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Absence of zoonotic parasites in salmonid aquaculture in Denmark: Causes 
and consequences 

Asma M. Karami *, Huria Marnis, Rozalia Korbut, Shaozhi Zuo, Rzgar Jaafar, Yajiao Duan, 
Heidi Mathiessen, Azmi Al-Jubury, Per W. Kania, Kurt Buchmann 
Laboratory of Aquatic Pathobiology, Department of Veterinary and Animal Sciences, Faculty of Health and Medical Sciences, University of Copenhagen, Frederiksberg C, 
Denmark   
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A B S T R A C T   

A parasitological investigation of Danish farmed freshwater (180 fish) and marine rainbow trout (170 fish), 
Oncorhynchus mykiss, was performed with an emphasis on the occurrence of zoonotic parasites. Reliability of the 
parasitological methods applied was assessed by examining fish from a stock of wild Atlantic cod Gadus morhua 
caught in the Sound (Øresund). While wild fish carried a number of zoonotic parasites, we found that farmed fish, 
both in the fresh and marine environment, were free of these parasites. Non-zoonotic trout parasites found were 
eye-flukes Diplostomum paracaudum, D. pseudospathaceum and Eubothrium crassum in maricultured rainbow trout. 
The acanthocephalan Echinorhynchus truttae and Diplostomum sp. were found in freshwater trout. In contrast, wild 
cod were infected with five different nematode species (Anisakis simplex, Contracaecum osculatum, Pseudoterra-
nova decipiens, Hysterothylacium aduncum, Cucullanus cirratus), three trematode species (Lepidapedon elongatum, 
Cryptocotyle lingua, Hemiurus communis), one copepod species (Lernaeocera branchialis) and one myxozoan 
(Myxobolus aeglefini). The risk factors associated with aquaculture production in an infectious aquatic environ-
ment are analyzed and reasons for absence of zoonotic parasites in aquacultured trout are pinpointed. Based on 
the analysis recommendations for management practices securing parasite freedom in aquacultured fish are 
given.   

1. Introduction 

Fishborne zoonotic helminths causing nematodiasis, trematodiasis 
and cestodiasis place half a billion people at risk worldwide (WHO, 
1995, 2004). The parasites are not only a major problem in Asia and 
Southeast Asia (Hung et al., 2013) as human infections are emerging in 
other parts of the world including Europe and America (Kuchta et al., 
2013; Eiras et al., 2018; Serrano-Moliner et al., 2018; Mladineo, 2019). 
The recorded increase in reported cases may to some extent be caused by 
access to improved diagnostic methods, but a range of other factors, 
including change of food habits, may play a role. Especially consump-
tion of raw fish (sushi, sashimi, ceviche), a growing international fish 
market and uncontrolled aquaculture productions are considered risk 
factors (Lima dos Santos and Howgate, 2011). Aquaculture provided 
52% of the fish for human consumption in 2018 (FAO, 2020) but food 
security aspects should be reinforced throughout the production cycle in 
order to secure consumer safety. Risk factors of concern in traditional 

farming systems are usage of human or animal excreta as fertilizer in 
ponds and not sheltering ponds from potential intermediate and reser-
voir hosts (e.g. snails and wild birds and mammals, respectively) (Thuy 
et al., 2010; Chen et al., 2010; Lima dos Santos and Howgate, 2011). 
Wild fish stocks carry a series of parasites and the presence of zoonotic 
parasites in fisheries product is well documented (Gay et al., 2018; 
Levsen et al., 2018). Consumption of raw or under-cooked fish products 
from wild fish stocks is thereby problematic as documented by 
numerous reports on human infections with anisakid nematode larvae 
(Ishikura, 2003; Torres et al., 2007; Kołodziejczyk et al., 2020; Nord-
holm et al., 2020). This has urged authorities to implement legislation 
securing consumer safety. The food hygienic rules, based on the EU 
commission regulation (EC) 853/2004, describe pre-treatments 
(freezing regulation) to kill viable parasites in fishery products for 
human consumption. Netcage farmed marine fish in certain geographic 
regions differ from wild fish by being partly isolated from the environ-
ment, which to some extent protects the fish against exposure to 
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zoonotic parasites. A number of studies have reported absence of zoo-
notic parasites in maricultured fish from Norway and Scotland (Angot 
and Brasseurb, 1993; Lunestad, 2003; Brooker et al., 2016; Levsen and 
Maage, 2016), Denmark (Skov et al., 2009, 2014), Germany (Unger and 
Palm, 2017) and Japan (Inoue et al., 2000). In addition, gilthead seab-
ream, European seabass and turbot from Italy, Spain and Greece were 
found negative (Fioravanti et al., 2021). Hence, aquaculture products on 
the market are free from infections (Gonzales et al., 2020). Due to the 
absence of anisakids in farmed Atlantic salmon fed by heat-treated and 
compound feedstuffs in floating cages or in onshore tanks this species 
was exempted from pretreatment rules based on the commission regu-
lation (EU) No. 1276/2011. However, it should be mentioned that a few 
records of anisakid nematode larvae in maricultured fish are available. 
These are based on investigations of runts of Atlantic salmon in Norway 
(Mo et al., 2014), runts of rainbow trout in Norway (Roiha et al., 2021), 
salmon in British Columbia (Marty, 2008) and farmed sea bass in Italy 
(Cammilleri et al., 2018). Runts are small and under-nourished fish 
specimens kept from pelleted feed in the net pens. As starving may force 
them to feed on various small fish and invertebrates, accidentially 
entering the net pens, runts may obtain infection as these food elements 
may carry parasite larvae. Runts are rejected at harvest due to their 
small size and low quality and will thereby not reach the market (Skov 
et al., 2009). The findings frame that infective stages may occur in the 
environment and emphasize the need for continuous monitoring of 
aquaculture fish productions despite a low occurrence of parasites. The 
aim of this study was to update data on parasitic infections in aqua-
cultured rainbow trout in Danish freshwater and marine farms and to 
analyze causes and consequences of findings. In the study, we examined 
the fish for metazoan parasites (excluding monogeneans) to evaluate 

any changes from previous studies in the region (Buchmann and Bres-
ciani, 1997; Jørgensen et al., 2009; Skov et al., 2009, 2014) but we 
placed special emphasis on the occurrence of zoonotic parasites. As a 
control of the reliability of the parasitological methods used, and to 
indicate occurrence of an infection pressure, we also examined ten wild 
marine fish (Atlantic cod, Gadus morhua) caught in a representative 
Danish marine area. In addition, we compared the freshwater parasites 
found in aquacultured trout with a recent investigation of wild Danish 
freshwater fish. We list risk factors associated with occurrence of zoo-
notic parasites in Danish aquaculture and give recommendations for 
future aquaculture production in the light of food safety. 

2. Material and methods 

2.1. Sampling of freshwater and marine cultured rainbow trout 

A total of 180 cultured fish collected in 18 salmonid freshwater farms 
and 170 fish from 17 net-cage based mariculture farms were obtained 
from different locations in Denmark (Fig. 1). All fish were rainbow trout 
(Oncorhynchus mykiss). Fish were caught and transferred to the Aquatic 
Pathobiology Laboratory (University of Copenhagen, Frederiksberg, 
Denmark) under ice at the same day and examined for presence of 
parasites within 24 h. Details on farm type and fish size are shown in 
Table 1. In order to validate the efficiency of the parasitological methods 
applied, we also examined wild Atlantic cod (G. morhua) (n = 10, fish 
size in Table 1) using the same methods. The cod were caught, by a 
commercial fisherman, in a marine area connected to the mariculture 
farms, Øresund, Denmark (Fig. 1) and transferred to the laboratory for a 
corresponding parasitological investigation. 

Fig. 1. Location of freshwater farms (FWF) and mariculture farms (MF) and the number of farms examined in each area. Catch area for the wild Atlantic cod (AC) 
is shown. 
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2.2. Parasitological examination 

Parasitological examination was performed according to Buchmann 
(2007) and Skov et al. (2014). In brief, after examining skin macro-
scopically for ectoparasites, all fins, gills and eyes were scrutinized 
under the dissection microscope (magnification 40×). The body cavity, 
peritoneum and surfaces of all visceral organs were examined using a 
magnifying lens with light (1.9 × magnification). A longitudinal incision 
opened the gastrointestinal tract (from oesophagus to anal opening) for 
similar inspection. Contents were placed in petri dishes with physio-
logical saline and examined under the dissection microscope (7–40 x 
magnification). Presence of parasites in the muscular compartments 
(fillets) was examined by artificial pepsin/HCl digestion (right fillet) and 
compression technique (left fillet) (Buchmann, 2007). Recovered para-
sites were preserved for morphological and molecular identification in 
70% and 96% ethanol respectively. 

2.3. Morphological identification 

Parasites recovered were subjected to morphological identification 
following mounting of the worm on microscope slides in glycerine- 
gelatine (Buchmann, 2007). Flukes and acanthocephalans were moun-
ted in toto but for nematode larvae the anterior and posterior parts were 
used. Anisakid nematode larvae from wild cod were identified to genus 
level based on presence and position of ventricular appendix, intestinal 
caecum, nerve ring and excretory pore. 

2.4. Molecular identification 

Nematode larvae were cut into three parts. The anterior and poste-
rior parts were used for morphological investigation (see 2.3). The 
remaining middle parts were used for molecular identification. Indi-
vidual eyefluke metacercariae were processed in toto. Lysis of the 
parasite material was performed using a volume of 30 μl of lysis buffer 
(Tween 20 (0.45%), proteinase K (60 _μl/L), 10 mM Tris and 1 mM 
EDTA) at 65 ◦C until complete digestion (confirmed by microscopy) 
(Skov et al., 2008). Inactivation of Proteinase K was done at 95 ◦C for 10 
min. The lysate was used for DNA isolation by the means of QIAamp® 
DNA Mini Kit (cat. No. 51306, Qiagen, Denmark) according to the 
manufacturer’s protocol. The polymerase chain reaction (PCR) was 
performed according to Skov et al. (2009). For eye fluke and cestode 
identification, primers targeting the conserved rDNA region ITS1-5.8S- 
ITS2 (forward primer-BD1 (5′-GTC GTAACA AGG TTT CCG TA-3′) and 
reverse primer-BD2 (5′-TAT GCT TAA ATT CAG CGG GT-3′)) were 
applied (Galazzo et al., 2002). For nematode identification both nuclear 
and mitochondrial genes were amplified: The ITS region was amplified 
with NC5 (5′-GTA GGT GAA CCT GCG GAA GGA TCA TT-3′) and NC2 
(5′-TTA GTT TCT TTT CCT CCG CT-3′) primers. The mitochondrial gene 
COX2 was amplified using primers 211F (5′-TTT TCT A TTA TAT AGA 
TTG RTT YAT-3′) and 210R (5′-CAC CAA CTC TTA AAA TTATC-3′) 
(Nadler and Hudspeth, 2000). PCR products were analyzed using 
ethidium bromide stained 2% agarose gel-electrophoresis. PCR products 
were purified using Illustra™GFX™ PCR and Gel band purification kit 
(VWR International, Denmark). Sequencing was performed at Macrogen 
(Seoul, Korea) using both forward and reverse PCR primers. In order to 
correct the machine interpretations of the electropherograms obtained 

Table 1 
Sampling date, farm type and average length (L) and weight (M) of examined 
fish for each farm. Each sample comprised 10 fish.  

Farm number Sampling 
date 

Type of farm L total 
Mean (Min- 
Max) (cm) 

M total 
Mean (Min- 
Max) (g) 

Freshwater culture 
1 18-01-2016 Earth pond 24,8 

(23–27,5) 
179,3 
(157–237) 

2 20-01-2016 Earth pond 21,5 
(19–25) 

115,4 
(79–176) 

3 09-02-2016 Earth pond 25,7 
(22–29) 

216 (141–273) 

4 17-02-2016 Earth pond 19,2 
(18–22) 

86,5 (77–105) 

5 20-10-2016 Earth pond 25,6 
(21–28,3) 

253,5 
(148–293) 

6 08-01-2020 Earth pond 34,6 
(30–38) 

616,6 
(272–813) 

7  Earth pond 34,8 
(28–39) 

601,3 
(305–880) 

8  Tanks/ 
raceways 

36 (31–39) 607,1 
(393–886) 

9  Recirculated 
farm 

36 (27–40) 657,2 
(320–818) 

10 26-02-2020 Earth pond 45,3 
(42–50) 

1417 
(1200–1980) 

11 10-03-2020 Earth pond 50,5 
(45–65) 

2150 
(1100–3600) 

12 11-10-2020 Earth pond 31,4 
(29–33) 

469 (380–510) 

13 23-02-2021 Earth pond 22,6 
(21–25) 

149 (120–180) 

14  Earth pond 33,4 
(31–36) 

455 (420–530) 

15  Tanks/ 
raceways 

28,6 
(27–31) 

364 (303–509) 

16 01-03-2021 Earth pond 40,1 
(38–42) 

985 
(800–1100) 

17  Earth pond 36,6 
(27–46) 

683 (332–886) 

18  Earth pond 30,9 
(29–33,5) 

401 (450–310)  

Marine cage culture 
1 26-10-2020 net cages 54 

(52–67,5) 
4000 
(2500–5400) 

2  net cages 52,2 
(40–59) 

2500 
(700–4000) 

3  net cages 48 (40–56) 1000 
(700–1800) 

4 03-11-2020 net cages 52,8 
(43–58) 

2610 
(1400–3620) 

5  net cages 49,8 
(42–60) 

1700 
(800–2800) 

6  net cages 54,5 
(45–60) 

3000 
(1700–3500) 

7 04-11-2020 net cages 48,5 
(38,5–56) 

2120 
(730–3420) 

8 17-11-2020 net cages 44,7 
(42–56,5) 

1390 
(900–1890) 

9  net cages 52,4 
(40–60) 

3010 
(1600–4200) 

10 19-11-2020 net cages 50,4 
(43–59) 

2000 
(800–4100) 

11  net cages 48,8 
(41–55) 

3000 
(800–3000) 

12 24-11-2020 net cages 49 (40–60) 1940 
(700–4000) 

13  net cages 49,5 
(45–59,5) 

2350 
(1650–3750) 

14 30-11-2020 net cages 46,9 
(41–53) 

1620 
(1100− 2100) 

15 01-12-2020 net cages 53,2 
(50–57) 

1740 
(1500–1920) 

16  net cages 52,5 
(50–58) 

1640 
(1300–1800) 

17 04-12-2020 net cages  

Table 1 (continued ) 

Farm number Sampling 
date 

Type of farm L total 
Mean (Min- 
Max) (cm) 

M total 
Mean (Min- 
Max) (g) 

52,8 
(45–60) 

2670 
(1700–4000) 

wild-caught 
Cod (Gadus 
morhua) 

21–01/17- 
02-2021  

51,3 
(42–63) 

1227 
(700–2160)  
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from Macrogen, the electropherograms were carefully inspected and 
analyzed using the software package CLC Main Workbench v20.0.4 
(Qiagen, Denmark). Hereafter the sequences were subjected to BLAST 
analysis at NCBI (National Center for Biotechnology Information). Se-
quences obtained were submitted to GenBank. 

2.5. Calculations and statistics 

Prevalence (percentage of examined fish infected) and mean in-
tensity (average number of parasites per infected fish host) of each 
parasite species was calculated in accordance with Bush et al. (1997). 

3. Results 

3.1. Parasitological investigation of cultured rainbow trout (O. mykiss) 

No nematode larvae were found, neither in freshwater (n = 180) nor 
maricultured (n = 170) rainbow trout. Diplostomid metacercariae were 
detected in lenses of both freshwater and maricultured rainbow trout 
and samples from maricultured farms were identified by PCR and 
sequencing as Diplostomum paracaudum and D. pseudospathaceum. One 
acanthocephalan was found attached to the intestinal mucosa and 
identified as Echinorhynchus truttae based on morphological characters. 
Cestodes found in the pyloric caeca of maricultured and freshwater fish 
were identified as Eubothrium crassum by PCR. Sequences obtained were 
submitted to GenBank and obtained accession nos. OK338698 to 
OK338713 for COX2 and from OK329893 to OK329941 for the ITS 
region. 

All alignments are listed in the supplementary file S1, a table 
showing all accession numbers and similarities recorded. Identities 
ranged from 99.72% to 100% and from 98.97% to 100% using rDNA 

region ITS1-5.8S-ITS2 and COX2 gene, respectively. Data on prevalence 
and intensity of each parasite species are shown in Table 2. 

3.2. Parasitological investigation of wild Atlantic cod (G. morhua) 

Five different species of nematodes (Anisakis simplex, Contracaecum 
osculatum, Pseudoterranova decipiens, Hysterothylacium aduncum, Cucul-
lanus cirratus), three trematode species (Lepidapedon elongatum, Crypto-
cotyle lingua, Hemiurus communis), one copepod species (Lernaeocera 
branchialis) and one myxozoan (Cnidaria) (Myxobolus aeglefini) were 
identified by morphological examination (Table 2). Nematodes domi-
nated the parasite community in cod. The highest prevalence was noted 
for C. cirratus and the highest mean intensity for C. osculatum. Location 
of the different parasite species (microhabitat), prevalence and intensity 
of infection are shown in Table 2. GenBank accession numbers for 
sequencing COX2 region in nematodes are from OK338698 to 
OK338713 and for ITS region are from OK329896 to OK329912. 

4. Discussion 

The zoonotic potential of anisakid nematode larvae is widely 
recognized. Various species within the genus Anisakis infect humans 
following ingestion of inadequately processed infected fish (Ishikura, 
2003; Nascetti, 2011; Cavallero et al., 2016). The genus Pseudoterranova 
comprises several species with a zoonotic potential (Torres et al., 2007; 
Skirnisson, 2006; Nordholm et al., 2020), and C. osculatum may infect 
humans as well (Schaum and Müller, 1967; Nagasawa, 2012; Strøm 
et al., 2015). It is therefore highly relevant to monitor infections in wild 
and cultured fish populations. The main fish species in Danish aqua-
culture is rainbow trout, O. mykiss, cultured in both freshwater and 
marine environments. Production systems include different types of 
farms such as traditional earth ponds (freshwater only), recirculating 
aquaculture systems (RAS, both freshwater and saltwater) and caged- 
base mariculture productions (marine areas only). The present survey 
was based on samples from freshwater earth ponds and net-cage based 
mariculture only. We showed the presence of two digenean species 
(D. paracaudum and D. pseudospathaceum), one acanthocephalan 
(E. truttae) and one cestode (E. crassum) in freshwater and maricultured 
rainbow trout with very low prevalence. We examined all organs 
including skin and musculature. Some authors (Sandor et al., 2020; Cech 
et al., 2021) recorded non-zoonotic metacercaria in fish flesh of common 
carp but the present study did not show any at all. Diplostomum eye 
flukes have previously been reported from cultured trout in Denmark 
(Buchmann and Bresciani, 1997; Jørgensen et al., 2009). They are not 
zoonotic but high infection levels of Diplostomum metacercariae in fish 
lenses can cause cataract leading to blindness (Buchmann and Uldal, 
1994). Infection with the cestode E. crassum is obtained by ingestion of 
infected copepods or smaller transport fish host. The species is prevalent 
in wild sea trout and salmon (Buchmann, 1987; Setyawan et al., 2019) 
but may occur rarely both in freshwater and marine trout farms 
(Buchmann and Bresciani, 1997; Skov et al., 2014). Absence of zoonotic 
nematode larvae in maricultured rainbow trout in Denmark in this study 
is in line with previous investigations (Skov et al., 2009, 2014). It should 
be mentioned that additional non-zoonotic parasites, including 
H. aduncum and L. salmonis (Skov et al., 2014), which previously were 
reported from Danish mariculture, were absent from aquacultured fish 
in the present study. Previous surveys in the Baltic Sea and Øresund 
(Køie, 1984; Perdiguero-Alonso et al., 2008; Mehrdana et al., 2014; 
Borges et al., 2015) suggested presence of an infectious environment in 
Danish seas. The present examination of cod (showing infections with 
zoonotic helminth larvae, including species of Anisakis, Pseudoterranova, 
Contracaecum (nematode 3rd stage larvae) and C. lingua) reflects that a 
risk of infection still exists in the Danish mariculture areas. Also when 
considering Danish natural freshwater eco-systems we have indications 
for existence of zoonotic parasite life cycles as well (Skov et al., 2008; 
Duan et al., 2021). Those studies documented the occurrence in roach 

Table 2 
Prevalence and mean intensity of isolated parasites from cultured rainbow trout 
and wild Cod (Gadus morhua).  

Parasite species Prevalence 
% 

MI SD 
(range) 

Site 

Freshwater farms (n = 180) 
Diplostomum 14.44 NC NA Lenses 
Echinorhynchus 

truttae 
0.55 1 NA Intestine  

Mariculture farms (n = 170) 
Diplostomum 

paracaudum 
18.82 5.5 27.88 

(66) 
Lenses 

Eubothrium crassum 1.17 1 NA Pyloric caecum  

Wild cod (n = 10) 
Anisakis simplex 70 10.43 6.48 

(16) 
Body cavity, pyloric 
caeca, belly flaps, liver 

Contracaecum 
osculatum 

50 36 44.7 
(101) 

Body cavity, pyloric 
caeca, Intestine, liver 

Pseudoterranova 
decipiens 

40 4.5 5.07 
(11) 

Body cavity, liver 

Hysterothylacium 
aduncum 

50 2.8 3.03 (8) Body cavity, Intestine, 
Belly flaps, Ovaries 

Cucullanus cirratus 80 8.38 10.46 
(28) 

Body cavity, Pyloric 
caecum, Stomach, 
Intestine 

Lepidapedon 
elongatum 

30 8.67 3.06 (6) Pyloric caecum 

Hemiurus communis 20 7.0 8.49 
(12) 

Stomach 

Cryptocotyle lingua 70 NC NA Skin, Fins 
Echinorhyncus gadi 40 19.25 24.13 

(53) 
Intestine 

Myxobolus aeglefini 40 NC NA Eye 
Lernaeocera 

branchialis 
10 1 NA Gill 

NC = Not Counted, NA = Not Applicable, MI = mean intensity, SD = Standard 
deviation. 
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and snails of the zoonotic digeneans Pseudamphistomum and Metorchis, 
respectively. It is therefore relevant to analyze the reasons for lack of 
infections and relate it to management practices and environmental 
factors in order to secure food safety of the products also in the future. 
One important factor is that the investigated farms and fish associated 
with this study are kept isolated from potentially infective stages. 
Experience from aquacultured freshwater fish in Vietnam (Chi et al., 
2008; Lan Anh et al., 2009; Madsen et al., 2015; Thuy et al., 2010) and 
China (Chen et al., 2010; Li et al., 2013) shows that close contact be-
tween fish and infected intermediate hosts play a role for the infection 
level in fish. Also introduction of parasite eggs (fecal contamination) to 
the aquaculture site is a risk factor. This was demonstrated by the 
occurrence of human dibothriocephaliasis (diphyllobothriasis) in Chile 
(Torres et al., 2002) associated with cultivation of Dibothriocephalus 
(Diphyllobothrium) infected cultured salmonids near a sewage disposal 
region (Cabello, 2007). Selection of a safe production site is therefore 
important. In addition, strict use of heat-treated pelleted feed will pre-
vent the infections through feeding as feeding with unfrozen raw wild 
fish may cause A. simplex infections (Christensen and From, 1978; Shih 
et al., 2010). Anisakid infections of Salmo salar in British Colombia 
(Marty, 2008) and salmonid runts in Norway (Cammilleri et al., 2020; 
Mo et al., 2014; Roiha et al., 2021) could be explained by farmed salmon 
ingesting infected intermediate/transport hosts drifting into the cage or 
using infected cleaner fish (Levsen and Maage, 2016). As outlined above 
the biology and life cycle of the parasites in the environment should be 
taken into account and this was achieved in this study by investigating 
wild fishes in the area. The fish were caught in Danish marine waters 
(Northern Øresund connected the Kattegat Sea) which is a marine area 
closely connected to the investigated locations of Danish maricultured 
farms. The study confirmed that the validity of the methodology applied 
for investigation of aquacultured fish and further confirmed an infec-
tious environment with regard to both zoonotic and non-zoonotic par-
asites. Thus the recorded digeneans H. communis and L. elongatum, the 
parasitic copepod L. branchialis, the nematodes H. aduncum and 
C. cirratus and the acanthocephalan E. gadi are non-zoonotic. The cod 
were also heavily infected by the myxosporean M. aeglefini. We have no 
records of a zoonotic potential of this species but it should be noted that 
another myxozoan within the genus Kudoa has a zoonotic potential 
(Yahata et al., 2015). Heavy infections with C. lingua were found in cod. 
This zoonotic digenean uses the periwinkle Littorina littorea as first in-
termediate snail host and the cod serves as second intermediate host 
carrying encysted and encapsulated metacercariae in skin and muscle 
(Borges et al., 2015). Fish-eating birds are final hosts but dogs and 
humans may obtain infection by ingestion of infected fish (Christensen 
and Roth, 1949; Borges et al., 2015). It may infect salmonids such as 
Arctic charr as well (Kristoffersen, 1991) which indicates that the 
parasite potentially could infect rainbow trout in netcages if located in 
the vicinity of infected marine snails. 

The occurrence of zoonotic anisakid larvae in cod depends on pres-
ence of final hosts in the marine environment (Nadolna and Podolska, 
2014; Setyawan et al., 2020). Seals are final host of P. decipiens 
(McClelland, 2002; Buchmann and Kania, 2012) and C. osculatum (Zuo 
et al., 2018) whereas whales, such as porpoise, are final hosts of 
A. simplex (Køie et al., 1995; Lakemeyer et al., 2020). The infected cod 
indicate existence of the life cycles in the Danish marine waters whereby 
the presence of these marine mammals should be considered a risk factor 
in mariculture. The intermediate/transport host of these anisakids are 
various crustaceans and smaller fish (Køie et al., 1995; Køie and Fager-
holm, 1995; McClelland, 2002). If infected intermediate hosts (in-
vertebrates/vertebrates) occur near the net-pens, their presence should 
be regarded as a risk factor. Thus, blocking of entrance into net-cages of 
swarms of infected euphausians should be secured. Various small fish 
such as sprat (Zuo, 2016) often serve as transport hosts for the nematode 
larvae and schools of these fish should be kept from the fish culture 
systems (Angot and Brasseurb, 1993; Wootten et al., 2009; Brooker 
et al., 2012; Brooker et al., 2016). This also frames that feeding of 

aquacultured fish should be based on heat treated feed and any feeding 
by marine fish offals or untreated fish products must be avoided as such 
a practice may lead to infection with anisakids (Wootten and Smith, 
1975; Christensen and From, 1978). 

According to commission regulation (EC) 853/2004, wild freshwater 
and marine fish to be eaten raw or inadequately processed (e.g. mari-
nated, cold smoked or otherwise inadequately heat treated), must be 
subjected to pre-treatment (deep freezing). Exemption from these rules 
may be achieved if epidemiological data document absence of zoonotic 
parasites in aquacultured fish (commission regulation (EU) No. 1276/ 
2011). Production and marketing of parasite free fish products is highly 
advisable since some nematode allergens are resistant to heat treatment 
(Audicana et al., 2002; Caballero et al., 2008; Carballeda-Sangiao et al., 
2016) which frames the importance of continuous surveys documenting 
infection status in aquaculture and fisheries. 

Based on available knowledge and the results of the present work we 
can establish a list of risk factors associated with exposure of fish to 
zoonotic helminths and thereby produce a list of recommendations 
securing zoonotic helminth freedom:  

1) Isolation of aquacultured fish from the surrounding environment  
2) Land based farming using filtrated water  
3) Usage of a non-infectious water supply (e.g. filtrated)  
4) Feeding fish with heat treated feed 
5) Avoidance of feed based on non-treated fish offals or wild un-

treated fish  
6) Ensure optimal feeding rate in order to prevent farmed fish to 

ingest any wild invertebrate (crustaceans, annelids) or fish acci-
dentally occurring in the net-pens  

7) Avoid farm locations near sewage outlets  
8) Avoid farm locations near haul-out areas for seals and birds  
9) Block access to the system for marine mammals and birds  

10) Locate fish farms far from intermediate snail hosts shedding 
infective cercariae 

11) Secure that intermediate/transport hosts (e.g. crustaceans, poly-
chates, etc.) cannot enter the system 

12) A quality control system should be in place regularly doc-
umenting freedom of zoonotic parasites 

5. Conclusions 

The present investigation has documented the absence of zoonotic 
parasites in Danish aquacultured rainbow trout from both freshwater 
farms and mariculture net-cages. The parasite-free status is based on the 
management applied in the systems securing isolation of fish from the 
environment, filtration of water, feeding with heat-treated feed, location 
of farms at safe sites free from infectious parasite stages and avoidance 
of intermediate and final host sites when establishing farms. Continuous 
surveys can secure that these precautions prevent infections and thereby 
justify exemption from freeze-regulations as defined in the EU- 
legislation. 
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Pérez, R., 2008. Isolation of Ani s 5, an excretory–secretory and highly heat-resistant 
allergen useful for the diagnosis of Anisakis larvae sensitization. Parasitol. Res. 103 
(5), 1231–1233. 

Cabello, F.C., 2007. Aquaculture and public health. The emergence of Diphyllobothriasis 
in Chile and the World. Rev. Méd. Chile. 135 (8), 1064–1071. 

Cammilleri, G., Costa, A., Graci, S., Buscemi, M.D., Collura, R., Vella, A., Ferrantelli, V., 
2018. Presence of Anisakis Pegreffii in farmed sea bass (Dicentrarchus Labrax L.) 
commercialized in southern Italy: a first report. Vet. Parasitol. 259, 13–16. https:// 
doi.org/10.1016/j.vetpar.2018.06.021. 

Cammilleri, G., Ferrantelli, V., Pulvirenti, A., Drago, C., Stampone, G., Macias, G.D.R.Q., 
Di Bella, C., 2020. Validation of a commercial loop-mediated isothermal 
amplification (LAMP) assay for the rapid detection of Anisakis Spp. DNA in processed 
fish products. Foods 9 (1), 1–11. https://doi.org/10.3390/foods9010092. 

Carballeda-Sangiao, N., Rodriguez-Mahillo, A.I., Careche, M., Navas, A., Caballero, T., 
Dominguez-Ortega, J., González-Muñoz, M., 2016. Ani s 11-like protein is a pepsin- 
and heat-resistant major allergen of Anisakis spp. and a valuable tool for Anisakis 
allergy component-resolved diagnosis. Int. Arch. Allergy Immunol. 169 (2), 
108–112. 

Cavallero, S., Scribano, D., D’Amelio, S., 2016. First case of invasive pseudoterranoviasis 
in Italy. Parasitol. Int. 65, 488–490. 

Cech, G., Sandor, D., Molnar, K., Varga, A., Caffara, M., Fioravante, M.L., Szekely, C., 
2021. Digenean trematodes in Hungarian freshwater aquacultures. Food Waterborne 
Parasitol. 22, e00101. 

Chen, D., Chen, J., Huang, J., Chen, X., Feng, D., Liang, B., Shen, H., 2010. 
Epidemiological investigation of Clonorchis Sinensis infection in freshwater fishes in 
the pearl river delta. Parasitol. Res. 107 (4), 835–839. https://doi.org/10.1007/ 
s00436-010-1936-5. 

Chi, T.T.K., Dalsgaard, A., Turnbull, J.F., Tuan, P.A., Murrell, K.W., 2008. Prevalence of 
zoonotic trematodes in fish from a Vietnamese fish-farming community. 
Parasitology. 94 (2), 423–428. https://doi.org/10.1645/GE-1389.1. 

Christensen, S., From, J., 1978. Rundorme og deres bekæmpelse hos dambrugsfisk. 
(roundworms and their eradication in farmed fish). Ferskvandsfiskeribladet 8, 
94–100 (in Danish).  

Christensen, N.O., Roth, H., 1949. Investigations on Internal Parasites of Dogs. The Royal 
Veterinary and Aquacultural college, Copenhagen, Yearbook, pp. 1–73. 

Duan, Y., Al-Jubury, A., Kania, P.K., Buchmann, K., 2021. Trematode diversity reflecting 
the community structure of danish freshwater systems: molecular clues. Parasit. 
Vectors 14 (1), 1–15. https://doi.org/10.1186/s13071-020-04536-x. 

Eiras, J.C., Pavanelli, G.C., Takemoto, R.M., Nawa, Y., 2018. Fish-borne nematodiases in 
South America: neglected emerging diseases. J. Helminthol. 92 (6), 649–654. 
https://doi.org/10.1017/S0022149X17001006. 

FAO, 2020. The State of World Fisheries and Aquaculture 2020. Sustainability in Action. 
Fao. https://doi.org/10.4060/ca9229en. 

Fioravanti, M.L., Gustinelli, A., Rigos, G., Buchmann, K., Caffara, M., Pascual, S., Angel 
Pardo, M., 2021. Negligible risk of zoonotic Anisakid nematodes in farmed fish from 
European mariculture, 2016 to 2018. Eurosurveillance 26 (2), 6–11. https://doi.org/ 
10.2807/1560-7917.ES.2021.26.2.1900717. 

Galazzo, D.E., Dayanandan, S., Marcogliese, D.J., McLaughlin, J.D., 2002. Molecular 
systematics of some north American species of Diplostomum (Digenea) based on 
rDNA-sequence data and comparisons with European Congeners. Can. J. Zool. 80 
(12), 2207–2217. https://doi.org/10.1139/z02-198. 

Gay, M., Bao, M., MacKenzie, K., Pascual, S., Buchmann, K., Bourgau, O., Pierce, G.J., 
2018. Infection levels and species diversity of ascaridoid nematodes in Atlanticcod, 
Gadus morhua, are correlated with geographic area and fish size. Fish. Res. 202, 
90–102. https://doi.org/10.1016/j.fishres.2017.06.006. 

Gonzales, M.A.P., Cavazza, G., Gustinelli, A., Caffara, M., Fioravanti, M., 2020. Absence 
of Anisakis nematodes in smoked Atlantic salmon (Salmo salar) products on sale in 
European countries. Ital. J. Food Saf. 9 (4) https://doi.org/10.4081/ijfs.2020.8615, 
216-219. 8615.  

Hung, N.M., Madsen, H., Fried, B., 2013. Global status of fish-borne zoonotic 
trematodiasis in humans. Acta Parasitol. 58 (3), 231–258. 

Inoue, K., Oshima, S.I., Hirata, T., Kimura, I., 2000. Possibility of anisakid larvae 
infection in farmed salmon. Fish. Sci. 66 (6), 1049–1052. https://doi.org/10.1046/ 
j.1444-2906.2000.00167.x. 

Ishikura, H., 2003. Anisakiasis (2) clinical pathology and epidemiology. In: Otsuru, M., 
Kamegai, S., Hayashi, S. (Eds.), Progress of Medical Parasitology in Japan, 8, 
pp. 451–473. 

Jørgensen, T.R., Larsen, T.B., Buchmann, K., 2009. Parasite infections in recirculated 
rainbow trout (Oncorhynchus Mykiss). Farms. Aquacult. 289 (1–2), 91–94. https:// 
doi.org/10.1016/j.aquaculture.2008.12.030. 

Køie, M., 1984. Digenetic trematodes from Gadus morhua L. (Osteichthyes, Gadidae) from 
Danish and adjacent waters, with special reference to their life-histories. Ophelia. 23 
(2), 195–222. 

Køie, M., Fagerholm, H.-P., 1995. The life cycle of Contracaecum osculatum (Rudolphi, 
1802) sensu stricto (Nematoda, Ascaridoidea, Anisakidae) in view of experimental 
infections. Parasitol. Res. 81, 481–489. 

Køie, M., Berland, B., Burt, M.D.B., 1995. Development to third-stage larvae occurs in the 
eggs of Anisakis simplex and Pseudotetranova decipiens (Nematoda, Ascaridoidea, 
Anisakidae). Can. J. Fish. Aquat. Sci. 52, 134–139. https://doi.org/10.1139/f95- 
519. 

Kołodziejczyk, L., Szostakowska, B., Sobecka, E., Szczucki, K., Stankiewicz, K., 2020. 
First case of human Anisakiasis in Poland. Parasitol. Int. 76, 102073 https://doi.org/ 
10.1016/j.parint.2020.102073. 

Kristoffersen, R., 1991. Occurrence of the digenean Cryptocotyle lingua in farmed Arctic 
charr Salvelinus alpinus and periwinkles Littorina littorea close to charr farms in 
northern Norway. Dis. Aquat. Org. 12, 59–65. 

Kuchta, R., Brabec, J., Kubackova, P., Scholz, T., 2013. Tapeworm Diphyllobothrium 
dendriticum (Cestoda)—neglected or emerging human parasite? PLoS Negl. Trop. Dis. 
7, 25–35. https://doi.org/10.1371/journal.pntd.0002535. 

Lakemeyer, J., Siebert, U., Abdulmawjood, A., Ryeng, K.A., Ijsseldijk, L.L., Lehnert, K., 
2020. Anisakid nematode species identification in harbour porpoises (Phocoena 
phocoena) from the North Sea, Baltic Sea and North Atlantic using RFLP analysis. Int. 
J. Parasitol. Parasites Wildlife. 12, 93–98. 

Lan Anh, N.T., Phuong, N.T., Johansen, M.V., Murrell, K.D., Thi Van, P., Dalsgaard, A., 
Thamsborg, S.M., 2009. Prevalence and risks for fishborne zoonotic trematode 
infections in domestic animals in a highly endemic area of North Vietnam. Acta 
Trop. 112 (2), 198–203. https://doi.org/10.1016/j.actatropica.2009.07.027. 

Levsen, A., Maage, A., 2016. Absence of parasitic nematodes in farmed, harvest quality 
Atlantic salmon (Salmo Salar) in Norway - results from a large scale survey. Food 
Control 68, 25–29. https://doi.org/10.1016/j.foodcont.2016.03.020. 

Levsen, A., Svanevik, C.S., Cipriani, P., Mattiucci, S., Gay, M., Hastie, L.C., Pierce, G.J., 
2018. A survey of zoonotic nematodes of commercial key fish species from major 
european fishing grounds—introducing the FP7 PARASITE exposure assessment 
study. Fish. Res. 202, 4–21. https://doi.org/10.1016/j.fishres.2017.09.009. 

Li, K., Clausen, J.H., Murrell, K.D., Liu, L., Dalsgaard, A., 2013. Risks for fishborne 
zoonotic trematodes in tilapia production systems in Guangdong province, China. 
Vet. Parasitol. 198 (1–2), 223–229. https://doi.org/10.1016/j.vetpar.2013.08.011. 

Lima dos Santos, C.A.M., Howgate, P., 2011. Fishborne zoonotic parasites and 
aquaculture: a review. Aquaculture. 318 (3–4), 253–261. https://doi.org/10.1016/j. 
aquaculture.2011.05.046. 

Lunestad, T.B., 2003. Absence of nematodes in farmed Atlantic salmon (Salmo salar L.) in 
Norway. J. Food Prot. 66 (1), 122–124. http://meridian.allenpress.com/jfp/ar 
ticle-pdf/66/1/122/1675071/0362-028x-66_1_122.pdf. 

Madsen, H., Dung, B.T., The, D.T., Viet, N.K., Dalsgaard, A., Van, P.T., 2015. The role of 
rice fields, fish ponds and water canals for transmission of fish-borne zoonotic 

A.M. Karami et al.                                                                                                                                                                                                                             

https://doi.org/10.1016/j.aquaculture.2021.737793
https://doi.org/10.1016/j.aquaculture.2021.737793
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0005
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0005
https://doi.org/10.1016/S14714922(01)02152-3
https://doi.org/10.1016/S14714922(01)02152-3
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0015
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0015
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0015
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0015
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0020
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0020
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0020
https://doi.org/10.1016/j.foodcont.2016.02.011
https://doi.org/10.1016/j.foodcont.2016.02.011
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0030
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0030
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0040
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0040
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0045
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0045
https://doi.org/10.1111/j.1365-2761.2012.01409.x
https://doi.org/10.1111/j.1365-2761.2012.01409.x
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0055
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0055
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0055
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0060
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0060
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0065
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0065
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0065
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0065
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0070
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0070
https://doi.org/10.1016/j.vetpar.2018.06.021
https://doi.org/10.1016/j.vetpar.2018.06.021
https://doi.org/10.3390/foods9010092
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0085
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0085
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0085
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0085
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0085
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0090
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0090
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0095
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0095
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0095
https://doi.org/10.1007/s00436-010-1936-5
https://doi.org/10.1007/s00436-010-1936-5
https://doi.org/10.1645/GE-1389.1
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0110
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0110
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0110
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0115
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0115
https://doi.org/10.1186/s13071-020-04536-x
https://doi.org/10.1017/S0022149X17001006
https://doi.org/10.4060/ca9229en
https://doi.org/10.2807/1560-7917.ES.2021.26.2.1900717
https://doi.org/10.2807/1560-7917.ES.2021.26.2.1900717
https://doi.org/10.1139/z02-198
https://doi.org/10.1016/j.fishres.2017.06.006
https://doi.org/10.4081/ijfs.2020.8615
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0155
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0155
https://doi.org/10.1046/j.1444-2906.2000.00167.x
https://doi.org/10.1046/j.1444-2906.2000.00167.x
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0165
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0165
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0165
https://doi.org/10.1016/j.aquaculture.2008.12.030
https://doi.org/10.1016/j.aquaculture.2008.12.030
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0185
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0185
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0185
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0205
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0205
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0205
https://doi.org/10.1139/f95-519
https://doi.org/10.1139/f95-519
https://doi.org/10.1016/j.parint.2020.102073
https://doi.org/10.1016/j.parint.2020.102073
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0220
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0220
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0220
https://doi.org/10.1371/journal.pntd.0002535
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0230
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0230
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0230
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0230
https://doi.org/10.1016/j.actatropica.2009.07.027
https://doi.org/10.1016/j.foodcont.2016.03.020
https://doi.org/10.1016/j.fishres.2017.09.009
https://doi.org/10.1016/j.vetpar.2013.08.011
https://doi.org/10.1016/j.aquaculture.2011.05.046
https://doi.org/10.1016/j.aquaculture.2011.05.046
http://meridian.allenpress.com/jfp/article-pdf/66/1/122/1675071/0362-028x-66_1_122.pdf
http://meridian.allenpress.com/jfp/article-pdf/66/1/122/1675071/0362-028x-66_1_122.pdf


Aquaculture 549 (2022) 737793

7

trematodes in aquaculture ponds in Nam Dinh province, Vietnam. Parasit. Vectors 8 
(1), 1–11. https://doi.org/10.1186/s13071-015-1237-z. 

Marty, G.D., 2008. Anisakid larva in the viscera of a farmed Atlantic salmon (Salmo 
Salar). Aquaculture. 279 (1–4), 209–210. https://doi.org/10.1016/j. 
aquaculture.2008.04.006. 

McClelland, G., 2002. The trouble with sealworm (Pseudoterranova decipiens). 
Parasitology 124, 183–203. https://doi.org/10.1017/s0031.182002001658. 

Mehrdana, F., Bahlool, Q.Z.M., Skov, J., Marana, M.H., Sindberg, D., Mundeling, M., 
Buchmann, K., 2014. Occurrence of zoonotic nematodes Pseudoterranova decipiens, 
Contracaecum osculatum and Anisakis simplex in cod (Gadus Morhua) from the Baltic 
Sea. Vet. Parasitol. 205 (3–4), 581–587. https://doi.org/10.1016/j. 
vetpar.2014.08.027. 

Mladineo, I., 2019. Anisakiasis in Europe: emerging, neglected, misdiagnosed, or all of 
the above? Vet. Stanica. 50 (5), 397–405. 

Mo, T.A., Gahr, A., Hansen, H., Hoel, E., Oaland, O., Poppe, T.T., 2014. Presence of 
Anisakis simplex (Rudolphi, 1809 Det. Krabbe, 1878) and Hysterothylacium aduncum 
(Rudolphi, 1802) (Nematoda; Anisakidae) in runts of farmed Atlantic salmon, Salmo 
salar L. J. Fish Dis. 37 (2), 135–140. https://doi.org/10.1111/jfd.12096. 

Nadler, S.A., Hudspeth, D.S.S., 2000. Phylogeny of the Ascaridoidea (Nematoda: 
Ascaridida) based on three genes and morphology: hypotheses of structural and 
sequence evolution. J. Parasitol. 86 (2), 380–393. https://doi.org/10.1645/0022- 
3395(2000)086[0380:POTANA]2.0.CO;2. 

Nadolna, K., Podolska, M., 2014. Anisakid larvae in the liver of cod (Gadus morhua) L. 
from the southern Baltic Sea. J. Helminthol. 88 (2), 237–246. https://doi.org/ 
10.1017/S0022149X13000096. 

Nagasawa, K., 2012. The biology of Contracaecum osculatum sensu lato and C. osculatum a 
(Nematoda: Anisakidae) in Japanese waters: a review. Biosphere Sci. 51, 61–69. 

Nascetti, G., 2011. First molecular identification of the zoonotic parasite Anisakis pegreffii 
(Nematoda: Anisakidae) in a paraffin-embedded granuloma taken from a case of 
human intestinal anisakiasis in Italy. BMC Infect. Dis. 11, 82. 

Nordholm, A., Kurtzhals, J.A.L., Karami, A.M., Kania, P.W., Buchmann, K., 2020. Nasal 
localization of a Pseudoterranova decipiens larva in a Danish patient with suspected 
allergic rhinitis. J. Helminthol. 94 https://doi.org/10.1017/S0022149X20000681 
e187, 1–5.  

Perdiguero-Alonso, D., Montero, F.E., Raga, J.A., Kostadinova, A., 2008. Composition 
and structure of the parasite faunas of cod, Gadus morhua L. (Teleostei: Gadidae), in 
the north East Atlantic. Parasit. Vectors 1 (1), 1–18. https://doi.org/10.1186/1756- 
3305-1-23. 

Roiha, I.S., Amund Maage, A., Levsen, A., 2021. Farmed rainbow trout (Oncorhynchus 
mykiss) in Norway are at low risk of carrying anisakid nematodes. J. Appl. Aquac. 33 
(4), 279–290. https://doi.org/10.1080/10454438.2020.1785368. 

Sandor, D., Gyongy, M., Nyeste, K., Czegledi, I., Szekely, C., Buchmann, K., Cech, G., 
2020. Digenean Holostephanus (Trematoda: Digenea: Cyathocotylidae) 
metacercariae in common carp muscle: zoonotic potential and sensitivity to physico- 
chemical treatment. J. Helminthol. 94 (e117), 1–8. https://doi.org/10.1017/ 
S0022149x1900110x. 

Schaum, E., Müller, W., 1967. Heterocheilidiasis (case report). Deutsch. Med. 
Wochenschr. 92, 2230–2233. 

Serrano-Moliner, M., Morales-Suarez-Varela, M., Valero, M.A., 2018. Epidemiology and 
management of foodborne nematodiasis in the European Union, systematic review 
2000–2016. Pathog. Glob. Health. 112 (5), 249–258. https://doi.org/10.1080/ 
20477724.2018.1487663. 

Setyawan, A.C., Zuo, S., Kania, P.W., Buchmann, K., 2019. Endoparasitic helminths in 
Baltic salmon Salmo salar: ecological implications. Dis. Aquat. Org. 135, 193–199. 

Setyawan, A.C., Jensen, H.M., Kania, P.W., Buchmann, K., 2020. Baltic cod 
endohelminths reflect recent ecological changes. J. Helminthol. https://doi.org/ 
10.1017/S0022149X20000176. 

Shih, H.H., Ku, C.C., Wang, C.S., 2010. Anisakis simplex (Nematoda: Anisakidae) third- 
stage larval infections of marine cage cultured cobia, Rachycentron canadum L., in 
Taiwan. Vet. Parasitol. 171 (3–4), 277–285. https://doi.org/10.1016/j. 
vetpar.2010.03.023. 

Skirnisson, K., 2006. Pseudoterranova decipiens (Nematoda, Anisakidae) larvae reported 
from humans in Iceland after consumption of insufficiently cooked fish. Icelandic 
Med. J. 92, 21–25 (In Icelandic with English summary).  

Skov, J., Kania, P.W., Jørgensen, T.R., Buchmann, K., 2008. Molecular and morphometric 
study of metacercariae and adults of Pseudamphistomum truncatum (Opisthorchiidae) 
from roach Rutilus rutilus and wild American mink Mustela vison. Vet. Parasitol. 155, 
209–216. 

Skov, J., Kania, P.W., Olsen, M.M., Lauridsen, J.H., Buchmann, K., 2009. Nematode 
infections of maricultured and wild fishes in Danish waters: a comparative study. 
Aquaculture 298, 24–28. 

Skov, J., Mehrdana, F., Marana, M.H., Bahlool, Q.Z.M., Jaafar, R.M., Sindberg, D., 
Buchmann, K., 2014. Parasite infections of rainbow trout (Oncorhynchus mykiss) 
from Danish mariculture. Aquaculture 434, 486–492. 

Strøm, S.B., Haarder, S., Korbut, R., Mejer, H., Thamsborg, S.M., Kania, P.W., 
Buchmann, K., 2015. Third-stage nematode larvae of Contracaecum osculatum from 
Baltic cod (Gadus morhua) elicit eosinophilic granulomatous reactions when 
penetrating the stomach mucosa of pigs. Parasitol. Res. 114, 1217–1220. 

Thuy, D.T., Kania, P.W., Buchmann, K., 2010. Infection status of zoonotic trematode 
metacercariae in Sutchi catfish (Pangasianodon Hypophthalmus) in Vietnam: 
associations with season, management and host age. Aquaculture. 302 (1–2), 19–25. 
https://doi.org/10.1016/j.aquaculture.2010.02.002. 

Torres, P., Lopez, J.C., Cubillos, V., Lobos, C., Silva, R., 2002. Visceral Diphyllobothriosis 
in a cultured rainbow trout, Oncorhynchus mykiss (Walbaum), in Chile. J. Fish Dis. 25 
(6), 375–379. https://doi.org/10.1046/j.1365-2761.2002.00381.x. 

Torres, P., Jercic, M.I., Weitz, J.C., Dobrew, E.K., Mercado, R.A., 2007. Human 
pseudoterranovosis, an emerging infection in Chile. J. Parasitol. 93 (2), 440–443. 

Unger, P., Palm, H.W., 2017. Parasite risk of maricultured rainbow trout (Oncorhynchus 
mykiss Walbaum, 1792) in the western Baltic Sea, Germany. Aquac. Int. 25 (2), 
975–989. https://doi.org/10.1007/s10499-016-0096-8. 

WHO, 1995. Control of foodborne trematode infections. Report of a WHO study group: 
WHO tech. Rep. Ser. 849. 

WHO, 2004. Report of the Joint WHO/FAO Workshop on Foodborne Trematode 
Infections in Asia, Hanoi, Vietnam, 26–28 Nov 2002. WHO Regional Office for the 
Western Pacific, Manila, Philippines. August 2004. 

Wootten, R., Smith, J.W., 1975. Observational and experimental studies on the 
acquisition of Anisakis sp. larvae (Nematoda: Ascaridida) by trout in fresh water. Int. 
J. Parasitol. 5 (3), 373–378. https://doi.org/10.1016/0020-7519(75)90087-9. 

Wootten, R., Yoon, G.H., Bron, J.E., 2009. A survey of Anisakid nematodes in Scottish 
farmed salmon. In: FSAS Project S14008. http://www.foodbase.org.uk/admintoo 
ls/reportdocuments/355-1-616_S14008__extension__Survey_of_Anisakid_nematodes_ 
FINAL_VERSION.pdf. 

Yahata, Y., Sugita-Konishi, Y., Ohnishi, T., Toyokawa, T., Nakamura, N., Taniguchi, K., 
Okabe, N., 2015. Kudoa septempunctata-induced gastroenteritis in humans after 
flounder consumption in Japan: a case-controlled study. Jpn. J. Infect. Dis. 68 (2), 
119–123. https://doi.org/10.7883/yoken.JJID.2014.027. 

Zuo, Shaozhi, et al., 2016. Host size-dependent anisakid infection in Baltic cod Gadus 
morhua associated with differential food preferences. Diseases of aquatic organisms. 
https://doi.org/10.3354/dao03002. 

Zuo, S., Kania, P.W., Mehrdana, F., Marana, M.H., Buchmann, K., 2018. Contracaecum 
osculatum and other Anisakid nematodes in grey seals and cod in the Baltic Sea: 
molecular and ecological links. J. Helminthol. 92 (1), 81–89. https://doi.org/ 
10.1017/S0022149X17000025. 

A.M. Karami et al.                                                                                                                                                                                                                             

https://doi.org/10.1186/s13071-015-1237-z
https://doi.org/10.1016/j.aquaculture.2008.04.006
https://doi.org/10.1016/j.aquaculture.2008.04.006
https://doi.org/10.1017/s0031.182002001658
https://doi.org/10.1016/j.vetpar.2014.08.027
https://doi.org/10.1016/j.vetpar.2014.08.027
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0285
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0285
https://doi.org/10.1111/jfd.12096
https://doi.org/10.1645/0022-3395(2000)086[0380:POTANA]2.0.CO;2
https://doi.org/10.1645/0022-3395(2000)086[0380:POTANA]2.0.CO;2
https://doi.org/10.1017/S0022149X13000096
https://doi.org/10.1017/S0022149X13000096
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0305
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0305
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0310
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0310
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0310
https://doi.org/10.1017/S0022149X20000681
https://doi.org/10.1186/1756-3305-1-23
https://doi.org/10.1186/1756-3305-1-23
https://doi.org/10.1080/10454438.2020.1785368
https://doi.org/10.1017/S0022149x1900110x
https://doi.org/10.1017/S0022149x1900110x
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0335
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0335
https://doi.org/10.1080/20477724.2018.1487663
https://doi.org/10.1080/20477724.2018.1487663
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0345
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0345
https://doi.org/10.1017/S0022149X20000176
https://doi.org/10.1017/S0022149X20000176
https://doi.org/10.1016/j.vetpar.2010.03.023
https://doi.org/10.1016/j.vetpar.2010.03.023
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0360
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0360
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0360
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0365
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0365
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0365
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0365
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0370
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0370
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0370
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0375
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0375
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0375
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0385
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0385
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0385
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0385
https://doi.org/10.1016/j.aquaculture.2010.02.002
https://doi.org/10.1046/j.1365-2761.2002.00381.x
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0400
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0400
https://doi.org/10.1007/s10499-016-0096-8
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0410
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0410
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0415
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0415
http://refhub.elsevier.com/S0044-8486(21)01456-3/rf0415
https://doi.org/10.1016/0020-7519(75)90087-9
http://www.foodbase.org.uk/admintools/reportdocuments/355-1-616_S14008__extension__Survey_of_Anisakid_nematodes_FINAL_VERSION.pdf
http://www.foodbase.org.uk/admintools/reportdocuments/355-1-616_S14008__extension__Survey_of_Anisakid_nematodes_FINAL_VERSION.pdf
http://www.foodbase.org.uk/admintools/reportdocuments/355-1-616_S14008__extension__Survey_of_Anisakid_nematodes_FINAL_VERSION.pdf
https://doi.org/10.7883/yoken.JJID.2014.027
https://doi.org/10.3354/dao03002
https://doi.org/10.1017/S0022149X17000025
https://doi.org/10.1017/S0022149X17000025

	Absence of zoonotic parasites in salmonid aquaculture in Denmark: Causes and consequences
	1 Introduction
	2 Material and methods
	2.1 Sampling of freshwater and marine cultured rainbow trout
	2.2 Parasitological examination
	2.3 Morphological identification
	2.4 Molecular identification
	2.5 Calculations and statistics

	3 Results
	3.1 Parasitological investigation of cultured rainbow trout (O. mykiss)
	3.2 Parasitological investigation of wild Atlantic cod (G. morhua)

	4 Discussion
	5 Conclusions
	Author statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


