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Abstract: Carangoides bajad fish are broadly dispersed in tropical and subtropical seas and are economically
important in coastal ecosystems. The impact of parasites on their fish populations is well documented. The present
study examined Carangoides bajad fish liver and clarified the histological response due to Anisakis simplex larval
infection. One hundred forty-two samples of C. bajad were collected monthly from the al-Shoaiba site at Jeddah
coast, Saudi Arabia, for one year (from July to 2020 June 2021). Infected and non-infected fish liver tissues were
fixed and prepared for histological investigations. The prevalence of anisakid nematode larval infection was
(45,77%) ranging from 1 to 60 per one fish. The present results showed that larvae were isolated within a
granuloma, and the inflammatory constituents were concluded within the thickness of the granuloma. This
encapsulation of the nematodes protects the rest of the liver to maintain its function and keep the fish's life.
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1. Introduction The third stage of the nematode anisakid
Carangoides bajad (Forsskal, 1775) is the larvae, which is encased in the organs of marine and
most common jack on inshore reefs in the Arabian Gulf, freshwater fish (Abollo ef al.,2001; Dezfuli et al.,2007;
Oman, the Indian Ocean from Madagascar and the Skov et al., 2009; Mehrdana et al., 2014; Horbowy et
Comoros Islands to the Red Sea (Randall, 1995). They  al., 2016; Dezfuli et al., 2009; Dezfuli et al., 2015;
are widely distributed in tropical and subtropical oceans  Fujimoto et al.,2013; Emde et al., 2014). As a result of
and play a vital economic role in coastal ecosystems  the host tissues' response, they are encapsulated in the
(Lin and Shao 1999). colon and visceral organs. Invertebrates, the primary
Scientists are interested in fish parasitology  immune response mechanism against helminths is
because of its relevance to human health. Furthermore, = poorly understood (Dezfuli et al., 2009; Hoffmann et
the likelihood of zoonotic disease transmission through  al., 1986: Dezfuli et al.,2015; Brinker, Hamers, 2007;
the intake of parasitized fish could pose a public health ~ Dezfuli et al., 2013; Haarder ef al., 2013 ). As a result
risk (Sakanari, 1990; Williams and Jones, 1994). By  of infection, many cells get activated and work together
eating raw or undercooked fish, humans can become to control and combat the foreign pathogen
infected with anisakid nematodes. Anisakid nematodes  (Makepeace et al., 2012). Mast cells (MCs) ( Dezfuli et
can be found in the fish's body cavity, internal organs,  al., 2013; . Reite and Evensen ,2006; Buchmann ,2014;
swim bladder, deeper layers of the skin or fins, and  Dezfuli et al., 2016), macrophage aggregates (MAs) or
exterior muscle layers (Smith & Wooten, 1978;  melano-macrophage centers (Dezfuli et al,2015;
Mattiucci et al., 2008). In Saudi waters, there has been  Dezfuli et al., 2016 ; Havixbeck and Barreda,2015),
very little research on parasites in commercial fish. neutrophils (Havixbeck and Barreda ,2015; Havixbeck
The liver of a fish is described as a et al2016 ), and rodlet cells ( Dezfuli et al.,2016 ;
multipurpose organ that helps with detoxification, = Manera and Dezfuli 2004) ) are all part of the innate
vitellogenin production, and carbohydrate and fat  defense response to helminths in fish (RCs).
deposition and metabolism (Bruslé and Anadon, 1996).  Histopathology can be utilized to determine the
The liver of most teleost fish is separated into lobes that ~ influence of parasitism on one's health (Feist and
are reddish-brown in color and are positioned cranially =~ Longshaw, 2008).
and ventrally in the body cavity (Bruslé and Anadon, The present study aimed to examine
1996). Carangoides bajad fish liver and clarify the histological
response due to Anisakis simplex larval infection.
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2. Materials and Methods

One hundred forty-two fish samples of
Carangoides bajad were collected monthly from the
Al-Shuaiba site at the Jeddah coast for a year between
2020 to 2021. The liver was removed and examined
under a stereomicroscope for the presence of parasites.
Infected as well as non-infected pieces fixed in 10%
neutral buffered formalin, dehydrated in ethanol series,
cleared, and embedded in paraffin, Sectioned 4pm thick
and stained by Haematoxylin and Eosin (HE), periodic
acid Schiff (PAS) and alcian blue (AB), examined and
photomicrographed under a light microscope.
Examination of stained sections was done by using the
Olympus DP72 microscope in King Fahd Medicinal
Research Center.

3. Results

After the morphological study, the nematodes
infecting fish liver were identified as belonging to the
Anisakis simplex genus (fig.1&2). The bulk of the fish's
viscera had nematode larvae, with the liver being the
most polluted. Larvae were visible on the surface of the
liver with the naked eye after dissection (fig.1), with an
infection prevalence of (45,77 percent) ranging from 1
to 60 per fish. On histological inspection, the normal
liver was covered by a bit of capsule (fig.3A). The liver
tissue has hepatocyte plates surrounded by sinusoids
(fig.3B). Hepatocytes were polyhedral, with a spherical
nucleus in the center, a prominent central nucleolus, and
eosinophilic cytoplasm (fig.3B). The infected liver
shows cytoplasmic vacuolation, nuclear hypertrophy,
and polygonal hepatocytes with one or two central
nuclei (fig.4F). The localized zone of lymphocytic
aggregation is caused by dilated blood vessels (fig.4A),
necrosis in the nucleus of some liver cells, and
karyolysis of the nucleus, as well as dilatation and
sinusoidal congestion. The larvae were surrounded by
the localized host tissue reaction, which resulted in
cercal granulomas (fig.4B&C). In most granulomas,
especially those with larger larvae, exfoliation of the
inner layer of epithelioid cells resulted in the formation
of amorphous necrotic tissue. PAS-positive necrotic
accumulation with a moderately to severely basophilic
phenotype (fig.5). To expand the cysts, a slightly
eosinophilic, Alcian Blue positive fluid was employed
(fig. 4B & C). Granulomas have three layers: an outside
layer of fibrous connective tissue and thin elongated
fibroblasts (fig.4D); a middle layer of MCs imprisoned
in a light fibroblastic-connective mesh, which is
frequently spongiotic in appearance; and an interior
layer of densely packed epithelioid cells (fig.4D).
Between granulomas, the thickness of each layer varied
greatly. Melano-macrophage centers (MMC) were
discovered along blood arteries and around larval cysts
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and were distinguished by brown pigmentation of cells
(melanization) (fig.4E&F).

Figure (1) A&B Liver of C.bajad infected with larva of
Anisakis simplex (N), Liver (L).

hs

Figure (2) Third stage larva of male of Anisakis simplex
in C. bajad A&B: The anterior end showing tooth (T) ,
lips (L) and esophagus (ES) ,Ventricular region(VN);

C: The posterior end showing mucron (M) ,anus
(A).(A:20%,50pum ,B:4x,200um ;C:10x,100 pm).
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Figure (3) A: Histological sections of normal liver C.bajad stained with hematoxylin-eosin showing Capsule (Ca);

hepatocytes (Hep) (10x, 100um); B: Histological sections of normal liver C.bajad stained with periodic acid Schiff

(PAS) showing hepatocytes (Hep) spherical nucleus with a clear, dark nucleolus; hepatic sinusoids (S)(20x,50pm).
T - — — - :

)

Figure (4) Histological sections of infected liver C.bajad A) showing the focal area of lymphocytic aggregation
(thin arrow) migrate from dilated blood vessels (thick arrow)and hepatic cytoplasmic cacuolation and nuclear
hypertrophy (White Arrow) melanomacrophage centers (MMC), Stained with hematoxylin-ecosin (H&E)
(40x,20um). B&C) showing focal area of lymphocytic aggregation and degeneration of blood vessels (thin arrow)
migrate from dilated blood vessels (thick arrow) and hepatic cytoplasmic cacuolation and nuclear hypertrophy
(White Arrow); Inside the cyst (red arrows), the parasite is immersed in an alcian blue positive fluid (asterisk),
necrosis (N) melanomacrophage centers (MMC), stained with Alcian Blue (AB) B(20x,50pm) C (60x,10um). D)
showing three layers that formed the granuloma; inner layer formed by epithelioid cells (EC), mast cells (MC) of the
middle layer, fibroblasts (FB), and connective fibres (CF) of the outer layers. b. The epithelioid cells (EC)
surrounding the nematode larva (asterisk) were stained with Alcian Blue (AB) (60x,10pm). E&F) showing
melanomacrophage centers (MMC) and hepatocytes polygonal in shape with one or two central nuclei (arrows)
blood vessels (BV) stained with Alcian Blue (AB)(60x,10um).
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Figure (5)

Histological sections of infected liver
C.bajad stained with PAS showing the larva (asterisk)
surrounded with granulomatous infiltrates which was
positive for PAS reaction and focal area of lymphocytic
aggregation and degeneration of blood vessels (thin
arrow) migrate from dilated blood vessels (thick arrow);
melanomacrophage centres (MMC)(50um).

4. Discussion

The anisakid nematode's third larval stage
infiltrated all C.bajad's internal organs. The high
severity of nematode infection in the liver, on the other
hand, motivated us to focus on this organ to precisely
evaluate hepatic tissue damage. Mechanical injury
(Abdelmonem et al., 2010; Santoro et al., 2013 ), tissue
atrophy, host fecundity loss (Chavez and Oliva,2011),
and liver pathogenicity (Dezfuli et al.,2007 ) (Dezfuli et
al.,2009) (Venturaet al., 2016) are all effects of
nematode parasites on their hosts. Mast cells (MCs) in
all vertebrates have a similar shape and function
(Mulero et al., 2007). MCs are mobile ( Reite and
Evensen, 2006; Dezfuli and Giari, 2008) and are
typically found near blood vessels to control
inflammation, identify invading pathogens, and
orchestrate a response ( Dezfuli et al., 2016; Galindo-
Villegas et al.,2016; Dezfuli and Giari, 2008; John and
Abraham, 2013; Dezfuli et al., 2015; Reber et al.,2015).
The anisakid nematode's third larval stage infiltrated all
C. bajad’s internal organs. The high severity of
nematode pathogens that cause mast cells to
degranulate in response to a range of infections (Dezfuli
et al., 2015; Ellis,2001) are known as degranulating
agents (Galindo-Villegas et al.,2016; Manera et al.,
2011). Degranulation of fish MCs around the helminth
tegument in the colon and other organs were described
by Dezfuli et al.2016; Dezfuli et al., 2015; Dezfuli et
al., 2011). Multiple granulomas in the current study
showed degranulation of MCs along the cuticle of
Anisakid nematodes larvae. MCs are influential in the
inflammatory response (Brugman, 2016). Due to
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helminth infection, their numbers increase in fish with
parasitized livers (Dezfuliet al., 2009; Dezfuli et
al.,2015; Dezfuli et al., 2014). The fibrotic and tissue
remodeling processes are aided by MCs (Dezfuli et al.,
2015; Dezfuli et al., 2008 ;Rocha and Chiarini-Garcia,
2007 ). Anisakid nematodes larvae in the C.bajad liver
preferentially attract MCs, fibroblasts, and other
immune cells (such as macrophages and epithelioid
cells) to infection sites, according to the current
findings. Following severe tissue injury produced by
nematode larvae in their study, Dezfuli et al. (2016)
believe that MCs' link with fibroblasts and macrophages
may promote liver remodeling/repair.

Phagocytosis is a natural defense mechanism
in which phagocytes participate in pro-and anti-
inflammatory responses in infected areas (Ellis,2001;
Rieger et al.,2012; Grayfer et al., 2014). Granulocytes
(particularly neutrophils) and mononuclear phagocytes
(circulating monocytes and tissue macrophages) have
both been recognized as important professional
phagocyte types in fish (Secombes and Ellis, 2012;
Esteban ef al., 2015). Neutrophils are important players
in the inflammatory response, particularly during the
early stages of a pathogen challenge, when they move
from the bloodstream to a site of injury or parasite
infection (Dezfuli ef al.,2013; Havixbeck and Barreda,
2015; Havixbeck et al., 2016; Secombes and Ellis,
2012; Dezfuli et al., 2011). In infected C. bajad livers,
neutrophils were found in the parenchyma, hepatic
sinusoid lumen, and/or interstitium around capillaries in
various studies. These studies comfort with the study of
Dezfuli et al. (2016). Fish macrophages (MAs) are
called macrophage aggregates (MAs) or melano-
macrophage centers (Agius and Roberts,2003;
Ferguson, 2006) because they contain pigments such
melanin, chromolipoids, and hemosiderin (Secombes
and Ellis, 2012; Wolke, 1992). MAs encapsulate many
foreign chemicals and parasites in tissue (Dezfuli et al.,
2013; Ferguson,2006; Gregoriet al., 2014). MAs
functions have been identified as targeted destruction,
detoxification, and recycling of endogenous and
exogenous materials. As a result, MAs are implicated in
the helminth infection battle (Dezfuliet al.,2013;
Dezfuli et al.,2015; Agius and Roberts,2003; Wolke,
1992). MAs were discovered in the sick liver
of C.bajad, particularly near the larvae and blood
vessels. The inner layer of the capsule that protects
Anisakid nematodes larvae is made up of epithelioid
cells. These cells resemble epithelial cells that emerge
in response to prolonged inflammatory activation in
terms of morphology (Noga et al.,1989; Gauthier et al.,
2004). The formation of fish epithelioid cells from
macrophages has been demonstrated in vitro
(Secombes, 1996).
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Conclusions

This study aimed to investigate the liver of
Carangoides bajad fish and determine the histological
response to anisakid larval infection. After dissection,
larvae were visible on the surface of the liver with the
naked eye, with infection prevalence ranging from 1 to
60 per fish. These parasites do not appear to be a severe
public health hazard among the population of Jeddah
city at the moment, likely because local dietary habits
do not favor raw fish consumption. On the other hand,
many foreign people have a tendency to eat
undercooked fish and may become infected with
anisakid nematodes.

References
1. Abdelmonem AA, Metwally MM, Hussein HS,
Elsheikha HM. Gross and microscopic

pathological changes associated with parasitic
infection in European eel (Anguilla anguilla,
Linnaeus 1758). Parasitol Res. 2010;106: 463-9.

2. Abollo E, Gestal C, Pascual S. Anisakis
infestation in marine fish and cephalopods from
Galician waters: an updated perspective. Parasitol
Res. 2001;87:492-9.

3. Agius C, Roberts RJ. Melano-macrophage centres
and their role in fish pathology. J Fish Dis.
2003;26:499-509.

4. Brinker A, Hamers R. Evidence for negative
impact of plerocercoid infection of Triaenophorus
nodulosus on Perca fluviatilis L. stock in Upper
Lake Constance, a water body undergoing rapid
reoligotrophication. J Fish Biol. 2007;71:129-47.

5. Brugman S. The zebrafish as a model to study
intestinal inflammation. Dev Comp Immunol.
2016. doi:10.1016/j.dci.2016.02.020.

6. Bruslé J and Anadon GG.( 1996) The structure
and function of fish liver. In: Munshi JSD, Dutta
HM, editors. Fish Morphology: horizon of new
research. Brookfield: A. A. Balkema;. p. 77-93.

7. Buchmann K. Evolution of innate immunity: clues
from invertebrates via fish to mammals. Front
Immun. 2014;5:459.

8. Chavez RA, Oliva ME. Philometra chilensis
(Nematoda, Philometridae) affects the fecundity of
the red cusk-eel, Genypterus chilensis (Guichenot)
(Pisces, Ophidiidae) in Chile. Acta Parasitol.
2011;56:236-7.

9. Dezfuli BS, Pironi F, Shinn AP, Manera M, Giari
L. Histopathology and ultrastructure of Platichthys
flesus naturally infected with Anisakis simplex s.1.
larvae  (Nematoda: Anisakidae). J Parasitol.
2007;93:1416-23.

10. Dezfuli BS, Giari L. Mast cells in the gills and
intestines of naturally infected fish: evidence of
migration and degranulation. J Fish Dis.
2008;31:845-52.

39

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Dezfuli BS, Giovinazzo G, Lui A, Giari L.
Inflammatory response to Dentitruncus truttae
(Acanthocephala) in the intestine of brown trout.
Fish Shellfish Immunol. 2008;24:724-33.

Dezfuli BS, Manera M, Giari L. Immune response
to nematode larvae in the liver and pancreas of
minnow, Phoxinus phoxinus (L.). J Fish Dis.
2009;32: 383-90.

Dezfuli BS, Giari L, Squerzanti S, Lui A,
Lorenzoni M, Sakalli S, Shinn AP. Histological
damage and inflammatory response elicited by
Monobothrium wageneri (Cestoda) in the intestine
of Tinca tinca (Cyprinidae). Parasit Vectors.
2011;4:225.

Dezfuli BS, Lui A, Pironi F, Manera M, Shinn AP,
Lorenzoni M. Cell types and structures involved in
tench, Tinca tinca (L.), defence mechanisms
against a systemic digenean infection. J Fish Dis.
2013;36:577-85.

Dezfuli BS, Giari L, Lorenzoni M, Manera M,
Noga EJ. Perch liver reaction to Triaenophorus
nodulosus plerocercoids with an emphasis on
piscidins 3, 4 and proliferative cell nuclear antigen
(PCNA) expression. Vet Parasitol. 2014; 200:104—
10.

Dezfuli BS, Manera M, Lorenzoni M, Pironi F,
Shinn AP, Giari L. Histopathology and the
inflammatory response of European perch, Perca
fluviatilis muscle infected with Eustrongylides sp.
(Nematoda). Parasit Vectors. 2015;8:227.

Dezfuli BS, Manera M, Giari L. Ultrastructural
assessment of granulomas in the liver of perch
(Perca fluviatilis) infected by tapeworm. J Comp
Pathol. 2015;152:97-102.

Dezfuli BS, Bo T, Lorenzoni M, Shinn AP, Giari
L. Fine structure and cellular responses at the host-
parasite interface in a range of fish-helminth
systems. Vet Parasitol. 2015;208:272-9.

Dezfuli BS, Bosi G, DePasquale JA, Manera M,
Giari L. Fish innate immunity against intestinal
helminths. Fish Shellfish Immunol. 2016;50:274—
87.

Ellis AE. Innate host defense mechanisms of fish
against viruses and bacteria. Dev Comp Immunol.
2001;25:827-39.

Ellis AE. Antigen-trapping in the spleen and
kidney of the plaice Pleuronectes platessa L. J Fish
Dis. 1980;3:413-26.

Emde S, Rueckert S, Kochmann J, Knopf K, Sures
B, Klimpel S. Nematode eel parasite found inside
acanthocephalan cysts - a “Trojan horse” strategy?
Parasit Vectors. 2014;7:504.

Esteban MA, Cuesta A, Chaves-Pozo E, Meseguer
J. Phagocytosis in teleosts. Implications of the new
cells involved. Biology. 2015;4:907-22.



Nature and Science 2022;20(2)

http://www.sciencepub.net/nature NSJ

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Feist SW, Longshaw M. Histopathology of fish
parasite infections - importance for populations. J
Fish Biol. 2008;73:2143-60.

Ferguson HW. Systemic pathology of fish: a text
and atlas of normal tissues in teleosts and their
responses in disease. London: Scotian Press; 2006
Fujimoto RY, dos Anjos ECS, Ramos FM,
Martins ML. Seasonality of nematode larvae in
Iguanodectes spilurus (Characidae) an ornamental
fish from northeastern Para, Brazil. Acta Amazon.
2013;43:511-6.

Galindo-Villegas J, Garcia-Garcia E, Mulero V.
Role of histamine in the regulation of intestinal
immunity in fish. Dev Comp Immunol. 2016.
doi:10.1016/j.dci.2016.02.013.

Gauthier DT, Vogelbein WK, Ottinger CA.
Ultrastructure  of  Mycobacterium  marinum
granuloma in striped bass Morone saxatilis. Dis
Aquat Org. 2004;62: 121-32.

Grayfer L, Hodgkinson JW, Belosevic M.
Antimicrobial responses of teleost phagocytes and
innate immune evasion strategies of intracellular
bacteria. Dev Comp Immunol. 2014;43:223-42.
Gregori M, Miragliotta V, Leotta R, Cecchini S,
Prearo M, Abramo F. Morphometric evaluation of

interrenal gland and kidney macrophages
aggregates in normal healthy rainbow trout
(Oncorhynchus mykiss) and after bacterial

challenge with Yersinia ruckeri. Vet Med Int.
2014;2014: 210625.

Haarder S, Kania PW, Galatius A, Buchmann K.
Increased Contracaecum osculatum infection in
Baltic cod (Gadus morhua) livers (1982-2012)
associated with increasing grey seal (Halichoerus

gryphus)  populations. J  Wildlife  Dis.
2013;50:537-43.
Havixbeck JJ, Barreda DR. Neutrophil

development, migration, and function in teleost
fish. Biology. 2015;4:715-34.

Havixbeck JJ, Rieger AM, Wong ME,
Hodgkinson JW, Barreda DR. Neutrophil
contributions to the induction and regulation of the
acute inflammatory response in teleost fish. J
Leukoc Biol. 2016;99:241-52.

Hoffmann RW, Meder J, Klein M, Osterkorn K,
Negele RD. Studies on lesions caused by
plerocercoids of Triaenophorus nodulosus in some
fish of an alpine lake, the Koenigssee. J Fish Biol.
1986;28:701-12.

Horbowy J, Podolska M, Nadolna-Altyn K.
Increasing occurrence of anisakid nematodes in
the liver of cod (Gadus morhua) from the Baltic
Sea: Does infection affect the condition and
mortality of fish. Fisheries Res. 2016;179: 98—103.
Lin, PL. and Shao, KT. (1999) A review of the
carangid fishes (Family Carangidae) from Taiwan

40

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

with descriptions of four new records. Zool Stud
38(1):33-68.

Makepeace BL, Martin C, Turner JD, Specht S.
Granulocytes in helminth infection - who is calling
the shots? Curr Med Chem. 2012;19:1567-86.
Mattiucci S, Nascetti G. Advances and trends in
the molecular systematic of anisakid nematodes,
with implications for their evolutionary ecology
and host-parasite co-evolutionary processes. Adv
Parasitol 2008; 66: 47-148.
http://dx.doi.org/10.1016/S0065-308X(08)00202-
9. PMid: 18486689.

Manera M, Dezfuli BS. Rodlet cells in teleosts: a
new insight into their nature and functions. J Fish
Biol. 2004;65:597-619.

Manera M, Giammarino A, Borreca C, Giari L,
Dezfuli BS. Degranulation of mast cells due to
compound 48/80 induces concentration-dependent
intestinal ~ contraction in  rainbow  trout
(Oncorhynchus mykiss Walbaum) ex vivo. J Exp
Zool Part A. 2011;315A:447-57.

Mehrdana F, Bahlool QZ, Skov J, Marana MH,
Sindberg D, Mundeling M, et al. Occurrence of
zoonotic nematodes Pseudoterranova decipiens,
Contracaecum osculatum and Anisakis simplex in
cod (Gadus morhua) from the Baltic Sea. Vet
Parasitol. 2014;205:581-7.

Mulero I, Sepulcre MP, Meseguer J, Garcia-Ayala
A, Mulero V. Histamine is stored in mast cells of
most evolutionarily advanced fish and regulates
the fish inflammatory response. Proc Natl Acad
Sci US A.2007;104:19434-9

Noga EJ, Dykstra MJ, Wright JF. Chronic
inflammatory  cell ~ with  epithelial  cell
characteristics in teleost fishes. Vet Pathol.
1989;26:429-37.

Randall, J.E., (1995) Coastal Fishes of Oman.
University of Hawaii Press, Honolulu, Hawaii.
Reber LL, Sibilano R, Mukai K, Galli SJ.
Potential effector and immunoregulatory functions
of mast cells in mucosal immunity. Mucosal
Immunol. 2015;8:444-63.

Reite OB, Evensen . Inflammatory cells of
teleostean fish: a review focusing on mast
cells/eosinophilic granule cells and rodlet cells.
Fish Shellfish Immunol. 2006; 20:192-208.

Rieger AM, Konowalchuk JD, Grayfer L,
Katzenback BA, Havixbeck JJ, Kiemele MD, et al.
Fish and mammalian phagocytes differentially
regulate  pro-inflammatory and homeostatic
responses in vivo. PLoS One. 2012;7: e47070.
Rocha JS, Chiarini-Garcia H. Mast cell
heterogeneity between two different species of
Hoplias spp. (Characiformes: Erythrinidae):
response to fixatives, anatomical distribution,



Nature and Science 2022;20(2)

http://www.sciencepub.net/nature NSJ

49.

50.

51.

52.

53.

histochemical contents and ultrastructural features.
Fish Shellfish Immunol. 2007;22:218-29.
Sakanari, J.A. (1990) Anisakis from the platter to
the microfuge. Parasitol. Today., 6: 323-327.
Santoro M, Mattiucci S, Work T, Cimmaruta R,
Nardi V, Ciprini P, et al. Parasitic infection by
larval helminths in Antarctic fishes: pathological
changes and impact on the host body condition
index. Dis Aquat Organ. 2013;105:139-48.
Secombes CJ. The nonspecific immune system:
cellular defences. In: Iwama G, Nakanishi T,
editors. The fish immune system: organism,
pathogen, and environment. San Diego: San Diego
Academic Press; 1996. p. 63—105.

Secombes CJ, Ellis AE. The Immunology of
Teleosts. In: Roberts RJ, editor. Fish Pathology.
4th ed. Chicester: Blackwell Publishing; 2012. p.
144-66

Skov J, Kania PW, Olsen MM, Lauridsen JH,
Buchmann K. Nematode infections  of
maricultured and wild fishes in Danish waters. A
comparative study. Aquaculture. 2009;298:24-8.

1/22/2022

41

54.

55.

56.

57.

58.

59.

Smith JW, Wootten R. Anisakis and anisakiasis.
Adv Parasitol 1978,; 16: 93- 163.
http://dx.doi.org/10.1016/S0065-308X(08)60573-
4. PMid:364959.

John St. AL, Abraham SN. Innate immunity and
its regulation by mast cells. J Immunol.
2013;190:4458—-63.

Ventura AS, Ishikawa MM, de Araujo Gabriel
AM, Silbiger HLN, Cavichiolo F, Takemoto RM.
Histopathology from liver of tuvira (Gymnotus
spp.) parasitized by larvae of nematodes. Ciénc
Rural. 2016;46:1233-9.

Vigliano FA, Bermudez R, Quiroga MI, Nieto JM.
Evidence for melanomacrophage centres of teleost
as evolutionary precursors of germinal centres of
higher vertebrates: an immunohistochemical
study. Fish Shellfish Immunol. 2006;21:467-71.
Willams, H. and Jones, A. (1994) Parasitic Worms
of Fishes. Taylor and Francis, London, 593 p.
Wolke RE. Piscine macrophage aggregates, a
review. Ann Rev Fish Dis. 1992; 2:91-108.



