Histopathological lesions in Corydoras spp. (Siluriformes: Callychthyidae) caused by 179

Procamallanus (Spirocamallanus) pintoi (Nematoda: Camallanidae) from Iquitos, Peru
lins

Braz J Vet Pathol, 2024, 17(3), 179-188
DOI: https://10.24070/bjvp.1983-0246.v17i3p179-188

Brasil Journal of Veterinary Pathology
ISSN 1983-0246

Original Full Paper

Histopathological lesions in Corydoras spp. (Siluriformes:
Callychthyidae) caused by Procamallanus (Spirocamallanus) pintoi
(Nematoda: Camallanidae) from Iquitos, Peru

Miriam Céaceda Sanchez' ©, Victor Humberto Puicon Niflo de Guzman?*
Lesley R. Smales® ©, German Augusto Murrieta Morey*?

"Universidad Peruana Cayetano Heredia, Lima, Pera
Grupo de Investigacion Parasitologia Veterinaria y Zoonosis Parasitaria, Laboratorio de Histopatologia animal, Escuela de
Medicina Veterinaria, Facultad de Medicina Veterinaria, Universidad Nacional de San Martin, Tarapoto, Peri
3South Australian Museum, North Terrace, Adelaide, SA 5000, Australia
“Instituto de Investigaciones de la Amazonia Peruana (IIAP), Iquitos, Pera
SUniversidade Estadual do Maranhdao (UEMA). Programa de Pés-graduag@o em Ciéncia Animal (PPGCA), Maranhéo, Brazil

*Corresponding author: vhpuicon@unsm.edu.pe
Submitted: May 23", 2024. Accepted: November 8", 2024.

Abstract

Callichthyidae is a family of armored catfishes commercially important in the Peruvian Amazon. Among these species, Coryd-
oras acutus, C. reticulatus, and C. virginiae are stored for weeks or months and then exported to different countries worldwide,
where they may present some sanitary problems along the way, such as parasitic infections. In the present study, it was reported
the level of infection of Procamallanus (Spirocamallanus) pintoi (Kohn and Fernandes, 1988), through the calculation of their
parasitological indices and the description of their histopathological lesions in the intestinal tract. Sixty individuals of each
species were acquired from fishermen of the District of Belén, in Iquitos, Peru. Fish were transported to the “Laboratorio de
Parasitologia y Sanidad Acuicola” from the “Instituto de Investigaciones de la Amazonia Peruana” (ITAP), in Iquitos-Peru. Par-
asitological examination allowed us to identify the nematode P, pintoi infecting the intestinal tract of the fish. Histopathological
analysis revealed: inflammatory cell infiltration (73.3%, 63.3%, and 60%), enterocyte hyperplasia (90%, 70%, and 63.3%),
desquamation of epithelial cells (90%, 70%, and 63.3%), goblet cell hyperplasia (76.7%, 66.7%, and 50%) and necrosis (70%,
60%, and 66.7%), in C. acutus, C. reticulatus, and C. virginiae respectively for each lesion.

Keywords: Aquaculture, Amazon, histopathological lesions, necrosis, fish health.

Introduction However, ornamental fish raised in aquariums are frequently
infected with helminth parasites that perhaps cause high fish

Of the approximately 2500-3000 fish species in the mortality (24).

Amazon Basin (Swing 1985), 980 have been recorded in ~Helmir.1ths are kpowq to affect three rqgin axes.
economic, medical, and biological (30, 22). Parasitic nema-

Peru (28), but the actual number is probably about 1200. todes affect their hosts in various ways, including mechan-

Many of these species are fascinating, colorful, and pos- ical damage such as irritation, tissue atrophy, obstruction
sibly suitable for the ornamental aquarium trade (11, 17). of the alimentary canal, and blood vessels (39). Nematodes
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belonging to the superfamily Camallanoidea are characterized
by having a sclerotized buccal capsule, an organ that, while
convenient for identification, damages the host when attached
to the walls of the intestine by feeding on blood and causing
anemia (25,35, 37, 38).

The Camallanoidea may also have spine hooks or ridg-
es decorating the body cuticle (19). The host’s body size is of
biological importance because it affects the size of the likely
parasite habitats it provides and thus contributes to the aggregate
characteristics and composition of parasite infra communities
(4, 7). Moreover, total species richness, abundance, and parasite
prevalence are directly related to the size of the host (13, 32).

The objective of the present study was to deter-
mine the parasitological indices caused by Procamallanus
(Spirocamallanus) pintoi (Kohn and Fernandes, 1988) and to
recognize and classify their histopathological lesions in the
intestinal tracts of Corydoras acutus (Cope 1872), Corydoras
reticulatus (Fraser-Brunner 1938) and Corydoras virginiae
(Burguess 1993) acquired in Iquitos, Peru.

Material and Methods

Ethics approval

The present study was approved by the Institution-
al Ethics Committee for the use of animals (CIEA) of the
Universidad Peruana Cayetano Heredia, Lima, Peru, with
approval number 204658.

Locality

Samples were acquired in the District of Belén,
Iquitos, Peru, and then transported to the “Laboratorio de
Parasitologia y Sanidad Acuicola” of the “Instituto de In-
vestigaciones de la Amazonia Peruana” (IIAP), Iquitos, for
parasitological analyses.

Fish collection

Sampling was carried out between November 2020
and February 2021. Fishermen took 180 specimens, 60 of
which were C. acutus, 60 were C. reticulatus, and 60 were
C. virginiae. Thirty of the 60 specimens of each species
were kept for parasitological analysis, and 30 were kept for
histopathological analysis.

Fish were euthanized by immersion in eugenol
(75 mg/1 water) followed by a spinal cut using a scalpel-type
stylet to desensitize them according to the ethical standards
suggested for the sacrifice of fish (21).

Parasite collection fixation and identification

A cut was made in the abdominal cavity, the gas-
trointestinal tract (stomach and intestine) was removed, and
lengths were placed in order in Petri dishes of distilled water.
All the recovered nematodes were fixed and stored in hot
70% ethanol. Worms were cleared in lactic acid according
to the technique described by Murrieta & Florindez (26) and
observed, using an optical microscope, for taxonomic study,
following the method of Kohn and Fernandes (16). Taxonom-
ic identification was carried out with the aid of a Leica DM750
optimal light microscope. The taxonomic keys of Moravec
(25) and Kohn and Fernandes (16) were used to identify the
parasite species. Photographs were taken with a Leica ICC50
digital camera, and using Leica LAS EZ software, the sheet
with the sample was washed in 70% alcohol to remove the
bleach to allow preservation and labeling.

The morphometric data of P. pintoi were taken from
prepared specimens using a LEICA ICC50 W microscope in-
corporating an Axio Cam-type camera with Leica Application
Suite software. The number of striae, length of the buccal cavity
(mm), width of the oral cavity (mm), muscle esophagus length
(mm), muscular esophagus width (mm), length of glandular
esophagus (mm), width of glandular esophagus (mm), number
of papillae in males and tail length (mm) were recorded.

Parasitological indices

Parasitological indices of prevalence (P%), mean
intensity, and mean abundance of infection followed (5).

Histopathology

During necropsy, two posterior portions of the gastro-
intestinal tract were taken, one infected with P. pintoi and one
not from each fish, so that comparisons could be made between
apparently healthy (without parasites) and infected fish (para-
sites being visible through the skin). These samples were fixed
in 10% formalin and processed following the conventional
histological methods used in the Parasitology Laboratory of
the Universidad Peruana Cayetano Heredia, Lima.

Worms were dehydrated in ascending concentrations
of ethyl alcohol, cleared, and then embedded in paraffin. Tissue
sections at Spum thickness were taken and stained with hematox-
ylin and eosin (H&E). A total of 60 slides (20 slides of specimens
from C. acutus, 20 from C. reticulatus, and 20 from C. virginiae)
were examined using a LEICA ICC50 W phase microscope to
discover any histological alterations, and microphotographs were
taken. The histopathological lesions caused by P. pintoi were
classified according to the degree of involvement by area in the
examined tissue, using a graded scale ranging from 1-4: Degree
I (Scarce): Little presence of a lesion, up to approximately 25%
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in the entire sample studied, II (Mild): Presence of injuries,
in more than 25%, up to 50% of the entire study sample, III
(Moderate): Injuries found in more than 50%, up to 75% of the
sample studied, IV (Severe): Affection in more than 75% and
even reaching 100% of the study sample (33).

The histological lesions in the intestines of C. acutus,
C. reticulatus, and C. virginiae were classified according to
the type of alteration and its effects as inflammatory disorders,
adaptation disorders, or degenerative disorders (10, 12).

Results

Parasite identification

Medium size nematodes with finely striated cuticles.
Buccal capsule with inner spiral thickenings. Esophagus di-
vided. Its anterior muscular portion is club-shaped, posterior
glandular part is almost cylindrical, longer than the muscular
portion. Female specimens are bigger than males (Fig. 1A).
Male specimens with 3 mm of body length. Buccal capsule with
6-8 spiral thickenings (Fig. 1B); caudal papillae with 4 pairs

of preanal, and 2 pairs of postanal papillae, spicules short and
similar (Fig. 1D). Female specimens with 22 mm body length,
buccal capsule with 6-8 spiral thickenings (Fig. 1C); the tail is
conical and pointed (Fig. 1E). Morphometric characteristics of
Procamallanus pintoi belonging to C. acutus, C. reticulatus,
and C. virginiae are presented in Table 1.

Parasitological indices

For C. acutus it was reported a prevalence of 100%
with a total number of parasites of 37, mean intensity and
mean abundance of infection of 1.23; C. reticulatus presented
a prevalence of 87% with a total number of parasites of 33,
mean intensity of 1.26 and mean abundance of 1.1; C. virginiae
presented a prevalence of 80% with a total number of parasites
of 26, mean intensity of 1.08 and mean abundance of 0.86.

Histopathology
Table 2 presents the frequency of histological alter-

ations of the intestine, according to the type of lesions and
degree of affection in C. acutus, C. reticulatus, and C. virginiae.

Figure 1. A- Female (big nematode) and male (small nematode) of Procamallanus (Spirocamallanus) pintoi.
B. Buccal capsule of male specimen. C. Buccal capsule of male specimen. D. Tail of male. E. Tail of female.
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Corydoras acutus

In the intestinal tract 70% (21/30) of the samples
showed necrosis; hyperplasia of enterocytes (yellow circle)
in 90% (27/30) (Fig. 2A, 2B); hyperplasia of goblet cells
(asterisks) in 76.7% (23/30) (Fig. 2B); inflammatory cell infil-
tration (red circle) in 73.3% (22/30) (Fig. 2C); in 90% (27/30)
desquamation of the epithelial cells (blue circle) (Fig. 2D).

Corydoras reticulatus

In the intestinal tract of Corydoras reticulatus, 60%
(18/30) of the samples showed necrosis (red circle), and 70%
(21/30) and desquamation of the epithelial cells (Fig. 3A);
inflammatory cell infiltration (orange circles) was found in
63.3% (19/30) (Fig. 3B); hyperplasia of goblet cells (yellow
circle) in 66.7% (20/30) (Fig. 3C); hyperplasia of enterocytes
in 70% (21/30) of fish, and destruction of the mucosa (green
circle) (Fig. 3D).

Corydoras virginiae

The mucosa of C. virginiae was made up of folds
with few goblet cells observed. The submucosa consisted
of loose connective tissue with a few isolated lymphocytes.
In the intestinal tract of C. virginiae 66.7% (20/30) of the
samples showed necrosis and 63.3% (19/30) desquamation
of the epithelial cells (green circle) (Fig. 4A); inflammatory
cell infiltration (red circle) was found in 60% (18/30) (Fig.
4B); hyperplasia of goblet cells (blue circle) in 50% (15/30)
(Fig. 4B); hyperplasia of enterocytes in 63.3% (19/30) of

fish, and presence of macrophages and inflammatory cells
(yellow circle) (Fig. 4B).

Discussion

Fish Identification

Nematodes, in particular, may cause large losses
of infected fish. Representatives of the genera Camallanus,
Procamallanus, and Spirocamallanus have been reported
as causing health problems and histopathological damage
in several species of fish in the Amazon region (25, 26, 34).
Therefore, it is important that camallanid nematodes can be
accurately identified to ensure that the pathological effects
of infection are accurately determined for each fish-parasite
species model and fish health models can be correctly applied.
The morphometric variability of P. pintoi was found when
comparing our data with that of Kohn and Fernandes (16) and
Ailan-Choke (1) these measurements were congruent with
those reported by Kohn and Fernandes (16) in describing
P. pintoi from two C. paleatus species collected from Iguagu
River basin although the buccal capsule (0.52-0.54 mm),
and the glandular esophagus (587mm), were shorter than
in this study. The measurements of P. pintoi in this study
were also similar to those of P. pintoi from C. micracanthus
(Regan 1912), C. paleatus (Jenyns 1842) from Cuenca del
Rio Bermejo, Argent. Although, for example, the glandu-
lar esophagus, 0.924—0.990 mm long, of males reported by
Ailan—Choke (1) was shorter than that of the males in this
study, 0.986—-1160 mm. It reinforces the need for accurate

Table 1. Morphological characterization of the nematode Procamallanus (Spirocamallanus) pintoi in 30 specimens belonging to
Corydoras acutus (Cope, 1872), Corydoras reticulatus (Fraser-Brunner, 1938) Corydoras virginiae (Burgess, 1993), Iquitos-Peru.

Anatomical and morphological data of

Corydoras acutus

Corydoras reticulatus Corydoras virginiae

Procamallanus (Spirocamallanus) pintoi Females Males Females Males Females Males
Number of samples 5 5 10 10 5 5
Stretch mark numbers 9 8 10 6 9 6
Oral cavity length (mm) (average) 0.063 0.051 0.069 0.052 0.067 0.056
Oral cavity width (mm)(average) 0.053 0.052 0.056 0.054 0.055 0.054
Length of muscular esophagus (mm) (average) 0.263 0.203 0.293 0.353 0.394 0.338
Width of muscular esophagus (mm) (average) 0.121 0.237 0.154 0.197 0.152 0.140
Length of glandular esophagus (mm) (average) 1.160 0.924 1.113 0.990 0.986 0.939
Width of glandular esophagus (mm) (average) 0.329 0.258 0.341 0.197 0.269 0.263
Tail Length (mm) (average) 0.444 0.324 0.340 0.141 0.369 0.239
Tail Width(mm) (average) 0.213 0.167 0.295 0.168 0.1955 0.240
4 preanal 4 preanal 4 preanal

Papillae numbers in males - pairs and 2 ---- pairs and 2 ---- pairs and 2

postanal pairs

postanal pairs postanal pairs
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species identification. To this end, it is recommended that an
identification key for Procamallanus spp. in the Neotropical
Region be developed to enhance accurate identification.

Histopathology
The range of histopathological responses to parasites

can vary from parasite encapsulation by host cells to acute,
chronic inflammation and necrosis, and intestinal parasites

can cause intestinal occlusion or affect the structure of the
intestinal epithelium through attachment or feeding (9). The
pathological effects and the immune responses of fish to
infection are two important aspects of the parasite-host in-
teraction (14). P. pintoi has been shown to destroy intestinal
villi, which, along with other degenerative changes including
necrosis, together with an inflammatory response involving
lymphocytic infiltration, hyperplasia, and an increase in the
number of goblet cells, would negatively affect absorption
through the intestinal wall. In some instances, more marked

Table 2. Frequency of histological alterations of the intestine, according to the type of lesions and degree of affection in Corydoras
acutus (Cope, 1872), Corydoras reticulatus (Fraser-Brunner, 1938), Corydoras virginiae (Burgess, 1993) from the city of Iquitos-Peru.

DEGREE OF AFFECTION TOTAL ALTERATION
TYPE OF INJURIES PERCENTAGE
NORMAL SCARCEI MILD II MODERATE III SEVERE IV  Frequency (%)
Corydoras acutus
INFLAMMATORY
:}rgﬁizgﬁe“al lymphocyte 6 3 9 1 1 24/30 80.0%
Inflammatory cell infiltration 8 3 5 11 3 22/30 73.3%
ADAPTATION
Goblet cell hyperplasia 7 3 8 9 3 23/30 76.7%
Enterocyte hyperplasia 3 8 6 11 2 27/30 90.0%
DEGENERATIVES
Necrosis 9 6 9 3 3 21/30 70.0%
Peeling of epithelial cells 3 9 9 7 2 27/30 90.0%
Corydoras reticulatus
INFLAMMATORY
Egﬁiggﬁe“al lymphocyte 7 3 10 9 1 23/30 76.7%
Inflammatory cell infiltration 11 6 3 10 0 19/30 63.3%
ADAPTATION
Goblet cell hyperplasia 10 3 6 9 2 20/30 66.7%
Enterocyte hyperplasia 9 1 6 11 3 21/30 70.0%
DEGENERATIVES
Necrosis 12 3 3 9 3 18/30 60.0%
Peeling of epithelial cells 9 5 6 8 2 21/30 70.0%
Corydoras virginiae
INFLAMMATORY
zi"l’tf:t‘i’gzte transepithelial 8 2 10 10 0 22/30 73.3%
Inflammatory cell infiltration 12 0 6 12 0 18/30 60.0%
ADAPTATION
Goblet cell hyperplasia 15 0 2 12 1 15/30 50.0%
Enterocyte hyperplasia 11 1 6 11 1 19/30 63.3%
DEGENERATIVES
Necrosis 10 4 6 8 2 20/30 66.7%
Peeling of epithelial cells 11 1 6 9 3 19/30 63.3%
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lesions were observed, affecting the muscular layer in C. mi-
cracanthus and Parachanna obscura (Gunther 1861) (2,
3). Similarly, in our study of C. acutus, C. reticulatus, and
C. virginiae, there was necrosis of the epithelium and de-
struction of the mucosa and submucosa. Moreover, damage
to the intestinal wall occurred where the buccal capsules of
the attached worms were confirmed by the study of Meguid
and Eure (23). These authors showed that the mechanical
damage in infected fish was caused mainly by the parasite’s
attachment to the intestinal wall through its buccal capsule.
Variations in the morphology of the buccal capsule species of
the Camallanidae are thought to determine the extent of the
damage to the intestinal mucosa and submucosa (25). Fur-
ther, the resulting lesions affect the mucosa and submucosa,
producing a desquamation of epithelial cells.

The essential function of goblet cells is to prevent
intestinal inflammation (27), and their production is activated
when there is mechanical damage. Likewise, in our study,
intestinal inflammatory reactions were triggered in parasitized

fish with inflammatory cell infiltration in frequency of 73.3%,
63.3%, and 60%, hyperplasia of enterocytes in frequency of
90%, 70%, and 63.3%, desquamation of epithelial cells in
frequency of 90%, 70% and 63.3%, hyperplasia of goblet
cells in frequency of 76.7%, 66.7% and 50% and necrosis in
frequency of 70%, 60% and 66.7% in C. acutus, C. reticula-
tus, and C. virginiae respectively.

We also found mild to moderate hyperplasia of the
intestinal epithelium, which may be due to prolonged fast-
ing and/or stress caused by the capture and transfer of the
fish, generating variations in intestinal permeability (8, 18).
Hyperplasia of enterocytes and mucosal cells in infected fish
could also be considered an adaptive immune response to
infection (15). This alteration was confirmed in the findings
of hyperplastic enterocytes and mucosal cells in the intestinal
wall of infected fish in our study.

Some camallanids are known to ingest blood from
the host intestine, causing anemia. Ruhela et al. (36), de-
scribed macrocytic anemia, with a marked reduction in the total

Figure 2. Histopathological lesions in Corydoras acutus caused by the infection of Procamallanus
(Spirocamallanus) pintoi. A- Hyperplasia of enterocytes (yellow circle). B- Hyperplasia of goblet cells (asterisks).
C- Inflammatory cell infiltration (red circle). D- Desquamation of the epithelial cells (blue circle).
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A B

Figure 3. Histopathological lesions in Corydoras reticulatus caused by the infection of Procamallanus (Spirocamallanus)
pintoi. A- Necrosis (red circle) and desquamation of the epithelial cells. B- Inflammatory cell infiltration (orange
circles). C- Hyperplasia of goblet cells (yellow circle). D- Destruction of the mucosa (green circle)

Figure 4. A- Histopathological lesions in Corydoras virginiae caused by the infection of Procamallanus (Spirocamallanus) pintoi.
A- Necrosis and desquamation of the epithelial cells (green circle). B- Inflammatory cell infiltration (red circle); hyperplasia
of goblet cells (blue circle); hyperplasia of enterocytes, and presence of macrophages and inflammatory cells (yellow circle).
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erythrocyte count and hemoglobin content in Clarias batra-
chus (Linn.) (Clariidae) infected by Procamallanus. We also
observed hematophagous female P. pintoi in our study.

Parasite indices

Pifieros et al. (31) reported that P. pintoi was present
at a high frequency (53.33 — 88.23%) in Corydoras metae.
Murrieta & Florindez (26) reported infections of frequency of
90% and 85% for C. reticulatus and C. virginiae. Similarly, in
our study, a frequency of 87%, 80%, and 67% was recorded
in the samples of C. acutus, C. reticulatus, and C. virginiae
respectively, with C. acutus presenting the most marked his-
topathological lesions in the intestine. These results support
the contention of Pifieros et al. (31) that nematode infection
imposes a health risk for fish during their confinement and
transfer for export.

Parasite infection has, however, been found to dis-
turb both the physiological system and the metabolic activities
of the host (20). Infection with P. pinfoi may cause enough
damage to affect the health status of the fish, depending on
the size of the fish and the extent of the disease along the
entire intestine (26). In our study of C. acutus, C. reticulatus,
and C. virginiae, we confirmed that parasite infection causes
lesions in the host’s intestine, most frequently hyperplasia of
enterocytes, hyperplasia of goblet cells, inflammatory cell
infiltration, desquamation of enterocytes and tissue necrosis.
We were able to classify these types of lesions on a scale of
degrees from mild to severe (33), the most frequent lesions
being moderate inflammatory cell infiltration. Because these
lesions were mostly mild to moderate, they were sufficient
neither to produce mortality of fish nor maintain a balance
between the host and the parasite. In contrast, Wilson and
Kakouli (40) mention that increasing the parasitic loads may
cause fish deaths. However, the establishment of fish im-
munity may also lead to massive parasite infections (6, 21).

Ortega (29), in discussing the determinants of nem-
atode infections in river fish, suggested high contamination
of larvae and adults of Contracaecum sp. (Anisakidae), en-
vironmental changes, the presence of pathogens and sub-op-
timal conditions, as well as nutritional and immunological
conditions were important. Likewise, it is documented that
the negative effects of parasites reduce the commercial value
of the fish by limiting their populations or causing losses in
the volume of the catch because infected fish are discarded.
We found, for example, that individuals of C. acutus, infected
with P. pintoi are not selected for commercialization because
the nematode is easily visible in the abdominal cavity, thereby
degrading the commercial value of the fish.

In conclusion, the histopathological analysis re-
vealed moderate to high levels of alteration percentage from
50% to 90% in the intestine from Corydoras acutus, Coryd-
oras reticulatus, Corydoras virginiae from Iquitos-Peru, in
this way, this study provides us with an overview of how

endoparasitism does affect the health of the fish, with a re-
sultant negative impact on market exports. We confirmed
the findings of Murrieta & Florindez (26) that the actual and
current health status of fish for exports, including Corydo-
ras spp. is not known. It was also evident that antiparasitic
control is scarce or non-existent, causing large losses of
parasitized fish and threatening the viability of fish exports.
Additionally, a study of the parasite’s life cycle would clarify
the situation by providing data on the residence time of the
parasite in the fish.

Conflict of Interest

The authors declare no competing interests.

Funding

Financial support provided to the UPCH Master’s
Program in Aquaculture Health subsidized by FONDECYT
of CONCYTEC (Convenio de Gestién No. 230-2015- FON-
DECYT-DE-PROMOCION 4).

References

1. Ailan-Choke LG, Ramallo G, Davies D. Further study
on Procamallanus (Spirocamallanus) pintoi (Kohn y
Fernandes, 1988) (Nematoda: Camallanidae) in Co-
rydoras paleatus and Corydoras micracanthus (Silu-
riformes: Callichthyidae) from Salta, Argentina, with a
key to congeneric species from Neotropical Realm. Acta
Parasitol. 2018;63(3):595-604.

2. Ailan-Choke LG, Sanchez R, Cremonte F, Ramallo G,
Davies, D. Histopathological study of Corydoras mi-
cracanthus (Siluriformes: Callichthyidae) parasitized by
the nematode Procamallanus (Spirocamallanus) pintoi
(Camallanidae) from Lesser River, northwestern Argen-
tina, South America. Ann Parasitol. 2019;65(3):287-291.

3. Akinsanya B, Hassan A, Adeogun A. 2016. Pathological
changes and description of Procamallanus (Spirocamal-
lanus) aspiralis Baylis, 1923 from the freshwater fish,
Parachanna obscura Gunther, 1861. J Coast Life Med.
2016;4(9):693-7.

4. Aparicio-Rizzo P, Mufioz G. Anidamiento en las comu-
nidades de parasitos en peces intermareales de Chile
central: ;Qué tan influyente es la longitud corporal del
hospedero?. Rev Biol Trop. 2015;63(4):995-1005.

5. Bush AO, Lafferty KD, Lotz JM, Shostak A W. Parasi-
tology Meets Ecology on Its Own terms: Margolis et al.
revisited. J Parasitol. 1997;83(4):575-83.

6. Cala D, Alvarez N, Mufioz F, Blanco C, Aguinaga J.
Diagnostico clinico de monogeneos en alevinos de pisci-
cultura intensiva en Arauca. Intropica. 2018;13(1):57-63.

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br.


https://10.24070/bjvp.1983-0246.v17i3p179-188
http://www.bjvp.org.br
http://creativecommons.org/licenses/by/4.0/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Histopathological lesions in Corydoras spp. (Siluriformes: Callychthyidae) caused by

187

Procamallanus (Spirocamallanus) pintoi (Nematoda: Camallanidae) from Iquitos, Peru
Braz J Vet Pathol, 2024, 17(3), 179-188
DOI: https://10.24070/bjvp.1983-0246.v17i3p179-188

Diaz F, George-Nascimento M. Estabilidad temporal
de las infracomunidades de parasitos en la borrachilla
Scartichthys viridis (Valenciennes, 1836) (Pisces: Blen-
niidae) en la costa central de Chile. Rev Chil Hist Nat.
2002;75(4):641-9.

Farhadi A, Banan A, Fields J, Keshavarzian J. Intesti-
nal barrier: an interface between health and disease. J
Gastroenterol Hepatol. 2003;18:479-97.

Feist S, Longshaw M. Histopathology of fish parasite
infections—importance for populations. J Fish Biol.
2008;73(9):2143-60.

Ferguson HW. Systemic pathology of fish. A text and
atlas of comparative tissue responses in diseases of tele-
osts. Ames: Jowa State University Press; 1989. 263 pp.
Garcia M, Charry A, Jager M, Hurtado J, Rosas G,
Ramirez U, Quintero M. Estrategia sectorial de la cadena
de productos no maderables del bosque en Caqueta,
con enfoque agroambiental y cero deforestacion. Cali:
Centro Internacional de Agricultura Tropical (CIAT);
2018. 68 p.

Genten F, Terwinghe E, Danguy A. Atlas of fish histol-
ogy. Boca Raton: CRC Press; 2009. 224 p.

Gonzalez MT, Poulin R. Spatial and temporal predict-
ability of the parasite community structure of a benthic
marine fish along its distributional range. Int J Parasitol.
2005;35:1369-77.

Harford W, Jones A. Parasitic worms of fish. London:
Taylor and Francis; 1994. 610 p.

Jubb K, Kennedy P, Palmer N. Pathology of domestic an-
imals. 5th ed. Cambridge: Academic Press; 2007. 653 p.
Kohn A, Fernandes B. Helminth parasites of fishes from
the hydroelectric power station of eletrosul (Brazil).
I — Procamallanus petterae n. sp. and Spirocamalla-
nus pintoi n. sp. (Nematoda, Camallanidae) from the
reservoir of “Salto Osorio”. Mem Inst Oswaldo Cruz.
1988;83(3):293-8.

Kumari A, Kumar S, Kumar A. Study of life compat-
ibility and growth of selected ornamental fishes under
aquarium in Sanjay Gandhi Biological Park. Int J Curr
Microbiol App Sci. 2017;6(12):3166-72.

Lambert G. Stress-induced gastrointestinal barrier
dysfunction and its inflammatory effects. J Anim Sci.
2009;87(14):E101-8. doi: 10.2527/jas.2008-1339.
Leyton S, Muiioz E, Gordillo M, Sanchez G, Mufioz L,
Soto A. Estimation of Fulton’s condition factor (k) and
the length-weight relationship of three fish species pres-
ent in a sector subjected to environmental stress factors
in high Cauca River basin. Revista de la Asociacion
Colombiana de Ciencias Biologicas. 2015;27:24-31.
Madhavi R. Metazoan parasites in fishes. In: Bright
Singh IS, Pai SS, Philip R, Mohandas A eds. Aquaculture
medicine. Cochin: Cochin University of Science and
Technology; 2003. p. 64-8.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Martins M, Romero N. Efectos del parasitismo sobre el
tejido branquial en peces cultivados: estudio parasitolog-
ico e histopatologico. Rev Bras Zool. 1996;13:489-500.
Mendoza J. Helmintofauna de peces de agua dulce del
Rio Ostuta, Oaxaca. [Bachelor’s thesis]. [Mexico D.F.]:
Universidad Autonoma Metropolitana Unidad Xochi-
milco 2020. 22 p.

Meguid M, Eure H. Pathobiology associated with the
spiruroid nematodes Camallanus oxycephalus and Spini-
tectus carolini in the intestine of Green Sunfish, Lepomis
cyanellus. J Parasitol. 1996;82(1):118-23.

Moravec F, Prouza A, Royero R. Some nematodes
of freshwater fishes in Venezuela. Folia Parasitol.
1997;44:33-47.

Moravec F. Nematodes of Freshwater Fishes of the
Neotropical Region. Praha: Academia; 1998. 464 pp.
Murrieta G, Florindez F. Procamallanus (Spirocamallanus)
pintoi (Kohn and Fernandes, 1988) (Nematoda: Camallani-
dae) infecting species of Callichthyidae from the peruvian
Amazon. Bull Eur Assoc Fish Pathol. 2018;38(6):249-53.
Nieto N, Torres MI, Rios A, Gil A. Dietary polyunsatu-
rated fatty acids improve histological and biochemical
alterations in rats with experimental ulcerative colitis.
J Nutr. 2002;132(1):11-9.

Oberdorft T, Dias MS, Jézéquel C, Albert JS, Arantes
CC, Bigorne R, Carvajal-Valleros FM, De Wever A,
Frederico RG, Hidalgo M, Hugueny B, Leprieur F, Mal-
donado M, Maldonado-Ocampo J, Martens K, Ortega H,
Sarmiento J, Tedesco PA, Torrente-Vilara G, Winemiller
KO, Zuanon J. Unexpected fish diversity gradients in the
Amazon basin. Sci Adv. 2019;5(9):eaav8681.

Ortega J. Prevalencia parasitaria en tres peces comer-
ciales de agua dulce en los rios de Vinces y Mocache,
Ecuador. [Bachelor’s thesis]. [Quevedo]: Universidad
Técnica Estatal de Quevedo. 2019.

Pérez G, Garcia L, Osorio D, Léon V. Helmintos Parasit-
os de peces de aguas continentales de México. México:
Rev. Listados faunisticos de México; 1996. 100 pp.
Pifleros A, Quintana V, Olaya C. Parametros de infeccion
de Procamallanus (Spirocamallanus) cf. pintoi en Co-
rydoras metae de Villavicencio, Colombia. La Técnica.
2017;18:49-57.

Poulin R. Richness, nestedness, and randomness
in parasite infracommunity structure. Oecologia.
1996;105:545-51.

Reimschuessel R, Bennett R, Lipsky M. Communica-
tions: a classification system for histological lesions. J
Aquat. Anim. Health. 1992;4(2):135-43.

Rivadeneyra L, Mertins O, Cuadros R, Malta C, de Matos
V, Mathews P. Histopathology associated with infection by
Procamallanus (Spirocamallanus) inopinatus (Nematoda)
in farmed Brycon cephalus (Characiformes) from Peru: a
potential fish health problem. Aquac Int. 2020;28(2):449-61.

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br.


https://10.24070/bjvp.1983-0246.v17i3p179-188
http://www.bjvp.org.br
http://creativecommons.org/licenses/by/4.0/

35.

36.

37.

Histopathological lesions in Corydoras spp. (Siluriformes: Callychthyidae) caused by

188

Procamallanus (Spirocamallanus) pintoi (Nematoda: Camallanidae) from Iquitos, Peru
Braz J Vet Pathol, 2024, 17(3), 179-188
DOI: https://10.24070/bjvp.1983-0246.v17i3p179-188

Rychlinski R, Deardorff T. Disease prevention and con-
trol. Spirocamallanus: a potential fish health problem.
Fresh Mar Aquar. 1982;5(22-23):79-83.

Ruhela S, Pandey A, Khare A. Hematological, biochem-
ical and histopathological changes in Clarias batrachus
(Linn.) induced by experimental Procamallanus infec-
tion. Biochem Cell Arch. 2012;12(1):189-204.
Thatcher V. Amazon fish parasites. Amazoniana.
1991;11:263-572.

38.

39.

40.

Teran H, Ramallo G, Alcaide M. Efectos producidos
por la presencia de Procamallanus (Spirocamallanus)
hilarii (Nematoda, Camallanidae) en Astyanax fasciatus
y Astyanax abramis (Pisces, Characidae). Acta Zool
Lilloana. 2004;48(1-2):123-35.

Williams H. Helminth diseases of fish. Helminth Abstr.
1967;36(3):261-95.

Wilson M, Khakouli T. Nematodes as environmental
indicators. Oxforshire: CABI; 2009. 326p.

Brazilian Journal of Veterinary Pathology. www.bjvp.org.br.


https://10.24070/bjvp.1983-0246.v17i3p179-188
http://www.bjvp.org.br
http://creativecommons.org/licenses/by/4.0/

	_Hlk180656288
	_Hlk181533820
	_Hlk181533826
	_Hlk181533833
	_gjdgxs
	_30j0zll

