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Abstract 
Background: A primer is a strand of nucleic acid that serves as a starting point for DNA 

synthesis. It is required for DNA replication because the enzymes that catalyze this process, 

DNA polymerases, can only add new nucleotides to an existing strand of DNA. The polymerase 

starts replication at the 3'-end of the primer, and copies the opposite strand. 

Objective: To amplify the polymerase chain reaction of hepatitis B virus DNA.        

Materials and Methods: Extracted DNA from patients’ sera was tested for HBV DNA using 

PCR techniques. using the Maxime PCR PreMix Kit (Invitek, Germany). The diagnosis of occult 

HBV infection will be made when PCR amplifiable HBV DNA in sera was seen for at least two 

different regions (surface, precore and core) in the absence of detectable HBsAg. The round of 

PCR was performed the primer set for 35 cycles (1st  pre-denaturation 94°C 5 min, denaturation 

94◦c 1 min, annealing 62°C 1 min. extension 72°C followed by the extension reaction. Final 

extension 72°C 7 min.                                                                                                                                                       

Results: Blood samples were collected. Of these 432 samples; 168  were collected from 

hemodialysis patients from Al-Waledain  hemodialysis , Salma hemodialysis and Sudanese 

association for kidney transplantation  centers, 111 were obtained from family  blood donors 

from national administration for blood transfusion services; and 153 were collected from 

pregnant ladies attending Omdurman maternity hospital. All patients' centers are in Khartoum 

state, capital of Sudan.                                                                                                                                           

Conclusion: This study concluded that comparison of PCR results with those of the ELISA 

positive indicates that the PCR technique is more sensitive and reliable than the ELISA 

technique, as not all Anti-HBc Ab positive cases confirmed HBV infection.                                     
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Introduction                                                                                                                                                                                                                                                

Many of the laboratory techniques of biochemistry and molecular biology that involve DNA 

polymerase, such as DNA sequencing and the polymerase chain reaction (PCR) require DNA 

primers. These primers are usually short, chemically synthesized oligonucleotides, and with a 

twenty bases length. They are hybridized to a target DNA and copied by the polymerase chain.                                                                                                                                                     

In eukaryotic primer removal, DNA polymerase δ extends the Okazaki fragment in 5' to 3' 

direction, and when it encounters the RNA primer from the previous Okazaki fragment, it 

displaces the 5′ end of the primer into a single-stranded RNA flap, which is removed by nuclease 

cleavage. Cleavage of the RNA flaps involves either endonuclease 1 (FEN1) cleavage of short 

flaps, or coating of long flaps by the single-stranded DNA binding protein replication protein A  
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(RPA) and sequential cleavage by DNA  nuclease and FEN1.[1]                                                                     
This mechanism is a potential explanation of how the HIV virus can transform its genome into 

double-stranded DNA from the RNA-DNA formed after reverse transcription of its RNA. 

However, the HIV-encoded reverse transcriptase has its own ribonuclease activity that degrades 

the viral RNA during the synthesis of cDNA, as well as DNA-dependent DNA polymerase 

activity that copies the sense cDNA strand into antisense DNA to form a double-stranded DNA 

intermediate.[2]                                                                                                                                                     

DNA sequencing is used to determine the nucleotides in a DNA strand. The Sanger chain 

termination method of sequencing uses a primer to start the chain reaction. In PCR, primers are 

used to determine the DNA fragment to be amplified by the PCR process. The length of primers 

is usually not more than 30 (usually 18–24[3]) nucleotides, and they need to match the beginning 

and the end of the DNA fragment to be amplified. They direct replication towards each other – 

the extension of one primer by polymerase then becomes the template for the other, leading to an 

exponential increase in the target segment.                                                                                                                  

Pairs of primers should have similar melting temperatures since annealing in a PCR occurs for 

both simultaneously. A primer with a Tm (melting temperature) significantly higher than the 

reaction's annealing temperature may mishybridize and extend at an incorrect location along the 

DNA sequence, while Tm significantly lower than the annealing temperature may fail to anneal 

and extend at all. Primer sequences need to be chosen to uniquely select for a region of DNA, 

avoiding the possibility of mishybridization to a similar sequence nearby. A commonly used 

method is BLAST search whereby all the possible regions to which a primer may bind can be 

seen. Both the nucleotide sequence as well as the primer itself can be BLAST searched. The free 

NCBI tool Primer-BLAST integrates primer design tool and BLAST search into one 

application,[4] so does commercial software product such as ePrime, Beacon Designer. Computer 

simulations of theoretical PCR results (Electronic PCR) may be performed to assist in primer 

design.[5]                                                                                                                                                       

Many online tools are freely available for primer design, some of which focus on specific 

applications of PCR. The popular tools Primer3Plus and PrimerQuest can be used to find primers 

matching a wide variety of specifications. Highly degenerate primers for targeting a wide variety 

of DNA templates can be interactively designed using GeneFISHER. Primers with high 

specificity for a subset of DNA templates in the presence of many similar variants can be 

designed using DECIPHER. 

Materials and Methods                                                                                                                                       
Extracted DNA from patients’ sera was tested for HBV DNA using PCR techniques. using the 

Maxime PCR PreMix Kit (Invitek, Germany).                                                                                                                  

HBV DNA was amplified using a thermocycler (Perkin Elmer 9700), one  set of  primer pairs:                   

HBV-F: 5-TCGGAAATACACCTCCTTTCCATGG-3                                                                                              

HBV-R: 5- GCCTCAAGGTCGGTCGTTGACA-3 [6]                                                                                             

The diagnosis of occult HBV infection will be made when PCR amplifiable HBV DNA in sera 

was seen for at least two different regions (surface, precore and core) in the absence of detectable 

HBsAg. The round of PCR was performed the primer set for 35 cycles (1st pre-denaturation      
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94°C 5 min, denaturation 94°C 1 min, annealing 62°C 1 min, extension 72°C followed by the 

extension reaction. Final extension 72°C 7 min. [7]                                                                                      
PCR products was subjected to electrophoresis on a 3% agarose gel stained with ethidium 

bromide, and DNA was observed under ultraviolet light (Kaneko S. et al, 1989)                                                                     

Negative Controls that contain everything but the template DNA were used for detecting 

contamination or non-specific amplification in the reaction. Positive Controls were used  for the 

verification of negative amplification results and the positive control reaction run  containing  the 

same components as the sample but include a template that is certain to amplify if the reaction 

goes as planned. Statistical analysis of data was performed using SPSS version 15. Data were 

analyzed by χ2 and Fisher’s exact test. A p value <0.05 was considered statistically significant. 

Continuous data were presented as mean (SD). 

Results                                                                                                                                                                                         
Blood samples were collected. Of these 432 samples; 168  were collected from hemodialysis 

patients from Al-Waledain  hemodialysis , Salma hemodialysis and Sudanese association for 

kidney transplantation  centers, 111 were obtained from family  blood donors from national 

administration for blood transfusion services; and 153 were collected from pregnant ladies 

attending Omdurman maternity hospital. All patients' centers are in Khartoum state.                                                                                                                                                                    

Three procedures were followed for the purpose of detecting Hepatitis genes and antigens; 

namely ELISA for detection of HBsAg, ELISA for anti HBcAb and PCR. ELISA was carried 

out firstly to detect, while PCR procedure was intended to discover the viral DNA among 

Hepatitis B surface antigen negative samples.                                                                                           

HBsAg test revealed more cases as positive in blood donors group (29.7%) followed by pregnant 

ladies group (13.7%) and finally hemodialysis patients group (4.2%). This pattern of association 

is found to be statistically significant (p-value =0.000) indicating that  prevalence rate of HBsAg 

is differ according to the  group of population (Table 1).                                                                                 

In Table (2), HBcAb test revealed  more cases as positive in blood donors group (27.9%) 

followed by PL group (2.6%) and finally dialysis group (1.8%). This pattern of association is 

found to be statistically significant (p-value =0.000), that means the prevalence rate of HBcAb is 

differ according to the  group of population Total number of study population were 432. Males 

were 223 (51.62%) and females were 209 (48.37%). 

Table [1]: Distribution of HBsAg across the study group 
 

Population HBsAg test  

Total + - 

  Hemodialysis patients  
7   

(4.2%) 

161 

(95.8%) 

168 

(100%) 
 

Blood donors 
33 

(29.7%) 

78 

(70.3%) 

111 

(100%) 
 

Pregnant ladies 21 

(13.7%) 

132 

(86.3%) 

153 

(100%) 
 

Total 
61 

(14.1%) 

371 

(85.9%) 

432 

(100%) 
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HBcAb test outcome reveal  more cases as positive in BD group (27.9%) followed by PL group 

(2.6%) and finally dialysis group (1.8%). This pattern of association is found to be statistically 

significant (p-value =0.000), that means the prevalence rate of HBcAb is differ according to the  

group of population Total number of study population were 432. Males were 223 (51.62%). 

Females were 209 (48.37%).                                                                                                                         

Samples from Hemodialysis patients were 168 (38.88% of total), whereas samples from Blood 

donors were 111 (25.69% of total). Samples from pregnant ladies were 153 (35.41% of total). 

Regarding the gender, total number of subjects were 432.  

Table (3) showed the prevalence rate of HBsAg among male and female in all subjects showed 

that the prevalence rate of HBsAg is higher among males (15.25%)  as compared with females 

(1.91%). This difference was statistically significant (p-value =0.000). 

Table [2]: Distribution of HBcAb test across study group 
 

 

Population  
HBcAb test   

Total 
+ - 

Hemodialysis  patients 
3      

(1.8%) 

165      

(98.2%) 

168   

(100%) 

Blood donors 
31   

(27.9%) 

80  

(72.1%) 

111   

(100%) 

Pregnant ladies 4  

(2.6%) 

149  

(97.4%) 

153  

(100%) 

Total 38  

(8.8%) 

394  

(91.2%) 

432  

(100%) 
 

Table [3]: Frequency rate of HBsAg in males and females in study population 

 

Group 
HBsAg test   

Total 
+ - 

Male 34 (15.25%) 189(84.75%) 223 (100%) 

Female 4 (1,91%) 205(98.09%) 209 (100%) 

Total 38(8.8%) 394 (91.2%) 432 (100%)) 
 

In Table (4), The prevalence rate of HBcAb among males and females in all study population 

revealed an  statistically insignificant difference (p-value =0.332). The frequency rate of HBcAb                                                                                                                                     

had no association to gender among all study population. No other socio-demographic or clinical 

characteristics (previous infection with hepatitis, tissue transplantation, previous blood 

transfusion, duration of dialysis previous, infection with Bilharzia, vaccination, history of 

surgery) were significantly associated with HBsAg or anti-HCV seropositivity. The results of 

this study suggest that HBsAg have more prevalence among vaccinated population while all  

HBcAb was detected among the population whom were not vaccinated,  blood donation was a 

risk factor for hepatitis B virus transmission as most regular donors were represent seropositivity  
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to both markers. The PCR  was carried out secondly for all HBsAg negative samples (392), to 

detect occult viral DNA.  

Table [4]: Frequency rate of HBcAb among males and females in the study population 

 

Group 
HBcAb test   

Total 
+ - 

Male 35 (15.7.%) 188(84.3%) 223 (100%) 

Female 26 (12.44%) 183(87.56%) 209 (100%) 

Total 61(14.12%) (85.88%) 432 (100%)) 

 

Chi-square analysis (p value) was done comparing difference of positive specimens investigated 

by polymerase chain reaction to detect occult hepatitis B virus among all hemodialysis, blood 

donors, and pregnant patients.   
 

Table (5): Prevalence rate of HBV-DNA among                                                                                            

HBcAb positive and HBsAg negative 

 

Subjects 
HBV-DNA  

negative 

HBV-DNA 

positive 

Occult  

HBV 

 HBsAg  Negative 392 (100%)        0 (0%) 0 (0%)  

HBcAb  positive 62 (100%)        0 (0%) 0 (0%) 

 

p-value = 0.128, indicating an insignificant relation between                                                                      

HBsAg seronegativity, HBcAb  seropositivity, and HBV-DNA 

Discussion  
This was the first research project focusing and comparing the prevalence rate of HBsAg, Anti-

HBcAb, and occult hepatitis B virus infection among Sudanese population (hemodialysis 

patients, blood donors, and pregnant ladies. The study population (432) had a mean age of 

34.73 ± 10.09 years, and were mainly composed of males (51.62%)and females (48.37%).                   

Table (1) compared ELISA hepatitis B core antibody (HBcAb) and the sandwich ELISA tests 

used to detect HBsAg and polymerase chain reaction (PCR).                                                                       

The majority of anti-HBcAb positive cases (63 %) were males. The same result was achieved for 

HBsAg where the majority of positive cases were among males (89%). PCR test did not detect 

any HBV DNA (Table 5).                                                                                                                                              

The overall prevalence rate of HBsAg among the population studied was 8.796%. Sudan had 

been grouped among countries with a high HBsAg endemicity of more than 8%; with a hepatitis 

B surface antigen seroprevalence rate ranging from as low as 6.8% to as high as 26%. This 

finding was in accordance with literature data, except for slight variation that can be due to 

different factors related to the epidemiology of hepatitis B virus, sample size, and laboratory  
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techniques used to detect HBV.                                                                                                                       

Positive anti-HBc indicates previous or ongoing infection with hepatitis B virus in an undefined 

time frame. The overall prevalence rate of HBcAb in this study was 14.35%. Several conditions 

may explain the positive anti-HBc in apparently healthy blood donor. One possibility was the 

recovery from past HBV infection which did not apply to our donors who had no history of 

hepatitis. Nevertheless, hepatitis B infections are sometimes asymptomatic and patients did not 

manifest jaundice or any other symptoms or signs. Another possibility was the false positive 

findings due to the poor specificity of the test [25]. In this study 10% of the tests were repeated 

with the same method, to minimize false-positive results, and all reactive samples were positive 

in repeated measurements.                                                                                                                                   

Previous studies showed that HBV DNA can be detected when anti-HBcAb was positive. No 

HBV DNA was detected in the sera of positive HBsAg patients, the sera of anti-HBc positive 

blood donors, the sera of hemodialysis patients, and the sera of pregnant women. Thus the 

positive anti-HBcAb does not rule out the positivity of HBV DNA and the possibility of HBV 

transmission. The molecular  properties of occult hepatitis B virus had been poorly characterized 

in this study. This may be due to the extremely low virus concentration due to the long term 

latent HBV infection without viremia or symptoms of liver disease.                                                    

In hemodialysis samples, 165 samples (96%) were HBsAg negative (4% were positive), and 3 

samples (2%) were positive for HBcAb antibody and 3 (2%) were positive for HBsAg. The 

incidence rate of occult HBV (HBV-DNA) was similar to the findings reported in another study 

conducted by Nafeesa and her colleagues in Sudan. No patient with occult HBV was found[26]. 

Furthermore, conflicting results had been reported as regard the frequency rate of OHB in Sudan. 

Abdulhafez [23], reported the highest frequency rate (3.3%) of HBV DNA among heamodialysis 

patients, and another study by [27] detected HBV DNA in 11.5% of HBcAb negative 

hemodialysis samples.                                                                                                                                 

The seroprevalence rates of both anti-HBcAb and HBsAg were low as compared with that of the 

study conducted by Gasim and his co-workers in Sudan who reported a prevalence rate of  

HBsAg (4.5%) and anti-HBcAb (39.4%) in other African countries (8% in Kenya [28]). Since  

there was a discrepancy in results of occult hepatitis B infection in the studies carried out by 

some authors, more studies are needed to clarify the incidence rate of OHB in Sudan.                       

Blood donors: The Anti - HBcAb antibody was detected in 33(29.73  %) of blood donors 

samples, while HBsAg seropositive was detected in 31(27.93%) of samples among this 

population, with 49.06%(26/53) of regular donors with hepatitis B seropositivity for HBcAb, 

HBsAg or both of them together.                                                                                                                

A similar study conducted on HBsAg by Hatim and Mudawi showed that seroprevalence rate of 

HBsAg among asymptomatic blood donors ranged from 12.3%11 in southern Sudan to 17.5%12 

in central Sudan. These studies were carried out in the eighties and nineties when screening of 

blood and blood products was only done in a few blood banks in the capital, Khartoum. [29,30]                     

In Sudan  blood donors shows different statistics. According to a review of the  published 

articles, the prevalence of HBV DNA in HBsAg negative/anti-HBc positive blood donors varied 

from 0 to 26 % in countries such as Canada, Italy, Spain, Iran, Brazil and Egypt [31] results of 

similar studies on the frequency of HBV-DNA positivity in HBsAg negative, anti-HBcAb 

positive blood donors in other countries showed great correspondence. The frequency was  
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reported 0 % in Turkey and Greece , 1.25 % in Saudi Arabia, 1.59 % in Germany , 4.86 % in 

Italy , 7.5 % in India , 0-17.2 % in Egypt , 38 % in Japan  and 40.7 % in Sudan [32]                            

Differences in the frequencies of occult HBV infection in different studies could be related to the 

endemicity of HBV infection, geographical variations, the sensitivity of the screening tests being 

used to detect HBV DNA and other viral markers, sample size, power of the study, composition 

of study population, etc.                                                                                                            

These studies have been carried out in different geographical areas and also have used different 

PCR methods such as qualitative, real time and nested PCR. Our study as well as some  other 

studies in Egypt, Iran and Turkey suggests the absence of OBI in the studied blood donors,  

therefore it may be suggested that these results may be influenced by methods and/or laboratory 

conditions (sampling condition, testing methods and equipment) used by different researchers. 

Furthermore, the decrease in HBV prevalence rate has been reported in the general population .  

This decrease could be attributed to the improvement in donor selection procedures along with 

the application of community based preventive measures such as integration of HBV vaccination 

in Expanded Programme on Immunization (EPI) since 1993, increased community health 

education, and development of highly sensitive screening tests. Owing to these safety strategies 

post transfusion hepatitis is now a very rare event                                                                                       

Of 153 samples from pregnant women investigated, 21 (14%) samples show Antibody against – 

HBcAb, out of which, 4( 2%) were positive for HBsAg indicating that 4 samples  show co 

incidence for both   HBsAg and Antibody against – HBcAb. In Sudan there was no published 

data indicating the prevalence of occult HBV infection among pregnant women.                              

Kwon, C. I. et al  studied 202 patients (4%) by the TaqMan PCR assay and by COBAS Amplicor 

HBV Monitor test. 23 of them (11.4%) were found HBV-DNA positive. Six (3%) patients were 

found positive by both methods.                                                                                                            

Coexistence  of anti- HBc and anti-HBs: all HBsAg negative, anti-HBc positive cases were 

evaluated by mini-pool nucleic acid testing. Our study demonstrated an anti-HBs prevalence rate 

of 27.93 % (31/111) in HBsAg negative blood donors. 18 blood donors samples were positive 

for both anti-HBs and anti-HBcAb, Considering the fact that coexistence  of anti- HBc and anti-

HBs can be assessed as an indicator of pre  exposure and recovery, it can be incidental from our 

results that 14 % of our donors had a history of infection, and were immune due to previous 

exposure/infection. No incidence of infection with both HBV markers were detected among 

hemodialysis and pregnant women samples.                                                                                          

Regarding the vaccination history, it appears that in spite of vaccination, 2 subjects could not 

produce the HBsAg response. None of the patients were co-infected with HBcAb and HBV 

DNA. No other socio-demographic or clinical characteristics (age, sex, level of education, 

history of surgery, and number of units of blood transfused) were significantly associated with 

HBsAg or anti-HBcAb seropositivity. The results of this study suggest that HBsAg have more 

prevalence among vaccinated population while all  HBcAb was detected among the population 

whom were not vaccinated,  blood donation was a risk factor for hepatitis B virus transmission as 

most regular donors were represent seropositivity to both markers. Some of the characteristics of 

the study population are shown in Table (3).                                                                                                         

The results of this study suggested that both HBsAg and anti-HBcAb had the lowest prevalence  
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rate among hemodialysis patients, the highest prevalence rate among blood donors, and 

intermediate prevalence rate among normal pregnant women.                                                            

Conclusion: The study concluded that the comparison of PCR findings with ELISA positive 

findings indicated that the PCR technique is more sensitive and reliable than the ELISA      

technique because not all anti-HBc Ab positive cases detected HBV infection. However, anti-

HBc Ab is considered a method to identify previous contact with HBV infection.  
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