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ABStrACt

Introduction: Hepatitis B virus (HBV) infection remains a concern in dialysis populations where vaccination has 
been less successful than in the general population. Possible reasons for poor response to vaccination in this 
population include malnutrition, age, uraemia, dialysis vintage, human immunodeficiency virus (HIV) infection and the 
generalized immunosuppressive state of patients with chronic kidney disease (CKD). 
Methods: This retrospective point prevalent cohort study evaluated the prevalence of HBV infection in a dialysis 
population at a tertiary centre in South Africa where there is a high prevalence of HIV. In addition, antibody 
responses following natural HBV infection versus vaccination were examined in the same population as well as 
factors that may affect the HBV vaccination antibody response. 
Results: There were 107 study participants. The prevalence rate of chronic HBV was high at 6.5% (n = 7), whereas 
48 (45%) patients demonstrated evidence of HBV exposure. Patients with naturally acquired immunity demonstrated 
a more robust and sustained antibody response over the study period, whereas booster dose(s) were required to 
achieve similar levels of protection in the vaccinated group. Only one (2.1%) of those requiring vaccination never 
achieved an adequate seroprotection response to vaccination at any time point during the study period. Older age 
was the only factor shown to reduce seroconversion after primary vaccination. Despite high HIV prevalence (23%), 
HIV status did not affect antibody response to vaccination. 
conclusion: We therefore conclude that in a cohort of dialysis patients with high HBV prevalence, natural immunity 
provides sustained and adequate protection. HBV vaccination in this dialysis cohort was successful, but additional 
booster doses were frequently required to achieve adequate seroprotection, regardless of HIV status. 
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INtrODUCtION

Hepatitis B is a global health problem, with an estimated 

257 million people chronically positive for hepatitis B 

surface antigen (HBsAg). The burden of chronic hepatitis 

B is increasing despite its being a vaccine-preventable 

disease, with effective vaccines having been available 

since 1982 [1]. Hepatitis B virus (HBV) is an important 

cause of serious liver disease, including acute and chronic 

hepatitis, cirrhosis, and primary hepatocellular carcinoma 

[2]. In addition to its effects in the liver, extra-hepatic 

manifestations may be observed in up to 20% of patients 

infected with HBV and include mixed cryoglobulinaemic 

vasculitis, polyarteritis nodosa, and kidney disease [3]. 

https://creativecommons.org/licenses/by/4.0/
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Liver disease is also a signif icant cause of morbidity and 

mortality in patients on maintenance dialysis, with HBV 

infection among the important aetiologies [4]. 

South Africa is an endemic HBV country, with serological 

evidence of past exposure ranging from 5% to 76% in the 

population where most infections are acquired perinatally 

or in early childhood [5]. The prevalence of chronic hepa-

titis B ranges between 4% and 9% with rates of up to 16% 

reported in some communities in the Eastern Cape pro-

vince of South Africa [1,6,7]. The prevalence of HBV is 

generally greater among dialyzed patients than in the gen-

eral population [8,9]. Compared to high-income countries, 

lower-income nations report higher HBV infection rates 

within dialysis units, a major reason being the higher back-

ground prevalence of HBV in the general population [8].

Over the past few decades, there has been a substantial 

decrease in the incidence of HBV infection in haemodialysis 

patients, particularly in high-income countries. This is attri-

butable to safer blood donations, a decline in blood trans-

fusion requirements with increased erythropoietin use, and 

improved guidelines on infection control and vaccination. 

Despite this progress, dialysis patients remain at greater risk 

of acquiring HBV because of their increased exposure to 

blood products, shared haemodialysis equipment, frequent 

breaching of skin, immunodeficiency, and continuing high 

prevalence rates, especially in low-income countries. The 

primary means of protection for dialysis patients is a tar-

geted vaccination strategy against HBV [10-12].

The hepatitis B vaccine currently used in the South African 

extended programme for immunisation (EPI) is the 

Heberbiovac HB vaccine (Biovac, South Africa), which is a 

preparation of yeast (Pichia pastoris)-derived recombinant 

small hepatitis B surface antigen (HBsAg). This vaccine 

appears to be more immunogenic and produces a height-

ened and sustained immunological response compared to 

other hepatitis B vaccines [13,14].

Antibody responses from HBV vaccination in patients with 

chronic kidney disease (CKD) are suboptimal, often with 

higher vaccine doses required to achieve desirable antibody 

levels [11,15]. Numerous clinical, demographic and bio-

chemical parameters have been postulated to explain the 

poor immunogenicity of HBV vaccines in advanced CKD. 

These include age, sex, body mass index, positive serological 

status for hepatitis C (HCV) or human immunodeficiency 

virus (HIV), blood transfusion history, interleukin genotypes, 

possession of the major histocompatibility complex hap-

lotypes HLA-B8, SCOI, DR3,18 and inappropriate nutri-

tional status, which may hamper the differentiation of 

monocyte-derived dendritic cells of the immune system 

[16]. The albumin concentration is frequently used as a sur-

rogate, albeit imperfect, marker of nutritional status in dial-

ysis patients in whom a low concentration is a strong pre-

dictor of mortality and poor outcomes [17]. 

There is a paucity of data regarding the prevalence of HBV 

infections and the response to HBV vaccination among 

patients on maintenance dialysis in South Africa. Accord-

ingly, the aim of this study was to evaluate the prevalence 

of HBV infection and immunity in a high-HIV prevalence 

dialysis cohort in the Eastern Cape province of South 

Africa.  Furthermore, we sought to examine the influence 

of age, serum albumin levels, dialysis modality, dialysis vin-

tage, and cause of end-stage kidney disease on the immune 

response after vaccination.

MEtHODS

In this single-centre retrospective point prevalent cohort 

study, we analysed the records of all patients currently on 

haemodialysis and peritoneal dialysis at the Division of 

Nephrology, Livingstone Tertiary Hospital, Gqeberha (pre-

viously known as Port Elizabeth) in January 2021. The treat-

ment period reviewed was from January 2012 to January 

2021. All patients included were either already receiving 

dialysis therapy in January 2012 or were initiated on dialysis 

therapy after January 2012 and before January 2021.  

Patients who had died during the study period were 

excluded owing to inability to access records.  Baseline was 

defined as the date of starting dialysis therapy. Baseline 

demographic data including age, sex, clinical information, 

albumin level, mode of dialysis and dialysis vintage were 

recorded. Hepatitis B immunity was classified according to 

Table 1. 

In our unit, non-immune, unvaccinated patients are given  

a dose of 40 µg Heberbiovac intramuscularly at month 0,  

Hep B prevalence and vaccine response

table 1.  characterisation of hepatitis B immunity status 
according to HBV serology.

Immune status HBsAg HBcAb HBsAb

Past infection with immunity – + +

Vaccine-acquired immunity – – +

Chronic hepatitis B + a + –

Past infection with waning immunity; 
or occult infection

– + –

Abbreviations: HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBcAb, 
hepatitis B core antibody; HBsAB, hepatitis B surface antibody.   
a Must persist for 6 months or more.
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1 and 2, with a booster in month 6. Antibody levels are 

monitored at 6-month intervals to assess response. A 

booster dose is given if the antibody levels are less than 

100 IU/mL. Booster vaccination consisted of a single 

intramuscular injection of 40 µg Heberbiovac vaccine. This 

protocol remained unchanged during the entire study 

period. We defined response to HBV vaccination according 

to antibody titre levels with a titre of less than 10 IU/mL  

as non-response; between 10 IU/mL and 100 IU/mL as 

seroconversion and more than 100 IU/mL as seroprotec-

tion [18]. In those who received primary vaccination at 

study entry, we also set out to determine the proportion 

who developed an adequate seroprotection response after 

6 months. Antibody titres were measured using the 

ARCHITECT Anti-HBs assay (Abbott Diagnostics, Ireland). 

Statistical analysis was carried out using Stata statistical 

software version 15.1 (Stata Corp. L.P., College Station, 

Texas). Prevalence of HBV infection was calculated as the 

percentage of patients who were HBcAb positive at base-

line. Continuous variables were summarised as median 

with interquartile range (IQR) and compared with seropro-

tection status using the Wilcoxon rank-sum test. Categorical 

variables were presented as frequencies and percentages 

and compared using the chi-squared test or Fisher’s exact 

test, as appropriate. A P value < 0.05 was considered statis-

tically significant.

Ethics considerations
Ethical clearance for conducting the study was obtained 

from Walter Sisulu University Human Research and Ethics 

Committee (Protocol Number 028/2021). 

rESULtS                                          

There were 107 study participants with a median age of 42 

(IQR 35–49) years and a median time on dialysis of 43 

months (IQR 18–79). In the cohort, 55 (51%) were males. 

Of the 107, 63 (59%) and 44 (41%) patients were on 

haemodialysis and peritoneal dialysis, respectively. Of the 

106 with available HIV serology at baseline, 82 (77%) were 

HIV negative whereas 24 (23%) were HIV positive. Causes 

for CKD included hypertension (36%, n = 38), glomerular 

disease (34%, n = 36), unknown cause (15%, n = 16), 

autosomal dominant polycystic kidney disease (7%, n = 7) 

and other (9%, n = 10). 

Baseline hepatitis B serology is presented in Table 2. Forty 

(37%) patients had a negative HBsAb titre and were eligible 

for vaccination.  Six of these patients were HBcAb positive, 

indicating prior HBV exposure, of whom 2 were sub-

sequently found to have detectable HBV viral loads. Seven 

patients were positive for HBsAg that persisted beyond 6 

months, indicating chronic infection. Sixty patients (56%) 

were HBsAb positive, indicating existing immunity. Forty-

eight (45%) patients had serological evidence of past or 

current HBV infection (HBcAb positive). Of these, 35 

(73%) had natural immunity, 7 (15%) had chronic hepatitis 

B and 6 (13%) had cleared the HBsAg but did not have 

measurable HBsAb. At baseline, only 25 (23%) patients had 

vaccine-acquired immunity.

Figures 1a and 1b illustrate the maintenance rates over the 

study period of surface antibody titre >10 IU/mL and >100 

IU/mL, respectively, in those who were HBcAb negative 

and positive at baseline. In patients with no evidence of 

prior HBV exposure, seroconversion status rose from 38% 

to 100% in the remaining cohort (n = 23) over the study 

period due to vaccination, while those who were HBcAb 

positive and HBsAg negative sustained HBsAb positivity 

over time varying between 88% and 96%. A total of 32 

patients (30%) required a booster dose in the course of 

their dialysis treatment and, of these, 11 (34%) required a 

second booster dose.  

Comparison of baseline demographics by seroprotection 

status is presented in Table 3.  Only older age was asso-

ciated with lower seroprotection (P = 0.016). During the 

study period, 23 patients (28%) developed a seroprotec-

tive response following their primary vaccination course, 

whereas in those with data extending beyond six months 

of follow-up, 46 of 47 (98%) developed a seroprotective 

response at some time point during the study period with 

only 2 patients achieving this beyond 36 months.

Hep B prevalence and vaccine response

table 2.  Baseline hepatitis B serology (n = 107).

HBsAb titre <10 IU/mL 10–100 IU/mL >100 IU/mL HBsAg positive

n (%) 40 (37) 14 (13) 46 (43) 7 (7)

Of these, number HBcAb 
positive, n/n (%)

6/40 (15) 6/14 (43) 29/46 (63) 7/7 (100)

Abbreviations: HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBcAb, hepatitis B core antibody.  
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DISCUSSION

This study of dialysis patients in the Eastern Cape province 

demonstrated a high prevalence of HBV infection at 45%, 

which reflects the high background endemicity of HBV in 

South Africa [5]. Chronic HBV infection was found in 6.5% 

of patients and is similar to other studies in South Africa 

[1,6,7]. Six patients were only HBcAb positive, of whom 

two fulfilled the diagnostic criteria for occult HBV infection 

[19]. Improvements in the detection of HBV–DNA now 

enables better identification of occult HBV infection [20]. 

This is important as these patients still pose a transmission 

risk in the dialysis unit and are at risk of a flare following 

immunosuppression following kidney transplantation [21]. 

The remaining four patients represented waning immunity, 

most likely due to HBV infection acquired in early child-

hood [22].

At the start of the study, relatively few (37%) patients 

presented no evidence of immunity and therefore required 

primary vaccination, whereas 88% of those with natural 

immunity had HBsAb titres more than 10 IU/mL. Given  

the widespread availability of vaccination, this represents  

a missed opportunity in CKD care and may reflect the 

frequent late presentation of advanced CKD in South 

Africa. Over the course of the study, 30% of patients 

required a booster dose, with 34% of these needing a 

second booster dose. This is consistent with previous data 

showing a waning of antibody titres over time [15,16,23].

Interestingly, about 90% of the patients with naturally 

acquired immunity demonstrated a sustained antibody 

response compared to vaccine-acquired immunity that re-

quired booster doses to achieve similar levels over the first 

12 months. This suggests the immune response to natural 

HBV infection is more robust and sustained and may 

therefore allow for less frequent antibody titre monitoring 

to save costs for these patients. To improve vaccination 

response, double dosing of the hepatitis B vaccine has been 

advocated. This has been shown to improve and prolong 

adequate vaccination response and was the strategy used 

in this study [15,24-27].

In the general population, seroconversion is considered an 

appropriate protective response to HBV vaccination. How-

ever, in vulnerable populations such as dialysis patients, a 

Hep B prevalence and vaccine response

Figure 1a.  Hepatitis B seroconversion status (HBsAb titres >10 IU/mL) over time, according to baseline  
HBV exposure*.
Abbreviations: HBsAb, hepatitis B surface antibody; HBcAb, hepatitis B core antibody; HBV, hepatitis B virus.
*7 patients who were hepatitis B surface antigen positive at baseline were removed from this analysis.
Note: Seroconversion was defined as HBsAb positivity (titres >10 IU/mL).
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seroprotective response is considered important since low 

HBsAb titres have the potential to be overwhelmed in 

significant exposures [12,27,28]. Overall, a seroprotective 

HBsAb titre at baseline was seen in 43% of patients. This 

was attributed to previous vaccination or natural immunity 

from earlier HBV infection. While almost all patients with-

out past HBV exposure developed surface antibody posi-

tivity through vaccination, only 28% manifested sero-pro-

tection following the initial primary vaccination course.  

However, most patients (87%) did eventually achieve an 

adequate seroprotection response (HBsAb titre >100 IU/

mL) by 36 months, reflecting the utility of six-monthly 

HBsAb titre surveillance with booster dosing for waning or 

low levels. At extended follow-up beyond 36 months, 

there was only one vaccine non-responder. This patient 

was HIV negative but had diabetic nephropathy, which may 

Hep B prevalence and vaccine response

Figure 1b.  Hepatitis B seroprotection status (HBsAb titres >100 IU/mL) over time according to baseline  
HBV exposure*.
Abbreviations: HBsAb, hepatitis B surface antibody; HBcAb, hepatitis B core antibody; HBV, hepatitis B virus.
*7 patients who were hepatitis B surface antigen positive at baseline were removed from this analysis.
Note: Seroprotection was defined as HBsAb positivity (titres >100 IU/mL).
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table 3.  Baseline patient demographics by seroprotection (HBsAb >100 IU/mL) status six months after primary vaccination.

total,
N = 82*

No seroprotection  
n = 59 (72%)

Seroprotection
n = 23 (28%) P value

Age (years), median (IQR) 42 (33–48) 44 (36–50) 37 (29–46) 0.016

Male, n (%) 42 (51) 32 (54) 10 (44) 0.380

Dialysis modality (HD), n (%) 46 (56) 36 (61) 10 (44) 0.150

Time on dialysis (months) median (IQR) 44 (18–73) 44 (17–72) 46 (19–81) 0.760

Albumin (g/L), median (IQR) 33 (31–37) 34 (29–37) 33 (32–37) 0.830

HIV-positive status, n (%) 21 (26) 14 (24) 7 (30) 0.560

Abbreviations: HBsAb, hepatitis B surface antibody; IQR, interquartile range; HD, haemodialysis; HIV, human immunodeficiency virus.
*Only 82 patients had complete records for all variables included.   
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be a factor in affecting the immune response. Considera-

tion can be given to even higher dose (80 μg) vaccination 

in true non-responders [15]. Inadequate seroprotection 

after primary vaccination was associated with older age at 

the time of vaccination (P = 0.016) but not with gender 

and concurs with other studies [29]. In contrast to other 

studies though, albumin levels and dialysis vintage were not 

associated with seroprotective response [9,11,30]. There 

was a large difference in seroprotection between dialysis 

modalities. However, the small sample size limited meaning-

ful statistical comparison; prior studies have not confirmed 

a difference between modalities [31].

Our study cohort demonstrated a high prevalence of HIV. 

HIV/AIDS and chronic HBV co-infection were also common 

at 14%, in keeping with previous studies [32,33]. Individuals 

co-infected with HIV and HBV experience a more rapid 

and severe progression of chronic HBV sequelae, leading to 

further morbidity and mortality [32,34]. This vulnerability is 

further exacerbated in the dialysis population,  underscoring 

the importance of HBV vaccination in these patients [35]. 

The antibody response in the HIV-infected individuals in 

our cohort was comparable to that recorded in previous 

publications [35]. Although some authors have reported 

lower seroprotection rates in the HIV-infected end-stage 

kidney disease population [34], seroprotection response 

did not differ with HIV status in our study. All of the patients 

with HIV in our cohort are receiving antiretroviral therapy 

and this may account for their equivalent response rates.  

HIV viral loads were not recorded, although it is the unit’s 

policy to maintain fully suppressed HIV viral loads in all 

dialysis patients.

Strengths and limitations
The main strength of our study is the longitudinal exami-

nation of HBV immunity and vaccine response in a dialysis 

population in an endemic HBV area with a high HIV pre-

valence. To our knowledge, it represents the first such 

study in dialysis patients in southern Africa. Limitations 

include the relatively small sample size, precluding mean-

ingful multivariate analysis. Some longitudinal data were 

also missing, thus limiting our ability to accurately analyse 

antibody trends over time. Furthermore, the previous vac-

cination status of participants prior to dialysis initiation was 

not available.

CONCLUSIONS

HBV infection is highly prevalent in the dialysis population 

in South Africa and, despite vaccine availability, relatively 

few patients demonstrated evidence of vaccine-induced 

immunity at the start of dialysis. Natural immunity appears 

to provide a more robust and sustained immune response. 

While a low percentage of our patients achieved full sero-

protection after the initial vaccination course, most devel-

oped an adequate seroprotective response over time, 

demonstrating the effectiveness of six-monthly antibody 

surveillance with booster dosing according to the HBV 

vaccination policy. The waning of antibody response in 

those with vaccine-induced immunity necessitates regular 

monitoring of the HBsAb titres in this sub-population, so as 

to evaluate the need for booster vaccination. Finally, 2% of 

our patients demonstrated occult hepatitis B infection and 

clinicians should be aware of this phenomenon, which may 

explain non-response to vaccination, represents an ongoing 

infection risk and may pose a risk of severe reactivation of 

HBV with immunosuppression following kidney trans-

plantation.

Conflict of interest statement 
All authors declare that they have no conflict of interest.

Acknowledgements
This study was funded as a research degree by the South 

African Medical Research Council under the SAMRC 

IMVACC Scholarship Programme. The content of any 

publications from any studies during this degree are solely 

the responsibility of the authors and do not necessarily 

represent the official views of the South African Medical 

Research Council. The authors gratefully acknowledge the 

Kidneys, Infectious Diseases and Critical Care (KICC) Asso-

ciation for Public Benefit for use of their academic facility.

rEFErENCES 

1.  Spearman CW, Afihene M, Ally R, Apica B, Awuku Y, Cunha L, et al. 
Hepatitis B in sub-Saharan Africa: strategies to achieve the 2030 
elimination targets. Lancet Gastroenterol Hepatol. 2017; 2:900-909.

2.  Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, et al. 
Lamivudine for patients with chronic hepatitis B and advanced liver 
disease. N Engl J Med. 2004; 351:1521-1531.

3.  Fabrizi F, Cerutti R, Ridruejo E. Hepatitis B virus infection as a risk 
factor for chronic kidney disease. Expert review of clinical 
pharmacology. 2019; 12:867-874.

4.  Fabrizi F, Messa P, Martin P. Hepatitis B virus infection and the dialysis 
patient; 2008. Wiley Online Library.

5.  Spearman CW, Sonderup MW. Preventing hepatitis B and 
hepatocellular carcinoma in South Africa: The case for a birth-dose 
vaccine. S Afr Med J. 2014; 104:610-612.

6.  Samsunder N, Ngcapu S, Lewis L, Baxter C, Cawood C, Khanyile D, 
et al. Seroprevalence of hepatitis B virus: Findings from a population-
based household survey in KwaZulu-Natal, South Africa. Int J Infect 
Dis. 2019; 85:150-157.

7.  Kew MC. Hepatitis B virus infection: the burden of disease in South 
Africa. Southern African Journal of Epidemiology and Infection.  
2015; 23:4-8.

Hep B prevalence and vaccine response



107

8.  Gasim GI, Bella A, Adam I. Immune response to hepatitis B vaccine 
among patients on hemodialysis. World J Hepatol. 2015; 7:270-275.

9.  Asan A, Demirhan H, Sorkun HC, Ozkan S, Aydin M, Akin D, et al. 
Factors affecting responsiveness to hepatitis B immunization in dialysis 
patients. Int Urol Nephrol. 2017; 49:1845-1850.

10. Udomkarnjananun S, Takkavatakarn K, Praditpornsilpa K, Nader C, 
Eiam-Ong S, Jaber BL, et al. Hepatitis B virus vaccine immune 
response and mortality in dialysis patients: a meta-analysis. J Nephrol. 
2020; 33:343-354.

11. Cordova E, Miglia I, Festuccia F, Sarlo MG, Scornavacca G, Punzo G, 
et al. Hepatitis B vaccination in haemodialysis patients: an 
underestimated problem. Factors influencing immune responses in 
ten years of observation in an Italian haemodialysis centre and 
literature review. Ann Ig. 2017; 29:27-37.

12. Ayub MA, Bacci MR, Fonseca FL, Chehter EZ. Hemodialysis and 
hepatitis B vaccination: a challenge to physicians. Int J Gen Med.  
2014; 7:109-114.

13. Mphahlele MJ, Burnett RJ, Kyaw T, Schoeman HS, Aspinall S. 
Immunogenicity and safety of yeast-derived recombinant hepatitis B 
vaccine (Heberbiovac HB) in South African children. S Afr Med J. 
2004; 94:280-281.

14. Hernandez-Bernal F, Aguilar-Betancourt A, Aljovin V, Arias G, 
Valenzuela C, de Alejo KP, et al. Comparison of four recombinant 
hepatitis B vaccines applied on an accelerated schedule in healthy 
adults. Hum Vaccin. 2011; 7:1026-1036.

15. Chow KM, Law MC, Leung CB, Szeto CC, Li PK. Antibody response 
to hepatitis B vaccine in end-stage renal disease patients. Nephron 
Clin Pract. 2006; 103:c89-93.

16. Fabrizi F, Cerutti R, Dixit V, Ridruejo E. Hepatitis B virus vaccine and 
chronic kidney disease. The advances. Nefrologia (Engl Ed).  
2021; 41:115-122.

17. Menon V, Greene T, Wang X, Pereira AA, Marcovina SM, Beck GJ, 
et al. C-reactive protein and albumin as predictors of all-cause and 
cardiovascular mortality in chronic kidney disease. Kidney 
international. 2005; 68:766-772.

18. Eddleston A. Hepatitis. The Lancet. 1990; 335:1142-1145.

19. National Department of Health SA. National Guidelines for the 
Management of Viral Hepatitis. https://sahivsoc.org/Files/SA%20
NDOH_Viral%20Hepatitis%20guideilnes%20final_.pdf.  
Accessed 26 January 2022. 

20. Aghakhani A, Banifazl M, Velayati AA, Eslamifar A, Ramezani A. 
Occult hepatitis B virus infection in hemodialysis patients: a concept 
for consideration. Ther Apher Dial. 2012; 16:328-333.

21. Fontenele AM, Salgado Filho N, Ferreira AS. Occult hepatitis B in 
patients on hemodialysis: a review. ANNALS of Hepatology.  
2013; 12:359-363.

22. Spearman CW, Sonderup MW, Botha JF, van der Merwe SW, Song 
E, Kassianides C, et al. South African guideline for the management of 
chronic hepatitis B: 2013. S Afr Med J. 2013; 103:337-349.

23. Charest AF, Grand'Maison A, McDougall J, Goldstein MB. Evolution 
of naturally acquired hepatitis B immunity in the long-term 
hemodialysis population. Am J Kidney Dis. 2003; 42:1193-1199.

24. Somi MH, Hajipour B. Improving hepatitis B vaccine efficacy in 
end-stage renal diseases patients and role of adjuvants. ISRN 
Gastroenterol. 2012; 2012:960413.

25. Mulley WR, Le ST, Ives KE. Primary seroresponses to double-dose 
compared with standard-dose hepatitis B vaccination in patients with 
chronic kidney disease: a systematic review and meta-analysis. 
Nephrol Dial Transplant. 2017; 32:136-143.

26. Yao T, Shao Z, Wu L, Dong S, Gao L, Wu Y, et al. Long-term 
persistent immunogenicity after successful standard and triple-dosed 
hepatitis B vaccine in hemodialysis patients: A 3-year follow-up study 
in China. Vaccine. 2021; 39:2537-2544.

27. Kane M, Banatvala J, Da Villa G, Esteban R. Are booster 
immunisations needed for lifelong hepatitis B immunity? The Lancet. 
2000; 355:561.

28. Zitt E, Hafner-Giessauf H, Wimmer B, Herr A, Horn S, Friedl C, et al. 
Response to active hepatitis B vaccination and mortality in incident 
dialysis patients. Vaccine. 2017; 35:814-820.

29. Peces R, de la Torre M, Alcázar R, Urra J. Prospective analysis of the 
factors influencing the antibody response to hepatitis B vaccine in 
hemodialysis patients. Am J Kidney Dis. 1997; 29:239-245.

30. Ghamar-Chehreh ME, Agah S, Khedmat H, Aghaei A, Alavian SM. 
Serum albumin level as an indicator of response to Hepatitis B 
vaccination in dialysis patients: A systematic review and meta-analysis. 
Caspian J Intern Med. 2017; 8:250-257.

31. Liu Y-L, Kao M-T, Huang C-C. A comparison of responsiveness to 
hepatitis B vaccination in patients on hemodialysis and peritoneal 
dialysis. Vaccine. 2005; 23:3957-3960.

32. Catherine FX, Piroth L. Hepatitis B virus vaccination in HIV-infected 
people: A review. Hum Vaccin Immunother. 2017; 13:1-10.

33. Di Bisceglie AM, Maskew M, Schulze D, Reyneke A, McNamara L, 
Firnhaber C. HIV-HBV coinfection among South African patients 
receiving antiretroviral therapy. Antivir Ther. 2010; 15:499-503.

34. Farooq PD, Sherman KE. Hepatitis B Vaccination and Waning 
Hepatitis B Immunity in Persons Living with HIV. Curr HIV/AIDS Rep. 
2019; 16:395-403.

35. Ahuja TS, Kumar S, Mansoury H, Rodriguez H, Kuo YF. Hepatitis B 
vaccination in human immunodeficiency virus-infected adults receiving 
hemodialysis. Kidney Int. 2005; 67:1136-1141.

Hep B prevalence and vaccine response


