
Food Control 121 (2021) 107724

Available online 27 October 2020
0956-7135/© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Quality issues related to the presence of the fish parasitic nematode 
Hysterothylacium aduncum in export shipments of fresh Northeast Arctic cod 
(Gadus morhua) 

Miguel Bao *, Paolo Cipriani , Lucilla Giulietti , Natalia Drivenes , Arne Levsen 
Section of Contaminants and Biohazards. Institute of Marine Research (IMR), PO Box, 1870 Nordnes, N-5817 Bergen, Norway   

A R T I C L E  I N F O   

Keywords: 
Hysterothylacium 
Northeast Arctic cod 
Economic loss 
Fish parasite 
Food quality 
Food safety 

A B S T R A C T   

The parasitic nematode Hysterothylacium aduncum commonly occurs in many fish species in the Northeast (NE) 
Atlantic. The parasite is considered non-pathogenic to humans. During spring and summer of 2018, lots of head- 
on eviscerated fresh NE Arctic cod (Gadus morhua) were shipped from Norway to Spain for commercialization. At 
arrival, the presence of lively roundworms (i.e. H. aduncum) in the transporting boxes was noticed. Consequently, 
fish lots were rejected causing substantial monetary losses to all involved parties. As part of the hazard assess
ment process, the epidemiology of H. aduncum in cod, NE Arctic saithe (Pollachius virens) and NE Arctic haddock 
(Melanogrammus aeglefinus) fished off West-Finnmark, Norway, was studied. Parasites were morphologically and 
molecularly identified to species level. Additionally, the viability of H. aduncum was assessed by simulating the 
conditions that prevail during transport of fresh cod to European market. The infection values of L4 larval stage 
or adult H. aduncum in the digestive tract of fish were highly variable, ranging from 100% prevalence with mean 
abundance (range) 238 (10–1092) in cod to 27% prevalence with mean abundance (range) 1 (0–22) in haddock. 
Fishing season was identified as most important explanatory factor for parasite abundance. Infection levels were 
higher during winter and early spring, and lower during late spring. Infection peaks of H. aduncum in the three 
fish species seemed to coincide with heavy predation on spawning capelin (Mallotus villosus) during winter and 
early spring. Thorough evisceration seems to remove most of the nematodes from the fish. However, parasites 
may remain hidden within the head cavities where they can stay alive and active under regular transport con
ditions for at least 14 days. Hysterothylacium aduncum can be completely removed from the product by evis
ceration, beheading and rinsing the fish prior to shipping. Alternatively, thorough cleaning or completely 
removal of the gills and pharynx may be considered.   

1. Introduction 

Parasitic nematodes commonly known as “kveis” in Norway, often 
occur in visceral organs and muscle of many Northeast (NE) Atlantic 
commercially important marine fish species, such as Atlantic cod (Gadus 
morhua), saithe (Pollachius virens) and haddock (Melanogrammus aegle
finus) (Bao et al., 2020; Gay et al., 2018; Levsen et al., 2018; Pierce et al., 
2018; Strømnes & Andersen, 1998). Nematodes of the family Anisakidae 
(Nematoda: Ascaridoidea), and particularly species of the genera Ani
sakis, Pseudoterranova and Contracaecum, are of medical and socioeco
nomic concern globally as they are the causative agents of a fish-borne 
zoonosis called anisakidosis (reviewed by Bao et al., 2019; Buchmann & 
Mehrdana, 2016; Eiras, Pavanelli, Takemoto, & Nawa, 2017; Mattiucci, 

Cipriani, Paoletti, Levsen, & Nascetti, 2017; Shamsi, 2014). 
Besides the presence of anisakids in fish, the occurrence of other 

ascaridoid nematode belonging to the family Raphidascarididae, i.e. 
Hysterothylacium aduncum is also very common (Klimpel & Rückert, 
2005). Hysterothylacium aduncum uses fish as final host, whilst Anisakis 
spp., Pseudoterranova spp. and Contracaecum spp. use cetaceans, seals 
and seals/fish-eating birds, respectively in their life cycle (Berland, 
2006). Small crustaceans serve as first intermediate hosts and fish serve 
as second intermediate or paratenic host for all the former species 
(Berland, 2006). Hysterothylacium aduncum inhabits the viscera of fish. 
The fourth larval stage (L4) and adults are located and reproduce within 
the digestive tract (i.e. stomach and intestine), whilst the third larval 
stage (L3) is commonly located on the internal organs such as pyloric 
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caeca (Berland, 1961, 1989bib_Berland_1961bib_Berland_1989). Since 
H. aduncum lives exclusively in cold-blooded organisms, it is not adapted 
to the conditions that prevail in the alimentary tract of mammals (Karl & 
Levsen, 2011). Thus, H. aduncum is commonly considered non-zoonotic 
(Cavallero et al., 2020). Nevertheless, H. aduncum can indeed heavily 
infect many fish species in NE Atlantic waters (Berland, 1961; Klimpel, 
Kleinertz, Hanel, & Rückert, 2007; Klimpel & Rückert, 2005), and the 
presence of larval or adult specimens may heavily reduce the aesthetical 
appeal of fish products, potentially causing socioeconomic problems to 
the fishing industry. 

During spring and summer of 2018, fish lots of NE Arctic cod (Gadus 
morhua) (hereinafter cod), called skrei in Norwegian, were sold from 
Norway to Spain. The distributor realized the presence of big and lively 
roundworms (which resulted to be H. aduncum) over the fish (i.e. head- 
on eviscerated fresh cod) and styrofoam boxes, as a consequence, the 
fishing lots were rejected. This special event with big volumes packed 
resulted in important monetary losses to all parties involved. 

This study aimed to investigate the current handling procedures 
during the cod value chain from sea to processing at land in order to help 
the industry to improve/develop better parasite preventive practices/ 
strategies. In addition, we aimed to study the epidemiology of 
H. aduncum in cod, NE Arctic saithe (Pollachius virens) (hereinafter 
saithe) and NE Arctic haddock (Melanogrammus aeglefinus) (hereinafter 
haddock) caught in different periods of the year with special focus on the 
infection levels and anatomical location of the parasite in the fish. The 
viability of the parasite kept in conditions that resemble those that occur 
during storage and transportation of fresh cod to European markets was 
also investigated. 

2. Materials and methods 

2.1. Fish sampling 

Fishes (i.e. cod (n = 76), saithe (n = 58) and haddock (n = 60)) were 
caught by professional fishermen using jigging, longline or Danish seine 
at Hjelmsøybanken (Barents Sea) from February to May 2019 (Table 1). 
Fishes were frozen after capture and sent to the lab facilities for para
sitological inspection. 

In addition, ten whole freshly landed cod were inspected for the 
presence of Hysterothylacium sp. at the factory. 

2.2. Parasitological sampling 

2.2.1. Necropsy 
Data on total length (TL), total weight (TW) and sex were recorded 

for each fish (Table 1). Skin, fins, mouth, pharynx and gills were visually 
inspected by naked eye for the presence of Hysterothylacium sp. The body 
cavity was opened to expose the internal organs. The digestive tract (i.e. 
stomach, pyloric caeca and intestine) was removed for later inspection. 
The stomach and intestine were opened to expose their content, and 
Hysterothylacium sp. inspection was carefully performed using forceps 
and a lamp by naked eye. After inspection, the whole digestive tract 
including the pyloric caeca was placed into a transparent plastic bag for 
further inspection of L3 Hysterothylacium sp. by UV-press method (de
tails at section 2.2.2). Fish fillets, liver and gonads were also inspected 
by the UV-press method. All parasites were counted, and their 
anatomical location reported (Table 1). Subsamples were morphologi
cally and molecularly identified by using molecular/genetic markers 
(details at section 2.3 and 2.4, respectively). 

2.2.2. UV-press 
The UV-press method utilizes the fluorescence of dead-by-freezing 

nematodes when exposed to UV-light (Pippy, 1970). For that, fish fil
lets and internal organs are placed in transparent plastic bags and flat
tened to 1–3 mm thin layers using a hydraulic press before UV-light 
exposure at 366 nm in a darkened room (Karl & Leinemann, 1993; Ta
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Levsen & Lunestad, 2010). Larval and adult Hysterothylacium sp. may be 
distinguished from other nematodes present in fish (i.e. Anisakis spp., 
Pseudoterranova spp. and Contracaecum spp.) by differences in shape as 
well as color, intensity and shade of fluorescence. 

2.3. Morphological identification 

Hysterothylacium sp. subsamples from all three fish species were 
identified to species level and to developmental stage (i.e. L4/adult or 
L3) by light microscopy using morphological characters such as pres
ence or absence of lips/boring tooth, intestinal caecum, ventricle, ven
tricular appendix, cuticle ornamentation and “cactus” tail, as well as the 
position of the excretory pore relative to the boring tooth (Berland, 
1961, 1989bib_Berland_1961bib_Berland_1989). The total length and 
sex (presence of caudal papillae and spicules in males) of adult Hyster
othylacium sp. from cod were recorded. 

2.4. Molecular identification 

Genomic DNA from Hysterothylacium sp. subsamples recovered from 
gills, skin, stomach and intestines of cod (n = 7), saithe (n = 6) and 
haddock (n = 4) was extracted using DNeasy Blood & Tissue kits (Qia
gen) according to the manufacturer’s instructions with few modifica
tions (i.e. DNA was eluted by adding 30 or 50 μl of buffer AE) and stored 
at − 20 ◦C prior to amplification. The DNA concentration and purity 
were measured using NanoDrop ND-1000 spectrophotometer (Thermo 
Fisher Scientific, USA). 

The internal transcribed spacers of nuclear ribosomal DNA (ITS 
rDNA) of the nematodes was amplified following procedures by Zhu, 
Gasser, Jacobs, Hung, and Chilton (2000). 

In addition, for amplifying the mitochondrial cytochrome c oxidase 
subunit II (cox2) gene, polymerase chain reaction (PCR) was performed 
using the primers 211F (5′-TTTTCTAGTTATATAGATTGRTTTYAT-3′) 
and 210R (5′-CACCAACTCTTAAAATTATC-3′) (Nadler & Hudspeth, 
2000). PCR was carried out according to the procedures provided by 
Mattiucci et al. (2014) with modifications. PCR reactions were subjected 
to the following cycle conditions: 94 ◦C for 5 min, followed by 35 cycles 
at 94 ◦C for 30 s, 55 ◦C for 60 s, 72 ◦C for 90 s, followed by 
post-amplification at 72 ◦C for 10 min. 

Purification and sequencing of PCR products were carried out by 
Eurofins (Cologne, Germany) using the same primers as the ones for the 
amplification. 

The sequences obtained at the ITS rDNA and mtDNA cox2 for the 
adult nematodes were searched for similarity using BLAST (Basic Local 
Alignment Search Tool) through web servers of the National Center for 
Biotechnology Information (USA) (Altschul, Gish, Miller, Myers, & 
Lipman, 1990). 

2.5. Infection parameters 

Basic infection parameters such as prevalence and mean abundance 
per infection site (digestive tract, pyloric caeca and overall) were 
calculated as described in Bush, Lafferty, Lotz, and Shostak (1997) 
(Table 1). When the nematodes occurred on the gills, mouth, pharynx 
and/or skin (an unnatural location), the following descriptors were 
used: positivity rate (percentage of the number of fish with at least 1 
parasite/total number of fishes sampled) and average (mean number of 
parasites in the sample) (Table 1). 

2.6. Statistical modelling 

Hysterothylacium sp. abundance in the digestive tract of cod, saithe 
and haddock was investigated for variation related to fish length and 
weight, sex and fishing season (categorized into mid-winter, late-winter, 
early-spring and late-spring). Generalized additive models (GAMs), 
allowing to model non-linear effects of explanatory variables, were 

fitted by backwards selection based on Akaike information criterion 
(AIC) values and significance of individual variable effects. Model as
sumptions were verified by plotting Pearson residuals versus fitted 
values, explanatory variables in the model and explanatory variables not 
in the model. Data exploration, model selection and model validation 
were carried out using R (R Core Team, 2018) following Zuur and Ieno 
(2016); Zuur, Ieno, and Elphick (2010); Zuur, Ieno, and Smith (2007). 

2.6.1. Cod 
Data exploration showed high correlation among TL, TW and season 

(correlation coefficients > 0.8). Variance inflation factors (VIFs) were 
used to assess which variables were highly related (Zuur et al., 2007). 
Backwards selection method to remove one variable with the highest 
value at a time was used. The process was repeated until VIF values were 
smaller than 3 (Zuur et al., 2010). Total weight (TW) was dropped in 
first place, followed by season. The first Poisson GAM including TL and 
sex as explanatory variables was overdispersed (ascaridoid abundance 
in fish is commonly overdispersed (Gay et al., 2018; Pascual, Rodríguez, 
Pierce, Hastie, & González, 2018; Pierce et al., 2018)), so negative 
binomial GAMs with log link function were fitted. 

2.6.2. Saithe 
Data exploration showed high correlation among TL and TW (cor

relation coefficients > 0.8). Total length (TL) was dropped from the 
model (variable with highest VIF value). Firstly, a Poisson GAM 
including TW, season and sex as explanatory variables was over
dispersed. A negative binomial GAM was fitted, but sex effect was non- 
significant, so it was dropped from the model. Model validation showed 
a highly influential observation (Cook’s distance >1). This observation 
corresponded to a very big saithe (e.g. four times the average TW) that 
was behaving as an outlier, so it was dropped from the final model. 

2.6.3. Haddock 
Like above, TL and TW were highly correlated, so TL was dropped 

from the model because it was the variable with highest VIF value. A 
Poisson GAM including TW, season and sex as explanatory variables was 
overdispersed. A negative binomial GAM was fitted, but TW and sex 
effect were non-significant, TW having the highest p-value, so it was 
dropped from the model. Model validation shown the presence of a 
highly influential observation (Cook’s distance >1). This observation 
corresponded to an average size haddock (TL = 51.5 cm, TW = 1.5 Kg) 
with high number of parasites (n = 82) caught in early spring that was 
behaving as an outlier, so it was dropped from the final model. 

2.7. Viability assessment 

Hundreds of Hysterothylacium sp. adults were recovered from cod (n 
= 10) recently caught and delivered at the fish factory. Living nema
todes were randomly obtained from the digestive tracts and placed in 
falcon tubes with freshwater. The nematodes were transported the 
following day to the lab facilities in Bergen (Norway), and they were 
transferred to petri dishes with physiological water and placed in a 
fridge at around 4–5 ◦C. Parasites showed vigorously movements until 
the viability assessment started (i.e. 6 days). The nematodes (n = 20) 
were placed on a Petri dish containing 100 ml of physiological water and 
their viability checked on a daily basis for 8 days. 

Nematode viability was assessed in accordance with CODEX stan
dard for salted herring and sprat (Codex Alimentarius, 2004). A nema
tode is considered viable when it is physically intact and motile, as 
demonstrated by spontaneous movements when stimulated mechani
cally with forceps (Codex Alimentarius, 2004; EFSA-BIOHAZ, 2010). 
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3. Results 

3.1. Morphological and molecular results 

Hysterothylacium sp. subsamples were morphologically assigned to 
adult/L4 or L3 of H. aduncum. Species identity was confirmed by 
sequence analysis of ITS rDNA and cox2 mtDNA genes. The ITS rDNA 
sequences obtained (n = 13) (908–943 bp; GenBank accession numbers 
MW131974 to MW131976) were identical and showed 100% identity 
with corresponding H. aduncum sequences previously deposited in 
GenBank. The mtDNA cox2 sequences obtained for 11 of the latter 
parasites plus 4 new (i.e. n = 15) (571 bp; GenBank accession numbers 
MW149060 to MW149074) showed 99.1–99.8% identity with se
quences of L3 H. aduncum from horse mackerel (Trachurus trachurus) 
caught in the Adriatic Sea (GenBank accession numbers JQ934891-93). 

3.2. Infection levels and sites 

Hysterothylacium aduncum was present in cod, saithe and haddock in 
all sampling periods. However, the level of infection varies with fish 
species, site of infection and season (Table 1). The highest infection 
levels were found in cod sampled at the factory in the middle of March, 
with 100% prevalence and 238 ± 337 mean abundance ± standard 
deviation (SD) in the digestive tract. 

The parasite varied considerably in length in cod, saithe and 
haddock. The average length ± SD (range) of H. aduncum adults (n =
287) from cod fished in February and March was 4.9 ± 1.3 cm (1.8–10.5 
cm). A total of 459 H. aduncum from cod were sexed, 323 (70%) females 
and 136 (30%) males of which 249 were also measured. The average 
length ± SD (range) was 5.3 ± 1.3 cm (1.8–10.5 cm) for females (n =
169) and 4.1 ± 0.8 cm (25–70 cm) for males (n = 80). 

Adults and L4 of H. aduncum were frequently found on the skin, 
mouth, pharynx, gills and within the stomach and intestine (Fig. 1, at 
supp. mat.), and L3 in the pyloric caeca of cod (L3 were yellowish in 
color when being exposed to UV light), saithe (Fig. 2, at supp. mat.) and 
haddock (Figure 3, at supp. mat.), occasionally in large numbers 
(Figure 4, at supp. mat.) (Table 1). Numerous H. aduncum were also 
frequently observed in fish stomachs where they wriggled around in 
newly eaten capelin (Mallotus villosus) (Figure 5 at supp. mat.). The 
parasite was absent from fillets. 

3.3. Factors associated with H. aduncum abundance in fish 

3.3.1. Cod 
Hysterothylacium aduncum numbers in cod followed a negative 

binomial distribution (theta = 0.861, dispersion statistic = 1.439) and 
the best final model included a significant positive linear effect of TL (p 
< 0.0001) and sex (p < 0.049) (Deviance explained (DE) = 35.1%, N =
76). Parasite abundance increased with TL (Fig. 1A) whilst females had 
higher abundance than males. Additionally, a negative binomial GAM 
including a) season and sex as covariates, and b) an interaction term 
between TL and season and sex as covariates were also fitted but did not 
improve the model (i.e. sex was not significant, data not shown). 

The final model was satisfactory in terms of absence of highly 
influential data points and of serious trends in residuals versus fitted 
values and explanatory variables (Figure 6, at supp. mat.). The visual 
representation of the model and numerical output can be observed at 
Fig. 2A and at Figure 7 at suppl. mat., respectively. 

In addition, the individual effect of season variable on H. aduncum 
abundance was analyzed. Higher parasite numbers were found in cod 
fished in mid-winter, followed by late-winter and the fewest in late- 
spring seasons (p < 0.0001). 

3.3.2. Saithe 
The final negative binomial model (theta = 3.133, dispersion sta

tistic = 0.952) of H. aduncum abundance in saithe included an effect of 

TW (p < 0.003) and season (p < 0.0001) (DE = 59.9%, N = 57). Parasite 
abundance increased with TW in fish up to around 1.7 kg, then remains 
stable up to around 2 kg, and decreased after that (Fig. 1B). There were 
higher number of parasites in early spring compare to late spring. A 

Fig. 1. GAM smoothing curves showing the partial effect of fish total length 
(TL) and total weight (TW) on Hysterothylacium aduncum abundance in the 
digestive tract of A) cod and B) saithe, respectively. The x-axes show the values 
of TL or TW (vertical lines), and the y-axes the contribution of to the smoother 
to the fitted values. The solid line is the smoother and the dashed lines 95% 
confidence bands. The notations s (TL, 1.57) and s (TW, 2.96) means that the 
smoothers are applied on TL and TW and cross-validation is used to estimate the 
optimal amount of smoothing. The little vertical lines along the x-axes indicate 
the TL or TW values of the observations. 
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negative binomial GAM including the interaction between TW and 
season did not improve the model (i.e. highest AIC, data not shown). 

Model validation indicated no problems (Figure 8, at supp. mat.). 
The visual representation of the model and numerical output can be 
observed at Fig. 2B and at Figure 9 at suppl. mat., respectively. 

3.3.3. Haddock 
The final negative binomial model (theta = 3.365, dispersion sta

tistic = 0.945) of H. aduncum abundance in saithe included an effect of 
season (p < 0.0001) and sex (p = 0.0002) (DE = 42%, N = 59). Females 
had a higher abundance, and the abundance was higher in early spring 
compared to late spring. Model validation indicated no problems 
(Figure 10 at supp. mat.). The numerical output of the model can be 
observed at Figure 11 at supp. mat. 

3.4. Viability assessments 

Hysterothylacium aduncum (n = 20) that were checked on a daily 
basis were viable after 8 days in a refrigerator (14 days since capture). In 
fact, many H. aduncum left unattended in petri dishes with physiological 
water were still alive after two months of cool storage in the fridge. 

4. Discussion 

4.1. Hysterothylacium aduncum biological aspects 

In the present study, morphological and molecular results based on 
the ITS rDNA and cox2 mtDNA genes identified H. aduncum as the 
parasite species infecting cod, saithe and haddock from Northern Nor
way. The cox2 mtDNA sequences obtained represent the first sequences 
of H. aduncum adults from NE Atlantic waters available at GenBank so 
far. 

The life cycle of H. aduncum occurs in the marine ecosystem and 
includes predatory fishes, such as gadoids, as final hosts, where adults 
reproduce within the digestive tract (L4 larvae may be also present) and 
die (Berland, 1961; Køie, 1993). Third stage larvae (L3) are known to 
occur in small crustaceans such as copepods and euphausiids (interme
diate hosts) (reviewed by Busch, Kuhn, Münster, and Klimpel (2012)) 
and also in the viscera (especially pylorus) of fishes (reviewed by Ber
land (1961; 2006)). It appears that small planktivorous pelagic fishes (e. 
g. capelin, sprat, Atlantic herring (Clupea harengus), etc.) foraging on 
infected invertebrates may serve as second intermediate or transport 
hosts, even though they can also act as final hosts since small adult 
specimens may also be present (Dessier et al., 2016; Klimpel et al., 2007; 
Levsen, Paoletti, Cipriani, Nascetti, & Mattiucci, 2016; Tolonen & 
Karlsbakk, 2003). The fact that H. aduncum may use an enormous 

diversity of benthic/pelagic invertebrate and fish hosts makes this 
parasite one of the most abundant and ubiquitous ascaridoid parasite of 
NE Atlantic waters, including the Barents Sea. 

4.2. Hysterothylacium aduncum in cod from the Barents Sea 

The presence of parasitic nematodes in fish has been known for 
centuries to fishermen and coastal people of Norway (Berland, 2006). In 
the 1950s, Bjørn Berland studied and described the morphology of the 
most common ascaridoids of marine fishes from Norway, including 
H. aduncum (Berland, 1961). In addition, Soleim and Berland (1981) 
used H. aduncum recovered from the digestive tract of cod and haddock 
from the Barents Sea for morphological studies. Since then, the occur
rence of H. aduncum in cod fished in Norway has been documented in a 
number of studies: in cod from the Oslofjord (Andersen, 1993), Balsfjord 
(Hemmingsen, Halvorsen, & MacKenzie, 2000), Trondheimsfjord (Per
diguero-Alonso, Montero, Raga, & Kostadinova, 2008) and Øksfjord 
(Heuch et al., 2011). In addition, the presence of Hysterothylacium sp. in 
cod from Altafjord (Hemmingsen, Lysne, Eidnes, & Skorping, 1993) and 
Barents Sea (Gay et al., 2018) has been reported. 

Recently, Najda, Kijewska, Kijewski, Plauška, and Rokicki (2018) 
reported 100% prevalence with mean abundance 51 of H. aduncum in 
cod (n = 7) fished in the Barents Sea (precisely, somewhere in between 
Svalbard and Bear Island) in October/November of 2011. Two master 
thesis carried out at the University of Tromsø reported the presence of 
morphologically identified H. aduncum in cod from the Barents Sea 
captured in February of 2015 (Alvestad, 2017) and May, June and 
September of 2015 (Løvland, 2017). In particular, (Løvland, 2017) 
inspected the whole digestive tract of cod (n = 26, mean body weight of 
2 Kg) for H. aduncum reporting 85% prevalence with mean abundance 
34. In here, we reported 81%–100% prevalence with mean abundance 
ranging from 9 to 238 of H. aduncum. It appears that H. aduncum 
prevalence remains high and that mean abundance can be very variable 
(further discussion below). 

4.3. Why has the industry faced this parasite-related quality issue 
precisely now? 

Hysterothylacium aduncum can be found parasitizing cod, saithe and 
haddock in the Barents Sea. But, why has recently the industry 
encountered with the “H. aduncum problem”? It appears that all started 
when head-on cod were sent to Spain in 2018. During fishing, some 
fishes may vomit or eject the stomach due to stress or differences in body 
pressure while ascending to the surface from the deep. By this phe
nomenon, the parasite that inhabits the digestive tract of the fish, can be 
transferred immediately from the stomach to the head cavities. This 

Fig. 2. Model fit of the negative binomial GAM for cod (A) and saithe (B).  
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implies that, even though the common evisceration practices carried out 
by the industry will remove most of the H. aduncum present in the fish, a 
number of nematodes (ranging from 0 to 58) may remain hidden in the 
head cavities. Eventually, H. aduncum can crawl out from there to the 
body surface and styrofoam boxes during transportation, hence being 
alive and visible at destination point. Hysterothylacium aduncum can 
grow quite big, and this clearly shows its potential to cause client/ 
consumer rejection if present in the final product (Figure 12 at supp. 
mat.). 

It cannot be discarded that, in addition, there has been an increase in 
the infection levels of H. aduncum in cod in recent years; especially 
considering the very high infection values observed in February and 
March (Table 1). However, due to lack of comparable historical data this 
cannot be tested. In relation to this, it has been suggested an increasing 
abundance of Atlantic copepods (e.g. Calanus finmarchicus) and eu
phausiids (Thysanoessa inermis and Meganyctiphanes norvegica) in west
ern Barents sea over the last decades probably linked to increased water 
temperatures (Aarflot, Skjoldal, Dalpadado, & Skern-Mauritzen, 2018; 
Dalpadado & Mowbray, 2013; Eriksen et al., 2016). These crustaceans 
are known to be most important prey for capelin (Dalpadado & Mow
bray, 2013) and potential intermediate hosts of H. aduncum (reviewed 
by Busch et al. (2012). 

4.4. Factors explaining H. aduncum abundance in cod, saithe and 
haddock 

Results suggest that season is the most important variable explaining 
the abundance of H. aduncum in cod, saithe and haddock. For cod, 
season and fish size were correlated (i.e. bigger cod in winter and 
smaller in summer) and this makes not possible to determine which 
variable is the most important explaining the abundance of H. aduncum 
in this fish species (in fact, the best final model included effects of TL and 
sex). However, when accounting for the individual effect of season on 
H. aduncum abundance, they were found to be highly significantly 
related. Interestingly, the former variables (i.e. season and fish size) 
were significantly correlated for saithe but not for haddock (data not 
shown). The best final models for these species included highly signifi
cant effects of season. It appears then, that season is the most important 
variable explaining the parasite abundance in these three gadoids, 
having higher number of parasites soon in the year (i.e. “mid and late 
winter” and “early spring”) and lower in “late spring”. 

The seasonal variation in infection levels may be explained by the 
biology of H. aduncum, and by the trophic relationships and migration 
patterns of its hosts. The three gadoids appear to have similar migration 
behavior from oceanic regions of the Barents Sea to southern spawning 
grounds near the northern Norwegian coast (particularly important is 
the Lofoten/Vesterålen area) in winter/spring (reviewed by Bergstad, 
Jørgensen, & Dragesund, 1987; Olsen et al., 2010). Similarly, capelin 
spends its whole life cycle in the Barents Sea, but performs extensive 
seasonal migration (reviewed by Gjøsæter, 1998). During winter and 
early spring, capelin starts its spawning migration towards the coast of 
northern Norway and Russia, while during summer and autumn feeding 
occur in the central and northern Barents Sea (see reviews by Gjøsæter, 
1998; Gjøsæter, Hallfredsson, Mikkelsen, Bogstad, & Pedersen, 2016). 

In addition, cod, saithe and haddock show clear seasonality in their 
prey selection, feeding extensively on spawning concentrations of 
capelin during winter and spring, and feeding capelin near the polar 
front in summer (reviewed by Bergstad et al., 1987; Olsen et al., 2010). 
In particular, the three gadoids predate intensively on spawning capelin 
along the coast of Finnmark, constituting 97%, 96% and 87% of the 
stomach biomass in cod, saithe and haddock, respectively (Bogetveit, 
Slotte, & Johannessen, 2008). This trophic link and overlapping distri
bution is particularly strong between cod and capelin (Fall, Ciannelli, 
Skaret, & Johannesen, 2018; Johannesen, Johansen, & Korsbrekke, 
2016). In general, saithe and cod are more piscivorous with cod having a 
more diverse benthic diet, and haddock being mainly a benthic feeder 

with crustaceans and echinoderms composing the major part of its diet 
(Bogetveit et al., 2008; Jiang & Jørgensen, 1996). Shrimps (i.e. Pandalus 
borealis) can be also an important prey throughout the year, as well as 
euphausiids that may be highly predated by cod and haddock during 
summer (reviewed by Bergstad et al., 1987) and can be important food 
components for saithe (Mironova, 1961). 

Thus, it appears that these gadoids will acquire most of H. aduncum 
through intensive predation on capelin in the first quarter of the year, as 
capelin is known to be a host for this parasite (Levsen et al., 2016). 
Hysterothylacium aduncum behave as a short-lived parasite when living 
as adults in the fish digestive tract. Hence, we hypothesize that after a 
peak of H. aduncum infection from “mid-winter” to “early spring”, the 
parasite will reproduce and disappear from the fish gut before “late 
spring”. 

Interestingly, female cod had higher abundance of H. aduncum than 
males (just weakly significant), and especially in haddock (highly sig
nificant). This might be related to temporary differences in feeding 
habits, habitat distribution or migration routes between sexes of both 
species (particularly haddock). 

4.5. Viability assessments and zoonotic aspects 

Hysterothylacium aduncum has shown great potential to cause mon
etary losses to the Norwegian-Spanish cod industry. Many parasites 
were found alive and moving over the cod and boxes when the fish 
arrived at destination point in Spain, and the fish lots were immediately 
rejected. In this sense, we have provided further evidence that 
H. aduncum can survive for at least 14 days in a wet and cold environ
ment (i.e. in physiological water and in fridge). 

Hysterothylacium aduncum is a parasite of cold-blooded organisms 
and is generally considered non-zoonotic, however, this aspect is not 
fully understood and remains controversial (Cavallero et al., 2020; 
Shamsi, Steller, & Chen, 2018). The parasite was reported as causative 
agent of human infection twice to date (González-Amores, 
Clavijo-Frutos, Salas-Casanova, & Alcain-Martínez, 2015; Yagi et al., 
1996). However, these studies lack a confirmatory molecular identifi
cation of the nematode, so diagnosis remains open to doubt. 

In addition, H. aduncum share common antigens (and possibly has 
species-specific antigens) with anisakids (e.g. A. simplex s.l.) responsible 
of allergic responses in humans, and therefore, it may potentially be 
involved in the allergic reactions presented by some sensitized patients 
following fish consumption (Fernández-Caldas et al., 1998; Lozano 
Maldonado et al., 2004; Valero, Terrados, Díaz, Reguera, & Lozano, 
2003). 

4.6. Fish handling recommendation to the industry 

Head-on eviscerated cod have been sent cooled from Norway to 
Spain in styrofoam boxes, which resulted in the present parasite-related 
fish quality issue with important economic losses for all involved parties. 
Since the parasite can remain hidden in the head cavities of the fish, and 
afterwards crawl out from there to the fish surface and/or transport 
boxes, it would be recommended to eviscerate the fish as soon as 
possible, cut off the fish head and rinse carefully the fish body in order to 
eliminate the parasite from the fishery product. Alternatively, apart 
from evisceration and rinse, a thorough cleaning and completely 
removal of the head cavities (i.e. the gill/pharynx region) may be 
considered, particularly during the off-peak H. aduncum season (i.e. 
“late spring”). 

5. Conclusions 

The fish parasitic nematode H. aduncum can be very abundant within 
the digestive tract of cod, saithe and haddock, however it is not present 
in the fillets. “Season” (strongly related to fish migration and diet) ap
pears to be the most important factor explaining the abundance of 
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H. aduncum in these gadoid species, with more parasites during winter 
and early spring and less during late spring. It is hypothesized that fishes 
acquire the highest infection levels of H. aduncum through predation of 
spawning capelin during winter/spring in northern Norway. The para
site can survive for long periods in cold and humid conditions, and 
therefore being lively (if present in the fish lots) and actively moving 
when arriving at destination point. Hysterothylacium aduncum can be 
eliminated if fishes are eviscerated, beheaded and rinsed carefully at 
plants. Alternatively, apart from evisceration and flushing with water 
the fish body, a thorough cleaning and completely removal of the head 
cavities (i.e. the gill/pharynx region) may be considered. 
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