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Abstract

Background and aim

Antibodies against hepatitis B core antigen (anti-HBc) are found in 14–44% of patients with

HIV infection, but it is still unclear whether hepatitis B virus (HBV) vaccination should be rec-

ommended for HIV-positive subjects with isolated anti-HBc (IAHBc). We examined the rate

of anamnestic and primary responses (ARs and PRs) and associated factors in a group of

HIV-infected patients with an IAHBc profile.

Methods

This prospective study recruited 25 HIV-positive patients with anti-HBc alone who were vac-

cinated against HBV infection. Those without an AR (anti-hepatitis B envelope antigen [anti-

HBs] levels of <10 U/L) or who were hypo-responsiveness (anti-HBs levels of >10 but <100

U/L) four weeks after the first dose of vaccine underwent a full course of vaccinations. Their

clinical and virological data, including the presence of occult hepatitis B infection (OBI),

were evaluated in accordance with the vaccination schedule.

Results

Six of the 25 patients (24%) showed an AR, four of whom had anti-HBs levels of <100 U/L.

Ten of 19 (52.6%) remaining patients became seroprotected after the third dose. OBI was

detected in four of the six patients with an AR, two of the 10 patients with a PR, and none of

the nine patients who did not respond. Multivariate analysis showed that an AR was associ-

ated with the presence of OBI (P = 0.0162), and a PR was associated with HCV antibody

status. (P = 0.0191).
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Conclusions

Our data suggest that testing for anti-HBc alone may not be a reliable means of assessing

protection from HBV infection in HIV-positive patients. OBI-positive patients may benefit

from a single vaccine dose. Anti-HCV serostatus may affect PRs.

Introduction

Isolated anti-HBc (IAHBc) refers to a serological pattern in which antibodies against hepatitis

B core antigen (anti-HBc) are present in the absence of hepatitis B surface antigen (HBsAg) or

antibodies against HBsAg (anti-HBs). Among HIV-positive subjects, an IAHBc profile is

found in 14–44% of patients [1–3], and is the most frequent serological pattern in patients

with occult hepatitis B infection (OBI), defined as a positive serum polymerase chain reaction

(PCR) assay for hepatitis B virus (HBV) DNA in the absence of HBsAg [4,5]. IAHBc may be

encountered in subjects who have cleared HBV (in whom anti-HBs is lost or at undetectable

levels) or as a false-positive result. If anti-HBs has never been formed or is truly lost, reinfec-

tion with HBV is possible [6]. The vaccination of these patients against HBV would elicit a pri-

mary anti-HBs response (an anti-HBs titre of<10 U/L) after a single vaccine dose, and an

anti-HBs titre of>10 U/L after a full course of vaccinations. If immunological memory is pre-

served, re-exposure to HBV or a single vaccine dose would trigger a secondary or anamnestic

anti-HBs response, defined as an anti-HBs titre >10 U/L [7].

Unlike the >90% response rates of the general population to standard HBV vaccination,

HIV-infected patients show a low rate of response (37–85%) [8–11], but little is known [12–

14] about their humoral immune response to vaccination if they have IAHBc. It is therefore

unclear whether HBV vaccination should be recommended for immunocompromised sub-

jects with an IAHBc profile, particularly if they are HIV positive. Furthermore, nothing is

known about the possible effect of OBI on the humoral immune response during anti-HBV

vaccination.

We prospectively evaluated the frequency of anamnestic and primary immune responses,

and clinical or virological factors possibly involved in the response rate, in a group of HIV-

infected patients an IAHBc profile.

Materials and methods

Patient selection and study design

In this prospective study, HBV vaccine (HBVAXPRO, 10 μg, Sanofi Pasteur MSD, Lyon,

France) was offered to 25 HIV-infected patients who were consecutively recruited from

among the outpatients attending the Department of Infectious Diseases, San Raffaele Hospital,

Milan, Italy, on the basis of their anti-HBc positivity as the only marker of HBV infection one

year before study entry. The anti-HBc serology of all 25 patients was confirmed before the vac-

cine was administered. The clinical and laboratory data used in the patient selection process

were retrieved from an internal database (IDD-OSR database), and the patients were recruited

between February and May 2014.

The vaccine was administered at baseline (BL), in week 5 (W5) and in W24; the one-week

delay in administering the second dose was necessary in order to check for an AR. Antibodies

against the envelope S antigen were measured at BL, in W4 and W24, and then four and 24

weeks after the end of the full course of vaccinations (W4 post-vaccination [W4-PV] and
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W24-PV). An additional time point (W48-PV) after the third vaccine dose was considered.

The patients without an AR (anti-HBs <10 U/L) or who were hyporesponsive (anti-HBs >10

U/L but<100 U/L) four weeks after the first dose underwent a full course of vaccinations. It

was arbitrarily decided to give a full course of vaccinations to the hyporesponsive patients

because asymptomatic HBV infection has been found in some healthy subjects with a poor

response (anti-HBs 1–99 U/L,) [15,16] but not in those with titres of>100 U/L [17–19]. One

patient who was hyporesponsive to the first dose did not complete the full course because he

was lost to follow-up during the study period. The study design is summarised in Fig 1.

The study was conducted after being approved by the Ethics Committee of San Raffaele

Hospital (Protocol No. FP13MORSICA).

Laboratory methods

The quantitative assay of anti-HBs, and the qualitative assays of HBsAg, total immunoglobulin

anti-HBc, anti-hepatitis B e antigen (anti-HBe), anti-HCV and anti-HIV were carried out

using commercial enzyme immunoassay kits with a lower detection limit of 10 U/L (Architect,

Abbott Diagnostics, Rome, Italy). HCV RNA, HIV RNA, and HBV DNA loads were quanti-

fied by means of routine laboratory assays (real-time PCR, Abbot Molecular, Rome, Italy): the

detection limits of the assays are 12 IU/mL for HCV RNA, 40 copies/mL for HIV RNA, and 10

IU/mL (corresponding to 50 copies/mL) for HBV DNA.

Detection of occult HBV infection by means of highly sensitive polymerase chain reac-

tion. The presence of OBI was evaluated at various times (see Fig 1) using a highly sensitive

in-house nested PCR. Briefly, all of the DNA extracts were analysed for the presence of the

HBV genome by means of different assays [20] using primers spanning the partial S (outers:

sense 637–654, antisense 844–824; inners: sense 658–677, antisense 815–796), pre-C/C (outers:

sense 1584–1604, antisense 2123–2104; inners: sense 1650–1669, antisense 1992–1973) and X

regions (outers: sense 1266–1286, antisense1628–1608; inners: sense 1380–1400, antisense

1545–1520). The sensitivity limit is 105 pg/mL of cloned HBV DNA (2.6 copies/mL) [20]. We

only considered the cases positive for at least two different viral genomic sequences at one or

more of the three time points as having HBV DNA.

Fig 1. Schematic diagram of HBV vaccinations, anti-HBs measurements, and plasma sample

collections for HBV DNA detection. ˚One patient was lost to follow-up after W4 and did not receive the full

vaccination course.

https://doi.org/10.1371/journal.pone.0184128.g001
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Statistical analysis

Univariate analysis. The continuous variables are expressed as median values and inter-

quartile ranges (IQRs), and the categorical variables as absolute counts and percentages (%).

The data were analysed using Fisher’s exact test (for frequencies), or the Mann-Whitney U test

(for continuous variables); a p-value of<0.05 was considered statistically significant.

Multivariate analysis. The aim of the multivariate analysis was to determine which covar-

iates were most predictive of the outcome a AR vs no AR, and PR vs no response (NR). To this

end, we used a multivariate logistic regression model aimed at predicting the binary response

to treatment at BL considering the covariates listed in Table 1. The covariates included in the

final model were selected on the basis of a systematic, stepwise model-selection procedure

using the Akaike information criterion (AIC)[21], which makes it possible to find a model that

is both parsimonious and capable of predicting the binary outcome. A p-value of<0.05 associ-

ated with the regression coefficients indicates statistical significance. Further details concern-

ing the variable selection procedure can be found in the supporting information (S1 Table and

S2 Table).

Results

Baseline characteristics

Table 1 shows the general characteristics of the IAHBc/HIV-infected patients, who were preva-

lently males. Fourteen (56%) of the patients had antibodies against HCV (anti-HCV), 12

(92.3%) of whom were intravenous drug users (IVDUs) and two (16.7%) were exposed to the

risk of sexual transmission. HCV RNA was detectable in ten of the 14 (71.4%) anti-HCV posi-

tive patients.

Table 1. Baseline characteristics of IAHBc/HIV-infected patients.

Patients n = 25

Males/females 20/5

Age, years 50 (45–54)

Duration of HIV infection, years 17 (6–28)

Duration of ART, years 14 (4–19)

Risk factors

Sexual exposure / IVDU# 12/13

CD4+ count, cells/mm3 588 (430–746)

CD8+ count, cells/mm3 784 (610–1144)

CD4+/CD8+ ratio 0.74 (0.48–0.89)

Nadir CD4+ count, cells/mm3 209 (147–279)

Nadir CD4+/CD8+ ratio 0.20 (0.13–0.28)

AST (U/L)˚ 27 (22–47)

ALT (U/L)˚˚ 35 (24–54)

Anti-HCV (pos/neg) 14/11

HCV RNA Log IU/mL

(No. patients = 14)

5.56 (1.89–6.33)

Median, first and third quartile (in brackets) are reported for continuous variables. Absolute counts are

reported for nominal variables. #IVDU = intra-venous drug users.

˚AST = aspartate amino transferase levels, (normal value <35U/L)

˚˚ALT = alanine amino transferase levels (normal value<41U/L).

https://doi.org/10.1371/journal.pone.0184128.t001
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All of the patients were receiving anti-retroviral therapy (ART), showed a good immunovir-

ological response, and had undetectable HIV RNA loads (<40 copies/mL). Thirteen patients

were receiving ART with anti-HBV activity. Routine laboratory assays showed that all of the

patients were anti-HBe negative and HBV DNA, which was tested for at least at twice (BL and

W4 in all patients, and also at W24 in 21 patients) was invariably undetectable (<10 IU/mL).

Humoral immune response to vaccination

Six of the 25 patients (24%) showed an AR (anti-HBs >10 U/L) after the first vaccine dose

(W4) and, in accordance with the study protocol, the two who had an anti-HBs titre of>100

U/L did not undergo the full course of vaccinations. Ten of the 19 remaining patients (52.6%)

showed a PR (anti-HBs >10 U/L) after a full course of vaccinations.

Detection of occult HBV infection

Our highly sensitive homemade nested PCR aimed at revealing the presence of OBI. HBV

DNA was intermittently detected in six of the 16 (37.5%) patients with an AR or PR and in

none of the nine unresponsive patients.

Predictors of an AR to HBV vaccination at univariate and multivariate

analysis

The univariate analysis, which separately tested the effect of the covariates on AR vs no AR,

showed that the presence of OBI was significantly associated with response (P = 0.015); while

the other analysed variables were not (Table 2).

Table 2. Characteristics of patients with and without an anamnestic response (AR).

AR

n = 6

No AR

n = 19

P-value

Males/females 5/1 15/4 1.000

Age (years) 50(49–50) 51 (45–54) 0.655

Duration of HIV infection (years) 25 (7–28) 13 (9–28) 1.000

Duration of ART (years) 18 (6–19) 13 (4–18) 0.701

Risk factors, sexual exposure / IVDU# 2/4 10/9 0.645

CD4+ count (cells/mm3) 484 (436–526) 636 (437–801) 0.138

CD8+ count (cells/mm3) 853 (707–1082) 784 (501–1151) 0.707

CD4+/CD8+ ratio (cells/mm3) 0.57 (0.36–0.77) 0.74 (0.53–0.94) 0.141

Nadir CD4+ count (cells/mm3) 155 (132–164) 236 (178–287) 0.059

Nadir CD4+/CD8+ ratio (cells/mm3) 0.16 (0.11–0.19) 0.23 (0.19–0.37) 0.091

AST (U/L)˚ 23 (19–34) 28 (25–53) 0.06

ALT (U/L)˚˚ 21 (17–34) 39 (27–70) 0.056

Anti-HCV (pos/neg) 4/2 10/9 0.661

HCV RNA (Log IU/mL)

(No. patients = 14)

1.04 (1.04–2.55) 6.23 (4.9–6.33) 0.252

OBI 4 2 0.015

Median, first and third quartile (in brackets) are reported for continuous variables. Absolute counts are

reported for nominal variables. #IVDU = intra-venous drug users.

˚AST = aspartate amino transferase levels, (normal value <35U/L)

˚˚ALT = alanine amino transferase levels (normal value<41U/L).

https://doi.org/10.1371/journal.pone.0184128.t002
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In the subsequent multivariate logistic regression analysis using a stepwise selection proce-

dure, the probability of obtaining an AR in the presence of OBI significantly increased (coeffi-

cient 4.37, P = 0.016), whereas the coefficient of baseline CD4+ T cell levels was -0.007227

(P = 0.0756). The detailed estimates can be found in the supporting information (S1 Table).

Predictors of a PR to HBV vaccination at univariate and multivariate

analysis

The univariate analysis, which separately tested the effect of the covariates on PR vs NR,

showed that the duration of HIV infection (P = 0.044) and anti-HCV status (P = 0.023) were

significantly different in the two groups (Table 3).

In the multivariate analysis made using the same stepwise selection procedure, the final

model retained only anti-HCV positivity, which had a significant positive impact on the prob-

ability of obtaining a PR (coefficient 2.6391, P-value = 0.0191). The detailed estimates can be

found in the supporting information (S2 Table).

Anti-HBs persistence

Eighty-five percent (11/13) of the patients who underwent a full course of vaccinations were

responders in W24-PV. Anti-HBs was measured again in 12 patients in W48-PV, and 41.6%

(5/12) still had anti-HBs titre of>10 U/L. The two patients with an AR and anti-HBs titres of

>100 U/L after the first dose of vaccine (W4), were still anti-HBs positive in W48-PV.

Table 3. Characteristics of patients with a primary response (PR) or no response.

PR

n = 10

No response

n = 9

P

Males/females 6/4 9/0 0.087

Age (years) 53 (49–54) 50 (44–54) 0.566

Duration of HIV infection (years) 27 (15–30) 12 (6–13) 0.044

Duration of ART (years) 17 (13–21) 5 (2–13) 0.071

Risk factors, Sexual exposure / IVDU# 3/7 7/2 0.070

CD4+ count (cells/mm3) 709 (406–879) 605 (476–62) 0.720

CD8+ count (cells/mm3) 732 (495–834) 1136 (774–1260) 0.230

CD4+/CD8+ ratio (cells/mm3) 0.82 (0.64–1.12) 0.74 (0.50–0.86) 0.380

Nadir CD4+ count (cells/mm3) 223 (114–274) 260 (199–290) 0.447

Nadir CD4+/CD8+ ratio (cells/mm3) 0.23 (0.15–0.30) 0.24 (0.19–0.41) 0.713

AST (U/L)˚ 37 (27–49) 26 (22–59) 0.270

ALT (U/L)˚˚ 45 (30–65) 35 (26–72) 0.744

Anti-HCV (pos/neg) 8/2 2/7 0.023

HCV RNA (Log IU/mL)

(No. patients = 10)

5.56 6.31 -

OBI 2 0 0.473

Median, first and third quartile (in brackets) are reported for continuous variables. Absolute counts are

reported for nominal variables. #IVDU = intra-venous drug users.

˚AST = aspartate amino transferase levels, (normal value <35U/L)

˚˚ALT = alanine amino transferase levels (normal value<41U/L).

https://doi.org/10.1371/journal.pone.0184128.t003
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Discussion

The significance of an isolated anti-HBc (IAHBc) serological pattern and the importance of

vaccinating IAHBc-positive subjects in high-risk populations (particularly drug users) is still

debated because there are few published data concerning HIV-positive patients with an

IAHBc profile.

Twenty-four percent of our HIV/IAHBc-positive patients showed an AR to HBV vaccina-

tion after undergoing a standard dose vaccination schedule, which suggests that the majority

of patients with an IAHBc profile are not protected. This is in line with studies showing AR

rates of 7–32.5% of such patients [12–14], but the seroprotection rate obtained after one dose

of vaccine is lower than 46% found in a very recent study [22]. However, the patients were

younger than our patients, the duration of both HIV infection and ART was shorter, thus sug-

gesting more recent HBV infection and a consequently greater probability of not having fully

lost anti-HBs. It is therefore possible that the differences in patient characteristics contributed

to this different result.

Unlike previous studies that have found an association between ARs and CD4+/CD8+ ratios

[22] or the acquisition of HIV as a result of the use of injected drugs [14], our multivariate

analysis showed that an AR was more likely in patients with OBI than in those without.

This is the first prospective study of the presence of OBI during an HBV vaccination pro-

gramme using highly sensitive PCR assay. HBV vaccinations have previously been adminis-

tered to HBc positive individuals with undetectable HBV-viraemia at baseline [12,22], but in

these cases HBV DNA was measured just once in each patient, and by using routine laboratory

assay, which may explain the conflicting results.

The current European guidelines for the treatment of chronic hepatitis B and C in HIV

infected patients [23] do not recommend vaccinating of IAHBc–positive individuals and con-

sequently do not provide information on the efficacy and the significance of vaccination in

anti-HBc, OBI-positive patients, although some authors [24–26] have suggested determining

HBV DNA levels in order to rule out OBI in individuals who fail to respond to HBV vaccina-

tion before giving a primary HBV immunisation series.

Our findings show that IAHBc and OBI-positive individuals should receive at least one vac-

cine dose, and that the vaccination is immunogenic in such patients.

There are contrasting data concerning the effect of HCV status on the immunogenicity of

active vaccination against HBV: some studies indicate no correlation between anti-HCV seros-

tatus and humoral response [13, 27–30] whereas others have found a lower response rate in

anti-HCV positive individuals [12,31,32]. However, the majority of these studies involved

HIV- negative individuals without any serological marker of HBV. Our multivariate analysis

showed that HCV exposure is associated with the anti-HBs seroconversion rate in individuals

achieving PR. It can be speculated that individuals with IAHBc and HCV infection have previ-

ously had a genuine HBV infection with undetectable anti-HBs levels due to immune dysfunc-

tion probably caused by concomitant HCV coinfection [33,34]. The recall provided by a single

vaccine dose is probably not sufficient to elicit an AR in such patients, whereas the immuno-

genic stimulus offered by a further to doses may trigger a specific humoral response. We also

evaluated the maintenance of anti-HBs of>10U/L, after a full course of vaccinations showing

that 85% of our patients had anti-HBs titres of>10 U/L at W24-PV, a proportion that dramat-

ically decreased to 41.6% at W48-PV.

The longevity of the humoral response was similar to that reported by Kaech et al., [14]

who used a classical vaccination regimen, but was less than that described by Piroth et al. [22],

who used a reinforced regimen. We therefore agree with the finding of Piroth et al. that a new

vaccination strategy based on reinforced doses or adjuvant vaccine (thus extending the

HBV vaccination in anti-HBc positive HIV
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persistence of antigen) may lead to higher PR rates and longer immunogenicity. In conclusion,

although we are aware that we analysed only a small group of patients, there is strong statistical

support for the view that anti-HBc positivity alone is not a reliable marker of protection against

HBV infection in HIV-positive individuals. OBI-positive individuals may benefit from a single

dose of HBV vaccine, whereas anti-HCV serostatus seems to be associated with PRs.

Finally, anti-HBc-positive individuals with anti-HBs titres of>100 U/L four weeks after a

single recall dose of HBV vaccine may not need further vaccination.
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1. Neau D, Winnock M, Jouvencel AC, Faure M, Castéra L, Legrand E,et al.; Groupe d’Epidemiologie Clin-

ique du SIDA en Aquitaine. Occult hepatitis B virus infection in HIV-infected patients with isolated anti-

bodies to hepatitis B core antigen: Aquitaine cohort, 2002–2003. Clin Infect Dis. 2005; 40:750–3.

https://doi.org/10.1086/427882 PMID: 15714424

2. Santos EA, Yoshida CF, Rolla VC, Mendes JM, Vieira IF, Arabe J, et al. Frequent occult hepatitis B

virus infection in patients infected with human immunodeficiency virus type 1. Eur J Clin Microbiol Infect

Dis. 2003; 22:92–8. https://doi.org/10.1007/s10096-002-0868-0 PMID: 12627282

3. Shire NJ, Rouster SD, Rajicic N, Sherman KE. Occult hepatitis B in HIV-infected patients. J Acquir

Immune Defic Syndr. 2004; 36:869–75. PMID: 15213572

4. Raimondo G, Pollicino T, Cacciola I, Squadrito G. Occult hepatitis B virus infection. J.Hepatol. 2007;

46:160–70.

HBV vaccination in anti-HBc positive HIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0184128 September 1, 2017 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0184128.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0184128.s002
https://doi.org/10.1086/427882
http://www.ncbi.nlm.nih.gov/pubmed/15714424
https://doi.org/10.1007/s10096-002-0868-0
http://www.ncbi.nlm.nih.gov/pubmed/12627282
http://www.ncbi.nlm.nih.gov/pubmed/15213572
https://doi.org/10.1371/journal.pone.0184128


5. Morsica G, Ancarani F, Bagaglio S, Maracci M, Cicconi P, Cozzi Lepri A, et al; HepaICONA and the

ICONA Study Groups. 4. Occult hepatitis B virus infection in a cohort of HIV-positive patients: correla-

tion with hepatitis C virus coinfection, virological and immunological features. Infection. 2009; 37:445–9.

https://doi.org/10.1007/s15010-008-8194-9 PMID: 19669092

6. Soriano V, Puoti M, Peters M, Benhamou Y, Sulkowski M, Zoulim F, et al. Care of HIV patients with

chronic hepatitis B: updated recommendations from the HIV-Hepatitis B Virus International Panel.

AIDS. 2008; 22:1399–410. https://doi.org/10.1097/QAD.0b013e3282f8b46f PMID: 18614862

7. Lok AS, Lai CL, Wu PC. Prevalence of isolated antibody to hepatitis B core antigen in an area endemic

for hepatitis B virus infection: implications in hepatitis B vaccination programs. Hepatology. 1988;

8:766–70. PMID: 2968945

8. Landrum ML, Huppler Hullsiek K, Ganesan A, Weintrob AC, Crum-Cianflone NF, Barthel RV, et al. Hep-

atitis B vaccine responses in a large U.S. military cohortof HIV-infected individuals: another benefit of

HAART in those with preserved CD4 count. Vaccine 2009; 27:4731–8. https://doi.org/10.1016/j.

vaccine.2009.04.016 PMID: 19540026

9. Pettit NN. Factors associated with seroconversion after standard dose hepatitis B vaccination and high-

dose revaccination among HIV-infected patients. HIV Clin Trials 2010; 11:332–9. https://doi.org/10.

1310/hct1106-332 PMID: 21239361

10. Potsch DV, Camacho LA, Tuboi S, Villar LM, Miguel JC, Ginuino C, et al. Vaccination against hepatitis

B with 4-double doses increases response rates andantibodies titers in HIV-infected adults. Vaccine

2012; 30:5973–7. https://doi.org/10.1016/j.vaccine.2012.07.028 PMID: 22828589

11. Fuster F, Vargas JI, Jensen D, Sarmiento V, Acuña P, Peirano F, et al. Core-HIV Study Group. CD4/

CD8 ratio as a predictor of the response to HBV vaccination in HIV-positive patients: A prospective

cohort study. Vaccine 2016; 34:1889–95. https://doi.org/10.1016/j.vaccine.2016.02.055 PMID:

26945101

12. Gandhi RT, Wurcel A, Lee H, McGovern B, Shopis J, Geary M, et al. Response to hepatitis B vaccine in

HIV-1-positive subjects who test positive for isolated antibody to hepatitis B core antigen: implications

for hepatitis B vaccine strategies. J Infect Dis. 2005; 191:1435–41. https://doi.org/10.1086/429302

PMID: 15809901

13. Chakvetadze C, Bani-Sadr F, Le Pendeven C, Lescure FX, Fontaine C, Galperine T, et al. Serologic

response to hepatitis B vaccination in HIV-Infected patients with isolated positivity for antibodies to hep-

atitis B core antigen. Clin Infect Dis. 2010; 50:1184–6. https://doi.org/10.1086/651422 PMID:

20210647

14. Kaech C, Pache I, Burgisser P, Elzi L, Darling KE, Cavassini M. Immune response to hepatitis B vacci-

nation in HIV-positive adults with isolated antibodies to HBV core antigen. J Infect. 2012; 65:157–64.

https://doi.org/10.1016/j.jinf.2012.03.009 PMID: 22410383

15. Szmuness W, Stevens CE, Harley EJ, Zang EA, Alter HJ, Taylor PE, et al. Hepatitis B vaccine in medi-

cal staff of dialysis units.Efficacy and subtype cross-protection. N Engl J Med. 1982; 307:1481–86.

https://doi.org/10.1056/NEJM198212093072403 PMID: 6755247

16. Whittle HC, Inskip H, Hall AJ, Mendy M, Downes R, Hoare S. Vaccination against hepatitis B and pro-

tection against chronic viral carriage in the Gambia. Lancet. 1991; 337:747–750. PMID: 1672389

17. Zuckerman NJ, Zuckerman AJ: Current issues in the immunization against hepatitis A and B. In: Eibl

MM, Huber C, Peter HH, Wahn U, eds. Symposium in Immunology VII. Berlin: Springer, 998:15–23.

18. Dienstag JL, Werner BG, Polk F, Snydman DR, Craven DE, Platt R, et al. Hepatitis B vaccine in health

care personel: safety, immunogenicity, and indicators of efficacy. Ann Internal Med. 1984; 101:34–40.

19. Hadler SC, Margolis HS: Hepatitis B immunization: vaccine types, efficacy, and indications for immuni-

zation. In: Remington JS, Swartz MN, eds. Current clinical topics in infectious diseases. Boston: Black-

well Scientific, 1992;282–308.

20. Cassini R, De Mitri MS, Gibellini D, Urbinati L, Bagaglio S, Morsica G, et al. A novel stop codon mutation

within the hepatitis B surface gene is detected in the liver but not in the peripheral blood mononuclear

cells of HIV-infected individuals with occult HBV infection. J Viral Hepat. 2013; 20:42–9. https://doi.org/

10.1111/j.1365-2893.2012.01623.x PMID: 23231083

21. Agresti A. Categorical Data Analysis. 2nd ed. Hoboken, New Jersey: Wiley; 2002.

22. Piroth L, Launay O, Michel ML, Bourredjem A, Miailhes P, Ajana F, et al; ANRS HB EP03 CISOVAC

Study Group. Vaccination against hepatitis B virus (HBV) in HIV-1-infected patients with isolated anti-

HBV core antibody: The ANRS HB EP03 CISOVAC prospective study. J Infect Dis. 2016 Jan 14. pii:

jiw011.

23. EACS guidelines v.8.2 http://www.eacsociety.org/guidelines/eacs-guidelines/eacsguidelines.html.

HBV vaccination in anti-HBc positive HIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0184128 September 1, 2017 9 / 10

https://doi.org/10.1007/s15010-008-8194-9
http://www.ncbi.nlm.nih.gov/pubmed/19669092
https://doi.org/10.1097/QAD.0b013e3282f8b46f
http://www.ncbi.nlm.nih.gov/pubmed/18614862
http://www.ncbi.nlm.nih.gov/pubmed/2968945
https://doi.org/10.1016/j.vaccine.2009.04.016
https://doi.org/10.1016/j.vaccine.2009.04.016
http://www.ncbi.nlm.nih.gov/pubmed/19540026
https://doi.org/10.1310/hct1106-332
https://doi.org/10.1310/hct1106-332
http://www.ncbi.nlm.nih.gov/pubmed/21239361
https://doi.org/10.1016/j.vaccine.2012.07.028
http://www.ncbi.nlm.nih.gov/pubmed/22828589
https://doi.org/10.1016/j.vaccine.2016.02.055
http://www.ncbi.nlm.nih.gov/pubmed/26945101
https://doi.org/10.1086/429302
http://www.ncbi.nlm.nih.gov/pubmed/15809901
https://doi.org/10.1086/651422
http://www.ncbi.nlm.nih.gov/pubmed/20210647
https://doi.org/10.1016/j.jinf.2012.03.009
http://www.ncbi.nlm.nih.gov/pubmed/22410383
https://doi.org/10.1056/NEJM198212093072403
http://www.ncbi.nlm.nih.gov/pubmed/6755247
http://www.ncbi.nlm.nih.gov/pubmed/1672389
https://doi.org/10.1111/j.1365-2893.2012.01623.x
https://doi.org/10.1111/j.1365-2893.2012.01623.x
http://www.ncbi.nlm.nih.gov/pubmed/23231083
http://www.eacsociety.org/guidelines/eacs-guidelines/eacsguidelines.html
https://doi.org/10.1371/journal.pone.0184128


24. Kim HN, Harrington RD, Crane HM, Dhanireddy S, Dellit TH, and Spach DH. Hepatitis B vaccination in

HIV-infected adults: current evidence, recommendation and practical considerations. International Jour-

nal of STD& AIDS. 2009; 20:595–600

25. Borzooy Z, Jazayeri SM, Mirshafiey A, Khamseh A, Mahmoudie MK, Azimzadeh P, et al. Identification

of occult hepatitis B virus (HBV) infection and viral antigens in healthcare workers who presented low to

moderate levels of anti-HBs after HBV vaccination. Germs. 2015; 5:134–40. https://doi.org/10.11599/

germs.2015.1081 PMID: 26716102

26. Bahari A, Izadi S, Bari Z, Khosravi S, Baghaei B, Saneimoghadam E, et al. Significance of response to

hepatitis B recombinant vaccine in subjects with isolated antibody to hepatitis B core antigen. Middle

East J Dig Dis. 2015; 7:233–40. PMID: 26609352

27. Awofeso N, Levy M, Harper S, Jones M, Hayes M, Douglas J, et al. Response to HBV vaccine in relation

to vaccine dose and anti-HCV positivity: a New South Wales correctional facilities’ study. Vaccine.

2001; 19:4245–8. PMID: 11457551

28. Kamath GR, Shah DP, Hwang LY. Immune response to hepatitis B vaccination in drug using popula-

tions: a systematic review and meta-regression analysis. Vaccine. 2014; 32:2265–74. https://doi.org/

10.1016/j.vaccine.2014.02.072 PMID: 24631093

29. Lee SD, Chan CY, Yu MI, Lu RH, Chang FY, Lo KJ. Hepatitis B vaccination in patients with chronic hep-

atitis C. J Med Virol. 1999; 59:463–8. PMID: 10534727

30. Minniti F, Baldo V, Trivello R, Bricolo R, Di Furia L, Renzulli G, et al. Response to HBV vaccine in rela-

tion to anti-HCV and anti-HBc positivity: a study in intravenous drug addicts. Vaccine. 1999; 17:3083–5.

PMID: 10462243

31. Navarro JF, Teruel JL, Mateos ML, Marcen R, Ortuno J. Antibody level after hepatitis B vaccination in

hemodialysis patients: influence of hepatitis C virus infection. Am J Nephrol. 1996; 16:95–7.

32. Wiedmann M, Liebert UG, Oesen U, Porst H, Wiese M, Schroeder S, et al. Decreased immunogenicity

of recombinant hepatitis B vaccine in chronic hepatitis C. Hepatology. 2000; 31:230–4. https://doi.org/

10.1002/hep.510310134 PMID: 10613751

33. Zinkernagel RM. Immunology taught by viruses. Science. 1996. 271:173–178. PMID: 8539616

34. Anthony DD, Yonkers NL, Post AB, Asaad R, Heinzel FP, Lederman MM, et al. Selective impairments

in dendritic cell-associated function distinguish hepatitis C virus and HIV infection. J Immunol. 2004;

172:4907–16. PMID: 15067070

HBV vaccination in anti-HBc positive HIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0184128 September 1, 2017 10 / 10

https://doi.org/10.11599/germs.2015.1081
https://doi.org/10.11599/germs.2015.1081
http://www.ncbi.nlm.nih.gov/pubmed/26716102
http://www.ncbi.nlm.nih.gov/pubmed/26609352
http://www.ncbi.nlm.nih.gov/pubmed/11457551
https://doi.org/10.1016/j.vaccine.2014.02.072
https://doi.org/10.1016/j.vaccine.2014.02.072
http://www.ncbi.nlm.nih.gov/pubmed/24631093
http://www.ncbi.nlm.nih.gov/pubmed/10534727
http://www.ncbi.nlm.nih.gov/pubmed/10462243
https://doi.org/10.1002/hep.510310134
https://doi.org/10.1002/hep.510310134
http://www.ncbi.nlm.nih.gov/pubmed/10613751
http://www.ncbi.nlm.nih.gov/pubmed/8539616
http://www.ncbi.nlm.nih.gov/pubmed/15067070
https://doi.org/10.1371/journal.pone.0184128

