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Abstract

Larval ascaridoids in fish destined to human corsion represent an important public health
issue, besides to be an economical problem. Indeadne ascaridoids are the etiological agents of
the fish-borne zoonosis anisakidosis. Due to amease of new cases reported worldwide, a
continuous monitoring of infection in fish is mamoly. The study was aimed to evaluate the risk of
infection by larval ascaridoids in fishes from Medianean Sea. Two species of fishes among those
representing a major potential threat for humanlthewere selected. Epidemiological and
molecular study was carried out. At Milan Fish Metk Italy, 179 anchoviesEfgraulis
encrasicolus) and 84 chub mackerelScomber colias) caught in different fishing areas in the
Mediterranean Sea were sampled and inspected doprésence of larvae. For each fish, larvae
were counted and morphologically identified. Praatie of infections were investigated through
general linear models. A subsample of 100 larvas malecular characterized with PCR-RFLP
targeting the nuclear ribosomal internal transctibspacer (ITS) region. Moreover, 26
Hysterothylacium spp. larvae were analyzed by sequencing of botteau TS and mitochondrial

ribosomalrrnS regions.
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Overall, 1080 anisakids larvae were collected fr@f8 anchovies (P=57.5%) and 53 chub
mackerels (P=63.09%). Larvae were morphologicatlgntified as Anisakis Type | larvae
(P=6.14% in anchovies and P=55.95% in chub macReaald aslysterothylaciumspp. (P=54.18%
in anchovies and P= 13.09% in chub mackerels).ifgshrea and fish weight resulted predictors of
both Anisakis Type | landHysterothylacium spp. infections in anchovies; in chub mackerel$y on
fishing areas resulted to be associated to botlctimins. Molecular analysis on ITS region
identified Anisakis pegreffii, heterozygote genotype betweAn pegreffii and A. simplex sensu
stricto, and Hysterothylacium aduncum. Sequences analysis oHAysterothylacium specimens
revealed a great homogeneity imS marker, with eight variable nucleotides and arragye

evolutionary divergence over all sequence of 0.3%.
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1. Introduction

The presence of larval parasitic nematodes indisiish products intended for human consumption
causes economic and medical problems: alongside tvé loss of marketability of fish, larval
nematodes belonging to Anisakidae family may cauBsh-borne zoonosis known as anisakidosis,
while nematodes of Raphidascarididae family are momly considered not zoonotic or of
negligible concern (Klimpel and Palm, 2011).

These nematodes comprise a parasitic group widestyiblited at geographical level, with a
complex life cycle depending on aquatic ecosystemd warious intermediate, paratenic and
definitive hosts at different levels in the foodiw@nderson, 1992; Koie, 2001).

Humans may become accidental hosts acquiring fieetion by consuming raw or lightly cooked
fish and cephalopods, paratenic hosts for anisakiticted with third-stage larvae. Considering the
zoonotic potential, the relevant genera of the fanisakidae aréAnisakis andPseudoterranova,

in particular theAnisakis simplex and Pseudoterranova decipiens complexes of species, although
larvae ofContracaecum have been rarely associated with the disease nmahs (Hochberg and
Hamer, 2010; Shamsi and Butcher, 2011). Larvadysferothylacium spp. (Raphidascarididae) are
not considered pathogenic for human, although mesniiethis genus may be involved in allergic
reactions due the ingestion of infected fish (Maler al., 2003).

In Mediterranean countrie8nisakis pegreffii is the main etiological agent of anisakiasis, tiuthe
widespread presence of this species in paraterdcdafinitive hosts of Mediterranean waters
(Mattiucci and D'Amelio, 2014). Among traditionash dishes considered to be of high risk for
human disease, Spanish boquerones and Italian atedianchovies are mentioned. In recent years,
new cases of anisakiasis have been increasingbyrtezgpworldwide and it is now considered an
emerging disease (Carrera et al., 2016; Mladinex. €2016).

Anisakidosis is considered an emerging diseasaiinge, with an increasing of notified cases also
in countries where the disease was sporadicallgrtegh, due to the consumption of traditional
dishes and to the increasing consumption of exotd products with raw fish (i.e. sushi, sashimi,
etc.). In Italy, particularly, few cases have beeported mainly from the southern regions and
associated to the consumption of raw fish (Fumaetlal., 2009; Maggi et al., 2000; Mattiucci et
al., 2011; Pampiglione et al., 2002).

Therefore, a continuous monitoring of anisakid atifens in fish destined to human consumption
appears needed, particularly regarding certainispec

Panel of experts from the European Food Safety &itth(EFSA) released a scientific opinion on
zoosanitary parasite control of fishery productsHfoman consumption. They indicated protection

and prevention as priorities and recommended areanis research in parasites of public health
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importance in fishery products, regarding prevadenaotensity, anatomical location, as well as
geographical and seasonal distribution (EFSA, 201€)-Duran et al., 2016).

Following the EFSA guidelines (2010), the study vea&sed to evaluate the risk of infection by
larval ascaridoids in fishes from Mediterranean.Jea the present survey, fish originating from
different areas of Mediterranean Sea were colleeted/ilan Fish Market, thus depicting an
example of fish consumed in Northern Italy. Amorghés representing a major potential threat for
human health, two species were selected: anchewiéschub mackerels. In particular, anchovies
are often consumed raw in Italian regions. Furtttegse are among the most commonly consumed
fish in Italy, representing 23% of the nationahésy production (data of Ministry of Agricultural
Food and Forestry Policies); in some Italian regi@anchovies are often prepared cured or
marinated and their consumption is assumed as #jermause of anisakiasis in Italy (Mattiucci
and D'Amelio, 2014). Chub mackerel is a pelagidtiwefish and it is recognized as one of the
species more at risk of infection by anisakidsnbeit the top of the trophic chain in Mediterranean
Sea (Piras et al., 2014). In the present studyeepiblogical study and molecular identification
were carried out in order to analyze the risk fexctbat may influence the infection in fish andeinf

the human risk for anisakiasis posed by the consompf the surveyed fishes.

2. Material and methods

2.1 Fish sampling and visual inspection

A total of 179 anchoviesEfigraulis encrasicolus) and 84 chub mackerelScomber colias) were
sampled at Milan Fish Market, between April and &aber 2014. Fish originated from Adriatic
and Tyrrhenian Seas: specifically, anchovies warght in Tyrrhenian Sea (FAO zone 37.1.3) and
Adriatic Sea (FAO zone 37.2.1, FAO zone 37.2.2)emhs mackerels came from the Adriatic Sea
(FAO zone 37.2.2).

Each fish was measured, weighted and submittedngpective analysis for the presence of
nematodes larvae. Third stage larvae of nematodarideids were isolated from the visceral
surface and body cavity of the fresh fish; larvaeysted in fillets were carefully removed. The
visceral organs were separated and then carefberged with a stereomicroscope. Collected
larvae were washed with saline solution and staneti0% ethanol until further examination. For
each specimen and irrespectively of the localiraiio the fish body, larvae were counted and
identified according to their morphological feawmiréy a light microscope at 100 or 400x
magnification (Hurst, 1984; Petter, 1969).

2.2 Satistical analysis
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Epidemiological parameters including prevalencénaity, abundance and the parameter k of the
negative binomial distribution were calculated Amisakis spp.and Hysterothylacium spp. larvae
recorded in both anchovies and chub mackerels (Busi, 1997; Wilson et al., 2001). Pearson’s
chi-square was used to test for the difference éetwprevalence values for both larval genera.
General linear models (GLMs) with binomial negatidistribution and logarithmic link were
performed separately for anchovies and chub malskerénvestigate on predictors Ahisakis and
Hysterothylacium infections, using the number of larvae as independariable. For chub
mackerels, a second GLM was run to verify the erfice of considered variables on the number of
Anisakis larvae found encysted in the fillet.

The following explanatory variables were insertecach full model: fish body length (continuous
variable, measured in centimetres), fish weighti@de, measured in grams), and fishing area; in
addition, the interactions between length/weighd &ishing area were considered. Final models
were developed by backward elimination. Statistianblysis was performed with SPSS 22.0
software (IBM, Chicago, IL).

2.3 Molecular identification of species

2.3.1 PCR-RFLP

A selected subsample of 100 third stage larvaescdredoids (80 from anchovies and 20 from chub
mackerels), randomly selected, were characterizegeaetic level using a molecular approach
based on PCR-RFLP of the nuclear ribosomal intdraakcribed spacer (ITS) region, since it is
informative for taxonomic/diagnostic purposes (Aboét al., 2003; D'Amelio et al., 2000; De
Liberato et al., 2013; Pontes et al., 2005). GeoddNA was isolated from entire larvae using the
Wizard Genomic DNA purification kit (Promega, Maains WI), according to the manufacturer’'s
protocol.

The entire ITS region (ITS-1, 5.8S, ITS-2), of arxduL000 base pairs, was amplified using 20ng of
template DNA, 10 mM Tris—HCI (pH 8.3), 1.5 mM MgC(Bioline), 40 mM of nucleotide mix
(Promega), 50 pmall of NC5 primer forward (5-GTAGGTGAACCTGCGGAAGGATCRSI)
and NC2 reverse primer (5-TTAGTTTCTTCCTCCGCT-3) (Zkt al., 2000), and 1.0 U of
BIOTAQ DNA Polymerase (Bioline) in a final volumd &0ul. PCR was carried out using the
following parameters: 10 min at 95°C, thirty cyctds30 s at 95°C, 40 s at 52°C and 75 s at 72°C,
with a final extension of 7 min at 72°C. A negatieentrol was included in each amplification.
Aliquots of individual PCR products were separabgdelectrophoresis using agarose gels (1%),
stained with GelRed (2hg/ml) and detected by the use of ultraviolet trdunsiination. Gel images

were captured electronically and analyzed usingf&d’s Image Lab software.
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The two endonucleasétinfl and Hhal were used to digest positive amplicons in oradeidentify

larval nematodes at species level. Digestions weréormed with incubations of three and half
hours at 37°C. The fragments obtained were sephrbte 2% agarose gel electrophoresis,
visualized as above and the sizes were determigedomparison with a 100 bp DNA ladder

marker (Promega).

2.3.2 Sequences analyses

Twenty-six third stage larvae belongingHgster othylacium genus were analyzed by sequencing of
both nuclear and mitochondrial ribosomal regionsS I'nd rrnS, respectively. TherrnS
mitochondrial gene were amplified using the primerédH3 (forward: 5'-
TTGTTCCAGAATAATCGGCTAGACTT-3) and MH4 (reverse: )
TCTACTTTACTACAACTTACTCC-3) (Abollo et al., 2003)The amplification was performed
using the same protocol condition mentioned beéoré the following thermal profile: 10 min at
95°C, 35 cycles of 30 sec at 95°C, 30 sec at 5538 sec at 72°C, and a final elongation step of
7 min at 72°C.

Positive amplicons oflysterothylacium spp. were purified for sequence analyses usingGeaa
(Bioline), following the manufacturer's instructenThe pellets were sequenced by MWG Eurofins
DNA external service.

Nuclear ribosomal sequences ITS belongingHysterothylacium genus retrieved from Genbank
were selected for phylogenetic comparisons to sempseobtained in the present survey. Accession
numbers and specimens codes are available in Thbfmisakis simplex s.|. was selected as
outgroup for phylogenetic analysis with ITS (KM24®). Electropherograms were manually
checked using Trace implemented in MEGAG6 (Tamuralet2011), software used also to align
mitochondrial sequences obtained fonS region. Web-PRANK tool (Loytynoja and Goldman,
2005) was used to align nuclear ribosomal ITS megiod three distinct datasets were generated in
order to better decipher polymorphisms: DATASETthveipecimens from the present study and all
retrievableHysterothylacium spp GenBank sequences; in the DATASET2 an outgwagpadded;
DATASETS3 included onlyHysterothylacium previously reported from the Mediterranean basin
together with sequences here obtained. Distancedlyaisylogenetic tree were generated using the
Neighbor-Joining method with 1000 bootstrap pseeplorations to infer node support at branches.
Lastly, representative sequences of partial ITSswsed to run the BLAST search tool, in order to
confirm species identity.

Mitochondrial ribosomal markemrnS was investigated at intraspecific level, duehe kack of

retrievable sequences from otliiysterothylacium species for comparison.
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3. Results

3.1 Parasitic infection

Anchovies had an average length of 11.4 cm+0.9dstahdeviation (SD) and weighted 15.3 gr
(5.1 SD). Chub mackerels’ mean size was 20.7 @r6(ED) and weighted 129.7gr (x84.7 SD).

A total of 103 anchovies (57.5%) and 53 chub maalkgi63.09%) resulted infected by third stage
larvae of nematode ascaridoids and an overall 80 18rval nematodes was collected. Larvae were
identified as Anisakis Type | larvae (15 in anchovies and 697 in chub kesess) and as
Hysterothylacium spp. (326 in anchovies and 42 in chub mackerafs¥akis prevalence resulted to
be higher in chub mackerels (55.95%) than in anieso\{6.14%) (Pearson’s chi-squane,
value=0.0001); on the contrary, the prevalencédysterothylacium sp. was higher in anchovies
(54.18%) than in chub mackerels (13.09%y&lue=0.0001). A small number of fish resulted&
infected by bothAnisakis Type | andHysterothylacium spp. larvae (P=2.79% and P=5.95% in
anchovies and mackerels, respectively). In 13 tefibchub mackerels caught in Southern Adriatic
Sea,Anisakis Type | larvae were also found encysted in thetsll These fish were heavier (mean
weight= 283.3 gr) and longer (mean length= 26.5 ttraj the overall of sampled chub mackerels.
On the contrary, no anchovies showed migrated ¢aivahe fillet (Table 2 and 3).

Different epidemiological values were registeredaading to the fishing area: higher prevalence of
both Anisakis Type | larvae andHysterothylacium spp. infection were registered in anchovies from
Adriatic Sea in comparison to Tyrrhenian Sea. Cimalckerels from Southern Adriatic Sea showed
higher prevalence byAnisakis Type | than fish from Middle Adriatic Sea, wherehgher
abundance oHysterothylacium spp. infection was recorded in fish from Middle Adic Sea if
compared to fish from Southern Adriatic Sea. Fahksnchovies and mackerels, k parameter was
calculated, describing a binomial negative distituof larvae for bottAnisakis Type | larvae and
Hysterothylacium spp. (Table 2 and 3). However, the k values obseware different according to
parasite and host species, with a very low valuseoied forAnisakis Type | from chub mackerel,
probably due to the high numberArisakis larvae detected in this host.

Data resulting from risk factors analysis obtairadthe final models are shown in Table 4
(anchovies) and Table 5 (chub mackerels). Concgrairthovies, the fishing area was predictor of
infection for bothAnisakis Type | andHysterothylacium sp. Fish from Adriatic Sea resulted to be
more at risk of infections than those from Tyrrl@niSea. The risk of botAnisakis Type | and
Hysterothylacium sp. infections increased with fish weight.

As regards chub mackerels, only the variable “fighairea” was retained in the final model; it is

interesting to notice that fish caught in South&wlriatic Sea resulted to be at higher risk of

7
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Anisakis Type | infection and at lower risk dflysterothylacium spp. infection in comparison to
those caught in Middle Adriatic Sea. The model onfy on data concerningnisakis larvae in the
fillet, confirmed that the risk of infection wassagiated to the increase of fish weight.

3.2 Molecular identification of species

3.2.1 PCR-RFLP

PCR amplification of the IT$ Anisakis spp. produced a fragment of about 960 bp whilehe
raphidascarididHysterothylacium sp. produced a fragment of about 1100bp. Among libe
specimens processed, 55 gave successful ampbficadiimplicons were subsequently submitted to
RFLP and three taxonomic units were identifidshisakis pegreffii (17 specimens from eight
anchovies and nine specimens from nine chub mdskehgbrid genotype betwedn pegreffii and

A. simplex sensu stricto (two specimens from two anchovied ane specimen from a chub
mackerel), andHysterothylacium aduncum (22 specimens from 18 anchovies and four specimens

from two chub mackerels).

3.2.2 Hysterothylacium spp.sequences anal yses

About the 26 specimens sequenced for ITS, ninatsslgave usable results for comparisons.
Lengths of sequences alignments used in the datasae 528bp for DATASET1, 1625bp for
DATASET2 and 780bp for DATASET3. Alignments are éatale as supplementary material (S1,
S2, S3). Samples here analyzed showed a low Iéy&lgmorphism, with only one variable site of
an isolates showing heterozygote residue Y (C/Tpmparison to the other isolates all showing T.
The representative partial ITS sequence was compgaré&enBank using BLAST showing 99%
coverage and 100% of identity with sevetdl aduncum sequences (KP670310, KU306720,
KT852549, KP979763, KR349114, KM272443).

The NJ tree obtained describes a well supportedtaniu100% bootstrap value) including all
sequences here analyzétl,aduncum andH. auctum; andH. fabri as sister branch (Figure 1.
auctum andH. aduncum sequences cluster together in the same very waligted node (95) while
the differentiation between these two speciedlisusider debate.

PCR amplification of thernS produced a fragment of about 550 bp; 16 on 26 spEw analyzed
gave usable electropherograms, and entire alignmieA60bp and partial dataset of 252bp are
available as supplementary material (S4). RepraseeatrrnS haplotypes were deposited in
GenBank under the following accession numbers: MB86 to MFO00691. The sequences
analysis indicated homogeneity also in this mitexhi@al marker, revealing the presence of eight

variable nucleotides and an average evolutionargrdence over all sequence pairs of 0.3%.
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4. Discussion

The results of the present survey confirmed theegee of anisakids in both fish species, with
differences associated to the biology of the spearal to the fishing area.

Particularly, in anchovies a prevalencefofsakis type | of 6.14% was recorded, with low values of
abundance (0.08) and intensity (1.36).

Previously published data oAnisakis spp. in anchovies from Mediterranean Sea reported
prevalence values varying considerably among diffefishing areas. Cavallero et al. (2015) found
0.5% of infected anchovies in Northern Adriatic Sesmilarly to values reported oAnisakis
infection of 1% in Tyrrhenian Sea (De Liberato et 2013). In other fishing areas, on the contrary,
higher prevalence values were recorded: 65% otiaeteanchovies, with a mean intensity of 2.8 in
body cavity and 2 in muscle, were reported in Saad{Piras et al., 2014), and a prevalence of
81.7% was found in anchovies caught in Northerniagit; with high values of abundance and
intensity (6.89 and 8.44, respectively) (Mladinew éPoljak, 2014). More recently, Casti et al.
(2017) reported a prevalence of 25.9% in anchdvaes the Gulf of Asinara, in Sardinia.

Differences in epidemiological parameters repoitediterature could be attributed to different
variables including different fishing areas or diffnces in fishing seasons and, as a consequence,
differences in fish body size. Indeed, in the pnéstudy, the increasing of fish body size expresse
as weight, resulted to be associated to the imfiecis previously described (Mladineo and Poljak,
2014; Mladineo et al., 2012; Rello et al., 2009gskBles to differences in sampled population,
different techniques used for larvae detection@@lgo affect sensitivity, especially in the caka o
low burden of infection.

Low prevalence values and especially the low burdénnfection in terms of intensity and
abundance may result in an underestimation of ifextion. Indeed, during sanitary controls fish
are randomly selected for inspection and fish itgf@dy one or few larvae may be unnoticed.

In comparison to anchovies, chub mackerels showedher prevalence dinisakis Type | (55%),

as previously reported by Abattouy et al. (20143t found 57% of infected chub mackerels caught
in Mediterranean coast of Morocco. The prevaleralaes observed are lower than those reported
by Piras et al. (2014), ranging from 96% to 100%wever, the average size of fish here analyzed
is smaller with respect to those of the above stidhlthough our data on weight or body length
did not show a significant association to the ititet, in chub mackerels the body size expressed as
body length or weight demonstrated to be a riskofa@ssociated to thénisakis infection
(Abattouy et al., 2011). Fish body weight resulbedly to be associated to the presencérogakis

larvae recorded in the fillet. Indeed, 15.5% of lchmackerels hostindnisakis Type | larvae in

9



291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

fillets had a higher average size in comparisofistoin which larvae were only found in coelomic
cavity. In terms of weight and length, chub macleevéth larvae encysted in fillets were similar to
fish sampled by Piras et al. (2014) that found 20af chub mackerels with larvae in muscle. On
the contrary, in anchovies, larvae were only foumdody cavity, as previously reported for this
species (Cavallero et al., 2015).

Further, the origin of chub mackerels resultedecstatistically associated Amisakis Type | larvae
infection, with fish caught in Southern Adriaticosting the highest prevalence, abundance and
intensity (P=66.04%, A=12.45, |1=18.86) when compdate fish caught in middle Adriatic
(P=38.71%, A=1.19, 1=3.08).

In the present survey, another parasitic nemataatefaund, with different patterns of infection in
the investigated host species.

Although not considered pathogenic for humans ptiesence oHysterothylacium spp. larvae may
cause depreciation of fish because of to the agstheblem, causing repulse from consumers
(Abollo et al., 2001); a high overall prevalencd.@%) was registered in anchovies, with a peak in
fish caught in Adriatic Sea where prevalence vaheashes 83.3%. Cavallero et al. (2015) reported
in Northern Adriatic Sea a lower prevalence Hysterothylacium spp. in anchovies (27%),
combined with lower abundance and intensity valuésnsidering Tyrrhenian Sea, a lower
prevalence (23.72%) was registered if compareddwafic Sea; however, the values here reported
resulted higher when compared to previous data Gr@#w the same locality (De Liberato et al.,
2013).

In chub mackerels, prevalence valuesHykterothylacium spp. infection resulted lower than in
anchovies, with 13.01% of infected fish, with loalwes of abundance and intensity. Similar results
were already reported (Madrid et al., 2016), recmy@ prevalence dflysterothylacium sp. of 4.8%
with an abundance value of 0.1 in macker&terber scombrus) caught in Mediterranean Sea.

It is worth noting that the fishing area of bottchaovies and chub mackerels resulted associated to
fish infection also in the case éfysterothylacium sp.; however, differently fromfnisakis that
showed the highest burden of infection in SouthAdriatic Sea, the highest prevalence of
Hysterothylacium sp. infection was registered in Northern and Midaitkiatic Sea.

In the present survey, different patternsAwsiisakis and Hysterothylacium spp. infections were
therefore registered in anchovies and chub mackestdting the importance of monitoring of fish
species potentially representing a hazard for puisalth.

Furthermore, molecular analysis allowed the idemifon of Anisakis larvae at species level. PCR-
RFLP identifiedAnisakis type | larvae a#\. pegreffii and the hybrid genotype betwe&npegreffii

and A. simplex sensu stricto, both recorded in anchovies and chabkerels.A. pegreffii was

10
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demonstrated as a species able to cause humakiasisgMattiucci et al., 2013), and even hybrids
genotype between th&nisakis simplex sensu stricto and. pegreffii have been recently discussed
in terms of pathogenic potential in comparison &oeptal species (Arcos et al., 2014; del Carmen
Romero et al., 2013).

Concerning Hysterothylacium spp., the sequencing of ITS region revealed hogylwith
sequences belonging kb aduncum species. Phylogenetic reconstruction showed sityilamong

the specimens analyzed with retrieved sequencHs afuncum andH. auctum. The presence d¢.
aduncum in the same cluster indicated that further ingggions using additional genomic regions
should be performed to solve evolutionary branchpadtern. Identity of the Baltic speciés
auctum is not well resolved in the tree and it is stihder debate. Moreover, sequences from
congeneric species &bk incurvum andH. corrugatum and species previously reported in the same
area ad. petteri (Mattiucci et al., 2014) were not available in Gank and further investigations
are needed in order to better understand the pégkig relationships and species boundaries
amongHysterothylacium spp. Finally, analysis orrnS mitochondrial marker were performed for
the first time on this species adding informatiom its genetic background and on molecular
markers potentially used for diagnostic purposasg tb the high homology revealed among

specimens within species, with an average evolatipdivergence over all sequence pairs of 0.3%.

Conclusions

The spread ofnisakis larval infection was confirmed in fishes destinechuman consumption: the
chub mackerel resulted strongly infected and hgstmonotic species. On the contrary, a lower risk
of Anisakis infection was registered in anchovies, with novdar found in the fillets and with
differences also associated to fishing areas. Nesleiss, the frequent consumption of raw,
marinated anchovies highlights that the risk fomans should not be underestimated, supporting
the need of continuous survey on such fish specasbining morphologic and molecular analysis.
However, a comprehensive analysis of risk factofshoman anisakiasis associated to the
occurrence of anisakid nematodes in fish speciesldibe integrated by systematic data on larval
migration to fillets, preservation methods as vaslistudies on the trend of spreading habits of raw

fish consumption.
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513 Figure 1. NJ tree inferred from ITS sequences analyzelarpresent paper (indicated as “ALG”)
514 together with retrieved GenBank sequences frome@Hyster othylacium species and one
515 outgroup (DATASET?Z2). Bootstrap support is indicastchodes.

516
517
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Table 1 - Data aboudysterothylacium spp. nuclear ribosomal ITS sequences retrieved from
GenBank and used for comparative purposes. Parapiicies, Genbank accession number,
geographical origin of sample, host species areteates are available.

Nematode species Genbank Geographical origin Host species Reference
accession number of sample
H. liparis KF601900 China Liparis tanakae (Guo et al., 2014)
H. Zzhoushanensis JX028282 East China Sea Pseudorhombus (Li et al., 2012)
oligodon
H. auctum AF115571 South Baltic Sea Zoarces viviparus (Szostakowska et
al., 2001)
H. aduncum JX845137 Denmark: North Sea Salmonids (Haarddl,et a
2013)
H. aduncum KP670310 Adriatic sea Engraulis (Cavallero et al.,
encrasicolus 2015)
H. tetrapteri KF601901 “chinese waters” “marine fishes” Li et al.
unpublished
H. fabri KC852206 Egypt Zeus faber (Pekmezci et al.,
2014)
H. thalassini JX982129 China Priacanthus (Liu et al., 2013)
macracanthus
H. JF730204 Brazil Paralichthys (Knoff et al., 2012)
deardorffoverstreetorum isosceles
H. bidentatum AY603539 - - Kijewska et al.,
unpublished
H. longilabrum JQ520159 South China Sea marine fishes (Li ep@l2)
H. rigidum HF680324 Ireland: Porcupine | Lophiuspiscatorius | Canas et al.,
Bank unpublished
Anisakis simplex KM273046 Baltic Sea Gadus morhua (Mehrdana et al.,

(outgroup)

2014)
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Table 2 - Parameters of parasitizationAnysakis type | andHysterothylacium spp. in anchovies from different fishing areas: benof infected
hosts, number of larvae recovered, epizootiologieaameters (prevalence, mean intensity, mean abgedk index of aggregation).

Fishing area overall North Tyrrhenian Sea Northern Adriatic Sea Southern Adriatic Sea
Examined fishes

Weight: mean (SD) 15.27 (5.14) 18.71 (7.33) 14.29 (2.15) 12.88 (1.89)

Length: mean (SD) 11.41 (0.96) 11.9 (1.33) 11.35 (0.59) 11 (0.53)

N 179 59 60 60
Parasite Anisakis type |

overall North Tyrrhenian Sea Northern Adriatic Sea Southern Adriatic Sea
overall incisted overall incisted overall incisted overall incisted

Infected fishes

Weight: mean (SD) 17.03 (5.09) - 27.1 (2.26) - 14.45 (0.36) - 15.08.6) -

Length: mean (SD) 11.83(0.82) - 13.3 (0.42) - 11.47 (0.29) - 11.642) -

N 11 0 2 0 4 0 5 0
N larvae 15 0 3 0 4 0 8 0
Prevalence (95% Cl) 6.14 (3.47-10.67) 02_(%' 3'3181.(5?4?3' 0 (0-6.11) 6'%_%?' 0(0-6.02)  833(3.61-18.06) 0 (0-6.02)
Mean Intensity (SD) 1.36 (0.674) 1.5 (0.707) 1(0) 1.6 (0.894)
(Range) (1-3) i (1-2) (1-1) (1-3) )
Mean Abundance (SD) 0.08 (0.365) - 0.05 (0.289) - 0.07 (0.252) - 0.0303) -
k parameter 0.56 - - - - - - -
Parasite Hysterothylacium spp.

overall North Tyrrhenian Sea Northern Adriatic Sea Southern Adriatic Sea
overall incisted overall incisted overall incisted overall incisted

Infected fishes

Weight: mean (SD) 14.52 (3.37) - 17.35 (6.75) - 14.56 (2.2) - 13.252) -

Length: mean (SD) 11.34 (0.71) - 11.64 (1.22) - 11.44 (0.6) - 11.088) -

N 97 0 14 0 50 0 33 0
N larvae 326 0 16 0 199 0 111 0

83.33
Prevalence (95% Cl) >4 2426'88' 00- ~2372(147-  44611)  (71.96- 0(0-6.02)  55(42.49-66.91) 0 (0-6.02)
.32) 2.1) 35.98) 90.68)

Mean Intensity (SD) 3.36 (3.345) 1.14 (0.363) 3.98 (3.711) 3.36 (3.111)
(Range) (1-20) i (1-2) i (1-20) (1-11)
Mean Abundance (SD) 1.82 (2.976) - 0.27 (0.52) - 3.32 (3.698) - 1.8B43) -
k parameter 0.044 - - - - - - -
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Table 3 - Parameters of parasitizationAnysakis type | andHysterothylacium spp. in chub mackerels from different fishing areaumber of
infected hosts, number of larvae recovered, epialogical parameters (prevalence, mean intensisamabundance, k index.

overall

Middle Adriatic Sea Southern Adriatic Sea

Examined fishes
Weight: mean (SD)

129.68 (84.75)

81.41 (44.94) 157.91 (89.99)

Length: mean (SD) 20 (3.58) 18.38 (2.34) 22.04 (3.5)
N 84 31 53
Parasite Anisakis type |
overall Middle Adriatic Sea Southern Adriatic Sea
overall encysted overall encysted overall encysted
Infected fishes
Weight: mean (SD) 162.68 (96.23) 283.35 (82.37) 108.69 (62.45) - 2839.43) 283.35 (82.37)
Length: mean (SD) 22.21 (3.64) 26.56 (1.95) 20.01 (2.82) - 22.972B.6 26.56 (1.95)
N 47 13 31 0 35 13
N larvae 697 166 37 0 660 166
Prevalence (95% ClI) 55.95 (45.3-66.07) 15.48 (9.28-24.3B.71 (23.73-56.18) (0-11.03) 66.04 (52.6-77.31) 24.53 (14.93-37.57)
Mean Intensity (SD) 14.83 (24.279) 12.76 (8.86) 3.08 (2.193) - 18.86 (27.028) 12.76 (8.86)
(Range) (1-1112) (2-35) (1-8) (1-111) (2-35)
Mean Abundance (SD) 8.3+19.533 1.98£5.739 1.19+2.024 - 12.45+23.642 1.97+5.73
Kk parameter 0.0004 - - - - -
Parasite Hysterothylacium spp.
overall Middle Adriatic Sea Southern Adriatic Sea
overall encysted overall encysted overall encysted
Infected fishes
Weight: mean (SD) 101.55 (69.04) - 105.12 (76.67) - 85.5 (2.96) -
Length: mean (SD) 19.34 (3.34) - 19.64 (3.66) - 18+ (0.42) -
N 11 0 9 0 2 0
N larvae 42 39 3
Prevalence (95% ClI) 13.09 (7.48-21.95) 0 (0-4.37) 29.03 (16.09-46.89p-11.03) 3.77 (1.04-12.75) 0 (0-6.76)
Mean Intensity (SD) 3.82 (4.956) 4.33 (5.385) 1.5 (0.707)
(Range) (1-18) ) (1-18) i (1-2) i
Mean Abundance (SD) 0.5 (2.154) - 1.26 (3.425) - 0.06 (0.305) -
k parameter 0.111 - - - - -
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Table 4 - Risk factors analysis fAnisakis Type | andHysterothylacium spp. infections in
anchoviesccording to multivariate analysis. Prevalence (R¥gfficients ), standard error (S.E.)
of the coefficients, test statistic (the Wald sti#t), degrees of freedom (d.f.), the odds ratiR)Of
an event occurring with 95% confidence interval)(@hd are given for each variable.

. . Wald OR
Parasite Variable P% B+S.E. statistic (95% Cl) p-value
Intercept -11.414+3.527 0.0001
Fishing area 7.189 2 0.027
" Northern Tyrrhenian Sea 3.38 0 1
< (reference)
g Northern Adriatic Sea 6.67 3.579+1.698 4.442 (1_232_'333_175) 0.035
- 112.034
Southern Adriatic Sea 8.33 4.719+1.8341 6.619 (3.077-4079.146) 0.01
. . 1.408
Fish weight 0.342+0.1266  7.301 1 (1.099-1.805) 0.007
Intercept -2.619+0.6997  14.009 0.0001
c Fishing area 59.741 2 0.0001
g Northern Tyrrhenian Sea 2379 0 1
o (reference)
2 - 16.197
g Northern Adriatic Sea 83.33 2.785+0.3624 59.059 (7.961-32.952) 0.0001
g Southern Adriatic S 55 10.086 0.0001
T outhern riatic Sea 2.311+0.3921 34.735 (4.677-21.753) .
. . 1.071
Fish weight 0.068+0.0315  4.684 1 0.03

(1.006-1.1389)
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534 Table 5 - Risk factors analysis fAnisakis Type | andHysterothylacium spp.infections in chub
535 mackerelsaccording to multivariate analysis. Prevalence (R3fficients ), standard error (S.E.)
536 of the coefficients, test statistic (the Wald stat), degrees of freedom (d.f.), the odds ratiB)Of

537 an event occurring with 95% confidence interval)(@hd are given for each variable.

Wald d.f OR (95% ClI) p-
value

Parasite  Category P% p£S.E.

statistic
Intercept 2.522+0.1428 0.0001
% Fishing area 69.025 1 0.0001
= Middle 0.096
C -
I Adriatic Sea 38.71 2.345%0.2823 69.025 (0.055-0.167) 0.0001
Southern
Adriatic Sea 66.04 0 1
(reference)
§ @ - _Intercept -3.828+0.5035 0.0001
n'c o
s — . . 1.021 (1.016-
£ £ ® Fishweight 0.021+0.0024 76.086 1 1,0(26) 0.0001
Intercept -2.872+0.5935 0.0001
% Fishing area 23.452 1 0.0001
g Middle 22.226
2 o 29.03 3.101+0.6404 23.452 (6.335- 0.0001
= Adriatic Sea
= 77.976)
B Southern
I Adriatic Sea 3.77 0 1
(reference)

538
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Highlights

Larval ascaridoids in anchovies and chub mackerels from Mediterranean Sea were investigated
Anisakis Type | and Hysterothylacium spp. were identified in both fish

Molecular analysis identified A. pegreffii, hybrid genotype (A. pegreffi/ A. simplexs. s.) and H. aduncum
Novel information on rrnS mitochondrial gene of H. aduncum was achieved

Both fishes represented a sanitary risk for consumers.



