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Introduction

Studies on fish immune systems have increasingly gained 
attention due to the growing development of aquaculture, given that 
occurrence of infections in fish is harmful to the entire production 
chain (LEUNG & BATES, 2013; TAVARES-DIAS & MARTINS, 
2017). Considering the conditions to which fish are subjected 
in farming systems, such as confinement, high density, excessive 
handling and transportation, their susceptibility to infectious 
agents due to the stress produced is greater (OBA et al., 2009; 
MAGNADÓTTIR, 2010). Besides that, the suppressive effect 
in immune system of fishes is observed not only after handling 
in farming systems but also as a consequence of deficiencies in 
environmental quality (oxygen, pH, temperature and ammonia 
levels, among others) and in diet (DECOSTERE et al., 1999; 
SALVADOR et al., 2003; TORT, 2011).

The diversity of helminths that infect farmed fishes is lower when 
compared to wild fishes (HEUCH et al., 2011; LI et al., 2018) due 

to restriction in contact between host and parasites, however, the 
infection levels in farmed fishes is higher, condition that is usually 
attributed to higher fishes densities (VIOLANTE‑GONZÁLEZ et al., 
2009; COSTA et al., 2019). In turn, wild fish are more susceptible 
to co-infections due to the diversity of parasites that are found in 
environment. In this condition, the host immune system response 
can be modulated by one pathogen influencing its response to 
the subsequent infections, resulting in immune suppression or 
in a faster response to infection (SCHMIDT-POSTHAUS et al., 
2013; KOTOB et al., 2017).

For example, Roon et al. (2015) demonstrated that an infection 
by trematode Nanophyetus salmincola impaired the immune response 
and increased the mortality of Oncorhynchus tshawytscha when 
exposed to Flavobacterium columnare. Thus, the primary infection 
has a direct impact in survival of fish in natural environment. 
Despite this, co-infection of parasites in fish are very common in 
nature, either the relationship between the parasites are synergetic 
or antagonistic, shaping the community dynamics (BARTOLI & 
BOUDOURESQUE, 2007; HOSHINO et al., 2016).
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Abstract

Fish immune systems have become the subject of several studies due to the growing development of aquaculture and 
fisheries, and the demand for healthy produce for human consumption. Among the parasites responsible for diseases in 
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performance and meat quality. In the present review, the components that participate in the innate and adaptive immune 
responses of teleost fish that have so far been described are presented in order to summarize the defenses that these hosts 
have recourse to, in combating different groups of helminth parasites.
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Resumo

O sistema imune dos peixes tem se tornado alvo de muitas pesquisas devido ao crescente desenvolvimento da 
aquicultura e da pesca, assim como a exigência de obtenção de animais saudáveis para o consumo humano. Dentre os 
parasitos responsáveis pelas enfermidades na piscicultura, os helmintos destacam-se por causarem infecções nos peixes 
cultivados e por ocasionarem diminuição da conversão alimentar, do desempenho zootécnico e da qualidade da carne. 
Nesta revisão, apresentaremos os componentes que participam das respostas imunes inata e adaptativa dos peixes 
teleósteos já descritos, a fim de sintetizar à quais defesas o hospedeiro recorre frente aos diferentes grupos de parasitos.
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Immune System of Teleost Fish

The immune system acts in defense against infections caused by 
non-self agents in all living beings, in immune surveillance (to avoid 
appearance of tumors) and in maintenance of vital functions 
(homeostasis), even in hostile environments (OLABUENAGA, 
2000). Didactically, the immune system is divided into the innate 
immune system (IIS) and the adaptive immune system (AIS). 
The components of the IIS trigger an immediate broad‑spectrum 
response because they recognize vital compounds that can be found 
in the major groups of pathogens (URIBE et  al., 2011). This 
response directs and activates the AIS, which in turn assembles a 
specific response for each antigen (immunogen). The IIS response 
usually has the same response time in each contact with antigens, 
while the AIS presents a faster response in subsequent contacts 
with induction agents because it produces memory cells. Therefore, 
cell and molecular components of IIS and AIS act together and 
simultaneously in relation to defense mechanisms and maintenance 
of homeostasis (SECOMBES & WANG, 2012).

Fish innate immune system

The components of the innate immune system, such as pattern 
recognition receptors (PRR), are found in all vertebrates and 
in some invertebrates, and have also already been described in 
several plant species (JONES & DANGL, 2006; GHOSH et al., 
2011). Teleost fish have an IIS composed of physical barriers 
formed by scales, epidermis and mucus; chemical barriers such 
as serum epithelial lysozymes, molecules of the complement 
system, antibacterial peptides and lectins in the coating mucus; 
and microbiological barriers formed by commensal bacteria in 
the skin, gills, and intestines of these fish (WATTS et al., 2001; 
GÓMEZ & BALCÁZAR, 2008).

A variety of humoral components, such as transferrin, interferon, 
inhibitory proteins, lysozymes acting alone or in cascades, 
antiproteases, type C lectins, pentraxins, natural antibodies, 
cytokines and chemokines can be found in the plasma, mucus 
and other body fluids (MAGNADÓTTIR, 2006). In addition 
to these components, fish present leukocytes analogous to those 
found in mammals, such as macrophages, eosinophils and others 
polymorphonuclear leukocytes (LIESCHKE & TREDE, 2009). 
Macrophages and other leukocytes are particularly important in 
inflammatory processes and have the advantage of being able to 
rapidly mobilize a large number of cells because they have receptors 
that recognize a wide range of pathogens (SECOMBES, 1996; 
URIBE et al., 2011).

Fish adaptive immune system

The AIS only appeared, in terms of evolution, approximately 
525 million years ago. It formed a defense system that became 
increasingly important and sophisticated as jawed vertebrate 
predators came into existence (FLAJNIK & KASAHARA, 2010). 
The recombination activation genes (RAG1 and RAG2) are 
responsible for the rearrangement of immunoglobulin D (diversity) 
J (junction) gene (D) gene segments, producing a diversity of 

antigen receptors expressed on T and B lymphocyte membranes. 
The antigenic peptides presented by major histocompatibility 
complex (MHC) of class I and class II molecules interact directly 
with cytotoxic and auxiliary T lymphocytes receptors, respectively 
(COOPER & ALDER, 2006). Thus, the adaptive immune 
response consists of a complex network that involves specialized 
cells, proteins, genes and cell signaling mechanisms, in order to 
allow organisms to specifically respond to antigens.

Immunoglobulins (antibodies) in teleost fish can be produced 
by B-lymphocytes, both from the IIS (B1) and from the AIS 
(B2). The predominant class of immunoglobulin in teleost 
fish is M (IgM) (ACTON  et  al., 1971). However, two other 
classes of immunoglobulins can also be identified: IgT/IgZ 
(DANILOVA et al., 2005) and IgD (EDHOLM et al., 2010). 
Class IgT has been associated with the immunity of the intestinal 
mucosa (ZHANG et al., 2010). In rainbow trout (Oncorhynchus 
mykiss), Zhang et al. (2011) detected higher levels of IgT in the 
intestinal mucosa and higher levels of IgM in plasma, in response 
to intestinal infection caused by bacteria. This suggests that the 
immunoglobulin IgT presents specialized action in the intestinal 
mucosa. However, the function of this immunoglobulin and the 
processes that trigger its production remain unknown, but is 
likely to have similar functions to mammalian IgD (MASHOOF 
& CRISCITIELLO, 2016). In teleost fish, antibodies can be 
found in their skin, intestines, gills, bile and, systemically, in 
plasma. The immune response of the skin, gills and intestines is 
particularly important, since these present direct contact with the 
environment (URIBE et al., 2011).

Immune organs

Production of immune system cells, i.e. myelopoiesis, occurs in 
the cephalic kidney and in the spleen, given that fish do not present 
bone marrow. The cephalic kidney is responsible for hematopoiesis 
and produces cells that enable phagocytosis and production and 
secretion of a large proportion of the immunoglobulins, and that also 
enable immunological memory (ZAPATA et al., 2006; WHYTE, 
2007). The thymus is a primary lymphoid organ located close to 
the opercular cavity of fish that has the function of producing T 
lymphocytes (BOWDEN et al., 2005). Differently from mammals, 
the development of the thymus in fish depends more on hormonal 
factors and seasonal changes than on age (RAUTA et al., 2012).

The spleen is a secondary lymphoid organ in which antigens 
are captured from the bloodstream, antibodies are processed and B 
lymphocytes are activated and differentiated. It thus plays an important 
role in starting the adaptive immune response (WHYTE et al., 
1990; BROMAGE et al., 2004; SALINAS et al., 2011).

The mucosa-associated lymphoid tissue (MALT) in teleost 
fish protects the intestines, skin and gills. Although MALT does 
not present any form of organization resembling Peyer’s patches 
in mammals, it presents macrophages, lymphocytes, plasma cells, 
mast cells and other granulocytes that are seen in the lamina 
propria of epithelial tissues (PRESS & EVENSEN, 1999). 
The antibodies found in MALT present spatial and quantitative 
differences in relation to the antibodies found in plasma, thus 
showing that MALT is locally able to promote antigen capture 
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and antibody production (SALINAS et al., 2011; XU et al., 2013; 
ROMBOUT et al., 2014).

Fish Diseases and Triggering of the 
Immune Response

The immune response in teleost fish can be modulated by 
environmental and hormonal factors, nutritional state and the 
phase of life of the fish (BOWDEN, 2008; RAUTA et al., 2012; 
MARTIN & KRÓL, 2017; SZWEJSER et al., 2017). In their 
natural environment, fish are parasitized by various groups, such as 
protozoa, myxosporeans, crustaceans and helminths (THATCHER, 
2000; MALTA et al., 2001; FISCHER et al., 2003; LUQUE, 2004; 
WIEGERTJES et al., 2005; CAMPOS et al., 2008; ARAÚJO et al., 
2009a). Although the diversity of parasite helminths in farmed fish 
is lower than in wild fish, parasitism is more easily disseminated 
in fish farms because the high densities of fish contribute towards 
spreading of pathogens (MAGNADÓTTIR, 2010).

Among the various pathogenic agents responsible for causing 
diseases in fish, helminths are a group of parasites that present 
epidemiological importance because the injuries that they cause 
favor occurrences of secondary infections, thus hampering the 
diagnosis and treatment (PYLKKÖ et al., 2006; MDEGELA et al., 
2011; KOTOB et al., 2017). In addition, helminth infection can 
also lead to hematological and metabolic alterations that may be 
harmful to the health of fish, compromising fish survival, feed 
conversion, and consequently their grow rate (HIRAZAWA et al., 
2016; ROCHA et al., 2018). Therefore, the present review provide 
an overview of the efforts that has been made to understand fish 
reactions to helminth infection, highlighting the main immune 
responses of teleost fish to infections caused by these parasites

Infection by helminths in teleost fish

“Helminth” is a generic term that is used to refer to worms 
that belong to the phyla Platyhelminthes, Nematoda and 
Acanthocephala. These worms cause infections both in vertebrates 
and in invertebrates and most of these parasites have co-evolved 
with their hosts (SITJÀ-BOBADILLA, 2008). Regarding the 
phylum Platyhelminthes, the species that belong to the classes 
Trematoda, Cestoda and Monogenea (EHLERS, 1986) are all 
parasites, and are responsible for occurrences of diseases in several 
economically important fish species (OGAWA, 2015). However, 
both parasitic and free-living species can be found in the phyla 
Nematoda and Acanthocephala.

Monogenea are mostly ectoparasites, and are mainly found 
in the gills, nostrils, eyes and body surface of fish. In turn, 
helminths such as trematodes, cestodes, acanthocephalans and 
nematodes are endoparasites that may infect the eyes, muscles 
and gastrointestinal tract (GROBBELAAR et al., 2015; OGAWA, 
2015; DEZFULI et al., 2016). As reviewed by Sitjà-Bobadilla 
(2008), helminths have evolved using strategies of evading the 
immune system of fish, such that, among other strategies, they are 
able to mask their antigens by bonding to the host’s molecules, 
incorporate these molecules in their surface layer and explore the 

host’s immune response itself in order to increase their adhesion 
to the infection area. On the other hand, fish immune system 
respond with the aim of eliminating parasites or coexisting with 
them when attempts to eliminate them fail.

One of the main and most frequent reactions of fish intestines 
against parasites consists of hyperplasia of mucus-producing cells, 
which leads to excessive secretion of mucus around parasites 
(DEZFULI et al., 2016). The tissue damage caused by helminth 
infections induces rapid production of cytokines and chemokines 
by innate immunity cells, such as ILC2s (type 2 innate lymphoid 
cells), with mobilization of neutrophils, basophils and eosinophils 
(HARRIS & LOKE, 2017).

The cell response to infection can vary, depending on the type 
of injury caused by parasites and their depth of penetration. Rodlet 
cells are granular leukocytes that are only found in teleost fish. They 
are mainly recruited in cases of infections caused by helminths or 
by the presence of harmful agents in tissues (REITE & EVENSEN, 
2006). These cells participate in the inflammatory response when 
helminths are only adhering to the intestinal epithelium, while the 
presence of granulocytes and macrophages increases as penetration 
into the intestinal wall becomes deeper (DEZFULI et al., 2011). 
In fish parasitized by helminths, large numbers of mast cells have 
been found in infected regions, thus indicating that this cell type 
has a relationship with the response to these parasites (REITE & 
EVENSEN, 2006; DEZFULI et al., 2013).

When parasites infect the host’s tissues, the damaged/dead 
cells release alarmins, also known as damage-associated molecular 
patterns (DAMPs), which promote inflammatory responses. Alarmins 
stimulate macrophages, dendritic cells and local mast cells to release 
pro-inflammatory cytokines and chemokines, which will result in 
leukocyte migration into the infected region (BIANCHI, 2007). 
Tumor necrosis factor alpha (TNF-α) stimulates local release of 
cytokines and chemokines, thereby attracting neutrophils into 
tissue injury sites and promoting antigen presentation, phagocytosis 
and co-stimulation of T lymphocytes. Interleukin-1β is a type of 
cytokine that stimulates production of mucus, degranulation of 
eosinophils/basophils and increased adhesion of neutrophils to 
vascular endothelium (SECOMBES et al., 2001). Interleukin-6 
seems to play an important role in regulation of the transition 
between the inflammatory phase, with predominance of neutrophils, 
and the phase in which macrophages predominate (COSTA et al., 
2011) (Figure 1A).

Production of immunoglobulins can occur locally in the mucosa 
as a consequence of antigen capture by intraepithelial lymphocytes 
(antigen-presenting B lymphocytes), macrophages and dendritic 
cells (LUGO-VILLARINO  et  al., 2010; ROMBOUT  et  al., 
2011). These cells present antigens to auxiliary T lymphocytes 
that, in turn, co-stimulate B lymphocytes (via interleukin-4) so as 
to activate them and stimulate their differentiation (ZHU et al., 
2012). In addition, auxiliary T lymphocytes promote the final 
differentiation of B lymphocytes into plasma cells. Plasma cells 
secrete immunoglobulins (predominantly IgM and IgT/IgZ in 
the mucosa) that may permeate body fluids or be transported 
into the mucus by polymeric immunoglobulin receptors (pIgR) 
(ROMBOUT et al., 2014) (Figure 1B).

It is believed that the spleen is the main lymphoid organ 
associated with the production of systemic antibodies in fish 
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(YE et al., 2013). In this organ, the antigens presented by dendritic 
cells activate naïve T lymphocytes and differentiate them into 
auxiliary T lymphocytes (via interleukin-4), which will activate 
and stimulate differentiation of B lymphocytes that are present in 
the marginal region of the spleen (lymphocytes B2). This results 
in production of systemic antibodies (Figure 1C). However, the 
increased production of antibodies that is detected as a response 
to various parasites may or may not result in acquired protection 
for the host (WOOD & MATTHEWS, 1987; AIKEN et al., 
2008; SANDOVAL-GÍO et al., 2008).

Monogenea

Monogeneans are mainly found parasitizing the gills and 
tegument of fish. Presence of these pathogens can cause chronic 
debility, reduced growth and, in some cases, fish mortality as a 
consequence of damage to the epithelial tissue, which act as a 
gateway for secondary infections caused by viruses, fungi and 
bacteria (THONEY & HARGIS JR, 1991). In an analysis 
on the hematological and biochemical parameters of catfish 
(Pangasaianodon hypophthalmus) infected by Thaparocleidus sp., 
significant increases in leukocyte counts and plasma glucose levels 
were observed in groups with high and moderate levels of infection 
(KUMAR  et  al., 2018). Hirazawa  et  al. (2016) observed that 
groups of greater amberjack (Seriola dumerili) that were infected 

by the monogenean Neobenedenia girellae presented lower growth 
and reduced appetite and significant reductions in total proteins 
and globulins, compared with groups that were uninfected. 
Leukocytes alterations such as neutrophilia and lymphocytosis 
are usually observed in infection by monogeneans, and it is also 
related increases in hemoglobin concentration and the number 
of erythrocytes as a consequence of reduced respiratory surface 
in gills (TAVARES-DIAS et al., 2008; ARAÚJO et al., 2009b; 
MARINHO et al., 2015).

In a study on meagre (Argyrosomus regius) infected by Diplectanum 
sciaenae, Andree et al. (2015) reported occurrences of hyperplasia 
and severe injury to the lamellar epithelium, with moderate 
inflammation and presence of macrophages and lymphocytes 
in parasite anchorage regions. Faliex  et  al. (2008) studied the 
expression of genes associated with the immune response in 
European seabass (Dicentrarchus labrax) infected by Diplectanum 
aequans. They detected increased expression of interleukin-1β 
(IL-1β) in the spleen and gills, which indicated the presence of 
a local inflammatory response. Dezfuli et al. (2010a) observed 
that hyperplasia and proliferation of mucous cells and rodlet 
cells occurred during the inflammatory response. In addition, 
a subpopulation of mast cells was found in the infected region, 
with presentation of piscidin-3 (an antimicrobial peptide) in 
cytoplasmic granules. This suggests that these cells participate in 
the response to these parasites.

Figure 1. Fish immune response to parasite helminths. Illustration by Damy Caroline de Melo Souza.
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In addition to inflammatory responses, fish may also produce 
specific antibodies in occurrences of infections by monogeneans. 
For example, in rainbow trout (O. mykiss) the production of 
immunoglobulins specific to Discocotyle sagittata have been 
detected in fish sera. However, titration of these antibodies 
did not present any correlation with the intensity of infection 
(RUBIO-GODOY et al., 2003). On the other hand, Costa et al. 
(2019) observed that increases in total counts of leukocytes was 
significantly correlated with the intensity of infection caused by 
monogeneans in the gills of tambaqui (Colossoma macropomum). 
In addition, the parasitism as well as the level of immunoglobulins 
in tambaqui was higher in highest stocking densities, indicating 
that higher densities favors parasitism in these systems.

In turn, in olive flounders (Paralichthys olivaceus), a glycoprotein 
of the ciliated surface of the monogenean N. girellae was found 
to induce production of specific antibodies that were detected in 
the mucus and plasma of infected individuals. These antibodies 

presented agglutinating and immobilizing action against larvae 
of monogeneans, thus indicating that there was an integrated 
response between the IIS and AIS. Despite this, the study did 
not show any occurrence of acquired protection in cases of 
reinfection (HATANAKA et al., 2005). Further studies relating 
to the immune response to infections caused by monogeneans 
are listed in Table 1.

Cestoda

In fish infected by cestodes, the IIS induces an inflammatory 
reaction to adhesion structures of parasites in the intestinal mucosa 
(BUCHMANN & LINDENSTRØM, 2002). Morley & Hoole 
(1995) evaluated the structural modifications to the parasite-host 
interface of C. carpio that were infected by Khawia sinensis. They 
observed that the damage in regions where parasites adhered was 

Table 1. Immune components of fish associated with responses to parasites.

(a)
Parasite Species Host Immune response Reference

Monogenea Pseudodactylogyrus sp. Anguilla anguilla Acquired resistance (Unknown mechanism); Slotved & Buchmann (1993)
Neobenedenia girellae Paralichtys olivaceus Acquired resistance (Unknown mechanism); Bondad-Reantaso et al. 

(1995)
Neobenedenia girellae Paralichtys olivaceus Increased IgM level Wang et al.(1997)
Gyrodactylus derjavini Oncorhynchus mykiss Alternative complement pathway activation; Buchmann (1998)
Gyrodactylus salaris Salmo salar Alternative complement pathway activation: 

factors in host serum and mucus;
Harris et al. (1998)

Pseudodactylogyrus 
anguillae

Anguilla anguilla Antibody production; Mazzanti et al. (1999)

Neoheterobothrium 
hirame

Paralichthys olivaceus Increased expression of genes related to 
proteases, immunoglobulin light chain, 
immunoglobulin heavy chain and B cell 
differentiation;

Matsuyama et al. (2007)

Neobenedenia melleni Oreochromis mossambicus Specific antibody production detected in host 
serum and mucus;

Kishimori et al. (2015)

Neobenedenia melleni Seriola lalandi Increased level of total protein concentration 
in serum and anti-protease and 
myeloperoxidase activity;

Reyes-Becerril et al. 
(2017)

Gyrodactylus kobayashii Carassius auratus Increased expression of inflammatory genes: 
IL-1β2, TNF-α1 and TNF-α2;

Zhou et al. (2018)

Thaparocleidus sp. Pangasianodon 
hypophthalmus

Increased production of lactate 
dehydrogenase, lactate, creatinine, serum 
glutamate-oxaloacetate transaminase and 
serum glutamate-pyruvate transaminase;

Kumar et al. (2018)

(b)
Parasite Species Host Immune response Reference

Cestoda Diphyllobothrium spp. Salmo gairdneri Antibody production correlated with worm 
burdens in individual fish;

Sharp et al.(1989)

Diphyllobothrium 
dendriticum

Oncorhynchus mykiss Antibody production after 5 weeks of 
experimental infection;

Sharp et al. (1992)

Ligula intestinalis Rutilus rutilus Specific antibody 
production to tegumental 
antigens;

Williams & Hoole (1992)

Diphyllobothrium 
dendriticum

Coregonus migratorius Suppression of antibody 
production;

Mazur & Tolochko (2015)

(a) Monogenea; (b) Cestoda; (c) Trematoda; (d) Nematoda and (e) Acanthocephala.
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(c)
Parasite Species Host Immune response Reference

Trematoda Telogaster opisthorchis Anguilla australis 
schmidtii; 
Anguilla dieffenbachii

Antibody production detected in plasm and 
intestinal mucus.

McArthur (1978)

Diplostomum 
spathaceum

Salmo gairdneri Acquired resistance
(Unknown mechanism).

Stables & Chappell 
(1986)

Diplostomum 
spathaceum

Oncorhynchus mykiss Acquired resistance (increased level of total 
immunoglobulins and in the  proportion of 
neutrophils and monocytes);

Höglund & Thuvander 
(1990)

Rhipidocotyle fennica Rutilus rutilus Acquired resistance (increased IgM 
production);

Aaltonen et al. (1997)

Diplostomum 
spathaceum

Oncorhynchus mykiss Acquired resistance
(Unknown mechanism).

Karvonen et al. (2004)

Cardicola forsteri Thunnus maccoyii Acquired resistance (antibody production); Aiken et al. (2008)
Cardicola oriental; 
Cardicola opisthorchis

Thunnus orientalis Increased transcription of IgM, MHC2, 
TCR-β and IL-8 in heart; Only IgM 
increased transcription in gills;

Polinski et al. (2014)

(d)
Parasite Species Host Immune response Reference

Nematoda Anguillicola crassus Anguilla anguilla Specific antibody production Buchmann et al. (1991)
Anisakis simplex Pollachius virens Acquired resistance (antibody production); Priebe et al. (1991)
Anguillicola crassus Anguilla anguilla Specific antibody production in response to 

natural infection and injected whole-worm 
extract;

Höglund & Pilström 
(1994)

Anguillicola crassus Anguilla anguilla Specific antibody production in response to 
cuticle and gonad antigens;

Nielsen & Buchmann 
(1997)

Anguillicola crassus Anguilla japonica;
Anguilla anguilla

Specific antibody production; Acquired 
resistance post‑immunization in Anguilla 
japonica;

Knopf & Lucius (2008)

Anisakis simplex Oncorhynchus mykiss Suppression of IgM transcription, increased 
expression of CD4 and complement factor 
C3;

Haarder et al. (2013)

(e)
Parasite Species Host Immune response Reference

Acanthocephala Dentitruncus truttae Salmo trutta Increased number of master cells and 
fibroblasts expressing proliferation cell nuclear 
antigen (PCNA);

Dezfuli et al. (2012)

Pomphorhynchus 
kashmirensis

Schizothorax sp. Antibody production in response to somatic 
antigens;

Nazir et al. (2013)

Acanthocephalus lucii Esox lucius Master cells immunoreactive to piscidin-3, 
lysozyme, interleukin-6, TNF - α, 
met‑enkephalin;

Dezfuli et al. (2018)

(a) Monogenea; (b) Cestoda; (c) Trematoda; (d) Nematoda and (e) Acanthocephala.

Table 1. Continued

minimal. This damage consisted of flattening of adjacent epithelial 
cells and increased mucus production around the parasites. There 
was also mobilization of cells such as macrophages, eosinophils 
and lymphocytes, which were even found as aggregates on the 
tegument of the parasites. In turn, in infection caused by Eubothrium 
crassum in O. mykiss, there was mild enteritis, epithelial flaking 
and vacuolization of epithelial cells, along with infiltration of 
mast cells and rodlet cells and granulation of the lamina propria 
and submucosa (BOSI et al., 2005). Abdelmonem et al. (2010) 
described an inflammation in the intestinal mucosa caused by 
Proteocephalus macrocephalus in eels (Anguilla anguilla), which 

indicated that hyperplasia of goblet cells was occurring and that, 
consequently, a large amount of mucus was covering parasites. 
Infiltration of leukocytes into the lamina propria was also observed.

Molnár et al. (2003) investigated infection of Atractolytocestus 
huronensis in C. carpio and found the epithelium had degenerated 
and been transformed into balloon-shaped epithelium. In some 
cases, there was also absence of contact between the epithelium 
and the parasites’ bodies. In this same study, lymphocytes and 
monocytes were observed adhering to the parasites’ bodies, at 
the adhesion sites. In infected Prussian carps (Carassius gibelio), 
metacestodes of Neogryporhynchus cheilancristrotus were found 
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in the lamina propria of bowel folds, surrounded by lysed and 
fragmented connective tissue cells, with major infiltration by 
macrophages (MOLNÁR, 2005). In Silurus glanis, close to the 
adhesion sites for the parasite Glanitaenia osculata, it was reported 
that neutrophils and several mast cells were close to and/or in 
contact with endocrine cells and mucous cells, thus indicating that 
an interaction between these cells was present during the regulation 
process of the inflammatory response (DEZFULI et al., 2017).

Nie & Hoole (1999) evaluated the antibody response in C. carpio 
that were naturally infected by Bothriocephalus acheilognathi, 
and after intraperitoneal administration of an extract made from 
parasite bodies. Production of specific antibodies was observed 
three weeks after injection of the extract, and increased numbers 
of antibodies and plasma cells in the plasma were observed in 
the naturally infected fish. However, these numbers were not 
significantly higher than in the uninfected group. In relation to 
this group of parasites, it has also observed in some studies that 
parasites modulate the host’s immune response (as an evasion 
strategy), thereby inhibiting production of antibodies and the 
activity of T lymphocytes (MAZUR & TOLOCHKO, 2015). 
Other studies relating to the immune response to infections by 
cestodes are listed in Table 1.

Trematoda

Infections caused by adult trematodes only rarely cause severe 
diseases or lead fish to death. However, in most cases, they induce 
local inflammatory responses. On the other hand, entry and 
migration of metacercariae in tissues may cause local hemorrhage 
and tissue damage (WOO et al., 2011). In addition, infection by 
trematodes may increase the susceptibility of fish to infection by 
bacteria, thus inducing a more exacerbated inflammatory response 
(PYLKKÖ et al., 2006). Infections caused by trematodes in A. anguilla 
mainly damage the villi of the mucosal epithelium. According to 
Dezfuli et al. (2015), the parasites found in intestines were covered 
by a thick layer of adherent mucus. In this region, a large number 
of rodlet cells and mucosal cells was found. In turn, in Tinca tinca, 
infection by trematodes in the gills, intestine, spleen, kidney and 
heart produced granulomas around metacercariae that were encysted 
in the submucosa, muscle and serous layer. Mobilization of mast 
cells, rodlet cells and neutrophils was also seen; and formation of 
melanomacrophage centers, i.e. macrophages containing melanin 
pigments, was present (DEZFULI et al., 2013).

In a study on Pacific bluefin tunas (Thunnus orientalis) that 
presented infection by Didymocystis wedli in their gills, increased 
levels of interleukin-1β and TNF-α were observed. In this organ, 
parasites were also found encysted in the fibrous layer of the 
connective tissue, but with only a small number of lymphocytes 
(MLADINEO & BLOCK, 2010). Constenla et al. (2011) observed 
that in situations of infection by Bathycreadium elongatum in 
Trachyrincus scabrus, several nodules were formed in the pyloric 
cecum, in which degraded digeneans were found. These nodules 
presented granulomas with several layers of connective tissue, and 
macrophages were the most abundant cells.

Cell responses to infections by Sanguinicola inermis in C. carpio 
was also found to induce production of specific antibodies and 

activation of complement system proteins in plasma (ROBERTS et al., 
2005). These responses were positively correlated with higher 
room temperature, thus showing that this factor also influences 
the immune response in these fish. In another study conducted 
on O. mykiss, macrophages presented a larvicidal activity against 
the infecting phases of Diplostomum spathaceum. It was also 
observed that the action of macrophages was greater when specific 
antibodies were present, with reduction in the number of species 
of Diplostomidae in the eyes of immunized trout (WHYTE et al., 
1990). Other studies that have report the immune responses to 
infections by trematodes are listed in Table 1.

Trematodiasis in humans due to infection of fish-borne 
trematodes are largely described in literature (CHAI  et  al., 
2005; SRIPA et al., 2010). Particularly, the liver flukes (family: 
Opisthorchiidae) are of public health importance, since they 
cause several diseases as pancreatitis, cholangiocarcinoma and 
cholangitis, and are acquired from a wide range of intermediate 
host, which hampers these parasite control (HUNG et al., 2013). 
The main cause of human infection is the consumption of raw or 
undercooked fish, which has become a widespread fashion in the 
world, making it easier to parasite dissemination.

Nematoda

In a study conducted by Dezfuli et al. (2016), the damage 
caused by the nematode Contracaecum rudolphii in the intestines of 
A. anguilla was found to result in formation of granulomas, with a 
high number of mast cells in the outer regions, and fibroblasts in 
the innermost regions. In specimens of pirarucu (Arapaima gigas), 
infection by Spirocamallanus inopinatus resulted in focal necrosis 
areas, flaking of epithelium, hemorrhage, inflammatory infiltrate 
and formation of fibrous capsules around parasites (GAINES et al., 
2012). Besides that, in infection by nematodes is usually observed 
alterations in hematological parameters such as increase in total 
leukocytes count and mean corpuscular volume of erythrocytes 
(KUNDU et al., 2016; MARTINS et al., 2017).

In South American silver croakers (Plagioscion squamosissimus) 
infected by nematodes of the family Anisakidae, the parasites were 
found in cysts composed of multilayered connective tissue and a 
membranous capsule with collagenous fibers, which were surrounded 
by aggregates of macrophages and amorphous substance (MELO et al., 
2014). Larvae of the nematode Anisakis simplex infecting European 
flounders (Platichthys flesus) were found encapsulated in the serous 
layer in the outer surface of the intestine, with presence of rodlet 
cells and aggregates of macrophages in cysts in infected livers and 
spleens (DEZFULI et al., 2007). Therefore, this seems to be the 
strategy used by the immune system to avoid parasite migration 
and development in hosts’ tissues, thus preventing possible tissue 
damage caused by this migration.

On the other hand, this may also be a strategy for evading 
immune system reactions, since some products excreted or secreted 
by nematodes may decrease the activation of several important 
genes relating to the immune system (BAHLOOL et al., 2013). 
Other studies have already detected specific antibodies for 
nematode parasites in some species, although this characteristic 
does not present any direct relationship with the ability of hosts 
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to eliminate parasites. However, it may indicate higher resistance 
to future infections (COSCIA & ORESTE, 1998, 2000). Other 
studies relating to the immune response to infections by nematodes 
are listed in Table 1.

Nematodes are parasites of particular interest on studies 
evaluating potential zoonotic diseases, since its larvae has a tendency 
of encysting in fish muscle, which is usually the paratenic or 
intermediate host in the life cycle of nematodes (BUCHMANN & 
MEHRDANA, 2016). The most fish-borne nematodes found in 
humans are members of Anisakidae and Gnathostomatidae families, 
and Capillaria philippinensis of Trichinellidae family (EIRAS et al., 
2018). The nematodes of these families are reported as parasites 
of many species of marine and freshwater fishes, but infection in 
humans can occur by consuming fishes alive, raw or undercooked 
(CAVALCANTI et al., 2012; ANDRADE-PORTO et al., 2015; 
RODRIGUES et al., 2015).

Acanthocephala

In infections caused by acanthocephalans such as Pomphorhynchus 
laevis, penetration through all layers of the mucosa, from the 
epithelial to the serous mucosa, may occur. In this type of 
infection, the immune system of the host reacts by increasing the 
mobilization of cells such as neutrophils, plasma cells, lymphocytes 
and fibroblasts, thus forming a composite fibrous layer, along with 
local mast cells, in the inflamed tissue (WANSTALL et al., 1986). 
This encapsulating process was described by Dezfuli et al. (2015) 
in which hosts presented a series of spirals of fibrous elements. 
There were a few degenerated epithelial cells and, close to the 
parasites, a large number of mast cells among the fibers, along 
with some granules of mast cells that had migrated into the pores 
of the parasite’s tegument.

Martins  et  al. (2001) described infection in specimens of 
“curimbatá” (Prochilodus lineatus) caused by the acanthocephalan 
Neoechinorhynchus curemai. This gave rise to complete flaking of 
the intestinal mucosal epithelium. In addition, severe hyperplasia 
and hypertrophy of goblet cells and a severe inflammatory reaction, 
with major infiltration of eosinophils and mononuclear leukocytes, 
were observed. Belo et al. (2013) also described hematological 
alterations caused by N. curemai in specimens of “curimbatá” 
(P. lineatus). They reported that there were greater numbers of 
monocytes and smaller numbers of thrombocytes, compared 
with non-parasitized fish.

In the hybrid species “patinga” (Piaractus mesopotamicus x 
Piaractus brachypomus), the intestinal mucosa presented flaking and 
there were infiltrations of mast cells and increased lymphocyte and 
neutrophil counts in the region where the parasite Echinorhynchus 
jucundus adhered (VENTURA et al., 2017). In specimens of ripsaw 
catfish (Oxydoras niger), occurrences of metazoan parasites such 
as the acanthocephalan Paracavisona impudica caused increased 
neutrophil counts and decreased lymphocyte counts in the blood 
(SANTOS & TAVARES-DIAS, 2010). In addition, in carps 
(Cyprinus sp.) and snow trout (Schizothorax sp.), eosinophilia 
was described and were ascribed to damage possibly caused by 
acanthocephalans (SHAH et al., 2009).

In regions infected by Echinorhynchus truttae and Cyathocephalus 
truncatus in S. trutta, the bowel villi were damaged such that there 
were losses, necrosis and degeneration of intestinal epithelia. At points 
where proboscides adhered, high numbers of lymphocytes, mast 
cells, eosinophils and collagenous fibers were observed, and the 
number of mucous cells was much larger than in regions where 
adhesion did not occur (MLADINEO et al., 2009; DEZFULI et al., 
2010b). In specimens of S. trutta parasitized by Dentitruncus 
truttae, most parasites did not go beyond the granular layer, but 
some specimens were observed to have their proboscides in muscle 
layers (DEZFULI et al., 2008).

Jerônimo et al. (2017) observed that specimens of tambaqui 
(Colossoma macropomum) that were infected by the acanthocephalan 
Neoechinorhynchus buttnerae presented thickening and hardening of 
the intestinal wall. Histologically, an intense inflammatory reaction 
characterized by the presence of macrophages, dendritic cells and 
some lymphocytes was described, with formation of granulomas 
in the submucosal layer of some fish. Histochemical techniques 
revealed the presence of increased production of acidic mucous 
substances by hosts as a response to infection (MATOS et al., 2017). 
Hematological alterations were also observed in C. macropomum 
infected by N. buttnerae and others metazoan species, with a 
negative correlation between the abundance of acanthocephalans 
and parameters such as hematocrit, hemoglobin concentration 
and total thrombocytes (ROCHA et al., 2018).

In an evaluation on the immune response of European chubs 
(Squalius cephalus) that were either naturally or experimentally 
infected by P. laevis (Acanthocephala), Harris (1972) detected 
production of immunoglobulins both in the plasma and in 
the intestinal mucosa of infected fish. In quillbacks (Carpiodes 
cyprinus), titration of plasma antibodies was conducted by means 
of immunoprecipitation. The precipitation reaction was more 
intense against antigens of mature male and pregnant females of 
Neoechinorhynchus carpiodi. However, the greater the intensity of 
infection was, the lower the titers of antibodies were. Moreover, 
use of Evans blue staining (EB) showed that there was higher 
intensity of staining denoting presence of serum proteins in 
regions where nodules formed (SZALAI et al., 1988). Regarding 
the group Acanthocephala, few studies have yet addressed the 
humoral response of the immune system in teleost fish (Table 1). 
This is probably because few species have been correlated with 
teleost fish of high economic value or have been shown to cause 
severe damages to these fish.

Alternatives for Diagnosis of Helminth 
Infection in Fish

The efforts in diagnostic of helminth infections are mainly 
directed to those species that may cause diseases in human, 
once they have a direct impact in public health. Infections by 
helminths usually are diagnosticated by necropsy of animals and 
directly visualization of tissues under light microscope, which 
requires extensive laboratory work. New methods of detection 
and identification of helminths have been developed as a faster 
and less invasive alternative for diagnosis of pathogens in fishes 
(EL DEEN et al., 2018).
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Infections by nematodes are currently diagnosed by visual 
inspection of larvae parasite and histopathology analysis of fish 
muscle (GAMBOA et  al., 2012). As an alternative, molecular 
techniques as real-time polymerase chain reaction (PCR) with 
high-resolution molecular analysis was employed to detect and 
quantify the presence of Anisakis simplex in fish, enabling even 
taxa differentiation of other parasites (JAISWAL et al., 2017). 
For fish products, usually it is used UV illumination, artificial 
digestion by the utilization of chloridric acid and pepsin, and 
recently it was developed a new method called TrichinEasy 
digestion system, a confirmatory test of the presence of the larvae 
(CAMMILLERI et al., 2016).

Accidental ingestion of trematodes larvae in fish muscle is the 
main cause of its infection in human. Therefore, detection of liver 
fluke in fish is important for its prevention, especially in endemic 
areas. The usual method for diagnosis of liver fluke in fish is the 
enzymatic digestion of fish tissue and direct microscopy techniques 
(SRIPA et al., 2007) Cai et al. (2010) developed a loop-mediated 
isothermal amplification (LAMP) assay that allows a sensitive and 
fast detection of liver fluke Clonorchis sinensis metacercariae in fish. 
The method was 100 times more sensible than conventional PCR 
and could be applied as well to identification of other species of 
trematodes in fish.

For aquaculture, there is still a huge gap in diagnosis methods 
that could be applied to detection and accurately indicate a 
helminth infection in fish farm. Thereby, traditional method for 
diagnosis such as necropsy, examination of possible infected tissues 
and further analysis with light microscope (wet mount or stained 
parasites) are the routine in laboratories (EL DEEN et al., 2018).

Final Remarks

Regarding the immune response of teleost fish to infection 
by helminths, we observes that researchers have mainly evaluated 
the action of the IIS towards elimination of parasites belonging to 
the different groups. Rodlet cells and mast cells, accompanied by 
neutrophils and macrophages, are the main types of cells that have 
been described in infections caused by all groups of helminths. 
Hyperplasia and increased numbers of mucous cells in response 
to infection have also been observed, such that parasites become 
coated with the mucus thus produced. The importance of mucus in 
the immune response to infection is due to the physical protection 
(retardation of infection) that this provides, and because mucus 
contains immune chemical components that are able to damage 
the parasites tegument. A histopathological approach regarding 
infections in fish caused by helminths is highly relevant because 
this makes it possible to ascertain the damage that helminths really 
cause to fish and the degree of importance that should be attributed 
to such infections. More recent studies have sought to detect the 
participation of the AIS in production of immunoglobulins that 
are specific for parasites and, possibly, in production of various 
classes of immunoglobulins for different anatomical infection sites, 
such as the gills, tegument or intestine. Therefore, further studies 
are still necessary, in relation to various species of teleost fish, in 
order to verify the role of the AIS in elimination of parasites and 
acquisition of resistance against future infections (immunological 

memory). Still, there are many gaps in knowledge regarding the 
local and systemic immune responses that are developed by teleost 
fish. This hampers development of less invasive diagnoses, adequate 
treatments and effective prevention, especially regarding farmed fish. 
In addition, it is still necessary effort in development of cheaper 
and faster techniques for diagnoses of helminth parasites in fish, 
especially to those groups that are responsible for the transmission 
of diseases to humans. The studies for detection of helminths are 
more directed to its presence in human than in host fish. More 
approaches to helminth infection diagnosis in fish could help in 
prevention and in accurate treatment in cases of farmed fishes.
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