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Introduction: A major challenging complication of factor VIII replacement therapy is
the development of neutralizing antibodies, rendering therapy ineffective. There are
recognized genetic and non-genetic risk factors for inhibitors development. This study
aimed to screen for the prevalence of inhibitor development among Omani patients
with severe haemophilia A and to define its non-genetic risk factors that might help to
develop prevention protocols.
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Methods: A Retrospective cohort study that included all patients with haemophilia
A registered in Oman. Data were collected using computerized hospital information
system. Patients’ demographic data: MRN, age at diagnosis, age at first treatment,
date of the first documented inhibitor development, & data on non‒genetic risk
factors such as, mode of treatment (on demand versus prophylaxis), type and dose
of the concentrate, time interval of exposure to factor VIII till inhibitor development,
previous surgeries or major bleeding events/blood transfusion; were included. Missing
data were collected through phone interviews whenever possible.
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Results: Out of the 156 patients registered in Oman, 78 patients had complete data.
The age of inhibitor development ranged between 16 months and 21years (109.4+79.9
months). The prevalence of inhibitors among our patients was 35% and mainly of low
titer 87%. There was a significant correlation between the intensity of prophylaxis
and inhibitor development (p<0.05). Inhibitor development was not associated with
type of the factor used, time interval of exposure to factor VIII, use of on-demand or
prophylaxis regimen and history of major bleed or previous surgery.
Discussion/Conclusion: Inhibitors development is a major complication in patients
with hemophilia A in Oman. A larger scale study that includes all the registered
patients and their genetic mutation is needed.
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Introduction
Hemophilia A is an X-linked recessive bleeding disorder. It is the
second most common inherited bleeding disorder with an estimated
incidence ranging from 1 in 20,000 to as high as 1 in 10,000 persons.
The underlying abnormality is deficiency of factor VIII. The severity
of bleeding generally correlates with factor VIII level. Musculoskeletal
bleeding namely, hemarthrosis is considered the main presenting
manifestation of hemophilia A.1
The main treatment for those patients is factor VIII replacement
therapy, either on demand or on prophylactic basis. A major challenge
of such therapy, especially in the severe forms of hemophilia A, is
the development of neutralizing antibodies (inhibitors), which makes
therapy ineffective. Bleeding episodes in patients with inhibitors
do not respond to FVIII concentrates, and can result in progressive
functional disability and even death if not managed appropriately. In
addition, such complication leads to marked increase in the cost of
treatment that is estimated to be 4-5 folds the cost of treatment of
patients without inhibitors.2
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Among those with hemophilia A, 25-30% with severe form who
are previously untreated (PUP) will develop inhibitors. Inhibitor
formation occurs early after initiation of replacement therapy. Most
studies report inhibitors development after less than 50 cumulative
treatment exposure days. Positive family history of inhibitors, race,
and underlying mutation resulting in hemophilia are important genetic
risk factors for inhibitors development.3
Up to date literature assessing risk factors for inhibitors development
in the Arab countries is lacking. This study was conducted to explore
the incidence of inhibitors, and to identify non‒genetic risk factors
of their development in patients with severe hemophilia A. Defining
environmental risk factors among Omani patient would facilitate
developing a prevention model.

Aim of the work
The aim of the current study was to assess the prevalence of factor
VIII inhibitors among Omani haemophiliac children, and relationship
of their development with different risk factors.
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Patients and methods
This is a retrospective cross- sectional study that included all
patients with hemophilia A registered in the main tertiary care hospitals
in Oman. Data were collected using the Hospital Information System
(HIS), and included patient’s demographic data (Medical Registration
Number, current age, age at diagnosis and at first treatment, date of
the first documented positive inhibitor and data on non‒genetic risk
factors:
i. Mode of treatment (on demand versus prophylaxis)
ii. Type and dose of the concentrate used
iii. Time interval of exposure to factor VIII till inhibitor development,
iv. Previous surgeries or major bleeding events± blood transfusion
Missing data were collected through phone interviews whenever
possible. Access to data base was restricted to those involved in the
study. All information collected was treated with strict confidentiality.
No identifiable information was entered in the study database, or
released in any verbal or written communications. The study was

approved by the medical research and ethics committee, College of
Medicine and Health Sciences, Sultan Qaboos University.
Collected data were initially fed into an excel spread sheet for
statistical distribution, and then a statistical Package (SPSS) was used
for data analysis.

Results
Out of 156 hemophilia cases registered in Oman, data were
available for 78 patients who were included in the current analysis.
Inhibitors were reported by Bethesda assay which was positive in 24
patients (out of 70 patients for whom data were documented), giving
a prevalence rate of ~35%. The age of inhibitor development ranged
between 16months and 21years (109.4+ 79.9months). Most of patients
with positive inhibitors had low titer <5 Bethesda units (87%). Table 1
demonstrates that there was no significant relation between inhibitor
development and baseline factor VIII level or age at first infusion.
Table 2 & Figure 1 highlight the significant correlation between factor
VIII prophylactic dose and inhibitor development. Other presumed
risk factors were not significantly different between inhibitor positive/
inhibitor negative hemophiliac patients.

Table 1 Risk factors for development of inhibitors

Baseline factor VIII level (u/ml)

Number of data
available

Inhibitor
(+ve)

Inhibitor
(-ve)

MannWhitney

Wilcoxon W

P-value

56

0.0915 (15)

0.214 (41)

1.021*

-0.536#

0.594

15.5 (7)

18.63 (28)

80.5

108.5

0.479

Mean Age at first treatment
35
(Months)
*Levene’s test for Equality of Variances
# t test for Equality of Means

Table 2 Relation between the presence of inhibitors and different risk factors

Surgery
Yes
No
Bleeding
Yes
No
Transfusion
Yes
No
Prophylaxis dose
Up to 500 u

Inhibitor (+ve)

Inhibitor (-ve)

7
8

14
14

22
0

39
3

4
14

10
18

13

19

501-1000 u
1
> 1000u
1
Family history of inhibitors
Yes
9
No
10
Type of factor replacement
Plasma derived VIII
5
Recombinant VIII
3
Factor VII
6
Type of factor VIII concentrates
Plasma derived
5
Recombinant
3
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Data available
43

Pearson Chi -square
0.043

P value
0.835

64

1.649

0.199

46

0.942

0.332

56

7.398

0.025

46

0.922

0.337

48

12.687

0.002

41

0.004

0.952

15
7
9
18
21
12
1
21
12
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sample size of the current study for whom such information was
available (46 patients).
Non-genetic risk factors for development of inhibitors are
regarded as “modifiable”, thus, their identification and prevention
can have a tremendous effect on individual patient management and
future. Stimuli that alert the immune system at vulnerable time points
for example microbial agents or vaccine, severe infections and tissue
damage secondary to trauma, massive bleeding or surgical procedures
are important danger conditions.9
In this respect, the current study did not show any significant
difference between inhibitor positive and inhibitor negative patients
in relation to the age at first factor VIII infusion, history of preceding
surgical procedure, massive bleeding and/or blood transfusion.
Although initial reports stated that exposure to factor VIII concentrates
before 11months of age increases the risk to develop inhibitors, more
recent studies denied such correlation.10

Figure 1 Correlation between dose of prophylactic factor VIII and the
presence of inhibitors.

Discussion
Inhibitors development is a major complication in patients with
hemophilia A in Oman. The reported prevalence of almost 35%
matches the international reported figures. Because of the seriousness
of such complication and its impact on patient management, CDC
in collaboration with hemophilia organizations and other partners
were involved in the development of public health agenda to
prevent the development of inhibitors, through national surveillance,
epidemiological studies and promoting research that is directed
towards solving the puzzles and filling the knowledge gap in this
issue.4
The prevalence of inhibitors in severe hemophilia A is estimated to
be 25-30%. Ethnicity plays a role in inhibitor development, reflecting
the underlying prevalent factor VIII mutation, and polymorphism in
different components of the immune system influencing reactivity to
factor VIII concentrates. African- American and Latino patients are
more prone to develop inhibitors than Caucasians.5
Reports from the Arab world regarding this concern are few.
Owaida et al.6 reported a prevalence of factor VIII inhibitors of 29.3%
among Saudi patients with hemophilia A. In contrast to our finding,
they also reported that inhibitors were more frequent among patients
receiving recombinant products.6
On the other hand, reports from Egypt revealed relatively low
prevalence of inhibitors of 5% with no impact on quality of life
(QoL).7 In the current study, mean age at development of inhibitor was
(109.4+ 79.9) months, in agreement with previous evidence reporting
an average age of 12years for the development of inhibitors.8 The
current study focused mainly on the non- genetic risk factors for
development of inhibitors. Nevertheless, family history of inhibitors,
that could be indirectly reflecting the impact of an underlying specific
genetic mutation, had no significant impact on inhibitor development
in our cohort. Such unexpected result may be attributed to the small

In agreement with the current results, Chalmers et al, denoted that
early exposure to factor VIII at different time points in the first year
of life had no significant impact on the subsequent risk of inhibitor
development.11 Data from the CANAL study confirmed the relation
between intensity of treatment and risk to develop inhibitors.12 In the
current study, history of surgical procedure and massive bleeding
before development of inhibitors were used as indirect reflection of
the intensity of factor VIII treatment in our cohort. This may explain
the different results obtained as compared to CANAL study.
The current study did not show significant difference between
inhibitor +ve and inhibitor –ve patients in relation to type of factor
VIII concentrates (plasma‒derived/ recombinant) (p 0.952). Data
from previous studies gave conflicting results regarding this aspect.
In agreement with our results, the CANAL study showed that the
risk of inhibitor development was not substantially lower in patients
receiving plasma- derived factor VIII concentrates compared to those
treated with recombinant factors.12
Patients receiving relatively higher doses of factor VIII
concentrates demonstrated significantly lower risk to develop
inhibitors as compared to those receiving lower doses (p 0.025). This
might be explained by better control with less bleeding episodes,
and hence less exposure to factor VIII concentrates at times of tissue
damage. In agreement, Lorenzo et all and data from the CANAL study
suggested that patients who are on factor VIII prophylaxis regimen
have significantly lower risk to develop inhibitors than those who are
treated on demand.12,13

Conclusion and recommendations
Inhibitors development is a major complication in patients
with hemophilia A in Oman. The reported prevalence matches the
international reported figures. Better control of bleeding episodes
by using adequate prophylaxis, has positive impact on prevention
of inhibitor development. A larger scale study that includes all the
registered patients and their genetic mutation is needed.
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