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Abstract

A preliminary study of factor IX coagulant activity (FIX:C) for determining hemophilia B
carriers was conducted at the Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital
in Bangkok. Twenty-eight females (8 obligate, 20 potential carriers) from 17 hemophilia B families
were enrolled in the study. Additionally, 25 normal females were included. They were not pregnant
and not using oral contraceptives. Then, three cut-off levels of FIX:C including 50 per cent which
was the commonly used level; 57 per cent which was the mean-2 SD of normal females and 75 per
cent which was the level reported by Knobe and Ljung in 1999 were used for the diagnosis of hemo-
philia B carriers. The sensitivities of these three cut-off levels were 12.5 per cent (1/8) for 50 per
cent, 37.5 per cent (3/8) for 57 per cent and 50 per cent (4/8) for 75 per cent. Also, the specificities
were 100 per cent (25/25) for both 50 and 57 per cent, and 96 per cent (24/25) for 75 per cent.
Although the low cut-off levels of 50 per cent and 57 per cent had low sensitivities, they yielded a
high specificity (100%) compared to the higher level of 75 per cent. In the present study, the sensi-
tivity of the cut-off level at 75 per cent was much lower than that of the study by Knobe and Ljung
(93%) since the presented sample size of obligate carriers was rather small. So, enrollment of more
subjects should be further carried out. In conclusion, FIX:C determination alone showed a limitation
in the diagnosis of hemophilia B carriers. The addition of genetic analysis of linkage analysis or
mutation detection is required for a definite diagnosis.
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Hemophilia B is an X-linked hereditary
bleeding disorder, commonly affecting males while
females are asymptomatic carriers. The accurate diag-
nosis of carrier state is essential for the prevention of
hemophilia, especially in developing countries where
health care resources are limited(1). Since the carrier
state is commonly determined by the measurement
of factor IX coagulant activity (FIX:C), the present
study was designed to determine the cut-off level
of FIX:C for the diagnosis of Thai hemophilia B
carriers.

MATERIAL AND METHOD
Subjects

Twenty-eight females from 17 hemophilia
B families (severe 7, moderate 8 and mild 2) were
enrolled in the study, which was conducted at the
Department of Pediatrics, Faculty of Medicine, Rama-
thibodi Hospital, Mahidol University, Bangkok, Thai-
land. They were classified as obligate carriers (n=8)
and potential carriers (n=20) verified by history taking
of 100 per cent and 25-50 per cent chance of being
carriers, respectively. Five of the 8 obligate carriers
were verified by one of the informative restriction
fragment length polymorphisms of Mse I, Nru I, Dde
I or Hha 1. The other three were non-informative. In
addition, 25 non-carrier females, verified by history
taking, were included as the control. Their ages ranged
from 18 to 45 years with a mean age of 28 years.
None of the subjects were pregnant and were not
using oral contraceptives.

Methods

The blood samples were drawn using the
two-syringe technique and mixed with an anticoa-
gulant of citrate buffer in the ratio of 9 to 1. The blood
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samples were immediately put in an ice box and
centrifuged at 3,000 rpm for 15 minutes. The plasma
was separated, alliquoted in small microtubes and
kept in a -70"C freezer. The FIX:C was measured by
the one-stage technique using an ACL machine(2).
Plasma from a patient with severe hemophilia B was
used as the test base.

Statistical analysis

The unpaired t-test was used to assess the
difference in FIX:C among the obligate carriers,
potential carriers and the normal females. The p-value
of less than 0.05 was considered significant.

RESULTS

The levels of FIX:C among obligate carriers,
potential carriers and normal females are shown in
Table 1. The mean + SD of FIX:C were 81.4 per
cent + 30.9 (range 48-132) in obligate carriers, 79.2
per cent + 33.9 (range 24-127) in potential carriers
and 110.1 per cent + 7.1 (range 63-162) in normal
females. There was no statistically significant diffe-
rence among the obligate carriers, potential carriers
and normal females. Three cut-off levels of FIX:C
were used for distinguishing between hemophilia B
carriers and normal females. The first cut-off level
was 50 per cent which has been commonly used
among hemophilia B carriers. The second cut-off
level was 57 per cent which was at the mean -2SD
of normal controls in the present study. The third
cut-off level was 75 per cent which was the level
previously reported by Knobe and Ljung(3). The sen-
sities and specificities of these three cut-off levels in
the diagnosis of obligate carriers are shown in Table
2. These levels were also used for the diagnosis of
20 potential carriers, five (25%) of whom were diag-

Table 1. The levels of factor IX coagulant activity (FIX:C) among obligate carriers, potential carriers and
normal females.
Type Number FIX:C (%)
Individual Tevel Mean + SD Range

Obligate carriers 8 110, 80, 104, 56, 48, 132,70, 51 81.4+309 48-132
Potential carriers 20 89, 108, 42, 113, 104, 130, 40, 90, 127, 75, 48, 52,

25,24, 68,72,72, 69, 126, 110 79.2+339 24-127
Normal females 25 83, 94, 105, 162, 98, 88, 79, 107, 85, 110, 138, 125,

63, 111, 75, 109, 139, 111, 130, 143, 99, 128, 83,

134, 153 110.1 +7.1 63-162
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Table 2. Sensitivities and specificities at three diffe-
rent cut-off levels of factor IX coagulant
activity (FIX:C) in the diagnosis of 8 obli-

gate carriers and 25 normal females.

Cut-off FIX:C (%) Sensitivity (%) Specificity (%)

50 1/8=12.5 2525 =100
57 3/8=375 25/25 =100
75 4/8 =50 24/25 =96

nased as carriers by using the cut-off level of 50
per cent. When the cut-off level of 57 per cent was
used, 6 (30%) females were diagnosed as carriers. If
the cut-off level was raised to 75 per cent, 11 (55%)
females were diagnosed as carriers.

DISCUSSION

This is a preliminary study in a small num-
ber of obligate carriers for determining the sensiti-
vities and specificities of the cut-off levels of FIX:C
for the diagnosis of hemophilia B carriers. The sample
size was rather small. The determinations of FIX:C
is unavoidably influenced by the effect of random X
chromosome inactivation. In the present study, when
using FIX:C levels of 50 per cent or 57 per cent as
the cut-off levels, only one to three out of 8 obligate
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carriers (12.5-37.5%) and five to six out of 20 poten-
tial carriers (25-30%) were diagnosed.

It is suggested that FIX:C levels of less
than 50 per cent or the mean-2 SD of normal females
should be initially used as a screening cut-off diag-
nostic criteria. Then, females with their FIX:C’s
values between 50 and 75 per cent should be further
studied by genetic analysis of linkage analysis of
restriction fragment length polymorphisms(4). In this
study, 5 out of 8 obligate females (62.5%) were found
to be informative for one of the markers of Mse I,
Nrul, Dde l and Hha I, which was similar to the study
in Thai females of Sasanakul, reporting 72 per cent
in 2000(3). These figures were lower than those of
Caucasian females in the study by Goodeve, report-
ing 94 per cent in 1994(6). Moreover, the application
of linkage analysis is limited to ‘sporadic’ families
with no previous history of hemophilia. The female
carriers can only be excluded if they do not possess
the same polymorphic site as the hemophiliacs. Ulti-
mately, females with non-informative results should
receive a more sophisticated mutation analysis.

In conclusion, FIX:C determination alone
shows a limitation in the diagnosis of hemophilia B
carriers. The addition of genetic analysis of linkage
analysis or mutation detection is required for a definite
diagnosis.

(Received for publication on September 16, 2002)
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