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The Taipan snake venom time: a new test for
lupus anticoagulant

A M Rooney, T McNally, I J Mackie, S J Machin

Abstract
Aims-To develop a specific test for
lupus anticoagulant activity with reduced
sensitivity to coagulation factor defi-
ciency that would be suitable for analysis
of plasmas from patients receiving oral
anticoagulants.
Methods-A coagulation test based on
the Taipan snake venom time (TSVT)
with a platelet neutralisation procedure
(PNP) was developed and compared with
dilute Russell's viper venom time
(DRWT). The TSVT was used to test
plasmas from patients receiving oral
anticoagulant or heparin with mild liver
dysfunction and with documented lupus
anticoagulant.
Results-The optimised conditions for the
TSVT were established and a reference
range was determined in normal healthy
subjects. Results were considered posi-
tive for lupus anticoagulant if the ratio
was .1-1 and was reduced by .10% or to
<II in the PNP. In 43 samples from
patients receiving oral anticoagulants
there was no correlation between level of
anticoagulation and TSVT, and only
seven samples had increased TSVTs. Of
these, five corrected on mixing with nor-
mal plasma and two gave equivocal
results. The patients with mild liver dys-
function all had normal TSVTs. The
TSVT in plasmas from patients receiving
heparin correlated with the heparin con-
centrations (as measured by the APTT, r2
= 0.81). Some anticoagulated plasmas
showed correction in the PNP and were
regarded as false positive. Fourteen of 17
patients known to have lupus anticoagu-
lant (on the basis ofDRWT results) were
also positive by the TSVT; two of the
remaining three were borderline and one
was negative.
Conclusions-The TSVT showed satis-
factory intra-assay precision and reason-
able sensitivity to lupus anticoagulant,
compared with the DRVVT. The TSVT
was influenced by the presence ofheparin
but was not sensitive to the effects of
oral anticoagulant. Like other lupus
anticoagulant tests, it does not seem to
havea 100% detection rate, but this may
be due to the presence of lupus anti-
coagulant subtypes with distinct activities
or the requirement of cofactors other
than prothrombin or 112 glycoprotein-I.

(7 Clin Pathol 1994;47:497-501)

The lupus anticoagulant prolongs the clotting

times of phospholipid dependent in vitro
coagulation tests.' This is due to the presence
of plasma immunoglobulins (usually IgG,
IgM, or a mixture of both) which bind to the
anionic phospholipids that normally support
haemostatic reactions. Lupus anticoagulant
was first described in patients with systemic
lupus erythematosus (SLE),2 but lupus
anticoagulants have since been demonstrated
in a variety of clinical conditions. The
presence of lupus anticoagulant has been
associated with thrombosis and recurrent fetal
loss,34 and these associations have established
the importance of laboratory diagnosis of
lupus anticoagulant. There is still consider-
able controversy about the most appropriate
method for detecting lupus anticoagulant.
Current recommendations in the United
Kingdom suggest that laboratories should
screen plasma and then use at least one more
specific confirmatory test.5 The activated
partial thromboplastin time (APIF) is the
most frequently used screening test for lupus
anticoagulant and confirmatory tests include
the dilute Russell's viper venom time
(DRVVT) and the kaolin clotting time
(KCT).5 The use of mixing studies with
normal plasma and correction procedures
with lysed washed platelets7 or high con-
centrations of phospholipid8 have been a fur-
ther development in laboratory diagnosis of
lupus anticoagulant. Regardless of which
method is used, care must be taken to
ensure that laboratory procedures are stan-
dardised.5
Most patients referred for investigation of

lupus anticoagulant have had previous throm-
botic episodes and are consequently receiving
anticoagulants. However, all of the standard
tests used for lupus anti-coagulant are affec-
ted by oral anticoagulant therapy. Mixtures of
normal plasma and test plasma may correct a
factor deficiency without neutralising the
lupus anti-coagulant effect, but the sensitivity
of the testis reduced and the current
recommenda-tions advise repeat testing after
discontinuing oral anticoagulants.5 In many
cases this cannot be considered because of the
increased risk of thrombosis. We have
explored the used of a reagent prepared from
the venom of the Taipan snake (Oxyuranus
scutellatus) that directly activates prothrombin
in the presence of phospholipid and calcium
ions,9 for the identification of lupus anti-
coagulant in patients receiving oral anti-
coagulants.

Methods
Venous blood was collected into a one-tenth
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volume of 0d106 M tri-sodium citrate and
centrifuged at 2000 x g for 15 minutes to pre-
pare plasma. Platelet poor plasma (PPP) was
prepared by recentrifuging the plasma at
2000 x g for a further 15 minutes. All samples
were stored in aliquots at -70°C.

Patients were considered positive for lupus
anticoagulant according to the British Society
for Haematology guidelines on testing for the
lupus anticoagulant5-that is, on the basis of
the results of the APTT and DRVVT-with
appropriate mixing and correction tests.
APTT was measured using a micronised silica
reagent (Instrumentation Laboratories Ltd,
Warrington, Cheshire). Thrombin time (TT)
was measured using bovine thrombin and
prothrombin time (PT) using phenolised rabbit
brain thromboplastin (Diagnostic Reagents
Ltd, Thame, Oxford). The DRVVT was mea-
sured using "Bell and Alton" phospholipid
reagent and Russell's viper venom (RVV)
(Diagnostic Reagents Ltd). Freeze-thawed,
washed platelets for the platelet neutralisation
procedure (PNP) of the DRVVT and Taipan
snake venom test (TSVT) were prepared from
normal citrated platelet rich plasma (PRP)
using a washing buffer containing inhibitors of
platelet activation.'0 The washed platelets

were finally suspended in buffer without
inhibitors at a count of 400 x 109/1 and frozen
at -70°C before thawing and freezing in
aliquots at -70°C.
The following conditions for the TSVT

were defined on the basis of results of prelimi-
nary optimisation experiments performed
using normal PPP and a well characterised
strong lupus anticoagulant PPP. "Bell and
Alton" phospholipid was diluted 1 in 4 in
0.05 M imidazole, 0-1 M NaCl, pH 7-3.
Taipan snake venom (TSV) (Diagnostic
reagents Ltd) was reconstituted according to
manufacturer's instructions and then diluted
with an equal volume of 0-025M calcium
chloride. (100 p1) phospholipid and 100 ,ul
normal control or test PPP were mixed and
incubated in a 75 x 10 mm glass tube at
37°C for 30 seconds. TSV (100 pl) were
added and the clotting time measured. The
test was then repeated with the platelet neu-
tralisation procedure (PNP), substituting
washed lysed platelets for phospholipid. A
ratio of test and control clotting times was cal-
culated and if the test:control ratio with phos-
pholipid was 21 1 the test was repeated using
a 1:1 mixture of normal control and test
plasma (NP mix). A positive result for lupus
anticoagulant in the TSVT was defined as a
ratio of .1 1 with correction to < 1 1 or by
10% or more with the PNP. Two commercial
lyophilised washed platelet preparations,
Platelet Extract Reagent (Alpha Laboratories,
Eastleigh, Hampshire, England) and Platelet
Neutralisation Reagent (Quatro Biosystems,
Manchester, Lancashire England), were also
tested in the TSVT.
The optimised TSVT was used to study

healthy normal subjects, patients receiving
anticoagulants, patients with liver dysfunc-
tion, and patients referred for investigation for
thrombophilia.
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Figure 1 (A) The effect of Taipan snake venom concentration on the TSV'j
effect ofphospholipid concentration on the TSVT of a normal (0 ) and
characterised LA plasma (O---).

Results
When the Taipan venom concentration was

*015 0-008 decreased at a constant phospholipid concen-
tration, there was a progressive increase in the
clotting time of normal plasma (fig 1A). A 1
in 2 dilution ofTaipan venom was selected for
further experiments to confer sensitivity while
maintaining convenient clotting times.
Decreasing the phospholipid concentration at a
constant venom concentration produced pro-
gressively increasing clotting times with both
normal plasma and a well characterised lupus
anticoagulant plasma (fig 1B). A 1 in 4 dilu-
tion of phospholipid in imidazole buffer was
selected for use as this produced minimal pro-
longation of the clotting time of normal
plasma, while permitting clear distinction
between normal and lupus anticoagulant posi-
tive clotting times. Dilution of the washed
platelets from a suspension of -400 x 109/1
resulted in increased clotting times with both
normal and lupus anticoagulant plasmas (not
shown). A 1 in 4 dilution of this reagent was

T (B) The selected for further experiments to maintain
well convenient clotting times. Two commercial
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Table 1 Results of stability studies on TSV reagent

TSVT ratio oflupus anticoagulant
positive plasma

Time after TSVstored on ice Freeze-thawed TSV
reconstitution of
TSV (hours) TSVT PNP TSVT PNP

0 1-35 1-07 1-35 1-07
1 1-35 1-05 1-28 1-15
2 1-40 1-07 1-28 1 09
4 1-34 1-16 1-27 1-05
6 1-28 1.09 1-30 1-04
8 1-27 1 10 1-35 1-02

comparable performance to the "in house"
reagent.
The stability of the Taipan reagent was

assessed by measuring the TSVT of a lupus
anticoagulant plasma at varying time intervals
over an eight hour period using Taipan
venom reagent that was stored on ice during
this period or repeatedly freeze-thawed. The
Taipan venom reagent remained stable on ice
and was unaffected by repeated freeze-thaw-
ing (table 1). Three different batches of TSV
were tested and demonstrated a similar
potency and gave a similar pattern of results
with normal and lupus anticoagulant positive
plasmas.

Intra-assay precision of the optimised
TSVT was assessed by assaying normal
plasma and a well characterised lupus antico-
agulant plasma 20 times. The intra-assay
coefficients of variation (CV) of ratios of the
TSVT and PNP of the lupus anticoagulant
plasma were determined to be 4% and 3%,
respectively. The interassay precision was
assessed by assaying a separate aliquot of an
lupus anticoagulant plasma on nine consecu-
tive runs over a six week period and was
determined to be 13% and 7-3% for the
TSVT and PNP, respectively. Although a cer-
tain degree of interassay variation was appar-
ent in both the normal and lupus
anticoagulant positive plasmas, the lupus anti-
coagulant plasma was correctly identified on
each occasion.
The optimised method was used to mea-

Table 2 Results of correction studies performed
on warfarin plasmas with abnormal TSVT results

Case
No INR TSVT PNP NP mix Result

1 1-24 1.19 1 00 1-07 ?Positive
2 3-27 1-34 1-08 1-14 ?Positive
3 3-95 1-28 1-18 1-07 Negative
4 3-95 1 19 1-16 ND Negative
5 5-21 1 19 1-16 0 93 Negative
6 6-36 1 11 1-29 0-96 Negative
7 6-56 1-18 1.19 0 93 Negative

sure the TSVT of 20 normal subjects. This
group included 12 women and eight men and
had a mean age of 30 years (range 21-56
years). The mean (SD) of the TSVT ratios
were 0 97 (005) and the reference range
(mean 2SD) was therefore determined as
0'87-1 07.

Samples were collected from 43 patients
receiving oral anticoagulants. The patient
group included those starting treatment and
those attending the oral anticoagulant clinic,
in order to achieve a wide range of levels of
anticoagulation. Some patients had interna-
tional normalised ratio (INR) results below
the therapeutic range <2.5) and a small num-
ber had grossly increased INRs (>4.0). There
was no correlation between INR and TSVT
(fig 2). Thirty six of the patients receiving
warfarin had normal TSVT ratios, irrespec-
tive of INR, and seven plasmas from five
patients had increased TSVT ratios. Of the
seven plasmas with increased TSVT ratios,
two corrected by more than 10% or to < 1 1
in the PNP. These plasmas also corrected to
<1 1 (case 1) and by more than 10% (case 2)
in a 1:1 mix with normal plasma and so were
considered as possible lupus anticoagulant
positive plasmas (table 2). Five plasmas did
not correct with PNP and of these, four were
found to correct when a 1:1 with normal
plasma was tested, indicating that prolonga-
tion of the TSVT was due to factor deficiency.
The remaining plasma was not tested with a
1:1 mix with normal plasma but was from a
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Figure 2 TSVT results ofplasmas from patients receiving oral anticoagulant treatment
0 normal TSVT, A increased TSVT, A indicates increased TSVT results ofplasmas
from one patient.
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Table 3 Median DRVVT and TSVT results of lupus
anticoagulant positive patients

DRVVT DRVVTPNP TSVT TSVTPNP

n = 17 17 17 17
Median 1-84 1-50 1-86 1-31
Minimum 1-10 0-99 1-06 1 00
Maximum 5-60 2-84 2-71 1-74

patient found to be negative for lupus antico-
agulant on two other occasions.
Nine plasmas from seven patients receiving

unfractionated heparin and selected at ran-
dom were tested to examine the effect of
heparin on the TSVT (fig 3). Heparin
resulted in prolongation of the TSVT and a
significant correlation was demonstrated
between APTT ratio and TSVT (r' = 0-81, p
<0.001). Five patients had TSVT ratios of
2 1 1 and in three of these the PNP corrected
the TSVT ratio by more than 10%, giving an

apparent positive result, while the remaining
two patients corrected by <10%.

Twelve patients with liver dysfunction (sec-
ondary to alcoholic liver disease, paracetamol
overdose, or obstructive jaundice) with a
mean INR of 1-52 (range 1.12-2-19) and
thrombin time of 15-5 (range 13-0-19-0) were
tested. All patients had normal TSVT ratios
(not shown).
We also investigated 17 patients who had

been diagnosed as lupus anticoagulant posi-
tive on the basis of DRVVT results. The
median DRVVT and TSVT results are shown
in table 3. Fourteen patients were found to be
positive for lupus anticoagulant by the TSVT.
Of the remaining three, one had a normal
TSVT (1 -06), one had a borderline TSVT
(1 -09) which corrected with the PNP (1 -00),
and one had a prolonged TSVT (1.23) but
gave <10% correction with the PNP (1-14).
We also tested 16 patients attending the

thrombophilia clinic for investigation of previ-
ous thrombotic episodes who had abnormal
DRVVTs but did not demonstrate the correc-
tion patterns typical of lupus anticoagulant.
Ten of these patients had normal TSVT
results. The remaining six patients all showed
>10% correction with PNP but also demon-
strated >10% correction in a 1:1 mix with
normal plasma. Thus the TSVT allowed 10 of
these patients to be classified as lupus antico-
agulant negative but could not clarify the situ-
ation in the remainder.

Discussion
The clinical importance of antiphospholipid
antibodies is becoming increasingly recog-
nised and consequently lupus anticoagulant
testing has become an essential routine proce-
dure for haemostasis laboratories. Incidental
findings of lupus anticoagulant are relatively
rare and it is more usual for testing to be
required after a previous unexplained throm-
botic episode, often when the patient is
receiving oral anticoagulants. Consequently it
may be difficult to interpret results as the
available tests are all dependent on adequate

levels of several coagulation factors and are
therefore affected by oral anticoagulants.

Phospholipid dependent prothrombin acti-
vating snake venoms are suitable candidate
reagents for lupus anticoagulant test systems
with reduced sensitivity to oral anticoagu-
lants, as they rely only on adequate concentra-
tions of prothrombin and fibrinogen and are
not affected by plasma concentrations of fac-
tors IX and X. The Taipan venom from
Oxyuranus scutellatus contains at least one pro-
thrombin activator of large molecular size.9
The protein apparently consists of a factor
Xa-like catalytic subunit and factor Va-like
cofactor unit which are potentiated by the
presence of phospholipid and calcium ions.
The products of venom catalysed prothrom-
bin activation are thrombin and meizothrom-
bin.'" Activators such as these that have no
factor Va requirement have as yet only been
identified in the venoms of Australian
Elapidae."2
The action of lupus anticoagulant is univer-

sally agreed to centre on the inhibition of the
role of phospholipid in haemostatic reactions.
Therefore, the amount of phospholipid in a
test system should be limited, as high phos-
pholipid concentrations may mask the
inhibitory effect of lupus anticoagulants. In
the TSVT a 1 in 4 dilution of phospholipid
resulted in good distinction between normal
and lupus anticoagulant plasma clotting
times, whereas higher dilutions resulted in
very long clotting times, giving logistical prob-
lems for routine use and weaker clot forma-
tion, which made accurate end-point
determination difficult. Confirmation of the
presence of lupus anticoagulant requires cor-
rection of the clotting time on addition of
lysed washed platelets or excess phospholipid,
but no correction on mixing with normal
plasma.' 13 A 1 in 4 dilution of the stock sus-
pension of washed platelets was selected for
use and gave good correction (>20%) of the
TSVT ratio using a well characterised lupus
anticoagulant plasma. Preparation of washed
platelets is time consuming and so two com-
mercial products designed for use in the PNP
in the APIT or DRVVT were tested in the
TSVT and performed well.
One of the disadvantages of the DRVVT is

that the RVV is unstable and activity is
reduced over time, even at 4GC.'4 The results
of assays performed with TSV stored on ice
over an eight hour period or repeatedly freeze-
thawed suggest that TSV is stable, even in a
diluted form. This may be due to the incorpo-
ration of albumin or other stabilisers by the
manufacturer in the particular TSV reagent
used. This may not be the case with other
products and therefore TSV stability may vary
according to source.

Prolongation of the TSVT was generally
not related to the degree of oral anticoagulant
treatment; the TSVT was normal in two
patients with grossly raised INR values (8-4
and 14.2). Five anticoagulated patients did
have prolonged TSVTs and of these, three
corrected to <1 1 with a 50/50 mix with nor-
mal plasma, indicating that the prolongation
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was due to factor deficiency. These patients
might have had more severely depressed pro-
thrombin concentrations as a result of con-
comitant liver dysfunction. In the remaining
two, the TSVT corrected in the PNP and so
they must be considered as possible lupus
anticoagulant positive patients.
A number of patients with mild liver dys-

function were tested by the TSVT. All
patients had normal TSVT results, suggesting
that the fibrinogen and vitamin K dependent
coagulation factor abnormalities induced by
this condition do not adversely affect the
TSVT.
A correlation was shown between heparin

treatment (as measured by the APFT) and
TSVT. Although prolongation of the TSVT
and PNP was demonstrated with increased
heparin concentrations the PNP was less pro-
longed than the TSVT at the higher heparin
values, giving a false positive effect. This is
most likely attributable to the heparin neutral-
ising activity of platelet factor 4 in the washed
platelet preparation. Plasmas contaminated
with heparin therefore cannot be reliably
tested using the TSVT and testing should be
repeated when heparin treatment has been
stopped.
The efficacy of the TSVT in identifying

lupus anticoagulant positive plasmas was
assessed by testing known lupus anticoagulant
positive plasmas. The patient group com-
prised patients with SLE and antiphospho-
lipid syndrome and included some patients
receiving oral anticoagulant treatment. The
minimum and median values of the DRVVT
and TSVT were comparable but the maxi-
mum level of the TSVT was much lower than
that of the DRVVT. This difference is most
likely a reflection of the reduced sensitivity of
the TSVT to oral anticoagulants. The TSVT
correctly identified all but one of the lupus
anticoagulant positive plasmas. This plasma
did not fulfil the lupus anticoagulant criteria
of the TSVT but was identified as lupus anti-
coagulant positive using the DRVVT. The
reason for this discrepancy is unclear; it is
possible that the lupus anticoagulant may be
part of a distinct subgroup with its main mode
of action directed at a site other than the pro-
thrombinase complex which forms the basis of
the TSVT.
The TSVT was also used to test several

plasmas which gave prolonged DRVVT
results but did not give correction results
typical of lupus anticoagulant. Most of these
plasmas yielded normal TSVTs. Plasmas
demonstrating prolonged TSVTs all showed
correction with a 50/50 mix with normal
plasma and correction with PNP. These
results show that the TSVT is far less liable to
false positive analysis than the DRVVT.

The TSVT can therefore be considered a
suitable test for the diagnosis of lupus antico-
agulant. The TSVT demonstrated satisfactory
intra-assay precision and reasonable sensitiv-
ity compared with the DRVVT. It has the
advantage of requiring only adequate fibrino-
gen and prothrombin concentrations and has
reduced sensitivity to factor deficiency, an
important consideration in the analysis of
plasmas from patients receiving oral anticoag-
ulants. An additional advantage is that the test
is based on prothrombin, a relatively non-
labile coagulation factor, and as such may be
more readily applied than the DRVVT to the
assay of previously freeze-thawed plasmas.
The test is easy to perform, readily adaptable
for automated operation, and relatively inex-
pensive and is therefore suitable for use in
most haemostasis laboratories.
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