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Aims: To compare the performance of two assays used for the detection of mutations/polymorphisms in the
Factor V, Factor II, and methylenetetrahydrofolate reductase genes among patients referred for the management
of a thrombotic event. Materials and Methods: We tested 40 different patient samples using two assays, the
ViennaLab FV-PTH-MTHFR StripAssay and the Cepheid Xpert HemosIL. Results: The two assays were 100%
concordant in their produced results with no samples failing the testing procedures in both. Conclusion: This is
the first report to evaluate the performance of the ViennaLab FV-PTH-MTHFR StripAssay and the Cepheid
Xpert HemosIL. Both assays can be introduced to the operation of molecular diagnostic laboratories to cover
the referrals from different disciplines, especially in tertiary care centers with emergency departments.

Introduction

The association of Factor II (G20210A), Factor V
Leiden (FVL; G1691A), and methylenetetrahydrofolate

reductase (MTHFR) gene mutations with an increased risk
for venous thrombosis has been well documented. One
manifestation of venous thrombosis is venous thromboem-
bolic disorders (VTE). VTE are serious disorders accounting
for high morbidity and mortality rates, with an annual inci-
dence of 1/1000 ( Jadaon, 2011). In case of a blood vessel
injury, a cascade of chemical reactions responsible for blood
coagulation or clotting is initiated. Several enzymes and
proteins are involved in this cascade known as blood clotting
factors. Thrombin is a clotting factor produced in the liver in
an inactive form called prothrombin (Factor II). Upon injury,
thrombin gets activated by Factor X and converts fibrino-
gen into fibrin, thus leading to the formation of the blood
clot. Although the mutated molecule of prothrombin is struc-
turally similar and its function is comparable to the normal
molecule, prothrombin G20210A mutation leads to VTE by
causing higher levels of the clotting factor prothrombin and
thus hypercoagulability ( Jadaon, 2011). Through molecular
genetic testing, the G20210A mutation can be detected and
the patient can be assessed for the heterozygosity or ho-
mozygosity of the gene, which is formed by the transition
of guanine to adenine in the 3¢-untranslated region of the
prothrombin (Factor II) gene at position 20210 (Gessoni
et al., 2012).

Another clotting factor that causes hypercoagulation in
this cascade is Factor V. The gene that codes Factor V is
referred to as F5. FVL mutation is characterized by a single-
nucleotide polymorphism (SNP) in exon 10, with a G to A
substitution at position 1691, G1691A. It also exhibits the
replacement of arginine by glutamine (R506Q) at one of three
activated Protein C cleavage sites in Factor Va (Gessoni
et al., 2012). This mutation in Factor V makes it resistant to
cleavage and induces its inactivation by activated protein C.
This results in a higher amount of Factor V in the chain of
reactions producing more thrombin and consequently leading
to hypercoagulation (Shaheen et al., 2012). Similar to Factor
II, Factor V mutations can be determined through genetic
testing and evaluated to be homozygous or heterozygous for
the condition.

Another risk factor for venous thrombosis is hyperhomo-
cysteinemia. This is a condition where homocysteine accu-
mulates in plasma due to altered activity of MTHFR. The
MTHFR C677T and A1298T mutations are the most frequent
cause of reduction of the MTHFR enzymatic activity
(Gil-Prieto et al., 2009).

Patients carrying one of these mutations are at increased
risk of developing venous thromboembolism (VTE). For
instance, an individual who is heterozygous for FVL is 5–10
times more prone to hypercoagulation than an individual who
carries no mutations. Furthermore, a homozygous state for
the same gene increases the risk of VTE by 80-fold (Arslan
et al., 2011). As for prothrombin, G20210A increases the risk
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of VTE by twofold (Poort et al., 1996). Carrying multiple
genetic defects is yet more severe and predisposes to higher
hypercoagulation risk, with double heterozygosity for FVL
and G20210A being the most common combination and may
be the most critical due to the synergistic effect of these two
mutations (Margaglione et al., 1999).

In Lebanon, the prevalence of these mutations is relatively
high where a study by Hoteit et al. showed that of 2248
referred cases, 25 cases were found to be simultaneously
positive for the three mutations at a prevalence rate of 1.1%.
Compared with other populations, this prevalence rate is
considered high (Hoteit et al., 2012). Thus, thrombophilia is a
serious problem, and a quick molecular testing for diagnosis
is highly appreciated in the field.

Genetic testing for disease predisposition is perceived as
one of the potential benefits of the Human Genome Project
(Collins and McKusick, 2001). Molecular diagnostics has
markedly improved the diagnosis and workup of different
clinical conditions, including the hypercoagulable state or
thrombophilia, where different genes are involved. At the
American University of Beirut Medical Center (AUBMC),
most of the referrals for inherited thrombophilia workup are
from the departments of obstetrics/gynecology, vascular sur-
gery, hematology/oncology, and neurology. The high rate of
referrals among the obstetrics team is due to the increase in
recurrent abortions and failures of in vitro fertilization. As for
the other departments, the rate of referrals is associated with
deep vein thrombosis in the field of cardiac surgery, throm-
bosis and coagulopathy in hematology/oncology, and stroke
among the neurology department patients. The importance of
genetic testing for thrombophilia in several clinical and sur-
gical fields requires the introduction of this test to all molecular
diagnostics laboratories (Hoteit et al., 2012). In this study,
we compared Cepheid’s Xpert HemosIL Factor II and Factor
V Combo Assay and ViennaLab’s FV-PTH-MTHFR Strip-
Assay on a sample of referred cases for workup.

The Cepheid’s Xpert HemosIL Factor II and Factor V
Combo Assay is a qualitative genotyping test that allows the
detection of the most common mutations in FII and FV,
G20210A and FVL, respectively. This test uses real-time
polymerase chain reaction (RT-PCR) techniques to genotype
the samples. It is a simple test, all the elements needed for
the PCR are available in the provided cartridge and only
whole blood needs to be added. Since the cartridges are self-
contained, there is no risk of cross-contamination. As for the
ViennaLab’s FV-PTH-MTHFR StripAssay, it uses the re-
verse hybridization method for biotinylated PCR products. It
is a three-step protocol: DNA isolation from whole blood,
PCR amplification using biotinylated primers, and finally,
hybridization of the products on a test strip containing im-
mobilized allele-specific oligonucleotide probes. In addition
to the most common mutations in FII and FV, the FV-PTH-
MTHFR StripAssay covers an additional mutation in the
MTHFR gene (C677T).

Materials and Methods

Study samples and DNA extraction

We assessed 40 cases referred for thrombophilia workup at
the AUBMC. For the ViennaLab’s StripAssay, DNA was
extracted based on the manufacturer’s recommendations, and
the genomic material was stored at - 20�C for later use.

PCR and reverse hybridization (ViennaLab assay)

To test the various genotypic profiles of the Factor V,
prothrombin, and methylenetetrahydrofolate genes, the FV-
PTH-MTHFR StripAssay (ViennaLab) was used according to
the manufacturer’s protocol recommendation. This assay
screens for the G1691A, G20210A, and C677T mutations of
the Factor V, prothrombin, and MTHFR genes, respectively,
whereby in vitro, the different gene sequences are simulta-
neously amplified and biotin labeled in a single amplification
reaction (Multiplexing). Briefly, 5 mL of DNA was added to
15 mL of already prepared PCR amplification mix in the
presence of 5 mL of 0.2 U/mL Taq polymerase enzyme
(AmpliTaq; Perkin Elmer). The thermocycler (Px2; Thermo
Hybaid) program consists of an initial step of 94�C for 2 min,
followed by 30 cycles of 94�C for 15 s, 58�C for 30 s, 72�C
for 30 s, and a final extension step of 72�C for 3 min. Finally,
the amplification products are selectively hybridized to a test
strip that contains allele-specific oligonucleotide probes im-
mobilized as an array of parallel lines. Bound biotinylated
sequences are detected using streptavidin–alkaline phos-
phatase and color substrates.

RT-PCR (Cepheid assay)

The Xpert HemosIL Factor II and Factor V Assay is a
qualitative, in vitro diagnostic genotyping test for the detection
of Factor II and Factor V alleles from sodium citrate or EDTA-
anticoagulated whole blood. The test was performed on the
Cepheid GeneXpert Dx System. This test is intended to pro-
vide results for Factor II (G20210A) and FVL (G1691A)
mutations. The GeneXpert cartridge consists of multiple
chambers for the complete automation of the nucleic acid
extraction from whole blood, PCR, and product analysis and
quantification. The cartridges contain chambers for sample
introduction, the lysis buffer, the purification and elution
buffers, and all of the RT-PCR reagents and enzymes. All of
the sample-processing wastes are retained within the cartridge
(Gessoni et al., 2012). Detection of FVL and prothrombin
20210A was made through a single step of introducing 50mL
of sodium citrate or EDTA-anticoagulated whole blood into
the cartridge. The cartridge was then introduced into the
GeneXpert Dx instrument, and the results were read in 33 min.

Results

As shown in Table 1, the 40 samples that were run simul-
taneously using the two assays were 100% concordant. No
sample failed the procedure using any of the two techniques.

Discussion

Analysis of the mutations and polymorphisms in genes
implicated in thrombosis is gaining more importance in the
clinical and laboratory management of patients with a history
of a thromboembolic event. The Factor V, Factor II, and
MTHFR genes are among the most important and fundamental
to be first tested in this clinical setting. Different platforms are
used by diagnostic laboratories to test for the corresponding
gene mutations/SNPs, and their availability largely depends on
several parameters mainly related to cost of technology, test
turnaround time, and reimbursement issues. Two very im-
portant assays available are the ViennaLab FV-PTH-MTHFR
StripAssay and the Cepheid Xpert HemosIL.
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This report showed the high concordance between these
two assays. Although the turnaround time for the GeneXpert
assay is 37 min, whereas that of the ViennaLab assay is 6 h,
the latter has the advantage of providing the results for the
MTHFR gene mutations/polymorphisms, which are very
important markers to be considered in the workup of the
indicated patients. For example, a study by Puri et al. (2013)
in recurrent pregnancy losses found that low vitamin B12
increases homocysteine, specifically among T allele-carrying
mothers, suggesting the T allele of MTHFR C677T is detri-
mental with B12 deficiency. Another study by Fekih-Mrissa
et al. (2013) evaluated the role of the MTHFR C677T gene
polymorphisms in ischemic stroke patients and concluded
that, together with hyperhomocysteinemia, they are impor-
tant risk factors to be considered in this category of patients.
The rapid turnaround time for the Cepheid Xpert HemosIL
assay makes it an addition to the emergency units having

molecular testing on their algorithms for the clinical man-
agement of patients presenting with a thrombotic event.

Our experience with both assays is very encouraging, and
both of them are available in our diagnostic test menu serving
different disciplines and specialties in our tertiary care center.
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