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Introduction: Inherited thrombophilia and venous thromboembolism (VTE) have been 
closely linked to adverse pregnancy outcomes such as preeclampsia/eclampsia contributing 
to increased maternal and perinatal morbidity and mortality. There is, however, little genetic 
data from Africa including Nigeria that explores the prevalence of common VTE genetic risk 
markers such as factor V Leiden mutation (FVL G1691A) and prothrombin gene mutation 
(F2 G20210A) among pregnant women in Nigeria.
Purpose: To determine the prevalence and distribution of FVL G1691A and F2 G20210A in 
pregnant women in Lagos, Nigeria.
Patients and Methods: This hospital-based cross-sectional pilot study was conducted 
among pregnant women between 1 July 2019 and 31 August 2020. The genotype of interest 
was determined through amplification by polymerase chain reaction using G1691A of FV 
and prothrombin A20210G specific primers. Descriptive data were presented using Stata 
version 15 (Stata Corp) statistical software.
Results: Of the 400 recruited participants, 397 and 389 samples were successfully processed 
for FVL G1691A and F2 G20210A mutations, respectively. Three participants had FVL 
heterozygous mutation; thus, the prevalence of heterozygous mutation of FVL among the 
study participants was 0.76%, 95% CI: 0.002–0.023%, n=3/397. There was no F2 G20210A 
mutation detected among the study participants.
Conclusion: This study indicates that screening for factor V Leiden mutation and pro-
thrombin gene mutation in pregnancy might not be of any clinical significance among 
Nigerian women. However, carrying out a genome-wide associated study is recommended 
to determine the true impact of these two common inherited thrombophilias in this 
population.
Keywords: factor V Leiden G1691A, prothrombin G20210A gene mutation, factor 2, factor 
V, preeclampsia, venous thromboembolism

Introduction
Pregnant women with inherited thrombophilia have an over 50% increased risk of 
developing venous thromboembolism (VTE);1 VTE has been attributed to 9–14% of 
maternal deaths.2,3 Inherited thrombophilia and VTE have been closely linked to 
various adverse pregnancy outcomes contributing to increased maternal and perinatal 
morbidity and mortality.4,5 One such adverse pregnancy outcome is preeclampsia/ 
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eclampsia (PET), which is responsible for 11% of maternal 
deaths in Nigeria.6 Indeed, PET is one of the five leading 
causes of maternal mortality in Nigeria.7 The most frequent 
inherited thrombophilias evaluated for VTE are notably fac-
tor V Leiden mutation (FVL G1691A) and prothrombin gene 
mutation (F2 G20210A). The prevalence of these two muta-
tions is 3–15% in Caucasians but is assumed to be rare in 
other ethnic populations. There is, however, little genetic 
data from many parts of Africa, including Nigeria the country 
that contributes the largest proportion (19%) of the burden of 
maternal mortality (MM) worldwide and 29% of the total 
MM from Sub-Saharan African.8,9 This study therefore eval-
uated the prevalence of these common VTE genetic risk 
markers among pregnant women in Lagos, Nigeria.

Patients and Methods
Study Setting
This cross-sectional multi-centre pilot study was con-
ducted among 400 pregnant women receiving obstetric 
care at the antenatal clinics of the Lagos University 
Teaching Hospital (LUTH) and Randle General Hospital, 
Lagos over a period of 13 months (1 July 2019 to 
31 August 2020).

This study was approved by the College of Medicine, 
University of Lagos Health Research Ethics Committee 
(Approval number: HREC/15/04/2015).

Study Population
Eligible participants were consecutively consenting preg-
nant women aged 15–49 years who registered for antenatal 
care in the two participating hospitals. Pregnant women 
below the age of 18 years were regarded as emancipated 
minors. “Emancipated minor” is a person who is not of 
legal age to give consent (below 18 years of age in 
Nigeria) for a research study but who by marriage, preg-
nancy, being the mother of a child whether married or not 
or has left home and is self-sufficient can be allowed to 
give consent legally. Written informed consent was 
obtained from each participant following an explanation 
of the nature and purpose of the study and before 
recruitment.

Data Collection
A structured interviewer-administered questionnaire was 
used to collect data on sociodemographic characteristics 
and obstetric history. Whole blood samples were collected 
from each study participant in ethylenediaminetetraacetic 

acid (EDTA) tubes. To improve the deoxyribonucleic acid 
(DNA) yield, white cells were separated from whole blood 
by centrifugation to produce buffy coats following the 
Qiagen protocol.10

Determination of Genotype
Genomic DNA Extraction
The extraction of DNA was performed at the Nigerian 
Institute of Medical Research, Lagos (NIMR) using a -
PrestoTM Well Blood Genomic DNA Extraction kit 
(Geneaid Biotech GB, Taiwan) following the vacuum pro-
tocol. Briefly, 20 µL of protease was added to the bottom 
of each microtube and 200 µL of buffy coats were care-
fully added without touching the rims of the microtubes. 
To each microtube 200 µL of lysis buffer (GB Buffer) was 
added, mixed thoroughly for 15 seconds, and incubated at 
70°C for 10 minutes. Absolute ethanol (200 µL) was 
added to each sample and carefully mixed by pipetting 
up and down 5 times. Lysates were transferred to the 
PrestoTM gDNA 96-well binding plate. A vacuum pressure 
of 15 inches Hg was applied until the lysates passed 
through the binding plate into the collection tube leaving 
nucleic acids abound to the plate. The binding plate was 
washed twice with 400 and 600 µL of wash buffer succes-
sively, with a vacuum pressure of 15 inches Hg applied at 
each wash step. An additional 10 minutes of the vacuum 
pressure was added to the dry binding plate membrane. 
The PrestoTM gDNA 96-well binding plate was removed 
from the assembled manifold, the nozzles were cleaned, 
and it was re-assembled over DNase/RNase free micro-
tubes to collect eluted DNA using 200 µL of preheated 
(60°C) elution buffer (10 mM Tris-HCl, 1 mM EDTA, 
pH8.0) from the binding plate. Eluted DNA were quanti-
fied using Nano Drop™ 2000 (Thermo Fisher Scientific, 
USA) and stored at −20°C prior to downstream 
applications.

rhAmp SNP Assay Design
Factor 2 (rs1799963) and factor V Leiden single nucleo-
tide polymorphisms (SNPs) (rs6025) were selected from 
the dbSNP database and entered into the RNAase 
H amplification (rhAmp) Genotyping Design Tool 
(https://www.idtdna.com/site/order/designtool/index/) for 
biallelic blocked rhAmp primers conjugated with either 
FAM fluorophore (Allele Primer 1) or Yakima Yellow 
(Allele Primer 2), and a non-fluorogenic locus rhAmp 
primer (Table 1). Synthetic gBlocks® Gene Fragments 
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(Integrated DNA Technologies, https://www.idtdna.com/ 
pages/products/genes/gblocks-gene-fragments) were used 
as known genotype controls (Supplementary Material). 
gBlocks Gene Fragments representing the wild type and 
mutant allele were mixed together in an equal molar ratio, 
representing the heterozygous genotype.

rhAmp SNP Assay
Purified genomic DNA samples were normalized with TE 
(Tris-EDTA) buffer (pH 7.5) to a concentration of 3 ng/µL. 
Synthetic gene templates for the reference (Allele 1) and 
alternate alleles (Allele 2) were diluted to 500 copies/µL, 
while the heterozygous control was a pool of equal volume 
of the controls for each allele. rhAmp Genotyping master-
mix and reporter mix were combined at a volume ratio of 
20:1 in a new tube. A 5 µL assay reaction was carried out in 
a tube containing 2.56 µL combined master mix and repor-
ter mix, 0.25 µL rhAmp SNP assay, 0.1 µL Nuclease free 
water, and 2 µL (6 ng) of template DNA or 1000 copies of 
synthetic gene controls. Thermal cycling was done on 
a CFX96 Touch Real-Time PCR Detection System (Bio- 
Rad Laboratories 3, Marnes-la-Coquette, France) using the 
cycling profile enzyme activation at 95°C for 10 mins; and 
a 40X repeated cycle of denaturation at 95°C for 10 secs; 
annealing at 60°C for 30 secs, and extension at 68°C for 20 
secs. Signal was captured at the extension step and the FAM 
channel was assigned to the reference allele while the VIC 
channel was assigned to the alternate allele. An allelic dis-
crimination plate was set-up and identified using Bio-Rad 
analysis software. Automatic allele calls were reviewed and 
converted into genotypes.

Definition of Study Endpoints
The study endpoint was the prevalence of thrombophilic 
gene mutation among pregnant women within the age 
group, 15 to 49 years. Each single nucleotide polymorph-
ism (SNP) result was classified as: homozygous A/A 

(mutant/mutant), heterozygous A/G (mutant/wild type) or 
normal G/G (wild type/wild type).11

Data Analysis
Stata version 15 (Stata Corp) statistical software was used 
for data analysis. The sociodemographic and clinical char-
acteristics of the participants were described. Categorical 
variables were presented as frequencies, percentages and 
charts, while normally distributed continuous variables 
were presented as mean ± standard deviation and non- 
normally distributed continuous variables were presented 
as median (interquartile range). Prevalence of thrombophi-
lic polymorphisms among the study participants was deter-
mined with a 95% confidence interval.

Results
The sociodemographic characteristics of the 400 pregnant 
women who participated in the study are presented in 
Table 2. The mean age and median parity were 31.9 ± 
5.2 years and 1 (0–2), respectively.

Detailed information about the two polymorphisms of 
interest is presented in Table 3.12 Of the 400 samples 
collected from the study participants, 14 (3F5, 11F2) 

Table 1 rhAmp SNP Assay Design

Gene Name SNP ID Primer Name Sequence

F5 rs6025 Allele Primer 1 /rhAmp-F/AAGGACAAAATACCTGTATTCCTCrGCCTG/GT1
Allele Primer 2 /rhAmp-Y/AAGGACAAAATACCTGTATTCCTTrGCCTG/GT1/

Locus Primer GCCCAGTGCTTAACAAGACCATrACTAC/GT4/

F2 rs1799963 Allele Primer 1 /rhAmp-F/CCAATAAAAGTGACTCTCAGCGrAGCCT/GT3/

Allele Primer 2 /rhAmp-Y/CCAATAAAAGTGACTCTCAGCArAGCCT/GT3/
Locus Primer GCAGCTGCCCATGAATAGCArCTGGG/GT4

Table 2 Sociodemographic Characteristics of Study Participants

Characteristics N (%)

Age (Year ±SD) 31.9 ± 5.2

Gestational age (median, IQR) weeks 20 (17–26)

Parity (median, IQR) 1 (0–2)

Primigravidae 110 (27.5)

Multigravida 290 (72.5)

Ethnicity
Igbo 150 (39.6)
Yoruba 225 (59.4)

Hausa 4 (1.1)
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were not amplified successfully. The FVL heterozygous 
mutation was found in 3 of the 397 samples that amplified 
for FVL detection, thus the prevalence of heterozygous 
mutation of FV among the study participants was 0.76%, 
95% CI: 0.002% - 0.023%, n=3/397 (Table 4).

In contrast, F2 G20210A mutation was not recorded in any 
of the 389 samples that amplified for F2 G20210A detection.

The presence of FVL mutation had no clinical signifi-
cance in this population as the three participants who 
tested positive for FVL mutation had no prior history of 
adverse pregnancy outcomes and also recorded no com-
plications in the index pregnancies (Table 5).

Discussion
Inherited thrombophilia polymorphisms have been linked 
with VTE and placenta mediated pregnancy complications 
that remain one of the major causes of perinatal and maternal 
morbidity and mortality in underdeveloped nations.13–22

There is limited information on the prevalence of 
inherited thrombophilias in Nigeria, and to the best of 
our knowledge this study is the first of its kind to deter-
mine the prevalence of rs6025 (FVL) and rs1799963 (F2) 
gene mutations in asymptomatic pregnant women whose 
thrombophilia status is unknown and the significance of 
screening for these inherited thrombophilias to aid clinical 
governance in our population.

Our study has revealed some key findings. First, we 
have shown that the prevalence of rs6025 (FVL) and 
rs1799963 (F2) mutation is very low in our study popula-
tion. In this study, rs6025 (FVL) mutation was present in 
0.76% of the study population, while rs1799963 (F2) 

genetic mutation was not detected in any of the study 
participants. This finding is in agreement with previous 
reports that found a low incidence of FVL and F2 mutations 
in Africans.23–26 Despite a paucity of data in the variants of 
rs6025 and rs1799963 in studies involving pregnant women 
in Nigeria, we used information deposited in the 1000 
genome browser of the National Centre for Biotechnology 
Information as a comparative control in investigating allelic 
variants in this study (https://www.ncbi.nlm.nih.gov/varia 
tion/tools/1000genomes). The Yoruba and Esan ethnic 
groups were captured in the 1000 genomes project and the 
minor allele frequencies (MAF) for both rs6025 (FVL) and 
rs1799963 (F2) were reported to be 0%.27 In this study, 
MAF for rs6025 (FVL) was found to be 0.76%, while that 
of rs1799963 remained at 0%.

Another important finding of this study is corrobora-
tion of the fact that women who have inherited thrombo-
philia can have a problem-free pregnancy, as women who 
had heterozygous FVL mutation in this study had unevent-
ful pregnancies with no peripartum complications. 
Similarly, Said et al reported no adverse pregnancy out-
comes in the majority of subjects among a cohort of 

Table 3 Targeted Single Nucleotide Polymorphisms

Polymorphism rsSNP Gene Name Symbol Protein Change Gene Consequence

20210G-A rs1799963 Coagulation factor II, thrombin F2 None 3 Prime UTR Variant

FV Leiden rs6025 Coagulation factor V F5 R (Arg) > Q (Gln) Missense Variant

Abbreviations: rs, reference single nucleotide polymorphism; UTR, untranslated region; Arg, arginine; Gln, glutamine.

Table 4 Frequency of Normal and Mutant Genotypes in Study 
Population

Polymorphism Normal 
(%)

Heterozygote 
(%)

Homozygote 
(%)

F2 (n=389) 389 (100) 0 0

FV (n=397) 394 (99.2) 3 (0.76) 0

Abbreviations: F2, factor II; FV, factor V.

Table 5 Characteristics of Participants with FVL Heterozygote 
Mutation

Characteristics Participant A Participant B Participant C

Age (years) 35 27 31

Ethnicity Yoruba Yoruba Igbo

Blood group O Positive AB positive O Positive

Hemoglobin 
Genotype

AA AA AA

Parity 2 1 2

Birth weight (gm) 3420 3100 2200, 2500

Type of Pregnancy Singleton Singleton Multiple

Mode of delivery Normal 
delivery

Caesarean 
section

Caesarean 
section

Perinatal outcome Alive Alive Alive
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nulliparous women with inherited thrombophilia 
polymorphisms.28

The third key finding of this study was the ethnic 
variation in the prevalence of FVL mutation in participants 
who were heterozygotes for FVL mutation, as this muta-
tion was found predominantly (66.7%, n=2/3) among 
women from the Yoruba ethnic group in the 
Southwestern part of Nigeria. This may however not be 
out of place as the study was conducted in the 
Southwestern part of Nigeria that is inhabited mainly by 
the Yoruba ethnic population.

Though our data suggest that FVL and F2 gene 
mutations have low prevalence and therefore no risk 
factors that should be considered in our population, 
it is still possible that associations with other specific 
pregnancy complications, such as fetal growth restric-
tion, stillbirth, placental abruption and thrombophilias, 
may be seen if a genome-wide associated study (GWAS) 
is conducted in the future. Our study had a few limita-
tions. First, it was a hospital-based study, which thus 
limits generalization of the findings to a larger popula-
tion. Second, there was limited power to make any 
inference from the findings. However, this is the first 
known attempt in Nigeria to determine the prevalence 
of rs6025 (FVL) and rs1799963 (F2) polymorphisms in 
pregnant women and to examine the possible effects of 
these mutations on pregnancy outcomes.

Conclusion
Our data revealed a very low prevalence of FVL G1691A 
and FII G20210A mutations among pregnant women in 
Lagos, Nigeria and also suggests that these particular 
inherited thrombophilias may be of minimal clinical sig-
nificance among heterozygotes in pregnancy. However, 
this study has provided valuable information for conduct-
ing large cohort studies on these polymorphisms among 
pregnant women in Nigeria. This could inform future 
policies that might be useful in the prediction and preven-
tion of VTE and other related placenta-mediated preg-
nancy complications in Nigerian women.

Abbreviations
VTE, venous thromboembolism; PET, preeclampsia; FVL, 
factor V Leiden; EDTA, ethylenediaminetetraacetic acid; 
DNA, deoxyribonucleic acid; rhAmp, RNAse 
H amplification; dbSNP, SNP database.
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