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ABSTRACT

Objective: Identification nematodes Anisakidae family in Mugil curema fish. Materials and methods: 
For this study, 16 Lisa fish (Mugil curema) were obtained from the port of Tumaco, a city on the 
Colombian Pacific coast. Morphological identification of larvae was made by classical taxonomy and 
the percentage of larval infestation was calculated. For molecular identification, a multiplex PCR was 
carried out with primers for six species, Anisakis physeteris, Pseudoterranova decipiens, Anisakis 
simplex sensu stricto, Contracaecum osculatum, Hysterothylacium aduncum and Anisakis pegreffii. 
Results: The taxonomic revision enabled the identification of type II larvae of the genus Anisakis and 
larvae of the genus Pseudoterranova. The larvae were isolated mainly from the intestine, where it was 
found that 94% of the fish were parasitized by anisakid nematodes. The multiplex PCR enabled the 
identification of the species A. physeteris (Larva type II), and P. decipiens. Conclusions: This study 
in the first report of nematode Anisakidae on Tumaco, Colombia. These results provide a compelling 
justification for further study into the Anisakidae family in Colombia, as a public health problem

Key words: Parasites, Human feeding, artisanal fishing, zoonoses. (Sourse: Tesaurio agropecuario 
para Colombia)

RESUMEN

Objetivo. Identificar nematodos de la familia Anisakidae en el pez de consumo Mugil curema. 
Materiales y métodos. Para este estudio, se recolectaron 16 peces Lisa (M. curema) del puerto 
de Tumaco, una ciudad en la costa colombiana del Pacífico. La identificación morfológica de las 
larvas se realizó mediante taxonomía clásica y se calculó el porcentaje de infestación de larvas. Para 
la identificación molecular, se realizó una PCR múltiple con cebadores para las especies Anisakis 
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physeteris, Pseudoterranova decipiens, Anisakis simplex sensu stricto, Contracaecum osculatum, 
Hysterothylacium aduncum y Anisakis pegreffii. Resultados. La revisión taxonómica permitió la 
identificación de larvas de tipo II del género Anisakis y larvas del género Pseudoterranova. Las 
larvas se aislaron principalmente del intestino, donde se encontró que el 94% de los peces estaban 
parasitados por nematodos anisakidos. La PCR multiplex permitió la identificación de la especie A. 
physeteris (Larva tipo II) y P. decipiens. Conclusiones. Este estudio en el primer reporte de nematodo 
Anisakidae en Tumaco, Colombia. Estos resultados proporcionan una justificación convincente para 
un estudio adicional sobre la familia Anisakidae en Colombia, como un problema de salud pública. 

Palabras clave: Parásitos, Alimentación humana, pesca artesanal, zoonosis. (Fuente: Tesaurio 
ambiental para Colombia)

INTRODUCTION

The Colombian Pacific coast is mainland territory 
that runs from the border limit with Panama 
in the north to the border with Ecuador in the 
south and is located between the Pacific Ocean 
and the Western Cordillera (mountain range) 
of the Andes, covering an approximate area 
of 71.000km² (1). In the coastal zone of this 
region the departments of Nariño, Chocó, Cauca 
and Valle del Cauca have jurisdiction (1). More 
than 90% of the 650.000 inhabitants are Afro-
Colombian and populations are concentrated 
in the urban centres of the municipalities of 
Buenaventura, Tumaco and Bahía Solano, 
alongside the main ports and commercial 
activities of the region (1). Tumaco is a port city 
located on the west coast of the department of 
Nariño – a department which borders Ecuador 
– and it has a population of 199.659 inhabitants 
(DANE, Colombia, 2015). The principal economic 
activities in Tumaco are focused on agriculture, 
fishing and tourism.

The port of Tumaco is considered the second 
most important on the Pacific coast in Colombia 
after the port of Buenaventura: for the year 
2013, exports of whole frozen tuna out of 
Tumaco were worth US$ 8.045.375 (2). Seafood 
is a principal protein source for the Pacific coast 
population, a foodstuff that has been promoted 
due to the protective health benefits that studies 
have identified, such as in the prevention of 
cardiovascular diseases (3–6). However, the 
consumption of minimally processed fish, (either 
raw, semi-raw, in sushi, salted, or marinated), 
has been associated with various health issues 
primarily caused by the presence of parasites 
in fish (3,7). The nematodes of the Anisakidae 
family are a priority in public health studies, as 
they are responsible for anisakidosis, a zoonotic 
disease reported in the coastal populations of 
five continents (7,8,9,10,11,12,13,14) , caused 

mainly by the species Anisakis simplex and 
the genus Pseudoterranova, and responsible 
for causing gastric, allergic or gastro-allergic 
symptoms (15).

Of the species that make up the Anisakidae 
family, A. simplex is the species that has the 
highest number of records of human anisakiasis 
with allergic symptoms (16). However, since 
2015, several investigations have confirmed 
that A. simplex is a complex of species, finding 
A. simplex sensu stricto, A. simplex C and A. 
pegreffii, which do not present morphological 
differences, making a differential DNA diagnosis 
necessary for individual identification (17).

In Colombia, these pathogens are unknown by 
the majority of health personnel which is why 
there is likely to be an underreporting of the 
disease (3,18).

In the Americas, the only known reports of 
anisakidosis are from Chile and Peru (10,19), 
while, in Colombia, although there have been 
no reported cases of anisakidosis in humans, 
research conducted both along the Caribbean 
coast and in Buenaventura have recorded the 
presence of Contracaecum sp. and Anisakis sp. 
in fish for human consumption (14,20,21). It is 
important to point out, however, that taxonomic 
identification has been carried out only at a genus 
level. A deeper characterization down to species 
level is necessary to provide a more detailed 
picture of the anisakid species that circulate in 
Colombian marine waters and establish potential 
relationships with any diseases specific species 
may cause.

With the above in mind, the objective of this study 
was to carry out a species level identification of 
the anisakid larvae found in the M. curema fish 
from Tumaco, a species of economic importance 
for the region, one of the principal sources of 
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protein for the local population and a species 
that, in recent years, has seen high rates of 
capture, as reported by artisanal fisheries.

MATERIALS AND METHODS

Area of study. The samples were collected in 
the fishing port of Tumaco, in the department of 
Nariño Colombia.

Sampling. All fish were supplied by fishermen 
from the region. After initial storage and labelling, 
they were packed in a refrigerator with ice for 
transportation. The parasitological examination 
was carried out in the Histology laboratory at 
the Morphology Department in the Universidad 
del Valle in Cali, Colombia.

The samples obtained were examined in both 
the muscular and the visceral components for 
the presence of any anisakid nematodes. Any 
parasites found were placed in Petri dishes with 
distilled water then subsequently fixed in 4% 
(v/v) hot formalin and immediately transferred 
to 96% (v/v) alcohol until their identification by 
taxonomy and molecular biology. 

Morphological identification of nematodes. 
The nematodes were clarified in gradual solutions 
of glycerine. An observation of the nematodes’ 
internal structures was carried out under an 
optical microscope with a built-in clear camera 
(Leica DM750). The nematodes of the Anisakidae 
family were identified to a genus level. They were 
photographed with magnifications of 40x, 100x 
and 400x (Application Suite LAS V 3.8). After, 
the anisakids were separated for characteristic 
morphologic, counted, and the percentage of 
infestation was calculated.

DNA extraction. The larvae were cut into three 
sections. Individual extraction of each section 
was performed using the PureLink ™ Genomic 
DNA Mini Kit (Invitrogen, USA), following the 
manufacturer’s instructions. The sample of 
DNA was eluted in elution buffer which was 
maintained at a temperature of -20°C until use.

Identification by conventional PCR for larvae 
of the anisakidae family. For conventional PCR, 
specific forward primers designed for six anisakid 
species were used (22): Anisakis physeteris (Baylis, 
1923) APY (5′-GGCTGGTTGATGAACTGTTG-3′), 
Pseudoterranova decipiens (Krabbe,1878) 
PD (5′-CGAGTACTTTTTATGGTCGTGAAGT-3′), 

Anisakis simplex sensu stricto (Rudolphi, 1809) AC 
(5′-GACATTGTTATTTCATTGTATGTGTTGAAAATG-3′), 
Contracaecum osculatum (Rudolphi, 1802) 
COS (5′-TGATATGCTTGAAAGGCAGG-3′), 
Hysterothylacium aduncum (Rudolphi, 1802) 
HAD (5′-GCCTTCCATATGCGCGTATA-3′) 
and for Anisakis pegreffii (Campana-Rouget 
& Biocca,1955) two primers were used: APE1 
(5′-GAGCAGCAGCTTAAGGCAGAGGC-3′) and 
APE2 (5′-GAGCAGCAGCTTAA GGCAGATGC-3′). 
A universal type B (5′-GCCGGATCCGAATC 
CTGGTTAGTTTCTTTTCCT-3′) (Integrated DNA 
Technologies, USA) was used as a reverse primer.

Identification by multiplex PCR. PCRs were 
performed, using a final reaction volume 25μl: 
9.38 μl of PCR-grade water; 2.5 μl PCR buffer 
(10X HotMaster™ Taq 10X Reaction Buffer, 
5PRIME, USA); 0.63 μl of dNTPs mixture (0.2 mM 
each 10 mM dNTPs RBC Bioscience, USA), 1 μl for each 
specific primer (2 ng/μl), 0.5 μl of polymerase enzyme 
(5 U/μl HotMaster™ Taq DNA Polymerase, 5PRIME, 
USA) and genomic DNA (5 μl). The thermocycler 
programme (2720 Thermal Cycler, Applied 
Biosystems, USA) consisted of 30 cycles of 
initial denaturation at 95°C for three minutes, 
followed by 30 cycles of denaturation at 95°C 
for 30 seconds (s), hybridization at 52°C for 
30s, extension at 72°C for 45s, and a final 
extension at 72°C for seven minutes. All products 
were subjected to electrophoresis in 1% (w/v) 
agarose gel (UltraPure ™ Agarose, Invitrogen, 
USA) visualized with Gel-Red® staining (Biotium 
Inc., USA). As a positive control, genomic DNA 
from L3 larvae of A. simplex, A. pegreffii and P. 
decipiens, supplied by Dr. Hiroshi Yamasaki of 
the National Institute of Infectious Diseases of 
Tokyo, Japan, was used.

This study was aprobad for “Comité Institucional 
de Revisión de Ética con Animales en 
Experimentación” of the Universidad del Valle. 
Reference number 004-015

RESULTS

A total of 16 Lisa fish (M. curema) were collected, 
of which 15 were parasitized by anisakid 
nematodes, an infestation percentage of 94%. 
The morphological characteristics observed 
enabled the identification of the genera Anisakis 
and Pseudoterranova both of the Anisakidae 
family, but the Anisakis genus was the most 
common, present in 90% of cases.
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Figure 1. Larva (L3) type II of the Anisakidae family. 
A. Anterior end, dc: cuticular tooth. (40x) B. Central section, e: oesophagus, v: ventricle, i: intestine (20x). C. Posterior end 
with conical termination, pa: anal pore (40x).

Multiplex PCR identification enabled the 
identification of the A. physeteris and P. decipiens 
species parasitizing M. curema fish. The specific 
primers were able to detect P. decipiens with an 
expected amplification product of 370 bp, and A. 
physeteris with a weight of 143 bp (Figure 2).

DISCUSSION

The Lisa fish (M. curema), of the Mugilidae family 
is widely distributed in the Pacific Ocean, from 
the southern Chile to coast of north in the United 
States (22). This species lives in coastal and 
estuarine waters. Its diet has led researchers 
to classify it as detritivore, iliophage, herbivore, 
omnivore and phytophagous (23), dietary 
behaviours that favour parasitic infections. It is 
for this reason the Mugilids are the fish family 
with the highest reported incidence of anisakids 
(17,21,22,23,24,25,26).

In this investigation we have confirmed the 
presence of third-stage (L3) larvae of anisakid 
nematodes in this type of fish caught in the 
waters of the Colombian Pacific; the fish 
presented a high percentage of infestation by 
nematodes anisakids. The larvae L3 of Anisakis 
are the etiological agents of human anisakiasis 
caused by consumption of raw or undercooked 
seafood infected with anisakid nematodes (27).

The identification of larvae L3 was made based 
on the structural characteristics of the ventricle 
and the characteristic shape of the end portion 
of the larvae (28). These same morphological 
characteristics were observed in others studies 
using from light microscopy, and scanning 
electron microscopy (SEM) (27,29,30).

A B C

Using an optical microscope, they were identified as 
members of the  genus Anisakis with morphology 
of Type II larvae (L3), i.e. whitish colour with 
cuticular transverse striae along the whole body, 
pronounced at the posterior section, with a 
previous section with a mouth composed of three 
lips surrounding the cuticular tooth (Figure 1A). In 
addition, the ventricle was observed as elongated 
with a direct union to the intestine and straight 
along the longitudinal axis of the nematode (Figure 
1B), with a posterior end tapering in a conical form 
with no mucron (Figure 1C).

Figure 2. Molecular identification of anisakid 
nematodes by Multiplex PCR. Line L: 
molecular weight marker of 100 bp. Line 1: 
370 bp, P. decipiens (M. curema). Line 2: 
143 bp, A. physeteris (M. curema).
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In recent reports of anisakids in fish of the 
genus Mugil in Colombia, our group registered 
parasites of the genus Anisakis in fish for human 
consumption in the Pacific Ocean 2017 (14,20,21). 
In addition, on Colombia’s Caribbean coast, the 
genera Contracaecum and Pseudoterranova 
were found in the fish M. incilis caught for 
commercial sale from the waters of the Bay of 
Cartagena in the Atlantic Ocean (23,26,31). In 
these investigations, however, anisakid larvae 
were identified taxonomically merely at the 
genus level, so this study constitutes the first 
identification to species level of the anisakid 
nematodes present in fish consumed from the 
Pacific coast of Colombia.

For the identification of anisakid species 
molecular biology methods such as PCR-
RFLP and the sequencing of the rRNA gene of 
mitochondrial DNA have been developed. These 
techniques are used mainly for the identification 
of sister species of A. simplex and require 
highly specialized equipment and high-cost 
materials and reagents. Therefore, to achieve 
the objective of this study, the multiplex PCR 
proposed by Umehara et al (22) was adapted for 
the identification differential of larvae anisakid, 
an alternative to traditional methods. This 
technique can be used in regions that have a 
basic laboratory of molecular biology and thus 
make a rapid diagnosis of high sensitivity and 
specificity for the recognition of anisakid species. 
It is mainly used on samples where the larvae 
have been cut or damaged and identification 
down to genus level based on morphology is not 
possible. This method enabled the identification 
of nematodes A. physeteris, and P. decipiens 
parasitizing the M. curema fish. However, it must 
be acknowledged that the use of other molecular 
techniques such as sequencing may serve to 
confirm or vary these results, given that these 
parasites are a complex of species and their 
taxonomy changes constantly.

Identifying not simply the genus but the specific 
species of anisakid, in this case, A. physeteris 
and P. decipiens, allows for a better diagnostic 
approach in cases of gastrointestinal infections. 
Previous studies reported in Chile, Venezuela and 
Peru, documented the presence of P. decipiens 
in M. curema fish, associated with cases of 
anisakidosis and the same species (P. decipiens) 
in fish Mugil sp. was related to cases of gastric 
infection in Chile (3,8,10,19,24,32,33).

The geographical distribution of anisakids is well 
documented being, with the Anisakis genus the 
most prevalent in the Mediterranean and the 
Pseudoterranova in the north-eastern Atlantic. 
However, there are no known records for the 
northern Pacific Ocean (34,35). Therefore, these 
results constitute the first report of the species 
A. physeteris and P. decipiens in Colombia, thus 
contributing to the study of the geographical 
distribution of these nematodes worldwide 
(34,35).

With the confirmation of anisakids in Tumaco 
fish destined for human consumption, it is 
important to draw attention to the associated risk 
factors for public health. This parasitic disease 
is little recognized by local health personnel 
yet potentially widespread, given that artisanal 
fishing provides both a staple food locally and 
occupies third place among the principal income 
sources in the local economy. Factors such as 
the conditions of critical poverty with deficits in 
the health system, an illiteracy rate of 16%, the 
lack of running water and sewerage systems in 
the homes of fishermen all contribute to the low 
levels of hygiene in these populations, affecting 
both their own health as well as hygiene levels 
in fish handling (36). When discussing larger-
scale production, sealed, hygienic processing 
facilities with adequate dock services and 
cooling systems must be guaranteed in the 
port of Tumaco in order to ensure the hygienic 
shipment of fishery products to the interior of 
the country. Failure to provide this infrastructure 
favours the survival of pathogenic parasites 
such as anisakid larvae (14). It is probable that 
unhygienic practices are reflected in the registry 
of diseases for the Valle del Cauca department 
in 2016, where documented foodborne diseases 
specifically associated with the consumption of 
fish and shellfish were 3.5% (1). However, there 
is certainly significant underreporting in relation 
to the specific causes of many gastrointestinal 
diseases.

Both the results of this study and previous reports 
for Colombia highlight the evident need for public 
health entities and the fishing industry to develop 
rigorous training, diagnosis and prevention plans 
for the control of anisakids-related illnessesin the 
Colombian Pacific coastal region.

Conflict of interests
The authors declare no conflicts of interest.

https://doi.org/10.21897/rmvz.1781


6/8Rev MVZ Córdoba. 2020 May August; 25(2):e1781
https://doi.org/10.21897/rmvz.1781

Castellanos et al - Anisakidos en el pez Mugil curema

Acknowledgements 

The authors of this study would like to thank 
the COLCIENCIAS (Departamento de Ciencia, 
Tecnologia e Innovacion -  Convocatoria 567), the 
fishermen of the port of Tumaco, the Histology 
laboratory of the Faculty of Health at the 
Universidad del Valle for permission to carry out 
the taxonomic identification of the samples. We 

also thank the International Cooperation Agency 
of Chile and the Alianza del Pacífico Scholarship 
which provided the funds for Jenniffer Castellanos 
to carry out molecular biology studies at 
the University of Chile. We thank Dr. Hiroshi 
Yamasaki of the National Institute of Infectious 
Diseases of Tokyo, Japan for donating controls 
for molecular biology and to Dr. Shozo Ozaki of 
Virginia Commonwealth University for sharing 
their expertise in parasitology.

REFERENCES

1. Cobos-Otalora AJ, Caro Galvis N, Daiz 
Fahrenberger A, et al. La pesca artesanal en 
el norte del Pacífico colombiano: Un horizonte 
ambivalente. Diaz Merlano JM, Guillot Illidge 
L, Velandia Diaz MC, (eds). Colombia; 
Editora 3 Ltda: 2016. Available from: http://
marviva.net/sites/default/files/documentos/
la_pesca_artesanal_final_web.pdf 

2. Camara de Comercio. Estudios Economicos 
- Municipio de Tumaco Nariño. Promotora 
de desarrollo rural Tumaco; 2015. 1 - 33p. 
Available from: http://www.cctumaco.
org/descargas/category/42-boletines-
anuales.html?download=1428:estudios-
economicos-2015-sic 

3. Tuemmers C, Nuñez C, Willgert K, Serri M. 
Anisakiasis y Difilobotriasis . Ictiozoonosis 
de riesgo para la salud pública asociada 
al consumo del pescado crudo en Chile. 
Rev la Univ del Zulia. 2014; 5(11):27–39. 
URL Disponible en:  https://issuu.com/
revistadelauniversidaddelzulia/docs/rev-
luz-11-5-2014-completa l 

4. Kris-Etherton PM, Richter CK, Bowen KJ, 
Skulas-Ray AC, Jackson KH, Petersen 
KS, et al. Recent Clinical Trials Shed New 
Light on the Cardiovascular Benefits of 
Omega-3 Fatty Acids. Methodist Debakey 
Cardiovasc J. 2019; 15(3):171–8. https://
doi.org/10.14797/mdcj-15-3-171 

5. Yu E, Malik VS, Hu FB. Reprint of: 
Cardiovascular Disease Prevention by Diet 
Modification: JACC Health Promotion Series. 
J Am Coll Cardiol. 2018; 72(23):2951–63.: 
https://doi.org/10.1016/j.jacc.2018.10.019 

6. Lăcătușu CM, Grigorescu ED, Floria M, 
Onofriescu A, Mihai BM. The mediterranean 
diet: From an environment-driven food 
culture to an emerging medical prescription. 
Int J Environ Res Public Health. 2019; 
16(6):1-16. https://doi.org/10.3390/
ijerph16060942 

7. Maniscalchi-Badaoui MT, Lemus-Espinoza D, 
Marcano Y, Nounou E, Zacarias M, Narvaez 
N. Larvas Anisakidae en peces del genero 
Mugil comercializados en mercados de la 
region costera nor-oriental e insular de 
Venezuela. Saber, Univ Oriente, Venez. 
2015; 27(1):30–38. URL Disponible en:  
http://ve.scielo.org/scielo.php?script=sci_
arttext&pid=S1315-01622015000100005 

8. Torres-Frenzel P, Torres P. Anisakid Parasites 
in Commercial Hake Ceviche in Southern 
Chile. J Food Prot. 2014; 77(7):1237–1240. 
https://doi.org/10.4315/0362-028X.JFP-
13-538 

9. Valle J, Lopera E, Sánchez ME, Lerma R, Ruiz 
JL. Spontaneous splenic rupture and Anisakis 
appendicitis presenting as abdominal pain: 
a case report. J Med Case Rep. 2012; 6:114 
https://doi.org/10.1186/1752-1947-6-114 

https://doi.org/10.21897/rmvz.1781
http://marviva.net/sites/default/files/documentos/la_pesca_artesanal_final_web.pdf
http://marviva.net/sites/default/files/documentos/la_pesca_artesanal_final_web.pdf
http://marviva.net/sites/default/files/documentos/la_pesca_artesanal_final_web.pdf
http://www.cctumaco.org/descargas/category/42-boletines-anuales.html?download=1428:estudios-economicos-2015-sic
http://www.cctumaco.org/descargas/category/42-boletines-anuales.html?download=1428:estudios-economicos-2015-sic
http://www.cctumaco.org/descargas/category/42-boletines-anuales.html?download=1428:estudios-economicos-2015-sic
http://www.cctumaco.org/descargas/category/42-boletines-anuales.html?download=1428:estudios-economicos-2015-sic
https://docplayer.es/80884773-Anisakiasis-y-difilobotriasis-ictiozoonosis-de-riesgo-para-la-salud-publica-asociada-al-consumo-del-pescado-crudo-en-chile.html
https://docplayer.es/80884773-Anisakiasis-y-difilobotriasis-ictiozoonosis-de-riesgo-para-la-salud-publica-asociada-al-consumo-del-pescado-crudo-en-chile.html
https://docplayer.es/80884773-Anisakiasis-y-difilobotriasis-ictiozoonosis-de-riesgo-para-la-salud-publica-asociada-al-consumo-del-pescado-crudo-en-chile.html
https://doi.org/10.14797/mdcj-15-3-171
https://doi.org/10.14797/mdcj-15-3-171
https://doi.org/10.1016/j.jacc.2018.10.019
https://doi.org/10.3390/ijerph16060942
https://doi.org/10.3390/ijerph16060942
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-01622015000100005
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-01622015000100005
https://doi.org/10.4315/0362-028X.JFP-13-538
https://doi.org/10.4315/0362-028X.JFP-13-538
https://doi.org/10.1186/1752-1947-6-114


7/8Rev MVZ Córdoba. 2020 May August; 25(2):e1781
https://doi.org/10.21897/rmvz.1781

Castellanos et al - Anisakidos en el pez Mugil curema

10. Weitzel T, Sugiyama H, Yamasaki H, Ramirez 
C, Rosas R, Mercado R. Human infections with 
Pseudoterranova cattani nematodes, Chile. 
Emerg Infect Dis. 2015; 21(10):1874–1875. 
https://doi.org/10.3201/eid2110.141848 

11. Colombo F, Cattaneo P, Castelletti M, 
Bernardi C. Prevalence and Mean Intensity 
of Anisakidae Parasite in Seafood Caught in 
Mediterranean Sea Focusing on Fish Species 
at Risk of Being Raw-consumed. A Meta 
Analysis and Systematic Review. Crit Rev 
Food Sci Nutr. 2015; 56(9):1405–1416. 
https://doi.org/10.1080/10408398.2012.
755947 

12. Isabel M, Azevedo N Di, Iñiguez AM. 
Nematode parasites of commercially 
important fi sh from the southeast coast of 
Brazil : Morphological and genetic insight. Int 
J Food Microbiol. 2018; 267:29–41. https://
doi.org/10.1016/j.ijfoodmicro.2017.12.014 

13. Detha AIR, Wuri DA, Almet J, Riwu Y, Melky 
C. First report of Anisakis sp. in Epinephelus 
sp. in East Indonesia. J Adv Vet Anim Res. 
2018; 5(1):88–92. http://doi.org/10.5455/
javar.2018.e241  

14. Castellanos JA, Santana-Piñeros AM, 
Mercado R, Peña S, Pustovrh C, Cruz-
Quintana Y. Presence of anisakid larvae 
in commercial fishes landed in the Pacific 
coast of Ecuador and Colombia. Infectio. 
2018; 22(4):206-212. http://dx.doi.
org/10.22354/in.v22i4.739 

15. Prester L. Seafood Allergy, Toxicity, and 
Intolerance: A Review. J Am Coll Nutr. 2016; 
35(3):271–283. https://doi.org/10.1080/0
7315724.2015.1014120 

16. Anadon AM, Romaris F, Escalante M, 
Rodriguez E, Garate T, Cuellar C. The 
Anisakis simplex Ani s 7 major allergen 
as an indicator of true Anisakis infections. 
Clin Exp Immunol. 2009; 156(3):471–
478. http://dx.doi.org/10.1111/j.1365-
2249.2009.03919.x 

17. Cipriani P, et al. Genetic identification and 
distribution of the parasitic larvae of Anisakis 
pegreffii and Anisakis simplex (s.s.) in 
European hake Merluccius merluccius from 
the Tyrrhenian Sea and Spanish Atlantic 
coast: Implications for food safety. Int J Food 
Microbiol. 2015; 198:1–8. http://dx.doi.
org/10.1016/j.ijfoodmicro.2014.11.019 

18. Castellanos JA, Santana-piñeros AM, 
Mercado R, Peña S. Presence of anisakid 
larvae in commercial fishes landed in the 
Pacific coast of Ecuador and Colombia. 
Infectio. 2018; 22(4):206–212. http://
dx.doi.org/10.22354/in.v22i4.739  

19. Cabrera R. Anisakiasis outbreak by anisakis 
simplex larvae associated to Peruvian food 
in Spain. Rev Esp Enfermedades Dig. 2010; 
102(10):610–611. https://doi.org/10.4321/
S1130-01082010001000011  

20. Castellanos JA, Tangua AR, Salazar L. 
Anisakidae nematodes isolated from the 
flathead grey mullet fish (Mugil cephalus) 
of Buenaventura, Colombia. Int J Parasitol 
Parasites Wildl. 2017; 6:265–270. https://
doi.org/10.1016/j.ijppaw.2017.08.001  

21. Castellanos JA, Tangua AR, Mercado R, 
Salazar L. First reporting of Anisakis sp. 
in the Armed Snook fish (Centropomus 
armatus) caught and commercialized in 
Buenaventura, Colombia. Infectio. 2018; 
22(3):136-140. https://doi.org/10.22354/
in.v22i3.724 

22. Umehara A, Kawakami Y, Araki J, Uchida 
A. Multiplex PCR for the identification of 
Anisakis simplex sensu stricto, Anisakis 
pegreffii and the other anisakid nematodes. 
Parasitol Int. 2008; 57(1):49–53. https://
doi.org/10.1016/j.parint.2007.08.003 

23. Bustos-Montes D, Santafé-Muñoz A, 
Grijalba-Bendeck M, Jáuregui A, Franco-
Herrera A, Sanjuan-Muñoz A. Bioecología de 
la lisa (Mugil incilis Hancock) en la bahía de 
Cispatá, Caribe colombiano. Bol Invest Mar 
Cost. 2012; 41(2):447–461. http://boletin.
invemar.org.co/index.php/boletin/article/
view/96 

24. Maniscalchi Badaoui MT, Lemus-Espinoza D, 
Marcano Y, Nounou E, Zacarías M, Narváez 
N. Larvas Anisakidae en peces del género 
Mugil comercializados en mercados de la 
región costera nor-oriental e insular de 
Venezuela. Saber, Univ Oriente, Venez. 
2015; 27(1):30–38. http://ve.scielo.
org/scielo.php?script=sci_arttext&pid
=S1315-01622015000100005 

https://doi.org/10.21897/rmvz.1781
https://doi.org/10.3201/eid2110.141848
https://doi.org/10.1080/10408398.2012.755947
https://doi.org/10.1080/10408398.2012.755947
https://doi.org/10.1016/j.ijfoodmicro.2017.12.014
https://doi.org/10.1016/j.ijfoodmicro.2017.12.014
http://doi.org/10.5455/javar.2018.e241
http://doi.org/10.5455/javar.2018.e241
http://dx.doi.org/10.22354/in.v22i4.739
http://dx.doi.org/10.22354/in.v22i4.739
https://doi.org/10.1080/07315724.2015.1014120
https://doi.org/10.1080/07315724.2015.1014120
http://dx.doi.org/10.1111/j.1365-2249.2009.03919.x
http://dx.doi.org/10.1111/j.1365-2249.2009.03919.x
http://dx.doi.org/10.1016/j.ijfoodmicro.2014.11.019
http://dx.doi.org/10.1016/j.ijfoodmicro.2014.11.019
http://dx.doi.org/10.22354/in.v22i4.739
http://dx.doi.org/10.22354/in.v22i4.739
https://doi.org/10.4321/S1130-01082010001000011
https://doi.org/10.4321/S1130-01082010001000011
https://doi.org/10.1016/j.ijppaw.2017.08.001
https://doi.org/10.1016/j.ijppaw.2017.08.001
https://doi.org/10.22354/in.v22i3.724
https://doi.org/10.22354/in.v22i3.724
https://doi.org/10.1016/j.parint.2007.08.003
https://doi.org/10.1016/j.parint.2007.08.003
http://boletin.invemar.org.co/index.php/boletin/article/view/96
http://boletin.invemar.org.co/index.php/boletin/article/view/96
http://boletin.invemar.org.co/index.php/boletin/article/view/96
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-01622015000100005
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-01622015000100005
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S1315-01622015000100005


8/8Rev MVZ Córdoba. 2020 May August; 25(2):e1781
https://doi.org/10.21897/rmvz.1781

Castellanos et al - Anisakidos en el pez Mugil curema

25. Ruiz L, Vallejo A. Parámetros de infección 
por nematodos de la familia Anisakidae 
que parasitan la lisa (Mugil incilis) en la 
Bahía de Cartagena (Caribe colombiano). 
Intropica. 2013; 8(1):53–60. http://
revistas.unimagdalena.edu.co/index.php/
intropica/article/view/732 

26. Olivero V J, Arroyo S B, Manjarrez P G. 
Parasites and hepatic histopathological 
lesions in lisa (Mugil incilis) from totumo 
mash, north of colombia. Rev MVZ Cordoba. 
2013; 18(1):3288–3294. https://doi.
org/10.21897/rmvz.190  

27. Morsy K, Badr AM, Abdel-Ghaffar F, Deeb S 
El, Ebead S. Pathogenic potential of fresh, 
frozen, and thermally treated Anisakis 
spp. Type II (L3) (Nematoda: Anisakidae) 
after oral inoculation into wistar rats: 
A histopathological study. J Nematol. 
2017;49(4):427–36. https://journals.flvc.
org/jon/article/view/105495   PMC5770291

28. Murata R, Suzuki J, Sadamasu K, Kai A. 
Morphological and molecular characterization 
of Anisakis larvae (Nematoda: Anisakidae) 
in Beryx splendens from Japanese waters. 
Parasitol Int. 2011; 60(2):193–198. http://
dx.doi.org/10.1016/j.parint.2011.02.008 

29. Borges JN, Cunha LFG, Santos HLC, Monteiro-
Neto C, Santos CP. Morphological and 
molecular diagnosis of anisakid nematode 
larvae from cutlassfish (Trichiurus lepturus) 
off the coast of Rio de Janeiro, Brazil. PLoS 
One. 2012; 7(7):e40447. http://dx.doi.
org/10.1371/journal.pone.0040447 

30. Molina-Fernández D, Adroher FJ, Benítez 
R. A scanning electron microscopy study of 
Anisakis physeteris molecularly identified: 
from third stage larvae from fish to fourth 
stage larvae obtained in vitro. Parasitol Res. 
2018; 117(7):2095–103. DOI: 10.1007/
s00436-018-5896-5

31. Olivero VJ, Caballero-Gallardo K, Arroyo-
Salgado B. Nematode infection in fishfrom 
Cartagena Bay, North of Colombia. Vet 
Parasitol. 2011; 177(1–2):119–126. http://
dx.doi.org/10.1016/j.vetpar.2010.11.016 

32. Bracho-Espinoza H, Molina JD, Pirona 
M, Milagro C. Nematodos de la Familia 
Anisakidae en productos de la pesa, faja 
contera medano blanco, estado Falcon, 
Venezuela. Rev Cient FCV-LUZ. 2013; 
23(2):163–167. https://www.redalyc.org/
articulo.oa?id=95926276011   

33. Espinoza-Bracho H. Prevalence of parasitism 
by Anisakis in a sample of fish caught in 
coastline of the Golfete of Coro, Venezuela. 
Sci J Public Heal. 2014; 2(6):513–515. http://
dx.doi.org/10.11648/j.sjph.20140206.12 

34. Kuhn T, García-Màrquez J, Klimpel S. 
Adaptive radiation within marine anisakid 
nematodes: A zoogeographical modeling 
of cosmopolitan, zoonotic parasites. PLoS 
One. 2011; 6(12):e28642. http://dx.doi.
org/10.1371/journal.pone.0028642 

35. Quiazon KMA, Yoshinaga T, Ogawa K. 
Distribution of Anisakis species larvae from 
fishes of the Japanese waters. Parasitol 
Int. 2011; 60(2):223–226. http://dx.doi.
org/10.1016/j.parint.2011.03.002 

36. Kleter GA, Prandini A, Filippi L, Marvin 
HJP. Identification of potentially emerging 
food safety issues by analysis of reports 
published by the European Community ’ 
s Rapid Alert System for Food and Feed ( 
RASFF ) during a four-year period. Food 
Chem Toxicol. 2009; 47(5):932–950. http://
dx.doi.org/10.1016/j.fct.2007.12.022 

https://doi.org/10.21897/rmvz.1781
http://revistas.unimagdalena.edu.co/index.php/intropica/article/view/732
http://revistas.unimagdalena.edu.co/index.php/intropica/article/view/732
http://revistas.unimagdalena.edu.co/index.php/intropica/article/view/732
https://doi.org/10.21897/rmvz.190
https://doi.org/10.21897/rmvz.190
https://journals.flvc.org/jon/article/view/105495
https://journals.flvc.org/jon/article/view/105495
http://dx.doi.org/10.1016/j.parint.2011.02.008
http://dx.doi.org/10.1016/j.parint.2011.02.008
http://dx.doi.org/10.1371/journal.pone.0040447
http://dx.doi.org/10.1371/journal.pone.0040447
http://dx.doi.org/10.1016/j.vetpar.2010.11.016
http://dx.doi.org/10.1016/j.vetpar.2010.11.016
https://www.redalyc.org/articulo.oa?id=95926276011
https://www.redalyc.org/articulo.oa?id=95926276011
http://dx.doi.org/10.11648/j.sjph.20140206.12
http://dx.doi.org/10.11648/j.sjph.20140206.12
http://dx.doi.org/10.1371/journal.pone.0028642
http://dx.doi.org/10.1371/journal.pone.0028642
http://dx.doi.org/10.1016/j.parint.2011.03.002
http://dx.doi.org/10.1016/j.parint.2011.03.002
http://dx.doi.org/10.1016/j.fct.2007.12.022
http://dx.doi.org/10.1016/j.fct.2007.12.022

	_Hlk31794207

