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The phylum Nematoda contains the filarial round 
worms of the superfamily Filarioidea, which parasitize 
humans as well as animals. Human filariae are vector-
borne and are responsible for various diseases, including 
human onchocerciasis (Onchocerca volvulus), lymphatic 
filariasis (Brugia malayi, Brugia timori and Wuchereria 
bancrofti), loaiasis (Loa loa) and mansonelliasis (Man-
sonella perstans, Mansonella ozzardi and Mansonella 
streptocerca) (Morales-Hojas 2009). In Brazil, four out 
of the preceding eight filarial species occur: O. volvulus 
(Bearzoti et al. 1967), M. ozzardi (Rachou et al. 1954, 
Moraes et al. 1983), W. bancrofti (Causey et al. 1945) 
and M. perstans (Orihel 1967, Kozek et al. 1983, For-
mica & Botto 1990). Of these, only O. volvulus and M. 
ozzardi significantly affect humans. In Brazil, O. volvu-
lus is found in the northwestern state of Roraima (RR) 
and in the northern state of Amazonas (AM), where 
it mainly affects Yanomami Indians (Shelley 2002), 
but another focus of the disease has been described in 
central-western Brazil (Maia-Herzog et al. 1999). The 
less pathogenic M. ozzardi occurs mainly in AM, south 
of the Amazon River, and in an area in northern RR; 

it occurs sympatrically with O. volvulus in some areas 
within the Amazonian onchocerciasis focus (Shelley 
2002, Medeiros et al. 2009). Following several years of 
control programmes, W. bancrofti is now uncommon 
and is restricted to urban and peri-urban areas of Belém 
and Recife, with some cases of autochthonous transmis-
sion in neighboring states (Medeiros et al. 2003). It is 
also possible that M. perstans is present in the Brazil-
ian Amazon because it occurs sympatrically with M. oz-
zardi in the neighboring regions of southern Colombia 
(Kozek et al. 1983), western Guyana (Orihel 1967) and 
Venezuela (Formica & Botto 1990). Accurate identifica-
tion is, therefore, essential in studies on O. volvulus, M. 
ozzardi and M. perstans epidemiology and transmission 
in Brazil and circumjacent countries.

Nematode species are frequently identified and dis-
tinguished on the basis of morphological features, the 
hosts that they infect, their transmission patterns, their 
pathological effect on the hosts and their geographi-
cal origin (Gasser 2006). Diagnosis and epidemiologi-
cal surveys are traditionally based on the identification 
of microfilariae in thick blood films or in preparations 
from skin biopsies. However, these techniques are labor 
intensive, not always accurate, tedious, time consuming 
and often impractical. Furthermore, these approaches 
require skilled microscopists to distinguish species of 
microfilariae that may coexist in one region, colonize 
the same tissues and be transmitted by the same vector 
(Walther & Muller 2003). In Brazil, and especially in 
Amazonia, atypical filarial localizations in the human 
host make microscopic diagnosis complicated. Thus, 
O. volvulus microfilariae, generally present in the skin, 
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have been detected in blood samples (Fuglsang & Ander-
son 1974, Duke et al. 1975) and M. ozzardi microfilariae 
have been found in skin, although they are generally found 
in peripheral blood (Ewert et al. 1981, Moraes et al. 1983). 
The traditional approach of one filarial species being 
transmitted by a single genus of diptera fly that will then 
provide clues for the classification of additional filarial 
species no longer holds. Both M. ozzardi and O. volvulus 
are transmitted by blackflies (Simuliidae) in the Brazilian 
Amazon (Shelley 2002). In Brazil, M. ozzardi is carried 
by flies from the genus Simulium, the same vector utilized 
by O. volvulus, while in Latin America, M. ozzardi is gen-
erally transmitted through the bite of Culicoides (Shelley 
& Coscarón 2001). The parasite is the same species, since 
nuclear ribosomal DNA sequences from simuliid-trans-
mitted populations of M. ozzardi in Brazil and from simu-
liid and Culicoides-transmitted populations in Argentina 
were the same (Morales-Hojas et al. 2001).

Identification of M. ozzardi, M. perstans and O. vol-
vulus is straightforward when individuals are in the adult 
stage. However, only adult O. volvulus are easy to find 
in superficial skin nodules. Adult M. ozzardi and M. per-
stans are more difficult to locate because of their presence 
internally in the mesentery. Therefore, it is customary to 
base routine identification on the larval form in humans, 
the microfilaria. Microfilariae are morphologically dis-
tinguishable by the position within the body of the con-
stituent nuclei (Sasa 1976, Post et al. 2003). The detection 
of filarial larvae in vectors is also based on conventional 
dissection techniques and morphological criteria for iden-
tifying filarial stages and for distinguishing species. Iden-
tification of filarial species in Brazil is only possible when 
organisms are in the microfilarial and infective larval 
stages; L1 and L2 larvae, those most commonly encoun-
tered, cannot be identified.

In order to overcome the limitations of conventional 
microscopic diagnosis for filarial species identifica-
tion, other methods such as serodiagnosis and antigen 
detection have been used with varying levels of success 
(Vincent et al. 2000, Ramzy 2002, Molyneux 2009). The 
use of an enzyme linked immunosorbent assay test for 
identifying O. volvulus failed in Brazil because of cross-
reactivity between this species and M. ozzardi (Shelley 
et al. 2001). Nucleic acid techniques provide powerful 
tools for the diagnosis of several parasitological diseases 
including malaria, leishmaniasis and Chagas disease. 
Strategically, the polymerase chain reaction (PCR) ap-
proach fulfils several objectives related to the diagnosis 
of filariasis in the human host and the detection of fi-
larial larvae in the vector because it can detect a single 
worm and is cost effective (Ramzy 2002). Several PCR 
methods have been described for the specific diagnosis 
of filariasis, most of which use repetitive DNA, includ-
ing ribosomal genes, to detect M. streptocerca (Fischer 
et al. 1998) or O. volvulus and M. ozzardi in Brazil (Mo-
rales-Hojas et al. 2001); specific nematode genes, such 
as Major Sperm Protein, have also been used (Hojas & 
Post 2000, Walther & Muller 2003, Gasser 2006).

The method developed for O. volvulus, based on the 
amplification of a repetitive sequence of 150 nucleotides 
(designated O-150) by PCR, demonstrated cross-reac-

tivity with other filarial species; thus, a species-specific 
probe was required for diagnosis (Meredith et al. 1991, 
Zimmerman et al. 1994, Maia-Herzog et al. 1999).

Only a small subset of methods is able to differentiate 
several nematodes in the same PCR reaction, generally 
after enzymatic digestion (Nuchprayoon et al. 2005). 

The objective of this work is to provide an accurate 
molecular identification method that is able to character-
ize the three human sympatric filariae known to inhabit 
the Amazon Region of Brazil and neighboring countries, 
using a specific and sensitive nested PCR. The method 
could be used in the different filarial control programmes 
carried out in the Amazon Region of Brazil. This PCR 
is designed to amplify the internal transcriber spacers 
of the ribosomal gene of filarial species. The size of this 
region varies among O. volvulus, M. ozzardi and M. per-
stans and it is expected to yield amplicons of different 
sizes for each species.

SUBJECTS, MATERIALS AND METHODS

O. volvulus was isolated from skin biopsies from two 
patients from RR, Brazil. M. ozzardi was obtained as 
dried blood-spots on Whatman filter paper from five pa-
tients identified by microscopic examination in RR, Bra-
zil. M. perstans was isolated from whole blood of African 
patients attending the Tropical Medicine and Clinical Par-
asitology Unit of Hospital Ramón y Cajal, Madrid, Spain 
and was diagnosed microscopically after concentration.

Amplification controls included Loa loa and W. ban-
crofti, which were isolated, respectively, from an Equato-
rial Guinean patient and a Brazilian patient. Furthermore, 
filariae-negative samples that were known to be positive 
or negative for other tropical parasites, such as Plasmodi-
um spp, were used as negative controls, together with five 
microscopically negative samples obtained in the same 
collection as the M. ozzardi-positive samples.

In summary, the study was carried out on two skin 
biopsies (RR), 12 dried blood-spots on filter paper (RR) 
and 10 whole-blood samples of African origin [Hos-
pital Ramón y Cajal and Instituto de Salud Carlos III 
(ISCIII)] with several filariae-negative samples used as 
negative controls.

Brazilian samples were obtained as part of a study 
approved by the Research Ethical Committee of the Am-
azon hematology and hemotherapy foundation, Brazil 
(CAAE-0001/2006). African samples were taken from 
the Repository Unit of the Malaria and Emerging Para-
sitic Diseases Laboratory of the ISCIII.

DNA extraction - DNA extraction from the whole 
blood samples (200 µL) was performed with the QIAamp® 
DNA mini kit (QIAGEN), according to the manufactur-
er’s instructions. Dried blood-spots on filter paper were 
processed using the Chelex method (Rubio et al. 2002).

Primer design - Four PCR primers were designed by 
comparison with published ribosomal gene sequences 
with at least partial sequences for 18S (small subunit ri-
bosomal RNA), ITS-1 (first internal transcribed spacer), 
5.8S and ITS-2. The following species with different se-
quences were compared (EMBL GenBank accession indi-
cated in parentheses): O. volvulus (AF228575, AF228574, 
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AF228565), M. ozzardi (AF228564, AF228560), W. 
bancrofti (AY621478, AY621477, AY843438, AY843437, 
AY843436, AF227234), B. malayi (AY621468, AY621465, 
AY499507, AF499130, AF036588, AF499130), B. timori 
(AF499132), Dirofilaria immitis (AF217800, AF036638, 
AF182647) and various human and mouse sequences.

The sequences were aligned using CLUSTALW 
(Thompson et al. 1994) and the primer selection was 
based on general primer design criteria, including, where 
possible, Tm = 60ºC, at least 40% guanine-cytosine con-
tent and less than 60% homology with non-filarial spe-
cies for the family-specific primers.

Sequence specificity and location (with respect to 
the GenBank sequence used as reference) of the de-
signed primers is shown in Table I. A reverse primer 
(UNI-1R) was designed that would hybridize univer-
sally to all filarial species and a wide range of verte-
brates, including mammals. There were two forward 
and one reverse primer(s) that hybridized to all filarial 
species (FIL-1F, FIL-2F and FIL-2R).

The primer concentrations for both reactions were 
determined empirically. The best primer concentrations 
were those where all the templates, including single and 
double infections, were perfectly amplified.

Filariae detection and identification - Filariae detec-
tion and species identification relied on a sequence of 
two PCRs (nested PCR), with the size of products esti-
mated by an automatic capillary electrophoresis system 
(QIAxcel, BioRad) or by agarose gel electrophoresis with 
ethidium bromide staining in a Gel Doc 2000 (BioRad). 

The first reaction incorporates primers FIL-1F and 
UNI-1R and was expected to yield a product between 712-
771 bp, depending on the species (Table I). This fragment 
is only visible when either the number of microfilariae in 
the sample or the DNA concentration is high.

The second PCR incorporates the products of the 
first reaction together with the primers FIL-2F and 
FIL-2R. Infection with different species of filarial spe-
cies yielded products of different sizes. A band of 344 
bp indicates infection with O. volvulus, one of 312 bp 
indicates M. perstans and one of 305 bp indicates M. 
ozzardi. Other theoretical amplified fragment sizes cor-
respond to the following genus/species of the family:  

301 bp indicates W. bancrofti and 286 bp indicates Loa 
loa (Table I). W. bancrofti and the Mansonella sp. yield 
fragments of similar sizes. In practice, W. bancrofti is 
not difficult to distinguish in a 2.5% agarose gel. How-
ever, the difference between M. perstans and M. ozzardi 
is more complicated to resolve and requires the use of 
more sophisticated equipment or sequencing (Figure).

The PCR mixture in both reactions consisted of  
75 mM Tris HCl (pH 9.0), 2 mM MgCl2, 50 mM KCl,  
20 mM (NH4) 2SO4, 200 µM dNTP, PCR primers, 1.25 
units of Taq DNA polymerase (Biotools B&M Labs, 

TABLE I
List of polimerase chain reaction (PCR) primers used in the study

Primer Sequence 5’-3’ Specificity
Position in reference 

sequence (gene) Size of PCR product

UNI-1R CGCAGCTAGCTGCGTTCTTCATCG Universal AF228575: 631 (5.8S)
712-771a

FIL-1F GTGCTGTAACCATTACCGAAAGG Filarias AF227234: 1446 (18S)
FIL-2F GGTGAACCTGCGGAAGGATC Filarias AF228575: 173 (18S)

286-344b

FIL-2R TGCTTATTAAGTCTACTTAA Filarias AF228575: 493 (ITS1)

a: size depending upon species (Onchocerca volvulus: 771 bp, Mansonella perstans: 739 bp, Mansonella ozzardi: 734 bp, 
Wuchereria bancrofti: 723 bp, Loa loa: 712 bp); b: size depending upon species (O. volvulus: 344 bp, M. perstans: 312 bp, M. 
ozzardi: 305 bp, W. bancrofti: 301 bp, Loa loa: 286 bp).

Nested polymerase chain reaction amplification products. A: gel rep-
resentation of QIAxcel capillary electrophoresis (Ll: Loa loa, Mo: 
Mansonella ozzardi, Mp: Mansonella perstans, Ov: Onchocerca vol-
vulus); B: agarose gel. Line 1: Loa loa; 2: Wuchereria bancrofti; 3: M. 
perstans; 4: O. volvulus; 5: M. ozzardi; 6: negative filaria sample; 7: 
no DNA; M: size marker 100 bp.
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Madrid, Spain) and template DNA in a reaction volume 
of 50 µL. The amount of template was 5 µL of DNA, ex-
tracted by QIAgen. For the second reaction mixture, the 
template used was 2 µL of the PCR product of the first 
reaction. For both reactions, a GeneAmp® PCR System 
2700 thermal cycler (Applied Biosystems Laboratory) 
was used, beginning with 7 min at 94ºC, followed by 
(first-round) 40 cycles of 20 s at 94ºC, 20 s at 60ºC and 
30 s at 72ºC, or (second-round) 35 cycles of 20 s at 94ºC, 
20 s at 50ºC and 20 s at 72ºC. The final cycle was fol-
lowed by an extension time of 10 min at 72ºC. 

Sequencing - The amplified products were purified 
using Illustra DNA and Gel Band Purification Kit (Gen-
eral Electric Healthcare), then sequenced using Big Dye 
Terminator v3.1 Cycle Sequencing in an ABI PRISM® 
3700 DNA Analyzer. All amplified products were se-
quenced in both directions, twice.

Specific Loa loa amplification - In order to specifi-
cally detect Loa loa in the samples, nested PCR devel-
oped by Touré et al. (1999) was used. 

RESULTS

Filarial 18S-ITS1-5.8S rDNA sequences were aligned 
in order to design filariae-specific primers and the an-
nealing regions were chosen to maximize the interspe-
cific differences while minimising intraspecific varia-
tion. Four primers were designed: two specific filaria 
forward primers, FIL-1F and FIL-2F, in the 5’-end re-
gion of the 18S gene; one universal reverse primer (UNI-
1R) in the 5.8S ribosomal gene and one filaria-specific 
reverse primer (FIL-2R) in the ITS-1 zone. 

The sizes of PCR products obtained after the sec-
ond amplification with FIL-2F and FIL-2R primers for 
each filaria species corresponded closely to the expected 
size. The two skin biopsies yielded fragments of ap-
proximately 344 bp. Of the 12 blood-spot samples, five 
yielded a 305 bp fragment (corresponding to M. ozzardi) 
and two yielded a 301 bp fragment (corresponding to 
W. bancrofti), with no amplification in the five nega-
tive samples. For all cases, the results obtained on the 
blood-spot samples were as expected. Of the 10 positive 

whole-blood samples, seven yielded 312 bp fragments 
(corresponding to M. perstans) and three yielded 286 bp 
fragments (Loa loa). These results confirmed the data 
obtained by microscopy, except in one case where Loa 
loa infection was expected and the PCR yielded a 312 bp 
fragment corresponding to M. perstans. This sample was 
processed, together with other Loa loa-positive infec-
tions, with a specific PCR for Loa loa (Touré et al. 1999). 
The sample showed no amplification while the rest of 
the positive samples yielded fragments of 360 bp, which 
corresponded to the size of the expected fragment. The 
filaria PCR method was also tested on negative samples 
and samples infected with other parasites and there was 
no evidence of false-positive results.

All amplified fragments from the naturally infected 
samples were sequenced to confirm the nucleotide se-
quence and the size of the fragment. In all cases, the 
nucleotide sequence number of the amplified fragment 
corresponded to the expected size and the sequence 
with maximum homology corresponded to the appropri-
ate filarial species. Sequences with some variations in 
nucleotide sequence or epidemiological data have been 
submitted to the GenBank database (Table II).

In order to determine the sensitivity of the tech-
nique, serial dilutions of the positive DNAs were tested. 
In the case of Onchocerca DNA, which were the only 
samples where DNA without human contamination was 
measured (38.7 and 50 ng/µL in each, respectively), the 
method amplified down to 0.003 and 0.005 ng/µL, re-
spectively, which corresponds to less than a microfilaria 
worm (Leroy et al. 2003). When positive whole-blood 
samples were serially diluted, these allowed positive am-
plification up to 100-fold dilutions, indicating that the 
method is able to characterize the filaria species at very 
low parasite levels.

DISCUSSION

It is difficult to assess the accuracy of the method 
described because any meaningful evaluation must be 
made with natural infections and inevitably involves 
comparison with other methods of diagnosis, which 
might be wrong. All the control and naturally infected 

TABLE II
List of sequences submitted to the GenBank data base 

Species Isolate Country Accession

Onchocerca volvulus Ov1/07 Brazil EU272179
Mansonella ozzardi Mo1/07 Brazil EU272180
Mansonella perstans Mp4/07 Cameroon EU272183
M. perstans Mp1/07 Sierra Leone EU272177
M. perstans Mp2/07 Mali EU272181
M. perstans Mp3/07 Equatorial Guinea EU272182
M. perstans Mp5/07 Equatorial Guinea EU272184
Wuchereria bancrofti Wb1/07 Brazil EU272178
Loa loa Lloa1/07 Equatorial Guinea EU272176
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samples yielded the expected result for the three Ama-
zonian filariae, O. volvulus, M. ozzardi and M. per-
stans. Likewise, the samples infected with W. bancrofti 
and Loa loa yielded the expected result, except in one 
sample where one discrepancy occurred. A microscopi-
cally diagnosed Loa loa infection was characterized as 
M. perstans by the fragment size (312 bp) obtained using 
the filaria PCR method. All the samples uninfected with 
filariae were negative, showing no evidence of false-
positive results. It is therefore likely that the field sample 
that yielded M. perstans when filaria PCR was used to 
identify what had previously been labeled after morpho-
logical examination as Loa loa was actually M. perstans. 
Also, this sample did not show amplification when a spe-
cific Loa loa nested PCR was performed (Touré et al. 
1999), again suggesting that the microscopic identifica-
tion of Loa loa was incorrect. There remains the pos-
sibility of cross-contamination, but several measures to 
avoid it were taken (Rubio et al. 2002). Another possibil-
ity is that there was a mixed infection in the sample and 
that the PCR methods were unable to detect both para-
sites simultaneously, perhaps because the presence of a 
second filaria inhibits the amplification reaction in the 
filaria and Loa loa nested PCRs, while the microscopist 
was able to identify the more prevalent pathogen in the 
sample. The PCR method carried out with mixed control 
infection samples shows the appropriate fragment size 
amplifications in all different tested combinations. Fur-
thermore, the sensitivity of the method seems to be very 
high. All these facts suggest a misdiagnosis in the mi-
croscopy, as this diagnostic method is highly subjective, 
requires considerable expertise and has limited sensitiv-
ity (Walther & Muller 2003).

The specificity test for the filaria PCR revealed that 
no cross-amplification occurred for any blood parasite 
other than those commonly found in humans.

The filaria PCR developed has a high level of sensi-
tivity and specificity, is able to distinguish specifically 
between different filarial species and is suitable for de-
tection of low-parasitemia samples. Filaria PCR could, 
therefore, be useful for the detection of carriers and as a 
tool to follow drug treatment. Moreover, the PCR meth-
ods have the advantage that no fresh samples are needed 
to make a correct diagnosis, as the DNA from damaged 
parasites in skin biopsies or peripheral blood is detect-
able for years by PCR, while the morphology is gener-
ally lost. The filaria PCR described here works well ir-
respective of the source sample, including whole blood, 
head nodules, blood-spots and skin biopsies.

Furthermore, filaria PCR serves a special function in 
the differential detection of filariae in situations where 
species are co-endemic. The coexistence of different spe-
cies of filariae in the same individual in Amazonia has 
the same important epidemiological implications as in 
Africa (Wanji et al. 2003). In Brazil, where O. volvulus 
and M. ozzardi are sympatric, misidentifications and er-
rors have already been reported (Ewert et al. 1981, Moraes 
et al. 1983, Morales-Hojas et al. 2001). The method pre-
viously described can only distinguish M. ozzardi from 
O. volvulus (Morales-Hojas et al. 2001) and a negative 

result does not discount the presence of a mixed infection 
in peripheral blood. Our new method will also be help-
ful in other regions where onchocerciasis is a problem, 
such as West Africa, where O. volvulus, M. perstans and 
M. streptocerca coexist. Moreover, as the primers were 
designed from highly conserved regions of filarial 18S, 
5.8S rDNA and ITS1, the method will amplify not only O. 
volvulus, M. ozzardi and M. perstans, the main objective 
of our study, but also amplify the sequences from other 
filarial parasites, including human and zoonotic filarial 
nematodes such as W. bancrofti, B. malayi, B. timori, Loa 
loa, M. streptocerca and Dirofilaria sp. The ITS-1 area, 
where FIL-2R is designed, is highly conserved among fi-
larial species and represents a region that is important for 
correct transcription and gene splicing. 

Unlike the PCR-RFLP method developed by 
Nuchprayoon et al. (2005), our assay does not digest the 
PCR product with restriction endonucleases and increas-
es sensitivity using a nested amplification.

Filaria PCR is a useful method for the detection of 
species-specific sequences. The method can detect any 
form and any stage of the life-cycle of filariae in the hu-
man host or the vector and is able to specifically differen-
tiate the sympatric filariae present in the Amazon. It may 
thus become a useful tool to monitor disease in campaigns 
seeking to control filariasis in Brazil. Finally, our method 
requires only conventional PCR equipment that is already 
available in many endemic countries, in contrast to more 
sophisticated technologies, such as real-time PCR.
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