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Abstract

Background and Aim: The hepatitis B virus (HBV) prevalence study performed in

2003 in Belgium is believed to be underestimating HBV prevalence due to

underrepresentation of the non‐Belgian population. Therefore, we assessed the

prevalence and risk factors of HBV infection in a multi‐ethnic region situated in

Middle‐Limburg Belgium, in 2017.

Methods: Between May and November 2017, blood samples and questionnaires were

taken from patients who presented at the emergency department of a large educational

hospital. Blood samples were tested for hepatitis B surface antigen (HBsAg) and

hepatitis B core antibodies (anti‐HBc). A sample size of 1000 persons was required to

obtain a representative sample of the general Middle‐Limburg population.

Results: Of the 1131 patients screened, the overall HBsAg prevalence was 0.97%

with differences between Belgians (0.67%) and first‐generation‐migrants (2.55%),

(P = 0.015). Five (45.5%) of 11 HBsAg‐positive individuals were not aware of their

HBV status. All five (100%) newly diagnosed HBsAg‐positive patients had further

clinical evaluation and all had a normal level of alanine aminotransferase (ALT). The

prevalence of anti‐HBc was 8.4%, and was significantly associated with age‐gender‐
ethnicity interaction, presence of HBV‐infected household member, hepatitis C virus

infection, men who have sex with men, and hemodialysis.

Conclusions: In this area with large immigrant populations, we found a higher

prevalence of HBV infection compared with the nationwide study of 2003. National

HBV screening for first‐generation migrants is needed as this high‐risk group will go

unnoticed due to the possible incorrect interpretation of normal ALT values.
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1 | INTRODUCTION

Hepatitis B virus (HBV) remains a global health problem given that an

estimated two billion people have been exposed to this virus and 257

million people live with chronic HBV infection worldwide in the year

2017.1 Since the onset of HBV infection is generally asymptomatic,

many of the HBV‐infected patients may not be aware of their

infection status, thereby increasing the likelihood of infecting

others.2 Chronic HBV infection was also responsible for up to

887000 deaths in 2015, making it together with hepatitis C virus

(HCV) infection the seventh leading cause of mortality worldwide.1,3

The prevalence of chronic HBV varies upon the geographic

distribution, from high‐prevalence areas (>8% hepatitis B surface

antigen (HBsAg) positive), to intermediate‐prevalence areas (2%‐7%
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HBsAg positive) and low‐prevalence areas (<2% HBsAg positive).4

Western Europe is among the low‐prevalence areas, but subgroups

of higher HBV prevalence may exist in regions with large immigrant

populations. Even though migrants comprise only one in 20 European

citizens, they account for one in four of all chronic HBV infections. In

Belgium, 52% of chronic HBV cases are estimated to be among

migrants from intermediate‐ and high‐prevalence areas. This number

is even greater than 70% in countries such as Austria, Ireland, the

Netherlands, and UK.5

Both prevalence studies in Flanders (Belgium), one in 1993 to

1994 and one in 2003, showed that 0.7% of the population was

HBsAg positive.6,7 However, the prevalence of chronic HBV infection

in the population‐based study in 2003 is believed to be an

underestimation due to underrepresentation of the non‐Belgian
population. Moreover, there are no data regarding the predominant

risk factors for HBV infection in the Belgian general population. The

recognized risk factors of HBV infection include having an HBsAg‐
positive mother, HBsAg‐positive close family member, HBsAg‐
positive sex partner, multiple (unsafe) heterosexual contacts, men

who have sex with men (MSM), intravenous drug use (IDU), blood or

blood‐product transfusion, hemodialysis, invasive healthcare proce-

dure or dental treatment, and tattooing or body piercing.8

Even in low‐prevalence areas such as Belgium, HBV prevention

and control is a public health priority, particularly since safe and

effective vaccines are available. In addition to primary prevention,

recent advancements in the treatment of chronic HBV infection now

allow secondary prevention.9,10

Since chronic HBV infections are often asymptomatic, seroepi-

demiological studies are needed (1) to understand the extent and

importance of this public health problem, (2) to identify population

subgroups with an increased prevalence of infection, and (3) to

foresee its future impact on the health system and ensure an

adequate allocation of financial resources.

The aim of the present study was to evaluate the current

prevalence and risk factors of HBV infection in a multiethnic region

situated in Middle‐Limburg Belgium.

2 | PATIENTS AND METHODS

2.1 | Study population and sample design

This epidemiological study was conducted in a multiethnic region of

about 240 803 inhabitants in the region of Middle‐Limburg between

May and November 2017. All patients between the age of 18 and 70

who presented at the emergency department of a large educational

hospital were eligible for this study. Upon written informed consent,

a blood sample was taken and a face‐to‐face questionnaire, assessing

demographics (age, gender, country of birth, and mother’s country of

birth), known viral hepatitis status (HBV positive, HCV positive, and

HIV positive), and risk factors was performed. These risk factors

included having an HBsAg‐positive close family member, multiple

(unsafe) sexual contacts, MSM, IDU, blood or blood‐product
transfusion, hemodialysis, invasive healthcare procedure or dental

treatment (ie, surgery), healthcare worker, cultural or ritual inter-

vention, and tattooing or body piercing. Immigrants who were not

born in Belgium were considered first‐generation migrants (FGMs).

Trained personnel collected a blood sample for serological testing

for each patient. The Ziekenhuis Oost‐Limburg laboratories tested all

blood samples for HBsAg and hepatitis B core antibodies (anti‐HBc)

using an electrochemiluminescence assay (Cobas 8000 e602, Roche,

Germany). The interpretation of positive and negative results was

carried out as recommended by the test producer.

The culturally targeted, multilingual (Dutch‐, English‐ and

Turkish‐speaking) first author attempted to contact persons with

HBsAg‐positive results via telephone 1 week after their screening. At

least six attempts at three different times of the day were made.

Persons not reached within 6 months were considered lost to follow‐
up. The first author encouraged and invited all newly diagnosed

HBsAg‐positive patients to enter an Outpatient Hepatology Depart-

ment. A clinical work‐up and treatment program was proposed for

newly diagnosed patients based on European Association for the

Study of the Liver (EASL) guidelines.11

2.2 | Ethics approval and trial registration

The study was approved by the local Medical Ethical Committees

(16/072U), and was conducted in accordance with the provisions of

the Declaration of Helsinki and its amendments. Good clinical

practice guidelines were followed throughout the study. The study

is registered at clinicaltrials.gov (NCT03425513).

2.3 | Statistical analyses

Sample size calculation was performed with the aid of Epi Info

(Version 7.2.1.0, Atlanta, GA). The number of patients needed per

ethnicity was calculated so that the results of the sample group

agreed with those of the Middle‐Limburg population with a

confidence interval (CI) of 95%. The expected frequency for FGMs

was 21% (Limburg in cijfers, personal communication). The sample size

calculation suggested a total of 1000 tested persons would need to

be included.

Survey data were entered bed‐side into a secure electronic

database Castor EDC (Castor Electronic Data Capture, Ciwit Bv,

Amsterdam, the Netherlands). Analysis of variance (ANOVA) was

used to test for differences in mean age and prevalence between

different ethnic groups.

For calculating the effect of universal HBV vaccination in

Belgium, we stratified HBsAg and/or anti‐HBc prevalence into two

birth cohorts (born before 1987 and born after 1987). The cutoff was

chosen as the vaccination program since September 1999 with catch‐
up vaccination for one age cohort with the age range of 10 to

13 years covered children born after 1987.12

To correct for differences between the sample and the Middle‐
Limburg population, weighted tests were conducted. Weighting was

done based on the combination of age and ethnicity (Belgian vs non‐
Belgian, ie, FGM).13 Weighted χ2 tests were used to assess significant
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associations between the evaluated risk factors and HBsAg or anti‐
HBc prevalence. Risk factors that were shown to be significantly

associated (P < 0.10) to HBsAg or anti‐HBc in these univariate

analyses were included in a weighted multiple logistic regression

model. In these models, Firth’s bias adjustment was used to account

for data sparseness.14 Model reduction was done in a backward

stepwise manner based on the 0.05 significance level.

Several classification methods were also applied to the data on

anti‐HBc positivity for prediction purposes. First, a simple classifica-

tion tree was constructed based on an almost completely balanced

training data set (ie, 40% of the subjects were anti‐HBc positive) to

identify characteristics that explain the outcome in the best way.

Bagging and random forests were then used in an attempt to improve

the error rate of this classification tree. Since the predictions based

on (almost) balanced data overestimated the true proportion of anti‐
HBc positives, a correction was made.15 The classification models

were then compared to the weighted logistic regression model in

terms of prediction accuracy. Data analyses were performed using

RStudio (Version 1.0.136, Boston, MA).

3 | RESULTS

3.1 | Characteristics of the study population

Of the 1537 individuals invited, 1131 (73.6%) completed the

questionnaire and donated blood. The study included 605 men

(53.5%) and 526 women (46.5%), with a mean age of 46 years (95%

CI, 45.2‐46.9 years). FGMs comprised 20.8% of the study population.

FGMs were mainly born in the Netherlands (32.8%), Turkey (18.7%),

and Italy (12.3%). Gender distribution was similar in both ethnic

groups (Belgian and FGM, P = 0.629). When compared with the

Belgian patients (mean age of 46 years, 95% CI, 45.0‐46.9 years),

FGMs (mean age of 47 years, 95% CI, 44.8‐48.3 years) were not

significantly older (P = 0.536).

Patients who refused participation had a mean age of 48 years (95%

CI, 43.3‐46.3 years) and 52.1% were male. This did not significantly

differ from patients willing to participate (P = 0.135 and P = 0.699 for

age and gender, respectively). Reasons for not participating were: fear

of needles (14.5%), too sick (26.9%), other worries than testing (27.3%),

does not want to know viral hepatitis status (8.1%), already participating

in a lot of studies (0.3%), and other (22.9%).

3.2 | Prevalence of anti‐HBc antibodies

In two patients, blood sample volumes were insufficient for testing and

in 22 patients, no anti‐HBc blood sample was taken. Anti‐HBc positivity
was 8.4% among the remaining 1107 participants. Anti‐HBc prevalence
in Belgian individuals born after 1987 was 1.6%. This number was

higher for those born before 1987 (7.0%, P = 0.001). Current or past

HBV infection in FGMs was apparent in 49 of 231 (21.2%) with

differences in those born in the Netherlands (5 of 75, 6.7%), Turkey (16

of 44, 36.4%), Italy (8 of 28, 28.6%), other low endemic countries (2 of

30, 6.7%) and other intermediate or high endemic countries (18 of 54,

33.3%), P < 0.001. In the weighted χ2 tests, age‐gender‐ethnicity
interaction (P < 0.001), not shown in table), living with an HBV‐infected
person (P < 0.001), HCV infection (P = 0.004), MSM (P = 0.001), blood

transfusion before 1972 (P =0.026), hemodialysis (P < 0.001), cultural or

ritual intervention (P =0.015) and having a tattoo or body piercing

(P = 0.041) were significantly associated with current or past HBV

infection, that is, anti‐HBc positivity (Table 1).

Since only 2 of 7 patients that have had a blood transfusion

before 1972 were anti‐HBc positive, this risk factor was not included

in any further analyses. Parameter estimates of the weighted

multiple logistic regression model are shown in Table 2. It can be

seen that, compared with 18 to 39 years old Belgian females, there

was a significantly increased risk of anti‐HBc positivity in all FGMs, as

well as in 40 to 70 years old Belgian females (P = 0.039). Young

Belgian males had a lower risk of anti‐HBc positivity, although not

statistically significant. Furthermore, living with an HBV‐infected
person (P < 0.001), reporting HCV infection (P = 0.005), being on

hemodialysis treatment (P < 0.001), and being MSM (P = 0.002)

appeared to be associated with a higher risk of anti‐HBc positivity.

3.3 | Anti‐HBc classification models

In growing the classification tree, only the risk factors that were

shown to be significantly associated (P < 0.10) to anti‐HBc

prevalence (in the weighted χ2 tests) were used as input (except

for having received a blood transfusion before 1972, for the same

reason mentioned above). The obtained classification tree is

shown in Figure 1. The predictive accuracy of this tree was

73.0% based on the ROC curve (see solid line in Figure 2), with a

sensitivity of 57.1% and specificity of 80.1%. The predictive

accuracy was also calculated for the weighted logistic regression

model, giving a predictive accuracy of 77.5% with a sensitivity and

specificity of 68.8% and 77.8%, respectively. From Figure 2 it can

be concluded that the weighted logistic regression model using

Firth’s bias adjustment performed best in predicting anti‐HBc

prevalence in this study.

3.4 | Prevalence of HBsAg

Of the 1131 patients tested, 11 (1.0%) were HBsAg positive. Five

(45.5%) HBsAg‐positive patients were born in Belgium, two

(18.2%) in Italy, one (9.1%) in Turkey, and three (27.2%) in other

intermediate or high endemic countries (one in Saudi Arabia, Iran,

and Kenya), P = 0.136. None of the HBsAg‐positive patients were

younger than 30 years of age (born after 1987) compared with 11

HBsAg‐positive patients born before 1987, P = 0.282. The HBsAg

prevalence in FGMs was 2.55% (6 of 235), with differences in

those born in the Netherlands (0 of 77, 0.0%), Turkey (1 of 44,

2.27%), Italy (2 of 29, 6.9%), other low endemic countries (0 of 30,

0.0%) and other intermediate or high endemic countries (3 of 55,

5.5%), P = 0.285.

Table 3 shows the prevalence of HBsAg by different risk factors.

In the weighted chi squared tests, HBsAg positivity was significantly
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TABLE 1 Prevalence of anti‐HBc by different risk factors (weighted χ2 test)

n N Prevalence (%) P value Crude OR (95% CI)

Overall 93 1107 8.40

Gender 0.659 0.94 (0.62‐1.44)
Men 49 598 8.19
Women 44 509 8.64

Age group 0.015 2.16 (1.30‐3.60)
18‐39 y 20 397 5.04

40‐70 y 73 710 10.28

Ethnicity <0.001 5.08 (3.21‐8.08)
Belgian 44 876 5.02
FGM 49 231 21.21

Household HBV <0.001 4.24 (1.99‐9.04)
Yes 10 38 26.32

No 83 1069 7.76

HCV infection 0.004 4.09 (0.93‐14.17)
Yes 4 15 26.67
No 89 1092 8.15

HIV infection 0.298 2.74 (0.06‐28.08)
Yes 1 5 20.00

No 92 1102 8.35

Multiple (unsafe) sexual contacts 0.203 0.70 (0.42‐1.16)
Yes 21 320 6.56
No 72 787 9.15

MSM 0.001 5.69 (1.49‐18.75)
Yes 5 15 33.33

No 88 1092 8.06

IDU 0.479 1.84 (0.41‐8.33)
Yes 2 14 14.29
No 91 1093 8.33

Blood transfusion before 1972 0.026 4.44 (0.85‐23.18)
Yes 2 7 28.57

No 91 1100 8.27

Hemodialysis <0.001 6.72 (2.74‐16.48)
Yes 8 22 36.36
No 85 1085 7.83

Surgery 0.398

No 18 197 9.14 (ref)

Yes, before 1990 31 350 8.86 0.97 (0.53‐1.78)
Yes, in a non‐Western country 2 9 22.22 2.84 (0.55‐14.71)
Yes, after 1990 in a Western country 42 551 7.62 0.82 (0.46‐1.46)

Healthcare worker 0.478 0.75 (0.41‐1.38)
Yes 13 193 6.74
No 80 914 8.75

Cultural or ritual intervention 0.015 2.21 (1.24‐3.96)
Yes 16 103 15.53

No 77 1004 7.67

Tattooing or body piercing 0.041 0.60 (0.37‐0.98)
Yes 22 368 5.98
No 71 739 9.61

Non‐hygienic tattoo 0.415 1.49 (0.62‐3.58)
Yes 6 51 11.77

No 87 1056 8.24

Abbreviations: anti‐HBc, hepatitis B core antibodies; CI, confidence interval; FGM, first‐generation migrants (ie, foreign‐born persons); HBV, hepatitis B

virus; HCV, hepatitis C virus; IDU: intravenous drug use; MSM, men who have sex with men; OR, odds ratio.
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TABLE 2 Parameter estimates for the final weighted model for anti‐HBc

Parameter No of patients (+) Estimate SE P value Adjusted OR (95% CI)

(Intercept) −3.98 0.51 <0.001

Female, 18‐39 y, FGM 44 (10) 2.60 0.71 <0.001 13.41 (3.41‐68.37)

Male, 18‐39 y, Belgian 160 (2) −0.71 0.81 0.380 0.49 (0.07‐2.47)

Male, 18‐39 y, FGM 34 (5) 1.91 0.84 0.023 6.75 (1.06‐38.55)

Female, 40‐70 y, Belgian 245 (17) 1.15 0.56 0.039 3.16 (1.17‐13.36)

Female, 40‐70 y, FGM 61 (14) 2.67 0.72 <0.001 14.47 (3.64‐74.29)

Male, 40‐70 y, Belgian 312 (22) 1.08 0.55 0.051 2.94 (1.10‐12.33)

Male, 40‐70 y, FGM 92 (20) 2.51 0.67 <0.001 12.26 (3.45‐59.72)

Household HBV 38 (10) 1.84 0.46 <0.001 6.30 (2.44‐15.38)

HCV infection 15 (4) 1.79 0.63 0.005 5.96 (1.49‐19.16)

MSM 15 (5) 2.16 0.69 0.002 8.69 (2.02‐34.52)

Hemodialysis 22 (8) 1.88 0.52 <0.001 6.58 (2.15‐17.60)

Abbreviations: anti‐HBc, hepatitis B core antibodies; CI, confidence interval; FGM, first‐generation migrants (ie, foreign‐born persons); HBV, hepatitis B

virus; HCV, hepatitis C virus; MSM, men who have sex with men; OR, odds ratio; SE, standard error around the coefficient for the constant.

F IGURE 1 Classification tree based on (almost) balanced training sample for anti‐HBc. A “0” indicates anti‐HBc negative, while a “1”
indicates anti‐HBc positive. Anti‐HBc, hepatitis B core antibodies; FGM, first‐generation migrants (ie, foreign‐born persons); HBV, hepatitis B
virus; HCV, hepatitis C virus; MSM, men who have sex with men
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associated with ethnicity (P = 0.015), having an HBV‐infected house-

hold member (P = 0.036), MSM (P = 0.016), and tattooing or body

piercing (P = 0.077). Logistic regression was not conducted for HBsAg

due to the low number of chronically infected patients.

3.5 | Linkage to care

Of the 11 HBsAg‐positive individuals, five (45.5%) were not aware of

their HBV status and the other six (54.5%) were already linked to

care. Thus, the percentage of newly diagnosed HBsAg‐positive

F IGURE 2 Comparison of different classification models for anti‐HBc using ROC curves for which the AUC is used to quantify the predictive

accuracy. In an attempt to reduce the tree misclassification error, bagging was applied. All risk factors were included and B = 400 trees were
grown. Class weights were used to correct for the (almost) balanced training sample. The predictive accuracy of this model, however, was only
55.7% (see dashed line). For the random forest model, at each iteration 12 randomly sampled risk factors were included and B = 5000 trees

were grown. Class weights were again used. The predictive accuracy of this model was slightly higher than for bagging, that is, 55.9% (see
dotted line). The six most important variables from the RF analysis were included in a logistic regression model (see gray dotted line), which had
a predictive accuracy of 73.6%, still lower than for the abovementioned weighted logistic regression model (77.5%, see dot‐dashed line).

Anti‐HBc, hepatitis B core antibodies; AUC, area under the ROC curve; RF, random forest; ROC, receiver operating characteristic
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TABLE 3 Prevalence of HBsAg by different risk factors (weighted χ2 test)

n N Prevalence (%) P value Crude OR (95% CI)

Overall 11 1131 0.97

Gender 0.744 1.38 (0.42‐4.56)
Men 5 605 0.83
Women 6 526 1.14

Age group 0.581 1.53 (0.41‐5.81)
18‐39 y 3 412 0.73

40‐70 y 8 719 1.11

Ethnicity 0.015 4.66 (1.17‐19.48)
Belgian 5 896 0.67
FGM 6 235 2.55

Household HBV 0.036 6.51 (1.36‐31.17)
Yes 2 39 5.13

No 9 1092 0.82

HCV infection 0.701 0.00 (0.00‐30.20)
Yes 0 16 0.00
No 11 1115 0.99

HIV infection 0.818 0.00 (0.00‐122.30)
Yes 0 5 0.00

No 11 1126 0.98

Multiple (unsafe) sexual contacts 0.498 1.39 (0.40‐4.77)
Yes 4 331 1.21
No 7 800 0.88

MSM 0.016 7.86 (0.17‐62.50)
Yes 1 15 6.67

No 10 1116 0.90

IDU 0.706 ⋯
Yes 0 15 0.00
No 11 1116 0.99

Blood transfusion before 1972 0.804 ⋯
Yes 0 7 0.00

No 11 1124 0.98

Hemodialysis 0.194 4.77 (0.59‐38.82)
Yes 1 24 4.17
No 10 1107 0.90

Surgery 0.944

No 2 202 0.99 (ref)

Yes, before 1990 4 354 1.13 1.14 (0.21‐6.30)
Yes, in a non‐Western country 0 10 0.00 ⋯
Yes, after 1990 in a Western country 5 565 0.89 0.89 (0.17‐4.64)

Healthcare worker 0.572 0.47 (0.06‐3.73)
Yes 1 196 0.51
No 10 935 1.07

Cultural or ritual intervention 0.846 1.00 (0.13‐7.88)
Yes 1 103 0.97

No 10 1028 0.97

Tattooing or body piercing 0.077 0.20 (0.03‐1.55)
Yes 1 377 0.27
No 10 754 1.33

Non‐hygienic tattoo 0.629 2.14 (0.27‐17.05)
Yes 1 51 1.96

No 10 1080 0.93

Abbreviations: CI, confidence interval; FGM, first‐generation migrants (ie, foreign‐born persons); HBsAg, hepatitis B surface antigen; HBV, hepatitis B

virus; HCV, hepatitis C virus; IDU, intravenous drug use; MSM, men who have sex with men; OR, odds ratio.
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patients was 0.44% (5 of 1131). All five (100%) patients had further

clinical evaluation which revealed that all had a normal level of

alanine aminotransferase (ALT < 40 U/L), all were hepatitis B e

antigen (HBeAg) negative, all had HBV DNA levels below 2000 IU/

mL, all had fibrosis score F0‐1 according to Metavir score, and none

had evidence of liver cirrhosis on ultrasound. One of the five patients

is currently being treated prophylactically in the Outpatient

Hepatology Department before and during the administration of

chemotherapy according to the EASL guidelines.

4 | DISCUSSION

This is the first study to assess the seroprevalence of HBV infection in a

multi‐ethnic Belgian region including a considerably large proportion of

foreign‐born individuals. Besides estimating the seroprevalence in a multi‐
ethnic region, risk factors associated to HBV infection were evaluated,

which may assist physicians, public health practitioners, and policymakers

in eliminating hepatitis B as a public health threat by 2030.16

The principal findings of the present study can be summarized as

follows. First, there was an overall HBsAg seroprevalence of 1.0%,

with higher prevalence in FGMs (2.55%) compared with Belgians

(0.7%). Second, none of the HBsAg‐positive patients were born after

1987. Third, an anti‐HBc prevalence of 8.4% was found in the multi‐
ethnic region situated in Middle‐Limburg with age‐gender‐ethnicity
interaction, having an HBV‐infected household member, reporting

HCV infection, being MSM, and ever having been on hemodialysis

treatment being significantly associated with past or current HBV

infection. Fourth, this study demonstrated an excellent linkage to

care with five of 11 (45.5%) HBsAg‐positive individuals not being

aware of their HBV status and further clinical evaluation showing

normal levels of ALT in all five patients.

In this study, about 1.0% of all patients appeared to be HBsAg

positive and 8.4% showed evidence of HBV exposure. To date, the

overall prevalence in Belgium was estimated to be lower, that is,

0.7% positive for HBsAg and 6.4% positive for anti‐HBc.6,7 This

discrepancy can be explained by the fact that both of these previous

epidemiological studies also included individuals aged 0 to 17 years.

Moreover, selection bias can explain a possible underestimation in

2003 as the recruiting of participants in the general population by

mail probably missed people from certain risk groups (eg, migrants).

In the present study, we included patients aged 18 to 70 years who

presented at the emergency department of a large educational

hospital in a multi‐ethnic region situated in Middle‐Limburg.

Furthermore, the region of Middle‐Limburg has a large immigrant

population, with 20.8% of the study population being FGMs, in

contrast to 8.0% in Flanders, Belgium. In this respect, we found a

higher HBsAg prevalence in FGMs and especially in those born in

intermediate or high endemic countries, highlighting the fact that

migrants are an important risk group for chronic HBV infection.17,18

The HBsAg prevalence in the general population of the

neighboring countries ranges from 0.1% in Ireland to 0.8% in Spain.19

In line with our findings, a higher HBV prevalence was found in FGMs

born in intermediate‐ or high‐prevalence areas in comparison to the

native population of countries such as France, Germany, the

Netherlands, and Spain.20-23

The impact of implementation of a universal free‐of‐charge
hepatitis B vaccination in Belgium was also apparent from the results

of the current study. None of the HBsAg‐positive patients were born

after year 1987. Anti‐HBc prevalence was also lower in Belgian

individuals born after 1987, when compared with those born before

1987. After all, universal infant hepatitis B vaccination with catch‐up
in adolescents aged 10 to 13 years began in September 1999 in

Belgium.12 Consequently, the vaccination program covered children

born after 1987. To evaluate the effects of a universal HBV

vaccination program in less than 20‐year old, prevalence of

seroprotection and HBV infection were assessed by Theeten

et al.24 They demonstrated that the prevalence of HBV infection

remained low in Belgium and that overall high levels of “vaccinated”

serostatus were achieved in infants as well as in adolescents.

We also analysed the risk factors associated to anti‐HBc

positivity. The most prominent risk factors were being FGM and

age between 40 and 70 years (except for Belgian males), having an

HBV‐infected household member, reporting HCV infection, being

MSM, and ever having received hemodialysis, with 22.22%, 26.32%,

26.67%, 33.33%, and 36.36% testing positive for anti‐HBc, respec-

tively. A comparison of different classification methods revealed that

the weighted logistic regression model performed best in classifying

patients as either anti‐HBc positive or negative, although the

identified risk factors in this model were the same as those found

in a classification tree analysis.

The implementation of a culturally and linguistically appropriate

healthcare provider in the present study could explain the high

linkage to care of newly diagnosed HBsAg‐positive patients.25

Moreover, all newly diagnosed HBsAg‐positive patients underwent

ALT determination and normal ALT levels were found in all of them.

The Belgian nationwide epidemiological data support the findings of

our study and emphasized that 80% of the newly diagnosed chronic

HBV patients had normal ALT levels at diagnosis.26 A major

limitation of ALT as a biochemical marker of liver disease is that its

levels often fluctuate over time during the variable course of chronic

HBV infection and may fail to identify patients with necroinflamma-

tory activity or fibrosis.27

There are some limitations to the present study. First, by

screening at the emergency department, a bias toward subjects in

certain risk groups may occur. However, these risk groups might have

been underrepresented in the previous population‐based study in

Belgium.7 Inclusion of certain risk groups in our study also allowed us

to determine the most prominent risk factors for HBV prevalence in

Belgium for the first time. Second, due to logistical factors (eg, limited

daily enrollment time, limited study research team) not every eligible

participant could be informed about the study. Third, a concern is

that, even though the patients’ demographics, known viral hepatitis

status and risk factors were recorded, certain risk behaviors could

have been underreported as the questionnaire was performed using

a face‐to‐face interview. Inferences from this study should also be

8 | KOC ET AL.



drawn with caution since it is difficult to establish causal pathways

from cross‐sectional studies as our present study. Thus, we have

attempted only to identify risk factors associated with HBV infection

using odds ratios. This study could also be underpowered to find

significant associations between certain risk factors and HBsAg or

anti‐HBc, as the study was powered in such a way that the

distribution per ethnicity was similar to that of the Middle‐Limburg

population, and not to specific risk factors. However, good predictive

accuracy was shown for the weighted multiple logistic regression

model, providing evidence for the significant impact of above-

mentioned risk factors for anti‐HBc.

In conclusion, this study shows that the HBsAg and anti‐HBc

seroprevalences in a multi‐ethnic region in Middle‐Limburg are

higher than those previously found nationwide, probably because

high‐risk groups such as FGMs are more present. Since all newly

diagnosed HBsAg‐positive patients had normal levels of ALT, national

HBV screening for individuals born in intermediate or high endemic

countries is needed as this high‐risk group will go unnoticed due to

the possible incorrect interpretation of normal ALT values. To adapt

or to adopt screening practices and preventive measures, seroepi-

demiological studies should not only be done nationwide but also

locally in multi‐ethnic regions.
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