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Abstract

During November 2013 to October 2015, one hundred and nine fish specimens of Clarias
lazera were captured from different areas of Lake Nasser, South Egypt. They were found in-
fected with 3" stage larvae of Contracaecum with 100% prevalence. 4" stage larvae and
adults were experimentally obtained from the lower part of esophagus of white Pelicans Pel-
ecanus erythrorhynchus previously administered 3™ stage larvae. Detailed morphological
description of both larvae (L3) and adults, by light and scanning electron microscopes as
well as molecular analysis of the internal transcribed spacers of nuclear ribosomal DNA
(ITS-1 & ITS-2) indicated the presence of a new Contracaecum sp. here named C. quadri-

papillatum n. sp.

Keywords: Egypt, Internal transcribed spacers; Lake Nasser; Contracaecum; Clarias lazera
GenBank database: Sequences of ITS-1 and ITS-2 of Contracaecum quadripapillatum n.
sp. have been deposited to the GenBank database under accession numbers KY703768 and

KY703769, respectively.

Introduction

Anisakidosis is a famous zoonotic disease
of major public health and economic im-
portance. It is resulting from the accidental
infestation with anisakid nematode larvae
due to the consumption of infected raw or
undercooked fish (Sakanari and McKerrow,
1989; Palm, 2004). The larvae invade the
gastrointestinal tract of humans and cause
eosinophilic granuloma syndrome (Kaneko,
1991). The highest prevalent areas were Sc-
andinavia (from cod livers), Japan (from su-
shi and sashimi), Netherlands (from herrin-
gs) and along the pacific coast of South Am-
erica from ceviche (Audicana et al, 2002).
These nematodes are parasitizing many fish-
es and aquatic invertebrates which consid-
ered intermediate or paratenic hosts, while
marine mammals and piscivorous birds are
definitive hosts.

Larval stages of Contracaecum (Railliet and
Henry, 1912) are usually found in the body
cavity of fish while adults are found in the
gut of birds, such as pelicans, cormorants,
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herons and darters (Whitfield and Heeg,
1977). Clarias lazera is the commonest clar-
iid in Lake Nasser and its local name is Hout
or Karmout (Latif, 1974). Several studies on
the presence of Contracaecum larvae in
cichlid and catfish especially Clarias spp.
were widely achieved in African lakes,
(Yimer and Enyew, 2003; Barson, 2004;
Moyo and Barson, 2010; Amare et al,
2014). Several species of fish and cephalo-
pods act as intermediate hosts for this nema-
tode species (Anderson, 1992; Kgie and
Fagerholm, 1995; Kgie et al, 1995). In the
fish, the third stage larvae migrated from the
intestine to the body cavity and encapsulated
there. If small fishes are eaten by larger fish-
es, the larvae can re-infect the latter without
molting, and accordingly larger fishes may
accumulate an enormous number of larvae
(Lile, 1998). A total of 12 marine mammal
species and different fish eating birds have
been identified as final hosts of Contracae-
cum (Torres et al, 1983; William et al, 2002;
Dronen et al, 2003; Farjallah et al, 2008;
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Mattiucci and Nascetti, 2008; Shamsi et al,
2009).

Approximately 100 species of Contracae-
cum were identified. However, further taxo-
nomic revisions are needed. Some species of
similar morphology are differed genetically
and therefore divided into two or more sib-
ling species. The internal transcribed spacer
sequences of nuclear ribosomal DNA (ITS-1
and ITS-2) provide well established and use-
ful genetic markers (Zhu et al, 1998; 2000a;
2001b; Shih, 2004; Nadler et al, 2005; Kli-
mpel et al, 2007). A continually expanding
list of ITS-1 and ITS-2 sequences from anis-
akids and other nematodes is publicly avail-
able at the GenBank database.

Younis et al. (2017) reported larvae coll-
ected from four teleostian fish species in La-
ke Nasser, belonged to the genus Contraca-
ecum. Based on morphological and molecu-
lar differences between the collected larvae
some were, likely to represent C. multipapil-
latum with the possibility of more than one
species present. The C. multipapillatum is a
complex containing about four distinct spe-
cies found in the USA, Europe and Australia
(Nadler et al, 2000; Mattiucci et al, 2010;
D'Amelio et al, 2007; Shamsi et al, 2008).

Now the question remained: How many
species of Contracaecum infected Lake Nas-
ser fish? Is there a new species (fifth spe-
cies) of the C. multipapillatum complex. To
answer this question, the life cycles of the
larvae have to be completed to examine the
adult stages as well. The discovery of new
species, contribute to fulfill the inventory of
biodiversity, and it is of particular interest
for parasitic species with a potential impact
of the human health. A biological system is
developed, in order to investigate the biolog-
ical life cycle of the presumptive new spec-
ies analyzed, monitoring the subsequent lar-
val stages to the adult form.

Based on integrated morphological and
molecular investigations, the present work
indicated the presence of a new Contracae-
cum sp. in the fish Clarias lazera from Lake
Nasser.
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Materials and Methods

Fish: Regulations and guidelines of Aswan
University were performed in terms of deal-
ing with animals. Agreements of the Comm-
ittee of Research and Post-Graduate Studies,
Aswan University were approved before
starting the study.

With permission from the Fishery Man-
agement Center, High Dam Lake Develop-
ment Authority at Aswan city, one hundred
and nine fish specimens of Clarias lazera
were collected from Lake Nasser during
November 2013 to October 2015. Fish were
immediately transported to the laboratory
for anisakid parasite examination. They
were dissected and body cavity, alimentary
tract, liver and gills were taken out and ex-
amined in physiological saline.

Experimental development of adults: The
third stage larvae were collected from the
body cavity of the fish and washed exten-
sively in physiological saline. Larvae were
processed, for morphological and molecular
studies, as recently described (Younis et al,
2017). In brief, each individual larva was
divided into three pieces. The middle parts
were kept in -20<C in 70% ethanol for mo-
lecular study. For morphological identifica-
tion, anterior and posterior parts were fixed
in warm 70% ethanol (60-70°C) and pre-
served in 70% ethanol with few drops of
glycerin.

Two adult white Pelicans (Pelecanus ery-
throrhynchus) were caught from the Lake
area and transported to the laboratory. Their
feces were found free of helminthes ova dur-
ing daily examination for a week. For confi-
rmation, using a gastric tube, birds were ora-
Ily administered anthelminthic drugs accord-
ing to the pelican weight (a single dose of
Praziquantel and two doses of Mebendazole,
in two days interval). One week later, the
helminthes-free pelicans were orally fed 300
Contracaecum larvae by mean of gastric tu-
bing. The infection was repeated on day 18"
post-infection. Feces were examined daily
for the presence of ova. Following confirma-
tion of infection, pelicans were dissected on



the 20™ day post-infection. 4™ larvae, adult
females and adult males of Contracaecum
sp. were collected and processed as men-
tioned above.

Morphological examination: Worms were
cleared in lactophenol for 24 hours for light
microscopic study. Drawings were made
using the drawing tube and all measurem-
ents were given in millimeters, unless other-
wise mentioned. Photomicrographs were ta-
ken of nematodes obtained by using digital
microscope (Olympus CX41). Identification
was according to keys and descriptions (Ya-
maguti, 1961; Nadler and Hudspeth, 1998;
Anderson, 2000; Martins et al, 2005; Olive-
ro-Verbel et al, 2006). For the scanning
electron microscope examinations, specime-
ns were fixed in 5% glutaraldehyde solution
for 24 hours, and washed in Sodium caco-
dylate buffer solution 3-5 times (15 minutes
each). Post-fixation of specimens were made
in 1% of osmic acid for 2 hours, then wash-
ing was done; five changes in Sodium caco-
dylate buffer solution (15 minutes each).
Dehydration of the specimens was done in
ascending grade of ethanol; 30, 50, 70, 90 &
100% (30 minutes each). Then the speci-
mens were dried to the critical point by ex-
posing to 25°C. After that, they were placed
on the holder and were coated at high vacu-
um by a very thin layer of gold (thickness of
150-200 Angstroms). Finally, the specimens
were examined by scanning electron micro-
scope (Jeol: JSM 5400 LV).

Molecular analyses: Genomic DNA isola-
tion, PCR and sequencing: Genomic DNA
extracted from individual larvae or adult wo-
rms by phenol/chlorophorm method (Younis
et al, 2011). Briefly, individual parasite ma-
terials were digested overnight at 56°C with
proteinase K in ALT buffer (Dneasy kit, Qi-
agen) under a constant agitation, after that
precipitated with 5.2 M ammonium acetate.
Samples were diluted in 20-50ul d H,O
(HPLC Water) depending on the pellet size,
concentrations were determined by spectro-
photometry.
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Amplification the two nuclear ribosomal
markers were takes place using the specific
primer sets SS1/ NC13R (for ITS-1) and
SS2/ANC2 (for ITS-2) under the similar con-
ditions as described previously (Zhang et al,
2007). The PCR (50ul) was performed in
thermo-cycler under the following condi-
tions: initial denaturation at 94°C for 5 min-
utes, then 35 cycles of 94°C denaturation
temperature for 30 seconds, 55°C annealing
temperature for 30 seconds and 72°C elon-
gation temperature for 30 seconds, followed
by 72°C for 5 minutes. Samples with fish/
bird gDNA or without gDNA were included
in the PCR as controls. PCR products were
analyzed by 1.2% w/v agarose gel, stained
with ethidium bromide and photographed
using a UV gel documentation unit (UVP-
BioDoc-IT). Positive PCR products were
then purified using DNA Clean and Concen-
trator TM-25 kit (Zymo Research, USA)
according to the manufacturer’s protocols.
The purified products were sent for sequenc-
ing to Macrogen Inc. (Korea), via National
BioLab for trade (Cairo, Egypt). Samples
were sequenced by a dideoxy termination
method using an applied biosystems sequen-
cer model 3730XL automated DNA sequen-
cing system (Applied BioSystems, USA), in
the two directions (forward and reverse) by
the same PCR-used primers.

Computer-based sequence analysis: Each
sequence (forward) was compared to its co-
mplement (reverse) and then assembled by
cap3 software or manually. The resulted se-
guences were individually compared to oth-
er sequences available at the database using
NCBI Blast program for homology search
(http://www.ncbi.nlm.nih.gov). Subsequent-
ly, they were aligned to each other and to the
most homologous sequences in the database
using CLUSTALW and/or MUSCLE multi-
ple sequence alignment programs. The phy-
logenetic analysis was cond ucted using
online tool software Phylogeny.fr program
(Dereeper et al, 2008).

Results
Morphological Identification: Third stage
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larvae of Contraceacum obtained from C.
lazera (n= 10): All examined C. lazera (109
specimens) were found infected with Lz of
Contracaecum sp. (prevalence 100%). Lar-
vae were found in the body cavity adhering
to the alimentary canal. The burden of larvae
was 35-116 larvae/fish. They were reddish-
yellow in colour and covered with a smooth
transparent cuticle. The body was 15-35 (av.
(average) 23) in length and 0.94-1.56 (av.
1.35) wide. The mouth was surrounded by
three small lips with a prominent papilla and
a well-defined boring tooth measuring 0.02-
0.03 (av. 0.024). Esophagus was narrow and
long, 2.6-4.12 (av. 3.6) long, 14-17.3%
(15.6%) of body length and 0.1-0.14 (av.
0.13) wide. Ventricular appendix was 0.86-
1.04 (av. 0.93) long and 25-33% (25.8%) of
esophageal length. Intestinal caecum meas-
ured 1.72-3.3 (av. 2.77) long and 66-80%
(76.9%) of esophageal length. The ratio of
ventricular appendix to intestinal caecum
was 31.5-50% (33.5%). The intestine was
opening ventrally in a slit-like shape anus
and tail was conical in shape measured 0.1-
0.16 (av. 0.12) long and 0.5-0.6% (0.5%) of
body length, with a tapered process meas-
ured 0.04-0.06 (av. 0.045). The rectum was
provided with rectal cells.

SEM (Fig. 1a, b) showed the transversely
striated cuticle and cuticular ridges at head
region which were narrow anteriorly and be-
came wider posterioly without host mucus.
The mouth opening was triangular and sur-
rounded by three small lips, one dorsal and
two ventral, which are provided with four
papillae, two on the dorsal lip and one on
each ventral lip, well defined boring tooth
located on dorsal lip, excretory pore located
anteriorly in between the two ventral lips.

Fourth- stage larvae of Contracaecum ob-
tained from Pelicans (n = 10): Living speci-
mens of 4™ larvae of Contracaecum were
found freely in the lower part of esophagus
of the Pelican after two days post-infection.
They were very active and lived for 24 hours
in saline solution (life span). The body was
elongated, cylindrical and yellowish in col-
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our. Nerve ring appeared circling the esoph-
agus and was located at the first third of its
length. Cuticle ridges were more distinct on
the cephalic and caudal ends. The body was
30-40 (av. 35) long and 0.9-1.06 (av. 0.96)
wide. Esophagus measured 2.6-3.3 (av.
2.98) long, 8.7-12.8% (9.4%) of body length
and 0.1-0.14 (av. 0.13) wide. Ventricular
appendix was 0.94-1.12 (av. 1.07) long and
35.9-42.3% (33.9%) of esophageal length.
The intestinal caecum was 1.32-2.76 (av.
2.08) long, 50.7-84.8% (69.8%) of esopha-
geal length and 0.28-0.3 (av. 0.29) wide.
The ratio between ventricular appendix to
intestinal caecum was 40.5-70% (51.4%).
The tail was pointed measured 0.12-0.22
(av. 0.18) long, 0.4-0.55% (0.5%) of body
length and ended with a tapered process
measured 0.025-0.03 (av. 0.028). The rec-
tum was provided with rectal cells. SEM
showed that cuticle was smooth and striation
was less distinct than the 3" stage larvae, the
head region had cuticular ridges with heavy
mucus derived from the host and were nar-
row anteriorly then became wider posterior-
ly. Mouth opening was triangular and sur-
rounded by three ill-defined lips, one dorsal
and two sub-ventral. The excretory pore was
located anteriorly between the two sub-
ventral lips. Four papillae were found, one
on each ventral labium around the excretory
pore and two on the dorsal labium (Fig. 2 a).
Anal opening was located ventrally near the
posterior end. The molting of this stage (Fig.
2b, ¢) began from the body posterior part.
Adult worms were found in lower part of
esophagus of Pelican, ten days post-
infection. The body was elongate and cylin-
drical, three lips (one dorsal and two latero-
ventral) interceded with interlabia, were pre-
sent surrounded by a prominent collar, inter-
rupted laterally at the base of lips. Visible
depression (groove) was noticed ventrally in
each labium. Two ovate papillae on the dor-
sal labium were found and one papilla on
each sub-ventral labium. Interlabia were tri-
angular in shape with wide base and had the
same heights as lips (Figs. 3a & 4a,d). Intes-



tinal caecum was about three to four times
longer than ventricular appendix (Figs. 3b &
4b). The anal opening was located near the
posterior end.

Male (n= 10): Body length 25-27 (av. 26)
long and width 0.96-1 (av. 0.98). Esophagus
measured 3.6-4.5 (av.4.05) long, 14.4-16.6%
(15.6%) of body length and 0.12-0.2 (av.
0.16) wide. Ventricular appendix 0.78-1.1
(av. 0.93) long and 21.7-25.6% (23.5%) of
esophageal length. Intestinal caecum 2.8-4.1
(av. 3.45) long, 77.8-87% (85.2%) of esoph-
ageal length and 0.24 (av. 0.24) wide. The
ratio between ventricular appendix to intes-
tinal caecum was 27.9-31.4% (29.5%). Tail
was pointed, curved ventrally and ended
with a tapered process; it measured 0.12-
0.16 (av. 0.14) long, 0.5-0.6% (0.6%) of
body length. The seminal vesicle was long
and opened in the cloacal opening, two sub-
equal spicules were present and provided
with transparent membrane (Figs. 3 ¢ & 4 c).
Right spicule measured 2.04-2.54 (av. 2.12)
long, 8.2-9.4% (8%) of body length. Left sp-
icule 2-2.24 (av. 2.11), long 8-9% (8%) of
body length.

SEM studies indicated that post-anal pa-
pillae consist of one pair of small papillae at
level of cloaca, followed by one pair of dou-
ble papillae. Remaining post-cloacal papil-
lae arranged in three rows, first and second
rows containing four papillae on each side
forming quadrilateral shape and the third has
one papilla on each side (Figs. 3 d & 4 e).
The cuticle was smooth and striated trans-
versely and longitudinally.

Female (n= 10): Body measured 29-36
(av. 33) long & 0.9-1.4 (av. 1.19) wide. Eso-
phagus measured 3.6-4.6 (av. 4.13) long,
10.3-15.2% (12.4%) of body length & 0.12-
0.18 (av. 0.14) wide. Ventricular appendix
0.9-1.12mm (av. 1.01) long, & 24.3-26.2%
(25.6%) of esophageal length. Intestinal cae-
cum 2.4-39 (av. 3.3) long, 66.7-88.6%
(79.5%) of esophageal length & 0.2-0.4 (av.
0.32) wide. The ratio between ventricular
appendix to intestinal caecum 26.5-39.2%
(32.04%). Tail ended with a tapered process
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and measured 0.2-0.48 (av. 0.32) long, 0.5-
1.3% (0.9%) of body length. The muscular
genital pore was situated at a distance of 8-
12.24 (av. 10.91) from the anterior end and
surrounded by small papillae (Fig. 4 f). Eggs
were immature, spherical and measured 23-
48 (39) x 35-49 (48) um in diameter.

Morphological comparison of C. quadrip-
apillatum n. sp. with other related species:
Although the morphological characters of
the present worms resemble that of previ-
ously described four species of Contracae-
cum multipapillatum A, B, C and D (Nadler
et al, 2000; Mattiucci et al, 2010; D'Amelio
et al, 2007; Shamsi et al, 2008), it showed
unique morphological differences. The dif-
ferences are: the site of infection where the
present worms found in the lower part of
esophagus but C. multipapillatum always
found in proventriculus and stomach of the
bird; the number and arrangement pattern of
post-cloacal papillae in the present males
were five forming a quadrate shape while in
C. multipapillatum, were four papillae form-
ing L shape (Shamsi et al, 2008). Moreover,
spicule lengths were sub-equal and longer
than those of C. multipapillatum described
from Egretta alba in Colombia, C. multi-
papillatum sp. A (C. gibsoni) from Pele-
canus crispus in the Ambracian Gulf off
Greece and C. multipapillatum sp. D from
Austalian pelican (D’Amelio et al, 2007;
Shamsi et al, 2008; Mattiucci et al, 2010)
but, shorter than those of C. multipapillatum
(=C. robustum) identified from birds in Nor-
thern Gulf of Mexico by Deardorff and Ov-
erstreet (1980) and C. multipapillatum sp. B
(C. overstreeti) from the Dalmatian pelica
Pelecanus crispus in the Ambracian Gulf off
Greece (Mattiucci et al, 2010). Besides, the
tips of the present spicules were rounded
while they were pointed in C. gibsoni, C.
overstreeti and C. multipapillatum sp. D.

Adult male and female of C. quadripapilla-
tum n. sp. were deposited in the public mu-
seum of the Zoology Department, Faculty of
Science, Aswan University under the depos-
ition code (Zoo-Inv-Nem.Cq.01/ 2017).



Molecular characterization and phyloge-
netic analysis: Agarose gels analyses of the
PCR products which resulted from gDNA of
Contracaecum larvae as well as gDNA of
adult males showed amplicons of ~ 530 bp
and ~ 430 bp for the ITS-1 & ITS-2 respec-
tively. As expected sequences of ITS-1 and
ITS-2 of L3 and adults were 100% identical
and have been deposited to GenBank data-
base under accession numbers (KY703768
and KY703769), respectively.

No high similarities found neither for ITS-
1 nor ITS-2 with other sequences from Con-
tracaecum adults. But, (Tab. 1), blast search
and alignments of ITS-1 sequence showed
the highest to typical identities (99% and
100%) to our recently identified ITS-1 se-
guences (accession numbers KX580604 and
KX580607) of L3 (short form) collected
from Hydrocynus forskahlii and L3 (short
form) collected from Lates niloticus (Younis
et al, 2017). In addition it showed a very
high identity (98%) to the ITS-1 sequences
(Accession numbers FM210433-FM210434-
FM210435) of L3 collected from intestine &
body cavity of barboid fishes in Parishan
Lake, Iran (Shamsi and Aghazadeh-Meshgi,
2011). In (Tab. 2), ITS-2 sequence showed
highest similarity (99%) to two ITS-2 se-
quences (accession numbers KX580610 and
KX580612) from L3 of L. niloticus and H.
forskahlii (Younis et al, 2017). It showed
high similarity (98%) to ITS-2 sequences of

the Contracaecum larvae (Accession num-
bers FM210437- FM210438- FM210439)
isolated from Iranian fish (Unpublished data,
recorded by Shamsi in 2008 to the Gen-
Bank). It is likely that L3 which were identi-
fied recently to belong to C. multipapillatum
complex (Younis et al, 2017) and were col-
lected from H. forskahlii and L. niloticus in
Lake Nasser, are of the same species of the
larvae collected from C. lazera in the pre-
sent work (C. quadripapillatum). After ex-
perimental development of adult stages,
morphological description and molecular
analysis revealed that larvae collected in this
study from C. lazera represent a new species
of Contacaecum and four types of larvae
(short forms collected from H. forskahlii and
L. niloticus (Younis et al, 2017) and those
collected from Iranian barboid fishes
(Shamsi and Aghazadeh-Meshgi, 2011) and
larvae collected from C. lazera (present
work) are likely belonging to C. quadri-
papillatum n. sp.

Phylogenetic trees of the aligned ITS-1
and ITS-2 showed similar results, the earlier
presented (Fig. 5). Thus, sequences from L3,
collected previously from H. forskahlii and
L. niloticus (Lake Nasser, Egypt) and those
of L3 found in barboid fishes (Parishan
Lake, Iran) are very closely related to the
new species Contracaecum quadripapilla-
tum.

Table 1: ITS-1 Sequences retrieved from GenBank database and producing significant alignments to newly
deposited ITS-1 sequence of Contracaecum quadripapillatum n. sp. (KY703768).

Accession Identity Source (L3/adult worms) References
X Third stage larvae (short form) of Contracaecum sp. .
o &
KXS80607 100% found in Lates niloticus (Lake Nasser, Egypt) Wonrisienal 2014
X Third stage larvae (short form) of Contracaecum sp. .
o .
KX580604 29% found in Hydrocynus forskahlii (Lake Nasser, Egypt) Yiounisienal 2017
FM210433 5 = . g
o Third stage larvae of Contracaecum sp. found in Shamsi and Aghaza-
e 280 barboid fishes (Parishan Lake, Iran) deh-Meshgi 2011
FM210435 T ) > )
Third stage larvae (long form) of Contracaecum sp. 3
o = >
KX580600 93%e found in L. niloticus (Lake Nasser, Egypt) Yonmgetel 2017
Third stage larvae of Contracaecum sp. found in :
o s e
KX080003 8870 Oreochromis niloticus (Lake Nasser, Egypt) Youmseral 2017
Third stage larvae of Contracaecum sp. found in H. .
S 2 e 2
KF990491 88% forskahlii (L.ake Turkana, Kenya) Otachi.erali2015
Third stage larvae of Contracaecum sp. found in 3
o .
KX580602 86% Tilapia galilae (Lake Nasser, Egypt) Younis et al 2017
AMO940056 5 Adults of C. multipapillatum (D) found in Austral- Gy
AM940059 g3%e ian pelican (Pelecanus conspicillatus) Shamsiverial 2008
AM940062 - 2 > - : tralis -1i-
AMoa00es | sav | ddulis of Covripapillaum found in Australisn poi- | Spamasi 7 a1 2008
AM940064 ; F :
_ Third stage larvae (long form) of Contracaecum sp. .
o s
KEXS80605 79%6 found in H. forskahlii (Lake Nasser, Egypt) Youtisenal' 2017




Table 2: ITS-2 Sequences retrieved from GenBank database and producing significant alignments to
the newly deposited ITS-2 sequence of Contracaecum quadripapillatum n. sp. (KY703768).

Accession Identity Source (L3/adult worms) References
Third stage larvae (short form) of Contracaecum %
2 99, >
RX380612 2 sp. found in Lates niloticus (Lake Nasser, Egypt) Younisietal. 2017
Third stage larvae (short form) of Contracaecum
KX580610 99% sp. found in Hydrocynus forskahlii (Lake Nasser, Younis et al. 2017
Egypt)
2
F.M"IO437 5 Third stage larvae of Contracaecum sp. found in Unpublished: recorded by
EM210438 98% barboid fishes (Parishan Lake, Iran) Shamsi to GenBank 2008
FM210439 arboid fishes (Parishan e, Irar hamsi enBank 2
Third stage larvae of C. osculatum found in liver of
KM273050 95% Baltic cod Gadus morhua (Island of Bornholm , the Mehrdana et al. 2014
southern Baltic Sea)
KX580608 o Third stage larvae of Contracaecum sp. found in i
852 Tilapia galilae (Lake Nasser, Egypt) Younisecal 2017
Third stage larvae of Contracaecum sp. found in 2
0, S e 2
KX280002 sh% Oreochromis niloticus (Lake Nasser, Egypt) Xounis.jeral 2017
C oo Tarvae o o Unpublished: recorded by
MG515224 84% Thud stage I(.n vae of Contrac aecum overstreeti Peksiciciand Vaidinaits
found in marine fishes collected in Turkish waters
GenBank 2017
Discussion

In the present study, a new species of Con-
tracaecum is identified by integrated mor-
phological and molecular evidences named
C. quadripapillatum n. sp. Third stage lar-
vae were collected from C. lazera and adults
were obtained experimentally from white
pelicans.

All examined C. lazera were found infect-
ed with 3" stage larvae of Contracaecum sp.
in the body cavity adhering to the alimentary
canal. Numerous studies have been made
concerning the presence of Contracaecum
spp. (Anisakidae) in marine, brackish and
freshwater fishes (Paperna, 1974). Donnelly
and Hustler (1986) and Barson (2004) ex-
plained the low prevalence of Contracaecum
sp. in Clarias gariepinus collected from
Lake Chivero, Zimbabwe for the abundance
of reed cormorants and darters which mainly
prey on cichlids and rarely on Clarias. On
the other hand, Barson and Avenant-Olde
wage (2006) estimated a high prevalence
(86%) and mean intensity (16.3) of third sta-
ge larvae of Contracaecum spp. in abdo-
minal cavity of Clarias gariepinus from the
Rietvlei Dam near Pretoria, South Africa.
Moyo (2009) found that C. gariepinus in In-
sukamini Dam, Zimbabwe was not infected.

During this study, experimental infection
was successful in white pelicans which were
infected with the third stage larvae, isolated
from Clarias lazera. Eggs were detected in
the feces on day 10 post-infection. 4™ stage
larvae and adults were found in the lower
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part of the esophagus of the pelican. Mor-
phological examinations revealed that little
changes have been noticed in the structure
during the development from third to fourth
stage larvae. These changes were: the total
body size, tail length, shape and size of lips
and boring tooth, shape and size of anal
opening.

Adult nematode identification was based
on morphological features, such as the size
and the shape of spicules (sexual organs) in
males, anterior and posterior parts. Morpho-
logically C. multipapillatum, is the most re-
lated species complex to the newly identi-
fied nematode in the present study. Howev-
er, it showed clear and distinct differences
from the 4 species which previously de-
scribed as C. multipapillatum A, B, C and D
(Nadler et al, 2000; Mattiucci et al, 2010;
D'Amelio et al, 2007; Shamsi et al, 2008).

The molecular patterns of adult showed
100% identity to the larvae collected from
C. lazera. Beside the identical morpholo-
gical features, both ITS-1& ITS-2 sequen-
ces showed very high similarities (98%-
100%) to sequences of the recently investi-
gated larvae which infected H. forskahlii
and L. niloticus from Lake Nasser (Younis
et al, 2017). These data integrated with the
phylogenetic sequence analyses and strongly
indicating that larvae collected from C. laz-
era (present study) and from H. forskahlii
and L. niloticus from (Younis et al, 2017)
were of the same species (C. quadripapill-
atum n. sp.).



Interestingly, the very high sequence simi-
larities (98%) of both ITS-1 and ITS-2 bet-
ween Contracaecum L3 isolated from C.
lazera (present study) and Contracaecum L3
collected from Iranian fish by Shamsi and
Aghazadeh-Meshgi (2011), might indicate
that they likely belong to the same species
(C. quadripapillatum n. sp.). But, this may
need to be confirmed by further experiment
and completing the life cycle of L3 collected
by Shamsi and Aghazadeh-Meshgi (2011) to
examine the adult stages. The alignments of
ITS-1 and ITS-2 of the present materials (L3
and male) differs greatly (> 12%) from the
previously identified genotypes of C. multi-
papillatum A, B, C & D, which were report-
ed from Europe, USA and Australia.

Based on the integrated morphological and
molecular data presented in the current
work, it was able to answer the question
remained in the recent study by Younis et al.
(2017): yes, there is more than one species
of Contracaecum infected the lake Nasser
fish and there is a new species (fifth species)
of the C. multipapillatum complex. L3 co-
llected from C. lazera and its adult stages
obtained experimentally from white pelican
as well as short forms of L3 collected
previously from H. forskahlii and L. niloti-
cus are belonging to a new species named C.
quadripapillatum n. sp. Work is continuing
to identify all the Contarcaecum sp. by
completion of the life cycle of the larvae that
infect other species of Lake Nasser fish.

Conclusion

Detailed morphological description of bo-
th larvae (L3) and adults, by light and scan-
ning electron microscopes as well as molec-
ular analysis of the related sequences of the
internal transcribed spacers of nuclear ribo-
somal DNA (ITS-1 and ITS-2) indicated the
presence of a new Contracaecum sp. named
here C. quadripapillatum n. sp.
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3. The Nematodes of Vertebrates, Part | & Il. In-

Explanation of figures
Fig. 1: Third stage larva of Contracaecum quadripapillatum n. sp. obtained from natural infection of Clarias lazera. Scanning electron mi-
crographs (a) anterior part showing lips; (b) posterior part showing anal opening and tail
Fig. 2: Fourth stage larva of Contracaecum quadripapillatum n. sp. obtained from experimental infection of white pelican. Scanning electron
micrographs (a) anterior part showing the three lips one dorsal DL and two ventral VL, mouth opening, and excretory pore; (b) posterior part
showing the beginning of the molting, anus, tapered process and tail; (c) molting process
Fig. 3: Adult of Contracaecum quadripapillatum n. sp. obtained from experimental infection of white pelican (a) anterior part of nematode
showing dorsal labium, interlabia and esophagus; (b) ventriculus and ventricular appendix; (c) posterior part of male showing the two spic-
ules and seminal vesicle; (d) posterior end in male, ventral view, showing arrangement of post-cloacal papillae
Fig. 4: Adult of Contracaecum quadripapillatum n. sp. obtained from experimental infection of white pelican (a) Light microscope photo of
anterior part of male showing lips, interlabia and esophagus; (b) Light microscope photo showing ventriculus and ventricular appendix; (c)
Light microscope photo of posterior part of male showing the two spicules; (d) Scanning electron micrograph of anterior part showing lips,
interlabia, and papillae; (e) Scanning electron micrograph of posterior part showing spicule and arrangement of post-cloacal papillae; (f)
Scanning electron micrograph of muscular genital pore of female surrounded by papillae
Fig. 5: Phylogenetic tree of the aligned 16 ITS-1 sequences from Contracaecum spp. including the ITS-1 sequences of C. quadripapillatum
n. sp. (arrow), identified in this study, using the Phylogeny.fr program (http://www.phylogeny.fr/). Sequences from L3,
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