
Short communication

A simple molecular method for discriminating common

filarial nematodes of dogs (Canis familiaris)

Maurizio Casiraghi a, Chiara Bazzocchi b, Michele Mortarino b,
Eleonora Ottina b, Claudio Genchi b,*

a Dipartimento di Biotecnologie e Bioscienze, Università degli Studi di Milano Bicocca, Milan, Italy
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Abstract
Accurate diagnosis of canine filariosis is essential for choosing correct therapeutic approach. Therefore, reliable methods for

discriminating among the different filarial infections in dogs are needed. The authors report simple and highly specific molecular

methods that identify the three most common filarial nematodes of European dogs: Dirofilaria immitis, D. repens and

Acanthocheilonema (syn. Dipetalonema) reconditum, based on (1) PCR amplifications of mitochondrial DNA (12S rDNA and

coxI) with general filarial primers followed by digestion with restriction enzymes that generates band polymorphisms clearly

discriminating the three species and (2) PCR amplifications with species-specific primers to support the restriction analysis, in

particular in the case of multiple infections.
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Filarial nematodes are common parasites of many

vertebrates (Anderson and Bain, 1976; Anderson,

2000). In European dogs, the most common species

of filariae are Dirofilaria immitis, D. repens and

Acanthocheilonema (syn. Dipetalonema) reconditum.

Filarial infection in dogs can be diagnosed through

morphological observation of circulating microfilariae

(mf), detection of circulating antigens (currently

available only for D. immitis), histochemical or

immuno-histochemical staining of circulating mf, or

through molecular approaches. Morphological identi-
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fication of circulating mf, however, is not always easy

and potentially misleading: (1) it requires experienced

personnel, not always available in non-endemic areas,

(2) in dogs treated incorrectly with preventive drugs, is

not infrequent to observe mf with morphological

alterations (Venco, L., personal communication) and

(3) it may be difficult to detect multiple infections with

more than one species of filarial worms. Indeed, in the

case of a mixed infection, it is possible to underestimate

the presence of more than one filarial species.

The discrimination of D. immitis mf from those of

Dirofilaria spp. or Acanthocheilonema spp. is also

possible by acid phosphatase histochemical staining

(Chalifoux and Hunt, 1971). More recently, an

immunohistochemical staining method has been pro-

posed for the microfilarial differentiation of D. immitis,
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D. repens and Acanthocheilonema dracunculoides

(Peribáñez et al., 2001). Molecular methods for the

discrimination of canine filarial nematodes based on

species-specific PCRs have been reported (Favia et al.,

1996; Mar et al., 2002; Rishniw et al., 2006). In the

present work, the authors report a simple and highly

specific molecular approach for the discrimination of

the three principal filarial nematodes of European dogs.

This method is based on PCR amplification of

mitochondrial DNA (mtDNA; 12S rDNA and coxI

genes) with general filarial primers (Casiraghi et al.,

2001, 2004), followed by digestion with restriction

enzymes that generates polymorphisms discriminating

the three species. In addition, species-specific primers

have been designed to support the restriction analysis,

particularly useful for multiple infections.

Crude DNA preparations were obtained through

proteinase-K treatment, according to Bandi et al. (1994)

starting from pooled samples of mf obtained through

blood filtration and from adult specimens. In addition,

agarose gel quantification of the extracted DNAs was

carried out and a ‘‘mixed infection’’ was artificially

created by combining DNA preparations derived from

all filarial species.

In order to validate the efficiency of our methods,

blood samples collected from 22 microfilaremic dogs

were blind tested. The blood donors came from Italy

(12 samples), France (5 samples) and Spain (5

samples).

Restriction maps of the 12S rDNA and coxI gene

sequences from D. immitis, D. repens and A. reconditum

available in databases (D. immitis accession number:

12S rDNA AJ544831 and coxI AJ271613; D. repens:

12S rDNA AJ544832 and coxI AJ271614; A. recondi-

tum: 12S rDNA AJ544853 and coxI AJ544876)

were generated using REBsites (http://tools.neb.com/

REBsites/index.php3). Based on these maps, ApoI and

Hyp8I restriction enzymes (MBI Fermentas) were

selected for the 12S rDNA and coxI, respectively

(isoschizomer XapI instead of ApoI was used).

PCR reactions for the amplification of 12S rDNA

and coxI genes were performed in a final volume of

25 ml using general primers and thermal profiles

described in Casiraghi et al. (2001, 2004). Five

microlitres of the PCR reactions were loaded on a

2% agarose gel to verify the presence of the

amplification fragments and the sensibility of the

reactions and 10 ml were purified (QIAquick gel

extraction kit, QIAGEN) and directly sequenced, using

ABI technology, to confirm the specificity of the PCR

reactions. The remaining 10 ml of the PCR reactions

were digested. Both digestions were performed in a final
volume of 20 ml, with 5 U of XapI or Hyp8I incubated

at 37 8C for 90 min. The digestion products were loaded

on 3% agarose gels.

Sequences of the gene coding for 12S rDNA and coxI

of D. immitis, D. repens and A. reconditum available in

databases were aligned using ClustalX (Thompson et al.,

1997). In the case of 12S rDNA, species-specific forward

primers were designed in non-conserved regions and

these primers were used in PCR combined with the filarial

nematode reverse general primer (12S R, Casiraghi et al.,

2004). The primer sequences are: D.imm-12S F (50-
ATTTGTTGTAATATTACGA-30) for D. immitis; D.rep-

12S F (50-ATGTTTTGATTTTTTTGTAT-30) for D.

repens and A.rec-12S F (5’-TTGTAATATTTATTTTT-

GTG-30) for A. reconditum. In the case of coxI, species-

specific reverse primers were designed in non-conserved

regions and these primers were used in PCR combined

with the filarial nematode forward general primer

(COIintF, Casiraghi et al., 2001). The primer sequences

are: D.imm-coxI R (50-GCACTGACAATACCAAT-30)
for D. immitis; D.rep-coxI R (50-TCAAACAGAAG-

TACCTAAA-30) for D. repens and A.rec-coxI R (5’-

CTGTGATGATTGGTTCT-30) for A. reconditum.

PCRs were performed in a 20 ml volume under the

following final conditions: 1� buffer containing 1.5 mM

MgCl2 (Eppendorf), 0.2 mM dNTP, 1 mM each primer,

and 1 U Taq DNA Polymerase (MasterTaq1 Eppendorf).

The thermal profile used for the amplification of D.

immitis 12S rDNAwas: 94 8C 45 s, 48 8C 45 s, 72 8C 90 s

for 38 cycles. For the amplification of the D. repens gene,

the thermal profile was analogous to that for D. immitis,

but the annealing temperature was set at 50 8C. For A.

reconditum, a touch-down thermal profile was used:

94 8C 45 s, 55 8C 45 s, 72 8C 90 s for five cycles and

94 8C 45 s, 48 8C 45 s, 72 8C 90 s for 37 cycles. The

thermal profile used for the amplification of D. immitis

coxI gene was: 94 8C 45 s, 50 8C 45 s, 72 8C 90 s for 40

cycles. For the amplification of D. repens gene the

thermal profile was analogous to that of D. immitis gene,

but the annealing temperature was set at 48 8C. For A.

reconditum gene was used a touch-down thermal profile:

94 8C 45 s, 58 8C 45 s, 72 8C 90 s for 10 cycles and 94 8C
45 s, 53 8C 45 s, 72 8C 90 s for 30 cycles.

PCR products were loaded on 2% agarose gels. The

sizes of the 12S rDNA and coxI amplification fragments

were approximately 450 and 650 bp, respectively, for

the three species. The amplification products were gel

purified and directly sequenced using ABI technology

to verify the specificity of the PCR reactions.

The restriction patterns of D. immitis, D. repens and

A. reconditum 12S rDNA and coxI genes are shown in

Fig. 1. The theoretical digestion pattern for the 12S
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Fig. 1. PCR amplicons and digestion patterns using XapI (12S rDNA) and Hyp8I (coxI) restriction enzymes. (a) XapI digestion patterns of 12S

rDNA gene of D. immitis, D. repens and A. reconditum; lanes 1, 3 and 5: undigested PCR products; lanes 2, 4 and 6: PCR products digested using

XapI. (b) XapI digestion patterns of 12S rDNA gene of mixed PCR products of D. immitis + D. repens (lane 2), D. immitis + A. reconditum (lane 3)

and D. repens + A. reconditum (lane 4); lanes 1 contains the undigested product of D. immitis as a size control. (c) Hyp8I digestion patterns of coxI

gene of D. immitis, D. repens and A. reconditum; lanes 1, 3 and 5: undigested PCR products; lanes 2, 4 and 6: PCR products digested using Hyp8I.

MSW: molecular standard weight (100 bp ladder, GeneRuler DNA Ladder Plus, MBI Fermentas).
rDNA gene using XapI for D. immitis predicted five

fragments sizing 183, 107, 84, 39 and 30 bp, for D.

repens five fragments sizing 144, 110, 96, 77 and 16 bp

and for A. reconditum two fragments sizing 331 and

112 bp. As shown in Fig. 1a, electrophoresis on 3%

agarose gel did not allow visualization of bands with a

lower size than those of the digested products (i.e. the 30

and 39 bp bands for D. immitis and the 16 bp band for D.

repens) nor to discriminate the bands with sizes similar

to the digested products (i.e. the 77 and 96 bp bands for

D. repens). Thus, we were able to identify only three out

of the five bands of the theoretic digestion patterns for

D. immitis and D. repens. Nevertheless, the differential

patterns visualized on the gel (Fig. 1a) allowed easy and

unambiguous discrimination of the three filarial species.

Fig. 1b reports the digestion patterns of XapI on the

artificially created ‘‘mixed infection’’. Even if PCR

products from more than one species were digested, it

was still possible to recognize patterns that allowed us
to distinguish which two filarial nematodes were

present. The theoretical digestion pattern for the coxI

gene using Hyp8I for D. immitis predicted two

fragments sizing 635 and 13 bp, for D. repens six

fragments sizing 430, 71, 50, 49, 36 and 13 bp and for A.

reconditum three fragments sizing 430, 205 and 13 bp.

As shown in Fig. 1c, electrophoresis on 3% agarose gel

did not allow us to visualize the bands with a lower size

than that of the digested products (i.e. the 13 bp band for

D. immitis; 13, 36, 49, 50 and 71 bp bands for D. repens;

13 bp band for A. reconditum). Thus, we were able to

identify only one out of the two bands of the theoretic

digestion patterns for D. immitis; one out of the six

bands for D. repens and two out of three bands for A.

reconditum. Nevertheless, the differential patterns

visualized on the gel (Fig. 1c) allowed a discrimination

of the three filarial species.

The discriminating efficiency of the digestion

method was then evaluated on an epidemiological
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study conducted on blood samples collected from 22

microfilaremic European dogs. By analyzing the

restriction patterns, 12 samples were identified as D.

immitis (4 samples from Italy, 5 from France and 3 from

Spain), 7 samples as D. repens (5 samples from Italy

and 2 from Spain) and 3 samples as A. reconditum (from

Italy). These results have been confirmed by direct

sequencing of the PCR products (data not shown).

Fig. 2 shows three of the species-specific amplifica-

tion patterns for the filarial nematode species analyzed

including the artificial ‘‘mixed infection’’. In particular,

species-specific primer pairs designed on 12S rDNA

gene gave the best results for the identification of D.

immitis and D. repens (Fig. 2a and b, respectively),

while the species-specific primer pair designed on the
Fig. 2. Species-specific PCR amplifications of D. immitis and D.

repens 12S rDNA and of A. reconditum coxI. (a) PCR amplification

using D. immitis 12S rDNA specific primers on D. immitis DNA (lanes

2–4), D. repens (lanes 5 and 6), A. reconditum (lanes 7 and 8) and

mixed DNAs (lanes 9 and 10) and lane 1 negative control. (b) PCR

amplification using D. repens 12S rDNA specific primers on D. repens

DNA (lanes 2–4), D. immitis (lanes 5 and 6), A. reconditum (lanes 7

and 8) and mixed DNAs (lanes 9 and 10) and lane 1 negative control.

(c) PCR amplification using A. reconditum coxI specific primers on A.

reconditum DNA (lanes 2–4), D. immitis (lanes 5 and 6), D. repens

(lanes 7 and 8) and mixed DNAs (lanes 9 and 10) and lane 1 negative

control. MSW molecular standard weight (100 bp ladder, GeneRuler

DNA Ladder Plus, MBI Fermentas).
coxI gene gave the best results for the identification of

A. reconditum (Fig. 2c). Species-specific primer

sequences designed on D. immitis and D. repens coxI

gene also generated specific patterns (data not shown).

Species-specific primers designed on A. reconditum 12S

rDNA gene did not generate amplifications on D.

immitis or D. repens DNA, while they generated

amplicons of the expected size, along with non-specific

bands, on A. reconditum DNA, allowing discrimination

(data not shown).

The molecular approaches presented in our work

allowed easy and highly specific discrimination of the

main canine filarial nematodes found in Europe. These

methods could be quite useful, since practicing

veterinarians are encountering more often cases in

which the morphological and/or antigenic identification

of filariasis is complex or misleading. Furthermore, the

risk of spreading of filarial infections in non-endemic

areas (Genchi et al., 2005) suggests the need to provide

reliable methods for people with little experience on

morphological identification of mf or adult worms.

Filarial nematodes are characterized by a very low

intraspecific variation of mtDNA. Thus the usefulness

of mtDNA as a target for the identification of samples

coming from a vast geographic area is not surprising.

Recently, D. immitis samples collected in Japan, Cuba,

USA and different areas in Italy were characterized by

an identical 12S rDNA and coxI gene sequence

(Casiraghi et al., personal communication).
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