
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Introduction                                                                                                                                                 

Salmonella may be found in the tegument and intestinal tract of Schistosoma which provides a 

multiplication focus for this bacterium in the portal mesenteric system of the parasite1. 

Interaction is marked by the bacterial strong fibers creating a network all around Schistosoma 

where Salmonella is dividing. Membrane junction is the last stage leading to symbiotic balance 

between these two biologic systems2. The role played by a decreased host immune response 

following the schistosomiasis course may be explained by the delayed or prolonged infection 

with salmonella3. Also Schistosoma protects Salmonella from any antibiotic action. Effective 

treatment of schistosomiasis alone deprives Salmonella from favorable foci for growth, and thus 

may eliminate both infections4.                                                                                                                                                                                                  

On the other hand, antibiotic treatment alone (chloramphenicol or ampicillin) may cure 

Salmonella infection without relapses in patients with schistosomiasis. These concomitant 

infections are characterized by an undulant febrile disease (several weeks to few years). In 

schistosomiasis endemic areas there is a high incidence of chronic Salmonella typhi (S. typhi) 

and Salmonella paratyphi (S. paratyphi) infections and carriers. More than 20 species of 

Salmonella of both human and animal origin have been found to cause this syndrome. On the 

other hand, Schistosoma-Salmonella interactions had been described with all species of 

Schistosoma5.                                                                                                                                          

The role of Schistosoma as a source of and vehicle of Salmonella infection has been suggested.  

Sera collected from patients with hepatosplenic schistosomiasis due to Schistosoma mansoni    

(S. mansoni) infection were found to have a reduced antibody activity against S. typhi and 

Salmonella choleraesuis compared with normal controls. It is generally accepted that S. mansoni 

infection does not lead to cirrhosis or chronic active hepatitis. Interaction between Hepatitis B 

virus (HBV) and S. mansoni infection was suggested to cause a more serious form of chronic 

liver disease6.                                                                                                                                                                

HBV infection modifies the pathology of schistosomal liver and frequently causes a chronic 

active hepatitis in which liver function deteriorates and compensated hepatic disease tends to 

develop. Hepatitis B virus (HBV) infection and schistosomiasis are both prevalent in the tropics. 

Patients with hepatosplenic schistosomiasis had been reported to be more frequent carriers of 

Hepatitis B surface antigen (HBsAg) than patients with other forms of hepatointestinal 

schistosomiasis or uninfected individuals. Histological examination of repeated liver biopsies 

suggested that morbidity in S. mansoni infected individuals with chronic HBV infection was 

more severe compared with HBV infection in other populations7.                                                                            

Different reasons have been suggested to account for the schistosomiasis-HBV association 

namely: impaired cell-mediated immunity, low socioeconomic conditions, repeated past 

treatment with intravenous or parenteral antischistosomal drugs or blood transfusion, and diffuse 

fibrosis which acts as an optimal milieu for the viral replication in hepatocytes7. Infections of 

HCV together with schistosomiasis are the major causes of chronic liver disease and liver 

cirrhosis8.                                                                                                                                                                         

This study was conducted to investigate the association of viral Hepatitis (B and C) and 

salmonellosis with schistosomiasis in Schistosoma endemic areas.  
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Materials and methods           

This was a quantitative, descriptive, cross-sectional study carried out in Hillat Mahjoub and 

Hillat Rodhwan villages in Aljazeera (Sudan) during the period from December 2003 to 

November 2004. Approval to run the study was taken from Al Neelain University, Khartoum 

(Sudan) and permission was granted from Ministry of Health (Aljazeera State, Sudan). Verbal 

consent was also obtained from all patients investigated. All Schistosoma positive patients were 

included in this study, and Schistosoma negative persons were excluded. A structural 

questionnaire was designed to collect demographical data and information regarding health and 

socioeconomic status. This was followed by a full clinical examination. A stool sample was 

collected from each individual in a plastic wide-mouth clean container. Urine sample was 

collected in a screw-capped bottle. Containers were labeled with the patient index number and 

submitted to the medical laboratory of Aljazeera University (Sudan). The samples were 

examined immediately. Schistosoma infestation was determined by positive stool and urine 

results. 5 ml blood was collected from each patient with positive urine or stool or both. Blood 

was collected by venipuncture into a dry, clean glass tube and allowed to clot. Blood was then 

centrifuged and serum was separated and transferred into a sterile plain container for serological 

examination.                                                                                                                                                                 

Stool samples were examined by the modified Kato thick smear technique, and the smears were 

examined microscopically for Schistosoma ova. Urine deposits were examined microscopically 

for Schistosoma ova. Serum specimens were investigated for Salmonella antibodies using 

qualitative and quantitative Widal test techniques. Qualitative detection of HCV antibody and 

HBsAg was performed by the chromatographic immunoassay technique, using the ACON one 

step test device.   

Data were analyzed by the statistical package for science (SPSS) program.  

Results 

Out of the 288 subjects examined in this study, 207 (72%) were found suffering from 

schistosomiasis. 186 patients (89.8%) were males, and only 21 (10.1%) were females. Age 

incidence ranges between 6-35 years, with an average of 13.5 years. Majority of patients were 

between 11 and 16 years old. Some patients were laborers (9%), others were farmers (8%) and 

unemployed (11%). 125 patients were suffering from schistosomiasis for more than one year, 58 

for one year, and 24 for less than one year. Urinary schistosomiasis was found in 95 patients 

(46%), intestinal schistosomiasis was found in 83 patients (40%), and mixed types of 

schistosomiasis were detected in 29 patients (14%). Serological examination for salmonellosis 

showed that Salmonella infection was detected in 64 schistosomiasis cases (30.9%). From these, 

33 patients (52%) were harboring S. haematobium, 6 patients (9%) were harboring S. mansoni, 

while 25 patients (39%) were infected with both S. mansoni and S. haematobium. 40 cases of 

schistosomiasis infestation among Salmonella-infected patients were suffering from 

schistosomiasis for more than one year, 20 for one year, and 4 for less than one year.  
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Salmonella infection was found to increase with increase in the duration of schistosomiasis 

infestation. All schistosomiasis patients suffering from salmonellosis were complaining of fever; 

others had symptoms of haematuria, abdominal pain, and diarrhea. S. typhi was found to be the 

most frequent (70.7%) Salmonella species prevalent among schistosomiasis patients (Table I). 

Table (I): Distribution of Salmonella species among schistosomiasis patients 

Schistosoma 

species 

S.  

typhi 

S.   

paratyphi A 

S.     

paratyphi B 

Insignificant               

titer 

S. haematobium 25 1 5 62 

S. mansoni 5 1 1 23 

S. haematobium 

and S. mansoni 

23 6 8 58 

Total 53 8 14 143 

 

1:160 titer was the commonest (54.1%) concentration of Salmonella antibodies prevalent among 

schistosomiasis patients. 17 patients (26.6%) were found infected with more than one species of 

Salmonella. ICT serological examination detected Hepatitis B virus in 45 cases (21.7%) of 

schistosomiasis patients, while Hepatitis C virus was detected among 20 cases (9.1%).                                                 

On the other hand, among Hepatitis C virus patients, 8 patients (40%) were infected with           

S. haematobium, two patients (10%) were infected with S. mansoni. and 10 patients (50%) were 

harboring both S. haematobium and S. mansoni. Among Hepatitis B virus patients, 15 patients 

(33.3%) were infected with S. haematobium, 4 patients (8.9%) were infected with S. mansoni. 

and 26 patients (57.8%) were harboring both S. haematobium and S. mansoni (Table II).  

 

Table (II) Distribution Hepatitis B and C viruses among schistosomiasis patients 

Schistosoma species HBV HCV 

S. mansoni 4   (8.9%) 2    (10%) 

S. haematobium 15   (33.3%) 8    (40%) 

S. mansoni and         

S. haematobium 

26   (57.8%) 10     

(50%) 

Total 45 20 
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The duration of schistosomiasis infestation among Hepatitis B and Hepatitis C -infected patients 

is shown in Table (II). Hepatitis B and C infections were found to increase with increase in the 

duration of schistosomiasis infestation. Viral Hepatitis patients were found complaining mainly 

of haematuria, fever, abdominal pain and jaundice. 44 cases of schistosomiasis infestation among 

viral hepatitis-infected patients were suffering from schistosomiasis for more than one year, 16 

for one year, and 5 for less than one year.  

Discussion 

In the present study most patients were males (89.8%) and females representing 10.1% of 

population studied. This may be due to fact that males are more exposed to infections as per their 

personal daily activities such as swimming in canals and stagnant water. Professional activities 

such as fishing, rice cultivation, and irrigation performance may also increase the chances of 

males acquiring schistosomiasis disease.                                                                                                                       

The study aimed to evaluate the association between Salmonella and Schistosoma infestations. 

Few studies were conducted to investigate this interaction in Sudan. Salih et al were able to 

isolate Salmonella species from all of their 21 hepatosplenic schistosomiasis patients9. Okame 

and his colleagues found that Salmonella was associated with Schistosoma in 13 % of cases10. 

Wathout et al11 was able to isolate Salmonella organism from all Schistosoma patients (61) 

studied, and 51 of these cases had developed a carrier state. Also in the present context, the 

serological detection rate of Salmonella was low (30.9%) compared to the 100% rate of Salih    

et al9, and Wathout et al11 .The increased rate of Salmonella isolation in this study may be 

explained by the type of specimens used for isolation of the causative agent where blood and 

stool were collected for diagnosis of salmonellosis.                                                                                                 

In our study, S. typhi was detected more frequently (70.7%) than other salmonellae. This 

suggests that the frequency of typhoid fever among schistosomiasis patients is higher than 

paratyphoid fever. This finding is in agreement with that reported by Salih et al9. However, 

Wathout et al11 found that S. paratyphi A and S. paratyphi C to be the commonest. He attributed 

this difference to some localized factors in the patient’s body or to inherent features of the 

causative organisms. The incidence of Salmonella species among schistosomiasis patients was 

higher in children than in adults. This may be due to exposure of children to schistosomiasis 

infestation through washing, swimming and playing in irrigation canals.                                                                                     

In this study, serological Widal test was positive in 64 schistosomiasis patients (30.9%). 

However this frequency was lower than that reported by Salih et al9, who reported a positive 

Widal test among all schistosomiasis patients included in their study. Salmonella species usually 

colonize the Schistosoma gut and this may help Salmonella species to escape the action of the 

patient’s immune system and hence results in a reduced antibody response. Furthermore, the 

highest serological titer in this study was 1:160. Salih and his colleagues9 found a titer of 1:320 

in all patients tested by the Widal test. Also in this study, Salmonella infection was found to 

increase when the duration of schistosomiasis infestation was more than one year. This 

observation is well correlated with more formation of antibodies on prolonged exposure. 
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Also Salmonella serological titer was found to increase with S. haematobium infestation more 

than that of S. mansoni. This may be due to the close association of S. haematobium with the 

blood circulation.                                                                                                                                           

Serological examination for Hepatitis B virus detected 45 cases (21.7%) among schistosomiasis 

patients. This pattern was similar to what reported by El-Raziky et al12 who found that the 

prevalence of HBsAg was higher among schistosomiasis patients. Daneshmend and his co-

workers13 found a high percentage (85%) of HBsAg prevalence among hepatosplenic 

schistosomiasis. This may be due to the application of more sensitive techniques such as RIA test 

in contrast to the ICT technique used in the present study. The most common Schistosoma 

species found associated with HBV was S. haematobium (Table II). Other workers13 found the 

association occurring only with S. mansoni. In this study, males were found more infected with 

HBV than females. This pattern is different from that reported by El-Raziky et al12 who found no 

differences in gender. On the other hand, our study showed a higher HBsAg frequency rate 

among patients aged less than 19 years. This result is different from that reported by El-Raziky et 

al12 who found HBsAg to be highest among schistosomiasis patients aged 20-39 years. This 

result indicates that HBsAg carrier rate was higher among children and youngsters. The possible 

explanation for that is the ability of Schistosoma to suppress the host cell immunity. Also the 

diffuse fibrosis of hepatocytes forms an optimal media for virus replication.                                                                       

Few studies were conducted to investigate the association between schistosomiasis and HCV. 

Other workers14 found that anti-HCV frequency rate was 16.1%, El-Sayed15 found    a frequency 

rate of 10.3%, while Khan and his colleagues16 reported a frequency of 17.9%. In the present 

context the association rate was as low as 9.1%. Higher rates of these studies may be attributed 

to the use of more advanced ELISA techniques. As regards HCV infection, males represented a 

higher frequency rate among schistosomiasis patients than females. This pattern is similar to that 

reported by others14. In addition, the present study showed a higher HCV antibody frequency rate 

among young age groups, and this rate increases proportionally with long duration of 

schistosomiasis infestation.                                                                                                     

Conclusion: The most frequent antibody titer for S. typhi was 1:160, while S. paratyphi A and    

S. paratyphi B titers were 1:320 and 1:160 respectively. Salmonella antibody titer was found to 

increase with S. haematobium infestation. The incidence of Salmonella species among 

schistosomiasis patients was higher in children than in adults. Salmonella infection was found to 

increase when the duration of schistosomiasis infestation was more than one year. The 

serological examination for Hepatitis B virus detected 21.7% frequency among schistosomiasis 

patients; while Hepatitis C virus was 9.1%. The most common Schistosoma species found 

associated with HBV and HCV was S. haematobium. The incidence of viral hepatitis in 

schistosomiasis patients was higher among young age groups, and the rate increases 

proportionally with the long duration of schistosomiasis infestation. 
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