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Summary
Background. In Clinical Pathology Laboratories
the approach to diagnosis of  Factor V Leiden is
based upon functional tests that allowed the re-
levation of an activated protein C resistance
(APCr) phenotype by using a PTT based assay.
In this study the authors evaluated efficiency of
two functional assays in comparison with to ge-
netic diagnosis.
Materials and Methods. We considered 292 pa-
tients after an episode of deep venous thrombo-
sis. These subjects were evaluated by using rou-
tine protocol adopted in our Laboratory. Moreo-
ver all these samples were tested by using beside
the routine PTT based assay, with a new PT ba-
sed test for revelation of  APCr.
Results. Among the considered 292 patients the
genetic study identified 124 (42.5%) FVL carriers:
111 heterozygous and 13 homozygotes. In discri-
mination between normal subjects and FVL car-
rier the aPTT based assay had a SE 1.00 and SP

of 0.99, in discrimination between homozygous
the performance was less satisfactory (SE=0.93,
SP=0.96). In discrimination between normal su-
bjects and FVL carrier the PT based assay had a
SE 1.00 and SP of 1.00, in discrimination between
homozygous the performance also very good
(SE=1.00, SP=0.99).
Conclusions. The PTT based test showed a sati-
sfactory analytical performance to discriminate
normal subjects from FVL carriers but are less
useful to discriminate between heterozygous and
homozygous patients. In our experience the PT
based APC assay provides improved discrimina-
tion between normal subjects and FVL carriers
compared with classical PTT based methods,
moreover this assay allowed a good discrimina-
tion between homozygous and heterozygous FVL
patients.
Key-words: Thrombophilia, Factor V Leiden, APC
resistance, Functional tests.

Introduction
Activated protein C (APC) degrades factor Va (FVa)

and factor VIIIa (FVIIIa) by cleavage at specific argi-
nine residues. In factor V Leiden (FVL), a single point
mutation in position 1691 from guanine to adenine in
FV genes, replaces in position 506 an arginine to a glu-
tamine residue. This results in a ten-fold decrease in
the rate of  FVa inactivation by APC and an APC resi-
stance (APCr) phenotype1. The great majority of APCr
phenotype is due to presence of FVL and this muta-
tion leads to the most common inherited form of
venous thrombophilia. Heterozygosis for FVL occurs

in 3-8%, homozygosis is around 1/5,000 of the gene-
ral population in Italy2. The odds ratio for venous
thrombosis is 3-10 for heterozygous and 40-80 for
homozygous individuals over the baseline for throm-
bosis in the general population2.

In clinical laboratories the diagnosis of FVL is ap-
proached by using a functional screening test (APCr)
to identify the phenotype followed by a genetic assay
to identify the genotype. The APCr test consists in an
activated partial thromboplastin time (PTT) performed
in presence and absence of exogenous APC. In nor-
mal subjects APC degrades the patient’s FVa (and FVI-
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IIa) and prolongs PTT. In FVL carriers APC degrades
slightly the patients FVa and PTT does not become
prolonged. The ratio of PTT with and PTT without
added APC is calculated. Usually normal subjects have
a ratio >2.0 however there is a considerable overlap
between normal subjects and heterozygous carriers3,4.

The aim of this study is a comparison between two
commercial functional assays designed to detect APCr
phenotype. In a group of Italian patients with pre-
vious venous thrombosis the authors compared the
analytical performance of  a functional prothrombin
time (PT) based APCr test with an aPTT based APCr
test. Particular attention was reserved to correlation with
genetic assay and efficiency in discrimination between
homozygous and heterozygous carriers.

Materials and Methods
Patients. In this study we considered plasma samples

stored at -80 °C obtained from 292 consecutive pa-
tients observed from May 2004 until June 2007, to
evaluate the presence of a hypercoagulable status, af-
ter an episode of venous thrombosis (VTE). All these
patients are of Italian ancestry with age from 16 to 89
years (mean 49 years), 186 (64%) were female and 106
(36%) were males.

Antiphospholipids antibodies. To investigate the presence
of  lupus anticoagulant (LAC) we adopted two com-
mercial methods: PTT Lupus and DRVVT Screening
supplied by Biopool, Dublin Ireland. To investigate
the presence of anti phospholipids autoantibodies we
adopted commercial ELISA methods supplied by In-
strumentation Laboratories, Milan, Italy: anti-β2 Gli-
coprotein 1 antibodies (anti-b2GP1) IgG and IgM, anti-
cardiolipin antibodies (aCL) IgG and IgM, anti-
prothrombin antibodies (anti-PT) IgG and IgM.

Research of  Gene Mutation. For genetic tests we adop-
ted a commercial automated analyser LightCycler with
software version 3.5, and commercial kits: Factor V
Leiden Kit for detection of FV Leiden G1691A mu-
tation, Factor II Prothrombin G20210 Kit for detec-
tion of Prothrombin G20210A mutation, MTHFR
C677T for detection of MTHFR C677T mutation.
All those kits adopted a real-time PCR with LightCycler
Red 640 FRET probes. Analyser and assay methods
were supplied by Roche, Milan, Italy.

Diagen PCA-Ratio test. (Diagen APC-R) is a functio-
nal PTT based assay. This test was performed by using
Sysmex CA 7000 following the manufacturer’s instruc-
tions. Briefly 10 microliters of  patient plasma were di-
luted with 40 microliters of FV deficient plasma. The
diluted sample was placed in a cuvette and, after an
incubation period (60 seconds at 37° C), 50 microli-
ters of a PTT reagent containing a PC activator were
added. After a second incubation period (300 seconds
at 37 °C) 50 microliters of CaCl 0.025 M in saline
solution were added and the coagulation time (aPTT)
was detected. A second determination is performed

under identical condition with the exception that no
PC activator is added to the second reagent. Thus the
aPTT is determined with and without inactivation of
FVa by APC and the ratio between APC (+) and APC
(-) analysis is calculated: ratios under 2.2 are associated
with APCr phenotype5. Reagents and analyser were
supplied by Dasit, Milan, Italy.

Pefakit APC-R FVL test. (Pefakit APC-R) (Pen-
tapharm Ltd, Basel, Switzerland) is a functional
prothrombin time based assay. This test was perfor-
med by using Sysmex CA 7000 following the manu-
facturer’s instructions. Briefly, in this test two aliquots
of 30 microliters of patient plasma were diluted with
20 microliters of a reagent containing FV depleted pla-
sma. The diluted samples were placed in a couple of
cuvettes with 50 microliters of a reagent (with or without
APC) containing a snake venom specifically activating
the FV in the plasma samples (RVV-V, Russel viper
venom from Daboia russelli) and polybrene. During
an incubation period (180 seconds at 37°C) activated
FV is hydrolysed by the added APC. The velocity of
the FVa inactivation depends on their binding kinetics
to APC and is decelerated significantly in presence of
FVL mutation. Subsequently 50 microliters of a se-
cond reagent containing an FVa dependent prothrom-
bin activator (Noscarin venom from Notechis scutatus)
and EDTA is added. The PTA converts prothrombin
in thrombin and leads to clotting of the sample and
the clotting times were recorded. If  the FVa molecules
have been eliminated during the incubation step the
velocity of prothrombin activation is slower compa-
red to an incomplete FVa elimination due to a FVL
mutation. In this second situation the velocity of
prothrombin activation is higher and the clotting time
(PT) is shorter. A second determination is performed
under identical condition with the exception that no
APC is added to the first reagent. Thus the PT is deter-
mined with and without inactivation of  FVa by APC
and the ratio between APC (+) and APC (-) analysis is
calculated (Pefakit APC-R) (Pentapharm Ltd, Basel,
Switzerland) is a functional PT based assay6-8.

Statistical analysis. We considered the following para-
meters: mean (ME) with 95% confidence interval (IC),
median (MD) with 95% confidence interval (IC), stan-
dard deviation (SD), interquartile range (IQR), percen-
tile (PER). Moreover, after classification as true positi-
ve (TP) false positive (FP) false negative (FN) and true
positive (TN), sensitivity (SE), specificity (SP), positive
predictive value (PPV), negative predictive value (NPV),
correctly classified incidence (CCI) was evaluated. Sta-
tistical analysis was performed with the Analyse.it sof-
tware, version 2.03 (Analyse.it Sofware Ltd, Leeds UK).

Results
By using the genetic test to demonstrate G1691A

mutation we observed, among the 292 considered
patients, 168 (57.5%) normal subjects and 124 (42.5%)
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FV Leiden carriers: 13 (4.5%) homozygous and 111
(38.0%) heterozygous.

By using the Diagen APC-R assay we observed a
mean aPTT ratio of 3.69 (CI 95% from 3.60 to 3.80)
among normal subjects; 1.71 (CI 95% from 1.67 to
1.74) among heterozygous carriers; 1.18 (CI 95% from
1.13 to 1.23) among homozygous patients. By using
the Pefakit APC-R assay we observed a mean PT ratio
of  4.88 (CI 95% from 4.79 to 5.03) among normal
subjects; 1.49 (CI 95% from 1.47 to 1.51) among he-
terozygous carriers; 1.01 (CI 95% from 1.00 to 1.01)
among homozygous patients. These results were re-
ported in Table I.

Distribution of  the values observed in normal su-
bjects, heterozygous and homozygous patients with
Diagen APC-R test and Pefakit APC-R is shown in
Figure 1.

By elaboration of  ROC Curves we established expe-
rimental cut-off  to discriminate normal subjects from
FLV carriers and among this group between heterozy-
gous and homozygous patients. These data are repor-
ted in Figure 2 in which are reported the experimental

ROC decision plots.
To discriminate normal subjects from FVL carriers

the cut-off value adopted for Pefakit APC-R assay
was 2.50 (each value between 1.80 and 3.10 gave equi-
valent results). This cut-off value allowed a correct clas-
sification all the considered subjects with 124 TP and
168 TN. To discriminate normal subjects from FVL
carriers the cut-off value adopted for Diagen APC-R
assay was 2.26. This cut-off value allowed identifica-
tion of  124 TP, 2 FP and 166 TN subjects. To discri-
minate between heterozygous and homozygous FVL
patients the cut-off value adopted for Pefakit APC-R
was 1.10 (each value between 1.03 and 1.3 gave equi-
valent result). This cut-off value allowed identification
of  13 TP, 1 FP and 110 FN subjects. To discriminate
between heterozygous and homozygous FVL patients
the cut-off value adopted for Diagen APC-R was 1.30.
This cut-off  value allowed identification of  12 TP, 4
FP, 1 FN and 106 TN subjects. In Table II were showed
the characteristics of  SE, SP, PPV and NPV on Pefakit
APC-R and Diagen APC-R assays in both these appli-
cations.

Table I. Statistical analysis of  observed ratio’s values.

Genotype N° Mean SD Median Min Max 2.5°per 97.5°per

Pefakit APC-R
Norm. 168 4.88 0.95 4.87 3.14 9.63 3.31 7.23
Hetero. 111 1.49 0.10 1.51 1.00 1.78 1.30 1.68
Homo. 13 1.01 0.01 1.01 1.00 1.02 ND ND

Diagen APC-R
Norm. 168 3.69 0.73 3.61 1.98 6.60 2.45 5.00
Hetero. 111 1.71 0.16 1.70 1.03 2.10 1.35 1.98
Homo. 13 1.18 0.07 1.20 1.06 1.26 ND ND

Norm. = normal subjects, Hetero = heterozygous subjects, Homo = homozygous subjects for FVL.
SD = standard deviation, Min = minimal observed value, Max = maximal observed value, 2.5°per = 2.2° percentiles, 97.5°per = 97.5° percentiles.

Figure 1. Ratio values and presence of FLV mutations.
A) distribution of ratio values obtained by using Pefakit APC-R assay in comparison with the presence of FVL mutations.
B) distribution of ratio values obtained by using Diagen APC-R assay in comparison with the presence of FVL mutations.
The considered patients were subdivided in three groups: normal subjects (NOR), heterozygous (HET) and homozygous
(HOM) FVL carriers. For each group were reported the ratio values: PT ratio for Pefakit APC-R assay and PTT ratio for Diagen
APC-R assay. The Blue diamonds report the mean values with 95% CI. The black boxes report median values with 95% CI and
limits for 2.5 and 97.5 percentiles.
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Discussion
By using genetic tests as standard, in the considered

population the overall prevalence of FVL carriers was
42.5%, the prevalence of homozygous patients was
4.5%. These results were higher than the prevalence
reported in literature in patients with VTE of around
15-18%9-12.

In our experience both the considered assay were
able to well discriminate between normal subjects and
FVL carriers. In this application Pefakit APC-R assay
showed a perfect correlation with the genetic test al-
lowing a correct identification of 124 FVL carriers (13
homozygous and 111 heterozygous) and of 168 nor-
mal subjects; as consequence SE and SP in this applica-

tion was 1.00. By using the Diagen APC-R assay, in this
application we observed 2 FP subject, these subjects
were positive (at high titre) for antibodies directed again-
st phospholipids (aPL); as consequence SE was 1.00
and SP was 0.99. More critical appeared the use of
these functional assays in discrimination between hete-
rozygous and homozygous FVL carriers. In this appli-
cation, by using Pefakit APC-R assay, we observed 13
TP, 1 FP and 110 TN; as consequence SE was 1.00
and SP was 0.99. By using Diagen APC.R assay we
observed 12 TP, 4 FP, 1 FN and 106 TN: as conse-
quence SE was 0.93 and SP was 0.96. Among samples
with a false positive results, two were positive (at high
titre) for antibodies directed against phospholipids.

Table II. Analytical performance of  Pefakit APC-R and of  Pefakit APC-R.

Group Comparison SE SP PPV NPV

Pefakit APC-R
Normal vs FV carriers 1.00 1.00 1.00 1.00
Hetero vs Homo 1.00 0.99 0.93 1.00
Diagen APC-R
Normal vs F V carriers 1.00 0.99 1.00 0.98
Hetero vs Homo 0.93 0.96 0.76 0.99

SE=sensitivity, SP= specificity, PPV=positive predictive value, NPV=negative predictive value.

Figure 2. ROC curves.
A) ROC Decision Plot for Pefakit APC-R FV. Normal subjects versus FLV carriers. B)  ROC Decision Plot for Pefakit APC-R FV
in FVL carriers. Heterozygous versus homozygous. C)  ROC Decision Plot for Diagen APC-R FV. Normal subjects versus FLV
carriers. D) ROC Decision Plot for Diagen APC Ratio in FVL carriers. Heterozygous versus homozygous.
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By using both the considered assays one heterozy-
gous subjects was classified as homozygous. In this
patient we observed a very low FV activity (45%). Thus
we classified this patient as pseudo-homozygous13,14.

aPL are an heterogeneous group of antibodies di-
rected against phospholipids. In our study we evalua-
ted the presence of  LAC, anti-PT IgG and IgM, anti-
β2GP1 IgG and IgM, aCL IgG and IgM. It is well
know the ability of aPL to induce APC resistance
maintaining the APC response at low level and pre-
venting the interactions of coagulation proteins on the
phospholipids surface15,16. By using classical aPTT ba-
sed APC resistance assays the presence of aPL is con-
sidered a major interfering factor and in the past years
it was often considered a reason to avoid the determi-
nation of  APCr in these patients. To minimise these
interference it was suggested, for more recent tests, to
dilute plasma samples before the assay, but usually the-
se patients should be evaluated directly with a genetic
assay17. In this study, we observed these interference
only for the aPTT based assay and not for the PT ba-
sed one. This fact should be explained by considering
the constructive characteristics of Pefakit APC-R test
that is performed in the absence of  calcium ions: the
citrated plasma sample is not recalcified and additional
EDTA id added. So no phospholipids are present in
the reagent because the formation of  phospholipids
based complexes need the presence of free calcium
ions18.
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