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Abstract Lymphatic filariasis (LF) is a serious vector-borne
health problem, and Wuchereria bancrofti (W.b) is the major
cause of LF worldwide and is focally endemic in Egypt.
Identification of filarial infection using traditional morpholog-
ic and immunological criteria can be difficult and lead to mis-
diagnosis. The aim of the present study was molecular detec-
tion of W.b in residents in endemic areas in Egypt, sequence
variance analysis, and phylogenetic analysis of W.b DNA.
Collected blood samples from residents in filariasis endemic
areas in five governorates were subjected to semi-nested PCR
targeting repeated DNA sequence, for detection ofW.b DNA.
PCR products were sequenced; subsequently, a phylogenetic
analysis of the obtained sequences was performed. Out of 300
blood samples, W.b DNA was identified in 48 (16%).
Sequencing analysis confirmed PCR results identifying only
W.b species. Sequence alignment and phylogenetic analysis
indicated genetically distinct clusters of W.b among the study
population. Study results demonstrated that the semi-nested
PCR proved to be an effective diagnostic tool for accurate
and rapid detection of W.b infections in nano-epidemics and
is applicable for samples collected in the daytime as well as
the night time. PCR products sequencing and phylogenitic
analysis revealed three different nucleotide sequences vari-
ants. Further genetic studies ofW.b in Egypt and other endem-
ic areas are needed to distinguish related strains and the

various ecological as well as drug effects exerted on them to
support W.b elimination.
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Background

Lymphatic filariasis (LF) is a serious vector-borne health
problem, and Wuchereria bancrofti (W.b) is the major cause
(90%) of LF worldwide and is focally endemic in Egypt. The
disease has been identified by World Health Organization
(WHO) as a leading cause of permanent and long-term dis-
ability. In addition to medical problems, there are severe social
and psychological consequences especially for those who suf-
fer from elephantiasis or hydrocoele (Melrose 2002; Foo et al.
2011).

Following the launching of the BGlobal Program to
Eliminate Lymphatic Filariasis^ (GPELF), Egypt was among
the first countries to implement a national program to elimi-
nate LF based on WHO’s strategy of repeated rounds mass
drug administration (MDA) in the form of albendazole with
diethylcarbamazine (DEC). Subsequently, transmission was
shown to be markedly reduced among villages that prior to
MDA exhibited some of the highest rates of LF (Hotez et al.
2012; Upadhyayula et al. 2012).

Diagnostic tools play a significant role in the control of LF.
The exponential growth of GPELF has highlighted the need
for sensitive tools to monitor progress toward programmatic
endpoints, to conduct surveillance with rapid and early detec-
tion of cases that can be often challenging. A definitive diag-
nosis requires detection of the parasite, parasite antigen, or
parasite DNA. However, the limitations of microfilariae
(Mf) detection and immunoassays have made the
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identification of filarial infection difficult, which can lead to
misdiagnosis (Lammie et al. 2004; Weil and Ramzy 2007;
Mendoza et al. 2009; Nuchprayoon 2009; Fox and King
2012). Recent advances in molecular biological technology
have influenced parasitologists toward the use of polymerase
chain reaction (PCR)-based assays, which not only offer the
possibility of improved sensitivity and specificity but also
provide new insights into the structure and function of the
filarial genome, in addition to helping in the identification of
drug targets (Lulitanond et al. 2004; Kanjanavas et al. 2005;
Liu and Austin 2013).

The present study was a continuation of an earlier work
(Abdel Shafi et al. 2016), and its aim was to determine the
molecular epidemiology of W.b in blood samples collected
from cohort of Egyptians residing in selected endemic areas.
Presently, there is a lot of genetic and genomic data for infec-
tious and vector borne diseases such as malaria; however,
there is a scarcity of this data forW.b. Consequently, the pres-
ent study aimed for sequence variance analysis and phyloge-
netic analysis of W.b DNA sequences and explores its inter-
species and intraspecies variation to hasten the elimination
programs of W.b.

Method

The study setting and most of the sampling were conducted
under the authorization and guidance of the Egyptian Ministry
of Health and Population (MOHP)–Malaria, Filariasis and
Leishmaniasis Control Department, between October 2012
and March 2014.

The study was reviewed and approved by the Research
Ethics Committee of the Faculty of Medicine, Cairo
University (N-42-2013). An informed consent was obtained
from each participant.

Sampling

The study was carried out on 300 blood samples collected
from individuals residing in filariasis endemic areas in five
governorates (Giza, Qualioubiya, Menoufiya, Dakahliya,
and Sharkiya). Relevant data were obtained with each blood
sample. The sample collection was performed at night in
Qualioubiya and part of Giza, while the rest of sampling was
done during the daytime.

Parasitological examination

For the microscopic examination of Mf, MOHP personnel
prepared the thick blood films for the samples collected at
night, examined them in their laboratory, and reported the
results. Knott’s concentration technique was performed for
the blood samples collected in the daytime as described by
Garcia (2007).

DNA extraction

All the blood samples were subjected to DNA extraction using
QIAamp DNA Blood Mini Kit (Qiagen, Germany). The pro-
cedure was performed according to the manufacturer’s in-
structions with modifications in the form of prolongation of
incubation after 56°C at 50 min to 90°C for 10 min, and then
the purified DNAwas measured for concentration and purity.

Molecular assay

DNA samples were subjected to semi-nested PCR amplifica-
tion which consisted of two PCR runs. Three primers—a for-
ward primer WbF (5′-CACCGGTATCGAGATTAATT-3′),
and reverse primers WbR (5 ′-TTGTTCCTCTATTT
GAGACC-3 ′) and Wb2 (5 ′-TGGATGTATGTCAA
AAAGCA-3′)—were used for PCR amplification targeting
repetitive DNA sequences (pWb12 repetitive region) specific
for W.b as described by Kanjanavas et al. (2005). In the 1ry
PCR, the reaction volume was 25 μl in each tube composed of
12.5 μl of DreamTaq Green PCR Master Mix (2×), 1 μl
(5 pmol) of WbF, 1 μl (5 pmol) of WbR, 0.1 μl DreamTaq
Polymerase enzyme–ThermoScientific (5 U/μl), 4 μl of DNA
sample, and 6.4 μl of sterile dd H2O. Using the Biometra
TPersonal thermocycler, the 1ry amplification was optimized
in the following conditions: initial denaturation at 95°C for
4 min, 30 cycles each consisting of denaturation at 95°C for
1 min, annealing at 50°C for 1 min, and extension at 72°C for
1.5 min, and final extension at 72°C for 10 min. The expected
fragment length was 780 bp. While in the 2ry PCR, the reac-
tion volume was 25 μl composed of 12.5 μl of DreamTaq
Green PCR Master Mix (2×) 1 μl of WbF, 1 μl of Wb2,
0.1 μl DreamTaq Polymerase enzyme (5 U/μl), 1 μl of prod-
uct from the 1ry PCR run, and 9.4 μl of sterile dd H2O. The
conditions for the 2ry amplification were optimized on initial
denaturation at 95°C for 4 min, 30 cycles each consisting of
denaturation at 95°C for 30 s, annealing at 55°C for 30 s and
extension at 72°C for 45 s, and final extension at 72°C for
10 min. The expected fragment length was 400 bp. For the
PCR assay, every 1ry and 2ry run included a negative control,
using sterile dd H2O instead of DNA extract in the reaction
mix, as well as a positive control from DNA extract of a
reference sample. Analysis of PCR products was performed
via 1.5% agarose gel electrophoresis and was visualized under
UV light transilluminator.

DNA sequencing

Secondary PCR products showing the positive W.b band of
400 bp were prepared to be set for sequencing. Amplicons
were first purified using Illustra GFX PCRDNA and Gel band
Purification Kit–GE Healthcare. The procedure was per-
formed following the manufacturer instructions. The
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recovered purified DNA was tested for quantity and purity
using a nanodrop spectrophotometer and then kept in refrig-
erator at 4°C. For each purified DNA sample, a WbF primer
mixture and aWb2 primer mixture were prepared in a 96-well
PCR plate; each mixture contained 1 μl purified DNA, 8 μl of
dd H2O, and 1 μl of WbF or Wb2 (6 pmol/μl), accordingly.
The mixtures were subjected to sequencing using Sanger
method at the Genome unit – National Centre of
Microbiology – Instituto De Salud Carlos III. The sequencing
output was proofread and edited by using Chromas LITE
v2.1.1 and BioEdit Sequence Alignment Editor v7.2.5.0 pro-
grams. The nucleotide sequences obtained were checked by
BLAST search in NCBI website for determining similarities
with previously reported sequences. Multiple sequence align-
ment was done for the retrieved reference sequences from
GenBank together with the study sequences by using
ClustalW tool in BioEdit program.

Phylogenetic analysis

From the multiple sequence alignment, phylogenetic tree was
calculated by the neighbor-joining distance matrix method
and was statistically evaluated by bootstrap test using
TREECON program.

Results

Out of 300 blood samples, W.b Mf was detected in only
one sample collected at night, and it was considered a
reference sample after molecular identification, sequenc-
ing, and alignment against GenBank databases. W.b DNA
was detected in 48 samples (16%) including the reference
sample (Fig. 1), of which 29 samples (60.4%) were col-
lected in daytime and 19 samples at night (39.6%).
Complete data were available for 46 cases out of 48 pos-
itive cases. Regarding the demographic data of the posi-
tive cases, 54.2% were females and 45.8% were males. As

age data were missing for two cases, the age distribution
was performed for a total of 46 cases ranging from 10 to
86 years old, with a mean age of 36.7 (Fig. 2). The 48
positive cases were residing in various governorates: 2 in
Dakahlia, 9 in Giza, 23 in Menoufia, 13 in Qualioubia,
and one in Sharkia (Fig. 3). Concerning the clinical data,
41 (85.4%) of the positive cases were normal endemics, 3
(6.2%) clinically suspected cases, 2 (4.2%) asymptomatic
LF cases diagnosed by MOHP personnel during routine
screening, and 2 (4.2%) chronic LF cases with
lymphoedema. Among the 46 positive cases with com-
plete data, 5 individuals reported having a household
member diagnosed or suffering from LF, and 36 individ-
uals gave history of MDA intake.

DNA sequencing was performed for the amplified semi-
nested PCR product of 15 samples, and these included the
reference sample in addition to 14 positive samples collected
from 4 governorates, Giza, Menoufiya, Dakahliya, and
Qualioubiya.

Blast analyses of the obtained nucleotide sequences showed
high similarity with W.b (clone pWb 2.5) repeat region, W.b
repetitive DNA sequence, and W.b genome assembly (W.b
Jakarta, scaffold WBA-contig 0007364), available in NCBI
database (GenBank accession no: L30137.1, L19892.1, and
LM008700.1, respectively). The retrieved reference sequences
together with the study sequences were subjected to multiple

400 bp 
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Fig. 1 Detection of W. bancrofti DNA using semi-nested PCR on
ethidium bromide stained agarose gel. Molecular weight marker of
100 bp (lane 1), test samples (lanes 2–11), positive control (lanes 12
and 13), negative control (lane 14), positive control of 2ry PCR (lane
15), and negative control of 2ry PCR reaction (lane 16)
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Fig. 2 Distribution of positive cases according to their age group
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Fig. 3 Distribution of positive cases according to their residence
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sequence alignment. Patterns of nucleotide variation were ob-
served among the study sequences (Fig. 4). A rooted neighbor-
joining tree was constructed using Brugia timori as outgroup
(Fig. 5). The phylogenetic tree also depicted the genetic varia-
tion within the study sequences.W.b sequences obtained in the
present study were submitted to the GenBank and were
assigned the following accession numbers: KP114615,
KP114616, KP114617, KP114618, KP114619, KP114620,
KP114621, KP114622, KP114623, KP114624, KP114625,
KP114626, KP114627, KP114628, and KP114629.

Discussion

Bancroftian filariasis is a worldwide major disabling dis-
ease, requires simple, accurate diagnostic tool to deter-
mine its true prevalence especially in nano-epidemic areas
and areas with MDA that have low intensity of infection.
Since there is scarce knowledge about W.b biology due to
difficulty to access adult stage and no culture or animal
model to amplify in lab though, molecular studies and
phylogeny are essentials.

Fig. 4 Multiple sequence alignment of the sequenced DNA and the
reference W. bancrofti sequences on NCBI-BLAST. There are 404
nucleotide position in this matrix data. The regions of similarity
between the sequences are shown as dots, while the dispersed letters

indicate the nucleotide variations. The gaps are represented in dashes.
Black, yellow, and red boxes indicate the three observed patterns of
nucleotide diversity
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In the present work, WbF, WbR, and Wb2 primers
targeting the W.b repetitive region were used. This region
was first cloned and characterized by Siridewa et al. (1994).
The cloned repeats, designated pWb12, consisted of 969 bp of
moderate copy number (450–700) and were interspersedwith-
in the parasite genome. In 1996, Siridewa et al. designed a
conventional PCR targeting the 490-bp fragment within the
pWb12 repeat region for the specific identification of W.b in
various clinical samples.

To combat low amplification of single-step PCR,
Kanjanavas et al. (2005) developed a semi-nested PCR
targeting pWb12 repeat region for the detection of W.b in
samples of low parasitaemia as well as long-term stored blood
which can detect W.b infection in low prevalence following
MDA (Gordon et al. 2011; Gass et al. 2012). Lately, Ximenes
et al. (2014) standardized a semi-nested PCR assay for the
diagnosis of bancroftian filariasis from various clinical sam-
ples. Both studies agreed that this PCR system is species-spe-
cific, showing no cross-reactivity with other parasites or
Homo sapiens DNA. This species-specific PCR assay was
used in this study and revealed high molecular prevalence
among studied population. Since Mf are required to transmit
infection, the parasitological detection of Mf is a measure of
justifiable interest to the GEPLF. However, this method posed
many problems, as i t misdiagnosed low-densi ty
microfilaraemic and amicrofilaramic individuals. The
GPELF considers it un-preferred method by for field applica-
tion (Melrose et al. 2004; Pandey et al. 2011; Rebollo and
Bockarie 2013). Determination of molecular epidemiology
of W.b and its early diagnosis in MDA areas impact effective
treatment and infection control.

Our study found a discrepancy between Mf and W.b DNA
detection. There are many factors that may explain this dis-
crepancy. The semi-nested PCR used in the present work has
detected all parasite stages of development of infection, in-
cluding Mf, adult worms, and free circulating DNA derived
from the parasite. It was suggested that the higher sensitivity
of PCR may be attributed to the shedding of parasitic DNA
from parasitic components such as cuticular cells rather than
actual presence of a parasite within the portion of clinical
sample used for DNA extraction (Fischer et al. 2003; Wong
et al. 2014; Ximenes et al. 2014).

Accordingly, W.b DNA may be detected in patients with
low or no microfilaraemia as well as from various clinical
samples, in addition to whole blood, such as plasma, serum,
and samples collected in noninvasive manner, like urine and
sputum (Fischer et al. 2003; Kanjanavas et al. 2005; Ximenes
et al. 2014).

In addition, 60% (29/48) of PCR positive samples were
daytime blood samples which are not valid for Mf detection.
Many studies reported similar findings (Furtado et al. 1997;
Lucena et al. 1998; Ramzy 2002; Ximenes et al. 2014).

PCR-based assays may not be applicable for field studies;
nonetheless, they remain important laboratory tools with
growing potential for clinical applications, due to their high
accuracy, and the relative ease of the interpretation of results
using optimized protocols. Furthermore, PCR-based assays
enable identification of sequence variations in order to distin-
guish between related species and strains (Fischer et al. 2003;
Gordon et al. 2011; Small et al. 2014).

Due to the long interval between the performance of PCR
and sequencing, and excluded samples with low nanodrop

Fig. 5 Neighbor-joining analysis
of the phylogenetic relationship
between the obtained W. bancrofti
sequences and the reference
sequences. The numerals given
on the branches of the tree
indicate % bootstrap value
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readings, DNA sequencing was performed for the amplified
semi-nested PCR product of only 15 samples from 4 gover-
norates. Small et al. (2014) highlighted that W.b falls far be-
hind the other filarial nematodes in available genomic data, of
which only one whole genome sequence has been published
(Desjardins et al. 2013). Two more studies published mito-
chondrial genomes from Mali and India (Ramesh et al.
2012; McNulty et al. 2013). However, several studies have
used selected nuclear and mitochondrial loci for DNA se-
quence (Schwab et al. 2005; Sakthidevi et al. 2013; Small
et al. 2013; De Souza et al. 2014).

Molecular typing, genetic diversity, and phylogenetics of
W.b. enable the inference of history of infection, strain typing,
and the understanding of population structure and dynamics.
These information help to interrupt transmission, to apply drug
treatment, to predict drug resistance, and to support GPELF
goals. Sequence analysis confirmed the results of semi-nested
PCR and identified only W.b. In the present study, sequence
alignment and phylogenetic analysis revealed new strains of
W.b. clustered in three different patterns of nucleotide
sequences, all of them belonging to a monophyletic group.
McNulty et al. (2013) reported that regardless of the genetic
marker analyzed, both Wuchereria and Brugia consistently
form a monophyletic group. Despite, the small size of our data
set, the three clusters found are distributed within the four gov-
ernorates and are not restricted to one geographical location.
W.b strain distribution varies by infection locality, after MDA
intervention and can be extremely focal yet heterogeneous in
small geographic area (WHO 2012).

Tracking of genetic variation of parasite strains can lead to
detection of transmission pattern and determine cause of re-
introduction of infection especially with MDA intervention.
The obtained genetic diversity in the present study may be
attributed to environmental stresses, MDA intervention, and
high diversity of population dynamics compounded by higher
population densities in the studied governorates. Similarly, the
use of phylogenetic tree-based RAPD 2 studies in Ghana and
India revealed interspecies variation amongW.b (Thangadurai
et al. 2006; Patra et al. 2007). Variation in symptomatic/
asymptomatic patients and different disease manifestations
among study populations can be explained by the presence
of different parasite strains.

Such genetic diversity may influence vector-parasite co-
adaptation and affect vector competence. The sameW.b vector
strain, Culex quinquofasciatus, showed two different suscep-
tibility patterns of two variantW.b strains from Liberia (vector
was more efficient) and Sri-Lanka (vector was less efficient)
and explained the difference in disease epidemiology in East
and West Africa (Jayasekera et al. 1980; Ramesh et al. 2012;
Ughasi et al. 2012) and in southern and northern Ghana (de
Souza et al. 2014).

GPELF relies upon ivermectin and albendazole for which
there is no clear evidence of development of drug resistance in

filaria (Schwab et al. 2005; Bisht et al. 2006). The pressure of
using these drugs in human may lead to genetic diversity of
W.b populations.

The GPELF in Egypt has resulted in a significant reduction
ofW.b prevalence. The new data of strain distribution provid-
ed in the present study contributes toward understanding in-
fection dynamics in Egypt andW.b elimination strategies. The
genetic diversity should be further studied to investigate the
possibilities of resurgence of Egyptian endemic parasite
strains or parasite importation.

Conclusion

In conclusion, study results demonstrate that the semi-nested
PCR is an effective diagnostic tool for accurate, easy, early,
and rapid detection of W.b infections in nano-epidemics. It is
applicable for samples collected in the daytime as well as the
night time and should replace conventional tests in GPEFL for
identification of MDA areas, MDA surveillance, monitoring,
and termination. In addition, semi-nested PCR products can
be sequenced and phylogenetic tree can be constructed. The
PCR products sequencing and phylogenitic analysis of the
present study revealed three different nucleotide sequences
variants. Although this study was analyzed a small number
of W.b sequences, we cannot neglect the possibility that this
genetic diversity may be influenced MDA. However, further
genetic studies of W.b in Egypt and other endemic areas are
required in order to distinguish related strains as well as iden-
tify the various ecological and drug related effects, which may
influence the GPELF outcome.
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