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Nijmegen-Bethesda Assay to Measure Factor Vil Inhibitors
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Abstract

Hemophilia A is an inherited bleeding disorder caused by a deficiency of factor VIII coagulant activity
(FVIIL:C). Patients are treated with infusions of either plasma-derived or recombinant factor VIII.
However, some patients develop inhibitory antibodies (inhibitors) to infused factor VIII which render it
ineffective. The original Bethesda method was developed to standardize measurement of inhibitors in a
factor VIII neutralization assay. One Bethesda unit is defined as that amount of inhibitor that results in
50% residual FVIII:C activity of a defined test mixture. In the Nijmegen modification of the original
Bethesda method, the pH and the protein concentration of the test mixture is further standardized. As a
result, the FVIII:C in the test mixture is less prone to artifactual deterioration and the test has improved
specificity. Even with a standardized procedure a number of factors can affect the performance of the test
and it is important for laboratory staff to be aware of their impact on the result outcome.
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1 Introduction

Hemophilia A is a sex-linked hereditary bleeding disorder charac-
terized by a reduced level of factor VIII (FVIII) in blood. Bleeding
episodes may occur spontaneously in the severe form of hemo-
philia or after trauma in the milder forms. Treatment for children
and adults is available with various recombinant FVIII products
and plasma-derived FVIII concentrate. However, treatment may
cause inhibitory antibodies (inhibitors) to form against FVIII and
the reported incidence ranges from 0 to 33% of patients (1-3). The
inhibitors may be transient or persistent and in the latter case they
become a lifelong problem. This complication most often develops
in childhood and then it usually occurs after the first 10-20 days of
treatment with FVIII. However inhibitors may develop later in life,
for example in mild hemophilia patients who have had little or no
previous exposure to FVIII treatment (4, 5), or in rare cases fol-
lowing a change in product formulation (6). Infused FVIII is rela-
tively ineffective when given to hemophilia A patients with an
inhibitor. This group of patients is very difficult to treat and they

Paul Monagle (ed.), Haemostasis: Methods and Protocols, Methods in Molecular Biology, vol. 992,
DOI 10.1007/978-1-62703-339-8_24, © Springer Science+Business Media New York 2013

321



322

Elizabeth Duncan et al.

have a high rate of morbidity and mortality. Immune tolerance
regimens have been developed to abolish factor VIII and IX inhibi-
tors in up to 80% of selected patients, with best success rates if the
program is started early and when the inhibitor titre is <10 Bethesda
units/mL (BU/mL) (7). For those patients with persistent inhibi-
tors >5 BU/mL, treatment with activated clotting factors (e.g.,
recombinant factor VIla, activated prothrombin complex concen-
trates) has become the mainstay of therapy (7).

Acquired hemophilia is a serious bleeding disorder in which
autoantibodies to FVIII develop in previously normal individuals
and neutralize most of their available FVIII. The frequency of this
condition is 1-2 per million per year. Treatment for bleeding is as
for a patient with inherited hemophilia and an inhibitor. In addi-
tion, immunosuppressive treatment is used to suppress production
of the antibody (7).

The detection and measurement of FVIII inhibitors are thus
an important role of the haemostasis laboratory. It is necessary to
diagnose inhibitors when they first arise and to measure the inhibi-
tor concentration. Then it may be necessary to monitor the level
and determine whether the inhibitor is persistent or transient (7, 8).
For those patients receiving immune modulation therapy it is nec-
essary to monitor inhibitor levels during and after treatment.

In this chapter we describe the original Bethesda method
(9), with the Nijmegen modification proposed by Verbruggen
et al. (10). The Scientific Standardization Committee of the
International Society on Thrombosis and Haemostasis recom-
mend the Bethesda assay with the Nijmegen modification for
inhibitor measurement (10, 11). We will mainly focus on mea-
surement of FVIII inhibitors. However, the procedure may be
modified to quantitate inhibitors to factor IX or any other clot-
ting factor measured using a functional assay, and this applica-
tion will be briefly described (12-15).

In the original Bethesda method (9), test plasma is mixed with
an equal volume of a normal plasma pool (NPP) and incubated for
2 h at 37°C. A control mixture is prepared by incubating an equal
volume of the NPP with imidazole buffer. After 2 h the factor VIII
coagulant activity (FVIIIL:C) of each mixture is measured using the
one-stage assay. The FVIII:C of the test mixture is compared with
that of the control and the percentage of residual FVIII:C is calcu-
lated. One Bethesda unit (BU) is defined as that amount of inhibi-
tor that results in 50% residual FVIII:C activity. The BU/mL in
the sample is determined from the theoretical inhibitor graph by
interpolating the percentage residual activity against Bethesda
units. Only percentage residual FVIIL:C between 25 and 75% can
be used to determine the inhibitor level. For an inhibitor >2 BU/
mlL, dilutions of patient plasma are also tested and the result cor-
rected for the dilution factor.
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The Nijmegen modification of the original Bethesda method
(referred to here as the Nijmegen-Bethesda method) was devel-
oped to address two shortfalls of the assay and improve specificity
(10). Firstly, the NPP used in the test and control mixtures is butt-
ered to pH 7.4 using 0.1 M imidazole (final concentration). This
is to maintain the test and control mixtures at pH 7.4 over the 2 h
incubation period. Secondly, a source of immuno-depleted FVIII-
deficient plasma is used in place of imidazole buffer to dilute NPP
in the control mixture and to dilute patient samples. This main-
tains a similar protein concentration in control and test incubations.
Together these modifications improve the stability of EVIII in the
incubation mixtures and prevent artifactual deterioration of
FVIII:C that may be falsely interpreted as being due to an inhibi-
tor (10, 11). As in the original Bethesda method, in the Nijmegen
modified method one Bethesda unit (BU) is defined as that
amount of inhibitor that results in 50% residual FVIIL:C activity
(see Note 7) (10).

2 Materials

2.1 Nijmegen-
Bethesda Assay

1. Buffered normal plasma pool (B-NPP).
Commercial sources of buffered citrated plasma prepared from
a pool of normal donors are available. It is essential to check
the product information sheet to ensure that the lyophilized
product is buffered and maintains a pH 7.4. Reconstitute
according to the manufacturer’s directions.

To prepare the B-NPP in-house, collect blood from at least
20 normal donors and prepare plasma as described in
Subheading 3.1. Screen individual plasma samples to ensure
normal activated partial thromboplastin time, prothrombin
time, and dilute Russell’s viper venom time. Using polypropyl-
ene plastic containers throughout, pool the plasma, mix well,
and measure the volume obtained. While stirring, add solid imi-
dazole to achieve a final concentration of 0.1 M and then adjust
the pH to 7.4 by slow addition of IN HCI (10, 11). Dispense
into aliquots of appropriate volume and freeze at -70°C until
required. For safety reasons it is reccommended that the B-NPP
is checked for viral status and only used if negative for blood
borne viruses, e.g., hepatitis B and C and HIV.

An alternative method can be used when smaller volumes of
B-NPP are processed. Prepare a 5.0 M imidazole solution and
add 20 uL/mL of plasma while mixing well. Follow by imme-
diately adjusting pH to 7.4 with 1N HCI (approximately 28 nL
1IN HCl/mL plasma). This method is suitable to use with NPP
that have been previously prepared and frozen for other pur-
poses, and then required for use in an inhibitor assay.
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2.2 Factor Vill
1-Stage Assay

2. Factor VIII-deficient plasma.

Select a commercial source of FVIII-deficient plasma that is
either immune-depleted or prepared from patients with severe
hemophilia A. Reconstitute according to the manufacturer’s
directions. For many products it is possible to freeze any left-
over plasma at -70°C for use in later inhibitor assays. When
using an immuno-depleted FVIII-deficient plasma it is prefer-
able to use one that contains relatively normal levels of von
Willebrand factor (see Notes 16 and 17).

Alternatively, the laboratory may prepare citrated plasma
from a patient with severe hemophilia A, without an inhibitor,
to use as the FVIII-deficient plasma. However the FVIII level
must be <1 IU/dL which precludes donor patients who have
received recent FVIII treatment. Also the viral status of the
donor patient should be known to the user.

3. Quality control.
In the absence of a commercially available inhibitor plasma, an
in-house source from a patient with a FVIII inhibitor (inher-
ited hemophilia or acquired) may be prepared and stored as
described in Subheading 3.1.

Another quality issue is the need for a program in the labo-
ratory to ensure correct calibration of equipment. This includes
regular maintenance of analyzers, pipette volume calibration,
water bath temperature set at 37°C, and a timer available to
ensure adherence to the 2 h incubation period.

Materials required are those that are used by the laboratory for the
routine FVIII:C assay. They include FVIII-deficient plasma (see
Note 16), APTT reagent, assay bufter, calibrator, and QC material
(see Note 9). In the original Bethesda method the one-stage
FVIII:C assay was recommended but a chromogenic assay can also
be used and in some cases is preferred (see Note 19).

3 Methods

3.1 Preparation
of Samples

1. The test requires a minimum of approximately 3 mL citrated
whole blood to yield a 1.5 mL plasma sample. Collect blood
into citrate anticoagulant concentration 0.105 or 0.129 M
with a blood:citrate ratio of 9:1. In some circumstances, e.g.,
for children, a smaller sample can be used only if blood has
been collected in the correct blood:citrate ratio and the extent
of testing may be limited.

2. Ifthe patient is also to be given an infusion of FVIII collect the
sample before the infusion (see Note 14).

3. On receipt of sample in the laboratory, centrifuge specimen for
at least 15 min at minimum of 2,000 x g, at 15-20°C. Remove
plasma, taking care not to contaminate with platelet pellet, and
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aliquot into approximately 0.5-1.0 mL volumes. Label adequately
and store plasma at —-70°C until required.

. Samples may be used fresh or frozen. If frozen, thaw samples

at 37°C for approximately 5-10 min, then mix by gentle
inversion.

. The calculations used in this assay are based on the assumption

that there is no FVIIL:C in the patient sample. In samples
thought to contain low residual levels of FVIII this can be inac-
tivated by heating approximately 1 mL of plasma in a small tube
at 56°C for 10 min (16, 17). This inactivates FVIII present in
the sample, but leaves the antibody and its inhibitory activity
intact. Recent data shows complete inactivation of all other
coagulation factors, even when the starting activity is 1.00 I.U./
mL (or 100%) with a 90 min incubation at 58°C (18).

. After heating, spin the sample for 1-2 min in a micro-centri-

fuge at full speed (approximately 20,000xg) to remove any
precipitated protein. Alternatively, spin for 15 min at 2,000 x g4
as above. Transfer supernatant to a fresh labelled tube, clearly
stating “heat inactivated.” Store at -70°C to await testing if
required. This process does not apply to inhibitor detection for
other factors as it does not adequately inactivate factors apart
from FVIII. Other approaches are required for those factors
(see Subheading 3.6).

. For most automated analyzers a mix of equal volumes of

300 uL to yield a 600 uL final volume for all incubations will
provide a sufficient final volume for analysis. This can be
adjusted as required.

. To prepare the control tube, mix an equal volume of VIII-

deficient plasma (VIII-def) with B-NPP (see Note 1).

. A full-strength test and a 1/2 dilution is recommended as a

starting point for all patients previously negative for an inhibi-
tor or those with an unknown history.

. To test a patient sample at full strength, mix an equal volume

of test plasma with B-NPD.

. To testat 1 /2, dilute test plasma 1 /2 in VIII-def plasma. Then

mix an equal volume of this with B-PN.

. If a high titre of inhibitor is present, 1/5, 1/10, or higher

dilutions may be required. These are also prepared by dilution
of the test plasma in VIII-def plasma. Then mix with an equal
volume of B-PN.

. For very high levels of inhibitors prepare 1/10 dilution of

patient plasma in FVIII-def plasma and then dilute this further
to give 1,/20,1/50, and 1,/100. Patient plasma can be diluted
further as required.
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Fig. 1 Inhibitor graph to relate the percent Residual FVIIl:C to the Bethesda
Units/mL in test plasma
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. Prepare the mixtures in small tubes, cap and incubate at 37°C

for 2 h.

. After 2 h, measure the residual FVIIIL:C in the test and con-

trol mixtures using the routine method in use in your
laboratory.

Calculate the ratio of residual factor VIII:

Residual FVIII_ ratio = ( FVIIIL : C_patient _ mixture )

FVIII : C_ control _mixture

Convert the ratio to a percentage by multiplying by 100.

If the result falls between 25 and 75% residual FVIII:C, the
BU/mL in the sample is determined from the theoretical
inhibitor graph by interpolating the percentage residual activ-
ity against Bethesda units (Fig. 1).

Incubation mixtures with >75% residual FVIII:C have no
detectable inhibitor, i.e., <0.5 BU/mL (see Note 2).

Incubation mixtures with high levels of inhibitor and <25%
residual FVIII:C should have the test repeated using appropri-
ate dilutions to lie in the 25-75% range. Multiply the answer
by the dilution factor used in that mixture and average the
results obtained for each valid dilution (see Notes 3-6).

If the inhibitor has type II kinetics it may not be possible to
average a range of dilutions due to high variation of results. In
this case take the lowest dilution of patient plasma to inactivate
close to 50% of the FVIII in the incubation mixture, and cal-
culate the BU/mL from this mixture (10, 19, 20).
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16. One Bethesda unit/mL (BU/mL) is defined as the amount of
inhibitor that causes a 50% reduction in the FVIII supplied in
the control mixture (see Note 7) (9, 10).

Follow the usual protocol for FVIIL:C assay in use in your labora-
tory. Generally this will be the one-stage FVIII:C assay although a
chromogenic method can be used.

1. Follow the usual quality control procedures for your labora-
tory for the factor VIII:C assay (see Note 9).

2. The buffered normal plasma, mixed with an equal volume of
FVIII-def, should assay at approximately half of its pre-dilution
value, within limits of £10% (see Note 1).

3. If a source of sufficient patient plasma with an inhibitor is avail-
able, an internal inhibitor quality control material can be estab-
lished (see Note 9). This is advisable to establish the imprecision
of the assay and also to alert the laboratory of potential assay
problems.

The original Bethesda assay and the modified Nijmegen-Bethesda
assay are not only applicable to measurement to FVIII inhibitors
but can be used to measure inhibitors to other coagulation factors
(12-15). Essentially, the test is the same as described above except
that the sample is diluted in plasma deficient in the factor of inter-
est. Also, the one-stage assay for the factor of interest is used to
measure the percentage of residual factor.

If the patient sample has only a mild or moderate reduction in fac-
tor level, it cannot be taken that the factor-deficient plasma mixed
with an equal volume of B-NPP is the appropriate control for the
mixture comprising patient plasma mixed with an equal volume of
B-NPP. The factor activity in the test mixture must be corrected
for the intrinsic residual activity (10).

1. In the case of FVIII inhibitors and low levels of FVIIIL:C in the
patient sample, FVIII:C can be inactivated by heating the sam-
ple at 56°C for 10 min (16, 17) (see step 5 in Subheading 3.1).

2. In the case of specific inhibitors to other coagulation factors
and where there are measurable levels of the factor of interest,
full inactivation of all coagulation factors is achieved with a
90 min incubation at 58°C even when the starting activity is
1.00 I.U./mL (or 100%) (18).

3. A mathematical approach can be taken to the calculate percent-
age residual factor. Measure the factor level in the B-NPP and
the patient sample before the incubation mixtures are set up.
From this information calculate the theoretical factor level in the
various mixtures of patient sample in the absence of an inhibitor.
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This theoretical value is compared to the factor level after 2 h
incubation to determine the percentage residual factor, instead
of the value in the control mixture. For example, when testing a
full-strength plasma containing 20 U/dL factor IX mixed in
equal volume with B-NPP containing 100 U /dL factor IX, the
final expected factor IX concentration is 60 U /dL. If; after 2 h
incubation, the factor IX level in the mixture is 40 U/dL, this
corresponds to 67% residual and approximately 0.55 BU/mL.

4 Notes

1. When testing samples from a number of patients in one batch

assay a separate control mixture with every set of patient dilu-
tions and use in the calculation for that patient. Each normal
control, when mixed with an equal volume of FVIII-def, should
contain approximately half of its starting FVIII:C value.

. There is a lack of consensus between laboratories on the assay

lower limit cutoff for the Nijmegen-Bethesda assay (8), with
lower limits between 0.2 and 0.6 BU/mL reported in the
literature. A widely used cutoft for a negative resultis 0.5 BU/mL
(11) which corresponds to 70% residual FVIII:C for full-
strength plasma (0.4 BU/mL corresponds to 75% residual
FVIII:C). The cutoft value will be influenced by the precision
of the procedure (including preparation of incubation mixtures
and FVIII:C assay) and should be assessed by each laboratory.

3. Where an inhibitor is detected, the final result is only valid if

calculated from a percentage residual FVIII:C between 25 and
75%. If the residual FVIII:C is less than 25% the sample should
be further diluted as required and retested. The inhibitor units
read from the theoretical inhibitor graph should be multiplied
by the dilution factor to obtain the final BU/mL (9, 10).

. In the majority of patients with inherited hemophilia A and a

FVIII inhibitor, the inhibitor shows type I kinetics, i.e., com-
plete and irreversible binding of the antibody to FVIIIL. In
these samples there is a linear correlation between the concen-
tration of inhibitor and the logarithm of the percent residual
FVIIL:C (10, 21). Also, full-strength plasma or low dilutions
of plasma will completely neutralize the added FVIIL:C (21).

. For patients with acquired FVIII Inhibitors and some hemo-

philia patients the sample dilutions may not show a linear cor-
relation between concentration and percent residual FVIIL:C
(10, 19, 21). This is due to the type II kinetics, i.e., incomplete
and reversible binding of the antibody to FVIII. In this situa-
tion, the least dilution of plasma giving close to 50% residual
FVIIIL:C is taken to be the best estimate of the inhibitor level
(10, 19). Alternatively an empirical estimation of inhibitor
concentration can be used (see Note 6).
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. In another approach to calculation of results, Verbruggen et al.

(10) have described an empirical method to calculate the
inhibitor level for samples with >2 BU/mL. It is necessary to
test a number of dilutions of the sample and prepare a log-log
plot of the reciprocal of the plasma dilution (x-axis) against
percent residual FVIII (y-axis). Where possible use at least four
mixtures covering the range 25-75% residual FVIII:C. To
determine the inhibitor level in the sample, draw a line of best
fit and interpolate to the dilution factor that gives 50% residual
FVIII:C—this is the BU/mL (10, 22).

. The units used to report the Nijmegen-Bethesda assay are the

same as those used for the original Bethesda method, i.e.,
Bethesda units/mL (BU/mL) (10). However some workers
identify their use of the modified assay by reporting their results
as Nijmegen-Bethesda units/mL (NBU/mL) (23, 24). Assay
results and the units reported for both methods are calculated
in the same way.

. A FVIII inhibitor assay standard is under development. The

aim of this standard material is to improve assay agreement
between laboratories (8).

. Internal quality control for the Nijmegen-Bethesda assay relies

heavily on the quality control for the FVIII:C assay used in the
measurement phase. A laboratory with access to a sufficient
quantity of plasma from a patient with a FVIII inhibitor may
be able to prepare in-house quality control material.

External quality assurance programs (QAP) for FVIII inhibi-
tors are an ongoing challenge for organizing groups due to the
need to source sufficient amounts of appropriate material.
However such surveys are very instructive and help to identity
assay variables which influence the result (25, 26). All labora-
tories performing the Nijmegen-Bethesda assay or original
Bethesda assay are encouraged to enrol in a survey offering
external quality control for this test, e.g., the ECAT Foundation
External Quality Assessment Programme in Haemostasis and
Thrombosis.

There is a high degree of variability between laboratories for
results assayed by the Nijmegen-Bethesda method and also the
original Bethesda method. In one report the Nijmegen-
Bethesda method showed between-laboratory variation of
10-15% compared to variation of 13-33% for the original
Bethesda method (25). We have reviewed external QAP reports
received in our laboratory and observed much higher varia-
tion, with CVs from 20 to 80% for the original Bethesda
method and with only a small improvement in CV shown for
the Nijmegen modification.

The Nijmegen modification of the original Bethesda method
improves the specificity of the procedure, such that a lesser
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14.
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number of false-positive results in the cutoff range of 0.5 BU/
mL are reported (11). However, both the original Bethesda
method and the Nijmegen modified method might not detect
some weak, but clinically significant inhibitors in patients with
hemophilia (25, 27, 28).

Non-neutralizing antibodies will not be detected by the
Bethesda-Nijmegen assay (17, 29). The incidence and clinical
importance of such antibodies is uncertain (8, 17).

A FVIII inhibitor bound in an immune complex with FVIII
will not be detected by the Bethesda-Nijmegen assay (30).
Inhibitor detection after infusion of FVIII therapy in patients
known or suspected to have an inhibitor may be unsuccesstul.

The designation of Bethesda units in an inhibitor plasma does
not imply that any specific number of factor VIII units infused
into the patient would neutralize the circulating inhibitor (9).

The type and source of FVIII-deficient plasma used in the
procedure can influence inhibitor assay results. Use of a FVIII-
deficient plasma that contains relatively normal levels of von
Willebrand factor is recommended (23). Also, use of the same
FVIII-deficient plasma for both the sample dilution and
FVIIIL:C assay is preferred (23). FVIII-deficient plasma pre-
pared by chemical depletion should be avoided (11, 23).

Speculation has been raised that FVIII-deficient plasma pre-
pared using immuno-depletion column technology may, on
occasions, be contaminated with anti-FVIII monoclonal anti-
bodies (23). These contaminating antibodies may cause a lower
than usual FVIIL:C level in the normal plasma control and
decrease the inhibitor level determined (23). Inhibitor assess-
ment of the FVIII-deficient plasma used in a procedure may be
helpful for quality control or troubleshooting purposes.

To reduce the cost of the Nijmegen-Bethesda assay, a 4%
bovine-serum albumin buffer can be used to dilute patient
samples, instead of factor-deficient plasma (24). This
modification maintains similar specificity to the method when
factor-deficient plasma is used. However, it is unclear whether
this modification causes a loss of the previous gain in perfor-
mance from the presence of von Willebrand factor when FVIII-
deficient plasma is used as the diluent (23).

Lupus anticoagulants (LLA) may cause a false-positive result as
they inhibit the phospholipid-dependent clotting pathway and
cause prolongation of assay clotting times. LA can be excluded
it the patient has a normal dilute Russell’s viper venom clotting
time. A coexisting LA and FVIII inhibitor may be suspected if,
for example, the patient is positive for LA with a bleeding phe-
notype and has a FVIII:C that is substantially reduced com-
pared to other clotting factor levels. A chromogenic FVIII
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method can be used for the Bethesda assay as this method is
not affected by LA and has been shown to be more specific
(31). Also, a commercial ELISA developed to detect FVIII
inhibitors can help to discriminate between these and a lupus
anticoagulant or other factor inhibitors (22).

Heparin may cause a false-positive result or falsely elevates the
inhibitor level due to inhibition of APTT-dependent tests (26,
32). Blood collected through a port or catheter line is at risk of
heparin contamination. Performing a thrombin time (TT)
using routine methods can be helpful. A TT within normal
limits can exclude the presence of heparin, whereas a prolonged
TT is suggestive of heparin, raised D-dimers, or an impairment
of fibrinogen conversion to fibrin (e.g., low or dysfunctional
fibrinogen, antibody interference at this step). A heparin assay
using routine anti-Xa methods can both detect heparin and
measure the concentration. If it is necessary to test a sample
containing heparin, the sample can be pre-treated with hepari-
nase (32).

Recombinant VIIa does not interfere with the determination
of inhibitor level for factors VIII, IX, or XI in patients receiv-
ing treatment with this product. However, the measurement
of inhibitors to factors 11, V, VII, or X is unreliable in samples
containing recombinant VIIa (33).

Recombinant porcine FVIII, for treatment of patients with
inhibitors, is undergoing clinical trial (34). In future, laborato-
ries may be required to check the cross-reactivity of inhibitors
to porcine FVIII before a patient receives this form of therapy.
This requires a source of porcine FVIII in the assay incubation
mixture (16, 34, 35).
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