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Abstract Despite the economic importance of camels, the par-
asites that affect them have not received adequate attention so
far and molecular studies are scarce compared to other live-
stock. In this study, we characterized peripheral blood
microfilariae in 200 healthy one-humped camels (Camelus
dromedarius) from south-east Iran by microscopy and molecu-
lar tools to receive a more detailed insight into prevalence and
species that affect them. Moreover, adult specimens of the filar-
ial nematode Dipetalonema evansi were collected from the car-
cass of an infected animal. Microscopic examination was per-
formed on Giemsa-stained blood smears, and blood was also
spotted on Whatman FTA® cards for DNA analysis. Genomic
DNAwas extracted, and PCR was carried out for the detection
of filaroid helminths, followed by sequence analysis of positive
samples. Four samples were positive for microfilariae by mi-
croscopy, while 16 animals (8 %) were positive by PCR.

Sequence analysis revealed D. evansi in all cases. Phylogenetic
analysis of a cytochrome C oxidase subunit I (COI) sequence of
filaroid nematodes showed that most species in a single genus
cluster in the same clade; however,D. evansi andD. gracile are
not monophyletic and branch rather at the base of the tree.
Further studies on the life cycle of D. evansi, specifically the
identification of intermediate host(s), have become feasible with
the provision of the first specific COI sequences in this study.
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Introduction

Camels are multi-purpose animals in arid and semi-arid re-
gions of the world, with a global population of over 27 mil-
lion animals. According to official estimates, 160,000 camels
live in Iran, and almost all of them are one-humped drome-
daries (Camelus dromedarius) (Ministry of Agriculture Jihad
2014). Camels are resistant to harsh environmental conditions
and were formerly thought to be resistant to a wide range of
pathogens, but new studies have confirmed that they are sus-
ceptible to various pathogens (El Harrak et al. 2011), includ-
ing filarial nematodes. Dipetalonema evansi (LEWIS, 1882)
and Onchocerca fasciata (RAILLIET&HENRY, 1910) are filaroid
nematodes specific to camels, and infection of camels with
Onchocerca armillata (RAILLIET & HENRY, 1909) and
Onchocerca guttorosa (NEUMANN, 1910) of bovine origin
have also been reported (Nagaty 1947; Schillhorn-Van-Veen
et al. 1976; Dakkak and Ouhelli 1987; Hussein et al. 1988).
Although onchocerciasis is a common finding in skin biop-
sies of camels, microfilariae are rarely detected in peripheral
blood, and it is postulated that these animals are naturally
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tolerant to these infections and show no clinical signs
(Wernery et al. 2014). D. evansi is the only filaroid helminth
thought to induce clinical illness. The life cycle has not been
described in detail, but mosquitoes of the genus Aedes, e-
specially Aedes (Ochlerotatus) detritus and Aedes caspius,
are thought to act as intermediate hosts for this nematode
(Kataĭtseva 1968; El Bihari 1985; Lehane 2005). Adult
worms are usually intertwined in affected organs and accu-
mulate in large numbers that can become a golf ball-sized
mass. Males measure 8–11 cm and females 14.5–18.5 cm in
length, and microfilariae are 200–315 μm long (Nagaty
1947). The adult worm of D. evansi is seen mostly in
testicles, epididymis, spermatic cord, lungs, and heart. Its
sheathed microfilariae may be found in the peripheral blood.
Mild infections are usually asymptomatic; however, acute
infections may cause respiratory symptoms, emaciation, apa-
thy, pale mucous membranes, orchitis, aneurysm of the sper-
matic cord, arteriosclerosis, heart failure, and nervous impair-
ments (Oryan et al. 2008). High burdens of mature parasites
can cause pulmonary distress and even death in exhausted
animals (El Bihari 1985). The microfilaremia of D. evansi
has a peculiar biphasic periodicity which peaks around day-
break (05:00) and early evening (20:00) (Elamin et al. 1993).
Administration of ivermectin is the recommended therapy,
and infected camels become amicrofilaremic 2–5 days post-
treatment (Chhabra and Gupta 2006). Despite several preva-
lence reports from different camel rearing areas around the
world (Sazmand et al. 2013), molecular characterization of
filaroid helminths in these animals is lacking.

Filariae of domestic and farm animals often infect
humans, and reports of clinical cases due to various species
of Dipetalonema, Onchocerca, Brugia, Dirofilaria, and
Loaina spp. are increasing. These zoonotic infections are
usually cryptic and asymptomatic or diagnosed incidental-
ly (Orihel and Eberhard 1998; Grácio et al. 2015). For this
reason, the filarial parasites have been extensively studied.
Nonetheless, phylogenetic relationships and bionomics of
some known species such as D. evansi remain dubious
(Krueger et al. 2007).

With the exception of trypanosomosis, hemoparasitic dis-
eases of camels have not been investigated in great detail and
most of the knowledge in the field of cameline parasitology is
based on studies using light microscopy and/or serology.

In the field of camel filarial worms, a few studies have been
performed on histochemical distribution of several hydrolytic
enzymes and dehydrogenases in adult O. fasciata (Omar and
Raoof 1994; Omar et al. 1996). Fine structure of female
O. fasciata has been also described using transmission elec-
tron microscope examination (Determann et al. 1997).

This study aimed to investigate the infection rate of blood
microfilariae in camels of Iran in more depth by PCR and
sequence analysis to determine parasites with high sensitivity
and specificity.

Materials and methods

Study area and sampling

The sampling was carried out from June to July 2014 and
included 200 clinically healthy one-humped dromedaries
(C. dromedarius) of both genders (36 females and 164 males)
aged between 1 and 9 years. All camels were kept by local
farmers in central and south-eastern Iran (Fig. 1). The two
provinces of Kerman and Sistan-va-Baloochestan which were
chosen for sampling host were almost half of the camels in
Iran. The samples were derived in equal numbers from both
provinces, each from three different localities that had the
highest numbers of animals (Table 1). Although it is advisable
to take samples from superficial blood vessels and in the time
of nocturnal activity of microfilariae but in the study area
situation, this consideration was not applied and blood sam-
ples were taken from jugular vein between 06:00 and 10:00
except samples from Kahnoodj (n=20) which were taken
between 16:00 and 17:00. Drops (approximately 100 μl) of
EDTA blood were spotted on Whatman FTA® Elute sample
collection cards (GE Healthcare, Little Chalfont, UK) and air
dried. The cards were shipped to the Institute of Parasitology,
University of Veterinary Medicine Vienna, Austria, for further
examination.

Microscopic examinations

From each sample, thin blood smears were prepared and
stained with Giemsa for light microscopic examination of
hemoparasites.

DNA isolation and PCR assay

Disks of spotted blood (approximately 5 mm2) were cut out
from the FTA® cards with sterile blades, and genomic DNA
was extracted with the QIAamp® DNA Blood Mini Kit
(Qiagen, Hilden, Germany) according to manufacturer’s in-
struction. PCRs targeting a section of the mitochondrial cyto-
chrome C oxidase subunit I (COI) were performed for the
detection of filaroid helminths in the camels’ blood. Because
of the lack of sequences forD. evansi in GenBank®, DNAwas
isolated from three adult worms collected from male genitalia
of a naturally infected camel in Iran and morphologically
identified as D. evansi according to Nagaty (1947). DNA
was extracted from tissue samples with the QIAamp® DNA
Blood Mini Kit and subjected to PCRs targeting sections of
COI and the 16S rRNA (16S) genes. All PCRs were per-
formed using the GoTaq G2® Polymerase (Promega,
Wisconsin, USA) using an Eppendorf MasterCycler Pro®

(Eppendorf, Hamburg, Germany). Primer sequences and
PCR conditions are listed in Table 2. The amplified products
were detected by electrophoresis on 1.8 % agarose gels
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stained with Midori-Green Advance® (Biozym, Hessisch
Oldendorf, Germany).

Sequencing

Purification and sequencing of PCR products (both directions)
were performed by LGC (Berlin, Germany). Sequence reads
were analyzed with BioEdit® Sequence Alignment Editor
(Hall 1999) and curated manually by removing all primer
sequences.

Phylogenetic analysis

In order to investigate the phylogenetic relationships between
D. evansi and other filaroid nematodes, we calculated a max-
imum likelihood (ML) tree with the COI sequences obtained
in the present study and sequences from GenBank®. A
BLAST search was performed at the NCBI database (http://
www.ncbi.nlm.nih.gov/) with a COI sequence of D. evansi
(accession number KR184821), resulting in a total of 573
COI sequences of filaroid nematodes. For the phylogenetic
tree calculation, only those 133 sequences which showed at

least 600-bp overlap with the query sequence were included,
and the ends of the sequences were manually trimmed so that
the final alignment showed 580 bp in length. Identical se-
quences were collapsed using DAMBE v.5.2.78 (http://
dambe.bio.uottawa.ca/dambe.asp; Xia 2013), resulting in a
total of 105 unique haplotypes. A model test was performed
withMEGAv.5.1 (Tamura et al. 2011). Themodel GTR +G +
I was suggested to describe the substitution pattern best ac-
cording to the AICc values (Akaike information criterion
corrected) [the discrete gamma distribution (+G) is used to
model evolutionary rate differences among sites and the rate
variation model (+I) allows for some sites to be evolutionarily
invariable]. A ML tree was calculated with MEGA, applying
the model GTR + G + I and subtree-pruning-regrafting (SPR)
as heuristic method. A ML bootstrap analysis was calculated
with identical settings and 1000 replicates.

Statistical analyses

Pearson’s chi-squared and Kruskal-Wallis tests were used for
the determination of correlations between infections and gen-
der or age of the camels. Differences were considered

Fig. 1 Map of Iran showing
sampling sites in Kerman
(Shahr-e-Babak, Kerman, and
Kahnoodj cities) and Sistan-va-
Baloochestan provinces (Zabol,
Zahedan, and Mirdjaveh cities).
The map was drawn by using
Arcinfo (ESRI®Arcmap™ 10.0,
Redlands, CA, USA) and DIVA-
GIS (http://www.diva-gis.org/
Data)

Table 1 Distribution of camel
samples according to sampling
sites and gender of the animals

Province Sampling site Number of collected samples (gender)

Kerman Shahr-e-Babak 20 (17 males and 3 females)

Kerman 60 (50 males and 10 females)

Kahnoodj 20 (19 males and 1 female)

Sistan-va-Baloochestan Zabol 30 (16 males and 14 females)

Zahedan 10 (2 males and 8 females)

Mirdjaveh 60 (all males)

Total 200 (164 males and 36 females)
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significant at p<0.05. The analyses were performedwith IBM
SPSS Statistics v.20.0 software.

Ethical statement

Samples from Kerman province were obtained from
slaughtered camels, and samples of Sistan-va-Baloochestan
province were taken from live animals with official permis-
sion and under supervision of the Provincial Veterinary Orga-
nization in accordance with the veterinary laws of I.R. Iran.

Results

In light microscopy, D. evansi was detected in four infected
camels (Fig. 2).

Using PCR, 16 out of 200 (8 %; 95 % CI=4–12 %) sam-
ples were positive for filaroid helminths, including those pos-
itive by microscopy. Statistical analysis showed that the infec-
tion rate significantly decreased with increasing age of the
animals (p = 0.041); 15/164 camels aged up to 4 years
(9.2 %) were positive, while only 1/36 animals aged 5–9 years
(2.8 %) harbored microfilariae. However, gender of the host
animals was not significantly correlatedwith infection; 13/164
males (7.9 %) vs. 3/36 females (8.3 %) were infected. All
positive samples were from Kerman province.

The filaroid COI sequences (adults and larval stages) were
identical (n=12) or differed only in single substitutions from
each other (n=6), suggesting that the larvae and the adult
specimens all belonged to the same species. The sequences
deposited in GenBank® (http://www.ncbi.nlm.nih.gov/) under
the accession numbers KR184801 to KR184818 (D. evansi
COI) and KR184821-KR184823 (D. evansi 16S).

The ML tree calculated with a COI sequence of D. evansi
and sequences from GenBank® was displayed as a radial tree
(Fig. 3). Mostly, species of a single genus come out monophy-
letic in the same clade (e.g., Onchocerca, Cercopithifilaria,
and Setaria), but D. evansi and D. gracile (accession
number AJ544877; Casiraghi et al. 2004) are not monophy-
letic and branch of rather basal in the tree. A more robust
phylogenetic analysis requires analysis of more conserved
genes because evolutionary distances are too large between
higher taxa of filaroid nematodes.

Discussion

In the present study, blood stages of filaroid helminths of
healthy Iranian dromedary camels were examined by micros-
copy and molecular techniques.

D. evansimicrofilariae were present in the peripheral blood
of 8 % of tested camels. Previous studies on bloodT
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microfilariosis in different parts of Iran have reported varying
infection rates of 0.88–47% (Mowlavi et al. 1997; Oryan et al.
2008; Borji et al. 2009; Sazmand et al. 2013; Karimi et al.
2015) and recovery of adult worms from up to 50 % of affect-
ed organs of slaughtered camels (Mowlavi et al. 1997). Mod-
ified Knott’s technique for concentration ofmicrofilariae is the
method of choice for microscopic diagnosis of the larvae how-
ever, since the aim of current project was molecular identifi-
cation of the parasites, and stained blood smears were

prepared also for detection of Trypanosoma spp., piroplasms
and Anaplasma spp. (will be published elsewhere); the stained
slides were examined for D. evansi as well. Molecular detec-
tion of filaroid helminths using filter papers was more sensi-
tive than light microscopy as PCR detected 16 microfilaremic
camels, while microscopy was able to detect only four.

Despite the clinical importance and distribution of this
nematode in camel-rearing areas of the world, no published
reference sequences were previously available for this species.
In agreement with previous reports on decreasing susceptibil-
ity to infection with advanced age (Chhabra and Gupta 2006),
in this study, a significantly higher infection rate for D. evansi
was found in younger camels.

Studies on the molecular phylogeny of Dirofilariinae and
Onchocercinae indicate that these subfamilies appear as poly-
phyletic groups (Lefoulon et al. 2015). In our study, also
D. evansi and D. gracile were found not to be monophyletic.

Members of the genus Aedes which are believed to be
possible intermediate hosts are commonly found in Iran
(Azari-Hamidian 2007). However, so far, no data is available
on infections of possible vectors (and their vector compe-
tence) ofD. evansi in Iran and neighboring countries, Pakistan
and Afghanistan, where dromedaries are commonly free-
roaming. The availability of specific DNA sequences for
D. evansi now enable large-scale studies on its possible vec-
tors in endemic areas by molecular typing.

Fig. 2 Microphotograph of a Dipetalonema microfilaria in camel blood

Fig. 3 Unrooted radial maximum likelihood tree with COI sequences of Dipetalonema evansi (in frame) and other filarioid nematodes obtained from
GenBank®. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site
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Conclusion

Molecular identification of D. evansi adds to the current
knowledge on vector-borne diseases of camels. The compar-
ison of COI nucleotide sequences places D. evansi among
filaroid helminths as expected. Since there is no confirmed
information about intermediate host(s) of camel filariosis
based on molecular methods, identification of its vectors for
studying the nematode’s life cycle is suggested.

Acknowledgments We thank Dr. Mehdi Hosseini (Chief of Sistan-va-
Baloochestan Provincial Veterinary Organization) and Mr. Mansour
Aminzadeh (Laboratory of Parasitology, Faculty of Veterinary Medicine,
Shahid Bahonar University of Kerman) for their help in preparation of the
samples.

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

References

Azari-Hamidian S (2007) Checklist of Iranian mosquitoes (Diptera:
Culicidae). J Vector Ecol 32:235–242

Borji H, Razmi G, Parandeh S (2009) Epidemiological study on
haemoparasites of dromedary (Camelus dromedarius) in Iran. J
Camel Pract Res 16:217–219

Casiraghi M, Bain O, Guerrero R et al (2004) Mapping the presence of
Wolbachia pipientis on the phylogeny of filarial nematodes: evi-
dence for symbiont loss during evolution. Int J Parasitol 34:191–203

Chhabra MB, Gupta S (2006) Parasitic diseases of camels—an update. 2.
Helminthoses. J Camel Pract Res 13:81–87

Dakkak A, Ouhelli H (1987) Helminths and helminthoses of the drome-
dary. A review of the literature. Rev Sci Tech Off Int Epiz 4:447–461

Determann A, Mehlhorn H, Ghaffar FA (1997) Electron microscope ob-
servations on Onchocerca ochengi and O. fasciata (Nematoda:
Filarioidea). Parasitol Res 83:591–603

El Bihari S (1985) Helminths of the camel: a review. Br Vet J 141:315–
326

El Harrak M, Faye B, Bengoumi M (2011) Main pathologies of camels,
breeding of camels, constraints, benefits and perspectives. In: 19th
Conference of the OIE Regional Commission for Africa. OIE,
Kigali, pp 1–6

Elamin EA, Mohamed GE, Fadl M, Elias S, Saleem MS, Elbashir MO
(1993) An outbreak of cameline filariasis in the Sudan. Br Vet J 149:
195–200

Grácio AJS, Richter J, Komnenou AT, GrácioMA (2015) Onchocerciasis
caused by Onchocerca lupi: an emerging zoonotic infection.
Systematic review. Parasitol Res 114:2401–2413

Hall TA (1999) BioEdit: a user-friendly biological sequence alignment
editor and analysis program for Windows 95/98/NT. Nucleic Acids
Symp Ser 41:95–98

Hodžić A, Alić A, Fuehrer H-P, Harl J, Wille-Piazzai W, Duscher GG
(2015) A molecular survey of vector-borne pathogens in red foxes
(Vulpes vulpes) from Bosnia and Herzegovina. Parasit Vectors 8:88

Hussein HS, Atta el Mannan AM, el Sinnary K (1988) Onchocerca
armillata Railliet and Henry, 1909 and Onchocerca gutturosa
(Neumann, 1910) in camels (Camelus dromedarius L.) in the
Sudan. Vet Res Commun 12:475–480

Karimi A, Rahbari S, Yousefi A (2015) Blood parasites of camels from
central regions of Iran: comparative evaluation of various detection
techniques and serum protein components. J Adv Parasitol 2:1–4

Kataĭtseva TV (1968) Interpretation of the development cycle of the
nematode Dipetalonema evansi Lewis, 1882. Dokl Akad Nauk
SSSR 180:1262–1264

Koehsler M, Soleiman A, Aspöck H, AuerH WJ (2007) Onchocerca
jakutensis filariasis in humans. Emerg Infect Dis 13:1749–1752

Krueger A, Fischer P, Morales-Hojas R (2007) Molecular phylogeny of
the filaria genus Onchocerca with special emphasis on Afrotropical
human and bovine parasites. Acta Trop 101:1–14

Lefoulon E, Bain O, Bourret J et al (2015) Shaking the tree: multi-locus
sequence typing usurps current onchocercid (filarial nematode) phy-
logeny. PLoS Negl Trop Dis 9(11):e0004233

Lehane MJ (2005) The biology of blood-sucking in insects. Cambridge
University Press, Cambridge, UK, 2nd ed., 336pp Ministry of
Agriculture Jihad (2014) Annual production report. Tehran, Iran

Mowlavi G, Massoud J, Mobedi I (1997) Hydatidosis and testicular fil-
ariasis (D. evansi) in camel (C. dromedarius) in central part of Iran.
Iran J Public Health 26:21–28

Nagaty HF (1947) Dipetalonema evansi (Lewis, 1882) and its microfi-
laria from Camelus dromedarius. Parasitology 38:86–92

Omar MS, Raoof AM (1994) Histochemical distribution of hydrolytic
enzymes in adul t Onchocerca fasc ia ta (Fi la r io idea :
Onchocercidae). Parasitol Res 80:216–222

Omar MS, Raoof AM, Al-Amari OM (1996) Onchocerca fasciata: en-
zyme histochemistry and tissue distribution of various dehydroge-
nases in the adult female worm. Parasitol Res 82:32–37

Orihel TC, Eberhard ML (1998) Zoonotic filariasis. Clin Microbiol Rev
11:366–381

Oryan A, Valinezhad A, Bahrami S (2008) Prevalence and pathology of
camel filariasis in Iran. Parasitol Res 103:1125–1131

Sazmand A, Anvari Tafti MH, Hekmatimoghaddam S, Moobedi I (2013)
Dipetalonema evansi infection in camels of Iran’s central area. Pak
J Biol Sci 16:647–650

Schillhorn-Van-Veen TW, Bello SI, Folaranmi DO (1976) Onchocerca
armillata (Railliet and Henry, 1909) from a new host, Camelus
dromedari. Rev Elev Med Vet Pays Trop 29:227–228

Tamura K, Peterson D, Peterson N et al (2011) MEGA5: molecular evo-
lutionary genetics analysis using maximum likelihood, evolutionary
distance, and maximum parsimony methods. Mol Biol Evol 10:
2731–2739

Wernery U, Kinne J, Schuster RK (2014) Camelid Infectious Disorders.
OIE, Paris, pp 428–430

Xia X (2013) DAMBE5: a comprehensive software package for data
analysis in molecular biology and evolution. Mol Biol Evol 30:
1720–1728

1610 Parasitol Res (2016) 115:1605–1610


	Molecular identification and phylogenetic analysis of Dipetalonema evansi (Lewis, 1882) in camels (Camelus dromedarius) of Iran
	Abstract
	Introduction
	Materials and methods
	Study area and sampling
	Microscopic examinations
	DNA isolation and PCR assay
	Sequencing
	Phylogenetic analysis
	Statistical analyses

	Ethical statement
	Results
	Discussion
	Conclusion
	References


