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1. INTRODUCTION 
 
 

•  First commercial species landed in the EU for volume of products (15%), covers 
110% of EU request 

•  Third most commercialized species in the EU (EUMOFA report, 2017) 

•  Fresh products and traditional whole smoked products 
•  Packets of fillets, smoked, marinated or canned à ready to eat 

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

Life cycle of Anisakis spp. 

Herring represents one of the main 
host species of Anisakis spp., often 
called «herring worm», due to the 

association between the first 
confirmed human cases of 

anisakiasis and the consumption of 
lightly salted («green») herrings in 

the Netherlands  
(Van Thiel et al., 1960; Van Thiel 1962). 

Anisakis spp. in fresh herrings: 
•  Levsen et al., 2018 
•  Bao et al., 2017 
•  Levsen et al., 2017 
•  Unger et al., 2014 
•  Campbell et al., 2007 
•  Levsen et al., 2005 
•  Tolonen & Karlsbakk, 2003 
•  Mattiucci & D’amelio, 1989 
•  Huang, 1988 
•  Hauck et al., 1977 
•  Smith & Wotten, 1975 

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

Anisakis spp. in processed herrings: 
•  Levsen & Lunestad, 2010 
•  Szostakowska et al., 2005  
•  Panebianco & Lo Schiavo, 1985 
•  Hauck et al., 1977 
•  Khalil, 1969 
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Reg. EU No 853/2004: 
if a seafood product is consumed raw, or if treatments are not sufficient for larvae 

devitalization, a preventive cold treatment should be conducted 

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

Live parasites  
 
à hazard for public health  

à product injurious to health 
 

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

Dead (visible) parasites  
 
à defect (CODEX STAN 244-2004)  
 
à product unfit for human 
consumption 

Reg. 178/2002: both unsafe products à should not be placed on the market 
 
Reg. 853/2004: products obviously contaminated by parasites should not 
be placed on the market 
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The allergenic potential of dead Anisakis spp. larvae is debated. 
Contact with a live larva is generally deemed necessary for sensitization and for the trigger 
of an allergic reaction, but in a small number of sensitized patients allergic reactions may 

occur even following concatct with the proteins of dead larvae  
(Nieuwenhuizen et al., 2016; Levsen & Lunestad, 2010; Daschner et al., 2008). 

 

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

2. OBJECTIVE 
 

To assess the occurrence, distribution and viability of  
Anisakis spp. larvae in herring products sold in Italy 

Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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3. MATERIALS AND METHODS 
 
3.1 SAMPLING  

120 commercial products:  

•  Bought in supermarkets in Pisa or sampled at the Border Inspection Point of Livorno (2016 – 2018) 
•  Registered with an internal unique code, photo, registration of label data 

Whole	herrings	(N=50)	 Filleted	products	(N=70)	

Smoked	golden	 Smoked	silver	 Smoked	fillets	 Marinated	fillets	 Canned	fillets	

N=25	 N=25	 N=25	 N=30	 N=15	

3.M&M Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

3.2 VISUAL INSPECTION 
 

Direct observation by naked eye to detect visible parasites  
(Reg. CE 853/2004; Reg. CE 2074/2005; Decision 93/140/EEC) 
 
“visible parasites”: non capsulated parasites longer than 10 mm, if capsulated larger than 3 mm  
(Codex Alimentarius Commission, 1971) 
 

•  Whole herrings: eviscerated to 
inspect the viscera and the the 
visceral cavity 

•  Marinated and canned fillets: 
visual inspection also of 
marinating liquid or sauces if 
present 

3.M&M Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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3.3 ARTIFICIAL DIGESTION 
 
•  Hcl and pepsin digestion (200 gr, 37°C, 20 min) using Trichineasy® (CTSV srl, 

Brescia), an integrated system of digestion and filtration validated for the analysis of 
fish tissue by the National Reference Centre for Anisakiasis (Cammilleri et al., 2016). 

•  After the digestion, the material was filtered (sieve: 180 µm), subdivided in Petri 
plates and examined under natural and UV (365 nm) light.  

Whole herrings:  
Separated digestion of viscera and muscle à manually filetted 
herrings, fillets included skin and belly flaps 
 
 
Fillets:  
Digestion of the whole packet content (tissues and liquid/sauce 
when present) 

3.M&M Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

3.4 COLLECTION OF THE LARVAE AND ASSESSMENT OF THEIR VIABILITY 
 

Visible larve detected during the visual inspection or after the digestion and filtration: 
•  counted and identified to genus level by  microscopy 
•  assessment of viability à spontaneous or stimulated movements (CODEX STAN 244-2004 

Standard for salted atlantic herring and salted sprat) 
 
 
 
 
 
 
 
 
 
 
•  stored (70% alcohol, 4°C), keeping separate larvae from the viscera and the muscle 
•  molecular analysis à COX2 (long and short fragment) 

 
  

Visible larvae during visual inspection  (A), after digestion and filtration (B), microscopy (C) and amplicons from PCR (D) 

3.M&M Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

A B C D 
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3.5 STATISTICAL ANALYSIS 
 
 
 
 
 
 
 
 

•  Depending on the product type, parameters calculated at visceral and muscle level, in 
the 2 categories of products (whole herrings/fillets) and in the subcategories 

•  The differences in the examined categories and subcategories were investigated using 
Chi-squared, Mann-Whitney and Kruskal-Wallis tests. Significant when p>0.05 

 

3.M&M Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

Groups	of	comparison	
Parameters	included	in	the	analysis	

PosiDvity	rate	 MA	 MI	 N	of	larvae/product	 Larval	density/gram	
		 V	 M	 V	 M	 V	 M	 V	 M	 V	 M	
Whole	herrings	(1)	 -	 χ2		 -	 -	 -	 MW		 -	 MW		
Fillets	(2)	
Whole	golden	(1a)	 χ2		 MW		 MW		 MW	 MW	
Whole	silver	(1b)	
Smoked	fillets	(2a)	

-	 χ2		 -	 -	 -	 KW	 -	 KW		Marinated	fillets	(2b)	
Canned	fillets	(2c)	

4. RESULTS AND DISCUSSION 
 
4.1 OCCURRENCE AND DISTRIBUTION OF THE LARVAE 
 
1715 Anisakis spp. larvae from 56 products à 46.7% of the analyzed products positive 

              for at least 1 larva 
 
1559 larvae (91%) in the viscera of 49 of the 50 whole herrings  

•  Prevalence (P): 98% 
•  Mean abundance (MA): 31,2 
•  Mean ntensity (MI): 31,8 
•  Range:  0 - 172 

 
In agreement with other studies: 

•  Levsen et al., 2018 
•  Levsen and Lunestad, 2010 
•  Etc.. 

Most of the larvae located in the viscera 
(Mattiucci et al., 2017) 

4.R&D Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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subcategories	 n	products	
visceral	larvae	

pos	 %	pos	 n	larvae	 MA	 MI	 range	 Mean	density	
whole	golden	(1)	 25	 24	 96	 738	 29,5	 30,8	 0-172	
whole	silver	(2)	 25	 25	 100	 821	 32,8	 32,8	 5-76	

No significant differences between the 2 sub-categories 

4.1 OCCURRENCE AND DISTRIBUTION OF THE LARVAE: VISCERA (whole herrings) 

VS 

4.R&D Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

GOLDEN HERRING SILVER HERRING 

 
 

Fillets from whole herrings (n=50)   
 

•  149 larvae (95.5%) 
•  31 positive products (62%)  
•  MA: 3 
•  MI: 4.8 
•  Range: 0 - 17 
•  Larval density: 0.22 (larvae/gr muscle) 

Smoked, marinated, canned fillets (n=70) 
 

•  7 larvae (4.5%) 
•  6 positive products (8.6%)  
•  larvae/total products 0.1 
•  larvae/positive products 1.2 
•  Range: 0 - 2 
•  Larval density: 0.001 (larvae/gr muscle) 

156 larvae (9%) in the muscle 
highly significant difference (p<0.0001) for the category of product: 

 

4.1 OCCURRENCE AND DISTRIBUTION OF THE LARVAE: MUSCLE (whole- fillets) 

4.R&D Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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Results divided according the analyzed subcategories – muscle larvae 

Type	of	product	 Sub-categories	 n	 pos	 %	pos	 n	larvae	
larvae/tot	
products	

larvae/pos	
products	 range	 Mean	density	

Whole	herrings	 Golden		 25	 16	 64,0	 78	 3,1	 4,9	 0-15	
Silver	 25	 15	 60,0	 71	 2,8	 4,7	 0-17	

Fillets	
Smoked	 25	 3	 12,0	 4	 0,2	 1,3	 0-2	
Marinated	 30	 3	 10,0	 3	 0,1	 1,0	 0-1	
Canned	 15	 0	 0,0	 0	 0,0	 0,0	 0	

•  No significant differences among subcategories of the same type of product 

•  Canned fillets completely negative: possible influence of the lower number (other 15 
analyzed in the last month, still negative) 

4.1 PRESENCE AND DISTRIBUTION OF THE LARVAE: MUSCLE (whole-fillets) 

4.R&D Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

•  All identified as Anisakis simplex 

•  No differences between larvae from the viscera and the muscle 

•  Results in agreement with other studies à only A. simplex in the Atlantic herrings (Bao 
et al., 2017, Cross et al., 2007; Levsen & Lunestad, 2010; Mattiucci & Nascetti, 2006; Tolonen & Karlsbakk, 2003) 

4.2 MOLECULAR IDENTIFICATION OF THE LARVAE 

4.3 LARVAE VIABILITY 

•  All devitalized à no risk for human anisakiasis 

4.R&D Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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CONCLUSIONS 
 
 
•  Characterization of the occurrence and distribution of Anisakis spp. in products 

made of herring 

•  Products with parasites are frequently found on the market 

•  High prevalence of Anisakis simplex in whole herrings, both in the viscera and in 
the fillets manually obtained (in agreement with Levsen e Lunestad, 2010)  

•  All the larvae were dead à correct management of the risk of anisakiasis 

5.Conclusions Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

•  Fishery products that are obviously contaminated 
with parasites should not be placed on the market for 
human consumption (Reg. EC 853/2004).  

•  Massive infections may create disgust in consumers 
or contribute to depricing the product (Bao et al., 2017; 
Levsen & Lunestad, 2010; Reg. 178/2002) 

5.Conclusions Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

•  Significant difference between the infection of  
     fillets manually obtained (whole herrings) and products made of fillets  
à  different level of exposure to dead larvae according to consumers’ preferences   
     (in agreement with Levsen & Lunestad, 2010) 
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Fishing herrings in Sweden, 1555 Great Yarmouthar, UK, 1890 ca 

Thank you for your attention 

1.Introduzione                                                Guardone et al. - Occurrence of Anisakis spp. larvae in products made of herring (Clupea harengus) - SOIPA 
2018 
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Thank you for your attention 
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Pesca delle aringhe in Scania (Svezia), 1555 

L’attività di pesca dell’aringa ha radici molto antiche 

Porto di Great Yarmouthar, UK, 1890 ca 

1.Introduzione                                                Guardone et al. - Occurrence of Anisakis spp. larvae in products made of herring (Clupea harengus) - SOIPA 
2018 

•  Necessario implementare controllo qualità nei prodotti venduti non eviscerati 
(aringhe affumicate intere) così come proposto anche per le acciughe salate 
(Guardone et al., 2018) 

Conclusioni                                                    Guardone et al. - Occurrence of Anisakis spp. larvae in products made of herring (Clupea harengus) - SOIPA 
2018 
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Introduction Guardone et al. Anisakis spp. in ready to eat products  SOIPA 2016 
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All these fish species may be infected by larvae of anisakids 

Anisakidae 

Anisakis spp. Pseudoterranova 
spp. 

Contracaecum spp. Hysterothylacium 
spp. 

Raphidascarididae 

Introduction Guardone et al. Anisakis spp. in ready to eat products  SOIPA 2016 

(Fagerholm, 1991) 

Classificazione dei nematodi famiglia Anisakidae molto complessa. Pochissime differenze specie-specifiche dei caratteri morfologici aventi un 
significato tassonomico (sistema escretorio, canale alimentare, papilla caudale del maschio, papille caudali nel maschio, posizione della vulva e 
lunghezza degli spiculi). Inoltre, applicabili solo agli individui adulti e non osservabili nelle larve .  
Negli ultimi anni, MAE e successivamente PCR hanno evidenziato che alcune specie sono  complessi di specie criptiche, che differisco tra loro 
per struttura genetica, distribuzione geografica e preferenza di ospite. L’attuale classificazione tassonomica è basata sui caratteri morfologici 
integrati da quelli genetici e tende a supportare la classificazione proposta da Fagerholm. 



28/10/18 

16 



28/10/18 

17 



28/10/18 

18 

Ready to eat fish products are particularly popular.  
Among them, products made of differently prepared  

raw anchovies are highly appreciated throughout Italy. 

Ready to eat fish products are particularly appreciated and 
consumed throughout Italy. 

Introduction Guardone et al. Anisakis spp. in ready to eat products  SOIPA 2016 
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Other fish species frequently used  
for such products are  

herrings, sardines and mackerel. 

Introduction Guardone et al. Anisakis spp. in ready to eat products  SOIPA 2016 

All these fish species may be infected by larvae of anisakids 
Anisakidae 

Anisakis spp. Pseudoterranova 
spp. 

Contracaecum spp. 

Introduction Guardone et al. Anisakis spp. in ready to eat products  SOIPA 2016 

(Fagerholm, 1991) 
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Nel pesce, la localizzazione delle larve è prevalentemente viscerale, dove si 

ritrovano incistate a spirale sulla superfice esterna degli organi (principalmente 

fegato, gonadi e mesentere) (Bao et al., 2017), ma è possibile che queste migrino 

anche a livello muscolare, costituendo un pericolo per l’uomo che ingerisce queste 

carni. Questa migrazione può essere avvenire: 

•  post-mortem: in seguito ad un’eviscerazione tardiva oppure un’infestazione 

massiva; è favorita da una mancata conservazione della catena del freddo  

•  intra-vitam: meno frequente (Cipriani et al., 2016; Levsen et al., 2010; Karl et al., 

2002; Pravettoni et al., 2012). 

Ad oggi, le uniche specie in cui è stata evidenziata la capacità di migrare nel muscolo 

sono A. simplex s.s. e A. pegreffii (Cipriani et al., 2017). A livello muscolare, le larve 

si vanno a localizzare prevalentemente a livello delle aree ventrali (belly flaps) 

(Pierce et al., 2017; Cipriani et al., 2015, Levsen et al., 2010, 2014). 

 
 

Anisakis larvae in the visceral cavity 

Anisakis larvae in the muscle 
(post digestion) 

Guardone et al. - Occurrence of Anisakis spp. larvae in products made of herring (Clupea harengus) - SOIPA 2018 
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3.5 MOLECULAR IDENTIFICATION OF THE LARVAE  
 
Representative subsample (n=150) 

 
DNA extraction à protocol described by Armani et al., 2014, modified according as 
Guardone et al., 2016 
 
Qualitative and quantitative evaluation of extracted DNA à total DNA 
elettrophoresis and spettrophotometric analysis  
 
DNA amplification: amplification of a long (629 pb) and of a short (246 pb, 
internal) fragment of COX2 gene 
-  primers amplifying the long fragment: 211 R and 210F (Nadler e Hudspeth, 2000) 
-  primers amplifying the short fragment: An-F2 e An-R2 (this study)  

Sequencing and sequences analysis 

3.M&M Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

1. INTRODUCTION 

Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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. Herring represent one of the main host species of Anisakis spp. 
Anisakis spp. is often called «herring worm», due to the association between 

the first confirmed human cases of anisakiasis and the consumption of 
undercooked herrings («green herrings») in the Netherlands  

(Van Thiel et al., 1960; Van Thiel 1962). 

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

Anisakis spp. in fresh herring:  
Prevalence values 

References	 Origin	(N)	 Method	 Visceral	P	(%)	 Muscle	P	(%)	

Bao	et	al.	2017	 North	Sea	(209)	 Press	+	candling	 76	 0	

Levsen	et	al.	2017	 North	Sea	(1252)		
Norw.	spring	spawn.	(726)	

BalDc	Sea	(695)	

UV-press	 81.2	
92.6	
65.5	

17.4	
37.1	
14.8	

Levsen	et	al.,	2005	 Norw.	spring	spawn.	(78)	 DigesDon	+	UV	 94.9	 23.1-43.6	

Tolonen	&	Karlsbakk	2003		 Norw.	spring	spawn.	(220)	 DissecDon	under	
microscope	

100	 rare	

Smith	&	Wo`en,	1975	 North	Sea	(38	+	38	+	38,		
3	experiments)	

DigesDon	 -	 39.5-73.7	

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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Anisakis spp. in processed herrings: 

Reference	 Tipe	of	products	(n)	 Origin	 Method	 Visceral	P	(%)	 Muscle	P	(%)	

Levsen	&	
Lunestad,	2010	

“manual”	fillets		(250)	
“industrial”	fillets	(250)	

Norwegian	Sea	 DigesDon		
Uv-press	

98-100	 42-70	
8-10	

Szostakowska	et	
al.,	2005		

Fillets:	marinated,	salted,	spiced,	
ready	to	eat	(140,	39	types)	
Non	eviscerated	salted	herrings	
(34)	and	smoked	(40)	

Poland	
(market)	

DigesDon	 -	 6	out	of	39	types	

Panebianco	e	Lo	
Schiavo,	1985	

Salted	herrings	(40)	
Smoked	herrings	(30)	

The	
Netherlands	
(market)	

DigesDon	 85.7%	 3.3%	

Hauck	et	al.,	1977	 Brined	
Cold	smoked	
«Gibbed»	cold	smoked	

Pacific	(Pacific	
herring)	

-	 50	
57.1	
95	

Khalil,	1969	 Cured	and	smoked	herring	 5%	(all	viable)	

1.Introduction Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  

3. MATERIALS & METHODS 

Guardone et al. - Anisakis spp. larvae in marketed products made of herring (Clupea harengus)  
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