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ORIGINAL ARTICLE

Prevalence of chronic hepatitis C virus infection among childhood cancer
survivors in Stockholm, Sweden

Afrodite Psaros Einberga,b, Anna-Theresia Ekmana, Stefan S€oderh€allb,c, Charlotta Millbournd,e, Karin Lindahld,e,
Arja Harila-Saarif and Bj€orn Fischlera,b

aDepartment of Clinical Science, Intervention and Technology (CLINTEC), Karolinska Institutet, Stockholm, Sweden; bDepartment of
Pediatrics, Karolinska University Hospital, Stockholm, Sweden; cDepartment of Women’s and Children’s Health (KBH), Karolinska Institutet,
Stockholm, Sweden; dDepartment of Medicine, Huddinge Karolinska Institutet, Stockholm, Sweden; eDepartment of Infectious Diseases,
Karolinska University Hospital, Stockholm, Sweden; fDepartment of Women’s and Children’s Health, Uppsala University, Uppsala, Sweden

ABSTRACT
Background: Childhood cancer survivors treated before 1992, when blood donor screening for hepa-
titis C virus (HCV) infection was introduced, are at risk of transfusion-transmitted HCV infection. A
national HCV screening campaign targeting blood transfusion recipients was launched in Sweden in
2007–2010. The aims of this study were to, among adult childhood cancer survivors in Stockholm
County, investigate the prevalence of HCV infection, the natural course of infection, treatment out-
come and anti-HCV testing frequency before, during and after the screening campaign and finally to
actively screen the untested ones.
Material and Methods: This was a combined retrospective register based and prospective screening
study of adult childhood cancer survivors (n¼ 686) treated for malignancy in Stockholm before 1992.
In the first part, we investigated the prevalence of HCV infection and previous anti-HCV testing, and in
the second part, we actively traced and HCV-screened the remaining untested cohort living in
Stockholm. Analysis of previous documented anti-HCV tests in medical records, laboratory records, and
the national communicable disease registry was performed. In the second part, 231 presumably
untested individuals were contacted by mail and offered an anti-HCV test. The natural course of HCV
infection and treatment outcome was analyzed for those found to be chronically infected.
Results: In total, 235 patients were tested and 11 were HCV-RNA positive. The overall prevalence of
chronic HCV infection among the tested childhood cancer survivors was thus 4.7% (95% CI ¼
2.6–8.2%), which is almost 10 times higher than the national prevalence of 0.5%. Only 12% of the
Stockholm cohort were tested during the screening campaign in 2007–2010, while the test uptake
using active tracing screening within this study was 40% (p< .001).
Conclusion: With today’s effective treatment options, active tracing and HCV screening of childhood
cancer survivors are recommended.
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Background

Chronic hepatitis C virus (HCV) infection can lead to serious
liver disease, and 20–30% of infected patients develop liver
cirrhosis after 20–30 years’ duration [1]. Chronic HCV infec-
tion is usually asymptomatic and only a minority of infected
patients is aware of their status [2]. The World Health
Organization (WHO) has estimated that only 20% of all HCV
infected patients are tested and diagnosed [3]. In Sweden,
blood transfusions were a common source of infection
before blood donor screening for HCV was introduced in
1992 [4]. During the mid-1980s the screening included so-
called surrogate markers of blood-borne viral hepatitis (i.e.,
positive anti-Hepatitis B core and elevated alanine amino-
transferase) as well as human immunodeficiency virus (HIV),

which most likely excluded some but not all HCV positive
blood donors [5,6].

Anemia is common during malignancy treatment and is
often treated with blood transfusion. Transfusion rates in
pediatric oncology treatment vary between 40% for brain
tumors and 97% for leukemia [7,8]. Because of high transfu-
sion rates, adult childhood cancer survivors treated before
1992 constitute a risk group of transfusion-transmitted HCV
infection. Previous screening studies have shown a high HCV
infection prevalence in this group of patients [9,10]. It has
also been suggested that cancer survivors might develop a
more aggressive HCV related liver disease due to the add-
itional effect of cytotoxic and immunosuppressive treat-
ment [11].
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This group of patients was never routinely screened for
HCV infection in Sweden before, based on the conclusion
that previous interferon-based HCV treatment was inefficient
[12,13]. However, this decision was reevaluated later when
new treatment options were developed, which led The
Swedish National Board of Health and Welfare to launch a
national hepatitis C screening campaign in 2007–2010 target-
ing blood transfusion recipients from 1965 to 1991 [14]. The
campaign information was given to the general population
via posters, newspapers and websites. Childhood cancer sur-
vivors were one of three specifically targeted risk groups.
However, analysis of the campaign outcome showed that
only a small minority of the anti-HCV positive patients origi-
nated from the specific risk groups [14,15]. There are scarce
data on the source of blood transfusion of the tested popu-
lation but age analysis suggests that the campaign failed to
reach the targeted pediatric risk groups since the majority of
the tested population was older than expected [15].

The aims of this study were to, among adult childhood
cancer survivors treated in Stockholm County, investigate the
prevalence of HCV infection, the natural course of infection,
treatment outcome and also to determine how many had
been tested for anti-HCV before, during and after the screen-
ing campaign and finally, to actively screen the untested
individuals.

Patients and methods

This was a combined retrospective register based and pro-
spective screening study of adult childhood cancer survivors
treated for malignancy in Stockholm before 1992. In the first
part of the study, prevalence of HCV infection and previous
HCV testing were investigated and in the second part, the
remaining untested cohort living in Stockholm County was
screened for HCV.

Retrospective analysis of oncology register and
medical records

We used a clinical pediatric oncology register of 2171
patients born 1913–1991 who had undergone investigation
and/or treatment at the tertiary referral center of Pediatric
oncology department at Karolinska University Hospital,
Stockholm, Sweden from 1921 to 1991. Considering the rela-
tively small number of patients treated during this long time
period, we hypothesized that it only contained patients who
survived treatment beyond a certain, but unknown, time
point. The register did not contain information about previ-
ous blood transfusions and this was not possible to obtain
since transfusion records from this time were not digitalized.
Patients with benign diagnoses (n¼ 749), age above 18 years
at initiation of therapy (n¼ 6) and patients registered with-
out a complete personal identification number (n¼ 730)
were excluded.

Patients in the included remaining cohort (n¼ 686) had
been treated between 1952 and 1991. Analysis of existing
notification of hepatitis C infection in the national register of
chronic hepatitis C cases at the Public Health Agency was

performed. To investigate the prevalence of previous HCV
testing, medical records as well as laboratory registers were
analyzed for documented anti-HCV tests. Only anti-HCV tests
taken in Stockholm County were possible to track.
Consequently, an unknown proportion of the patients may
have been tested outside Stockholm. Medical record analysis
was performed using the computerized hospital-based
record system. Three different laboratory registers were ana-
lyzed for anti-HCV tests. All deceased patients were checked
for liver-related cause of death and patients deceased before
1992 were excluded from further analysis.

Screening of untested patients in Stockholm county

In the second part of the study, the remaining group of
patients without a previous traceable anti-HCV test who
were still living in Stockholm County (n¼ 231) were con-
tacted by letters and offered to participate in the HCV
screening study. The informed consent had two alternatives:
1) those who already had tested negative for HCV, and 2)
those still untested who opted to participate in screening.
The latter group was offered a test for anti-HCV, free of
charge at the nearest primary health care center. Two
reminding letters were sent to those who did not reply.
Patients were informed of test results by letters from the
investigators. Analysis of age, gender, malignant diagnosis
and time of treatment as well as results of anti-HCV screen-
ing were made.

The local ethics committee approved both parts of the
study, including search for documented anti-HCV tests in
medical records without informed consent from patients.
Informed written consent was obtained from each patient
for the active screening part of the study. The study was per-
formed according to the World Medical Association
Declaration of Helsinki.

Virological analyses

All anti-HCV analyses used in the active tracing screening
were performed at the clinical routine laboratory at
Karolinska University Hospital by third generation enzyme
immuno assay (ARCHITECT Anti-HCV, Abbott, Wiesbaden,
Germany). All HCV-RNA quantification analyses were per-
formed at the clinical routine laboratory at Karolinska
University Hospital by TaqMan real-time PCR (Roche
Molecular Diagnostics, Branchburg, NJ, USA) with a detection
limit of 15 IU/ml. HCV genotyping was performed with a line
probe assay (Inno-LiPA HCV II, Innogenetics NV,
Gent, Belgium).

Statistical analysis

Bivariate analysis of two dependent groups in evaluation of
the effectiveness between the two screening methods was
performed using McNemar’s test. Statistical significance level
was set at a two-sided p-value <.05. An exact 95% confi-
dence interval for a proportion was calculated for the preva-
lence of HCV infection. Relative risk (RR) was calculated for
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the difference in national vs. cohort prevalence. The statis-
tical analysis was performed using GraphPad Prism version
6.04 (GraphPad Prism Software, Inc., La Jolla, CA, USA).

Results

The included and excluded numbers of patients in the two
parts of the study are shown in Figure 1. Outcome and
prevalence of testing are shown in Supplementary Figure S1.

Results of the register and medical record analysis

Out of the total number of 2171 patients, 686 met the inclu-
sion criteria. Malignancy diagnoses in this group were; solid
tumors [n¼ 329 (48%)], leukemia [n¼ 157 (23%)], brain
tumors [n¼ 91 (13%)], lymphoma [n¼ 74 (11%)], and other
[n¼ 35 (5%)]. Ten died from malignancy related causes
before 1992.

Out of 676 patients, 127 (19%, 60 women and 67 men)
had a documented anti-HCV test taken in Stockholm before
the year of 2016 (Figure 1, Table 1). Leukemia was the most
common malignancy in the tested group (n¼ 51 (40%)). The
remaining diagnoses were solid tumors (n¼ 41 (32%)), lym-
phomas (n¼ 16 (13%)), brain tumors (n¼ 9 (7%)), and other
(n¼ 10 (8%)). Ten out of 127 tested patients were anti-HCV
and HCV-RNA positive, diagnosing chronic HCV infection.

Results of the active tracing screening in Stockholm
in 2017–2018

Since 231 patients living in Stockholm did not have a trace-
able HCV test, an active tracing and HCV screening of this
group was initiated in September 2017. They were treated
for childhood malignancy between the years of 1965 and
1991. Six had recently moved outside Stockholm County and
were excluded. Out of the remaining cohort of 225 patients,
137 replied and were included in the screening program, giv-
ing a response rate of 61% (137/225) (Figure 1). The charac-
teristics of all 225 patients in the actively traced and
screened group are shown in Table 2. Out of the 137
patients, 31 had previously tested negative for anti-HCV
(Figure 1). The remaining 106 patients were not previously
tested and accepted to be tested for anti-HCV (Figure 1 and
Table 2). Despite two reminding letters, only 77 out of the
106 patients eventually were tested, giving a test frequency
of 73% (Figure 1). Patients treated for leukemia were more
prone to participate (68%) and had a high testing frequency
(84%), whereas patients treated for brain tumors were less
prone to participate (49%) (Table 2).

Included pa�ents
n=686

No HCV test found
n= 549

Alive
n=481

Resident in Stockholm
n=225

Replied 
n = 137

An�-HCV nega�ve
n = 76

An�-HCV posi�ve
n = 1

HCV-RNA
posi�ve

n = 1

Not tested
n = 29

Previously tested 
nega�ve

n =31

No reply
n = 88

Deceased
n= 68

An�-HCV tested
n=127 

An�-HCV posi�ve
n=10

HCV-RNA posi�ve
n= 10

An�-HCV nega�ve
n=117

Deceased before 1992
n=10

Figure 1. All included and excluded patients in the study. Rectangles with sharp corners represent the first part of the study. Rectangles with rounded corners rep-
resent the second part of the study (the active tracing screening). HCV: Hepatitis C virus.

Table 1. Time point at first anti-HCV test in all tested patients.

Time point at first anti-HCV test
(year, interval)

All tested patients
n¼ 235 (100), n (%)

Before 2007 65 (28)
2007–2010 37 (16)
2011–2016 34 (14)
2017–2018 77 (33)
Unknown 22 (9)
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In the actively traced group, 76 were anti-HCV negative
and one tested positive for anti-HCV and HCV-RNA (Figure 1).

Effectiveness of screening methods

For the Stockholm cohort of patients, a comparison of the
effectiveness of the two screening methods was performed,
that is, non-active tracing screening via public information
posters (used in the screening 2007–2010) versus active trac-
ing screening when patients were actively traced and con-
tacted by mail (used in the screening 2017–2018). The non-
active tracing screening reached 12% (37/303) of patients
possible to screen of whom 5% (2/37) were HCV positive and
the active tracing screening reached 40% (77/194) of whom
1% (1/77) were HCV positive, indicating that the latter had
better reachability (p< .001) (Table 3).

HCV prevalence

Overall, 235 (35%, 235/676) of the total cohort had a trace-
able documented anti-HCV test and 11 of them were found
to have transfusion-transmitted chronic HCV infection. The
prevalence of chronic HCV infection among tested childhood
cancer survivors in Stockholm was thus 4.7% (95% CI =
2.6–8.2%), which is almost 10 times higher than the preva-
lence of 0.5% reported in the adult Swedish population (RR
= 9.4) [16]. The HCV prevalence was similar (4.7%, 6/128)
among those treated for childhood leukemia before 1992.

Characteristics and treatment outcome of the HCV
infected patients

In all, 11 patients were found to be HCV infected (Table S1).
All of them were both HCV-antibody and HCV RNA positive.

Ten patients were diagnosed before the start of this study.
The 11 patients (8 women, 3 men) with chronic HCV infec-
tion were treated for malignancy between the years of 1976
and 1990. Blood transfusions during malignancy treatment
were the most probable source of HCV infection in all
patients. Only two patients were infected after the introduc-
tion of surrogate markers for blood donors in 1985. The
median age at malignancy diagnosis and treatment was 7
years (range 2–17). The median presumed duration of HCV
infection was 22 years at first positive anti-HCV test.
Genotype 2 was found in 6 out of 11 (55%). Seven patients
underwent liver biopsy at a median duration of infection of
24 years, all of them had mild histopathological signs.
Additionally, two patients underwent solely liver elastogra-
phy with results indicating low fibrosis scores. Nine were suc-
cessfully treated for chronic HCV infection with sustained
viral response (SVR). One patient died from recurrent malig-
nancy before initiation of antiviral treatment.

Discussion

A prevalence of 4.7% chronic HCV infection was found in the
HCV tested cohort of childhood cancer survivors in
Stockholm, which is almost 10 times higher than the preva-
lence in the general Swedish population [16]. Previous inter-
national studies of transfusion-transmitted HCV infection in
childhood cancer survivors have shown a high prevalence,
ranging from 6% to 40% depending on location, study
period and which malignancies that were included [9–11,17].
All anti-HCV positive patients in our study were also HCV-
RNA positive. A high prevalence of seronegative HCV
infected childhood cancer survivors has been described pre-
viously, suggesting that the true HCV prevalence might have
been higher if HCV-RNA was used as screening method

Table 2. Characteristics of the actively screened cohort between the years 2017 and 2018.

Invited, n (%) No response, n (%) Included, n (%) Tested, n (%)a

Total 225 (100) 88 (39) 137 (61) 108 (79)
Female, n (%) 102 (45) 32 (31) 70 (69) 57 (81)
Male, n (%) 123 (55) 56 (64) 67 (49) 51 (76)
Malignancy diagnosis
Solid tumor, n (%) 92 (41) 37 (40) 55 (60) 41 (75)
Leukemia, n (%) 65 (29) 21 (32) 44 (68) 37 (84)
Brain tumor, n (%) 39 (17) 19 (49) 20 (51) 17 (85)
Lymphoma, n (%) 24 (11) 9 (38) 15 (63) 10 (67)
Other, n (%) 5 (2) 2 (40) 3 (60) 3 (100)

HCV negative na na na 107 (99)
HCV positive na na na 1 (1)
aNumber of tested patients (n) of those included and the ratio of tested/included patients (%).

Table 3. Comparison between the two screening methods in the Stockholm cohort.

National screening campaigna Active tracing screeningb p-value�
Possible to screen, n 303 194
Tested, n (%) 37 (12 %) 77 (40 %) <.001
HCV-RNA positive, n (%) 2 (5 %) 1 (1 %)
Anti-HCV negative, n (%) 35 (95 %) 76 (99 %)
Numbers needed to test to detect 1 positive 19 77
aNational screening campaign between the years 2007 and 2010 recommending people with a history of blood transfusion
between 1965 and 1991 to participate via public posters and public information.
bActive tracing screening by personal letters and information to persons at risk.�p-value calculated by McNemars test.
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instead of anti-HCV [9,18]. On the other hand, the high
prevalence of seronegative HCV infections was based on old
studies using second generation ELISA, which is a less sensi-
tive anti-HCV detection method. It could also be argued that
patients should have restored immunocompetence many
years after cessation of treatment and would, therefore, be
able to produce antibodies against HCV.

The most common malignancy in our HCV-positive group
was leukemia, which was expected since almost all these
patients require blood transfusions during treatment [7,8].
Patients treated for brain tumors were in majority among
those that never answered the letters, possibly because
transfusion rates are lower during brain tumor treatment.
Furthermore, patients with highly malignant brain tumors
often suffer from posttreatment cognitive side effects, which
also might contribute to a lower frequency of study partici-
pation [19,20].

We found a high proportion of genotype 2 among the
infected childhood cancer survivors. The majority was trans-
fused in the 1980s. Overall, genotypes 1 and 3 are the most
frequent genotypes found in Swedish HCV-infected patients
[21]. Among patients with transfusion-transmitted HCV infec-
tion, genotype 1a is most common, followed by genotype
2b [21–23], whereas genotype 3a is mainly associated with
injecting drug use. Shev et al. found a 21% prevalence of
genotype 2b among Swedish blood donors in the early
1990s. However, genotype 2b was the most frequent geno-
type (found in 46%) among blood donors with HCV infection
acquired by previous transfusion, suggesting that this geno-
type used to be more common among blood donors in the
1970–80s [24]. This was confirmed by Westin [21] investigat-
ing the distribution of genotypes in Sweden over time,
showing that genotype 2 was the second most common
genotype before 1975 and thereafter genotype 3a increased
in relative prevalence.

Despite a long duration of infection at HCV diagnosis and
the additive effect of cytotoxic and hepatotoxic treatments
and in some cases also immunosuppressive treatment, the
liver disease was mild to moderate among the HCV infected
and most patients cleared the infection after treatment.
Many previous studies support the finding of slow progres-
sion of liver disease among childhood cancer survivors
[10,25,26]. However, some patients do develop a more severe
liver disease [11,27,28]. Castellino et al. studied 122 child-
hood cancer survivors at St Jude hospital, USA, of whom 8 of
59 liver biopsied (13.6%) had liver cirrhosis at a median dur-
ation of HCV infection of 12.4 years. In addition, they found
an association between antimetabolite treatment and a more
progressive liver disease [11]. The same cohort of HCV posi-
tive childhood cancer survivors was followed until 30 years
after cancer diagnosis and the incidence of cirrhosis develop-
ment was equal to the general HCV infected adult popula-
tion, but patients developed cirrhosis at a younger age (30
years, median age) [28].

Adult childhood cancer survivors were one of the specific-
ally targeted risk groups in the Swedish national HCV screen-
ing campaign during 2007–2010 aimed at blood transfusion
recipients between 1965 and 1991. A national prevalence of

0.9% anti-HCV positive and 0.6% HCV-RNA positive was
detected in the campaign [14]. Separate analysis of the cam-
paign outcome in Stockholm County showed a higher preva-
lence of 1.8% anti-HCV positive and 1.4% HCV-RNA positive
transfusion recipients [15]. The majority of the HCV positive
patients was women infected by blood transfusion during
childbirth. Only a few HCV-RNA positive patients were from
the targeted pediatric risk groups.

When comparing the effectiveness of the different screen-
ing methods used in the Stockholm cohort, active tracing
screening was a far more effective method reaching 40%
compared to 12% by non-active tracing screening. However,
active tracing screening is more time consuming and conse-
quently more expensive. A meta-analysis performed by
Aspinall et al. [29] showed that targeted case finding was
more effective in test uptake and cases detected, compared
to non-targeted testing intervention via public information.
This finding is in line with our results and supported by
other studies [30,31]. In the era of highly effective direct anti-
viral treatment options, it is essential to trace and treat
undiagnosed HCV infected individuals as soon as possible
before progression to severe liver disease. The awareness of
previous transfusion history and previous HCV testing is low
(around 50%) among childhood cancer survivors [32].
Chronic HCV infection is often asymptomatic, making active
screening of specific risk groups the best way to detect pre-
viously undiagnosed cases.

Our study has some limitations. The exact number of
tested individuals was not possible to estimate since tests
performed outside Stockholm County were not possible to
track. The prevalence of 4.7% of chronic HCV infection in our
cohort is estimated only on the tested population. We were
not able to confirm if all included patients had been trans-
fused, since the register lacked information of previous trans-
fusions and no digitalized transfusion records were available
during that time period. The prevalence would probably be
higher if only those with previous blood transfusions were
included. However, childhood cancer survivors undergoing
intense medical treatment were also at risk of acquiring HCV
infection by the use of unsterilized medical equipment
before 1992, and this transmission route would have been
neglected if only transfused patients were included [10,33].

In conclusion, we found an almost 10 times higher preva-
lence of HCV infection among tested childhood cancer survi-
vors in Stockholm, compared to the national prevalence of
0.5%. Only a minority of this risk group had previously been
tested for HCV. Assumedly, many transfusion recipients at
risk for HCV infection remain untested. With today’s effective
treatment options and based on our findings, active tracing
and HCV screening of all childhood cancer survivors, who
underwent malignancy treatment before 1992, is
recommended.
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