
A Chromosomal Female With Hemophilia A

By WILLIAM J. MELLMAN, IRVING J. WOLMAN, HAROLD A. WURZEL,

PAUL S. MOORHEAD AND DONALD H. QIJALLS

H EMOPHILIA A (antihemophilic factor or AHF deficiency) in a pheno-

ty pic female is rare. In nearly all of the few apparently authentic instances

reported in recent years, the familial history supported the presence of a homo-

zygous hemophilic state derived from a hemophilic father and a carrier mother

( Mersky,1 Israels,2 Pola and Svojitka3 ) . A case has been recorded by McGov-

em and Steinberg4 in which the patient and her maternal grandfather had a

symptcmatic but relatively mild form of the disease, and her buccal mucosal

cells and circulating neutrophils were consistent with the female genotype.

The author hypothesized that she was a heterozygous carrier in whom the ab-

normal gene was not completely recessive. Spontaneous hemophilia has been

reported by Braun and Stoller5 in an apparent female in whom the buccal

mucosal cells were consistent with the female sex. In the 16 month old child

with female external genital formation described by Nilsson et al,#{176}chromosomal

studies of skin fragments grown in tissue culture uncovered a male ( XY ) karyo-

type.

We have studied a girl with hemophilia A who has a clear pattern of inheri-

tance for the gene of this abnormal trait in the maternal line only. Nevertheless,

chromosomal analysis of her cells demonstrates a normal complement with two

X chromosomes. An attempt is made to account for this unusual genetic ex-

pression.

CASE REPORT

J. H. This eight year old white female has had bruising of the skin, especially on the

lower extremities, since three months of age. There is no tendency to spontaneous nose-
bleeds or petechiae. The platelet level fluctuates around 250,000 per cu.mm. and the periph-

eral bleeding time from 1 to 3 minutes. The red cells, leukocytes and platelets appear nor-
ma! on the blood smears. There has been no anemia except in September 1954 when a

large suprascapular hemorrhage transitorily lowered her hemoglobin level to 8.5 Gm. Many

urine analyses and a bone marrow aspiration in 1954 have shown no abnormalities.

Since 18 months of age, when first coming tinder our care, she has been hospitalized 32

times for management of bleeding episodes. The muscular tissues have had several extensive

hemorrhages, but the most frequent difficulty has been recurrent hemarthroses into the

right knee. Her mother, very desirous of protecting the child from chronic deformity, brings

the child to the hospital within a few hours after the first signs of intrajoint bleedings are

noted. On these occasions 125 ml. of frozen fresh plasma is given immediately upon hos-
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pitalization, an orthopedic aspirating needle introduced, the extravasated blood removed,

a second and some times a third plasma transfusion given, and the joint immobilized for

several days thereafter. This program of management has seemed to accomplish its purpose

since between hemarthroses no abnormalities in size, appearance or motility of the right

knee can be detected.

A transfusion of 100 to 130 ml. of frozen fresh plasma will bring and sustain her venous

coagulation time in the normal range for 8 to 12 hours. A representative sequence of changes

in the coagulation status after plasma therapy is as follows:

Venous Coagulation Time

Frozen Fresh Plasma (Lee-White)

10-17 lp.m.#{176} 24 minutes

10-17 3 p.m. 100 ml.

10-18 9 am. 6 minutes

10-18 10 am. 100 ml.

10-19 10 am. 9 minutes

10-19 4 p.m. 16 minutes

10-20 10 am. 17 minutes

#{176}Amixture of 1 nil. of patient’s blood with 1 nil. of normal fresh blood coagulated in

6 minutes.

This girl is typically feminine in behavior and body habits. Her physical activities arc re-

strained only moderately and she swims vigorously every day during the summer months.

Family History-The patient is the youngest of three siblings. Her 22 year old sister,

with no bleeding tendency, is married and has two male children who 1)0th have AHF

hemophilia, as evidenced by clinical symptoms and coagulation studies. Her 19 year

old brother has a congenital heart lesion and is free from hemorrhagic symptoms. Both of

these siblings have normal coagulograrns, including normal findings in the throniboplastmn
generation test.

The child’s mother is healthy, has no hemorrhagic symptoms, and her coagulograns is nor-

mal. The maternal grandparents have had no bleeding tendencies. A maternal uncle had

frequent bleeding into the knee joints until his death from pneumonia at 16 years of age.

There are no other known instances of bleeding disorders on the maternal side of the

family.

The father is well and never has shown any tendency to bleed. Numerous coagulograms

have given normal results. Sixteen years ago he underwent a spinal fusion operation for

hemnitated intervertebral disc; on the operative record the resident surgeon commented

that there was surprisingly little oozing of blood despite the wide surgical exposure of tis-

sues.

Figure 1 depicts a pedigree as complete as can be obtained from the family. None of

the paternal relations gives a history of a bleeding tendency. There is no history of con-

sanguinity between the parents of the propositus.

SPECIAL S�runn�s

1. Coagulaticm

(a.) Methods.79-Bleeding time was determined by the method of Duke using a finger

prick test. Clotting times were measured at 37#{176}C. by the 3 tube Lee-White method using

75 x 11 mm. lipped glass tubes; venous blood was obtained by the 2-syringe technic. Plate-
let counts were performed with Rees-Ecker’s solution. Clot retraction was observed in the

tubes used for the clotting times. The plasma prothrombin time was measured by Quick’s

method except that acetone-dried human brain was used as the source of thromboplastin.

The serum prothrombin time (prothrombin consumption) was measured after incubating 2

ml. of whole blood for 1 hour, after clotting, at 37#{176}C.; either a 1 per cent solution of
Armour’s fibrinogen or normal deprothrombinized plasma was used as the source of fibrin-
ogen. Factors V and VII were measured according to the method of Stefanini. Pithey’s
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Fig. 1.-Pedigree-J. H. (�).
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method was used for the thrombin generation tests. The thromboplastin generation tests
(TGT) were performed by the technics of Biggs and Douglas; in crossmatching experiments

with normal or known hemophilia A plasmas, equal (itmantities of these were used with the

patients plasma.
Quick’s method was used for recalcification hines. For crossmatching experiments equal

quantities of normal, hemophilia A or hemophilia B plasmas were mixed with equal quanti-
ties of the patient’s plasma. For crossmatching experiments using barium sulfate-adsorbed

plasma or normal serum, 0.18 ml. of patient’s plasma was mixed with 0.02 ml. of these

solutions.

The antiheniophilic factor assay and partial thromboplastin times were done in Dr. John

Graham’s laboratory at the University of North Carolina.

(b) Results.-The coagulation findings were typical of those of hemophilia

A: i.e., prolongation of the clotting time and recalcification time; marked short-

ening of the serum prothrombm time (prothrombin consumption), abnormal

thrombin generation and TGT. Table 1 shows the normal values of our labora-

tory and the range of values found on the samples of the patient over several

years of study.

Table 1.-Results of Coagulation Studies

Normal Patient

Bleeding time (minutes) 1-3 1-3 --

\Vhole blood clotting time (minutes) 12-20 20-46

Platelet count (per cu.mm) 150-310,000 222-262,000

Clot retraction good good

Plasma prothrombin time (seconds) 12-14 1 1.Z-14.�.

Serum prothrombin time (seconds) 27-30 14-18

Factor V (per cent) 50-100’7 100%

Factor VII (per cent) 50-100% 80-100%

Thrombin generation (units) at least 10 0-5.4

Thromboplastin generation (seconds) 10-13

Patient’s serum 10.2-12.8

Patient’s deprothrombinized plasma 22.0-43.5

Recalcification time (seconds) 120-270 240-510
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Table 2.-Recalcification Times

Source of Plasma Reading (seconds)

Normal

J. H. (patient)
Normal + J. H.

D. G. (hemophilia A)

I). G. + J. H.

J. K. (hemophilia B)

J.K.+J.H.

J. H. + barium sulfate adsorbed plasma

J. H. + normal serum

120

330

180

420

330

300

180

180

450

The abnormal recalcification time could be corrected by plasma obtained

from a normal individual or from a patient with hemophilia B. No correction

was obtained by using plasma from a male with hemophilia A. The recalcifica-

tion time was also corrected by plasma adsorbed with barium sulfate, but not

corrected by serum (table 2).

The abnormal TGT was corrected by the addition of normal deprothrombin-

ized plasma (fig. 2). No correction was noted when the added plasma was ob-

tamed from a male known to have hemophilia A (fig. 3).

40
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Fig. 2.-Thromboplastin Generation Tests. Minutes incubation plotted against
clotting time in seconds. Normal curve (------), patient’s deprothrombinized
plasma (DPP) incubated with normal platelets and normal serum ( ), patient’s
serum incubated with normal DPP and normal platelets ( ), equal quantities of
patient’s and normal’s DPP and normal platelets and serum (� -
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Fig. 3.-Thromboplastin Generation Tests. Minutes incubation plotted against
clotting time in seconds. Normal control curve ( - -). For the other three
curves, normal platelets and normal serum used. Patient’s deprothrombinized plasma
(DPP) substituted for normal DPP ( ). C. S. (known male hemophiliac) DPP
substituted for normal DPP ( ). Equal quantities of known male hemophiliac

amid patient’s DPP substituted for normal DPP (.. - . - .

Table 3 records the AHF assay of the family and table 4 the partial thrombo-

plastin times.

Coagulation studies done on blood specimens from the mother, father, sister,

brother and paternal grandparents gave normal results.

2. Chromatin Sex

Epithelial scrapings of the buccal mucosa were examined for the presence

of nuclear chromatin masses, using a modification of the method of Moore

and Barr,’#{176} and peripheral blood polymorphonuclear leukocytes were studied

Table 3.-AHF Assays#{176}

Control 100%

J. H. (patient) Less than 5%

Mrs. H. (mother) 82%

Mr. H. (father) 83%

Master H. (brother) 55%

Mrs. R. (sister) 5.3%f

#{176}Courtesy of Dr. John Graham.

Technical error-other data do not confirm (J. G,),
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Table 4.-Partial Thromboplastin Times#{176}

Seconds

Patient’s plasma 125.4

Control plasma 58.3

Control plasma + Patient plasma 63.6
Patient plasma + AHF deficient plasma 120
Patient plasma + PTC deficient plasma 63.8

Patient plasma + barium sulfate adsorbed plasma 62.4

#{176}Courtesy of Dr. John Graham.

for the presence of accessory nuclear lobules as described by Davidson and

Smith” (table 5). By both tests the intermitotic nuclei were considered “chrom-

atm positive” or compatible with a genetic female.

3. Chromosome Analysis

Leukocytes obtained from the patient’s peripheral venous blood were cul-

tured and mitotic cells prepared by the method of Moorhead et al.’2 Chromo-

some counts were made of :33 metaphase cells. Exact counts of 46 chromosomes

were obtained in 30 cells with two doubtful counts of 46 and one of 47. Two

cells were analyzed in detail and karvotvpes made with the findings of 23

pairs of chromosomes, compatible with the XX configuration of the sex chrom-
osomes. A camera lucida drawing of another mitosis was made for more exact

measui�ment of chromosome size. No evidence of disparity in the lengths of

the two presumed X chromosomes was found. A karyotvpe of one analyzed cell

is presented (fig. 4).

4. Color Vision Testing

The patient, her two siblings, her parents and the sister’s husband and two

children were tested for color vision using Ishihara charts.

The patient’s father was red-green color blind; all the others tested had

normal color vision.

5. Blood Groupings

Patient: A1, Rh1, c-positive, MM, kk, Fy#{176}-, Jk (a-b+), P1 ±

Father: A,, Rh,, c-positive, MM, kk, F�5-, Jk (a-h+), P, + (weak)

Mother: 0, rr D#{176}-negative, MN, kk, Fya+, Jk (a-b+), P1+

DISCUSSION

The results of the coagulation studies performed on the patient (J. H.) ful-

fill the criteria for the diagnosis of hemophilia A. In addition, the family history

Table 5.-Neutrophil Test far Chromatin Sex (Base d on 500 cells)

8-14-60 11-19-60

Drumsticks 8 6

Sessile bodies 6 9

Clubs 5 3
Accessory lobes 2 5
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Fig. 4.-Karyotype of cell from peripheral blood culture (J. H.).

is compatible with a bleeding diathesis in that a maternal uncle was a “bleeder”

and two nephews have hemophilia A.

A vascular defect in association with a lowered level of the antihemophilic

factor’3 is ruled out by the presence of normal bleeding time and clot retrac-

tion. Microscopy of the capillaries of the nail beds of the patient was normal.

The only incongruity in the history and laboratory findings is the fact that

the patient has two X chromosomes and is phenotypically a female with evi-

dence of a hemophilic gene in the maternal lineage only.

Unless two XX chromosomes can be found in a female hemophilic patient’s

cells, it is impossible to conclude that the homozygous state exists. A pheno-

typic female may have a single X chromosome if the sex chromosomal constitu-

tion is either XY or X0.#{176}Buccal smears are not necessarily diagnostic, since
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chromatin-positive females with gonadal dysgenesis have been found by Grum-

bach, Morishima and Chit’4 with an X0 karyotype.

A “super female” with a trisomic X as originally described by Jacobs’� might

also express a hemophilic gene derived from the mother only. In this situation,

nondisjunction of the X bearing the hemophilia gene might have occurred at

the second meiotic division of the female gamete, so that two of the three X’s

would bear the hemophilic gene. In this case, whether the normal allele on the

l)aterntl X would permit full expression of hemophilia by the two recessive
genes is speculative.

The association in this p�ttient of a chromosomal XX pattern with a iion-

hemophilic father requires some explanation for her presumed homozygous

hemophilic state. Perhaps the most likely postulate is that a spontaneous muta-

tion produced a hemophilic gene on the X chromosome of the sperm involved

in her zygote formation. Haldane’� has estimated that such a mutation occurs

spontaneously in approximately 1 in 35,000 gametes in the human population.

Another possibility is that nondisjunction occurred at the time of formation of

1)0th maternal and paternal gametes, leading to an attached X in the ovum and

an absence of either sex chromosome in the sperm. Although the frequency of

this occurrence is as yet unknown in humans, Ferguson-Smith17 has described

the XXXY chromosomal constitution and suggested hi-parental nondisjunction

as the basis for this anomaly. A third possibility is a loss of the paternal X early

in embryogenesis, coupled with a subsequent nondisjunction of the remaining

hemophilic bearing maternal X.

SUMMARY

An eight year old female is presented with hemophilia A with hemorrhagic

symptoms since three months of age. Family studies revealed sex linked trans-

mission through the maternal lineage.

Chromosome analysis revealed a normal complement with two X chromo-

somes. Possible genetic mechanisms for this apparent homozygous hemophilic

state deriVe(1 from a carrier woman and normal father are presented.

SUMMARIO IN INTEBLINGUA

Es presentate le caso de urn feminina de octo annos de etate con hemophilia

A in qui symptomas hemorrhagic esseva presente (lepost Ic etate de tres menses.

Studios del familia revelava tin transmission via genes sexual in Ic lineage

materne.

Le analyse del chromosomas revelava un complemento normal con duo

chromosomas X. Es discutite le possibile mechanismos genetic de iste ap-

parentemente homozygotic stato de hemophilia derivate ab un matre portatrice

e tin patre normal.
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