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Abstract

Captive fish populations, such as those encompassing aquarium and pet fish,
offer significant economic value and are integral to conservation, research, and
education. However, these ornamental fish exhibit a reduced ability to protect
their ocular surfaces, and our understanding of the ocular diseases that affect
them remains limited. Although corneal neoplasms in carp are uncommon, iden-
tifying their distinct characteristics is crucial in selecting appropriate therapeutic
interventions that aim to preserve vision, prevent the ocular loss, and ultimately
ensure the survival of the affected fish. This study provides clinical and histo-
pathological details of various proliferative corneal masses in Cyprininae spe-
cies, including five koi (Cyprinus carpio) and four goldfish (Carassius auratus).
It discusses a spectrum of neoplasms, including soft tissue sarcoma, spindle cell
sarcoma, chromatophoroma, and papilloma, in addition to conditions like exu-
berant granulation tissue and proliferative carp pox. These findings bear signifi-
cant implications for clinical decision-making and treatment, offering valuable
insights into the incidence and characteristics of corneal tumors in captive fish,
which could inform further studies in this area.

KEYWORDS
carp pox, chromatophoroma, corneal neoplasia, goldfish, granulation tissue, koi
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Simple Summary: The purpose of this study is to evaluate veterinary records of fish diagnosed
with cancer to determine the most common presentation of this disease and the efficacy of various
treatments. Currently, there are no comprehensive analyses of cancer across all fish species, and this
study serves to aid veterinary clinicians in the management of these patients. Fish serve an important
role in society as companion animals, educational ambassadors, and research models, and advances

in their standard of care benefit veterinary medicine and several other industries.

Abstract: This study evaluated neoplasia in fish using medical records from zoos, aquariums,
and exotic animal veterinarians. The parameters evaluated included geographic location, habitat
type, signalment, anatomic location of neoplasia, type of neoplasia as confirmed with histologic
examination, survival time, and treatments provided for each patient. These data were entered into
the Exotic Species Cancer Research Alliance (ESCRA) database. Out of 455 cases from across the
United States and England, most animals submitted were from zoologic parks or aquariums (62.9%),
followed by private ownership {1.5%). The percent of female (19.3%) and male (17.8%) patients were
similar, and the mean age at the time of diagnosis was 99.45 months, with a range of 12 to 300 months.
The species with the highest neoplasia prevalence was koi (18.5%), followed by goldfish (10.8%). The
eye was the most commonly reported site for a primary neoplasm (8.4%), and the most prevalent
diagnosis across all organ systems was soft tissue sarcoma (26.2%). Only 13 patients in this study
(2.9%) received any form of treatment, with a mean survival time of 8.85 months post-treatment.
These data demonstrate that while information related to clinical therapy of cancer in fish species is
lacking, surgical excision of tumors in fish, when feasible for the patient and client, may improve
patient outcomes.

Keywords: cancer; neoplasia; fish; shark; sarcoma; carcionoma; zoo; aquarium; pathology; histopathology
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Figure 1. Relative frequency of anatomic location of histologically confirmed primary neoplasms in

fish species.
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Figure 1. Integument and oral mucosa; koi carp. Gross appearance and histology of cutaneous squamous cell carcinoma.

(a) Multilobulated cutaneous masses: one located on the dorsal aspect of the head close to the mouth and the other in the integument near the left
eye globe. (b) Multiple pink to red, coalescent masses located on the dorsal part of the body showing a plaque-like appearance; the masses extend
to the base of the dorsal fin. (c) Histopathological findings: foci of eosinophilic central keratinization (keratin pearls) observed multifocally and spar-
sely among the cords and nests formed by neoplastic epithelial cells (Haematoxylin and Eosin, x40). (d) Histopathological findings: neoplastic
epithelial cells showing distinct cell borders with prominent intercellular bridges, abundant brightly eosinophilic fibrillar cytoplasm and large, vesicu-
lar, round to oval nuclei with finely stippled chromatin with magenta nucleoli. Anisocytosis and anisokaryosis were moderate. Mitotic figures can
be observed in the centre and bottom of the figure (H&E, x40).
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Detection of Cyprinid Herpesvirus 1 DNA in cutaneous
squamous cell carcinoma of koi carp (Cyprinus carpio)
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Background - Cutaneous squarmous cell carcinoma (cSCC) is an uncommon disease affecting koi carp (Cyprinus
campio). Cutaneous papilloma (carp pox) is a benign epidermal proliferation reported in koi and has been shown to
be caused by Cyprinid Herpesvirus 1 (CyHV1).

Hypothesis/Objectives - Histological, ultrastructural and molecular investigations were carried out aiming to
investigate the aetiology of cSCC within archived tissue samples.

Animals - Surgical samples of masses located on the integument, fins and lips of 13 koi carp belonging to differ-
ent private owners were included in this retrospective study.

Methods - CyHV1 DNA and RNA presence were investigated in five ¢cSCC formalin-fixed paraffinrembedded tis-
sue samples to recognize CyHV 1 presence and its replication activity.

Results - All cases were histologically diagnosed as ¢SCC. The ultrastructural observations confirmed the squa-
mous differentiation of neoplastic epithelial cells, which showed abundant tonofilament bundles and desmo-
somes. Although no virus particles were revealed ultrastructurally, the molecular investigation detected viral
DNA in five epidemioclogically unrelated ¢cSCC. Viral transcript analysis revealed no evidence for viral replication in
the tested ¢SCC, which could be consistent with latent infection.

Conclusions and clinical importance - These findings illustrate the frequent association of carp ¢SCC with
CyHV1, although a direct cause-effect relationship cannot be established at this time. Therefore, surveillance
programmmes should take into account the suspected viral origin of cSCC to better inform prevention and control
of CyHV1 in the future.
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Figure 1. Skin; koi carp. Gross appearance of Hikui. (a,b) Typical focal or multifocal to coalescing, light orange to golden yellow, thickened cuta
neous patches are present. In some cases the affected skin was shed, exposing the skull bones. (c,d) Atypical presentation of Hikui showing dark
red, soft or gelatinous, irregular thickened patches also present in white areas.
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Hikui disease in nine koi carp (Cyprinus carpio): first
description of a cutaneous perivascular wall tumour
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Tim Barbeé}
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Background - Hikui disease is a well known disfiguring disease of koi carp (Cyprinus carpio) primarily affecting
fish with red pigmentation. It causes light orange to golden yellow, multifocal to coalescing raised patches, start-
ing from the red cutaneous areas. Some cases respond to surgery or topical treatment, but recurrence is com-
mon.

Objectives - To describe the clinical and pathological presentation of Hikui disease and its cause.
Animals - Nine affected koi carp belonging to private hobbyists.

Methods - Eight fish underwent surgery or biopsy; one was euthanized. Tissues were submitted for histology,
immunohistochemistry and transmission electron microscopy.

Results - Five fish showed typical lesions of Hikui disease, whereas four fish showed an atypical presentation
characterized by focal or multifocal, oedematous, dark red cutaneous plagues or nodules. Histology showed
unencapsulated, infiltrating and densely cellular neoplasms composed of spindle cells arranged in bundles, rows
and whorls frequently centred on capillaries. Immunohistochemistry for smooth muscle actin labelled neoplastic
cells in all cases. Ultrastructure showed neoplastic cells with slender cytoplasmic processes encircling the capil-
laries, a thin basal membrane and occasional plasmalemmal vesicles.

Conclusions and clinical importance - All of the data supported a neoplastic process producing perivascular
wall tumours. Immunoreactivity to smooth muscle actin and the ultrastructural features were indicative of a peri-
cyte origin (haesmangiopericytorna). This is the first report dealing with Hikui disease that has achieved a conclu-
sive diagnosis. The neoplastic nature of this condition suggests the potential usefulness of a surgical approach in
the clinical management of less severe cases.

ALMA MATER STUDIORUM
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FIGURE 39.19 Papilloma in a bluegill. (A) Linear, raised masses with reddened, beaded surfaces extend from the mucosa at the mucocutaneous junc-
tions of the mouth. (B) The mass consists of arborizing fronds lined by variably wide epithelium supported by thin stalks of fibrovascular connective tissue.

Frasca et al., 2026
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Chapter 39

Osteichthyes

Salvatore Frasca, Jr.*, Abigail Armwood®, Emily M. Reinhardt®, Eric D. Lombardini®, and Alvin C. Camus*
A University of Connecticut, Storrs, CT, United States; "North Carolina State University, Raleigh, NC, United States: © Pre-Clinical Global, Boston
Scientific Corporation, Maribarough, MA, United States;  University of Georgia, Athens, GA, United States

INTRODUCTION

A fish, from an anatomic and morphological perspective,
mefers to a water-dwelling poikilothermic vertebrate pos-
sessing gills throughout its life and fins, if present, as limbs.
Osteichthyes, i.e., bony fish, represent the largest taxonomic
class of vertebrates in the modem world. According 1o
Nelson et al.* ", over one-half of the extant vertebrate species
are species of fish. Two subclasses are recognized within
the class Osteichthyes. These are the Sarcoptery @i and the
Actinopterygii. The former are the lobe-finned fishes and
are represented by eight extant fish species that include
lungfishes and coelacanths. The latter are the ray-finned or
spiny-finned fish that are represented by some 30500
species. Subclass Actinopterygii includes the infraclass
Chondrostei, which includes paddlefishes and sturgeons,
and the clade Neopterygii, which includes the infraclass
Holostei, 1.e.. gars and bowfins, and the subdivision Tele-
ostei, which includes a reported 96% of all extant fishes
spread  throughout freshwater and marine habitats
globally.™" It is from among the Actinopterygii, particularly
the Teleostel, also known informally as “weleosts,” that the
veterinary pathologist will encounter the vast majority of
fish. A comprehensive descrption of the taxonomy and
species diversity of fish is provided by Nelson et al™~"
The biological divemity of the Osteichthyes is truly
awesome. The Osteichthyes includes species that have
been recognized for their imponance to the commercial
aquarium industry (e.g., seahorses, sea dragons, goldfish,
clownfish, and tangs), the production aquaculture industry
(e.g., salmon, cod, catfish, and tlapia), the ecological and
environmental  scientific  communities  (e.g.,  winter
flounder'™), as well as the biomedical community (e.g..
zebrafish and medaka). The mange of species in the
Osteichthyes is as vast as the environments they occupy
such that no one species or environmental context, whether
natural or artificial, can adequately represent the entirety of
the bony fish when considenng a description of their

Pathology of Wildlife and Zoo Animalke hitps:doiorg TO10 16BYT 804431 8457 £00002- X

diseases. Hence, this chapter has not been prepared to serve
as a summary of the extant knowledge of fish diseases.
Rather, it has been prepared so that the text might be repre-
sentative of the breadth of diseases a veteninary pathologist
or clinician might encounter from the most common
sources of fish cases, for example, commercial and labo-
ratory aquariums, coldwater aquaculture, wanm water aqua-
culture, and environmental population studies. A number of
excellent and comprehensive fish disease reference texts for
both pathologists and clinicians currently exist. These are
the foundation for the accumulated knowledge base of this
chapter. Itis hoped that this chapter will serve as a primer on
fish pathology. Those whose interest is piqued are
encouraged to seek out any number of these other texts,
s0 they might serve the reader as they have the authors.
Some notable reference texts embraced by the authors of
the first and second editions are provided (Box 39.1); others
may be noted in the references of this chapter.

While the diversity of bony fish and their environments
is vast, there are themes that contribute 1o an understanding
of disease in fish across contexts. Principal among these is
the concept that the health of fish is intimately linked to
the health of the aquatic environments they inhabi L
The aguatic environment is immensely complex and pro-
vides the physical and chemical features that influence
and maintain the physiological and immunological homeo-
stasis of fish. Perturbations in environmental parameters
can disrupt physiological and immunological homeostasis,
which directly or indirectly results in disease and death. In
aquaculture and aquarium settings, fish often do not have
the opportunity to migrate to avoid deleterious changes in
their environment, and the effects of environmental stresses
can manifest more intensely as a consequence, al times
affecting high numbers of fish."* The pathogenesis of
disease in bony fish, and other aguatic species for that
matter, is therefore a direct reflection of the pathobiology
of destabilized yet inextricably linked biological systems.

Cogyright & 2026 Ebevier Inc. All rights are reserved, including thase for text and data mining, Al t@ining, and similar technalagiss. 931
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Lymphocystis Disease Virus Infection in Cultured
Three-Spot Gourami (Trichogaster trichopterus) in Brazil
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ABSTRACT

Lymphocystis disease virus (LCDV) infection induces massive hypertrophy of dermal cells with intracellular accumulation of
virfons, resulting in skin nodules that are observed to the naked eye. In September 2022, an ornamental fish producer noted
white spots and nodules on the skin and fins of a three-spot gourami (Trichogaster trichopterus) population, which compromised
the aesthetic of the fish. The disease only affected this fish species in the farm and was Intermittent. Ten diseased and four
apparently healthy fish were collected during the first sampling, and 20 diseased fish were collected approximately 1year after
for a follow-up examination. Macroscopically, the fish presented 1solated or small clusters of white to grey nodules, measuring
0.1-0.5mm, concentrated on the fins and caudal peduncle. Histologically, nodules in the skin and internal viscera were com-
posed of numerous hypertrophted cells with nucleolar components and karyomegaly and thick hyaline cell walls. Virfons, with a
diameter of approximately 180 nm, were visualised in infected interstitial cells in the skin through transmission electron micros-
copy. The presence of LCDV in the skin, spleen, and kidney was confirmed by specific PCR. Phylogenetic analysis of the MCP
gene revealed that the isolates from Brazillan gouramis belonged to the cluster of LCDV genogroup VI, stmilar to an unclassified
virus identifled in a population of gouramis in Korea. This report describes the pathological and molecular findings of LCDV

infection in cultured three-spot gourami in Brazil.

1 | Introduction

Ornamental fish farming is an emergent activity in Brazil pro-
viding support to the increasing numbers of pet fish in Brazilian
homes. Ormamental fish represent the fourth largest population
of pets for the Brazillan pet market and exceed 20 million spec-
imens (ABINPET 2023). Minas Gerals state produces approxi-
mately 70% of the cultured ornamental fish in Brazil (Cardoso

et al. 2021). In this state, more than 50 fish specles are culti-
vated by small subsistence farms based on extensive and low-
technology productlon systems with mainly famillar labour
(Cardoso et al. 2021; Paixdo 2022). The particularities of these
systems offer several challenges for ornamental fish production
in this region and are considered risk factors for the occurrence
of several pathogens, Including lymphocystis disease virus
(LCDWV).

2 2025 John Wiley & Sons Lid.

Jowrnol of Fish Diseases, 2025; 48:214108
hitps:/fdoi.org/10.1111/jfd 14108

lof9

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



17

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA



18

. animals

ey

Artide

Clinical and Pathological Findings Associated with
Mycobacteriosis in Captive Syngnathids

Estefania Montero ', Carlos Rojo-Solis 25, Noelia de Castro 3, Miguel Fernindez 40, Valentin Pérez *,
Juan M. Corpa ' and Joaquin Ortega 1*

check for
updates

Citation: Montero, E; Rojo-Solis, C;
die Castro, M.; Ferndndex, M.; PFémz,
W; Corpa, | M.; Orega, | Clinical and
Pathological Findings A ssociated
with Mycobacteriosis in Captive
Symgnathids. Anmals 2022, 12, 3259,
hitps:/// doiorg/ 103380/
anil2333259

Academic Editor: Kreyseiof Anusz

Feaived: 14 October 2022
Accepted: 21 November 2027
Published: 23 November 2022

Publlisher's Note: MIPL stays newtral
with mgard to jusisdictional daims in
published maps and instibtional affk
iations.

Copyright & 2002 by the authars.
Licenses MDPI, Basel Switrerland.
This article is an open acess article
distribuied under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (htps://
erestivecammons g/ lienses by
a0/}

! Pathology Group, PASAPTA, Facultad de Velerinaria, Universidad Cardenal Herrera-CEU, CEU Universities,
C/ Tirant lo Blane 7, Alfara del Patriarea, 46115 Valencia, Spain

*  Veterinary and Laboratory Service, Oceanografic, Ciudad de las Artes y las Ciencias, ©/Eduardo Primo
“Yifera (Cientific) 18, 46013 Valencia, Spain

* Weterinary Services, Aquarium Finisterrae, Paseo Maritimo Alcalde Francisco Ve ques 34,

15002 La Corunia, Spain

Departamento de Sanidad Animal, Instituto de Ganaderia de Montafia {CSIC-ULE), Facultad de Veterinaria,

Universidad de Ledn, 24071 Ledn, Spain

Cormespondence: jortega@uchcenes

Simple Summary: Syngnathids are teleost fish that include seahorses (Hippocampus ssp.), pipefishes
(Syngnathus spp.), common seadragons (Phyllopteryx tam iolatus) and leafy seadragons (Phycodu rus
eques). Some species are currently threatened. Reproduction and maintenance in aquariaare com-
plicated and highly contagious diseases, such as mycobacteriosis, can trigger numerous casualties.
The most frequently common species observed in fish are Mycobacterium marinum, M. forfuitum and
M. chelonae, which belong to the group of non-tuberculous mycobacteria. Stress factors, poor water
quality, bad management and high population densities are associated with a higher prevalence
of this disease. This study describes the clinical signs and granulomatous lesions associated with
mycobactericsis in syngnathids. M. fortuitum and Mycobacterium spp. were isolated in 4 and 14
syngnathids, respectively. Seven samples were positive against M. dhelonae and M. marinum common
primers. Considering the scarcity of pathological studies in syngnathids, these findings can help to
improve the clinical management and survival of these animals in captivity.

Abstract: Mycobacte riosis is an important disease that affects captive and wild aquatic fish. Syng-
nathids are susceptible to infection by non-tuberculous mycobacteria. The aim of this study was to
describe clinical signs, and macroscopic and histological lesions in 25 syngnathids and the molecular
characterization of the causative mycobacteria. Clinical presentation ranged from sudden death to
non-specific signs, including anorexia, poor body condition, weight loss and marked dyspnea with
increased respiratory effort and rate. Gross lesions were mostly ulcers on the tail and small white
nodules in the liver, coelomic cavity and inside the eye. The most affected organs were gills, liver,
intestine and coelomic mesentery. Microscopic lesions consisted of areas of multifocal to diffuse
granulomatous inflammation and bacterial emboli with numerous intralesional acid-fast bacilli.
Epithelioid cells, multinucleated giant cells, lymphocytes and fibrous connective tissue, which are
commonly observed in granulomatous inflammation, were not observed here. In the reak-time PCR,
M. fortuitum, M. chelonge and M. marinum common primers, Mycobacterium spp. wem detected in 4,7
and 14 individuals, respectively. In addition, this is the first description of my cobacteriosis found in
Syngnathus sous.

Keywords: granuloma; mycobacteriosis; Mycobacterium chelonae; Mycobacterium fortuitum; Mycobac-
terium marinu m; pathology; pipefish; sea dragon; seahorse; syngnathids
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