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Parasitic nematode infection indices were recorded in different fish species collected at
Cartagena Bay, North of Colombia. Among 19 studied species, the Mugil genus presented
the highest prevalence (83.9-100%), although Sciades herzbergii, Caranx hippos and Cen-
tropomus undecimalis were also found infected with nematodes. Parasites were found in
the liver, intestinal mesenteries and encysted near the intervertebral joints, with an aver-
age parasite abundance of 4.0 & 0.3 nematodes per fish. Morphological analysis allowed the
identification of these nematodes as Contracaecum sp. A small, but positive correlation was
found between parasite abundance and length (R=0.294, P<0.001) and weight (R=0.244,
P<0.001).In contrast, the correlation between parasite abundance and condition factor was
negative (R=-0.191, P<0.001). These results are the first describing the presence of nema-
todes in several fish species of this ecosystem, and it highlights the need for monitoring

parasitism in Mugil species in order to avoid parasite ingestion during fish consumption.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Parasitism is a constant and frequent phenomenon in
fish(Paperna, 1991; Luque et al., 2004; Olivero-Verbel et al.,
2006). However, parasitic-related diseases are evidenced
when conditions in the media allow the proliferation of
these organisms (Mancini et al., 2000). Most fish species,
both natural and farmed, can be infected by parasites
at some stage of their development (Petter et al., 1995;
Anderson, 2000), although current literature suggests that
only a small number of them generate diseases (Yagi et al.,
1996; Takahashi et al., 1998; Mccarthy and Moore, 2000;
Dyck et al., 2005). These organisms induce host-related
reactions that could lead to inflammatory lesions (Paperna,
1991; Nickol, 1999; Adams and Nowak, 2001; Buchmann
et al., 2001; Ferguson, 2006; Dykova and Lom, 2007;
Alvarez-Pellitero, 2008). In fact, together with pathogenic
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bacteria, chemical residues, pesticides and heavy met-
als, parasites are considered a pivotal risk factor for
assessing fish quality (Levsen et al., 2005; Falcdo et al.,
2008).

Fish are infected by several groups of parasites.
Those can be found in the dermis, gills, and inter-
nal organs, and their presence in fish depends largely
on their habitats, life cycle of parasites, host physi-
ology and associated functions in ecosystems, among
others (Pellitero, 1988; Mufloz et al., 2006). Nematodes
are one of the most common parasites found in fish,
particularly those belonging to the Anisakidae family.
It is well known that these parasites can be detected
in marine mammals, fish, reptiles and birds (Hartwich,
1974; Moravec, 1994; Anderson, 2000; Zhang et al,
2007).

Even though parasite exposure from fish consump-
tion can be prevented using appropriate treatments, the
risk associated with the ingestion of parasites cannot be
totally removed by physical processes such as refrigera-
tion, freezing or salting (Uradznski et al., 2007; Stormo
et al., 2009). Although these parasites can infect humans
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after consumption of raw fish or insufficient cooking (Smith
and Wootten, 1978; Cheng, 1982; Olson et al., 1983; Yagi
et al, 1996; Esteve et al.,, 2000; Audicana et al., 2002;
Audicana and Kennedy, 2008; Marzocca et al., 2009), there
is growing evidence suggesting that the risk depends
not only on the presence of living organisms. Those that
do not survive are still capable of producing proteins
that could induce hypersensitivity and allergic reactions
(Audicana et al.,, 2002; Baeza et al., 2004; Caballero and
Moneo, 2004; Audicana and Kennedy, 2008). Other clinical
manifestations are important during infection, such as epi-
gastric pain (Muguruma et al., 1999), as well as systemic
or gastrointestinal symptoms, including edema, hemor-
rhage/active bleeding, erythema, gastric and duodenale
ulcers (Marzocca et al., 2009; Lee et al., 2009), and intesti-
nal obstruction (Doi et al., 1989; Takabe et al., 1998), among
others.

Although Anisakidae is an extensive family, Anisakis
genus is probably the most referenced due to their global
distribution, availability of intermediate hosts to complete
their life cycle and high frequency of parasitism in humans,
causing the disease known as Anisakidosis (Smith and
Wootten, 1978; Audicana and Kennedy, 2008). The first
case of this infection was reported in Netherlands in 1960
(Van Thiel, 1960), and the number has been increasing
around the world. In countries such as Japan, where par-
asitic nematodes are considered a public health problem
due to consumption of raw fish, annual incidence has been
estimated to vary from 2.000 to 3.000 cases (Umeharaetal.,
2007).

In Colombia, anisakid nematodes belonging to the Con-
tracaecum genus have been recorded in fish species such as
Mugil incilis in Cartagena Bay (Olivero-Verbel et al., 2005),
Salminus affinis in Sind and San Jorge Rivers (Pardo et al.,
2007) and in Hoplias malabaricus from various freshwater
bodies in the Atlantic Coast (Olivero-Verbel et al., 2006).
In addition, Contracaecum multipapilllatum (s. 1.) has been
identified in birds such as E. alba (L.) (Mattiucci et al., 2010),
and a new species, Contracaecum bioccai, has been found in
the brown pelican Pelecanus occidentalis (L.), also from the
Northern part of the country. However, there are no addi-
tional reports in the literature about the presence of these
nematodes in other Colombian fish species. Therefore, the
main objective of this research was to identify the presence
of anisakid nematodes in commercial fish from Cartagena
Bay, an estuary along the Northern coast of Colombia.

2. Materials and methods
2.1. Sampling site

Cartagena Bay is located Southwestern Cartagena city
(10°18’58”N and 75°32’36”W). It is a shallow estuary that
receives freshwater from Magdalena River, the largest
in Colombia, through a man-made waterbody called the
Dique Channel (Plagliardini et al., 1982). The bay is sur-
rounded by an industrial complex known as Mamonal. The
Dique Channel deposits into this bay large amounts of sedi-
ments carried from the Colombian Andes, and wastewaters
from many cities in the country. In addition, around 40% of
the sewage generated by the city of Cartagena.
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Fig. 1. Map showing location of the study area and sampling sites on
Cartagena Bay. CG, Castillogrande; CDL, Cafio de Loro; BF, Beverage fac-
tory; DC, Dique Channel; HM, Honda Marsh.

2.2. Sample collection

Several sampling sites were located within Cartagena
Bay, and fish collection was carried out by local fisher-
men at early hours between November 2005 and August,
2006. A total of 595 specimens belonging to 19 different
fish species with varied food habits were captured (Fig. 1).
Once collected, fish were placed in polyethylene bags and
transported on ice to the laboratory.

2.3. Morphometric analysis in fish and larvae
identification

Total fish length and weight, as well as liver weight
were recorded for each specimen. The robustness of each
fish was measured using the condition factor (CF), calcu-
lated by the formula CF=100 x W/L3 (Pauly, 1983), where
W=total weight (g), L=total length (cm); and the hep-
atosomatic index (HSI), measured as (LW/W) x 100, where
LW =liver weight (g) (Ashfield et al., 1998), as morphome-
tric parameters linked to fish health (Lizama et al., 2006;
West et al., 2006; Ferreira et al., 2007; Koéhler et al., 2007;
Yeom et al., 2007). Parasites were removed mostly from
the liver and mesentery, counted, fixed with 10% buffered
formalin, clarified using reported methods (Ash and Orihel,
1997; Olivero-Verbel et al., 2005), and their morphological
features were observed with an optical microscope. Para-
site prevalence and abundance were calculated according
to Margolis et al. (1982) and Bush et al. (1997). Prelimi-
nary parasite identification was based on keys of Anderson
(2000) and on morphological features suggested by Berland
(1989) and Martins et al. (2005).
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2.4. Data analysis

Data are presented as mean+standard errors. All
the data were evaluated for normality and variance
homogeneity using Kolmogorrov-Smirnov and Bar-
lett, tests respectively. ANOVA was used to evaluate
differences for parasite abundance between infected
species. When normality was not achieved, ANOVA
was replaced by a Kruskal-Wallis test. Spearman cor-
relation was used to determine associations between
parasite abundance and morphometric parameters. For
all statistical analysis, the criterion for significance was
P<0.05.

3. Results

Morphometric and parasitic parameters measured in
fish collected at Cartagena Bay are presented in Table 1.
Morphometric data showed that the greatest and low-
est condition factors were found for Lutjanus synagris
(1.77 £0.11) and Trichiurus lepturus (0.07 +0.01), respec-
tively. Regarding to hepatosomatic index (%), the highest
value was found in Mugil spp. (1.67 £0.19), and the lowest
in Opisthonema oglinum (0.36+0.21).

Nematodes were recorded in several fish species
(Figs. 2 and 3). Fish-containing parasites were Mugil
cephalus, Mugil incilis, Mugil spp., Sciades herzbergii, Caranx
hippos and Centropomus undecimalis, and parasite abun-
dance was significantly different between them (P<0.001).
In contrast, nematodes were not detected in species
such as Triportheus magdalenae, Opisthonema oglinum, Ger-
res cinereus, Eugerres plumieri, Haemulon steindachneri,
Archosargus rhomboidalis, Oligoplites saliens, Dactylopterus
volitans, Chloroscombrus chrysurus, Cynoscion jamaicensis,
Elops saurus, Lutjanus synagris and Trichiurus lepturus. For
all species infected with nematodes, a total of 2.402 larvae
were found in 595 examined specimens, mostly located
in the intestinal mesenteries, the liver, and some (Mugil
species) encysted near the intervertebral joints located in
the intestinal cavity. The pooled average nematode abun-
dance was 4.0 + 0.3 parasites/fish (range 0-129). The genus
Mugil had the highest nematode prevalence (83.9-100%)
and abundance (25.8 +£10.3 parasites/fish). Among para-
sitized species, the lowest prevalence was observed in
Sciades herzbergii (1.6%).

The nematodes found in the infected species had the fol-
lowing characteristics: whitish color with a transversally
striated cuticle; rounded head with three lips, each one
surmounted by a small papilla; a short intestinal caecum
and a relatively long ventricular appendix, which extends
nearly to the nervous ring found in the anterior third of the
parasite (Moravec et al., 1993; Martins et al., 2005). These
features are typical of third stage larval (L3) of Contracae-
cum sp.

Correlations between morphometric parameters and
parasite abundance for fish specimens caught in Cartagena
Bay are shown in Table 2. As expected, it was found a
high and significant correlation between fish length and
weight (R=0.666, P<0.001). A negative and small, but sig-
nificant correlation was found between parasite abundance
and condition factor (R=-0.191, P<0.001), whereas a pos-

itive correlation was observed with size (length, R=0.294,
P<0.001; weight, R=0.244, P<0.001).

4. Discussion

In this work, we have reported the presence of Contra-
caecum nematodes in several fish species from Cartagena
Bay, Colombia. This ecosystem has a well-defined fish food
chain, and nematodes are mostly found in few specific
species (Table 1). To the best of our knowledge, this is the
first report of these parasites in fish species such as Caranx
hippos, Centropomus undecimalis and Sciades herzbergii.
However, the relatively low parasite abundance found for
this species might suggest that these parasites may be
searching for new host species to colonize, as an strategy to
guarantee their food chain transfer that will allow them to
fit into the environment or increase transmission, as most
parasites are associated with a specific ecological niche and
diet (Marcogliese, 2002, 2007).

The nematodes found in studied species are L3 lar-
vae of Contracaecum sp. Species level identification using
this larval stage has been considered not reliable, and a
complex and time-consuming process, requiring culture of
adult specimens in definitive host to evaluate distinctive
morphological features (Deardorff and Overstreet, 1980;
Kanarek and Bohdanowicz, 2009). As adult organisms were
not found in fish, species characterization using molecular
techniques such as allozyme loci and sequence analyses
of the mtDNA cox2 gene (Mattiucci and Nascetti, 2008;
Mattiucci et al., 2010) are underway.

Contracaecum nematodes are relatively abundant in
Mugil species. For instance, they have been detected in
Mugil curema from Mexican waters (Fajer-Avila et al.,
2006), and in Mugil cephalus captured in Australia (Lymbery
et al,, 2002). In Colombia, the Mugil genus showed high
parasitic prevalences, findings similar to those reported
by Bandes et al. (2005) in Mugil curema, Mugil incilis and
Mugil cephalus. Mugil fish are also highly parasitized by
other species, such as Phagicola longa (Trematoda: Hetero-
phyddae), which has been found in specimens collected
from Cartagena Bay (Galvan-Borja et al., 2010), and from
Sao Paulo, Brazil (Antunes et al., 1993). Moreover, species
such as Ligophorus chabaudi (Monogenea: Dactylogyridae)
has also been detected in Mugil cephalus from the Western
Black and Mediterranean Seas (Rubtsova et al., 2006).

As presented before, nematodes have also been reg-
istered in fish species not belonging to the Mugil genus.
This paper shows the presence of Contracaecum in three
species not previously reported as hosts for these parasites.
However, other nematodes had already been observed in
those fish. In the case of Caranx hippos, a new nema-
tode species, Caranginema americanum (Philometridae),
has been reported in Mexico (Moravec et al.,2008; Moravec
and Salgado-Maldonado, 2008). On the other hand,
Centropomus undecimalis is frequently found containing
parasites such as Monogenea, Digenea and Acantocefalos
(Tavares and Luque, 2004; Simdes et al., 2008). Finally,
although for Sciades herzbergli there had not been reports
for nematodes, another species of the same genus, Sciades
guatemalensis, has been shown to be infected with Contra-
caecum nematodes (Violante-Gonzalez et al., 2009).



(448

Table 1

Species, food habits, size and measured indices in fish specimens collected from Cartagena Bay.
Species Scientific name Food habits?P n Weight (g) Length (mm) Condition Hepatosomatic Parasite Parasite abundance

factor index (%) prevalence (%) (parasites/fish)

Lisa Mugil spp. Detritivorous (detritus, mud) 5 2069 + 14.7 269.6 + 8.1 1.06 +£ 0.05 1.67 +0.19 100 25.8 + 10.3
Lebranche Mugil cephalus Detritivorous (detritus, mud) 19 176.8 £342 265.6 +134 084 +£0.02 0.71 £ 0.40 100 8.6 £2.0
Lisa Mugil incilis Detritivorous (detritus, mud) 355 1124 +22 2386+19 0.84 +£ 0.02 0.87 + 0.05 839 59+ 0.5
Arenca Triportheus magdalenae  Omnivorous (insect, seed) 16 492 +26 1752+49 0.84 + 0.07 0.53 + 0.08 0 0
Chopa Opisthonema oglinum Carnivorous (zooplankton, small fish, crustaceans) 5 837+36 2162 +5.1 0.83 +£ 0.04 0.36 + 0.21 0 0
Barbul chivo Sciades herzbergii Carnivorous (crustaceans and benthic annelids) 64 83.0+£58 2114+44 0.83 £ 0.02 1.18 + 0.06 1.6 0.02 + 0.02
Mojarra blanca  Gerres cinereus Carnivorous (benthic invertebrates, insect) 19 473 +6.0 1405 +89 1.70 £ 0.13 0.54 + 0.09 0 0
Mojarrarayada  Eugerres plumieri Carnivorous (benthic invertebrates) 11 66.5+11.2 171.1+45 1.25 4+ 0.07 0.52 + 0.06 0 0
Ronco plateado  Haemulon steindachneri ~ Carnivorous (benthic invertebrates) 6 5444109 1493 +104 154 +0.05 0.46 +0.07 0 0
Sargo amarillo Archosargus rhomboidalis Omnivorous (plants, detritus, benthic invertebrates) 6 79.6 £ 16.0 186.3 + 13.1 1.34 £ 0.23 0.91 £+ 0.12 0 0
Siete cueros Oligoplites saliens Carnivorous (plankton, benthic invertebrates) 6 921+45 2414+3.0 0.65 + 0.02 0.52 +£0.13 0 0
Volador Dactylopterus volitans Carnivorous (benthic invertebrates, fish) 6 795+254 1798 +150 1.18+£0.05 0.74 £0.15 0 0
Casavito Chloroscombrus chrysurus Carnivorous (fish) 7 723+82 2134+3838 0.72 £ 0.02 0.68 + 0.16 0 0
Corvinata salmon Cynoscion jamaicensis Carnivorous (fish) 5 1186 +23.7 608 +398.2 094+ 020 0.68 + 0.20 0 0
Jurel Caranx hippos Carnivorous (fish) 12 578+80 159.0+83 137 £ 0.08 1.09 + 0.15 8.3 0.1 +0.1
Macabi Elops saurus Carnivorous (fish) 9 2143 +£31.0 330+20.8 0.58+0.05 0.81+0.28 0 0
Pargo chino Lutjanus synagris Carnivorous (fish) 8 586+81 1479+82 1.77 £ 0.11 0.89 £ 0.19 0 0
Robalo Centropomus undecimalis Carnivorous (fish) 23 125.1 £10.2 2248 +£6.7 1.05 £ 0.04 0.77 £ 0.08 43 0.1+£0.1
Sable Trichiurus lepturus Carnivorous (fish) 13 2412 +£19.0 697.2 £240 0.07 £0.01 0.61 £0.18 0 0
Total 595 1084 +25 2394 +48 0.90 £ 0.02 0.87 +0.03 55.0 40 +£03

9ZI-611 (110Z) 221 A30]031sDIDd A1DULIBIBA /D 32 [9GIaA 0124110 [

2 www.fishbase.org.
b www.Humboldt.org.co.
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Fig. 2. Nematode prevalence in fish from Cartagena Bay. Data are presented as mean =+ standard error for different sampling campaigns.

Although the complete life cycle of these nematodes in
Colombian ecosystems is still uncertain, it is known that
fish-eating birds living in the studied area, such as the
brown pelican Pelecanus occidentalis (L.), and the white
heron Egretta alba (L.), are final hosts for C. multipapil-
latum (Mattiucci et al., 2008) and C. bioccai, respectively
(Mattiucci et al., 2010).

This research has shown that there exists a weak and
inverse correlation between nematode abundance and

Table 2

condition factor (R=-0.191, P<0.001), data similar to that
previously reported by our group for other Colombian
fish (Olivero-Verbel et al., 2005, 2006). Moreover, in Mugil
genus, co-infection of parasites has been also correlated
with a decrease in fish condition factor (Ranzani-Paiva and
Silva-Souza, 2004). Although it is generally accepted that
nematodes use fish as a chain link to complete their life
cycle, the presence of the organisms inside fish organs,
such as the liver, should be somehow impacting their

Spearman correlation between morphometric indices and parasite abundance in fish species from Cartagena Bay.

Parameters Length Weight Condition factor Hepatosomatic index (%) Parasite abundance
Length 1
Weight 0.666 (P<0.001) 1

Condition factor
Hepatosomatic index
Parasite abundance

~0.599 (P<0.001)
~0.014 (P=0.742)
0.294 (P<0.001)

~0.159 (P=0.001)
0.062 (P=0.143)
0.244 (P<0.001)

1
0.129 (P=0.002)
~0.191 (P<0.001)

1
0.023 (P=0.578)
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Fig. 3. Nematode abundance in fish from Cartagena Bay. Data are presented as mean =+ standard error for different sampling campaigns.

physiology. Accordingly, research should be performed
to understand the biochemical and histological nature of
these fish-parasite interactions.

A major concern in fish parasitology is food safety. In
Cartagena, fish from the bay, in particular Mugil species,
are part of the diet of many citizens. Recently, Choi et al.
(2009) suggested that in Korea, Anisakidae larvae should
be considered as a possible causative food allergen in adult
patients, who following the consumption of raw fish or
seafood, show symptoms of urticaria, angioedema, and
anaphylaxis. Today, the relationships between parasite and
their hosts are providing information to help control par-
asitic diseases and the impact on human health. This is
particularly important in fish, where even the rate at which
parasite penetrates the muscle of these organisms depends
on the nematode species involved (Suzuki et al., 2010).
However, although there are no solid data on cases of
zoonoses related to Contracaecum nematodes, it is known

that this parasite can survive for several months when
inserted into the abdominal cavity of rats (Deardorff and
Overstreet, 1980).

In short, this work is the first to monitor the presence
of nematodes in various fish species belonging to different
levels of the food chain in Cartagena Bay. Most nematodes
were found in Mugil genus, and although other species are
also hosts, the infection is lower. The study of parasitism in
this bay is important to prevent parasite-related diseases
in humans that eat fish collected there, but also it is critical
to assess the health of the ecosystem.

Conflict of interest statement

The authors of this paper declare that none of them has
any relationship with other people or organizations that
could influence or bias the content of the paper.



J. Olivero Verbel et al. / Veterinary Parasitology 177 (2011) 119-126 125

Acknowledgements

This work was supported by CARDIQUE grant 057/2005
and the University of Cartagena (Cartagena, Colombia).
Also, thanks to Jhan Pacheco, Ménica Moreno, and Rosa
Baldiris for their support and fishermen from Cartagena
Bay.

References

Adams, M.B., Nowak, B.F., 2001. Distribution and structure of lesions in
the gills of Atlantic salmon, Salmo salar L., affected with amoebic gill
disease. J. Fish Dis. 24, 535-542.

Alvarez-Pellitero, P., 2008. Diseases caused by flagellates. In: Eiras, ]., Seg-
ner, H., Wahli, T., Kapoor, B.G. (eds.). Fish Dis. 1, 421-515.

Anderson, R.C., 2000. Nematode Parasites of Vertebrates their Develop-
ment and Transmission. CABI Publishing, Wallingford, Oxon, UK, p.
650.

Antunes, S.A., Wiendl, F.M., Almeida, E.R., Arthur, V., Daniotti, C., 1993.
Gamma ionization of Phagicola longa (Trematoda: Heterophyidae)
in Mugilidae (pisces) in Sdo Paulo, Brazil. Radiat. Phys. Chem. 42,
425-428.

Ash, LR, Orihel, T.C., 1997. Atlas of Human Parasitology, fourth ed. ASC,
Chicago.

Ashfield, L., Pottinger, T., Sumpter, ., 1998. Exposure of female juvenile
rainbow trout to alkylphenol compounds results in modifications
to growth and ovosomatic index. Environ. Toxicol. Chem. 17,
679-686.

Audicana, M.T., Kennedy, M.V., 2008. Anisakis simplex: from obscure infec-
tious worm to inducer of immune hypersensitivity. Clin. Microbiol.
Rev. 21, 360-379.

Audicana, M.T., Ansotegui, L], Fernandez, L., Kennedy, M.W., 2002. Anisakis
simplex: dangerous-dead and live? Parasitol. Res. 18, 20-24.

Baeza, M.L,, Rodriguez, A., Matheu, V., Rubio, M., Tornero, P., De Barrio,
M., Herrero, T., Santaolalla, M., Zubeldia, ].M., 2004. Characterization
of allergens secreted by Anisakis simplex parasite: clinical relevance in
comparison with somatic allergens. Clin. Exp. Allergy 34, 296-302.

Bandes, A., Selgrad, S., Rios, M., Salas, H., 2005. Nematodos de la familia
Anisakidae en el pescado que se expende para el consumo humano en
Caracas, Venezuela. INHRR 36, 44-71.

Berland, B., 1989. Identification of larval nematodes from fish. In: Mdller,
H. (Ed.), Nematode Problems in North Atlantic Fish. Workshop Report,
Kiel, Germany, 3-4 April 1989. Int Counc Explor Sea CM/F:6, pp. 16-22.

Buchmann, K., Lindenstrgm, T., Bresciani, J., 2001. Defence mechanisms
against parasites in fish and the prospect for vaccines. Acta Parasitol.
46, 71-81.

Bush, A.O., Lafferty, K.D., Lotz,].M., Shostak, A.W., 1997. Parasitology meets
ecology on its own terms: Margolis et al. revisited. ]. Parasitol. 83,
575-583.

Caballero, M.L., Moneo, ., 2004. Several allergens from Anisakis simplex
are highly resistant to heat and pepsin treatments. Parasitol. Res. 93,
248-251.

Cheng, T.C., 1982. CRC Handbook series in zoonoses. In: Steele, J.H. (Ed.),
Anisakiasis. Section C: Parasitic Zoonoses. CRC Press, Boca Raton, pp.
37-54.

Choi,SJ., Lee,].C.,Kim, M.]., Hur, G.Y., Shin, S.Y., Park, H.S., 2009. The clinical
characteristics of Anisakis allergy in Korea. Korean J. Intern. Med. 24,
160-163.

Deardorff, T.L., Overstreet, R.M., 1980. Contracaecum multipapillatum (=C.
robustum) from fishes and birds in the Northern Gulf of Mexico. J.
Parasitol. 66, 853-856.

Doi, R, Inoue, K., Gomi, T., Sumi, S., Yamaki, K., Maetani, S., 1989. A case of
anisakiasis as a cause of ileum obstruction. Dig. Surg. 6, 218-220.
Dyck, B., Grigoriadis, D.E., Gross, R.S., Guo, Z., Haddach, M., Marinkovic,
D., Mccarthy, J.R., Moorjani, M., Regan, C.F., Saunders, ]., Schwaebe,
M.K,, Szabo, T., Williams, J.P., Zhang, X., Bozigian, H., Chen, T.K., 2005.
Potent, orally active corticotropin-releasing factor receptor-1 antago-
nists containing a tricyclic pyrrolopyridine or pyrazolopyridine core.

J. Med. Chem. 48, 4100-4110.

Dykova, I., Lom, ]., 2007. Histopathology of Protistan and Myxozoan Infec-
tions in Fishes: An Atlas. Academia, p. 219.

Esteve, C., Resano, A., Diaz-Tejeiro, P., Fernandez-Benitez, M., 2000.
Eosinophilic gastritis due to Anisakis: a case report. Allergol.
Immunopathol. 28, 21-23.

Fajer-Avila, EJ., Garcia-Vasquez, A., Plascencia-Gonzalez, H., Rios-Sicairos,
J., Garcia-De La Parra, L.M., Betancourt-Lozano, M., 2006. Copepods

and larvae of nematodes parasitizing (correction of parasiting) the
white mullet Mugil curema (Valenciennes, 1836): indicators of anthro-
pogenic impacts in tropical coastal lagoons? Environ. Monit. Assess.
122,221-237.

Falcdo, H., Lunet, N., Neves, E., Iglésias, L., Barros, H., 2008. Anisakis sim-
plex as a risk factor for relapsing acute urticaria: a case-control study.
Epidemiol. Community Health 62, 634-637.

Ferguson, H.W., 2006. Systemic Pathology of Fish, A Text and Atlas of Nor-
mal Tissues in Teleosts and their Responses in Disease, second ed.
Scotian Press, London.

Ferreira, M., Moradas-Ferreira, P., Reis-Henriques, M.A., 2007. The effect
of long-term depuration on levels of oxidative stress biomarkers in
mullets (Mugil cephalus) chronically exposed to contaminants. Mar.
Environ. Res. 64, 181-190.

Galvan-Borja, D., Olivero-Verbel, J., Barrios-Garcia, L., 2010. Occurrence
of Ascocotyle (Phagicola) longa Ransom, 1920 (Digenea: Heterophyi-
dae) in Mugil incilis from Cartagena Bay, Colombia. Vet. Parasitol. 168,
31-35.

Hartwich, G., 1974. Keys to genera of the Ascaridoidea. In: Anderson, R.C.,
Chabaud, A.G., Willmott, S. (Eds.), CIH Keys to the Nematode Parasites
of Vertebrates, vol. 2. Farnham Royal, CAB, pp. 1-15.

Kanarek, G., Bohdanowicz, J., 2009. Larval Contracaecum sp. (Nematoda:
Anisakidae) in the Great Cormorant [Phalacrocorax carbo (L., 1758)]
from north-eastern Poland: a morphological and morphometric anal-
ysis. Vet. Parasitol. 166, 90-97.

Koéhler, H.-R., Sandu, C.,, Scheil, V., Nagy-Petrica, E.M., Segner, H., Telcean,
L, Stan, G., Triebskorn, R., 2007. Monitoring pollution in river Mures,
Romania. Part III: biochemical effect markers in fish and integrative
reflection. Environ. Monit. Assess. 127, 47-54.

Lee, E., Kim, Y., Jeong, H., Lee, 0., 2009. The mucosal changes and influenc-
ing factors in upper gastrointestinal anisakiasis: analysis of 141 cases.
Korean J. Gastroenterol. 53, 90-97.

Levsen, A, Lunestad, B., Berland, B., 2005. Low detection efficiency
of candling as a commonly recommended inspection method for
nematode larvae in the flesh of pelagic fish. ]J. Food Protect. 68,
828-832.

Lizama, M., Takemoto, R.M., Pavanelli, G.C., 2006. Parasitism influence
on the hepato, splenosomatic and weight/length relation and rel-
ative condition factor of Prochilodus lineatus (Valenciennes, 1836)
(Prochilodontidae) of the Upper Parand River floodplain, Brazil. Rev.
Bras. Parasitol. Vet. 15, 116-122.

Luque, ].L., Mouillot, D., Poulin, R., 2004. Parasite biodiversity and its deter-
minants in coastal marine teleost fishes of Brazil. Parasitology 128,
671-682.

Lymbery, AJ., Doupe, R.G., Munshi, M.A., Wong, T., 2002. Larvae of Contra-
caecum sp. among inshore fish species of southwestern Australia. Dis.
Aquat. Organ. 51, 157-159.

Mancini, M., Larriestra, A., Sanchez, J., 2000. Estudio ictiopatolégico
en poblaciones silvestres de la region centro-sur de la Provin-
cia de Cérdoba, Argentina. Rev. Med. Vet. Zoot. Argentina 8, 104-
108.

Marcogliese, D.J., 2007. Evolution of parasitic life in the ocean: paratenic
hosts enhance lateral incorporation. Trends Parasitol. 23, 519-521.

Marcogliese, D.J., 2002. Food webs and the transmission of parasites to
marine fish. Parasitology 124, S83-599.

Margolis, L., Esch, G.W., Holmes, ].C., Kuris, M., Schad, G.A., 1982. The use
of ecological terms in parasitology (report of an ad hoc committee of
the American Society of Parasitologists. ]. Parasitol. 68, 131-133.

Martins, M.L., Onaka, E.M., Fenerick, J., 2005. Larval Contracaecum sp.
(Nematoda: Anisakidae) in Hoplias malabaricus and Hoplerythrinus
unitaeniatus (Osteichthyes: Erythrinidae) of economic importance in
occidental marshlands of Maranhao, Brazil. Vet. Parasitol. 127, 51-59.

Marzocca, G., Rocchi, B., Lo Gatto, M., Polito, S., Varrone, F., Caputo, E.,
Orbellini, F., 2009. Acute abdomen by anisakiasis and globalization.
Ann. Ital. Chir. 80, 65-68.

Mattiucci, S., Paoletti, M., Solorzano, A.C., Nascetti, G., 2010. Contracaecum
gibsoni n. sp. and C. overstreeti n. sp. (Nematoda: Anisakidae) from the
Dalmatian pelican Pelecanus crispus (L.) in Greek waters: genetic and
morphological evidence. Syst. Parasitol. 75, 207-224.

Mattiucci, S., Nascetti, G., 2008. Advances and trends in the molecular
systematics of anisakid nematodes, with implications for their evo-
lutionary ecology and host-parasite co-evolutionary processes. Adv.
Parasitol. 66, 47-148.

Mattiucci, S., Paoletti, M., Olivero-Verbel, J., Baldiris, R., Arroyo-Salgado, B.,
Garbin, L., Navone, G., Nascetti, G., 2008. Contracaecum bioccai n. sp.
from the brown pelican Pelecanus occidentalis (L.) in Colombia (Nema-
toda: Anisakidae): morphology, molecular evidence and its genetic
relationship with congeners from fish-eating birds. Syst. Parasitol. 69,
101-121.



126 J. Olivero Verbel et al. / Veterinary Parasitology 177 (2011) 119-126

Mccarthy, J., Moore, T.A., 2000. Emerging helminth zoonoses. Int. ]. Para-
sitol. 30, 135-160.

Moravec, F., Crosby, M.D., De Buron, 1., Gonzalez-Solis, D., Roumillat, W.A.,
2008. Three new species of philometrids (Nematoda: Philometridae)
from centrarchid fishes in the USA. ]. Parasitol. 94, 1103-1113.

Moravec, F., Salgado-Maldonado, G., 2008. A new genus and species of
Philometrid (Nematoda) from the subcutaneous tissue of the crevalle
jack, Caranx hippos (Osteichthyes), from the southern Gulf of Mexico.
J. Parasitol. 94, 1346-1350.

Moravec, F., 1994. Parasitic Nematodes of Freshwater Fishes of Europe
Dordrecht. Kluwer Academic Publishers, p. 473.

Moravec, F., Kohn, A, Fernandes, B.M., 1993. Nematode parasites of fishes
of the Parana River, Brazil. Part 2. Seuratoidea, Ascaridoidea, Habrone-
matoidea and Acuarioidea. Folia Parasitol. 40, 115-134.

Muguruma, N., Okamura, S., Okahisa, T., Shibata, H., Ito, S., Terauchi, A.,
1999. Anisakis larva involving the esophageal mucosa. Gastrointest.
Endosc. 49, 653-654.

Muiioz, G., Grutter, A.S., Cribb, T.H., 2006. Endoparasite communities
of five fish species (Labridae: Cheilininae) from Lizard Island: how
important is the ecology and phylogeny of the hosts? Parasitology
132,363-374.

Nickol, B.B., 1999. Phylum Acanthoephala. In: Woo, P.T.K. (Ed.), Fish Dis-
eases and Disorders. Protozoan and Metazoan Infections, vol. 1, pp.
447-473.

Olivero-Verbel, J., Baldiris-Avila, R., Guette-Fernandez, J., Benavides-
Alvarez, A., Mercado-Camargo, J., Arroyo-Salgado, B., 2006. Contracae-
cum sp. infection in Hoplias malabaricus (moncholo) from rivers and
marshes of Colombia. Vet. Parasitol. 140, 90-97.

Olivero-Verbel, J., Baldiris-Avila, R., Arroyo-Salgado, B., 2005. Nematode
infection in Mugil incilis (Lisa) from Cartagena Bay and Totumo Marsh,
north of Colombia. J. Parasitol. 91, 1109-1112.

Olson, A., Lewis, M., Hauser, M., 1983. Proper identification of Anisakine
worms. Am J. Med. Technol. 49, 111-114.

Paperna, I., 1991. Diseases caused by parasites in the aquaculture of warm
water fish. Annu. Rev. Fish Dis. 1, 155-194.

Pardo, C., Mejia, P., Navarro, V., Atencio, G., 2007. Prevalence and abun-
dance of Contracaecum sp. of rubio Salminus affinis in Sinu and
San Jorge rivers: morphological description. Rev. MVZ Cordoba 12,
887-896.

Pauly, D., 1983. Some Simple Methods for the Assessment of Tropical Fish
Stocks. FAO, Fisheries Techn. Pap. (234) FAO, Rome.

Pellitero, P.A., 1988. Enfermedades producidas por parasitos en peces.
En: Patologia en, aquicultura., Espinosa de los Monteros, J., y Labarta
(Editores), Plan de Formacion de Técnicos Superiores en Acuicultura,
CAICY.T.

Petter, AJ., Cabaret, ]., Tcheprakoff, R., 1995. Ascaridoid nematodes of
teleostean fishes from the Eastern North Atlantic and seas of the North
of Europe. Parasite, 2.

Plagliardini, ].L., Gémez, M., Gutiérrez, H., Zapatas, A., Garay, J., Vernett,
G., 1982. Sintesis del proyecto Bahia de Cartagena. CIOH Scientific
Bulletin, Cartagena, Colombia: CIOH. 4, pp. 49-110.

Ranzani-Paiva, M J., Silva-Souza, A.T., 2004. Co-infestation of gills by dif-
ferent parasite groups in the mullet, Mugil platanus Gunther, 1880
(Osteichthyes, Mugilidae): effects on relative condition factor. Braz. J.
Biol. 64, 677-682.

Rubtsova, N.Y., Balbuena, J.A., Sarabeev, V.L., Blasco-Costa, I., Euzet, L.,
2006. Description and morphometrical variability of a new species
of Ligophorus and of Ligophorus chabaudi (Monogenea: Dactylogyri-
dae) on Mugil cephalus (Teleostei) from the Mediterranean basin. J.
Parasitol. 92, 486-495.

Simdes, S.B.E., das Neves, R.F.C,, Santos, C.P., 2008. Life history of Acan-
thocollaritrema umbilicatum Travassos, Freitas and Biithrnheim, 1965
(Digenea: Cryptogonimidae). Parasitol. Res. 103, 523-528.

Smith, ].W., Wootten, R., 1978. Anisakis and anisakiasis. Adv. Parasitol. 16,
93-163.

Stormo, S., Praebel, K., Elvevoll, E.O., 2009. Cold tolerance in sealworm
(Seudoterranova decipiens) due to heat-shock adaptations. Parasitol-
ogy 136, 1317-1324.

Suzuki, J., Murata, R., Hosaka, M., Araki, J., 2010. Risk factors for human
Anisakis infection and association between the geographic origins of
Scomber japonicus and anisakid nematodes. Int. J. Food Microbiol. 137,
88-93.

Takabe, K., Ohki, S., Kunihiro, O., Sakashita, T., Endo, I, Ichikawa, Y., Sekido,
H., Amano, T., Nakatani, Y., Suzuki, K., Shimada, H., 1998. Anisakidosis:
a cause of intestinal obstruction from eating sushi. Am. J. Gastroen-
terol. 93,1172-1173.

Takahashi, S.H., Ishikura, ]., Kikuchi, K., 1998. Anisakidosis: global point
of view. In: Ishikura, H., Aikawa, M., Itakura, H., Kikuchi, K. (Eds.),
Host Response to International Parasitic Zoonoses. Springer, Tokyo,
pp. 109-120.

Tavares, L.E., Luque, ].L., 2004. Community ecology of metazoan parasites
of the later juvenile common snook Centropomus undecimalis (Oste-
ichthyes: Centropomidae) from the coastal zone of the State of Rio de
Janeiro, Brazil. Braz. ]. Biol. 64, 523-529.

Umehara, A., Kawakami, Y., Araki, ]J., Uchida, A., 2007. Molecular iden-
tification of the etiological agent of the human anisakiasis in Japan.
Parasitol. Int. 56, 211-215.

Uradznski, J.,, Wysok, B., Gomoétka-Pawlicka, M., 2007. Biological and
chemical hazards occurring in fish and fishery products. Pol. ]. Vet.
Sci. 10, 183-188.

Van Thiel, P., 1960. Anisakis. Parasitology 53, 16.

Violante-Gonzalez, J., Aguirre-Macedo, M.L., Rojas-Herrera, A., Guerrero,
S.G., 2009. Metazoan parasite community of blue sea catfish, Sciades
guatemalensis (Ariidae), from Tres Palos Lagoon, Guerrero, Mexico.
Parasitol. Res. 105, 997-1005.

West, D.W,, Ling, N., Hicks, B.]., Tremblay, L.A., Kim, N.D., Van Den Heuvel,
M.R., 2006. Cumulative impacts assessment along a large river, using
brown bullhead catfish (Ameiurus nebulosus) populations. Environ.
Toxicol. Chem. 25, 1868-1880.

Yagi, K., Nagasawa, K., Ishikura, H., Nagagawa, A., Sato, N., Kikuchi, K.,
Ishikura, K., Ishikura, H., 1996. Female worm Hysterothylacium adun-
cum excreted from human: a case report. Jpn. J. Parasitol. 45, 12-23.

Yeom, D.H,, Lee, S.A., Kang, G.S., Seo, J., Lee, S.K., 2007. Stressor identifica-
tion and health assessment of fish exposed to wastewater effluents in
Miho Stream, South Korea. Chemosphere 67, 2282-2292.

Zhang, L., Hu, M., Shamsi, S., Beveridge, ., Li, H., Xu, Z., Li, L., Cantacessi, C.,
Gasser, R.B., 2007. The specific identification of anisakid larvae from
fishes from the Yellow Sea, China, using mutation scanning-coupled
sequence analysis of nuclear ribosomal DNA. Mol. Cell. Probes 21,
386-390.



	Nematode infection in fish from Cartagena Bay, North of Colombia
	Introduction
	Materials and methods
	Sampling site
	Sample collection
	Morphometric analysis in fish and larvae identification
	Data analysis

	Results
	Discussion
	Conflict of interest statement
	Acknowledgements
	References


