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Background

Children with bleeding disorders, such as hemophilia and von Willebrand disease (VWD),
have an increased risk of acquiring transfusion-transmitted infections (TTI). Screening
methods to exclude blood donations that are at risk of transmitting infection from donors
to recipients are critical to preventing disease transmission. Nucleic acid testing (NAT)
is the latest blood donor-screening method. This study aimed to determine the incidence
of hepatitis C virus (HCV) infection in children with hemophilia and VWD at Dr. Cipto
Mangunkusumo Hospital with a history of blood transfusion before and after im-
plementation of a NAT screening method.

Methods

A cohort retrospective study was conducted on children aged 0-18 years with bleeding
disorders and a history of blood transfusion. In our center, all blood transfusions before
2015 were screened using non-NAT methods, while all blood transfusions were screened
using NAT starting in 2015. Eligible patient characteristics were collected from medical
records. From July to December 2019, blood samples were obtained from eligible pa-
tients for anti-HCV examination. HCV RNA examinations were performed on subjects
with reactive anti-HCV results, and the relative risk was calculated.
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Results

In total, 108 eligible participants were included in this study. We observed that 91 (94.3%)
patients had history of receiving non-NAT blood transfusions, while 17 (15.7%) patients
received NAT-screened blood transfusions. The proportion of anti-HCV reactivity in the
non-NAT group and that in the NAT group were 3.3% (3/91) and 0% (0/17), respectively.
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leading to hemophilia A, or factor IX (FIX), leading to hemo-
philia B [1-3]. VWD is an autosomal recessive bleeding dis-
order due to defect of chromosome 12, which leads to defi-

INTRODUCTION

Children with hereditary bleeding disorders are most like-
ly to receive blood component transfusions during their lives
as part of treatment. The most common hereditary bleeding
disorders are hemophilia and von Willebrand disease (VWD).
Hemophilia is an X-linked recessive bleeding disorder that
causes a deficiency in coagulation protein factor VIII (FVIII),

ciency of factor VWD (VWF) [4]. Immediate administration
of replacement therapy is necessary to stop bleeding due
to a deficiency in blood coagulation factors. The standard
of care is to administer FVIII, FIX, or VWF concentrates
as a replacement therapy [5]. However, in emerging coun-
tries, such as Indonesia, where the availability of clotting
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factor concentrates is limited, transfusion of cryoprecipitate
or fresh-frozen plasma may be used. In cases of major blood
loss, other blood products, such as red blood cells and plate-
lets, for transfusions are also needed. Multiple blood trans-
fusions have been linked to transfusion-transmitted in-
fections (TTI), including hepatitis C virus (HCV) [6].
Approximately, 76% of chronic HCV infections progress to
liver cirrhosis [7]. The American Association for the Study
of Liver Diseases (AASLD) recommends screening high-risk
populations, including patients with hemophilia and VWD
[8]. Liver cirrhosis may worsen bleeding in hemophilia and
VWD, which may lead to a poor quality of life, a high mortality
rate, and an increased cost of therapy [9, 10].

Our center, Dr. Cipto Mangunkusumo Hospital (CMH),
is a national referral hospital in Indonesia that provides com-
prehensive hemophilia care for children and adults with
hemophilia and other bleeding disorders. The estimated
number of people with hemophilia in Indonesia is 25,000,
but data from the Indonesian Hemophilia Society 2020 re-
ports the number of patients registered is 2,706. Blood trans-
fusion services are available and coordinated by the hospital
blood bank unit in cooperation with the Indonesian Red
Cross, which supplies the blood products. In Indonesia, the
first antibody screening method was the HCV rapid test
in 1990, which has a window period of up to 3 months
[11, 12]. Afterward, enzyme-linked immunosorbent assay
(ELISA) and chemiluminescent immunoassay (ChLIA) were
introduced in 1993 and 2004, respectively, with shorter win-
dow periods [13, 14]. Since 2015, nucleic acid testing (NAT)
has been used as a blood donor screening method in our
hemophilia center for CMH. NAT detects the genetic materi-
al of the virus with a window period of up to 3 days [15].

Currently, there are no data in Indonesia regarding the
incidence of HCV infection in children with hemophilia
and VWD before and after the implementation of NAT blood
donor screening. This study aimed to determine the incidence
of HCV infection in children with hemophilia and VWD
before and after implementation of NAT as a blood donor
screening method.

124 hemophilia and VWD subjects with
history of blood transfusion

| /—

[108 eligible subjects completed the study]

v v v

MATERIALS AND METHODS

Patients

A cohort retrospective study of HCV infection in patients
with hemophilia and patients with VWD receiving blood
component transfusion was carried out in the Pediatric
Hematology-Oncology Division, Dr. Cipto Mangunkusumo
Hospital (CMH), Faculty of Medicine Universitas Indonesia,
Jakarta. This study was conducted between July and
December 2019. The inclusion criteria were children aged
0-18 years with hemophilia and VWD who had a history
of blood transfusions before the start of the study, including
those with red blood cells, platelets, cryoprecipitate, and
fresh frozen plasma. Data collected from the medical records
included sex, age, diagnosis, severity of hemophilia, inhibitor
status, history of major surgery, major bleeding episodes,
and history of clotting factor concentrates received as re-
placement therapy. Data collected on blood transfusion his-
tory included the time of receiving transfusion (date/month/
year), type of blood component product used, age of the
first transfusion, and method of blood donor screening.
Informed consent was obtained from the parents of the eligi-
ble patients. Patients with a history of sharing needles and
a mother with a history of HCV infection were excluded
from the study. Participants who were unwilling to partic-
ipate in the study were also excluded.

Laboratory assays

Blood specimens were collected from all eligible subjects,
and anti-HCV examination was performed using a chem-
iluminescent microparticle immunoassay Architect Anti-HCV
(Abbot Laboratories, Wiesbaden, Germany). The sam-
ple/cut-off (S/CO) value used to determine the reactivity
was =1.0. HCV RNA examination using the Xpert HCV
Viral Load Assay GeneXpert (Cepheid, AB, CE) was per-
formed only on subjects with reactive anti-HCV results. In
this study, we did not assess the presence of other viral
or bloodborne pathogens. All blood collection and tests were
performed at the clinical pathology laboratory of CMH

10 subjects refused to

participate in the study

6 subjects could not be reached

Hemophilia A Hemophilia B
80 subjects 27 subjects

Von Willebrand disease
1 subjects

l [ |
/ \_L

Subjects received NAT-screened
blood products

17 subjects 91 subjects

Subjects did not received NAT-
screened blood products

Fig. 1. Protocol used in the recruit-

ment of the subjects.
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throughout the study period from July 2019 to December
2019. The relative risk (RR) of using NAT for blood donor
screening related to the incidence of HCV infection was
calculated.

The protocol for this study was reviewed and approved
by the health research ethics commission of the Faculty
of Medicine, University of Indonesia, as well as by the Head
of Research Centre CMH with ethics approval numbers
537/UN2. F1/ETIK/2019 and LB.02/2.2/0686/2019.

RESULTS

We identified 124 children with hemophilia and VWD
who were eligible for inclusion in the study (Fig. 1). Ten
patients refused to participate in the study, and six patients
could not be reached or had moved far away from the CMH.
A total of 108 subjects completed the study. The character-

Table 1. Summary of the characteristics of the subjects.

istics of the participants are presented in Table 1.

Throughout the study period, all eligible patients were
exposed to plasma-derived clotting factor concentrates avail-
able at our center as replacement therapy. The plasma-de-
rived concentrates underwent two steps of viral inactivation
using solvent/detergent and heat treatment or solvent/detergent
and terminal dry heat treatment.

Of the 108 eligible subjects, 80 (74%) had hemophilia
A, 27 (25%) had hemophilia B, and 1 (1%) had VWD (Table
1). The median age of all the subjects was 10.91 (IQR, 8)
years. The number of subjects who received NAT-screened
blood products were 17 (16%) and non-NAT blood products
were 91 (84%).

Among subjects who received non-NAT blood products,
three out of 91 (3.3%) showed anti-HCV reactivity (Table
2), whereas no subjects with reactive anti HCV were found
among subjects who received NAT-screened blood trans-
fusions. All three subjects underwent further testing for HCV

Group 1 (NAT), Group 2 (Non-NAT),

N=17 (16%) N=91 (84%)

Gender

Male 17 (100%) 88 (97%)

Female 0 (0%) 3 (3%)
Age

<2 years old 0 (0%) 0 (0%)

2-15 years old 14 (82%) 72 (79%)

>16 years old 3 (18%) 19 (21%)
Diagnosis

Hemophilia A 12 (71%) 68 (75%)

Hemophilia B 5 (29%) 22 (24%)

Von Willebrand 0 (0%) 1 (1%)
Severity

Severe hemophilia 11 (65%) 54 (59%)

Moderate hemophilia 6 (35%) 30 (33%)

Mild hemophilia 0 (0%) 6 (7%)

VWD type 1 0 (0%) 1 (1%)
Inhibitor FVIII

Low titer 0 (0%) 1(1%)

High titer 0 (0%) 3 (3.3%)

Negative 16 (94%) 85 (93.4%)

History of inhibitor 1 (6%) 2 (2.2%)
Number of bags” during transfusion

1-4 bags 9 (53%) 42 (46%)

5-10 bags 6 (35%) 36 (40%)

>10 bags (volume of each bag +=50-180 mL) 2 (12%) 13 (14%)
Age of first transfusion

<2 years old 6 (35%) 34 (37%)

2-15 years old 11 (65%) 57 (63%)

>16 years old 0 (0%) 0 (0%)
Major surgery

Yes 0 (0%) 18 (20%)

No 17 (100%) 73 (80%)

“Any type of blood component product.

Abbreviations: NAT, nucleic acid testing; VWD, Von Willebrand disease.
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Table 2. Association between using NAT and the anti-HCV result.

Anti-HCV
Reactive, % Non-reactive, % Total P RR (95% CI)
NAT 0 (0) 17 (100) 17 0.448 1.034 (0.996-1.074)
Non-NAT 3(3.3) 88 (96.7) 91

Abbreviations: Cl, confidence interval; HCV, hepatitis C virus; NAT, nucleic acid testing; RR, relative risk.

Table 3. Summary of the characteristics of thesubjects with reactive anti-HCV.

Subject information Subject A Subject B Subject C

Blood examination

a. Anti HCV Reactive Reactive Reactive

b. HCV RNA Virus not found Virus not found Virus not found
Characteristics

a. Gender Male Male Male

b. Age 16 y.o. 11 y.o. 10 y.o.

c. Diagnosis Hemophilia A Hemophilia A Hemophilia B

d. Severity Severe Moderate Moderate

e. Inhibitor Negative Negative Negative

f. History of major surgery None None None

g. First transfusion (yr/age) 2009/6 y.o. 2010/2 y.o. 2012/3 y.o.

h. Number of bags per transfusion (volume each bag +50-180 mL) 5-10 bags 1-3 bags 1-4 bags

i. Blood screening method ChLIA ChLIA ChLIA

Abbreviations: ChLIA, chemoluminescence immunoassay; y.o., years old.

RNA, all of which were negative. The duration to con-
firmatory HCV RNA test was approximately 2-3 weeks after
testing positive using the anti-HCV screening test. The RR
of contracted HCV infection with a history of NAT exposure
was 1.034, with a confidence interval of 95% CI: 0.996-1.074.
The characteristics of subjects with anti HCV reactivity are
shown in Table 3. All three subjects claimed that they had
never previously experienced any signs or symptoms of HCV
infection.

DISCUSSION

Patients with hemophilia and other bleeding disorders
are at high risk of transfusion-associated hepatitis C, mainly
when clotting factor concentrates are not available. To date,
there are no published data on the prevalence of trans-
fusion-transmissible HCV infections among blood donors
in Indonesia. However, based on data from Jakarta Blood
Center that supplied CMH, the blood donor’s screening using
enzyme immunoassay (EIA) method, approximately 0.54%
donors were reactive to anti-HCV from 2005 to 2021 (data
was not published).

In 2005, Oswari et al [16] reported that 39 children with
hemophilia in CMH were diagnosed with HCV infection
(RNA PCR-positive) due to transfusion. A total of 24 out
of 39 children had chronic infection, while 15 out of 39

(39%) had spontaneous clearance [16]. CMH Internal
Medicine Department reported there were 38% of adults
with hemophilia acquired HCV infection in 2012. Of these,
3% of them developed into liver cirrhosis. Liver cirrhosis
is the end-stage of chronic liver disease, which may be caused
by hepatitis C infection. In liver cirrhosis, the synthesis of
coagulation factors, such as FVIII and IX, is decreased due
to the destruction of liver cells [17]. This condition may
worsen the level of coagulation factors that are genetically
low in patients with hemophilia. Hypersplenism in liver
cirrhosis may lead to a low number of platelets. Furthermore,
esophageal varices may be found in patients with liver
cirrhosis. Patients with hemophilia who suffer from esoph-
ageal varices rupture experience massive bleeding. This con-
dition may require massive transfusion, which includes not
only coagulation factors but also packed red cells and
platelets. The early initiation of therapy may prevent the
progression of HCV infection to liver cirrhosis and its compli-
cations [18, 19].

Our study showed a decreased number of children with
chronic HCV infection compared with a previous study in
2005. Our study supported the evidence of a better outcome
of the ChLIA screening method over the rapid test and ELISA
in transfusion-related HCV infection. More importantly, this
study found 0% of subjects with HCV infection who received
NAT screening blood transfusion. Studies have shown that
NAT is superior to rapid tests, ELISA, and ChLIA because

Blood Res 2022;57:129-134.
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of its ability to detect nucleic acid particles of hepatitis C
RNA [12-15]. In contrast, rapid tests, ELISA, and ChLiA
detect antibodies against hepatitis C infection [12-14]. The
formation of antibodies needs time after the infection of
hepatitis C virus. Therefore, antibody-based screening meth-
ods have a longer window than NAT. Rapid tests and ELISA
using ChLiA have window periods of up to 6 months, 4
months, and 21 days, respectively. A longer window may
increase the number of undetected hepatitis C infections
in blood products. Above all, NAT has the shortest window
period, which can detect nucleic acid particles of hepatitis
C virus for up to 3 days [15].

We found that three patients were anti-HCV reactive
among those who received non-NAT blood transfusions;
however, HCV RNA was negative. The possibility of
false-positives by anti-HCV tests using EIA method based
on the literature was considerably high, with estimation
of 15% to 62% [20]. Moreover, a study related to the diag-
nostic performance of our HCV screening test immunoassays
showed a 96.7% diagnostic sensitivity and a 52.1% positive
predictive value, which may result in false positive results
in three subjects of this study [21]. Furthermore, HCV in-
fection may occur spontaneously. In 2006, Zhang er al [22]
reported several characteristics of the spontaneous clearance
of HCV infection in patients with hemophilia. This study
revealed that the likelihood of spontaneous HCV clearance
increased in patients younger than 16 years of age. Another
study in 2006 [23] also reported that spontaneous clearance
was more likely to occur in younger patients, with a higher
proportion of spontaneous clearance reported in the pediatric
cohort than in adults. Spontaneous clearance was also asso-
ciated with the female sex, viral load, viral coinfections,
alcohol use, and genetic factors [22, 23]. Three subjects in
our study had several characteristics of spontaneous clear-
ance, including younger age and a non-compromised im-
mune system. However, other associated factors were not
evaluated in this study.

The probability of HCV infection may increase with the
severity of hemophilia. Comorbidities also play an important
role in causing more bleeding episodes. For example, patient
A with severe hemophilia A in our study was also diagnosed
with epilepsy and consumed valproic acid regularly, which
has the side effect of thrombocytopenia. Hemophilia com-
bined with thrombocytopenia may lead to frequent and mas-
sive bleeding episodes. The number of blood transfusions
increases when massive bleeding episodes occur more
frequently. In this case, the patient might have required
transfusions of packed red cells, cryoprecipitate, and platelets.
Consequently, the high frequency of transfusions required
might lead to a higher chance of HCV infection.

This study has several limitations. First, the number of
subjects who received NAT-screened blood transfusions was
small; hence, further multicenter studies in Indonesia should
be considered to identify more patients with hemophilia
and other bleeding disorders with HCV infection. The
NAT-screened blood products were only available since 2015
in our center, and during the last 5 years, the use of factor

concentrates for children with hemophilia A and B has in-
creased, causing a small number of subjects to receive
NAT-screened blood transfusion. Second, the precise age
of HCV infection in the subjects was estimated using the
first age at transfusion. Thus, the factors associated with
spontaneous clearance in this study may have been imprecise.

This is the first study in Indonesia to evaluate the number
of HCV infections in children with hemophilia who under-
went NAT compared to that in those who underwent
non-NAT blood transfusion. The three subjects were ob-
served to have reactive anti-HCV, and this is a finding in
our study should be recognized as important. Due to its
limited budget, NAT is not applied as a routine blood donor
screening method in the majority of provinces in our country.
We strongly suggest that NAT be considered in all regular
blood donor screening methods for children with hereditary
bleeding disorders, such as hemophilia and VWD. HCV in-
fection could lead to liver cirrhosis, which causes failure
to produce other coagulation factors and may pose major
life-threatening bleeding and catastrophic burden on quality
of life and treatment cost.
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