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Abstract 

Background: The presence of hepatitis B surface antigen (HBsAg) in blood indicates the 

presence of hepatitis B virus (HBV) infection. On the other hand, antibody to HBsAg (anti-HBs) 

indicates immunity to HBV infection. The antibody to the hepatitis B core antigen (anti-HBc) 

indicates that the individual has been exposed to the hepatitis B virus at some time in their life.                           

Objective: To detect the seroprevalence rate of hepatitis B virus among type 2 diabetes mellitus 

patients in Northern State (Sudan).                                                                                                            

Materials and methods: This was a descriptive cross sectional study covering 180 patients 

from Alghaba area (Northern State, Sudan). The study investigated 90 (50)% patients with type 2 

diabetes mellitus (test group), and 90 (50%) non-diabetic participants (control group). All study 

population were screened for HBsAg and HBcAb using the immunochromatography test (ICT) 

and the enzyme-linked immunosorbent assay (ELISA) techniques. Data was collected using a 

structural questionnaire and analyzed by the Statistical Package of Social Science (SPSS) 

software program, version 21.                                                                                                                                            

Results: The overall results revealed that among the test group, 7 (7.8%) patients were found 

positive for HBsAg, while 83 (92.2%) patients were found negative. Also, among the test group, 

9 (10.0%) patients were found positive for HBcAb and 81(90%) patients were found negative. 

Among the control group, 3 (3.3) participants were found positive for HBsAg, and 87 (96.7%) 

participants were found negative. Also, 4 (4.4%) participants were found positive for HBcAb and 

86 (98.6%) participants were found negative. The age incidence of all participants was between 

30-79 years. The test group patients 47 (52.2%) were males and 33 (36.7) were females; while 

the control group included 43 (47.8%) males and 57 (63.3%) females. Statistical analysis showed 

a significant difference between HBcAb seroprevalence rate among the test and control groups 

participants (p = 0.000). The study also showed no difference in susceptibility to HBV infection 

among diabetic patients as compared to healthy control group participants.                                        

Conclusion: Seroprevalence rate of HBV infection among type 2 diabetes mellitus patients was 

insignificantly different from that of non-diabetic participants. Use of the glucometer as a 

diagnostic tool had no role in transmission of HBV infection.                                                                   
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Introduction  

Hepatitis B virus is a deoxyribonucleic acid (DNA), enveloped, hepatotropic, and non-cytopathic 

virus that can cause chronic hepatitis . HBV is differentiated into many genotypes, according to 

the genome sequence. To date, eight well-known genotypes (A-H) of the HBV genome had been 

defined. It is a member of the hepadnavirus family. The virus particle (virion) consists of an 

outer lipid envelope and an icosahedral, protein nucleocapsid core. These virion is 30-42 nm in 

diameter. The nucleocapsid encloses the viral DNA and a DNA polymerase enzyme that has a 

reverse transeriptase activity. The outer envelope embedded proteins are involved in viral 

binding of, and entry into susceptible cells. HBV is one of the smallest enveloped animal viruses 

(42 nm virion), is capable of infecting hepatocytes, and referred to as “Dane particles”1.                                

Filamentous and spherical bodies lacking a core can be found in the sera of infected individuals. 

These particles are not infectious and are composed of lipid and protein and forms part of the 

surface of the virion, which is called the surface antigens (HBsAg). It is produced in excess 

during the life cycle of the virus. The viral genome encodes four overlapping open reading 

frames (ORFs): S, C, P, and X. The ORF encodes the viral surface envelope proteins and the 

HBsAg. It may be structurally and functionally divided into: the pre-s1, pre-s2, and S regions. 

The core or C gene has the precore and core regions. Multiple in-frame translation initiation 

codons are a feature of the S and C genes, which gives rise to related but functionally distinct 

proteins. The C ORF encodes either the viral nucleocapsid HBcAg or hepatitis B e antigen 

(HBeAg) depending on whether translation is initiated form the core or precore regions, 

respectively. The core protein has the intrinsic property to self-assemble into a capsid-like 

structure and contains a highly basic cluster of amino acids at its C-terminus with RNA-binding 

activity 2.                                                                                                                                                      

HBV infection is a global health problem. Current studies estimate that 2 billion people had been 

infected worldwide. Of these, 360 million people suffer from chronic HBV infection resulting in 

over 520,000 deaths and 470,000 cirrhosis or liver cancer patients. The prevalence rate of HBV 

carriers varies in different parts of the world, ranging from less than 1% to 15%. The presence of 

hepatitis B surface antigen in the blood indicates HBV infection. On the other hand, antibody to 

HBsAg (anti-HBs) indicates immunity to HBV infection. The antibody to the hepatitis B core 

antigen (anti-HBs) indicates that the individual has been exposed to the intact hepatitis B virus at 

some time in life. IgM anti-HBc indicates that the exposure took place within the past 3-6 

months. The presence of early antigen (HBeAg) or antibody to HBeAg (anti-HBe) reflects viral 

replicative activity3.                                                                                                                                      

HBeAg positive patients have active viral replication (all body fluids should be considered 

potentially infectious); whereas HBeAg negative but anti-HBe positive patients usually have 

inactive viral replication (only the patient’s blood is considered infectious). Unfortunately, there 

are sufficient exceptions to the latter interpretation (in particular a mutation to the pre-core gene 

that results in the absence of serum HBeAg despite active viral replication and viremia) that all 

body fluids from an HBeAg positive individual regardless of their HBeAg/anti-HBe status, 

should be considered infection4.                                                                                                         

Transmission of HBV is one of numerous blood-borne pathogens known to be transmissible in 

health care setting. HBV, among the blood-borne viruses is of particular importance because it is  
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the most efficiently transmissible agent following percutaneous exposure. HBV may reach the 

fetus through transplacental leakage of the maternal blood into fetal circulation, a condition that 

is associated with prolonged threatened preterm labor or threatened abortion due to increased 

uterine contractions. Transmission of HBV during delivery is the most frequent method of 

vertical transmission. It is mostly due to newborn contact with the mother’s infected secretions 

or blood at the time of delivery. A proportion of babies may acquire infection after birth due to 

close contact with mother. However, breast feeding is not a risk factor for HBV infection5.        

Type 2 diabetes mellitus (T2 DM) is primarily due to lifestyle factors, such as physical 

inactivity, sedentary lifestyle, cigarette smoking, and generous consumption of alcohol. Obesity 

has been found to contribute to the recent increase in the rate of T2 DM22.                                                             

This study aimed to detect seroprevalence rate of hepatitis B virus among Type2 diabetes 

mellitus patients diagnosed by the glucometer technique.  

Materials and methods                                                                                                                  
 

This was a descriptive cross-sectional study conducted in Alghaba area (Northern State, Sudan).  

The study was approved by the Scientific Research Committee of Al Neelain University. Data 

confidentially was maintained, and the specimens and information collected from all participants 

had not been used for any purpose other than this study. Permission to collect the specimens was 

granted from hospital authorities at Alghaba. All study population had been informed with this 

study and a formal consent was obtained from each one of them.                                                                     

Clinical and demographical data was collected by a structured questionnaire. Participants were 

questioned about marital status, family history of diabetes mellitus, and past history of blood 

transfusion, dental extraction and surgery. Diabetic patients were asked about duration of the 

disease and glucometer test sharing.                                                                                                                          

3 ml of blood were collected under aseptic technique into plain containers from all participants. 

Serum samples were obtained after centrifugation and kept at -20°C until testing by the ICT 

technique (Entec, China), and testing for HBsAg by ELISA technique for HBcAb. Serum 

samples were brought to room temperature. ICT was performed by dropping 100 ul serum in the 

specific well and the result was read after 15 minutes (Positive: 2 red lines; Negative: 1red line).                                                                                                                                                                     

Total HBcAb (IgG + IgM) was detected by ELISA technique (Accu Diag, USA). All reagents 

were brought to room temperature. 50 ul diluted serum sample, negative control, and positive 

control were dispensed into their  respective wells. Then 50 ul of horse-radish peroxidase-

conjugated anti-HBc (conjugate) were dispensed into all wells, then the card board sealer was 

applied on to microliters wells to prevent evaporation, and incubated for 60 min. at 37° C. At the 

end of incubation, the plate cover was removed and discarded. Each well was washed 5 times 

with diluted wash buffer. Each time, the micro wells were soaked for 30-60 sec. After the final 

washing cycle, the plate was turned down on a blotting paper and tapped well to remove any 

remaining liquids. Then 50 ml of chromogen B solution were dispended into each well including 

the blank. The plate was incubated at 37° C for 15 minutes, avoiding light. 50 ml of the stop 

solution were added into each well and mixed gently. The result were calculated by cut-off 

value. The cut-off value was determined by adding the mean absorbance for the negative control 

values (NC) multiplied by 0.5 = NC × 0.5.   
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The presence or absence of anti-HBc is determined by comparing the absorbance of the unknown 

samples to that of the cut-off value. The samples with absorbance values less than the cut-off 

value should be considered positive for anti-HBc.and he samples with absorbance values greater 

than the cut-off value should be considered negative. Samples with absorbance to Cut-off  ratio 

between 0.9-1.1 were considered borderline samples and retesting was recommended. 

Repeatedly reactive samples could be considered positive for anti-HBc.                                                                                                                                                                        

Data analysis was conducted via statistical package of social software version 21. 

Results  
 

A total of 180 participants were included in this descriptive cross-sectional study which was 

conducted among 90 (50%) T2 DM patients (test group) and 90 (50%) healthy non-diabetic 

participants (control group), to screen for HBsAg and HBc antibody. The age incidence of the 

diabetic type 2 patients was 30-70 years, with a mean of 48.7 years; and that of the non-diabetic 

participants was 30-70 years, with a mean of 50.60 years. As regard the test group, 82 patients 

(91.1%) were married and 47(52.2%) were males. There was a significant correlation of age 

incidence (p = 0.000), gender (p = 0.035), and marital status (p = 0.001) among test group 

patients and control group participants (Table 1).  

Table (1): Demographic data for test and control groups 

Age range (yrs) Test group Control group p-value 

  

30-39 13(14.4%) 24(26.7%) 

0.000 

40-49 9(10.0%) 21(23.3%) 

50-59 16(17.8%) 20(22.2%) 

60-69 25(27.8%) 16(17.8%) 

70-79 27(30.0%) 9(10.0%) 

Male 47(52.2%) 33(36.7%)  

0.035 Female 43(47.8%) 57(63.3%) 

Married 82(91.1%) 66(73.3%)  

0.001 Single 8(8.9%) 24(26.7%) 

 

For HBsAg, there were 7 positive cases (7.8%) among the test group patients; and 3 positive 

cases (3.3%) among the control group participants. On the other hand, for HBcAb there were      

9 positive cases (10.0%) among the test group patients; and 4 positive cases (4.4%) among the 

control group participants (Table 2). There was no significant correlation in HBsAg reactivity  
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between test group patients and control group participants (p = 0.09). Also, there was no 

significant correlation in HBcAb reactivity between test group patients and control group 

participants (p = 0.10).   

 

Table (2): Seroreactivity of HBsAg and HBcAb among test and control groups 

 
[[[[ 

Reactivity Test group 
Control 

group 
p- value 

Positive HBsAg 7(7.8%) 3(3.3%)  

0.09 Negative HBsAg 83(92.2%) 87(96.7%) 

Positive HBcAb 9(10.0%) 4(4.4%) [[[[ 

0.10 Negative HBcAb 81(90.0%) 86(95.6%) 

 

Table (3) shows that family history of T2 DM was found among 89 patients (98.9%) of the test 

group and among 19 participants (21.1%) of the control group. History of blood transfusion was 

found in one patient (1.1%) of the test group and among 2 participants (2.2%) of the control 

group. Also, history of dental extraction procedures was found among 50 patients (55.6%) of the 

test group and among 31 participants (34.4%) of the control group. While past history of surgical 

operations was found among 30 patients (33.3%) of the test group and 26 participants (28.9) of 

the control group. Glucometer sharing was found among 3 patients (7.9%) of the test group and 

35 participants (92.1%) of the control group. The longest duration of T2 DM (11-20 years) was 

found among 3  patients (12.5%) of the test group and among 21 participants (87.5%) of the 

control group.                                                                                                                                                                                                                                                                                   

There was no significant correlation in glucometer sharing, family history of T2 DM, past history 

of blood transfusion, and surgical procedures between test group patients and control group 

participants (p = 0.557; 1.740; 0.560; 0.519 respectively).                                                                           

There was a significant difference in duration of T2 DM and dental extraction procedure between 

test group patients and control group participants (p = 0.019 and 0.004 respectively).                                                                                                                                                             

Discussion                                                                                                                                  

Hepatitis B virus (HBV) is a serious public health problem worldwide and a major cause of 

chronic hepatitis, cirrhosis, and hepatocellular carcinoma (HCC). It was estimated that 

approximately 2 billion people have serological evidence of past or present HBV infection. The 

presence of HBsAg in the blood indicates the presence of an HBV infection. On the other hand, 

antibody to HBsAg (anti-HBs) indicates immunity to HBV infection, the antibody to the 

hepatitis B core antigen (anti-HBc) indicates that the individual has been exposed to the intact 

hepatitis B virus at some time in his life6. 
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Table (3): Clinical data of test and control groups participants 

Clinical Data Test group Control group p-value 

Family history of T2 DM    89 (98%) 19 (21.1%) 
1.740 

No family history of T2 DM       1 (1.1%) 71(78.9%) 

History of blood transfusion  1 (1.1%) 2 (2.2%) 

0.560 

No history of Blood transfusion 89 (98.9%) 88 (97.8%) 

Dental extraction 50 (55.6%) 31(34.4%) 0.004 

No dental extraction 40 (44.4%) 59 (65.6%) 

 

Surgery 30 (33.3%) 26 (28.9%) 0.519 

No surgery 60  (66.7%) 64 (71.1%) 

Glucometer sharing 3 (7.9%) 35 (92.1%) 0.557 

No glucometer sharing 5 (9.5%) 47 (90.5%) 

T2 DM ≤ 5 years duration 3(33.3%) 6(66.7%) 
 

0.019 

 

T2 DM 5-10 years duration 0(00.0%) 17(100%) 

T2 DM 11-20 years duration 3(12.5%) 21(87.5%) 

T2 DM ≥ 20 years duration 1(3.3%) 39(96.7%) 
 

This descriptive cross-sectional study was conducted in Northern State of Sudan screening for 

seroprevalence rate of HBV infection and compared test group (50%) and control group (50%). 

The seroprevalence rate of HBsAg and HBcAb among test group patients was 7 (7.8%) and 

10(5.6%) respectively, while the seroprevalence rate of HBsAg and HBcAb among control group 

participants was 3 (3.3%) and 4 (4.4%) respectively, giving an insignificant difference. These 

findings showed no increase in susceptibility of diabetic patients over healthy population to HBV 

infection. This agrees with previous studies conducted in various nations including Taiwan 

(13.5% vs 12.4%)7 and South Africa (4.6% vs 4.3%)8.                                                                                         

The study conducted by Mekonnen and his colleagues (2014) showed an equal prevalence rate 

(3.7% vs 3.7%) of HBsAg between diabetic and non-diabetic individuals9.                                                                          

Also in another study by Ephraim and his co-workers (2014) the seroprevalence rate of HBV 

infection was found higher than that of Hepatitis C Virus in T2 DM patients10.                              

No statistical significant differences were reported between HBsAb and HBcAb (p = 0.10).                         

Positive HBsAb and HBcAb indicates active HBV infection, while negative HBsAb and positive 

HBcAb indicates occult HBV infection. Negative both HBsAg and HBcAb indicates negative 

HBV infection.  
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In this study the duration of T2 DM has nothing to do with HBV infection because there is an 

independent association between HBV infection and gestational diabetes mellitus. Further 

studies are needed to clarify this questionable association.                                                                                   

Also, in the present study an insignificant difference of the seroprevalence rate of HBV infection 

was found between the test group patients and the control group participants (p = 0.557). 

Recommendation: Applying screening for HBV antigens and antibodies as part of the routine 

investigations is needed to set a program of awareness  about transmission, prevention, and 

treatment of HBV disease.                                                                                                                    

Conclusion: Seroprevalence rate of HBV infection among type 2 diabetes mellitus patients was 

insignificantly different from that of non-diabetic participants. Use of the glucometer as a 

diagnostic tool had no role in transmission of HBV infection.                                                              
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