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Lebranche mullet, Mugil liza, is an important economic resource and has been 
recommended for aquaculture in South America. Also, this is the only mullet 
that breeds in Argentina. In the course of our routine investigations on the 
parasitic fauna of fishes from brackish waters of Samborombón Bay, Buenos 
Aires province, an infection of acanthocephalan worms, identified as Floridosentis 
mugilis was observed in juvenile lebranche mullets. These parasites were attached 
deeply into the intestinal wall but without piercing it. In this study we analysed 
the intestinal damage that F. mugilis inflicts on their hosts through the evaluation 
of histological sections. In the pathological analysis we observed that these 
parasites cause a non-specific cellular response that leads to the degranulation of 
eosinophilic granular cells and, consequently, the formation of a fibrous core with 
oedema, vascular congestion, and lymphocytic infiltration. 

INTRODUCTION 
The family Mugilidae comprises one of the main resources in commercial 
estuary fisheries in all tropical, subtropical and temperate seas (Durand et al. 
2012). Mugil liza Valenciennes, 1836, is distributed alongside the Atlantic 
coast of South America, from Argentina to Venezuela (Mai et al. 2014). This 
species is an important economic resource and has been recommended for 
aquaculture in South America (Godinho, da Silva Serralheiro, and Scorvo Filho 
1988). Also, it is the only mullet that breeds in Argentina (González-Castro, 
Macchi, and Cousseau 2011). In winter, adults migrate to the pelagic coastal 
zone to spawn. Then, the larvae leave the marine waters and migrate to the 
estuarial waters of Samborombón Bay (Buenos Aires province, Argentina), 
where this species grows and develops until it reaches the adult stage (González 
Castro, Abachian, and Perrotta 2009). In the Samborombón Bay, the biggest 
mixohaline wetland of Argentina, the salinity gradient increases from north to 
south (Guerrero 1998). Also, in the north, the lotic system receives nutrients 
from the upper basin where extensive agricultural and livestock activities are 
carried out (Fernández Cirelli, Du Mortier, and Volpedo 2006), whereas in the 
south there is a higher oceanic influence (Schenone, Volpedo, and Cirelli 2007; 
Schenone 2008). 
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During our routine investigations on the parasite fauna of fishes from brackish 
waters of Samborombón Bay, a total of 15 species of parasites were recorded in 
juvenile lebranche mullets (Montes and Martorelli 2015), but only one species 
of acanthocephalan worm was found attached in the intestinal wall. It was 
identified as Floridosentis mugilis (Machado-Filho, 1951). Suriano, Çuburu, 
and Labriola (2000) and Alarcos and Etchegoin (2010) previously reported 
this acanthocephalan in lebranche mullets from San Clemente del Tuyú and 
Mar Chiquita Lagoon (Buenos Aires province). However, the lesion produced 
by this parasite was not described. The pathological effect of acanthocephalan 
parasites in fishes was documented in Pomphorhynchus laevis (Müller, 1776) 
(Hine and Kennedy 1974; McDonough and Gleason 1981; Wanstall, 
Robotham, and Thomas 1986; Dezfuli 1991). These Acanthocephalans attach 
to the intestine of hosts by means of a spiny proboscis; the most significant 
feature of the damage is related to the depth of the penetration (Dezfuli et 
al. 2002, 2008). The mechanical destruction of the host’s intestinal tissue is 
usually followed by host immune responses like proliferation of fibroblast and 
granular cell infiltration due to the irritation caused by the parasite at the 
perforation site (Scheelhaas 1980; Sanil et al. 2011). Therefore, the aim of 
the present study was to analyse the damage and the inflammatory reaction 
produced when F. muglis infects Mugil liza by means of a histological study of 
sections of intestine at the attachment site. 

2. MATERIALS AND METHODS 
2.1. Samples 
A total of two hundred and eighty-one juvenile specimens of lebranche mullet 
were captured from two areas in the brackish waters of Samborombón Bay. 
Of these, 130 specimens (15.25 ± 0.61 cm) were collected in the north of the 
bay (Salado River relief Channel 35°50’10"S, 57°50’20"W) and 151 specimens 
(18.55 ± 0.63 cm) in the south (Ajó River, Tapera de López 36°19’14"S, 
56°46’26"W) (Figure 1). Fish were sampled in the spring and summer of 2015 
and 2018 and collected from the coastal region using a modified Garlito/
Bituron fixed net (Colautti 1998) and a haul net (10 m length with 5 mm 
stretched mesh in the wings and 2.5 mm stretched mesh in the cod ends). The 
smallest sized fish were transported alive to the laboratory with water from the 
sample site with added oxygen and then kept in aquariums. The bigger sized 
fish were transported to the laboratory after being euthanised and examined for 
parasites in the field. The euthanasia of all specimens was performed quickly 
by decapitation following the guidelines of the American Fisheries Society 
(Nickum et al. 2004), and the intestine samples of the bigger individuals were 
rapidly removed and fixed by immersion in 10% buffered formalin for light 
microscopic studies. Upon post mortem, fish were measured (standard length, 
cm) and fish that were between 4.7 cm and 27.15 cm in standard length were 
considered juveniles according by González-Castro, Macchi, and Cousseau 
(2011). 
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Figure 1. Map of the sampling site in the Samborombón Bay. 

1. Salado River relief Channel and 2. Ajó River (Tapera de López). 

2.2. Parasite collection and identification 
Some of the smaller fish were sacrificed in the laboratory and the intestines 
were opened along their entire lengths and examined macroscopically. Parasites 
were collected with forceps and put into 0.85% physiological saline solution 
to allow for the proboscis to emerge and then stored in 70% ethanol for later 
identification. The prevalence and mean intensity of infection were calculated. 

2.3. Histological methods 
In order to evaluate the inflammatory reaction, sections of 10 infected 
intestines and 10 uninfected intestines were fixed in 10% neutral buffered 
formalin for 24 h. The fixed samples were routinely processed and embedded 
in paraffin wax. Histological sections were obtained using a sledge microtome, 
prepared according to standard protocol, and then stained using the following 
techniques haematoxylin and eosin (H&E), Masson’s trichrome, the combined 
technique Alcian Blue pH 2.5 with periodic acid-Schiff (AB/PAS) and 
Toluidine Blue with neutral red for counterstaining (TB/NR). The stained 
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Figure 2. Relationship between the sizes of the parasitised fish and the prevalence. 

slides were observed and photographed with an Olympus microscope DP 71 
equipped with AmScope MU1000 10MP digital microscope camera (Tokyo, 
Japan). 

3. RESULTS 
The acanthocephalans distribution within the lebranche mullet gut was mainly 
in the cranial section of the intestine. The parasite was identified as F. mugilis 
based on morphological characteristics, as a cylindrical proboscis, the number 
of hooks rows and number of hooks (Suriano, Çuburu, and Labriola 2000). 

The relationship between the size of the parasitised fish and the prevalence is 
shown in Figure 2. There was a positive correlation between the increase in fish 
size and the increase in prevalence. In the South of the bay, the prevalence was 
higher in all sizes, the lowest mean intensity found was 1.7 for the smallest sizes, 
and the highest mean intensity was 4 for the largest size. 

Uninfected intestines of lebranche mullet showed normal microscopical 
structure with numerous villi (Figure 3a). 

Infected intestines with F. mugilis showed the parasite proboscis penetrated 
deeply into the intestinal wall but without piercing it. Hypertrophy of lamina 
propria and tunica submucosa was observed at the site of attachment (Figure 
3b). In this site, the intestinal wall formed a fibrous core exposed directly to 
the lumen and the villi became shorter and more spaced as they approached 
the site of penetration (Figure 3b). Degeneration, erosion and detachment of 
the mucosal epithelium were sometimes observed as desquamation cells free 
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Figure 3. (a) Uninfected intestine with goblet cells positive to AB/PAS stain. Scale bar = 50 µm. (b) Area where the 
parasite is attached, note the thickening of the intestinal wall, AB/PAS stain. The asterisk shows the parasite attachment. 
Scale bar = 200 µm. 

EGCs: eosinophilic granular cells, Ep: epithelium, FC: fibrous core, LP: lamina propria, TM: tunica muscularis, SM: tunica submucosa, 
Vi: villi. 

in the lumen, (Figure 4a). Areas of the tunica mucosa devoid of the epithelial 
layer showed a thick fibrous layer which formed the innermost limit of the 
organ (Figure 4a, b). In the lamina propria, extensive cellular infiltration was 
observed, mainly composed of eosinophilic granular cells (EGCs) (Figure 4a, 
c). Infiltration of lymphocytes and oedematous dilated lymphatic vessels were 
also observed (Figure 4b, c). In the lumen areas, where a simple columnar 
epithelium was recognised, a few mucous cells and EGCs among enterocytes 
were observed, in addition to a large lymphocyte infiltration (Figure 4d, 5a). 
A far from the parasite’s attachment, accumulations of EGCs were observed 
only in the lamina propria and the tunica submucosa it was not hypertrophied 
(Figure 5b). Observations of serial sections stained with the Trichrome and 
TB/NR techniques highlighted the fibrous core around the proboscis (Figure 
5c) composed by collagen fibers in a disorderly arrangement (Figure 5d). 

4. DISCUSSION 
Habitat and prevalence in the definitive host 
Species of Floridosentis Ward, 1953 (Acanthocephala) are common parasites 
of mugilid fishes which live in marine and brackish waters. They are widely 
distributed in the Atlantic and Pacific Oceans (Alarcos and Etchegoin 2010; 
Rosas-Valdez, Morrone, and García-Varela 2012; Montes and Martorelli 2015) 
and rarely parasitise other marine fish. In Argentina, the only mullet species 
with a permanent presence is M. liza (González-Castro, Macchi, and Cousseau 
2011), This fish uses estuarine habitats as feeding growth and gonadal 
maturation sites (González Castro, Abachian, and Perrotta 2009; González 
Castro 2018). It is an amphibiotic species that enters the Samborombón Bay 
(López et al. 2001), wetland where artisanal and sport fishing are carried out. 
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Figure 4. (a) A total erosive destruction of the epithelial layer, a thick fibrous layer limited the organ surface (black 
arrows). Epithelium is free in the lumen and the lamina propria shows an abundant EGCs infiltrate. Scale bar = 50 µm. 
Inset: Panoramic view of intestine wall in the attachment site. Scale bar = 100 µm. Masson’s trichrome stain. (b) Detail of 
leukocytic infiltrate showing a great number of lymphocytes between EGCs, black arrow shows thick fibrous layer, TB/
NR stain. Scale bar = 20 µm. (c) Detail of leukocytic infiltrate showing a lot of EGCs and dilated lymphatic vessels 
(arrows), Masson’s trichrome stain. Scale bar = 20 µm. (d) Epithelial detachment, note the low amount of mucous cells 
(arrowheads) and the great infiltrate of abundant lymphocytes (black arrows), AB/PAS stain. Scale bar = 20 µm. 

EGCs: eosinophilic granular cells, Ep: Epithelium, FC: fibrous core, Vi: villi. 

M. liza forms an important part of the diet and traditions of fishermen and 
their families. Besides this, it is an important species in the fishing industry 
(González Castro, Abachian, and Perrotta 2009; González Castro 2018). 

Many species of acanthocephalans can cause lesions in the intestinal wall that 
lead to granuloma and subsequent fibrosis (Sanil et al. 2011). Although it 
has been recorded that acanthocephalans such as Pomphorhynchus spp. can 
perforate the intestinal wall of their hosts, F. mugilis penetrates deeply into the 
wall without piercing it, but affecting the tissues located at the insertion site. 
The severity of the injury, as in other parasitosis, depends on more than one 
factor, and is influenced by the intensity of infection, the site affected and often 
by environmental conditions (Kabata 1992; Plaul et al. 2013). 

In both sites of our sampling regime, the prevalence of F. mugilis increased 
with increasing fish size, coinciding with the prevalence found by Alarcos and 
Etchegoin (2010) in Mar Chiquita lagoon. When comparing the prevalence in 
our two sampling sites from the Samborombón Bay, with a salinity gradient 
from north to south, we observed that in the south (Tapera de López) the 
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Figure 5. (a) Epithelial detachment shows mucous cells (arrowheads), a great infiltrate of abundant lymphocytes (black 
arrows) and some EGCs (stars) in the basal surface. The white arrow shows a dilated lymphatic vessel, TB/NR stain. Scale 
bar = 20 µm. (b) Intestinal wall distant from the parasite’s attachment, note an intense infiltrate of EGCs in the lamina 
propria (arrows), Masson’s trichrome stain. Scale bar = 100 µm. (c) Panoramic view of intestine wall in the attachment 
site, Masson’s trichrome stain. Scale bar = 100 µm. (d) Base of the fibrous core, the tunica muscularis and serosa are 
replaced by a network of collagen fibers (arrow) with intense lymphocytic infiltration, TB/NR stain. Scale bar = 50 µm. 

FC: fibrous core, LP: lamina propria, TM: tunica muscularis, SM: tunica submucosa, Vi: villi. 

prevalence was higher in all sizes. This coincides not only with the increase 
in the salinity of the environment, but also with the lack of pollutants (lead, 
zinc, copper and arsenic) and nutrients such as phosphorous and nitrogen, 
according to studies carried out by Schenone (2008). 

The life cycle of Floridosentis sp. is unknown, but other neochinorhynchids 
include intermediate small crustaceans (amphipods, copepods and ostracods) 
as intermediate hosts. When the intermediate hosts are ingested by the fish 
(definitive host), the larvae excyst, attach to the intestinal wall and becomes 
sexually mature (Kennedy 2006; Rosas-Valdez, Morrone, and García-Varela 
2012). The feeding studies of juveniles and subadults of M. liza within the 
Argentine territory recorded by Jerez and Christiansen (1987), Acha (1990) 
and Thompson et al. (2015) indicated the presence of benthic diatoms, 
dinoflagellates and metazoans, mainly copepods and amphipods in the 
stomach content. No changes in the diet were observed with the body size. 
This data led us to suggest copepods and amphipods as intermediate hosts for 
F. mugilis. These crustaceans must be more abundant in the waters of the 
southern area of the bay due to the conditions of pH, oxygen concentration, 
the greater oceanic influence, and the absence of agricultural and livestock 
activity. 
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Floridosentis mugilis was found in the cranial section of the intestine, while 
the digeneans occupied the rest of the intestine. According to Jmii Chine, 
Ben Saad, and Gargouri (2020) its spatial distribution pattern might be related 
to the competition between the helminth species present in the same organ, 
such as digeneans, in which every species segregates according to their habitat 
preference. 

The proboscis of acanthocephalans, which have a large number of abrasive 
hooks, is the main organ responsible for damage of the host’s intestine 
(Chaicharn and Bullock 1967). In the present report, the reaction observed in 
the intestinal wall showed hypertrophy of the lamina propria and the tunica 
submucosa with widespread hyperplasia of EGCs in the lamina propria. In 
Neoechinorhynchus sp. (Rudolphi, 1819) Jmii Chine, Ben Saad, and Gargouri 
(2020) also observed an increase in the amount of EGCs in the lamina propria 
but without occupying the entire layer. Dezfuli et al. (2011), Rieger and 
Barreda (2011) and Prykhozhij and Berman (2014) registered the presence of 
EGCs in response to the infection by parasites, associated with non-specific 
cellular immunity. The degranulation of EGCs with the release of histamine is 
one of the first steps during the inflammatory response (Dezfuli et al. 2008). 
Histamine stimulates the migration and proliferation of fibroblasts, oedema, 
and the formation of the so-called fibrous core. In the currently described 
infection by F. mugilis, although the parasite did not pierce the intestinal 
wall, the penetration was deep and capable to induce a rather severe, possibly 
irreversible damage at the attachments points. 

In conclusion, this acanthocephalan worm does not pierce the intestinal wall, 
but it causes a non-specific cellular response with an abundant infiltrate of 
EGCs and lymphocytes. The degranulation of EGCs leads the formation of a 
fibrous core with oedema and intense vascular congestion. Although the mean 
intensity observed was low in wild fish, the focal effects described here cause 
severe and probably irreversible damage to the affected portion of the intestine. 
In addition, it should be considered that other parasites are often found sharing 
the same organ, further complicating the clinical picture, causing the thinning 
of the fish and therefore a lower economic value of its meat. 
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