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A B S T R A C T The relation between functional anti-
hemophilic factor (AHF) activity and AHF-like anti-
gen was studied in the plasma of 25 known carriers of
hemophilia. In 23 cases, this relationship was signifi-
cantly different from that in normal women, at the 99%
limit of confidence. In contrast, among families in which
only one case of hemophilia had occurred, only five of
nine mothers could be identified as carriers. This ob-
servation suggests that in some instances the hemophilia
arose from a newly mutant gene. The data are consistent
with the hypothesis that the proportion of antigen to
AHF activity in carriers is determined by random acti-
vation or inactivation of the X chromosome.

INTRODUCTION
In classic hemophilia, a functional deficiency of anti-
hemophilic factor (AHF, factor VIII) is inherited as an
X-linked trait. Previous attempts to define the carrier
state in this disease have depended upon measurement of
AHF procoagulant activity (1-11). As a group, car-
riers of hemophilia have a lower mean AHF activity
than normal women, while nearly half of individual car-
riers have titers of AHF that are distinctly low. In
many carriers, however, AHF activity is within the
normal range.

Recently, we developed an immunoassay for AHF,
with which we demonstrated that plasma in classic he-
mophilia contains at least normal amounts of material
antigenically related to AHF but in a form functionally
defective in clotting systems (12). Using this assay, we
have reexamined the problem of identifying carriers of
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hemophilia. Compared to normal individuals, carriers
have less functional AHF activity than AHF-like anti-
gen. This relative deficiency of functional activity com-
pared to antigen has allowed us to identify 92% of car-
riers correctly at a level of certainty that would mis-
classify less than 1% of normal individuals as carriers.
Our findings also support the view that some sporadic
cases of hemophilia may arise from spontaneous muta-
tion. Our data are consistent with the hypothesis of
random activation or inactivation of the X chromosome
in hemophilic carriers and predict the occasional carrier
who is symptomatic.

METHODS
The techniques used for the preparation of human plasma,
crude ethanol concentrates of AHF, and absorbed antibody
against purified AHF, and for the assay of functional AHF
activity and AHF-like antigenic material are described in
the accompanying paper (12). The absorbed antibody, pre-
pared in rabbits, behaved as if it were specific for antigens
related to antihemophilic factor.

A "standard plasma" was prepared from pooled citrated
plasma prepared from the blood of 25 normal white adult
male subjects between the ages of 21 and 40 yr, as described
in the accompanying paper (12). The pooled plasma, before
freezing for storage, was said arbitrarily to contain 1.0 U
of AHF activity per ml (13). The amount of antigenic
material present in ethanol concentrates of frozen pooled
plasma was arbitrarily defined as 1.0 antigen U/ml. This
arbitrary unitage is independent of that used to quantify
functional AHF. There is no reason to assume that the
unitages of functional and antigenic AHF are identical. In
each determination of antigenic activity, serial twofold
dilutions of the ethanol concentrate of the standard plasma
were tested along with suitable dilutions of similar concen-
trates of the plasma to be tested.

The term "carrier" will be used to designate the daughter
of an individual with classic hemophilia, the mother of more
than one hemophiliac, or the mother of a single hemophiliac
who has other relatives with this disease. 25 such carriers,
members of 17 families, were studied. The AHF activity in
the affected males in these families ranged from less than
0.01 to 0.34 U/ml; the majority had titers less than 0.05
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FIGURE 1 The relationship of AHF activity to AHF-like antigen in carriers and normal
women. The center line is the regression line for the data obtained from normal women, the
outermost lines represent the 99% confidence belt, and the other two lines represent the 95%o
confidence belt. The regression equation for normal women was y = 0.33 + 0.74x, where y is
AHF activity in units per milliliter, and x is the concentration of antigen in antigen units per
milliliter. The regression equation for the carriers was y = 0.08 + 0.45x. The slopes of the two
regression lines did not differ significantly from each other.

U/ml. The term "possible carrier" describes those women
who had only one affected son and no other known affected
relatives.

AHF activity atnd concentration of AHF-Iike antigen
were determined in 22 normal female subjects between the
ages of 21 and 54 yr. AHF activity was p'otted against
antigen concentration, and a regression line was calculated
by the method of least squares. The 95 and 99%o confidence
belts for individual observations were calculated by a
standard formula (14). The frequency distribution of AHF
activity in normal subjects is slightly skewed, and skewness
is reduced by the use of a logarithmic plot (5, 13). For this
reason, geometric means for AHF activity and AHF-like
antigen were calculated as the antilog of the mean of the
logarithm of individual values.

RESULTS
The regression line relating AHF activity in plasma to
AHF-like antigen in ethanol concentrates of plasma in
22 normal women was drawn along with the 95 and
99% belts for individual observations (Fig. 1). Among
the 25 carriers tested, the relationship between AHF
activity and AHF-like antigen differed from normal at
the 99% limit of confidence in all but two cases. The

two carriers not identified belonged to families in which
a typical pattern of inheritance was present; the dis-
order was severe in one family and mild in the other.

AHF activity alone was not as satisfactory a way of
discriminating the plasmas of carriers from those of
normal women, as only 12 of the 25 fell below the 95%
range of normals, and six fell below the 99% range.
The geometric mean AHF activity of 22 plasmas, ob-
tained from normal women, was 1.06 U/ml; the lower
end of the 95% confidence range of normal plasma was
0.61 U/ml, and the lower end of the 99% confidence
range was about 0.44 U/ml. The geometric mean AHF
activity of the carriers was 0.67 U/ml.

The geometric mean AHF-like antigen concentration
in normal women was 0.97 U/ml, while that of carriers
was 1.37 U/ml (significantly different at the 0.001
level). On the average, the arithmetic ratio of AHF
activity to antigen was 1.11 in normal women and 0.52
in carriers. The ratio of activity to antigen ranged
from 0.84 to 1.49 in the normal subjects and from 0.13
to 1.04 in the carriers.
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Nine suspected carriers were tested. In four of these
individuals the relationship of antigen to activity was
within the 99% confidence belt for normal women
(Fig. 2). This proportion was significantly greater than
for the carrier group (P = 0.03 by the Fisher exact
test). None of the four women not identified as carriers
by this method had abnormally low plasma AHF
activity.

DISCUSSION
Many investigators have attempted to identify hemo-
philic carriers on the basis of their functional AHF
titers (1-11). In all sufficiently large modern series,
some carriers had abnormally low titers of AHF, but
in most the majority fell within the normal range.
Determination of functional AHF activity relative to
AHF-like antigen has allowed us to identify 92% of a
group of carriers as outside the 99% limits of normal.
By contrast, using the AHF titers alone, only 48%
were identified as being outside the range which in-
cluded 95% of the normals, and only 24% outside the
99% range.

In any series of hemophiliacs, a sizable portion of
patients do not have a family history of this disorder.
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In our series, sporadic cases were detected in 9 of 26
families studied. Of these nine, four mothers fell within
the 99% confidence limits of normality, as judged by
the ratio of AHF activity to antigen concentration;
none of the four had abnormally low AHF activity in
her plasma. In contrast, only two of the 25 known
carriers fell within this range. The difference between
these two groups is statistically significant. At least
some of these mothers of patients lacking a family
history of hemophila are probably not carriers, the aber-
ration arising in the affected patient by mutation within
the X chromosome of the ovum from which he
developed.

Hemophilic males are known to have at least normal
amounts of antigenic material related to AHF in con-
centrates of their plasma despite their functional AHF
deficiency (13). Thus, they possess a functionally
defective form of AHF, the production of which is
governed in some way by a gene on the X chromosome.
Carrier women had about one-half the ratio of AHF
activity to antigen (0.52) compared to normal women
(1.11), suggesting that they too synthesize some func-
tionally inactive AHF. Similar findings were observed
in two carriers in one hemophilic family reported in
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FIGURE 2 The relationship of AHF activity to AHF-like antigen in possible carriers and
normal women. The center line is the regression line for the data obtained in normal women,
the outermost lines represent the 99% confidence belt, and the other two lines represent
the 95%o confidence belt.
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abstract form by Bennett (15). The ratio of activity
to antigen in carriers varies greatly, from 0.13 to 1.04.
These findings are consistent with the hypothesis of
random activation (16) or inactivation (17) of the
X chromosome. Random activation or inactivation of
one of the two X chromosomes in the somatic cells of
carriers of hemophilia should result in the production
of varying proportions of active and inactive AHF in
different individuals, but, on the average, approximately
one-half should be active and one-half inactive, the
result observed. In the extreme case, a carrier might
synthesize little or no functional AHF and because of
this be symptomatic (18). The study of AHF-like
antigen in such instances would be of interest.

Notably, the geometric mean AHF-like antigen con-
centration was significantly higher in carriers than in
normal women. The cause of this elevation was not
evident; it was apparently unrelated to the administra-
tion of oral contraceptive agents. It is curious, however,
that patients with hemophilia also had significantly more
antigen than normal male subjects (12).

None of the carriers tested was known to be pregnant.
The titer of functional AHF rises during pregnancy in
normal women. Whether a disproportionate rise in
antigenic AHF occurs during pregnancy is not known;
were this the case, the technique described would not be
of value for the detection of carriers during pregnancy.

ACKNOWLEDGMENTS
Mrs. Mary Quinn Zyrkowski and Miss Catherine Lynch
provided invaluable technical assistance. Dr. Arthur G.
Steinberg was most helpful in the interpretation of our data.

This study was supported in part by U. S. Public Health
Service Grant HE01661 from the National Heart and Lung
Institute and Grant GM12302 from the National Institute
of General Medical Sciences, National Institutes of Health,
and in part by grants from the American Heart Association.

REFERENCES
1. Margolius, A., Jr., and 0. D. Ratnoff. 1956. A laboratory

study of the carrier state in classical hemophilia. J. Clin.
Invest. 35: 1316.

2. Gardikas, C., P. Katsiroumbas, and C. Kottas. 1957. The
antihaemophilic-globulin concentration in the plasma of
female carriers of haemophilia. Brit. J. Haematol.
3: 377.

3. Pitney, W. R., and B. J. Arnold. 1959. Plasma anti-
haemophilic factor (AHF) concentrations in families of
patients with haemorrhagic states. Brit. J. Haematol.
5:184.

4. Bentley, H. P., Jr., and W. Krivit. 1960. An assay of
antihemophilic globulin activity in the carrier female.
J. Lab. Clin. Med. 56: 613.

5. Rapaport, S. I., M. J. Patch, and F. J. Moore. 1960.
Anti-hemophilic globulin levels in carriers of hemo-
philia A. J. Clin. Invest. 39: 1619.

6. Githens, J. H., and P. J. Wilcox. 1962. The carrier
state in hemophilia. Amer. J. Pediat. 60: 77.

7. Nilsson, I. M., M. Blombfick, 0. Ramgren, and I. v.
Francken. 1962. Haemophilia in Sweden. II. Carriers of
haemophilia A and B. Acta Med. Scand. 171: 223.

8. Lewis, J. H., P. Didisheim, J. H. Ferguson, and C. C.
Li. 1963. Genetic considerations in familial hemorrhagic
disease. I. The sex-linked recessive disorders, hemophilia,
and PTC deficiency. Amer. J. Hum. Genet. 15: 53.

9. Miller, S. P., and J. Siggerud. 1964. Abnormal blood
coagulation in carriers of hemophilia. J. Lab. Clin. Med.
63: 621.

10. Kerr, C. B., A. E. Preston, A. Barr, and R. Biggs.
1966. Further studies on the inheritance of Factor VIII.
Brit. J. Haematol. 12: 212.

11. Veltkamp, J. J., E. F. Drion, and E. A. Loeliger. 1968.
Detection of the carrier state in hereditary coagulation
disorders II. Thromb. Diath. Haemorrh. 19: 403.

12. Zimmerman, T. S., 0. D. Ratnoff, and A. E. Powell.
1971. Immunologic differentiation of classic hemophilia
(factor VIII deficiency) and von Willebrand's disease
with observations on combined deficiencies of anti-
hemophilic factor and proaccelerin (factor V) and on
an acquired circulating anticoagulant against antihemo-
philic factor. J. Clin. Invest. 50: 244.

13. Ratnoff, 0. D., R. E. Botti, R. T. Breckenridge, and
A. S. Littell. 1964. Some problems in the measurement
of antihemophilic activity. In The Hemophilias. Interna-
tional Conference on Hemophilia, Washington, D. C.,
1963. K. M. Brinkhous, editor. University of North
Carolina Press, Chapel Hill, N. C. 3.

14. Snedecor, G. W., and W. G. Cochran. 1967. Statistical
Methods. Iowa State University Press, Ames, Iowa.
6th edition. 159.

15. Bennett, E. 1970. Immunological studies in haemophilia.
Clin. Sci. 38: 118.

16. Ohno, S. 1969. Evolution of sex chromosomes in mam-
mals. Ann. Rev. Genet. 3: 495.

17. Lyon, M. F. 1968. Chromosomal and subchromosomal in-
activation. Ann. Rev. Genet. 2: 31.

18. McGovern, J. J., and A. G. Steinberg. 1958. Antihemo-
philic factor deficiency in the female. J. Lab. Clin. Med.
51: 386.

258 T. S. Zimmerman. 0. D. Ratnoff, and A. S. Littell


