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Abstract 

 Background: Current evidence-based data on Hepatitis B vaccination coverage and outcomes in Nigeria 

are limited and these raise serious concern among stakeholders in clinical settings with respect to prevention 

of hepatitis B and safety of transfusion recipients. This study evaluated hepatitis B vaccination coverage and 

outcomes among apparently healthy blood donors in Ekiti State, Nigeria. Methods: Hepatitis B viral markers, 

including hepatitis B surface antibody (HBsAb), were serologically screened in four hundred and seventy 

prospective blood donors using NOVA 5-in-1 HBV rapid one-step multi-test kit and the results were 

interpreted using descriptive statistics of SPSS version 21. Results: Out of the four hundred and seventy 

(470) blood donors screened, 85 (18.1%) and 385 (81.9%) were vaccinated research participants and 

unvaccinated research participants (VRP and UVRP) respectively. Male: Female ratio and mean age (±SD) 

of VRP were 1:1 and 26.5 ± 6.8 while those of the UVRP were 1.6:1 and 26.9 ± 7.7. Evidence of successful 

vaccination was observed in 2.55% and 4.68% of VRP and UVRP respectively. Broad spectrum HBV 

infection totaling 11.05% based HBV markers seroprevalence was observed among the UVRP compared to 

the VRP with 0.85% seroprevalence. Conclusion: Low hepatitis B vaccine coverage among blood donors 

poses serious threats to public health including recipients of blood transfusion and hepatitis B vaccination 

programme should be re-strategized to cover the grass roots. Low HBV infection among the vaccinated 

research participants compared to the unvaccinated group showed long-term protection despite HBsAb loss. 

Post-vaccination testing is recommended for specific categories of individuals.   

 

Keywords: Hepatitis B Virus, Vaccination, infections, Broad spectrum, Blood donors, Evidence-based 

picture 
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1. Background 

 

Vaccination against hepatitis B virus (HBV) 

infection has been proved to be the sure way to 

courtail the scourge of the silent killer viral 

infection 
[1-5]

. Hepatitis B has consistently remained 

a challenging and global health problem over the 

years affecting 2 billion people worldwide with 350 

million individuals having chronic hepatitis B 

infections in spite of the availability of effective 

vaccination programmes for infants and adults due 

to multi-factorial obstacles
 [6-7]

. Studies have 

reported that an estimate of more than 1 million 

people die on yearly basis while nearly 2 people die 

each minute from HBV infection
[6, 8-9]

. A global 

data showed that annually, a minimum of 27 million 

children do not have access to basic package of 

HBV vaccine and close to a quarter of children 

under five years ’  mortality is due to vaccine 

preventable infectious diseases including hepatitis B 
[10]

. Published findings have showed liver cirrhosis, 

hepatocellular carcinoma and other liver-related 

disorders to be the dire consequences of hepatitis B 

infection since the first report 
[11-17]

. A highly 

effective and inexpensive hepatitis B recombinant 

DNA vaccine has been available since 1982 

following first issued recommendations by the 

Centers for Disease Control and Prevention (CDC) 

which were not implemented in Nigeria until 1995. 

All infants beginning at birth, children and 

adolescents not previously vaccinated and 

unvaccinated adults at risk for hepatitis B infection 

were the recommended target recipients 
[4]

. In 

Nigeria, several authors have demonstrated the 

positive impacts of HBV vaccine initiatives on the 

prevention of chronic hepatitis B virus infection 

since implementation 
[7, 17-21]

. The discovery and 

licensing of the HBV vaccine and subsequent 

establishments of vaccination programmes have led 

to great breakthroughs in the fight against the 

scourge of hepatitis B infections in high endemic 

regions including the prevention of vertical 

transmission of the virus through infected mother 
[17]

 and inadvertent transmission through blood 

donors 
[13]

.  

 Previous literatures reported that vaccinees 

who received complete (three) doses of HBV 

vaccine demonstrated evidence of optimal immune 

protection compared to those who had incomplete 

doses (single or two doses). Maximum immune 

protection is demonstrated by the detection of 

hepatitis B surface antibody or HBsAb greater than 

or equal to ten international unit per litre (≥  10 

IU/L) 
[22]

. Immunization of infants at birth, older 

children and adults against hepatitis B has been 

through the administration of either plasma-derived 

or recombinant vaccine.  Previous studies from the 

United States of America showed that infants who 

received HBV vaccine demonstrated up to twenty to 

thirty years of immune protection against chronic 

hepatitis B virus infection (i.e. HBsAb level ≥

10IU/L) 
[23]

. Thus, many of the adults (blood donors 

inclusive) with evidence of immune protection who 

are not recently vaccinated or unaware of their 

vaccination status have been vaccinated against 

hepatitis B infection from birth. 

  Most of the pre-donation or post-donation 

HBV screening done on blood donors’ samples and 

commonplace in Nigerian Health Institutions is 

based on hepatitis B surface antigen (HBsAg) 

detection thus failing to identify truly vaccinated 

and unvaccinated subjects
[24-25]

. This lack of 

evidence-based data on vaccination status of 

prospective blood donors (research participants or 

RP) often leads to wrong counselling and 

recommendation of vaccination to already protected 

donors and those with occult or chronic hepatitis B 

who are HBsAg-negative. This has often resulted in 

unnecessary associated expenditures, false security 

on immune protection while the silent disease is 

progressing towards chronicity and consequent 

cirrhosis or hepatocellular carcinoma. We 

hypothesized that there might be research 

participants who fell into the category of voluntary 

non-remunerated blood donors (VBD), replacement 

blood donors (RBD) and paid blood donors (PDBD) 

with evidence of successful vaccination and natural 

immunity, and others with acute, occult or chronic 

hepatitis B infections for whom HBV vaccination is 

no longer necessary. This study is meant to provide 

evidence-based data on vaccination status of 

research participants, HBV markers (hepatitis B 

surface antigen or HBsAg, hepatitis B surface 

antibody or HBsAb, hepatitis B envelope antigen or 
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HBeAg, hepatitis B envelope antibody or HBeAb, 

and hepatitis B core antibody total or HBcAb) 

seroprevalence among vaccinated and unvaccinated 

blood donors to assess the success of vaccination 

programmes in prevention of hepatitis B infections 

in Ekiti state, Nigeria.     

 

2. Materials and Methods 

 

2.1 Sample collection  

Following written informed consent obtained 

from the prospective blood donors, about five 

millilitres (5mL) of whole blood samples were 

collected into tripotassium ethylene diamine tetra-

acetic acid (K3EDTA) blood collection tubes from 

four hundred and seventy apparently healthy blood 

donors between August, 2014 and November, 2015. 

Immediately, plasma samples separated from whole 

blood into plain containers were used for serologic 

analysis. 

 

2.2 Study location 

Study was carried out at the blood transfusion 

laboratory of the Federal Teaching Hospital, Ido 

Ekiti. Federal Teaching Hospital is a tertiary health 

institution strategically located at the heart of 

Ido/Osi Local Government and serving over 2.7 

million people of Ekiti state as well as the 

neighbouring states (Ondo, Kwara, Osun and Kogi 

states).  

 

2.3 Ethical Clearance 

Ethical clearance for the study was obtained 

from the Ethics and Research Committee of the 

Federal Teaching Hospital, Ido Ekiti, Nigeria. 

 

2.4 Administration of Questionnaires 

Questionnaires were administered to blood 

donors to obtain essential demographic data and 

vaccination status. 

 

2.5 Methodology 

Serologic analysis for hepatitis B viral markers 

was carried out using NOVA 5-in-1 HBV multi-test 

rapid one-step enzyme immunoassay (EIA) kit. This 

is a lateral flow chromatographic enzyme 

immunoassay for the qualitative detection of 

HBsAg, HBsAb, HBeAg, HBeAb and HBcAb in 

human serum or plasma. The HBsAg and hepatitis 

B envelope antigen (HBeAg) strips of the kit are 

antibody-based enzyme immunoassay; HBsAb 

(HBcAb) strips of the kit is an antigen-based 

enzyme immunoassay while the hepatitis B 

envelope antibody (HBeAb) and hepatitis B core 

antibody total (HBcAb) are based on the principle 

of competitive protein immunoassay. 

Test Procedure: plasma samples following 

separation were labelled appropriately and 

corresponding numbers of HBV 260 test devices 

were removed from pouches. The pouches were 

opened at the notches and the test devices were 

removed and properly labelled with the assigned 

codes for the research participants. The cassettes 

were placed on a flat surface. Two to three (2-3) 

drops (equivalent to 60-90µl) of test samples were 

applied to each of the sample wells with the aid of 

vertically held droppers supplied with the kit. Air 

bubbles were avoided. The timer was started and 

the results were read in 15 minutes. No results were 

read after 15 minutes.  

 

2.6 Assay detection Limits 

Kit detection limits for HBsAg, HBsAb, 

HBeAg, HBeAb and HBcAb total were 

1picogram/litre (1pg/L), 30IU/L, 2 National 

Clinical Unit/millilitre (2NCU/mL), 2NCU/mL and 

2NCU/mL respectively. . 

 

2.7 Quality Control measures 

Pre-analytical, analytical and post-analytical 

measures were taken to ensure accuracy and 

reproducibility of results. Positive and negative 

control samples were also run along with the test to 

further validate the results obtained from this study. 

 

3. Results 

 

3.1 Mean Age, Gender Ratio, Marital and 

Educational Status of Vaccinated and 

Unvaccinated Research Participants 

Table I showed the results of the social 

demographic data of the research participants. 

Results showed that out of the four hundred and 

seventy research participants enrolled for the study, 

85 (18.1%) and 385 (81.9%) were vaccinated 

research participants (VRP) and unvaccinated 

research participants (UVRP) respectively. The 

mean age and gender ratio of VRP were 26.5 ± 6.8 
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years and 1.2:1 while those of the UVRP were 26.9 

± 7.7years and 1.6:1. Approximately three-fifth 

(61.2% and 61.7% respectively) of VRP and UVRP 

were singles while more than one-third (37.6% and 

37.1% respectively) of them were married 

individuals. Irrespective of vaccination status, more 

than 80.0% of research volunteers had tertiary 

education with VRP consisting of more 96.4% of 

them.  

 

3.2 The Patterns of HBsAb
+
 Seroprevalence in 

Research Participants Based on Vaccination  

Index and Blood Donor Category  

Furthermore, we studied the pattern of HBsAb
+
 

seroprevalence in research participants based on 

vaccination index and blood donor category as 

shown in Table II. Based on the overall data, only 

12 out of 85 VRP (2.55%) had evidence of 

successful vaccination as against 22 (4.68%) of the 

unvaccinated group (UVRP) thus yielding 

cummulative HBsAb
+
 seroprevalence of 7.23%. 

Based on blood donor categories, of the overall 85 

VRP, 78 (21.49%), 6 (8.33%) and 1 (2.86%) were 

VBD, RBD and PDBD respectively. Of these, 9 

(2.48%), 2 (2.78%) and 1 (2.86%) of the VBD, 

RBD and PDBD respectively demonstrated 

successful vaccination/immunization. On the other 

hand, among the unvaccinated group based on 

blood donor categories, interestingly, 19 (5.23%) of 

the VBD, and 3 (8.57%) of the PDBD showed 

evidenced HBsAb
+
 seropositivity. That resulted in 

cummulative HBsAb seroprevalence of 7.71% 

among VBD, 2.78% among RBD and 11.43% 

among PDBD (p < 0.05). Study results showed that 

HBsAb
+
 seropositivity remains the only evidence-

based hepatitis B marker for confirming successful 

vaccination in vaccinated research participants or 

detecting individuals with passive or active 

immunization through blood transfusion or immune 

protected mother. 

 

 

 
Table I: Mean Age and Gender Ratio, Marital and Educational Status of Vaccinated and Unvaccinated Research 

Participants 

 
Research Participants’                                           VRP                                                  UVRP 

Demo- graphic Data                               

 n (%)                                                                     85 (18.1)                                            285 (81.9) 

Mean Age ± SD (Years)                                       26 .5 ± 6.8                                           26.9 ±7.7                                

Sex 
Male                                                                       45 (52.9)                                             236 (61.3) 

Female                                                                   40  (42.1)                                           149 (38.7) 

Male: Female Ratio                                                   1.2:1                                                      1:6 
Marital Status: 

Single                                                                  52 (61.2)                                             231 (61.0)  

Married                                                                   32 (37.6)                                             143 (37.1) 

Divorced/Separated                                                  1 (1.2)                                                    7 (1.8) 
Educational Status: 

None                                                                              -                                                          3 (0.8) 

Primary                                                                     1(1.2)                                                      4 (1.0) 

Secondary                                                                 2 (2.4)                                                 68 (17.7) 

Tertiary                                                                   82 (96.4)                                              310 (80.5) 

Key: VRP = Vaccinated research participants; UVRP=Unvaccinated research participants 

              n = Absolute number        % = Percentage 
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Table II: The Patterns of HBsAb+ Seroprevalence in Research Participants Based on and Vaccination Index and 

Blood Donor Categories 
 

     Study Variables            Research                       VBD                  RBD                  PDBD         P-value 

                                           Participants                                                             
     Overall No.  

     Screened: 
     n (%)                               470 (100.0)                  363 (77.23)       72 (15.32)            35 (7.2)            - 

 
     VRP: 
      n (%)                                85 (18.09)                    78 (21.49)        6 (8.33)                 1 (2.86)          - 

 
      UVRP 

       n (%)                             385 (81.91)                   285 (78.51)      66 (91.67)           34 (97.14)          - 

 
     HBsAb

+
  

     Seroprevalence  

      in VRP: 
       n (%)                               12 (2.55)                       9 (2.48)            2 (2.78)               1 (2.86)        > 0.05 

      HBsAb
+
  

      Seroprevalence  

      in UVRP: 
       n (%)                               22 (4.68)                       19 (5.23)         0 (0.00)                3 (8.57)        < 0.05   

       Cum. HBsAb
+
  

       Seroprevalence  

       in UVRP: 
         n (%)                             34 (7.23)                       28 (7.71)           2 (2.78)               4 (11.43)      < 0.05   

*P-value was obtained by Student t-test 

      Key:  SD=Standard Deviation                                n (%) = Abs. number (percentage)                                                                              

         RBD = Replacement blood donors                     VBD = Voluntary blood donors 

         HBsAb
+
 = Hepatitis B Surface                            PDBD = Paid blood donors    

                           Antibody-positive                              VRP = Vaccinated Research Participant 

         Cum. = Cummulative                                          UVRP = Unvaccinated Research Participants   

 

 

 

3.3 Outcomes of Vaccinated Research 

Participants Tested at Different Hepatitis B 

Virus Post-Vaccination Intervals  

Outcomes of interval between HBV vaccine 

reception and testing for HBV markers as observed 

in Figure 1 showed that 30 (6.38%) of VRP were 

tested within one month of post-vaccination. The 

percentage tested declined to 1.92% at 4-6 months 

interval, stabilized at 2.13% within 7-11 and 12-60 

months of testing and rose to 2.98% at > 60 months. 

 

3.4 Broad Spectrum HBV Markers 

Seroprevalence in Unvaccinated Research 

Participants Compared to Vaccinated 

Counterparts 

Seroprevalence of each pattern of HBV 

markers of significance implicated in HBeAg+ and 

HBeAg
-
 chronic infections and detected among 

VRP was 0.21% each.  Hepatitis B core antibody-

positive (HBcAb
+
) seroprevalence was 0.43% 

among VRP. That yielded a total of 0.85% of HBV 

seropositive markers among VRP following 

exclusion of 2.55% of HBsAb
+
 which is an 

evidence of successful vaccination. On the other 

hand, among the UVRP, a total of 11.05% of HBV 

markers seroprevalence implicated in acute, chronic 
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or occult hepatitis B was found. Only 22 (4.68%) 

and 1 (0.21%) had evidence of successful 

vaccination and natural immunity (i.e. HBsAb
+
 and 

HBsAb
+
HBeAb

+
HBcAb

+ 
respectively). 

Cummulative HBV markers seroprevalence 

thus yielded a gross total of 15.94% among the 

UVRP. The data were presented in Table III. 

Subsequent interpretation of HBV markers 

seroprevalence results were made using flow-chart 

as shown in Figure 2. 

 

 

 

Figure 1: Absolute Numbers/Percentages of Vaccinated Research Participants Tested at Different 

Hepatitis B Virus Post-Vaccination Intervals 

 

Key: VRP = Vaccinated Research Participants; n = Absolute number; % = Percentage 

         Overall number of VRP Tested: 85 (18.09%) 

 

 

Table III: Broad Spectrum HBV Markers Seroprevalence in Unvaccinated Research Participants Compared 

to Vaccinated Counterparts 

  Patterns of HBV                                      Vaccinated Research                      Unvaccinated Research 

 Markers Detected                                     Participants: n (%)                    Participants:   n (%)                                                      

                                                                       85 (18.09)                                                  385 (81.91)                                                                                       

HBsAb
+
                                                           12 (2.55)                                                   22 (4.68)   

HBsAg
+ 

HBeAb
+ 

HBcAb
+
                                   -                                                           21 (4.47)

                                           
 

HBsAg
+ 

HBeAg
-
HBcAb

+
                               1 (0.21)                                                       3 (0.64) 

HBsAg
+ 

HBeAg
+ 

HBcAb
+      

                          1 (0.21)                                                       1 (0.21)    

HBcAb
+      

                                                       2 (0.43)                                                     16 (3.40) 

HBeAb
+ 

HBcAb
+                                                              

          -                                                            4 (0.85)                                  

HBsAb
+ 

HBeAb
+ 

HBcAb
+
                                   -                                                            1 (0.21)  

HBeAb
+
                                                                -                                                            1 (0.21) 

HBsAg
+ 

HBeAg
+
                                                   -                                                           2 (0.43) 

HBsAg
+ 

HBeAg
-
                                                    -                                                           1 (0.21)  

HBcAg
+ 

HBeAg
+
                                                   -                                                           1 (0.21) 

HBsAg
+
 HBeAg

-         
 

HBeAg
+    

                                                               -                                                           1 (0.21) 

CHBVMSP: n (%)                                          16 (3.40)                                                75 (15.94)    

 
ANHBVM: n (%)                                            69 (14.69)                                             310 (65.96)

   
 

KEY:   Category 1: HBsAb+    Category 2: HBsAg+HBeAb+HBcAb+    Category 3: HBsAg+HBeAg- HBcAb+            
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            Category 4: HBsAg
+
HBeAg

+
HBcAb

+   
Category 5: HBcAb

+
     Category 6: HBcAb

+
HBeAb

+  
     

 

            Category7: HBsAb
+
HBeAb

+
HBcAb

+
 Category 8: HBeAb

+
      Category 9: HBsAg

+
HBeAg

+
                            

            Category 10: HBsAg
+
HBeAg

 -
   Category 12: HBsAb

+
HBeAg

+
 Category 11: HBcAb

+
HBeAg

+
                    

            Category 13: HBeAg
+
    HBVSPM = Hepatitis B virus seropositive markers   % = Percentage                                        

    
     

    HBVMOP = Hepatitis B Viral Markers overall prevalence   N = Absolute number   + = Positive,  

            C.HBVSPM = Cummulative Hepatitis B Virus Seropositive markers 

           ANHBVM = All Negative Hepatitis B Virus Markers 

 

Figure 2: Flow-chart showing Hepatitis B Viral Markers Testing Outcomes and Interpretations in 

Vaccinated and Unvaccinated Research Participants 
 

Figure Legends: 

HBsAg = Hepatitis B surface antigen        HBsAb = Hepatitis B surface antibody 

HBeAg = Hepatitis B envelope antigen     HBeAb = Hepatitis B envelope antibody 

HBcAb = Hepatitis B core antibody total    + = Positive       - =Negative 

 

 

4. Discussion 

 

Study finding in Table I which showed that 

only 85 (18.09%) of the research participants tested 

were VRP revealed low HBV vaccine preventable 

infectious disease coverage. The United Nations 

Children’s Fund (UNICEF) and the World Health 

Organization estimated that only 41% of Nigerians 

were vaccinated against HBV in 2013 
[26]

. 

Inadequate attention and funding by the government, 

community rejection of immunization based on 

misconceptions, failure of the vaccinees to complete 

the three doses of the vaccine necessary for immune 

protection and HBV infection, religious, ethnic and 

cultural beliefs, fear and confusion, inadequate 

cold-chain management and lack of government 

commitment to fulfilling the Expanded Programme 

on Immunization (EPI) policy which targets at least 

80% coverage rate have all been identified as the 

main obstacles to increasing HBV vaccine coverage 

rates in Nigeria 
[27-31]

. Rural settings seem to be 

faced with pronounced challenge of limited 

coverage rate compared to the urban regions. 

The mean age of both VRP and UVRP 

enrolled did not differ and that reflected the focus of 

the National Blood Transfusion Service (NBTS) on 

recruitment of targeted population of PBD for 

donation purpose. Study revealed increase in the 

number of male enrolled as VRP and UVRP 

compared to female counterparts as evidenced by 

1.2:1 and 1.6:1 gender ratios for VRP and UVRP 

respectively. The fact that more than 60% of both 

VRP and UVRP respectively were singles while 

approximately 37% were married and at least 80.0% 

of both VRP and UVRP had tertiary education 
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showed the unreserved passion of younger blood 

donors in giving blood to save lives and the impacts 

of education on hepatitis B and blood donor 

recruitment  
[32]

. Up to 77.23% and 21.49% of 

voluntary blood donors in the overall population of 

research participants and VRP respectively enrolled 

in the study in line with the advocacy of the World 

Health Organization on 100% voluntary non-

remunerated blood donation
 [33-35]

 to minimize the 

risk of hepatitis B. Greater than 90% and 95% of 

RBD and PDBD were UVRP and susceptible to 

HBV infection. Irrespective of blood donor 

category, the number of VRP was low probably due 

to the fact that most research participants resided in 

rural settings 
[29]

. The results of analyses showed 

that higher HBsAb
+
 seroprevalence was observed 

among the unvaccinated group (4.68%) compared 

to the vaccinated group (2.55%). Studies have 

showed that the detection of HBsAb in VRPs’ (also 

referred to as vaccinees) samples are evidence of 

successful vaccination 
[36-39]

. In persons who 

recover from HBV infection, HBsAg is eliminated 

from the blood, usually within 3-4 months, and 

HBsAb develops during convalescence. The 

presence of HBsAb typically indicates immunity 

from HBV infection. However, such category of 

individuals who have natural recovery from HBV 

infection will also be HBcAb
+
 thus distinguishing 

them from VRP. Previous infection or 

immunization with one genotype of HBV confers 

immunity to all genotypes. Based on blood donor 

categories, VRP had comparable HBsAb
+
 

seroprevalence (VBD, 2.48%; RBD, 2.71%, and 

PDBD, 2.86%) with no significant statistical 

difference (p > 0.05). Although we could not 

measure the concentrations of HBsAb in the blood 

donors, published data showed that HBsAb is the 

only easily measurable correlate of vaccine induced 

protection 
[40-41]

. A previous study showed that 

persistence of detectable HBsAb after vaccination 

depends on the concentration of post-vaccination 

antibodies provided there is no exposure to HBV 
[42]

. 

Furthermore, HBsAb
+
 seroprevalence among 

unvaccinated research volunteers was higher 

especially among the PDBD (8.57%) and VBD 

(5.23%) compared to RBD (0.00%), p < 0.05. The 

blood donors might not actually know or have 

forgotten they had been vaccinated and had immune 

protection against HBV. Others might have passive 

immunization due to transfer of HBsAb from 

immune protected mother. Still, some of the blood 

donors might have been exposed to HBV and 

became immune due to development of HBsAb. 

Another possibility is that some of the blood donors 

might have passive immunization resulting from the 

transfer of HBsAb from transfused blood in the past 
[43]

. Overall, the seroprevalence of HBsAb among 

research participants according to blood donor 

categories was highest among the paid blood donors 

(4 or 11.43%) followed by VBD (28 or 7.71%) and 

RBD had the least (2 or 2.78%). There is a 

statistical significant difference in the cummulative 

HBsAb
+
 seroprevalence based on blood donor 

categories (p < 0.05). It has been shown that HBsAb 

seroprevalence is independent of age, sex or 

geographical location but rather the immune 

response of the vaccinees. For blood donor 

screening purpose, inclusion of HBsAb screening in 

conjunction with HBcAb screening in our routine 

testing protocol will help identify vaccinated blood 

donors and those who became immune by 

spontaneous natural mechanism following exposure 

to HBV. Through proper record-keeping, 

subsequent detection of HBsAb in recipients (who 

has never received HBV vaccines) of such 

transfused unit can help in surveillance study 

assessing passive immunization of recipients of 

blood transfusion through transfer of HBsAb from 

blood donors. Besides, introduction of HBV 

markers screening into public and private 

laboratories involved in blood donor recruitment 

through a well-organized and coordinated system 

will go a long way to capturing several Nigerians 

for HBV vaccination thus increasing vaccination 

coverage and progress towards 80.0% EPI policy.  

Nearly two-third (11.71%) of VRP was tested 

at after ≥  2 months of HBV vaccination, thus 

largely excluding the high tendency of detecting 

HBsAg due to HBV vaccine reception. One of the 

6.38% VRP tested within one month of HBV 

vaccination had both HBsAg and HBsAb detected 

in her, showing evidence of humoral response to 

HBV vaccine and gradual disappearance of HBsAg. 

Different authors have discovered and published the 

possibility of mistaking VRP for confirmed HBsAg-

positive blood donors especially in recently 

vaccinated subjects 
[37, 44-45]

. The ideal time to 

perform HBsAb screening in VRP should be 2-3 
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months after receiving the last dose of the vaccine 
[39]

. Three categories of vaccinees have been 

described by different authors based on at least one 

dose to complete 3 doses of HBV vaccine, namely, 

good responders (≥ 100 IU/L) and poor responders 

(< 100 IU/L) and non-responders or unimmunized 

(<10 IU/L). Majority of VRP were unaware of the 

need to have post-immunization testing done 

following HBV vaccination until enlightenment 

prior participation in this study. Outcomes of this 

study corroborated Tatsilong and his co-researchers’ 

finding that up to 57% of vaccinated research 

participants who received three doses of HBV 

recombinant vaccine was unaware of the need for 

post-immunization testing. This was reflected by 

the number of VRP tested at different post-

vaccination testing intervals including 12-60 

months (10 or 2.13%) and > 60 months (14 or 

2.98%) as shown in Figure 1. The study findings 

could have a notable impact on the testing outcomes 

should quantification of HBsAb titres be performed. 

Although Centre for Disease Control and 

Prevention gave contrary view on the need for post-

vaccination testing generally, it was recommended 

that immunocompromised patients, those on 

haemodialysis, infected partners of those with HBV 

infection, co-infected patients with HCV or HIV, 

and healthcare personnel at high risk of contracting 

HBV through occupational exposures should have 

post-vaccination testing done to establish their need 

for possible revaccination or booster dose
 [39]

. 

 

4.1 Evidence of Immune Protection  

Furthermore, study showed that majority of 

VRP had evidence-based picture of immune 

protection despite low HBsAb seroprevalence of 

2.55%. This might not be unconnected with loss of 

detectable HBsAb as at post-vaccination testing 

interval, number of doses received and immune 

response of VRP as well as the diagnostic device 

detection limit 
[46-47]

. It has been established that 

immunocompetent individuals who achieve HBsAb 

concentrations of  >10 IU/L after pre-exposure 

vaccination have nearly complete protection against 

both acute and chronic hepatitis B infection, even if 

HBsAb concentrations decline subsequently to       

< 10IU/L 
[47]

. At first sight, the 2.55% 

seroprevalence of HBsAb among VRP here might 

imply low empirical evidence of immune 

protection among the vaccinated blood donors. 

However, there was a greater possibility of loss of 

HBsAb after a prolonged period. It has been 

reported that after primary immunization with 

hepatitis B vaccine, HBsAb levels decline rapidly 

within the first year and more slowly thereafter 
[47]

. 

Another report showed that among young adults 

who responded to a primary vaccine series with 

antibody concentrations of >10 IU/L, 17%–50% 

have low or undetectable concentrations of HBsAb 

(reflecting HBsAb loss) 10 – 15 years after 

vaccination [48]. Regarding study results however, 

a more critical evaluation based on the 

aforementioned reports might provide reasons for 

low HBsAb seroprevalence in spite of possible 

immune protection. The diagnostic device used in 

this study had a detection limit of ≥ 30 IU/L and so 

might not detect those with lower HBsAb 

concentration. In other words, the commercially 

available serologic tests for confirming vaccination 

status should be improved to detect lower but 

protective levels of antibody produced by 

vaccination. 

 

4.2 Hepatitis B vaccination Outcomes  

 Only 1 (0.21%) each of chronic carrier of 

hepatitis B (evidenced by HBsAg
+
HBeAg

-
HBcAb

+
 

detection) and chronic immune tolerant hepatitis B 

(as evidenced by HBsAg
+
HBeAg

+
HBcAb

+
 

detection) respectively was found among VRP in 

this study. Serum HBV-DNA and alanine 

aminotransferase levels of these two infected VRP 

were respectively 707 IU/mL and 15.2 IU/L; and  > 

27 million IU/mL and 16.9 IU/L (not shown in this 

study results). Also, HBcAb (total) was detected in 

two. Detection of HBcAb has been connected with 

occult hepatitis B 
[49]

. Overall HBV markers 

(besides HBsAb) seroprevalence of 0.85% among 

VRP (and non-detection of HBV markers in 17.24% 

that made up the 18.09% VRP) gave an evidence of 

95.3% immune protection. That was higher than 

80.0% vaccine efficacy reported by Odusanya and 

co-researchers in their study 
[30]

. 

On the other hand, UVRP showed evidence of 

broad spectrum of HBV markers seroprevalence 

reflecting the different phases of HBV infection. 

Based on the array of combination of HBV markers 
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seroprevalence among the UVRP, a cummulative 

5.96% hepatitis B surface antigenaemia was 

observed compared to 0.42% among the vaccinated 

counterparts (i.e. a 14-fold HBsAg seroprevalence 

or evident overt hepatitis B). This was more than 

two times the 6-fold hepatitis surface antigenaemia 

among unvaccinated children compared to the 

vaccinated group reported by Odusanya et al (2005) 
[30]

. Among the UVRP, other eleven patterns of 

HBV markers seroprevalence (totalling 11.05%) 

were detected through this study besides the 

specific patterns found in successfully vaccinated 

participants (evidenced by HBsAb
+
) and another 

with natural immunity (HBsAb
+
HBeAb

+
HBcAb

+
) 

which constituted the remaining 4.89%. The eleven 

patterns of HBV markers seroprevalence in UVRP 

included 4.47% of  HBsAg
+
HBeAb

+
HBcAb

+
 

(possible chronic inactive/immune escape hepatitis 

B depending on whether HBV-DNA level is < 

2000IU/mL or > 2000IU/mL and the serum alanine 

aminotransferase (ALT) is normal or elevated) [50]; 

0.64% of HBsAg
+
HBeAg

-
HBcAb

+
 (HBeAg-

negative chronic carriers); 0.21% of 

HBsAg
+
HBeAg

+
HBcAb

+
 (evidence of either 

chronic immune active/tolerant hepatitis B 

depending on whether HBV-DNA level > 

200,000IU/mL and serum ALT is persistently 

elevated or normal) 
[16, 50]

;  3.4% of HBcAb
+
 

(associated with occult hepatitis B if HBV-DNA 

level < 200IU/mL is found without HBcIgM, or 

acute hepatitis B during window period if HBcAb 

total differentiation reveals seropositive HBc(IgM) 

alone; 0.85% of HBcAb
+
HBeAb

+
 and 0.21% 

isolated HBeAb
+
 (HBV markers showing exposed 

immune UVRP with no evident cure); 0.43% of 

HBsAg
+
HBeAg

+
 (hepatitis B infection at incubation 

phase); 0.21% of HBsAg
+
HbeAg

-
 (chronic hepatitis 

B infection), 0.21% of HBcAb
+
HBeAg

+
 (acute or 

chronic hepatitis B infection depending on whether 

HBc(IgM) or HBc(IgG) is detected following 

HBcAb total differentiation); 0.21% of 

HBsAb
+
HBeAg

+
 (unusual markers but might be 

connected with acute hepatitis B at clearing phase), 

and 0.21% of HBeAg
+
 (unusual marker, false 

positive HBeAg or infected donor with HBcAg in 

hepatocyte but undetectable HBcAb in serum). 

Overall, based on study findings of HBV markers 

seroprevalence among UVRV, Ekiti state, Nigeria 

can be classified as a high endemic region for 

hepatitis B 
[13]

.  

 

4.3 Hepatitis B Viral Markers Testing 

Interpretation Guidelines  

Finally, this study has used flowchart (Figure 2) 

to elucidate the interpretations of hepatitis B viral 

markers testing outcomes in vaccinated and 

unvaccinated research participants. Hepatitis B viral 

markers screening rather than HBsAg is a good 

entry point of testing in early diagnosis of HBV 

infection 
[51]

. Besides giving the broad revelations 

on different phases of HBV infection and showing 

evidence of immune protection in vaccinated 

research participants, it ensures relative ease in the 

monitoring of chronically infected individuals by 

circumventing the associated delays in follow-up. 

Weighing the clinical consequences of HBV 

infection with the cost-effectiveness of diagnostic 

device (0.7-2.9 USD/kit), adopting this entry point 

procedure will save a lot of cost and psychological 

trauma associated with HBV infection. Several 

authors have described the various phases of 

hepatitis B infection
 [37, 39, 50]

. Different authorities 

in hepatology have used different guidelines to 

interpret hepatitis B viral markers testing results and 

the differences in their interpretations could be 

traced to advances of testing procedure beyond 

qualitative serologic screening such as inclusion of 

quantification serologic assay, differentiation assay- 

HBcAb total differentiation into hepatitis B core 

IgM (HBcIgM) and hepatitis B core IgG (HBcIgG), 

molecular diagnosis with advanced techniques 

including quantification of HBV-DNA level with 

real-time PCR,HBV genotyping and sequencing, 

performance of biochemical assessments and liver 

scan 
[13, 37, 50, 52-55]

. This study interpretive algorithm 

is fundamental and compares with several others 

and can be adopted in clinical settings to accurately 

diagnose HBV infections and assess HBV 

vaccination outcomes. 
 

5. Conclusion 

Low evident vaccine coverage showed the 

need for a more aggressive and strategic campaign 

on ‘ Know your HBV status ’  among Nigerian 

citizens especially at the grassroots to get more 

people vaccinated against Hepatitis B. Low HBV 
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markers seroprevalence among the VRP compared 

to evident broad spectrum of various HBV markers 

seroprevalence patterns implicated in different 

phases of HBV infection among UVRP a working 

preventive programme. Improved testing technique 

with lower detection limit of 10IU/L will enhance a 

better picture of successfully vaccinated research 

participants. Post-vaccination testing 2-3 months 

after the last dose of HBV vaccine is recommended 

for eligible individuals. Accurate interpretations of 

HBV markers testing results should follow 

recommended guidelines and algorithm to aid early 

diagnosis and facilitate prompt treatment of infected 

donors where necessary. 

 

 Limitation of Study 

Since this was a descriptive cross-sectional 

study, the number of vaccinated research 

participants among the overall population studied 

was limited and outcomes of research might be 

better pictured with an experimental study involving 

larger population of vaccinated research participants 

comparable to the unvaccinated counterparts. Future 

studies can look in this direction. 

 

Conflict of Interest 

Authors declared there was no conflict of 

interest of any kind with respect to this study. 

 

Authors’ contributions 

KAF designed the study, searched for 

literatures and performed the diagnostic and 

statistical analyses. AOD performed some serologic 

assays, proof-read the manuscript and made 

contributions to its content. Both authors read and 

approved the study. 

 

 

References 

1  Poorolajal J, Mahmoodi M, Majdzadeh R, 

Nasseri-Moghaddam S, Haghdoost A, Fotouhi 

A. Long-term protection provided by hepatitis 

B vaccine and need for booster dose: a meta-

analysis. Vaccine 2010; 28(3): 623-631 [PMID: 

19887132  DOI: 

10.1016/j.vaccine.2009.10.068] 

2 Kwon SY, Lee CH. Epidemiology and 

prevention of hepatitis B virus infection. 

Korean J Hepatol 2011; 17(2): 87-95 [PMID: 

21757978 PMCID: PMC3304633 DOI: 

10.3350/kjhep.2011.17.2.87] 

3 Azodo C, Ehizele A, Uche I, Erhabor P. 

Hepatitis-B vaccination status among dental 

surgeons in benin city, Nigeria. Ann Med 

Health Sci Res 2012; 2(1): 24-28 [PMID: 

23209986 PMCID: PMC3507129 DOI: 

10.4103/2141-9248.96932] 

4 Mast EE, Weinbaum CM, Fiore AE, Alter MJ, 

Bell BP, Finelli L, Rodewald LE, Douglas JM, 

Jr., Janssen RS, Ward JW, Advisory 

Committee on Immunization Practices Centers 

for Disease C, Prevention. A comprehensive 

immunization strategy to eliminate 

transmission of hepatitis B virus infection in 

the United States: recommendations of the 

Advisory Committee on Immunization 

Practices (ACIP) Part II: immunization of 

adults. MMWR Recomm Rep 2006; 55(RR-

16): 1-33; quiz CE31-34 [PMID: 17159833] 

5    World Health Organization: Blood Safety and 

Availability Fact Sheet. 2016. Available from: 

www.who.int/mediacentre/factsheets/f279/en/ 
(Accessed on 11th May, 2017) 

6 Abiola AH, Agunbiade AB, Badmos KB, Lesi 

AO, Lawal AO, Alli QO. Prevalence of 

HBsAg, knowledge, and vaccination practice 

against viral hepatitis B infection among 

doctors and nurses in a secondary health care 

facility in Lagos state, South-western Nigeria. 

Pan Afr Med J 2016; 23: 160 [PMID: 

27303576 PMCID: PMC4894726 DOI: 

10.11604/pamj.2016.23.160.8710] 

7 Alssamei FA, Al-Sonboli NA, Alkumaim FA, 

Alsayaad NS, Al-Ahdal MS, Higazi TB, 

Elagib AA. Assessment of Immunization to 

Hepatitis B Vaccine among Children under 

Five Years in Rural Areas of Taiz, Yemen. 

Hepat Res Treat 2017; 2131627 [PMID: 

28367327 PMCID: PMC5358434 DOI: 

10.1155/2017/2131627] 

8 Kermode M, Jolley D, Langkham B, Thomas 

MS, Crofts N. Occupational exposure to blood 

and risk of bloodborne virus infection among 

file:///C:/Users/user/AppData/Local/Temp/10.1016/j.vaccine.2009.10.068
file:///C:/Users/user/AppData/Local/Temp/10.3350/kjhep.2011.17.2.87
file:///C:/Users/user/AppData/Local/Temp/10.4103/2141-9248.96932
file:///C:/Users/user/AppData/Local/Temp/10.11604/pamj.2016.23.160.8710
file:///C:/Users/user/AppData/Local/Temp/10.1155/2017/2131627


 

Am. J. Biomed. Sci. 2017, 9(4), 211-224; doi:10.5099/aj170400211   © 2017 by NWPII. All rights reserved 

 

222 

health care workers in rural north Indian health 

care settings. Am J Infect Control 2005; 33(1): 

34-41 [PMID: 15685133  DOI: 

10.1016/j.ajic.2004.07.015] 

9 Goniewicz M, Wloszczak-Szubzda A, 

Niemcewicz M, Witt M, Marciniak-

Niemcewicz A, Jarosz MJ. Injuries caused by 

sharp instruments among healthcare workers--

international and Polish perspectives. Ann 

Agric Environ Med 2012; 19(3): 523-527 

[PMID: 23020050] 

10 Demirjian A, Levy O. Safety and efficacy of 

neonatal vaccination. Eur J Immunol 2009; 

39(1): 36-46 [PMID: 19089811 PMCID: 

PMC2739303 DOI: 10.1002/eji.200838620] 

11 Ocama P, Opio CK, Lee WM. Hepatitis B 

virus infection: current status. Am J Med 2005; 

118(12): 1413 [PMID: 16378788  DOI: 

10.1016/j.amjmed.2005.06.021] 

12 Harkisoen S, Arends JE, van Erpecum KJ, van 

den Hoek A, Hoepelman AI. Hepatitis B viral 

load and risk of HBV-related liver disease: 

from East to West? Ann Hepatol 2012; 11(2): 

164-171 [PMID: 22345332] 

13   Amilo GI, Ifeanyichukwu MO, Fasakin KA. 

Advancing Hepatitis B Virus Testing in 

Prospective Blood Donors Beyond Current 

Single Marker Rapid Technique: Is it a Luxury 

or Necessity?  International STD Research 

and Reviews. 2017; 5(2): 1-13. 

14   Arun J.S., Seung K.Y. and Riccardo L (2010). 

The etiology of Hepatocellular Carcinoma and 

Consequences for Treatment. The Oncologist. 

15(4):14 -22. 

15   Szabo E., Paska C. and Kaposi N.P. (2004). 

Similarities and differences in hepatitis B and 

C virus induced hepatocarcinogenesis. 

Pathology Oncology Research. 10:5 -11. 

16  Tran TT. Hepatitis B in Pregnancy. Clin Infect 

Dis 2016; 62 Suppl 4: S314-317 [PMID: 

27190321 PMCID: PMC4889900 DOI: 

10.1093/cid/ciw092] 

17 Bruce MG, Bruden D, Hurlburt D, Zanis C, 

Thompson G, Rea L, Toomey M, Townshend-

Bulson L, Rudolph K, Bulkow L, Spradling PR, 

Baum R, Hennessy T, McMahon BJ. Antibody 

Levels and Protection After Hepatitis B 

Vaccine: Results of a 30-Year Follow-up 

Study and Response to a Booster Dose. J 

Infect Dis 2016; 214(1): 16-22 [PMID: 

26802139  DOI: 10.1093/infdis/jiv748] 

18 FitzSimons D, McMahon B, Hendrickx G, 

Vorsters A, Van Damme P. Burden and 

prevention of viral hepatitis in the Arctic 

region, Copenhagen, Denmark, 22-23 March 

2012. Int J Circumpolar Health 2013; 72 

[PMID: 23971016 PMCID: PMC3749854 DOI: 

10.3402/ijch.v72i0.21163] 

19 Chou R, Dana T, Bougatsos C, Blazina I, 

Khangura J, Zakher B. Screening for hepatitis 

B virus infection in adolescents and adults: a 

systematic review to update the U.S. 

Preventive Services Task Force 

recommendation. Ann Intern Med 2014; 

161(1): 31-45 [PMID: 24861032  DOI: 

10.7326/M13-2837] 

20 Akbar SM, Al-Mahtab M, Khan MS, Raihan R, 

Shrestha A. Immune therapy for hepatitis B. 

Ann Transl Med 2016; 4(18): 335 [PMID: 

27761439 PMCID: PMC5066052 DOI: 

10.21037/atm.2016.08.48] 

21 McMahon BJ. The natural history of chronic 

hepatitis B virus infection. Hepatology 2009; 

49(5 Suppl): S45-55 [PMID: 19399792  DOI: 

10.1002/hep.22898] 

22 Posuwan N, Wanlapakorn N, Sa-Nguanmoo P, 

Wasitthankasem R, Vichaiwattana P, 

Klinfueng S, Vuthitanachot V, Sae-Lao S, 

Foonoi M, Fakthongyoo A, Makaroon J, 

Srisingh K, Asawarachun D, Owatanapanich S, 

Wutthiratkowit N, Tohtubtiang K, Yoocharoen 

P, Vongpunsawad S, Poovorawan Y. The 

Success of a Universal Hepatitis B 

Immunization Program as Part of Thailand's 

EPI after 22 Years' Implementation. PLoS One 

2016; 11(3): e0150499 [PMID: 26938736 

PMCID: PMC4777547 DOI: 

10.1371/journal.pone.0150499] 

23 Poovorawan Y, Chongsrisawat V, 

Theamboonlers A, Leroux-Roels G, Crasta PD, 

Hardt K. Persistence and immune memory to 

hepatitis B vaccine 20 years after primary 

vaccination of Thai infants, born to HBsAg 

and HBeAg positive mothers. Hum Vaccin 

Immunother 2012; 8(7): 896-904 [PMID: 

22777097 PMCID: PMC3495725 DOI: 

10.4161/hv.19989] 

file:///C:/Users/user/AppData/Local/Temp/10.1016/j.ajic.2004.07.015
file:///C:/Users/user/AppData/Local/Temp/10.1002/eji.200838620
file:///C:/Users/user/AppData/Local/Temp/10.1016/j.amjmed.2005.06.021
file:///C:/Users/user/AppData/Local/Temp/10.1093/cid/ciw092
file:///C:/Users/user/AppData/Local/Temp/10.1093/infdis/jiv748
file:///C:/Users/user/AppData/Local/Temp/10.3402/ijch.v72i0.21163
file:///C:/Users/user/AppData/Local/Temp/10.7326/M13-2837
file:///C:/Users/user/AppData/Local/Temp/10.21037/atm.2016.08.48
file:///C:/Users/user/AppData/Local/Temp/10.1002/hep.22898
file:///C:/Users/user/AppData/Local/Temp/10.1371/journal.pone.0150499
file:///C:/Users/user/AppData/Local/Temp/10.4161/hv.19989


 

Am. J. Biomed. Sci. 2017, 9(4), 211-224; doi:10.5099/aj170400211   © 2017 by NWPII. All rights reserved 

 

223 

24 Adeyemi AA, Omolade OA and Raheem 

AdemolaRR. Immunochromatographic Testing 

Method for Hepatitis B, C in Blood Donors. 

Journal of Antivirals and Antiretrovirals 
2013; 5:S3-4. DOI:10.4172/jaa.S3-005.] 

25  Esan AJ, Omisakin CT,Ojo-Bola T, Owoseni 

MF, Fasakin KA, Ogunleye AA. 

Seroprevalence of Hepatitis B and Hepatitis C 

Virus Co-infections among Pregnant Women 

in Nigeria. American Journal of Biomedical 

Research. 2014; 2(1):11-15. 

26  GAVI Alliance  (2014). Country Tailored 

Approach for Nigeria 2014-2018.Available 

from: 

http://www.apps.who.int/immunizationmonito

ring/globalsummary/estimates?c=NGA. 

27 Cutts FT, Izurieta HS, Rhoda DA. Measuring 

coverage in MNCH: design, implementation, 

and interpretation challenges associated with 

tracking vaccination coverage using household 

surveys. PLoS Med 2013; 10(5): e1001404 

[PMID: 23667334 PMCID: PMC3646208 DOI: 

10.1371/journal.pmed.1001404] 

28 Rainey JJ, Watkins M, Ryman TK, Sandhu P, 

Bo A, Banerjee K. Reasons related to non-

vaccination and under-vaccination of children 

in low and middle income countries: findings 

from a systematic review of the published 

literature, 1999-2009. Vaccine 2011; 29(46): 

8215-8221 [PMID: 21893149  DOI: 

10.1016/j.vaccine.2011.08.096] 

29 Adedire EB, Ajayi I, Fawole OI, Ajumobi O, 

Kasasa S, Wasswa P, Nguku P. Immunisation 

coverage and its determinants among children 

aged 12-23 months in Atakumosa-west district, 

Osun State Nigeria: a cross-sectional study. 

BMC Public Health 2016; 16: 905 [PMID: 

27578303 PMCID: PMC5006522 DOI: 

10.1186/s12889-016-3531-x] 

30   Odusanya OO, Alufohaib FE, Meuricec FP, 

R. Wellensc R, Weilc J, Ahonkhaid VI. 

Prevalence of hepatitis B surface antigen in 

vaccinated children and controls in rural 

Nigeria. International Journal of Infectious 

Diseases. 2005; 9 (3): 139–143. 

31   Ophori EA, Tula MY, Azih AV, Okojie R, Ikpo 

PE. Current trends of immunization in Nigeria: 

prospect and challenges. Trop Med Health 

2014; 42(2): 67-75 [PMID: 25237283 

PMCID: PMC4139536 DOI: 

10.2149/tmh.2013-13] 

32 Shenga N, Thankappan K, Kartha C, Pal R. 

Analyzing sociodemographic factors amongst 

blood donors. J Emerg Trauma Shock 2010; 

3(1): 21-25 [PMID: 20165717 PMCID: 

PMC2823138 DOI: 10.4103/0974-2700.58667] 

33 World Health Organization (2009). The 

Melbourne declaration on 100% voluntary 

non-remunerated donation of blood and blood 

components. Available at 

http://www.who.int/entity/worldblooddonorda

y/MelbourneDeclaration2009.doc 
34   World Health Organization (2011). Sixty-third 

world health assembly on viral hepatitis 

infection. Geneva. 

35   World Health Organization (2015). Guidelines 

on assessing donor ’ s suitability for blood 

donation.  WHO, Geneva.  

36 Ray M.M. and Bradley D.H. (2011). 

Seroprevalence of markers for hepatitis B viral 

infection. International Journal of Infectious 

Diseases. 15:e78 - e121. 

37 Health Protection Agency. Hepatitis B 

Diagnostic Serology in the Immunocompetent 

(including hepatitis B in Pregnancy). Virology. 

2012; 4(5.2): 1-18. 

38 Singh RP, Harimoorthy V, Maheswari K, 

Vaidya K. Hepatitis B virus vaccination of 

voluntary blood donors and immunization 

status assessment by Anti-Hepatitis B Surface 

(HBs) antibody titer. Asian J Transfus Sci 

2013; 7(2): 160 [PMID: 24014953 PMCID: 

PMC3757783 DOI: 10.4103/0973-

6247.115592] 

39  Centre for Disease Control and Prevention. 

2015 Sexually Transmitted Diseases Treatment 

Guidelines. Viral Hepatitis. US. Department of 

Health & Human Services. CDC, 2015; 

Atlanta. Available at: 

http://www.cdc.gov/std/treatment/default.htm 

(Accessed on 15th July, 2017) 

40  Centers for Disease Control and Prevention 

(2005). A comprehensive immunization 

strategy to eliminate transmission of hepatitis 

B virus infection in the United States: 

Recommendations of the Advisory Committee 

on Immunization Practices (ACIP); Part 1: 

file:///C:/Users/user/AppData/Local/Temp/10.4172/jaa.S3-005
file:///C:/Users/user/AppData/Local/Temp/10.1371/journal.pmed.1001404
file:///C:/Users/user/AppData/Local/Temp/10.1016/j.vaccine.2011.08.096
file:///C:/Users/user/AppData/Local/Temp/10.1186/s12889-016-3531-x
file:///C:/Users/user/AppData/Local/Temp/10.2149/tmh.2013-13
file:///C:/Users/user/AppData/Local/Temp/10.4103/0974-2700.58667
file:///C:/Users/user/AppData/Local/Temp/10.4103/0973-6247.115592
file:///C:/Users/user/AppData/Local/Temp/10.4103/0973-6247.115592
http://www.cdc.gov/std/treatment/default.htm
http://www.cdc.gov/std/treatment/default.htm


 

Am. J. Biomed. Sci. 2017, 9(4), 211-224; doi:10.5099/aj170400211   © 2017 by NWPII. All rights reserved 

 

224 

Immunization of Infants, Children, and 

Adolescents. Morbidity and Mortality Weekly 

Report. 54(16):1-32. 

41  Centre for Disease Control and Prevention 

(CDC), “ A comprehensive immunization 

strategy to eliminate transmission of hepatitis 

B virus infection in the United States: 

recommendations of the Advisory Committee 

on Immunization Practices (ACIP); Part II: 

immunization of adults, ”  Morbidity and 

Mortality Weekly Report. 2006; 55:16. 

42  Lewis  E, Shinefield HR, WoodruffBA, Black 

SB, Destefano F,Chen RT, Ensor R; Vaccine 

Safety Datalink Workgroup. Safety of neonata 

hepatitis B vaccine administration. Paediatrics 

Infectious Disease Journal. 2001; 

20(11):1049-54. 

43 World Health Organization. Hepatitis B: 

Emergencies, preparedness and response. 

WHO/CDS/CSR/LYO/2002/2. WHO, 2002. 

Available at:  

44 Dow BC, Yates P, Galea G, Munro H, 

Buchanan I, Ferguson K. Hepatitis B vaccinees 

may be mistaken for confirmed hepatitis B 

surface antigen-positive blood donors. Vox 

Sang 2002; 82(1): 15-17 [PMID: 11856462] 

45  McMahon  B. Chronic hepatitis B virus 

infection. Med Clin North Am 2014; 98:39-54. 

46 Tatsilong HO, Noubiap JJ, Nansseu JR, 

Aminde LN, Bigna JJ, Ndze VN, Moyou RS. 

Hepatitis B infection awareness, vaccine 

perceptions and uptake, and serological profile 

of a group of health care workers in Yaounde, 

Cameroon. BMC Public Health 2016; 15: 706 

[PMID: 27487845 PMCID: PMC4973072 DOI: 

10.1186/s12889-016-3388-z] 

47   Milne A., West D.J., Chinh D.V.,  Moyes C.D. 

and Poerschke G. (2002). Field evaluation of 

the efficacy and immunogenicity of 

recombinant hepatitis B vaccine without HBIG 

in newborn Vietnamese infants. Journal of 

Medical Virology. 67:327–333. 

48   Harpaz R., McMahon B.J. and Margolis H.S. 

(2000). Elimination of new chronic hepatitis B 

virus infections: results of the Alaska 

immunization program. Journal of Infectious 

Disease. 181:413–418. 

49   Allain     J.P. (2004).  REVIEW ARTICLE: 

Occult hepatitis B virus infection. Hepatitis B 

Annual. 2009:14-30. 

50   Cindy M.W., Ian W., Eric E.M., Susan A.W., 

Lyn F.A.W., Stephanie M.N. and John W.W. 

(2008). Recommendations for Identification 

and Public Health Management of Persons 

with Chronic Hepatitis B Virus Infection. 

Available at 

http://www.cdc.gov/mmwr/pdf/rr/rr5708.pdf 

51   Sha FR, Uddin MM, Sarkar MKI, Talukder RI, 

Siddique AH, Nahar K, Saiedullah M, Kabir Y. 

Hepatitis B Viraemia in Hepatitis B Surface 

Antigenemic Patients in Bangladesh. 

American Journal. Biomedical. Science. 2016, 

8(4), 288-296; DOI: 10.5099/aj160400288.   

52 Gish RG, Locarnini SA. Chronic hepatitis B: 

current testing strategies. Clin Gastroenterol 

Hepatol 2006; 4(6): 666-676 [PMID: 

16765304  DOI: 10.1016/j.cgh.2006.03.017] 

53 Liu YP, Yao CY. Rapid and quantitative 

detection of hepatitis B virus. World J 

Gastroenterol 2015; 21(42): 11954-11963 

[PMID: 26576084 PMCID: PMC4641117 DOI: 

10.3748/wjg.v21.i42.11954] 

54   Mayo Medical Laboratories. (2016). Chronic 

hepatitis B profile (Type B) Interpretive 

handbook. Mayo Foundation for Medical 

Education, Florida, USA.  

55   Rios-Ocampo WF, Cortes-Mancera F, Olarte 

JC,  Soto A, Navas M-C. Occult Hepatitis B 

virus infection among blood donors in 

Colombia. Virology Journal. 2014; 11:206- 

213. DOI: 10.1186/s12985-014-0206-z 

 

file:///C:/Users/user/AppData/Local/Temp/10.1186/s12889-016-3388-z
http://www.cdc.gov/mmwr/pdf/rr/rr5708.pdf
file:///C:/Users/user/AppData/Local/Temp/10.5099/aj160400288
file:///C:/Users/user/AppData/Local/Temp/10.1016/j.cgh.2006.03.017
file:///C:/Users/user/AppData/Local/Temp/10.3748/wjg.v21.i42.11954

