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The genetic heterogeneity of hemophilia
B was studied in 92 patients from 71
kindreds. Eighty patients with factor IX
activity <4% (severe or moderately se-
vere hemophilia B) could be divided into
four groups: (1) 7 patients with greatly
prolonged bovine thromboplastin times
and normal levels of factor IX antigen
(measured by antibody neutralization of a
human factor IX inhibitor and by electro-
immunoassay with a rabbit factor IX anti-
serum); (2) 17 patients with mildly pro-
longed bovine thromboplastin times and
factor IX antigen levels between about
25% and normal; (3) 8 patients with nor-
mal bovine thromboplastin times and
antigen levels between about 25% and
normal; and (4) 48 patients with normal
bovine thromboplastin times and no
measurable excess antigen. None of 12
patients with mild hemophilia B (factor IX

activity of 4%-22%) had a prolonged
bovine thromboplastin time, although 4
patients had an excess of factor IX antigen
over activity. Thus about one-third of these
92 hemophilia B patients had evidence of
an abnormal factor IX molecule. Factor IX
activity was also measured in 48 normal
women and in 51 definite carriers of se-
vere hemophilia B. Probability curves
were derived to estimate the chance of a
woman being a hemophilia B carrier
based upon her factor IX level and her
degree of kinship to a definite carrier.
The relation between factor IX activity and
factor IX antigen was also delineated for
normal women and for carriers. In kin-
dreds in which affected males had excess
antigen, some but not all carriers could
be distinguished from normal women on
the basis of an excess of factor IX antigen
over activity.

P ATIENTS WITH HEMOPHILIA B may differ in the following laboratory

features of their disease: the severity of their deficiency in plasma factor

IX clotting activity; the clotting time of their plasma in a prothrombin time test

with bovine brain thromboplastin (bovine thromboplastin time);’ and the level
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352KASPER ET AL.

of factor IX antigen demonstrable in their plasma either by antibody neutraliza-

tion assay using a human factor IX antibody2 or by electroimmunoassay using a

precipitating rabbit anti-human factor IX antibody.3 In the study reported

here, these tests have been used to evaluate the genetic heterogeneity of hemo-

philia B in 92 male patients from 71 kindreds. Factor IX activity was also mea-

sured in 51 definite carriers from these kindreds to define further the relation-

ship between level of factor IX clotting activity and the probability of the

carrier state. In addition, the role of measurement of factor IX antigen in car-

ncr detection was studied in 49 carriers.

MATERIALS AND METHODS

Coagulation A ssays

Venous blood was mixed in a ratio of 9: 1 with anticoagulant consisting of two parts 0. 1 M

citric acid and three parts 0.1 M sodium citrate. Blood was centrifuged at 4�C and 12,000 g

for 20 mm. Plasma was stored at _30*C before testing. Surfaces contacting blood or plasma

during collection and storage were either plastic or silicone coated.

Factor IX was assayed in a one-stage partial thromboplastin time system using substrate plasma

from a patient with hemophilia B fortified with adsorbed bovine plasma as an added source of

factors VIII and V.4 The prothrombin time was performed by the method of Quick et al.5 using

thromboplastins prepared from bovine brain or from human brain as described by Owren.6 One-

stage techniques were used to measure factor V,7 factor Vu,8 factor X,9 and prothrombin,’#{176}

the last modified by addition of factor VII reagent.” Factor VIII was assayed by the two-stage

method of Pool and Robinson.12 Human brain thromboplastin was used in the factor V and

factor VII assays.

Standard reference plasmas were obtained by pooling plasma from at least 13 normal subjects

and were stored frozen at - 30CC. Reference lines were prepared from dilutions of standard plasma

each assay day. In the study comparing the levels of factor IX activity of normal women and

carriers, a single log 10 regression line was calculated by the method of least squares from the

clotting times of the standard reference plasma tested at five dilutions on all of the assay days.

All factor IX activity levels were read from this single regression line as log,0 observed factor

IX activity. The log,0 mean observed factor IX activity of the 48 normal women was 1.938

(87%). All observed log,0 factor IX activity values for individual test samples from normal

women and carriers were multiplied by a correction factor, 1.032 (2.000/1.938, i.e., log,0 of

100%/log,0 mean observed factor IX activity of normal women) to obtain a corrected log,0 factor

IX activity.

All clotting factor activities were read as log,0 values, which were also used for all statisti-

cal calculations.

Factor IX A ntigen A ssays

An antibody neutralization assay was performed using human plasma containing an antibody to

factor IX (obtained through the generosity of Dr. H.R. Roberts, Chapel Hill, NC.). One part of

this plasma, diluted 1:125 in citrated saline, was just sufficient to neutralize the factor IX ac-

tivity of an equal volume of normal pooled plasma in 18 hr at 3TC. Accordingly, in the antibody

neutralization assay, 1 volume of test plasma was incubated with I volume of a 1:125 dilution of

antibody plasma for 18 hr at 37C. Then, I volume of normal pooled plasma was added as a factor

IX source, the incubation was continued for 4 hr at 37CC, and the residual factor IX activity of

the final mixture was assayed.

A standard reference line (Fig. 1) was prepared from dilutions of normal pooled plasma, which
was assumed to contain 100% factor IX activity and antigen. The factor IX antigen level of a test

plasma was determined from the residual factor IX activity of the final mixture by use of the refer-

ence line. Because of the small difference between the residual factor IX activity (8%) obtained with

a 10% dilution of normal pooled plasma and the residual factor IX activity (5%) obtained with a

citrated saline control, the assay was not used to estimate quantitatively antigen levels below 10%.
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Fig. 1 . Results of inhibitor neutralization assays on dilutions of pooled normal plasma ( Un-

diluted = 100% antigen), e, connected to form a standard reference line. Use of this reference
line is illustrated by six examples, plotted as points A-F. Test plasmas from a hemophilic man
(A), his sister (B), and his mother (C) had 1%, 24%, and 34% factor IX clotting activity, respec-
tively. When these plasmas were tested for antibody-neutralizing material, the observed residual

factor IX activities of the final mixtures of the neutralization tests did not differ notably from
the expected values of 6%, 12%, and 14.5%, and therefore points A, B and C fall near the refer-

ence line. Test plasmas from another hemophilic man (D), his aunt (E), and his mother (F) had
1 %, 6%, and 31 % factor IX clotting activity, respectively. When these plasmas were tested for
antibody-neutralizing material, the observed values for residual factor IX activity of the final
mixtures were 29%, 31%, and 30%. These values were higher than the expected values of 6%,
8%, and 14%. Thus points D, E, and F are displaced to the right of the reference line. Plasmas

D, E, and F contained factor IX antigen in excess of clotting activity.

Antibody neutralization assays were also carried out with a chicken anti-human factor IX anti-

serum. This antiserum, prepared by injecting purified human factor IX � into roosters, neutralized

human factor IX clotting activity but did not give a precipitin line with either normal plasma or

purified factor IX. The antiserum was adsorbed with barium sulfate powder and incubated for

30 mm at 56CC to remove clotting factor activities. In the neutralization assay, 0.025 ml of the
chicken antiserum was added to 0.175 ml of test material and the mixture was incubated for 45

mm at room temperature. Then 0.1 ml of the mixture was added to 0.1 ml of normal pooled plasma
and incubated for 40 mm at room temperature. Following this, the second incubation mixture
was diluted 1:6 with Tris-buffered saline and assayed for residual factor IX activity. Residual
activity was converted to percentage factor IX antigen as described above.

The electroimmunoassay was performed using a rabbit antibody prepared against purified hu-
man factor IX as described by #{216}sterudand Flengsrud.’3 One part of this antibody completely
neutralized the factor IX coagulant activity of nine parts of normal pooled plasma. The assay was
carried out according to Laurellt4 in 1% agarose gel with a thickness of 1.5 mm. The agarose was

FIg. 2. Illustration of an electroim.
munoassay plate. Wells A, B, and C con-
tain 100%, 75%, and 50% normal
plasma. Well D contains purified factor

IX. Well E contains 100% plasma from a
patient with hemophilia without evidence
of excess antigen. Well F contains 100%

plasma from a patient with hemophilia B
and evidence of excess antigen. Rockets
are seen clearly in immunoplates as pink
precipitin lines against a blue background
but are difficult to see in a black-and-
white photograph because of the dark
smudges of other stained plasma proteins.
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354 KASPER ET AL.

dissolved in 0.025 M barbital buffer, pH 8.6, containing 0.2% Na2EDTA. The rabbit antiserum

was used in a final concentration of 3% in the agarose. Plasma samples of 10-20 zl were applied

in 4-mm-diameter wells. The reservoir buffer was 0.025 M barbital buffer, pH 8.6, without

Na2EDTA. Electrophoresis was carried out for 18 hr at 8 V/cm at room temperature. The gels

were washed in saline and distilled water and stained with Coomassie brilliant blue. A standard
reference was prepared from the following dilutions of normal plasma in electrophoresis buffer:
10%, 25%, 50%, 75%, and 100%. Patient samples were tested undiluted or diluted to 50% on a gel
plate on which at least two dilutions of normal plasma were also run as controls. Figure 2 is

an example of such a gel plate. The assay could not be used to measure quantitatively antigen

levels below 10%, roughly equivalent to 0.5 �g of factor IX protein per ml of plasma. The correla-

tion coefficient for duplicate determinations on 30 normal subjects was 6.5%.

Subjects

Normal subjects included 50 healthy male hospital employees and visitors and 48 healthy female

hospital employees who were not pregnant and not taking contraceptive hormones. Two blood

samples were taken from each woman on different days. Eight women donated four blood samples,

one during each week of the menstrual cycle.

Ninety-two male patients with hemophilia B were studied. Additionally, prothrombin times were

measured in 50 patients were severe hemophilia A (less than 2% factor VIII activity).

Definite carriers of severe hemophilia B included 51 women who met one or more of the follow-

ing criteria: (1) one or more descendants with hemophilia B and one or more antecedent or col-

lateral relatives with hemophilia B: (2) two sons with hemophilia B: (3) a father with hemophilia

B. None of these women was pregnant or taking contraceptive hormones. A second blood sample

was obtained on a different day from 16 of the definite carriers.

RESULTS

Heterogeneity of Hemophilia B

Of the 92 patients in 71 kindreds with hemophilia B in our study population,

80 patients in 60 kindreds had severe or moderately severe hemophilia B,

arbitrarily defined as factor IX clotting activity of less than 4% and not defined

on the basis of clinical severity; and 12 patients in 11 kindreds had mild hemo-

philia B, arbitrarily defined as factor IX clotting activity of 4%-22%.

There were 36 patients from 26 kindreds who had immunologic evidence of

factor IX antigen in excess of factor IX clotting activity, whereas 56 patients

from 45 kindreds had proportionately reduced levels of antigen and activity. (It

should be noted that whereas clotting activity could be measured quantitatively

below 10%, antigen levels below 10% of normal could only be estimated as less

than 10% of normal.) Similar values were obtained for antigen levels as mea-

sured in the antibody neutralization assay with the human antibody and as

measured in the electroimmunoassay with the rabbit antibody.

The mean bovine thromboplastin time obtained in 50 normal males with the

bovine thromboplastin preparation used to test the majority of patients in this

study was 40.9 sec with an SD of 4.3 sec. There were 24 patients from 15 kin-

dreds with severe or moderately severe hemophilia B who had bovine thrombo-

plastin times with this preparation that were greater than +2 SD of this normal

mean. These patients divided sharply into two groups: one group (5 kindreds)

with markedly prolonged bovine thromboplastin times (range 81-167 sec) and

a second group (10 kindreds) with only slightly prolonged bovine thrombo-

plastin times (up to 62 sec). No patient with mild hemophilia B had a prolonged

bovine thromboplastin time.
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Table 1. Classific ation of Patients With Hemophilia B Accor ding to Laboratory Test Results

No. of No. of

Range of

Factor IX

.
Bovine

Thromboplastin

Mean (and Range) of Antigen Level (%)

Human Inhibitor Rabbit Antibody

Group No. Kindreds Patients Activity (%) Time* Neutralization Electroimmunoassay

I 5 7 <1-1.4 Greatlyprolonged 105 111

(80-145) (56-135)

II 10 17 <1-3 Slightly prolonged 56 71

(18-100) (27-145)

III 7 8 <1-3 Normal 38 52

(11-83) (20-90)
IV 38 48 <1-3 Normal <l�t <lot

V 4 4 7-22 Normal 43 77

(31-50) (67-92)

VI 7 8 4-12 Normal <10 <10

(<10-16) (<10-23)

*Values for bovine thromboplastin times are not given in seconds because two lots of thromboplastin

were used which gave mean values for normal males of 40.9 sec and 57.4 sec. Normal bovine thrombo-

plastin times are defined as times within 2 SD of the normal mean for the thromboplastin used; slightly pro-

longed times were within +5 SD of the normal mean; greatly prolonged times exceeded +9 SD of the nor-

mal mean.

tThree patients had levels > 10%, namely, 11%, 14%, and 27%; they had < 10% antigen by electro-

immunoassay.

tTwo patients had levels > 10%, namely, 17% and 27%; they had < 10% antigen by inhibitor neutral-

ization test.

Using the data from all four tests-factor IX clotting activity, bovine

thromboplastin time, and the two measures of antigen level-we were able to

divide the patients into the following groups (Table 1):

I. Severe or moderately severe deficiency of factor IX clotting activity,

markedly prolonged bovine thromboplastin time, normal levels of factor

IX antigen.

II. Severe or moderately severe deficiency of factor IX clotting activity,

slightly prolonged bovine thromboplastin time, wide range of factor IX

antigen levels in excess of factor IX clotting activity.

III. Severe or moderately severe deficiency of factor IX clotting activity,

normal bovine thromboplastin time, moderate excess of factor IX anti-

gen level over factor IX activity.

IV. Severe or moderately severe deficiency of factor IX clotting activity,

normal bovine thromboplastin time, no measurable excess of factor IX

antigen. (We could not measure quantitatively antigen levels below l0#{176}�,

and therefore might not have detected a slight excess of antigen in pa-

tients with very low levels of activity. A small number of patients had

slightly more than 10% factor IX antigen in one type of antigen test but

not in the other (Table 1).

V. Mild deficiency of factor IX clotting activity, normal bovine thrombo-

plastin time, moderate excess of factor IX antigen level over factor IX

clotting activity.

VI. Mild deficiency of factor IX clotting activity, normal bovine thrombo-

plastin time, no excess of factor IX antigen.
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356 KASPER ET AL.

In a supplemental experiment, antibody neutralization assays with chicken

anti-human factor IX antiserum were carried out on plasma samples from two

patients in group II and from 1 1 patients in group IV. The values for the two

patients in group II were as follows: for patient 1, an antigen level of 79% by

electroimmunoassay with rabbit antibody, 51% by antibody neutralization

assay with human antibody, and 84% by antibody neutralization assay with

chicken antibody; for patient 2, an antigen level of 68% by electroimmunoassay

with rabbit antibody, 62% by antibody neutralization assay with human anti-

body, and 62% by antibody neutralization assay with chicken antibody. The 1 1

patients ofgroup IV all had < 10% antigen in all three assay systems.

No kindred was found in which one hemophilic patient fell into one of the

above groups and a second hemophilic patient fell into a different group.

Evidence That a Prolonged Bovine Thromboplastin Time Results

From an A bnormal Factor IX Molecule

No patient had a prolonged bovine thromboplastin time without immuno-

logic evidence of factor IX antigen in excess of factor IX clotting activity

(Table 1), i.e., without evidence for an abnormal factor IX molecule. When

varying amounts of normal plasma were mixed with plasma from a patient with

a markedly prolonged bovine thromboplastin time, the resultant bovine

thromboplastin times were indicative of an inhibitory material in the patients’

plasma: normal plasma alone, 46 sec; three parts normal plasma/one part pa-

tient plasma, 52 sec; equal parts normal and patient plasma, 73 sec; one part

normal plasma/three parts patient plasma, 86 sec; patient plasma alone, 180

sec.

The effect of our rabbit anti-human factor IX antiserum upon this inhibitory

property of patient plasma was studied. Samples of normal rabbit serum (con-

trol) and of the rabbit anti-factor IX antiserum were adsorbed with aluminum

hydroxide to remove rabbit factor IX. Then 0.05 ml adsorbed rabbit serum

was incubated with 0.2 ml normal plasma (control) or patient plasma for 1 hr

at 3TC. These materials were then examined for their ability to affect the

bovine thromboplastin time of normal plasma. The following bovine thrombo-

plastin times were obtained: (1) 50 sec for an equal mixture of normal plasma

and normal plasma treated with normal rabbit serum; (2) 54 sec for an equal

mixture of normal plasma and patient plasma treated with anti-factor IX rabbit

serum; (3) 78 sec for an equal mixture of normal plasma and patient plasma

treated with normal rabbit serum. Thus, treatment with rabbit anti-human

factor IX antiserum removed the inhibitory property of patient plasma.

Measurement of Other C/oiling Activities in Patients With Hemophilia B

The following values were obtained for prothrombin time tests with human

brain thromboplastin: 50 normal males, mean 16.0 sec (SD 1 .2 sec); 50 patients
with severe hemophilia A, mean 17.0 sec (SD 1.3 sec): 71 patients with severe

hemophilia B, mean 18.2 sec (SD 1.6 sec). The mean values in both types of

hemophilia differed significantly from the normal mean (hemophilia A, p <

0.005; hemophilia B, p < 0.001). The mean values for the human brain

thromboplastin time of 36 hemophilia B patients without excess antigen did not
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Table 2. Plasma Clotting Factor Activity Levels in Normal Males

and in Males With Severe Hemophilia B

Log M eon level, Percent (±2 SD) of Plasma Clotting Factor

II V VII X

Normal men, N = 50 99.5

(70.0-146.0)

91.0

(66.5-124.5)

97.0

(58.0-162.0)

99.5

(54.0-162.0)

Hemophilia B, N = 66 89.5*

(56.5-143.0)

76.5t

(43.0-139.5)

70.Ot

(42.5-115.5)

78.0*

(39.5-155.0)

*Significance level of difference from mean value of normal men is p = <0.01.

tSignificance level of difference from mean value of normal men is p = <0.001.

differ notably from the mean value for 23 hemophilia B patients with excess

factor IX antigen. The mean value for the human brain thromboplastin time

of 20 patients with prolonged bovine thromboplastin times was 18.9 sec, only

slightly longer than the value for hemophilia B patients in general.

Levels of plasma clotting factors II, V, VII, and X were also measured

(Table 2). Mean levels of all four factors were significantly lower in patients

with hemophilia B than in normal males. Individual values for each of the fac-

tors were normally distributed, i.e., the hemophilia B patients did not segregate

into a group with normal values and a group with abnormal values. The lowest

observed values were as follows: factor II, 52%; factor V, 35%; factor VII, 36%;

factor X, 37%. Although these particular values were obtained in different pa-

tients, in both normal males and in patients with hemophilia B, factor levels

were positively intercorrelated, e.g., a subject with a high level of one factor

usually had high levels of the other factors. Factor levels were similar in seven

brother pairs with hemophilia. Analyses of variance revealed that differences in

factor levels were much greater among kindreds than between brothers (for

factor II, F = 6.7, p = <0.025; factor V, F = 9.5, p = <0.01; factor VII, F =

= <0.1; factor X, F = l7.’4,p = <0.005).

Mean levels for factors II, V, and VII were very similar for patients with evi-

dence of excess factor IX antigen and patients without evidence of excess factor

IX antigen. The mean level of factor X was lower in 21 patients with excess

antigen (69% factor X activity) than in 35 patients without excess antigen (78%

factor X activity). Factor levels could not be correlated with a history of

hepatitis, the level of the SGOT, or the cumulative exposure to blood products.

Factor IX A ctivity in Normal Women and in Hemophilia B Carriers

Factor IX activity was measured in plasma from 48 normal women and 51

definite carriers of severe hemophilia B. The factor IX level for each individual

was determined by averaging the results of two assays, performed on different

days, of aliquots of one plasma sample. In addition, from all of the normal

women and from 16 of the carriers a second blood sample was drawn and as-

sayed on two different days. These data were used for analysis of variance,’5

which revealed that variance between assays (within blood samples) and be-

tween samples from given individuals was small and insignificant (Table 3). In

addition, in 8 normal women blood samples were drawn in each week of the
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Table 3. Variance Estimates for Factor IX Activity Levels in Normal Women

and in Definite Carriers of Severe Hemophilia B

Degrees of

Freedom
Sum of

Squares

Mean

Square

Normal women

Variation among subjects* 47 1.8614 0.0396

Variation between samples 48 0.2727 0.0057

(within subjects)

Variation between assays 96 0.5919 0.0062

(within samples)

Carriers

Variation among subiectst 15 2.7271 0.18 18

Variation between samples 16 0.1028 0.0064

(within subjects)

Variation between assays 32 0.1364 0.0043

(within samples)

= 0.0396/0.0057 = #{243}.9474;p = <0.001.

tF = 0.1818/0.0064 = 28..4O6;p= <0.001.

menstrual cycle. The values for each woman did not vary with the time of the

menstrual cycle. Similar values for factor IX activity were found on samples

stored for several days and samples stored for 3 wk.

The variance among subjects was highly significant both for normal women

and for carriers (Table 3). Factor IX levels were correlated with age in the

normal women (r = +0.62) but not in the carrier women (r = -0.02). The co-

efficient of determination, r2,’6 a measure which indicates the proportion of the

total person-to-person variation in factor IX activity due to variation in age,

was 20#{176}cwhen calculated using the mean of the four assays on each of the 48

normal women.

A normal distribution of factor IX activity was found for both the normal

women and the carriers (see Fig. 3), with a mean value of 98#{176},,(range 60%-

150

100
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Fig. 4. Probability that a potential carrier of �
severe hemophilia B is a true carrier versus �
plasma factor IX clotting activity for four levels �
of a priori probability of the carrier state: (1) �

.�-chance carrier (solid lines and circles; far right � 10

curve); (2) ‘j-chance carrier (solid lines and open a

circles); (3) A-chance carries (broken lines and 1.6 21 Log10

solid circles)’; (4) -j�.chance carrier (broken lines 40 128 Perc.nt

and open circles; far left curve).

157%) for the normal women and 42% (range l2%-l 19%) for the carriers. A

formula was derived to estimate the probability that a given potential carrier

was a true carrier on the basis of her factor IX activity level and degree of kin-

ship to a definite carrier. In this formula

qj,. + q5f5

where

p = the probability that a given potential carrier is a true carrier;

q� = her a priori probability of being a carrier according to her degree of kin-
ship to a definite carrier;

= 1 - q�, i.e., her a priori probability of not being a carrier:

J = the height of the ordinate of the normal distribution curve for carriers

at the point of the observed factor IX activity level based upon the

mean of two assays performed on a single plasma sample from the po-

tential carrier;

f� = the height of the ordinate of the normal distribution curve for normal

women at the point of the observed factor IX activity level of the po-

tential carrier.

160

140

120

100

� so

: 6.

4,

20 Fig. 5. Factor IX activity versus factor IX antigen in

20 normal women. Center solid line, regression line.
20 40 60 $0 100 120 140 Outermost dotted lines, 99% confidence limits; inner

Factor IX Aatlgsu, % dotted lines, 95% confidence limits.15
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1$’

140

t� 12$

� 100

; so Fig. 6. Factor IX activity versus factor IX antigen for

I . . 31 definite carriers of severe hemophilia B from kindreds
: ,. . in which affected males do not have excess factor IX

antigen (open circles) and for 1 8 definite carriers of

41 severe hemophilia B from kindreds in which affected
males do have excess factor IX antigen ( solid circles).

20 Regression line for the data from the former group of

carriers plotted on left-hand side of the figure; regression
j� j j� j �j � � lines and confidence limits established for normal

Factor IX Aatlgsa,% women plotted on right-hand side.

Figure 4 is a plot of four curves determined by this formula for different a

priori probabilities of a potential carrier being a true carrier.

Factor 1X A ntigen in Normal Women and Carriers of Severe Hemophilia B

Factor IX antigen was measured by electroimmunoassay in 20 normal

women. Figure 5 is a plot of the correlation between factor IX activity and fac-

tor IX antigen in these women and illustrates the high degree of correlation of

the two measurements (r = + 0.84).

Factor IX antigen was also measured by electroimmunoassay in 31 definite

carriers from kindreds in which hemophilic males did not exhibit factor IX

antigen in excess of factor IX clotting activity and in 18 definite carriers from

kindreds in which hemophilic males did exhibit excess factor IX antigen. These

data are plotted in Fig. 6. The regression line and confidence limits for the data

of Fig. 5 for normal women and the regression line for the data from the car-

riers from kindreds without excess factor IX antigen in hemophilic males are

also plotted in Fig. 6. Clearly, the latter almost matches the line which would be

obtained by extrapolating the regression line for the normal women. Thus, a

very similar relation exists between factor IX activity and antigen in normal

women and between factor IX activity and antigen in definite carriers from

kindreds without excess factor IX antigen in affected males.

Figure 6 also shows that factor IX antigen exceeded factor IX clotting

activity in most definite carriers from kindreds in which affected males had ex-

cess factor IX antigen. In 6 of the 10 definite carriers with factor IX activity

levels above 50% (i.e., in the range where an activity assay in a potential carrier

does not permit a certain diagnosis of the carrier state; Fig. 4), the point for fac-

tor IX activity plotted against factor IX antigen fell outside the 99#{176}/confidence

limits of the regression line for normal women.

Bovine Thromboplastin Times in Carriers

Figure 7 is a plot of bovine thromboplastin times against factor IX clotting

activity in 13 definite carriers and in 12 half-chance carriers from kindreds in

which affected males had prolonged bovine throniboplastin times (groups I and

II). The figure illustrates that the six definite carriers with factor IX activities
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Fig. 7. Bovine thromboplastin times versus factor � �o
IX clotting activity in 13 definite carriers (solid circles) � o
and 1 2 half-chance carriers ( open circles) from kin- � 20

dreds in which affected males had prolonged bovine

thromboplastin times. Dotted line at 49.5 sec indicates o . . .__0 0

+2 SD above the normal mean for the bovine thrombo- 40 �0 60 70 80 90 100

plastin time of 50 normal males. BovIne Thromboplaatln TIme, sec.

below 60% had prolonged bovine thromboplastin times, whereas five of the

seven definite carriers with factor IX activity above 60% had normal bovine

thromboplastin times. Nevertheless, two definite carriers and three half-chance

carriers with factor IX activity above 60% did have bovine thromboplastin

times exceeding 2 SD of the normal mean.

Factor IX A ctivity in Cord Blood

An opportunity arose to obtain data about the factor IX activity in hemo-

philia B of umbilical cord blood, obtained at delivery when the cord was

severed. The mother of a boy with known severe hemophilia B (factor IX

activity <l0�) gave birth to a second son whose factor IX activity in umbilical

cord blood was <100. When this son was tested again at age 7 mo, the factor IX

activity in a venous blood sample was also <1%. This mother had a third son,

born 1 mo prematurely, whose cord blood contained 7% factor IX activity. This

son proved not to have hemophilia B. A fourth son, born at term, had 27%

factor IX activity in cord blood and also proved not to have hemophilia B.

DISCUSSION

The first evidence for genetic heterogeneity in hemophilia B was obtained in

1956 when Fantl and colleagues’7 described a patient whose plasma contained

excess factor IX antigen as measured in an antibody neutralization test with a

human factor IX inhibitor. In 1967, Hougie and Twomey’ described a variant

of hemophilia B (hemophilia BM) characterized by a markedly prolonged pro-

thrombin time with bovine thromboplastin. They postulated that an abnormal

factor IX molecule caused the prolongation; Denson and colleagues’8 later

showed that incubation of hemophilia BM plasma with a human or bovine fac-

tor IX antibody abolished the prolongation.

In 1968, Roberts and co-workers,2 using an antibody neutralization assay

with a human factor IX inhibitor, reported that 10% of a series of patients with

hemophilia B possessed factor IX antigen in excess of factor IX clotting activity.

In a later paper,’9 Brown et al. examined the relation between prolonged bovine

thromboplastin times and excess factor IX antigen and described three genetic

variants of hemophilia B: (1) a variant with excess factor IX antigen and a nor-

mal bovine thromboplastin time; (2) a variant with excess factor IX antigen and
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a prolonged bovine thromboplastin time; and (3) a variant with no evidence of

excess factor IX antigen and a normal bovine thromboplastin time.

More recently, investigators have utilized rabbit anti-human factor IX anti-

sera prepared against partially purified20 22 or purified323 factor IX antigen.

Meyer and co-workers2#{176} compared the results of antibody neutralization tests

with a human factor IX inhibitor and a rabbit factor IX antiserum and reported

that the human antibody identified excess factor IX antigen in only 9 of 22

patients, whereas the rabbit antiserum identified excess factor IX antigen in 21

of these 22 patients. However, El#{246}diand Pusk#{225}s,22who also used an antibody

neutralization assay with a rabbit antiserum to semipurified factor IX, found

excess factor IX antigen in only 2 of 14 patients. #{216}rstavik and co-workers3 have

reported data from antibody neutralization assays and electroimmunoassays

with a monospecific rabbit antiserum to purified human factor IX. These in-

vestigators, who reported similar results with both assay techniques, found evi-

dence of an excess of factor IX antigen over activity in 5 of 13 patients with

hemophilia B.

In our study of 92 patients from 71 kindreds, factor IX antigen in excess of

factor IX clotting activity was demonstrated in 36 patients from 26 kindreds,

i.e., in about one-third of the patients with hemophilia B. Very similar data

were obtained with the antibody neutralization technique using a human anti-

body and the electroimmunoassay using a rabbit antiserum. Thus, in our hands,

a rabbit antiserum to purified factor IX did not prove more sensitive than a

human inhibitor to factor IX in detecting abnormal factor IX molecules in

hemophilia B.

The first two patients described with hemophilia BM had greatly prolonged

bovine thromboplastin times (120 and 137 sec).’ Subsequently, workers in-

cluded within the BM variant patients with only slightly to moderately pro-

longed bovine thromboplastin times (54-69-sec range). Our data have estab-

lished that two distinct groups of hemophilia BM patients exist: one group with

markedly prolonged bovine thromboplastin times, and one group with slightly

prolonged bovine thromboplastin times. In our patient population, these

groups did not overlap. Every one of the seven patients with greatly prolonged

bovine thromboplastin times had a normal level of factor IX antigen in his

plasma. The two patients with markedly prolonged bovine thromboplastin

times reported by Brown and co-workers’9 and the patient of #{182}�5rstavikand col-

leagues3 with a markedly prolonged bovine thromboplastin time also appeared

to have had normal levels of factor IX antigen. From these observations in 10

patients, one may conclude that the variant of hemophilia BM with a markedly

prolonged bovine thromboplastin time represents a genetic abnormality in

which normal amounts of an abnormal factor IX molecule are made.

In the group of patients with slightly prolonged bovine thromboplastin

times, the mean values for factor IX antigen were reduced below normal (56#{176}/a

in the neutralization assay and 71% in the electroimmunoassay). A wide range

of factor IX antigen levels was found; some patients had levels of only about

25#{176}cfactor IX antigen, whereas other patients had levels of more than 100%

antigen. This wide range could not be taken as evidence that the group con-

tained more than one genetic variant of hemophilia B because it was also
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found within a single large kindred. The six affected males of this kindred had

the following values for factor IX antigen: by electroimmunoassay, 27#{176},,,40#{176}c,

46%, 46%, 79#{176}/s,and 86%; by antibody neutralization assay (in corresponding

order), 18%, 25%, 29%, 28%, 51%, and 73%. We do not know the reason for

this variation of antigen levels, nor why the degree or prolongation of the bo-

vine thromboplastin time in individual patients within this group failed to vary

with the antigen level.

Meyer and co-workers20’24 described two patients with slightly prolonged bo-

vine thromboplastin times but no evidence of excess factor IX antigen as

measured with a human factor IX inhibitor. El#{246}diand Pusk#{225}s22also described

two patients with moderately prolonged bovine thromboplastin times without

evidence of factor IX antigen as measured with a rabbit anti�factor IX anti-

serum. However, our large hemophilia B population did not contain patients

with slightly prolonged bovine thromboplastin times who lacked immunologic

evidence ofexcess factor IX antigen.

Only eight of our patients with severe or moderately severe hemophilia B had

excess factor IX antigen and normal bovine thromboplastin times. Six of these

patients had antigen levels between one-third and one-halfof normal. Although

these patients clearly made an abnormal molecule, their reduced antigen levels

(as well as the reduced levels in the patients cited above) could also reflect a

quantitative defect in factor IX protein synthesis. Alternatively, their inter-

mediate antigen levels could reflect very rapid catabolism of an abnormal mole-

cule or a different reactivity of the abnormal molecule with both the human and

the rabbit antibody.

The majority of our patients with severe hemophilia B (48 patients) had no

measurable evidence of an abnormal factor IX molecule either by antigen as-

says or by clotting assays with bovine thromboplastin (group IV, Table 1).

Plasma from I 1 of these patients was tested further for antigen in an antibody

neutralization assay with a chicken anti-human factor IX antiserum. Excess

antigen could not be demonstrated with this antibody. Since similar results were

obtained with a human, a rabbit, and a chicken antibody, we believe that the

severe deficiency in factor IX clotting activity in these patients was associated

with a true reduction in plasma factor IX protein below 10% of normal. Using

an immunosorbent technique with an insoluble antibody, Neal and co-workers25

have described a variant of hemophilia B with less than l0� clotting activity and

no detectable antigen in the plasma. Because our antigen assays were not quan-

titative below 10% of normal, we would have missed such patients in our group

IV. Furthermore, we could not identify patients who might have had a minor

but nevertheless real excess of antigen over clotting activity, e.g., patients with

5%-9% antigen and l%-2% clotting activity. Conceivably, therefore, our group

IV contained several genetic variants of hemophilia B. The development of a

sensitive radioimmunoassay for factor IX23 should facilitate the further evalua-

tion of patients with low antigen levels.

The 12 patients with mild hemophilia B represented 13% of our patient

population. Since patients with mild disease may not seek medical attention as

readily as patients with severe disease, this figure probably underestimates the

prevalence of the milder variants of hemophilia B. As first noted by Roberts
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et al.,2 mild hemophilia B also exhibits genetic heterogeneity. Four of our

patients with mild hemophilia B had evidence of excess factor IX antigen over

activity, whereas eight patients did not. In the former group, the milder clotting

abnormality may reflect the presence of near normal amounts of an abnormal

factor IX molecule with partial clotting activity. In the latter group, with pro-

portionate reduction in antigen levels and clotting activity, the milder clotting

abnormality may reflect reduced amounts of a molecule with potent clotting

activity. Interestingly, incubation of plasma from three of the latter patients

with our rabbit anti-factor IX antiserum lengthened its activated partial

thromboplastin time (e.g., in one patient, from 55 to 90 sec). These data suggest

that rabbit antibody inhibits a small amount of a molecule with normal or

near normal clotting activity.

Reports of patients with hemophilia B and moderately reduced levels of

factor VII clotting activity2629 have raised the possibility of a specific relation

between reduced factor IX activity and reduced factor VII activity in hemo-

philia B. Mean factor VII activity in our patients was moderately but sig-

nificantly reduced (70% in hemophilia B patients, 97% in normal men). How-

ever, mean activity levels of factors II, V, and X were also reduced (Table 2).

Apparently, in hemophilia B, reduced mean activity of factor VII is not unique,

but is part of a pattern of reduced mean activity of several clotting factors. We

could not relate reduced levels of factors II, V, VII, and X in individual patients

to the presence or absence of excess factor IX antigen or to evidence of under-

lying liver disease. We cannot presently explain these findings, particularly the

reduced mean level of factor V, which, unlike the other factors, has no known

chemical properties in common with factor IX. However, the reduced levels

may account, in part, for the slightly prolonged prothrom bin time with human

brain thromboplastin frequently found in patients with hemophilia B.

Factor IX levels in our 51 definite carriers of hemophilia B were normally dis-

tributed, with a mean level of 42% and a wide range of l2#{176},,-l19%. These re-

sults reflect the random inactivation of one X chromosome at an early stage of

embryonic life in the female. We have confirmed in this large series that the

measurement of factor IX activity permits the identification of many, but by no

means all, carriers. For example, a probability curve derived from our data (see

Fig. 4) reveals that a woman who is a daughter of a definite hemophilia B car-

rier and who has a factor IX activity level of lOO#{176}()still runs a 10#{176},,risk of being

a true carrier of hemophilia B. Conversely, she may have a factor IX activity

level of only 60% of normal and yet retain an approximately 15% chance of not

being a carrier.

These observations prompted us to evaluate the potential usefulness of

measurements of factor IX antigen in carrier detection. As expected theoretically

and from earlier reports of investigators using antibody neutralization assays,23#{176}

we found no evidence by electroimmunoassay of excess factor IX antigen in

definite carriers from kindreds in whom affected males had no evidence of

excess factor IX antigen (Fig. 6). Thus, immunoassays will provide no help in

carrier detection in the majority of hemophilia B kindreds. However, immuno-

assays may aid in the detection of carriers in kindreds in which the affected

males do possess excess factor IX antigen (Fig. 6), particularly in the potential

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/50/3/351/580904/351.pdf by guest on 19 M

ay 2023



HEMOPHILIA B 365

carrier who has a factor IX activity level of about 50%-80% of normal. As can
be noted in Fig. 6, six of seven such carriers had antigen levels outside the 99%

confidence limit of the value expected for a normal woman with the same

activity level. In contrast, immunoassays are not likely to provide added evi-

dence for the carrier state in a potential carrier with an activity level above 90%

of normal (Fig. 6). As expected from the hypothesis of random inactivation of

one X chromosome, carriers with high factor IX activity levels will produce

primarily normal factor IX molecules and so will have nearly equivalent levels

of antigen and activity.

Similarly, measurement of the bovine thromboplastin time may help in the

detection of an occasional carrier with a low-normal factor IX clotting activity

from a kindred with hemophilia BM (Fig. 7) but will not help in the recognition

of a carrier with a high-normal factor IX clotting activity. Thus, immunologic

or clotting tests for abnormal factor IX molecules appear to have a definite but

only very limited role in the detection of hemophilia B carriers.

Finally, the data on cord blood factor IX activity deserves comment. It would

appear that, as in hemophilia A,3’ measurement of the deficient factor in cord

blood can establish the diagnosis of hemophilia B at birth. Although normal

infants have a diminished factor IX level at birth, infants with hemophilia B

have much lower factor IX activity (e.g., <1%) than normal infants. Clearly,

cord blood factor IX activity should be measured at delivery of every male new-

born of a known or potential hemophilia B carrier, for this eliminates the risk

of later venepuncture for diagnosis in a potentially hemophilic newborn.
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