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Abstract

Factor VII (FVII) deficiency manifests as prolonged prothrombin 
time (PT) and reduced FVII activity. We report a case of an asymp-
tomatic 60-year-old gentleman with discrepancies in PT and FVII 
coagulant activity levels (FVII:C) on three different thromboplastin 
reagents used. Further sequence analysis on genomic DNA showed 
double heterozygosity for c.1025G>A p.Arg342Gln and c.194C>G 
p.Ala65Gly in the F7 gene. To date, p.Ala65Gly in exon 2 of the 
F7 gene represents a novel variant in patients with FVII deficiency 
and is classified as likely pathogenic. Computational prediction tools 
support a deleterious effect on the gene. The genotype-phenotype as-
sociation and the clinical significance of this exon 2 missense variant 
is proposed in this case report.
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Introduction

Factor VII (FVII), also known as proconvertin, is a zymogen 
of vitamin K-dependent clotting protein that is synthesized by 
the liver [1]. Plasma levels range between 55% and 170%. It 
requires the presence of tissue factor (TF) to initiate coagula-

tion [2]. Congenital or hereditary FVII deficiency manifests 
as prolonged prothrombin time (PT), normal activated par-
tial thromboplastin time (APTT) and reduced FVII coagulant 
activity (FVII:C) by a one-stage PT-based assay. Congenital 
FVII deficiency is usually due to genetic variants in the F7 
gene encoding FVII. The choice of thromboplastin may influ-
ence PT and FVII:C results [3].

FVII Padua is a variant form of FVII deficiency that was 
first described in 1978 [4]. It is a type II defect due to a (NM 
019616.4) c1025G>A genetic variant in exon 8 of the F7 gene, 
resulting in a p.Arg342Gln alteration. This is characterized by 
a sharp discrepancy in FVII activity levels depending on the 
type of thromboplastins used [5, 6]. PT is prolonged when us-
ing rabbit brain thromboplastin, whereas assays using ox brain 
thromboplastin yield a normal result [7].

We present a patient with  double heterozygous variants of 
F7 c.1025G>A p.Arg342Gln and in combination with a novel 
exon 2 missense variant  c.194C>G p.Ala65Gly.

Case Report

The patient is a 60-year-old Chinese man, known to have hy-
pertension, hyperlipidemia, and coronary artery disease. He 
had no bleeding tendencies and no prior surgeries. He pre-
sented with a fever for 10 days, diarrhea and loss of weight 
of 5 kg over 3 months. On arrival, he was febrile and was 
found to have non-tender hepatomegaly. The patient was not 
on any anti-platelet or anti-coagulant medication. Complete 
blood count revealed mild leukocytosis (12.5 × 109/L). Ala-
nine aminotransferase and aspartate aminotransferase levels 
were elevated at 84 U/L and 46 U/L, respectively. PT was 
elevated (27.9 s) and APTT was within the normal range (34.3 
s). His C-reactive protein was elevated (169.1 mg/L). Intra-
venous (IV) ceftriaxone and oral metronidazole were started. 
Computed tomography (CT) of his abdomen showed multiple 
hepatic abscesses, with the largest collection measuring 7.4 
× 5.2 cm. The patient was initially planned for percutaneous 
aspiration and drainage of the liver abscess, but this was de-
ferred in view of his coagulopathy.

A repeat CT scan of his abdomen after a prolonged course 
of IV antibiotics showed resolution of the hepatic abscesses. 
However, his PT was noted to be persistently elevated (27.6 - 
29.9 s) despite the hepatic transaminases and other liver tests 
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normalizing with the treatment of the hepatic abscesses. The 
PT test in our lab uses a rabbit brain thromboplastin reagent 
((Neoplastine CI Plus, Stago Diagnostica). In view of this, 
Factors II, VII, and X activity levels and fibrinogen levels were 
measured. Fibrinogen was increased at 5g/L while the PT (Neo-
plastine CI Plus, Stago Diagnostica) was elevated. FVII activ-
ity level (FVII:C) (STA-Deficient VII, Stago Diagnostica) was 
low at 4%, while the other factor levels were normal (FII 121%, 
FX 130%). To further evaluate the low FVII:C activity, a total 
of 2 other thromboplastin reagents were used: (1) Recombinant 
human tissue factor and synthetic phospholipid (Dade Innovin, 
Siemens) and, (2) Lyophilized human placental thromboplastin 
(Thromborel S, Siemens). FVII:C levels using the recombinant 
human tissue factor and human placental thromboplastin assay 
were 28% and 21% respectively (Table 1). The VisuLize FVII 
ELISA Kit (Affinity Biologicals) quantified the FVII antigen 
level showed at 87%.

In view of the discrepancy of FVII:C levels using the three 
thromboplastin reagents, sequence analysis was performed on 
genomic DNA extracted from peripheral blood using the QIA-
GEN® QIAamp® DNA Blood Mini Kit followed by polymer-
ase chain reaction (PCR) amplification of the 5’ untranslated 
and coding regions in exons 1 to 8 of F7 (NG_009262.1) and 
bidirectional Sanger sequencing and capillary electrophoresis 
on the amplified products. Significance of genetic alterations 
were assessed based on prevalence, functional data as well as 
computational and predictive models. They were assigned a 
classification based on weighted evidence according to the 
American College of Medical Genetics recommendations [8]. 
The molecular analysis showed a double heterozygous state, 
with an exon 8 missense variant (NM_019616.4: c.1025G>A; 
p.Arg342Gln) in the active site domain and an exon 2 mis-
sense variant (NM_019616.4: c.194C>G; p.Ala65Gly) in the 
glutamic acid (GLA) domain (Fig. 1). The analysis could not 
determine the phasing of the two variants.

Discussion

It is known that inherited FVII deficiency has a wide spec-
trum of clinical phenotypes ranging from asymptomatic even 
in homozygous subjects to life-threatening bleeding [9]. The 
diagnosis of FVII deficiency is based on the presence of 
prolonged PT and confirmed by a one-stage PT-based assay 
demonstrating low FVII activity (FVII:C). In type I congeni-
tal FVII deficiency, FVII:C levels are low and comparable 
to antigen levels. In contrast, type II congenital FVII defi-
ciency shows a discordant low FVII:C coupled with normal 
antigen levels [7]. The patient’s FVII antigen level was nor-
mal by an ELISA assay. FVII:C levels using three thrombo-
plastin reagents demonstrated low levels, most marked with 
the rabbit brain thromboplastin and less so with the human 
tissue thromboplastin. It is unfortunate that ox brain throm-
boplastin was not available in Singapore. These differences 
are consistent with what was described by Girolami et al for 
FVII Padua [6, 7].

FVII:C levels are variable with wide ranges especially in 
patients with heterozygous mutations. In a review of 717 sub-
jects from Europe and Latin America with variants in the F7 
gene, it was found that patients with homozygous and com-
pound heterozygous variants have a median FVII:C levels of 
5% and 6%, respectively, with a combined range of < 1% to 
31%. In comparison, patients with heterozygous mutations 
have a median FVII:C levels of 46% for asymptomatic patients 
and 39% in symptomatic patients, with a combined range of 
12-67% [10]. With a FVII:C level of 4% using the rabbit brain 
thromboplastin, it is most likely that our patient had compound 
heterozygous alterations of the F7 gene.

The c.1025G>A variant in the F7 gene, which was seen in 
this patient, represents one of the most frequent missense vari-
ants in patients with FVII deficiency. It is sometimes reported 

Table 1.  Three Different Thromboplastin Reagents to Measure F7 Activity Levels

Rabbit brain thrombo-
plastin (Neoplastine CI 
Plus, Stago Diagnostica)

Recombinant human tis-
sue factor thromboplastin 
(Dade Innovin, Siemens)

Human placental 
thromboplastin 
(Thromborel 
S, Siemens)

F7 antigen (VisuLize 
F7 antigen - Affin-
ity Biologicals)

PT (s)
  Patient 27.9 14 18.4
  Reference range 11.7 - 14.0 9.9 - 11.8 10.4 - 12.6
50% correction (s)
  Patient 14.9 9.8 13.5
  Control 13.7 9.2 12.3
FVII activity (%)
  Patient 4% 28% 21%
  Reference range (FVII) 55-170% 70-120% 70-120%
FVII antigen
  Patient 87%
  Reference range (FVII antigen) 71-146%

FVII: factor VII; PT: prothrombin time.
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using alternate nomenclature of pArg364Gln, and referred 
to as FVII Padua [11, 12]. FVII:C using human recombinant 
thromboplastin (28%) likely reflects the clinical phenotype 
more accurately as our patient was otherwise asymptomatic. 
This is also consistent with cases described in the literature 
where patients had either mild bleeding manifestations or were 
entirely asymptomatic [2].

To our knowledge, the c.194C>G; p.Ala65Gly variant is 
a novel variant in patients with FVII deficiency. According 
to the American College of Medical Genetics Guideline [13, 
14], this variant p.Ala65Gly is classified as likely pathogenic 
(PM1, PM2, PP2, PP3, PP4). It represents a missense variant 
in exon 2 of the F7 gene encoding part of the GLA domain 
that is associated with calcium binding (PM1). Missense vari-
ants in F7 is a common mechanism of FVII deficiency (PP2). 
This reported variant is not found in the Genome Aggregation 

Database (GnomAD). It is also not listed in the F7 Gene Vari-
ant Database by the European Association of Haemophilia 
and Allied Disorders (EAHAD) [15]. In the Singapore SG10K 
Database, FVII p.Arg342Gln is rare (0.06% frequency in 
Chinese) while FVII p.Ala65Gly has no entry (PM2) [16]. 
In silico prediction tools, including MutationTaster, SIFT, 
FATHMN and Polyphen-2 that assess the functional impact of 
non-nonsynonymous variants based on a combination of se-
quence conservation and comparative genomics, unanimously 
support a deleterious effect on the gene (PP3) [17-19]. Lastly 
the alteration in FVII is highly specific for the patient’s phe-
notype (PP4).

Girolami et al reported [6] the FVII:C levels in a study 
of 6 homozygous and 14 heterozygous FVII Padua patients.  
Among the 6 homozygous FVII Padua population, the mean 
FVII:C activity levels using rabbit brain, human placenta or 

Figure 1. Variants detected on the F7 gene. Fwd: forward; Rev: reverse
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ox-brain thromboplastin were 8.8%, 33.3% and 100.2% re-
spectively. Among the 14 heterozygous FVII Padua popula-
tion, the mean FVII:C activity levels were 59.2%, 57.5% and 
97.5% respectively using the same three thromboplastins.  
Our patient had FVII:C activity levels of 4%, 28%, 21% us-
ing rabbit brain, recombinant human tissue factor and human 
placental thromboplastins respectively. In view of discrepant 
FVII:C activity levels between our patient and the heterozy-
gous FVII Padua population reported by Girolami et al  [6], 
we postulate that the novel FVII p.Ala65Gly alteration also 
interferes with rabbit and human TF interaction with FVII.

It is known that FVII interacts extensively with soluble 
TF, with a binding interface that spans all domains [20]. As 
this TF binding interface likely includes the GLA domain, 
we postulate that the p.Ala65Gly alteration in our patient’s 
FVII further reduced its interaction with the various TF 
present in the different thromboplastin reagents used com-
pared with a pure heterozygous FVII Padua patient. As the 
activation of the protease depends on the binding affinity 
with TF, we can also further postulate that the assay using 
human thromboplastin will most likely reflect the clinical 
bleeding tendency of this patient. This genotype-phenotype 
association and the clinical significance of the  p.Ala65Gly 
alteration has yet to be confirmed.  Further segregation and 
functional studies will be needed for the patient and his fam-
ily members to understand the clinical significance of this 
alteration.

This case study illustrates the heterogeneous correlation 
of FVII levels with clinical bleeding tendency that is likely 
more frequently encountered in laboratories using nonhuman 
thromboplastin reagents. This is because as postulated above, 
the soluble TF in non-human thromboplastins likely has differ-
ent binding affinity to human FVII than the soluble TF in hu-
man thromboplastin. Such laboratories should have access to 
another assay that uses human thromboplastin when encoun-
tering a low FVII level in a patient sample.
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