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ABSTRACT

PURPOSE Both chronic hepatitis C (HCV) and B virus (HBV) infections are gen-
erally asymptomatic, and many remain undetected or are diagnosed at a late
stage. Studies that evaluate best practice hepatitis testing strategies are needed
to better detect this hidden population.

METHODS In this prospective cohort study, we aimed to determine the diag-
nostic yield (test uptake and rate of positive test results) of a combined public
health and primary care birth cohort testing strategy in detecting hidden cases of
HCV and HBV infections. We invited all patients aged between 40 and 70 years
(n = 6,743) registered with 11 family practices serving 2 higher prevalence areas,
or hotspots (ie, estimated HCV prevalence of 1%; national estimated prevalence
is 0.1-0.4%), in the south of the Netherlands.

RESULTS Test uptake was 50.9% (n = 3,434 patients). No active or chronic HCV
infection was detected: 0.00% (95% Cl, 0.00%-0.11%). Positive test rates were
0.20% (95% Cl, 0.08%-0.42%) for anti-HCV (n = 7), 0.26% (95% Cl, 0.12%-
0.50%) for hepatitis B surface antigen (n = 9), and 4.14% (95% Cl, 3.49%-
4.86%) for antihepatitis B core (n = 142).

CONCLUSIONS This best practice testing strategy was effective in achieving a high
test uptake. It completely failed, however, to detect hidden chronic HCV infections
and is not recommended for countries with a low prevalence of the disease.

Ann Fam Med 2018;16:21-27. https://doi.org/10.1370/afm.2166.

INTRODUCTION
hronic hepatitis C virus (HCV) and B virus (HBV) infections,

major causes of chronic liver disease worldwide, are generally
asymptomatic, and many infections remain hidden to care or are

diagnosed at a late stage.'” Because treatment for HCV infection has
greatly improved, identification of HCV-infected individuals has become
even more imperative.® Yet, strategies to detect cases of HCV infection
hidden in the general population have been disappointing. Currently, it
is universally recommended to offer testing to individuals who are part
of a population with a high prevalence of HCV or HBV infection or who
have a history of risk exposure or behavior.”!° Risk groups include injec-
tion drug users, recipients of infected blood products, children of HCV-
positive mothers, and human immunodeficiency virus (HIV)-infected
persons.'""* Past drug users or recipients of blood transfusions will remain
hidden, however, as they may not remember or report these behaviors.'

To capture all persons who have HCV infection, prospective studies
are needed that evaluate the diagnostic yield of HCV testing strategies
not based on exposure risk factors.!® Birth cohort screening, as currently
recommended in the United States (HCV prevalence of 2.0%), has also
been suggested for European countries.”'”'® In simulation models, one-
time HCV testing in the 1945-1965 birth cohort with subsequent treat-
ment was likely cost-effective in the United States.' Yet again, primary
care clinicians faced with the increasing societal need to screen for HCV

ANNALS OF FAMILY MEDICINE + WWW.ANNFAMMED.ORG *+ VOL. 16, NO. 1 + JANUARY/FEBRUARY 2018

~e”


WWW.ANNFAMMED.ORG
WWW.ANNFAMMED.ORG
http://www.annfammed.org
https://doi.org/10.1370/afm.2166
mailto:Jeanne.Heil@ggdzl.nl

HEPATITIS TESTING

infections encounter practical challenges in diagnosis
and linking patients to appropriate care.?’ There is also
debate on whether expanded screening will lead to
net clinical benefit or harm, given the lack of evidence
regarding screening efficacy.?’ Whether the birth
cohort approach is a useful strategy for countries with
low estimated HCV prevalence, such as the United
Kingdom (0.7%) and the Netherlands (0.1-0.4%),
needs to be demonstrated in practice.'>?*?°

In countries with a low prevalence of HCV infec-
tion, a high test uptake is crucial to increase the num-
ber of diagnoses and thereby the diagnostic yield of a
birth cohort approach. According to a meta-analysis,
targeted practitioner-based studies are most effec-
tive in increasing test uptake and cases detected.?®
Diagnostic yield could be further optimized by focus-
ing on areas of higher prevalence. Based on spatial-
epidemiological analyses of laboratory data, the
estimated prevalence of HCV infection in the south
of the Netherlands is 0.5%, and HCV infections are
found to cluster in urban areas, with a prevalence of up
to 1%.27?% These so-called hotspots are postal codes
where there is a statistically significant elevated risk of
diagnosed HCV infection (relative risk >4). In addi-
tion, an estimated 66% of HCV-infected persons are
estimated to be untested and thus hidden to care.””

We developed a best practice approach by combin-
ing public health and primary care in a birth cohort
testing strategy. We applied this approach in 2 identi-
fied Dutch hotspots to detect cases of HCV and HBV
infection that are hidden in the general population.
Our current study describes the development of this
strategy and an evaluation of its diagnostic yield to
provide insights on possible implementation in low-
prevalence countries.

METHODS

Testing Strategy Development
The strategy was developed and implemented in a col-
laboration between public health and primary care.

All family physicians located in the hotspots were
approached by a peer family physician. Family physi-
cians agreeing to take part personally invited their
eligible patients by means of a letter, which was devel-
oped by a multidisciplinary team of family physicians,
behavioral scientists, epidemiologists, and language
ambassadors. Testing was advertised in local newspa-
pers and through waiting room posters.

The regional public health service (PHS) facili-
tated the practical organization of the testing by
distributing the letters of invitation and reminders,
arranging the testing location, and planning and col-
lecting measurements. They organized 3 testing days

with different time slots (September 2014 to April
2015) at 2 local community centers. Alternatively,
patients could be tested at their family practice, the
PHS clinic, at home, or at the hospital. Tests were free
of charge. Patients not tested received a reminder let-
ter for testing 1 week later. Both participants tested
and patients who declined to be tested were invited

to complete a short questionnaire. Participants pro-
vided written informed consent, and the study was
approved by the university medical ethics committee

(MUMC;14-4-042).

Testing Strategy Implementation

Two hotspots were targeted because of their highest
regional estimated prevalence of HCV infection.?®
The family practices agreeing to participate invited
patients aged between 40 and 70 years for a HCV
and HBV test. Blood samples were transported within
3 hours of collection to the laboratory. Initial screen-
ing included anti-HCV and antihepatitis B core (anti-
HBc) (Anti-HCV Il and Anti-HBc, Roche Diagnos-
tics). When a screening test was positive, subsequent
tests included the following: HCV ribonucleic acid
(RNA) (COBAS, Ampliprep/COBAS, Tagman HCV
Quantitative Test, version 2.0, Roche Diagnostics)
and/or immunoblot (Mikrogen), a hepatitis B surface
antigen (HBsAg) test, and an antihepatitis B surface
(anti-HBs) test (HBsAg Il and Anti-HBs, Roche Diag-
nostics) (see Figure 1).

In HBsAg-positive samples additional tests were
performed, including hepatitis B e antigen (HBeAg),
anti-HBeAg, anti-HBc immunoglobulin M (IgM), HBV
deoxyribonucleic acid (DNA), and alanine amino-
transferase (ALT) (HBeAg, Anti-HBe, Anti-HBc IgM,
COBAS, Ampliprep/COBAS, Tagman HBV Test, ALT,
Roche Diagnostics). In solitary anti-HBc-positive sam-
ples, HBeAg, anti-HBeAg, and HBV DNA tests were
performed (Roche Diagnostics). Samples with weak
positive anti-HBc, HBsAg, or anti-HCV test results
(between 1 and 2x cutoff value) were confirmed with a
second screening test (BioMerieux).

Within 3 weeks after testing, the family physician
informed the patient about the test results. In the case
of an active HCV or HBV infection, the family physi-
cian referred the patient to a gastroenterologist at the
academic hospital, who ensured routine care and treat-
ment when needed. For those with HBsAg-positive
tests, follow-up testing was conducted after 6 months
to discriminate between acute and chronic infections.
The regional public health service performed contact
tracing for all cases of active infections and offered
hepatitis A virus (HAV) vaccination for the patient and
HBYV vaccination for close contacts to prevent further
spread.

ANNALS OF FAMILY MEDICINE + WWW.ANNFAMMED.ORG *+ VOL. 16, NO. 1 + JANUARY/FEBRUARY 2018

S 2 di


WWW.ANNFAMMED.ORG

HEPATITIS TESTING

Figure 1. The laboratory testing algorithm used for identifying hepatitis C virus and hepatitis B virus

infection.
Anti-HCV Anti-HBc Test
algorithm
Positive Negative Positive Negative
Y Y
HCV RNA HBsAg (+anti-HBs)
Positive Negative Positive Negative
\ 4
Immunoblot
Positive Negative
Y Y Y Y Y Y Y

Active HCV Past HCV No HCV No HCV Active HBV Past HBV No HBV

) . . ) b A . . . . . . h ’ Result

infection infection infection infection infection infection infection

HBV = hepatitis B virus, HBc = hepatitis B core; HBs = hepatitis B surface; HCV = hepatitis C virus; RNA = ribonucleic acid.

Data Collection

For this prospective cohort study, coded data on sex,
age, postal code, and referral to a gastroenterologist
were retrieved from the family physician registry, and
test results were obtained from the laboratory. Ques-
tionnaires included the following determinants: country
of birth (participant, mother, and father), educational
level, working situation, living situation, and previous
HCV or HBV infection. Education was categorized
into low (no, primary, and lower vocational education),
intermediate (intermediate vocational, higher second-
ary, and vocational education), and high (higher profes-
sional education and university). The participants ques-
tionnaire also included HCV exposure risk factors (ie,
surgery abroad, blood transfusion or organ transplant
before 1992, diagnosis of HIV infection, or a history of
intravenous drug use), as well as reasons for participat-
ing. The questionnaire for those who declined testing
included reasons for not participating. The PHS data
included the number of close contacts of all active
infections and the number of vaccinations of both the

patients (for HAV) and their contacts (for HBV).

Statistical Analysis

The diagnostic yield of the testing strategy was evalu-
ated in terms of achieved rates of test uptake and posi-
tive test results. A priori, we expected a test uptake of
40% based on international targeted-testing studies
and Dutch studies using personal letter invitations.??-3*
A positive anti-HCV test rate higher than the esti-

mated Dutch prevalence of 0.1%-0.4% would be con-

sidered promising to explore further assessment and
implementation of the testing strategy.?*?* Test uptake
and rates of positive test results were calculated among
the patients invited and participants, and associated
determinants were assessed using multivariate logistic
regression analyses; determinants included hotspot,
sex, age, educational level, and hepatitis exposure risk
factors as non-Western migrant, surgery abroad, blood
transfusion or organ transplant before 1992, HIV posi-
tive, or a history of intravenous drug use. Analyses
were performed using SPSS 21.0 (IBM Inc).

RESULTS

All 11 family practices in the targeted areas agreed to
take part, and 6,743 patients (excluding failed delivery)
between the ages of 40 and 70 years were sent invita-
tions to participate in the study:.

Diagnostic Yield: Test Uptake

In total, 3,434 of the 6,743 patients invited were tested
for HCV and HBV infection. The test uptake was
50.9% (95% CI, 49.7%—52.1%) (Figure 2). Of those par-
ticipating, 54.3% were women, the mean age was 57.3
years (SD = 8.1 years), 47.4% had a low education level,
and 17.2% had at least 1 hepatitis exposure risk factor.

Diagnostic Yield: Rate of Positive Test Results
No active HCV infection was diagnosed (95% CI,
0.00%—0.11%). The rate of positive tests for anti-
HCV, confirmed by immunoblot, was 0.20% (95% CI,
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Figure 2. Flow diagram of the birth cohort testing for hepatitis C virus and hepatitis B virus infection.

6,827 Invitations sent

4,031 Reminders sent

84 Failed delivery

Y

Y

68 Failed delivery

Y

6,743 Invited
Test uptake: 40.3% (n = 2,717)

3,963 Reminded
Test uptake: 18.1% (n = 716)

Y

Total test uptake: 50.9% (n = 3,434)

98.9% (n = 3,396) questionnaires for analysis

2,459 Non-testers invited

Y
Response: 23.1% (n = 568)
\ 4 Y Y Y non-tester questionnaires
0.00% (n = 0) 0.20% (n=7) 0.26% (n = 9) 4.14% (n =142) for analysis
active HCV past HCV active HBV past HBV
infections infections infections infections

Y

Y

Gastroenterologist:
2 Already known

7 Newly diagnosed

Public health service:

2 Already known

7 Newly diagnosed

Y

Y

Follow-up after 6 months:

13 Close contacts traced

6 Chronic HBV
1 No information

\ 4

Y

No medical treatment?

1 Index vaccinated for

HAV and 9 contacts
vaccinated for HBV

with an elevated ALT level or major liver fibrosis.

ALT = alanine aminotransferase; DNA = deoxyribonucleic acid; HAV = hepatitis A virus; HBV = hepatitis B virus, HCV = hepatitis C virus.

2 Medical treatment is not indicated in active HBV infections. In chronic HBV infections, treatment is indicated if the HBV DNA level is >1.0x10° copies/mL combined

0.08%—-0.42%) (n=7), for HBsAg was 0.26% (95%

CI, 0.12%—-0.50%) (n=9), and for anti-HBc was 4.14%
(95% ClI, 3.49%—4.86%) (n=142) (Figure 2). The
numbers screened needed to detect 1 case of a positive
anti-HCV, HBsAg, or anti-HBc test were 491, 382, and
24, respectively. Seventy-one percent (n=5) of the anti-
HCV positive tests results, 22% (n =2) of the HBsAg
positive tests results, and 9% (n = 13) of the anti-HBc
positive findings were associated with a history of
HCV or HBV infection. All 9 HBsAg-positive partici-
pants had negative HBeAg and IgM anti-HBc findings
and had an ALT level of <45 U/L. All were referred to

a gastroenterologist. Seven of 9 active HBV infections

were undiagnosed and were further assessed by the
hospital and the PHS. Six participants were chronically
infected with HBV, ie, their HBsAg tests remained posi-
tive after 6 months. Treatment was not indicated for
any of these patients according to their serum ALT lev-
els, HBV DNA load, or signs of liver fibrosis and status
on hepatocellular carcinoma. The PHS traced 13 close
contacts of HBsAg-positive participants, and HBV vac-
cination was needed and given in 9 (Figure 2).

Determinants of Test Uptake
No differences in test uptake between the 2 hotspots
were observed. Test uptake was higher among women
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(54.4%) and older participants, with an
uptake of 61.2% among those aged 60 to

70 years (Table 1). Participants had a lower
educational level than those not tested
(Supplemental Appendix 1, available at http://
www.annfammed.org/content/16/1/21/suppl/
DC1/). The reported reasons to get tested
were because of the invitation by the fam-

ily physician (62%, n=2,120) or to rule out

Table 1. Sociodemographic Determinants of Test Uptake
of the Public Health and Primary Care Birth Cohort

Testing Strategy

hepatitis (33%, n=1,132). Patients declining to
be tested reported reasons for not testing as

a low risk perception (33%, n = 133), practical
reasons (24%, n=94), and being vaccinated or
tested in the past (14%, n=55). Reasons based
on stigma or fear were rare (3%, n=12).

Test Uptake Not Tested

Determinant % (No.) % (No.) OR (95% Cl)?
Higher prevalence area

Hotspot A (n = 2,891) 50.2 (1,450) 49.8 (1,441)  1.05 (0.95-1.16)

Hotspot B (n = 3,949) 50.2 (1,984) 49.8 (1,965) 1 [Reference]
Sex

Male (n = 3,417) 46.0 (1,571) 54.0 (1,846) 1 [Reference]®

Female (n = 3,423) 54.4 (1,863) 45.6 (1,560)  1.41 (1.28-1.55)
Age, y

40-49° (n = 1,891) 35.0 (662) 65.0 (1,229) 1 [Reference]®

50-59 (n = 2,531) 51.0(1,292)  49.0(1,239)  1.93 (1.71-2.18)

60-70¢ (n = 2,418) 61.2 (1,480)  38.8 (938) 2.95 (2.60-3.34)

Determinants of Positive Test Results
Rates of positive test results were higher in b p <00,
those individuals with an exposure risk fac-

tor for anti-HCV, HBsAg, and anti-HBc

OR = odds ratio.

2 Adjusted for higher prevalence area, sex, and age.

¢ Includes 2 aged <40 years.
9 Includes 9 aged >70 years.

(0.68%, 1.19%, and 11.02%, respectively)

than in those without such a risk factor (0.11%, 0.07%,
and 2.71%, respectively). Logistic regression analyses
assessing additional determinants for past HBV infec-
tion found the highest positive anti-HBc test rate
among non-Western migrants (27.6%, n =48 of 174)
(OR [odds ratio] = 16.1; 95% CI,10.4-24.9), HIV-positive
patients (22.2%, n=2 of 9) (OR=6.7: 95% CI, 1.4-33.3),
and individuals with a history of intravenous drug use
(28.6%, n=2 of 7) (OR=8.2, 95% ClI, 1.5-43.2), when
adjusted for a higher prevalence area, sex, and age.

DISCUSSION

A combined public health and primary care birth
cohort testing strategy to detect hidden HCV and
HBV infections in higher prevalence areas in the Neth-
erlands had a limited diagnostic yield. This best prac-
tice approach was able to gain a higher than expected
test uptake of 51%, but it completely failed to detect
hidden HCV infections.

The current test uptake of 51% was higher com-
pared with international studies targeted to risk factors
(10% to 49%) and other Dutch studies with a personal
invitation (18% to 42%).23¢ The family physicians'
personal invitation appeared key for achieving this
high uptake, as confirmed by the reported main reason
to get tested. Test uptake in specific settings, such as
the emergency department, may be even higher (up
to 65%), as here tests can be offered and performed
within the routine diagnostic work-up.

The main result is that no active HCV infections
were detected. A higher prevalence was expected based
on previous estimations in these hotspots (0.5% to

1%),%”% or other Dutch studies focusing on risk groups
(0.3% to 4.8%),323+3%3% and on (inter)national estima-
tions that a substantial population is untested.?* Esti-
mates of the hidden HCV-infected population, however,
are largely derived from mathematical models (43% to
72%). The number of hidden cases of chronic HCV
infection seems to be overestimated compared with a
real-life setting. The detected rate of tests positive for
anti-HCV is 0.2% and for HBsAg is 0.3%, which is
comparable to the general prevalence in the Netherlands
(0.1% to 0.4%).23-2>404 The rate of positive anti-HBc
test results (4.1%) was higher compared with the Dutch
estimated prevalence of 2.1%.*' Yet, this finding has no
implications for patient care. Higher positive rates and
lower numbers needed to screen to detect 1 case have
been found in birth cohort studies in higher prevalence
settings and countries, such as the United States.'>2¢:3742
Detected positive rates were higher in those with
a hepatitis exposure risk factor, a finding in line with
studies targeting risk factors."*2° Using a risk group
instead of the birth cohort, however, would have missed
22% to 54% of all positive cases in this study (3 of 7
anti-HCV-positive cases, 2 of 9 HBsAg-positive cases,
and 77 of 142 anti-HBc-positive cases).”'° For chronic
HBV infections specifically, several studies state that
systematic screening among migrants is likely to be
cost-effective or at least increases its efficiency.**** This
is in line with family physician guidelines in the United
Kingdom and the Netherlands, as well as the recom-
mendations of the Dutch Health Council to target
HBYV testing, such as to non-Western migrants.”4°
Our study is the first in Europe to develop a public
health and primary care birth cohort testing strategy
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to detect hidden cases of HCV and HBV infection in
identified hotspots and evaluate its diagnostic yield.
Our study has some limitations. First, selection bias
cannot be ruled out, as many HCV-infected patients
are at a disadvantage in terms of health literacy.*® In
the Netherlands, health insurance is obligatory, and
family physicians function as a gatekeeper to specialist
care, but some individuals might have been less likely
to get tested. Nevertheless, those who were tested and
those who were not did not differ in assessed charac-
teristics, such as working or living situation, or migrant
status. Moreover, study participants had an even lower
educational level compared with those declining to be
tested, and national estimates support that we were
able to reach intravenous drug users.*

Second, behavioral data are self-reported and
could be influenced by recall bias and social desirabil-
ity bias. Third, questions on sexual exposure risk were
not included, based on feasible questionnaire length.
Fourth, the data from those not tested might be less
generalizable to the general population because of
low response (23%). Fifth, hotspots were determined
based on laboratory data of the tested population. We
assumed that the hidden, untested population follows
the same geographical pattern. Finally, as no active
HCYV infections and only small numbers of past HCV
and active HBV infections were detected, we were
able to assess more detailed determinants only for past
HBYV infections.

Because no active HCV infections were found in
the identified hotspots, it is likely that the strategy
taken would not be effective in other areas of the
Netherlands and other low-prevalence countries. Our
testing strategy can be applied to detecting HCV and
HBYV infections, as well as other infectious diseases,
in high-endemic countries, such as the United States.
If the test is not offered for free, however, a lack of
health insurance could be a limiting factor in the
United States. Considering the different health care
system in the United States, the test uptake of a simi-
lar testing strategy might be lower in certain groups
at risk, such as intravenous drug users or patients
co-infected with HIV. Lessons learned can also be
applied to future studies aimed at retracing patients
previously diagnosed with HCV and HBV. The suc-
cess factor of our high test uptake is the combination
of a personal invitation accompanied by reminders,
and the cooperation between public health care and
primary care. Moreover, our findings informed the
Dutch Health Council in their recommendation not
to screen the general population for HCV and HBV
infection.*

To read or post commentaries in response to this article, see it
online at http://lwww.AnnFamMed.org/content/16/1/21.
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