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A bs tr ac t

Background

Black patients with hemophilia A (factor VIII deficiency) are twice as likely as white 
patients to produce inhibitors against factor VIII proteins given as replacement ther-
apy. There are six wild-type factor VIII proteins, designated H1 through H6, but only 
two (H1 and H2) match the recombinant factor VIII products used clinically. H1 and 
H2 are found in all racial groups and are the only factor VIII proteins found in the 
white population to date. H3, H4, and H5 have been found only in blacks. We hypoth-
esized that mismatched factor VIII transfusions contribute to the high incidence of 
inhibitors among black patients.

Methods

We sequenced the factor VIII gene (F8) in black patients with hemophilia A to iden-
tify causative mutations and the background haplotypes on which they reside. Re-
sults from previous Bethesda assays and information on the baseline severity of he-
mophilia, age at enrollment, and biologic relationships among study patients were 
obtained from review of the patients’ medical charts. We used multivariable logistic 
regression to control for these potential confounders while testing for associations 
between F8 haplotype and the development of inhibitors.

Results

Of the 78 black patients with hemophilia enrolled, 24% had an H3 or H4 background 
haplotype. The prevalence of inhibitors was higher among patients with either of 
these haplotypes than among patients with haplotype H1 or H2 (odds ratio, 3.6; 
95% confidence interval, 1.1 to 12.3; P = 0.04), despite a similar spectrum of hemo-
philic mutations and degree of severity of illness in these two subgroups.

Conclusions

These preliminary results suggest that mismatched factor VIII replacement therapy 
may be a risk factor for the development of anti–factor VIII alloantibodies.
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Infusion of plasma-derived or recom-
binant factor VIII is the standard method of 
arresting hemorrhage in patients with hemo-

philia A (factor VIII deficiency). Alloantibodies that 
neutralize the activity of the replacement mole-
cules develop in approximately 20 to 25% of 
patients,1,2 however, and the treatment of pa-
tients who have these inhibitors can be costly.

The risk of formation of an inhibitor is influ-
enced by the type of mutation in the factor VIII 
gene (F8).3-7 Large deletions, inversions, and non-
sense mutations are associated with the highest 
risk, probably because the recipient’s immune sys-
tem recognizes the normal factor VIII replacement 
protein as a foreign molecule. The type of muta-
tion also is associated with the severity of hemo-
philia A. Thus, the association between the type 
of mutation and the development of inhibitors may 
be confounded by variables related to the severity 
of illness, such as age at the first infusion of 
therapy8 or the cumulative number of days of re-
placement therapy.9

The prevalence of factor VIII inhibitors in black 
patients is about twice that in white patients.9-16 
The mechanisms that account for this difference 
are unknown. In a study of F8 in 137 healthy, un-
related people from seven groups of diverse geo-
graphic origins, we identified four nonsynony-
mous single-nucleotide polymorphisms (SNPs) 
— G1679A (encoding the amino acid substitution 
of histidine for arginine at position 484 [R484H]), 
A2554G (encoding the substitution of glycine for 
arginine [R776G]), C3951G (encoding the substi-
tution of glutamic acid for aspartic acid [D1241E]), 
and A6940G (encoding the substitution of valine 
for methionine [M2238V])17 — whose haplotypes 
(allelic combinations) encode six distinct factor 
VIII proteins, which we designated H1 through 
H6.18 Two of these proteins (H1 and H2) were 
found in all seven groups, but three (H3, H4, and 
H5) were found only in black people (16 subjects) 
and one (H6) was found only in Chinese people 
(10 subjects). (See Supplementary Appendix A, 
available with the full text of this article at NEJM.
org, and Fig. 1.) The prevalence rates of H1 and H2 
were 0.93 and 0.07, respectively, among whites in 
this study (86 subjects) and 0.35 and 0.37 among 
blacks. The prevalence rates of H3, H4, and H5 
were 0.22, 0.04, and 0.01, respectively, among 
blacks. Kogenate (Bayer) and Recombinate (Bax-
ter), the two full-length recombinant factor VIII 

products currently approved for use in persons 
with hemophilia A, correspond to the amino acid 
sequences of H1 and H2, respectively.21-24 In prin-
ciple, therefore, one in four blacks with hemo-
philia A who require replacement therapy with 
recombinant factor VIII will receive products that 
differ from their own factor VIII protein at one or 
two residues, in addition to having amino acid dif-
ferences attributable to the specific F8 mutation. 
Plasma-derived factor VIII is also a source of ex-
posure to H1 and H2, because most blood donors 
are white.25-28

Alloimmunization against factor VIII can oc-
cur in white patients with F8 missense mutations29 
that change only a single amino acid residue in 
the factor VIII protein.18 However, differences be-
tween replacement factor VIII and the patient’s 
factor VIII at residues encoded by nonsynonymous 
SNPs, whose alleles do not cause hemophilia, have 
not been investigated as risk factors for the de-
velopment of inhibitors. We hypothesized that the 
higher prevalence of inhibitors in black patients 
may be due in part to the greater degree of pop-
ulation-level variation that exists in their factor VIII 
amino acid sequence and the resultant increased 
probability of a mismatch with replacement fac-
tor VIII proteins.

Me thods

Patients

Between November 13, 2003, and April 6, 2006, 
we invited black patients with hemophilia A un-
dergoing treatment at any of four Federal Region 
IV South Hemophilia Treatment Centers to partici-
pate in this study during scheduled annual visits.30 
The participating centers were Emory University, 
Atlanta; the University of Alabama at Birmingham, 
Birmingham; the Medical College of Georgia, Au-
gusta; and the University of Mississippi Medical 
Center, Jackson. Each of the 78 enrolled patients 
provided a blood sample. Patients or their parents 
or legal guardians gave written informed consent 
for participation in the study. The institutional re-
view boards of each participating center approved 
the protocol.

Questionnaire

A short, standardized survey was administered to 
all patients by each center. Information concern-
ing self-reported race, age, baseline severity of he-
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mophilia, results of previous testing for inhibitors, 
and other affected family members was obtained 
from medical records and interviews with patients 
by the nurses involved with enrollment. To take 
into account nonindependence of subjects due to 
family relationships, all patients with affected rela-
tives were asked whether any relative was being 
treated at any of the participating centers and thus 
might be enrolled in this study.

Inhibitor surveillance and determination  
of baseline severity of hemophilia 

Data on inhibitors were obtained from reviews of 
the medical charts by the nurses. To identify in-
hibitors, the participating centers used the Bethes-
da assay31 with a Nijmegen modification32 known 
to improve its specificity near the cutoff for a pos-
itive test result, which was 0.6 Bethesda unit per 
milliliter. In general, patients were screened for 
inhibitors during their annual evaluations. Base-
line severity of hemophilia was defined accord-
ing to the initial level (in units per milliliter) of 
factor VIII activity as a percentage of normal. Mild 
hemophilia corresponded to a baseline level of 
factor VIII greater than 5% but less than 40% of 
normal, moderate hemophilia to a baseline level 
equal to or greater than 1% but no greater than 
5% of normal, and severe hemophilia to a base-
line level less than 1% of normal.33 To measure 
factor VIII, each center used factor VIII–deficient 
plasma and assessment of the activated partial-
thromboplastin time.

F8 sequencing

All known functional regions of F8, including 
1194 bp of the contiguous promoter sequence, all 
26 exons, 50 to 100 bp of each junctional-intronic 
segment, and 309 bp of flanking 3′-genomic DNA, 
were amplified by the polymerase chain reaction 
(PCR) and sequenced as described by Viel et al.17 
Sequencing was performed to genotype the known 
nonsynonymous SNPs, discover new nonsynony-
mous SNPs, and identify the noninversion hemo-
philia-causing mutations. The sequencing chro-
matograms were processed with Phred software 
(www.phrap.org)34,35 and SAS software programs 
written in-house17 and were then reviewed man-
ually. Given that males have only one X chromo-
some, patients with hemophilia are hemizygous 
for F8, and thus haplotypes were constructed as a 
simple combination of the patient’s nonsynony-
mous SNP alleles.

F8 inversion assays

To identify inversions in introns 1 and 22, we used 
genomic DNA samples and slightly modified ver-
sions of three PCR-based assays.36-38 Patients 
whose F8 mutations were not identified defini-
tively by sequencing were evaluated for the intron 

Figure 1 (facing page). Four Nonsynonymous Single-
Nucleotide Polymorphisms (SNPs) Whose Haplotypes 
Encode Six Distinct Factor VIII Proteins, Designated 
H1 through H6.

Human F8 contains four common nonsynonymous 
SNPs whose allelic combinations encode six distinct 
wild-type factor VIII proteins, only two of which have 
the amino acid sequences found in the recombinant 
factor VIII molecules used clinically. Panel A shows a 
schematic illustration of both F8, with its 26 exons and 
25 introns indicated by red triangles and intervening 
lines, respectively, and factor VIII, with highlighting of 
its three A domains (A1, A2, and A3, shown in gray), 
single B domain (B, in blue), two C domains (C1 and 
C2, yellow), three acidic connecting peptides (a1, a2, 
and ap, black), and two immunodominant-inhibitor 
epitopes located in the A2 domain (red oval) and the 
C2 domain (blue oval).19 By sequencing all 26 exons of 
the F8 genes in 137 unrelated healthy persons from sev-
en groups of diverse geographic origins, we identified 
four nonsynonymous SNPs: one in exon 10 (G1679A), 
two in exon 14 (A2554G and C3951G), and one in exon 
25 (A6940G).17 These polymorphisms encode the fol-
lowing amino acid substitutions, respectively: histidine 
for arginine at position 484 (R484H), glycine for argin-
ine at position 776 (R776G), glutamic acid for aspartic 
acid at position 1241 (D1241E), and valine for methion-
ine at position 2238 (M2238V). The numbering systems 
used to designate the four nonsynonymous SNPs and 
the amino acid substitutions they encode are based on 
their nucleotide and residue locations, respectively, in 
the full-length F8 complementary DNA (with the use 
of the transcription start site found by Mansvelt et al.20) 
and the mature circulating form of factor VIII. Whereas 
R776G and D1241E are located in the B domain, R484H 
and M2238V are components of the A2 and C2 immu-
nodominant epitopes, respectively, which have been 
mapped to residues located at epitopes R484 to I508 
(isoleucine at position 508) and E2181 to V2243. Panel 
B shows the six structurally distinct wild-type factor VIII 
proteins encoded by the naturally occurring allelic com-
binations (haplotypes) of the F8 nonsynonymous SNPs 
G1679A, A2554G, C3951G, and A6940G.18 The amino 
acid residue at positions 484 (R or H), 776 (R or G), 
1241 (D or E), and 2238 (M or V) are shown. The haplo-
type frequencies ( f ) listed for the six factor VIII pro-
teins (H1 through H6) are based on their occurrence  
in 86 white ( fwhite), 67 black ( fblack), and 10 Chinese  
( fChinese) subjects.17,18 In Panel C, the two full-length  
recombinant factor VIII proteins used in replacement 
therapy, Kogenate and Recombinate, contain the same 
amino acid sequences found in H1 (R–R–D–M) and  
H2 (R–R–E–M), respectively.21-24
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22 inversion by long-range PCR.36 Unless an in-
tron 22 inversion was definitively identified, the 
intron 1 inversion assay was performed.37 Finally, 
unless an intron 1 inversion was definitely iden-
tified, a more robust inverse-PCR-based intron 22 
inversion assay was performed.38

Statistical analysis

Outcome, Exposure, and Covariates
We considered a patient to have an inhibitor if any 
screening assay ever had a value of 0.6 Bethesda 
unit per milliliter or higher.31,32 We designated 
the background wild-type form of the factor VIII 
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protein encoded by a patient’s F8 gene as the ex-
posure on the basis of specified amino acid resi-
dues at positions 484 (R or H), 776 (R or G), 1241 
(D or E), and 2238 (M or V). On the basis of the 
alleles of G1679A, A2554G, C3951G, and A6940G, 
the background F8 haplotypes identified in this 
study were predicted to encode four of the five 
wild-type factor VIII proteins observed previously 
in the black population, namely, H1, H2, H3, and 
H4 (Fig. 1). Because of the small number of sub-
jects, we combined them into two groups: H1 with 
H2 (H1+H2) and H3 with H4 (H3+H4). Patients 
in the H1+H2 group represent nonexposed (con-
trol) subjects, since their hemophilic mutations 
are present in F8 haplotypes that encode the fac-
tor VIII proteins represented by or enriched in re-
combinant and plasma-derived replacement prod-
ucts. The H3+H4 group is composed of exposed 
(case) subjects, since their F8 mutations reside 
within haplotypes encoding the black-restricted 
factor VIII proteins H3 and H4, which are struc-
turally distinct from, and therefore mismatched 
with, the recombinant (and plasma-derived) fac-
tor VIII products used clinically. In an unadjusted 
analysis, we tested whether the prevalence of in-
hibitors was significantly different among patients 
grouped according to their factor VIII haplotypes. 
We also performed logistic-regression analysis with 
control for age at enrollment and baseline sever-
ity of illness and repeated these analyses in the 
subgroup of subjects with hemophilia-causing mis-
sense mutations only. We used SAS software for 
Windows, version 9.1.3, for all statistical analyses. 

Accounting for Nonindependence Due to Family 
Relationships
Because the study questionnaire identified several 
related patients, we were concerned that associa-
tion of the development of inhibitors with F8 hap-
lotype might be due to the fact that family mem-
bers, who share the same haplotype, are also more 
likely to share alleles of other polymorphic loci, 
including those that may influence the develop-
ment of inhibitors, such as the genes for tumor 
necrosis factor α and interleukin-10.39,40 We thus 
treated patients without affected relatives enrolled 
in the study as singletons and grouped those with 
reported affected relatives into pedigrees. We per-
formed a series of both crude and adjusted sub
analyses after progressing through all combina-
tions of unrelated subjects, selecting only one 
member from each family that had more than 

one affected member, and recorded the resulting 
odds ratios.

R esult s

Seventy-eight black patients with hemophilia A 
were enrolled. We identified the hemophilic F8 
mutation in 70 of the 78 patients (Fig. 2). Two 
full brothers with large gene deletions that in-
cluded A6940G, the nonsynonymous SNP encod-
ing M2238V (Table 1), were excluded from the 
association analyses, since they could not be clas-
sified within either haplotype group. The mean 

Figure 2 (facing page). Hemophilic Mutations and the 
Four Wild-Type Factor VIII Proteins Predicted to Be  
Encoded by the Background F8 Haplotypes on Which 
They Were Identified.

For factor VIII, the two immunodominant-inhibitor 
epitopes located in the A2 domain (red oval) and the 
C2 domain (blue oval) are shown. Mutations found in 
patients with either an H1 or an H2 haplotype (H1+H2) 
are shown in Panel A, and mutations found in patients 
with either an H3 or an H4 haplotype (H3+H4) are 
shown in Panel B. For all haplotypes, missense muta-
tions are shown above the appropriate factor VIII pro-
tein, and the other mutation types are shown below. 
Missense and nonsense mutations are indicated by 
their residue positions in the mature factor VIII pro-
tein. The point mutation T38039C, which occurs at po-
sition +2 of the 5′ splice site (SS) of intron 6, is desig-
nated according to the genomic nucleotide numbering 
system used for the F8 reference sequence.17 The posi-
tions of four frameshift (FS)–inducing small deletions 
and insertions are numbered according to their loca-
tions in the full-length F8 complementary DNA (c) 
with respect to the transcription start site.24 Specific
ally, one deletion (c.4292ΔTAGA) and three insertions 
(c.3809InsA, c.4551InsA, and c.4291InsATAGA) are in-
dicated by the number of the wild-type nucleotide posi-
tioned immediately 5′ of the mutation site. ΔEx13 indi-
cates an in-frame deletion of the 210-bp exon 13 
sequence and an unknown amount of flanking nonex-
onic sequences from introns 12 and 13. For mutations 
that occurred in more than one patient, whether or not 
the patients were related, the number of times any giv-
en abnormality was observed (N) is indicated in paren-
theses. All previously unknown mutations are indicated 
with an asterisk. The baseline severity of hemophilia 
for each patient is shown by the color of the text defin-
ing his mutation, with black, blue, and red indicating 
severe, moderate, and mild disease, respectively. For 
mutations found in at least one inhibitor-positive 
(Inh[+]) patient, the number of patients with a given 
abnormality in whom inhibitors developed is also indi-
cated in parentheses. A 3′-terminal partial gene dele-
tion involving exons 24, 25, and 26 in two inhibitor-
positive brothers is not shown. 
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(±SD) age of the 76 remaining subjects was 17.5±
12.9 years. According to initially recorded measure-
ments of factor VIII, 11 subjects (14%) had mild 
hemophilia, 17 (22%) had moderate hemophilia, 

and 48 (63%) had severe hemophilia; this distri-
bution of severity is similar to that seen in cross-
sectional studies of patients with hemophilia from 
other racial groups.42-47
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In the black patients with hemophilia, haplo-
types H1, H2, H3, and H4 were identified, but not 
the infrequent H5 haplotype.18 Two patients had 
one additional, previously unknown nonsynony-
mous SNP, neither of which was predicted to 
cause hemophilia (see Supplementary Appendix B). 
The frequencies of mild, moderate, and severe he-
mophilia did not differ significantly according to 
the four background haplotypes (P = 0.11). Table 2 
shows the relationship between haplotype group 
and the prevalence of inhibitors. The odds of hav-
ing a factor VIII inhibitor were significantly higher 
among patients with an H3 or H4 haplotype than 
among those with an H1 or H2 haplotype (odds 
ratio, 3.4; 95% confidence interval [CI], 1.1 to 10.2; 
P = 0.03). This association remained when we con-
trolled for age at enrollment and baseline severity 

of hemophilia in a multivariable logistic regression 
(odds ratio, 3.6; 95% CI, 1.1 to 12.3; P = 0.04).

We excluded the two patients whose F8 genes 
had different background haplotypes because of 
the presence of one additional nonsynonymous 
SNP each. Of the remaining 74 patients, 51 had no 
reported relative among the study participants. The 
other 23 patients were members of 11 families 
(Table 1 in the Supplementary Appendix). When 
a single patient was selected from each of these 
families, the sample size for the subanalysis was 
62 patients. In analyses of all 3072 possible com-
binations of 62 unrelated persons, the median 
odds ratios for the development of factor VIII in-
hibitors were 2.5 and 2.6 in the unadjusted and 
adjusted analyses, respectively. The maximum and 
minimum odds ratios observed in any single sub-

Table 1. Factor VIII Gene Mutation Type According to Background Factor VIII Protein Haplotype in 78 Black Patients 
with Hemophilia A.*

Mutation Type†

Reported 
Inhibitor 

Prevalence‡ Total§ H1+H2§ H3+H4§

% no. (%)

Higher risk for inhibitors Not known 57 (73) 40 (70)¶ 15 (79)¶

Large deletions of ≥2 exons (>1 domain)* 68.2–88.0 2 (3) 0 0

Nonsense mutations (light chain) 40.0–50.0 2 (3) 2 (4) 0

Intragenic inversions (intron 22) 21.0–35.0 14 (18) 11 (19) 3 (16)

Large deletions of ≤1 exon (≤1 domain)‖ 11.9–25.0 5 (6) 0 5 (26)

Small insertions or deletions (non–A-run) 20.6–21.0 2 (3) 0 2 (11)

Nonsense mutations (heavy chain) 14.3–17.0 5 (6) 5 (9) 0

Intragenic inversions (intron 1) 10.0–17.0 4 (5) 3 (5) 1 (5)

Missense mutations (A2, C1, and C2 domains) 10.0–12.0 23 (29) 19 (33) 4 (21)

Lower risk for inhibitors Not known 13 (17) 12 (21) 1 (5)

Splice-site mutations 2.2–17.0 1 (1) 1 (2) 0

Small insertions or deletions (A-run) 3.0–6.0 3 (4) 3 (5) 0

Missense mutations (other regions) 3.0–3.9 9 (12) 8 (14) 1 (5)

Not identified Not applicable 8 (10) 5 (9) 3 (16)

Total Not applicable 78 57 19

*	Two inhibitor-positive brothers with a deletion of exons 24, 25, and 26 (a large deletion) could not be assigned to either 
the H1+H2 or the H3+H4 group, since A6940G, which encodes M2238V, is located in exon 25.

†	We identified 11 different mutation types.
‡	The range of reported prevalence rates of inhibitors for each mutation type is given.3,37,41 
§	The number and percentage of patients with any given mutation type in the overall study cohort and either the nonex-

posed (H1+H2) or the exposed (H3+H4) group is given. 
¶	The proportion of patients with higher-risk mutation types does not differ significantly between the H1+H2 and the 

H3+H4 haplotype groups (P = 0.27 by two-sided Fisher’s exact test).
‖	An in-frame deletion of exon 13 (ΔEx13) is predicted in five patients on the basis of a repeated failure of multiple inde-

pendent polymerase chain reactions to generate the appropriate amplicon only when genomic DNAs from these pa-
tients were used. 
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sample of unrelated persons were 4.3 and 1.5, re-
spectively, in the unadjusted analysis and 4.4 and 
1.5 in the adjusted analysis.

Table 1 shows that 11 different categories of 
hemophilic mutation types were identified in the 
78 black patients. These 11 mutation categories 
consisted of 31 distinct loss-of-function F8 alleles, 
9 of which were previously unknown (Fig. 2).29 
This large degree of allelic heterogeneity is simi-
lar to what has been observed in previous cross-
sectional studies to identify the mutational spec-
trums in patients from other racial groups.42‑44,46,47 
Furthermore, among the 70 patients with identi-
fied F8 mutations, no difference was observed 
between the H1+H2 and the H3+H4 haplotype 
comparison groups in the proportion of patients 
with higher-risk or lower-risk types of mutation 
(P = 0.27) (Table 1). To reduce the heterogeneity 
of the unknown effects of different mutation 
types, we conducted a subanalysis among patients 
with missense mutations (the only category large 
enough to yield a meaningful result), using mul-
tivariable logistic regression to control for age at 
enrollment and baseline severity of illness. The 
prevalence of inhibitor development was higher 
in those whose missense mutations resided on a 
haplotype encoding H3 or H4 (odds ratio, 4.3), al-
though the confidence interval in this small sub-
sample of 31 patients included the possibility of 
a null effect (95% CI, 0.2 to 101.1).

Discussion

We investigated a potential mechanism underlying 
the observation that the incidence of factor VIII 
inhibitors in black patients with hemophilia A is 
about twice that in whites.9-16 Our previous inves-
tigations of nonhemophilic populations (Fig. 1)17,18 
led us to predict that the causative hemophilic mu-
tations in approximately 27% of black patients 
would be present on background F8 haplotypes en-
coding either the H3, H4, or H5 wild-type forms 
of factor VIII.30 These haplotypes differ from the 
H1 and H2 proteins.17,18 H1 and H2 proteins con-
stitute the currently available recombinant factor 
VIII products21-24 and are enriched in plasma-
derived factor VIII concentrates, since blood do-
nors in the United States are predominantly 
white.25-28 We found that patients with either an 
H3 or an H4 background haplotype were more 
likely to have an inhibitor (at some point in their 
lives) than were patients whose haplotypes were 

either H1 or H2, a result consistent with our pre-
vious findings.48 In this preliminary study, we 
focused only on black patients to reduce the mag-
nitude of any potential confounding variables 
due to population stratification across the haplo-
type comparison groups.49-51

Because the sample size was small, we com-
bined patients into two groups, H1+H2 and H3+H4. 
The amino acid sequences of the background H1 
and H2 proteins correspond to the full-length re-
combinant factor VIII molecules (Fig. 1C)21-24 and 
the two factor VIII proteins predicted to predomi-
nate in existing plasma-derived products.25-28 We 
did not have sufficient information about the 
brands of concentrate to which the patients had 
been exposed to compare the prevalence of inhibi-
tor development between patients with an H1 
haplotype who had been treated with Kogenate 
(the H1 molecule) and those treated with Recom-
binate (the H2 molecule), or, conversely, between 
patients with an H2 haplotype who had been 
treated with one or the other concentrate. Thus, 
in our study, the inclusion of all H1 and H2 pa-
tients in the reference group could result in a bias 
toward the null (i.e., it could bring the odds ratio 
closer to 1 than its true value). Of the three non-
synonymous SNPs whose encoded amino acid 
residues distinguish H3 and H4 from H1 and H2, 
two are located in immunodominant epitopes 
(R484 to I508 [isoleucine at position 508] and 

Table 2. Development of Inhibitors to Factor VIII According to Factor VIII 
Haplotype among 76 Black Patients with Hemophilia A.

Variable
Development of 

Factor VIII Inhibitor 
Odds Ratio 

(95% CI)

Yes No

no. of patients

Factor VIII haplotype

H4 2 0 Undefined*

H3 7 10 2.5 (0.6–10.7)†

H2 8 31 0.9 (0.2–3.5)†

H1 4 14 Reference group

Haplotype group

H3+H4 9 10 3.4 (1.1–10.2)‡

H1+H2 12 45

*	P = 0.79 by two-sided Fisher’s exact test.
†	The odds of having a factor VIII inhibitor were not significantly higher among 

the H3 or H2 patients alone than among the H1 patients.
‡	The odds of having a factor VIII inhibitor were significantly higher among pa-

tients in the H3+H4 group than among those in the H1+H2 group.
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E2181 to V2243), sites at which neutralizing fac-
tor VIII alloantibodies from most patients with 
inhibitors interact.2 In our multivariable regres-
sion analysis, we did not have sufficient data to 
control for some potentially important variables, 
such as previous exposure to plasma-derived or 
recombinant factor VIII products (or both),9 cu-
mulative days of exposure,9,52 age at first infusion,8 
or whether the inhibitors that developed were tran-
sient or permanent and of low or high titer.2 We 
also did not compare the distribution of allelic 
variants of immune-response genes associated 
with the development of inhibitors39,40,53 in the 
two haplotype groups. We did control for age at 
enrollment and baseline severity of hemophilia, 
but these are at best poor surrogates for age at 
first infusion and cumulative days of exposure. 
We used a conservative approach to account for the 
effect of related patients, by selecting only one 
member from each family and progressing through 
all possible combinations of unrelated persons. 
The average odds ratios in these analyses differed 
little from those found for the overall sample. 
Thus, the presence of some related patients in the 
study was probably not a source of bias.

We acknowledge that our study has limited 
statistical power because of the small number of 
patients and that the results require confirmation. 

The importance of independent replication is that 
it would strengthen the evidence that mismatched 
factor VIII replacement proteins are a risk factor 
for the development of inhibitors. If our findings 
are confirmed, the possibility would arise that re-
combinant DNA technology could be used to de-
velop additional replacement products that vary 
from endogenous factor VIII proteins only at a 
residue or residues required to correct clotting-
factor deficits.
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Inhibitors of Factor VIII in Black Patients with Hemophilia . In Fig-

ure 1C (page 1621), in the lower of the two recombinant factor VIII

molecules (H2), the letter above the word `̀ Recombinate´́ should be

E, rather than D. The article has been corrected at NEJM.org.
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