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Brief Summary. Hemophilia gene sequencing is clinically useful for diagnosis, risk of developing neutralizing 
antibodies against the affected coagulation factor (inhibitors), pregnancy and neonatal management, and family 
counseling. New genomic technologies can detect multiple kinds of DNA changes with high sensitivity. 
Systematic collection of genotype-phenotype data is important to better understand the genetics of hemophilia. 

Hemophilia background. Hemophilia A and hemophilia B are rare inherited X-linked bleeding disorders caused 
by deficiencies in coagulation factor VIII (FVIII) or factor IX (FIX), respectively. FVIII is encoded by the F8 
gene, and FIX is encoded by the F9 gene. In males, the most common patterns of bleeding involve joints, soft 
tissue, and provoked bleeding. Females can also have excessive mucocutaneous bleeding and reproductive tract 
bleeding.  Hemophilia severity is defined by coagulation factor activity levels: severe hemophilia is defined as < 
1% activity, moderate hemophilia is defined as 1% to < 5% activity, and mild hemophilia is defined by levels 5–
40% activity. In males, coagulation factor activity levels generally correlate with bleeding. Females can have 
excessive bleeding even with factor activity levels in the normal range.  

Hemophilia genotyping. Hemophilia genotyping is a high yield test. Clinically reportable DNA variants are 
detected in nearly all (>98%) males with hemophilia A or B. Genotyping is particularly useful in females where 
factor levels can be normal and are not well correlated with bleeding severity.  

The most common types DNA changes found in individuals with severe hemophilia are DNA variants predicted 
to disrupt gene expression (e.g. gain-of-stop, frameshift, or large structural DNA variants). Missense DNA 
variants predominate in mild and moderate hemophilia. In severe hemophilia A, recurring F8 intron 1 and intron 
22 inversions are associated with intermediate risk of inhibitor formation (~20–36%), while large gene deletions 
are associated with high risk (~50%). Complex F8 intron 1 and intron 22 inversions have high inhibitor risk 
similar to deletions. Similarly, in severe hemophilia B, large gene deletions are associated with high rates of 
inhibitor formation (57%).  

Care needs to be taken when interpreting the significance of variation in these genes. Many DNA variants lack 
sufficient evidence to classify as pathogenic or benign with a high degree of certainty. These are classified as 
DNA variants of Uncertain Significance until more evidence can be gathered to support accurate interpretation. 

When there is no DNA variant found (NVF) in individuals with severe hemophilia A, the rate of inhibitor 
formation is high, suggesting that there is a causative DNA variant disrupting the gene that has been missed by 
current genotyping methods. Alternately, some individuals with non-severe hemophilia and NVF genotypes may 
have been incorrectly diagnosed. Misdiagnosis of hemophilia A can occur with von Willebrand disease or 
combined deficiency of coagulation factor V and VIII. Vitamin K-dependent coagulation factor deficiency can 
be misdiagnosed as hemophilia B.  

Comprehensive, unbiased DNA sequencing methods have become a necessity in hemophilia genotyping. Novel 
(previously unknown) DNA variants are still commonly found, and some individuals may have more than one 
causative DNA variant. New technologies are being adopted in the clinic, including next generation DNA 
sequencing and long-read DNA sequencing. These methods hold the promise to systematically capture the genetic 
variation of the whole loci of F8 and F9, including the noncoding regions. Knowledge of the genetic basis of 
hemophilia is critical to advancing research into the disease, developing new treatments, and for clinical care.  

 


