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Preface

Mollusca phylum represents a great diversity of species in the animal kingdom. It is
estimated that there are 117,358 species, which have a variety of sizes, shapes, and
different lifecycles that allow them to inhabit different environments. The study of
marine molluscs is attractive to paleontologists, zoologists, marine biologists and
archeologists, collectors, and geneticists among other specialties. This is due to the
vast complexity of types of characteristics that contribute to successful colonization
in mangrove forests, coastal lagoons, reefs, and other areas, establishing ecological
niches from the intertidal zone to slopes and ocean depths, including hydrothermal
vents and trenches over 5000 m deep.

Bivalve molluscs have an important ecological importance in coastal ecosystems
due to their filtering activity, since they help to improve the quality of the water and
serve as food inside the trophic chain. Several species have economic interest for
humans, in the fields of both food and ornamentation. For example, oysters have
commercial importance for the formation of pearls: these appear when a grain of
sand or a particle enters the shell of an oyster and the animal covers the grain with a
substance called nacre.

This book consists of four sections. The first section “Introduction” offers informa-
tion on mollusc generalities. In addition, these organisms are important in areas of
commercial significance such as aquaculture and fishing. Similarly, molluscs have
uses in pollution studies and environmental processes among others.

The second section deals with the “Social Aspects of Fisheries,” which offers infor-
mation on mollusc gathering in tropical regions of Brazil, where the role of women
in fishing activities is recognized in terms of socioeconomic aspects as well as their
work spaces. With regard to the relationships established between men and women,
there is a need for economic production and social reproduction. Moreover, the
scope of their traditional knowledge acquired and recognized on collecting shellfish
and their perceptions regarding environmental changes involved in its activities are
very important for planning environmental management strategies for estuarine
areas and public policies to protect the environment.

The third section “Ecology” presents information on the predatory marine gastropod
Rapana venosa (Valenciennes, 1846) in the northwestern Black Sea, including mor-
phometric variations, imposex appearance, and biphallia phenomenon, and men-
tions that R. venosa presents a more elongated, thin, and less immense shell than other
molluscs. The weight/size differences of R. venosa can confirm certain morphometric
changes of the animal in different habitat conditions, as well as its evident morpho-
metric characteristics and the appearance of impurities in females and the biphallia
phenomenon in males. Marine waters subject to anthropogenic contamination make
it possible to consider it as an indicator of the ecological status of marine coastal
areas. Finally, the fourth section looks at aspects of the “Immune system” in two
themes: the chapter “Immune Response of Molluscs” deals with the elements of the
molluscan innate immune system and presents a case study of the immune response
of the Lymnaea stagnalis mollusc against the parasite Chaetogaster limnaei. The effect



of the parasite on some humoral immune response parameters such as nitric oxide,
phenol oxidase, and lysozyme production is investigated. In conclusion, L. stagnalis
exerts a humoral immune response against the C. limnaei parasite. However, this
response is insufficient to eliminate the parasite. The chapter “Survival Differences of
Vibrio vulnificus and Vibrio parahaemolyticus Strains in Shellstock Oysters (Crassostrea
virginica) from Harvest to Sale: A Risk Perspective” provides information on estimat-
ing the risk associated with the consumption of raw oysters affected by contami-
nation levels of V. vulnificus and V. parahaemolyticus and the temperature during
postharvest and transport from Mandinga Lagoon to Mexico City. The results suggest
that maintaining temperatures above 20°C during storage and transport of oysters
increases the risk of infection by pathogenic strains.

The book is a document that can be consulted by students, professors, and research-
ers in areas related to the biological sciences.

Dr. Genaro Diarte-Plata and Dr. Ruth Escamilla-Montes
Instituto Politécnico Nacional (CIIDIR Sinaloa),
Mexico
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Chapter1

Introductory Chapter: Molluscs

Ruth Escamilla-Montes, Genaro Diarte-Plata
and Salvador Granados-Alcantar

1. Introduction

Molluscs are one of the great animal phyla after arthropods. There are more
than 90,000 living species and about 70,000 fossil species. It is a highly diverse
group that includes eight classes: Caudofoveata, Solenogastres, Monoplacophora,
Polyplacophora, Gastropoda, Bivalvia, Cephalopoda, and Scaphopoda, which have
awide variety of body shapes and structures [1]. They are quite simple molluscs,
without eyes or shell, and even the most complex organisms on the planet. They are
found in a great diversity of habitats, from the tropics to the polar seas and from the
shallow muddy plains to the open ocean or the abyssal plains. They present diversity
in their life strategies: they can be benthic, pelagic, or burial drills, molluscs origi-
nated in the sea, estuaries, fresh water and terrestrials [1-5].

Molluscs have a wide variety of food strategies, including herbivores, carnivores,
predators, filter feeders, detritivores, and even some parasites [1], which are of
great ecological importance due to their trophic relationships. They also have great
ecological importance, since they are the link of pelagic and benthic processes,
because they filter organic matter and phytoplankton from the water column, and
their undigested remains, expelled as mucus or pseudofeces, become part of the
sediment [6]. Several investigations showed strong evidence that natural popula-
tions of filtering bivalves can exert top-down control over phytoplankton in coastal
areas [7].

The importance of molluscs as a fishing and aquaculture resource is well known,
since there are enormously developed and productive fisheries of octopus, squid,
cuttlefish, numerous species of bivalves, and some gastropods, as well as the use
of various species in monitoring programs to analyze the effects of pollution and
other disturbances on benthic communities [8, 9]. A large number of species have
commercial importance since their meat is used as food and their shells as pieces of
ornaments or in crafts. They are also useful as bioindicator of pollution or environ-
mental processes and in the industry as a source of cosmetic and pharmaceutical
products.

The mechanisms of defense in molluscs fulfill an important function against
bacteria, fungi, protozoa, and metazoans. The immune response is mediated
by cellular and humoral factors, and it has been shown that there is a close link
between these two components. The hemocytes are cells capable of generating
shape changes by the emission of pseudopodia, phagocytic activity, cytotoxicity,
and encapsulation of large particles [10]. These circulating cells are responsible for
generating different types of innate responses such as phagocytosis, encapsulation,
production of cytotoxic substances, and antibacterial peptides. These cells are pres-
ent in the hemolymph, but they are also able to leave the circulation and migrate
to other tissues of the animal where they can be added to restrict infection or some
tissue damage [11]. Its capacity of phagocytosis is one of the essential functions of
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hemocytes to eliminate exogenous agents such as bacteria or protozoa [12]; in this
case, the production of reactive oxygen species is induced [13, 14]. In Pectinidae
bivalves, the phagocytic capacity has been evaluated in Pecten maximus with various
types of bacteria and yeasts [14].

The encapsulation allows the immobilization of larger particles than the hemo-
cytes; this response involves the formation of concentric layers, formed by hemo-
cytes. The formation of capsules of hemocytic origin against protozoan parasites has
been studied in detail in the oyster C. virginica [15] and in the clams Tapes semidecus-
satus [16] and Mercenaria mercenaria [17]. The most studied model in the innate
immune response of hemocytes against the Schistosoma mansoni trematode larvae
has been the gastropod mollusc Biomphalaria glabrata (Mollusca: Pulmonata),
where it has been shown that the parasite has a modulating effect on several hemo-
cytic parameters, such as suppression of phagocytosis, change in mobility, variation
in the number of hemocytes, cytoadherence, and metabolic capacity [18, 19].

Among the biggest challenges that arise in the culture of molluscs are the
constant mortality events, which cause a significant reduction in production. The
presence of diseases within cropping systems affects in particular the larval and
post-larval stages in production laboratories, as well as juveniles and adults grown
in the natural environment. Particularly in breeding places, the massive mortali-
ties caused by diseases imply the total loss of production, with serious economic
consequences. In most cases, studies have shown that the problems are caused by
bacterial pathologies, being the main etiological agent members of gender Vibrio
[20, 21]. In relation to the stages cultivated in natural banks, where the first stud-
ies focused on the pathologies are caused by parasitic protozoa, in recent years,
research has focused on diseases of bacterial origin that affect the survival of crops.

At the present time, there is hardly any research being carried out on the bacte-
rial populations that cause diseases which are associated with the culture of mol-
luscs, and, therefore, there is little information on the subject, which has led to the
search for alternatives aimed at the elimination of bacteria of crop water during
the hatchery stages. Among the methods used in different water treatments as well
as in chemotherapy, it has been observed that they are inadequate to avoid high
mortalities. Therefore, the use of probiotic bacteria in mollusc culture is one of the
most promising options in aquaculture, giving rise to a balanced bacterial popula-
tion with self-regulatory capacity. In addition, their use avoids the dangers derived
from antibiotics and other control measures, which help prevent diseases and avoid
economic losses within this activity [22].

Molluscs can be used in monitoring plans, since these organisms have the
peculiarity of having little or little movement, long life cycles, a high degree of
tolerance to stress, an intimate relationship with sediment, and a rapid response to
disturbances. Makes them ideal for the study of environmental changes of natural
and anthropogenic origin.
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Chapter2

Mollusc Gathering in Tropical
Regions of Brazil

Simone Ferreira Teixeiva and Susmava Silva Campos

Abstract

Gathering bivalve molluscs is an important part of extractive fishing activities
in the northeastern region of Brazil and is performed mainly by women. This study
addresses the invisibility of the activity despite the labor effort and income genera-
tion these women represent. Depending on the community, these fisherwomen
either practice all steps of the activity or only some processes, such as preparing and
selling the product, but are always involved in some part of the productive pro-
cess. Despite participating in the generation of income, the work of these mollusc
gatherers is considered invisible, without prestige and given little or no value when
compared to other fishing activities, especially those exercised by men. Mollusc
gathering may seem to be a non-complex practice, but requires a variety of tradi-
tional knowledge that is passed from one generation to the next. Such knowledge
reflects the intimate understanding these workers have of productive processes
and the environmental dynamics of coastal artisanal fishing. In the majority of
traditional communities, the difficulties lead to the discouragement of this activ-
ity as work for future generations. Thus, there is a need for the recognition of the
spaces of female mollusc gatherers, considering the relations between the need for
economic production and social reproduction with the egalitarian representation of
these workers in the entities of social representation of the class of fishers.

Keywords: fisherwomen, mollusc gatherers, traditional communities, traditional
knowledge, gender issues, northeastern Brazil

1. Introduction

Artisanal fishing accounts for more than 90% of fishing jobs and the resulting
catches correspond to more than half of the fishing production throughout the world
[1]. In Brazil, artisanal fisheries in coastal waters account for 52.5% of all extractive
fishing [2]. In 2007, northeastern Brazil was the second largest producing region of
the country in terms of extractive marine fisheries, with 96.3% the result of artisanal
fishing activities [3]. Among the total estimated production from extractive marine
fisheries in the northeastern region in the same year, molluscs accounted for 5.8%
[3], demonstrating the importance of this resource for the region.

Mollusc gathering in northeastern Brazil is performed mainly by women,
whether participating in all steps of the activity or only in some processes, such
as preparing the catch for sales and selling. Despite playing important roles in the
productive and economic processes, women continue to be overlooked in official
fishery statistics. In Ref. [4], women represent 24.35% of the General Fishery
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Registry. However, this figure may not represent the effective participation of
female labor in these activities, since not all fisherwomen are registered.

Gender division in terms of labor is an important factor to analyze in the lives of
fisherwomen who participate in paid mollusc gathering activities and also perform
housework. Although directly responsible for the maintenance and well-being of
the family, women do not receive pay or recognition for their household chores.
The work of women in artisanal fishing is also still considered invisible and seen as
a marginal activity without prestige in terms of household income [5, 6], whereas
the role of men is culturally linked to the productive sector. In this context, fisher-
women are unappreciated with regard to both housework and fishing activities.

Women in coastal communities in northeastern Brazil exercise an income-gen-
erating activity: the gathering of bivalve molluscs in estuarine and mangrove areas,
the productive organization of which is directly related to the use, management and
dynamics of natural marine resources [7]. Fishery resources in these areas are indis-
pensible to the subsistence of traditional coastal communities. Bivalve molluscs are
one of the important exploited resources with ecological and socioeconomic value
and constitute either the main source of income of the families involved in this
activity or a complementary source to other fishing activities [8].

In northeastern Brazil, the main marine bivalve species of economic importance
in mollusc gathering are Anomalocardia flexuosa (Linnaeus, 1767) (“carib pointed
venus” clam); Phacoides pectinatus (Gmelin, 1791) (thick lucine); Ctena orbiculata
(Montagu, 1808) (dwarf tiger lucine); Austromacoma constricta (Bruguiére, 1792)
(constricted macoma); Crassostrea mangle Amaral & Simone, 2014 (mangrove
oyster or bagpipe oyster); Crassostrea brasiliana (Lamarck, 1819) (diving oyster);
Iphigenia brasiliensis (Lamarck, 1818) (giant false coquina); Leukoma pectorina
(Lamarck, 1818) (“coroa de frade”); Mytella charruana (d’Orbigny, 1842) (charru
mussel); Mytella guyanensis (Lamarck, 1819) (mangrove mussel); Cyrtopleura
costata (Linnaeus, 1758) (angelwing clam); Brachidontes exustus (Linnaeus, 1758)

Ma
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Figure 1.

Map showing sites where gathering of molluscs of commercial importance is performed in northeastern Brazil
cited in present study. States: MA—Maranhdo, PI—Piaui, RN—Rio Grande do Norte, PB—Paraiba,
PE—Pernambuco, AL—Alagoas, SE—Sergipe and BA—Bahia. * State’s capital.
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(scorched mussel); and Tagelus plebeius (Lightfoot, 1786) (stout razor clam)
[8-15, 17-20, 22-26, 28, 35, 38]. The species caught vary along the coast according
to the type of substrate, which exerts an influence on the presence and abundance
of species as well as catch processes.

The object of the present study was female bivalve mollusc gatherers on the
northeastern coast of Brazil (Figure 1), particularly those in fishing communities
of the Pina Basin in the city of Recife and the region of Suape in the city of Cabo de
Santo Agostinho, both of which are located in the state of Pernambuco, where the
authors have been developing research for more than 20 years, considering the work
force and income generation of these women and, at the same time, their invisibil-
ity in extractive fishing activities.

2. Mollusc gathering in northeastern Brazil

In northeastern Brazil, bivalve mollusc gathering is the fishing activity that most
employs women, but, nonetheless, these fisherwomen are both economically and
socially marginalized, poor and have a low level of schooling, with little recogni-
tion among artisanal fishermen [8]. However, in the village of Acupe in the state of
Bahia, the recognition of mollusc fisherwomen by other fishers has been occurring,
probably due to the daily coexistence, as the mangrove is considered a place of
interactions [16].

Brazilian legislation has made advances in terms of artisanal fishing in recent
years. However, political policies continue to be out of step with the actual situation
of mollusc gatherers, as evidenced by the lack of credit plans and accords, which
impedes the purchasing of utensils and equipment for preparing the catch and
aggregating value to the product.

Despite being the providers of many families, these working women of the tide
go unseen by society. Moreover, mollusc gatherers face extreme working conditions,
climate changes, the risk of accidents and illness due to the considerable physical
effort exerted in unsanitary environments, which are reported as recurrent condi-
tions in this activity, but mollusc gathering is an option where there is a lack of
opportunity for formal labor. Moreover, the majority of gatherers also complement
the family income with other types of work, since the activity does not ensure the
sustenance of the family. These aspects serve to discourage this activity as work for
future generations in the majority of traditional communities.

Another issue to consider is the participation of women who do not traditionally
pertain to fishing communities, but have been gathering molluscs as a source of
subsistence, especially in areas where there are large “pockets” of a marginalized
population. This situation can lead to the marginalization of mollusc gathering
and the possibility of its extinction as a traditional activity. Moreover, it can lead
to overfishing due to the increase in effort and the lack of knowledge among these
women regarding the proper techniques and processes of this activity.

In gender relations, which are passed down from generation to generation,
there is the notion that fishing on the high seas is an activity that requires physical
strength and is therefore considered men’s work, whereas mollusc gathering is a
lighter activity performed in mangroves and therefore considered women’s work,
as authors in Ref. [21] found among the residents of Sdo Braz in the city of Santo
Amaro in the state of Bahia. According to the author, the gender division in this
community occurs due to the repulsion of the mangrove environment (mud),
which is considered “dirty” and suitable for women’s work, whereas the sea (water)
is considered “clean” and a superior environment suitable for men’s work. In the
community of Beto Island in the municipality of Itaporanga D’Ajuda in the state of
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Sergipe, the gender division is defined in work spaces, where men practice fishing
and women gather molluscs and other products on the beach as well as in man-
groves, lakes and rivers [22]. The same is found in the community of Cajueiro da
Praia in the state of Piaui [23].

In northeastern Brazil, the predominance of women in mollusc gathering activi-
ties occurs in practically all communities, as seen in the municipality of Raposa in
the state of Maranhdo [24]; Cajueiro da Praia in the state of Piaui [23]; the Ponta do
Tubario Sustainable Development Reserve in the state of Rio Grande do Norte [11];
on the banks of the Paraiba do Norte River [25] and Mamanguape mangrove [26]
in the state of Paraiba; in the Pina Basin in the city of Recife [12], in the mangroves
of Formoso River [27], in the communities of Tamandaré and Sirinhaém [28], and
in the region of Suape (reported by the authors) in the state of Pernambuco; in the
community of Beto Island in the municipality of Itaporanga D’Ajuda in the state
of Sergipe [22]; as well as in the mangroves of the Acupe district in the municipal-
ity of Santo Amaro [15, 16], in Todos os Santos Bay [29] and in the Canavieiras
Extractivist Reserve [20] in the state of Bahia. In Barra Grande in the state of Piaui,
mollusc gathering is a strictly female activity [17], as it is in the communities of
Patané and Camucim in the municipality of Arés in the state Rio Grande do Norte,
where these women are the wives of fishermen [18].

Therefore, mollusc gathering is an essentially female activity performed either
individually or in groups composed of family members or neighbors who share
transportation to the collection sites and the preparation of the catch for sale
[8, 18]. One of the aspects that contribute to female participation in this activity is the
possibility of working only a few hours per day close to home, which enables time for
family and household tasks. In many communities, the groups are composed of the
sons and daughters of the fisherwomen, which enables parental care, the transmission
of knowledge on the techniques of the activity and an increase in the labor force.

The fishing community of Suape in the state of Pernambuco was the object of
study by the authors in 1997 and 1998, when the area was considered one of the 12
main fishing colonies in the state [30, 31] and characterized as the most important
coastal and estuarine zones in northeastern Brazil as a natural nursery for aquatic
organisms that is practically pollution-free [32]. In 1979, work began on the Suape
Port Industrial Complex, which required landfills and led to geomorphological
and hydrodynamic changes [33]. The landfills of mangroves and possible pollution
from the activities of the industrial complex exerted a direct influence on fishing
production by compromising mollusc stocks as well as impeding the access of the
fisherwomen to the molluscs. At the time, mollusc gathering was performed mainly
by women and composed nearly completely by the shellfish Anomalocardia flexuosa,
with rare catches of the giant false coquina (Iphigenia brasiliensis) and stout razor
clam (Tagelus plebeius). Mollusc gathering was practiced by women who resided in
the region as well as those from other municipalities, stimulated by the production
of local stocks, which, however, were being affected by the impacts caused by the
construction of the Suape Port. With the intensification of the enterprises at the
Suape Port Industrial Complex, the socio-environmental impacts have deepened.
The fisherwomen are being expelled from their territories and those who remain in
the activity have seen their income diminished by the contamination of the mol-
luscs and the decline in production [34]. Thus, the mollusc gatherers in the Suape
region have been drastically affected and there is the real possibility of the extinc-
tion of this activity in one of the regions that was once considered to be among the
most productive in the state of Pernambuco.

In the fishing community of Pina and Brasilia Teimosa in the city of Recife, which
has also been the object of study of the authors since 2006, the captures include
the mussels Mytella guyanensis and Mytella charruana, the shellfish Anomalocardia
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flexuosa, Phacoides pectinatus and Ctena orbiculata, the constricted macoma
(Austromacoma constricta), stout razor clam (Tagelus plebeius) and the oyster
Crassostrea spp. This community is considered an urban fishing community, in which
there is considerable real estate pressure due to its location being parallel to the coast
and very close to the beach, which places pressure on fishing activities [8]. Moreover,
this community can be considered a true “mangrove civilization,” with its sociocul-
tural and economic traditions linked to the estuary-mangrove environment [35].

Mollusc gathering may appear to be a non-elaborate practice with little planning
and, therefore, less valued. However, this activity requires knowledge, meanings
and interests constructed over time and recognized by the practices of the commu-
nity, and the gatherers have a body of indispensible knowledge on the activity [8].
This knowledge is passed down from generation to generation, mainly by family
members, and involves the planning and organization of actions, knowledge on
species of mollusc, the use of different types of gear and the choice and location
of collection sites [21, 29, 35]. Such knowledge reflects the intimate understanding
these workers have of productive processes and the environmental dynamics of
coastal artisanal fishing. Traditional knowledge on the activity is a product of arti-
sanal fishing, as fishers generally have information on the environmental variables
that exert an influence on the catch as well as hydrodynamics, seasonality, the man-
agement of fishing gear and the ecology of the target species, which is fundamental
to successful fishing [16, 36, 37]. The artisanal fishermen and fisherwomen in the
coastal area are also the keepers of knowledge on types of mangrove vegetation and
the interactions of species with the mangrove [38]. These characteristics make the
mollusc gatherers traditional peoples and communities.

In Brazil, traditional peoples and communities are protected by the National
Sustainable Development Policy for Traditional Peoples and Communities, which
was instituted in 2007 through Decree n° 6.040 issued on February 7, 2007 [39]. In
this decree, traditional peoples and communities are considered to be “culturally
differentiated groups, who recognize themselves as such, who have their own social
organization and occupy and use territories and natural resources as a condition for
their cultural, religious, ancestral and economic reproduction, using knowledge,
innovations and practices generated and transmitted by tradition” [39].

Like all artisanal fishing, mollusc gathering involves passing traditional empiri-
cal knowledge from generation to generation. Such information acquired from
traditional knowledge includes catch sites, adequate conditions for greater produc-
tion and the preparation of the product for the market. The productive process
involves gathering, washing, cooking, sorting, packaging, weighing, storage and
commercialization, normally with variations depending on the species (Figure 2).

Seasonal and climate conditions are determinant factors for the traditional
knowledge of mollusc gathering, since these aspects exert an influence on production
and safe working conditions. In the Pina Basin in the city of Recife, the fisherwomen
report that the best season of the year for mollusc gathering is the “dry period,”
referring to summer. According to the women, the rainy season leads to the death of
molluscs in the areas due to the influx of freshwater from the rains and rivers that
drain into the estuary. This report that the rainy season harms the mollusc gather-
ing activity has been made by fisherwomen from the communities of Patané and
Camucim in the municipality of Arés in the state of Rio Grande do Norte [18]. Besides
fishing issues, the fisherwomen of the Pina Basin report that the rainy period is less
favorable due to the risk to life caused by precarious working conditions in the rain.

The dynamics of the tides and lunar cycles also affect the catch. At low tide, the
banks of sediment on which the molluscs are gathered (locally denominated “créas”
[sandbanks]) are exposed and enable the gathering activity, lasting, on average, 3-5
hours in the Pina Basin. In the region of Suape, gathering activities also occurred at
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Flowchart of processes, activities and actors involved in productive chain of gathering molluscs of commercial
importance commonly practiced by fisherwomen in northeastern Brazil (Byssus: filamentous structure used to
anchor mollusc to substrate).

low tide, when access to the banks of molluscs was possible, demonstrating knowl-
edge of the tide variations to gain access to collection sites. The lunar phases recog-
nized as the best for mollusc gathering are the full moon and new moon, which is
in agreement with findings described in Ref. [15]. These correspond to the spring
tides, which have a larger range of variation and are known locally as “the big tide.”
There is also knowledge on the type of gear. The use of utensils varies based on
the species targeted (Table 1) and type of substrate as well as the physical and age
differences of the women. The fisherwomen normally use utensils that require less
physical effort and cause less pressure on both the environment and the stocks,
such as spoons, knives, cleavers, coconut shells, hoes, shovels, rakes, “bicheiros”
(hooks formed by wooden pole with a curve iron rod at one end), hooks, sickles
and spatulas or one’s own hands, which, however, are less productive in compari-
son to “galeias” (empty plastic crates) (Table1). In the community of Oiticica in
the Canavieiras Extractivist Reserve in the state of Bahia, this activity was once
practiced with the aid of cleavers, but began to be practiced with hoes in an effort

16



Mollusc Gathering in Tropical Regions of Brazil
DOI: http://dx.doi.org/10.5772/intechopen.83588

Sitesin northeastern Bivalve mollusc Common name Types of gear of fishing References
Brazil withmollusc  species
fisherwomen
Maranhdo State
Raposa Anomalocardia flexuosa Sarnambi Cup; trawl nets; knives;  [24]
. o . kes; hooks; H
Iphigenia brasiliensis Tarioba rakes; 1o {,S spoons
trowel; one’s own hands
Piaui State
Cajueiro da Praia Anomalocardia flexuosa Marisco Shovels; spoons; one’s [17,23]
(Barra Grande) own hands
Crassostrea mangle Ostra Knives; one’s own hands
Iphigenia brasiliensis Tarioba One’s own hands
Mytella charruana Sururu; Shovels; spoons; one’s
sururu-de-texto own hands
Mytella guyanensis Sururu; Shovels; spoons; one’s
sururu-de-dedo own hands
Tagelus plebeius Tabaco-de senhora;  One’s own hands
pé-de-bode;
bico-de-pato
Rio Grande do Norte
Ponta do Tubario Anomalocardia flexuosa Buzio; marisco Spoons; buckets; knives; [11]
Sustainable coconut shells; pans;
Mytella guyanensis Surur > §
Development Reserve DUeRa gryamenst sk rakes; one’s own hands
Phacoides pectinatus Buzio grande
Arés (Patané and Anomalocardia flexuosa Lilius One’s own hands; [18]
Camucim) cleavers; “jereré or
arrastio” (trawl nets
with rakes)
Crassostrea mangle Ostra No data
Mytella guyanensis Sururu
Tagelus plebeius Unha-de-velho
Paraiba State
Estuarys of the Anomalocardia flexuosa Marisco No data [13]
Man?anguape and Crassostrea brasiliana Ostra de mergulho
Paraiba do Norte
Rivers Crassostrea mangle Ostra de mangue;
ostra gaiteira
Iphigenia brasiliensis Taioba
Mytella charruana Sururu de croa
Mytella guyanensis Sururu
Tagelus plebeius Unha-de-velho
Estuary of the Paraiba Anomalocardia flexuosa Marisco Utensils; one’s own [25]
do Norte River hands
Crassostrea mangle Ostra de mangue
Mytella guyanensis Sururu
Tagelus plebeius Unha-de-velho
Estuary of the Anomalocardia flexuosa Marisco One’s own hands; spoons  [26]
M Ri
AMANGUAPERIVET oyssostrea mangle Ostra Iron utensils; cleavers
Mytella guyanensis Sururu One’s own hands; iron

utensils; cleavers
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Sitesin northeastern Bivalve mollusc Common name Types of gear of fishing References
Brazil withmollusc  species
fisherwomen
Pernambuco State
Igarassu (Coroa do Anomalocardia flexuosa Marisco Net [14]
Aviio, Ramalho and
Mangue Seco)
Recife (Pina Basin) Anomalocardia flexuosa Marisco; berbigdo; ~ “Galeia”; trowel; spoons; Reported by
papa fumo; marisco  hoes; shovels; fork; one’s the authors;
de areia own hands [8, 12, 35]
Austromacoma Marisco-casca-fina ~ “Galeia”; trowel; spoons;
constricta hoes; shovels; fork; one’s
own hands
Crassostrea mangle Ostra Sickles; trowel; spatulas;
Crassostrea brasiliana knives; iron utensils
Ctena orbiculata Marisco branco “Galeia”; trowel; spoons;
hoes; shovels; fork; one’s
own hands
Mytella charruana Sururu de croa; “Galeia”; trowel; hoes;
sururu; mexilhio do one’s own hands
estudrio
Mytella guyanensis Sururu; sururu Sickles; trowel; spatulas;
raspado; mexilhdo  hoes; knives; iron
do estudrio utensils
Phacoides pectinatus Marisco-de-crdas; “Galeia”; trowel; spoons;
buzio grande; hoes; shovels; fork; one’s
lambreta own hands
Tagelus plebeius Unha-de-velho Hoes; “bicheiro”; hooks;
iron utensils; knives;
fork
Suape Anomalocardia flexuosa Marisco Hand nets or similar Reported by
o o . ear the authors
Iphigenia brasiliensis Taioba 8

Tagelus plebeius Unha-de-velho
Sirinhaém and Anomalocardia flexuosa Mexilhdo Utensils; one’s own [28]
Tamandaré hands
Crassostrea mangle Ostra
Alagoas State
Ferndo Velho No data Marisco No data [40]
Sergipe State
Itaporanga D’Ajuda  Anomalocardia flexuosa Magunim Spoons; knives; cleavers  [22]
1
(Beto Island) Mytella charruana Sururu
Crassostrea brasiliana ~ Ostra Cleavers
Bahia State
Todos os Santos Bay No data Ostra; sururu; Hoes; cleavers; [29]
lambreta; sarnambi; “bicheiros”; one’s own
bebe-fumo, hands
ralacoco; marisco;
machadinho
Santo Amaro (Sio No data Ostra Cleavers [21]
Braz) Marisco Hooks
Sururu
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Sitesin northeastern Bivalve mollusc Common name Types of gear of fishing References
Brazil withmollusc  species
fisherwomen
Santo Amaro (Acupe) Anomalocardia flexuosa Marisco; bebe- No data [15, 38]
fumo; papa-fumo
Brachidontes exustus Machadinha
Crassostrea mangle Ostra; ostra de
mangue; ostra
de laje; ostrade
mergulho
Cyrtopleura costata Sururu-de-velho
Mytella charruana Sururu
Mytella guyanensis
Garapud Phacoides pectinatus Lambreta No data [19]
Canavieiras Phacoides pectinatus Lambreta Hoes [20]
Extractivist Reserve
Table 1.

Bivalve mollusc species of commercial importance, common name, geay, sites in novtheastern Brazil where
molluscs are gathered and authors cited in present study.

to increase the catch rate, which has caused serious problems to the stocks [20].

In the community of the Pina Basin, male mollusc gatherers scrape the substrate
with the edge of a plastic crate and then use the crate to sift and wash the molluscs.
This process is more productive, but requires more physical effort and is therefore
unviable for women. However, this method employed by the fishermen of the Pina
Basin increases the pressure on the stocks, causing a decline in the species and
impoverishing the area over time [8]. In the communities of Patané and Camucim,
in the state of Rio Grande do Norte, fishing with the hands or machete was carried
out with trawl net with rakes (“arrastdo” or “jereré”), to increase harvesting, caus-
ing problems for reproduction of molluscs [18]. In the Suape community, mollusc
production was conducted manually, with the aid of hand nets or similar gear.

The women are always involved in the preparation of the product for sale,
working either alone or in groups that demonstrates the importance of women in
the activity. Even in communities in which women do not participate in the col-
lection process, they are responsible for the preparation and commercialization
of the product. In the community of Brasilia Teimosa, the presence of women
occurs in both the capture and preparation stages of the molluscs [12]. The same
occurred in the Suape region (studied by the authors) and on Beto Island in the
municipality of Itaporanga D’Ajuda in the state of Sergipe [22], in the estuary of
the Mamanguape River in the state of Paraiba [26], and in the community of Acupe
in the state of Bahia [16]. In the community of Ferndo Velho in the state of Alagoas,
the preparation of molluscs and crustaceans as well as the salting of fishes are
strictly performed by women [40]. Ref. [26] reports that the preparation for sales
in Mamanguape occurs in the homes of the fisherwomen and, although generating
income, it is considered an extension of housework, which further demonstrates
the lack of recognition this work is given as a fishing activity.

The preparation of molluscs is quite rudimentary and normally involves boiling
and separating the meat without adequate infrastructure under precarious hygiene-
sanitation conditions, generally occurring around the residences of the fisherwomen.
The boiling step can be considered quite unhealthy and taxing for these women, as
it requires carrying firewood and inhaling a large amount of smoke. The separation
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Sitesin northeastern =~ Common Molluscs production Sales price References
Brazil of mollusk name
gathering
Piaui State
Cajueiro da Praia Marisco No data R$7.00-10.00 [17]
(Barra Grande)
Sururu 315 kg/month (all R$ 4.00-7.00

community)
Rio Grande do Norte
Ponta do Tubario Buzio 1-5 kg (mollusc meat/day/ R$2.50-6.00 [11]
Sustainable person) (mean: 3.2 kg) (mean: R$ 3.53)
Development Reserve
Arés (Patané and Lilius 5-20 kg (day/person; R$ 5.00/kg of mollusc meat [18]
Camucim) manual gathering) (to middleman)

5-8 sacks of 2-3 kg (fishing R$ 7.00/kg of mollusc meat

with net) (to buyer)

Ostra No data R$ 15.00-17.00/kg

Paraiba State
Estuaries of the Ostra gaiteira  Extensively exploited R$ 4.00-5.00/kg of [13]
Mamanguape and mollusc meat

Paraiba do Norte Rivers

Ostra de Hard to gathering R$ 15.00/100 units
mergulho
Marisco Extensively exploited R$ 1.00-1.50/kg of mollusc
meat
Sururu Extensively exploited R$ 1.50-2.00/kg of mollusc
meat
Sururude Eventually exploited R$ 1.00/kg of mollusc meat
croa
Unha de Extensively exploited R$ 1.00-1.50/kg of mollusc
velho meat
Pernambuco State
Igarassu (Coroa do Marisco 230 sacks of 60 kg (all R$2.00-5.00/kg of mollusc [14]
Aviio, Ramalho and community) meat
Mangue Seco)
Recife (Pina Basin) Marisco 6.29 kg (mollusc meat/day/ R$3.77/kg of mollusc meat [12]
person; mean) (to middleman; mean)

R$ 5.00/kg of mollusc meat
(to buyer; mean)

Sururu 738 kg (mollusc meat/day/ R$ 4.37/kg of mollusc meat
person; mean) (to middleman; mean)
R$5.06/ kg of mollusc meat
(to buyer; mean)

Ostra 2.22 kg (mollusc meat/day/ R$ 4.43/kg of mollusc meat
person; mean) (to middleman; mean)
R$ 7.35/kg of mollusc meat
(to buyer; mean)

Unha de 4.90 kg (mollusc meat/ R$ 4.12/kg of mollusc meat
velho day/person; mean) (to middleman; mean)
R$ 4.71/kg of mollusc meat
(to buyer; mean)
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Sitesin northeastern =~ Common Molluscs production Sales price References

Brazil of mollusk name

gathering

Recife (Pina Basin) Marisco 1-10 kg (mollusc meat/ US$ 1.56-4.38/kg [35]
day/person) of mollusc meat (to

middleman)
US$ 1.25-3.75/kg of
mollusk meat (to buyer)

Sururu 1-14 kg (mollusc meat/ US$ 1.56-3.75/kg
day/person) of mollusc meat (to
middleman)
US$ 1.87-4.38/kg of
mollusc meat (to buyer)
Unha de 1-5 kg (mollusc meat/day/ US$ 1.88-2.50/kg
velho person) of mollusc meat (to

middleman)
US$ 2.50-5.00/kg of
mollusc meat (to buyer)

Ostra 0.5-10 kg (molluscmeat/ ~ US$ 1.88-6.25/kg
day/person) of mollusc meat (to
middleman)
US$ 3.13-6.25/kg of
mollusc meat (to buyer)

Suape Marisco 185.70-459 kg/month (all  No data Reported by
community) the authors
(mean: 316.2 kg*)
*with shell

Sirinhaém and Marisco 2 kg (mollusc meat/ No data [28]

Tamandaré person/day)

Bahia State

Todos os Santos Bay Bebe-fumo  Nodata R$ 4.00-10.00/kg of [29]

mollusc meat

R$: Real (BRL).

Table 2.
Production of mollusc species of commercial importance and sales prices, in mainly sites in novtheastern Brazil
wheve molluscs are gathered, and authors cited in present study.

of the meat is a slow, tiring process that can cause injuries to hands. Therefore, the
preparation process is quite taxing for these women, as it involves physical effort in
everything from the transporting the molluscs to the removal of the meat.

After preparation, the molluscs are packaged, weighed and sold either directly
to the consumer or through middlemen (freelancers or representatives of fish
markets), who may be individuals from the community itself or merchants
from other locations. Fisherwomen with freezers have the option of freezing the
molluscs with no need for immediate sale, as occurs with those who do not have
storage conditions. This favors the direct sales of the product, since a lack of stor-
age capacity requires selling to middlemen. Like the rest of the productive activity,
commercialization is performed informally. A large part of the produce is sold, but
it is also common for the fisherwomen and their families to consume the product.

The mollusc production and the sales price are showed in Table 2.

Besides selling the meat from the molluscs, the shells are used in many com-
munities for craftwork. Among marine macrofauna, molluscs are often used in
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zoo-craftwork in the state of Pernambuco [41]. This activity has been consolidated as
a new source of work and income and these craftspersons are found in the traditional
craft markets in the city of Recife, Pernambuco [41]. In the community of Brasilia
Teimosa, the artisanal fishers have knowledge of the use of catches for the creation of
zoo-craftwork, but report that they do not make these products themselves.

The raw material used for the creation of zoo-craftwork may pose the threat
of further pressure on fish stocks. However, on the coast of the state of Paraiba
[42] and in Brasilia Teimosa [43], the market force that exerts pressure on fishing
resources is food consumption. Thus, the zoo-craftwork in these places is made
from catches used for culinary purposes or incidental catches and therefore does not
place additional pressure on these resources [43].

Besides their traditional knowledge about their activity and the struggle for
labor rights, the mollusc gatherers also report problems involving pollution and
environmental degradation. Since they work in coastal areas, they are affected by
the environmental problems that terrestrial water bodies have in Brazil. Regardless
of the community, the fisherwomen list various impacts and environmental pres-
sures, such as the destruction of mangrove areas, a lack of adequate organization
and monitoring of the activity, trash dumping and the release of sewage, which
affect the quality of local biodiversity and the river populations that survive on
these resources [8]. Moreover, the installation of ports and large chemical and
petrochemical plants in areas of considerable biological productivity affect fish-
ing productivity, as observed by the authors in the 1990s in the area of Suape in
the state of Pernambuco and in Mundau Lagoon in the state of Alagoas [44]. The
impacts caused by the construction of the port in the area of Suape include the
obstruction and/or extinction of natural nurseries for various species, the landfill of
fishing grounds and areas of mangrove as well as a change in the type of sediment.

3. Conclusions

Women have been seeking room in fishing activities in terms of both socioeco-
nomic aspects and the recognition of their work spaces. It is necessary to under-
stand the relations that are established between men and women as well as relations
between the need for economic production and social reproduction. As mollusc
gathering is a predominantly female activity, the importance of gender in fishing
activities must be recognized. However, the recognition and appreciation of these
fisherwomen will only be possible when there is egalitarian representativeness of
these laborers in the entities of social representation of the class of fishers, with
their effective participation in fishing colonies, federations and confederations so
that they can have the opportunity to discuss their needs and seek the rights and
social protections inherent to their activities.

Moreover, the scope of their acquired and recognized traditional knowledge
on mollusc gathering and their perceptions regarding the environmental changes
involved in their activities are of extreme importance to the planning of envi-
ronmental management strategies for estuarine areas as well as public policies to
protect the environment and these fishing populations in an egalitarian manner.
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Chapter 3

The Predatory Marine Gastropod
Rapana Venosa (Valenciennes,
1846) in Northwestern Black Sea:
Morphometric Variations,
Imposex Appearance and Biphallia
Phenomenon

Igor A. Govorin

Abstract

The presented chapter will show the results of long-term researches (2004
2013), concerning the study of variability of the size-mass relationships in mollusks
Rapana venosa from the northwestern part of Black Sea (Odessa region, Zmiyiny
Island, Danube Delta, Karkinitsky, and Tendra Gulfs) and near the eastern coast of
Crimea (Sudak Gulf). The comparative evaluation has been made on the relation-
ships between the total mass of the mollusks, mass of its soft body, and wide shells
on the one hand and the size of animals (shell height, diameter, and thickness) in
each study area on the other hand. Furthermore, the study of the appearance of the
imposex in female mollusks (the small “penis” presence), “biphallia phenomenon”
in male individual, and potential dependence of the occurrence of such anomalies
on the ecological state of the marine coastal areas will be presented.

Keywords: Mollusca, Gastropoda, marine rapa whelk, Rapana venosa
(Valenciennes), morphometric characteristics, size-mass relationships, imposex in
female mollusks, biphallia phenomenon, northwestern Black Sea, Ukrainian shelf

1. Introduction

The Asian marine gastropod Rapana venosa (Valenciennes, 1846) {= Rapana
thomasiana Crosse, 1861 [1]} was introduced in the Black Sea accidentally, probably
from the Sea of Japan with the ship ballast waters. The first finding of this mollusk in
Novorossiysk Bay (the Caucasian coast, eastern part of the sea) was recorded in 1946
[2]. Since 1959, the Rapana individuals were also discovered in the northwestern part
of the Black Sea (NWBS) and in the summer of 1971, on the Odessa coast, at first in
after-storm deposits. Live specimens were encountered here in 1974 [3]. Today, the
results of fundamental researches on the ecology and functional morphology of
Rapana in the Black Sea are widely presented in literature. However, most of these
publications describe mollusks from different biotopes of the eastern part of the Black
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Sea from Crimean coast [4] to Caucasian coast of Russia [5-8] or the shelf of Turkey
[9, 10]. Thus, morphometric characteristics of Rapana in the NWBS concern the
animals which inhabit near Romanian [11, 12] and Bulgarian coasts [13, 14].

The purpose of our work was to study the variability of the size-mass relation-
ships in Rapana venosa from the Ukrainian shelf of the NWBS (Odessa region,
Zmiyiny Island, Danube Delta), attributed to small depths and strong freshwater
influence of the runoff of the large rivers—Dnieper, South Bug, Dniester, and
Danube—in contrast to animals inhabiting near the eastern coast of Crimea (Sudak
Gulf). Furthermore, the appearance of the imposex in female mollusks (presence of
the small “penis”) and “biphallia phenomenon” in male individual and tracking
frequency of occurrence of these anomalies on ecological state of the marine coastal
areas also were studied.

2. Material and methods

The living adult specimens of Rapana venosa were collected in 2004-2013 from
the northwestern part of the Black Sea: near Odessa coast and neighboring areas,
near Zmiyiny Island, Danube Delta area, Karkinitsky Gulf, Tendra Gulf, and from
Ukrainian shelf of Crimea—in Sudak Gulf and near Tarkhankut Cape (eastern and
western coast of Crimea) (Figure 1).

The animals were collected by diver on the rocks, stony bottom covered by
mussels, on the sand, or on the sand with broken mussel shells. In the water area of
the Odessa Sea Trade port, live specimens were collected on the surface of concrete
breakwater constructions covered by mussel fouling. The empty Rapana’s shells
were found in after-storm deposits, mainly on the Odessa coast. A total of 529 live
specimens of mollusks and 155 empty shells for the whole period of research were
analyzed (Table 1).

The height (H, mm), diameter (D, mm) of shells, and thickness of its border
(Th, mm) were measured in all individuals. The total mass of the animal (Mj, g),
the raw mass of its soft body (M, g), and shell mass (M3, g) were weighed. For

Tarkhagkdil’
" Zmiyiny
Istand

Figure 1.
The Black Sea map and sampling areas of Rapana venosa near the Ukrainian shelf of NWBS, Odessa region,
Zmiyiny Island and Danube Delta, and western and eastern coast of Crimea (Tarkhankut Cape and Sudak Gulf).
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Sampling site Data Number of Depth Substrate
specimens (m)
Odessa coast and adjacent areas ~ 2004-2013 284 (L.s.) 3.0-10.0 R, S, S&BMS,
MF
126 (e.s.) — —
Odessa Sea Trade port 18.07.2006 20 (1.s.) 5.0-7.0 CPC
Zmiyiny Island 2004-2008 140 (1.s.) 7.0-12.0 R, S, S&BMS,
MF
Danube Delta 21.05.2005 1(Ls.) 21.0 M
Karkinitcky Gulf 10.09.2008 5(Ls.) 14.0 S, S&BMS
17.06.2011 3 (Ls.) 6.0-10.0 S
17.06.2011 29 (e.s.) —
Tendra Gulf 07.07.2005 3 (Ls.) 4.0-5.0 S
Sudak Gulf, eastern Crimea 04.05.2004 60 (ls.) 12.0-13.0 S
Tarkhankut Cape, western 20.09.2009 13 (Ls.) 10.0-11.0 S
Crimea

Note: Substrate: R, rocks; S, sand; S&BMS, sand with broken mollusks (mussels) shells; MFF, mussel fouling on the
bottom substrate; CPC, coast protecting concrete constructions (breakwaters and traverses); and M, bottom mud.

Table 1.
The sampling sites and collected materials: live specimens (l.s.) of Rapana venosa and its empty shells (e.s.)
from the after-storm ejects on the marine coast.

some mollusks of the Odessa coast, the dry mass of the soft body (M., g) was
determined. The sex of the mollusks was determined by the presence or absence of
the external genitals (penis): males, true females, and imposex females (with a
small “penis”). Animal age (rounded up to a year) was calculated by the number of
spawning marks on the shell [6].

The data of the morphometric parameters underwent standard statistical analy-
sis (STATGRAPHICS Plus 5.0 program). Differences between the sampling sites in
the measurements made were tested both by univariate and multivariate regression
analysis of variance (ANOVA). On the basis of these data, statistically significant
(p < 0.01) equations of mass-linear size of their shells from each of the study areas
were drawn up.

3. Results and discussion

3.1 The morphometric features of Rapana in northwestern Black Sea
(Ukrainian coast)

The height of shells (H) of the live specimens varied from 45.8 to 101.6 mm, its
diameter (D) from 34.0 to 72.2 mm, and the thickness of the shell border (Th) from
0.9 to 4.2 mm. The total mass of the animal (M;) was in the range of 20.6-173.9 g.
The relation between the diameter, thickness of the shell, and the mollusk mass
indices (total mass, raw and dry mass of the soft body, mass of shell), on the one
hand, and the height of its shell, on the other hand, in each of the study areas of the
Black Sea is described by the equation y = a-H” (Table 2).

The mollusks from the NWBS were characterized by more elongated shells than
specimens inhabiting the Crimean banks. The relation of shell height to its diameter
(H/D) for Rapana near the Odessa coast, Zmiyiny Island, and in Sudak Bay was
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Area N Min-max Ina b r R? SE
1 370 H = 45.80-101.60
370 D =34.00-72.20 —0.6387 1.0661 0.986 97.30 0.051
370 Th = 0.90-4.20 —3.9840 1.0609 0.835 69.76 0.202
260 M, =29.05-173.87 —8.9635 3.0582 0.990 98.09 0.128
260 M, =12.23-73.65 —13.0271 3.7951 0.979 95.96 0.234
260 M5 =13.90-100.52 —8.5490 2.7869 0.987 97.58 0.150
54 My =221-17.09 —14.0386 4.2661 0.910 94.02 0.156
2 60 H =50.60-86.70
60 D =36.50-69.30 —1.0625 1.1869 0.990 97.96 0.023
60 Th = 1.40-4.80 —7.4876 1.9989 0.811 65.74 0.191
60 M, =20.65-133.08 —9.2083 3.1332 0.971 94.26 0.102
60 M, = 4.05-37.89 —13.5531 3.8492 0.966 93.35 0.136
60 M3 =15.62 - 91.00 —8.6530 2.9078 0.948 89.82 0.129

Note: This and in Tables 3 and 4: N, number of specimens; H, D, Th, height, diameter of shell, and thickness of its
bovder (mm); My, total biomass of the mollusk; M, and M., raw and dry mass of the soft body; M3, shell mass (g);
Min—max, the range of variability of the linear and mass indices; a, b, coefficients of the equations; v, coefficient of
covrelation; R?, coefficient of determination (%); and SE, standard error of estimation.

Table 2.

The parameters of the equations (y = a-H®) of the relation between the diameter (D), thickness of the shell
border (Th), and the main indices of the mollusk mass (M,—M,), on the one hand, and height of its shell (H),
on the other hand, in the Rapana venosa from Odessa region of the northwestern Black Sea (1) and
southeastern Crimean coast, Sudak Gulf (2).

equal to 1.7 + 0.02, 1.4 + 0.02, and 1.3 + 0.01, correspondingly. Similar differences
were observed in the thickness of shell walls. In the Odessa area, the mean values in
the relation of the height of the animals to their shell thickness (H/Th) were
considerably higher than in those near the southeastern Crimean coast, 42.81 + 0.64
and 26.02 + 0.77, correspondingly. However, the smallest thickness of Rapana
shells was recorded near the Danube Delta [15]. Mollusk shell H was 82.7 mm,

D =53.2 mm, and Th was only 1.3 mm (H/Th = 63.6).

Typical shells of similar size mollusks (H = 80.1-82.7 mm) from the study areas
in the NWBS and Crimean coast are shown in Figure 2. The relations of H/D and H/
Th for these specimens of Rapana are from the near Danube Delta area (A) = 1.55
and 63.61, Odessa coast (B) = 1.52 and 45.22, and Sudak Gulf, eastern Crimea
(C) =1.23 and 19.38, correspondingly.

The comparison of relations of the thickness of shell border (Th, mm), diameter
of shell (D, mm), and shell mass (M3, g) on the one hand to shell height (H, mm) on
the other hand has shown the existing differences between the mollusks in the study
areas. The shells of the Crimean Rapana specimens are significantly thicker and
heavier than NWBS mollusks (Figure 3). As a consequence, the relation of the total
mass to shell mass (M;/M3) was lower for the Crimean mollusks than for Rapana in
the NWBS, 1.5 + 0.01 and 1.9 £ 0.01, correspondingly. The relation of total mollusk
mass to its raw body mass (M;/M,) was higher for Rapana from the Sudak Bay
(3.6 &+ 0.04) than for the animals from the NWBS (2.5 + 0.03).

The shell mass (M3) of Rapana near the Odessa coast and Zmiyiny Island was
considerably lower than in specimens from Sudak, 51.5 &+ 0.5, 52.6 + 0.4, and
66.6 + 0.5%, respectively, of total mass (M;) of the animal. However, a lower shell
mass was observed in the near Danube Delta area—43.1% of the total animal mass
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Figure 2.

General view of the shells of Rapana venosa (Valenciennes, 1846) {= Rapana thomasiana Crosse, 1861 [1]}
from different aveas in the Black Sea: near Danube Delta (A), Odessa coast (B), and Sudak Gulf, eastern
Crimea (C).

(M, = 79.8 g). It should be noted that for mollusks in the Kerch Strait (northeastern
Crimean coast), this index was about 60% [16].

If we compare the diagrams of the dependence of the mollusk’s soft body mass
(M,) on its total mass with shell (M;) in NWBS and near the eastern coast of
Crimea, a significant difference in the fatness of Rapana from these regions of the
Black Sea can be clearly seen. So, the M, index was highest for the animals near the
Zmiyiny Island and lowest for the mollusks in Sudak Gulf. The rapa whelk speci-
mens near the Odessa coast occupied an “intermediate” position (Figure 4A).

At the same time, the proportion of shell mass in the total mass of the animal
(M3/M,) was, on the contrary, the highest near the Crimean coast. Thus, it is
necessary to pay attention to the almost complete coincidence of the trend lines in
the graphs of the M3/M; dependence for mollusks from Odessa and Danube regions
of the Black Sea (Figure 4B).

In our opinion, a much thinner and less massive of Rapana shell in NWBS
mollusks and near the Odessa coast, in particular, is ascribed to a low salinity in
these areas. The mean of monthly salinities of coastal waters near Odessa, Sudak
and Novorossiysk (place of origin of Rapana in the Black Sea) varies in the range of
11.70-15.73, 18.27-18.50, and 17.61-18.00 g/kg, accordingly [17]. In particular, near
the Odessa coast, the average salinity of sea water in 1980-2009 was 13.8 g/kg, and
in some abnormal years (2010), the average annual values of salinity could be
reduced to 11.2 g/kg (in summer period 9.8 g/kg). It may suggest that the insuffi-
cient mineralization of sea waters stipulates a certain lack of building components
for the mollusk shell.

At the same time, there are other opinions on the matter, excluding the direct
dependence of the thickness and weight of the shells of mollusks on the level of
salinity of the marine environment in the area of their habitat. According to I.P.
Bondarev, comparative analysis of the thickness of the shells of Rapana from areas
with different salinity (Azov-Black Sea basin) shows that the direct relationship
between these parameters is absent [18]. This author believes that many factors
may affect skeleton sizes in marine ectoderms, including in predation pressure,
resource availability, energy acquisition, and the effort required to extract calcium
carbonate (CaCOj3) from seawater. The main factor influencing the formation of
thick-walled shell of the Rapana venosa from the Black Sea is the amplitude of the
temperature fluctuations in the locality.
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Figure 3.

The graphs of the relations of the thickness of the shell border (Th, mm) (A), diameter of shell (D, mm) (B),
and the shell mass (M, g) (C) to the height of shells (H, mm) in Rapana venosa from Sudak Gulf, eastern
Crimea (- % 1), near Zmiyiny Island, Danube region (—w— 2), and near Odessa coast (— 4 — 3).

There is also an opinion that the ecological conditions in the different biotopes
defined, first of all, the size and thickness of Rapana shells. The main ecological
factors determining the morphological characteristics of the rapa whelk in these
biotopes are their specific diversity and the abundance and size of their potential
prey, in the NWBS—mainly bivalve mollusks Mytilus galloprovincialis, Anadara sp.,
and Chamellia gallina [8].

At the same time, in our opinion, in the northwestern part of the Black Sea, the
food base of Rapana is not the main limiting factor, determining the mass of the
mollusk’s shells and its morphometric features, including the thickness of its walls.
Thus, in the Odessa region of the NWBS, the main food component for Rapana is
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Figure 4.

The graphs of the velations of the raw mass of the soft body (M,, g) (A) and the shell mass (M, g) (B) to the
total mass of the animal (M,, g) in Rapana venosa from Sudak gulf, eastern Crimea (4% 1), near Zmiyiny
Island, Danube region (—w— 2), and near Odessa coast (— & — 3).

mussel Mytilus galloprovincialis (Lamarck, 1819). According to our observations, the
density of this bivalve mollusk in benthic settlements (depth 3 m) near the Odessa
coast can reach from 2.325 = 0.417 to 2.725 + 0.394 thousand spec./m” in the spring
and summer and its biomass from 15.93 + 2.81 to 16.56 + 1.98 kg/m”. At the same
time, almost one third of the mussels in the settlements (32.7 4 6.5%) were animals
of the size group 30-40 mm.

The study of the consumption rates of rapa whelk in natural environment
showed that this predatory mollusk most actively consumes the mussels from 30 to
40 mm length (40.2 + 3.2%). On average, one predator with a shell height (H)
60-80 mm eats for a day one mussel 36.3 + 1.5 mm long with a total mass
3.94 £+ 0.56 g (1.48 £ 0.22 g raw mussel meat) [19]. Therefore, the Rapana in this
region of the NWBS does not experience difficulties with obtaining food, which is
confirmed by the high levels of the fatness of mollusks in comparison with the
Crimean specimens in Sudak Gulf.

The main function of mollusks’shell is protection of soft organs of animal from
outer biotic and abiotic subjections, including the external pressure increasing with
depth. In this regard, it should be noted that the relatively small depths in the
NWRBS coastal areas (11-15 m near Odessa coast and 10-25 m in the Danube area
than depths of more than 30-50 m near the Crimean and Caucasian coasts) are
favorable for the survival of Rapana specimens with thin and more fragile shells. It
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should be noted that in the 1970s, some researchers even proposed to refer the
Rapana mollusks from the Odessa Bay to a separate ecological form, adapted to the
local conditions differing from those of the eastern Black Sea [3].

The discovery in May 21, 2005, for the first time, a live adult male specimen of
Rapana in the Danube Delta region can serve as confirmation of the further expan-
sion of this mollusk in the NWBS. The mollusk was found 10 km from the mouth of
the river (45°24.021'N; 29°53.022'E) at a depth of 21 meters on muddy bottom [15].
Prior to this case, there were no reports in the literature of the findings of Rapana in
this water area experiencing a constant freshening effect of river flow. The extreme
western point of the Odessa coast of NWBS, where we found in after-storm ejects
the empty shells of this mollusk, is located on the sandy spit which separates the
Tuzlovsky group of saltwater estuaries (Shagany, Alibey, Burnas) from the open sea
(45°48.152'N; 30°06.154'E).

In comparison with the same size individuals from the southeastern coast of
Crimea (Sudak) and the region of Zmiyiny Island, this specimen was more elon-
gated. The ratio of the height of the shell to its diameter (H/D) in the animal found
is 1.55. For comparison, in mollusks from the region of Zmiyiny Island and near the
Crimean coast, this index is much lower (1.35 and 1.24, respectively). The shell of
Rapana in the Danube region was characterized by a thinner wall (T% = 1.3 mm)
and very less mass (M; = 34.4 g) (Table 3).

The final equations of the multiple regression analysis linking the basic mass
parameters (M;-M3) and linear size of mollusks (H and D) for Rapana venosa in the
Ukrainian area of the NWBS are

log My = —7.763 +1.0724 - log H + 1.8556 - log D

(n = 240;R* = 98.91; SE = 0.0938) (1)
log M, = —2.651 +1.159 - log M1 + 0.2551 - log H-0.0071 - log D
(n =206;R* = 96.99; SE = 0.1969) (2)
log M3 = —0.973 4+ 0.7918 - log M; — 0.2541 - log H 4 0.5792 - log D
(n = 212;R* = 98.47; SE = 0.1026) (3)

Since the p-value in the ANOVA table is less than 0.01, these mathematical
models show the statistically significant relationship between the variables at the 99%
confidence level and can be used for determining the mollusk indices of the soft body
and of the shell from this area without dissection of the animals. In addition, these
equations can be used to predict the vital mass of mollusks (M;) based on the size-
mass characteristics of empty shells from after-storm ejects on the coast [20].

3.2 The imposex appearance in female specimens of Rapana from different
marine coast areas on the Ukrainian shelf of Black Sea

The Rapana venosa is a bisexual marine mollusk. The males can be easily differ-
entiated from females by outward copulative organ (penis) that is used for “cap-
ture” and holding of partners during mating. Its length is about 15-20 mm in the
adult male. Sexual affinity can be visually determined by the height of the mollusk
shell that is 30 mm higher for males. Females of Rapana with signs of masculiniza-
tion (a phenomenon of “imposex”) that inhabit the muddy marine areas are an
exception. Imposex females are characterized by the development of male charac-
teristics, such as structure that looks like a small “penis.”

Many researchers have the opinion that this abnormality is caused by the expo-
sure of those animals to organotin compounds (Ots), mainly tributylin (TBT) and
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Area (data) N H D Th M, M, M;

1 (21.05.2005) 1 82.7 53.2 13 79.8 35.2 34.4

2 (06.08.2004) 81.0+04 533+05 19+01 785+£09 361+32 393+£33

4
3 (06.08.2004) 4 823+09 608+11 24+£01 1049+61 477+26 524136
7

4 (04.05.2004) 829+06 666+05 39+01 1055+41 323+11 675+34

Table 3.
The size-mass characteristics of Rapana venosa from Danube Delta region of the novthwestern Black Sea (1),
near the Odessa coast (2), Zmiyiny Island (3), and in Sudak Gulf, eastern coast of Crimea (4), 2004-2005.

triphenyltin (TPT), of the antifouling paints, used worldwide to cover the boats and
other metallic constructions in order to prevent corrosion [21-23]. Owing to the
environmentally deleterious properties of Ots, TBT-based antifouling paints were
banned by the International Maritime Organization in 2008; however, these paints
are still widely used [24]. In the last years, imposexed females of Rapana were
found in the Northern Adriatic Sea [25] and on the Atlantic Ocean coast, Chesa-
peake Bay, USA [26]. Generally, imposex has been previously reported in more
than 30 caenogastropods in South America [27].

In the Black Sea, this phenomenon has been discovered for the first time near
Odessa coast, NWBS region [28]. Among the 135 specimens of female Rapana from
NWBS, examined in 2004-2010 for the presence of the phenomenon of imposex
(“masculinization” of females), we found 17 anomalous females (12.6%) with a
small rudimentary “penis” no longer than 4-5 mm in length. All mollusks with signs
of imposex were adult individuals, the age of which varied from 3 to 7 years.

The lowest occurrence of imposex among female Rapana was observed in the
region of Zmiyiny Island—1.5% (1 specimen from 65 females examined). Near the
Odessa coast, this index was 6.5% (7 imposex specimens from 61), and in the water
area of the Odessa Trade Port, 100% of the females (9 specimens) had an underde-
veloped small “penis.” As the manifestation of intersexuality in other species of
gastropods of the Black Sea was most often found in polluted marine bays [4], the
prevalence of masculinized females in Odessa port becomes clear.

According to their morphological characteristics, the imposex females distanced
from males and typically female individuals. Thus, the total mass of the individual
(M;) and the mass of the shell (M3) in the anomalous females were higher than in
the same size animals of both sexes, and on the wet and dry mass of its soft body
(M, and M,), they occupied an intermediate position between these groups of
mollusks (Table 4).

The results we obtained about the morphometric differences in abnormal
females of Rapana support the opinion that imposex individuals represent a kind of
“intermediate” between typical females and males, since the changes occurring
with them can affect not only the external sexual characteristics of the animal (the
presence of a rudimentary “penis” in particular) but also the structure of its internal
organs [4].

The clear differences in the graphs of the relations between the dry mass of a soft
body of mollusks (M4, g) and the size of its shell (H, mm) in males and typical
females of rapa whelks on one hand and females with signs of imposex on the other
hand near the Odessa coast can serve as a visual confirmation of this opinion
(Figure 5).

As seen in the figure, the trend line of the depending M4/H in “abnormal”
females with signs of masculinization (fm) occupies an intermediate position, dis-
tancing themselves from these dependency graphs for males (m) and typical
females (f). Unfortunately, a small number of abnormal females (only 17
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Sex N Lim H Lim M Ina b R? SE
Male 21 66.7-81.4  M;=37.22-92.75 —9.567 3150 9148  0.106
M, = 15.81-38.22 -17.322 4795 97.60  0.134

M5 =19.60-49.67 -9.263 2.969 65.83 0.134

My = 4.96-9.22 —7.595 2193 68.57 0.154

Female 12 62.2-74.6 M, = 32.25-58.47 —8.517 2913 88.13 0.085
M, = 13.60-23.85 —8.854 2.775 62.76 0.141

M3 = 16.92-32.58 —7.137 2.452 61.94 0.127

M, =5.36-9.47 —9.355 2.635 64.25 0.141

Imposex female 12 632-842  M;=33.49-98.16 —10.820  3.465 9250 0.095

M, =12.18-40.11 —12.206 3.575 86.40 0.122

M5 =19.70-53.42 —9.616 3.067 91.92 0.097

M4 =3.26-12.83 —15.023 3.937 87.04 0.161

Table 4.

The parameters of the equations (M = a-H?) of the velation between the mass indices of mollusks (M,~M,), on
the one hand, and height of its shell (H), on the other hand, in the same size male, female, and imposex female
species of Rapana venosa in Odessa region of the northwestern Black Sea, July—August 2004-2009.
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Figure 5.

The graphs of the relations between the dry mass of the soft body of mollusks (M, g) and its shell height (H,
mm,) in Rapana venosa near the Odessa coast: m, male specimens (+); f, typically female individuals (:); and
fm, imposex females with rudimentary small “penis” ().

specimens) did not allow us to conduct a serious statistical analysis with a high
probability of confirming or disproving this opinion about the “intermediate” place
of imposex females of Rapana between typical female and male sexual groups in
NWBS ecological conditions.

3.3 The first record of the biphallia phenomenon in male rapa whelk in the
Black Sea

One of the varieties of imposexuality in anomalous females of Gastropoda is the
appearance of more than one penial structure known as “double penis” or
“biphallia.” The first record of it was made for imposex females of Leucozonia nassa
(Caenogastropoda: Fasciolariidae) in southeast Brazil [29]. However, similar devia-
tions in the development of outward copulative organs may occur in typical males
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Figure 6.

General view of male rapa whelk Rapana venosa with normal (left) and “double” penis (vight) (A) and the
normal male outward genital structure of the Rapana (left) and abnormal “double” penis (right) in mollusk
found in stormy landings on the Odessa coast, northwestern Black Sea (Ukraine), January 11, 2008 (B).

of the gastropods. So, an adult male specimen of Rapana venosa with a double penis
was accidentally found in storm deposits on the Odessa coast (46°27'48"N; 30°
45'47"E) on January 11, 2008. The anomalous penis of this mollusk was divided
approximately in the middle into two parts, which were similar in shape with
typical “hooks” on the end (Figure 6A). The length of the main (basic) trunk of
penis was about 20 mm, perpendicularly from the main trunk grew an “appendix”
that did not exceed 10 mm length (Figure 6B).

The age of the whelk was more than 2 years; the height of its shell (H) was
64.4 mm and the diameter (D) was 44.7 mm. The total mass of the animal (M;) was
44.23 g; the mass of its raw body (M,) was 22.68 g, and shell mass (M3) was 17.22 g.
Before this finding, about 130 specimens of typical males of this mollusk from the
northwestern part of the Black Sea were studied, without observing similar devia-
tions in the penial structure. Therefore, the frequency of appearance of such anom-
aly in this area is less than 0.8% [30].

The cases of appearance of “imposex” in various marine gastropod species have
been used in several areas around the world as a tool to monitor the contamination
by organotin compounds. So far, imposex-related biphallic structures have been
reported for females of Leucozonia nassa from Brazil [29] and Hexaplex trunculus
from the Tunisian coast [31]. As the described case of finding the anomalous male,
Rapana venosa has not been studied with the connection between the appearance of
biphallia unit and the marine water quality in the region; the author can only state
the conclusion of same analogy.

4, Conclusions

The predatory marine gastropod Rapana venosa (Valenciennes, 1846) in the
northwestern Black Sea (NWBS) has certain morphometric features in contrast to
mollusks from the southeastern Crimean coast. Its shell is more elongated, thinner,
and less massive. As a result, the relation of the total animal mass (M;) and the soft
body raw mass (M;) and shell mass (M3) in the NWBS area is more evident than in
the Crimean populations: M;/M; = 2.5+ 0.03 and 3.6 + 0.04 and M,/M5 =19 £+ 0.01
and 1.5 £ 0.01, respectively. The weight-size differences of the Rapana from NWBS
may confirm certain morphometrical changes of the animals in different conditions
of habitats in this area: low salinity and mineralization of the marine environment
due to the strong freshwater influence of the river runoff (Danube, Dniester, South
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Bug, and Dnieper), small depths in the coastal areas, etc. The evident morphometric
features of Rapana in NWBS, the imposex appearance in females and “biphallia
phenomenon” in males’ mollusks from sea waters subject to anthropogenic pollu-
tion, make it possible to consider them as a promising object for further study as an
indicator of the ecological state of marine coastal areas.
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Chapter 4

Immune Response of Molluscs

Hanan Al-Khalaifah and Afaf Al-Nasser

Abstract

In common with other invertebrates, molluscs are known to have internal
immune response against foreign particles and organisms. The innate immunity
of molluscs reflects the inherent non-specific response that provides the first
line of defense. Anatomic barriers, phagocytic cells, and physiological com-
ponents are the main elements of the innate immune response in molluscs. It
is composed of both cellular and humoral elements. The cellular components
are the circulating hemocytes. Small invaders are eliminated by the phagocytic
hemocytes, while large invaders are eliminated by encapsulation. The ingested
foreign particles are then hemolyzed by the action of certain toxic enzymes that
catalyze oxidative burst reactions capable of killing pathogens and foreign invad-
ers. Humoral components of molluscan immunity involve nitric oxide, lysozyme
activity, lectins, and the phenyloxidase system. The current chapter sheds light
on the elements of the molluscan innate immune system and presents a case
study of the immune response of Lymnaea stagnalis mollusc against Chaetogaster
limnaei parasite. The effect of the parasite on some humoral immune response
parameters such as nitric oxide, phenol oxidase, and lysozyme production was
investigated. In conclusion, the snail Lymnaea stagnalis exerts humoral immune
response against Chaetogaster limnaei parasite. However, this response is insuf-
ficient to eliminate the parasite.

Keywords: Chaetogaster limnaei, humoral immune response, Lymnaea stagnalis,
molluscs

1. Introduction
1.1 Lymnaea stagnalis in the animal kingdom

Molluscs are invertebrates that form one of the largest groups in the animal king-
dom, with more than 100,000 known species. A wide range of molluscs including
families of Pulmonata, Gastropoda, Planorbidae, and Lymnaeidae are intermediate
hosts of trematodes.

Gastropods or snails are asymmetrical molluscs with a well-developed foot
and radula. The visceral mass is spirally coiled. They occur in seas, freshwater,
and terrestrial environments. The class Gastropoda is divided into three sub-
classes: Prosobranchia, Opisthobranchia, and Pulmonata. The snail Lymnaea
stagnalis belongs to the family Lymnaeidae under the order Basommatophora,
class Pulmonata. This snail is a freshwater scavenger that slides along the bot-
toms of ponds, lakes, and marshes looking for food. It is relatively large species
with slender and sharply pointed spires. They can be found in North America,
Europe, Asia, Algeria, and Morocco [1]. The head of the snail is on the front
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part of the foot that is used to glide on mucus slime produced from its own body.
Pulling the foot inside the shell is one way of protection against predators. The
shell walls are delicate and fairly transparent. The body is yellowish-gray in
color, with a special adaptation of the mantle that allows it to take in air. Eggs
are laid from April till the beginning of October and hatch after 10 days. Snails
can reproduce when they are 3 months and can live for 6 years. They feed on
algae, plants, other snails, and insects. The common name of this snail is the
Great Pond Snail in the United Kingdom. This is one of the biggest freshwater
snails with a height of 45-60 mm and a width of 20-30 mm [1]. Plate 1 shows a
Lymnaea stagnalis snail on vegetation [2].

1.2 Major parasitic infections associated with Lymnaea stagnalis

Lymnaea stagnalis is known to be an intermediate host of several parasites.
Examples in Europe are Fasciola hepatica, Trichobilharzia ocellata, Haplometra
cylindracea, and Schistosomatium douthitti.

Trichobilharzia ocellata is a trematode parasite of birds that causes what is known
as the cercarial dermatitis of humans (swimmer’s itch). This phenomenon has a
high prevalence in Europe. The cercariae cannot develop into adults in human,
but they cause erythema and urticaria of the invaded area, and a hypersensitivity
reaction characterized by intense itching that may last several days up to 3 weeks.

It can be caused by dead or dying larvae in the skin. Plate 2(a) shows a cercaria of
T ocellata and Plate 2(b) shows the swimmer’s itch caused by penetration of the
cercariae [3].

Haplometra cylindracea is a trematode that infects the frogs’ lungs. It feeds on
the blood that is supplied to the lungs. The xiphidiocercariae encyst in insects.
Molluscan intermediate hosts could be: Lymnaea stagnalis, L. ovata, or L. palustris.
This parasite is known to be non-pathogenic to man.

Schistosomatium douthitti is known as the rodent schistosome. It is also non-pathogenic
to man. The percentage of natural infection with this parasite is only 3-7%. The natural
definitive hosts of this parasite in North America are rodents. Plate 3(a) shows a cercaria of
H. cylindracea and Plate 3(b) shows a cercaria of S. douthitti [4].

In addition, some annelids are found associated with the mantle area of Lymnaea
stagnali. For example, Chaetogaster limnaei is a parasite of freshwater snails includ-
ing Lymnaea stagnali. It belongs to the annelid family, Naididae, which is considered
to be an ecologically diverse family of worms common in both running and stand-
ing waters. Reproduction occurs predominantly by paratomy, asexual reproduction

Plate 1.
A Lymnaea stagnalis snail on vegetation.
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(a) (b)

Plate 2.
(a) A cercaria of T. ocellata, and (b) the swimmer’ itch caused by penetration of the cercariae.

Plate 3.
(a) A cercaria of H. cylindracea, and (b) a cercaria of S. douthitti.

in which new organs are developed before the animal divides into two or more
parts. In most cases, this organism appears to be commensalistic and does not cause
high degree of mortality to its host, although it may affect the reproducing capac-
ity by affecting the gonads. The length of the parasite ranges from 7 to 20 mm [5].
Plate 4 shows Chaetogaster limnaei [6].

In common with other invertebrates, molluscs are known to have internal
immune response against foreign particles and organisms. The innate immunity of
molluscs reflects the inherent non-specific response that provides the first line of
defense. Anatomic barriers, phagocytic cells, and physiological components are the
main elements of the innate immune response. It is composed of both cellular and
humoral elements. The cellular components are the circulating phagocytic hemo-
cytes. Small invaders are eliminated by phagocytic hemocytes, while large invaders
are eliminated by encapsulation. The ingested foreign particles are then hemolyzed
by the action of certain toxic enzymes that catalyze oxidative burst reactions
capable of killing pathogens and foreign invaders. Humoral components of mollus-
can immunity involve nitric oxide, lysozyme activity, lectins, and the phenyloxidase
system [7, 8].
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Plate 4.
Chaetogaster limnaei.

2. Innate response of molluscs
2.1 Anatomic barriers

Shells of molluscs act as physical barriers that prevent some pathogens from
penetrating into the host’s body. Mollusc shells are composed of organominerals
with different structures and compositions depending on the species. Most of these
shells are composed of an aragonite nacreous and a calcite prismatic layer [9]. The
layers of the skin are tightly packed and the acidic environment in these layers is not
suitable for the growth of most micro-organisms. The mucous membrane that lines
the tissues and tracts contains normal micro-flora that competes with pathogenic
micro-organisms for essential nutrients and attachment sites on these layers. The
mucosal barrier may also act as a trap for antigens that are then inactivated by phage
encapsulation by hemocytes. In addition, the movement of the outer cells expels the
trapped pathogens to the outside environment. The flushing action of secretions
helps to prevent infection of certain pathogens [10].

2.2 Key cells in innate immunity

There are immune cells in molluscs equivalent to the white blood cells in
higher animals that play a role in the non-specific immune response. These cells
are called hemocytes. Most of these cells are capable of engulfing extracellular
particles by phagocytosis, endocytosis, and encapsulation. Others can produce
substances that play a role in the killing process of pathogens. Circulating
hemocytes proliferate and differentiate after exposure to pathogens or foreign
particles. It was noticed that circulating hemoblasts are present at various phases
of mitosis [11, 12].

The role of these phagocytic cells in the hemolymph of gastropods is considered
to be the first line of defense system against invading or established organisms and
particles. These hemocytes are circulating within the hemolymph as well as residing
in the connective tissues. There are also cells lining the hemolymph spaces and are
able to trap micro-organisms. Other cells are the fixed phagocytic reticulum cells
that are fixed in the tissues by fibrils [13, 14].

A lot of studies have been done to determine the types and numbers of
hemocytes in molluscs. This is considered to be a debating question because
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these hemocytes are morphologically and functionally heterogeneous. In addi-
tion to phagocytosis, these cells participate in digestion, excretion, healing of
wounds, shell repair, transport, and encapsulation [14]. Classification of mollusc’s
hemocytes depends mainly on morphological criteria like cell size, nucleus to
cytoplasm ratio, shape of nucleus, and the presence of granules in the cytoplasm
using light microscopy. Studies have revealed the presence of two distinct types
of hemocytes. These are the granulocytes and the agranulocytes. Acidophilic and
basophilic granulocytes and slightly granular cells were also observed [15, 16].
The agranulocytes are relatively small cells and are also called hyalinocytes, they
are less than 8 pm in size; while the granulocytes are larger spreading cells with
pseudopodia and a polymorphic nucleus. The majority of cells in the hemolymph
of molluscs are large spreading cells. Interestingly, there are intermediate stages
between the round and the spreading cells in terms of morphology. Some scien-
tists have suggested that the small and round cells are young cells and the larger
spreading cells are old cells that are more capable of phagocytosis [17]. On the
other hand, the small round cells in L. stagnalis do phagocytose, but not as much
as the spreading cells. Plate 5 shows hemocytes of Lymnaea stagnalis (A) free in
the circulating hemolymph, while (B) shows hemocytes fixed in the tissue.
Plate 6 shows phase-contrast micrograph of L. stagnalis hemocytes, R is a round
cell and the others are spreading hemocytes [17].

Tripp and Kent [18] have reported that 90% in vitro invading bacteria can
be removed by hemocytes from molluscs within 24 h and 99% can be removed
within 72 h. The glycolytic pathway in the cells was suggested to supply the hemo-
cytes with the energy that is needed for phagocytosis, this was first proved by the
work of Cheng [19] that has shown that hemocytes of the hard clam,
Mercenaria mercenaria, use glucose/glycogen and produce lactate without an
increase in the oxygen consumption.

2.3 Physiological elements of innate immunity in molluscs

In addition to the phagocytic hemocytes that are involved in the innate immu-
nity, there are soluble physiological elements that play a role in defending the host
from invading foreign substances and pathogens. Cellular and soluble elements
coordinate in a sophisticated network of interactions to mount effective innate
immune responses capable of eliminating foreign antigens. These soluble physiolog-
ical elements include: nitric oxide, lysozyme activity, lectins, and the phenyloxidase
system [7, 8].

Plate 5.
Hemocytes of Lymnaea stagnalis, (A) free in the circulating hemolymph and (B) hemocytes fixed in the tissue.
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Plate 6.
Phase-contrast micrograph of L. stagnalis hemocyte. R is a vound cell and the others are spreading hemocytes.

2.3.1 Complement system

The complement system is considered to be an important element of the innate
immune system that also triggers the adaptive immunity in higher animals in the
animal kingdom. Similar hemolytic complement-like activity was also reported
against parasites and other pathogens in molluscs [20, 21].

Complement components are proteins and glycoproteins that are mainly synthe-
sized in the liver. Other cells such as the tissue macrophages and the blood mono-
cytes are involved in the complement production. These proteins are circulating
in the blood in an inactive form. Once activated upon exposure to an antigen, they
enter an enzymatic biochemical cascade that helps in the elimination of antigens by
lysis of cells, opsonization, binding to specific complement receptors on cells of the
immune system, and/or immune clearance of immune complexes [22-24].

There are three different pathways by which the complement cascade is activated,
namely the classical pathway, the alternative pathway, and the mannan-binding lectin
pathway. The classical pathway is antibody-dependent, so it is more related to the adap-
tive immunity. It is initiated by antigen-antibody binding to form immune complexes or
when an antibody binds to an antigen on the surface of a pathogen. Activation of com-
plement component 1, often simply called C1 (a protein of the immune system) then
occurs when it binds to such antibodies of type IgM and some classes of type IgG. On
the other hand, the alternative and the mannan-binding lectin pathways are more
related to the innate immunity because they are antibody-independent. The former is
initiated by complement component 3 (C3 complement), activation upon exposure of
foreign substances on the cell wall of pathogens like bacteria, while mannan-binding
lectin pathway is activated when a lectin binds to a mannose residue on the cell wall of
pathogens such as Salmonella. This lectin is a serum acute phase protein that is produced
as aresult of the inflammatory response in the site of inflammation. The membrane
attack complex (MAC) is produced upon activation of the complement system in the
three pathways. This complex mediates lysis of the cell wall of bacterial pathogens.
There are serum proteins as well as proteins on the surface of self-cells that control the
activity of the complement system to ensure that host cells are not attacked [25-27].

2.3.2 Nitric oxide production

Many evidences have proven the presence of immunological factors in molluscs
capable of working against infectious elements. Nitric oxide (NO) is a gaseous
intercellular signaling molecule that has several functions in the cardiovascular,
reproductive, nervous, and immune systems. Post infection by a pathogen, high
levels of NO is synthesized in the immunocytes of the host in order to eliminate the

54



Immune Response of Molluscs
DOI: http://dx.doi.org/10.5772/intechopen.81778

pathogen or induce inflammation. Recently, NO has been reported to be involved in
the immune response of several mollusc species such as scallop, clam, mussel, oyster,
and snail. In addition to killing the invasive pathogens, high concentrations of NO
can prove fatal to normal host cells as a result of strong cytotoxicity produced during
the immune response. Modifying the NO concentration is crucial in order to main-
tain immune homeostasis and other physiological processes. Also, neuroregulation
of NO is of utmost importance so as to prevent prolonged immune response [28].

Nitric oxide synthase was reported to play an important role in the phagocytic
activity of hemocytes of molluscs such as Mytilus galloprovincialis and Lymnaea stagnalis
[29-31]. Lymnaea stagnalis is a model organism for the study of the effects of environ-
mental pollutants on immunological defense mechanisms, with one of the reasons
being that its hemolymph collection is easy and does not require animal sacrifice. Most
freshwater snails are dependent on cell-mediated cytotoxicity for the elimination of
foreign materials. Phagocytosis plays a key role in the production of reactive oxygen
species (ROS) known as the respiratory burst; this eliminates foreign particles and is
the major defense mechanism in freshwater snails. Various stressors such as bacteria,
viruses, parasites and xenobiotics affect the function of mollusc hemocytes. The elimi-
nation of ROS is important in order for the organism to survive. The antioxidant system
which helps in this elimination includes superoxide dismutase (SOD), catalase (CAT),
selenium-dependent glutathione peroxidase (Se-GPx), and glutathione reductase (GR).
Glutathione (GSH) is an important scavenger of free radicals and helps in the mainte-
nance of the redox status of proteinsulthydryl groups. NO is produced by NO-synthases
in hemocytes during phagocytosis and reacts with hydrogen peroxide to form peroxyni-
trite, a highly potent bactericide. NO may also act as an immunomodulator and medi-
ates the effects of estrogen and opioids on immunity and inflammation [32].

2.3.3 Tyrosinase production

Tyrosinase is also considered to be a defense line system in the primary immune
response of molluscs, it is involved in tanning and melanin formation. It is consid-
ered to be a non-self-recognition system because this enzymatic reaction can be
triggered by minuscule amounts of molecules such as lipopolysaccharide, peptido-
glycan and beta-1,3-glucans from micro-organisms. In Lymnaea stagnalis infected
with the bird’s schistosome T ocellata, hemocytes were shown to increase their
peroxidase activity between 2 and 8 weeks post infection [33, 34].

2.3.4 Lysosymes production

Lysozymes are enzymes that hydrolyze the 1,4-beta links between
N-acetylmuramic acid and N-acetylglucosamine, they are known to destroy the
cell walls of certain bacteria. They can be found in tears, saliva, egg whites, some
plant tissues, and Sweat. Lysozymes have been recognized as a classic mollusc
immune effector in innate immune system. It is a bacteriolytic enzyme produced
from a range of organisms such as bacteria and bacteriophages to fungi, plants, and
animals. They are characterized by their ability to bacterial peptidoglycan between
two amino sugars, N-acetylmuramic acid and N-acetylglucosamine, which results
in bacterial cell lysis and also has bactericidal and digestive abilities. In addition
to this, they perform numerous other functions such as for growth stimulation,
digestion, antiviral, anti-inflammatory, and are even associated with tumors. They
are classified into six types based on their structural, catalytic and immunologi-
cal characteristics. These are chicken-type (c-type), goose-type (g-type), plant,
bacteria, T4 phage, and invertebrate type (i-type) lysozymes. The c-, g-, and i-type
have been recorded in molluscs. They are the secreting type, which consist of signal
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peptide and 8, 6, and 14 cysteine residues, respectively. All three exhibit antibacte-
rial and digestive ability and i-type has antifungi activity [35]. It was reported

that the concentration of lysozymes in the hemolymph of molluscs changes as an
immune response. Hemocytes of L. stagnalis were shown to have a selective bacte-
riostatic activity that is considered to be a defense factor against foreign materials.
In addition of being destroying infectious elements, lysozymes also help in detec-
tion of the non-selfagents [33, 36].

2.3.5 Lectin production

Lectins binding phenomenon have been known since the turn of the nineteenth
century, and have been widely used in the field of histochemistry for research and
clinical purposes to detect specific carbohydrate structures and derivatives like
glycolipids and glycoproteins in cells and tissues at the level of electron and light
microscopy. They are also used for purification and isolation of carbohydrates and
other specific cells like lymphocytes and bone marrow. In addition, lectins are very
important tools in analyzing membrane structures of cells, glycosylation pathways,
differentiation, cell division, growth and developmental changes, and mapping
neuronal connections [37].

Lectin production is considered as an innate immune parameter against infection.
These are non-enzymatic and non-immunoglobulin carbohydrate-binding proteins
present in plants, bacteria, fungi, and animals which preferentially bind reversibly
to specific carbohydrate structures, either free in solution or on cell surfaces. They
are often classified based on saccharide-specificity. This specificity is usually defined
by the monosaccharides or oligosaccharides that are best at inhibiting the agglutina-
tion or precipitation reactions caused by lectins. Lectins in the same category (e.g.,
galactose-specific lectins) show considerably different sugar-binding preferences.
Interestingly, an increasing number of lectins which never show high affinity to
simple saccharides have been found. Lectins can be detected by binding to fluores-
cent markers such as enzymes, biotin, and FITC and 251odine [38-41].

Immune factors that consist of a fibrinogen domain (FBG) are now emerging as
important components of the innate immune response of invertebrates. In recent
times, some arthropod and mollusc model systems have contributed to the study of
the functional role of fibrinogen-related proteins (FREPs) in invertebrate defense
mechanism. FREPs have been identified in mussels, scallops, oysters, and gastro-
pods. The FREPs of gastropod molluscs are interesting due to their unique struc-
ture, capacity for somatic diversification and their function in the immune system.

Gastropods and Digenean trematodes have shared a parasitic relationship for
nearly 200 million years. These trematodes rely heavily on molluscs, mainly on
gastropods to complete their larval development. They have developed mechanisms
to evade and suppress specific snail immune processes so as to reproduce within the
snail host. However, not every nematode can infect the snail species equally; this sug-
gests that snails have developed mechanisms to fight trematode infections. A com-
ponent of the snail immune response is BgFREPs; they are soluble lectin-like factors.
Agglutinins have been discovered in gastropods such as Helix pomatia and B. glbrata
and were involved in the recognition of non-self by binding to carbohydrate targets
on hemocyte membranes of other species and pathogen-associated surfaces [42].

2.3.6 Phenoloxidase activity
Phenoloxidase (PO) is an enzyme that oxidizes phenols to produce melanin

which plays an important role in egg production in gastropods, sclerotization of a
new postmolt exoskeleton, and immunity of invertebrates. PO occurs as inactive

56



Immune Response of Molluscs
DOI: http://dx.doi.org/10.5772/intechopen.81778

precursors known as prophenoloxidses (proPO). They are activated by a proteolytic
cascade system. Studies to investigate PO activity in L. stagnalis are limited. Their
hemocytes play an important role in internal defense; they are involved in wound
healing, encapsulation, and phagocytosis. They also contain several lysosomal
enzymes such as peroxidase that are involved in intracellular killing. However, data
in this aspect is lacking. Therefore, a study was taken to investigate the PO activity
of L. stagnalis. The snails were collected from a lake in Russia and maintained under
the desired laboratory conditions in 5-1 aquaria containing dechlorinated tap water
supplemented with mussel shell as a calcium source. Snails were fed lettuce daily and
water was replaced once a week. Results showed that no PO activity was found. A
low PO activity was seen in hemolymph without cells. On addition of a PO inhibitor,
there was no effect on enzyme activity whereas hydrogen peroxide increased it [43].

3. Immune response of the snail Lymnaea stagnalis against parasites:
study

The current chapter sheds light on some parameters that are associated with
the immune response that is resulting from the interaction between the pond snail
Lymnaea stagnalis mollusc and the parasite Chaetogaster limnaei. These parameters
include production of nitric oxide, phenol oxidase, and lysozymes as an innate
immune response that results from the interaction between the snail and the parasite.

3.1 Material and methods
3.1.1 Collection of snails and parasites

A total of 150 Lymnaea stagnalis snails were collected from Ringley, a freshwater
pond in Manchester, England. The snails were usually supplied in a batch of 37-50
at a time and were kept in a fresh pond water tank at 4°C in the refrigerator. The
water was changed every 5 days to prevent deoxygenation and death of snails.
Pesticide-free lettuce was supplied as a source of food. The parasites were collected
by scraping the body of the snail with a dissecting needle under a Thomas Scientific
binocular dissection microscope and a Petri dish half filled with pond water to
avoid drying of the snail. These parasites were then identified using the identifica-
tion key of British Aquatic Oligochaeta [44].

3.1.2 Bleeding of the snails

Stroking the end of a dissecting pin over the foot of the snail would cause the
snail’s body to shrink back into the shell. This would expel any excess water outside
the shell. Then, a dissecting needle was used to remove a portion of the shell just
between the first and the second ring of the shell. Then, the gray membrane was
punctured by a dissecting needle. Once punctured, the hemolymph is released and
can be collected by using an Eppendorf micropipette set at 100 pl. This hemolymph
was then collected in sterile Eppendorf tubes and kept on an ice tray in order to
avoid aggregation of the cells.

3.1.3 Staining the hemocytes with Giemsa’s stain
Thin smears of the hemolymph were made on microscopic slides and were

let to dry for 20 min. 70% ethanol was used to fix the cells. The smears were
then washed with distilled water and were stained with Giemsa’s stain diluted in
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phosphate-buffered saline (PBS) containing sodium chloride, sodium phosphate,
potassium chloride, and potassium phosphate at pH 7.3. The purpose of PBS is to
maintain the constant pH and osmolarity of the hemocytes. The slides were washed,
dried, and examined under light microscope at different powers.

3.1.4 Lysozyme standard curve

2 g of purified agar were added to 200 ml of phosphate-buffered saline (PBS)
that has a pH value of 6.2. To this was added 0.15 g of Micrococcus luteus bacteria
that was crushed prior to addition in order to avoid clumping within the solution. A
stirring plate and a magnetic stirrer were used to stir the solution for approximately
15 min. Then, the solution was autoclaved at 121°C and 15 psi. The flask is then
cooled in a water bath for 15 min and then poured in to a set of Petri dishes with a
thickness of approximately 5 mm. Then, the plates were let to solidify in a biological
cabinet. Twelve wells were created in the agar plate using a flame sterilized borer
and a suction pipe to remove the agar pieces.

Lysozyme standard solutions were prepared by dissolving 25 mg of frozen-
lysozyme in 5 mls of PBS at pH 6.2 to give a concentration of 5 mg/ml. Then, 12
serial two-fold dilutions were produced by removing 2.5 ml from the 5 mg/ml
solution and add it to a tube containing 2.5 ml of PBS, this process was repeated
until 12 serial dilutions were produced. These known concentrations of the
lysozyme were dispensed into the wells that were produced in the agar plates,
approximately 30 pl in a well. These plates were then incubated over night at
27°C. Areas of hydrolysis were observed around each well. The diameter of each
zone was measured using a ruler and a lysozyme standard curve was plotted with
the x-axis representing the lysozyme concentration and the y-axis representing
the diameter (squared).

3.1.5 Lysozyme assay

4 agar plates were prepared as mentioned above, each containing 12 wells. 37
snails were bled and each hemolymph from each snail was placed into one of the
wells. So, 37 wells in 4 agar plates were occupied. The plates were then incubated
at 27°C overnight. The diameters of the hydrolysis zones were measured. The
same assay was then repeated for 12 mucous samples and 12 parasite product
samples.

3.1.6 Nitric oxide standard curve

A sodium nitrite standard solution was prepared. 100 pl of this solution was
then placed in 2 wells at the top of a 96 wells enzymatic plate (ELISA plate) in
duplicate. 50 pl of the culture medium was dispensed along the remaining 7 wells in
duplicate. Then, serial two-fold dilutions of the standard solution were made going
down the plate except for the last set of wells that were used as controls, they only
contained culture medium without the standard solution. The culture medium is
supplemented with 10% fetal calf serum.

Then, 50 pl of Griess reagent was added to all the wells. Once prepared, the tube
should be inverted for 10 min and kept in the refrigerator. After addition of Griess
reagent, the absorbance of the solutions in the wells should be read within 30 min
using a plate reader with an absorbance filter of 570 nm. A nitric oxide standard
curve was then plotted with the x-axis representing the nitrite concentration and
the y-axis representing the absorbance.
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3.1.7 Nitric oxide assay

Circular glass cover slips were placed in 15 wells of the 24-well tissue/cell culture
plates using a pair of fine forceps. Ethanol was used to sterilize the cover slips. Poly-
L-lysine solution was used to cover the cover slips in the wells, 100 pl in each well.
This solution increases the hemocytes attachment to the cover slips. An incubation
period of 1 h at 37°C was allowed in order for the poly-L-lysine to fix on the cover
slips. After then, the excess poly-L-lysine solution was removed from the wells
by Pasteur pipette and the wells were washed with sterile distilled water. Freshly
collected hemolymph was then added to the wells, 50 pl in each well. The plate was
then put in the refrigerator for 1 h to allow the hemocytes to attach themselves to
the cover slips. The excess hemolymph was then removed by Pasteur pipette and the
wells were washed by sterile distilled water.

The culture medium was then added to all the wells, 200 pl to each well. The
plate was then incubated at 27°C for 1 h to enhance the growth of the hemocytes
that can be observed under the light microscope. Approximately 10 live C. limnaei
parasites were placed in to 3 wells (triplicate), another 10 dead C. limnaei were
added in to another 3 wells. Parasite products were placed in to 3 wells. 3 wells
containing the monolayers and the medium and another 3 wells containing only
the medium were used as the controls. The plate was then incubated for 1 h at
27°C. Then, 200 pl of Griess reagent was added to all the wells. There should be a
color change within a minute or so. Approximately 200 pl of the solution in each
well was transferred into a 96-well enzymatic assay plate that was read using a
plate reader set at 570 nm. This previous procedure was repeated using incubation
periods of 3 h, 6 h, and overnight.

3.1.8 Phenol oxidase standard curve

Different concentrations of L-DOPA and fixed concentration of the tyrosinase
enzyme were used to measure the initial rate of dopachrome formation at 475 nm wave-
length. 5 x 107> mol dm ™ L-DOPA solution was used to prepare different solutions.

The 5 x 107> mol dm™ DOPA solution was prepared by dissolving 0.0493 g of
DOPA powder that has a molecular weight of 19719 in 50 ml of the phosphate buffer
saline. Then, 3 ml of each solution (tubes 1-8) were placed in plastic cuvette tubes and
0.1 ml of the tyrosinase solution was added. The enzyme solution was made by dissolv-
ing 10 mg of the enzyme (power) in 1 ml of the PBS. The tubes were quickly inverted
once the enzyme was added and the absorbance was measured at 475 nm using a spec-
trophotometer. A graph was plotted with the x-axis representing the concentration of
the L-DOPA solution and the y-axis representing the absorbance. From that graph,
the most suitable concentration of the L-DOPA substrate to be used in the next step
was determined. This concentration was shown to be the 0.1. Different concentrations
of the enzyme were then used with the fixed concentration of the L-DOPA substrate
that was determined in the previous step. 10 mg of the enzyme powder was dissolved
in 1 ml of the phosphate buffer saline and serial dilutions of that stock solution were
made. First, 0.2 ml of that stock solution was added into 1.8 ml of PBS to make a
dilution of 1/10. Then, 0.2 ml of that solution was added again into 1.8 PBS to make a
dilution of 1/100. Another 0.2 ml of the last solution was added into 1.8 of PBS to make
1/1000 dilution and so on until nine serial dilutions were made. Then, 1 ml of each
enzyme dilution was added into 1 ml of the 0.1 concentration of the L-DOPA substrate
solution. The tubes were then inverted quickly and the absorbance was read at 475 nm.
A standard tyrosinase (phenol oxidase) curve was plotted and was used to determine
the concentration of the enzyme in the samples.
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3.1.9 Phenol oxidase assay

Monolayers of hemocytes were prepared as mentioned previously.
Approximately 10 parasites were placed in to 3 wells (triplicate), another 10 dead
parasites were added in to another 3 wells. Parasite products were placed in to 3
wells. 3 wells containing the monolayer and the medium and another 3 wells con-
taining only the medium were used as the controls. The plate was then incubated for
1hat 27°C. This previous procedure was repeated using incubation periods of 3 h,

6 h, and overnight. Then, 200 pl of the substrate solution (L-DOPA), 0.1 concentra-
tion of the 5 x 107> mol dm ™ solution was added to all the wells. The absorbance
was then read at 475 nm wavelength using the ELIZA plate reader.

3.2 Results

All the 150 snails collected were found to be infected with the parasite
Chaetogaster limnaei. The average number of hemocytes in 40 hemolymph samples
was 2.489 x 10° cells.

3.2.1 Lysozyme assay

A standard curve of this experiment was first created (Figure1). According to
the equation of the standard curve, Y = 1.0158 X + 1.7312, the lysozyme concentra-
tion in the 37 hemolymph samples can be estimated. Figure 2 shows the lysozyme
concentration for the 37 hemolymph samples. Then, the lysozyme concentrations of
the 12 mucous samples were estimated using the standard curve (Figure 3).

3.2.2 Nitric oxide assay

A standard curve was first plotted for the nitric oxide assay (Figure 4). Using
the equation of the standard curve, y = 0.0014x + 0.0504, the x values that rep-
resent the nitrite concentration in the different samples were estimated. Figure 5
shows the production of nitric oxide in response to live parasites, dead parasites,
and parasite products.

3.2.3 Phenol oxidase assay
The absorbance of different concentrations of L-DOPA substrate is shown in

Figure 6 and the absorbance of different enzyme concentrations with fixed sub-
strate concentration is shown in Figure 7. According to the equation of the standard

Lysozyme standard curve
y=1.0168x + 1.7312

Dianmeter [unz]
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Figure 1.
Lysozyme standard curve.
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Lysozyme concentrations of 37 hemolymph samples.
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Figure 4.
Nitric oxide standard curve.
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Nitric oxide production in response to live& dead parasites
and parasite products over a 24 hes period
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Figure 5.

Production of nitric oxide in response to live parasites, dead parasites, and parasite products. LP + M +

M = live parasite, monolayer, and medium; DP + M + M = dead parasite, monolayer, and medium; PP + M +
M = parasite product, monolayer, and medium; M + M = monolayer and medium; M = culture medium.
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Figure 6.
Absorbance of different concentrations of the L-DOPA substrate.
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Figure 7.
Phenol oxidase standard curve: absorbance of different enzyme concentration.
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Phenol oxidase production in response to live & dead
parasite and parasite product over a priod of 24 hrs
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Figure 8.

Phenol oxidase production in response to live, dead pavasites, and pavasite products over a period of 24 h. LP +
M + M = live parasite, monolayer, and medium; DP + M + M = dead parasite, monolayer, and medium; PP +
M + M = pavasite product, monolayer, and medium; M + M = monolayer and medium; M = culture medium.

curve, Y = 6.5223X + 0.0677, the x values that represent the phenol oxidase concen-
tration in the different samples were estimated. Figure 8 illustrates the previous
results graphically.

4, Conclusion and discussion

The current work was conducted to shed light on some parameters that are
associated with the immune response that is resulting from the interaction between
the pond snail Lymnaea stagnalis and the parasite Chaetogaster limnaei. These
parameters include production of nitric oxide, phenol oxidase, and lysozymes of the
snail L. stagnalis as an innate immune response.

Lysozyme assay was carried out for hemolymph, mucous, and parasite products.
Care was taken when mucous was collected in order not to contaminate mucous
with hemolymph. The lysozyme standard curve was plotted on linear and logarith-
mic scale and the equation of that curve was used to estimate the lysozyme concen-
tration in the unknown samples. In case of parasite product, zones of hydrolysis
were not formed on the agar plates. This indicates that the parasite products did not
contain any lysozymes. On the other hand, zones of hydrolysis were observed in the
case of hemolymph and mucous samples. Accordingly, hemolymph and mucous
of Lymnaea stagnalis did contain lysozymes that could have a role in hydrolysis of
foreign particles invading the snail.

It can be noticed from Figure 2 that there is a considerable fluctuation in the
lysozyme concentration among the 37 hemolymph samples. This is due to variations
in response to the presence of the bacteria in the agar. This may be due to the fact
that some samples contain more hemolymph than hemocytes.

Figure 3 shows the lysozyme concentration in 12 mucous samples. As noticed,
there is a little variation in the lysozyme concentrations among the 12 samples,
indicating that different mucous samples contain different amounts of lyso-
somal enzymes. This is maybe due to differences in ages and sizes of the snails.
Accordingly, it seems that the mucous represents the first defense line that prevents
the establishment of the parasite in the snail’s body.

Nitric oxide production results in response to live, dead parasites, and parasite prod-
ucts (Figure 5) do show considerable increase in nitric oxide production due to these
inoculations. Figures 5 and 6 are the same except for the control results (medium) that
are shown in Figure 5 and not in Figure 6 in order for the reader to view the difference
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graphically. Figure 5 shows that the culture medium does contain some nitric oxide,
so, this value should be subtracted from the results of the samples to ensure that the
resulting values are representing nitric oxide production from the hemocytes upon
inoculation and not from the culture medium as shown in Figure 5. Figures 5 and 6
have shown that there is some nitric oxide produced in the case of cultured hemocytes
monolayer and that the concentration of nitric oxide has increased upon inoculation of
live, dead parasites, and parasite products. As shown in Figure 5, the optimum period
of time for production of nitric oxide is 6 h postexposure to live parasites, followed by
dead parasite, and then parasite products. In other words, live parasites induce more
nitric oxide production than did dead parasites and parasite products. This indicates
that viable parasites may produce antigens that are more efficient in initiating the
production of nitric oxide. These antigens are less, in terms of efficiency or amount, in
the case of dead parasites and parasite products. Another possibility is that some of the
measured nitric oxide may be originated from the live parasite it’s self.

It is noticed from Figure 5 that the trend of the graphs in the case of different
inoculations (live, dead parasites, and parasite products) is almost the same. After
1 and 3 h, there was little nitric oxide production, and then the concentration
increased drastically after 6 h. The concentration of the nitric oxide decreased dras-
tically after 24 h. This drop of nitric oxide concentration after 6 h may be due to the
possibility that the hemocytes were viable and were able to produce high amounts
of nitric oxide after 6 h. Then, the cells began to lose their viability and they were
unable to produce the same amounts of that material. In addition, since different
culture plates were used for different time intervals, the concentration of the hemo-
cytes in the 6-h plates may be much more than the concentration in the overnight
plate. Accordingly, more nitric oxide was measured in the 6-h plate than in the
overnight plate. Moreover, this result may represent what is happening naturally in
the snails’ body. The concentration of nitric oxide at 6 h may be sufficient to get rid
of the infection. After then, the concentration drops away because it already reaches
the optimum and there is no need for more amounts. Another possibility is that
some contaminants like detritus may be present in high amounts in the 6 h wells.

Results of the phenol oxidase assay are shown in Figure 8. The control results
(medium and monolayer and medium by its self) were shown in the same figure
and were not subtracted in order for the reader to view the difference graphically.
It is noticed that the results of the controls, medium and monolayer, and medium
alone are showing trace levels of phenol oxidase production (0.0040 mg/ml for the
medium and 0.005 mg/ml for the medium and monolayer). It is also noticed that
the production rate is steady throughout the experimental period. This indicates
that there was no contamination with any other material that may induce sudden
increase in the phenol oxidase production. It is shown in Figure 8 that the optimum
period of time for production of phenol oxidase is 6 h postexposure to the live
parasites, followed by the dead parasites, and then the parasite products. In other
words, live parasites induce more enzyme production than do dead parasites and
parasite products. This indicates that viable parasites may produce antigens that
are more efficient in initiating the production of phenol oxidase. These antigens
are less in the case of dead parasites and parasite products or are not that efficient
in stimulating the production of the enzyme. In the case of live parasites, there
was little increase in the phenol oxidase production until 3 h. Then the production
rate increased drastically to reach its maximum at 6 h postinoculation. After then,
it decreased throughout the experimental period. This peak may be due to some
contaminants that stimulate the hemocytes to produce more phenol oxidase in the
6 h wells. Also, the hemocytes maybe more viable and were able to produce high
amounts of phenol oxidase at 6 h. Then, the cells began to loose their viability and
they were unable to produce the same amounts of that enzyme at 24 h. In addition,
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since different culture plates were used for different time intervals, the concentra-
tion of the hemocytes in the 6-h plates may be much more than the concentration

in the other plates. Accordingly, more phenol oxidase was measured in the 6-h

plate than in the other plates. Another possibility is that this happens naturally in
the snails’ body. The concentration of phenol oxidase at 6 h may be sufficient and
enough to get rid of the infection. After then, the concentration drops away because
it already reaches the optimum and there is no need for more amounts.

It is shown in Figure 8 that the phenol oxidase production in the case of the
dead parasites increases until it reaches its maximum at 24 h. However, the amount
produced is much more less than in the case of live parasites. This indicates the anti-
genic nature of the materials produced by the dead parasites is much less than those
produced by the live organisms. The maximum amount produced did not drop away,
this may be due to the possibility that this amount is still not sufficient to get rid of
the dead parasites and more amounts are needed to be produced. If these samples are
kept more than 24 h, a decrease in phenol oxidase production maybe observed.

The production of phenol oxidase in the case of parasite products has almost the
same trend as in the case of dead parasites until 6 h postinoculation. After then, the
enzyme production decreased. So, there is a slight peak for phenol oxidase produc-
tion in the case of parasite products, as can be noticed in Figure 8. This peak maybe
due to the same possibilities discussed earlier. So, phenol oxidase production results
in response to live, dead parasites, and parasite products (Figure 8) do show a
noticeable increase in enzyme production due to these inoculations.

In a similar study, in the first experiment, snails were randomly assigned into six
different treatment groups. There was no difference in their sizes. The first group was
not exposed to any immune elicitor, the second group was injected with 100 pl of snail
saline, the third and fourth groups were injected with lyophilized E. coli. The fifth and
sixth groups were injected with Plagiochis sp. Six hours post injections, the snails hemo-
lymph was sampled for immunocompetence. Samples were also collected to measure
PO and antibacterial activity. A second experiment was conducted by exposing the
snails to opportunistic micro-organisms into two different water qualities. Statistical
analyses were done using multivariate analysis of variance (MANOVA). Results showed
that both, PO and antibacterial activity of snail hemolymph differed among the treat-
ment groups. Wounding of the snail by injecting with snail saline increased PO activity
of the hemolymph as compared to snails that did not receive any injection. Injecting
with immune elicitors did not further increase the PO activity. Levels of PO activity
decreased in those injected with E. coli wounding did not affect antibacterial activity.
For the second experiment, the level of PO activity in snails maintained n micro-
organism-rich water was higher compared to snails maintained in clean water [45].

5. Conclusion

In conclusion, lysozymes, nitric oxide, and phenol oxidase play an important
role in the non-specific immune response against invading parasites and foreign
particle in Lymnaea stagnalis snail. However, this immunity was not efficient to
eliminate the parasite in the case study mentioned above.
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Chapter 5

Survival Differences of

Vibrio vulnificus and Vibrio
parahaemolyticus Strains in
Shellstock Oysters (Crassostrea
virginica) from Harvest to Sale: A
Risk Perspective
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Francisco Alarcon and Carlos Ferndndez

Abstract

As there is limited information on the risk for consuming market oysters
contaminated with V. vulnificus and V. parahaemolyticus, the aim of this study was
to estimate the risk associated with raw oyster consumption affected by contami-
nation levels and temperature during postharvest and transportation. To evaluate
the effect of the temperature during transportation from the Mandinga Lagoon
to Mexico City on the growth of V. vulnificus and V. parahaemolyticus, a modified
Gompertz model was fitted at ambient temperatures of 20.1, 25.6, and 24.4°C for
22 h in windy, dry, and rainy seasons, respectively. The risk was calculated using
FDA/FAO/WHOWV.2005 software. Results showed that the mean risk (cases per
100,000 servings) of a person acquiring V. vulnificus voha+/cvgC infection by
consuming raw oysters was 2.9 x 1075, 4.7 x 107°, and 4.3 x 10~° during windy, dry,
and rainy seasons, respectively. Risk for consuming oysters during windy season
at-harvest contaminated with V. parahaemolyticus tdh+ was 8 x 10~° and
7.8 x 1077 for consuming oysters at-market during rainy season contaminated with
V. parahaemolyticus tdh+ and trh+. These results suggest that maintaining tempera-
tures above 20°C during oyster storage and transportation increases the risk of
infections by pathogenic strains. The results provide a benchmark information to
establish strategies to improve public health.

Keywords: Crassostrea virginica, Vibrio, harvest, market, season, survival, risk

1. Introduction
Vibrio vulnificus and Vibrio parahaemolyticus are the etiologic agents of seafood-
associated fatalities worldwide. These Gram-negative, halophilic bacteria found

naturally in marine and estuarine waters have the ability to cause lethal infections
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including primary septicemia, wound infection, and gastroenteritis associated with
the consumption of raw or undercooked seafood, particularly oysters, throughout
the world [1-4]. V vulnificus is more frequently associated with wound infections,
with a case fatality rate as high as 50% [5], particularly in individuals with predis-
posing conditions, including patients with chronic liver disease, immunodeficiency,
iron storage disorders, end-stage renal disease, and diabetes mellitus [6]. Similarly,
V. parahaemolyticus infection can cause diarrhea and septicemia that may be life-
threatening to people having underlying medical conditions such as liver disease,
diabetes, or immune disorders [7, 8]. The tlh (thermolabile hemolysin) gene is a
species-specific marker for V. parahaemolyticus, while the tdh (thermostable direct
hemolysin) and trh (thermostable-related hemolysin) genes are pathogenicity
markers for V. parahaemolyticus [9]. The occurrence of orf8 genes has been con-
sidered an additional virulence factor for V. parahaemolyticus [10, 11]. V. vulnificus
includes three biotypes of which Biotype 1 is capable of producing fatal disease to
humans due to consumption of raw seafood. Biotype 1 has been further divided into
two genotypes, C and E. The gene veg (virulence-correlated gene) has two alleles,
v¢gC and vcgE, representing clinical and environmental strains, respectively [11].

Vibrio vulnificus and V. parahaemolyticus are commonly reported in many
countries around the world with high mortality rates [12]. In Mexico, V. vulnifi-
cus was isolated in 27% (39/143) of oyster samples collected from Pueblo Viejo
Lagoon, located on the North Gulf Coast of Veracruz state, Mexico. Isolation rates
were significantly higher in June (P < 0.0002) and V. vulnificus was found to pre-
fer salinity conditions above 18%o and temperatures above 24°C (P < 0.001) [13].
Meanwhile, V. parahaemolyticus tdh+ incidence has been reported in raw oysters
(44.0%) sold in Guadalajara, México, during the warm months (P = 0.0038) [14],
and in oyster samples (8.7%) from Pueblo Viejo Lagoon in Tamaulipas, México
as well; likewise, in the coastal zone of Tamaulipas, México, a 19.9% prevalence
of V. parahaemolyticus in oysters was reported, which increased 18.3 times during
summer months (July, August, and September) [15]. Our studies [16] revealed
the highest mean densities of V. parahaemolyticus tlh+, tdh+/trh, tdh/trh+
and tdh+/trh+ during spring season at 2.57, 1.74, 0.36, and 0.40 log;o MPN/g,
respectively, and tdh+/orf8+ during winter season (0.90 log;o MPN/g) in oysters
harvested from Mandinga Lagoon System (MLS) located on the coast of Veracruz,
Mexico. V. parahaemolyticus tlh + densities were associated to salinity (R’ = 0.372,
P < 0.022), tdh+/trh+ to turbidity (R? = 0.597, P < 0.035), and orf8+ to tempera-
ture, salinity, and pH (R? = 0.964, P < 0.001) [16]. In this context, the exposure
to salinity and temperature conditions regulate the dynamics of V. vulnificus and
V. parahaemolyticus harboring potentially pathogenic genotypes within the oyster.
This adaptive response of V. vulnificus and V. parahaemolyticus to seasonal envi-
ronmental changes may lead to an increase in survival and virulence, threatening
the seafood safety and increasing the risk of illness [16].

The American oyster (Crassostrea virginica) is one of the most popular bivalve
mollusks, widely consumed in large quantities. In Veracruz state, oysters are
harvested extensively within the oyster-producing areas found along the Mexican
Gulf coast. The state of Veracruz is the primary oyster producer, harvesting 26,713
tons annually, which accounts for 43% of the national average annual production
(61,996 t) [17]. They are sold alive in whole shell, shucked in fresh form or pack-
aged, and refrigerated in polyethylene bags. According to the Mexican Norm [18],
which provides guidelines for the sanitary control and commerce of shellfish in
Mexico, shellstock oysters should be kept alive and adequately refrigerated to an
internal body temperature of 7°C for 7 days at most to ensure safe consumption.
Nevertheless, during transport and storage of raw oysters, adverse conditions
(low oxygen levels, accumulation of waste, feeding interruption, and temperature
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abuse) favor recontamination and rapid deterioration [19]. V vulnificus and

V. parahaemolyticus can multiply in postharvest shellfish if they are held at tempera-
tures >10°C [20, 21]. Although our previous studies have revealed a high prevalence
of V. parahaemolyticus in oysters (C. virginica) in Veracruz, a relatively high propor-
tion of oysters sold is not currently subjected to any postharvest process and is

thus a health hazard. The MLS is an important area economically, where seafood
production and consumption are common. It represents one of the most productive
estuarine-lagoon systems in the Mexican Gulf of Mexico for year-round oyster har-
vesting with an oyster production of 306 t/y, resources that are supplying to seafood
restaurants and oyster bars from nearby cities, mostly Veracruz—Boca del Rio, and
to Canctn and México City [22]. Because of the importance of raw oysters in gas-
tronomy and economics, their microbial safety is of major interest. However, there
is limited information on the loads of V. vulnificus and V. parahaemolyticus in oysters
at market after long-distance transportation. Therefore, the aim of this study was
to compare the seasonal survival ability of V vulnificus and V. parahaemolyticus in
shellstock oysters transported under ambient air and dry storage conditions from
the MLS to a wholesale market in Mexico City, and to assess the risk as affected by
storage and transportation conditions.

2. Materials and methods
2.1 Oyster collection and transportation

Six-specimen collections were performed from the same lot of oysters during
dry, rainy, and windy seasons from January to December 2012 in two different
sites: (1) at the oyster harvesting bank Mata Grande (Pescadores Unidos Union
producer) in the MLS at 08:00 am by divers and (2) directly from the customer
at the Central de Abasto in Mexico City at 08:00 am next morning, where oysters
from this producer are sold. This is one of the most important wholesale seafood
markets in Mexico City. Mata Grande oyster bank is located close to mangrove
islands in Mandinga Grande lagoon (Figure 1). The MLS is located in southern state
of Veracruz, Mexico, flows parallel to the northwestern coastline of the Gulf of
Mexico, between 19°02" N and 96°06’ W in Alvarado, Veracruz. MLS is formed by
the confluence of the river Jamapa, and effluents of Huatusco, Cotaxtla, Totolapan
rivers, ending in the Gulf of Mexico by the Boca del Rio, close to Veracruz City. It is

W Veracruz City
Gulf of
Mexico

Muandinga Grande
Lagoon

Figure 1.
Location of the study region and map of the MLS. Site of oyster samples collection monitored during dry, rainy,
and windy seasons: bank A Mata Grande located close to mangrove islands 19° 01’ 53.8"N and 96° 04' 23.1"W.
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a shallow (1-3 m depth) tropical lagoon connected to the sea by a long and nar-
row deeper channel through the Jamapa River. This lagoon system consists of four
lagoons (Conchal, Larga, Chica, and Grande) and flooded zones and cover an area
of 3250 ha. The dry season occurs from March to June, the rainy season occurs from
July to October, and the windy season from November to February when the MLS is
affected by high-velocity northern winds (90-129 m/s) [16, 23].

Producers harvested the oysters at 08:00 am in the morning and stored at
ambient temperature in a storage room until 18:00 pm when oysters were loaded in
sacks for transport. Oyster sacks were transported stacked on a nonrefrigerated box
truck overnight by road, arriving to the Central de Abasto market in Mexico City at
03:00 am. Product was delivered to customer at 6:00 am and samples were collected
at 08:00 am. The average transit time was 22 h supply-chain from MLS to Mexico
City. This producer transports oysters at ambient temperature and no records were
available to document postharvest temperature exposure, which creates increased
opportunity for temperature abuse. Therefore, specific practices and sampling
points were selected based on those that are currently in use. A total of 80 legal-
sized [24] live shellshock oysters were immediately transported to the laboratory
according to Mexican Minister of Health approved method NOM-109-SSA1-1994
[25]. Dead animals were discarded, and the remaining oysters were scrubbed and
rinsed under cold running tap water to remove debris and attached algae.

2.2 Bacteriological analysis

Within 2 h of collection, oysters were shucked, and meats and intravalvular liquids
were pooled under aseptic conditions. Oyster samples were analyzed according to the
protocol of Lizarraga-Partida et al. [26] modified. V vulnificus and V. parvahaemolyticus
quantification was performed following the same most probable number-polymerase
chain reaction (MPN-PCR) procedure described previously [16, 27], briefly: a 200 g of
oyster sample (150 g of meat and 50 g of intravalvular fluid) were mixed with 200 mL
phosphate-buffered saline (PBS) and blended for 120 s to make a 1:1 dilution. The
shellfish homogenate was added to alkaline peptone water in a three-tube MPN dilu-
tion series prepared up to 1:10* according to the standard three-tube MPN procedure.
The tubes were incubated at 35°C for 24 h. After incubation, DNA was extracted from
each positive APW tube showing growth and then purified. The densities of
V vulnificus and V. pavahaemolyticus strains were calculated using positive results by
PCR, employing the most probable number (MPN) tables. Simultaneously, one loop-
ful from the top 1 cm of each positive broth tube from the MPN method categorized as
positive for V vulnificus vvha + and V. parahaemolyticus tih+ based on the DNA ampli-
fication results was streaked onto CHROMagar™ Vibrio (CHROMagar Microbiology,
Paris, France). Plates were incubated at 35°C for 24 h for the isolation of presumptive
colonies. To confirm the presumptive V vulnificus voha+, vcg E, and veg C, and
V. parahaemolyticus tih+, tdh+, trh+, and orf3, at least 15 blue-green and mauve well-
grown colonies from each CHROMagar plates were selected and inoculated into APW
tubes, incubated at 35°C for 18-24 h, and then subjected to DNA extraction, purifica-
tion, and amplification. Presumptive strains that were confirmed with the direct PCR
were scored as positive for the respective gene and stored in Trypticase soy agar (TSA;
BIOXON Becton Dickinson S.A de CV., Mexico) slants at —20°C. PCR assays were per-
formed using specific primers (Sigma-Aldrich QUIMICA S.A. de CV.,, Toluca, Mexico)
for species and identification of pathogenic genes. Oligonucleotides targeting the vvh A
(cytotoxin, cytolysin) and tlh (thermolabile hemolysin) genes were used for
V. vulnificus and V. parahaemolyticus, respectively. Strains from the Collection
of Aquatic Important Microorganisms (CAIM) of Centro de Investigaciones en
Alimentacién y Desarrollo A.C. Mazatlan, Sinaloa, México (www.ciad.mx/caim) were
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used as positive controls. DNA of strain CAIM 610 was used as positive control for
(vvha) gene [28], and strains CAIM 1860 and 1859 for vcgC and vegE genes, respec-
tively [29]. DNA of strain CAIM 1772 was used as positive control for V. parahaemolyticus
nontoxigenic (¢/%) and toxigenic (tdh, trh) genes [30], and strain CAIM 1400 for orf8
gene [31]. A 100-bp ladder (100-3000 bp; Axygen) was used as a DNA size marker.
Densities of V vulnificus and V. parahaemolyticus strains were expressed by the most
probable number (MPN) as V. vulnificus or V. parahaemolyticus MPN/g of oyster [32].

V vulnificus and V. parahaemolyticus presumptive isolates were identified by biochemical
characteristics using Kligler iron agar slants (KIA), lysine iron agar (LIA), motility-
indole-ornithine medium (MIO), Moeller decarboxylase broth media, and arginine
dihydrolase test. All agar media were BD Bioxon (Becton Dickinson de México S.A. de
CV,, México, México). The oxidase test (p-aminodimethylaniline; Becton Dickinson, NJ,
USA) was performed on growth from presumptively positive isolates. Some V. vulnificus
strains isolated from oysters collected at the Central de Abasto market in Mexico City
were characterized for vvhA and vcg genotype, using PFGE, multilocus sequence typing
(MLST), and rtxAl. Analyses included a comparison with 7£xA1 reference sequences.
Environmental V. vulnificus C genotype strains had high similarity to the virulent refer-
ence strain (CAIM 1860) [33].

2.3 Statistical analysis
2.3.1 Seasonal densities and survival

Most probable number (MPN) three-tube chart and formulas corresponding
95% confidence limits were used to identify MPN for each sample [32]. MPN
values for V. vulnificus and V. parahaemolyticus counts were log-transformed to
normalize the data and homoscedasticity requirements for appropriate analysis
of variance. Significant differences in the seasonal distributions of log;o MPN/g
V. vulnificus and V. parahaemolyticus densities were analyzed by analysis of vari-
ance (P < 0.05) and Tukey’s test. All statistical analyses were carried out with
XLSTAT > 2018 software (Addinsoft™) with the minimum level of significance
setat P < 0.05. Nondetectable values of V. vulnificus and V. parahaemolyticus
counts (<0.30 MPN/g) were replaced by half of the detection limit in oysters for
statistical purposes.

To evaluate the effect of the transportation time on the growth (log;o NMP/g) of
V. vulnificus and V. parahaemolyticus, a modified Gompertz model was fitted to the
experimental data obtained at the ambient temperatures of 20.1, 25.6, and 24.4°C
[34] for 22 h during supply-chain transportation in windy, dry, and rainy seasons,
respectively, from MLS to Mexico City. Lag time and specific growth rate of strains
were determined using Statistica 7.0 (Statistica Software, Palo Alto, CA, USA). This
model has been used to describe V. parahaemolyticus growth (Eq. (1)) [35]:

Yo=No+Axexp [—exp(2.718%) x (A -1) +1] (1)

where Y7 is the log counts (CFU/g) at time ¢; Ny is the initial level of bacteria
(logio CFU/g); A = logig (Nyuax/Np), where N, represents the growth from the
inoculum to stationary phase; and the parameters exp, {im,y, and A represent e
constant, maximum specific growth rate (h™"), and lag time of the strain growth
(h), respectively. The effect of temperature on V. vulnificus and V. parahaemolyticus
growth was calculated with Eq. (2):

G = 1n2/l—lmax (2)
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where G is the generation time (h) at20.1, 25.6, and 24.4°C and i,y is maximum
specific growth rate (h™").

Goodness of fit of the modified model was evaluated using the coefficient of
determination (R?) and the standard deviation of the residuals (Syx), which were
provided by Statistica software.

2.3.2 Risk assessment

The FDA/FAO/WHO v.2005 software in combination with Microsoft Excel was
used to run the risk simulations using the model developed by the U.S. Food and
Drug Administration and used by FAO/WHO to estimate the risk of illness associ-
ated to the consumption of raw oysters [37]. Results were expressed as number of
cases per 100,000 servings (cocktails consumed). The consumption data consid-
ered V vulnificus and V. parahaemolyticus levels in raw oysters at harvest and after
transportation and serving size (a cocktail of 12 oysters).

3. Results and discussion
3.1 Seasonal densities and survival after transportation

As shown in Table 1, significant differences in V. vulnificus voha+ densities
between seasons were observed, with higher (P < 0.05) mean levels during windy
(0.720 log;o MPN/g) and the lowest in rainy (—0.523 log;o MPN/g) seasons. During
windy season, the average water temperature in the MLS-Mata Grande bank was
25.6°C, nevertheless mean V. vulnificus voha+ densities decreased during rainy sea-
son when the average water temperature increased (P > 0.05) to 27.4°C. However,
salinity was higher (P < 0.05) in windy (25.8%o) than in rainy (7.3%o0) seasons
(Table5).

In contrast, V. parahaemolyticus tlh+ density levels were high (P > 0.05) in
rainy (0.713 log;o MPN/g) and low in windy (0.477 log;g MPN/g) seasons. After
22 h of supply-chain transportation, V. vulnificus voha+ and V. parahaemolyticus
tlh+ densities increased (P < 0.05) in all seasons probably due to the high ambient
temperatures observed during transportation (20.1, 25.6, and 24.4°C). Table 2
shows that no V vulnificus voha+ vgcE densities were detected at-harvest and remain

Seasons Vibrio vulnificus voha+ (log;o MPN/g mean V. parahaemolyticus tlh+ (logo MPN/g
and range) mean and range)
At-harvest At-market At-harvest At-market

Windy 0.720 + 0.344** 3351+ 0.041%Y 0.477 £ 0.001** 3.041 £ 0.001*Y
(0.477-0.964) (3.322-3.380) (0.477-0.0.477) (3.041-3.041)

Dry ~0.483 £ 0.056™ 1.055 + 0.129" 0.686 + 0.0.149** 3.210 + 0.239%
(—0.523 to —0.444) (0.964-1.146) (0.580-0.792) (3.041-3.380)

Rainy —0.523 + 0.001°* 3.351+ 0.041% 0.713  0.221** 3.380 + 0.001*
(<—0.523)’ (3.322-3.380) (0.556-0.869) (3.380-3.380)

Means with different letter (a, b, c) ave significantly different (P < 0.05) between seasons.
Meanswithdifferentletter (x, y) avesignificantly different (P < 0.05) between hours of transportationwithin each season.
*<—0.523 = not detected.

Table 1.

Seasonal variations of V. vulnificus vvha and V. parahaemolyticus tlh densities (log,, MPN/g) in
Crassostrea virginica samples from the MLS during 22-h supply-chain transportation in windy, dry, and
rainy seasons, respectively, from MLS to Mexico City.
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Seasons Vibrio vulnificus vgcE (logio MPN/g mean Vibrio vulnificus vgcC (log;o MPN/g mean
and range) and range)
At-harvest At-market At-harvest At-market
Windy —0.523 + 0.001** —0.483 £ 0.056>* 0.469 + 0.010>* 0.781+ 0.005™
(<—0.523) (—0.523 to —0.444) (0.462-0. 477) (0.778-0.785)
Dry —0.523 + 0.001** —0.523 + 0.001** —0.523 + 0.001” -0.523 + 0.001%*
(<—0.523) (<—0.523) (<—0.523) (<—0.523)
Rainy —0.523 + 0.001** —0.483 + 0.056™* —0.523 + 0.001”* 0.469 + 0.010%
(<=0.523) (=0.523 to —0.444) (<—0.523) (0.462-0. 477)
V. pavahaemolyticus tlh+/tdh+ V. parahaemolyticus tlh+/tdh-/trh+
Windy —0.020 + 0.707** —0.523 + 0.001** -0.523 + 0.001** —-0.523 + 0.001**
(<—0.523-0.477) (<—0.523) (<—0.523) (<—0.523)
Dry —0.523 + 0.001** —0.523 + 0.001** —0.523 + 0.001™* —-0.523 + 0.001**
(<—0.523) (<—0.523) (<—0.523) (<—0.523)
Rainy —0.523 + 0.001** —0.484 £ 0.056™" —-0.523 + 0.001** —0.484 + 0.056™*
(<-0.523)* (=0.523 to —0.444) (<=0.523) (=0.523 t0 —0.444)

Means with different letter (a, b, c) ave significantly different (P < 0.05) between seasons.

Meanswith different letter (x,y) aresignificantly different (P< 0.05) between hours of transportation within each season.
*<=0.523 = not detected.

Table 2.

Seasonal variations of pathogenic V. vulnificus (genotypes E and C) and V. parahaemolyticus (tlh/tdh,
tlh/trh) densities (log,, MPN/g) in Crassostrea virginica samples from the MLS during 22-h supply-chain

transportation in windy, dry, and rainy seasons, respectively, from MLS to Mexico City.

unculturable after 22-h transportation during dry season. A seasonal trend was
observed, as higher (P > 0.05) V. vulnificus voha+ vgcC density (0.469 log,o MPN/g)
in oysters harvested from Mata Grande bank was found during windy season, and
no densities were detected during dry and rainy seasons. Similarly, V. parahaemo-
lyticus tdh+ density in oysters increased (P > 0.05) in windy season (—0.020 Log;o
MPN/g), but no densities were detected during dry and rainy seasons. In contrast,
no V. parahaemolyticus trh+ density was detected in all seasons. After 22 h of supply-
chain transportation, a slight increase (P > 0.05) in V. vulnificus vgcE (—0.483 log,o
MPN/g) in windy and rainy seasons was observed. V. vulnificus vgcC density in

oysters increased (P < 0.05) in windy (0.781 log;o MPN/g) and rainy seasons (0.469
logio MPN/g) as well. An increase in densities of V. parahaemolyticus tdh+ and

trh+ (—0.484 log,o MPN/g) in oysters was observed in rainy season, probably due to
the high ambient temperature observed (24.4°C) in rainy season. Our results were
lower than those reported in oysters harvested from the U.S. Gulf of Mexico during
dry season (3.36 log;o MPN/g), which were higher than those detected during windy
season (1.0 logio MPN/g) [37]. V. vulnificus proliferates in areas or during months
where the water temperature exceeds 18°C as in MLS, and culturable concentrations
of V. vulnificus are generally lower when water temperatures are cooler.

In other study, V vulnificus was isolated from oyster samples collected from
Pueblo Viejo Lagoon, Veracruz, and 27% (39/143) of the oyster samples were vvha-+.
Although positive samples were found during all seasons of a 1-year period, a
seasonal fluctuation was observed. Isolation rates from oysters were significantly
higher in June than in the period from November to February (P < 0.0002), indicat-
ing that water surface temperatures >24°C and salinity conditions >18%o are more
favorable for V. vulnificus [13]. In our study, we found higher (P < 0.05) V. vulnificus
vvha+ densities during windy (December to March) and dry seasons (April to
July) when water temperature and salinity were 25.6°C/25.8%o and 28.7°C/29.8%so,
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respectively. However, a decrease was observed during rainy season when water
temperature and salinity were 27.4°C and 7.3%o, respectively. Thus, V. vulnificus
colonization of oysters in MLS may be influenced by water parameters such as tem-
perature or salinity as previously reported [38]. An important finding in our study
was the isolation of pathogenic V vulnificus vgcC strains. This is the first study to
report the presence of V vulnificus vgcC in oysters from the Mexican coastline of the
Gulf of Mexico. It is unclear if levels of the two V. vulnificus genotypes are unique

to certain environmental conditions. As with previous studies of total V. vulnificus
levels, a significant negative correlation with salinity was observed for the vgcC
strains from oysters (r = —0.35, P = 0.008) [39]. In our study, there was a significant
increase in the population of V vulnificus vgcC in oysters in winter season when MLS
water salinity levels were high. These results seem to indicate that

V. vulnificus vgcC strains have evolved to cope with the stresses associated with
changing environment. The fact that oysters have vgcC strains as the dominant
strain type further suggests the possibility that those oysters harboring larger densi-
ties of this genotype would likely to be more infective to humans as V. vulnificus
vgeC type is more infectious [29].

Regarding V. parahaemolyticus, our results demonstrated that V. parahaemo-
lyticus tlh+ strains are present almost throughout the year as V. parahaemolyticus
abundance in the Gulf of Mexico is almost constant because temperature is warmer
(>11.6°C) [40]. The seasonal trends in V. parahaemolyticus densities observed in
our study agree with previous studies since the seasonal cycle of the pathogen has
been correlated with dry and rainy seasons in tropical waters, being salinity the
major factor. V. parahaemolyticus tlh+ density was detected at 3.26 log;o MPN/g
in oysters (Crassostrea brasiliana) harvested from Sao Paulo, Brazil during the
dry season when mean water temperature was 29°C and salinity 29%eo [41]. Our
previous studies have shown that there is a seasonal variation in the survival and
virulence of V. parahaemolyticus, probably caused by a response of gene expres-
sion to stress. V. parahaemolyticus tlh+/tdh+ densities in oysters harvested from the
MLS were observed during windy and dry seasons (0.97 and — 0.18 log;o MPN/g),
respectively, and V. parahaemolyticus tih+/tdh—/trh+ (—0.37 log;o MPN/g) was only
detected during dry season. Meanwhile, during rainy season only, —0.509 logg
MPN/g was identified [42]. The presence of pathogenic V. parahaemolyticus strains
raises important health issues and may be indicative of high risk in usual consumers
of oyster from Mandinga lagoon during windy season where the maximum densi-
ties are found. These data suggest that V. vulnificus and V. parahaemolyticus popula-
tions in oysters are controlled by different factors. Moreover, the oyster, as a living
host, may have contributed to the variation in these pathogen densities because of
fluctuations in physiology resulting from reproductive status, diet, and health [11].
Densities above Mexican limits (absence in 50 g of sample) [19] for
V. pavahaemolyticus tlh+ and V. vulnificus voha+ were detected in oyster samples at-
harvest and at-market. In Mexico, these pathogens are not currently included in the
microbiological surveillance programs of shellfish from harvesting areas and they
are also excluded from the Mexican communicable disease surveillance plans. Thus,
the presence of pathogenic strains is a public health concern, as these strains are not
covered by current regulations.

The values for the kinetic growth parameters and performance statistics of the
modified Gompertz model for V. parahaemolyticus (tlh+, tlh+/tdh+, and tlh+/tdh—/
trh+) and V. vulnificus voha+ and genotypes E and C, at ambient temperatures
during 22 h transportation of oysters are shown in Tables 3 and 4, respectively. The
average R’ value of the model fitted to V parahaemolyticus growth was 0.9999 for
nonpathogenic tlh+ and for pathogenic tdh+ and trh+ strains. Similarly, R* value of
the model fitted to V vulnificus growth was 0.9999 for vvha+ and for vegE and vegc
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strains, indicating that this model was able to describe both pathogens growth. As
shown in Table 3, the predicted lag time values of the nonpathogenic tlA strains
were 4.2909, 4.3582, and 4.2484 h in windy, dry, and rainy seasons, respectively;
meanwhile, the predicted lag time values for both pathogenic tdh+ and t7h+ strains
were 6.3439 during rainy season, indicating faster growth and better adaptation of
the nonpathogenic strain to ambient temperatures during transportation.

V. parahaemolyticus Mmax (h72) A(h) A G (h) R? Sy

Windy

tih+ 1.0242 4.2909 2.564 0.6767 0.9999 0.00067
(2575 min) (40.6 min)

Dry

tlh+ 1.0117 4.3582 2.520 0.6851 0.9999 0.00073
(261.5 min) (41.1 min)

Rainy

tlh+ 1.0736 4.2484 2.670 0.6456 0.9999 0.00073
(254.9 min) (38.7 min)

tlh+/tdh+ 0.0096 6.3439 0.039 72.0207 0.9999 0.00018
(380.6 min) (4321.2 min)

tlh+/tdh—/trh + 0.0096 6.3439 0.039 72.0207 0.9999 0.00018
(380.6 min) (4321.2 min)

Table 3.

Parameter values using the modified Gompertz model for V. parahaemolyticus (tlh+, tlh+/tdh + and thh+/
tdh-/trh+) growth in oysters transported for 22 h at 20.1, 25.6, and 24.4°C (windy, dry, and rainy seasons)
from MLS to Mexico City.

V. vulnificus Mmax (h70) A (h) A G (h) R? Sy

Windy

voha+ 1.0592 4.2838 2.630 0.6544 0.9999 0.00757
(257.0 min) (39.3 min)

vegE 0.0098 6.3022 0.040 70.7009 0.9999 0.00021
(378.1 min) (4242.1 min)

vcgC 0.0836 5.9274 0.31 8.2914 0.9999 0.00013
(355.6 min) (497.5 min)

Dry

voha+ 0.5280 4.5347 1.540 1.3126 0.9999 0.00621
(272.0 min) (78.8 min)

Rainy

voha+ 1.7885 4.3926 3.870 0.3876 0.9999 0.00730
(263.6 min) (23.3 min)

vegE 0.0098 6.3022 0.04 70.7009 0.9999 0.00021
(378.1 min) (4242.1 min)

vcgC 0.3063 4.9150 0.990 2.2633 0.9999 0.00005
(294.9 min) (135.8 min)

Table 4.

Parameter values using the modified Gompertz model for V. vulnificus (vvha+, vegE, and vegC) growth in
oysters transported for 22 h at 20.1, 25.6, and 24.4°C (windy, dry, and rainy seasons) from MLS to Mexico City.
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Pathogenic strains were detected in oysters after 22 h of transportation only dur-
ing rainy season. These results indicated that nonpathogenic tlz+ and pathogenic
tdh+ and trh+ strains reached a maximum growth rate and the maximum density
(6.670, 0.039, and 0.039 log;o MPN/g, respectively) after 22-h transportation at
ambient temperature during rainy season. The values of lag time observed in this
study were lower than those previously reported for nonpathogenic t/k+ (24.6 h)
and pathogenic trh+ (38.7 h) strains of V. parahaemolyticus isolated from raw Korean
oysters [35]. In the present study, the longer lag time of pathogenic strains may be
due to the time required for colonization of the oyster tissue. It has been reported
that V. parahaemolyticus colonized oyster tissues according to the change of time as
it is digested by oysters [43]. The maximum specific growth rate (max) predicted
for pathogenic tdh+ and trh+ strains (0.0096 h™") was lower than that for nonpatho-
genictlh+ (1.0242, 1.0117, and 1.0736 h™Y) in windy, dry, and rainy seasons, respec-
tively; generation times (G) of nonpathogenic (0.6767, 0.6851, 0.6456 h) in windy,
dry, and rainy seasons, respectively, were shorter than that for pathogenic strains
(72.0207 h). These results indicated that nonpathogenic V. parahaemolyticus strains
reached a maximum growth rate faster by storage temperatures. However, both
pathogenic and nonpathogenic V. parahaemolyticus grew during storage in rainy
season, although it was not detected in at-harvest oysters. This finding suggests that
the bacterium was most likely present in numbers below the limit of detection, or
perhaps in a viable but nonculturable state. In addition, it has been also observed
that V. parahaemolyticus multiplied rapidly in live oysters held at 26°C after harvest
[20]. It has been reported that higher concentrations of V. parahaemolyticus are pres-
ent in market oysters than in at-harvest oysters [44]. In our study, pathogenic
V. parahaemolyticus strains had the ability to adapt and survive at 24.4°C during
transportation in rainy season, prior to marketing. However, the growth character-
istics of V. parahaemolyticus might vary by strain variation.

According to Table 4, the predicted lag time values of V. vulnificus voha+ strains
were 4.2838, 4.3547, and 4.3926 h in windy, dry, and rainy seasons, respectively. The
predicted lag time values were 6.3022 for vcgE and 5.9274 and 4.9150 for vcgC during
windy and rainy seasons, respectively, indicating faster growth and better adapta-
tion to ambient temperatures during transportation of the vvha+ than vcgC strains.
No vcgC and vegE strains were detected in oysters after 22 h of transportation during
dry season. V. vulnificus vcgE strains lag time values were similar to those of
V. parahaemolyticus tdh+ and trh+ strains, but higher than those of V. vulnificus vcgC
strains. The maximum specific growth rate (max) predicted for v¢gE (0.0098 h™)
and vcgC strains (0.0836 and 0.3063 h™) were lower than that for vvha+ (1.0592,
0.5280, and 1.7885h™) in windy, dry, and rainy seasons, respectively. Generation
times (G) of vvha+ (0.3876 h), vegE (70.7009 h), and vcgC strains (2.2633 h) in rainy
season were shorter than that observed in windy and dry seasons. These results indi-
cated that V. vulnificus voha+, vcg, and vcgC strains reached a maximum growth rate
and the maximum density (3.870, 0.04, and 0.990 logl0 MPN/g, respectively) after
22-h transportation at ambient temperature during rainy season. It has been reported
a maximal growth rate of 0.175/h and a 1.3 log10 increase in V. vulnificus levels in oys-
ters stored at 28°C [45]. Recently, a predictive growth model for V. vulnificus in Pacific
oysters was developed [46], where growth rate and lag time of V vulnificus in shucked
oyster meat at 24°C were 0.0138 h™" and 5.38 h, respectively. Overall, this growth rate
is much lower than those observed in V. vulnificus vvha+ strains in our study. However,
the lag time value is higher than our V vulnificus voha+ strains values. V. vulnificus
and V. parahaemolyticus densities in shell oysters at the stage of distribution were
greater than those observed in oysters at-harvest. Moreover, both V. vulnificus and
V. parahaemolyticus grew during storage, although they were not detected at-harvest
oysters. During transport and storage of raw oysters, adverse conditions (low oxygen
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levels, accumulation of waste, and feeding interruption) are able to disrupt a variety
of cellular processes and can promote the development of more stress-resistant cells,
modulating the fitness and virulence of bacterial pathogens.

Studies have suggested that pathogenic strains have low levels of detection
compared with nonpathogenic strains and are more sensitive to dystrophic condi-
tions, rapidly becoming nonculturable [47]. Furthermore, differences in regulated
genes between strains may more likely due to be a response against environmental
stressors. Harvest and transport techniques used in this study were typical for the
commercial oyster industry in the MLS and Alvarado Lagoon zones.

Therefore, these bacteriological findings in the commercial handling portion
of the study are representative of the industry in Veracruz state and throughout
perhaps the entire Mexican Gulf Coast oyster industry. These results indicate that
the safety of raw oysters for consumption depends upon their initial degree of
contamination, mainly due to the quality of seawater from which they are extracted
or cultured, and to postharvest storage conditions. Because temperature abuse
during postharvest handling and storage may increase the risk of illness due to the
consumption of oysters, it is very important to predict the risk of V vulnificus and
V. parahaemolyticus to consumers. The infectious dose of V. vulnificus for the high-
risk group is 2 log CFU/g [6]; therefore, for the protection of consumers, careful
storage and consumption guidelines for oysters at retail markets and restaurants
must be emphasized.

3.2 Risk assessment

According to Table 5, the results indicate that the risk of consuming a typical meal
of 12 raw oysters contaminated with V vulnificus would be higher in dry and rainy
seasons. V vulnificus levels in oysters and the corresponding consumer risk at the
vending site are strongly influenced by climate, especially water and air temperatures.
The findings indicate that the risk of oyster consumption from Veracruz, Mexico is
slightly lower than those estimated by WHO/FAO [48] for V. vulnificus predicted to be
associated with month- and year-specific water temperatures in the Gulf of Mexico,
which were 3.37 x 10 and 4.28 x 10~ during dry and rainy seasons, respectively.
However, the risk of oyster consumption during windy season (2.9 x 10~°) was similar
to that reported by WHO/FAO (1.26 x 10°°).

It is important to point out that seasonal expansion of V. vulnificus illnesses asso-
ciated with oysters harvested from the Gulf of Mexico corresponds with warmer
water temperatures (>20°C). The evidence indicates that climate anomalies have
already greatly expanded the risk for vibrio illnesses [49]. WHO/FAO [48] reported
arisk assessment for primary septicemia cases associated with consumption of raw
oysters from the Gulf Coast of USA with mean densities of 57,000 and 80 MPN/g
during summer and winter harvest seasons, respectively. In this context, variation

Season Air Water Salinity Risk for at-risk population (cases per
temperature temperature (%o0) 100,000 servings; 95% confidence
(°C) (°C) interval)
Windy 20.1 256 2538 29x107° (2.0 x 107°-3.8 x 107°)
Dry 256 287 29.8 47x107° (3.8 x 107°-5.8 x 107°)
Rainy 244 274 73 43x107° (35 x107°-54 x 107%)
Table 5.

Estimated visk assessment to V. vulnificus associated to consumption of raw oyster cocktail expended at-harvest
at the MLS and at-market in Mexico City during windy, dry, and rainy seasons.
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in water and air temperatures and the characteristics and temperature of transpor-
tation and storage time have the effect of increasing the variation of V. vulnificus
numbers at each point along the harvest-to-consumption continuum.

Table 6 summarized the results of risk to V. parahaemolyticus. Results indi-
cated that the contamination rates of virulent V. parahaemolyticus (tdh+ and trh+)
in raw oysters at-harvest and at-market, and the transportation temperatures
significantly influence the probability of illness. The risk of recently harvested
oysters during windy season in Veracruz-Boca del Rio oyster bars and restaurants
where oysters harvested at the MLS are sold was 1.1-fold higher than the mean
risk of consuming oysters during the rainy season. These results indicate that the
risk of raw oyster consumption in Veracruz, Mexico is lower than those of the U.S.
which were 4.4 x 10 [50], similar to those reported in Australia (6 x 107%-6.1 x
107%), higher than those of Canada (7.5 x 1079211 x 107°) and New Zealand (8.6
x 10%-3.2 x 107), but lower to that in Japan during autumn (1.2 x 10™*) [51] and
Taiwan (8.56 x 107) [52]. The estimated risk in our study is similar to that reported
in Malaysia (1.76 x 107°) [53], but lower than the average risk associated with the
consumption of raw oysters contaminated with pathogenic V. parahaemolyticus
marketed at Sao Paulo, Brazil of 4.7 x 107, 6.0 x 107, 4.7 x 107, and 3.1 x 10~ for
spring, summer, fall, and winter, respectively [36]. As the microbial risk assess-
ment was conducted, several limitations were identified. The estimation did not
include the growth model of V. vulnificus and V. parahaemolyticus during the time
gap from markets to consumption.

However, the model’s assumption can be referred for retail outlets that serve fresh
raw oysters where there is minimal time for the growth of both pathogens to occur.
There is a growing body of evidence to suggest that V. vulnificus and V. parahaemolyticus
infections are increasing and tend to follow regional climatic trends, with outbreaks
following episodes of unusually warm weather. Moreover, several epidemiological
factors, such as growing consumption and international trade of seafood produce, may
increase the incidence of these pathogens [12]. In Mexico, there is currently a lack of
detailed surveillance information regarding V. vulnificus and V. parahaemolyticus infec-
tions, which probably disguises their real clinical burden. However, there have been
some reports of outbreaks and deaths caused by consumption of oysters contaminated
with these pathogens. Recently, a patient with hepatic cirrhosis and hepatic carcinoma

Season Vibrio parahaemolyticus Pathogenic Risk for at-risk population (cases
density (log;o NMP/g) rate (%) per-100,000 servings; 95% confidence
interval)
tdh+ trh+ tdh+ trh+
Windy
At-harvest —-0.020 10.0 ND 8x107° ND
(64 x107-1.0 x
107
At-market ND ND ND ND ND
Rainy
At-harvest ND ND ND ND ND
At-market —-0.484 0.2 0.2 78 x 1077 78 x1077
(62x107%-99 x (62x107°-99 x
107°) 107°)
Table 6.

Estimated risk assessment to V. parahaemolyticus associated to consumption of raw oyster cocktail expended
at-harvest at the MLS and at-market in Mexico City during windy, dry, and rainy seasons.
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suffered fulminant sepsis and necrohemorrhagic bullae secondary to a

V. vulnificus infection. The patient had ingested oysters in Mexico City 36 h before [54].
Along Veracruz state in Mexican Gulf Coast, 18 V. parahaemolyticus infections were
reported. Of 18 patients, 27.7% (5/18) consumed raw oysters at oyster bars and restau-
rants located in Boca del Rio and Veracruz Port [55]. The information provided in this
study is important for preventing public health problems as pathogenic genes such as
vegC, tdh+ and trh+ were detected. Moreover, the distribution and variation in numbers
of virulent V vulnificus and V. parahaemolyticus in oysters may need to be determined
before harvest as these data should be valuable for assessment of the human health

risk due to consumption of raw oysters which represents a significant threat to human

health and seafood safety.

4, Conclusions

The evidence indicates that there are significant differences in V. vulnificus
vvha+ densities between seasons, with higher mean levels during windy and the
lowest in rainy seasons. In contrast, V. parahaemolyticus tlh+ density levels were
high in rainy and low in windy seasons. After 22 h of supply-chain transporta-
tion, V. vulnificus voha+ and V. parahaemolyticus tlh+ densities increased due to
the high ambient temperatures observed during transportation in all seasons.
Pathogenic V. vulnificus voha+ vgcC and V. parahaemolyticus tdh+ densities in
oysters increased in windy season as well. After 22 h of supply-chain transporta-
tion, V. parahaemolyticus tdh+ and trh+ densities increased in rainy season, and
V. vulnificus vgeC density in oysters increased in windy and rainy seasons. This
is the first study to report the presence of V. vulnificus vgcC in oysters from the
Mexican coastline of the Gulf of Mexico.

Densities above Mexican limits for V. parahaemolyticus tih+ and V. vulnificus
vvha+ were detected in oyster samples at-harvest and at-market. The presence
of pathogenic strains is a public health concern, as these strains are not covered
by current regulations. After 22-h transportation at ambient temperature during
rainy seasons, nonpathogenic V. parahaemolyticus tlh+ and pathogenic tdh+ and
trh+ strains and V. vulnificus voha+, vcgE, and vcgC strains reached a maximum
growth rate and the maximum densities. The risk of consuming a typical meal of
12 raw oysters contaminated with V. vulnificus would be higher in dry and rainy
seasons, and during windy season for V. parahaemolyticus. Although the risk of
recently harvested oysters from MLS during the windy, dry, and rainy seasons in
Veracruz-Boca del Rio oyster bars and restaurants is low, results indicated that the
contamination rates of virulent V. vulnificus and V. parahaemolyticus in raw oysters
at-harvest and at-market and the transportation temperatures significantly influ-
ence the probability of illness.

Adjustments in industry practices and regulatory policy should be consid-
ered, especially for seafood that is consumed raw, such as oysters. The results of
this study could help Mexican regulatory agencies to develop sanitary norms to
protect the population against health risks caused by consumption of raw oysters
contaminated with pathogenic strains, and oyster processors to implement con-
trol measures. To reduce the risk of V. vulnificus and V. parahaemolyticus infec-
tion from consuming raw oysters, more rigorous postharvest time-temperature
controls and surveillance during transportation and marketing of raw oysters
must be implemented for immediate detection of these pathogens, especially
if oysters are exported to other countries. In this context, the public should be
educated by the local government that foodborne illness must never be measured
as a minor illness. If measures for mitigating V. vulnificus and V. parahaemolyticus
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could not lead to a reduction of predicted risk associated with these pathogens
and the global climate scenario worsens, the predicted risk will increase.
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