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ABSTRACT

Fish and aquatic-derived zoonotic diseases have caused considerable problems in the aqua-
culture industry and fishery worldwide. In particular, zoonotic diseases can pose widespread
threats to humans. With the world’s growing population and potential global trade of aqua-
culture and fish, the risk of environmental contamination and development of fish and
aquatic-derived zoonoses in humans are increasing. The important causes of zoonoses
include bacteria, parasites, viruses, and fungi. The zoonotic bacterial agents are divided into
two main groups: Gram-positive (Mycobacteriaceae, Streptococcaceae, Erysipelothricaceae fam-
ilies) and Gram-negative (Aeromonadaceae, Vibrionaceae, Pseudomondaceae,
Enterobacteriaceae, and Hafniaceae families). The premier parasitic agents include cestodes
(tapeworm; e.g. Diphyllobothrium spp.), trematodes (fluke; e.g. Opisthorchis spp.), and nemat-
odes (round worm; e.g. Anisakis spp.). In addition, protozoan organisms such as
Cryptosporidium spp. are also considered fish-derived zoonotic pathogens. Two groups of
fish-associated fungi causing basidiobolomycosis and sporotrichosis also pose a zoonotic risk
for humans. The majority of the fish-derived zoonotic diseases are transmitted to humans
mainly via the consumption of improperly cooked or raw fish or fish products. Therefore,
the incidence of zoonotic diseases can be reduced by properly processing fish and fish prod-
ucts, e.g. by thermal (heat/freezing) treatment. The prevalence of zoonotic agents in fishes
varies seasonally and should be regularly monitored to evaluate the prevalence of patho-
gens in both wild and cultured fish populations. This review focuses on the fish zoonotic
agents/diseases and their control and prevention.
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1. Introduction pathogens that usually exist in animals can infect
humans either directly or via a vector (Wolfe et al.

A zoonosis (zoonotic disease; zoonoses for pleural) is o ) o
2007). Within aquatics, the general perception is that

an infectious disease that is transmitted between

animal species to humans (Han et al. 2016). Several
causative agents of infectious diseases, including
bacteria, viruses, parasites, and fungi, can be trans-
mitted from animals to people through different
routes, including penetration through wounded or
abrasive skin, ingestion, animal bites, vectors (i.e.
insects), and animal-to-human contact (i.e. inhalation
of respiratory particles or skin/mucous membrane
contact) (Gauthier 2015; Rahman et al. 2020). The

there are few zoonotic diseases considered as
important (Shamsi 2019). For those that are
detected, the number of cases per year is small com-
pared to other zoonotic diseases in animals or
humans, such as campylobacteriosis or salmonellosis.
While this might be correct, there is a possibility that
this is an underestimate due to poor awareness and
lack of monitoring and surveillance. However, for
those that are diagnosed, the consequences can be
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Table 1. Some important fish zoonotic outbreaks in the recent decade.

No. Outbreak name Main pathogen Host Reference
1 Two listeriosis outbreaks caused by smoked Listeria monocytogenes Smoked fish Lassen et al. 2016
fish consumption
2 2015 Epidemic of severe Streptococcus Streptococcus agalactiae Asian bighead carp Kalimuddin et al. 2017

agalactiae sequence type 283 infections in
Singapore associated with the
consumption of raw freshwater fish

(Hypophthalmichthys
nobilis) and snakehead
fish (Channa species)

3 Outbreak of tularemia associated with Francisella tularensis Crayfish Anda et al. 2001
crayfish fishing

4 Two outbreaks of botulism infection after Clostridium botulinum Rakfish Eriksen et al. 2004
eating fish in Norway and Germany

5 Large outbreak of Salmonella Thompson Salmonella enterica Smoked salmon Friesema et al. 2014
related to smoked salmon in the
Netherlands

6 Acute outbreak of gnathostomiasis in a Gnathostoma binucleatum Spotted sleeper perch Camacho et al. 2003

fishing community in Sinaloa, Mexico

(Eleotrispicta)

severe, including death  (Zorriehzahra  and
Talebi 2021).

In a similar study, it was confirmed that about
260,000 people get sick from contaminated fish in
the USA per year. Fish meat is often the most com-
monly implicated food category in the mentioned
outbreaks. The Foodborne Disease Outbreak
Surveillance System (FDOSS) of CDC is involved in
collecting data on foodborne disease outbreaks.
Also, about 857 outbreaks were associated with fish,
resulting in 4815 illnesses, 359 hospitalizations, and
deaths (Barrett et al. 2017). These hazardous fish
zoonotic outbreaks reported over the years (Table 1)
indicate the importance of monitoring fish-derived
zoonotic diseases.

Many diseases found in aquatic animals can be
classified as emerging diseases, defined by the
World Health Organization (WHO) as, ‘an emerging
disease has appeared in a population for the first
time, or that may have existed previously but is rap-
idly increasing in incidence or geographic range'.
One attribute of emerging diseases is that informa-
tion on the zoonotic potential is limited. Yet, where
a possibility exists, it is essential to ensure that infor-
mation is disseminated to other professionals and
the public effectively and quickly. This can be done
by a qualitative risk assessment. Questions that need
to be answered in carrying out the assessment
include the etiology, geographical distribution,
prevalence, incidence, eco-epidemiology, clinical
symptoms, availability of diagnostic tests, assessment
of zoonotic potential, the potential sources of
human exposure and, detection of zoonotic disease
potential (Zorriehzahra et al. 2014; Farzadnia and
Naeemipour 2020).

In recent years, with the increase in the world
population and the consumption of seafood,
demand for seafood has increased. Since seafoods
are one of the sources of protein for people, the
fisheries and aquaculture industry have also shown
sustainable growth worldwide; however, they are
not risk-free (Shamsi 2019; Tran et al. 2019). In

addition to food poisoning from seafood, there is
also the transmission of aquatic pathogens to
humans. Several important factors in fish and the
water around them have shown the potential for dis-
ease transmission to humans (Environmental Health
and Safety (EHS)/Occupational Health 2016; Raissy
2017). The immune system plays a vital role in deter-
mining the severity of aquatic zoonotic diseases.
Nevertheless, there are specifically two main ways of
human diseases. First, eating raw or undercooked
fish and swallowing water or other matters contami-
nated with infected fish feces/mucus. Second, con-
tact with the infectious agent through open wounds
or skin scratch/abrasion. According to Raissy (2017),
46% of fish-derived zoonotic diseases are transmitted
orally while 15% have more than one transmission
route. Transmission via consumption of water with
infected organisms and skin contact during the han-
dling of fish are 24 and 19%, respectively
(Raissy 2017).

Although contamination of humans with fish
pathogens is uncommon, it should be considered as
a serious risk to human health (Aggarwal and
Ramachandran 2020). In the meantime, zoonotic dis-
eases have been identified as a source of human
emerging infectious diseases (Jones et al. 2008).
Emergence of zoonotic agents is a serious threat to
global health and causes great damage worldwide
(World Health Organization (WHO) 2021). The COVID-
19 pandemic has once again emphasized the signifi-
cance of the human and animal interaction in the
spread of zoonotic illnesses, particularly wildlife and
livestock species that serve as potential hosts and
viral reservoirs. Therefore, it is essential to identify
the particular factors and mechanisms that lead to
disease emergence to deal with emerging infectious
diseases. In the face of globalization, habitat loss, cli-
mate changes, and interconnections among wildlife
and livestock systems can contribute to the spread
of zoonotic diseases (Meurens et al. 2021).

Various factors such as the type of microorgan-
isms (bacteria, viruses, parasites, fungi), the host
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Figure 1. A broad classification of fish zoonotic agents including bacteria, parasites, viruses, and fungi. The figure was created

with BioRender.com.

status (existence of open wounds on body, pene-
trated by spines, immunocompromised), and the
environmental factors (contaminated water) are
involved in the transmission of fish pathogens to
humans (Haenen et al. 2013). Among the fish-associ-
ated pathogens, the most important infectious
agents are bacteria, parasites, and viruses (Shamsi
2019; Meurens et al. 2021). In addition, protozoan
organisms such as Cryptosporidium spp. are also con-
sidered as a fish-derived zoonotic risk for humans.
Several Cryptosporidium species have been identified
in freshwater, cultured, marine, and ornamental
fishes worldwide (Golomazou et al. 2021). The rapid
increase of fisheries and aquaculture globally and,
on the other hand, the existence of transmissible
agents from fish to humans has caused the present
review to focus on the bacterial, virus, parasitic and
fungal zoonotic diseases, the risk to human and
ultimately their control and prevention. Figure 1
shows the types of pathogens transmitted from fish
to humans.

2. Bacterial zoonotic agents

The main zoonotic agents of fish are bacteria, which
are divided into two main groups. The majority are
Gram-negative bacteria and few Gram-positive

bacteria (Smith 2011; Gauthier 2015). Apparently
healthy fishes may also harbor bacterial pathogens,
especially in their kidneys and intestines (Meron
et al. 2020). Infection due to Vibrio and
Mycobacterium species is considered the major cause
of economic loss and occasionally represented as
the limiting factor in fish production (Regev et al.
2020). The prevalence of bacterial zoonotic agents in
fishes varies annually and should be continuously
monitored to evaluate the prevalence of pathogens
in both wild and cultured fish populations (Meron
et al. 2020; Regev et al. 2020). In addition, ornamen-
tal fishes can also act as an important source of bac-
terial zoonotic agents that also exhibit high levels of
antimicrobial resistance (Weir et al. 2012).

2.1. Mycobacteriaceae

Mycobacterium spp. are Gram-positive, acid-fast, aer-
obic, non-motile pleomorphic bacilli belong to the
Mycobacteriaceae family, which includes many patho-
genic bacteria related to humans, mammals, reptiles,
and fish (Delghandi et al. 2020a, 2020b).
Mycotuberculosis is a common disease of marine,
freshwater, and brackish water fish and is considered
a major cause of mortality of farmed and free-living
fish (Hashish et al. 2018). Non-tuberculosis
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Mycobacterium (NTM) infections of fish have been
identified in more than 150 fish species worldwide,
and its zoonotic nature is a public health concern
(Gcebe et al. 2018). Most species of fish are suscep-
tible to Mycobacterium, and it can transmit the bac-
teria horizontally and vertically. Occurrence of
Mycobacterium spp. has also been reported in orna-
mental fish (Puk and Guz 2020). The clinical signs of
infected fish are different due to the numerous spe-
cies of the bacteria and the wide range of host spe-
cies (Delghandi et al. 2020a). The specific signs of
fish infected with Mycobacterium species are leth-
argy, pigmentation, abdominal distention, exophthal-
mia, skin lesions, and death (Smith 2011). However,
due to the spread of infection through the circula-
tory and lymphatic system, the infection is found in
some fish organs like eyes, gills, liver, kidneys, spleen
(Chinabut 1999). The manifestations of infected fish
also can include enlarged liver, kidney, spleen, and
nodules in internal organs (Delghandi et al. 2020a).
Infected and asymptomatic fish are carriers or
spreaders of the bacteria in the long term (Boylan
2011), and human diseases often occur in contact
with infected aquatics and water (Bhambri et al.
2009). About 120 species of Mycobacterium are
known; the most important causes of fish zoonoses
are M. avescencs, M. chelonae, M. fortuitum, M. gordo-
nae, M. marinum, M. ulcerans, M. septicum, M. peregri-
num and M. avium. Their infections can lead to acute
and chronic illness (Smith 2011; Delghandi et al.
2020a). The disease in humans caused by these
mycobacteria usually leads to granulomatous lesions
on the skin, severe necrotic lesions, and deep-tissue
infections such as tendons and bones. Still, systemic
respiratory and extra-respiratory diseases are rare
but can occur in immunocompromised patients.
Occasionally, arthritis, osteomyelitis, and bronchitis
occur (Delghandi et al. 2020a). Mycobacteriosis in
immunocompromised patients can progress to sys-
temic infection and death (Boylan 2011).
Mycobacterium virulence factors include type VI
secretory system, ESX genes, accessibility to the cyto-
sol and activation of host actin polymerization for
motility and cell-to-cell migration (Hashish et al.
2018). Table 2 shows the most important
Mycobacterium spp. in the freshwater, marine and
ornamental fish. Among the various species of
Mycobacterium, four species are the most common
and play a key role in the occurrence of outbreak.
These four species consist of M. marinum, that has
most importance role and then other fish mycobac-
terial pathogens, M. fortuitum, M. gordonae, and
M. chelonae.

Piscine mycobacteriosis was detected in the orna-
mental fishes used for trading in Trinidad and
Tobago (Phillips Savage et al. 2022). The presence of

Table 2. The most common Mycobacterium spp. isolated
from fish in the different environments.

Aquatic Host Mycobacterium species

Freshwater Fish M. abscessus, M. avium, M. chelonae, M. flavescens,
M. fortuitum, M. haemophilum,
M. lentiflavum, M. marinum,
M. nonchromogenicum,
M. peregrinum, M. salmoniphilum, M. septicum,
M. shottsii, M. smegmatis,
M. stephanolepidis

M. chesapeaki, , M. chelonae, M. gordonae,

M. holsaticum, M. marinum, M. montefiorence,

M. neoaurum, M. pseudoshottsii,

M. syngnathidarum

M. avium, M. abscessus, M. chelonae, M. fortuitum,

Marine Fish

Ornamental Fish

M. gordonae, M. marinum,

M. mucogenicum,

M. neoaurum, M. peregrinum,

M. salmoniphilum, M. saopaulense, M. senegalense,
M. septicum, M. shimoidei, M. szulgai, M. triviale

Mycobacterium spp. in the freshwater ornamental
fishes sold in pet stores poses a great risk to the
individuals handling it. One health approach is
necessary to detect the presence of such zoonotic
pathogens and to prevent their onward transmission
to human beings.

2.2. Streptococcaceae

Another Gram-positive bacterial family and zoonotic
agent is Streptococcaceae. This bacterial family
causes systemic streptococcosis, which has become
a threat to fish worldwide, and inflicts economic
damages, and public health concerns (Iregui et al.
2016). The bacteria in the family are considered
emerging zoonotic agents and human pathogens
during contact with the fish (Ziarati et al. 2018).
There have been reports of meningoencephalitis and
death in farmed fish species (Novotny et al. 2004).
Furthermore, the bacteria have created high morbid-
ity and mortality among fish of fresh- and salt-water.
Both horizontal and vertical transmission have
been reported.

Routes of transmission to human include direct
contact with a disease or dead fish and indirect con-
tact with contaminated water. The principal bacteria
that cause fish streptococcosis include S. agalactiae,
S. difficile, S. difficilis, S. dysgalactiae, S. iniae, and S.
shiloi (Pradeep et al. 2016). Moreover, group B
Streptococcus (GBS) ST283 strains have been
detected in freshwater and marine fish, humans, and
frogs (Barkham et al. 2019; Zadoks et al. 2020).
Clinical signs of the disease depend on the fish spe-
cies. Still, the most frequent manifestations are
exophthalmia, abdominal distention, loss of orienta-
tion, erratic swimming, anorexia, eye opacity, darken-
ing and hemorrhagic skin, and eventually death
(Karsidani et al. 2010; Boylan 2011; Leal et al. 2019).
Streptococcus is considered a neurotropic agent for
fish based on the clinical symptoms and unbalanced



swimming behavior. The bacteria are found in the
liver, qgills, kidneys, spleen, and tissues required for
fish defense against pathogens. Research on
Streptococcus pathogenicity has shown that the
gastrointestinal tract was the main portal of entry for
S. agalactiae in tilapia, and the bacterium could cross
mucosa and intestinal layers (Iregui et al. 2016).
Streptococcus virulence factors include surface pro-
teins, capsular polysaccharides, and secreted prod-
ucts. Bacterial surface proteins bind to human
fibrinogen to inhibit phagocytic activity. They can
also bind to immunoglobulins. The bacterial peptid-
ase C5 and protease degrade complement compo-
nent C5A and interleukin-8 chemokine, respectively,
thereby destroying chemotactic signals and hence
disrupts phagocyte recruitment. The bacterial strep-
tolysin destroys lymphocytes, erythrocytes, and neu-
trophils. The synthesis of polysaccharides around the
cell and extracellular exopolysaccharides contribute
to greater adhesion (and resistance to toxic substan-
ces). The bacterial a-anolase destroys fibrin clots and
facilitates bacterial spreads (Baiano and Barnes 2009).
In humans, handling of infected live and killed fish
can result in development of cellulite, endocarditis,
meningitis, severe systemic infections, suppurating
ulcers, septicemia, arthritis, lymphadenitis (Haenen
et al. 2013), and rarely death (Smith 2011).
Streptococcus iniae (first isolated from Amazon fresh-
water dolphin in 1970s) is marine pathogenic bac-
teria worldwide and is considered as one of the
major threats to marine aquaculture due to its high
prevalence (an overall prevalence of about 10% in
wild marine fish and crustaceans sampled from the
Mediterranean Sea) (Berzak et al. 2019).

2.3. Erysipelotrichaceae

Erysipelothrix is a Gram-positive bacterium associated
with fish zoonoses. It has relation with sea mammals
and causes skin diseases or acute sepsis (Boylan
2011). The most important member of this family is
E. rhusiopathiae (formerly known as E. insidiosa),
which causes disease in animals and humans and
trends for targeting the skin, connective tissues, and
vascular walls. Clinical manifestations include necrot-
izing dermatitis, myositis, and cellulitis. Before 2014,
E. rhusiopathiae was thought to be a common bac-
terium of fish, but Erysipelothrix-associated mortality
has been reported in various countries. Recently, an
emerging species of ornamental fish, E. piscisicarius
has been reported in fish (Pomaranski et al. 2020).
This organism is a soil saprophyte that grows well in
fish and can easily cause erysipeloidin fish sellers/
handlers in hot seasons (Novotny et al. 2004).
Human gets the bacterial infection when fish mucus
containing the bacteria is transmitted to humans by
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touching fresh or dead fish (Boylan 2011). It should
be noted that E. rhusiopathiae does not cause any
disease in fish. Still, due to its long-term survival on
the fish outer mucus, it can transmit to humans and
cause erysipeloid disease (Nielsen et al. 2018).
Therefore, human infections caused by Erysipelothrix
are related to contact with infected animals and
their products or waste (Ahmadi Balootaki et al.
2017). E. rhusiopathiae causes septicemia, skin infec-
tion (mainly hands), and endocarditis. Fishers and
veterinarians are among people at high risk to
Erysipelothrix infections. In 2017, the first human
endocarditis disease was reported due to this bacter-
ium, which was associated with work off the coast of
Norway (Nielsen et al. 2018).

2.4. Vibrionaceae

Vibrio species, as Gram-negative bacteria that cause
vibriosis in animals and humans, posing a risk of
zoonotic in aquaculture professionals and consumers
of aquatic products (Austin 2010). On the other
hand, because vibriosis is a potentially dangerous
disease in fish, the high use of antibiotics in cultured
systems has increased antibiotic resistance in the
bacteria (Helmi et al. 2020). Vibrio species are also
abundant in brackish- and fresh-water, and human
infections by them occur through skin lesions and
ingestion of contaminated fish. The following species
infect humans: V. cholerae, V. alginolyticus, V. vulnifi-
cus, V. damselae, V. hollisae, V. metschnikovi, and V.
parahaemolyticus (Boylan 2011). Some important
species found in infected fish include V. alginolyticus,
V. anguillarum, V. campbellii, V. harvey, V. vulnificus,
and V. parahaemolyticus (Huzmi et al. 2019). The
premier species of Vibrio in marine fish are V. vulnifi-
cus and V. parahaemolyticus, and the most common
human infections are caused by V. cholerae, V. vulni-
ficus and V. parahaemolyticus. Clinical signs of Vibrio-
infected fish are often nonspecific and include leth-
argy, skin lesions, exophthalmia, and death (Smith
2011). In addition, other symptoms, such as swollen
spleen, abdominal dropsy, intestinal inflammation,
epidermal bleeding, scale shedding, pop-eye, and
tail rot, have been reported (Huzmi et al. 2019).
Vibriosis consists of three main stages (entering
through the skin, fins, gills, and anus; destruction of
tissue and host cells; and exit) that can affect the
host and lead to mortality. Some Vibrio virulence
agents include siderophores, extracellular products
(ECPs), hydrolytic enzymes and toxins. Resistance to
vibriosis depends on the interaction of pathogen,
host, and environment, but there are reports of
about 100% fish mortality with some Vibrio species
(Jun and Woo 2003). Transmission of Vibrio species
from fish to humans can cause diseases such as
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lesions, septicemia, erythema, and tissue necrosis
(Hernandez-Cabanyero and Amaro 2020). The
increasing preference of consumers toward ready-to-
eat seafood items such as raw fish flesh slices can
cause seafood-derived illness due to V. parahaemoly-
ticus (You et al. 2021). V. vulnificus is an important
zoonotic pathogen of public health concern. It is
reported to cause primary septicemia in humans
after raw shellfish ingestion. It can also cause sec-
ondary septicemia when wounds are exposed to sea-
water (Carmona-Salido et al. 2021).

2.5. Aeromonadaceae

Aeromonas is another Gram-negative pathogen in
fish with its infections remain asymptomatic until
environmental stress and weakness. Both Aeromonas
and Vibrio similarly infect fish, but Aeromonas is the
prevalent species in freshwater fish while Vibrio spe-
cies are found in freshwater as well as in brackish
water, estuarine and marine. Both bacteria can be
hazardous for human health (Boylan 2011). Fish play
a fundamental role in Aeromonas transmission to
humans (Abd-El-Malek 2017). The species reported
with zoonotic potential include A. hydrophila, A. cav-
iae, A. jandaei, A. sorbia, A. salmonidae, and A. veroni;
among them, the most common pathogen is A.
hydrophila (Khardori and Fainstein 1988; Vartian and
Septimus 1990; Noga 2010; Boylan 2011). Nowadays,
some fish pathogens such as A. jandaei and A. veroni
can cause symptoms like A. hydrophila in fish. The A.
hydrophila also causes opportunistic disease in weak
fish as a secondary infection. Histopathological
changes have been seen in organs such as the liver,
kidney, gill, stomach, and spleen (AlYahya et al.
2018). Some clinical manifestations of Aeromonas-
infected fish include petechiae in the skin and fins,
skin ulcers, arrhythmias, anorexia, exophthalmia, and
abdominal swelling (Agnew and Barnes 2007; Noga
2010). Aeromonas virulence factors include enzymes,
enterotoxin, hemolysin, adhesin, flagella, lipopolysac-
charide, secretory systems, and quorum sensing (Jin
et al. 2020). Moreover, Aeromonas species can infect
humans through ulcers or ingestion, although the
infection is rare in humans. Some clinical effects in
the individuals are muscle necrosis, cellulitis, and
septicemia (Volpe et al. 2019). Clinical signs of the
disease in humans include edema to swelling at the
site of infection (Boylan 2011). Also, in humans,
Aeromonas can cause bacteremia, respiratory infec-
tions, gastroenteritis, sepsis, urinary tract infections,
and  diarrhea.  Multi-antibiotic  resistance  of
Aeromonas is evidence of an emerging general
health problem in humans and aquatic animals
(Odeyemi and Ahmad 2017).

2.6. Pseudomonadaceae

Pseudomonas is an opportunistic Gram-negative
bacillus as well as a cause of food poisoning
(Yagoub 2009). As part of the fish’s natural micro-
biota, it poses a threat to fish in stressful situations
(Algammal et al. 2020). However, with high genetic
flexibility and adaptability to different environments,
the bacteria can be found ubiquitously in environ-
ment, in various animals and humans (Benie et al.
2017). This motile bacterium has many virulence fac-
tors such as enzymes, pili, flagella, LPS, quorum
sensing, and virulence factors that strengthen the
inflammatory-invasive processes and the faster
spread of bacteria. P. fluorescent has been known as
an opportunistic pathogen in the aquatic environ-
ment, the digestive flora of healthy fish, and the nat-
ural microbiota of the aquatic environment and fish
(Algammal et al. 2020). There is a report to find P.
septicemia in freshwater, brackish, and marine
(Guzman et al. 2013), but Pseudomonas septicemic
agents in fish include P. aeruginosa, P. anguilliseptica,
P. putida, and P. fluorescens. Clinical signs that have
been observed include irregular hemorrhages on the
body surface, exophthalmia, eye cloudiness, scales
detachment, darkening of the skin, congested gills,
ulceration, abdominal distention, and ascites. Most
of the symptoms are caused by the bacterial extra-
cellular enzymes and destructive toxins (Elham et al.
2017). Close human-animal contact is an important
reason for transmitting the bacteria that are resistant
to several antibiotics, such as Pseudomonas, which is
a severe public health threat (Fernandes et al. 2018).

2.7. Enterobacteriaceae

The Enterobacteriaceae family is a fish microbiota
that can cause human diseases. This family com-
prises species that cause a variety of human infec-
tions (Oliviera et al. 2017). Members of this family
known as the zoonotic agents of fish include
Escherichia coli, Klebsiella and Salmonella (Boylan
2011). These Gram-negative bacilli are found in
aquatic environments and fish digestive tract (Boylan
2011; Oliviera et al. 2017). Infection detection of fish
with Enterobacteriaceae families such as E. coli,
Klebsiella, and Salmonella in Iran indicates their trans-
mission to humans and the development of human
infections (Faeed et al. 2005; Oliviera et al. 2017).
The most common source of human infection with
these bacteria is through open wounds, touch fish,
or scratches that cause infection and inflammation
at the entry point of bacteria and/or systemic infec-
tions (Smith 2011). On the other hand, there are
human infections with some bacteria of this family
through food sources; for example, infection with S.
Typhimurium has been found due to the



consumption of imported dried fish (Novotny et al.
2004; Bonyadian et al. 2014).

Infection of a variety of fish species with E. coli
strains showed that fish is a new vector of this bac-
terium in water sources (Hansen et al. 2008). Fish
can retain different strains of E. coli as flora and
transfer them to other water sources (Guillen and
Wrast 2010). Although E. coli is not a fish natural
microbiota, it is often isolated from the fish digestive
tract. Besides, infiltration of E. coli into other fish tis-
sues such as gill, kidney, muscle, and bladder have
been observed in contaminated environments
(Barbosa et al. 2014). Such infections are related to
the seasons, contact of a person with fish (infected
fish are sometimes asymptomatic) and the contami-
nated environment, and a person’s immune status.
Escherichia coli is one of the causes of zoonotic infec-
tions transmitted through fish or aquatic products.
Most non-pathogenic strains become pathogenic, if
they spread from the gut to other organs such as
urinary tract or peritonium; but non-pathogenic
strains cause diarrhea or food poisoning by produc-
ing toxins in fish (Haile and Getahun 2018). There
are reports that some E. coli [enterotoxigenic (ETEC),
enteropathogenic (EPEC)] are zoonotic agents iso-
lated from different countries (Cardozo et al. 2018).

Salmonella enterica subspecies enterica is effective
in the development of intestinal diseases through
fish, aquaculture products, and water. Salmonella is
not a common fish bacterium, and its occurrence
depends on water quality and the aquatic environ-
ment. Fish can become asymptomatic hosts that
keep bacteria on the surface of the body or in the
gut. According to some studies, isolated Salmonella
species of fish and water include S. Eastbourne, S.
Give, S. Colindale, S. Bredeney, S. Poona, S.
Schwarzengrund, and S. Llandoff. Human salmonel-
losis is dependent on the consumption of infected
fish, the most common cause being S. Typhimurium
and S. Enteritidis. Their virulence factors include pro-
teins, secretory systems, intra-phagocyte prolifer-
ation, tissue viability, and intestinal lumen transfer.
Salmonella persistence in fish digestion and its pres-
ence in feces is an important cause of environmental
pollution and bacterial spread (Traoré et al. 2015).
Consumption of Salmonella-infected fish causes
symptoms such as gastroenteritis, abdominal cramps,
fever, and bacteremia. Salmonella-infected smoked
fish also can transmit bacteria to humans through
the skin, gills, and intestines (Bibi et al. 2015).
Salmonella infection also causes clinical complica-
tions such as sepsis, abdominal pain, diarrhea, and
vomiting (Lehane and Rawlin 2000).

Klebsiella pneumoniae and K. oxytoca have been
isolated from untreated water samples collected
from dam, seawater, sediment, and intestinal
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contents of shrimps and freshwater fishes
(Gundogan 2014; Gopi et al. 2016). Isolation and
diagnosis of K. pneumoniae from farmed fish in India
with clinical hemorrhagic complications near the tail
and vacuolation and necrosis of hepatocytes have
been reported. Due to the zoonotic nature of the-
multi-drug-resistance of Klebsiella spp. (Klebsiella
pneumoniae complex), there are concerns about their
transmission to humans (Das et al. 2018). Isolation of
Klebssiella from the skin lesions of an ornamental
fish, carp, revealed that the infectious process was
due to poor hygiene by food processors (Oliveira
et al. 2014). The manifestations of Klebsiella-infected
fish are also due to the direct effect of endotoxin
along with abnormal immunological responses
(Diana and Manjulatha 2012).

Another Gram-negative bacterium that causes
infection in freshwater and marine fish, is Yersinia. In
recent decades, Y. ruckeri, the cause of severe septi-
cemia, enteric redmouth (ERM) disease, has increased
dramatically. The initial symptoms are similar to
septicemia caused by Aeromonas and Pseudomonas,
but fish have a darker body and less appetite. In
addition, there are other symptoms such as exoph-
thalmos, hemorrhages, reddening of mouth, swollen
kidney, and spleen. The virulence of this bacterium
depends on factors such as the secretory system,
pili, enzymes, toxins, outer membrane proteins, flag-
ella, iron acquisition system, heat sensitivity factor,
and biofilm formation (Wrobel et al. 2019). Isolation
of the bacterium in a wound infection of a person in
contact with water hypothesized that the bacterium
was zoonotic but still needed further evaluation
(Keukeleire et al. 2014).

2.8. Hafniaceae

Hafniaceae is a family of motile, anaerobic, Gram-
negative rod bacteria in the Order Enterbacteriales
(Adeolu et al. 2016). Three genera of this family are
Hafnia, Edwardsiella and Obesumbacterium (Adeolu
et al. 2016). Edwardsiella are pathogenic to aquatic
animals especially causing systemic fish disease
called edwardsiellosis (Park et al. 2012; Yu et al.
2012). Edwardsiella has so far caused severe eco-
nomic problems in the aquaculture industry, which
has had a greater impact on fish at high ambient
temperatures and higher concentrations of organic
matter (Davies et al. 2018). Until 1980, Edwardsiella
included only one species, E. tarda, but nowadays,
five species are recognized, i.e. three older species: E.
tarda, E. hoshnae and E. ictaturi, and recently two
additional species, E. piscicida and E. anguillarum
(previously classified as E. tarda) (Bujan et al. 2018).
Except for E. hoshnae, other species are pathogenic
in fish, and E. tarda is considered the major cause of
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human infections (Kerie et al. 2019). However, the
new classification shows that E. piscicida has been
more problematic in the aquaculture than E. tarda
(Leung et al. 2019). So far, Edwardsiella infection can
occur in over 20 fish species in Asia and Europe.
Behavioral signs of infected fish include abnormal
swimming, lateral movement and spiraling in the
water column. For human, E. tarda is an opportunis-
tic pathogen causing gastroenteritis; but extraintesti-
nal edwardsiellosis may occur including wound and
liver infections, cholecystitis, peritonitis, meningitis,
myonecrosis, osteomyelitis, sepsis and bacteremia
(Kerie et al. 2019). Although septicemia caused by E.
tarda is a rare (< 5%) water-and food-derived infec-
tion of human but it can be fatal. People with
immunodeficiency or underlying problems like dia-
betes and hepatobiliary illness are prone to the E.
tarda created diseases. Edwardsiella species, espe-
cially E. tarda and E. piscicida, have an arsenal of
virulence mechanisms such as types lll and VI secre-
tion systems (T3SS and T6SS), hemolysin EthA, trans-
location and assemble module (TAM) and antibiotic
resistance genes (Wimalasena et al. 2018). More
importantly, the bacteria can acquire mobile drug-
resistant genes (plasmids), then transmit them to
animal, human, and environmental microbiomes.
Transmission of edwardsiellosis to humans is by
swimming in contaminated water, consuming raw
fish, contact with fish, and the state of the immune
system. The entry and contamination of human cells
are also through the attachment of bacteria to cells
and the use of hemolysin and the secretion systems.
Edwardsiella multiplies in phagocytes, which eventu-
ally spread to nearby cells. Because of the important
role in creating antibiotic resistance, the bacteria
should receive more attention in the coming deca-
des (Leung et al. 2019).

2.9. Other bacteria associated with fish-
derived zoonoses

Other zoonotic bacteria associated with fish con-
sumption include Staphylococcus, Listeria, Clostridium,
and Campylobacter (Novotny et al. 2004). The diag-
nosis of Staphylococcus aureus, especially methicillin-
resistant S. aureus (MRSA), in food-producing animals
like fish increases, and the presence of bacteria is
considered an infection before or after harvest.
Therefore, the focus on Staphylococcus is considered
important for the fish food chain (Vaiyapuri
et al. 2019).

Food handlers who have S. aureus in their skin
and mucous membranes can act as a source of fish
contamination (Obaidat et al. 2015). On the other
hand, S. aureus enterotoxins cause gastroenteritis in
human by eating fish and its products (Novotny

et al. 2004). The heat-resistant S. aureus enterotoxins
inflict public health concerns (Obaidat et al. 2015).
Most studies on human infection with S. aureus have
been with the consumption of contaminated fish,
but recently S. xylosus has been reported as a pri-
mary pathogen that causes fish mortality. This
emerging bacterium succeeds in defeating fish
immunity causing exophthalmos, and fish death.
Since raw fish is consumed in many countries, there
is a risk of disease transmission to humans (Oh et al.
2019). Skin infection by S. aureus may lead to toxic
shock syndrome (TSS) due to the bacterial TSST-1
toxin which is regarded as a super antigen that
enters the blood stream and activates polyclonal T
cells in peripheral blood causing massive release of
pro-inflammatory cytokines (Rukkawattanakul
et al. 2017).

According to the European Food Safety Authority
(EFSA) data in 2016, Listeria monocytogenes are the
utmost in fish and fishery products. The presence of
this pathogen was confirmed in fish products
(Skowron et al. 2019). Listeria onocytogenes is a
Gram-positive bacterium that grows in a wide range
of temperature including refrigerator and a variety of
fresh and salty environments. The bacteria can sur-
vive in relatively low water conditions/activity, resist-
ance to salt and freezing temperatures. Food was
identified as the first source of infection of this bac-
terium in humans, and today it is a public health
concern related to septicemia, meningitis, gastro-
enteritis, pneumonia, and abortion. Listeria monocy-
togenes is indigenous flora of surface water that can
be found on the outer surface of fish, mucus/
mucosa, intestines, stomachs, and gills of contami-
nated fish; therefore, the fish skin and fecal contents
are the source of disease transmission (Jami et al.
2014). Elderly, pregnant women, and persons with
chronic diseases/immunocompromised condition are
high risk groups of human listeriosis (Lassen
et al. 2016).

Clostridium perfringens and Clostridium botulinum
(anaerobic rod-shaped spore-forming bacteria) are
important food-derived pathogens caused by fish
consumption. The bacteria are ubiquitous in soils,
aquatic sediments, and natural anaerobic environ-
ments. They are associated with both fresh and
canned fish (Novotny et al. 2004; Sabry et al. 2016).
Clostridium is also present on the fish surface.
Clostridium perfringens produces enterotoxins (CPE)
from cpe gene, ie. types A, C and D, that cause
gastroenteritis in human (Freedman et al. 2016;
Sabry et al. 2016). The toxins can also be absorbed
from the intestine into blood circulation causing
damage of tissues such as brain (Uzal et al. 2014).
Spores of Clostridium botulism can remain in fresh-
water and sea sediments for decades. They are also



found in the intestines of healthy fish (Espelund and
Klaveness 2014). The bacteria produce botulinum
toxins (types A-H) that inhibit acetylcholine release
from synaptic vesicles at neuromuscular junctions
causing flaccid paralysis (Collins and East 1998;
Barash and Arnon 2014). Types A, B, E and F are
toxic to human beings. Botulinum neurotoxin can
sometimes be produced in the fish intestines. The
botulinum toxins are relatively resistant to heat and
require high heat treatment to destroy their toxicity.
Therefore, consumption of improper food processing
poses a risk to botulism which usually manifested
early as diarrhea, vomiting, dizziness, dysphagia,
bloating, and constipation (Rasetti-Escargueil
et al. 2019).

Campylobacter is a common microorganism in the
gastrointestinal tract of many animals and is a zoo-
notic agent (Facciola et al. 2017). Campylobacteriosis
due to the fish product consumption is rare, but
Campylobacter jejuni infection probably be acquired
through the hands of a food handler or the work
surface and drinking untreated water. Campylobacter
jejuni and C. coli are the most important enteropath-
ogens of this genus. The bacteria cause campylobac-
teriosis manifested as enteritis by using bacterial
motility, intestinal cell adhesion and invasion, dis-
turbing intracellular signaling, causing cell death,
evasion of host immune system and acquisition of
iron for their growth and survival (Epps et al. 2013).
Plesiomonas shigelloides is a water-borne pathogen
that has been isolated in freshwater fish (Nakajima
et al. 1991). Legionella pneumophila, which causes
legionnaires’ disease/pneumonia, is transmitted
through water and aerosols, and was also isolated in
a patient who worked at fish-market ( Novotny et al.
2004). Yersinia ruckeri causes yersiniosis or red mouth
disease, a contagious bacteremia among salmonids,
eels, goldfish, sole, sturgeon, trout, carps, and turbot.
The disease is commonly detected due to exophthal-
mos and blood spots in the eye. The bacterium is
found in fish populations throughout Europe, North
and South America, Australia, and New Zealand
(Tobback et al. 2007; Kumar et al. 2015; Carson
et al. 2019).

3. Fish-derived parasites

The fish-derived  parasitic  tapeworms (e.qg.
Dibothriocephalus latum), roundworms (e.g. Anisakis
spp.), and flukes (e.g. Metagonimus yokogawaii) are
mainly transmitted to human beings via the con-
sumption of improperly cooked or raw fish or fish
products causing morbidity rather than mortality
(Cong and Elsheikha 2021). There is plenty of litera-
ture on the significance of seafood within the global
diet and the increasing health concerns of seafood-
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derived illnesses and associated parasitic diseases.
Numerous edible fish are known to be hosts to
numerous parasites (Shamsi 2019). Many of these
parasites are transmissible to humans, and some,
such as anisakidosis and gnathostomiasis, can be of
serious concern to human health (Daengsvang 1981;
Audicana et al. 2002; Herman and Chiodini 2009).
Seafood, particularly fish products, is reported high
on the list of food-derived illnesses (Huss et al.
2000). However, despite their abundance, parasites
are usually overlooked in seafood safety discussions
(Shamsi 2020). As a result, fish-derived parasites
often go unrecognized and are responsible for sev-
eral emerging zoonotic diseases (Dorny et al. 2009;
Shamsi 2019). The standards of food inspection and
protocols involved with checking for disease agents
vary significantly between countries and are often
inadequate and inconsistent (Williams et al. 2020).
Even in developed countries, food safety regulations
and import control for zoonotic parasitic diseases
can be overlooked in food safety protocols (Shamsi
2016). Growing appetite for raw, undercooked, and
exotic dishes (Shamsi and Sheorey 2018), along with
climate changes, have been considered as main con-
tributing factors for the increasing occurrence, geo-
graphical distribution, and frequency of zoonotic
fish-related health problems (Chai et al. 2005;
Lohmus and Bjorklund 2015). For example, it is esti-
mated that 45 million people are currently infected
with freshwater fish liver flukes, and at least 680 mil-
lion people are at risk of infection with them
(Saijuntha et al. 2021).

Among parasites of seafood, in particular, hel-
minthic parasites are of significant concern, and due
to their abundance and diversity in tropical aquatic
ecosystems, their transmission to fish is a frequent
occurrence (Chai et al. 2009; Ogbeibu et al. 2014).
For example, 268 helminth species have been
reported in 213 fish species in Vietham (Nguyen
et al. 2021). One reason is that the parasite lifecycle
is trophic orientated, relying on the food web for
host transmission (Polley and Thompson 2009). In
addition, many edible teleost fish species are consid-
ered to be intermediate and sometimes paratenic
hosts for helminthic parasites, which can result in
the chances of helminthic infection increases with
the size of the host (Marcogliese 2003). Normally,
the number of parasites increases in correspondence
to the host's level within the food, with larger fish
species harboring many parasites in them. However,
plenty of zoonotic parasites may show no disease
symptoms in the infected fish, so, detection is diffi-
cult, especially if the larvae are tiny and low-loaded
(Lowry and Smith 2007; Shamsi and Suthar 2016).

According to Shamsi (2019), over 40 taxa of fish
parasites are capable of causing human infection.



104 M. ZIARATI ET AL.

While some are rarely found, others can be highly
pathogenic and pose a serious risk to public health
(Deardorff 1991). It has been estimated that hel-
minthic parasites may put the health of more than
half a billion people at risk (dos Santos and Howgate
2011). With global warming, this number is expected
to be increased (Fiorenza et al. 2020). Fish-derived
helminthic diseases may be associated with mild to
severe allergic or gastrointestinal diseases such as
indigestion, abdominal pain, and diarrhea, or may
cause severe manifestations such as brain hemor-
rhage, hemiparesis and cancer (Germann et al. 2003;
Sripa et al. 2011; Cong and Elsheikha 2021). The
study conducted to estimate the occurrence of zoo-
notic  parasites identified the presence of
Eustrongylides sp., Euclinostomum sp. from Channidae
fish and Isoparorchis sp. from Bagridae fish imported
into Australia (Williams et al. 2022). Although freez-
ing of imported edible fish inactivates the parasites,
routine surveillance is required to prevent import-
ation of zoonotic parasites (Williams et al. 2022).

3.1. Trematodes (flukes)

Several genera of trematodes (flukes) that belong to
families Opisthorchiidae and Heterophyidae cause
fish-derived zoonoses. Therefore, these parasites are
included in the ParaFish Control project (Advanced
Tools and Research Strategies for Parasite Control in
European farmed fish) to control parasitic diseases in
farms (Caffara et al. 2020). Examples of common
flukes that infect fish/crabs are liver flukes, i.e.
Clonorchis  sinensis,  Opisthorchis  viverrini, and
Opisthorchis ~ felineus and lung flukes, e.g.
Paragonimus westermani, and P. heterotremus. High
liver fluke load and chronicity of the infection can
cause inflammation and damage to the epithelial
bile duct, leading to gastrointestinal problems and
liver damage (Choi et al. 2004; Lin et al. 2005; Hung
et al. 2015) and may lead to major clinical problems
such as cholangitis, choledocholithiasis, pancreatitis,
and cholangiocarcinoma (CCA) (Choi et al. 2004;
Sripa et al. 2011; Boerlage et al. 2013).
Paragonimiasis is lung fluke infection that human
acquires after eating crab or crayfish (fresh water)
harboring metacercariae of the flukes (Maleewong
et al. 1992; Tantrawatpan et al. 2013). Fish-derived
trematodiosis are highly prevalent in Asian countries
and are a major cause of death in southeast Asia.
Opisthorchis viverrini, the causative agent of CCA is
highly prevalent in northeastern Thailand and Laos
(Sripa et al. 2011; Flrst et al. 2012; Prueksapanich
et al. 2018). Trematoda of zoonotic concern can be
found in marine, brackish and freshwater fish (dos
Santos and Howgate 2011), and the trematode infec-
tions usually occur after eating raw fish or shellfish

in freshwater (Shamsi 2019). The zoonotic trematode
metacercariae were detected in the freshwater fishes
sampled from the Republic of Korea (Sohn et al.
2021). The metacercariae of Clonorchis sinensis,
Metagonimus spp., Centrocestus armatus, Echinostoma
spp., Clinostomum complanatum, Opisthorchis viver-
rini, and Metorchis orientalis were detected in the
sampled fishes (Manivong et al. 2009; Sohn
et al. 2021).

According to the WHO, zoonotic fish trematodes
are listed among emerging infectious pathogens. In
aquaculture systems, trematode infections and the
transmission of contaminants in the environment
can be risk factors for humans and other animals.
According to reports of Clausen et al. (2012), the
most identified species of trematodes in fish that are
transmitted to humans include the following:
Clonorchis sinensis, Centrocestus formosanus,
Haplorchis pumilio, and Haplorchis yokokawi (Clausen
et al. 2012). A rapid and cost-effective multiplex PCR
is developed for simultaneous detection of
Opisthorchiid and Heterophyid metacercariae in fish
or fish products (Caffara et al. 2020). Such advanced
diagnostic tools will help detect the infective stage
(metacercariae) for human, which is difficult to
detect visually in fish (Caffara et al. 2020). Domestic
cats and dogs can act as the reservoir host of dige-
netic  trematodes, particularly the zoonotic
Heterophyes heterophyes and O. viverrini. Therefore,
additional prevention and control measures have to
be established that ensure continuous monitoring of
fish zoonotic parasites in cats and dogs (Enes et al.
2010; El-Seify et al. 2021).

3.2. Cestodes (tapeworms)

Another common group of fish parasite is cestodes
(tapeworms). Unlike trematodes, they can be quite
large and may grow to 20m in length. Some of the
most well-known parasites belonging to this group
include those in order Diphyllobothriidae, which can
cause the disease called diphyllobothriosis (Scholz
and Kuchta 2016). At least 14 of about 50 species of
genus Diphyllobothrium have been reported to cause
human infection (Jones 2015), with D. dendriticum, D.
nihonkaiense, D. latumas well as Adenocephalus pacif-
icus, and Diplogonoporus balaenopterae being the
most pathogenic species (Anantawat et al. 2012).
Diphyllobothriosis is usually a mild disease and is
not life-threatening. Infected people are usually
asymptomatic, but some may experience diarrhea,
abdominal pain, anemia, weight loss, and vitamin
B12 deficiency (Dick 2007; McConnaughey 2014). It is
estimated that up to 20 million people worldwide
are infected (Anantawat et al. 2012; Scholz and
Kuchta 2016). However, except for in Japan and far



Eastern Russia, human infection by tapeworms has
declined globally.

3.3. Nematodes (round worms)

Human diseases from fish-derived nematodes are
being recorded globally, but few of them represent
potential emerging illnesses (Steffen et al. 2003; Butt
et al. 2004; Nawa and Nakamura-Uchiyama 2004;
Murrell and Fried 2007; Herman and Chiodini 2009;
Eiras et al. 2018a). Human infections can occur,
whereas squid or fish are eaten uncooked or improp-
erly prepared, and diseases can have life-threatening
effects, particularly for infected individuals. This ill-
ness is little understood in general, and as for coun-
tries of South America, that information has not yet
been gathered. Nematode zoonotic species are
found in both freshwater and marine fish of South
America. As far as infections of humans are con-
cerned, reports have been identified in a few
nations, and their occurrence varies between coun-
tries. These infections are common in regions with
strong fish-eating habits and are particularly numer-
ous on the western coast of South America (Eiras
et al. 2018a). Zoonotic nematodes belonging to the
family Anisakidae were detected in the popular table
fish Chrysophrys auratus sampled from Australian
and New Zealand waters. Anisakis pegreffii identified
in the Chrysophrys auratus will pose a significant
threat to humans if served raw as sashimi or in sushi
(Hossen et al. 2021). In addition, nematodes of zoo-
notic importance (Contracaecum spp., Anisakis spp.,
and Hysterothylacium spp.) were also detected in the
edible fishes sampled in Australia (Suthar and
Shamsi 2021).

Nematodes display little host specificity in their
larval stages, which are infectious for humans. The
larval stage of fish nematodes, even if found in the
gastrointestinal tract of the fish, migrate through the
gastrointestinal mucosa into the viscera and sur-
rounding muscle tissues (Smith and Wootten 1978;
Salikin et al. 2020) after the fish is dead. So, they can
still pose a risk to human health. Some of the most
common fish nematodes and concerns to human
health are Anisakis spp., Pseudoterranova spp. caus-
ing anisakidosis and members of Gnathostomatidae
causing gnathostomiasis. These nematodes are all
globally or regionally considered as highly signifi-
cant. The most common fish nematodes of the
Anisakidae  family include genera  Anisakis,
Pseudoterranova, and Contracaecum with worldwide
distribution and are amongst the most reported lar-
vae in marine parasites and are of considerable zoo-
notic importance (Borges et al. 2012; Shamsi and
Suthar 2016; Bao et al. 2019; Safonova et al. 2021).
Since their discovery in 1960, there has been an
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increased interest in the family Anisakidae. Several
studies have been dedicated to increasing their
awareness, improving their diagnostic techniques,
and understanding numerous aspects of their patho-
genicity and biology (Shamsi 2014). Anisakiasis or
anisakiosis is the term used to indicate the parasitic
infection caused by nematodes of the genus Anisakis
in humans. It is caused by the parasite third-stage
larvae (L3) (Adroher-Auroux and Benitez-Rodriguez
2020). Anisakidosis is the disease caused by any
members of the family Anisakidae, while anisakiasis
is created by members of the genus Anisakis.
Members of Anisakis simplex sensulato are the com-
mon causative agents for anisakidosis. Other nemat-
odes, include, Pseudoterranova decipiens, A. physeteri
and Contracaecum spp. (Audicana and Kennedy
2008; Eiras et al. 2018b). Anisakis larvae have been
previously detected in fish products such as fish
steaks, frozen fish fillets, fish fingers, and cod fillets
(Ramos 2020). The presence of Anisakis nematodes
was investigated in the smoked wild sockeye salmon
(Oncorhynchus nerka) and farmed Atlantic salmon
(Salmo salar) products (Pardo Gonzalez et al. 2020).
Although the samples collected from smoked wild
sockeye salmon were tested positive (10 out of 13)
for Anisakis simplex s.s. larvae, no parasites were
detected from the farmed Atlantic salmon samples
indicating negligible risk in farmed fish (Pardo
Gonziélez et al. 2020). Different strategies have to be
implemented to prevent the entry of Anisakis and
other parasites into the fish farms. This includes the
freezing of trash fish used for feeding farmed fish
and the reinforcement of water entry points using
nets to prevent the entry of wild fish (Ramos 2020).
The risk of anisakiasis can be further reduced by sub-
jecting the entire raw fish to thermal treatment
(>60°C, >1min or — 20°C, >24h) prior to con-
sumption (Pardo Gonzélez et al. 2020). Considering
the potential risk of transmitting zoonotic fish para-
sites via raw or undercooked fish and fish products,
European Union (EU) made freezing treatment man-
datory for fish products [Regulation No. 1276/2011
modified the Annex Il of Regulation (EC) No 853/
2004] (Fioravanti et al. 2021).

Humans are considered accidental hosts within
the anisakid life-cycle, as parasite development is
arrested (hypobiosis) within the human gastrointes-
tinal tract (Anderson 2000; Aibinu et al. 2019).
Anisakidosis is usually caused by live larvae, and
symptoms of human gastroenteritis result from lar-
vae entering the gastric or intestinal mucosa
(Audicana and Kennedy 2008; Ramanan et al. 2013);
however, dead anisakids can cause disease as well
(Audicana et al. 2002). Anisakidosis usually is pre-
sented with gastrointestinal symptoms and often
mimics food poisoning. Symptoms can vary
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depending on the location of the parasite in humans
and the histopathology of the associated lesions
(Chai et al. 2005). Symptoms are variable to the indi-
vidual patient and can last for days up to months.
Generally, symptoms subside after the parasite is
passed naturally (regurgitation or excretion) from the
body (Shamsi and Butcher 2011) or removed surgi-
cally (Shimamura et al. 2016). Anisakis-associated
hypersensitivity is an important concern. Sensitive
patients show high sensitivity as even very small
doses of exposure to dead A. simplex material prop-
erly cooked may cause potentially lethal and rapid-
onset anaphylactic to rather chronically disabling
conditions (Aibinu et al. 2019). Although the disease
has been reported worldwide, it is more common in
Japan and in Europe (Rahmati et al. 2020), and it is
believed to be significantly underreported and/or
misdiagnosed due to non-specific symptoms in
patients (Shamsi and Butcher 2011) and limited avail-
ability of diagnostic tests. For example, even in
Japan where the disease is well known, it has been
shown that 60% of situations were misdiagnosed as
acute abdomen infection, appendicitis, ileitis, chole-
cystitis, gastric and pancreas cancer, tuberculous
peritonitis and  diverticulitis  (Yokogawa and
Yoshimura 1967, Valle et al. 2012;
Nieuwenhuizen 2016).

Gnathostomatidae is another highly important
nematode infection from eating raw or undercooked
dishes such as sushi, ceviche containing fresh- and
brackish-water fish species, as well as other fresh
water animals (amphibians, eels). The parasites cause
a disease known as gnathostomiasis, from the inges-
tion of infective larvae (L3) of the family
Gnathostomatidae including Gnathostoma spinigerum,
G. doloresi, G. hispidum, G. binucleatum, G. nipponi-
cum and G. malaysiae as well as Echinocephalus sp.
(Daengsvang 1981; Anantawat et al. 2012; Pinheiro
et al. 2017; Shamsi et al. 2021). Apart from hypo-
allergic responses, the clinical symptoms of gnathos-
tomiasis are similar to A. simplex but are normally
more severe (Anantawat et al. 2012) and include
nausea, abdominal pain, and vomiting, which usually
develop 24-48 hours after transmission. The parasite
infective larva migrates through the subcutaneous
tissues causing typical inflammatory migratory swel-
lings and may penetrate throughout the skin, lungs,
eyes, ears, gastrointestinal and genitourinary systems
and may results in brain hemorrhage, paresis or
fatality if it occurs in the nervous system. The disease
has been reported in Japan and Southeast Asia, par-
ticularly throughout Thailand, Vietnam, Lao-PDR,
Myanmar as well as Central and South America,
Latin America, China, India, and in travelers returning
from these regions (Herman and Chiodini 2009; Liu
et al. 2020; Sawadpanich et al. 2021). Most cases of

the gnathostomiasis have been assigned to
Gnathostoma spinigerum. Other species, i.e. G. hispi-
dum, G. doloresi, G. binucleatum, and G. nipponicum
are also of zoonotic significance (Shamsi et al. 2021).

4. Viruses that can be transmitted from
fisheries to cause human diseases

Acute gastroenterritis caused by Noroviruses (NoV)
in the form of either sporadic cases or outbreak
through consuming ready-to-eat fishery products
and shellfish contaminated with feces is gaining
importance as the emerging food-derived illness of a
public health concern that impacts economic loss
worldwide (Pavoni et al. 2013; Li et al. 2014; Kittigul
et al. 2016; Marsh et al. 2018). Noroviruses are non-
enveloped positive-sense  single  stranded-RNA
viruses that belong to Caliciviridae family. The genus
Norovirus comprises of only one species called
Norwalk virus.

Noroviruses are classified further into seven gen-
ogroups (GI-GVIl) (Atmar et al. 2019). Most gen-
ogroups that infect human are genogroups Gl and
Gll (Vinjé et al. 2000). Clinical manifestations of the
NoV-mediated gastroenteritis include nausea, vomit-
ing, watery diarrhea, and abdominal pain. Lethargy,
weakness, muscle aches, headaches, and low-grade
fevers and loss of taste may occur. Symptoms usually
manifest about 12-48hours after consuming the
contaminated food but in most cases the disease is
self-limited, except for people with immunocom-
promised conditions that may acquire long-term
infection with the virus-associated enteropathy and
malabsorption (Center of Disease Control and
Prevention (CDC) 2016).

Consuming fresh and frozen food including fish,
bivalves and water contaminated with hepatitis A
virus (HAV) leads to hepatitis (inflammation of liver)
manifested as fatigue, nausea, vomiting, diarrhea,
jaundice, dark urine, fever, abdominal pain, arthral-
gias, myalgias, which may last for few weeks or sev-
eral months. But in rare cases, liver failure or even
death may occur, particularly in elderly and people
with chronic liver disease.

5. Fungal zoonotic agents

Fungi are known as non-photosynthetic microorgan-
isms. They usually live as saprophytes in dead
organic matter and soil or as parasites of animals,
plants, and humans. Of the 1.5 million identified fun-
gal species, only 300 are known to be pathogenic to
humans (Centers for Disease Control and Prevention
(CDC) 2017). Common fungi in the environment
often cause fungal diseases. Zoonotic fungi, which
can transmit naturally between animals and humans,



can sometimes lead to considerable public health
problems. Nevertheless, insufficient attention to zoo-
notic fungi in international public health efforts has
led to a decline in the development of prevention
and control strategies. The following are two groups
of fish zoonotic fungi.

5.1. Basidiobolomycosis

Basidiobolomycosis caused by Basidiobolus ranarum
is a rare fungal infection (Shreef et al. 2017). This
causative agent is found as a wide-spread environ-
mental saprophyte isolated from putrefying plant
materials, foodstuff, and leaves of deciduous trees,
fruits, and soil.

Basidiobolus ranarum belongs to the class
Zygomycetes, order Entomophthorales and the phy-
lum Zygomycota (Anaparthy and Deepika 2014). It
has been hypothesized that the mode of acquisition
of Basidiobolus ranarum infection is through the skin
following scratch, cut, or bite of insects. The other
accessible sites of this fungal infection include the
thigh, buttock, and perineum (Mugerwa 1976; Singh
et al. 2008). It has also been reported in the gastro-
intestinal tracts of animals such as amphibians (e.g.
toads and frogs), reptiles (e.g. geckos and garden liz-
ards), and fish as well as mammals (e.g. insectivorous
bats, dogs, horses, and humans) (Okafor et al. 1984;
Zahari et al. 1990; Gugnani 1999; Bigliazzi et al. 2004;
El-Shabrawi and Kamal 2011). The disease usually
occurs as a subcutaneous and gastrointestinal infec-
tion (Mantadakis and Samonis 2009; Ageel et al.
2017). The disease has been observed in tropical
regions, including Asia, Africa, Europe, South
America, and the USA (Bittencourt et al. 1979). The
spores of this fungus grow slowly after penetrating
the body through a scratch in the skin, which can
produce an enlarged hard node beneath the skin,
especially in the arms and legs (Okafor et al. 1984).
Ingesting the soil or animal feces-contaminated food
is another way of transmitting this zoonotic patho-
gen (Shreef et al. 2017). If left untreated, it can lead
to the patient’s death by penetrating deeper tissues
and infecting pivotal organs such as the brain.

In 1964, the first case of gastrointestinal basidio-
bolomycosis (GIB) was reported in a child boy (Rabie
et al. 2011). In addition, a 3-year-old girl who was
infected with B. ranarum experienced ulcerations
and painful swelling on the right leg for one and six
months, respectively. In histopathological sectioning,
dermal granulomatous inflammatory infiltrations
with broad and septate fungal hyphae and yeast-like
structures were observed (Sackey et al. 2017). Similar
cases have been reported in infants with painless
swellings on the leg and progressive ulcers toward
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underlying muscles (Mendiratta et al. 2012;
Anaparthy and Deepika 2014).

Subsequently, many new cases were reported in
various countries, such as Iran, the USA, Saudi
Arabia, and Kuwait. It has been observed that levels
of several cytokines including Th2-type cytokines (IL-
4, IL-10), and proinflammatory cytokine, TNF-a are
elevated following B. ranarum infection. IgM and IgG
specific antibodies are produced against the locally
infecting fungi, and this could be applied as a diag-
nostic measure (Khan et al. 2001).

5.2. Sporotrichosis

The fungal disease named sporotrichosis is caused
by the Sporothrix schenckii, a dimorphic fungus that
is particularly prevalent in tropical and subtropical
regions in Mexico, Peru, Brazil, Uruguay, Japan, and
India (Barros et al. 2011). The fungus lives naturally
as saprophyte on living and putrefying vegetation,
soil, and animal feces (Kenyon et al. 1984; Kwon-
Chung and Bennett 1992). Thus, infection generally
occurs through fungal-contaminated plants, soil, and
organic matter. Hunting, fishing, gardening, farming,
and other similar activities facilitate the fungus trans-
mission (Rippon 1988; Barros et al. 2011). In addition,
reports confirm the transmission of the fungus
through the bites of insects and animal scratches
such as squirrels, cats, dogs, horses, rodents, and
birds (Kwon-Chung and Bennett 1992;
Saravanakumar et al. 1996; Fleury et al. 2001).
Sporothrixs chenckii has also been isolated from
insects directly contacted to the fungus (Kwon-
Chung and Bennett 1992) and aquatic animals, pri-
marily fish and dolphins (Migaki et al. 1978; Haddad
et al. 2002). In some rural areas, sporotrichosis has
become an endemic disease that affects a specific
group of workers such as woodcutters and farmers.
Overall, since the fungus exists as a free-living
microorganism in the environment, all age and gen-
der groups will be susceptible to this fungal infec-
tion (Sharma et al. 1990, da Rosa et al. 2005;
Mahajan et al. 2005). In a report from a rural area of
Sao Paulo state, fisherman'’s finger injury with a fun-
gus-infected dorsal fin spine of a fish (Tilapia sp.) led
to ulceration, edema, pain, and purulent discharge in
the affected area (Haddad et al. 2002). The disease
occurs in localized forms in about 98% of cases
(Bargman 1983). According to a published report in
1978, the Fishers in Guatemala were recognized as
an endemic focus for sporotrichosis, and the isola-
tion of the fungus from the fish in this area reinfor-
ces the view that a wound of the hand in this case
likely became polluted with S. schenckii inoculum on
the fish surface (Mayorga et al. 1978). It seems less
likely that the inoculation of S. schenckii originated
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from other sources that previously on the patient’s
hand surface area. There are three main clinical
types of sporotrichosis: 1) lymphocutaneous sporotri-
chosis, 2) fixed-cutaneous sporotrichosis, and 3)
multifocal/disseminated-cutaneous sporotrichosis.
Systemic sporotrichosis is caused by the hematogen-
ous spread of the fungus from the primary site of
inoculation, lymph nodes, or patients with respira-
tory problems (Itoh et al. 1986; da Rosa et al. 2005;
Bonifaz et al. 2007). The common forms of sporotri-
chosis that would be treated easily, are cutaneous
and subcutaneous. Infectious Diseases Society of
America recommends the use of oral therapy with
itraconazole as a first-line treatment of subcutaneous
sporotrichosis (Mahajan 2014).

6. Prevention and control

Microbial agents in fish can increase public health
problems, so educating the public about microor-
ganisms and the dangers of eating raw or under-
cooked fish is important. Quality control measures
and regular monitoring of consumed fish are
required. This enables rapid and effective control of
diseases and provides the necessary information for
preventing and treating aquatic zoonotic agents
(Bibi et al. 2015).

Controlling fish zoonotic agents is challenging
because fishes are raised in a system where output
is based on natural environmental conditions. Most
fish diseases are caused by the degradation of the
aquatic environment, and environment also repre-
sents a significant factor in affecting fish health. As a
result, interdisciplinary strategies encompassing the
information to the potential pathogens for fish, ele-
ments of fish biology, and a good understanding of
environmental factors will enable the application of
appropriate measures to prevent and control dis-
eases (Toranzo et al. 2005). Cleaning and sterilizing
ponds effectively lowers the number of intermediate
hosts of some nematode species to disrupt the life-
cycle. Ponds that have not been cleaned and steri-
lized before refilling are at increased risk of retaining
large numbers of intermediate hosts (Clausen et al.
2012; Hedegaard et al. 2012; Tran et al. 2019).

Determinants of fish-derived disease in popula-
tions can vary from the geographical locality and
access to fresh seafood to sanitation, fish-handling
techniques, and diets. Personal and social behavior is
also very important (Deardorff 1991). Unlike many
other diseases, fish-derived diseases are not limited
to middle and low-income countries (Chai et al.
2005). Factors like growing international markets,
consumer demand, rectified transportation systems,
and demographic changes have led to fish-derived
diseases being important in developed countries

(Shamsi 2016). Some actions can be taken during
harvesting, storage, processing, and post-processing
that can be useful to minimize the risk posed by
zoonotic pathogens. The application of various pro-
grams by government authorities and the seafood
industry, including good manufacturing practices
(GMP’s) and HACCP systems can contribute to the
control of the risks posed by zoonotic fish-derived
helminths (Adams et al. 1997). However, antibiotics
are a way to control some zoonotic factors and anti-
biotic treatment is abundant in bacterial zoonotic
pathogens (Durborow 1999; Shin and Park 2018);
people related to fish must be aware of zoonotic dis-
eases and ways to prevent. The prevention could be
the best way to reduce the risks of these zoonotic
infections; in particular, it is impractical to have no
contact with water and fish in the aquaculture sys-
tem (Smith 2011). In the case of food-derived zoono-
ses, multidrug-resistant animal pathogens are
transmitted to humans through the consumption of
contaminated food. To solve this fundamental prob-
lem, it is important to monitor multidrug-resistant
microbes in humans and animals as the uniform
functioning of communities. In addition, it requires
strong assistance between physicians, veterinarians
and environmental experts (Chowdhury et al. 2021).
Wearing disposable gloves and keeping skin away
from the fish mucus is important. Consulting with
the physician is vital even if nonspecific symptoms
occur. The most effective way, especially after direct
contact with fish and water, is frequent handwash-
ing. Moreover, it is important to avoid eating and
drinking before handwashing. Transmission of zoo-
notic diseases is also through direct or indirect con-
tact with vectors, insects, and contamination with
inanimate objects, swallowing, and inhalation
(Boylan 2011). Appropriate methods of dealing with
fishing vessels and technological factories are
required to prevent contamination with fish para-
sites. On the other hand, cooking fish at 62°C for
15 seconds is enough to kill parasites (but may not
enough to detoxify some bacterial toxins). If there
are parasites in fish, the following options can do for
parasite removal and fish testing: complete cooking
and informing fish sellers to check the remaining
fish (Seafood Health Facts (SHF) 2020). One of the
most effective means of reducing risk is by freezing
or heat-inactivation (Ahuir-Baraja et al. 2021).
Consequently, some necessary strategies must be
considered for control, prevention, and monitoring
of zoonotic pathogens, as shown in Figure 2.
Aquaculture systems differ in size and structure
from small home aquariums to large hectare ponds,
but they always include nutrient-rich water that
encourages bacterial growth. Therefore, multiple
studies on effective chemical disinfecting of
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Figure 2. A schematic representation of possible methods and ways for control and prevention of zoonotic diseases.

contaminated environments have been done; con-
tact duration, correct and safe handling of disinfec-
tants, and precise disinfectant dosage should all be
addressed to effectively prevention of fish zoonoses.
Interestingly, simple desiccations/drying have also
been considered an effective disinfection technique
for controlling zoonotic bacterial diseases (Chen
1995; Murrell 2002). Although freezing of imported
edible fish inactivates the parasites, not every fish
captured undergoes freezing (Williams et al. 2022).
The increasing preference of consumers toward
ready-to-eat seafood items such as raw fish flesh sli-
ces can contribute to zoonotic transmission (You
et al. 2021). Such cultural practices will prevent the
successful implementation of prevention and control
measures to counter the emergence of zoonotic dis-
ease outbreaks. Ready-to-eat raw fish products such
as sushi and sashimi are classified as a biological
hazard. Therefore, governments should develop strict
regulations that monitor the safety and quality of
fish used for such purposes (Lehel et al. 2021).
Furthermore, the sudden growth of the freshwater
ornamental fish industry should also be considered
as a major human-fish interface where there can be
potential transmission of zoonotic diseases. The
reports of Mycobacterium sp. in freshwater ornamen-
tal fishes indicate the severity of this issue (Phillips
Savage et al. 2022).

Veterinarians and fish handlers should always pro-
tect themselves by limiting their exposure to water
when they have open wounds or abrasions.
Disposable gloves can safeguard fish handlers
throughout various operations, including contact
with fish mucus, tissue, or waste of fish products.
When water contact is inevitable, gels, tissue glue,
and topical ointments, including triple antibiotic and
silver sulfadiazine, can be applied on the surface
wounds; nevertheless, disposable gloves are still sug-
gested. Deep penetration injuries should be washed
with normal water or saline water as soon as pos-
sible after the injury occurs and the wound is
adequately disinfected with agents such as hydrogen
peroxide, alcohol, betadine, or chlorhexidine. Severe
bruises pose a greater hazard and should be treated
immediately. Veterinarians have a responsibility to
enlighten customers and lead by example in terms
of correct PPE use. When working with fish, clients
should be warned about zoonoses without exagger-
ating the hazards. Knowledgeable clients can provide
a detailed history to their physician if a probable
fish-derived zoonosis is detected. To instruct and
assist in managing fish-derived zoonoses, veterinar-
ians must interact with customers, employees, and
hospitals (Grant and Olsen 1999; Boylan 2011). One
Health (OH) approach has gained importance in
managing the zoonotic fish diseases and needs to
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be strengthened and widely implemented (Figure 3).
It is worthwhile to increase the deep connection and
participation of stakeholders in solving One Health
challenges for seafood safety (Shamsi 2019).

In addition to that, WHO reports globalization and
the movement of people, animals, and goods across
borders have led to the spread of zoonotic diseases.
In addition, the lack of public health in remote com-
munities, the lack of proper systems for transporting
samples, and limited laboratory facilities for early
diagnosis of the disease have led to the further dis-
persion of the pathogens. According to WHO
reports, the basic challenges in limiting of One
Health system and managing zoonotic diseases are
organizational, control, interruption of transmission,
and diagnosis/detection. Hence, the most important
guidelines in this regard are effective cooperation
between human and animal health officials, improv-
ing early detection of disease and pathogens, pro-
moting infection management, as well as controlling
vectors and rodents (World Health Organization
(WHO) 2021). Furthermore, it is crucial to monitor
the ‘One Health” methodology while training univer-
sity students, research centers, research groups, and

international agencies to incorporate interdisciplinary
and inter-sectoral organizations to regulate and pre-
vent zoonoses. One Health (OH) is an interactive,
multidisciplinary, integrated, and multi-sectoral
approach that works at various levels (local, regional,
national and global) to achieve the desired health
outcomes by knowing of the relationships between
people, animals, and plants and their shared environ-
ment. It is important to note that the success of One
Health requires international participation between
health and treatment systems (Aggarwal and
Ramachandran 2020). Integrating regulated farming
of fishes with several countermeasures such as
reducing the water pollution and upgraded disease
surveillance system along with various other meas-
ures can control the fish-derived zoonotic diseases
or any potential disease outbreak (Marban-Castro
et al. 2019; Aggarwal and Ramachandran 2020).

7. Conclusion and future prospects

Fish are host to various pathogens, some of which
are zoonotic and can cause human infection. With
an increasing demand for and consumption of



seafood, zoonotic agents have become a critical con-
cern for the global health sector and fishing indus-
tries, which has stimulated an increase in marine
zoonotic research. However, the biodiversity, ecol-
ogy, occurrence, and distribution of fish-derived
pathogens are still inadequate, particularly about the
parasites. The lack of data on the occurrence and
prevalence of zoonotic factors has led to the current
undertaking of this review. Studies on the full range
of hosts and the occurrence of geographical distribu-
tion, and the consequences of seasonality on the
prevalence of infection have yet to be completed.
Furthermore, a clearer understanding of the morpho-
logical identification of pathogens needs to be deter-
mined to better our knowledge of their occurrence
within their environment and improve our awareness
within the food industry, biosecurity, and med-
ical practices.

The majority of the fish-derived parasitic tape-
worms, roundworms, and flukes are mainly transmit-
ted to human beings via the consumption of
improperly cooked or raw fish (sashimi and sushi) or
fish products (fish steaks, frozen fish fillets, fish fin-
gers, and cod fillets). The risk of fish-derived parasitic
tapeworms, roundworms, and flukes can be reduced
by subjecting raw fish to thermal or freezing treat-
ment before consumption. In addition, preventive
measures should be established in the farm premises
to prevent the entry of wild fish. Advanced molecu-
lar diagnostic techniques should be developed to
detect fish-derived zoonotic agents specifically. This
will ensure easy and cost-effective surveillance of
zoonotic pathogens in freshwater, cultured, marine,
and ornamental fishes. Consequently, fish as a food
source is economically valuable, but the presence of
some probably zoonotic pathogens has led to the
spread of aquatic infections in humans. Therefore,
having sufficient information about these binaries
and teaching control and prevention methods is vital
in public health and should be considered as an
important aspect for human societies. In addition,
integrating the One Health approach by augmenting
various control measures can be a sustainable and
reliable strategy to manage any fish zoonotic or any
other potential disease outbreak. Following the One
Health approach can be challenging due to the
involvement of various factors and complexity asso-
ciated with them. Still, it is certain is that this can
prevent any future zoonotic diseases or an outbreak
in the community (Zorriehzahra and Talebi 2021).
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