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Modern concepts of human blood coagulation
have evolved largely from the study ofhaemorrhagic
disease caused by genetical defects in the clotting
mechanism. The first step in identification of
most clotting components has been to prepare a
fraction from normal blood that will correct the
coagulation defect. The 'new' component is then
isolated from the fraction and studied until suf-
ficient unique properties are available to differenti-
ate it from all other substances known to participate
in clotting. Attempts are made to fit the new
information into current theories of coagulation
and the component is given a name. In the past
this latter and apparently trivial action led to
almost paralysing confusion, for by 1959 there
were at least 64 synonyms for IO distinct entities.
As suggested by Schmidt in i86i the non-com-
mittal term 'clotting factor' is best retained until
a precise chemical notation is available, and through
international agreement (Wright, 1959, and sub-
sequently) each recognized component is tempor-
arily assigned a Roman numeral. The inter-
national system of nomenclature is given in Table I,
together with synonyms still in current use.
Coagulation disorders are also qualified by the
factor or factors concerned, but the term 'haemo-
philia' will be retained in historical discussion to
cover the clinically identical conditions of factor
VIII and factor IX deficiencies.

Previous chaos over terminology was symptom-
atic of problems that have haunted investigators
ever since John Hunter (I794) concluded that the
clotting mechanism was as complex as life itself.
The fundamental problem is lack of basic informa-
tion on the structure, metabolism, and physiological
function of clotting factors due to difficulties with
isolation and chemical analysis. Calcium is an
exception, but its ionic concentration in plasma

does not vary sufficiently to affect clotting. Fibrino-
gen is a fairly well-defined plasma protein, but
despite considerable progress over the past two
years the remaining factors can only be character-
ized in gross terms of biochemical and physiological
function, though available data suggest that each is
a protein. It follows that methods of measuring
most factors are indirect and based on reactions in
artificial clotting systems. Quantitative assay of
clotting factors is difficult and the internal errors
of each method are not well defined. Lack of
agreement on normal standards invalidates com-
parison of results obtained in different laboratories
and impedes the study of quantitative variation.
In addition, such are the technical problems that
it is not often practicable to reproduce a given
experimental system in order to examine claims
based on its use. This inability to test anhypothesis
by Newtonian principles has led to many variant
interpretations of clotting phenomena, some of
which run so contrary to the accumulated mass
of experimental observation as to be logically
untenable. The persistence of different interpreta-
tions and the resulting polemics are additional
reasons why blood coagulation is such a difficult
and contentious field.
The development of hypotheses on human blood

coagulation has been fully reviewed by Biggs and
Macfarlane (I962). Briefly, the current theory is
based on the classical scheme of Schmidt (I892)
and Morawitz (1905), which can be summarized as
follows.

tissue extract
Prothrombin - Thrombin

thrombin
Fibrinogen Fibrin

There is general agreement on the principles of
the thrombin-fibrinogen reaction (Laki and Glad-
ner, I964). Thrombin acts enzymatically on its
substrate, fibrinogen, splitting off polypeptides.
Residual molecules (fibrin monomers) polymerize
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Genetics of Human Blood Coagulation

TABLE I
NOMENCLATURE OF BLOOD COAGULATION FACTORS AND THEIR GENETICAL DISORDERS

International Some Synonyms Still Used for Genetical
Classification* Synonyms Stll in Common Usaget Disorderst

I Fibrinogen Congenital afibrinogenaemia
II Prothrombin Congenital hypoprothrombinaemia
III Thromboplastin (tissue extract)
IV Calcium
V Pro-accelerin; labile factor accelerator globulin (AcG) Hypo-accelerinaemia
VI Not now used)
VII Proconvertin; Stable factor; serum prothrombin conversion Hypoproconvertinaemia

accelerator (SPCA); autoprothrombin I
VIII Antihaemophilic globulin (AHG), antihaemophilic factor (AHF), Haemophilia A, AHG (or AHF) deficiency

antihaemophilic factor A (AHA), platelet co-factor I
IX Christmas factor Christmas disease

plasma thromboplastin component (PTC) Haemophilia B
antihaemophilic factor B (AHB) PTC deficiency
platelet co-factor II
autoprothrombin II

X § Stuart factor Stuart deficiency
Stuart-Prower factor

XI Plasma thromboplastin antecedent (PTA) PTA deficiency, haemophilia C
XII Hageman factor Hageman trait
XIII Fibrin stabilizing factor (FSF) FSF (or fibrinase) deficiency

Lorand-Laki (LL) factor
fibrinase

* Following the recommendations of International Commuittee on Blood Clotting Nomenclature (Wright, 1959).
t Terms in italics are used in this review.
$ Accepted usage is currently 'Factor ... deficiency'.
§ Not to be confused with Factor X of Koiler (I955), a term used for multiple factor defects resulting from coumarin therapy or vitamin
K deficiency.

in the presence of activated factor XIII and calcium
ions to form a haemostatically effective fibrin gel.
The key to blood coagulation lies in the conversion
of prothrombin into the active enzyme, thrombin.
Current theory recognizes two independent path-
ways of prothrombin activation. The first involves
plasma clotting factors and is known as the intrinsic
or plasma system. This system is initiated by
contact of blood with surfaces other than normal
vascular endothelium (Nossel, I964). Surface
contact activates factor XII which then activates
factor XI, and in like manner factors IX, VIII, X,
and V successively participate in the system.
Calcium ions and a phospholipid derived from
platelets are also required, though their sites of
action are not clear. The other prothrombin-
activation pathway starts with release of undefined
extracts with enzymatic properties from damaged
tissue and is termed the extrinsic system. Tissue
extracts activate factor X in the presence of factor
VII and calcium. All this constitutes the majority
view and there are other theories, notably that of
Seegers (i964), which are radically different.
For some time hypothetical schemes of blood

clotting have been based on the principle of a
sequential or chain reaction. It was known that
clotting factors occurred physiologically as inactive
precursors and that some had proteolytic properties.
But it was not possible to envisage a co-ordinated
enzymatic system without invoking entirely hypo-

thetical reaction products at various stages. There
was, to quote Biggs and Gaston (i960), an atmos-
phere of fantasy and improbability about the whole
subject. The position changed when Macfarlane
(I964a, I965) published a simple and rational
hypothesis, well supported by experimental evid-
ence, much of which has been obtained very
recently. He proposed a sequential transformation
of inactive plasma clotting factors (proenzymes)
into the active state (enzymes). As the product of
each reaction acted on the next factor in sequence,
Macfarlane likened the process to an enzyme
cascade or biochemical system of amplification,
because at each step a greater weight of protein
was involved. Factor X appears to be common to
both pathways of prothrombin activation because
it acts as a substrate in the intrinsic system (Spaet
and Cintron, I963; Macfarlane, I965) and the
extrinsic system (Hougie, 1959a). A scheme based
on the enzyme cascade theory is given in Fig. I.

Using different experimental data, Ratnoff (Davie and
Ratnoff, I964; Ratnoff, Botti, Crum, and Donaldson,
I965) has arrived at strikingly similar conclusions. Like-
wise the views of Margolis and Bruce (I964), based on
the kinetics of plasma factor reactions, are in general
agreement. The latter authors devised a simplified
kinetic model to represent the quantitative relation
between the concentration of a given clotting factor
and its reaction rate (coagulation time) under standard
conditions. One conclusion was that the sum of indi-
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FIG. I. Scheme of human blood coagulation based on enzyme
cascade theory of Macfarlane (x964a, I965). ? Va denotes lack of
experimental evidence for activation of factor V, though recent work
(Davie and Ratnoff, I964) suggests that activation takes place as
depicted. Calcium ions are required for in vitro performance of
each prothrombin activation system, the thrombin-fibrinogen
reaction, and factor XIII activity.

vidual reaction constants could not be exceeded on
theoretical or experimental grounds, thus implying that
the system was complete and there were no more major
clotting factors to be discovered. But an essential
assumption was that an ultra-dilute system existed.
This is certainly a gross over-simplification because the
reaction rate between any two factors must be greatly
complicated by the velocity of molecular rearrangements
that occur, for instance when active enzymes are rapidly
destroyed.

It must be emphasized that blood clotting is not
an isolated system but part of an extensive reaction
mechanism involving many physiological processes.
A close but currently obscure relationship exists
between the plasma coagulation factors and the
other major components of haemostasis, the plate-
lets, and small blood vessels. This relationship is
underlined by rare mutations that cause defects
in more than one haemostatic compartment.
Conventional classifications of phenotypes into one
or other compartment have been made for didactic
not biological reasons and are becoming difficult to
maintain. For example, it has recently been claimed
that such an apparently localized example of gene
effect as the non-contractable malformations of
small blood vessels in hereditary haemorrhagic
telangiectasia (Macfarlane, I941) is associated with
a consistent abnormality of platelet function
(Muckle, I964). The difficult problem of genetic-
ally defective haemostasis (involving the blood

clotting system) will be discussed in relation to
von Willebrand's disease.
The powerful mechanism for inhibiting activated

clotting factors and their reaction products is as
yet poorly defined in biochemical terms. Teleologic-
ally regarded as a defence against intravascular
coagulation, this system rivals the clotting mechan-
ism in complexity. The fibrinolytic system,
greatly studied in view of its therapeutic potential,
has been recently reviewed (Macfarlane, I964b).
Inhibitors in the earlier stages of clotting have been
discussed by Favre-Gilly and Thouverez (I959),
Margolius, Jackson, and Ratnoff (I96I), and Soulier
(I962). As will be shown, it is not certain whether
hereditary disorders of naturallyoccurringinhibitors
have been demonstrated. Acquired inhibitors may
arise in pregnancy, during the course ofmalignant or
other disease, and occasionally in otherwise healthy
persons (Hougie, I955; Biggs and Macfarlane,
I962). Acquired inhibitors may also develop against
the clotting factor that is defective in genetical
disorders of blood coagulation. This phenomenon
has some features of an immune reaction but its
actual mechanism remains unclear (Biggs and
Bidwell, 1959; De Vries, Rosenberg, Kochwa, and
Boss, I96I; Leitner, Bidwell, and Dike, I963).

Congenital haemorrhagic states characterized by
complete or partial deficiency of a single clotting
actor are generally interpreted in terms of current
theory as resulting from a genetical disorder of
factor synthesis. Knowledge of certain disorders
has hardly progressed beyond that point reached
by Garrod with the first inborn errors. The
customary restraint in dealing with blood coagula-
tion in discussions on biochemical genetics (e.g.
Harris, I959) is well judged. Nevertheless, sufficient
information is now available to avoid perpetuating
curious beliefs such as listing 'abnormalities in
tissue extracts' among genetical defects of the
extrinsic clotting system (Clarke, I964).
The hypothetical status of blood clotting is a

serious hindrance to any genetical analysis. Much
of the relevant literature is rendered valueless
because what is hypothetical has been presented
as fact, and there is no record of objective data
that would have remained permanently useful.
Contemporary ideas with relation to gene action,
complex effects of mutation, and the evolution of
blood clotting are, with a few exceptions, specula-
tive. But while awaiting more precise chemical
data such ideas have heuristic value, and in this
regard it is worth while summarizing the consider-
able contribution to human genetics made by the
study of haemophilia during the period when very
little was known about blood coagulation.
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SOME GENERAL OBSERVATIONS

Contribution of Haemophilia to Human
Genetics: Historical

Early examples of hereditary counselling in the
form of rabbinical dispensations for circumcision of
boys from families where previous male children
had died after the operation are recorded in the
Talmud (Folios 64, I34a). The description in early
texts leaves little doubt that death was due to
bleeding, with haemophilia the most likely cause
(Rothschild, I882; Katzenelson, I884).
The first unequivocal account of haemophilia in

the medical literature was published by Consbruch
in I793, though McKusick (i962a) has recently
claimed precedence with a convincing report from a
Massachusetts newspaper dated I79I. In a report
which received widespread attention Otto (I803)
emphasized that though females were unaffected
they were capable of transmitting haemophilia to
their male children. By I820 sufficient families
had been described for Nasse to stress inheritance
through normal females (Nasse's law). Henceforth
haemophilia was considered the most typical
example of sex limitation (Sedgwick, i86i), as the
mode of inheritance was called until Morgan (19I3)
decided that 'sex-linked' was a less misleading
description.

During the latter half of the igth century a haemorr-
hagic disease appeared among males in Queen Victoria's
family. Although no laboratory investigation of affected
members has ever been reported, descriptions ofbleeding
in Prince Leopold (Brit. med. J'., I868, i884b), the
Tsarevich Alix (Curtiss, I940), and other princes
(Benson, 1939) are entirely consistent with haemophilia,
and the royal pedigree subsequently became of technical
value to Haldane (1938a), a source of conflict over
publishing the genetical potential of living persons (Hutt,
I948 versus Iltis, I948) and a standard illustration of
sex-linked recessive inheritance in genetical textbooks.
An accurate version is given by McKusick (I964).
One consequence of publicity given to unfortunate

princes was that practising physicans became aware of
the features of sex-linked inheritance and searched for
other hereditary diseases with a similar basis (Brit. med.
3., i884a). Thus the mode of transmission became
apparent for one type of ichthyosis (Sedgwick, I86I),
pseudo-hypertrophic muscular dystrophy (Gowers,
I909), and was confirmed for partial colour blindness
(Homer, I876). Nevertheless the mechanism of sex-
linked inheritance in humans was not entirely clear to
the geneticist Bateson (I909), and one reason for this
was probably an increasing confusion over the identity
of haemophilia. The clarity of early reports had
become obscured by uncritical analysis of familial bleed-
ing syndromes. In a comprehensive monograph Grandi-
dier (I855) concluded that haemophilia was common in

females, and this led eminent gynaecologists (e.g.
Kehrer, I876) to regard profuse uterine haemorrhage
without obvious cause as due to haemophilia. Divided
opinions on haemophilia in women were closely exam-
ined by Bulloch and Fildes (I9I2) in their monumental
review of 949 papers and monographs on haemophilia.
Using stringent criteria of diagnosis they could not
find unequivocal evidence of abnormal bleeding in
females from haemophilic families and wisely concluded
that further discussion would be unprofitable until an
objective method of detecting impaired haemostasis
had been devised. Their views had been previously
criticized by Osler (I910) who described a girl with
haemophilia-like symptoms ofthe type found in homozy-
gotes with rare autosomal clotting factor deficiencies.
Bulloch and Fildes rejected a family which contained
a female subsequently regarded as homozygous for
haemophilia. The proposita had bleeding symptoms
similar to those experienced by her father (Treves,
i886). Handley and Nussbrecher (I935) enlarged the
pedigree and in Ig5ia Merskey reported investigations
on a sister of Treves' proposita and decided that she had
haemophilia and being the product of a first cousin
marriage was a true homozygote. Finally Gilchrist (I96I)
described a third sister with bleeding symptoms and
laboratory evidence of factor VIII deficiency. However,
Valberg (I959) disputed both the laboratory and pedi-
gree evidence and regarded the family as showing the
autosomal dominant condition, von Willebrand's disease.

Further controversy surrounded the offspring of
haemophiliacs. So few affected males produced
children that evidence was sparse, but Lossen
(I877) categorically stated that haemophilia was
never transmitted through an affected or normal
male (Lossen's law). Bulloch and Fildes (1912)
supported this view and where haemophilia had
apparently been transmitted by the daughter of
an affected male they suspected that the haemo-
philiac had married a carrier female and felt that
consanguinity through geographical isolation would
favour such a mating. Legg (I872) also held this
view, noting the apparently high incidence of
haemophilia in Germany where cousin marriages
were not discouraged. Both Legg and Bulloch and
Fildes quoted evidence for their hypothesis from
supposedly consanguineous matings in the famous
Mampel kindred (Lossen, I877), but the pedigree
was unreliable and contained several bogus haemo-
philiacs who assumed the diagnosis in order to
escape military service in the Napoleonic wars
(Klug, I926).

Bulloch and Fildes confirmed Wachsmuth's
(I849) observation that women in haemophilic
families were highly fertile, and with the help of
Karl Pearson showed how biased ascertainment
produced an improbable sex-ratio in reported sib-
ships. They also concluded that a few cases may
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'arise de novo' but added that a more likely explana-
tion was inability to demonstrate a line of inherit-
ance. Although Osler (I9I0), Roth (I9I8), and Boggs
(I934) subsequentlypublishedconvincingevidenceto
support the 'spontaneous origin' of haemophilia,
the concept was grudgingly accepted by the medical
profession and in I960 Quick found it necessary to
review the case for fresh mutation.

Following Mendelian predictions, transmission
of the gene through daughters of haemophiliacs
was demonstrated in pedigrees (Muir, I906, I928),
proved theoretically (Bauer, I922), and generally
accepted (Schloessmann, 1924). Bauer's opinion
that females homozygous for haemophilia would not
survive intrauterine life remained unchallenged
until breeding experiments with the North Carolina
colony of haemophilic dogs (Graham, Buckwalter,
Hartley, and Brinkhous, 1949) produced homozy-
gous females with symptoms similar to those in
affected hemizygous males.

In I937 Birch published observations on 98 haemo-
philiacs and their families in Illinois. She used a
prolonged blood coagulation time as laboratory evidence
of haemophilia. This test, developed by Almroth
Wright (I893), was not in general use at the time of
Bulloch and Fildes' survey but subsequently became a
diagnostic criterion for haemophilia, thereby delaying
recognition of mild forms in which normal results are
obtained. Until quite recently the possibility of haemo-
philia was rejected if the coagulation time was normal
(Davidson, Epstein, Miller, and Taylor, I949). Mild
haemophilia was first defined in a clear fashion by
Merskey (I95sib), though Schloessmann (1930) and
Haldane (I935) had previously explained variations in
haemorrhagic severity as due to allelic genes.

In I943 Andreassen published a survey of haemo-
philia in Denmark which was the first attempt at com-
plete ascertainment in a small relatively immobile
geographically defined population. Skold (I944) fol-
lowed with a similar survey in Sweden, and a Scandina-
vian tradition was established with another careful
population study of haemophilia from Finland (Ikkala,
I960) and follow-up surveys in Denmark (Sjolin, I96I)
and Sweden (Ramgren, i962a).

Although Davenport (I930) and Hogben (I93I)
had published some preliminary calculations on
segregation, mutation, and linkage, the first
rigorous analysis was made when Haldane (1935)
used data from Bulloch and Fildes' survey and
some additional information collected by Dr. Julia
Bell to develop his indirect method of estimating
mutation rate at a sex-linked locus. He subsequently
applied the method to the data of Birch (Haldane
and Philip, 1939) and Andreassen (Haldane, 1947)
and also examined linkage between the genes for

colour blindness and haemophilia, first on rather
crude data (Bell and Haldane, I937) and subse-
quently on Hoogvliet's (1942) excellent material
(Haldane and Smith, I947). From all this work
Haldane developed methods of analysis and argu-
ments that remain of permanent value in genetics,
though certain specific estimations and conclusions
based on what is retrospectively very imperfect
data have subsequently become invalid.
During the 1930's experimental work on blood

clotting created laboratory techniques which led to
the first clear indication of heterogeneity in haemo-
philia and related states, when Owren (I944) des-
cribed a female with congenital factor V deficiency.
The new era for classical sex-linked haemophilia
commenced and in I952 when Biggs, Douglas,
Macfarlane, Dacie, Pitney, Merskey, and O'Brien
in England, and Aggeler, White, Glendening, Page,
Leake, and Bates in the United States of America
independently discovered factor IX deficiency and
so demonstrated that the phenotype of 'haemophilia'
could be caused by two dissimilar sex-linked genes.

Laboratory Investigations in Blood
Coagulation

This is no place for a discussion on the mechan-
ism and relative merits of laboratory systems used
in the study of blood clotting. The subject is fully
reviewed by Biggs and Macfarlane (I962). Unfor-
tunately some knowledge of established tests is
vital in considering matters of genetical importance,
and in the past several geneticists have analysed
data based on misinterpretation of results or faulty
application of a particular test. For instance,
Haldane (I947) was misled by Andreassen's (I943)
conclusion that the whole blood coagulation time
was prolonged in females heterozygous for haemo-
philia. This is definitely not the case (Nilsson,
Blomback, Ramgren, and von Francken, I962;
Biggs and Macfarlane, I962), but the assumption
influenced Haldane's ideas on mutation rate and
did not permit him to reject Sirks' (I937) theory
on crossing-over between the X and Y chromosome,
despite its theoretical difficulties (Haldane, 1938b).
Likewise Sjolin (I96I), through using in a popula-
tion study the sensitive and non-specific thrombin
generation test (Macfarlane and Biggs, I953) in a
manner unsuitable for differentiating between
defects in the intrinsic pathway of prothrombin
activation (Ollendorff, I960; Nilsson, Blomback,
and Ramgren, I96I), reported among other unique
findings the highly improbable occurrence of either
factor VIII, factor IX, or factor XII deficiency in
different males from the same sibship.
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Diagnostic systems are designed for classifying
patients with various clotting defects and are generally
efficient in differentiating normal from abnormal within
the framework of contemporary blood coagulation
theory. As theory has changed so has the interpretation
ofsome tests that are retained for their general usefulness.
The one-stage prothrombin time test devised by Quick
(I935) on the classical Schmidt-Morawitz theory to
measure prothrombin was subsequently found to give
abnormal results in deficiencies of factors V, VII, or X.
Thus reinvestigation of certain patients with inherited
haemorrhagic disease and a prolonged prothrombin
time has reflected the increase of knowledge. For
example, affected members of one family were classified
as congenital hypoprothrombinaemia in I948 (Hagen
and Watson), factor VII deficiency in 1953 (Frick and
Hagen), and factor X deficiency in I958 (Gonyea and
Krivit). Such reclassification is an obvious hazard in
reviewing recorded cases. Coagulation experts may also
differ on the validity ofprevious laboratory investigations.
Marder and Shulman (I964) considered there was

sufficient evidence to regard 52 reported cases of factor
VII deficiency as proven, but of these Owen, Amundsen,
Thompson, Spittell, Bowie, Stilwell, Hewlett, Mills,
Sauer, and Gage (I964) scored I5 as probably affected, 3
as possibly affected, and one as an unlikely case.

In general, gross disturbances of clotting can be
readily classified but there is often difficulty with
milder defects, particularly those of factor XI or

XII. A critical test is in vitro comparison of the
patient's plasma with that from a person with a

known specific defect, and in this manner factor XI
deficiency was confirmed in two patients who had
previously been regarded as unclassifiable (Todd
and Wright, I964) or factor XII-deficient (De
Vries and Braat-van Straaten, I964). In vitro
comparison caused confusion in the past because
'haemophilic plasma' could be deficient in either
factor VIII or factor IX and 'hypoprothrombinaemic
plasma' might lack any one of four factors. How-
ever, Ratnoff and Steinberg (I962) could be confi-
dent of using homogeneous data in their genetical
analysis of factor XII deficiency, for though their
55 cases were investigated in many different centres
throughout the world, with only one exception the
diagnosis had been confirmed by comparative tests
with plasma from Ratnoff's original patient, Mr.
Hageman, or with other factor XII deficient
plasma that had been matched with his.

Some tests of clotting function are listed in Table II,
together with investigations used in measuring other
components of haemostasis. Taking advantage of
known properties of each factor basic laboratory proce-

dures are modified in many different ways to give a

qualitative estimation suitable for diagnosis. Semi-
quantitative estimations are expressed as a percentage of

TABLE II

SOME BASIC LABORATORY TESTS USED IN INVESTI-
GATION OF HAEMOSTATIC FUNCTION*

Aspect of Haemno- Conditions in Which
Test static Mechaensm Test is Abnormal

Whole blood Over-all Severe coagulation factor
coagulation coagulation deficiencies;
time mechanism factor inhibitors

Thromboplastin Intrinsic pathway of Deficiencies of factors V,
generation test prothrombin VIII, IX, X, XI, and XII

activation qualitative platelet
defects; factor inhibitors

One-stage Extrinsic pathway of Deficiencies of factors V,
prothrombin prothrombin VII, and X, prothrombin,
time activation; and fibrinogen;

prothrombin, factor inhibitors
fibrinogen

Bleeding timet Platelet function Quantitative and qualita-
vessel contraction tive platelet defects;

capillary defects

Tourniquet test Platelet function; Qualitative and quantita-
vessel wall tive platelet defects;
integrity capillary defects

Clot observation (a) Clot retraction Quantitative and qualita-
tive platelet defects;

(b) Clot lysis fibrinolysis;
(c) Stability in 5M factor XIII deficiency

urea

* Details and further tests in Biggs and Macfarlane (I962).
Additional information on investigation of: contact factors, Nossel
(I964); platelet function, Johnson (ed.) (I96I); fibrinolysis, Mac-
farlane (ed.) (I964b).

t Techniques discussed by Nilsson, Magnussen, and Borchgrevink
(I963).

the 'average normal level' (taken as I00%) with the
exception of fibrinogen which can be measured directly.
The general principle is to construct an in vitro clotting
system with the test factor as the only variable. The
clotting time of the system is then compared with values
on a reference curve obtained by serial dilutions of a
standard normal plasma with factor-deficient plasma.
Unfortunately there are different interpretations of the
'standard normal plasma' which is usually normal
plasma pooled from a varying number of healthy
individuals, or in the case of factor VIII incorporates
a concentrated source of animal or human factor VIII.
Factor content of standard preparations depends on
conditions of storage and other variables, and attempts
are being made to produce material that will permit
comparison of measurements made at different times
in different centres (Kekwick and Walton, I964;
Aronson and Marder, I964). There is little information
on the relative precision, accuracy, or specificity of any
particular assay system, and it must be emphasized that
factor levels recorded on the following pedigrees
represent only approximate measurements.

Lack of knowledge on the variation of clotting
factor levels in the normal population seriously
impedes quantitative analysis of data. With a few
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notable exceptions little more than an unqualified
'normal range' is usually given and the frequency
distribution limits of levels in those heterozygous
for incompletely recessive autosomal or sex-linked
genes and normal persons are often obscure. This
problem will be further discussed with reference to
factor VIII.

There is one technique, the thrombo-elastograph
(Hartert, I952), that differs from usual systems in
recording physical changes that take place during
clotting. The instrument has been used quite extensively
on the Continent, but is affected by ill-defined technical
errors and its results can only be interpreted in terms of
theory developed from clotting studies in glass tubes.
It is therefore generally regarded as having no advantage
over conventional methods. Gedda and Poggi (I964)
used the thrombo-elastograph in a study of normal
twins in order to detect hereditary components of blood
clotting, but their results merely underline the undefined
variability of sundry physical measurements.

Tests of clotting function are in general tech-
nically complex, sensitive to variations in blood
collecting and handling of samples, and laborious
to perform. Such features invalidate use of the tests
in field surveys, though it is possible to employ
relatively simple screening tests (e.g. Margolis,
I96I; Hardisty, Macpherson, and Ingram, I962) of
the intrinsic prothrombin activating system which
is the area where the majority of mild or clinically
latent defects are encountered. Screening tests can
be performed on capillary (finger-prick) blood, but
further elucidation requires full-scale investigation
on venous blood in a specialized laboratory. It must
be emphasized that the whole blood coagulation
time is useless for detecting mild clotting disorders
(Diamond and Porter, I958). Quick (Quick, I957;
Quick and Hussey, i962a) has constantly reiterated
that the one-stage prothrombin time test, which is
sensitive to factor defects in the extrinsic proth-
rombin activating system, gives if performed to his
instructions an almost invariably normal result of
I2 seconds. Unfortunately other laboratories can-
not achieve this constancy (as shown by the normal
ranges given in Table IV and the study of Brooks
and Copeland (I964), and so it is not possible to
use pre-treatment levels in patients attending anti-
coagulant therapy clinics as a means of detecting the
i-5 second prothrombin time prolongation often
found by careful testing of those heterozygous for
factor V, VII or X and possibly prothrombin defici-
ency. Following the reasoning of Graham, Barrow,
and Hougie (I957), the combined population
frequency of these heterozygotes may be in the
order of o-o6-oo8.

Phenotypes in Genetical Disorders of Blood
Coagulation: Ascertainment and Prevalence
As a general rule there is a tendency to abnormal

bleeding when a plasma clotting factor cannot be
detected in the circulation or its concentration is
reduced to below approximately one-third of the
normal level. Factor XII deficiency is the exception,
for despite grossly disordered in vitro clotting
there is characteristically no haemostatic defect,
and affected persons are usually ascertained through
the chance finding of delayed blood clotting during
unrelated laboratory investigations, blood donation
tests, or in the United States of America through
the medico-legally inspired but irrelevant use of
the whole blood clotting time as a screening test for
haemostatic defects before surgery (Diamond and
Porter, 1958; Fletcher, I958).
The pattern of bleeding in inherited disorders

of blood coagulation differs from the 'capillary' or
'thrombocytopenic' type (Quick, I957; Ratnoff,
I960; Biggs and Macfarlane, I962) common to von
Willebrand's disease, and genetical defects of
platelets (Quick and Hussey, i962b; Kanska,
Niewiarowski, Ostrowski, Poplawski, and Proko-
powicz, I963; Alagille, Josso, Binet, and Blin,
I964) or capillaries (Blackburn, I96I). Certain
groups of clotting disorders have typical features
and though clinical discrimination is too imprecise
for distinguishing the underlying defect some
characteristics are valuable as a means of case
ascertainment from diagnostic records, particularly
in the milder states without florid haemorrhagic
disease. For instance, umbilical bleeding on
separation, not section of the cord (Hurez, Debray,
Lebras, and Denimal, I96I) is universal in afibrino-
genaemia and factor XIII deficiency, but most
unusual in haemophilia despite the presence of
factor VIII deficiency at birth (R. Biggs, I965,
personal communication). Bleeding of apparently
spontaneous origin, intramuscular haematoma, and
haemarthroses are invariably encountered in severe
haemophilia but uncommon in other states where
haemorrhage from epithelial-lined tracts is more
typical. Tonsillectomy is a dangerous and often
lethal way of detecting mild clotting defects
(Krahl, 1955; Biggs and Macfarlane, I958), but
due to the different haemostatic situation appendi-
cectomy may cause no abnormal haemorrhage even
in severe haemophilia (Kerr, I964).

Clinical severity in haemophilia is generally related to
the clotting factor level, and though measurement of
the latter is a preferable way of grading severity most
haemophiliacs fall into one of the following clinical
categories, each of which is associated with a character-
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istic range of factor VIII or factor IX levels (Ikkala,
I960; Kerr, I963):

Severe haemophilia. Factor level o-I%, coagula-
tion time usually more than one hour. Abnormal bleed-
ing noted in first year, haemarthroses occur before school
age, and haemorrhage may be of apparently spontaneous
origin and show a cyclic tendency to recur episodically.
Intramuscular haematoma, haematuria, and gastro-
intestinal bleeding are common. Almost all have perma-
nent physical disability by puberty.

Moderate haemophilia. Factor level I-3%, coagu-
lation time usually not prolonged over 30 minutes. An
intermediate grade with obvious manifestations of
lesser intensity than the severely affected.

Mild haemophilia. Factor level 3-30%, coagula-
tion time normal. Abnormal bleeding follows significant
trauma, operation, tooth extraction, or is associated with
local pathology. Haemarthroses are rare. Affected males
lead an entirely normal life participating in body-contact
sports, military service, and so on.

It must be emphasized that the above categories
apply only to haemophilia and are retained for
descriptive usage and in defining clinical grades
employed before the advent of modem tests.
There is usually close agreement for both symptoms
and factor levels among related males with factor
VIII or IX deficiency (Digilio, Bacchetta, and
Savignoni, I960; Biggs and Macfarlane, I962;
Joist, I963; Lewis, Didisheim, Ferguson, and Li,
I963), but on occasion, despite having similar
laboratory findings, a patient will differ clinically
from his affected relatives in having no apparent
haemorrhagic tendency (Quick, I957; Moor-
Jankowski, Truog, and Huser, 1957) or in contrast
may have a distinctly increased bleeding tendency
(Margolis, I96I). The mechanism of this clinical
discordance remains unknown.

Classifying haemorrhagic severity on impressions of a
few cases is notoriously unreliable and well demon-
strated by the large kindred of McKusick and Rapaport
(I962), where, before the days of effective therapy, some
haemophiliacs died from exsanguination in infancy and
others lived for more than 70 years, the oldest dying
when aged 82. The situation is most difficult in mild
haemorrhagic states where the question of abnormal
bleeding rests on the significance of such variable events
as menorrhagia and bleeding after operation, tooth
extraction, parturition, or in association with some tissue
lesion. A serious haemostatic defect obviously exists,
when a woman has von Willebrand's disease associated
with many episodes of life-endangering menorrhagia
(Jorpes, 1959), or, due to undiagnosed factor XI
deficiency, has required massive blood transfusion after
several operations (Lisker, Josephson, Werbin, Shapiro,
and Rosengvaig, I957). Yet abnormal bleeding mainly

localized to one particular organ or situation cannot be
graded in terms of the generalized haemorrhagic state in
haemophilia. Therefore 'severe' or 'marked' is a suitable
description for significant bleeding in autosomal dis-
orders, as opposed to 'mild' for vague and ifl-defined
episodes.

Ascertainment of severe haemophiliacs in certain
populations has been reasonably complete, because
from an early age the patients inevitably become
known to hospitals, special treatment centres,
research workers, blood transfusion services, and
agencies for the physically disabled (Ikkala, I960;
Ramgren, i962a; Kerr, I965). The same reasoning
applies to those with more extreme phenotypes due
to autosomal genes. In contrast the probability of
encountering mildly affected patients remains
unknown. A proportion undoubtedly go through
life without experiencing any traumatic incident
that leads to diagnosis, and others are not detected
until middle age (Kerr, I962). Not unexpectedly
there still exists a reluctance to consider haemo-
philia in an otherwise healthy male, and what is
retrospectively an alarming post-operative haemorr-
hage in such persons is at the time often ascribed to
local causes. Under-ascertainment of mild haemo-
philiacs has certain consequences in population
studies, which will be discussed in relation to factor
VIII.
The distribution of hereditary clotting defects

appears to be world wide in the sense that a similar
pattern of disorders is encountered wherever
diagnostic facilities are available. Phenotype
frequencies in Japan (Abe, I964) are comparable
to those in native and migrant European populations.
Excluding von Willebrand's disease whose preval-
ence is uncertain through differences in diagnostic
criteria, factor VIII and factor IX deficiencies
account for over 95% of all cases detected in popu-
lation surveys (Ikkala, I960; Nilsson et al., I962;
Kerr, I965). The frequency of factor VIII defici-
ency relative to factor IX deficiency has been
variously estimated from I0:I (Den Ottolander and
Hoorweg, I955) tO 3:I (Lewis, Ferguson, Fresh,
and Zucker, I957). The ratio in pooled data from
i6 collections of patients listed by Jung (I960)
was approximately 5:i. A higher proportion o
males with factor IX deficiency (25% of the total)
was noted in two population studies (Ikkala, I960;
Kerr, I965). The over-all prevalence of genetical
disorders is not clear. The position is unsatisfac-
tory because research centres deal with a selected
group of patients and tend to collect certain rare
disorders which particularly interest them. Popula-
tion studies have generally been concerned only
with factor VIII and factor IX deficiency. Estimates
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on trait frequencies in a population vary from Io-4
(Marx, I959) to more commonly quoted figures
within the range Is x Io-4 -<5 X Io-4 (Den
Ottolander and Hoorweg, I955; Rapaport, Fallon,
and Goodman, I958; Quick, I957; Fantl, i96ia;
Ramgren, i962b; Biggs and Macfarlane, i962;
Polak, Chrobak, Salavec, Cerniik, and Antalovska,
i964). More extensive data on frequencies in
factor VIII and factor IX deficiency will be dis-
cussed later. Von Willebrand's disease is remark-
ably prevalent on some Baltic islands, affecting i
in I0 of the population (Eriksson, I96I) as compared
to the incidence of diagnosed cases in Australia, i
in 300,000 (Fantl, Ig6Ia). Homozygotes for in-
completely recessive genes with marked bleeding
symptoms are extremely rare (for each condition q2
is unlikely to be greater than 1o-6). It is impossible
even to hazard a guess at the frequency offactor XII
and factor XI deficiencies with typically absent or
very mild haemorrhagic symptoms because ascer-
tainment is so largely dependent on chance.

MAJOR CLINICAL TYPES

(i) Fibrinogen
Current knowledge on the chemistry of fibrino-

gen and its conversion to fibrin has been thoroughly
reviewed by Laki and Gladner (I964). Molecules
offibrinogen are ellipsoid, measure some 500 x 4oA,
and have a molecular weight ofabout 330,000. Data
are available on amino acid composition of fibrino-
gen from man, ox, pig, sheep, dog, horse (Blomback
and Yamashina, I958), and lamprey eel (Doolittle,
Oncley, and Surgenor, I962). During clotting,
thrombin enzymatically alters the molecular struc-
ture of fibrinogen by releasing fibrinopeptides, and
the parent molecules (fibrin monomers) then poly-
merize to form the fibrin network. The bovine
fibrinogen molecule contains about 2700 amino
acids incorporated into six peptide chains (Blom-
back and Yamashina, I958), and there is evidence
that the specificity of thrombin action is dependent
on the amino acid sequence (Clegg and Bailey,
I962). The evolutionary significence of comparative
studies in fibrinogen and the fibrinogen-fibrin
transition will be discussed later.

It is agreed that fibrinogen is synthesized by the liver
and the plasma level is reduced in extensive disease,
extirpation, or necrosis of that organ (Favre-Gilly, I947).
Little is known about metabolism, but by comparison
with other plasma proteins not concerned with coagula-
tion the rapid physiological turnover of fibrinogen sug-
gests a continuous in vivo consumption (Astrup and
Van Creveld, I96I), and Miller, Titthasiri, and Hanavan

(I96I) noted that the rate of fibrinogen formation was
dependent on the blood level, which implied a feedback
system of regulation.

Acquired fibrinogen deficiency due to decreased
production, rapid utilization through widespread
clotting, or destruction by circulating fibrinolysins
is far more common than a congenital deficiency
(Biggs and Macfarlane, I962). No more than two
unrelated cases with the latter condition have ever
been reported from any large blood coagulation
research centre. Two hereditary varieties have
been recognized, each distinguished by a descrip-
tive term based on the degree of fibrinogen defici-
ency. Congenital afibrinogenaemia, first described
by Rabe and Salomon (I920), iS characterized by a
haemorrhagic state, infinitely prolonged whole blood
coagulation time, and absence of plasma fibrinogen,
as measured by techniques based on the clotting
properties of thrombin, salt-precipitation of plasma
fibrinogen, and electrophoretic analysis. The other
variety, congenital hypofibrinogenaemia, is less well
defined as diagnosis is dependent on 'significantly'
reduced fibrinogen levels, and haemorrhagic symp-
toms are generally vague. Needless to say, lack of
knowledge on the distribution of fibrinogen values
in normal populations and the internal variation
of methods of estimation has hindered classification
of reported cases and analysis of family studies. The
normal range of variation is generally taken as 250-
400 mg./Ioo ml. (Biggs and Macfarlane, I962;
Laki and Gladner, I964; and the majority of authors
listed in Table III). However, a few surveys of
levels in several hundred healthy subjects suggest a
far wider range of variation (e.g. Hill and Trevor-
row, I942; Revol, I962), and the carefully controlled
comparison of several methods by Gross, Schwick,
Lang, Nies, Rahn, Becker, and Hengstmann (I963)
suggest a source ofindividual and technical variation
for each estimation.

Previous reviewers of congenital afibrinogenaemia
have noted a sex distribution of cases at variance
with an autosomal hypothesis (Frick and McQuarrie,
I954; Graham, I957), have differed on the signi-
ficance of findings in heterozygotes (e.g. Graham,
I957; Harris, I959), and have considered hetero-
geneous case material as a single entity (Bommer,
Kiinzer, and Schroer I963b). In addition, indi-
vidual and familial details of the same patients have
been scattered through several different reports of
clinical studies. For these reasons, all cases with
sufficient data to support the diagnosis of congenital
afibrinogenaemia are recorded in Table III.

Congenital Afibrinogenaemia. No fibrinogen
was detected in the blood of 6i patients (Table III)
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TABLE III
REPORTED CASES OF CONGENITAL AFIBRINOGENAEMIA

Case Source(s)

Rabe and Solomon (1920)
Breckhoff (1924)
Opitz and Frei (I92I)
Macfarlane (1938)
Biggs and Gaston (I960)
Paillard, Jeune, and Revol (1938)
Revol and Favre-Gilly (I947)
Schonholzer (1939)
Fritzsche (I939)
Glanzmann, Steiner, and Keller (1940)
Bronnimann (1954)
Van Creveld (1941)
Castex, Pavlovsky, and Bonduel (I943)
Pavlovsky and Berg (1962)
Henderson, Donaldson, and

Scarborough (1945)
Biddau and Ammaniti (1946)

Pinniger and Prunty (1946)
Pinniger and Franks (I95I)
Hardisty and Pinniger (I956)
Ingram, Pinniger, and Vallet (I960)
Corbett (1947)
Revol and Favre-Gilly (I947)
Diamond, Wolff, and Borges (1948)
Gitlin and Borges (I953)
Alexander et al. (1954)
Rausen, Cruchaud, McMillan, and

Gitlin (I96I)
Bucek (I95I)

Prentice (I95I)

De Silva and Thanabalasundaram (I95I)
Lawson (1953)
Van Nuffel and Verstraete (1953)
Vandenbroucke, Verstraete, and

Verwilghen (I954)
Sokal (I962)
Albeggiani and La Grutta (I954)
Frick and McQuarrie (1954)

Lewis and Ferguson (1954)
Mahoudeau, Soulier, Dubrisay,

Larrieu, and Pringuet (s954)
Brault and Prat (I955)
Soulier, Larrieu, Dubrisay, and
Mahoudeau (955)

Pritchard and Vann (I954)
Caussade, Neimann, Pierson, and
Manciaux (I954)

Brault and Prat (1955)
Soulier et al. (1955)
Camelin, Revol, Favre-Gilly, Vailhe,

Ardry, and Meiral (I955)
Maupin, Vigne, Perrot, Leroux, Raby,

Storck, and Lacassie (i962a)
Maupin, Moullec, and Kherumian

(1962b)
Laurinsich, Gatto, Gueli, and Imperato

('954)
Sebok and Szabo (I955)
Hule and Preis (I956)

Sex Age at Last Age Parental
Sibs Investiga- at Consanuntt Fnig nRltvs

tion (yr.) Death agiiy idnsi eaie

M

F
M

F

M
F
M

M
M

M

F

F

M

M

M

M *
F

F

M

M

F
M

M

M

M

F

M

F*

F*
F*
M

F*

M*

M*

M

M
F

'3

8 J mth.
8

26

12
21

'5

6 wk.
24

II

6

30

8 days
4
I4

I2

12

'9

I I mth.
20

II

3

7

3i
20

I9 days
84

2

I wk.
54

12

5§

20 mth.

'3
13 mth.

22

84 mth.
28

'3
24

7 wk.

9

'9

I

Yes

Yes
Yes

No

Yes
No
No

Yes

Yes

Yes

Yes

No
No
No

Yes

No

No
No
No

Yes
Yes

No
Yes

No
Yes

Yes

No

No

No

Parents normal CT

Sister + H, father 75, mother,
brother normal F

Sister + H, sister 130, parents, 8
other relatives normal F

Mother, brother normal F
Parents, 3 brothers, normal F

Sister + H, parents, 2 sibs normal F

Brother + H, parents, 4 brothers,
normal F

Parents, 2 sibs normal F

Parents normal F

Parents normal F

2 brothers + H, parents, sister
normal CT

Parents, 2 sibs normal F,
maternal aunt 120

Brother + H, mother 150
Parents normal F

I brother + H
Mother F 163, father 196, brother 190,

sister 178, sister and 6 other relatives
normal F (> 250)

Mother normal F
I sister + H

I sister + H, father F 184, paternal
grandmother 126, mother 257

Parents, 3 sibs normal F

Mother normal CT
Mother F 78, maternal aunt 88,

maternal grandmother 234,
father, 2 sibs normal F ( > 300)

Cont'd

263

2

3

4

5
6

7

8
9

I0

II

12

'3
'4
I5
I6
I7

i8

I9

20

2I

22

23

24

25

26

27

28

29
30
3I

32

33

34

35

36
37

.No .
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TABLE III-continued

Case Sex Age at Last Age Parental
No. Source(s) Siebs |Investit Dath Consanguinityt Findings in Relativest

38 Wilson and Gutteridge (I956) F II ? _
39 Fernando and Dharmasena (I957) M 22 Yes Parents, 4 sibs normal F
40 ** Grossmann and Carter (1957) ? Newborn 3 hr. ? Parents, sister normal F
41 Morita and Kagami (1957) F 7 No Mother normal F
42 Cutillo and Schettini (I958) M 3 dy. Yes Parents normal F
43 Lato, Severi, and Antonelli (I958) M I8 days 3 wk. No -

44 Orlando and Manara (I958) M 9 No Parents normal F
45 Van Creveld and Liem (I958) F I No -

Astrup and Van Creveld (I96I)
46 Kranz and Ruff (I959) M 13 Yes -

47 Garbin and Garofalo (I960) M 5 dy. Yes Parents normal F
48 Rodriguez and Bidegain (I960) F 3 ? -
49 De Vries et al. (I96I) F I6 I6 Yes Sister + H, brother + H, father 5 sibs

normal F
50 Gugler and Liischer (I96I) M 2 mth. 2 mth No -
5I Jain and Parande (I962) F 8 No Sister + H, mother 33, father 65
52 Niewiarowski et al. (I962) M 3 No Brother + H, parents, 3 sibs normal F
53 Kozlowska et al. (I964) F 13 Yes 2 brothers + H, parents normal
54 Guimbretiere and Harousseau (I962) M* 4 4 No Parents 3 sibs normal
55 M* 7 7
56 Gross et al. (1963) F I9 No tt Mother 75, father 100 sister 83

aunt 73, paternal grandmother 325,
sister 348

57 Oseid and Svendsen (I963) M* 14 No Parents, 3 sibs, II other relatives
58 ~~~~~~~~F*6 normal F

59 Werder (I963) M 4 No Mother 170, sister 170, 4 maternal
60 M 21 No aunts 163, 130, 163, 163, father 227

mother 155
6i Bommer et al. (i963a) F No -

* Sibs.
t ? = Not mentioned.
t CT = Coagulation time; + H = Died from haemorrhage; F = Plasma fibrinogin level (mg./ioo ml.). Values are given in italics if

stated to be significantly reduced and there is evidence of partial deficiency.
§ Dizygous twins.
** Doubtful case.
tt Levels using a salt-precipitation method, similar results found using two other techniques.

by conventional methods, though the use of sensi-
tive immunological techniques revealed a trace of
fibrinogen on several occasions (Gitlin and Borges,
I953; Niewiarowski, Kozlowska, Gulmantowicz,
Pelczarska-Kasperka, I962; Werder, I963; Gross
et al., I963; Bommer, Kunzer, and Schroer, I963a)
but not on others (Hardisty and Penniger, 1956;
Werder, I963; Oseid and Svendsen, I963). Overt
liver disease was invariably excluded as a cause of
fibrinogen deficiency, but objective evidence of an

otherwise intact haemostatic mechanism and, in

particular, a normal fibrinolytic system, was con-

sistently available only for cases reported since
I957. Excluding five young sibs of patients, all
cases included in Table III presented with haemorr-
hagic symptoms. Authors were in general agree-

ment on the remarkable mildness of bleeding symp-
toms by comparison to other genetical disorders of
clotting. The most frequent manifestations were

bleeding from the umbilicus (almost invariable in
newborn infants), nose, gingivae, small wounds, and
after teeth extraction. Haemarthroses were un-
common, occurring in six patients (Alexander,
Goldstein, Rich, Le Bulloch, Diamond, and Borges,
I954; Lewis and Ferguson, 1954; Kranz and Ruff,
I959; De Vries et al., I96I). Menstruation was
remarkably normal (Lawson, 1953; Hardisty and
Pinniger, I956; De Vries et al., i96I; Gross et al.,
I963), and menorrhagia is only rarely encountered
(Werder, I963). Nevertheless, the serious nature
of the haemostatic defect is underlined by I4 deaths
from haemorrhage and the fact that i6 undiagnosed
but presumably affected younger sibs died as
infants, mostly from umbilical bleeding. To date
no patient has had offspring.

Family studies support homozygosity for an
autosomal gene. Including sibs who died in
infancy from haemorrhage, I7 of 55 sibships con-
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tamed more than one affected person. There was
parental consanguinity in 21 (43%) of 49 matings.
No instance of vertical transmission occurred.
Evidence of gene effect in presumptive heterozy-
gotes has been sought ever since Macfarlane (I938)
detected a low level of plasma fibrinogen in the
father of his patient. Frick and McQuarrie (I954)
interpreted slightly reduced levels in four relatives
as significant, but as Graham (1957) pointed out
it was impossible to accept these findings in the
absence of data on the normal distribution of
values. Subsequent studies (Table III) with
more adequate definition of normal range and
internal errors indicated that heterozygotes could
be detected in some families (Jain and Parande,
I962; Gross et al., I963; Werder, I963) but not
in others (De Vries et al., I96I; Niewiarowski et al.,
I962; Oseid and Svendsen, I963; Kozlowska
et al., I964).
Graham (I957) noted that patients recorded

by mid I955 had a significantly abnormal sex ratio
(2I male: 8 female x2 = 6o3) for an autosomal
hypothesis. This distribution was difficult to
explain as any bias in ascertainment would tend
towards exclusion of males through being diagnosed
as haemophilic, on the classical grounds ofhaemorr-
hagic disease in a male associated with a prolonged
coagulation time. However, the previous sex ratio
was probably due to chance, for though its effect
is still present with 36 males : 24 females, X2 is
now 2 40. More conclusive evidence against
abnormal segregation comes from the sex distribu-
tion of cases reported since 1955 (I3:1I) (X2 =
o-i66) and of sibs of propositi who died in infancy
from haemorrhage and whose sex could hardly
account for any bias (9:7) (x2 = 0-250).

It is generally held that the genetical defect in con-
genital afibrinogenaemia results in reduced synthesis of
the protein because isotopically labelled fibrinogen has
a similar half-life of 3-4 days in normal (Volwiler,
Goldsworthy, MacMartin, Wood, MacKay, and Frem-
mont-Smith, I955) and affected (Gitlin and Borges,
1953; Lewis and Ferguson, I954; Werder, I963)
individuals. Traces of apparently normal fibrinogen
detected immunologically in plasma and by Sokal (I962)
on platelets from a patient with congenital afibrinogen-
aemia support the concept of diminished synthesis.
Acquired fibrinogen inhibitors have developed in the
circulation of two patients (Bronnimann, I954; De
Vries et al., I96I), but there is no evidence to suggest
genetically-controlled excessive fibrinogen destruction.
An altered molecule cannot be entirely excluded,
though it is unlikely that another species of fibrinogen
comprising over 5% of the total plasma protein would
remain undetected. However, there is a strong possi-
bility that one instance of genetically altered fibrinogen

has been found. Menache and Boivin (I964) reported
a man who had no bleeding symptoms and no fibrinogen
detectable by usual methods, but preliminary studies
strongly suggested the presence of abnormal fibrinogen
with distinct physico-chemical properties. The patient's
son had an apparently identical defect. It is also known
from experiments on fibrinogen from six different
species that thrombin hydrolyses bonds between argi-
nine and glycine residues (Blomback and Yamashina,
1958). Laki and Gladner (I964) point out that if, through
an error of synthesis, lysine adjacent to glycine were
replaced by arginine, the critical bond would then be
split by thrombin in trace amounts and as a result
fibrinogen would become unclottable. These authors
go on to suggest that the defect in afibrinogenaemia may
be no more than a replacement of lysine by arginine
in one of the six peptide chains of fibrinogen.

Congenital Hypofibrinogenaemia. In 1935
Risak found that apparently low levels of fibrinogen
were associated with mild haemorrhagic symptoms
in several members oftwo different families and first
suggested the possibility of an inherited trait.
Several case reports followed where congenital
hypofibrinogenaemia was considered responsible
for abnormal bleeding. This diagnosis is difficult
to maintain on retrospective examination of some
widely quoted cases. For instance, Nissen's (1938)
patient had fibrinogen levels of over 200 mg./iooml.
on several occasions; members of Heinild's (I944)
family had a complex haemostatic defect with
thrombocytopenia more prominent than fibrinogen
deficiency, and the infant described by Allibone
and Baar (1943) suffered from extensive hepatic
disease. Bommer et al. (i963b) included Nissen's
and Heinild's cases together with seven similar
patients in a review of congenital afibrinogenaemia
regarding hypofibrinogenaemia as a genetical
variant of the more extreme trait. In contrast,
Revol (I962) analysed 26 reported cases with
fibrinogen levels between IO and 50 mg./Ioo ml.
and where a primary cause including fibrinolysis
had been eliminated. He concluded that the
aggregation of subnormal levels within sibships or
in two generations rendered a genetical basis
probable. In agreement with Imperato and Dettori
(1958), Revol considered there were no grounds
for relating the two varieties of fibrinogen deficiency
or regarding those with the partial defect as heterozy-
gous for congenital afibrinogenaemia. Available
evidence suggested at least two alleles at different
loci.

Three reasonably well-documented cases with fibrino-
gen levels of less than 70 mg./Ioo ml. resulted from a
consanguineous mating (Lida and Banfi, 1953; Penati
and Gaidano, I953; Gerkowicz and Krawczynski, I954).
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The condition has been noted in a pair of monozygotic
twins (Kugelmass, I953). Hasselback, Marion, and
Thomas (I963) recently described a family where 5

members of 2 generations had mildly abnormal bleeding
and fibrinogen levels between 58 and i58 mg/ioo ml.
The authors postulated autosomal dominant inheritance,
but as their report, like so many others, did not contain
information on the normal limits of the method used
to estimate fibrinogen it is clearly desirable to avoid
drawing any genetical conclusions on congenital hypo-
fibrinogenaemia at present.

(2) Prothrombin
The properties of prothrombin (factor II) have

been extensively discussed by Seegers (I962)
whose many studies indicate that the protein is the
sole precursor of thrombin. The Seegers group

maintain that factors VII and IX are also derived
from prothrombin, which as explained by Biggs
and Macfarlane (I962) is contrary to the majority
view.

Purified prothrombin migrates electrophoretically
as an a2 globulin, and has an elongated stable
molecule and a molecular weight estimated at
68,ooo (Lamy and Waugh, I953). Acquired
hypoprothrombinaemic states are relatively com-

mon but inherited disorders are extremely rare.

It must be recalled that cases diagnosed as congenital
or familial hypoprothrombinaemia on the basis of
an abnormal one-stage prothrombin time cannot
be accepted unless deficiencies of factors V, VII,
and X and excess anti-thrombin activity have
been excluded. This applies to cases reported
before 1959 excepting those described by Quick,
Pisciotta, and Hussey (1955), which were subse-
quently reinvestigated (Quick and Hussey, i962a).

Details recorded for 9 cases studied by modern
techniques are given in Table IV. Bleeding symp-

toms dating from infancy were noted in 8 instances,
being marked in 6 (Case 2 and 3 of Quick and
Hussey, i962a; Pool, Desai, and Kropatkin, I962;
Bastos, Reno, and Correa, i964), and less severe

in 2 others (Borchgrevink, Egeberg, Pool, Skulason,
Stormorken, and Waaler, 1959; Josso, Prou-
Wartelle, and Soulier, i962), which latter had
each lost a presumably affected sib from the effects
of haemorrhage. The prothrombin time was

prolonged to varying degrees and all cases with
abnormal bleeding had greatly reduced plasma
prothrombin levels as measured by the two-stage
method (Ware and Seegers, 1949). There is
insufficient evidence to draw conclusions on the
genetical mechanism in these cases though homozy-
gosity for an autosomal mutation is supported by
the findings in relatives (Table IV). Two unpub-
lished kindreds from Oxford are shown in Fig. 2.
Members in two generations had prolonged
prothrombin times and reduced prothrombin levels
associated with very mild or absent bleeding symp-
toms. Increased anti-thrombin activity of unknown
significance was noted in kindred B. There was

no parental consanguinity.

Family i of Quick and Hussey (i962a) differed in that
a slightly prolonged prothrombin time associated with
normal prothrombin levels and no bleeding tendency
was detected in IO members of 3 generations. Quick
and Hussey explained these findings on the hypothesis
(Quick and Stefanini, 1948) that only a small proportion
of prothrombin is 'active' (i.e. measurable by the one-

stage prothrombin time) and the 'inactive' remainder
becomes converted to the active state in the two-stage

LE IV
CONGENITAL HYPOPROTHROMBINAEMIA

Case Sex Bleeding Prothrombin Prothrombin Parental Anra idnsi eaieSource No. and Age Symptoms Time (PT) Assay Consanguinity Abnormal Findings in Relativs
(sec.)* (%

Quick and I M Nil I6(12) 120 Nil I sister, 2 brothers, father, S other
Hussey relatives similarly affected

2 M Marked I9-29(I2) II Nil I brother similarly affected, nil in 5 sibs
3 F 12 Marked 73(I2) 2 Nil PT slightly prolonged in 2 sisters and ?

father
Borchgrevink F 38 Mild 14.4(02-13) 9 Yes Not sought; I brother died from

et al. (I959) haemorrhage
Pool et al. M 7 Marked 25(13-15) 2-4 Nil Nil in parents and sibs

(1962)
Josso et al. M 23 Mild I6-I8-5(I3-I5) IO-13 Yes Nil in 4 sibs; I brother died from

(I962) haemorrhage
Bastos et al. I F iI Marked 28(II-13) I Patients are sibs; i other child died from

(I964)t 2 M 8 Marked 25(11-13) I SYes umbilical bleeding; parents and other
3 M 1 1/12 Marked 34(11-13) I relatives not studied

* Normal mean or range is given in parenthesis.
t Additional details in Quick (I947) and Quick et al. (1955).
$ Laboratory findings are not complete for this family.
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FIG. 2. Congenital hypoprothrombinaemia. Unpublished families
by kind permission of Dr. R. Biggs (Family A) and Dr. F. C.
Bolton (Family B). Tonsillectomy in the propositus of Family A
was described by Livingstone and Johnstone (I963).

(assay) procedure which latter therefore measures the
'total' prothrombin. The family in question could thus
have a genetical defect in the mechanism that controls
the level of 'active' prothrombin fraction which would
account for the abnormal time in the presence of a

normal assay result.
It may be concluded that haemorrhagic disease is

occasionally due to a genetical disturbance of prothrom-
bin metabolism, but clarification awaits further know-
ledge of the pathways involved.

(3) Factor V
The existence of factor V in normal plasma

was postulated by Quick (I943) and its presence

confirmed by Owren (I944) who described a

woman with haemorrhagic symptoms dating
from childhood and deficiency of the factor.
Although the study of factor V has been ham-
pered by its lability and other problems (Fantl,

I957), some progress has recently been made
with material isolated and purified by methods
discussed by Blomback and Blomback (I963).
The factor has general properties of a protein and
Papahadjopoulos, Hougie, and Hanahan (I964a)
woiking with bovine factor V estimated a molecular
weight of roughly 400,000.

Acquired defects are associated with the defi-
brination syndrome, carcinomatosis, and certain
infections probably through factor V acting as a

substrate for a stimulated fibrinolytic system (Biggs
and Macfarlane, I962). Congenital factor V
deficiency is very rare. Bachmann (I958) and
Horder and Hiemeyer (I963) have reviewed 33
recorded cases for which there is reasonable
evidence to support the diagnosis. Haemorrhagic
symptoms vary in severity but generally consist
of ecchymoses or bleeding from mucous mem-

branes, and patients may experience few serious
episodes (Friedman, Quick, Higgins, Hussey, and
Hickey, I96I; Borchgrevink and Owren, I96I).
Haemarthroses have not been reported and menorr-

hagia does not necessarily prove troublesome,
though Brink and Kingsley (I952) described a

presumably affected girl who bled to death at the
menarche. Epidermolysis bullosa was present
in one patient (Alexander and Goldstein, I952),
multiple congenital anomalies in another (H6rder
and Sokal, I956), and syndactyly was segregating
independently in the family of De Vries, Matoth,
and Shamir (I95I).
There is little evidence on which to draw genetical

conclusions but the family data given in Table V
support autosomal inheritance. An additional

BLE V
FAMILY STUDIES OF FACTOR V DEFICIENCY

Factor V
Source(s) Sex Age Fcr Consanguinity Findings in RelativesttSibs* PT time (sec.)

Brink and Kingsley (I952) F* 25 5 Yes Parents 40-60, 2 brothers, 2 sisters 24-60, 2 brothers 'normal
F* 32 5 7 other relatives reduced levels 80, I2 had 'normal' levels
M* 13 5
tM* 8 5 Yes Mother 30, father 29, brother 42, sister I03
F* 9 5

Lewis and Ferguson (I955) F 3 0 No Mother 38, father 33, brother 85, sister 34
Owen and Cooper (I955) M 47 6 No 2 children, 32 and 48, io other relatives 'normal'
Horder and Sokal (I956) F 27 3 ? 4 brothers 43, 34, I20, 46, 2 sisters 39, 23, daughter 80
Friedman et al. (I96I) M* 13 §PT = SI No Father PT 13-14, mother PT = 13-14, sister PT = I2

IF* 5 PT= 41
F* 5 PT = 6

Retief and Coetzee (I964) F* 3 **PT =-20 No Parents normal PT
F* 2/12 PT=120I

* Sibs: PT time is prothrombin time.
t Although highly probable, direct relationship to other sibship could not be proved.
t Monozygous twins. Normal PT = I2 sec.§, 0-5 sec.**
tt Factor V value is in italics if stated to be evidence of partial deficiency, similarly prothrombin time (PT).
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Factor V deficiency

f Partial factor V deficiency,
no bleeding symptoms

Died in infancy from haemorrhage

100-0 Factor V Levels (per cent)

FIG. 3. Factor V deficiency. By kind permission of Dr. R. Biggs.
(Details given by Rush and Ellis in i965.)

family is shown in Fig. 3. Autosomal dominant
inheritance was proposed by Owen and Cooper
(1955) who considered that reduced factor V
levels in a man and his two children indicated a

single gene with varying expression. Although
semi-quantitative assay of factor V is technically
difficult, the available evidence (Table V) favours
homozygosity for an incompletely recessive gene.
Information on consanguinity has been incon-
sistently reported but parents were related on
three occasions (Brink and Kingsley, I952; Kings-
ley, 1954; Seibert, Margolius, and Ratnoff, I958).
There has been no unequivocal instance of
abnormal bleeding in a person with an intermediate
level of factor V.

(4X) Factor VII
A few years after the existence of factor VII

was predicted to explain the potentiating effect of
serum on prothrombin conversion by tissue ex-
tracts (Mann, Hurn, and Magath, 1947), the first
patient with an inherited deficiency was described
by Alexander, Goldstein, Landwehr, and Cook
(I95i). The factor is not consumed during clotting,
is relatively stable, and has electrophoretic charac-
teristics of a globulin (Owen and McKenzie,
I954). Additional properties are summarized by
Alexander (I961I).

It is agreed that factor VII originates from the liver
because reduced blood levels are found after experi-
mental hepatectomy (Mann, Shonyo, and Mann, I95I),
liver disease, or the administration of hepato-toxic drugs
(Seegers, I951), including salicylates and propylthioura-

cil (Craddock, Shotton, Crockett, and Leavell, 195I).
In addition, the factor appears to be synthesized by rat
liver slices (Pool and Robinson, I959) and suspension
cultures of hepatic cells (Prydz, I964). Significantly
elevated factor VII levels have been noted during
pregnancy (Owen et al., I964), clinical (Poller, I959) or
experimental (Fisher, Kupfer, and Kagan, I962)
thromboembolic states, and after administration of 4-
amino-antipyrine to guinea-pigs (Weiner and Dayton,
I960). The part played by factor VII in the extrinsic
pathway of prothrombin activation remains obscure
and current views are discussed by Macfarlane (I965).

Factor VII deficiency has been thoroughly
reviewed by Hall, Rapaport, Ames, and deGroot
(I964), Marder and Shulman (I964), and Owen
et al. (I964) Each group differed somewhat on
criteria for assessing the reliability of diagnosis in
previously reported cases. Owen et al. used the most
stringent classification defining 'proven? patients as
those whose plasma had been matched with that
from other patients known to have factor VII or
factor X deficiency. On this basis there were 24
unequivocal instances, I5 in whom the diagnosis
was probably correct, though factor X deficiency
had not been definitely excluded, 52 with lesser
chances of being factor VII deficient, and finally
8 disproved cases where factor X was found to be
the defective factor on reinvestigation.
Most patients with factor VII deficiency have

been of European origin, but it has occurred in a
negro (Barnett, I957) and in American Indians
(Miller, 1959; Marder and Shulman, I964).
Bleeding symptoms are notoriously variable and fall
into three main categories. One type becomes
evident during infancy and is characterized by
umbilical bleeding melaena, haematemesis, bruising
epistaxis, and gingival haemorrhage. Affected
children can be severely disabled by recurrent
episodes (Zollinger, I963; Marder and Shulman,
I964). Deaths have occurred during infancy from
umbilical or intracranial haemorrhage and the latter
manifestation has been described in three sisters
with factor VII deficiency (Van Creveld, Veder,
and Blans, 1956). The second variety has a more
insidious clinical onset at a later age with such
symptoms as epistaxis, ecchymosis, and gingival
bleeding associated with tooth eruption or extrac-
tion. Haemarthroses occurred in 55% of male
patients reviewed by Owen et al. (I964) and may
represent the only manifestation of disordered
haemostasis (Tveten, I958). Menorrhagia is fre-
quent in adult females (Hicks, 1955; Voss and
Waaler, I959; Kupfer, Hanna, and Kinne, I960).
Although tooth extraction is consistently followed
by prolonged bleeding (Hall et al., I964), some major
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operations have been performed without complica-
tion (Marder and Shulman, I964). The final
clinical variety comprises those patients who have
experienced no abnormal bleeding despite having
a factor VII level of less than I 01 (Godal, Madsen,
and Nissen-Meyer, I962; Hall et al., I964).

Family studies initially indicated that factor VII
deficiency resulted from homozygosity for an in-
completely recessive autosomal gene (Chevalier,

52

1 41 4

128 85 '<0.1 39 40

AA

77 26 225 86 55

Factor VII Died from
deficiency haemorrhage

C Partial Factor VII A Albinism
deficiency

225-<0o1 Factor VII
leve Ls (per cent)

FIG. 4. Factor VII deficiency. From Marder and Shulman (r964),
by kind permission of Dr. N. R. Shulman. Albinism was also segre-
gating in one sibship, but direct evidence of consanguinity of parents
(Navajo Indians) was not obtained. The mother of the proposita
had factor VII estimations on three occasions (at times when she
was not pregnant), but normal values were always recorded.

Bernard, Fiehrer, Bilski-Pasquier, Samama, and
Cerf, I955; Zollinger and Hitzig I958; Caen,
Yanotti, Varangot, and Bernard, I959; Voss and
Waaler, I959; Kupfer et al., I960; Cleton and
Loeliger, I960). Alexander (I96I) expressed doubts
on the specificity of certain assay procedures used to
detect partial factor VII deficiency in heterozygotes,
but more recent studies have greatly strengthened
the earlier views on inheritance. In a well-controlled
investigation of 8i relatives of 3 affected sibs, Hall
et al. (I964) demonstrated clear segregation of
factor levels in accordance with predicted geno-
types and included evidence that 8 children with
one factor VII deficient (homozygous) parent had
a partial factor deficiency with levels more than
two standard deviations from the normal mean.
Ratios for gene segregation and sex were those

expected on an autosomal hypothesis. Similar
conclusions were made by Owen et al. (I964) in an
equally extensive study and by Zollinger (I963)
who investigated an inbred Swiss kindred. A
pedigree which contains an unusual type of mating
(Marder and Shulman, I964) is given in Fig. 4.
There is general agreement that the partial factor
VII deficiency of heterozygotes is not associated
with an abnormal bleeding tendency (Hall et al.,
I964; Owen et al., I964).

(5) Factor VIII
In I937 Patek and Taylor demonstrated that a

plasma globulin was lacking in haemophilia and
thereby diverted attention from the hypothesis
that platelets were defective (Fonio, I936). Charac-
terization of the factor in general physico-chemical
terms was delayed for many years through inade-
quacies of clotting theory and consequent difficulty
in constructing suitable laboratory tests. Some
progress has been made more recently despite
marked instability of factor VIII in vitro and
technical problems in separating the factor from
fibrinogen, its co-precipitant in plasma fraction I
of Cohn. The current position on factor VIII
isolation and purification has been clearly sum-
marized by Surgenor (I964). Studies on partly
purified preparations indicate that factor VIII
has general properties of a protein (Biggs and Mac-
farlane, I962; Blomback, I964).

Little is known about the origin and metabolism of
factor VIII. It appears that the liver is not involved in
synthesis as severe hepatic damage and coumarin over-
dosage in animals have no effect on plasma levels
(Graham, Collins, Godwin, and Brinkhous, i95i).
Pool and Spaet (I954) found that drug-induced bone-
marrow depression in rats was associated with factor
VIII deficiency, but a causal relation remains unsub-
stantiated. Cross-circulation experiments between
haemophilic and normal or splenectomized dogs
(Weaver, Price, and Langdell, I963) suggested that
the spleen had a homeostatic function because in contrast
to normal dogs the splenectomized animals were unable
to maintain factor VIII levels during cross-infusion
with haemophilic blood and subsequently showed
greatly impaired regeneration of factor VIII.
The manner in which factor VIII is utilized during

clotting and undergoes metabolic degradation in the
circulation is also obscure. Nevertheless the weight of
experimental evidence favours the hypothesis that the
plasma level of factor VIII reflects equilibrium between
synthesis and destruction. A minority consider that
factor VIII deficiency is due to a circulating inhibitor
(Mammen, I963) or that partial inhibitor activity can
be consistently detected in plasma from patients (Nour-
Eldin and Wilkinson, I958). However, the evidence on
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FIG. 5. Autosomal dominant factor VIII deficiency. Family from
Rotterdam to be published by Hensen et al. (I965) and reproduced
by kind permission of Dr. E. A. Loeliger.

which these claims are based can be alternatively inter-
preted to fit with conventional theory (Hougie, 1959b;
Biggs and Macfarlane, I962).

Excluding the development of a factor VIII
inhibitor through unknown cause or in association
with generalized disease (Margolius et al., I96I;
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Horowitz and Fujimoto, I962), no acquired form
offactor VIII deficiency is known. The most preva-
lent type of sex-linked haemophilia (henceforth
termed factor VIII deficiency) will be discussed
here. Autosomal traits in which factor VIII is
defective are von Willebrand's disease, combined
factor VIII and factor V deficiency, and a few other
less well-defined conditions with multiple haemo-
static defects. These will be considered later.
There remains Loeliger's unique kindred (Hensen,
Mattern, and Loeliger, I965) which is the first
clear demonstration of apparently isolated factor
VIII deficiency resulting from autosomal mutation
(Fig. 5). Normal bleeding times and lack of factor
VIII elevation after infusion of factor VIII-
deficiency (haemophilic) plasma are strong evidence
against von Willebrand's disease, and indicate that
this inherited haemorrhagic disorder represents the
third distinct variety of autosomal factor VIII
deficiency.

Genetical Component of Factor VIII Varia-
tion in Normal Persons. It is generally agreed
that factor VIII levels in healthy individuals vary
from about 50 to 200% of an average normal
standard designated as ioo% (Brinkhous, Langdell,
Penick, Graham, and Wagner, 1954; Biggs, I957;
Cooperberg and Teitelbaum, I960; Pitney, Kirk,
Arnold, and Stenhouse, I962; Hawkey, Anstall,
and Grove-Rasmussen, I962; Perkins, Rolfs, and
Acra, I962; Preston and Barr, I964, and others).
The frequency distribution approximates to, or

O 10 203040 60 80 100 120 140 160+
FACTOR VIII 0/0

FIG. 6. Distribution of factor VIII levels (%) in 217 normal indi-
viduals with superimposed normal curve (from Kerr et al., I965).
Mean, 95 4- 25%, range 32-200%.
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TABLE VI
SOME NON-GENETICAL CAUSES OF FACTOR VIII VARIATION

Reference Source of Variation Effect on Plasma Factor VIII

Cooperberg and Teitlebaum (I960) Increasing age Elevation*
Male sex Elevation

Pitney and Elliot (I960) Hypergammaglobulinaemia Elevation
Rizza (I96i) Muscular exertion Elevation
Ingram (I96I) Adrenaline Elevation
Bergentz and Nilsson (I961) Fracture (dogs) Reduction
Egeberg (1962a) Coronary artery disease Elevation
Egeberg (I963) Experimental fever induction; Elevation

hypothyroidism Reduction
Davidson and Tomlin (I963) Post-operation Elevation
Strauss and Diamond (1963) Pregnancy Elevation
Preston (1964) Pregnancy Elevation
Egeberg and Owren (1963) Oral contraceptives Elevation
Preston and Barr (I964) Blood group A Elevationt

* Pitney et al. (1962), Preston and Barr (I964), found a significant sex but not age effect.
Kerr et al. (1965) found neither. Nilsson et al. (I962) found significantly higher levels in post-menopausal women.

tRelative to blood group 0.

fits, a normal curve (Fig. 6). Attempts to establish
a genetical component in variation are compromised
by undefined limits of non-genetical variability.
A remarkable number of environmental effects
influence factor VIII levels (Table VI). Many can
be eliminated during planned investigation, but
others, notably 'anxiety' at venepuncture and errors
inherent in assay techniques, remain an unknown
source of variability.
With one widely used technique, the random error in-

creased proportionately with the plasma factor VIII
concentration (Biggs and Macfarlane, I962). Instability
of standard factor VIII preparations is a potential source
of systematic error in quantitative analysis and much
more information on the reliability of standards is
required. It will be noted from Table VI that conclu-
sions differ on the effect of age and sex on factor levels.
The significantly higher mean value found in association
with blood group A (Preston and Barr, I964; Kerr,
Preston, Barr, and Biggs, I965) requires further examin-
ation and could for instance merely reflect less stability
of factor VIII in a group 0 blood sample.

The theory that X-linked alleles were responsible
for varying phenotypes in haemophilia (Schloess-
mann, 1930; Haldane, I935) was extended by
Brinkhous et al. (I954) tO cover factor VIII level
distribution in normal persons through assuming
that haemophilia appeared as a threshold effect.
But difficulties with a hypothetical X-linked allelic
series became apparent with the demonstration of
similar distributions in normal males and females
(Fischer, Landbeck, and Lenz, I958) and the
discovery of autosomal mutations that influenced
the factor level. Graham (1959 and subsequently)
developed theories based on the control of factor

VIII synthesis at an X-linked and at least one
autosomal locus (as discussed in section on von
Willebrand's disease). Pitney and Arnold (I959)
suggested that normal levels were controlled by
autosomal genes. The question has been further
examined in two studies of factor VIII levels in
members of normal families (Pitney et al., I962;
Kerr et al., I965). Allowing as far as possible for
known sources of non-genetic variability, both
studies agreed in that, first, variation in factor VIII
levels between parents from different families did
not differ significantly from variation between
husband and wife, secondly, variation was signific-
antly less among sibs than between children from
different families and, thirdly, the observations
would best be explained by a series of genes at
autosomal loci. Kerr et al. compared intrafamily
correlation coefficients with those expected on an
additive autosomal gene hypothesis (Maynard-
Smith, Penrose, and Smith, I96I) and obtained
sufficiently encouraging results to proceed with a
twin study (in progress). There is an obvious
limit to interpretation of data founded on such an
imprecise biological measurement, but the evidence
at present suggests a complex genetical control of
factor VIII involving several autosomal loci.

Factor VIII Deficiency. Bulloch and Fildes
(I9I2) regarded haemophilia as a disease of native
or migrant Western Europeans, but factor VIII
deficiency has been subsequently detected among
many other ethnic groups. These include South
African Bantu (Feldman and Lewis, 1952), tribal
North American Indians (Painter and Ellett, i960),
Arabs (El-Mehairy and El-Masri, 1960), an
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indigenous Filipino (Castillo, Jongco, and Pascual,
I960), and a Melanesian (Champness, I962).
Bass and Yaghmai (I962) noted that 32 cases had
been reported among American Negroes, and Abe
(I964) reported that 340 patients with factor VIII
deficiency attended one haemophilia clinic in Japan.
Many statements on the prevalence of factor VIII

deficiency have been based on the number of
patients attending large blood coagulation centres.
Estimations from population surveys utilizing
multiple sources of ascertainment are far less prone
to bias. Ikkala (I96o) in Finland, Ramgren (i962a)
in Sweden, and Kerr (I965) in New South Wales
reached similar conclusions in estimating the trait
frequency in males at birth as within the range
o 98-I-7 X I0-4, which is interestingly within
the limits of 04 - 17 x Io-4 predicted long ago
by Haldane (I935). The proportions of severe
and mildly affected patients were roughly the same
in each population survey, and it was recognized
that the actual prevalence of mildly affected persons
remains entirely unknown. Certainly only a pro-
portion of cases experience sufficient operative
trauma or some other injury to cause abnormal
bleeding, and even then many have to await further
episodes before a clotting defect is suspected and
appropriate diagnostic tests performed (Kerr,
I962). In contrast, one aspect of the difficult
problem in calculating trait frequency at birth has
changed recently with radically improved diag-
nosis and therapy over the past decade and conse-
quently less chance ofinfants dying undetected. The
effect of improved therapy is becoming evident in
that progressively more severe haemophiliacs are
now entering older age-groups (Kerr, I962).
The evidence for X-linkage is incontrovertible

(Haldane, 1947; Lewis et al., I963) not only from
formal analysis of human data but also from breed-
ing experiments with the North Carolina haemo-
philic dogs. For instance, I0 matings between
haemophilic dogs and homozygous affected females
yielded 47 offspring of either sex, all with factor
VIII deficiency (Graham, I962).

Analysis of a single family where males had mild
factor VIII deficiency and females had reduced
factor levels (Graham, McLendon, and Brinkhous,
I953) led to the suggestion of autosomal inherit-
ance, and, by contrast, females heterozygous for
severe haemophilia were thought to show no
evidence of gene effect (Graham, I959; Joist, I963).
However, with the development of more reliable
methods offactor VIII assay it subsequently became
apparent that reduced levels were present in the
blood of females from families with mild or severe
factor VIII deficiency (Didisheim, Ferguson, and

Lewis, 1958; Pitney and Arnold, I959; Nilsson
et al., 1962; Lewis et al., I963; Kerr et al., I965).
The evidence indicates a recessive X-linked gene
with inconstantly detectable effect in heterozygotes,
and there has never been a definite instance of male-
to-male transmission in families where mild factor
VIII deficiency is segregating. As Haldane sug-
gested in 1935, the most likely explanation for
phenotype variation is an allelic series at an X-
linked locus. The earlier hypothesis of genetical
dichotomy misled Sutton (I960) and Woolf (I962,
I963) into proposing different mechanisms for
each variety, i.e. production of an altered molecule
with some factor VIII activity in the mild form,
and suppression of synthesis or the presence of a
functionally inert molecule in the severe form.

Bulloch and Fildes (I912) observed abnormal segre-
gation for sex and haemophilia in their collected pedi-
grees, but making appropriate corrections Hogben
(I93I) and Haldane (I935) showed close agreement with
theoretically predicted ratios for each character. In the
segregation analysis of families containing 202 patients
with factor VIII, Lewis et al. (I963) found a significant
excess of haemophiliacs among males born to sisters of
haemophiliacs but not among the sons of daughters of
affected males. Morton (I965) has challenged the
statistical basis of this observation. Be this as it may,
Lewis et al. eliminated differences in family size as a
possible cause but were otherwise unable to explain
the distorted segregation. The latter was not observed
by Haldane on analysis of Birch's (Haldane and Philip,
I939) or Andreassen's (Haldane, 1947) data, nor by
Ikkala (I960).

Following Haldane's (I932) classical arguments
on equilibrium of the 'haemophilia gene' in large
human populations, attempts have been made to
estimate the rate of spontaneous mutation which
must account for a proportion of the 25-40% of
sporadic cases with either factor VIII or factor IX
deficiency in recorded series (listed by Ramgren,
Nilsson, and Blomback, I962). Two frequently
quoted observations that are claimed as direct
evidence of fresh mutation are the family described
by Davenport (1930) in which haemophilia and
colour blindness were segregating in a manner that
allowed no other interpretation (Haldane, 1935),
and the occurrence ofhaemophilia in one ofmonozy-
gotic twins (Quick and Conway, 1949); though
zygosity in the latter was subsequently admitted
to be in doubt (Quick, I960).

Haldane's (I935) first estimation of mutation
rate (,u) in 'haemophilia' was about 2 X I0o- per
X chromosome per generation. Andreassen (1943)
using Haldane's indirect method calculated V -
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19 x io0-, but Haldane (1947) showed that
Andreassen had probably given too high an estimate
of effective fertility through biased selection of
fertile haemophilic ancestors and the use of younger
and reproductively immature brothers as controls.
Haldane gave a revised , = 3-2 X I0-5. Vogel
(I955) caluculated ,L = 2-2 X io-5 from data on
haemopbilia in Switzerland collected by Fonio
(I954), and Ikkala (I960) estimated the over-all
rate for factor VIII and factor IX deficiency in
Finland as 3-4 X Io-5. For factor VIII deficiency
j was 3-2 X io-5, and Ikkala used a figure for
effective fertility based on severe haemophilia
assuming that the rate of mutation to mild alleles
was negligible. Bitter (I963) calculated a somewhat
higher rate, ,± = 4-I x io0-, from data on factor
VIII deficiency collected in Hamburg.
Through accepting Andreassen's claim that

mothers of sporadic haemophiliacs had a prolonged
coagulation time and assuming that the observed
excess of familial haemophilia denoted more
frequent mutation on sperm-borneX chromosomes,
Haldane (I947) estimated that the mutation rate
in males was about ten times greater than in
females. Vogel (1955) drew similar conclusions,
but Kosower, Christiansen, and Morton (I962)
after exhaustive criticism of Haldane's data and
methods of analysis were unable to find any evidence
for a sex difference in mutation rate. Bitter (I963)
concluded from comparison of data on mothers
with a single child and those with other affected
male relatives that mutation was much greater in
sperm (i.e. grand-paternal), but this was based on
laboratory identification of heterozygosity which,
as will be shown, is still a contentious matter.

Bell and Haldane (I937) concluded from very
sparse data that genes for haemophilia and colour
blindness were closely linked. Haldane and Smith
(I947) subsequently examined more informative
pedigrees including eight recorded by Hoogvliet
(1942) and gave a maximum likelihood estimate of
about io0% recombination within limits of about 5
and 20%. In a recent study where both the type of
haemophilia and colour blindness were specified,
Whittaker, Copeland, and Graham (I962) detected
linkage with 6% recombination between the loci for
deutan colour blindness and factor VIII deficiency.
Initial studies with the Xg blood groups (O'Brien,
Harris, Race, Sanger, Tippett, Hamper, and Gavin,
I962) suggested no linkage with the factor VIII
deficiencylocus. Davies, Gavin, Goldsmith, Graham,
Hamper, Hardisty, Harris, Holman, Ingram,
Jones, McAfee, McKusick, O'Brien, Race, Sanger,
and Tippett (I963) subsequently analysed data
from 35 suitable families with factor VIII deficiency

by the lod score method and calculated a recom-
bination fraction of 0o40 with wide confidence
limits. Harrison (I964) estimated 5o% recombina-
tion between the loci from studying another I0
families, and so the evidence suggests very loose
or absent linkage with the unfortunate consequence
that Xg blood grouping will provide no information
for counselling purposes. However, as Haldane and
Smith (1947) illustrated on a pedigree, linkage
with a colour blindness locus can under certain
conditions prove valuable in estimating the proba-
bility of heterozygosity in a female relative of a
haemophiliac. At present, linkage studies indicate
the following order of loci on the provisional X
chromosome map (distances in centimorgans):

Xg 7 G6PD Deutan I Factor VIII

Certain congenital abnormalities have been found in
association with factor VIII deficiency such as a gross
cardiovascular malformation (Bogedain, Carpathios,
Kalemkeris, and McMahon, 1962), anomalous karyo-
type (Elves and Israels, I962), and Marfan's syndrome
(Erdohazi, Cowie, and Lo, I964). No unusual associa-
tion was suggested from the distribution ofABO groups
(Chaudhuri, I960; Ikkala, I960) and haptoglobin types
(Kamel, Davies, and Cumming, I963) in small series of
patients.

Factor VIII Deficiency in Females. There
are at least 6o well-documented reports of females
with haemorrhagic symptoms and an isolated de-
ficiency of factor VIII. The majority are from
haemophilic families and are related to affected
males as mother (Fantl and Margolis, 1955;
Serafini, Felici, and Bacchetta, I958), daughter
(Douglas and Cook, 1957), or sister (De la Chapelle,
Ikkala, and Nevanlinna, I96I), and sometimes less
closely, but always with a genetical probability of
being heterozygous (McGovern and Steinberg,
I958; Mellman, Wolman, Wurzel, Moorhead, and
Qualls, I96I; Bond, Levin, Celander, and Guest,
I962). Two examples are shown in Fig. 7. Such
women have factor VIII levels below 20% and
usually mild bleeding symptoms, though the girl
studied by De la Chapelle et al. (I96I) was severely
affected. These cases are usually regarded as
heterozygotes who show unusually severe expres-
sion of the incompletely recessive gene, but some
authors have speculated on the possibility of homo-
zygosity through disturbances of cell division or
coincidental mutation on a sperm-borne X chromo-
some.
Homozygous females with haemorrhagic disease

and factor VIII deficiency have resulted from mat-
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A

Factor VIII deficiency

v Females with haemorrhagic symptoms

Died from haemorrhage

0-71 Factor VIII levels (per cent)

N Factor VIII Level within normaL range

FIG. 7. Females with partial factor VIII deficiency and haemorr-
hagic symptoms. Details of proposita in family A (by kind per-

mission of Dr. R. Biggs) were noted in Taylor and Biggs (1957). The
proposita in family B (unpublished, by kind permission of Dr.
J. Margolis) has symptoms rather more marked than those in her
father and other male relatives.

Factor- ViII deficiency. hem izygous male

Factor Vill deficiency, homozygous female

FIG. 8. Females homozygous for factor VIII deficiency. Pedigree
of Pola and Svojitka (1958) reproduced by kind permission of the
Editor, Folia Haematologica, Leipzig.

ings between heterozygotes and affected hemizygous
males who were cousins (Merskey, I95Ia; Gil-
christ, I96I; Wilkinson, Isradls, Nour-Eldin, and
Turner, I957; Pola and Svojitka, I958; Morita,
Kagami, Ebata, and Yoshimura I964) or not related
(Israels, Lempert, and Gilbertson, ig9I). On efamily
containing a double first-cousin mating (Pola and
Svojitka, 1958) is shown in Fig. 8. In every instance
homozygous females had bleeding symptoms and
in vitro findings similar to those in affected male
relatives, which is evidence against X-linked gene
dosage effect. There was remarkably little trouble
with menstruation in 8 documented cases and all
except Pola and Svojitka's proposita had produced
offspring, usually but not always associated with
serious post-partum haemorrhage.

A unique and convincing explanation of severe factor
VIII deficiency in an apparent female was given by
Nilsson, Bergman, Reitalu, and Waldenstrom (I959) on
detecting no sex chromatin bodies in the child's cells.
The patient was subsequently found to have testicular
feminization and male karyotype, thus accounting for
clinical and laboratory features identical to affected
male relatives (Fig. 9). Further studies (I. M. Nilsson,
I965, personal communication) revealed that another
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111

V (

"Q Factor VIII deficiency T Testicular feminization

Q Heterozygous female 115-0-1 Factor VIII levels(per cent)

FIG. 9. Factor VIII deficiency in a phenotypic female with testicular
feminization. From Nilsson et al. (I959) by kind permission of
Dr. I. M. Nilsson who supplied additional details recorded on
pedigree and in the text.

sib with female phenotype and a normal factor VIII
level also had testicular feminization and a male karyo-

type, while a third sib, with physical and chromosomal
features of a female, had a reduced factor VIII level
implying heterozygosity. Dr. Nilsson suggests that
these findings indicate autosomal rather than X-linked
transmission of testicular feminization.

The final category of females with clinical
evidence of factor VIII deficiency concerns those
in whose families exhaustive investigations had
failed to reveal affected male relatives (Choremis,
Zervos, Tsevrenis, Apostolopoulou, and Manda-
laki, I956; Case i of Quick and Hussey, I958;
Stefanovic, Rolovic, and Zujevic, I959; Braun and
Stollar, I960; Lusher, Staub, and Belote, I964).
Clinical and laboratory features were similar to
those in women with genetical evidence of heterozy-
gosity, but a female karyotype was sought and
confirmed in only two cases (Braun and Stollar,
I960; Lusher et al., I964). It was generally held
that these females were recipients of a fresh
mutation.
There have been many conflicting reports on

gene effect in heterozygous females. Studies prior
to the development of factor VIII assays were fully
reviewed by Margolius and Ratnoff (I956) who
themselves detected a plasma abnormality in only
one of 27 proven or possible carriers. Subsequent

studies based on various methods of factor VIII
assay (detailed by Miller and Siggerud, I964) have
given equally variant results (Table VII). Many
investigations were undertaken in the hope that a
suitably sensitive technique would clearly dis-
tinguish normal from heterozygous females. Some
results are difficult to interpret through lack of
data on the normal distribution of levels and unde-
fined errors associated with a single estimation.

Nilsson et al. (I962) who recorded the highest fre-
quency of reduced levels (40 of 4I genetically proven or
probable heterozygotes of fertile age) based their con-
clusions on a single factor VIII estimation in over half
the cases. The single 'normal' exception in their series
was a female whose plasma level varied from 44 to
Ioo% on different occasions. Two others included as
having significantly low levels had values that ranged
respectively from 69 to 28% and 6i tO 45% (normal
range6o-i6o%, mean I00o I17.5%). Under the condi-
tions of their well-controlled study of 35 proven or
probable carriers, Rapaport, Patch, and Moore (I960)
concluded that 75% of heterozygotes and 66% of
normal females could be detected in a mixed population.
They predicted the likelihood of heterozygosity for a
woman with an observed level through calculating the
cumulative frequency of control and carrier female
values in relation to a given factor VIII level, and plot-
ting the ratio of normal to total population against
observed values. Miller and Siggerud (I964) used a
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TABLE VII
STUDIES OF FACTOR VIII LEVELS IN FEMALE RELATIVES OF FACTOR VIII DEFICIENT MALES

Genotype Specified Genotype Unspecified

Total Heterozygous* Possibly Heterozygoust (Proven and Possible Heterozygotes)
Source Females

Examined Normal Reduced Normal Reduced Normal Reduced
Factor Factor Factor Factor Factor Factor
VIII VIII VIII VIII VIII VIII

Gardikas, Katsiroumbas, and Kottas (1957) 10 I0
Biggs and Macfarlane (I958) I6 8 8
Didisheim et al. (I958) 63 44 I9
Pitney and Arnold (I959) I6 IO 6
Alagille and Prou-Wartelle (I960) 17 9 8
Bentley and Krivit (I960) 26 3 23
Rapaport et al. (I960) 35 I8 17
Ikkala (I960) I7 6 2 6 3
Deutsch and Kock (1962) IO 4 6
Nilsson et al. (I962) 79 2 31 30 26
Githens and Wilcox (I962) 31 20 II
Bradlow (1962) I0 5 S
Lewis et al. (i963)t 76 42 34
Bergna and Pavlovsky (1964) 22 9 3 8 2
Miller and Siggerud (1964) 30 2 28

* Daughters of affected males, or females, with at least 2 haemophilic relatives in appropriate lineage.
t Mothers of a sporadic affected male or females with i or less chance of being heterozygous.
t From data on families where 2 or more female carriers were studied.

similar analysis and obtained a somewhat higher degree
of discrimination. Some authors recorded the frequency
of mild bleeding symptoms as noted by 50% (Didisheim
et al., I958; Deutsch and Kock, I962) to 77% (Bentley
and Krivit, I960) of the women. HIowever, little weight
can be placed on these observations owing to the high
prevalence of similar subjective beliefs among normal
individuals (Biggs and Macfarlane, I962; Owen et al.,
I964). Doubtless some females with a factor VIII level
reduced below one-third of normal did experience the
effects of impaired haemostasis, and for this reason it is
wise to assay factor VIII in all potential female carriers
before a surgical operation.

MaLes with factor Heterozygous
200 VIII deficiency femaLes
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* 0

* 00 0 0

*g-g-0
*g000
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It is generally concluded from these studies that
factor levels in relatives of affected males segre-
gate according to genotype but with consider-
able overlap between values in heterozygous females
and normal persons (Fig. iO). The variation in
values among definite heterozygotes is well de-
monstrated by the daughters of two factor VIII
deficient males in Fig. II. Levels in heterozygous
females are normally distributed with a mean value
approximately half that of normal females (Rapa-
port et al., I960; Miller and Siggerud, I964; Kerr
et al., I965) and a large variance (Table VIII).
This distribution was also found in a group of
heterozygous female dogs (Parks, Brinkhous,
Harris, and Penick, I964) and has been generally
interpreted in terms of the inactive X chromosome
theory of gene dosage compensation (Lyon, Ig6I),
assuming a small number of factor VIII precursor
cells at the time of inactivation. In a speculative

TABLE VIII
COMPARATIVE DISTRIBUTION OF FACTOR VIII LEVELS
IN FEMALES FROM FAMILIES WITH FACTOR VIII

DEFICIENCY. (From Kerr et al., i965)

Factor VIII Levels (%)
No.

Mean Range ~Coeff.
Mean Range Variation

Normal females 99 93 32-200 29-21
Heterozygous females* 27 SO 26-126 45.I2

* Daughters of hemizygous affected males, or females with a
least 2 factor VIII deficient relatives in appropriate lineage.

FIG. IO. Distribution of factor VIII levels by genotype in I44
members of 25 families with factor VIII deficiency (from Kerr et al.,
1965).
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' Factor VIII deficiency

126-6 Factor VIII levet (per cent)

FIG. II. Variation of factor VIII levels in heterozygous daughters
of males with mild factor VIII deficiency.

[sic] analysis, Miller and Siggerud (I964) showed
that levels in 30 female carriers fitted the distribu-
tion expected if random inactivation of the X
chromosomes occurred at a time when five precur-
sor cells were in existence. It is difficult to propose
an alternative explanation for observations in
heterozygotes at present, but, bearing in mind
differences over similar interpretations of varying
enzyme levels in females heterozygous at the X-
linked locus for glucose-6-phosphate dehydrogenase
deficiency (Beutler and Baluda, i964; Brewer and
Tarlov, i964), any final conclusions should be with-
held until it is possible to seek direct evidence of a
mosaic cell population with regard to factor VIII.

There are some isolated reports claiming success in
carrier detection through the use of methods based on
physical measurements of blood coagulation or different
interpretation of clotting theory. These include throm-
boelastography (De Nicola, 1957), plasma electro-
phoresis (Stefanini and Moschides, I957), and measuring
the osmotic resistance of platelets (Bruster, I962).

It may be concluded that it is possible to detect a
proportion of heterozygotes with the confidence
required for genetic counselling. But several factor
VIII assays must be performed on each suspected
carrier with a carefully standardized technique and
the result related to an adequately defined distribu-
tion of normnal values. Counselling without evid-
ence of heterozygosity can be exceedingly difficult,
particularly with female relatives of sporadic
cases, and Binet, Sawers, and Watson (I958) have
given a mathematical treatment of this problem.

As yet there is no evidence that families are deliber-
ately limited in size after the birth of an affected boy
(Biggs and Macfarlane, 1958; Katz, I959). Physicians
commonly record that it is their responsibility to explain
genetical risks but not to influence any decisions on
procreation which should be left to the parties con-
cerned (Pavlovsky, 1957; Oppe, I960). By contrast,
Scandinavian physicians supported by the appropriate
legislation strongly advocate abortion and sterilization
of female carriers to the extent of misquoting Pope
Pius XII (1958) on the moral aspects of preventing
conception (Jorpes and Ramgren, I962). Their efforts
have had slight success in Sweden where, during I943-
I960, sterilization was performed on 3 (I2%) males
with factor VIII deficiency and i8 (I5%) known female
carriers (Jorpes and Ramgren, I962). However, Borg-
strom in I958 noted that only one carrier in Finland
had been sterilized. From Denmark, Riis and Fuchs
(I960) described determiination of foetal sex by examin-
ing cells in amniotic fluid obtained during the second
trimester of pregnancy from two females who each had
a quarter chance of conceiving a male infant with factor
VIII deficiency. The policy was to terminate pregnancy
if no sex chromatin bodies were detected, but female sex
was predicted in each case and confirmed at term.
There are obvious problems associated with this proce-
dure, not the least being cytodiagnostic, and it is unlikely
to become an accepted method of dealing with the dis-
tressing situation that confronts possibly heterozygous
women who desire children.

(6) Factor IX
Factor IX is relatively stable and has properties

of a protein which include electrophoretic migra-
tion with serum 5-globulin. The factor is not readily
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detectable in plasma (Schiffman, Rapaport, and
Patch, I963), and its presence in normal serum
(presumably in the activated state) led to the
discovery of factor IX deficiency in I952. Despite
clinical and genetical similarity to factor VIII
deficiency, the in vitro differences suggested non-
allelism of respective X-linked genes (Biggs et al.,
1952; Aggeler et al., 1952). Apart from an occa-
sional disclaimer (Wiener, I953), this view is
generally accepted and supported by linkage
studies and a doubly hemizygous male from a
family where both traits were segregating (Robert-
son and Trueman, I964).

It appears to some (McKusick, i962b) that
factor IX deficiency is on the average a milder
haemorrhagic disorder than factor VIII deficiency.
Distribution of severity among small groups of
patients (Rosenthal and Sanders, I954; Biggs and
Macfarlane, I958; Ikkala, ig60) favoured this
conclusion but no such distinction was found in
larger series (Wilkinson, Nour-Eldin, Israels, and
Barrett, i96i; Ramgren, i962b; Lewis et al., i963).
Very severe forms of factor IX deficiency have
been described (Carter, Hougie, and Menk, ig60;
Kerr, i962), and the clinical variability (Ramot,
Angelopoulos, and Singer, I9s5a; Favre-Gilly,
Burgensis, Thouverez, and Belleville, i962) suggests
there is an allelic series as postulated for factor
VIII deficiency.

Genetical studies of factor IX deficiency have followed
the pattern for factor VIII deficiency. In a magnificent
study of the famous Tenna family of bleeders, Moor-
Jankowski et al. (1957) demonstrated that males with
moderately severe haemorrhagic disease had factor IX
levels ranging from 2-5 to 6%. The family live in a
remote Swiss valley where the population has features
of an anthropological isolate (Ikin, Mourant, Kopec,
Moor-Jankowski, and Huser, I957) little changed in
structure since the fourteenth century (Joos, I946).
Transmission of the gene was reliably recorded through
ii generations, and there were 13 affected males living
in I956. Selection against the latter was formerly more
extreme. The mean age at death of those born between
I676 and i8oo was 27 years in contrast to 43 years for
those born since i88o. One reason for persistence of the
gene was suggested by Rosin, Moor-Jankowski, and
Schneeberger (1958) who showed that heterozygous
sisters of affected males had significantly larger families
than homozygous normal sisters. In another study,
Simpson and Biggs (I962) also found that heterozygous
sisters appeared to contribute more than the expected
number of mutant genes to the next generation and
Lewis et al. (I963) noted a similar tendency in their
families.

Females with haemorrhagic symptoms and low
factor IX levels have been reported from families

with affected males (Hardisty, I957) or as a sporadic
case (Nilehn and Nilsson, I962).
The assay of factor IX has proved technically

difficult and has hampered studies on heterozygous
females. In I3 investigations before I960 (listed
by Didisheim and Vandervoort, I962) 33% of 66
proven or probable carriers gave abnormal results
for a variety of tests. More recently Nilsson et al.
(I962) and Didisheim and Vandervoort (I962)
investigated a total of 37 carriers and claimed low
levels in over 75%. By contrast Simpson and
Biggs (I962) found that 26% of 53 genetically
proven heterozygotes had levels below the limit
of the normal range and only I3% had levels less
than twice the standard deviation of the mean for
normal females. Frota-Pessoa, Gomes, and Calic-
chio (I963) interpreted distribution of values in
heterozygous females as indirect evidence in favour
of the inactive-X theory of dosage compensation.

Quick (I960) suggested that the relative trait
frequencies of factor VIII and factor IX deficiencies
would be reflected in the corresponding mutation
rates at each locus. The rate at the factor IX
locus would thus be about one-fifth that for factor
VIII deficiency. From data recorded in 7 surveys,
the proportion of families with an apparently
sporadic male is not greatly different for each
mutation, being 32 5% for factor VIII deficiency
and 25% for factor IX deficiency (from Den
Ottolander and Hoorweg, I955; Rapaport et al.,
1958; Biggs and Macfarlane, I958; Deutsch, I957;
Ikkala, I960; Ramgren, i962b; Lewis et al., I963).
Despite difficulties with gene frequency, effective
fertility, and other problems that would appear to
invalidate estimates of mutation rate (Simpson and
Biggs, I962), both Ikkala (I960) and Bitter (I963)
have calculated similar rates, respectively 0o2 and
0-3 X I0-5.
The locus for factor IX deficiency has not been

linked with any other X-linked gene and at present
cannot be placed on the provisional X-chromosome
map. Lack of linkage with the factor VIII locus
was demonstrated by Whittaker et al. (I962) on
factor VIII or factor IX deficient families in which
either deuteranopia or protanopia was also segre-
gating. No measurable linkage between the Xg
and factor IX loci has been detected (Davies et al.,
I963; Harrison, I964).

(7) Factor X
Factor X was discovered through reinvestigation

(Hougie, Barrow, and Graham, I957) of a man
(Mr. Stuart) previously thought to have factor VII
deficiency (Lewis, Fresh, and Ferguson, I953),
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and by studying (Telfer, Denson, and Wright, I956)
a hitherto unique clotting defect in a woman (Miss
Prower). The factor was subsequently charac-
terized as a protein with electrophoretic properties
of an oc globulin (Denson, I958) and an approxi-
mate molecular weight of 87,000 (Esnouf and
Williams, I962).

Factor X acts as a substrate for several physiological
and non-physiological agents prior to participation in
prothrombin conversion. Advantage is taken of its
activation by Russell's viper venom to construct diag-
nostic systems and to investigate the role of factor X
in blood coagulation (Macfarlane, I965). Raised factor
levels are found in pregnancy (Brody and Finch, I960).
Acquired factor X deficiency has occurred transiently
through unknown cause (Graham, Barrow, and Wynne,
I959), or in association with liver disease (Biggs and
Macfarlane, I962) and amyloidosis (Korsan-Bengtsen,
Hjort, and Ygge, I962; Howell, I963; Menache and
Boivin, I964).

Few cases of factor X deficiency have been
recorded. In the last extensive review, Bachmann
(I958) listed details of I9 patients from 12 families
in whom the diagnosis had been unequivocally
confirmed. Clinical features are similar to those for
factor V deficiency, though haemarthroses have
occasionally been noted (Hougie et al., 1957; Chev-
allier, Bernard, Bilski-Pasquier, De Grouchy, and
Samama, I959). Practically all information of
genetical relevance has come from the careful study
of three families. In the initial account of the
Stuart kindred where the parents of the propositus
were related to each other as aunt and nephew,
Graham et al. (1957) noted segregation of factor X
levels into three classes. Assuming autosomal
inheritance of an incompletely recessive gene, those
with intermediate levels corresponded to heterozy-
gotes. Some of the latter were thought to show
mildly abnormal bleeding symptoms, an observa-
tion on which there has been no subsequent con-
firmation. Roos and Huizinga (I959) drew similar
genetical conclusions from the detailed analysis
of a family (Roos, van Arkel, Verloop, and Jordan,
I959) where a large sibship resulted from a con-
sanguineous mating. Of I2 children, 6 had bleeding
symptoms and factor X levels of about 5%, 4 had
intermediate levels and no symptoms, and 2 were
entirely normal. It was shown that this distribution
was not improbable for genotypes assumed on an
autosomal hypothesis. In a third study of an inbred
kindred (partly shown in Fig. 12), Bachmann
(1958) provided further segregation and laboratory
data in favour of autosomal inheritance with partial
expression in the heterozygote. Chevallier et al.

30 ' 1c1 41

9 Factor X deficiency /

4) Partial factorX deficiency,no bleeding symptoms

100-<1 Factor X levels (per cent)

FIG. 12. Factor X deficiency. From Bachmann (1958), by kind
permission of Dr. F. Bachmann. Only part of the family containing
the proposita is shown. The full pedigree of So8 persons, of whom
6i had coagulation studies is in Arch. Klaus-Stift. Vererb-Forsch.,
vol. 33.

(I959) described the occurrence of factor X defi-
ciency in two first cousins whose mothers were
sisters, but whose fathers were unrelated. On
rather incomplete data the authors regarded
heterozygosity as most probable because bleeding
had occurred only after severe trauma and the
laboratory evidence favoured that genotype. One
other variant observation was made by Rabiner
and Kretchmer (I96I) who interpreted results from
the electrophoresis of serum eluates to indicate that
factor X resided in both cx and 3 globulin fractions
of serum. Evidence of a defect in both fractions
was found in a patient with factor X deficiency and
because an isolated defect of one or another fraction
was found in relatives, it was postulated that factor
X deficiency resulted from a pleiotropic gene or
independent segregation of two genes. An alterna-
tive explanation may be suspected in view of the
recent demonstration of a change in molecular
properties of factor X on activation (Papahadjo-
poulos, Yin, and Hanahan, i964b).

(8) Factor XI
Properties that distinguish factor XI from factor

XII in the contact phase of clotting have been
reviewed by Nossel (I964). Haemorrhagic symp-
toms in the inherited deficiency state are mild and
generally follow operations or severe injury (Rapa-
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Heterozygous no v
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q) Dead. History of post operative bleeding

116-3 Factor Xl Levels (per cent)

FIG. 13. Factor XI deficiency. From Rapaport et al. (I96I) by
kind permission of Dr. S. I. Rapaport. Partial deficiency was

assumed at factor XI levels below 65 %.

port, Proctor, Patch, and Yettra, I96I). Some
entirely symptomless cases have been detected
during unrelated laboratory investigation (Egeberg,
z962b; Todd and Wright, I964). Both sexes are

affected, and though females occasionally suffer
from menorrhagia only one instance of post-

partum bleeding has been reported (Ramot,
Angelopoulos, and Singer, I955b).

Diagnosis may prove difficult (De Vries and Braat
van Straaten, I964) and some studies with qualita-
tive methods have been interpreted to indicate
that factor XI deficiency is caused by an autosomal
dominant gene with varying expression (Rosenthal,
Dreskin, and Rosenthal, I955; Cavins and Wall,
I960; Cuttillo, Gargano, Regoli, and Anichini,
I962). But using a quantitative assay Rapaport
et al. (I96I) found that segregation of levels in
the families of 8 propositi fitted distributions ex-

pected for an incompletely recessive autosomal
gene. Presumptive heterozygotes had no bleeding
symptoms. Excluding the family of Campbell,
Mednicoff, and Dameshek (I957) which had some

unusual features, there is no real evidence to dispute
this mode of inheritance (now accepted by Rosen-
thal, I964). Two of Rapaport's pedigrees are given

in Fig. 13.
Almost all patients whose nationality has been

recorded were of Jewish origin (Rosenthal et al.
1955; Rapaport et al., i96I; Biggs and Macfarlane,
I962). This may account for the uneven distribu-
tion of factor XI deficiency among different
research centres. From the laboratory in New York
where factor XI was discovered in I953, Rosenthal
(I964) has collected 72 cases from among 46 Jewish
families. The situation may be analogous to that

for Tay-Sachs disease which is practically confined
to the Jewish community of the same city (Volk,
Aronson, and Saifer, I964).

(g) Factor XII
Factor XII was discovered in I955 by Ratnoff

and Colopy through investigation of a man with
grossly defective blood clotting but no haemorrhagic
symptoms. The factor has properties of a basic
protein (Margolis, I963) and is activated in mam-
malian plasma through adsorption to glass and
other insoluble substances (Hardisty and Margolis,
I959) or by certain organic compounds that are
characterized by 0-dihydroxyl groups (Ratnoff and
Crum, I964). The activated factor reacts enzy-
matically with factor XI to initiate clotting and is
also concerned with the release of plasma kinins,
a capillary permeability factor (Margolis, I963),
and fibrinolysin (Holemans and Roberts, 1964).
There are typically no haemorrhagic symptoms

in factor XII deficiency, though minor bleeding
has been noted in a few instances (Soulier and
Larrieu, I958; Didisheim, I962; R. Biggs, I965,
personal communication). Haemarthroses and
deep tissue bleeding have never been reported and
with one dubious exception (Haanen, Hommes,
Benraad, and Morselt, I960) operations have not
been followed by abnormal haemorrhage (Fantl,
Morris, and Sawers, I96I; Didisheim, I962;
Abildgaard, Comet, Alcalde, Schulman, and Fort,
I963).

Factor XII deficiency has been noted among
Caucasions of many different nationalities (Ratnoff
and Steinberg, I962) and in one American Negro
family (McCain, Chernoff, and Graham, I959).
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Careful family studies initially suggested homozy-
gosity for an autosomal gene (Margolius and
Ratnoff, 1956; McCain et al. I959), and this has
been impressively supported by an analysis of data
on 55 cases in 37 families (Ratnoff and Steinberg,
I962). The sex distribution of cases was approxi-
mately equal, the trait was present in 28%/ of
examined sibs, and no parent or offspring of
propositi was affected. Consanguinity ofparents was
noted in three families (Margolius and Ratnoff,
1956; McCain et al., I959) and was probably
present in one other (Loeliger and Hensen, I960).
Using non-specific tests, no clotting defect could
be noted in 33 presumptive heterozygotes, but with
a crude semi-quantitative technique a decreased
level of factor XII (to the order of 25-60%o) was
found in about one-third of heterozygotes.

(io) Factor XIII
Factor XIII, the fibrin stabilizing factor, was

isolated from normal plasma in I948 by Laki and
Lorand. It is a thermolabile protein that reacts
with fibrinopeptides during fibrin formation and
converts a loosely cross-linked urea-soluble fibrin
gel into a stable urea-insoluble clot. Calcium ions
and free sulphydryl groups are required for the
reaction. Other properties are discussed by Lorand
and Jacobsen (I958) and in a series of papers by
Loewy, Dunathan, Gallant, and Gardner (I96I).
It is not yet agreed whether the factor acts stoichio-
metrically or as an enzyme. Factor XIII was sub-
sequently found on platelets (Luscher, I957), and

an apparently identical substance has been isolated
from several body tissues (Tyler and Lack, I964).
An acquired deficiency was detected in persons
with acute leukaemia (Nussbaum and Morse,
I964).
An inherited defect of factor XIII was discovered

by Duckert, Jung, and Shmerling (I960) whose
propositus characteristically commenced bleeding
some 24-36 hours after severe trauma and con-
tinued to bleed episodically from a poorly healing
wound for several weeks. In contrast to normal
fibrin the patient's blood clot dissolved in 5M urea
and i %O monochloracetic acid. Subsequent studies
revealed that the clot was abnormally susceptible
to fibrinolysis (Bickford and Sokolow, I96I),
could not support effective growth of fibroblast
cultures (Beck, Duckert, and Ernst, i96I), and
had an unstable structure (Duckert, Jung, and
Shmerling, I96I).
The propositus of Duckert et al. (I960) and two

similarly affected sibs were offspring of a consan-
guineous mating in a highly inbred kindred (Fig.
14). Four children among three other sibships had
died from bleeding, and the only affected survivor,
a female cousin of the propositus, had a similar clot
defect. Autosomal recessive inheritance was initially
proposed (Shmerling, Jung, and Duckert, I96I),
and with the subsequent development of a more
sensitive technique (Sigg and Duckert, I963) it
was possible to detect evidence of partial factor
XIII deficiency among presumptive heterozygotes
(Duckert, I965) as shown in Fig. I4.

Q

Q 616

a(/z&-t**e14CttA'
E Factor XIII deficiency

C Partial factor XIII deficiency

9 History cf abnormal bLeeding, dead

c(: Examined, haemostasis normaL

FIG. 14. Factor XIII deficiency. Part of the revised pedigree (Duckert, I965) originally reported by
Shmerling et al. (I96I), redrawn by kind permission of Dr. F. Duckert. Two additional sibships
each containing presumptive homozygotes are shown in the original.
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TABLE IX
CASE REPORTS OF FACTOR XIII DEFICIENCY

Sex ~~~~~~Clinical Features
Source Sex Umbilical Parental Abnormal Findings in Other

Age Haemorrhage Delayed Onset Intracranial Consanguinity Relatives
Age|Bleeding Haemorrhage

Duckert et al. (I960) M 7 + + + Yes Patients are brothers;
M I ' + _ _ other relatives affected

as in Fig. I4
Ikkala and Nevanlinna (I962) M 2 + _ _ No No clot defect in parents;

affected younger brother
mentioned by Ikkala et al.
(1964)

Mandelli (I963) F 2 + + _ Yes No clot defect in parents
Masure (I963) M 6 + + _ No No clot defect in parents or

brother; I sister died
from umbilical bleeding

Josso, Prou-Wartelle, Alagille, and M I + + + No No clot defect in mother-
Soulier (1964) M 4 + + _ Yes no clot defect in parents,

brother, or sister
Ikkala, Myllyla, and Nevanlinna F + _ _ Yes Not investigated

(I964)

Six case reports have been subsequently pub-
lished (Table IX). All patients experienced
umbilical bleeding during the neonatal period and
post-traumatic haemorrhage of delayed onset was
common. Intracranial haemorrhage in two young
patients emphasizes the serious haemostatic defect.
Parental consanguinity in 3 of 6 subsequent families
supports Duckert's evidence for an autosomal
recessive gene, though using diagnostic tests no
partial gene effect was found in available parents or
sibs.

(iI) Platelet Clotting Factors
It has been known for many years that platelets

exert a profound influence on blood clotting and
haemostasis in general. Recent studies have
shown that during their 7-9 days life-span these
cells contain or carry on their surface many sub-
stances which include several clotting factors,
adenosine triphosphate (ATP), 5-hydroxytrypta-
mine, and other amines, and enzymes for a glycolytic
cycle. In addition there are several specific platelet
clotting factors designated by Arabic numerals
(Biggs and Macfarlane, I962). The most important
of these, platelet factor 3, is a phosphatide (Troup,
Reed, Marinetti, and Swisher, I96I) required for
the efficient performance of the intrinsic pathway
of prothrombin activation. This factor appears
defective in certain genetical disorders of platelet
function. The position is none too clear because
platelet biochemistry is still in its infancy as are
studies on the two vital phenomena of platelet
aggregation (metamorphosis) and adhesion to
foreign surfaces (Sharp, I964).

Classification of these disorders is difficult. Braun-
steiner (I955) defined two groups each characterized by
bleeding symptoms, prolonged bleeding time, and nor-
mal numbers of platelets. One group, the 'thrombo-
pathies', was characterized by abnormal coagulation
tests, normal clot retraction, and platelet aggregation.
The other, 'thrombasthenia' had in contrast normal
clotting tests and abnormal clot retraction and platelet
aggregation. Both groups are often loosely described
as Glanzmann's disease, but in recent years the eponym
has generally been retained for the thrombasthenia
category (Larrieu, Caen, Lelong, and Bemard, I96I;
Pittman and Gaham, I964; Friedman, Bowie, Thomp-
son, Brown, and Owen, I964). However, variant findings
have necessitated several sub-categories (Ulutin, I96I),
and in a clarifying review Hardisty, Dormandy, and
Hutton (I964) gave good reasons why thrombasthenia
should be redefined as a congenital bleeding disorder
characterized by a normal platelet count, a long bleeding
time, and failure of platelet aggregation on addition of
adenosine diphosphate (ADP). Abnormal clotting
tests inconstantly found in thrombasthenia are ascribed
to defective release rather than deficiency of platelet
clotting factors (Johnson, Monto, and Caldwell, I958;
Ulutin, I96I; Hardisty et al., 1964). The latter authors
suggested that clotting anomalies were related to non-
reaction of platelets with ADP and that all haemostatic
abnormalities might be attributable to a single defect
of the cell membrane. Parental consanguinity in over
IO% of earlier case reports (Larrieu et al., I96I) and in
3 of 6 more recent ones (Pittman and Gaham, I964;
Friedman et al., I964; Hardisty et al., I964) favours
autosomal recessive inheritance, but there has been no
record of any heterozygote effect, which is hardly sur-
prising at a time when tests of platelet function are still
being developed.
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The thrombopathy group has been recently
reviewed by Kanska et al. (I963) and Alagille et al.
(I964). Both sexes were affected by moderately
severe bleeding mainly from mucous tracts and
into the skin. Platelets are characteristically large
and show defects in tests of the intrinsic clotting
system generally ascribed to a deficiency of platelet
factor 3. Using the electron microscope, Braun-
steiner (I96I) found normal platelet pseudopod
formation in contrast to abnormal spreading in
thrombasthenia. Gross (I96I) demonstrated ab-
normal platelet glycolytic enzymes in thrombas-
thenia but not in thrombopathy. In the latter state
homozygosity for an autosomal recessive gene is
suspected, because in recent reports 5 of 7 sets of
parents with affected children were related (Bernard,
Caen, and Maroteau, I957; Kanska et al., I963;
Alagille et al., I964). Kanska et al. found partial
defects of platelets in presumptive heterozygotes.

It is possible that genetical defects of plasma
clotting factors influence platelet function. Bowie,
Thompson,. and Owen (i964a) have in fact sug-
gested this to explain an apparently unique con-
genital platelet disorder, but most ideas on such a
relationship have been centred on von Willebrand's
disease.

(12) Combined Genetical Defects of Clotting
Factors and Other Components of Haemo-

stasis
Congenital and inherited haemorrhagic states,

affecting either sex and characterized by an abnor-
mally prolonged bleeding time, were regarded as
genetical disorders of capillaries or platelets until
I953, when Alexander and Goldstein reported two
such patients who also had significantly reduced
levels of factor VIII. It was subsequently realized
that another characteristic of this group was marked
phenotypic variability which, together with exag-
gerated reliance on imprecise laboratory techniques,
led to such confusion over presumptive pathogene-
sis and classification, that by I959 von Willebrand's
(I93I) unfortunate term 'pseudohaemophilia' had
been applied to at least eight distinct varieties of
haemorrhagic disease (Gross, I959). The first
attempt at an objective classification based on labor-
atory findings, which did not worsen the situation
by proposing new terminology, was made by
Valberg and Brown (I958). They assumed that
the prolonged bleeding time was due to abnormal
capillaries and recognized three categories: defects
confined to capillaries (subsequently reviewed by
Blackburn, I96I), capillary defects associated with
abnormal coagulation, and capiUary defects asso-

ciated with abnormal platelets. Unfortunately the
cause of a prolonged bleeding time remains un-
knownand can only occasionallybeascribed with any
confidence to abnormal vessels. At present, each
variety is best described in unequivocal clinical,
laboratory, and genetical terms, which is admittedly
cumbersome but avoids the vague and hypothetical
terminology that prevents further analysis of many
previous studies. Von Willebrand's disease is the
only disorder in this group that can be regarded as
reasonably homogeneous in that there is general
agreement on clinical, diagnostic, and genetical
characteristics. Consequently, current knowledge
on inherited haemostatic disorders will be discussed
in relation to von Willebrand's disease.

Von Willebrand's Disease. In I926 the
Finnish physician von Willebrand studied a girl
with severe haemorrhagic symptoms who lived on
the Aland archipelago in the North Baltic sea.
Investigation of the girl's family revealed that 23 of
66 available members suffered from abnormal
bleeding of varying severity. Federley, geneticist
at the University of Helsinki, concluded that in
contrast to classical haemophilia an autosomal
dominant gene was responsible, though in a
later report von Willebrand (I931) published
speculation on the possibility of X-linked dominant
inheritance, which subsequently became untenable
on finding instances of male-to-male transmission
(von Willebrand and Jurgens, I933). The main
laboratory findings were a consistently prolonged
bleeding time in the presence of a normal coagula-
tion time. Through observing some minor structural
changes as the sole abnormality in platelets, von
Willebrand postulated a functional platelet dis-
order and suggested the term 'pseudohaemophilia'
following the nomenclature of Glanzmann (I9I8)
and Frank (1925). These authors had previously
described congenital platelet defects which von
Willebrand subsequently recognized as quite
distinct from the Aland diathesis.

In I930 Jurgens investigated von Willebrand's patients
with an apparatus designed on contemporary coagula-
tion theory to measure platelet function (Morawitz and
Jiirgens, 1930) and interpreted the results as confirming
a functional platelet disorder (von Willebrand and
Jurgens, 1933). 'Von Willebrand's pseudohaemophilia'
was accordingly renamed 'die Konstitutionelle Throm-
bopathie (von Willebrand-Jurgens)' and classified
among the inherited platelet defects (Jurgens, I94I).
Despite clear definition, both the original and revised
term were subsequently used to cover a varietyofheredi-
tary bleeding disorders with obviously different patho-
genesis (Gross and Manmmen, 1958). More or less by
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convention it became permissible to diagnose von Wile-
brand's disease when a congenital haemorrhagic state was
associated with any combination of the following charac-
teristics: prolonged bleeding time, normal or slightly
prolonged coagulation time, normal or slightly reduced
platelet count, normal or abnormal platelet morphology,
normal clot retraction tests, indicative offaulty prothrom-
bin consumption, and autosomal dominant inheritance.
The latter feature was confirmed by Favre-Gilly, Guy,
Beaudoing, and Roger (I954) in 80% of reported
families where the diagnosis remained within limits
imposed by von Willebrand and Jiirgens, though there
were a few instances of multiple cases in sibships with
neither parent nor other relative apparently affected.

Alexander and Goldstein (I953) who first
recorded the association of low (5-io%) levels of
factor VIII with congenital haemorrhagic disease,
prolonged bleeding time, and normal platelets
postulated a dual haemostatic defect separately
involving capillaries and factor VIII. Their labora-
tory investigations were soon confirmed (Larrieu
and Soulier, i953; Van Creveld, Jordan, Punt, and
Veder, i955; Darte, I955). Initial family studies
(Schulman, Smith, Erlandson, and Fort, i955;
Singer and Ramot, I956) suggested that a dominant
gene was concerned with regulating factor VIII,
and by demonstration of a father-son transmission
(Matter, Newcomb, Melly, and Finch, I956) sex-
linkage could be rejected. Schulman et al. (I955)
detected unduly tortuous nail-bed and conjunctival
vessels in their parents and proposed that the
apparent plasma-capillary defect be known as
'vascular haemophilia'. Singer and Ramot (I956)
favoured 'pseudohemophilia B' and others (Matter
et al., I956; Achenbach and Klesper, 1957) re-
garded 'angiohemophilia' as most suitable. Quattrin
(I954) accounted for all aetiological possibilities
with 'plasma-telangio-thrombopathia'.

Meanwhile, Nilsson (I956) had studied a Swedish
girl with severe bleeding symptoms, prolonged
bleeding time, and low factor VIII (5%). When
factor VIII concentrated from human plasma
(fraction i-o, Blomback and Blomback, I956)
was administered therapeutically not only did
bleeding cease and the factor VIII level rise, but
the bleeding time was shortened to near normal
limits. This finding was confirmed on patients from
other Swedish families where the trait was inherited
as an autosomal dominant (Nilsson, Blomback,
Jorpes, Blomback, and Johnson, I957b).
The Swedish workers then went to the Aland

islands and examined patients some of whom had
been originally studied by von Willebrand. They
concluded (Nilsson, Blomback, and von Francken,
I957a) that the islanders had a disorder identical

to that on the Swedish mainland despite lack of a
connecting geneological link between the ethnically
related populations. The results of this investiga-
tion justify retaining an eponymic substitute for the
full descriptive term 'inherited autosomal diathesis
with factor VIII deficiency and prolonged bleeding
time' (Nilsson et al., I957a; Spurling and Sacks,
I959; Cornu, Larrieu, Caen, and Bernard, I96I).

Due to confused views on von Willebrand's disease
there is little indication of its prevalence in populations
outside Scandinavia. The most recent estimate from
Sweden (Nilsson and Blomback, I963) implied a trait
frequency of about I in 8o,ooo which is in agreement
with the view of Achenbach (I963) in Western Germany
and unpublished data (R. Biggs, I965 personal communi-
cation) from Oxford that von Willebrand's disease is
encountered in clinical practice about as frequently as
factor IX deficiency. The disease is prevalent among
the inbred communities of the Aland archipelago (total
population about 30,000) with over I0% of all persons
affected on certain islands (Eriksson, I96I).

Typical forms of bleeding in heterozygotes are
epistaxis, superficial bruising, gingival haemorrhage,
and following minor trauma (Biggs and Macfarlane,
I962; Blomback, Jorpes, and Nilsson, I963a). Pro-
longed haemorrhage is usual after operations and
exodontia, and sometimes (Silwer and Nilsson,
I964), though not necessarily (Deutsch, Mlczoch,
and Ulm, 1959), follows parturition. Haemarth-
roses and intramuscular haemorrhages are rare
(Nevanlinna, Ikkala, and Vuopio, I962; Blombaick
et al., I963a) and the pattern ofbleeding is thus quite
different from that in haemophilia. Bleeding symp-
toms become less frequent with advancing years
and, excluding menorrhagia, cause little trouble
by middle age (Achenbach, I963; Silwer and
Nilsson, I964). The assignment of clinical severity
is hazardous and usually gauged by rather unreli-
able events such as menstrual loss or post-operative
bleeding.

Heterozygotes ascertained through haemorrhagic
symptoms generally have a factor VIII level
below 20% and a very prolonged bleeding time
(Nilsson et al., 1963). Matter (I963) found
a close correlation between the degree of
factor VIII reduction and prolonged bleeding
time. However, with heterozygotes ascertained
through a propositus, Silwer and Nilsson (I964)
concluded that there was no correlation between
clinical severity and the degree of laboratory
abnormality. Some with haemorrhagic symptoms
have a defect confined to only one haemostatic
parameter (Pitney and Arnold, I960; Blomback et
al., I963a). Eriksson (I96I) and Eriksson, Hiepler,
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Jurgens, Lehmann, and Schulz (I96I) used an
abnormality in capillary fragility as a measure of
gene effect in possible heterozygotes with no in
vitro defect.

Presumptive homozygotes have been described
(von Willebrand, I93I; Eriksson, I96I) with symp-
toms and haematological findings that were not
very different from those in heterozygotes, but
Graham, Barrow, and Roberts (I965) reported
more extreme findings in two homozygotes. Geiger
and Rath (I963) described monozygotic male twins
probably hemizygous for factor VIII deficiency
and heterozygous for von Willebrand's disease,
who came from a family where both traits were
segregating and who had haemorrhagic disease
similar to their haemophilic male relatives. Quick
and Adlam (I963) drew similar conclusions from
another family where evidence for dual segregation
was less convincing.

There is general agreement that the laboratory varia-
tion observed among related heterozygotes is not a
technical artefact, and as widely differing results can be
obtained from the same patient over a period of time
(Blomback et al., i963a) some non-apparent modifying
agents probably influence the mutant gene effect. Such
variation hampers genetical analysis, and this is well
discussed by Raccuglia and Neel (I96o) and illustrated
by extensive studies of an Aland (Eriksson, I96I) and
Swedish kindred (Silwer and Nilsson, I964). Different

diagnostic criteria were used in each study, and some
investigators consider that evidence of abnormal capil-
lary fragility, as obtained by Eriksson in cases where
the bleeding time and factor VIII level were normal,
is an unreliable measure of haemostasis (Nevanlinna
et al., I962; Geiger and Rath, I963) and unrelated to a
prolonged bleeding time (Matter, I963). In addition
the Duke method of estimating bleeding time, used by
Eriksson, gave in the hands of Silwer and Nilsson
abnormal results in only 4 of 46 cases in contrast to the
Ivy technique which yielded a significantly prolonged
bleeding time in all their 46 cases. It must be noted that
the bleeding time test gives most variable results: for
instance, Roskam (I954) using the Duke method on
the ear lobes of the same patient obtained a normal
result (3 minutes) from one ear and an abnormal result
(48 minutes) from the other. These and other technical
problems led to equivocal findings, but in neither kin-
dred was there an instance of transmission through an
apparently normal person (as suspected in one member
of Raccuglia and Neel's I960 family).

Intrafamilial variation in laboratory findings is
illustrated by part of Silwer and Nilsson's pedigree
(Fig. I5). Geneticalanalysis of Scandinavian families
gave results consistent with autosomal dominant
inheritance of a single gene with varying penetrance
and a wide range of expression. This is in agree-
ment with conclusions from other family studies
(Valberg and Brown, I958; Raccuglia and Neel,
I960; Nevanlinna et al., I962; Blomback et al.,

9 30 30 >30 12 >30 9 9 >30 26 17 15 28
82 48 56 36 143 30 112 91 36 49 85 82 45

16 >30 30>30>30 13 12

Q History of abnormal bleeding,not investigated 53 37 31
smCos5Test results below symbols:

E Hlaemorrhagic symptoms,investigated 8 ->30 (minutes) Bleeding time (lvy),normal range 5-15>2 mninutes

C5 No haemorrhagic symptoms, some investigated 143-30 (per cent) Factor VI II assay, normaL range 65-140 per cent

FIG. IS. Von Willebrand's disease. Part of Swedish kindred of
Silwer and Nilsson (I964) by kind permission of Dr. I. M. Nilsson.
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Q(XHistory of mild haemorrhagic symptoms, investigated 9 History of severe haemorrhagic symptoms, investigated

Q History of abnormal bleding not investigated Q C Normal, investigated

FIG. I6. Von Willebrand's disease. Part of Aland kindred of Eriks-
son (I96I), by kind permission of Dr. A. W. Eriksson.

i963a). Part of Eriksson's consanguineous kindred
is given in Fig. i6 including the proposita who,
despite being classified as a severe bleeder (and
possibly homozygous), bore three children. Eriks-
son detected no obvious effect of selection, and
though in the past bleeding was commonly fatal in
childhood (von Willebrand, I93I; Lehmann, I959)
there is now reliable and successful therapy (Jorpes,
I963).
There have been a few reports of syndromes

clinically and genetically analogous to von Wile-
brand's disease but where a prolonged bleeding
time is associated with a deficiency of factor IX
(Achenbach and Klesper, I957; Gross and Mam-
men, 1958; Blomback et al., i963a), factor XI
(White, Yunis, Colliander, and Krivit, I963) or
both factor VIII and factor XI (Perry, Oppell, and
Baker, I960). These disorders possibly represent
unique mutations, and their study along lines
currently used in von Willebrand's disease is awaited.

Current Views on Pathogenesis of Von Willebrand's
Disease and Studies on the Genetic Control of Factor
VIII. Itis notknownwhetherthe prolonged bleeding
time in von Willebrand's disease is due to defective
capillaries, abnormal platelets, or a plasma factor
deficiency. Morphological changes in capillaries
have been reported (Macfarlane, I94I; Schulman
et al., I955; Marx, I959) but most investigators
listed by Blomback et al. (I963a) have detected no
vessel abnormalities. Jamra, Lichtenstein, Vieira,
and Ribeiro Leite (1952) and Buchanan and Leavell
(1956) found great variation in normal capillary

structure and concluded that it was impossible to
distinguish so-called pathological changes.

Observations on raising the factor VIII and shor-
tening the bleeding time in von Willebrand's
disease by infusions offactor VIII-deficient (haemo-
philic) plasma (Nilsson, Blomback, and Blombiack,
I960; Cornu, Larrieu, Caen, and Bernard, I963)
and other blood products deficient in factor VIII
(Biggs and Matthews, I963) led Swedish workers
(Blomback et al., I963a) to postulate that the
primary genetical defect was in a plasma anti-
bleeding factor (or vascular factor) that influenced
the bleeding time and the production or activation
of factor VIII. The vascular factor has not been
characterized in detail but appears to be a protein
concentrated in the fibrinogen fraction of plasma
(Biggs and Matthews, I963).

The von Willebrand-Jurgens school of Aland
investigators have always held that some platelet ab-
normality is basically responsible for defective haemo-
stasis and reduced factor VIII levels (Jiirgens, Lehmann,
Wagelius, Eriksson, and Hiepler, I957), though some
of their findings such as abnormal platelet function in
the thromboplastin generation test (Eriksson, I96I)
and diminished clot retraction (Lehmann, Jiirgens, and
Eriksson, I964) await confirmation. Structural changes
in platelets have been detected by electron microscopy
(Raccuglia and Neel, I960; Eriksson et al., I96I;
Marx and Jean, I964). Reduction in platelet adhesive-
ness was noted both in vivo (Borchgrevink, I96I) and
on glass surfaces (Zucker, I963; Lehmann et al., I964).
Although platelet aggregation is normal with standard
concentrations of ADP, unexplained abnormalities have
been observed at very low concentrations (Vainer and
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Caen, I963; Odegaard, Skalhegg, and Hellem, I964).
Caen (I963) also claimed that platelet ATP levels were
significantly raised in von Willebrand's disease, which
suggested that diminished ADP release during haemo-
stasis would prevent effective platelet aggregation and
reduce platelet adhesion to the vessel wall. Some
workers (Zucker and Borelli, 1956; Ingram, I956) have
reported that platelet 5-hydroxytryptamine was defec-
tive, but Nilsson et al. (I957a) were unable to confirm
this.

On the assumption that platelets are abnormal
in von Willebrand's disease, Borchgrevink (I96I)
postulated that the capillary type of bleeding might
be due to failure of a normal reaction between
damaged endothelium and platelets. The condition
may not be homogeneous with regard to platelets.
Blackburn, Macfie, Monaghan, and Page (I96I)
described a family with typical features ofvon Wille-
brand's disease with the exception that some affected
members had thrombocytopenia.

Theories on the genetical control of factor VIII
have been designed by J. B. Graham to accom-
modate findings in von Willebrand's disease and
factor VIII deficiency. Graham (1959) initially
proposed double heterozygosity for two dominant
genes to explain the dual laboratory defect in von
Willebrand's disease, but this view became un-
tenable when family studies revealed close associa-
tion of defects rather than the independent segre-
gation demanded by a two-gene hypothesis.
Close-linkage could also be excluded on grounds
of the improbability in encountering two un-
common genes, almost invariably in the coupling
phase. Graham (I963) now considers a pleiotropic
gene most likely, and, from experimental observa-
tions on factor VIII deficiency and von Willebrand's
disease interpreted in terms of current views on
synthesis of bacterial and mammalian proteins, he
has described hypothetical models of factor VIII
synthesis (McLester and Graham, I963, I964;
Graham et al., I965). Each model was designed to
account for control of factor VIII production at
two loci; dominance of the von Willebrand allele
and recessivity of the factor VIII deficiency gene;
and the increase of plasma factor VIII after
infusion of factor VIII deficient (haemophilic)
plasma into a person with von Willebrand's
disease but not conversely. The models, though
speculative and certainly over simplified, have
heuristic value in that some assumptions may be
tested. For instance in a 'regulatory' model, factor
VIII deficiency (haemophilia) could result from
mutation of an X-linked structural gene, and von
Willebrand's disease from a dominant mutation of
a regulator gene at the autosomal locus for 'vascular

factor' (McLester and Graham, I964). If the model
is valid it is essential that post-infusional factor
VIII 'synthesized' in von Willebrand's disease be
structurally identical with normal plasma factor
VIII, and this has to some extent been confirmed
(Barrow, Roberts, Pons, and Graham, I964).
However, further infusion experiments have
favoured a hypothesis that factor VIII is a polymer
formed by at least two polypeptide chains each
coded by a structural gene at either an X-linked or
autosomal locus (Graham et al., I965).

(I3) Combined Clotting Factor Deficiency
Congenital haemorrhagic disorders characterized

by deficiencies of two or possibly three clotting
factors comprise a difficult and disputed group.
It is not easy to dinstinguish an acquired inhibitor
associated with factor VIII or factor IX defici-
ency from a dual clotting factor deficiency (Mar-
golius et al., I96I; Nilsson et al., i962), and in the
absence of such information it is impossible to
accept some instances of alleged factor VIII-factor
IX deficiency (Hill and Speer, I955) or factor
IX-factor VII deficiency (Bell and Alton, I955).
In a review of eight case reports, Graham (1957)
noted that all those affected were males allegedly
hemizygous for both X-linked mutants, or for
either factor VIII or factor IX deficiency combined
with an autosomal mutant. Graham pointed out
that under Hardy-Weinberg conditions double
hemizygosity for factor VIII and factor IX defici-
ency would be expected with negligible frequency
(estimatedatO-26- 3I x io-9),buthemizygosity
for factor VIII deficiency combined with heterozy-
gosity for factor V deficiency (to explain findings
of Oeri, Matter, Isenschmid, Hauser, and Koller,
I954 and Iverson and Bastrup-Madsen, 1956)
might occur with less improbability (Graham's
figure was 035-2-5 x Io-7). Subsequent reports
have in no way clarified the position, but some
alternative conclusions have been drawn from recent
studies where quantitative factor assays were
performed.
Combined factor VIII and factor V deficiency is

supported by relatively convincing laboratory data
(Seibert et al., I958; Jones, Rizza, Hardisty,
Dormandy, and MacPherson, I962): 7 patients (4
males and 3 females) from 5 families with bleeding
symptoms varying from marked (4) to mild (3)
have been described. Three of five matings were
consanguineous (Oeri et al., 1954; Iversen and Bast-
rup-Madsen, I956; Jones et al., I962) and a fourth
possibly so (Seibert et al., 1958). Excluding a
sister of Iversen and Bastrup Madsen's propositus
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who had isolated factor V deficiency, no clotting
defect was detected in a total of 7 parents and three
sibs. Factor V and factor VIII have some similar
properties (Bowie, Thompson, and Owen, i964b;
Macfarlane, I965), and it has been suggested that
the combined defect is due to a genetically induced
block in synthesis of some common precursor
protein (Oeri et al., I954; Seibert et al., I958;
Jones et al., I962; Rapaport, Schiffman, Patch, and
Ames, I963).
There is only one instance where evidence for

combined factor VIII and factor IX deficiency is
supported by convincing laboratory and genetical
data. Robertson and Trueman (I964) reported a
family where both traits were segregating and there
was pedigree evidence for double heterozygosity in
a female whose son had a dual factor deficiency.
He had mild symptoms similar to those in male
relatives with either factor VIII or factor IX
deficiency, implying no excessive haemostatic con-
sequence from double hemizygosity.

A unique combination of factor VII and factor X
deficiency has recently been studied in 242 members
of a large family by Kroll, Alexander, Cochios, and
Pechet (I964). Sixty members of either sex had de-
creased levels of factor X; and of these 28 were also
deficient in factor VII. None had an isolated defect of
factor VII. Bleeding symptoms were mild, and 12
persons also exhibited carotid-body tumours, which
appeared to be segregating independently in one part
of the family. The authors considered several genetical
hypotheses such as a single autosomal gene at the factor
X locus which also modified factor VII synthesis, or
segregation for two genes at the respective loci. The
latter possibility could not be rejected on the available
data.

Claims for combined factor VIII and factor VII
deficiency are not supported by convincing quantitative
evidence of factor VII reduction, as in a family where
factor VIII deficiency was segregating (Constandoulakis,
I958) or where a factor VII level of 55% was found in
a male with factor VIII deficiency (Gaston, Mach, and
Beck, I96I). The same holds for alleged factor VII
deficiency in males with factor IX deficiency (Bell
and Alton, I955; Nour-Eldin and Wilkinson, I959;
Aresu and Spinnozola, I960), particularly as Verstraete,
Vermylen, and Vandenbroucke (I962) found reduced
levels of factor VII in random males with sex-linked
factor IX deficiency.

In two recent studies of sibs with marked haemorr-
hagic disease and a complex clotting defect, it was
concluded that factor XI was deficient in combination
with factors VIII and IX (Angelopoulos, Kourepi
Vicatou, and Mourdjinis, I964) or factor VIII (Schulz,
Nowotny, Schmutzler, and Duckert, I964). Due to the
difficulties in measuring factor XI (Nossel, I964) some
reservations must remain on interpretations of in vitro
findings in these families. Nevertheless a small resi-

dium of persons with a congenital disorder of clotting,
the nature of which remains obscure with present tech-
niques (Biggs and Macfarlane, I958), probably contains
some with multiple factor deficiencies of genetic
origin.

(I3) Clotting Factor Inhibitors
Claims of congenital defects in the inhibitor

system associated with haemorrhagic disease have
not usually reached the limits of validity demanded
by some authors (Margolius et al., I96I; Soulier,
I962). However, Quick (1957) diagnosed congenital
hyperheparinaemia in a woman who first bled
abnormally when aged 3 and a similar disorder was
described by Heni and Krauss (I956) in a father
and daughter. In both studies the in vitro clotting
defect was restored by protamine sulphate and
toluidine blue, but this reaction is not specific for
heparin (Soulier, I962). However, Quick also
achieved in vivo correction of the defect in his
patient.

Brown, Diamant, Galbraith, and Wilson (I963)
reported a family with mild haemorrhagic disease in
two generations. Members of two sibships were investi-
gated with non-specific tests of clotting function. The
results were interpreted as evidence of an inherited anti-
thrombin. Specific factor assays were not made, nor
some other procedures considered necessary for a
definitive diagnosis (Margolius et al., I96I; Soulier,
I962). Earlier reports of congenital disorders in the
inhibitor system (Bell, I95I; Speer, Hill, Maloney, and
Roberts, I955) can be alternatively explained in retro-
spect as due to an acquired factor VIII inhibitor in
factor VIII deficiency. Egeberg (I965) has recently
given a preliminary account of a family where several
members in two generations experienced recurrent
thrombo-embolic episodes from an early age. This was
associated with diminished activity of blood anti-
thrombin. Further studies are required for confirmation
that this family illustrates a genetical disturbance of
clotting, which leads to obstructive vascular disease.

(I5) Inherited Resistance to Coumarin Anti-
coagulant Drugs

Coumarin and structurally related indanedione
drugs have a complex effect on clotting, which
causes reduction in plasma levels of prothrombin
and factors VII, IX, and X. The drugs are regarded
physiologically as anti-metabolites that compete
with vitamin K in an enzyme system responsible for
synthesis of the above factors in hepatic cells.

Remarkable tolerance to toxic amounts of anticoagul-
lant poison (warfarin) was noted in certain members .of a
rat (Rattus norvegicus) colony in West Scotland (Boyle,
I960). The colony was eradicated but in a recurrent
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Genetics of Human Blood Coagulation

infestation three years later further warfarin-tolerant
animals were detected (Cuthbert, I963). There were
no further data to support the impression that tolerance
was inherited.

An important contribution to human pharmaco-
genetics was made by O'Reilly, Aggeler, Hoag,
Leong, and Kropatkin (I964) who described a
family (Fig. I7), where some members were extra-
ordinarily resistant to all but massive doses of
warfarin sodium, other coumarin derivatives, and
phenindione. The 72-year-old propositus required

Coumarin
_ resistance

Investigated
Q not affected

FIG. 17. Inherited coumarin resistance. From O'Reilly et al. (I964)
by kind permission of Dr. R. A. O'Reilly who points out that an
X-linked gene cannot be excluded on present data.

I45 mg. warfarin per day to achieve depression of
clotting factors within the therapeutic range. This
dose was some 45 standard deviations above the
average normal requirement (7 ± 3 mg.). Similar
resistance was found in an identical twin and five
other relatives in three generations. This suggested
control by a dominant gene. As to the possible
mechanism of coumarin resistance, O'Reilly et al.
clearly excluded decreased absorption and increased
destruction of the drug and also overproduction
by the system responsible for synthesizing vitamin
K-dependent clotting factors. Excess vitamin K
storage appeared unlikely and the most probable
explanation was that affected persons had an

abnormal enzyme or receptor site with either a

decreased affinity for warfarin or an increased
affinity for vitamin K. In each case vitamin K-
warfarin competition would be distorted. Sub-
sequent studies have demonstrated increased sensi-
tivity to different vitamin K analogues (R. A.
O'Reilly, I965, personal communication). Dr.
O'Reilly also pointed out the possible relevance of
Olson's work on vitamin K-induced prothrombin

production in chicks. Olson (I964) interpreted his
findings in terms of Jacob-Monod theory to show
that vitamin K normally acts with the product of
a regulator gene to de-repress an operon containing
structural genes for each vitamin K-dependent
clotting factor. Mutation at the regulator gene locus
would thus account for greatly increased response
to vitamin K- a hypothetical situation that would
explain the findings in the human mutation.

COMPARATVE AND THEORETICAL
ASPECTS

Evolution of Blood Clotting. Mutation in
other Species

Heilbrun (I96I) and Gregoire and Tagnon (I962)
reviewed studies on coagulation of coelomic fluid,
haemolymph, and blood of invertebrates, and con-
cluded that the multi-stage process of mammalian
blood clotting had evolved from a simple mech-
anism based on cellular functions. When coelomic
fluid escapes, the only type of circulating cell,
the amoebocytes, are incorporated into a mesh,
but whether this represents syncytia or transforma-
tion into a gelis controversial (Gregoire andTagnon,
I962).

Specialized cells in the haemolymph of insects appear
to undergo alteration on contact with foreign surfaces
(Gregoire and Florkin, I950). This is followed by
various degrees of plasma gelification (Wigglesworth,
I959). The arthropods, particularly Crustaceae, have
been most extensively studied and variations in clotting
throughout the group range from complete absence of
any coagulum to the formation of a firm clot. It has
long been known (Hardy, I892) that amoebocytes in
crustacean haemolymph are specifically involved in
coagulation. Indirect evidence that plasma proteins also
take part has been obtained by gravimetric (Morrison
and Morrison, 1952) and chemical (Boolootian and
Giese, I959) analysis of the coagulum. Duchateau and
Florkin (I954) claimed extraction of fibrinogen from
crustacean haemolymph which differed from the mam-
malian variety in solubility and electrophoretic mobility.
However, Levin and Bang (I964), working with Limulus,
the horse-shoe crab, found that cell-free haemolymph
was incoagulable. Moreover, amoebocytes underwent
alterations during clotting remarkably like those of
mammalian blood platelets, andthe authors suggestedthat
as clots formed only in their presence the amoebocytes
might be the sole source of coagulable protein.

The assumption that invertebrate clotting systems
are largely dependent on cellular reactions is an
attractive hypothesis from which to launch teleolo-
gical arguments on the ultimate complexity of cell-
free clotting systerms in mammals. But the apparent
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simplicity of clotting in lower organisms is suspect,
because contemporary biochemical methods have
yet to be employed. There is an obvious analogy
with concepts of human blood coagulation during
the relatively uncomplicated era of classical theory.
In addition, experiments performed with artificial
clotting systems are of doubtful validity when
species-specificity of natural reactions are not
represented. It is surely unjustified to draw con-
clusions, as did Heilbrun (I96I), on fundamental
similarities between in vitro clotting of mam-
malian plasma and gelification of extruded proto-
zoon cytoplasm merely because both systems require
calcium ions and tissue enzymes, are accelerated by
thrombin, and inhibited by heparin. Contemporary
studies on vertebrates are to date fragmentary,
beset with problems of species-specificity and far
too incomplete to establish more than a speculative
outline of the phylogenetic relationships of certain
species in general terms of the clotting mechanism.
An exception is the relatively advanced chemical
analysis of fibrinogen and fibrinopeptides from
different vertebrates (Laki and Gladner, I964;
Doolittle and Blombaick, I964), which together
with studies on the thrombin-fibrinogen reaction
have already yielded information on homologies of
peptide chain structure from animals with an
established evolutionary relationship.

Doolittle and Surgenor (I962) studied coagulation in
fish including the most primitive group, the cyclestomes.
They found the process similar to that in mammals and
notably, two pathways of prothrombin activation. The
main difference was in the intrinsic system where throm-
bocytes assumed the central role, and the function of
plasma clotting factors remained obscure. Doolittle
(I963) further examined coagulation in the dog fish
which appeared to have a haemorrhagic state by some
mammalian standards. This proved to be the result of
extreme reactions under certain experimental conditions,
and Doolittle again found a general similarity with the
mechanism in higher orders. An ancillary process was
described in fresh-water fish by Wolf (I959). On con-
tact with water, red cells underwent hydrophilic swelling
to form a solid mass.

Various plasma factors resembling those of
mammals were found in different amphibia (Haw-
key, I960; Hackett and LePage, I96I; Fantl,
Ig6Ib), but opinions differed on their identity.
Thrombocytes appeared to be the major element in
coagulation. The clotting mechanism of toads who
live in a hot (Hackett and LePage, I96I) or cold
(Anstall and Huntsman, I960) environment
appeared remarkably adapted to the relevant tem-
perature range. Other instances of adaptation
involve hibernating or a-stivating animals who

develop such degrees of low heart rate, increased
blood viscosity, and circulatory stasis that intra-
vascular thrombosis would seem inevitable without
some compensatory mechanism. The solution
appears to be increased anticoagulant activity in
the plasma of hibernating bats (Smith, Lewis,
and Svihla, I954) and hedgehogs (Bi6rck, Johans-
son, and Nilsson, I962) and also in cold-induced
torpor of turtles (Jacques, I963). Hjort and
Eliassen (I963) tentatively identified the anticoagu-
lant in hibernating hedgehogs as heparin and
noted that other complex changes in clotting also
took place.

Contact factors appear to be deficient in the blood
of certain birds (Soulier, Wartelle, and Menache,
I959; Didisheim, Hattori, and Lewis, 1959) and
the snake (Fantl, Ig6Ib). The intrinsic plasma
system is relatively inactive in these species.
Studies in mammals have so far been limited to
common domestic and laboratory animals, and
despite problems of species specificity, which con-
founds quantitation of all factors and qualitative
identification of some (Didisheim et al., I959;
Quick, Collins, Taketa, and Hussey, I96I; Caillard,
Devant, and Klepping, I962), there is general
agreement that the over-all mechanism is similar to
that of humans (Biggs and Macfarlane, I962).

Genetical disorders of clotting in domestic animals
have proved valuable in research as shown by previous
references to the North Carolina colony of haemophilic
dogs. The latter are Irish setters (Field, Rickard, and
Hutt, I946) and have factor VIII deficiency with clinical,
genetical, and laboratory characteristics that appear
identical to those of the human variety (Brinkhous,
I964). Sex-linked factor VIII deficiency has also been
noted in beagles (Brock, Buckner, Hampton, Bird, and
Wulz, I963), greyhounds (Sharp and Dike, I964),
mongrel dogs (Didisheim and Bunting, I964), and a
Shetland sheepdog (Wurzel and Lawrence, I96I).
Nossel, Archer, and MacFarlane (I962) described
equine factor VIII deficiency. Studies of inherited
haemorrhagic disease among domestic swine (Cornell
and Muhrer, I964; Muhrer, Lechler, Cornell, and
Kirkland, I965) indicated an autosomal recessive trait
characterized by factor VIII deficiency and a prolonged
bleeding time with results ofplasma infusion experiments
similar but not quite analogous to results obtained on
humans with von Willebrand's disease. There are also
reports of canine factor IX deficiency (Mustard,
Rowsell, Robinson, Hoeksema, and Downie, I960) and
canine factor VII deficiency (Mustard, Secord, Hoek-
sema, Downie, and Rowsell, I962). Both conditions had
characteristics similar to those in the corresponding
human varieties. A complex hereditary haemorrhagic
disorder involving prothrombin and extrinsic system
factors was studied among inbred mice by Meier, Allen,
and Hoag (I962).
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The identification of amino-terminal residues in
fibrinogen from different vertebrates (Blomback and
Yamashina, I958; Doolittle et al. I962), together
with studies ofamino acidsequenceoffibrinopeptides
proteolytically removed from mammalian fibrinogen
molecules by thrombin (Doolittle and Blomback,
I964) have provided information that has consider-
able evolutionary implications. Differences in the
rate of thrombin-fibrinogen reaction depend on the
species from which the proteins originate. Bovine
thrombin clots bovine fibrinogen more quickly
than fibrinogen from other species (Laki and
Gladner, I964). Lamprey thrombin clots human
fibrinogen very slowly, but human thrombin clots
lamprey fibrinogen nearly as rapidly as does lamprey
thrombin (Doolittle et al., I962). Laki and Gladner
(I964) argue that changes in the primary structure
of both thrombin and fibrinogen must have
occurred to account for the latter observation. They
point out that the principle of splitting acidic
peptides from fibrinogen to ensure clot formation
was operating at the lamprey (lowest vertebrate)
stage of evolution.

Thrombin is not only a protein-specific enzyme but
also bond-specific in that only arginine-glycine bonds
are hydrolysed during the clotting of all vertebrate
fibrinogens so far examined. As mentioned above,
Laki and Gladner (I964) speculated on the possibility
that congenital afibrinogenaemia might result from a
single amino acid substitution in the critical arginine-
glycine sequence with production of a non-functioning
protein. It is also possible that neighbouring sequences
influence the rate of thrombin action as reflected in
species-specific reactions.

Doolittle and Blomback (I964) described varying
amino acid sequences in fibrinopeptide chains in
seven mammals. They discussed how sequence
variation could be used to classify phylogenetic
relationships, and showed how selection for certain
amino acids during evolution would account for
the observed alignment of sequences in different
animals. A variant human fibrinopeptide chain A
has been described (Blombaick, Blomback, Doolittle,
Hessel, and Edman, I963b) which differs from the
normal peptide A in that the N-terminal alanine
is absent. No functional effect was apparent in the
parent molecule. As the amino acid differences
between species must have originated within a single
species, such changes may not be too infrequent
and some could conceivably disturb the fibrinogen-
fibrin transition with haemorrhagic consequences.

Until the moelcular mechanisms of enzyme action
in the prothrombin activating pathways are under-
stood it will not be possible to examine certain

problems of blood coagulation where the solution
rests on tracing the structural history of a single
protein molecule through evolutionary time. The
problems include genetical defects involving com-
binations of clotting factors or complex haemostatic
disorders. The elucidation of relationships between
the coagulation mechanism and other physiological
systems at a molecular level will undoubtedly prove
a formidable task, as shown by the participation of
factor XII in several different reactions (Fig. i8).
Initial studies of functional (Marx and Appel,
I962) and biochemical (Mitchell and Sharp, I964)
properties of platelets in different animals indicate
the presence of considerable interspecies variation
in these cells.

Factor XII Conrponent A Kininm

Foreign Component B
surfaces

Activated factor XII
Factor XI

Activated component A
(plasma kallikrein)

Glandular'
_-r_Kali:kreins

r ,ArGULATION FIBRINOLYSIS PERMEABILITY PL A
FACTOR K IN

iogen

%SMA
NIN

FIG. 18. Initiation of clotting and release of peptides by activated
factor XII. From Margolis (I963) by kind permission of Dr. I.
Margolis.

Recent theories on human blood clotting have
important teleological consequences which will
remain of heuristic value until analysis of element-
ary units and component systems yields explanations
in terms of molecular evolution. Macfarlane
(i964a) visualized the sequential pro-enzyme-
enzyme transformation (cascade) clotting mechanism
as a biochemical device to ensure that the minute
amount of factor XII activated by surface contact
would finally cause the explosive conversion of a
relatively large amount of fibrinogen into fibrin.

Subsequently Macfarlane (I965) devised experiments
to support the hypothesis that additional stages in the
mammalian system would lead to greater haemostatic
efficiency by comparison with simple mechanisms in
lower animals. He showed that if trypsin activated
factor X which in turn activated prothrombin, ten times
more thrombin was produced than when trypsin reacted
with prothrombin directly. Macfarlane suggested that a
trypsin-like enzyme derived from damaged tissue might
act on different substrates, including prothrombin, in
primitive clotting systems. If mutation resulted in a
substrate that yielded a prothrombin activator, the
modified system would be more efficient and have a

29I

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


292 C. B. Kerr

TABLE X
SUMMARY OF GENETICAL FEATURES IN HEREDITARY DISORDERS OF BLOOD COAGULATION

Hereditary Defect Typical Provisional Gene
Haemorr- M * Gene Effect Frequency (q)andClotting Inheri- hagic Major in Mutation Rate

Factor Iaolated Com- tance* Variation of Phenocopiest Heterozygotes Estimations (IL per X Other
bined Phenotypet § chromosome per

generation)
Afibrinogen- (Incomplete) Hepatic disease; Partial effect in

Fibrinogen aemia autosomal Severe- malabsorption; some; no (q= io-3)
recessive moderate defibrination effect in

syndromes others
Hypo- (Autosomal) Mild As above Ill-defined
fibrinogen- trait
aemia

Prothrom- Hypopro- (Autosomal Severe- Hepatic disease; - -
bin thrombin- recessive) mild malabsorption;

aemia coumarin,
indanedione
anticoagulant
drugs

Factor V Factor V Incomplete Moderate- Hepatic disease; Partial effect q= 5-Iox 10-'
deficiency autosomal mild defibrination

recessive syndromes
V+VIII (Autosomal Moderate- - Nil
defici- recessive) mild
ency

Factor VII Factor VII Incomplete Severe- As for Partial effect q= 1o-3 1o-4
deficiency autosomal nil prothrombin

recessive
VII+X (Autosomal Mild - - Unique
|dominant) mutation

Factor VIII Factor VIII Incomplete Severe- - Fuil (haem), q= I-I7 X Io-4** Linked with
deficiency sex-linked mild partial or no V.= 3-4 x to-6 deuterano-

recessive effect pia, notlinked with
X, locus

Von Autosomal Severe- Marked High preva-
Willeb- dominant nil variation lence on
rand's (haem-nil) Aland archi-
disease pelago

Autosomal Autosomal Moderate - Full (haem) - Unique
dominant dominant mutation
factor VIII
deficiency
(Loeliger)

Factor IX Factor IX Incomplete Severe- As for Full (haem), q=4-5 x io-6** Not linked
deficiency sex-ined mild prothrombin partial or no L= 2-3 x IO-s with partial

recessive effect colour
blindness,
factor VIII,
or Xg loci

Factor X Factor X Incomplete Severe- As for Partial effect q= 5-IOX IO-4
deficiency autosomal mild prothrombin ( haem)

recessive

Factor XI Factor XI Incomplete Mild - Partial effect Most cases
autosomal reported in
recessive Jews

Factor XII Factor XII Incomplete Nil - (Partial effect) -
deficiency autosomal

recessive

Factor XIII Factor XIII (Incomplete Moderate- (Partial effect) -
deficiency autosomal mild

recessive)

* Provisional assumptions are in parentheses.
t Categories of severity defined in text.
* Excludes idiopathic factor inhibitors.
§ Haem = haemorrhagic symptoms
** Frequencies calculated at birth (see text).
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selective advantage. In view of the similar properties in
two groups of clotting factors, Macfarlane postulated
that factors IX, X, VII, and prothrombin may have
evolved from a basic prothrombin molecule, and factors
V, VIII, fibrinogen in like manner from a prototype
fibrinogen molecule.

Prospects for the Future
Further progress with blood clotting obviously

depends on advances at the molecular level. An
important first step has been the replacement of
vague and confusing theories by schemes based on
a series of enzymatic reactions. The latter provide
a rational basis for enzyme or physical chemists
and others whose techniques will ultimately yield
fundamental information on properties and reac-
tions.
The limits of present methods have not been

fully explored, particularly in the present context
of defining gene effect and the quantitative distribu-
tion of clotting factors in the normal population.
The study of quantitative variation would be greatly
assisted by agreement on standard laboratory sys-
tems for comparative purposes. Utilizing current
methods, the re-examination of clotting in inverte-
brates and certain animals would provide valuable
data on reactions at fluid-solid interphases and the
increasing dependence on plasma proteins in
mammalian blood coagulation. The comparative
study of cellular participation in different species
may also throw light on the role of platelets in
mammalian haemostasis, though any assumptions
in terms of chemical evolution that are made at a
non-molecular level must naturally remain tenta-
tive.
The aims of blood coagulation research have

always been directed towards solution of practical
problems associated with bleeding and intravascular
clotting. With a few exceptions the study of
hereditary mechanisms has been of secondary
interest as shown by the inconsistently reported
data on specific mutations. The state of present
knowledge is summarized in Table X. Neverthe-
less, some genetical hypotheses deserve equal rank
alongside theories with a teleological basis. For
instance, if the assumptions of the inactive-X
chromosome theory apply to the factor VIII
deficiency locus, then a proportion of heterozygous
females will have plasma levels within the range for
normal homozygous females. Therefore claims
that complete separation of genotypes can be made
may be misjudged, particularly if little attention
has been paid to the errors associated with factor
assay. Attempts to devise more 'sensitive' (and
hence more complicated and artificial) in vitro

systems to distinguish normal from abnormal
would likewise be misguided on the inactive-X
theory. In addition, the multi-factorial character
of clotting factor distribution in normal persons
emphazises the extent of data required if assump-
tions are to be made on all but gross examples of
gene effect.
A population study of hereditary clotting defects

that conforms to conditions suitable for formal
analysis of relevant genetical parameters has yet
to be undertaken. Recent Scandinavian surveys
are greatly superior to the older and still extensively
quoted studies, but retrospective investigations are
prone to many well-known biases and difficulties
and cannot account for mild phenotypes which are
generally detected only in the laboratory. Relatively
simple methods for screening coagulation defects
are now available, though their performance on a
large population would still present formidable
practical problems. The search for variant fibrino-
gen in essentially normal subjects has been started,
and there are obvious possibilities with coumarin
resistance, but present techniques are quite un-
suited for investigating the existence of potential
polymorphisms among other clotting factors.

I am very grateful to all those who supplied pedigrees
and comments on their work and particularly to Prof.
R. G. Macfarlane, Dr. R. Biggs, Prof. J. B. Graham,
Dr. A. E. Loeliger, Dr. R. A. O'Reilly, and Dr. F.
Duckert for their permission to quote from unpublished
manuscripts. The paper was read and criticized by Prof.
Macfarlane, Dr. Biggs, and Dr. A. C. Stevenson, and I
am grateful to them and many others for their advice.

REFERENCES

Abe, T. (I964). In discussion. Proc. World Fed. Hemophilia.
Amsterdam. In the press.

Abildgaard, C. F., Comet, J. A., Alcalde, V., Schulman, I., and
Fort, E. (I963). Hageman factor deficiency in a child. Pediatrics,
32, 280.

Achenbach, W. (I963). Von Willebrand's disease. Discussion.
Thrombos. Diathes. haemorrh. (Stuttg.), 9, Suppl. 2, 127.
-, and Klesper, R. (1957). Angiohamophilie A und B. Folia

haemat. (Frankfurt), I, 251.
Aggeler, P. M., White, S. G., Glendening, M. B., Page, E. W.,

Leake, T. B., and Bates, G. (I952). Plasma thromboplastin
component (PTC) deficiency: a new disease resembling hemo-
philia. Proc. Soc. exp. Biol. (N.Y.), 79, 692.

Alagille, D., Josso, F., Binet, J-L, and Blin, M. L. (I964). La
dystrophie thrombocytaire hemorragipare. Discussion nosolo-
gique. Nouv. Rev. franc. Himat., 4, 755.
-, and Prou-Wartelle, 0. (I960). Etude des conductrices

d'hemophilie. Sang, 31, 797.
Albeggiani, A., and La Grutta, A. (1954). Contributo alla cono-

scenza della afibrinogenemia primitiva. Haematologica, 38, II69.
Alexander, B. (I96I). Factor VII (Proconvertin). Thrombos.

Diathes. haemorrh. (Stuttg.), 6, Suppl. I, 392.
-, and Goldstein, R. (1952). Parahemophilia in three siblings

(Owren's disease) with studies on certain plasma components
affecting prothrombin conversion. Amer. J7. Med., 13, 255.
-, and- (I953). Dual hemostatic defect in pseudohemophilia.

J. clin. Invest., 32, 55I.

293

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


294 C. B. Kerr

-, -, Landwehr, G., and Cook, C. D. (x951). Congenital
SPCA deficiency: a hitherto unrecognized coagulation defect
with hemorrhage rectified by serum and serum fractions. ibid.,
30, 596.
-, -, Rich, L., Le Bulloch, A. G., Diamond, L. K., and

Borges, W. (1954). Congenital afibrinogenemia. A study of some
basic aspects of coagulation. Blood, 9, 843.

Allibone, E. C., and Baar, H. S. (I943). Fibrinogen deficiency as a
factor in haemorrhagic disease. Arch. Dis. Childh., x8, 146.

Andreassen, M. (I943). Haemofili i Danmark. Op. Domo biol.
hered. hum., Kbh., 6.

Angelopoulos, B., Kourepi, M., Vicatou, M., and Mourdjinis, A.
(I964). Hemophilia due to combined deficiency of AHG, PTC,
and PTA factors. Acta haemat. (Basel), 31, 36.

Anstall, H. B., and Huntsman, R. G. (I960). Influence of tempera-
ture upon blood-coagulation in a cold- and a warm-blooded
animal. Nature (Lond.), I86,726.

Aresu, G., and Spinazzola, A. (I960). Su di un caso di malattia di
Christmas associata a deficienza del fattore VII. Minerva med.,
51,396.

Aronson, D. L., and Marder, V. J. (I964). A commentary on coagu-
lation standardization. Assays and standards of antihemophilic
factor. In The Hemophilias, ed. K. M. Brinkhous, p. 49. Univ.
North Carolina, Chapel Hill.

Astrup, T., and Van Creveld, S. (I961). Normal fibrinolytic system
in blood in congenital afibrinogenemia and its significance.
Thrombos. Diathes. haemorrh. (Stuttg.), 6, I88.

Bachmann, F. (I958). Familienuntersuchungen beim kongenitalen
Stuart-Prower-Faktor-Mangel. Arch. Klaus-Stift.Vererb.-Forsch.,
33,27-

Barnett, C. P. (1957). Hemorrhagic diathesis due to factor VII
deficiency. Arch. intern. Med., 99, 280.

Barrow, E. M., Roberts, H. R., Pons, K., and Graham, J. B. (I964).
Studies of the antihemophilic factor (AHF, Factor VIII) pro-
duced in von Willebrand's disease. Proc. Soc. exp. Biol. (N.Y.),
115, 760.

Bass, L. N., and Yaghmai, H. B. (1962). Report of a case of hemo-
philia in a negroid infant. J. nat. med. Ass. (N.Y.), 54, 56I.

Bastos, 0. De, Reno, R. S., and Coffea, 0. T. (1964). A study of
three cases offamilial congenital hypoprothrombinaemia (Factor II
deficiency). Thrombos. Diathes. haemorrh. (Stuttg.), II, 497.

Bateson, W. (I909). Mendel's Principles of Heredity. Cambridge
University Press, Cambridge.

Bauer, K. H. (1922). Zur Vererbungs- und Konstitutionspathologie
der Hamophilie. Dtsch. Z. Chir., 176, I09.

Beck, E., Duckert, F., and Ernst, M. (I96I). The influence of
fibrin-stabilizing factor on the growth of fibroblats in vitro and
wound healing. Thrombos. Diathes. haemorrh. (Stuttg.), 6, 485.

Bell, J., and Haldane, J. B. S. (I937). The linkage between the
genes for colour-blindness and haemophilia in man. Proc. roy.
Soc. B, 123, 119.

Bell, W. N. (igSi). A coagulation defect due to an anticoagulant
possessing antithromboplastic and antithrombic properties,
probably heparin. Blood, 6,3II99.
- , and Alton, H. B. (x955). Christmas factor associated with

factor VII deficiency; Case report with family survey. Brit. med.
J., I, 330.

Benson, E. F. (1939). Daughters of Queen Victoria, pp. I69, 248.
Cassell, London.

Bentley, H. P., Jr., and Krivit, W. (I960). An assay of antihemo-
philic globulin activity in the carrier female. J. Lab. clin. Med.,
56,6I3.

Bergentz, S. E., and Nilsson, I. M. (I96I). Effect of trauma on
coagulation and fibrinolysis in dogs. Acta chir. scand., X22, 21.

Bergna, L. J., and Pavlovsky, A. (I964). Concentration of factor
VIII in the blood of mothers of patients with haemophilia A. In
Proc. gth Congr. int. Soc. Blood. Transf., I6I.

Bernard, J., Caen, J., and Maroteau, P. (I957). La dystrophie
thrombocytaire hemorragipare congenitale. Rev. Hinat., 12, 222.

Beutler, E., and Baluda, M. (x964). The separation of glucose-6-
phosphate-dehydrogenase-deficient erythrocytes from the blood
of heterozygotes for glucose-6-phosphate-dehydrogenase defici-
ency. Lancet, x, I89.

Bickford, A. F., Jr., and Sokolow, M. (i96I). Fibrinolysis as related
to the urea solubility of fibrin. Thrombos. Diathes. haemorrh.
(Stuttg.), 5,480.

Biddau, I., and Ammaniti, L. (I946). Contributo allo studio della
afibrinogenemia. Arch. ital. Pediat., II, 374.

Biggs, R. (1957). Assay of antihaemophilic globulin in treatment of
haemophilic patients. Lancet, 2, 3I1.
-, and Bidwell, E. (i959). A method for the study of anti-

haemophilic globulin inhibitors with reference to six cases.
Brit. . Haemat., 5, 379.
-, Douglas, A. S., Macfarlane, R. G., Dacie, J. V., Pitney,
W. R., Merskey, C., and O'Brien, J. R. (I952). Christmas disease;
a condition previously mistaken for haemophilia. Brit. med. J., 2,
1378.
-, and Gaston, L. W. (I960). The blood-clotting factors. In

the Metabolic Basis of Inherited Disease, ed. J. B. Stanbury, J. B.
Wyngaarden, and D. S. Fredrickson, p. II45. McGraw-Hill,
New York.
-, and Macfarlane, R. G. (I958). Haemophilia and related

conditions: a survey of I87 cases. Brit. J7. Haemat., 4, I.
-, and- (1962). Human Blood Coagulation and its Dis-

orders, 3rd ed. Blackwell, Oxford.
-, and Matthews, J. M. (1963). The treatment of haemorrhage

in von Willebrand's disease and the blood level of factor VIII
(AHG). Brit.J. Haemat., 9, 203.

Binet, F. E., Sawers, R. J., and Watson, G. S. (I958). Hereditary
counselling for sex-linked recessive deficiency diseases. Ann.
hun. Genet., 22, I44.

Bidrck, G., Johansson, B. W., and Nilsson, I. M. (I962). Blood
coagulation studies in hedgehogs, in a hibernating and non-
hibernating state, and in dogs, hypothermic and normothermic.
Acta physiol. scand., 56, 334.

Birch, C. L. (1937). Hemophilia: Clinical and Genetic Aspects.
Illinois Med. Dent. Monographs, no. 4. University of Illinois,
Urbana.

Bitter, K. (I963). Erhebungen zur Bestimmung der Mutationsrate
fur Hamophilie A und B in Hamburg. Z. menschl. Vererb.-u
Konstit.-Lehre, 37,25I.

Blackburn, E. K. (I96I). Primary capillary haemorrhage (including
von Willebrand's disease). Brit. J. Haemat., 7, 239.
-, Macfie, J. M., Monaghan, J. H., and Page, A. P. M. (I96I).

Antihaemophilic factor deficiency, capillary defect of von Wile-
brand type, and idiopathic thrombocytopenia occurring in one
family. J. clin. Path., 14, 540.

Blomback, B. (1964). Properties of antihemophilia factor. In The
Hemophilias, ed. K. M. Brinkhous, p. ii8. Univ. North Carolina,
Chapel Hill.
-, and Blomback, M. (1956). Purification of bovine and human

fibrinogen. Acta chem. scand., 10, I47.
-, and- (I963). Purification and stabilization of factor V.

Nature (Lond.), 198, 886.
-, -, Doolittle, R. F., Hessel, B., and Edman, P. (x963b).
On the properties of a new human fibrinopeptide. Biochim.
biophys. Acta (Amst.), 78, 563.
-, and Yamashina, I. (I958). The nitrogen-terminal amino

acids in fibrinogen and fibrin. Ark. Kemi., 12,299.
Blomback, M., Jorpes, J. E., and Nilsson, I. M. (I963a). Von

Willebrand's disease. Amer. Y. Med., 34,236.
Bogedain, W., Carpathios, J., Kalemkeris, K., and McMahon, R. J.

(i962). Congenital absence of the left pulmonary artery. 3. Amer.
med. Ass., 182,247.

Boggs, R. (1934). Spontaneous haemophilia. Report of six cases
in brothers. Amer. 3. med. Sci., i88, 8 iI.

Bommer, W., Ktinzer, W., and Schroer (I963a). Kongenitale
Afibrinogenamie. Teil I. Ann. paediat. (Basel), 200,46.
-, -, and-(I963b). Teil II. ibid., 200, I80.
Bond, T. P., Levin, W. C., Celander, D. R.. and Guest, M. M.

(I962). 'Mild hemophilia' affecting both nales and females.
New Engl. 3. Med., 266,220.

Boolootian, R. A., and Giese, A. C. (I959). Clotting of echinoderm
coelomic fluid. 7. exp. Zool., 140,207.

Borchgrevink, C. F. (I96I). Platelet adhesion in vivo in patients
with bleeding disorders. Acta med. scand., 170, 231.
-, Egeberg, O., Pool, J. G., Skulason, T., Stormorken, H., and

Waaler, B. (i959). A study of a case of congenital hypoprothrom-
binaemia. Brit. 3. Haemat., 5,294
-, and Owren, P. A. (196I). Surgery in a patient with factor V.

(procaccelerin) deficiency. Acta med. ccand., x70, 743.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


Genetics of Human Blood Coagulation

Borgstrom, C. A. (I958). Tillampningen ar lagen om sterilisering:
Finland I3.6. I935-30.6. I955. Dissertation, Univ. Helsinki.
Cited by Ikkala (I960).

Bowie, E. J., Thompson, J. H., and Owen, C. A. (I964a). A new
abnormality of platelet function. Thrombos. Diathes. haemorrh.
(Stuttg.), II, 195.

Bowie, E. J. W., Thompson, J. H., and Owen, C. A. (I964b). The
stability of antihemophilic globulin and labile factor in human
blood. Proc. Mayo Clin., 39, I44.

Boyle, C. M. (ig60). Case of apparent resistance of Rattus norvegicus
to anticoagulant poisons. Nature (Lond.), I88, 517.

Bradlow, B. A. (i962). Anti-haemophilic globulin (AGH) levels in
female carriers of haemophilia. S. Afr. J. med. Sci., 27, 5I.

Brault, A., and Prat, J. (I955). Un cas d'afibrinogenemie totale.
Arch. franc. Pediat., 12,88I.

Braun, E. H., and Stollar, D. B. (ig60). Spontaneous haemophilia
in a female. Thrombos. Diathes. haemorrh. (Stuttg.), 4, 369.

Braunsteiner, H. (I955). Thrombopathie und Thrombasthenie.
Wien. Zeit. inn. Med., 36, 42I.
- (i96i). Electron microscopy of blood platelets. In Blood

Platelets, ed. S. A. Johnson, p. 617. Churchill, London.
Breckoff, E. (I924). Zur Kenntnis der Pseudohamophilie. Mschr.

Kinderheilk., 26, 232.
Brewer, G. J., and Tarlov, A. R. (i964). Glucose-6-phosphate-

dehydrogenase-deficient erythrocytes. Lancet, 2, I52.
Brink, A. J., and Kingsley, C. S. (1952). A familial disorder of

blood coagulation due to deficiency of the labile factor. Quart.
Med., 21, I9.

Brinkhous, K. M. (i964). Hemophilia.-Pathophysiologic studies
and the evolution of transfusion therapy. Amer. J. clin. Path., 41,

342.
-, Langdell, R. D., Penick, G. D., Graham, J. B., and Wagner,

R. H. (I954). Newer approaches to the study of hemophilia and
hemophilioid states. Amer. med. Ass., 154, 48i.

Brit. med. J. (i868). Prince Leopold. I, 148.
(I884a). The death of the Duke of Albany. I, 690.
(I884b). The haemorrhagic diathesis. I, 686.

Brock, W. E., Buckner, R. G., Hampton, J. W., Bird, R. M., and
Wulz, C. E. (i963). Canine hemophilia. Establishment of a new

colony. Arch. Path., 76, 464.
Brody, J. I., and Finch, S. C. (ig60). Improvement of factor X

deficiency during pregnancy. New Fngl. J. Med., 263, 996.
Bronnimann, R. (1954). Kongenitale Afibrinogenamie. Acta haemat.

(Basel), II, 40.
Brooks, R. A., and Copeland. B. E. (x964). Quality control of de-

terminations of prothrombin time. Amer.j. clin. Path., 42,221.

Brown, G. M., Diamant, N. E., Galbraith, P. R., and Wilson,
W. E. C. (i963). A familial hemorrhagic diathesis due to an

antithrombin. Blood, 21, 298.
Bruster, H. (i962). Die Erkennung hamophiler Konduktorinnen

mit Hilfe des osmotischen Resistenztests der Blut plattchen.
Dtsch. med. Wschr., 87, 2588.

Bucek, A. (I95I). Ein Fall der angeborenen familiaren Afibrino-
genamie. Ann. Pediat. (Basel), 177, III.

Buchanan, J. C., and Leavell, B. S. (1956). Pseudohemophilia:
Report of 13 new cases and statistical review of previously reported
cases. Ann. intern. Med., 44, 241.

Bulloch, W., and Fildes, P. (I912). Haemophilia. Treas. hum.
Inherit., I, I69.

Caen, J., Yanotti, S., Varangot, J., and Bernard, J. (1959). Etude
d'un cas d'hypoproconvertinemie vraie congenitale. Sang, 30. 535.

Caen, J. P. (I963). Ratio adenosine triphosphate/adenosine dipho-
sphate in platelet-rich plasma in haemorrhagic disorders (von
Willebrand and Glanzmann disease). Nature (Lond.), I97, 504.

Caillard, B., Devant, J., and Klepping, J. (I962). Etude compara-

tive de la coagulabilite sanguine chez l'homme et quelques especes
animales. C.R. Soc. Biol. (Paris), x56, I813.

Camelin, A., Revol, L., Favre-Gilly, J., Vailhe. J., Ardry, R., and
Meiral, R. (I955). Afrinogenemie congenitale. Bull. Soc. Mid.
Paris, 71, 124.

Campbell, E. W., Mednicoff, I. B., and Dameshek, W. (1957).
Plasma thromboplastin antecedent (PTA) deficiency. Arch.
intern. Med., 100, 232.

Carter, S. H., Hougie, C., and Menk, K. (I960). Fatal case of
congenital plasma thromboplastin component deficiency.
Amer. med. Ass., 173, 631.

Castex, M. R., Pavlovsky, A., and Bonduel, A. (1943). Fibrinopenia
congenita. Medicina (B. Aires), 4, 46.

Castillo, G. B., Jongco, A., and Pascual, E. (I960). Classical hemo-
philia in a Filipino. Acta med. philipp., I6, I57.

Caussade, L., Neimann, N., Pierson, M., and Manciaux, M. (1954).
L'afibrinogenemie congenitale et familiale. Presse mid., 62, 1040.

Cavins, J. A., and Wall, R. L. (I960). Clinical and laboratory studies
of plasma thromboplastin antecedent deficiency. Amer. 7. Med.,
29,444-

Champness, L. T. (I962). Haemophilia in New Guinea. Med. 7.

Aust., I, 674.
Chaudhuri, S. (ig60). Les groupes ABO dans l'hemophilie. Trans-
fusion (Paris), 3, 267.

Chevallier, P., Bernard, J., Bilski-Pasquier, G., De Grouchy, J.,
and Samama, M. (1959). Deficience congenitale et familiale en

facteur Stuart. Sang, 30, 525.

-, -, Fiehrer, A., Bilski-Pasquier, G., Samama, M., and
Cerf, M. (I955). Deux cas d'hypoconvertinemie familiale. ibid.,
26, 650.

Choremis, K. B., Zervos, N., Tsevrenis, H., Apostolopoulou, E.,
and Mandalaki, T. (I956). Hemophilie A chez une fille ige de
deux ans. Helv. paediat. Acta, II, 305.

Clarke, C. A. (i964). Genetics for the Clinican, 2nd ed., p. 237.

Blackwells, Oxford.
Clegg, J. B., and Bailey, K. (i962). The separation and isolation of

the peptide chains of fibrin. Biochim. biophys. Acta (Amst.),
63, 525.

Cleton, F. J., and Loeliger, E. A. (I960). Two typical hereditary
charts of congenital factor VII deficiency. Thrombos. Diathes.
haemorrh. (Stuttz.), 5, 87.

Consbruch, G. W. (I793). Medicinische Ephemeriden nebst einer
Topographie der Graftschaft Ravensberg. Chemnitz. Cit ed.
by Bulloch and Fildes (1912).

Constandoulakis, M. (I958). Familial haemophilia and factor VII
deficiency. J. clin. Path., 11, 412.

Cooperberg, A. A., and Teitelbaum, J. (I96o). The concentration
of antihaemophilic globulin (AHG) related to age. Brit. J3.
Haemat., 6, 28I.

Corbett, W. H. (I947). Case of congenital afibrinogenaemia. Med.
J7. Aust., I, II4.

Cornell, C., and Muhrer, M. (I964). Coagulation factors in normal
and hemophiliac-type swine. Amer. J'. Physiol., 206, 926.

Cornu, P., Larrieu, M. J., Caen, J., and Bernard. J. (I96I). Maladie
de Willebrand, Etude genetique, clinique et biologique. Nouv.
Rev. franc. Hemat., I, 23I.

and-(I963). Transfusion studies in Von Wille-
brand's disease: effect on bleeding time and factor VIII. Brit. 7.
Haemat., 9, I89.

Craddock, C. G., Shotton, D., Crockett, C. L., and Leavell, B. S.
(195I. Severe hypoprothrombinemia following propylthiouracil
treatment of thyrotoxicosis. New Engl. J7. Med., 244, 549.

Curtiss, J. S. (1940). Church and State in Russia, p. 367. Columbia
University Press, New York.

Cuthbert, J. H. (I963). Further evidence of resistance to warfarin
in the rat. Nature (Lond.), I98, 807.

Cutillo, S., and Schettini, F. (1958). Sull'afibrinogenemia congenita.
Pediatria (Napoli), 66, 497.

Cuttillo, A., Gargano, N., Regoli, D., and Anichini, M. (1962).
Deficienza dell'antecedente plasmatico della thromboplastina:
descrizione di nove casi. Minerva med., 53, I70.

Darte, J. M. M. (1955). Defect of antihemophilic globulin in von

Willebrand's disease. Amer. J. Dis. Child., go, 56I.
Davenport, C. B. (1930). Sex-linkage in man. Genetics, 15, 40I.
Davidson, C. S., Epstein, R. D., Miller, G. F., and Taylor, F. H. L.

(1949). Hemophilia. A clinical study of forty patients. Blood, 4,

97-
Davidson, E., and Tomlin, S. (I963). The levels of the plasma

coagulation factors in the post-operative period. Thrombos.
Diathes. haemorrh. (Stuttg.), Io, 8I.

Davie, E. W., and Ratnoff, 0. D. (I964). Waterfall sequence for
intrinsic blood clotting. Science, 145, 1310.

Davies, S. H., Gavin, J., Goldsmith, K. L. G., Graham, J. B.,
Hamper, J., Hardisty, R. M., Harris, J. B., Holman, C. A.,
Ingram, G. I. C., Jones, T. G., McAfee, L. A., McKusick, V. A.,
O'Brien, J. R., Race, R. R., Sanger, R., and Tippett, R. (I963).

295

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


296 C. B. Kerr

The linkage relations of hemophilia A and hemophilia B (Christ-
mas Disease) to the Xg blood group system. Amer.Y. hum. Genet.,
15, 48I.

De la Chapelle, A., Ikkala, E., and Nevanlinna, H. R. (I96I).
Haemophilia A in a girl; a probable exception from sex-linked
recessive inheritance. Lancet, 2, 578.

De Nicola, P. (I957). Thromboelastography. Thomas, Springfield,
Illinois.

Den Ottolander, G. J. H., and Hoorweg, P. G. (i955). De frequentie
van haemophilie A en B. Ned. T. Geneesk., g, 2037.

Denson, K. W. (I958). Electrophoretic studies of the Prower
factor: a blood coagulation factor which differs from factor VII.
Brit.J. Haemat., 4, 313.

De Silva, C. C., and Thanabalasundaram, R. S. (I95I). Congenital
afibrinogenaemia. Brit. med. J., 2, 86.

Deutsch, E. (I957). Verschiedene Formen der Hamophilie.
Thrombos. Diathes. haemorrh. (Stuttg.), I, 93.
-, and Kock, M. (I962). Beitrag zur Objectivierung der Diagnose

der hamophilien Konduktorin. Wien. klin. Wschr., 74, 793.
-, Mlczoch, F., and Ulm, R. (I959). Diagnosis and obstetrical
management of a patient with factor VIII deficiency (constitu-
tional thrombopathia von Willebrand-Jiirgens). In Haemophilia
and Other Hemorrhagic States, ed. K. M. Brinkhous, p. 122.
Univ. North Carolina, Chapel Hill.

De Vries, A., Matoth, Y., and Shamir, Z. (i95i). Familial congeni-
tal labile factor deficiency with syndactylism. Acta haemat.
(Basel), 5, 129.
-, Rosenberg, T., Kochwa, S., and Boss, J. H. (I96I). Precipi-

tating antifibrinogen antibody appearing after fibrinogen infusions
in a patient with congenital afibrinogenemia. Amer. J. Med., 30,
486.

De Vries, S. I., and Braat-van Straaten, M. A. J. (I964). Haemorr-
hagic diathesis as the result of severe deficiency of plasma thrombo-
plastin antecedent (PTA, factor XI). Thrombos. Diathes. haemorrh.
(Stuttg.), II, I67.

Diamond, L. K., and Porter, F. S. (I958). The inadequacies of
routine bleeding and clotting times. New Engl.J. Med., 259, 1025.
-, Wolff, J. A. and Borges, W. H. (1948). Congenital afibrino-

genemia. Proc. int. Soc. Haemat., Buffalo.
Didisheim, P. (1962). Hageman factor deficiency (Hageman trait).
Case report and review of the literature. Arch. intern. Med., IIO,
170.
-, and Bunting, D. L. (1964). Canine hemophilia. Thrombos.

Diathes- haemorrh. (Stuttg.), I2, 377.
-, Ferguson, J. H., and Lewis, J. H. (I958). Hemostatic data in

relatives of hemophiliacs A and B. Arch. intern. Med., 101, 347.
-, Hattori, K., and Lewis, J. H. (i959). Hematologic and coagu-

lation studies in various animal species. J. Lab. clin. Med., 53,
866.
-, and Vandervoort, R. L. E. (x962). Detection of carriers for

factor IX (PTC) deficiencv. Blood, 20, I50.
Digilio, G., Bacchetta, V., and Savignoni, P. G. (I960). Su 4 casi e

emofilia A con deficit parziole di globulina antiemofilica. Arch.
ital. Pediat., 21, 473.

Doolittle, R. F. (I963). Further studies on clotting and fibrinolysis
in plasma from the smooth dog-fish (Mustelis canis). Brit. J3.
Haemat., 9, 464.
-, and Blombaick, B. (I964). Amino-acid sequence investiga-

tions of fibrinopeptides from various mammals: Evolutionary
implications. Nature (Lond.), 202, I47.
-, Oncley, J. L., and Surgenor, D. M. (I962). Species differ-

ences in the interaction of thrombin and fibrinogen. J. biol.
Chem., 237, 3123.
-, and Surgenor, D. M. (I962). Blood coagulation in fish.
Amer. Y. Physiol., 203, 964.

Douglas, A. S., and Cook, I. A. (I957). Deficiency of antihaemo-
philic globulin in heterozygous haemophilic females. Lancet, 2,
6I6.

Duchateau, G.,and Florkin, M. (I954). Cited by Gregoire and Tag-
non (I962).

Duckert, F. (1965). Factor XIII deficiency. To be published in
Proc. xoth Congr. Int. Soc. Hermat.
-, Jung, E., and Shmerling, D. H. (I960). A hitherto unde-

scribed congenital haemorrhagic diathesis probably due to fibrin
stabilizing factor deficiency. Thrombos. Diathes. haemorrh.
(Stuttg.), 5, 179.

-, -, and - (I96I). Gerinungsphysiologische Unter-
suchungen bei einer neuen Gerinnungsstorung. Schweiz. med.
Wschr., gi, 1139.

Egeberg, 0. (I962a). Antihemophilic A factor (factor VIII) and
fibrinogen in human blood. A study on the question of a closer
correlation between the levels of the two factors. Scand. J. clin.
Lab. Invest., 14, 230.
- (1962b). A family with antihemophilic C factor (ACH=

plasma thromboplastin antecedent) deficiency without bleeding
tendency. ibid., 14,478.
- (I963). Influence of thyroid function on the blood clotting

system. ibid., I5, I.
- (965). Thrombophilia caused by an inheritable deficiency of

blood antithrombin. ibid., 17, 92.
-, and Owren, P. A. (I963). Oral contraception and blood coagu-

lability. Brit. med. J., I, 220.
El-Mehairy, M. M., and El-Masri, Z. (I960). A study ofhaemophilia
and related diseases with the application of recent methods oftheir
differentiation. Proc. 7th Congr. int. Soc. Hemat., 2, 922.

Elves, M. W., and Israels, M. C. G. (I962). An abnormal large
chromosome in a haemophiliac with congenital abnormalities.
Lancet, 2, 909.

Erdohazi, M., Cowie, V., and Lo, S. S. (I964). A case of haemo-
philia with Marfans syndrome. Brit. med. J., I, 102.

Eriksson, A. W. (I96I). Eine neue Blutersippe mit V. Willebrand-
Jurgens' scher Krankheit (erbliche Thrombopathie) auf Aland
(Finnland). Acta genet. med. (Roma), 10, I57.
- , Hiepler, E., Jiirgens, R., Lehmann, W., and Schulz, H. (I96I).
Untersuchungen zur Thrombopathie (von Willebrand-Jurgens).
K7in. Wschr., 39, 32.

Esnouf, M. P., and Williams, W. J. (I962). The isolation and purifi-
cation of a bovine plasma protein which is a substrate for the
coagulant fraction of Russell's viper venom. Biochem. J., 84, 62.

Fantl, P. (1957). Paraphemophilia (Proaccelerin deficiency).
Occurrence and biochemistry. In Hemophilia and Other Hemo-
philioid States, ed. K. M. Brinkhous, p. 79. Univ. North Carolina,
Chapel Hill.
- (I96Ia). Current views on blood coagulation and haemorrhagic

disorders. Aust. Ann. Med., 10, I50.
-(Ig6Ib). A comparative study of blood coagulation in verte-

brates. Aust. J. exp. Biol. med. Sci., 39, 403.
-, and Margolis, J. (I955). Alpha-prothrombpolastin deficiency

(haemophilia) of differing degrees in a mother and son. Brit. med.
3., I, 640.
-, Morris, K. N., and Sawers, R. J. (I96I). Repair of cardiac

defect in patients with Ehlers-Danlos syndrome and deficiency
of Hageman factor. ibid., I, 1202.

Favre-Gilly, J. (I947). Les EtatsHemorragiquesetla Notionde Fibrino-
pinie. Vigot, Paris.
- , Burgensis, H., Thouverez, J. P., and Belleville, J. (I962).
L'hemophilie B, p. 79. Doin, Paris.
-, Guy, F., Beaudoing, A., and Roger, M. (I954). Les caracteres

genetique de la maladie de Willebrands a propos d'un nouveau cas
familial. Sang, 25, 107.
-, and Thouverez, J. P. (I959). Les inhibiteurs de la premiere

phase de la coagulation en dehors de l'hemophilie. ibid., 30, 351.
Feldman, N., and Lewis, S. M. (I952). Haemophilia in a South

African Bantu child. S. Afr. 3. med. Sci., 17, I3.
Fernando, P. B., and Dharmasena, B. D. (1957). A case of congenital

afibrinogenemia. Blood, 12, 474.
Field, R. A., Rickard. C. G., and Hutt, F. B. (1946). Hemophilia

in a family of dogs. Cornell Vet., 36, 285.
Fischer, J., Landbeck, G., and Lenz, W. (I958). Vergleichende
Bestimmungen des antihamophilien Globulins bei beiden Gesch-
lechtern. Klin. Wschr., 36, 20.

Fisher, L. M., Kupfer, H. G., and Kagan, E. (x962). Coagulation
changes induced in rats fed a thrombogenic diet. Fed. Proc., 2I,
59-

Fletcher, R. (i958). The routine bleeding and clotting time tests;
their medicolegal status. Laryngoscope (St. Louis), 68, 1087.

Fonio, A. (1936). Die Hamophilie. Ergebn. inn. Med. Kinderheilk.,
51, 443-
- (1954). Die erblichen und die sporadischen Bluterstamme der

Schweiz. Bull. Schweiz. Akad. med. Wiss., 10, 299.
Frank, E. (1925). Die hamorrhagischan Diathesen. In Handbuch

der Krankheiten des Blutes und der blutbildengen Organe, ed. A.
Schittenheim, Vol. 2, p. 289. Springer, Berlin.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


Genetics of Human Blood Coagulation

Frick, P. G., and Hagen, P. S. (I953). Congenital familial deficiency
of the stable prothrombin conversion factor; Restudy of case

originally reported as 'idiopathic hypoprothrombinemia'. J. Lab.
clin. Med., 42,2I2.
-, and McQuarrie, I. (1954). Congenital afibrinogenemia.

Pediatrics, 13, 44.
Friedman, I. A., Quick, A. J., Higgins, F., Hussey, C. V., and

Hickey, M. E. (I96I). Hereditary labile factor (factor V) deficiency.
Amer. med. Ass., 175, 370.

Friedman, L. L., Bowie, E. J. W., Thompson, J. H., Brown, A. L.,
and Owen, C. A. (I964). Familial Glanzmann's thrombasthenia.
Proc. Mavo Clin., 39,908.

Fritzsche, R. (1939). Uber einige seltenere Krankheits-formen.
Mitt. naturf. Ges. Kanton Glatus, 4.

Frota-Pessoa, O., Gomes, E. L., and Calicchio, T. R. (I963).
Christmas factor: dosage compensation and the production of
blood coagulation factor IX. Science, 139, 348.

Garbin, S., and Garofalo, E. (I960). Afibrongenemia congenita con

particolare rapporto di consanguineita negli ascendenti. Haemato-
logica, 45,405.

Gardikas, C., Katsiroumbas, P., and Kottas, C. (I957). The anti-
haemophilic-globulin concentration in the plasma of female
carriers of haemophilia. Brit. J7. Haemat., 3, 377.

Gaston, L. W., Mach, B. F., and Beck, W. S. (I96I). Hemophilia A
and concurrent factor VII deficiency. Studies of a patient with
complicating cardiac tamponade. New Engl. J7. Med., 264, 1078.

Gedda, L., and Poggi, D. (I964). Studio della coagulazione normale
del sangue nei gemelli, con il metodo tromboelastografico. Acta
Genet. med. (Roma), 13, I.

Geiger, M. T., and Rath, C. E. (I963). Occurrence of two hemorr-
hagic disorders with antihemophilic factor (AHF) deficiency in
the same family: classical hemophilia and von Willebrand's
disease. J. Lab. clin. Med., 6I, 424.

Gerkowicz, T., and Krawczynski, J. (1954). Przypadek niedoboru
fibrynogenu we krwi dziecka. Pol. Tyg. lek., 9, 472.

Gilchrist, L. (I96I). A female case of haemophilia. Proc. roy. Soc.
Med., 54,813.

Githens, J. H., and Wilcox, P. J. (I962). The carrier state in hemo-
philia A. Pediat., 60, 77.

Gitlin, D., and Borges, W. H. (I953). Studies on the metabolism of
fibrinogen in two patients with congenital afibrinogenemia.
Blood, 8, 679.

Glanzmann, E. (I9I8). Hereditare hasnorrhagische Thrombasthenie.
Jb. Kinderheilk., 88, 113.

, Steiner, H., and Keller, H. (1940). Konstitutionelle ange-
borene Afibrinogenamie und Fibrinopenie im Kindesalter.
Schweiz. med. Wschr., 70, 1243, I26I.

Godal, H. C., Madsen, K., and Nissen-Meyer, R. (I962). Thrombo-
embolism in patients with total proconvertin (factor VII) defici-
ency. A report on two cases. Acta med. scand., 171, 325.

Gonyea, L. M., and Krivit, W. (I958). Congenital coagulation
deficiency of Stuart factor activity. J. Lab. clin. Med., 51, 398.

Gowers, W. R. (I909). The influence of heredity on disease.
Proc. roy. Soc. Med., 2 (part I), General reports, i5.

Graham, J. B. (957). Genetic problems: hemophilia and allied
diseases. In Hemophilia and Hemophilioid Diseases, ed. K. M.
Brinkhous, p. 137. Univ. North Carolina, Chapel Hill.

(I959). The inheritance of vascular hemophilia. A new and
interesting problem in human genetics. J. med. Educ., 34, 385.

(I962). Personal communication to V. A. McKusick (I962).
(I963). Biochemical genetic speculation provoked by consider-

ing the enigma of von Willebrand's disease. Thrombos. Diathes.
haemorrh. (Stuttg.), 9, Suppl. 2, II9.
-, Barrow, E. M., and Hougie, C. (1957). Stuart clotting defect.

II. Genetic aspects of a "new" hemorrhagic state. J7. clitn. Invest.,
497-

-,-, and Roberts, H. R. (I965). Possible implications of the
autosomal and X-linked hemophilia phenotypes. In Genetics and
the Interactions of Blood Clotting Factors p. I5I. Schattauer-
Verlag, Stuttgart.
-,-, and Wynne, T. R. (1959). Stuart clotting defect. III.
An acquired case with complete recovery. In Hemophilia and
other Hemorrhagic States, ed. K. M. Brinkhous, p. i58. Univ.
North Carolina, Chapel Hill.
-, Buckwalter, J. A., Hartley, L. J., and Brinkhous, K. M.

(949). Canine hemophilia. J. exp. Med., 90, 97.
-, Collins, D. L., Jr., Godwin, I. D., and Brinkhous, K. M.

(I95I). Assay of plasma antihemophilic activity in normal,

heterozygous (hemophilia) and prothrombinopenic dogs. Proc.
Soc. exp. Biol. (N.Y.), 77,294.
-, McLendon, W. W., and Brinkhous, K. M. (I953). Mild

hemophilia: an allelic form of the disease. Amer. 7. med. Sci.,
225, 46.

Grandidier, L. (i855). Die Haemophilie oder die Bluterkrankheit
nach eigenen und fremden Beobachtungen. Otto Wigand,
Leipzig. Cited by Bulloch and Fildes (I9I2).

Gregoire, C., and Florkin, M. (I950). Etude au microscope a
contraste de phase du coagulocyte, du nuage granulaire et de la
coagulation plasmatique dans le sang des Insectes. Experientia
(Basel), 6,297.
-, and Tagnon, H. J. (I962). Blood coagulation. In Comparative

Biochemistry, ed. M. Florkin, and H. S. Mason, Vol. IV, p. 435.
Academic Press, New York.

Gross, R. (I959). Angiohemophilia and thrombopathia von Wille-
brand-Jurgens. In Hemophilia and Other Hemorrhagic States,
ed. K. M. Brinkhous, p. I04. Univ. North Carolina, Chapel Hill.

(I96I). Metabolic aspects of normal and pathological platelets.
In Blood Platelets, ed. S. A. Johnston, p. 407. Churchill, London.
-, and Mammen, E. (I958). OYber Pseudohamophilie, Angio-

hamophilie, v. Willebrand-Jurgenssche Krankheit und verwandte.
Hamorrhagische Diathesen. Klin. Wschr., 36, II2.
-, Schwick, G., Lang, N., Nies, D., Rahn, B., Becker, M., and
Hengstmann, H. (I963). Untersuchungen an einer angeborenen
Afibrogenamie. ibid., 41, 695.

Grossman, B. J., and Carter, R. E. (1957). Congenital afibrinogene-
mia. Report on a newborn infant without fibrinogen. J. Pediat,
50, 708.

Gugler, E., and Luscher, E. (I96I). Die kongenitale Afibrinogena-
mie. Ann. paediat. (Basel), 200, 125.

Guimbretiere, J., and Harousseau, H. (I962). A propos de deux
freres atteints d'afibrinogenemie congenitale. Hemostase, 2, 203.

Haanen, C., Hommes, F., Benraad, H., and Morselt, G. (I960).
A case of Hageman factor deficiency and a method to purify the
factor. Thrombos. Diathes. haemorrh. (Stuttg.), 5, 201.

Hackett, E., and LePage, R. (I96I). The clotting of the blood of
an amphibian, Bufo marinus Linn. Aust. J. exp. Biol. med. Sci.,
39, 57 and 67.

Hagen, P. S., and Watson, C. J. (1948). Idiopathic (familial) hypo-
prothrombinemia. J. Lab. clin. Med., 33, 542.

Haldane, J. B. S. (I932). The Causes of Evolution. Longmans,
London.
- (1935). The rate of spontaneous mutation of a human gene.

J. Genet., 31, 317.
- (1938a). Congenital disease. Lancet, 2, 1449.

(1938b). The location of the gene for haemophilia. Genetica,
20, 423-
- (1947). The mutation rate of the gene for haemophilia, and

its segregation ratios in males and females. Ann. Eugen. (Lond.),
13, 262.
-, and Philip, U. (I939). The daughters and sisters of haemo-

philics. J. Genet., 38, 193.
-, and Smith, C. A. B. (I947). A new estimate of the linkage
between the genes for colour-blindness and haemophilia in man.
Ann. Eugen. (Lond.), 14, I0.

Hall, C. A., Rapaport, S. I., Ames, S. B., and deGroot, J. A. (I964).
A clinical and family study of hereditary proconvertin. (Factor
VII) deficiency. Amer.J. Med., 37, 172.

Handley, R. S., and Nussbrecher, A. M. (I935). Hereditary pseudo-
haemophilia. Quart. J. Med., 4, I65.

Hardisty, R. M. (I957). Christmas disease in a woman. Brit. med.
J., I, 1039-
-, Dormandy, K. M., and Hutton, R. A. (1964). Thrombas-

thenia. Studies on three cases. Brit. J. Haemat., 10, 371.
-, Macpherson, J. C., and Ingram, G. I. C. (I962). A one-

stage factor VIII (antihaemophilic globulin) assay and its use on
venous and capillary plasma. Thrombos. Diathes. haemorrh.
(Stuttg.), 7, 215.
-, and Margolis, J. (1959). The role of Hageman factor in the

initiation of blood coagulation. Brit. Haemat., 5, 203.
, and Pinniger, J. L. (1956). Congenital afibrinogenaemia:

further observations on the blood coagulation mechanism. ibid.,
23, 139-

Hardy, W. B. (I892). The blood-corpuscles of the crustacea, to-
gether with a suggestion as to the origin of the crustacean fibrin-
ferment. Physiol. (Lond.), 13, I65.

297

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


298 C. B. Kerr

Harris, H. (I959). Human Biochemical Genetics, p. 223. University
Press, Cambridge.

Harrison, J. F. (I964). Haemophilia, Christmas disease and the Xg
blood groups. Brit.J. Haemat., 1O, 115.

Hartert, H. (1952). Das Thrombelastogramm. Verh. dtsch. Ges.
inn. Med., 58, 562.

Hasselback, R., Marion, R. B., and Thomas, J. W. (I963). Con-
genital hypofibrinogenemia in five members of a family. Canad.
med. Ass.J., 88, I9.

Hawkey, C. M. (I96o). Cited by Biggs and Macfarlane (I962).
-, Anstall, H. B., and Grove-Rasmussen, M. (I962). A study

of comparative antihemophilic factor levels in fresh-frozen plasma
in vitro and in vivo. Transfusion (Philad.), 2,94.

Heilbrun, L. V. (1961). The evolution of the haemostatic mechan-
ism. In Functions of the Blood, ed. R. G. Macfarlane, and A. H. T.
Robb-Smith, p. 283. Academic Press, New York.

Heinild, S. (I944). On famiLiar constitutional fibrinopenia. Some
observations with regard to the simultaneous appearance of
fibrinopenia, thrombopenia and hypoprothrombinemia. Acta
med. scand., 118, 479.

Henderson, J. L., Donaldson, G. M. M., and Scarborough, H.
(1945). Congenital afibrinogenaemia. Report of a case with a
review of the literature. Quart. 3. Med., 14, 101.

Heni, F., and Krauss, I. (i956). Angeborene familidre Gerin-
nungsstorung durch heparinartigen Hemmkorper. Klin. Wschr.,
34,747.

Hensen, A., Mattern, M. J., and Loeliger, E. A. (I965). Haemo-
philia A with autosomal dominant inheritance. Evidence for a
second autosomal locus involved in Factor VIII production.

O Thrombos. Diathes. haemorrh. (Stuttg.), 13. In the press.
Hicks, N. D. (I9ss). A coagulation disorder due to a factor VII-

like defect. Med.J. Aust., 2,331.
Hill, J. M., and Speer, R. J. (I955). Combined hemophilia and
PTC deficiency. Blood, 10, 357.

Hill, R. M., and Trevorrow, V. (I942). Normal variation in the
concentration of fibrinogen, albumin and globulin in blood
plasma. _. phys. Chem., 46, 1117.

Hjort, P. F., and Eliassen.E. (I963). An in vitro study of the hemo-
static mechanism of the hibernating hedgehog. Thrombos.
Diathes. haemorrh. (Stuttg.), 9, 395.

Hogben, L. T. (1931). Genetic Principles in Medicine and Socia
Science. Williams & Norgate, London.

Holemans, R., and Roberts, H. R. (I964). Hageman factor and in
vivo activation of fibrinolysis. J. Lab.clin. Med., 64, 778.

Hoogvliet, B. (I942). Genetische en klinische beschonwing naar
aanleiding van bloederziekte en kleurenblindheit in dezelfade
familie. Genetica, 23, 94.

Horder, M. H., and Hiemeyer, V. (I963). Kongenitaler Faktor V-
Mangel. Eine klinische und experimentelle Studie unter Bertick-
sichtigung der bisher veroffentlichten Falle von Parahamophilie.
Med. Klin.,58, 2042.
-, and Sokal, G. (I956). Inhibitorenstudien bei familiarem

Faktor-V-Mangel. Acta haemat. (Basel), 14, 65.
Homer, J. F. (1876). Die Erblichkeit des Daltonismus. Ein

Beitrag zum Vererbungsgesetz. Amtlicher Bericht iiber die
Verwaltung des Medizinalwesens des Kantons Zurich,p. 208.

Horowitz, H. I., and Fujimoto, M. M. (I962). Acquired hemophilia
due to a circulating anticoagulant. Amer. J. Med., 33, 501.

Hougie, C. (I955). Circulating anticoagulants. Brit. med. Bull.,II,
x6.
- (I959a). Reactions of Stuart factor and factor VII with brain
and factor V. Proc. Soc. exp. Biol. (N.Y.), 101, 132.
- (1959b). Pathogenesis of haemophilia. A critical analysis of

the evidence for Bridge anticoagulant. Brit.3-. Haemat.,S, 177.
-, Barrow,E. M., and Graham, J. B. (I957). Stuart clotting

defect. I. Segregation of an hereditary hemorrhagic state from
the heterogeneous group heretofore called 'stable factor' (SPCA,
proconvertin, factor VII) deficiency. 3.clin. Invest., 36, 485.

Howell, M. (I963). Acquired factor X deficiency associated with
systematized amyloidosis-a report of a case. Blood, 21, 739.

Hule, V., and Preis, A.(I956). Congenital afibrinogenemia. Ann.
paediat. (Basel),I86, 182.

Hunter, J. (1794). A Treatise on the Blood. G. Nicol, London.
Hurez, A., Debray, H., Lebras, A., and Denimal, C. (I96I). Un

cas d'hemophilie i manifestationneo-natale. Arch franc. Pidiat.,
iS,I062.

Hutt, F. B. (1948). Hemophilia is democratic, too!T. Hered., 39,
299.

Ikin, E. W., Mourant, A. E., Kopec,A. C., Moor-Jankowski, J. K.,
and Huser, H. J. (gs97). The blood groups of the Western
Walsers. Vox Sang. (Basel), 2, 159.

Ikkala, E. (I96o). Haemophilia. A study of its laboratory, clinical,
genetic and social aspects based on known haemophiliacs in
Finland. Scand. 3. clin. Lab. Invest., 12, Suppl. 46.
-, Myllyll, G., and Nevanlinna, H. R. (1964). Transfusion

therapy in factor XIII (FSF) deficiency. Scand. 3. Haemat., I,
308.
-, and Nevanlinna, H. R. (1962). Congenital deficiency of

fibrin stabilizing factor. Thrombos. Diathes. haemorrh. (Stuttg.),
7, 567.

Iltis, H. (I948). Hemophilia, 'The royal disease' and the British
Royal Family. 3. Hered., 39, 113.

Imperato, C.,andDettori, A. G. (I958). Ipafibrinogenemia congenita
con fibrinoaslenia. Helv. paediat. Acta, I3, 380.

Ingram, G. I. C. (I956). Observation in a case of multiple haemo-
static defect. Brit. 3. Haemat., 2, I80.
- (I96I). Increase in antihaemophilic globulin activity following

infusion of adrenaline. 3. Physiol. (Lond.), IS6, 217.
-, Pinniger, J. L., and Vallet, L. (I960). Survival in an afibrino-

genaemic subject of fibrinogen prepared from 'time-expired'
blood. Lancet, x, 135.

Israels, M. C. G., Lempert, H., and Gilbertson, E. (I95I). Haemo-
philia in the female. ibid., I, 1375.

Iversen, T., and Bastrup-Madsen, P. (I956). Congenital familia
deficiency of factor V (parahaemophilia) combined with deficiency
of antihaemophilic globulin. Brit. 3. Haemat., 2, 265.

Jacques, F. A. (1963). Blood coagulation and anticoagulant mech-
anisms in the turtle, psendemys elegans. Comp. Biochem. Physiol.,
9,241.

Jain, K. L., and Parande, A. S. (I962). Congenital afibrinogenamia
(a case report). 3. Ass. Phycns India, 10, 741.

Jamra, M. A., Lichtenstein, R., Vieira, C. B., and Ribeiro Leite,
M. D. (1952). Capilaropatia constitutcional. Forma de von

Wiilebrand e forma capilar simples. Rev. Hosp. Clin. Fac. Med.
S. Paulo, 7, 12.

Johnson, S. A. (196I). Editor. Blood Platelets. Little, Brown,
Boston.
-, Monto, R. W., and Caldwell, M. J. (I958). A new approach

to the thrombocytopathies: thrombocytopathy A. Thrombos.
Diathes. haemorrh. (Stuttg.), 2,279.

Joist, H. (1963). Die milde Hamophilie. Folia haemat. (Frankfurt),
7,225.

Jones, J. H., Rizza, C. R., Hardisty, R. M., Dormandy, K. M., and
MacPherson, J. C. (1962). Combined deficiency of factor V and
factor VIII (antihaemophilic globulin). Brit. 3. Haemat., 8, I20.

Joos, L. (1946.) Die Walserwanderungen vom. 13, bis. x6. Jahr-
hundert.... Z. Schweiz. Geschichte, 26,289.

Jorpes, E., and Ramgren, 0. (I962). The haemophilia situation in
Sweden. Acta med. scand., Suppl. 379, 23.

Jorpes, J. E. (1959). Von Willebrand's disease and its treatment
with a specific plasma fraction. Scot. med. 3., 4,269.
- (I963). Erik von Willebrand and von Willebrand's disease.

Thrombos. Diathes. haemorrh. (Stuttg.), 9, Suppl. 2, p. 95.
Josso, F., Prou-Wartelle,O., Alagille, D., and Soulier, J. P. (I964).
Le deficit congenital en facteur stabilisant de la fibrin (facteur
XIII). Etude de deux cas. Nouv. Rev. franc. Hemat., 4,267.
-, -, and Soulier, J. P. (I962). ttude d'un cas d'hypopro-

thrombinemie congenitale. ibid., 2,647.
Jung,E. G. (I960). The relative frequency of haemophilia A and B.

Thrombos. Diathes. haemorrh. (Stuttg.), 4, 331.
Jurgens, R. (I94I). Sytematik der hamorrhagischen Diathesen.

Schweiz. med. Wschr., 71, 1473.
-, Lehmann, W., Wegelius,O., Eriksson, A. W., and Hiepler,E.

(I957). Mitteilunguber den Mangel an antihimophilem Globulin
(Faktor VIII) bei der Aalandischen Thrombopathie (v. Wille-
brand-Jurgens). Thrombos. Diathes. haemorrh. (Stuttg.),I, 257.

Kamel, K., Davies, S. H., and Cumming, R. A. (I963). A com-
parison of haptoglobin phenotypes in haemophiliacs and normals
in Scotland. Vox Sang. (Basel), 8,219.

Kanska, B., Niewiarowski, S., Ostrowski, L., Poplawski, A., and
Prokopowicz, J. (I963). Macrothrombocytic thrombopathia.
Clinical, coagulation and hereditary aspects. Thrombos. Diathes.
haemorrh. (Stuttg.),IO,88.

Katz, A. H. (I959). Social problems in hemophilia. Social casework,
40, 321.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


Genetics of Human Blood Coagulation

Katzenelson, J. L. (I884). Hemophilia. With special reference to
the Talmad. Translated from the Russian. Hebrew med. J.

(I958), I, 178.
Kehrer, F. A. (I876). Die Hamophilie beim weiblichen Geschlechte.

Arch. Gynak.,I0, 201.

Kekwick, R. A., and Walton, P. L. (I964). An assay for anti-
haemophilic factor (factor VIII) with some considerations
affecting the establishment of a standard reference preparation.
Brit. Haemat., 10, 299.

Kerr, C. B. (I962). The elderly haemophiliac. Aust. Ann. med., Ii,
I56.
- (I963). Management of Haemophilia. Australasian Med.

Publishing Co., Sydney.
- (I964). Operative surgery in haemophilia. Aust. N.Z.J. Surg.,

33, 241.
- (I965). Haemophilia in New South Wales. M.D. thesis,

University of Sydney. To be submitted.
-, Preston, A. E., Barr, A., and Biggs, R. (I965). Inheritance of

factor VIII. In Genetics and the Interaction of Blood Clotting
Factors, p. 173. Schattauer-Verlag, Stuttgart.

Kingsley, C. S. (1954). Familial factor V deficiency; the pattern

of heredity. Quart. J. Med., 23, 323.

Klug, W. J. (I926). Ueber die Kirchheimer Bluterfamilien (Mam-
pel). Dtsch. Z. Chir., I99, 145.

Koller, F. (I955). Le facteur X. Rev. Himat., 10, 362.
Korsan-Bengtsen, K., Hjort, P. F., and Ygge, J. (I962). Acquired

factor X deficiency in a patient with amyloidosis. Thrombos.
Diathes. haemorrh. (Stuttg.), 7, 558.

Kosower, N., Christiansen, R., and Morton, N. E. (I962). Sporadic
cases of hemophilia and the question of a possible sex difference
in mutation rates. Amer. hum. Genet., 14, I59.

Kozlowska, J., Niewiarowski, S., and Teper, T. (1964). Congenital
afibrinogenemia in own observations (translated). Pol. med. 3,

73.
Krahl, P. (I955). Tonsillektomie und hamorragische Diathese.

Pract. oto-rhino-larying. (Basel), 17, 249.

Kranz, W., and Ruff, J. D. (I959). Congenital absence of fibrinogen:
a rare cause of oral bleeding. Oral Surg., I2, 88.

Kroll, A. J., Alexander, B., Cochios, F., and Pechet, L. (I964).
Hereditary deficiencies of clotting factors VII and X associated
with carotid-body tumours. New Engl. J. Med., 270, 6.

Kugelmass, N. (1953). Congenital deficiency of fibrinogen in
identical twins. N.Y. med.j., 53, I994.

Kupfer, H. G., Hanna, B. L., and Kinne, D. R. (I960). Congenital
factor VII deficiency with normal Stuart activity: clinical, genetic
and experimental observations. Blood, IS, I46.

Laki, K., and Gladner, J. A. (I964). Chemistry and physiology of
the fibrinogen-fibrin transition. Physiol. Rev., 44, 127.

, and Lorand, L. (I948). On the solubility of fibrin clots.
Science, Io8, 280.

Lamy, F., and Waugh, D. F. (1953). Certain physical properties of
bovine prothrombin. biol. Chem., 203, 489.

Larrieu, M. J., Caen, J., Lelong, J. C., and Bernard, J. (I96I).
Maladie de Glanzmann, etude clinique biologique et patho-
genique. A propos de cinq observations. Nouv. Rev. franc.
Hemat., 1,662.
-, and Soulier, J. P. (1953). Deficit en facteur anti-hemophilique

A, chez une fille associe A un trouble du seignement. Rev. Hemat.,
8, 36I.

Lato, M., Severi, F., and Antonelli, G. (I958). Un caso di afibrino-
genemia congenita. Lattante, 29, 775.

Laurinsich, A., Gatto, I., Gueli, U., and Imperato, C. (I954). Le
disproteinemie nell' infanzia. Minerva med., 45, 1595.

Lawson, H. A. (1953). Congenital afibrinogenemia. Report of a

case. New Engl. Med., 248, 552.

Legg, J. W. (I872). A Treatise on Haemophilia. H. K. Lewis,
London.

Lehmann, W. (1959). Neure Untersuchungen zu Thrombopathie
(v. Willebrand-Jurgens) auf den Aland Inseln (Finland). Acta
Genet. med. (Roma), 8, Suppl. 2, Suppl. 2, 38.

-, Jurgens, J., and Eriksson, A. W. (1964). The platelet function
of the thrombopathy on the Aland islands. Thrombos. Diathes.
haemorrh. (Stuttg.), 12, 148.

Leitner, A., Bidwell, E., and Dike, G. W. R. (I963). An antihaemo-
philic globulin (factor VII) inhibitor: Purification, characteriza-
tion and reaction kinetics. Brit. Haemat., 9, 245.

Levin, J., and Bang, F. B. (I964). The role of endotoxin in the

extracellular coagulation of Limulus blood. Bull. Johns Hopk.
Hosp., xI5,265.

Lewis, J. H., Didisheim, P., Ferguson, J. H., and Li, C. C. (I963).
Genetic considerations in familial hemorrhagic disease. I. The
sex-linked recessive disorders, hemophilia and PTC deficiency.
Amer. hum. Genet., 15, 53.
-, and Ferguson, J. H. (1954). Afibrinogenemia. Report of a

case. Amer. Dis. Child., 88, 71I .

, and (I955). Hypoaccelerinemia. Blood, 10, 35I.
, -, Fresh, J. W., and Zucker, M. B. (1957). Primary

hemorrhagic diseases. J. Lab. clin. Med., 49, 211.
-, Fresh, J. W., and Ferguson, J. H. (1953). Congenital hypo-

proconvertinemia. Proc. Soc. exp. Biol. (N.Y.), 84,651 .

Lida, E., and Banfi, R. (1953). Cited by Revol (I962).
Lisker, R., Josephson, A. M., Werbin, G., Shapiro, C. M., and

Rosengvaig, S. (I957). The correction of a hemorrhagic diathesis
in preparation for surgery. Arch. intern. Med., 100, 474.

Livingstone, G., and Johnstone, F. C. (I963). Tonsillectomy in
patients with coagulation defects. Lancet, 2, 378.

Loeliger, E. A., and Hensen, A. (I960). Coagulation studies in a
case of Hageman trait. Thrombos. Diathes. haemorrh. (Stuttg.),
5, I87.

Loewy, A. G., Dunathan, K., Gallant, J. A., and Gardner, B.
(I96I). Fibrinase. III. Some enzymatic properties. 7. Biol.
Chem., 236, 2644, also (pt. I-II and IV), 2625, 2634, 2648.

Lorand, L., and Jacobsen, A. (I958). Studies on the polymeriza-
tion of fibrin. The role of the globulin: fibrin stabilizing factor.
ibid., 230, 421.

Lossen, H. (I877). Die Bluterfamilie Mampel aus Kirchheim bei
Heidelberg. Dtsch. Z. Chir., 7, 358.

Luscher, E. F. (I957). Ein fibrinstabilisierender Faktor ans Throm-
bocyten. Schweiz. med. Wschr., 87, 1220.

Lusher, J. M., Staub, R. T., and Belote, J. H. (I964). Anti-hemo-
philic globulin deficiency in a chromosomal female. Amer. J. Dis.
Child., 108,309.

Lyon, M. L. (I96I). Gene action in the X-chromosome of the
mouse (Mus musculus L). Nature (Lond.), 190, 372.

McCain, K. F., Chernoff, A. I., and Graham, J. B. (I959). Estab-
lishment of the inheritance of Hageman defect as an autosomal
recessive trait. In Hemophilia and Other Hemorrhagic States, ed.
K. M. Brinkhous, p. I29. Univ. North Carolina Press, Chapel
Hill.

Macfarlane, R. G. (1938). A boy with no fibrinogen. Lancet, I,

309.
(1941). Critical review: the mechanism of haemostasis.

Quart. Med., 10, I.

(I964a). An enzyme cascade in the blood clotting mechanism
and its function as a biochemical amplifier. Nature (Lond.), 202,
498.

(I964b). Fibrinolysis. Brit. med. Bull., 20, 171.
(1965). A clotting scheme for 1964. In Genetics and the Inter-

action of Blood Clotting Factors, p. 45. Schattauer-Verlag,
Stuttgart.

-, and Biggs, R. (I953). A thrombin generation test: the appli-
cation in haemophilia and thrombocytopenia. clin. Path., 6, 3.

McGovern, J. J., and Steinberg, A. G. (I958). Antihemophilic
factor deficiency in the female. Lab. clin. Med., 51, 386.

McKusick, V. A. (I962a). The earliest record of hemophilia in
America. Blood, 19, 243.
- (I962b). On the X chromosome of man. Quart. Rev. Biol.,

37,69.
(I964). Human Genetics, p. 40. Prentice-Hall, New Jersey.

-, and Rapaport, S. I. (I962). History of classical hemophilia
in a New England family. Arch. intern. Med., II0, i44.

McLester, W. D., and Graham, J. B. (1963). Synthesis of plasma
antihaemophilic factor. Nature (Lond.), 197, 708.

and (I964). Gene expression in heterozygoytes and
synthesis of plasma antihaemophilic factor. ibid., 201, 1040.

Mahoudeau, D., Soulier, J. P., Dubrisay, J., Larrieu, M. J., and
Pringuet, R. (1954). Afibrinogenemie totale d'origine congenitale.
Bull. Soc. med. Paris, 70, 409.

Mammen, E. (I963). Investigations on the nature of hemophilia A.
Thrombos. Diathes. haemorrh. (Stuttg.), 9, 30.

Mandelli, F. (I963). Sindrome emorrhagia da diffetto del fattore
stabilizzante fibrinico di Laki e Lorand. Med. clin. sper., 13, 175.

Mann, F. D., Hurn, M., and Magath, T. B. (I947). Observations on
the conversion of prothrombin to thrombin. Proc. Soc. exp. Biol.
(N.Y.), 66, 33.

299

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


300 C. B. Kerr

Mann, F. L., Shonyo, E. S., and Mann, F. C. (ig5i). Effect of
removal of the liver on the blood coagulation. Amer. J. Physiol.,
164, III.

Marder, V. J., and Shulman, N. R. (I964). Clinical aspects of
congenital factor VII deficiency. Amer. Y. Med., 37, I82.

Margolis, J. (I96I). Some experiences with a simplified micro-
method for coagulation studies. Brit. J. Haemat., 7, 21.
- (I963). The interrelationship of coagulation of plasma and

release of peptides. Ann. N.Y. Acad Sci., I04, 133.
-, and Bruce, S. (I964). An experimental approach to the

kinetics of blood coagulation. Brit. J. Haemat., I0, 513.
Margolius, A., Jr., and Ratnoff, 0. D. (I956). A laboratory study of

the carrier state in classic hemophilia. J. clin. Invest., 35, I3I6.
-, Jackson, D. P., and Ratnoff, 0. D. (I96I). Circulating anti-

coagulants: A study of 40 cases and a review of the literature.
Medicine (Baltimore), 40, 145.

Margolius, A. J., Jr., and Ratnoff, 0. D. (I956). Observations on the
hereditary nature of Hageman trait. Blood, iI, 565.

Marx, R. (I959). Ueber Hamophilien und Pseudohamophilien.
Munch. med. Wschr., IOI, 88I.
-, Appel, W. (I962). Possibilit6s d'agir sur les functions plaquet-

taires dans la thrombasthenie ou la thrombopathie de Glanzmann
Naegeli in vitro et in vivo. Himostase, 2, 133.
-, and Jean, G. (I964). Zur pathogenese der v. Willebrand-

Jurgens-Syndrome. Klin. Wschr., 42, 491.
Masure, R. (1963). Trouble congenital de l'hemostase associe A
un deficit en facteur stabilisant la fibrine (FSF). Himostase, 3,
II9.

Matter, M. (I963). Von Willebrand's disease. Thrombos. Diathes.
haemorrh. (Stuttg.), 9, Suppl. 2, p. 129.
-, Newcomb, T. F., Melly A., and Finch, C. A. (I956).

Vascular hemophilia: the association of a vascular defect with a
deficiency of antihemophilic globulin. Amer.J. med. Sci., 232, 421.

Maupin, B., Moullec, J., and Kherumian, R. (1962b). Trois cas
d'afibrinogenemie congenitale dans une mAime fratrie. ibid., 2, 229.
-, Vigne, J., Perrot, H., Leroux, M. E., Raby, C., Storck, J.,
and Lacassie, F. (x962a). Observation clinique et biologique de
trois cas d'afibrinogenemie congenitale dans une meme fratrie.
ibid., 2, 217.

Maynard-Smith, S., Penrose, L. S., and Smith, C. A. B. (I96I).
Mathematical Tables for Research Workers in Human Genetics.
Churchill, London.

Meier, H., Allen, R. C., and Hoag, W. G. (I962). Spontaneous
hemorrhagic diathesis in inbred mice due to single or multiple
'prothrombin-complex' deficiencies. Blood, I9, 50o.

MelIman, W. J., Wolman, I. J., Wurzel, H. A., Moorhead, P. S.,
and Qualls, D. H. (I96I). A chromosomal female with hemo-
philia A. ibid., 17, 719.

Menache, D., and Boivin, P. (I964). Deficit acquis en facteur X
chez un malade atteint d'amylose primitive. Proc. 9th Congr. int.
Soc. Blood Transf., p. I85.

Merskey, C. (IgSIa). The occurrence of haemophilia in the human
female. Quart. J. Med., 20, 299.
- (I9sIb). Haemophilia associated with normal coagulation

time. Brit. med. _'., I, 906.
Miller, L. L., Titthasiri, N., and Hanavan, H. R. (I961). Net

synthesis of fibrinogen in the isolated perfused rat liver. Proc.
5th int. Congr. Biochem., 9, 1O0.

Miller, S. P. (I959). Congenital deficiency of proconvertin: A
clinical and laboratory report. Blood, 14, 1322.
-, and Siggerud, J. (1964). Abnormal blood coagulation in

carriers of hemophilia. J. Lab. clin. Med., 63, 621.
Mitchell, J. R. A., and Sharp, A. A. (I964). Platelet clumping in

vitro. Brit. J. Haemat., 10, 78.
Moor-Jankowski, J. K., Truog, G., and Huser, H. J. (1957). Der

Bluterstamm von Tenna und seine Nachkommen I650-x955
Acta genet. (Basel), 7, 597.

Morawitz, P. (I905). Die Chemie der Blutgerinnung. Ergebn.
Physiol., 4, 307.
-, and Jurgens, R. (1930). Gibt es eine Thrombasthenie?
Munch. med. Wschr., 77, 2001.

Morgan, T. H. (1913). Heredity and Sex. Columbia University
Press, New York.

Morita, H., and Kagami, M. (1957). Congenital afibrinogenemia
(the first case from Japan). Acta haemat. (Basel), 17, 315.
-, -, Ebata, Y., and Yoshimura, H. (I964). Genuine female

hemophilia. A report of a case. (Abstract). Proc. 10th Congr. int.
Soc. Hemat., Stockholm.

Morrison, P. K., and Morrison, K. C. (I952). Bleeding and coagula-
tion in some Bermudan Crustacea. Biol. Bull. mar. biol. Lab.,
Woods Hole, 103, 395.

Morton, N. E. (1965). Models and evidence in human populations
genetics. In Genetics Today, ed. S. J. Geerts, Vol. 3. Pergamon
Press, Oxford.

Muckle, T. J. (1964). Low in-vivo adhesive-platelet count in heredi-
tary haemorrhagic telangiectasia. Lancet, 2, 880.

Muhrer, M. E., Lechler, E., Cornell, C. N., and Kirkland, J. L.
(1965). Antihemophilic factor levels in bleeder swine following
infusions of plasma and serum. Amer. J. Physiol., 208, 508.

Muir, J. (I906). Eight generations of haemophilia in South Africa.
S. Afr. med. Rec., 4, 300.
- (1928). Heredity in haemophilia in South Africa. J. med. Ass.

S. Afr., 2, 599.
Mustard, J. F., Rowsell, H. C., Robinson, G. A., Hoeksema, T. D.,
and Downie, H. G. (I960). Canine haemophilia B (Christmas
disease). Brit. J. Haemat., 6, 259.
-, Secord, D., Hoeksema, T. D., Downie, G. H., and Rowsell,
H. C. (I962). Canine factor-VII deficiency. ibid., 8, 43.

Nasse, C. F. (I820). Von einer erblichen Neigung zu todtlieben
Blutungen. Arch. med. Erfahr, I, 385.

Nevanlinna, H. R., Ikkala, E., and Vuopio, P. (1962). Von Wille-
brand's disease. Acta haemat. (Basel), 27, 65.

Niewiarowski, S., Kozlowska, J., Gulmantowicz, A., and Pelczarska-
Kasperka, E. (1962). A fibrinogenemie congenitale. Hemostase,
2, I9I.

Nilehn, J. E., and Nilsson, I. M. (I962). Hemophilia B in a girl.
Thrombos. Diathes. haemorrh. (Stuttg.), 7, 552.

Nilsson, I. M. (I956). Nebenwirkungen von Arzneimitteln auf Blur
und Knochenmark, ed. R. Jurgens and J. Waldenstrom, p. 246.
Schattauer, Stuttgart.
-, Bergman, S., Reitalu, J., and Waldenstrom, J. (I959). Haemo-

philia A and a 'girl' with male sex-chromatin pattern. Lancet,
2,264.
-, and Blomback, M. (1963). Von Willebrand's disease in

Sweden. Occurence pithogenesis and treatment. Thrombos.
Diathes. haemorrh. (Stuttg.), Io, Suppl. 2, 103.
-, -, and Blomback, B. (I960). The use of human anti-

haemophilic globulin (fraction I-o) in haemophilia A and in von
Willebrand's disease. Acta haemat. (Basel), 24, II6.
-, -, Jorpes, E., Blombdck, B., and Johnson, S. A. (I957b).
Von Willebrand's disease and its correction with human plasma
fraction I-0. Acta med. scand., 159, 179.
-, -, and Ramgren, 0. (196I). Haemophilia in Sweden. I.

Coagulation studies. ibid., 170, 665.
-, -,-, and von Francken, I. (1962). Haemophilia in
Sweden. II. Carriers of haemophilia A and B. ibid., 171, 223.
-, -, and von Francken, I. (I9s7a). On an inherited auto-
somal hemorrhagic diathesis with antihemophilic globulin (AHG)
deficiency and prolonged bleeding time. ibid., 159, 35-
-, Magnusson, S., and Borchgrevink, C. F. (I963). The Duke
and Ivy methods for determination of the bleeding time.
Thrombos. Diathes. haemorrh. (Stuttg.), 10, 223.

Nissen, N. I. (1938). Diathesis haemorrhagica fibrinopenica essen-
tials. Hospitalstidende, 8I, 879.

Nossel, H. L. (I964). The Contact Phase of Blood Coagulation.
Blackwell, Oxford.
-, Archer, R. K., and MacFarlane, R. G. (1962). Equine haemo-

philia: report of a case and its response to multiple infusions of
heterospecific AHG. Brit. J. Haemat., 8, 335.

Nour-Eldin, F., and Wilkinson, J. F. (1958). Bridge antic*agulant.
ibid., 4, 38.

- , and- (I959). Factor-VII deficiency with Christmas disease
in one family. Lancet, I, 1173.

Nussbaum, M., and Morse, B. S. (1964). Plasma fibrin stabilizing
factor activity in various diseases. Blood, 23, 669.

O'Brien, J. R., Harris, J. B., Race, R. R., Sanger, R., Tippett, P.,
Hamper, J., and Gavin, J. (I962). Haemophilia (VIII) and the
Xg blood-groups. Lancet, i, I026.

Odegaard, A. E., Skalhegg, B. A., and Hellem, A. J. (I964). ADP-
induced platelet adhesiveness as a diagnostic test in von Wille-
brand's disease. Thrombos. Diathes. haemorrh. (Stuttg.), II, 23.

Oeri, J., Matter, M., Isenschmid, H., Hauser, F., and Koller, F.
(I954). Angeborener Mangel an Faktor V (Parahaemophilie)
verbunden mit echter Haemophilie A bei zwei Brudern. Bibli.
paediat. (Basel), 58, 575.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


Genetics of Human Blood Coagulation

Ollendorff, P. (I960). Platelet activity and activation of blood
clotting by glass. Thrombos. Diathes. haemorrh. (Stuttg.), 4, 4I0.

Olson, R. E. (1964). Vitamin K induced prothrombin formation:
Antagonism by Acteromycin D. Science, 145, 926.

Opitz, H., and Frei, M. (1921). Ueber eine neue Form der Pseudo-
hamophilie. Jb. Kinderheilk., 94, 374.

Oppe, T. E. (I960). Clinical genetics and the practitioner. Med. J7.
S.-W., 75, 77.

O'Reilly, R. A., Aggeler, P. M., Hoag, M. S., Leong, L. S., and
Kropatkin, M. L. (I964). Hereditary transmission of exceptional
resistance to coumarin anticoagulant drugs. The first reported
kindred. New Engl. J. Med., 271, 809.

Orlando, E., and Manara, E. (I958). Un caso di afibrinogenemia
congenita con epistassi fipetute. G. Clin. med., 39, I2I6.

Oseid, S., and Svendsen, H. M. (I963). Congenital afibrinogenemia.
Acta paediat. (Uppsala), 52, I29.

Osler, W. (I9I0). Female haemophiliacs and de novo cases of
haemophilia. Lancet, I, 1226.

Otto, J. C. (I803). An account of an hemorrhagic disposition existing
in certain families. Med. Repos., 6, I.

Owen, C. A., Amundsen, M. A., Thompson, J. H., Jr., Spittell, J. A.,
Bowie, E. J. W., Stilwell, G. G., Hewlett, J. S., Mills, S. D.,
Sauer, W. G., and Gage, R. P. (I964). Congenital deficiency of
factor VII (hypoconvertinemia). Amer. J. Med., 37, 71.

-, and Cooper, T. (I955). Parahemophilia. Arch. intern. Med.,
95, 194.
-, and McKenzie, B. F. (I954). Application of paper electro-

phoresis to separation of blood-clotting factors. appl. Physiol.,
6, 696.

Owren, P. A. (I944). Nye undersokelser over blodets kaogulasjon.
Avh. norske Vidensk Acad. Oslo, 21. [Trans. (1947). The coagula-
tion of blood: investigations on a new clotting factor. Acta med.,
scand., Suppl. 194.]

Paillard, Jeune, and Revol, L. (I938). Afibrinogenemie totale
congenitale. Cited by Revol and Favre-Gilly (I947).

Painter, S. L., and Ellett, R. (I960). Hemophilia (AHG deficiency)
and factor VII (stable factor) deficiency in the American Indian.
Report of four cases. Rocky Mtn med. J., 57, 65.

Papahadjopoulos, D., Hougie, C.- and Hanahan, D. (I964a).
Purification and properties of bovine factor V. A change of
molecular size during blood coagulation. Biochemistry (N.Y.),
3, 264.

, Yin, E. T., and Hanahan, D. J. (I964b). Purification and
properties of bovine factor X: molecular changes during activa-
tion. ibid., 3, I931.

Parks, B. J., Brinkhous, K. M., Harris, P. F., and Penick, G. D.
(I964). Laboratory detection of female carriers of canine hemo-
philia. Thrombos. Diathes. haemorrh. (Stuttg.), I2, 368.

Patek, A. J., and Taylor, F. H. L. (1937). Hemophilia. II. Some
properties of a substance obtained from normal human plasma
effective in accelerating the coagulation of hemophilic blood.

clin. Invest., I6, I13.
Pavlovsky, A. (I957). The marriage problem and descendants of

hemophiliacs. In Hemophilia and Hemophiloid Diseases States,
ed. K. M. Brinkhous, p. I63. Univ. North Carolina, Chapel
Hill.
-, and Berg, A. L. J. (I962). Fibrinopenie congenitale. Hemo-

stase, 2, 239.
Penati, F., and Gaidano, G. P. (1953). Osservazione di un caso di

fibrogenopenia essenziale. Minerva med., 44, 5I8.
Perkins, H. A., Rolfs, M. R., and Acra, D. J. (I962). The stability

of factor VIII (antihemophilic globulin) in fresh-frozen blood-
bank plasma. Transfusion (Philad.), 2, 3I3.

Perry, S., Oppell, R., and Baker, M. (I960). Combined deficiencies
of PTA and AHG with vascular fragility. Blood, I6, II84.

Pinniger, J. L., and Franks, R. B. (I95I). Haemophilia in the female.
Lancet, 2, 82.

and Prunty, F. T. G. (1946). Some observations on the
blood clotting mechanism. The role of fibrinogen and platelets,
with reference to a case of congenital afibrinogenaemia. Brit. J.

exp. Path., 27, 200.
Pitney, W. R., and Arnold, B. J. (I959). Plasma antihaemophilic

factor (AHF) concentrations in families of patients with hemorr-
hagic states. Brit.J. Haemat., 5, I84.
- , and (I960). Laboratory findings in families of patients

suffering from von Willebrand's disease. ibid., 6, 8i.
, and Elliot, M. H. (I960). Plasma antihaemophilic-factor con-

centrations in the Australian aborigine and in conditions associ-
ated with hyperglobulinaemia. Nature (Lond.), X85, 397.

- Kirk, R.L., Arnold, B. J., and Stenhouse, N. S. (I962).
Plasma anti-haemophilic factor (Factor VIII) concentrations in
normal families. Brit. Haemat., 8,421.

Pittman, M. A., and Gaham, J. B. (i964). Glanzmann's thrombo-
pathy: An autosomal recessive trait in one family. Amer. 7. med.
Sci., 247,293.

Pola, V., and Svojitka, J. (I958). Klassische Hamophilie bei Frauen.
Folia haemat. (Lpz.), 75,43.

Polak, J., Chrobak, L., Salavec, M., Cerniik, F., and Antalovska, Z.
(i964). Castost hemofilie ve Vychodoceskem Kraii. Cas Lik.
des., x03, 636.

Poller, L. (i959) Factor VII and heparin in thrombosis. 7. clin.
Path., 12, 331.

Pool, J. G., Desai, R., and Kropatkin, M. (I962). Severe congenital
hypoprothrombinemia in a negro boy. Thrombos. Diathes.
haemorrh. (Stuttg.), 8, 235.

-, and Robinson, J. (i959). In vitro synthesis of coagulation
factors by rat liver slices. Amer. J. Physiol., I96, 423.

-, and Spaet, T. H. (I954). Ethionine-induced depresson of
plasma antihemophilic globulin in the rat. Proc. Soc. exo. Biol.

(N.Y.), 87, 54.
Pope Pius XII (i958). In L'Osservatore Romano. Citta del Vati-

cano. Sept. I5-x6.
Prentice, A. I. D. (195i). A case of congenital afibrinogenaemia.

Lancet, I, 2 1.

Preston, A. E. (i964). The plasma concentration of factor VIII in
the normal population. I. Mother and babies at birth. Brit.

Haemat., I0, Io0.
, and Barr, A. (i964). The plasma concentration of factor VIII

in the normal population. II. The effects of age, sex and blood

group. ibid., 10, 238.
Pritchard. R. W., and Vann, R. D. (I954). Congenital afibrino-

genemia. Amer. J. Dis. Child., 88, 703.

Prydz, H. (i964). Studies on proconvertin (factor VII). V. Bio-

synthesis in suspension cultures of rat liver cells. Scand. clin.
Lab. Invest., I6, 540.

Quattrin, N. (1954). Semio-patogenesi e sistematica della diatesi

emorragiche trombopatiche ed emofiliche. Minerva med., 45, 289.

Quick, A. J. (I935). The prothrombin in hemophilia and in obstruc-
tive jaundice. biol. Chem., I09, lxxiii.

(1943). On the constitution of prothrombin. Amer. 7. Physiol.,
I40, 212.

((1947). Congenital hypoprothrombinaemia and pseudo-

hypoprothrombinaemia. Lancet, 2, 379.

(I957). Hemorrhagic Diseases. Lea and Febiger, Philadelphia.

(ig60). Sporadic hemophilia. Arch. intern. Med., I06, 335.

and Adlam, R. T. (i963). Coexistence of von Willebrand's

disease and hemophilia in a family. Amer. med. Ass., I85, 635.

, Collins, R., Taketa, F., and Hussey, C. V. (i96i). Variations

in the prothrombin complex of different species. Amer. 7. Physiol.,

200, 6o9.
-, and Conway, J. P. (I949). Hemophilia in twins. Amer.

Med., 7, 841.
, and Hussey, C. V. (I958). Haemophilia-like states in girls.

Lancet, I, 1294.
-, and (I962a). Hereditary hypoprothrombinaemias.
ibid., I, I73.

and - (i962b). Hereditary thrombasthemia-thronsbo-
cytopenia. 7. Lab. clin. Med., 60, ioo6.

--, Pisciotta, A. V., and Hussey, C. V. (I955). Congenital hypo-

prothrombinemic states. Arch. intern. Med., 5, 2.

--, and Stefanini, M. (I948). Experimentally-induced changes

in the prothrombin level of the blood. biol. Chem., 175, 945.

Rabe, F., and Salomon, E. (I920). Ueber Faserstoffmangel im Blute

bei einem Falle von Hamophilie. Dtsch. Arch. klin. Med., 132,

240.
Rabiner, F. S., and Kretchmer, N. (I96I). The Stuart-Prower

factor: Utilization of clotting factors obtained by Starch-block
electrophoresis for genetic evaluation. Brit. Haemat., 7, 99.

Raccuglia, G., and Neel, J. V. (I960). Congenital vascular defect
associated with platelet abnormality and antihemophilic factor
deficiency. Blood, I5, 807.

Ramgren, 0. (i962a). A Clinical and Medical-Social Study of
Haemophilia in Sweden. K. L. Beckmans, Stockholm.

30I

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


302 C. B. Kerr

(1962b). Haemophilia in Sweden. III. Symptomology, with
special reference to differences between haemophilia A and B.
Acta med. scand., 171, 237.
-, Nilason, I. M., and Blomback, M. (I962). Haemophilia in

Sweden. IV. Hereditary investigations. ibid., 171, 759.
Ramot, B., Angelopoulos, B., and Singer, K. (I955a). Variable

manifestations of plasma thromboplastin component deficiency.
Y. Lab. clin. Med., 46, 80.

- , -, and (I955b). Plasma thromboplastin antecedent
deficiency. Arch. intern. Med., 95, 705.

Rapaport, S. I., Fallon, M., and Goodman, J. R. (1958). Survey of
a large hemophilic population. Proc. 6th Int. Congr. Hemat., 498.
-, Patch, M. J., and Moore, F. J. (I960). Anti-h'emophilic

globulin levels in carriers of hemophilia A. Y. clin. Invest., 39,
I6I9.
-, Proctor, R. R., Patch, M. J., and Yettra, M. (I96I). The mode

of inheritance of PTA deficiency- evidence for the existence of
major PTA deficiency and minor PTA deficiency. Blood, 18, 149.

-, Schiffman, S., Patch, M. J., and Ames, S. B. (I963). The
importance of activation of antihemophilic globulin and proac-

celerin by traces of thrombin in the generation of intrinsic pro-

thrombinase activity. ibid., 21, 221.
Ratnoff, 0. D. (I960). Bleeding Syndromes. C. C. Thomas, Spring-

field, Illinois.
-, Botti, R. E., Crum, J. D., and Donaldson, V. H. (i965). The

activation of PTA (Factor XI) and Hageman factor (Factor XII).
In Genetics and the Interaction of Blood Clotting Factors, p. 7.

Schattauer-Verlag, Stuttgart.
-, and Colopy, J. E. (I955). A familial hemorrhagic trait asso-

ciated with a deficiency of a clot-promoting fraction of plasma
Y. clin. Invest., 34, 6o2.
-, and Crum, J. D. (1964). Activation of Hageman factor by

solution of ellagic acid. 3. Lab. clin. Med., 63, 359.
-, and Steinberg, A. G. (I962). Further studies on the inherit-
ance of Hageman trait. ibid., 59, 980.

Rausen, A. R., Cruchaud, A., McMillan, C. W., and Gitlin, D.
(I96I). A study of fibrinogen turnover in classical hemophilia
and congenital afibrinogenemia. Blood, 18, 710.

Retief, F. P., and Coetzee, P. J. (I964). Owren se siekte (Kongenitale
factor V-tekort, parahemofilie) by twee Kleurlingsusters. S. Afr.
med. Y., 38, 544.

Revol, L. (I962). Les grandes hypofibrinemies constitutioneiles
hemorragiques. Himostase, 2, 243.
-, and Favre-Gilly, J. (I947). Deux cas de diathese hemorr-

hagique fibrinopenique pseudo-hemophilique. Soc. med. Lyon
23, 6.

Riis, P., and Fuchs, F. (I960). Antenatal determination of foetal sex

in prevention of hereditary diseases. Lancet, 2, I80.
Risak, E. (I935). Die Fibrinopenie. Z. klin. med., 128, 605.
Rizza, C. R. (I961). Effect of exercise on the level of antihaemo-

philic globulin in human blood. 3. Physiol. (Lond.), I56, I28.
Robertson, J. H., and Trueman, R. G. (I964). Combined hemo-

philia and Christmas disease. Blood, 24, 281.
Rodriguez, J., and Bidegain, S. (i96o). Afibrinogenemia congenita.

Arch Pediat. Urug., 31, 44I.
Roos, J., and Huizinga, J. (i959). Genetic investigation of the

Stuart coagulation defect. Acta genet. (Basel), 9, I 15.
-, van Arkel, C., Verloop, M. C., and Jordan, F. L. J. (i959).
A 'new' family with Stuart-Prower deficiency. Thrombos. Diathes.
haemorrh. (Stuttg.), 3, 59.

Rosenthal, M. C., and Sanders, M. (I954). Plasma thromboplastin
component deficiency. I. Studies on its inheritance and therapy.
Amer. Y. Med., I6, 153.

Rosenthal, R. L. (I964). Hemorrhage in PTA (factor XI) deficiency
(Abstract). Proc. Xth cong. Internat. Soc. Haemat. Stockholm.
-, Dreskin, 0. H., and Rosenthal, N. (I955). Plasma thrombo-
plastin antecedent (PTA) deficiency. Blood, I0, 120.

Rosin, S., Moor-Jankowski, J. K., and Schneeberger, M. (I958)
Die Fertilitat im Bluterstamm von Tenna. (Hamophilie B.)
Acta genet. (Basel), 8, i.

Roskam, J. (I954). Arrest of Bleeding. C. C. Thomas, Springfield,
Illinois.

Roth, P. B. (I918). Case of haemophilia with effusion into knee
joints. Brit.Y. Child. Dis., IS, II6.

Rothschild, N. (1882). Ueber das Alter der Haemophilie. Munich,
Inaugural Dissert, cited by Bulloch and Fildes (I9q2).

Rush, B., and Ellis, H. (I965). Patients with factor V deficiency.
Thrombos. Diathos. haemcrrh. (Stuttg.), 14, 14.

Schiffman, S., Rapaport, S. I., and Patch, M. J. (x963). The
identification and synthesis of activated plasma thromboplastin
component (PTC). Blood, 22,733.

Schloessmann, H. (1924). Neue Forschungsergebnisse uber
Hamophilie. Langenbecks Arch. klin. Chir., '33, 686.
- (I930). Die Hamophilie. Neue dtsch. Chir., 47, 28I.
Schmidt, A. (i86I). Ueber den Faserstoff und die Ursachen seiner

Gerinnung. Arch. Anat. Physiol., Lpz., 545.
- (I892). Cited by Morawitz (1905).
Schonholzer, G. (I939). Die hereditare Fibrinogenopenie. Dtsch.

Arch. klin. Med., 184,496.
Schulman, I.,.Smith, C. H., Erlandson, M., and Fort, E. (I955).

Vascular hemophilia: A familial hemorrhagic disease in males
and females characterized by combined antihemophilic globulin
deficiency and vascular abnormality. Amer. _. Dis. Child., go,
526.

Schulz, K., Nowotny, P., Schmutzler, R., and Duckert, P. (I964).
Kombinierter AHG und PTA Mangel. Thrombos. Diathes.
haemorrh. (Stuttg.), 10, 282.

Sebok, Z., and Szabo, M. (1955). Congenitalis afibrinogenemia
esete. Orv. Hetil., 96, 274.

Sedgwick, W. (i86i). On sexual limitation in hereditary disease.
Brit. foreign med.-chir. Rev., 27, 477.

Seegers, W. H. (i95I). The influence of certain drugs on blood
coagulation and related phenomena. Pharmacol. Rev., 3, 278.
- (I962). Prothsrombin. Harvard University Press, Cambridge,

Massachusetts.
-(I964). Enzyme theory of blood clotting. Fed. Proc., 23, 749.
Seibert, R. H., Margolius, A., and Ratnoff, 0. D. (I958). Observa-

tions on hemophilia, parahemophilia and coexistent hemophilia
and parahemophilia. 3. Lab. clin. Med., 52, 449.

Serafini, U. M., Felici, W., and Bacchetta, V. (I958). L'emofilia
femminile. Illustrazione di un caso clinico di emofilia attenuata
nella madre di un paziente di emofilia dassica. Haematologica,
43, 993-

Sharp, A. A. (I964). Platelet structure and function in relation to
blood coagulation ahd haemostasis. In Biological Aspects of
Occlusive Vascular Disease, ed. D. G. Chalmers and G. A.
Gresham, p. 203. University Press, Cambridge.
-, and Dike, G. W. R. (I964). Haemophilia in the dog. Treat-
ment with heterologous antihaemophilic globulin. Thrombos.
Diathes. haemorrh. (Stuttg.), 10,494.

Shmerling, D. H., Jung, E., and Duckert, F. (I96I). Eine neue
familiare Koagulopathie infolge Mangels an fibrinstabilisierenden
Faktor. Schweiz. med. Wschr., 9I, I138.

Sigg, P. E., and Duckert, F. (I963). Ein neuer Test zur Bestim-
mung des fibrinstabilisierenden Faktors (FSF). Schweiz. med.
Wschr., 93, 1455.

Silwer, J., and Nilsson, 1. M. (I964). On a Swedish family with
5I members affected by von Willebrand's disease. Acta med.
scand., 175, 627.

Simpson, N. E., and Biggs, R. (I962). The inheritance of Christmas
factor. Brit. J. Haemat., 8, I9I.

Singer, K., and Ramot, B. (I956). Pseudohemophilia type B.
Hereditary hemorrhagic diathesis characterized by prolonged
bleeding time and decrease in antihemophilic factor. Arch. intern.
Med., 97, 715.

Sirks, M. J. (I937). Haemophilia as a proof for mutation in man.
Genetica, 19, 4I7.

Sjolin, K. E. (I96I). Haemophilic Diseases in Denmark. Blackwell,
Oxford.

Skold, E. (I944). On haemophilia in Sweden and its treatment by
blood transfusion. Acta med. scand., Suppl. I50.

Smith, D. E., Lewis, Y. S., and Svihla, G. (I954). Blood clotting
time and tissue mast cell number of the bat (Myotis lucifugus) in
different physiological states. Proc. Soc. exp. Biol. (N.Y.), 86,
473.

Sokal, G. (1962). etude morphologique des plaquettes sanguines
et de la metamorphose visqueuse au moyen d'antiserums fluores-
cents antifibrinogene et antiplaquettes. Acta haemat. (Basel), 28,
3I3.

Soulier, J. P. (I962). Inhibitors of blood coagulation. 4. Natural
inhibitors. Thrombos. Diathes. haemorrh. (Sturtg.), 7, Suppl. I,
p. 38.
-, and Larrieu, M. J. (1958). Deficit en 3 eme facteur prothrom-

boplastique plamatique. Rapports entre le PTA et le facteur
Hagemann. ibid., 2, I.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.2.4.254 on 1 D

ecem
ber 1965. D

ow
nloaded from

 

http://jmg.bmj.com/


Genetics of Human Blood Coagulation

-, Dubrisay, J., and Mahoudeau, D. (I955). Etude
biologique de deux cas d'afibrinog6n6mie congenitale. Rev.

Hemat., 1o, 689.
-, Wartelle, O., and Menache, D. (i959). Hageman trait and

PTA deficiency; the role of contact of blood with glass. Brit. J.

Haemat., 5, 121.
Spaet, T. H., and Cintron, J. (I963). Pathways to blood coagulation

product i formation. Blood, 2I, 745.
Speer, R. J., Hill, J. M., Maloney, M., and Roberts, A. (I955).
Hemorrhagic diatheses associated with hyperheparinemia. J. Lab.
clin. Med.,45, 730.

Spurling, C. L., and Sacks, M. S. (I959). Inherited hemorrhagic
disorder with anti-hemophilic globulin deficiency and prolonged
bleeding time (vascular hemophilia). New Engl. J. Med., 26I, 31.

Stefanini, M., and Moschides, F. (1957). Electrophoretic studies of
hemophilic plasma and serum. In Hemophilia and Hemophilioid
disease, ed. K. M. Brinkhous, p. i8o. Univ. North Carolina Press,
Chapel Hill.

Stefanovic, S., Rolovic, Z., and Zujevic, J. (I959). Hemophilie A
chez une fillette. Sang, 30, 858.

Strauss, H. S., and Diamond, L. K. (I963). Elevation of factor VIII
(antihemophilic factor) during pregnancy in normal persons and
in a patient with von Wilebrand's disease. New Engl.J. Med., 26g,
1251.

Surgenor, D. M. (1964). Principles and problems in the purification
of factor VIII. In The Haemophiliacs, ed. K. M. Brinkhous, p. 71.
Univ. North Carolina, Chapel Hill.

Sutton, H. E. (ig6o). Genotype and phenotype: expression of
inherited traits. In Metabolic Basis of Inherited Disease, ed. J. B.
Stanbury, J. B. Wyngaarden, and D. S. Frederikson, p. 46.
McGraw-Hill, New York.

Taylor, K., and Biggs, R. (1957). A mildly affected female haemo-
philiac. Brit. med.J., I, 1494.

Telfer, T. P., Denson, K. W., and Wright, D. R. (I956). A "new"
coagulation defect. Brit. J. Haemat., 2, 308.

Todd, M., and Wright, I. S. (I964). Factor XI (PTA) deficiency
with no hemorrhagic symptom. Thrombos. Diathes. haemorrh.
(Stuttg.), II, I87.

Treves, F. (i886). A case of hemophilia-pedigree through five
generations. Lancet, 2, 533.

Troup, S. B., Reed, C. F., Marinetti, G. V., and Swisher, S. N.
(I96I). The platelet lipids: their identification, quantification
and behaviour in clotting systems in vitro. In Blood Platelets,
ed. S. A. Johnson, p. 265. Churchill, London.

Tveten, H. T. (I958). Hemartrose ved hypoproconvertinemi.
Nord. Med., 59, 565.

Tyler, H. M., and Lack, C. H. (1964). A tissue fibrin stabilizing
factor and fibrinolytic inhibition. Nature (Lond.), 202, 1114.

Ulutin, 0. N. (I96I). The quantitative platelet diseases. In Blood

Platelets, ed. S. A. Johnson, p. 553. Churchill, London.
Vainer, H., and Caen, J. (I963). Utilisation d'un test photometrique

pour l'etude de l'effet de 1'ADP sur les plaquettes sanguines.
Nouv. Rev. franc. Hemat., 3, 149.

Valberg, L. S. (I959). Haemophilia A in a 'girl' with male sex-

chromatin pattern. Lancet, 2, 466.
, and Brown, G. M. (I958). Haemorrhagic capillary disorder

associated with antihaemophilic globulin deficiency. Medicine
(Baltimore), 37, I8i.

Van Creveld, S. (1941). Sporadic hemophilia and pseudo-hemo-
philia. Acta paediat. (Uppsala), 29, 37.
- , Jordan, F. L. J., Punt, K., and Veder, H. A. (x955). Deficiency

of anti-hemophilic factor in a woman, combined with a disturbance
in vascular function. Acta med. scand., 151, 38I.

, and Liem, K. H. (I958). Congenital afibrinogenemia. Stud.
neo-natal., 7, 89.

, Veder, H. A., and Blans, M. M. (I956). Congenital hypopro-
convertinemia. Ann. paediat. (Basel), 187, 373.

Vandenbroucke, J., Verstraete, M., and Verwilghen, R. (I954). L'afi-

brinogenemie congenitale. Presentation d'un nouveau cas et

revue de la litterature. Acta haemat. (Basel), 1I, 87.
Van Nuffel, E., and Verstraete, M. (1953). Un syndrome hemorr-

hagique rare: l'afibrinogemie. Acta paediat. belg., 7, 185.
Verstraete, M., Vermylen, C., and Vandenbroucke, J. (I962).

Hemophilia B associated with a decreased factor VII activity.
Amer. J. med. Sci., 243, 20.

Vogel, F. (i955). Vergleichende Betrachtungen uber die Mutations-

rate der geschlechtsgebunden-rezessiven Himophilieformen in

der Schweiz und in Danemark. Blut, I, 9I.
Volk, B. W., Aronson, S. M., and Saifer, A. (I964). Fructose-i

phosphate aldolase deficiency in Tay-Sachs disease. J7.
Med., 36, 481.

Volwiler, W., Goldsworthy, P. D., MacMartin, M. P., Wood, A.,

MacKay, I. R., and Fremont-Smith, K. (I955). Biosynthetic

determination with radioactive sulfur of turnover

plasma proteins in normal and cirrhotic man. Y. clin. Invest., 34,
1126.

Von Willebrand, E. A. (I926). Hereditar pseudohamofili. Finska

Ldk.-Sdllsk. Handl., 68, 87.

(193I). (.ber hereditdre Pseudohamophilie. Acta scand.,

76, 521.
-, and Jiurgens, R. (I933). tYber eine Die

konstitutionelle Thrombopathie. Klin. Wschr., 12, 414.

Voss, D., and Waaler, B. A. (I959). Congenital hypoproconverti-

nemia. A report on 12 cases with total deficiency I9 cases

with partial deficiency. Thrombos. Diathes. haemorrh. (Stuttg.),

43, 375-
Wachsmuth, C. 0. T. (I849). Die Bluterkrankheit. Chir.-

Ver., 3, 459.
Ware, A. G., and Seegers, W. H. (1949). Two-stage procedure for

the quantitative determination of prothrombin concentration.

Amer. J. clin. Path., 19, 471.
Weaver, R. A., Price, R. E., and Langdell, R. (1963). Anti-

hemophilic factor in cross-circulated normal and hemophilic

dogs. Amer. J. Physiol., 206, 335.

Weiner, M., and Dayton, P. G. (I960). Induced 'hyperprothrom-

binemia' in guinea pigs. Fed. Proc., 19, 57.

Werder, E. (I963). Kongenitale Afibrinogenamie. Helv. paediat.

Acta, I8, 208.

White, J., Yunis, E., Colliander, M., and Krivit, W. (I963). Pro-

longed bleeding time in a patient with plasma thromboplastin-

anticedent deficiency. Y. Pediat., 63, I08I.
Whittaker, D. L., Copeland, D. L., and Graham, J. B. (I962).

Linkage of colour blindness to hemophilias A and B. Amer. J.

hum. Genet., 14, 149.
Wiener, A. S. (1953). Christmas disease. Brit. med. J., Ir, 559.

Wigglesworth, G. (1959). Insect blood cells. Ann. Rev. Entomol.,

4,I.
Wilkinson, J. F., Israels, M. C. G., Nour-Eldin, F., and Turner,

R. L. (1957). Unusual transmission of the haemophilic gene.

Brit. med. J., 2, I528.
-, Nour-Eldin, F., Israels, M. C. G., and Barrett, K. E. (I961).

Haemophilia syndromes: a survey of 267 patients. Lancet, 2,

947-
Wilson, B. N., and Gutteridge, M. R. (I956). Afibrinogeneamia:

case report of a child with recurrent bleeding. Med. J. Aust., 2,

858.
Wolf, K. (I959). Plasmoptysis and gelatin of erythrocytes in coagu-

lation of blood of fresh-water bony fishes. Blood, 14, 1339.
Woolf, L. I. (I962). Gene expression in heterozygotes. Nature

(Lond.), 194, 609.
(I963). Gene expression in heterozygotes and synthesis of

plasma antihaemophilic factor. ibid., 200, 48I.
Wright, A. E. (1893). On a method of determining the condition of

blood coagulability for clinical and experimental purposes, and

on the effect of the administration of calcium salts in haemo-

philia and actual or threatened haemorrhage. Brit. med. 3., 2,

223.
Wright, I. S. (I959). Chairman, Transactions of the International

Committee on Blood Clotting Factors. Montreaux.

Wurzel, H. A., and Lawrence, W. C. (I96I). Canine hemophilia.
Thrombos. Diathes. haemorrh. (Stuttg.), 6, 98.

Zollinger, W. (I963). Familienuntersuchung beim kongenitalen
Faktor VII-Mangel. Arch. Klaus-Stift. Vererb.-Forsch., 38, I.
-, and Hitzig, W. H. (I958). tYber den Erbgang bei kongenitalem

Faktor VII-Mangel. Helv. med. Acta, 25, 475.

Zucker, M. B. (I963). In vitro abnormality of the blood in von

Willebrand's disease correctable by normal plasma. Nature

(Lond.), 197, 6oI.

-, and Borelli, J. (I956). Concentration of serotonin in serum

in thrombocytopathia, pseudohemophilia and thrombocytosis.
Amer. Y. clin. Path., 26, 13.

303
copyright.

 on M
ay 22, 2023 by guest. P

rotected by
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.2.4.254 on 1 D
ecem

ber 1965. D
ow

nloaded from
 

http://jmg.bmj.com/

