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Background
Factor VIII (FVIII) inhibitor diagnosis and surveillance in Indonesia are challenging owing 
to geographic conditions and the lack of laboratory facilities nationwide for inhibitor 
assays. This study aimed to determine the prevalence of FVIII inhibitors in children diag-
nosed with hemophilia A (HA) in Indonesia.

Methods
A cross-sectional study was conducted in 12 hospitals in eight provinces of Indonesia 
between 2020 and 2021. Factor VIII inhibitor screening was performed in a central hemo-
stasis laboratory for all children with HA (≤18 yr) who had received a minimum of 10 
exposure days to clotting factor concentrates. The FVIII inhibitor titer was determined 
using the Bethesda assay.

Results
Children (388) were enrolled in this study, including 219 (56.4%), 131 (33.8%), and 38 
(9.4%) with severe, moderate, and mild HA, respectively. The prevalence of children who 
developed FVIII inhibitors was 37 out of 388 (9.6%). Factor VIII inhibitors were found 
in 25/219 (11.4%) severe, 11/131 (8.3%) moderate, and 1/38 (2.6%) children with mild 
HA. Thirteen children had low-titer inhibitors and 24 had high-titer inhibitors, with a me-
dian of 9.44 (1.48‒412.0) Bethesda Units. Among 13 children with low-titer inhibitors, 
eight underwent a confirmation test, of which five tested negative and were classified 
as transient. A significant difference in annual joint bleeding rate was found between pa-
tients with low and high inhibitor titers and those without inhibitors (P＜0.001). 

Conclusion
Factor VIII inhibitor prevalence in Indonesia was relatively low. However, the risk factors 
that may contribute to FVIII inhibitor development among Indonesian patients require 
further study.
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Table 1. Patient demographics.

Characteristics (N=388) N (%)

Age
   0–＜5 years   63 (16.2)
   5–＜10 years 130 (33.5)
   10–＜15 years 128 (33.0)
   15–18 years   67 (17.3)
Severity
   Mild   38 (9.8)
   Moderate 131 (33.8)
   Severe 219 (56.4)
Type of FVIII products
   Plasma-deriveda) 293 (75.5)
   Plasma-derived+recombinantb)   67 (17.3)
   Unknown   28 (7.2)

a)Plasma-derived products used are Koate DVI, Haemoctin, 
Octanate. b)History of switching products from plasma-derived to 
recombinant owing to a clinical event. All recombinant FVIII 
concentrates were donated by the World Federation of Hemophilia’s
Humanitarian Aid Program.

INTRODUCTION

Hemophilia A (HA) is an X-linked recessive bleeding dis-
order characterized by factor VIII (FVIII) deficiency [1]. 
The standard treatment for HA is FVIII replacement therapy, 
which may be administered prophylactically or on demand. 
Repeated administration of exogenous FVIII concentrates 
can result in antibody formation, which is called an inhibitor 
[1, 2]. Inhibitors are most frequently encountered in patients 
with severe HA (20–30%) [3, 4], with the highest incidence 
occurring during the first 20–30 days of exposure [5, 6]. 
A post-hoc analysis of the Study on Inhibitors in Plasma-Product 
Exposed Toddlers (SIPPET) also revealed that the highest 
rate of inhibitor development occurred during the first 10 
days of exposure [7, 8]. The development of an FVIII inhibitor 
complicates bleeding management in patients with HA and 
increases morbidity, mortality, and treatment cost [1, 4]. 

To date, available data regarding the prevalence of FVIII 
inhibitors in HA patients in lower-middle-income countries 
with healthcare constraints, such as Indonesia, are limited. 
Although the diagnosis and management of patients with 
hemophilia in Indonesia have improved in recent years, there 
are still several unmet needs. Factor VIII inhibitor assays 
are not widely available in hemophilia treatment centers 
across all the provinces of Indonesia. Limited access to health-
care facilities owing to geographic and socio-economic con-
ditions and the high expense of bypassing agents remain 
challenges for treating patients with hemophilia with FVIII 
inhibitors. The data on FVIII inhibitor prevalence are val-
uable to healthcare providers and policymakers for improv-
ing the treatment of patients with hemophilia. This study 
aimed to determine the prevalence of FVIII inhibitors among 
children diagnosed with HA in Indonesia.

MATERIALS AND METHODS

This was a multicenter, descriptive study involving eight 
provinces in Indonesia (Jakarta, Banten, West Java, East Java, 
Central Java, Yogyakarta, North Sumatra, and South Sumatra) 
conducted from January 2020 to October 2021. The inclusion 
criteria were children diagnosed with HA, aged ≤18 years, 
who had received a minimum of 10 days of exposure to 
clotting factor concentrate (CFC) before FVIII inhibitor 
testing. Patients who refused to undergo FVIII inhibitor 
testing were excluded. 

Baseline data, including patient demographics, severity 
of hemophilia, family history of FVIII inhibitors, annual 
bleeding rate (ABR), annual joint bleeding rate (AJBR), his-
tory of major bleeding, and surgery before FVIII inhibitor 
development, were obtained from medical records. Ethical 
approval was obtained from The Ethics Committee of the 
Faculty of Medicine, Universitas Indonesia, Dr. Cipto 
Mangunkusumo Hospital (No. 1199/UN2.F1/Ethics/PPM.00. 
02/2021).

Laboratory examination
The FVIII inhibitor assay was performed in a central hemo-

stasis laboratory (Department of Clinical Pathology, Dr. Cipto 
Mangunkusumo Hospital, Jakarta). To deliver samples from 
hospitals in other provinces, we collaborated with a private 
laboratory (Prodia) with nationwide coverage and branches 
in every province, using a standardized referral sample deliv-
ery system. During outpatient clinic visits, patients were 
asked to visit the selected Prodia laboratory in their 
provinces. Blood samples were collected from the peripheral 
vein and placed in a citrate-filled plastic tube with a blood 
to anticoagulant ratio of 1:9. Blood samples were centrifuged 
at 1,700×g for 15 min at room temperature (15–25°C) to 
obtain a plasma citrate specimen, which was then frozen 
at -20°C. The frozen 1 mL plasma citrate specimens were 
sent to the Prodia laboratory in Jakarta using dry ice packs 
to maintain the temperature at -20°C. The frozen samples 
were then referred to the Laboratory Department of Clinical 
Pathology, Dr. Cipto Mangunkusumo Hospital, Jakarta. The 
time from sample collection to the Bethesda assay was less 
than 1 week. The FVIII inhibitor titer was measured using 
the Bethesda assay. A factor VIII inhibitor was considered 
negative if the titer was ＜0.6 Bethesda Units (BU). A low-tit-
er inhibitor had a Bethesda titer of between ≥0.6 and ＜5 
BU, and ≥5 BU was considered a high-titer inhibitor. 

Statistical analysis 
Data were analyzed using the Statistical Package for Social 

Sciences (SPSS, IBM Corporation, Armonk, NY, USA) version 
26.0. Categorical data are presented as frequencies and per-
centages in tables or graphs. Numerical data with normal 
distribution are provided as the mean±standard deviation 
(SD), and data with skewed distribution are provided as 
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Fig. 1. Results of inhibitor surveillance 
among patients (N=388).

the median and lower-upper interquartile range (Q1; Q3). 
We also conducted a chi-square test to determine whether 
there were significant differences in patients’ characteristics 
according to the inhibitor titer. Pearson’s exact test was 
used if the data did not fulfill the chi-squared criteria. 
Post-hoc testing was conducted using pairwise Z-test stat-
istical analysis between patients with and without inhibitors.

RESULTS

Between 2020 and 2021, the total number of patients 
with HA aged ≤18 years registered in the Indonesian 
Hemophilia Society (IHS) national registry was 1,336. A 
total of 388 patients with HA from 12 hospitals in eight 
provinces participated in this study. Almost all patients re-
ceived plasma-derived FVIII concentrates because of the 
availability of the products. During the study period, re-
combinant factors were only available from donations by 
the World Federation of Hemophilia (WFH) (Table 1). Factor 
VIII inhibitors were detected in 9.6% (37) of children with 
HA in the 12 hospitals in Indonesia. The proportion of each 
inhibitor titer is shown in Fig. 1. The median FVIII inhibitor 
titer was 9.44 (1.48–412.0) BU. The median age of patients 
treated with FVIII inhibitors was 8 (5.5; 8.5) years. Factor 
VIII inhibitors were the most common in patients with severe 
HA (67.6%), with the majority having high-titer inhibitors. 

Among all patients with FVIII inhibitors, only 12 had 
a history of switching products to recombinant FVIII owing 
to a clinical event (Table 2). During their lifetime, 16 of 
the 37 patients with FVIII inhibitors underwent the follow-
ing surgical procedures: circumcision in 12 patients (between 
2015 and 2019), tooth extraction in one patient in 2015, 
appendicectomy in one patient in 2018, and more than one 
surgical procedure in two patients. The median period be-

tween the surgical procedures and FVIII inhibitor develop-
ment in these patients was 2.5 (1–12) years. We did not 
find significant differences in any baseline characteristics 
between patients with low and high inhibitor titers (Table 
2).

Five patients who developed FVIII inhibitors also had 
a history of major bleeding: four patients had an intracranial 
hemorrhage (2017–2019) and one patient had an iliopsoas 
hemorrhage in 2020 when FVIII inhibitors were diagnosed. 
The median period between major bleeding events and FVIII 
inhibitor testing was 2 (0–15) years. Most patients with FVIII 
inhibitors also had target joints, with the knee and ankle 
being the most affected. The characteristics of the patients 
treated with FVIII inhibitors are shown in Table 2. The 
ABR and AJBR of patients without inhibitors, low-titer in-
hibitors, and high-titer inhibitors are presented in Table 
3. Our results showed a significant difference in AJBR be-
tween patients with low and high inhibitor titers and those 
without inhibitors (P＜0.001). 

Of the 13 patients with low-titer inhibitors, eight under-
went a confirmation test approximately 6 months after the 
baseline test, whereas the remaining five were not further 
tested (Fig. 1). In the confirmation test, five patients tested 
negative, two patients had high-titer inhibitors (6.4 BU and 
5.2 BU), and one had a low-titer inhibitor (2.68 BU). 

DISCUSSION

This study included 29.8% children with HA aged ≤18 
years who were registered in the IHS National Registry. 
Based on the IHS data, approximately 60% of these patients 
lived in small cities and rural areas in the eight provinces 
that participated in this study. To participate, patients were 
asked to visit the capital city of each province. However, 
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Table 2. Characteristics of patients with FVIII Inhibitors.

Characteristics Low-titer inhibitors (N=13) High-titer inhibitors (N=24) P d)

Severity 0.811
   Mild   0 (0%)   1 (4.2%)
   Moderate   3 (23.1%)   8 (33.3%)
   Severe 10 (76.9%) 15 (62.5%)
Age at first time receiving FVIII concentrate 0.557
   ＜1 year   4 (30.7%)   4 (16.7%)
   1–5 years   7 (53.9%) 16 (66.6%)
   6–10 years   2 (15.4%)   4 (16.7%)
History of surgery 0.488
   None   6 (46.1%) 15 (62.5%)
   Circumcision   5 (38.5%)   7 (29.1%)
   Appendicectomy   0 (0%)   1 (4.2%)
   Tooth extraction   1 (7.7%)   0 (0%)
   More than 1 surgery   1 (7.7%)   1 (4.2%)
Major bleeding 0.682
   None   9 (69.2%) 18 (75%)
   Intracranial hemorrhage   1 (7.7%)   3 (12.5%)
   Iliopsoas hemorrhage   1 (7.7%)   0 (0%)
   Unknown   2 (15.4%)   3 (12.5%)
Annual bleeding ratea) 0.061
   12/year   3 (23.1%) 10 (41.7%)
   13–24/year   7 (53.8%)   7 (29.1%)
   25–48/year   1 (7.7%)   7 (29.2%)
   Unknown   2 (15.4%)   0 (0%)
Annual joint bleeding ratea) 0.097
   12/year   2 (15.4%) 10 (41.7%) 
   13–24/year   9 (69.2%) 10 (41.7%)
   25–48/year   0 (0%)   4 (16.7%)
   Unknown   2 (15.4%)   0 (0%)
Target joint 0.274
   None   2 (15.4%)   7 (29.2%)
   1 joint   5 (38.5%) 10 (41.6%)
   More than 1 joint   4 (30.7%)   7 (29.2%)
   Unknown   2 (15.4%)   0 (0%)
Family history of inhibitor 0.88
   Yes   3 (23.1%)   4 (16.7%)
   No   8 (61.5%) 17 (70.8%)
   Unknown   2 (15.4%)   3 (12.5%)
Type of FVIII products 0.261
   Plasma-derivedb)   7 (38.5%) 17 (29.2%)
   Plasma-derived+recombinantc)   5 (53.8%)   7 (70.8%)
   Unknown   1 (7.7%)   0 (0%)

a)1 year before FVIII inhibitor testing. b)Plasma-derived products used are Koate DVI, Haemoctin, Octanate. c)History of switching products from 
plasma-derived to recombinant due to a clinical event. All recombinant FVIII concentrates were donated by the World Federation of 
Hemophilia’s Humanitarian Aid Program. d)P-value is calculated using Pearson’s exact test.

the COVID-19 pandemic and difficult access to trans-
portation resulted in a low number of patients participating 
in our study. The prevalence of FVIII inhibitors among pa-
tients with severe HA in our study (25/219, 12%) was consid-
ered relatively low compared to that in studies from Western 
countries conducted by the Research of Determinants of 
Inhibitor Development (PedNet study group) and the UK 
Hemophilia Centre Doctors’ Organization (UKHCDO), with 
the most reported prevalence ranging between 20% and 
30% of severe HA [9-12]. This result may be owing to the 

use of low-dose FVIII plasma-derived therapy in Indonesia. 
In India, one study on patients with bleeding disorders also 
reported a slightly lower prevalence of inhibitors, which 
occurred in 6.1% of 1,285 patients with HA. This small 
number also reflects the undertreatment of patients with 
hemophilia, where only infrequent episodic treatment is ap-
plied, thus rarely resulting in peak treatment moments that 
subsequently lead to inhibitor development, especially in 
young patients [10].

The management of patients with inhibitors includes the 



Blood Res 2022;57:272-277. bloodresearch.or.kr

276 Novie Amelia Chozie, et al. 

Table 3. Annual Bleeding Rate (ABR) and Annual Joint Bleeding Rate (AJBR) by inhibitor baseline.

Characteristics Patients without inhibitors 
(N=351)

Patients with low-titer 
inhibitors (N=13)

Patients with high-titer 
inhibitors (N=24) P b)

Annual bleeding ratea)     0.53
   12/year 106 (30.2%) 3 (23.1%) 10 (41.6%)
   13–24/year   89 (25.4%) 7 (53.8%)   7 (29.2%)
   25–48/year 140 (39.9%) 1 (7.7%)   7 (29.2%)
   Unknown   16 (4.6%) 2 (15.4%)   0 (0%)
Annual joint bleeding ratea)

＜0.001d)

   12/year   88 (25.1%) 2 (15.4%) 10 (41.7%) 
   13–24/year   71 (20.2%)c) 9 (69.2%)c) 10 (41.7%)
   25–48/year 112 (31.9%) 0 (0%)   4 (16.7%)
   Unknown   80 (22.8%) 2 (15.4%)   0 (0%)

a)1 year before FVIII inhibitor testing. b)P-value is calculated using the chi square statistical method (data marked as unknown are excluded from 
the statistical analysis). c)Significant difference in post-hoc testing (P＜0.05). d)Significant P-value. 

treatment of bleeding episodes, eradication of inhibitors 
through induction of immune tolerance, and prophylaxis. 
Immune tolerance induction and prophylaxis with non-fac-
tor replacement therapy (emicizumab) are not feasible in 
Indonesia because of prohibitive costs. All children diagnosed 
with inhibitors in Indonesia were treated with bypassing 
agents, mostly donated by the WFH Humanitarian Aid 
Program. 

The WFH recommends routine inhibitor screening during 
the period with the highest risk of inhibitor development; 
that is, at least every 6–12 months after CFC therapy is 
initiated and annually following treatment. Screening is rec-
ommended for all patients with hemophilia, regardless of 
age or disease severity [1]. However, because of the limited 
facilities and financial constraints in Indonesia, FVIII in-
hibitor testing is only performed before surgery, after in-
tensive exposure to CFC, or in patients who fail to respond 
to adequate CFC treatment. Moreover, the FVIII inhibitor 
assay is unavailable for routine daily services in provinces 
outside Jakarta. 

From a technical perspective, shipping samples to a central 
laboratory is also challenging. Samples that cannot be trans-
ported as whole blood to the referred laboratory should 
be processed by centrifugation, ideally within 4 h of collec-
tion [13, 14]. If samples are stored for more than 4 h after 
collection, they should be maintained in an appropriate freez-
er (-20°C) and tests performed within 2 weeks or less [13, 
14]. Using this method, patients from outside Jakarta could 
be tested for FVIII inhibitors. We collaborated with a private 
laboratory to collect and deliver samples to the central 
laboratory. However, in daily practice, the national insurance 
plan does not cover transportation costs, which is a burden 
on patients.

Over the last decade, several variable risk factors have 
been analyzed to understand how they might contribute 
to the development of FVIII inhibitors, such as FVIII prod-
ucts, age at first exposure, intensity of treatment, “danger 
signals” caused by surgery, major bleeding events, vacci-

nation, or infection [5, 15]. In the current study, 32.4% 
of patients with FVIII inhibitors had a history of switching 
products to recombinant FVIII, 13.5% had a major bleeding 
event, and 43.2% had a history of surgery, 1 year before 
FVIII inhibitor testing was performed (Table 2) During surgi-
cal procedures or major bleeding events, patients received 
intense treatment exposure, defined as five or more consec-
utive days of treatment, resulting in an increased risk of 
inhibitor development [8]. However, given the retrospective 
nature of this study, it was difficult to collect comprehensive 
data regarding the treatment type and intensity, time be-
tween the suspected events, and exact time for the initial 
development of the FVIII inhibitor. 

Muscle and joint bleeding are the main clinical pre-
sentations of severe hemophilia, and their burden is greater 
in patients with inhibitors than in those without [2, 10]. 
Some factors, including patient compliance, referral prob-
lems to hemophilia centers, and large-scale social restrictions 
during the COVID-19 pandemic in some provinces, affected 
the data collection in this study. As shown in Table 3, the 
inhibitor titer was significantly associated with the AJBR 
(P＜0.001). According to post-hoc analysis, the number of 
patients with AJBR 13–24x/year was significantly higher in 
patients with a low-titer inhibitor than in patients without 
inhibitors. In patients with AJBR 25–48x/year, we found 
a higher proportion of patients without inhibitors than in 
patients with a high titer of inhibitors [112 out of 351 (31.9%) 
versus 4 out of 24 (16.7%), respectively]. This result may 
be owing to differences in age between the two groups 
[median of 10 (range, 5–18) years in patients without in-
hibitor versus 6 (range, 5–12) years in patients with a high 
titer inhibitor], which led to more target joints in 62/112 
(55.4%) among group of patients without inhibitors. Of those 
who developed the target joint, 47/62 (75.8%) had more 
than one target joint and 15/62 (24.2%) had one target joint. 

Low-titer inhibitors tend to be transient and often resolve 
within 3–6 months, whereas high-titer inhibitors are usually 
persistent [1, 16]. In our study, a confirmation test was per-
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formed approximately 6 months after the baseline test; among 
the 13 patients with low-titer inhibitors, eight patients un-
derwent a confirmation test, of which five patients had neg-
ative results and were classified as transient. However, five 
patients did not undergo a confirmation test because of pa-
tient compliance and limited access to the study center during 
the COVID-19 pandemic. 

Our study establishes a basis for further research to manage 
and understand the challenges in diagnosing FVIII inhibitors, 
particularly in developing countries. The limitation of this 
study was the lack of further analysis of contributing varia-
bles, such as FVIII genetic mutations and other thrombotic 
disorders, and their relationship to the development of FVIII 
inhibitors. However, this could be an objective of future 
research to improve hemophilia care in Indonesia. 
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