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SUMMARY

In the Dutch national vaccination campaign for behavioural risk groups, anti-HBcore is used as

the primary HBV screening test. Samples with positive results undergo testing for active infection

(HBsAg) but are otherwise accepted as indicating past infection, thereby assuming immunity.

This study evaluated evidence for immunity in the target population screened on the basis of this

algorithm, by re-analysing 1000 anti-HBcore-positive blood samples equally divided among risk

groups: 14.7% of confirmed anti-HBcore lacked anti-HBs (‘ isolated’ anti-HBcore). Independent

risk factors for isolated anti-HBcore were risk group, HCV infection in hard-drug users (DU) and

origin from Sub-Saharan Africa. After extrapolation, the proportion of participants who were

said to be immune but lacked any additional evidence of immunity amounted to 9.6% (ranging

from 12.5% in DU to 6.5% in men who have sex with men). It is recommended that as a

minimum anti-HBs screening is included in testing algorithms used to determine vaccination

programmes for risk groups, in particular in DU.
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INTRODUCTION

The Netherlands is a low-endemic country for hepa-

titis B: 2.1% of the population is anti-HBc positive

and 0.2% HBsAg positive. All pregnant women

are screened to prevent vertical transmission but no

universal vaccination strategy is employed. In certain

risk groups hepatitis B is more prevalent and poses

a health problem. Therefore, the Dutch Ministry of

Health pursues a vaccination policy for identified

high-risk groups. One of the aspects of this risk-group

policy is the national campaign directed at behav-

ioural risk groups for hepatitis B, which started in

November 2002 [1].

The campaign offers hepatitis B vaccination free

of charge and is easily accessible to the risk groups.

* Author for correspondence : Dr R. P. M. Koene, Community
Health Service Region Nijmegen, PO Box 1120, 6501 BC Nijmegen
Netherlands.
(Email : rkoene@ggd-nijmegen.nl)

Epidemiol. Infect. (2009), 137, 495–503. f 2008 Cambridge University Press

doi:10.1017/S095026880800085X Printed in the United Kingdom

https://doi.org/10.1017/S095026880800085X Published online by Cambridge University Press

https://doi.org/10.1017/S095026880800085X


It aims at increasing the protection of hepatitis B

within these groups and lowering HBV transmission.

Target groups of the campaign are men who have

sex with men (MSM), commercial sex workers (CSW)

and their customers, current and former injecting

and non-injecting hard-drug users (DU) and hetero-

sexuals with a high rate of partner change (HS).

Nationally coordinated by the Netherlands Associ-

ation for Community Health Services, the 33 local

Community Health Services (CHS) are responsible

for the regional coordination and implementation of

the campaign. The CHS cooperate with organizations

such as addiction care organizations, gay bars and

saunas, gay people’s associations, sex clubs, red-light

districts, STI outpatients’ clinics, and prisons to reach

the people at risk. The national registration is based

on an internet application.

The campaign includes vaccination and primary

screening of participants by testing for anti-HBcore

during the first visit. A positive anti-HBcore test is

interpreted as evidence of a hepatitis B infection in

the past. Persons presenting with a positive anti-

HBcore test undergo further testing for HBs antigen

(HBsAg), to demonstrate an active HBV infection,

with subsequent notification to the CHS. If no HBsAg

is detected, immunity is assumed and no further

vaccination is offered. Only persons with a negative

anti-HBcore test are considered susceptible for

infection and are offered further vaccination (three

vaccinations at months 0, 1, 6). In this vaccination

programme, which targets population groups and

not individuals, the definite serological marker that

proves protection (anti-HBs) is not considered necess-

ary (Fig. 1).

However, it is known that anti-HBcore might occur

without anti-HBs and in these cases immunity cannot

be assumed proven (labelled as ‘ isolated anticore ’)

[2–8]. A few individual observations during the cam-

paign raised suspicion about the reliability of the

assumption of immunity in the algorithm. One docu-

mented anti-HBcore-positive and HBsAg-negative

case was subsequently not offered vaccination and

developed acute hepatitis B infection afterwards.

Some CHS noticed that DU who were routinely

tested for anti-HBs frequently lacked this antibody.

Studies on the occurrence of isolated anti-HBcore

showed a higher prevalence upon co-infection with

HIV and HCV, suggesting suppression of anti-HBs

production in anti-HBc-positive patients [3, 9–11]. An

isolated HBcore can be the result of a documented

infection in the past without any demonstrable anti-

HBs left (‘remnant antibody’), but could also result

from a non-specific reaction to this test. In addition,

low-level chronic infections, which lack both HBsAg

and anti-HBs, occur and can give rise to an isolated

anti-HBcore status [4, 12–14]. Therefore, in an un-

known number of participants of the Dutch hepatitis

B vaccination campaign, the positive anti-HBcore

could be the only positive (isolated) finding. These

participants could be immune, but could also be ex-

periencing an acute infection, be chronically infected

or have a false-positive anti-HBcore.

The widespread practice of using this anti-HBcore

assay as the defining test in algorithms on hepatitis B

vaccination in risks groups gives rise to uncertainty

which is derived from uncertainty concerning the

performance of this assay with respect to sensitivity,

specificity, reproducibility and lack of a recognized

working standard for anti-HBc. We decided to evalu-

ate, in a representative selection of participants in

the campaign, the proportion of cases with actual

evidence of immunity based on previous infection.

It was intended to determine whether a relevant pro-

portion lacked confirmation of immunity, in which

case their exclusion from vaccination could have

been unjustified. The results of this study could lead

to a reconsideration of the test algorithm.

METHODS

Study design and population

In this cross-sectional study, 1000 blood samples from

participants of the HBV vaccination campaign for

behavioural risk groups were selected that already

had been analysed as anti-HBcore positive and

HBsAg negative. These were re-analysed in a central

laboratory which had not participated in the initial

testing. The samples were equally selected from the

four risk groups: DU, HS, CSW and MSM.

HBsAg–

–

Assumption: ‘immune’

Contact with virusanti-HBcore

No contact with virus

+

Anti-HBs

Fig. 1. Test algorithm in the Dutch HBV vaccination
campaign.
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Data collection

Three CHS linked to four laboratories participated at

this study. The Netherlands Association for Com-

munity Health Services selected 1000 anti-HBcore-

positive and HBsAg-negative participants from the

central database with unique person identifiers, aim-

ing at an equal distribution of the risk groups DU,

HS, CSW and MSM, which are also documented

in the database. The participating CHS supplied the

corresponding identifying data to the laboratories

that sent the available sera to the central laboratory.

The specimens were kept in standard diagnostic

laboratories, in which sera are stored at least at

x20 xC. The CHS provided the study coordinator

with the corresponding demographic data.

Test algorithm

Isolated anti-HBcore is defined as a positive anti-

HBcore test with negative HBsAg and negative anti-

HBs. Possible causes of an isolated anti-HBcore are :

(1) a past infection with loss of anti-HBs over time;

(2) a chronic infection without demonstrable HBsAg,

in which case HBV DNA is positive; (3) the core

window phase of an acute hepatitis B infection, when

HBs antibodies are not yet demonstrable ; (4) false-

positive anti-HBcore, sometimes associated with the

presence of antinuclear antibodies and with the ab-

sence of anti-HBe and HBV DNA.

In order to determine the specificity of the posi-

tive anti-HBcore (HBsAg-negative) result additional

tests were performed. First, the anti-HBcore was

confirmed in a different laboratory. Subsequently,

confirmed anti-HBc positive sera were tested for anti-

HBs. Anti-HBs was considered negative if <4 IU/ml,

according to the test manufacturer’s instructions. The

next step was to detect additional markers of HBV

infection in anti-HBs-negative sera (the so-called

‘ isolated’ anti-HBcore sera) : anti-HBe and HBV

DNA.

To evaluate the role of the reactivity (strength) of

the anti-HBcore-positive findings we analysed the

anti-HBs frequencies with different cut-off values of

the anti-HBcore test. HCV tests were performed for

DU only. HIV infection was assessed when enough

serum volume was available.

Laboratory methods

Anti-HBcore, anti-HBs, anti-HCV and anti-HIV

were determined using the AxSYM analyser (Abbott

Diagnostics, Wiesbaden, Germany). Anti-HBe was

determined using the Biokit EIA (Biokit S.A.,

Barcelona, Spain). HBV DNA was determined for

confirmation of a positive anti-HBc by real-time

PCR, targeting the preS1/preS2 region s gene, detec-

tion by molecular beacon, with phocine herpesvirus

gB gen as internal control on a Bio-Rad iCycler

system (Bio-Rad Laboratories, Veenendaal, The

Netherlands). Primers: sense 5k-GGCGTTTTAT-

CATMTTCCTCT-3k ; antisense: 5k-CAACATAC-

CTTGRTAGTCCAGAA-3k and Taqman probe:

5k-CCTGCTGCTATGCCTCATCTTCT-3k were

used. Fragment size : 80 bp.

Statistical analysis

Data were statistically analysed using SPSS version

12.0 (SPSS Inc., Chicago, IL, USA). Differences in

proportions were tested using x2 tests. A P value of

<0.05 was considered significant, and 95% confi-

dence intervals (CI) were calculated. Univariate

logistic regression analyses were performed, with age,

sex, risk group, HCV infection in drug users, HIV

infection, and being born in a HBV-endemic country

as independent variables and isolated anti-HBc as

the dependent variable. For the odds ratios, 95% CI

were calculated. Variables showing an association

of P<0.2 were included in the multivariate analysis.

HCV could not be included in the model as a separate

variable as it was only available for the risk group

DU. In order to include HCV in the multivariate

analyses, a new variable for the target group was

created which included three levels for the DU ac-

cording to their HCV status. Backward stepwise

selection was performed with a P value for the likeli-

hood ratio test >0.10 as the criterion for the elimin-

ation of variables from the model.

RESULTS

A total of anti-HBcore-positive/HBsA-negative sera

of 1013 participants were collected, almost equally

divided among the four risk groups. CHS no. 1 pro-

vided 72.5% (734/1013) of the samples, CHS no. 2

provided 21.3% (216/1013) and CHS no.3 provided

6.2% (63/1013). The mean age of the participants was

39 years (range 16–74 years) and 33.2% (336/1013)

were female.

The participants originated from 88 different

countries. Of all the participants, 18.1% (177/975)
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originated from countries with high endemicity for

hepatitis B (prevalence of HBsAg 8% of the above),

in comparison to 35.3% (344/975) with intermediate

endemicity (prevalence between 2% and 8%) and

46.6% (454/975) with low endemicity (prevalence

<2%). Of the 454 participants from low-endemic

countries, 342 were of Dutch origin. HIV infection

was found in 10.1% (88/874) of the participants

(Table 1).

After retesting, the initial anti-HBcore-positive

test could not be confirmed in 4.0% (41/1013) of the

sera (range between laboratories 3–18%). We tested

12/41 HBe antibodies in these unreproducible anti-

HBcore-positive samples. They all proved anti-HBe

negative.

Of the 972 sera with confirmed positive anti-

HBcore, 141 (14.7%, 95% CI 12.6–17.1) were anti-

HBs negative, the so-called isolated anti-HBcore

(Fig. 2). Using various cut-offs for the anti-HBcore

did not significantly influence the percentage of iso-

lated anti-HBcore. Markedly, 7/40 (17.5%) of those

sera in which the anti-HBcore could not be confirmed

were anti-HBs positive (Table 2).

Isolated anti-HBcore was not associated with

age and sex. The prevalence of isolated anti-HBcore

among DU was significantly higher compared to

other risk groups: 22.4% (51/228). Among MSM

the prevalence was lowest (6.3%); among CSW and

HS it was 15.8% and 16.1% respectively. For one

third of DU, insufficient serum remained for HCV

testing. Of DU who could be tested for HCV, the

percentage of isolated anti-HBcore in those who were

anti-HCV positive was significantly higher (25.3%,

21/83) than in those anti-HCV negative (13.0%, 9/69;

P=0.059). The prevalence of isolated anti-HBc was

significantly higher among people from hepatitis B

high-endemic countries (23.0%, 38/165), compared

to intermediate and low-endemic countries (13.4%,

101/753; P<0.002). Within hepatitis B high-endemic

countries, the prevalence was significantly higher

among participants from Sub-Saharan African

countries (27.1%, 32/118), compared to other high-

endemic regions (12.8%, 6/47; P<0.035).

In multivariate analysis, target groups including

HCV for DU and HBV endemicity in the country of

origin remained independent predictors of isolated

anti-HBcore. Compared to the target group HS,

MSM had a lower rate of isolated anti-HBcore (OR

0.5, 95% CI 0.2–0.9), while HCV-positive DU had

a higher rate (OR 2.5, 95% CI 1.3–4.7). Participants

born in Sub-Saharan Africa had a higher rate of

Table 1. Demographic and serological characteristics

of participants in the HBV vaccination campaign in

The Netherlands (2003–2005)

Characteristics

of study

population n %

CHS No. 1 734 72.5

No. 2 216 21.3

No. 3 63 6.2

Total 1013 100.0

Target group DU 244 24.1

MSM 287 28.3

CSW 193 19.1

HS 289 28.5

Total 1013 100.0

Sex Men 677 66.8

Women 336 33.2

Total 1013 100.0

Age (years) <20 27 2.7

20–30 212 20.9

30–40 304 30.0

40–50 312 30.8

50–60 131 12.9

>60 27 2.7

Total 1013 100

Repeated

anti-HBcore

Anti-HBcore

positive

972 96.0

Anti-HBcore

negative

41 4.0

Total 1013 100.0

Degree HBV

endemicity

country of

origin

Unknown (38) —

High 177 18.1

Intermediate 344 35.3

Low 454 46.6

Total 975 100.0

HIV Not determined

(too little serum)

(139) —

Anti-HIV positive 88 10.1

Anti-HIV negative 786 88.9

Total 874 100.0

HIV infection

per target

group

DU 207 12 5.8

MSM 252 63 25.0

CSW 162 6 3.7

HS 253 7 2.8

HCV in DU Not determined

(too little serum)

(92) —

Anti-HCV positive 83 54.6

Anti-HCV negative 69 45.4

Total 152 100.0

DU, Hard-drug users ; MSM, men who have sex with men;

CSW, commercial sex workers ; HS, heterosexuals with a high

rate of partner change.

498 R. P. M. Koene and others

https://doi.org/10.1017/S095026880800085X Published online by Cambridge University Press

https://doi.org/10.1017/S095026880800085X


isolated anti-HBcore (OR 2.6, 95% CI 1.6–4.4),

compared to low- and intermediate-endemic coun-

tries, and also compared to other high-endemic

countries (Table 3).

Because of insufficient serum, we could not deter-

mine anti-HBe and HBV DNA in all sera. Of the

20/51 sera tested on both anti-HBe and HBV DNA,

39% (95% CI 27–53%) proved to have no indicator

for infection. Three of these 51 sera (5.9%, 95% CI

2.0–15.9) were HBV DNA positive (range 40–6600

virus copies/ml) (Fig. 2).

On the basis of these results, an estimate was made

of the proportion of unconfirmed and isolated anti-

HBcore, after extrapolating to the total population

during the 4 years of the campaign. For this pur-

pose, anti-HBe-positive participants were considered

Anti-HBcore +
in campaign (n = 1013)

after retesting in an independent laboratory

Anti-HBc +
n = 972 (96%)

Anti-HBc –
n = 41 (4%)

95% CI 3·0–5·4

Anti-HBs –
n=141 (14·7%) 

(95% CI  12·6–17·1)

Anti-HBs +
n = 815 (85%) =  isolated anti-HBcore

51 anti-HBe and HBV DNA tested
20 anti-HBe neg and HBVDNA neg (39%)
  1 anti-HBe neg and HBV DNA pos (2%)
28 anti-HBe pos and HBV DNA neg (55%)
  2 anti-HBe pos and HBV DNA pos (4%)

HBV DNA +
3/51 (5·9%)

95% CI 2·0–15·9

Anti-HBe –
20/51 (39%)

95% CI 27–53

23 only HBV DNA
tested

0 pos (0%)
23 neg (100%)

20 only anti-HBe tested

9 pos (82%)
11 neg (18%)

Anti-HBs
n = 956

Missing n=16

Fig. 2. Test algorithm and results of laboratory testing.

Table 2. Percentage anti-HBs related to various

anti-HBcore cut-off values

Anti-HBs

TotalNegative Positive

Anti-HBcore
Negative

(o1.0)

33 (82.5%) 7 (17.5%) 40*

Weakly positive
(0.1–1.0)

47 (12.6%) 325 (87.4%) 372

Strongly positive
(0.0–0.1)

94 (16.1%) 490 (83.9%) 584

Total 174 (17.5%) 822 (82.5%) 996

* In one anti-HBcore-negative sample anti-HBs was not
determined.
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immune. On the basis of this calculation, in 9.6% of

the persons in which immunity was assumed, there

was no additional evidence available to support this.

This proportion varied between risk groups; from

6.5% in MSM to 12.5% in DU (Table 4).

The results of the HBV DNA analysis were not

included in this calculation because, while HBV

DNA-positive persons did receive an incorrect diag-

nosis (not protected but infected with a low HBV viral

load), they were not unjustly excluded from vacci-

nation.

DISCUSSION

Targeting hepatitis B vaccination to high-risk groups,

which is a common practice in countries of low

endemicity including The Netherlands, directly im-

plies the frequent occurrence of pre-existing immunity

among participants, because a high-risk group has

by definition had an increased risk for exposure.

To avoid unnecessary vaccination, pre-vaccination

screening is often employed and for this purpose

the anti-HBcore antibody test is widely used. This

study evaluated the use of anti-HBcore testing by

focusing on the reliability of the assumption of

immunity in cases that tested positive in a public

health-based hepatitis B vaccination programme for

behavioural high-risk groups. To our knowledge, no

previous reports on the significance of isolated anti-

HBcore in this setting are available. Our study shows

a frequent isolated anti-HBcore in this population

of 14.7%, and even higher in the subgroups of

Table 3. Determinants isolated in anti-HBcore after test on anti-HBs

n N %

Univariate Multivariate

OR 95% CI P OR 95% CI P

Age group (yr) 0.624
15–29 31 211 14.7 0.9 0.5–1.6
30–39 36 286 12.6 0.8 0.4–1.3

40–49 48 295 16.3 1.0 0.6–1.7
o50 26 164 15.9 1

Gender 0.691
Male 91 631 14.4 0.9 0.6–1.4
Female 50 325 15.4 1

Target group* <0.001# <0.001

DU 51 228 22.4 1.5 1.0–2.4 0.087
HCV not tested 21 76 27.6 2.5 1.1–6.0 0.034 2.7 1.4–5.1 0.003
HCV positive 21 83 25.3 2.3 1.0–5.3 0.063 2.5 1.3–4.7 0.006

HCV negative 9 69 13.0 1 1.0 0.4–2.2 0.972
MSM 17 270 6.3 0.4 0.2–0.6 0.5 0.2–0.9 0.019
CSW 29 184 15.8 1.0 0.6–1.6 1.1 0.6–1.9 0.722

HS 44 274 16.1 1 1

HBV endemicity country of origin 0.001 0.002
Low/medium endemic 101 753 13.4 1 1
High endemic other 6 47 12.8 0.9 0.4–2.3 1.1 0.5–2.8 0.949

High endemic SSA 32 118 27.1 2.4 1.5–3.8 2.6 1.6–4.4 <0.001

HIV 0.657
Positive 14 88 15.9 1.1 0.6–2.1
Negative 107 768 13.6 1

HIV 0.559

Not tested 20 100 20.0 1.3 0.8–2.2
Positive 14 88 15.9 1.1 0.6–2.1
Negative 107 768 13.6 1

* DU, Hard-drug users ; MSM, men who have sex with men; CSW, commercial sex workers ; HS, heterosexuals with a high
rate of partner change; SSA, Sub-Saharan Africa.

# P value of univariate logistic regression of main target groups, the results of univariate logistic regression of the DU
subgroups are shown in italics.
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hard-drug users and immigrants. Persons originating

from countries of high endemicity and HCV-positive

DU showed significantly higher proportions with this

finding.

The first problem we encountered was that, after

retesting the anti-HBcore-positive samples, the initial

positive result could not be confirmed in 4% of the

cases. The irreproducible result of the first test could

mean this first result was false positive. This is con-

firmed by the finding of 12 retested specimens which

proved to be anti-HBe negative. It is remarkable that

regarding this diagnostic test for antibodies to the

core antigen of HBV, no international standard or

working standard is available for calibration or ref-

erence purposes. Neither in the literature, nor in the

package insert of commercial assays, is validation

described for the anti-HBcore test by means of an

accepted standard. This concern has not precluded

certification of this established test, probably as this

test is not considered to play a major role in the pri-

mary diagnosis of HBV infections. Inevitably, due to

this circumstance, non-specific or false-positive results

are difficult to recognize. In one laboratory the per-

centage of positive anti-HBcore that could not be

reproduced after retesting was markedly high (18%),

which could be attributed to technical differences

between manufacturers, underlining the problem of

the lack of an established standard.

We did not observe a higher prevalence of isolated

anti-HBcore among the ‘weaker’ (cut-off values

1.0–0.1) positive anti-HBcore results. Choosing a low

cut-off (<0.1) did not contribute to an improved

specificity, in terms of more frequent occurrence of

anti-HBs. In contrast to our study, an earlier German

study among blood donors did find that high test

values correlated with results that could more often

be confirmed by additional tests [15]. The finding of

anti-HBs in a small proportion of the anti-HBcore-

negative individuals could be considered significant.

It seems likely that this finding is related to confusion

with regard to vaccination status in the established

risk groups. One should also consider the theoretical

possibility that the anti-HBcore test is false negative

under some circumstances, again because there is no

definite proof of the status of this test.

The occurrence of isolated anti-HBcore in this

study was 14.7%, with considerable variation be-

tween risk groups. There is limited data on the preva-

lence of isolated anti-HBcore in various risk groups.

In a French study among 391 prisoners (23% of

whom had never used intravenous drugs) 124 had

a positive anti-HBc. Of those, five were infected

(HBsAg positive) and 21% (25/119) had an isolated

anti-HBcore [16]. The isolated anti-HBcore preva-

lence in risk groups in hepatitis B low-endemic

countries varies from 0.3 to 1.1%, on the basis of

Table 4. Prevalence of anti-HBs, anti-HBe and HBV DNA in participants of the HBV campaign in

The Netherlands, after extrapolation

DU CSW MSM HS Total

Total number participants campaign in study period A 10725 8117 15440 26525 61422

Anti-HBcore positive and HBsAg negative B 1577 1132 1975 1258 5995
Anti-HBcore positive not confirmed after retesting=4%* C 65 46 81 52 246
Anti-HBcore positive confirmed after retesting=96%* 1512 1086 1894 1206 5749

Of confirmed anti-HBcore positive
% anti-HBs negative 22.4 15.8 6.3 16.1 14.7
anti-HBs neg: isolated anti-HBcore 339 172 119 194 845

Of isolated anti-HBcore

no indicator for infection (anti-HBe negative=39%*) D 132 67 47 76 330
anti-HBcore pos not confirmed+no indicator for infection
(C+E)

E 197 113 128 128 576

% no evidence for protection hepatitis B of tested ‘ immune’

in campaign

E/B 12.5 10.0 6.5 10.1 9.6

% no evidence for protection hepatitis B of all participants E/A 1.8 1.4 0.8 0.5 0.9
HBV DNA positive (5.9% of isolated core)*# 14 7 5 8 34

DU, Hard-drug users ; CSW, commercial sex workers ; MSM, men who have sex with men; HS, heterosexuals with a high

rate of partner change.
* Percentages based on results of this study.
# No specific percentage per target group because of low numbers (5.9%=3/51).
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older studies in blood donors [17, 18]. A total of

18–54% of anti-HBcore-positive blood donors had

an isolated anti-HBcore. These data give limited infor-

mation about the prevalence of isolated anti-HBcore

among groups at risk because of their behaviour.

The prevalence of isolated anti-HBcore in anti-

HBc-positive participants in this study was highest

in DU (22.4%), which rose to 25.3% if anti-HCV

was positive. This confirms the previously described

finding that isolated anti-HBcore is significantly more

prevalent among DU co-infected with hepatitis C

[10, 19]. This could be the result of a false- positive

anti-HBcore because of theoretical cross-reactivity

with anti-HCV antibodies or the loss of anti-HBs in a

past infection [9, 11]. Especially among DU, the out-

come of the test offers little certainty of protection.

The prevalence of isolated anti-HBcore in DU who

could not be tested for HCV (28%) was similar to

that in HCV-positive DU (25%). This may be an

indication that most of those were also HCV infected.

In MSM the frequency of isolated anti-HBcore was

lower than in the other target groups. One possible

explanation is the occurrence of recently acquired

HBV infections in MSM, where anti-HBs is still

measurable. Contrary to reports in the literature [19]

we did not find significantly more anti-HBcore in

HIV-infected people.

Isolated anti-HBcore was statistically more preva-

lent among people from hepatitis B high-endemic

countries compared to medium- and low-endemic

countries, especially in participants from Sub-

Saharan African countries compared to other high-

endemic countries. This could either be related to

infections long ago, with a single remnant antibody

left, or to the more frequent occurrence of non-

specific results in persons originating from areas with

high infection rates in general.

The present study suffered to some extent from

limitations arising from the available serum volumes,

which hampered the implementation of the intended

additional testing. Anti-HBe and HBV DNA was de-

termined in only half of the available confirmed anti-

HBcore-positive sera. However, we believe that these

additional results do allow some conclusions after

extrapolation.

In 3/51 (5.9%) anti-HBs-negative samples we

found low levels of HBV DNA. A low prevalence of

DNA-positive samples in isolated anti-HBcore has

been found in other studies [4, 11, 20]. In those cases,

however, the people would not have benefited from

vaccination. This type of occult hepatitis B infection

is not considered infectious in social contacts. Still,

these persons had been incorrectly labelled as being

protected from infection. A total of 61% of the anti-

HBs-negative samples turned out to be anti-HBe

positive, which indicates that over half of the partici-

pants with an isolated anti-HBcore experienced a

previous infection. In the remaining cases, protection

by previous infection has to be considered unproven.

Overall for 9.6% (almost 12.5% for DU) of the

participants in the campaign who had been told that

they were protected on the basis of the result of the

blood test, this result could not be confirmed. This

indicates the maximum proportion of persons who

were unjustly excluded from further vaccination.

In summary, this study showed that isolated anti-

HBcore occurs in a small but significant proportion

of participants in high-risk populations. In these

persons, immunity cannot be considered proven and

low-level chronic infections may even be present. We

conclude that the screening by anti-HBcore alone,

is not reliable, if considered from the viewpoint of

individual care. We emphasize that, if a test result

remains unconfirmed, the benefit of the doubt should

primarily go to the individual at risk, from whom

vaccination would otherwise be withheld. It is there-

fore recommended that anti-HBs testing is included

in pre-vaccination screening algorithms, either

together with HBsAg or after initial positive anti-

HBcore result, to provide maximum confidence in

the assumed protection in individual cases. Immunity

that cannot be confirmed by any practical means

leads to the necessity of completing the vaccination

series, to avoid any risk of sustained susceptibility in

individuals at high risk of infection.
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