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Abstract 16 

Haddock and whiting are two species of the family Gadidae that are exploited by fisheries 17 
mainly in European waters, the former being one of the most important seafood resources in 18 
Scotland (UK). The present study aimed to quantify prevalence, abundance and intensity of 19 
infection of the zoonotic parasite Anisakis spp. and other ascaridoid nematodes in these fish 20 
as part of a study on the risk to consumers. Fish were sourced from research trawling 21 
surveys during 2013-2015, aiming to cover a range of size-classes and different times of 22 
year. Samples were obtained from the North Sea, west coast of Scotland and the Barents 23 
Sea. Fish were stored frozen prior to separation of viscera and fillets and the use of pressing 24 
and UV visualisation to locate, identify and count Anisakis spp. and other ascaridoids in 25 
fillets (divided into 8 parts), liver and other viscera. A subsample of Anisakis spp. collected 26 
from haddock were identified genetically by means of two diagnostic markers (mtDNA cox2 27 
and EF1 α-1 nuclear DNA), and all were identified as A. simplex (s. s.). 28 

Both fish species showed moderate to high infection levels with Anisakis spp. (likely A. 29 
simplex (s. s.)) in the visceral organs and cavity, and rather low infection in the musculature. 30 
Those A. simplex (s. s.) larvae present in the musculature were mostly found in the anterior 31 
ventral area. In both fish species, the infection rate increased with fish length and in haddock 32 
a negative relationship was observed between Anisakis spp. numbers in muscle and body 33 
condition.  34 

From our sampling of Anisakis spp. in fish muscle, in Scotland, whiting presents a greater 35 
human health risk than haddock in Scotland. The risk arising from consumption of haddock 36 
from the Barents Sea (with 72% prevalence of Anisakis) is markedly higher, although in all 37 
cases the risk of infection in humans can be minimised if fish are frozen or adequately 38 
cooked prior to consumption. We present previously unpublished information on reported 39 
cases of anisakiasis in the United Kingdom during 2000-2013, which included 4 cases from 40 
Scotland among 22 overall. While these findings suggest that anisakiasis is relatively rare in 41 
the UK, underreporting is likely and further investigation of the incidence of anisakiasis is 42 
needed.  43 
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Introduction 48 

Haddock (Melanogramus aeglefinus L.) and whiting (Merlangius merlangus L.) are 49 
commercially important gadid species, widely distributed in the Northeast Atlantic. Haddock 50 
is the most important whitefish species for the Scottish fishing industry as well as being “the 51 
traditional whitefish of choice in Scotland” (Seafood Scotland, 2012) while whiting was not 52 
widely valued until the late 20th century, coinciding with low abundance of the heavily fished 53 
cod stocks. Most stocks of these two species are currently heavily exploited. During the past 54 
decade, annual catches of 30,000–35,000t of haddock and 8,000–12,000t of whiting (valued 55 
at £35–50 million and £8–12 million, respectively) were reported for UK waters (Marine 56 
Management Organization, 2015).   57 

Haddock is especially abundant in the North Sea and adjacent waters but its range extends 58 
to Iceland, Barents Sea, Iberian Peninsula, Azores, Greenland, Canada and northeastern 59 
USA. It is a medium-large demersal (bottom living) gadid, typically found at depths of 40–60 
300 m, with juveniles preferring shallower, inshore waters. Adult fish can attain a maximum 61 
size of 110 cm L and 16 kg W. Haddock can live for 14 years, although ages >9 years are 62 
rarely reported (Cohen et al., 1990), and mature at 4–5 years (30 cm L). Spawning occurs 63 
annually, over gravel substrates at 6–8 oC, with the fertilised eggs becoming buoyant and 64 
developing as they drift in the water column (Bigelow and Schroeder, 1953). Haddock feeds 65 
primarily on small benthic invertebrates (worms, echinoderms, crustaceans and molluscs), 66 
although very large individuals may consume other small fish (e.g. sand eels and capelin) 67 
(Cohen et al., 1990; Jiang and Jørgensen, 1996; Waterman, 2001).   68 

Whiting is most abundant in shelf waters around the UK but its distribution extends to the 69 
Norwegian Atlantic coast, Baltic Sea, Iceland, Iberian Peninsula, northern Mediterranean 70 
and Black Sea. A medium-sized benthopelagic gadid, it is most commonly found in 71 
shallower waters, at depths of 20–100 m. Immature fish are found very close to the shore 72 
(5–30 m) while larger juveniles and adults are usually found in deeper waters, over muddy 73 
and sandy bottoms (Cooper, 1983; Gerritsen et al., 2003). Adult fish can attain a maximum 74 
size of 70 cm L and 3 kg W (Cohen et al., 1990). Whiting mature at 2 years (25 cm L) 75 
(Cooper, 1983) and spawning occurs annually, over soft (mud-sand) substrates (Wheeler, 76 
1969). The spawning period varies with latitude, typically occurring during April to September 77 
in UK waters (Hislop et al., 1991). Whiting is an active predator, feeding on many small fish 78 
and invertebrate species, including juveniles of commercially important fish species as well 79 
as shrimps, crabs, molluscs, polychaetes and cephalopods). Larger whiting feed mainly on 80 
fish (Cohen et al., 1990; Hislop et al., 1991). 81 

Anisakid nematodes of the genera Anisakis, Pseudoterranova and Contracaecum are 82 
roundworms that parasitize marine mammals and fish-eating birds as final hosts. They are 83 
characterised by complex life cycles, with their larval stages commonly found in many small 84 
crustacean, cephalopod and fish species which serve as intermediate or paratenic 85 
(transport) hosts in the marine ecosystem (Mattiucci and Nascetti, 2008; Klimpel and Palm, 86 
2011). The third-stage (L3) larvae of these anisakids are commonly found in gadid fish in 87 
North Atlantic and Mediterranean waters (Rae, 1963; 1972; Wootten and Waddell, 1977; 88 
Wootten, 1978; Smith, 1984; Piccolo et al., 1999; Hemmingsen et al., 2000; Karl et al., 2002; 89 
Mattiucci and Nascetti, 2008; Skov et al., 2009; Mladineo and Poljak, 2014; Horbowy et al., 90 
2016; Cipriani et al., 2017a, this issue; Gay et al. 2017, this issue).  91 
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These anisakids are known to be of zoonotic importance. While most larval anisakids appear 92 
to remain in the fish host’s visceral organs, some may migrate into the flesh, and may thus 93 
infect humans who consume raw or lightly cooked fillets (or small whole fish). Infection with 94 
live zoonotic anisakids exposes humans to the risk of developing the disease called 95 
anisakidosis (also known as anisakiasis when caused by Anisakis spp.) (Chai et al., 2005; 96 
Mattiucci and Nascetti, 2008; Audicana and Kennedy, 2008; EFSA-BIOHAZ, 2010; 97 
Hochberg and Hamer, 2010; Mattiucci et al., 2011, 2013, 2017a, b).  98 

Anisakiasis is considered to be an emerging disease of worldwide concern (McCarthy and 99 
Moore, 2000; EFSA-BIOHAZ, 2010; Mattiucci and D’Amelio, 2014). Historically, Japan had 100 
the highest reported incidence of anisakiasis, up to around 3,000 cases per year (Audicana 101 
et al., 2002; Yorimitsu et al., 2013), as compared with approximately 500 cases in Europe 102 
and 70 cases in the United States (Arizono et al., 2012). However, it was recently estimated 103 
that around 8,000 anisakiasis cases per year in Spain could arise from consumption of raw 104 
and marinated anchovy meals, suggesting that anisakiasis is routinely underreported and 105 
underdiagnosed (Bao et al., 2017a). Anisakis spp. can also cause allergic responses in 106 
humans (Audicana and Kennedy, 2008; EFSA-BIOHAZ, 2010; Nieuwenhuizen and Lopata, 107 
2014; Nieuwenhuizen, 2016; Mattiucci et al., 2013, 2017c). 108 

While infected fish tissue may be made safe for consumption by freezing or cooking  (EFSA-109 
BIOHAZ, 2010), serious allergic reactions to Anisakis spp. antigens have been reported 110 
even after these processes have been applied, (Audicana et al., 2002; Audicana and 111 
Kennedy, 2008). The potential human health hazards associated with anisakid infestation, 112 
combined with the aesthetically unappealing appearance of large numbers of nematodes in 113 
fish fillets, represent a serious concern for consumers, food safety authorities and the fishing 114 
and food industries (D’amico et al., 2014; Llarena-Reino et al., 2015;  Bao et al., this issue).  115 

In the United Kingdom, few reports of anisakiasis have been published. Anisakiasis first 116 
seems to have attracted attention in 1985, when at least two cases were described (Lewis 117 
and Shore 1985; Lucas et al. 1985). Kark and McAlpine (1994) mention that anisakiasis 118 
cases have been recorded in the UK but we were unable to find any recent published data.  119 

Anisakids are thought to be widely, albeit patchily, distributed in host fish populations in most 120 
geographic areas. To date, nine species of Anisakis have been described, including three 121 
sibling species of the A. simplex complex (A. simplex (s. s.), A. pegreffii and A. berlandi), of 122 
which A. simplex (s.s.) and A. pegrefii are known to be associated with anisakiasis. Anisakis 123 
simplex (s. s.) is the predominant species in the Northeast Atlantic, North Sea and adjacent 124 
waters (Mattiucci and Nascetti, 2008; Kuhn et al., 2011; Mattiucci et al., 2014, 2017a). 125 

There have been relatively few previous studies on the occurrence of anisakids in haddock 126 
and whiting in the Northeast Atlantic, most of which examined only a small number of 127 
specimens (Elarifi, 1982; Piccolo et al., 1999; Karl et al., 2002; Skov et al., 2009). Smith 128 
(1984) reported differing average abundances of Anisakis simplex (s. l.) in whiting over two 129 
years off northern Scotland (averages of 18 and 114 worms in 1978 and 1979 respectively). 130 
Klimpel and Rückert (2005) reported Hysterothylacium aduncum in samples of haddock and 131 
whiting from the North Sea. In a wider study, Wootten (1978) recorded the occurrence of 132 
Anisakis spp., Contracaecum spp. and Hysterothylacium spp. in various fish species from 133 
the North Sea, including whiting and haddock. Prevalences and abundances of all nematode 134 
genera were higher in larger fish, reaching 100% infection in larger haddock (although mean 135 
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worm burdens never reached double figures). While Anisakis spp. and Hysterothylacium 136 
spp. were found in all samples of haddock and whiting, Contracaecum spp. was recorded 137 
only in whiting from the northern North Sea.  138 

The aim of the present study was to analyse available data on the distribution and infection 139 
levels of anisakids in samples of haddock and whiting from EU waters. Our samples came 140 
from waters off Scotland (UK) and (in the case of haddock) the Barents Sea, important 141 
fishing areas for these species. We have also investigated biological and environmental 142 
factors influencing the Anisakis spp. presence and abundance in the fish sampled. Since no 143 
recent published data are available on the incidence of anisakiasis in Scotland or the rest of 144 
the UK, we also summarise available recent information on this zoonosis. Results will help 145 
inform fishery managers and consumers and facilitate assessment of associated health 146 
risks. 147 

Methods 148 

Data collection, screening, exploration and identification 149 
 150 
Data sets on nematode parasites in haddock and whiting in the Northeast Atlantic were 151 
collected as part of the EU FP7 PARASITE project (GA no. 312068), which focused on the 152 
major commercial seafood species and their most important parasites. Samples of haddock 153 
and whiting were collected from a commercial freeze trawler in the Barents Sea (ICES Area 154 
I; haddock only, N=150) and from research vessel (RV) surveys of the North Sea (Area IVa, 155 
N=115) and West of Scotland (Area VIa, N=176). All samples were collected in 2013 and 156 
2014. Captured fish were immediately frozen on-board and later transferred to the 157 
laboratory, where they were later thawed, measured and examined for nematodes.  158 

The thawed fish were first examined externally and measured, and then filleted. The viscera 159 
and left and right (side) fillets were separated and placed in large polythene (fish) bags for 160 
pressing. Each pressed fillet was sub-divided into four approximately equally sized parts 161 
(anterior dorsal, posterior dorsal, anterior ventral (belly flap), posterior ventral), by marking 162 
the outside of the bag with horizontal and a vertical lines, bisecting the fillet, with a marker 163 
pen. Worms were then counted separately in each fillet sub-division. The digestive system, 164 
liver and gonads were also separated prior to pressing, and separate counts of worms were 165 
obtained for the different visceral components. 166 

The UV/press-method (Karl and Leinemann, 1993) is increasingly used for the systematic 167 
detection of nematode larvae in fish flesh, especially in large-scale scientific surveys (Levsen 168 
and Lunestad, 2010; Levsen and Karl, 2014; Klapper et al., 2015; Cipriani et al., 2016; 169 
Levsen et al., 2016, this issue). The method makes use of the fluorescence of frozen 170 
anisakid larvae (Pippy, 1970) and is based on visual inspection of flattened/ or pressed and 171 
subsequently deep-frozen fish fillets or viscera under UV-light. A modification of this 172 
technique was used, as follows: samples were stored frozen prior to analysis; after thawing, 173 
a hydraulic press was used to flatten the fillets and visceral organs of dissected fish before 174 
examination under UV light; the viscera were also visually inspected for ascaridoids by the 175 
candling technique (i.e. shining a bright light through the viscera placed on a table, in a 176 
darkened room). The study was focussed on the zoonotic anisakids, mainly Anisakis spp., 177 
but also recorded other anisakids such as Pseudoterranova spp. and Contracaecum spp., 178 
and the raphidascarid Hysterothylacium spp. All data sets were screened for errors and any 179 
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apparent errors checked with sources and corrected if appropriate. In addition to data on 180 
individual fish sampled, we generated aggregated data at relevant spatial and temporal 181 
scales for the North Atlantic (ICES subdivisions) and season. Finer resolutions were used 182 
when possible. 183 

For each fish specimen, the following data were recorded: sex, maturity, total length (TL, 184 
mm), total weight (TW, g), liver and gonad weights (g), and total numbers of nematodes of 185 
each genus in viscera (gut, liver, gonads) and muscle tissue (fillets, belly flaps). Full data 186 
were available for only 100 of the 150 Barents Sea samples. In the remaining 50, nematodes 187 
in the viscera were not recorded. 188 

Subsamples of ascaridoids (up to 10 per fish) collected from haddock and whiting were 189 
preserved in 4% buffered formalin and/or 70% ethanol and later examined microscopically to 190 
confirm identification, referring to published descriptions by Smith and Wootten (1984a, b) 191 
and Berland (1991). Some nematodes were cleared in lactophenol to facilitate observation of 192 
internal diagnostic features. During processing of the fish, several nematodes were collected 193 
from 32 haddock and 18 whiting, Ethanol-preserved, and then shipped for species 194 
identification, based on genetic/molecular markers, to the laboratory at the Section of 195 
Parasitology (Sapienza-University) in Rome, Italy. Due to a combination of loss of some 196 
material in transport and poor preservation in some samples, DNA extraction was finally 197 
limited to 42 Anisakis spp. from 13 haddock, of which only 22 Anisakis from 8 fish specimens 198 
(all collected in February 2013) were successfully identified to species level. For specific 199 
identification, a multi-marker nuclear genotyping approach was applied: sequence analysis 200 
of the mitochondrial cox2 (mtDNA cox2) and elongation factor EF1 α-1 nuclear DNA gene 201 
loci (Mattiucci et al., 2016). 202 

The total DNA was extracted using the CTAB method as described by Mattiucci et al. (2014). 203 
Thus, the mitochondrial cytochrome c oxidase subunit II (cox2) gene was amplified using the 204 

primers 211F (5′-TTTTCTAGTTATATAGATTGRTTYAT-3′) and 210R (5′-205 

CACCAACTCTTAAAATTATC-3′) spanning the mtDNA nucleotide position 10,639-11,248, 206 

as defined for Ascaris suum [GenBank X54253]. The PCR conditions followed those 207 
reported by Mattiucci et al. (2014). The sequences obtained were compared with those 208 
previously published in GenBank for A. simplex (s. s.) (DQ116426), A. pegreffii (JQ900761), 209 
A. berlandi (KC809999), A. typica (DQ116427), A. ziphidarum (DQ116430), A. nascettii 210 
(FJ685642), A. physeteris (DQ116432), A. brevispiculata (DQ116433) and A. paggiae 211 
(DQ116434).  212 

The elongation factor (EF1 α-1 nDNA) nuclear gene was amplified using the primers EF-F (5213 

′-TCCTCAAGCGTTGTTATCTGTT-3′) and EF-R (5′- AGTTTTGCCACTAGCGGTTCC-214 

3′) according to Mattiucci et al. (2016). The PCR conditions followed those described by 215 

Mattiucci et al. (2016). The sequences obtained at the EF1 α-1 nDNA gene were compared 216 
with those previously obtained from A. pegreffii (KT825684) and A. simplex (s. s.) 217 
(KT825685) (Mattiucci et al., 2016).  218 

Information on the incidence of anisakiasis 219 

Information on the number of anisakiasis cases (patients recorded as seropositive for 220 
Anisakis) reported in the United Kingdom was provided (in 2014) by staff at the Scottish 221 
Parasite Diagnostic and Reference Section at Scottish Microbiology Reference Laboratories, 222 
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Glasgow, and covered the period 2000-2013. A similar request was made to staff at the 223 
Royal College of General Practitioners Research and Surveillance Centre who indicated that 224 
there were no recorded cases of seafood-related parasitism. 225 
 226 
Descriptive statistics 227 
  228 
Summary statistics were computed for several quantitative descriptors of haddock and 229 
whiting biometrics (TL, TW) and nematode parasite infection (prevalence, abundance and 230 
intensity (i.e. abundance in infected fish), following Bush et al., 1997). Descriptors of parasite 231 
prevalence were derived for muscle, viscera and for muscle and viscera combined. 232 
 233 
Given that the statistical distribution of numbers of anisakids present in individual fish tends 234 
to be skewed, approximating to a Poisson or negative binomial distribution, statistical 235 
comparisons of numbers of worms in different parts of the fish (dorsal vs ventral, anterior vs 236 
posterior, left vs right) were carried out by first extracting the subset of fish with Anisakis spp. 237 
in their muscle, then calculating the difference between the numbers of worms in, say, left 238 
and right for each fish and applying a Wilcoxon one sample signed rank test. We used a 239 
similar approach to compare abundance of Anisakis spp. in liver and other viscera in both 240 
species. Descriptive statistics and Wilcoxon tests were completed using Minitab 17 (Minitab 241 
Inc). 242 
 243 
Statistical models for parasite distribution and abundance. 244 
 245 
Anisakis spp. presence and abundance in haddock and whiting was analysed for variation 246 
related to length, body condition, sex, area and season. A Generalised Additive Modelling 247 
(GAM) framework was used (Zuur et al., 2007, 2010), allowing us model non-linear effects of 248 
several explanatory variables. Data exploration, model fitting and model validation followed 249 
standard procedures (Zuur et al., 2007, 2010; Zuur and Ieno, 2016) using R and BRODGAR 250 
(Highland Statistics Ltd).  251 

Presence was modelled using binomial GAM. For abundance, we first tried Poisson GAM 252 
and if abundance proved to be overdispersed we used negative binomial GAM. The 253 
explanatory variables considered in the models were: total length and sex of the fish, a 254 
condition index, month and sampling area (i.e. ICES subdivision, I, IV or VI). Total weight, 255 
maturity and gonad weight were not included in the analysis due to their strong correlation 256 
with fish length. Length, condition and month were treated as continuous variables and their 257 
effects fitted as smoothers. Note that technically month is a circular variable but since we did 258 
not have data for every month (and none in December) we treated it as an ordinary 259 
continuous variable. Sex and area were included as categorical variables. GAMs were fitted 260 
by backwards selection. Information on sex was available for relatively few of the sampled 261 
whiting and was dropped from the whiting models to avoid substantial reductions in sample 262 
size. Although sampling took place over two years, sampling intensity was insufficient to 263 
consider year and seasonal effects simultaneously in the model and we therefore excluded 264 
year as a factor. Thus any seasonal variation suggested by the models should be interpreted 265 
with caution as it could be a combination of seasonal and year-to-year variation. 266 

We initially calculated a body condition index using the relative condition factor developed by 267 
Le Cren (1951). To test its validity, we investigated area-, month- and sex-related variation in 268 
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the length-weight relationships in haddock and whiting, fitting a Gaussian GAM to logged TW 269 
data, with log TL, area, month and sex as explanatory variables. A seasonal pattern in the 270 
condition index is likely, at least in older fish, in relation to maturity state. Both haddock and 271 
whiting spawn mainly in spring and early summer. We finally used residuals from this model 272 
as a condition index (i.e. weight, controlled for length and adjusted for area-, month- and 273 
sex-related differences). 274 

Presence and abundance of other nematode genera were markedly lower (see results) and 275 
no statistical modelling was carried out. Correlations between fish length and numbers of the 276 
other genera were assessed using Spearman’s rho (In Minitab). 277 

Results 278 

Fish sampled and length-weight relationships 279 

The average sizes of haddock sampled varied markedly between areas, the Barents Sea 280 
fish being considerably larger. Female haddock outnumbered males in samples from all 281 
three areas. The whiting sample from the North Sea included a high proportion of juveniles 282 
which could not be sexed. Due to the opportunistic nature of sampling, seasonal coverage is 283 
uneven but both halves of the year were sampled for each species and area (Table 1). 284 

The final GAM for (log) weight in haddock included effects of log length (P<0.0001), sex 285 
(P<0.0001), area (P=0.0002) and month (P=0.0014) (deviance explained (DE) = 98.4%, 286 
N=400). The log weight - log length relationship was positive but departed from linearity, with 287 
the longest fish being somewhat lighter than expected given a linear relationship. Males 288 
were lighter than females of the same length and haddock from the North Sea and West 289 
coast of Scotland were heavier at length than those from the Barents Sea. Note that 290 
because the Barents Sea fish were almost all longer than the Scottish fish, the non-linearity 291 
of the length-weight relationship casts doubt over the validity of Le Cren´s condition index (a 292 
different underlying length-weight relationship could be interpreted as a difference in 293 
condition), which is a further justification for using residuals from the weight-length GAM as a 294 
condition index.  295 

In whiting, the final model for log weight included only log length (P<0.0001) and month 296 
(P=0.0023) (DE = 99.4%, N=517). Again, the log weight-log length relationship departed 297 
from linear, although in this case there was a slight increase in slope in larger fish. Note 298 
however that sex could not be included in the model due to the high number of fish of 299 
undetermined sex. Again, residuals from the model were used as a condition index. 300 

Genetic identification of the larval ascaridoid nematodes 301 

The subsample of Anisakis spp. larvae analysed was assigned to the species A. simplex (s. 302 
s.), the most prevalent species of the genus Anisakis in the Northeast Atlantic area 303 
(Mattiucci and Nascetti, 2008; Mattiucci et al., 2017a). In particular, sequencing of the 304 
mitochondrial cox2 gene in these specimens showed a 99–100% match to A. simplex (s. s) 305 
sequences previously deposited in GenBank (Mattiucci et al., 2014). 306 

This result was confirmed also by the partial sequence of the nuclear gene encoding EF1 α-307 
1, according to diagnostic nucleotide positions of that locus (Mattiucci et al., 2016).  308 

 309 
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Summary statistics on infection and ascaridoid nematode identification 310 

All haddock sampled from the Barents Sea and in which viscera were examined, were 311 
infected with Anisakis spp. (mean abundance = 50.5). Prevalence in muscle was 72% (mean 312 
abundance = 2.0). Prevalence and abundance were lower in Scottish haddock samples and 313 
the proportion of worms in the muscle was also lower. On the west coast 50% of fish were 314 
infected, with a mean of 3.4 worms per fish, and only 1% of fish had Anisakis spp. in their 315 
muscle tissue (Table 2a). The statistical distributions of Anisakis spp. abundance were right 316 
skewed, with medians always lower than the mean values (Table 2a).  317 

The presence and abundance of Anisakis spp. in haddock appear to be related to both size 318 
and location (Figure 1a) and these effects are difficult to separate due to the low overlap in 319 
the size ranges of fish sampled around Scotland and in the Barents Sea. The lower 320 
abundance of Anisakis spp. in fish from the west coast of Scotland (compared to the east 321 
coast) is also apparent. Visualisation of the data for fillets (Figure 1b) highlights the absence 322 
of Anisakis spp. in fillets of fish <300 mm in length, as well as the between-areas differences 323 
in prevalence. 324 

Prevalence of Anisakis spp. in whiting was 50% on the west coast and 43% in the North 325 
Sea: mean worm abundance was 7.9 and 6.4 respectively. Prevalence in muscle was again 326 
substantially lower (23% and 10% respectively) (Table 2a). The maximum number of 327 
Anisakis spp. recorded in a single fish was 183, for both haddock and whiting (although the 328 
individual haddock with 183 Anisakis spp. contained no other nematodes while the individual 329 
whiting was also found to be infected by 19 Hysterothylacium spp. larvae in its viscera). 330 

Of the other genera, Contracaecum spp. larvae were recorded only in Barents Sea haddock, 331 
with 36% prevalence, mean abundance of 0.6 worms per fish and no larvae in the muscle 332 
(Table 2b). Hysterothylacium spp. larvae were found in both species in all areas, with the 333 
highest prevalence (31%) and abundance (mean 1.8) in the viscera of haddock from the 334 
Barents Sea. Finally, adult Hysterothylacium spp. were found in the stomachs of several 335 
haddock and whiting specimens from Scotland. 336 

Specimens of Pseudoterranova spp. larvae were also found in both fish species from all 337 
areas, with low prevalence and abundance values. Again, the highest values were recorded 338 
in haddock from the Barents Sea (6% prevalence, mean abundance 0.8) and 339 
Pseudoterranova was recorded only in the viscera, the maximum numbers recorded in an 340 
individual fish being 43 in haddock and 12 in whiting (Table 2d). 341 

Spearman’s correlation coefficients between worm numbers and fish length were significant 342 
and positive in Anisakis spp. (r=0.662, P<0.0005) and Contracaecum spp. (r=0.418, 343 
P<0.0005). For Pseudoterranova spp. (r=0.082, P=0.106) and Hysterothylacium spp. 344 
(r=0.079, P=0.119), correlations with fish length were weakly positive but non-significant. 345 

Site of infection of Anisakis spp. in fillets and viscera 346 

In haddock, Anisakis spp. abundance (Table 3) and intensity were consistently higher in 347 
ventral and anterior parts of the musculature than in posterior and dorsal parts. There was 348 
also a strong lateral bias with higher numbers of worms on the left side. These findings were 349 
confirmed by results of 1-sample sign tests applied to the subset of haddock with Anisakis 350 
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spp. in their muscle (95% confidence bands for the difference values did not encompass 351 
zero) 352 

In whiting, there was a consistent pattern of more Anisakis spp. in the anterior and ventral 353 
parts of the musculature but no consistent left-right bias (see Table 3 for abundance data). 354 
These findings were confirmed by results of 1-sample sign tests. 355 

In the viscera of haddock from Scottish waters, the abundance of Anisakis spp. in liver 356 
tended to be higher than in the remainder of the viscera. Overall, across all three sampling 357 
areas, the intensity of Anisakis infections was significantly higher in liver than in the 358 
remaining viscera (median intensities were 7 and 2 respectively). In viscera of whiting the 359 
difference between liver and other viscera was less consistent and there was no significant 360 
difference in intensity of infection between the two tissues (medians 3 and 2 respectively).  361 

 362 

Explanatory variables associated with anisakid presence and abundance in haddock 363 

The final binomial GAM for presence of Anisakis spp. in haddock (viscera+muscle) included 364 
only an effect of total length (P<0.0001, DE=23.6%, N=386). Anisakis spp. presence 365 
increased linearly with length.  366 

The final negative binomial (theta = 0.738) model of number of Anisakis in haddock included 367 
effects of total length (P<0.0001), area (P<0.0001), month (P=0.0030), sex (P=0.0332) and a 368 
marginally non-significant effect of residual weight (P=0.0706) (DE = 41.8%, N = 350). 369 
Numbers were highest in the Barents Sea and lowest on the west coast of Scotland, higher 370 
in males than in females and highest in March-May. Numbers increased with length in fish 371 
up to around 400 mm TL (Figure 2). The smoother for effect of condition suggested a weak 372 
negative effect; while inclusion of this variable improved the model, its effect was not 373 
statistically significant. 374 

The final (binomial) GAM for presence of Anisakis spp. in haddock muscle included effects 375 
of area (P<0.0001), month (P=0.0421) and residual weight (P=0.0565) (DE = 49.2%, 376 
N=400). Presence was highest in the Barents Sea and lowest on the west coast of Scotland. 377 
There was a weak seasonal trend, with February values being higher than those in June-378 
September (but note that Barents Sea samples were almost all from the final quarter of the 379 
year). There was a marginally non-significant decrease in infection prevalence with 380 
increasing residual weight.  381 

Anisakis spp. numbers in haddock muscle followed a Poisson distribution and were related 382 
to area (P<0.0001), residual weight (P=0.0062) and month (P= 0.0012) (DE = 51.1%, N = 383 
400). Numbers were highest in the Barents Sea and lowest on the west coast of Scotland, 384 
higher around February to April, and higher for fish with lower residual weights (Figure 3). 385 

Explanatory variables associated with anisakid presence and abundance in whiting 386 

The final binomial GAM for Anisakis presence in whiting included effects of length 387 
(P<0.0001), area (P<0.0001), month (P=0.0009) and residual weight (P=0.0474) (DE = 388 
40.5%, N = 517). Prevalence of Anisakis increased linearly with fish length and (weakly) with 389 
residual weight, and declined over the course of the year. Prevalence was higher in the 390 
North Sea than on the west coast. Anisakis numbers in whiting followed a negative binomial 391 
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distribution (theta = 0.725) and the final model included effects of length (P<0.0001) and 392 
month (P<0.0001) (DE = 68.8%, N = 517). The length effect was positive but non-linear 393 
while the seasonal pattern suggested peaks in February and August and lows in April and 394 
November (Figure 4). 395 

The final binomial GAM for Anisakis presence in whiting muscle included effects of length 396 
(P<0.0001), month (P<0.0001), area (P=0.0015) and residual weight (P=0.0393) (DE = 397 
48.9%, N = 517). Prevalence of Anisakis increased non-linearly with fish length and 398 
decreased (weakly) with residual weight, and declined after August (Figure 5). Prevalence 399 
was higher in the North Sea than on the west coast. Anisakis numbers in whiting muscle 400 
followed a negative binomial distribution (theta = 1.184) and the final model included effects 401 
of length, month and area (all P<0.0001) (DE = 74.4%, N = 517). Similar to the presence 402 
model, the length effect was positive but non-linear while the seasonal pattern showed a 403 
decrease after August and abundance was higher in the North Sea than on the west coast. 404 

Incidence of anisakiasis in the UK 405 

In the UK, the prevalence of anisakiasis in humans appears to be low. Information provided 406 
by the Scottish Parasite Diagnostic and Reference Laboratory indicated that 22 cases of 407 
anisakiasis were detected between 2000 and 2013, four in Scotland, 15 in London, 2 408 
elsewhere in England and one of unknown origin. These cases were recorded in both men 409 
and women, ranging in age from 20 to 59. The maximum number of cases per year was 5 (in 410 
both 2001 and 2004). 411 

Discussion 412 

Which ascaridoid nematodes are found in haddock and whiting? 413 

Although the genetic identification of the Anisakis spp. larvae was carried out on a small 414 
subsample of larvae, all 22 larvae identified on the basis of two diagnostic markers (mtDNA 415 
cox2 and EF1 α-1 nuclear DNA) were identified as A. simplex (s. s.). These results are in 416 
accordance with the known geographical distribution of this species, being the predominant 417 
Anisakis species in the Northeast Atlantic, North Sea and adjacent waters (Mattiucci and 418 
Nascetti, 2008, Kuhn et al., 2011; Mattiucci et al., 2017a). Anisakis simplex (s. s.) has 419 
previously been genetically identified in haddock from Danish waters (Skov et al., 2009) and 420 
in whiting from different areas of the Northeast Atlantic Ocean (Levsen et al., this issue).  421 

Larvae of three other nematode genera were recorded in both haddock and whiting, namely 422 
Hysterothylacium, Contracaecum and Pseudoterranova, all less prevalent and with lower 423 
abundance and intensity values than Anisakis, although individual fish sometimes carried 424 
substantial numbers. Maximal abundances for Anisakis, Hysterothylacium, Pseudoterranova 425 
and Contracaecum in individual haddock were 183, 62, 43 and 7, respectively. Adult 426 
Hysterothylacium were found in the stomach of several individual haddock and whiting. It 427 
should be noted that some authors prefer the use of artificial digestion to quantify numbers 428 
of Anisakis in fish, and Llarena-Reino et al. (2013) recommended optimizing the artificial 429 
digestion method for routine screening of food products. However, Karl and Leinemann 430 
(2005) argued that the UV/press method was more efficient as it detected fragments of 431 
larvae that would be eliminated by artificial digestion. Nevertheless, it remains possible that 432 
the UV/press method sometimes leads to numbers of larvae being underestimated.  433 
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Anisakis spp.in host fish in relation to body size, condition and sex 434 

The relatively small sample sizes, differences in sizes of fish sampled in different locations, 435 
and the patchy seasonal coverage across two years of sampling mean that it is difficult to be 436 
confident that the statistical partitioning of variance between the different explanatory 437 
variables was reliable. However, some patterns emerged, e.g. in relation to fish length, that 438 
were consistent with previously published results. 439 

In both haddock and whiting, fish host size (length) was the most important factor 440 
determining the presence and number of Anisakis spp. larvae in the fish, although the 441 
presence and number of worms in haddock muscle was unrelated to size. A positive 442 
relationship between body length and total number of Anisakis spp. has been widely 443 
reported for a range of host fish species, including cod, whiting, herring, shads, hake and 444 
anchovy (Kahlil, 1969; Wootten, 1978; Tolonen and Karlsbakk, 2003; Klimpel et al., 2004; 445 
Valero, 2006; Levsen and Lunestad, 2010; Mladineo and Poljak, 2014; Bao et al., 2015; 446 
Cipriani et al., 2017a, 2017b, this issue ). 447 

The increasing presence and abundance of Anisakis spp. larvae with increasing length (size) 448 
of the host might be expected for several reasons. Larger fish will generally have ingested a 449 
greater number of worms over their lifetime. Furthermore, they may have changed their diets 450 
over time to include prey with higher Anisakis burdens. Many fish which are piscivorous as 451 
adults, such as European hake (Merluccius merluccius) and whiting, switch from 452 
crustaceans to small fish prey as they develop and grow larger (Mahe et al., 2007). It is also 453 
likely that individual Anisakis larvae can remain in a single host for extended periods of time 454 
which is in turn related to the longevity of L3 larvae in the food chain, for example their ability 455 
to remain in the L3 stage in a number of piscivorous fish species, through successive 456 
predation events (Pozio, 2013; Gay et al., this issue).  457 

The whiting sampled in Scottish waters were on average smaller than the haddock taken 458 
from these waters but had relatively high levels of infection with Anisakis spp. – indeed the 459 
maximum number of Anisakis recorded in whiting was the same as the maximum recorded 460 
in the much larger Barents Sea haddock. Smith (1983) observed very high prevalence of 461 
Anisakis spp. in whiting muscle samples from Scottish waters, particularly in waters east of 462 
Shetland (70%) and west of the Hebrides (63%). This may relate to the more piscivorous 463 
diet of whiting compared to the more generalist diet of haddock, in which benthic 464 
invertebrates are more important until a relatively larger size is reached, after which haddock 465 
also switch to a piscivorous diet. Thus, whiting could be exposed to more Anisakis spp. 466 
larvae than is the case for haddock of a similar size. 467 

Differences between male and female fish were generally non-significant or weakly 468 
significant in haddock and could not be tested in whiting. An effect of body condition was 469 
retained in some of the final models but this effect was strong only in the model for Anisakis 470 
numbers in haddock muscle, where a generally inverse relationship was seen between 471 
worm abundance and fish condition. An inverse relationship was also seen in whiting but it 472 
was only just statistically significant. Positive relationships are more frequently observed in 473 
fish, since good condition is likely to be associated with higher food intake and hence higher 474 
exposure to parasites. For example, Podolska and Horbowy (2003) found that prevalence of 475 
Anisakis spp. in herring increased with both length and condition factor. Bearing in mind that 476 
numbers of Anisakis spp. in haddock muscle were rather low, the statistically significant 477 
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negative relationship with body condition may have little biological significance. It may simply 478 
reflect the fact that poor condition is likely to be associated with a reduced mass and volume 479 
of viscera, making migration of worms into the muscle more likely. Resistance to Anisakis 480 
infection is documented in some fish species (see review by Buchmann, 2012) but in relation 481 
to haddock the explanation for the statistically effect of body condition remains unclear.  482 

Spatial and seasonal patterns in infection rate 483 

While the low overlap in body sizes between samples of haddock from Scotland and the 484 
Barents Sea makes comparisons of Anisakis burdens in these two areas problematic, this is 485 
not an issue for comparisons of the west and east coasts of Scotland. In samples of both fish 486 
species, Anisakis spp. tended to be more prevalent and more abundant in samples from the 487 
North Sea than in those from the west coast of Scotland. While caution is needed when 488 
interpreting results from relatively small samples taken over a short period of time, east-west 489 
differences between Anisakis spp. loads in fish caught in Scottish waters have been reported 490 
previously. Wootten and Waddell (1977) observed a greater abundance of Anisakis spp. in 491 
cod and whiting sampled from the Northeastern North Sea compared to those from off 492 
Southwest Scotland. Wootten (1978) reported a greater abundance of Anisakis spp. in 493 
offshore than coastal samples of small gadids from Scottish waters, and suggested that this 494 
may be related to differences in abundance of euphausiid intermediate hosts and/or final 495 
cetacean hosts in these waters. Thus, local infection levels observed in host fish may be 496 
related to the degree of exposure to larval anisakids, and influenced (directly or indirectly) by 497 
the proximity of intermediate and final host reservoirs of Anisakis spp. 498 

In Scottish waters, harbour porpoise (Phocoena phocoena) is the most abundant cetacean, 499 
while minke whale (Balaenoptera acutorostrata), white-beaked dolphin (Lagenorhynchus 500 
albirostris) and common dolphin (Delphinus delphis) are also abundant (Hammond et al., 501 
2013). Bilska-Zając et al. (2015) stated that the most frequent definitive hosts of A. simplex 502 
(s. s.) in the northern Atlantic and Pacific oceans are minke whale, common dolphin, pilot 503 
whale (Globicephala melaena), white-beaked dolphin, killer whale (Orcinus orca) and striped 504 
dolphin (Stenella coeruleoalba). Hauksson et al. (2013) found 89% prevalence and an 505 
average intensity of around 1.4 million worms in stomachs of minke whales off Iceland, 506 
noting that most seemed to be Anisakis spp. Gibson et al. (1998) reported high prevalence 507 
by Anisakis simplex (s.l.) in strandings of harbour porpoise (60%), common dolphin (71%) 508 
and white-beaked dolphin (5 out of 6 individuals) in England. Herreras et al. (2004) found an 509 
average intensity of 230 Anisakis simplex in 35 harbour porpoise sampled in Denmark. The 510 
fact that the abundance of porpoise and minke whale is higher in the North Sea than on the 511 
west coast of Scotland (Hammond et al., 2013) may thus help explain the difference in 512 
infection rates in fish. 513 

Beluga (Delphinapterus leucas) and white-beaked dolphin are highly abundant in the 514 
Barents Sea (Kovaks et al., 2014) although the former species occurs only in areas much 515 
further north than where the haddock samples were taken. In addition, minke whale is 516 
common in the southern Barents Sea. Najda et al. (2015) recorded small numbers of 517 
Anisakis spp. in 4 of 13 belugas sampled in Hudson Bay (Canada) and it seems likely that 518 
minke whales make a more important contribution to the Anisakis life cycle in the Barents 519 
Sea. However, more information is needed on prevalence and abundance of Anisakis spp. in 520 
different species of cetaceans in the study area before any firm conclusions are possible.  521 
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The present study provided some evidence of variation in Anisakis infections in fish between 522 
seasons. However, due to the opportunistic nature of the sampling, seasonal and year-to-523 
year differences cannot easily be separated; we can say that there was some significant 524 
variation in the infection levels in sampled fish over the course of the study period. Seasonal 525 
variation in infection levels is not unusual. Generally, the levels of infection by Anisakis 526 
species observed in wild fisheries from a given geographic area may be strongly affected by 527 
the whole suite of ecological conditions which influence population size of any of the host 528 
organisms that are involved in the parasite life cycle. In addition to biotic factors (in both 529 
definitive and intermediate hosts), abiotic environmental parameters, such as water 530 
temperature and salinity, also influence the biogeography and infection dynamics of Anisakis 531 
species (Mattiucci et al., 2017a, Cipriani et al., 2017a). 532 

Anisakis presence and distribution in fish muscle 533 

Prevalence and abundance of Anisakis spp. larvae in fish muscle seemed to be lower in 534 
haddock than in whiting in samples from Scottish waters (only haddock was sampled in the 535 
Barents Sea so the comparison is not possible for this area). This is likely not related to post-536 
mortem migration since all fish were caught in research trawl surveys or by freezer trawlers 537 
and were frozen soon after capture.  538 

In both haddock and whiting, Anisakis spp. were more numerous in the ventral and anterior 539 
parts of the musculature as compared to dorsal and posterior parts. Interestingly, in haddock 540 
but not whiting there was a clear tendency for Anisakis spp. to be more numerous on the left 541 
side of the fish. These results presumably relate to the nature of the digestive system, 542 
specifically location of the stomach, pyloric caeca and liver within the fish and the 543 
physicochemical conditions found in fish tissues. Anisakis spp. larvae may migrate into the 544 
muscle because immune response of the fish host is weaker in its musculature (Cipriani et 545 
al., 2016). It has also been hypothesized that Anisakis spp. tend to prefer fish tissues with 546 
high lipid content (Strømnes, 2014; Strømnes and Andersen, 2003; 1998), and such 547 
preferences could influence the location of Anisakis spp. within fish hosts (Bao et al., 2017b 548 
and references therein). Indeed, it was evident in haddock that a high proportion of the 549 
Anisakis spp. present in the viscera was located in the liver and this pattern was less evident 550 
in whiting. 551 

Implications for human health 552 

The presence of nematode worms in fish raises both aesthetic and health issues. Both 553 
haddock and whiting are regularly consumed by humans, haddock in particular being the 554 
staple ingredient of fish and chips in Scotland. While cooking or freezing will normally kill 555 
nematodes, the presence of thermostable allergens from Anisakis spp. may pose a risk for 556 
consumers, especially those previously sensitized (Audicana and Kennedy, 2008). Evidently, 557 
the most relevant information concerns Anisakis spp. in the fillets - the viscera will not 558 
normally be consumed. In Scotland, it appears that whiting poses a higher risk than 559 
haddock, with 23% of North Sea whiting having Anisakis spp. in the fillets as compared to 560 
around 11% of North Sea haddock (versus 9% in west coast whiting and 1% in west coast 561 
haddock). However, Anisakis spp. were present in 72% of Barents Sea haddock sampled, 562 
suggesting a considerably higher risk to consumers. It should be noted that the risk could 563 
well increase if fish are kept on ice for a substantial period, as may occur in Scotland, since 564 
viable worms could migrate from the viscera, where they are much more prevalent according 565 
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to our sampling, into the fillets. However, as previously mentioned, freezing and adequate 566 
cooking of fish will minimise the risk to consumers. 567 

To date the only formal quantitative risk assessment of human health risks due to Anisakis 568 
presence in fish was a study carried out in Spain by Bao et al. (2017), where the 569 
consumption of raw and marinated anchovies (which may contain live Anisakis) is common.  570 

In the UK the prevalence of anisakiasis in humans appears to be low, for example with only 571 
four cases reported in Scotland over 14 years (2000-2013). Haddock from the Barents Sea 572 
are likely to be consumed mainly in Norway and Russia. In Norway, the number of 573 
anisakiasis cases is thought to be low (Lin et al., 2012; Faeste et al., 2014). However, 574 
evidence from Spain suggests that anisakiasis and allergy to Anisakis proteins are often not 575 
diagnosed and are therefore underreported (Bao et al., 2017a; Levsen et al., this issue; 576 
Moneo et al., 2017). Serdiukov (1993) suggests that there is a high prevalence of anisakiasis 577 
in some regions of Russia, but that is normally erroneously diagnosed as some other 578 
gastrointestinal disease. While underreporting may be an issue in the UK anisakiasis data 579 
(C. Alexander, Pers. Comm.) it is likely that the human risk from consumption of haddock 580 
and whiting in Scotland is low.  581 

For “parasite sensitive” markets a partial solution to the issue would be to trim off the anterior 582 
and ventral parts of the fillets, and perhaps to exclude left size fillets in haddock. Given the 583 
high prevalence of Anisakis spp. infections in haddock and whiting, and the heat- and 584 
pepsin-resistance of several Anisakis spp. allergens (Caballero and Moneo, 2004; 585 
Carballeda-Sangiao et al., 2016, 2014; Vidaček et al., 2009), further research on this topic is 586 
needed. 587 

Acknowledgements  588 

The present work was supported by the European Union's 7th Framework Programme for 589 
Research, Technological Development and Demonstration, project Parasite risk assessment 590 
with integrated tools in EU fish production value chains (PARASITE), Grant Agreement (GA) 591 
no. 312068. GJP acknowledges additional support from the University of Aveiro and Caixa 592 
Geral de Depósitos (Portugal). We thank our colleagues from Marine Scotland Science for 593 
supplying samples from Scottish research surveys, and colleagues from HERMES and 594 
NIFES (especially Arne Levsen, who also reviewed a draft of the manuscript) for sampling 595 
and providing data for haddock in the Barents Sea. Claire Alexander at the Scottish Parasite 596 
Diagnostic and Reference Laboratory and Ivelina Yonova at the RCGP Research and 597 
Surveillance Centre kindly provided the information on the number of anisakiasis cases 598 
recorded in the UK. We also thank Jianjun Wang for helping us to source UK human 599 
infection data and Fedor Lishchenko for checking Russian literature.  600 



16 
 

References 601 

Arizono, N., Yamada, M., Tegoshi, T., Yoshikawa, M., 2012. Anisakis simplex sensu stricto 602 
and Anisakis pegreffii: biological characteristics and pathogenetic potential in human 603 
anisakiasis. Foodborne Pathog. Dis. 9, 517–521. doi:10.1089/fpd.2011.1076 604 

Audicana, M.T., Ansotegui, I.J., de Corres, L.F., Kennedy, M.W., 2002. Anisakis simplex: 605 
dangerous - dead and alive? Trends Parasitol. 18, 20–25. doi:10.1016/S1471-606 
4922(01)02152-3 607 

Audicana, M.T., Kennedy, M.W., 2008. Anisakis simplex: From obscure infectious worm to 608 
inducer of immune hypersensitivity. Clin. Microbiol. Rev. 21, 360–379. 609 
doi:10.1128/CMR.00012-07 610 

Bao, M., Mota, M., Nachón, D.J., Antunes, C., Cobo, F., Garci, M.E., Pierce, G.J., Pascual, 611 
S., 2015. Anisakis infection in allis shad, Alosa alosa (Linnaeus, 1758), and twaite shad, 612 
Alosa fallax (Lacépède, 1803), from Western Iberian Peninsula Rivers: zoonotic and 613 
ecological implications. Parasitol. Res. doi:10.1007/s00436-015-4403-5 614 

Bao, M., Pierce, G.J., Pascual, S., González-Muñoz, M., Mattiucci, S., Mladineo, I., Cipriani, 615 
P., Bušelić, I., Strachan, N.J.C., 2017a. Assessing the risk of an emerging zoonosis of 616 
worldwide concern: anisakiasis. Sci. Rep. 7, 43699. DOI: 10.1038/srep43699 617 

Bao, M., Pierce, G.J., Strachan, N.J.C., Martínez, C., Fernández, R., Theodossiou, I., In 618 
Press. Consumers' attitudes and willingness to pay for Anisakis-free fish in Spain. Fish. Res. 619 
This issue. 620 

Bao, M., Strachan, N.J.C., Hastie, L.C., MacKenzie, K., Seton, H.C., Pierce, G.J., 2017b. 621 
Employing visual inspection and Magnetic Resonance Imaging to investigate Anisakis 622 
simplex s.l. infection in herring viscera. Food Control 75, 40–47. 623 
doi:10.1016/j.foodcont.2016.12.030 624 

Berland, B., 1991. Hysterothylacium aduncum (Nematoda) in fish. ICES Identification 625 
Leaflets for Diseases and Parasites of Fish and Shellfish (44), 4 pp. 626 

Bigelow, A.B., Schroeder, W.C., 1953. Fishes of the Gulf of Maine. Fish. Bull. 53: 1–577. 627 

Bilska-Zając, E., Różycki, M., Chmurzyńska, E., Karamon, J., Sroka, J., Kochanowski, M., 628 
Kusyk, P., Cencek, T., 2015. Parasites of Anisakidae family - geographical distribution and 629 
threat to human health. J. Agric. Sci. Technol. A 5, 146-152. doi: 10.17265/2161- 630 

Buchmann, K., 2012. Fish immune responses against endoparasitic nematodes – 631 
experimental models. J. Fish Dis. 35, 623–635. 632 

Bush, A.O., Lafferty, K.D., Lotz , J.M., Shostak, A.W., 1997. Parasitology meets ecology on 633 
its own terms: Margolis et al. revisited. J. Parasitol. 83, 575-583. 634 

Caballero, M.L., Moneo, I., 2004. Several allergens from Anisakis simplex are highly 635 
resistant to heat and pepsin treatments. Parasitol. Res. 93, 248–251. doi:10.1007/s00436-636 
004-1099-3 637 

Carballeda-Sangiao, N., Olivares, F., Rodriguez-Mahillo, A.I., Careche, M., Tejada, M., 638 
Moneo, I., González-Muñoz, M., 2014. Identification of autoclave-resistant Anisakis simplex 639 
allergens. J. Food Prot. 77, 605–609. doi:10.4315/0362-028X.JFP-13-278. 640 

Carballeda-Sangiao, N., Rodríguez-Mahillo, A.I., Careche, M., Navas, A., Caballero, T., 641 
Dominguez-Ortega, J., Jurado-Palomo, J., González-Muñoz, M., 2016. Ani s 11-like protein 642 
is a pepsin- and heat-resistant major allergen of Anisakis spp. and a valuable tool for 643 



17 
 

Anisakis allergy component-resolved diagnosis. Int. Arch. Allergy Immunol. 169, 108–112. 644 
doi:10.1159/000444981 645 

Chai, J.Y., Murrell, K.D., Lymbery, A.J., 2005. Fish-borne parasitic zoonoses: Status and 646 
issues. Int. J. Parasitol. 35, 1233–1254. doi:10.1016/j.ijpara.2005.07.013  647 

Cipriani, P., Acerra, V., Bellisario, B., Sbaraglia, G.L., Cheleschi, R., Nascetti, G., Mattiucci, 648 
S., 2016. Larval migration of the zoonotic parasite Anisakis pegreffii (Nematoda: Anisakidae) 649 
in anchovy, Engraulis encrasicolus: Implications to seafood safety. Food Control 59, 148-650 
157. 651 

Cipriani, P., Sbaraglia, G.L., Paoletti, M., Giulietti, L., Bellisario, B., Palomba, L., Bušelić, I., 652 
Mladineo, I., Nascetti, G., Mattiucci, S., 2017a. The Mediterranean European hake, 653 
Merluccius merluccius: detecting drivers influencing the Anisakis spp. larvae distribution. 654 
Fish. Res. This issue. 655 

Cipriani, P., Sbaraglia, G.L., Palomba, M., Giulietti, L., Bellisario, B., Bušelić, I., Mladineo, I., 656 
Cheleschi, R., Nascetti, G., Mattiucci, S., 2017b. Anisakis pegreffii (Nematoda: Anisakidae) 657 
in European anchovy Engraulis encrasicolus, from the Mediterranean Sea: considerations in 658 
relation to fishing ground as a driver for parasite distribution. Fish. Res. This issue 659 

Cohen, D.M., Inada, T., Iwamoto, T., Scialabba, N., 1990. FAO species catalogue. Vol. 10. 660 
Gadiform fishes of the world (order Gadiformes) : an annotated and illustrated catalogue of 661 
cods, hakes, grenadiers, and other gadiform fishes known to date. Food and Agriculture 662 
Organization of the United Nations (FAO), Rome, 442 pp. 663 

Cooper, A., 1983.  The reproductive biology of poor-cod, Trispoterus minutus L., whiting, 664 
Merlangius merlangus L. and Norway pout, Trispoterus esmarkii Nilsson, off the west coast 665 
of Scotland.  J. Fish Biol. 22, 317–334. 666 

D’amico, P., Malandra, R., Costanzo, F., Castigliego, L., Guidi, A., Gianfaldoni, D., Armani, 667 
A., 2014. Evolution of the Anisakis risk management in the European and Italian context. 668 
Food Res. Int. 64, 348–362. doi:10.1016/j.foodres.2014.06.038 669 

EFSA-BIOHAZ, 2010. Scientific opinion on risk assessment of parasites in fishery products. 670 
EFSA J. 8, 1543. doi:10.2903/j.efsa.2010.1543 671 

Elarifi, A.E., 1982. The histopathology of larval anisakid nematode infections in the liver of 672 
whiting, Merlangius merlangus (L.), with some observations on blood leucocytes of the fish. 673 
J. Fish Dis. 5, 411-419. 674 

Faeste, C. K., Jonscher, K. R., , Dooper, M. M. W. B., Egge-Jacobsen, Moen, A., Daschner, 675 
A., Egaas, E., Christians, 2014. Characterisation of potential novel allergens in the fish 676 
parasite Anisakis simplex. EuPA Open Proteom. 4, 140-155. 677 

Gay, M., Bao., M., MacKenzie, K., Pascual, S., Buchmann, K., Bourgau, O., Couvreur, C., 678 
Mattiucci, S., Paoletti, M., Hastie, L.C., Levsen, A., Pierce, G.J., In Press. Infection levels 679 
and species diversity of ascaridoid nematodes in Atlantic cod, Gadus morhua, are correlated 680 
with geographic area and fish size. Fish. Res. This issue. 681 

Gerritsen, H.D., Armstrong, M.J., Allen, M., McCurdy, W.J., Peel, J.A.D., 2003.  Variability in 682 
maturity and growth in a heavily exploited stock: whiting (Merlangius merlangus L.) in the 683 
Irish Sea.  J. Sea Res. 49, 69–82. 684 

Gibson, D.I., Harris, E.A., Bray, R.A., Jepson, P.D., Kuiken, T., Baker, J.R., Simpson, V.R., 685 
1998. A survey of the helminth parasites of cetaceans stranded on the coast of England and 686 
Wales during the period 1990-1994. J. Zool. Lond. 244, 563-574. 687 



18 
 

Hammond, P.S., Macleod, K., Berggren, P., Borchers, D.L., Burt, L., Cañadas, A., 688 
Desportes, G.,Donovan, G.P., Gilles, A., Gillespie, D., Gordon, J., Hiby, L., Kuklik, I., Leaper, 689 
R., Lehnert, K., Leopold, M., Lovell, P., Øien, N., Paxton, C. G. M., Ridoux, V., Rogan, E., 690 
Samarra, F., Scheidat, M., Sequeira, M., Siebert, U., Skov, H., Swift, R., Tasker, M.L., 691 
Teilmann, J., Van Canneyt, O., Vázquez, J.A., 2013. Cetacean abundance and distribution 692 
in European Atlantic shelf waters to inform conservation and management. Biol. Conserv. 693 
164, 107–122. 694 

Hauksson, E., Víkingsson, G.A., Ólafsdóttir, D., Galan, A., Sigurjónsson, J., 2013. Anisakid 695 
nematodes from stomach of minke whales (Balaenoptera acutorostrata) off Iceland, 696 
collected in the period 2003- 2007. Document SC/F13/SP28, Scientific Committee of the 697 
International Whaling Commission, Reykjavik. 9 pp. 698 

Hemmingsen, W., Halvorsen, O., MacKenzie, K., 2000. The occurrence of some metazoan 699 
parasites of Atlantic cod, Gadus morhua L., in relation to age and sex of the host in Balsfjord 700 
(70°N), North Norway. Polar Biol. 23, 368–372. doi:10.1007/s003000050457 701 

Herreras, M.V., Balbuen, J.A., Aznar, F.J., Kaarstad, S.E., Fernández, M., Raga, J.A., 2004. 702 
Population structure of Anisakis simplex (Nematoda) in harbor porpoises Phocoena 703 
phocoena off Denmark. J. Parasitol. 90, 933–938. 704 

Hislop, J.R.G., Rob, A.P., Bell, M.A., Armstrong, D.W., 1991. The diet and food consumption 705 
of whiting (Merlangius merlangus) in the North Sea. ICES J. Mar. Sci. 48, 139-156. doi: 706 
https://doi.org/10.1093/icesjms/48.2.139 707 

Hochberg, N.S., Hamer, D.H., 2010. Anisakidosis: Perils of the deep. Clin. Infect. Dis. 51, 708 
806–812. doi:10.1086/656238 709 

Horbowy, J., Podolska, M., Nadolna-Ałtyn, K., 2016. Increasing occurrence of anisakid 710 
nematodes in the liver of cod (Gadus morhua) from the Baltic Sea: Does infection affect the 711 
condition and mortality of fish? Fish. Res. 179, 98–103. doi:10.1016/j.fishres.2016.02.011 712 

Jiang, W., Jørgensen, T., 1996. The diet of haddock (Melanogrammus aeglefinus L.) in the 713 
Barents Sea in the period 1984–1991. ICES J. Mar. Sci. 53, 11–21. 714 

Kark, A. E., McAlpine, J. C., 1994. Anisakiasis (herring worm disease) as a cause of acute 715 
abdominal crisis. Br. J. Clin. Pract. 48, 216-217. 716 

Karl, H., Meyer, C., Banneke, S., Sipos, G., Bartelt, E., Lagrange, F., Jark, U., Feldhusen, F., 717 
2002. The abundance of nematode larvae Anisakis sp. in the flesh of fishes and possible 718 
post-mortem migration. Arch. Lebensm. 53, 118–120. 719 

Karl, H., Leinemann, M., 1993. A fast and quantitative detection method for nematodes in 720 
fish fillets and fishery products. Arch. Lebensm. 44, 124-125. 721 

Khalil, L.F., 1969. Larval nematodes in the herring (Clupea harengus) from British coastal 722 
waters and adjacent territories. J. Mar. Biol. Assoc. U.K. 49, 641–659. 723 

Klapper, R., Kuhn, T., Münster, J., Levsen, A., Karl, H., Klimpel, S., 2015. Anisakid 724 
nematodes in beaked redfish (Sebastes mentella) from three fishing grounds in the North 725 
Atlantic, with special notes on distribution in the fish musculature. Vet. Parasitol. 207, 72-80. 726 

Klimpel, S., Palm, H.W., 2011. Anisakid nematode (Ascaridoidea) life cycles and distribution: 727 
increasing zoonotic potential in the time of climate change?, in: Mehlhorn, H. (Ed.), Progress 728 
in Parasitology. Springer Berlin Heidelberg, pp. 201–222. doi:10.1007/978-3-642-21396-729 
0_11 730 

Klimpel, S., Palm, H.W., Rückert, S., Piatkowski, U., 2004. The life cycle of Anisakis simplex 731 



19 
 

in the Norwegian Deep (northern North Sea). Parasitol. Res. 94, 1–9. doi:10.1007/s00436-732 
004-1154-0 733 

Klimpel, S., Rückert, S., 2005. Life cycle strategy of Hysterothylacium aduncum to become 734 
the most abundant anisakid fish nematode in the North Sea. Parasitol. Res. 97, 141–149. 735 

Kovacs, K.M., Frie, A.K., Stern-Mauritzen, M., Belikov, S.E., Svetochev V.N., Lydersen, C., 736 
2014. Marine mammals of the Barents Sea. BARENTSPORTAL. Barents Sea Environmental 737 
Status. A Russian-Norwegian Collaboration. 738 
http://barentsportal.com/barentsportal/index.php/en/more/general-description-of-the-739 
ecosystem/89-biotic-components/157-   (consulted 01/07/17) 740 

Kuhn, T., García-Màrquez, J., Klimpel, S., 2011. Adaptive radiation within marine anisakid 741 
nematodes: A zoogeographical modeling of cosmopolitan, zoonotic parasites. PLoS One 6, 742 
e28642. doi:10.1371/journal.pone.0028642 743 

Le Cren, E.D., 1951. The length-weight relationship and seasonal cycle in gonad weight and 744 
condition in the perch (Perca fluviatilis). J. Anim. Ecol. 20, 201-219. 745 

Levsen, A., Karl, H., 2014. Anisakis simplex (s.l.) in Grey gurnard (Eutrigla gurnardus) from 746 
the North Sea: Food safety considerations in relation to fishing ground and distribution in the 747 
flesh. Food Control 36, 15-19. 748 

Levsen, A., Lunestad, B.T., 2010. Anisakis simplex third stage larvae in Norwegian spring 749 
spawning herring (Clupea harengus L.), with emphasis on larval distribution in the flesh. Vet. 750 
Parasitol. 171, 247–253. doi:10.1016/j.vetpar.2010.03.039  751 

Levsen, A., Paoletti, M., Cipriani, P., Nascetti, G., Mattiucci, S., 2016. Species composition 752 
and infection dynamics of ascaridoid nematodes in Barents Sea capelin (Mallotus villosus) 753 
reflecting trophic position of fish host. Parasitol. Res. 115, 4281-4291. 754 

Levsen, A., Svanevik, C.S., Cipriani, P., Mattiucci, S., Gay, M., Hastie, L.C., Pierce, G.J., 755 
Buselic, I., Mladineo, I., Karl, H., Ostermeyer, U. Buchmann, K., Højgaard, D.P., González, 756 
A.F., Pascual, S. (In review, this issue). A survey of zoonotic nematodes of commercial key 757 
fish species from major European fishing grounds - introducing the FP7 PARASITE 758 
exposure assessment study. Fish. Res. 759 

Lewis, R., Shore, J.H., 1985. Anisakiasis in the United Kingdom. The Lancet November 2 760 
1985, 1019. 761 

Lin, A.H., Florvaag, E. Van Do, T., Johansson, S.G., Levsen, A., Vaali, K., 2012. IgE 762 
sensitisation to the fish parasite Anisakis simplex in a Norwegian population: a pilot study. 763 
Scand. J. Immunol. 75, 431-435. 764 

Llarena-Reino, M., Abollo, E., Regueira, M., Rodríguez, H., Pascual, S., 2015. Horizon 765 
scanning for management of emerging parasitic infections in fishery products. Food Control 766 
49, 49–58. doi:10.1016/j.foodcont.2013.09.005 767 

Llarena-Reino, M., Piñeiro, C., Antonio, J., Outeriño, L., Vello, C., González, Á.F., Pascual, 768 
S., 2013. Optimization of the pepsin digestion method for anisakids inspection in the fishing 769 
industry. Vet. Parasitol. 191, 276– 283.  770 

Lucas, S.B., Cruse, J.P., Lewis, A.A.M., 1985. Anisakiasis in the United Kingdom. The 771 
Lancet October 12 1985, 843-844. 772 

Mahe, K., Amara, R., Bryckaert, T., Kacher, M., Brylinski, J.M., 2007. Ontogenetic and 773 
spatial variation in the diet of hake (Merluccius merluccius) in the Bay of Biscay and the 774 
Celtic Sea. ICES J. Mar. Sci. 64, 1210-1219.  775 



20 
 

Mattiucci, S., Acerra, V., Paoletti, M., Cipriani, P., Levsen, A., Webb, S.C., Canestrelli, D., 776 
Nascetti, G., 2016. No more time to stay ‘single’ in the detection of Anisakis pegreffii, A. 777 
simplex (s. s.) and hybridization events between them: a multi-marker nuclear genotyping 778 
approach. Parasitol. 143, 998-1011. 779 

Mattiucci, S., Cipriani, P., Paoletti, M., Levsen, A., Nascetti, G., 2017a. Reviewing 780 
biodiversity and epidemiological aspects of anisakid nematodes from the North-east Atlantic 781 
Ocean. J. Helminthol. 91, 422-439. 782 

Mattiucci, S. Colantoni, A., Crisafi, B., Mori-Ubaldini, F., Caponi, L., Fazii, P., Nascetti, G., 783 
Bruschi, F., 2017c. IgE sensitization to Anisakis pegreffii in Italy: comparison of two methods 784 
for the diagnosis of allergic anisakiasis. Parasite Immunol. 39, e12440. 785 
https://doi.org/10.1111/pim.12440. 786 

Mattiucci, S., Cipriani, P., Webb, S.C., Paoletti, M., Marcer, F., Bellisario, B., Gibson, D.I., 787 
Nascetti, G., 2014. Genetic and morphological approaches distinguish the three sibling 788 
species of the Anisakis simplex species complex, with a species designation as Anisakis 789 
berlandi n. sp. for A. simplex sp. C (Nematoda: Anisakidae). J. Parasitol. 100, 199–214. 790 
doi:10.1645/12-120.1. 791 

Mattiucci, S., D’Amelio, S., 2014. Anisakiasis, in: Bruschi, F. (Ed.), Helminth Infections and 792 
their impact on global public health. Springer Vienna, Vienna, pp. 325–365. doi:10.1007/978-793 
3-7091-1782-8. 794 

Mattiucci, S., Fazii, P., De Rosa, A., Paoletti, M., Salomone-Megna A., Glielmo A., De 795 
Angelis, M., Costa, A., Meucci, C., Calvaruso, V., Sorrentini, I., Palma, G., Bruschi, F., 796 
Nascetti, G., 2013. Anisakiasis and Gastroallergic reaction associated with Anisakis pegreffii 797 
infection, Italy. Emerg. Infect. Dis. 19, 496-499. Doi: 10.3201/eid1903.121017. 798 

Mattiucci, S., Nascetti, G., 2008. Advances and trends in the molecular systematics of 799 
anisakid nematodes, with implications for their evolutionary ecology and host-parasite co-800 
evolutionary processes. Adv. Parasitol. 66, 47–148. doi:10.1016/S0065-308X(08)00202-9. 801 

Mattiucci, S., Paoletti, M., Borrini, F., Palumbo, M., Macarone Palmieri, R., Gomes, V., 802 
Casati, A., Nascetti, G. 2011. First molecular identification of the zoonotic parasite Anisakis 803 
pegreffii (Nematoda: Anisakidae) in a paraffin-embedded granuloma taken from a case of 804 
human intestinal anisakiasis in Italy. BMC Infect. Dis. 11, 82. 805 

Mattiucci, S., Paoletti, M., Colantoni, A., Carbone, A., Gaeta, R., Proietti, A., Frattaroli, S., 806 
Fazii, P., Bruschi, F., Nascetti, G. 2017b. Invasive anisakiasis by the parasite Anisakis 807 
pegreffii (Nematoda: Anisakidae): diagnosis by Real-Time PCR hydrolysis probe system and 808 
Immunoblotting assay. BMC Infect. Dis. DOI: 10.1186/s12879-017-2633-0. 809 

McCarthy, J., Moore, T.A., 2000. Emerging helminth zoonoses. Int. J. Parasitol. 30, 1351–810 
1359. doi:10.1016/S0020-7519(00)00122-3 811 

Mladineo, I., Poljak, V., 2014. Ecology and genetic structure of zoonotic Anisakis spp. from 812 
Adriatic commercial fish species. Appl. Environ. Microbiol. 80, 1281–1290. 813 
doi:10.1128/AEM.03561-13 814 

Moneo, I., Carballeda-Sangiao, N., González-Muñoz, M., 2017. New Perspectives on the 815 
Diagnosis of Allergy to Anisakis spp. Curr. Allergy Asthma Rep. 17, 27. doi:10.1007/s11882-816 
017-0698-x 817 

Najda, K., Simard, M., Osewska, J., Dziekónska-Rynko, J., Dzido, J., Rokicki, J. 2015. 818 
Anisakidae in beluga whales Delphinapterus leucas from Hudson Bay and Hudson Strait. 819 
Dis. Aquat. Org. 115, 9–14. 820 



21 
 

Nieuwenhuizen, N., 2016. Anisakis - Immunology of a food-borne parasitosis. Parasite 821 
Immunol. 548–557. doi:10.1111/pim.12349 822 

Nieuwenhuizen, N.E., Lopata, A.L., 2014. Allergic reactions to Anisakis found in fish. Curr. 823 
Allergy Asthma Rep. 14, 455. doi:10.1007/s11882-014-0455-3 824 

Piccolo, G., Manfredi, M.T., Hoste, L., Vercruysse, J., 1999. Anisakidae larval infection in 825 
fish fillets sold in Belgium. Vet. Q. 21, 66–67. doi:10.1080/01652176.1999.9694995 826 

Podolska, M., Horbowy, J., 2003. Infection of Baltic Herring (Clupea harengus membras) 827 
with Anisakis simplex larvae, 1992–1999: A statistical analysis using generalized linear 828 
models. ICES J. Mar. Sci. 60: 85–93. 829 

Pozio, E., 2013. Integrating animal health surveillance and food safety: the example of 830 
Anisakis. Rev. Sci. Tech. 32, 487–496. 831 

Rae, B.B., 1963. The incidence of larvae of Porrocacecum decipiens in the flesh of cod.  832 
Mar. Res. 1963 (2), Department of Agriculture and Fisheries for Scotland, Marine 833 
Laboratory, Aberdeen. 28 pp.  834 

Rae, B.B., 1972.  A review of the cod-worm problem in the North Sea and in western 835 
Scottish waters 1958–1970.  Mar. Res. 1972 (2), Department of Agriculture and Fisheries for 836 
Scotland, Marine Laboratory, Aberdeen. 24 pp. 837 

Seafood Scotland, 2012. Haddock update September 2012. Available at 838 
http://www.seafoodscotland.org/en/news-publications/publications.html (consulted 26/8/17). 839 

Serdiukov, A.M., 1993. [The problem of anisakiasis.] [In Russian] Med. Parazitol. (Mosk). 840 
1993 Mar-Apr (2), 50-54. 841 

Skov, J., Kania, P.W., Olsen, M.M., Lauridsen, J.H., Buchmann, K., 2009. Nematode 842 
infections of maricultured and wild fishes in Danish waters: A comparative study. Aquac. 843 
298, 24–28. doi:10.1016/j.aquaculture.2009.09.024 844 

Smith, J.W., 1984. The abundance of Anisakis simplex L3 in the body-cavity and flesh of 845 
marine teleosts. Int. J. Parasitol. 14, 491–495. doi:10.1016/0020-7519(84)90030-4 846 

Smith, J.W., Wootten, R., 1984a. Pseudoterranova larvae (‘codworm’) (Nematoda) in fish. 847 
ICES Identification Leaflets for Diseases and Parasites of Fish and Shellfish (7), 848 
International Council for the Exploration of the Sea, Copenhagen. 3 pp.  849 

Smith, J.W., Wootten, R., 1984b. Anisakis larvae (‘herringworm’) (Nematoda) in fish. ICES 850 
Identification Leaflets for Diseases and Parasites of Fish and Shellfish (8), International 851 
Council for the Exploration of the Sea, Copenhagen. 3 pp. 852 

Strømnes, E., 2014. An in vitro study of lipid preference in whaleworm (Anisakis simplex, 853 
Nematoda, Ascaridoidea, Anisakidae) third-stage larvae. Parasitol. Res. 113, 1113–1118. 854 
doi:10.1007/s00436-013-3748-x 855 

Strømnes, E., Andersen, K., 1998. Distribution of whaleworm (Anisakis simplex, Nematoda, 856 
Ascaridoidea) L3 larvae in three species of marine fish; saithe (Pollachius virens (L.)), cod 857 
(Gadus morhua L.) and redfish (Sebastes marinus (L.)) from Norwegian waters. Parasitol. 858 
Res. 84, 281–285. doi:10.1007/s004360050396  859 

Strømnes, E., Andersen, K., 2003. Growth of whaleworm (Anisakis simplex, Nematodes, 860 
Ascaridoidea, Anisakidae) third-stage larvae in paratenic fish hosts. Parasitol. Res. 89, 335–861 
341. doi:10.1007/s00436-002-0756-7  862 



22 
 

Tolonen, A., Karlsbakk, E., 2003. The parasite fauna of the Norwegian spring spawning 863 
herring (Clupea harengus L.). ICES J. Mar. Sci. 60, 77–84. doi:10.1006/jmsc.2002.1307 ER 864 

Valero, A., del Mar López-Cuello, M., Benítez, R., Adroher, F.J., 2006. Anisakis spp. in 865 
European hake, Merluccius merluccius (L.) from the Atlantic off north-west Africa and the 866 
Mediterranean off southern Spain. Acta Parasitol. 51, 209-212. 867 

Vidaček, S., de las Heras, C., Solas, M.T., Mendizíbal, A., Rodriguez-Mahillo, A.I., 868 
González-Muñoz, M., Tejada, M., 2009. Anisakis simplex allergens remain active after 869 
conventional or microwave heating and pepsin treatments of chilled and frozen L3 larvae. J. 870 
Sci. Food Agric. 89, 1997–2002. doi:10.1002/jsfa.3677 871 

Waterman, J.J., 2001. The Haddock. TORRY ADVISORY NOTE No. 67. Torry Research 872 
Station, Aberdeen. [Electronic version by SIFAR-FAO, 2000]. 873 

Wheeler, A., 1969.  The Fishes of the British Isles and NW Europe.  Michigan State 874 
University Press, East Lansing. 875 

Wootten, R., 1978. The Occurrence of Larval Anisakid Nematodes in small Gadoids from 876 
Scottish Waters. J. Mar. Biol. Assoc. U.K. 58, 347–356. doi:10.1017/S0025315400028022 877 

Wootten, R., Waddell, I.F., 1977. Studies on the biology of larval nematodes from the 878 
musculature of cod and whiting in Scottish waters. ICES J. Mar. Sci. 37, 266–273. 879 
doi:10.1093/icesjms/37.3.266 880 

Yorimitsu, N., Hiraoka, A., Utsunomiya, H., Imai, Y., Tatsukawa, H., Tazuya, N., Yamago, H., 881 
Shimizu, Y., Hidaka, S., Tanihira, T., Hasebe, A., Miyamoto, Y., Ninomiya, T., Abe, M., 882 
Hiasa, Y., Matsuura, B., Onji, M., Michitaka, K., 2013. Colonic intussusception caused by 883 
anisakiasis: a case report and review of the literature. Intern. Med. 52, 223–226. 884 
doi:10.2169/internalmedicine.52.8629 885 

Zuur, A.F., Ieno, E.N., 2016. A protocol for conducting and presenting results of regression-886 
type analyses. Methods Ecol. Evol. 7, 636–645. doi:10.1111/2041-210X.12577 887 

Zuur, A.F., Ieno, E.N., Elphick, C.S., 2010. A protocol for data exploration to avoid common 888 
statistical problems. Methods Ecol. Evol. 1, 3–14. doi:10.1111/j.2041-210X.2009.00001.x 889 

Zuur, A.F., Ieno, E.N., Smith, G.M., 2007. Analysing Ecological Data, Statistics for Biology 890 
and Health. Springer, New York. doi:10.1007/978-0-387-45972-1 891 

 892 



Table 1. Sample composition (year, season, sex) and summary statistics (length) by area for haddock (Melanogrammus aeglefinus) and 
whiting (Merlangius merlangus) (F = Female; M = Male; U = Undetermined sex. TL = Total Length (mm); TW = Total Weight (g); Med = Median, 
SD = Standard Deviation.  
 
 Year Season Sex TL TW 
Area 2013 2014 Q1 Q2 Q3 Q4 F M U Mean SD Med Min Max N Mean  SD Med Min Max N 
Haddock                      
Barents Sea 0 *150 0 17 0 133 82 68 0 583.9 37.4 585.0 485 700 150 1886.5 383.1 1880 1140 2820 150 
North Sea  90 25 90 0 25 0 75 34 6 365.6 42.5 364.0 282 553 115 537.3 234.4 490 230 1700 111 
West coast  110 46 110 16 0 50 82 59 35 311.1 84.3 328.5 132 475 176 369.7 254.3 335 15 1155 175 
Whiting      
North Sea  10 281 10 0 281 0 46 23 222 159.8 98.2 99 64 365 291 76.6 108.0 8 2 470 291 
West coast  160 66 126 0 0 100 57 87 82 247.1 68.1 267 104 365 226 154.2 118.4 145 5 475 226 
 
* 50 of the haddock sampled in Q4 were examined only for parasites in the muscle 
  



Table 2 Ascaridoid nematode infection in haddock and whiting: mean presence (P), abundance (A) and intensity (I) in viscera and muscle tissue together and  
in muscle, with additional descriptive statistics for total abundance (SD = standard deviation, Med = median, Max = maximum, Min = minimum, N = sample 
size; note that sample sizes for intensity (NI) are lower as fish with zero presence are excluded) and that in some Barents Sea fish only muscle was sampled. 
 

(a) Anisakis spp. 
 Viscera and muscle Muscle 
Species & Area P A SD Med Min Max N I NI P A N I NI 
Haddock               
Barents Sea  1.00 50.5 38.9 41 3 183 100 50.5 100 0.72 2.0 150 2.7 109
North Sea 0.84 14.5 20.9 6 0 121 111 17.3 93 0.11 0.3 115 2.5 11
West coast 0.50 3.4 7.0 1 0 47 175 6.7 88 0.01 0.0 176 1 1
Whiting    
North Sea 0.43 7.9 20.5 0 0 183 291 18.5 124 0.23 1.2 291 5.1 66
West coast  0.50 6.4 13.4 1 0 110 226 12.7 114 0.09 0.1 226 1.4 20
 

(b) Contracaecum spp. 
 
 Viscera and muscle Muscle 
Species & Area P A SD Med Min Max N I NI P A N I NI 
Haddock               
Barents Sea  0.36 0.63 1.2 0 0 7 100 1.75 36 0 0 150 0
North Sea 0 0 111 0 0 0 111 0
West coast 0 0 175 0 0 0 175 0
Whiting    
North Sea 0 0 291 0 0 0 291 0
West coast  0 0 226 0 0 0 226 0



 
 

(c) Hysterothylacium spp. 
 
 Viscera and muscle Muscle 
Species & Area P A SD Med Min Max N I NI P A N I NI 
Haddock               
Barents Sea  0.31 1.8 7.6 0 0 62 100 5.9 31 0 0 100 0
North Sea 0.22 0.9 2.1 0 0 13 111 4.0 24 0 0 111 0
West coast 0.13 0.3 1.0 0 0 5 175 2.4 22 0 0 176 0
Whiting    
North Sea 0.20 1.2 4.1 0 0 37 291 6.1 58 0 0 291 0
West coast  0.12 0.3 1.0 0 0 6 226 2.5 27 0 0 226 0
 
 

(d) Pseudoterranova spp. 
 
 Viscera and muscle Muscle 
Species & Area P A SD Med Min Max N I NI P A N I NI 
Haddock               
Barents Sea  0.06 0.8 5.1 0 0 43 100 13.0 6 0 0 100 0
North Sea 0.01 0.0 0.1 0 0 1 111 1.0 1 0 0 111 0
West coast 0.03 0.1 0.3 0 0 2 175 1.8 6 0 0 176 0
Whiting    
North Sea 0.01 0.1 1.0 0 0 12 291 8.3 3 0 0 291 0
West coast  0.03 0.1 0.4 0 0 5 226 2.2 6 0 0 226 0
 
  



Table 3. Location of Anisakis spp. infections in muscle tissue and viscera of haddock and whiting: mean numbers in left (L), right (R), anterior 
(A), posterior (P), dorsal (D) and ventral (P) portions of the musculature, along with overall ratios, based on pooled data for all fish for L/R, A/P 
and D/V; mean numbers in liver (LI), other viscera (OT) and their ratio, again based on pooled data. Sample sizes given are the number of fish 
examined (N1), the number with Anisakis in their muscle tissue (N2) and the number if Anisakis in their viscera. The figures tabulated refer to 
all fish sampled whereas statistical tests in the text refer to the subsets of fish with Anisakis in their muscle or viscera (i.e. intensity data). 
 
                
Area L R L/R A P A/P D V D/V LI OV LI/OV N1 N2 N3 
Haddock             
Barents Sea 1.40 0.56 2.40 1.77 0.19 9.50 0.21 1.75 0.12 24.55 24.23 1.01 150 109 100 

North Sea 0.17 0.12 1.35 0.22 0.07 3.13 0.11 0.17 0.65 11.85 2.41 4.93 115 11 90 

West coast 0.00 0.01 0.01 0.00 0.00 0.01 2.71 0.67 4.05 176 1 87 

Whiting    
North Sea 0.53 0.63 0.84 0.78 0.38 2.03 0.15 1.01 0.15 2.85 3.87 0.76 291 66 113 

West coast  0.07 0.05 1.45 0.11 0.01 8.0 0.02 0.10 0.17 3.77 2.49 1.51 226 20 112 

 



Figure 1. Numbers of Anisakis spp larvae in haddock as a function of fish total length for: (a) 
viscera and muscle, (b) muscle only. Counts were log transformed (log(N+1)). 
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Figure 2.  GAM for number of Anisakis spp. larvae in haddock. Smoothers for partial effects 
of (a) total length (TL) and month. 

   

  



Figure 3.  GAM for number of Anisakis spp. larvae in haddock muscle Smoothers for partial 
effects of (a) residual weight and (b) month. 

 

   



Figure 4.  GAM for number of Anisakis spp. larvae in whiting. Smoothers for partial effects of 
(a) total length (TL) and month. 

 

   



Figure 5.  GAM for presence of Anisakis spp. larvae in whiting muscle Smoothers for partial 
effects of (a) total length, (b) month and (c) residual weight. 
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