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  Abstract 

 

Nematodes, Anisakis spp, were reported to cause zoonoses in many countries. This parasite commonly infects 

marine mammals, fish, crustaceans and cephalopods in a wide geographical distribution. Some morphological 

and molecular studies explained that Anisakis spp.was detected in some marine areas, including Indonesia. This 

study was aimed to identify the type of nematodes that infect the skipjack tuna (K. pelamis) in Savu Sea. 

Quantitative description used prevalence studies on the number of fish infected and the average infection 

intensity, and then we conducted morphological and molecular identification. Morphological analysis was 

performed on the structure and the characteristic of the larvae. Molecular detection used PCR with ITS (ITS 1, 

58s rDNA gene and ITS2), followed by sequencing with the ABI Prisms 3730 XL and the results were analyzed 

using MEGA 5.03. Taxonomically, the result showed that K. pelamis of Savu Sea, East Nusa Tenggara, 

Indonesia, was infected by Anisakis typica. 
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Introduction 

Marine nematodes of family Anisakidae are known to 

be harmful for human health because they can cause 

zoonoses, such as Anisakiasis (Abolo et al., 

2001;Plessis et al., 2004; Nieuwenhuizen et al., 2006; 

WHO, 2008) and Anisakidosis (Hamer and 

Hochberg, 2010). It was reported in 1998 that there 

were 33.747 infection cases worldwide. Some 

references explained that around 20,000 cases in 

several countries, especially > 90%, occurred in Japan 

and the coastal Europe, such as Netherlands, 

Germany, France and Spain (Hamer and Hochberg, 

2010). 

 

Acute gastric infection is one of the infection risks 

caused by consuming live larvae (Akbar and Ghosh, 

2005; Monzalvez et al., 2006; WHO, 2008). In early 

discovery of Anisakidae in humans, Van Thiel (1962) 

described that the larval infection causes 

inflammation of the intestinal mucosa activating 

eosinophylic cells. Even in mortal condition, Anisakis 

simplex can cause allergies; ten allergens were 

identified as Ani s 1-10 (Nieuwenhuizen et al., 2009; 

Caballero et al., 2011). 

 

Mature Anisakid nematodes were found in the 

gastrointestinal tract of mammals, such as dolphins, 

whales and sea lions, as definitive host (Sakanari and 

McKerrow, 1989; D’Amelio, 2010). They were then 

transmitted to crustaceans, cephalopods, and fish as 

transport or intermediate hosts through the food 

chain (Mattiucci et al., 1998). Zoonoses occurred 

when infected raw marine products were consumed 

by human as accidental hosts (Sakanari and 

McKerrow, 1989). Thus, all carnivorous fish of pelagic 

groups are potentially infected by anisakid 

nematodes. 

 

Skipjack tuna (Katsuwonus pelamis L.) is a big 

pelagic fish of the tuna group commonly found in 

East Nusa Tenggara waters. The biggest K. pelamis is 

1 m long with a weight > 18 kg. Local names of K. 

pelamis are Cakalang, Cakang, Kausa,Kambojo, 

Karamojo, Turingan and Tongkol. The common name 

is skipjack tuna (FAO, 1983). The fish migration 

always occurs in East Nusata Tenggara (ENT) as a 

local stock, as well as migratory fish to the area in 

certain season. K. pelamis is a fishery resource of high 

economic value and available for local, national and 

international markets. Statistic data of fisheries 

exports indicated that K. pelamis has the highest 

production volume and economic value of other tuna 

groups. Production volume has increased significantly 

from 2003 to 2012. In the last two years, the trend of 

frozen K. pelamis exports and other groups increased 

by 63.35% (volume in tons) and 74.16% (per $ 1,000) 

(Ministry of Marine and Fisheries, 2012). 

Katsuwonus pelamis is sold as food and usually 

consumed in raw, half-cooked or fully cooked. 

 

Initial survey reported that K. pelamis was one of the 

tuna groups in Savu Sea (ENT) infected by Anisakids 

with 100% prevalence and intensity of 71 individuals 

per fish. Anisakid infection was distributed in fish, 

abdominal wall and attached in the internal organ of 

1%, 5% and 94%, respectively. As an edible product, 

information about potential infection is crucial. The 

initial scientific process should be assessed to identify 

the Anisakid nematodes. This identification is needed 

to understand the type, the form and the character of 

the nematode. Anisakids can be identified using 

morphological and molecular method. Morphological 

characters are sufficient for identification, but the 

results are not applicable for identification at the 

species level. Thus, identification at the species level 

needs molecular methods in completing the process 

(D’Amelio, 2010; Mattiuci and Nascetti, 2008). The 

results are beneficial for basic information of 

epidemiological studies, food safety and biological 

markers. In relation to food safety, the identification 

is a basis for studying  pathogenic, potential hazards 

and risks that may lead to a negative impact on 

human health. Therefore, this study was aimed to 

identify the type of nematodes infecting the skipjack 

tuna (K. pelamis) of Savu Sea with morphological and 

molecular methods. 

 

Materials and method 

Nematode collection 

Anisakid nematodes were collected from K. pelamis  
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catch in Savu Sea waters in  October 2013 (Fig. 1) 

using fishing rods (pole and line). Random sampling 

was conducted  twice. Quantitative description used 

prevalence study according to Bush et al., (1997) on 

the number of infected fish relative to the number of 

fish samples in percentage and the average intensity 

from the average of nematode infection on fish 

relative to total infected fish, number of individuals 

per fish. Surgery was performed to obtain the 

Anisakid nematodes in the flesh and the internal 

organs of K. pelamis. The nematodes were washed 

repeatedly with 0.9%NaCl. Some were preserved in 

5% glycerin in 70% ethanol for morphological 

analysis and some in absolute ethanol for molecular 

analysis.  

 

Morphological identification 

Morphological identification started by purification of 

the Anisakid using a solution of glyserin-phenol-lactic 

acid-distilled water (2:1:1:1). They were soaked about 

48 hours until the body parts were transparent and 

clearly distinguishable on the head, internal organs or 

gastrointestinal tract, and tail (Setyobudi, 2011). The 

nematodes were observed under a light microscope 

(ECLIPSE E 100 Nikon). Identification process was 

referred to Grabda (1991). 

 

DNA extraction 

DNA extraction was modified from D'Amelio 

(2010).The nematodes  were rinsed with PBS and put 

in 1.5 ml microtube, then added with 200 mL of 

extract buffer (50 mM TrisCl pH 8, 100 mMNaCL, 5 

mM EDTA, 10% SDS, 10 mg/ml of Proteinase K) and 

homogenized with yellow tip. The sample was 

incubated in water bath at 56°C for 2 hours. After 

incubated, it was added with 125 mL 5 M NaCl and 

mixed with vortex for 10 seconds then centrifuged at 

13,000 rpm for 5 minutes. A total of 200 mL PCI 

(25:24:1) was added in the supernatant then 

centrifuged again at 13,000 rpm for 10 minutes. This 

centrifugation was repeated with the addition of 200 

mL CI (24:1). The supernatant  was added with 500 

mL of absolute ethanol and incubated for 1 hour at – 

20°C. Then the sample was centrifuged for 10 min at 

13,000 rpm at 4°C. The pellet was added with 500 mL 

of 70% ethanol then centrifuged for 5 min at 13,000 

rpm at 4°C. The pellet was dried at 55°C then 50 mL 

of TE buffer pH 7.6 was added to the tube. 

 

Polymerase Chain Reaction (PCR) 

Isolated DNA was amplified byNC5primers forward; 

5’-GTAGGTGAACCTGCGGAAGGATCATT-3’ and 

NC2 primer reverse; 5’-TTAGTTTCTTTTCCTCCGCT-

3’ (D’Amelio, 2010). The process used PCR program 

pre-denaturation of 95°C for 10 min followed by 30 

cycles of 95°C for 30 s, 55°C for 30 s and 72°C for 30 

s). PCR results were visualized using 1.5% agarose gel. 

The PCR output was purified and sequenced using the 

ABI Prism 3730XL (Macrogen, Inc-SouthKorea). 

Data were analyzed by using the MEGA 5.03 kimura-

2 parameters and boostrap 1000. 

 

Results and discussion 

Morphological identification 

Anisakid Larvae were collected from 31 K. pelamis of  

Savu Sea in October 2013 with 100% prevalence. 

Total collected larvae were 1,422 individuals with an 

average intensity of 48.4 larvae per fish in sampling I 

and 82.62 larvae per fish in sampling II (Table1). 

 

Larvae were white, attached to the infected part, 

membrane wrapped with different distribution and 

infection intensity. The internal organ, especially 

gastric, is the highest  level of infection (Fig. 2).  

 

Morphological analysis was performed on 40 

individual larvae randomly isolated. The result 

showed that the infected body were: cephalic, 

digestive tract, and caudal parts (Fig. 3).Part A is the 

cephalic or the head part to illustrate that nematodes 

have 3 lips around the mouth and the top of the head 

(larval tooth). Part B is the digestive tract or 

gastrointestinal tract, consisting of esophagus, 

ventriculus and intestine. This part is the most 

important part because it is used as a basis for 

nematode identification at the genus level. Based on 

the gastrointestinal shape, according to Grabda (1991) 

and Anderson et al. (2007), the nematodes in this 

study were identified as the third larval stages of 

family Anisakidae, but they belonged to subfamily 
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Anisakinae, genus Anisakis (Hartwich, 1974). Part C 

is caudal or tail that consists of rectal gland, anus and 

mucron. The morphological characters are presented 

in Table 2. 

 

Molecular Identification 

The PCR amplification showed that 5 random 

samples (samples 1-5) of Anisakid larvae were 

visualized at 900 bp fragment (Fig. 4) and in 

phylogenetic tree (Fig. 5). Taxonomically, these larvae 

consist of 2 clades; the clade I has 2 sub-clades, in 

which the sub-clade 1 covers A. simplex, A. 

ziphidarum, and A. pegrefi and the sub-clade 2 

includes A. paggiae, A. physeteris, and A. 

brevispiculata. Clade II consists of A. typica and the 

analyzed samples. Considering this phylogenetic 

pattern, A. typica is considered as more primitive or 

earlier in evolution than those in clade I (Fig. 5).

 

Table 1. Distributionand average intensity of Anisakid Nematode isolated from K.pelamis in Savu Sea water. 

 

Infected organs 

                 Distribution (%) Average Intensity (larvae per fish) (Average±Sd) 

Sampling I Sampling II Sampling I Sampling II 

Flesh 0.41 0.15 0.43±0.56  (1~2) 0.40±0.43 (0~1) 

Abdominal wall 2.62 4.31 2.38±1.44 (0~4) 14.25±9.62 (0~35) 

Internal organ (gastric, liver, 

gonads, bile) 

96.97 95.54 46.93±31.00 (4~119) 78.93±62.98 (31~286) 

Total 100 100 48.40±32.12 (4~123) 82.625±70.88 (31~321) 

 

Tabel 2. Morphological parameter ofA. typica isolated from K. pelamisin Savu sea. 

Morphological character Size (mm) (Range, (Average±Sd)) 

Number of nematodes 40 

Maximum Length  7.27~20.27 (12.07±6.85) 

Maximum Width 0.24~0.69 (0.36±0.14) 

Length of Oesophagus 0.05~0.12 (0.09±0.02) 

Length of Ventriculus 0.01~0.07 (0.0014±0.0162) 

Width of Ventriculus 0.007~0.022 (0.0007±0.0063) 

Ratio between Oesophagus and Ventriculus 1:1.03~1:9.36 

Length of tail 0.012~0.029 (0.0006±0.0101) 

Length of Mucron 0.0013~0.0028 (0.0038±0.0005) 

 

Based on the analysis of similarity on A. typica, it can 

be explained that  A. typica of the Bankgen has 

similarity of 99% to sample 1, 95% to sample 2, 94% 

to sample 3, 93% to sample 4 and 96% to sample 5. 

Based on the phylogenetic tree, the highest similarity 

score is 90%. It implies that > 91% similarity could be 

considered as the same species and samples 1-5 have 

similarity value of 93% to 99% to A. typica. In 

conclusion, nematode larvae isolated from the K. 

pelamis of Savu Sea in October 2013 was A. typica. 

 

The geographic distribution 

Anisakis typica was commonly found in warm and  

tropical waters (Mattiucci, 2002). This species was 

detected in several regions of the Atlantic Ocean, 

Indian Ocean to Pacific Ocean, including Indonesian 

ocean (Table 3). Marine mammals, S. guianensis, S. 

fluviatilis, K. breviceps, P. electra and S. clymene are 

definitive host or finals host for A. typica, while small 

and large pelagic groups and carnivorous fishes could 

be transport hosts. 

 

A. typica had a fairly wide geographical distribution 

and could be found around several oceans, including 

Indonesian waters. Previously, A.typica was detected 

in Auxisrocheirochei from the North Coast Bali 

Waters (Palm et al., 2008) and K. pelamis from 

Makassar Strait (Anshary et al., 2014). Therefore, this 

study is the first report of A. typica infection on K. 

pelamis from Savu Sea, East Nusa Tenggara Province, 
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Indonesia. By discovering the infection on the fish 

populations from two different trips, Savu Sea is 

epizootics of A. typica. 

 

K. pelamis and some tuna groups occasionally 

migrate through Savu Sea and other ENT Sea waters. 

Some other marine mammals, such as whales, 

dolphins and dugongs have done the same migration. 

Marine mammals found in Savu Sea consist of 14 

species of whales, 7 species of dolphins and 1 species 

of dugong, (KKP, 2014). It means that about 22 

Cetacean species in the world migrate from the Pacific 

Ocean passing through the Banda Sea, Flores Sea, 

and Savu Sea to the Indian Ocean including Blue 

Whales and Sperm Whales.  

 

Table 3. Geographical distribution and hosts of Anisakis typical. 

No Geographic Distribution                                       Host References 

1. Makassar Strait K pelamis  Anshary et al.(2014) 

2. Papua New Guinea sea water Decapterus mocarellus, Gerres oblongus, Pinjalo pinjalo, 

Pinjalo lewisi, Selar crumenophthalmus, 

Scomberomorus maculatus, Thunnus albacare 

Konari  et al. (2013) 

3. Brazil sea water Trichiurus lepturus Borges et al. (2012) 

4. Brazil water Dolphin: Sotalia guianensis, ikan: Auxis thazard. 

Cetacean: Kogia breviceps, Peponocephala electra, 

Stenella clymene. 

Iniquez  et al. (2009); 

(2011) 

5. Bali North Beach Auxis rochei rochei Palm et al. (2008) 

6. Mediterania (Algeria, Tunisia, 

Libya, Maroco, Mauritania) 

Ikan Teleostei dan cephalopoda. Fajarllah et al.(2008a) 

Fajarllah et al. (2008b) 

7. Madeiran water Scomber japonicus Pontes et al.(2005). 

8. Brazil water Thunnus tynnus, Auxis thazard, Thachurus picturatus, 

Scomberomorus commerson, Euthynus affinis, Sarda 

orientalis, Coryphaena hippirus dan Merluccius 

merluccius, Scomber japonicus, Dolphin: Sotalia 

fluviatilis. 

Mattiuci et al. (2002) 

 

The whale species, K. breviceps, P. electra and 

species of dolphin, S. guianensis, S. fluviatilis and S. 

cylimene, were identified as parentic host of A. typica 

in Brazilian waters (Table 3). Based on KKP (2014), 

K. breviceps and P. electra with 12 other whale 

species also migrate through Savu Sea. Otherwise, S. 

guianensis, S. fluviatilis and S. cylimene were not 

reported passing through Savu Sea.  

 

Fig. 1. K.pelamis  Fishing Ground. 
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Mattiuci and Nascetti (2006; 2007) also reported that 

hosts of A. typica were: a) Ziphiidae: Mesoplodon 

densirostis, M. europaeus, M. grayi, M. layardii, M. 

Mirus, Ziphius cavirostris; b) Delphinidae: 

Globicephala macrorbynchus, S. fluviatilis, Stenella 

attenuata, S. coeruleoalba, Steno bredanensis and 

Tursiops truncatus. KKP (2014) explained that some 

of the species reported by Mattiuci and Nascetti 

(2006; 2007), such as Mesoplodon sp., Ziphius 

cavirostris, S. attenuata, S. bredanensis, and 

Tursiops truncates, also migrate through Savu Sea. 

Based on these reports, about 7 species of marine 

mammals were identified as parentic hosts of A. 

typica migrating through East Nusa Tenggara waters. 

These species probably release larvae into the waters, 

then move to intermediate and transport hosts 

through food chain. 

 

Fig. 2. Infected area in K. pelamis. A and B: are low intensity; C and D: high intensity. 

 

Fig. 3. Morphological Characteristics of nematode. A: Cephalic; B: digestive tract; C: caudal.  

Abbreviations:  

lt: larval tooth; L.Lips (L1,L2,L3); oe: oesophagus; vc: ventriculus; int: intestine; rg: rectal gland; a: anus; m: 

mucron. 

Food safety-related A. typica 

Geographical distribution is important for 

epidemiogical aspects and food safety. Some types of 

nematode class could cause acute and chronic 

diseases in the stomach and the intestines (Abolo et 

al., 2001; Bouree et al., 1995) and allergies for human 

(Caballero et al., 2011; Nieuwenhuizen et al., 2009; 

Audicana and Kennedy, 2008; Cheah and Lymbery, 

2007; Moneo et al., 2007). Another report on the 

infection of zoonotic nematode of family Anisakidae 

occurred in the fishery products. The most pathogenic 

types are A. simplex, Pseudoterranovadecipiens, 

Contraceum that could cause disease in human 

(Audicana and Kennedy, 2008; Cheah and Lymbery, 

2007; Sakanary and McKerrow, 1989; Chai et al., 

2005). There were also  reports on three species as a 
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cause of anisakiasis in Japan, Holland and South 

America. 

Fig. 4. PCR Profile (ITS-1, 5.8s dan ITS-2) of 

Anisakis typica. 

 

Berland (1961) reported species of the type I larvae 

were Anisakis simplex sensustricto, A. pegreffii, A 

simplex C, A. typica, Anisakis ziphidarum and 

Anisakis sp. The type 2 species were A. physeteris, A. 

brevispiculata and A. paggiae. The type 1 is different 

in structure, life cycle and geographic distribution 

ftom that of type 2 (Grabda, 1991). In this study, A. 

typica had similar structure and parts to A. simplex, 

particularly on the gastrointestinal tract. However, 

both larvae differed in size. The total length of A. 

typica ranged from 7.27 to 20.27 mm (12.07±6.85), 

shorter than that of A. simplex, 19.73 - 28.41 mm 

(23.62 ± 1.87) (Setyobudi et al., 2011). This difference 

was also showed by other size of the morphological 

characters.

 

Fig. 5. Molecular phylogeny of Anisakis sp and study sample.  

Nematode life cycle requires a final host and one or 

two intermediate host. In this case, K. pelamis is an 

intermediate host. Some nematodes use human as 

their final host. Therefore, the most important thing 

for food safety is to pay attention on the distribution 

of the larvae in the fish consumed by human. Mean 

infection of A. typica per fish was 32.12±48.40 

(4~123) in sampling I and 82.62±70.88 (31~ 321) in 

sampling II. The highest distribution of A. typica in 

the stomach was 96.97% (sampling I) and 95.14% 

(sampling II), while the lowest distribution was 0.41% 

(sampling I) and 0.15% (sampling II) in the flesh. The 

prevalence of A simplex in the flesh reached 98% 

(Setyobudi, 2011). This factor makes this species the 

most pathogenic one. The observation showed that 

the flesh infection is due to: (1) high infection of the 

gastrointestinal tract, especially in the muscles of the 

abdominal wall, (2) the decrease in flesh quality, and 

(3) transport with bad handling process. Although, 

there is no reported data on aniskiasis caused by A. 
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typica in the fish flesh, the ability to migrate to 

intermediate hosts should be awared. Aniskiasis may 

migrate to human when the infected fish is consumed 

by human. 

 

High prevalence and intensity at two sampling trips  

are associated with larval migration through food 

chain. In this study, the infected K. pelamis ≥ 60 cm 

caused an extensive accumulation, especially in 

relation to the number of hosts in the waters, 

carnivorous habit, size and age. Based on the 

observation, larval penetration is caused by: (1).The 

high intensity of larvae in a fish leads to competition 

to attach and encapsulated. When the larvae 

accumulate in the gastrointestinal tract, then they will 

migrate to other parts, such as abdominal wall and 

flesh. The migration is also supported by flesh quality 

decline; (2). Decrease in fish quality is related to the 

post mortem enzymatic process; (3). Larvae are found 

at the state of encapsulation. However, when 

environmental conditions changed, the larvae will go 

out from the encapsulation state to find suitable 

conditions for survival. The larval distribution in flesh 

is <1%, lower than that in other body parts. Larvae 

were generally found in flesh around the 

gastrointestinal tract. 

 

Distribution and intensity of A. typica in the fish 

describes the existence of larvae at the transport host. 

This study could be used as baseline information for a 

control management development of K. pelamis 

distribution, handling and processing. Morphological 

and molecular identification of Anisakid larvae in 

Savu Sea waters is the first scientific study that 

analyzed the risk of A. typica in K. pelamis. This is a 

preliminary study to map the geographical 

distribution, epidemiology and food safety. 

 

Conclusion 

Morphological nematode identification infecting K. 

pelamis is third stage larvae of family Anisakidae, 

Sub-family Anisakinae, Genus Anisakis. Molecular 

identification was performed using ITS region to 

support morphological results at the species level. 

The larvae were identified as A. typica, thus K.  

pelamis collected from the Savu Sea  is A. typica host. 
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