


Histopathology of Papillomavirus lesion in carp (Cyprinus carpio)

ABSTRACT
Papillomavirus (PV) is a small circular double-stranded DNA virus of the Papillomaviridae family, widely distributed among vertebrates and characterized by high tropism for keratinized and mucosal epithelia. This study performed a histopathological evaluation of a cutaneous lesion found in a carp (Cyprinus carpio) from a fish farm in Rio Grande do Sul, Brazil, suspected of Papillomavirus infection. The specimen was euthanized and necropsied, and samples of skin and internal organs were collected for histological examination. Samples were fixed in 20% buffered formalin, processed in paraffin, and stained with hematoxylin and eosin. Microscopic evaluation revealed hyperkeratosis, acanthosis, papillomatosis, and eosinophilic intranuclear inclusions suggestive of viral replication. Koilocytes with perinuclear halos and nuclear displacement were identified, serving as pathognomonic markers of Papillomavirus infection. The stroma exhibited basement membrane disruption and diffuse lymphoplasmacytic infiltration. These histological findings are consistent with a diagnosis of cutaneous papillomatosis, confirming viral etiology. This study highlights the relevance of histopathology as a primary diagnostic tool for differentiating epithelial proliferative lesions in fish, emphasizing the need for subsequent molecular confirmation.
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INTRODUCTION
Papillomaviruses (PV) are small, non-enveloped viruses belonging to the Papillomaviridae family, which comprises two subfamilies, more than 50 genera, and approximately 130 recognized species to date (Van Doorslaer et al., 2018). These viruses have a genome consisting of circular double-stranded DNA and exhibit marked host specificity, infecting a wide variety of vertebrates, including mammals, birds, reptiles, and fish. This diversity reflects a long virus-host coevolution, resulting in great adaptation and genomic variation among viral species (Mizutani, 2016; Saleh et al., 2021).
Although some papillomaviruses can be considered part of the normal skin microbiota, certain species have pathogenic potential, being able to induce infections in the epithelium of the skin and mucous membranes. These viruses demonstrate marked tropism for keratinized epithelium and mucosal epithelium, where they establish latent, subclinical, or clinically evident infections (Antonsson e Hansson, 2002). Clinical forms typically manifest as papillomas, characterized by the proliferation and thickening of the epithelium, with the formation of exophytic structures resulting from hyperplasia and hyperkeratosis induced by viral replication in the basal and suprabasal layers of the epithelium (Van Doorslaer et al., 2018; Surján et al., 2021).
Papillomatosis is an infectious disease transmitted through horizontal contact (López-Bueno et al., 2016). The clinical presentation consists of proliferative lesions that can be benign or neoplastic. Typically, benign lesions are self-limiting, while neoplastic lesions can have varying degrees of malignancy (Van Doorslaer et al., 2018; Van Doorslaer, 2013).
Papillomavirus lesions are characterized by the appearance of lesions that may resemble warts and can be confused with other pathologies. Microscopically, however, inflammatory cells and viral inclusions in epithelial cells are visible (Beutner & Tyring, 1997; Feng et al., 2025)
Under histopathological analysis, cellular changes typical of viral infection are observed, including the presence of inflammatory cells in the stroma and intranuclear viral inclusions in infected epithelial cells. Among the most characteristic morphological changes are epithelial hyperplasia, acanthosis, parakeratosis, and the presence of koilocytosis — epithelial cells with clear cytoplasm and irregular nuclei — which represent a classic histological marker of Papillomavirus infection (Doorbar et al., 2012).
In view of the need for a differential diagnosis with the different pathologies that can manifest in a similar clinical way, we opted for the analysis of the macroscopic aspects of the lesions and the histopathological examination for the confirmation of papillomatosis. Thus, in the present study, the histopathology of the lesions found in a fish suspected of Papillomavirus infection was evaluated, which presented the growth of a moderately firm papilloma.

MATERIALS AND METHODS
The investigation took place at the Laboratory of Immunology and Pathology of Aquatic Organisms (LIPOA), located at the Marine Aquaculture Station (EMA-FURG), at the Federal University of Rio Grande. The fish were sent to the laboratory by a carp (Cyprinus carpio) producer from a production farm located in Canguçu, Rio Grande do Sul, Brazil. Samples were sent to our laboratory in search of confirmation of the diagnosis. The fish arrived alive and were euthanized with Benzocaine (500mg/L) and necropsy was performed according to the protocol established in our laboratory.
For histopathological analysis, fragments of papillomas were removed through an elliptical incision with a scalpel. Tissue samples were also collected from internal organs, skin and muscles (1.0 cm x 1.0 cm each fragment). All samples were fixed in 20% buffered formalin for 48 h and then transferred to 70% alcohol, where they remained until processing (Prophet, 1992).
For histological analyses, the tissues were processed in an automated histological processor (LEICA TP 1020) and embedded in Paraplast®. For histological sectioning, a semi-automatic rotary microtome (LEICA RM 2245) was used.
The 5 μm thick sections were placed on simple frosted-tip slides, deparaffinized, and stained with hematoxylin and eosin for analysis under an optical microscope (Luna, 1968). The tissues were observed under a Zeiss Primo Star optical microscope equipped with an Axiocam ERC5s - AxionVision (LE) camera.

RESULTS
	The specimen of Cyprinus carpio carp presented macroscopically verrucous and hemorrhagic lesion (Figure 1). It was hard at the touch and bled easily.
Histopathology revealed findings such as hyperkeratosis, papillary proliferations in the squamous epithelium, and eosinophilic materials, which may be attributed to intranuclear inclusions (Figure 2). In the stroma, rupture of the basement membrane and diffuse infiltration of lymphoplasmacytic cells were observed. 
Histological sections revealed hyperkeratosis and epidermal hyperplasia, with projections extending into the dermis. Lymphoid inflammatory infiltrates containing isolated macrophages and plasma cells were observed in the dermis. These infiltrates surrounded a series of dilated blood vessels containing a high number of congested erythrocytes.
The lesion was evaluated for malignancy and it was observed that there were no signs of malignancy, since the lesion infiltrates by in situ proliferation rather than by destroying tissue. Furthermore, the cells showed no signs of anaplasia and there was no significant mitosis, so the diagnosis is papilloma, a benign lesion associated with herpesvirus.
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Figure 1. Specimen of Cyprinus carpio carp with verrucous and hemorrhagic lesion.
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Figure 2. A. Photomicrograph of carp (C. carpio) skin histology showing dermis with abundant dilated capillaries (short arrow). Between the capillaries, a cell with koilocytosis is observed (broad arrow). H.E.  10x B. Photomicrograph of carp (C. carpio) skin histology showing a section with abundant cells exhibiting koilocytosis and viral inclusions arranged in nodules on dermal connective tissue (arrow). H. E. 20x. C. Photomicrograph of carp (C. carpio) skin histology showing inflammatory characteristics showing cells with koilocytosis and nuclear inclusions (arrow) surrounding a vascular structure. H. E. 20x. D. Photomicrograph of carp (C. carpio) skin histology showing a detail of papilloma cells showing koilocytosis and nuclear inclusion, with the cell nucleus displaced to the periphery (arrow). H.E. 40x

DISCUSSION
It is possible to identify Papillomavirus lesions by evaluating characteristics such as koilocytosis, dyskeratosis, papillomatosis, hyperkeratosis, acanthosis, and keratohyalin granules. Histological evaluation of the lesion is of great importance, as it allows the identification of intraepithelial tumors associated with viruses with oncogenic potential (Oliveira et al., 2003)
In the histopathological analysis, vegetative growth of the epithelium was observed with extensive and deep epidermal ridges and dermal papillae, which projected in the opposite direction to the ridges, with a highly vascularized connective tissue axis, tubular keratin with connective tissue, mononuclear lymphocytic infiltrate with active fibroblasts, and lymphoplasmacytic infiltrate in the dermal papillae. These results characterize a developmental phase with viral replication and synthesis as described by Campo (2006).
In the present study, it was possible to identify the presence of koilocytes and intranuclear inclusions, as in the analysis performed by Casanova et al., (2017) when detecting cutaneous and gastric papillomatosis in a hamster. Koilocytes are squamous epithelial cells with a hyperchromatic, irregular, and displaced nucleus, surrounded by a clear perinuclear halo and karyorrhexis according to Glenn et al. (2009) and Anaya-Saavedra, & Vázquez-Garduño (2024). They are considered pathognomonic morphological markers of HPV infection (Krawczyk et al., 2008)
The histopathology of the excised warts allowed the study of the tissue through the surface cells, since these are cells derived from basal or germinal cell layers.
Histologically, papillomaviruses are characterized by large, eosinophilic viral inclusions with nuclear displacement to the cell periphery. These findings were consistent with the diagnosis of papilloma, which is based on symptomatology and histopathological examination. Characteristics such as epithelial hyperplasia, with proliferation of keratinocytes and increased thickness, as described by Cotran et al. (2000), were observed. These alterations are observed in different species, such as dogs, cattle, sheep, and goats (Al-Salihi et al., 2020; Al-Dabhawi et al., 2019; Gharban et al., 2023; Gasparotto et al., 2024; Ghorani et al., 2024). Johne et al., (2002) suggested a direct involvement of a herpesvirus in the etiology of Internal papillomatosis of parrots (IPP).
As we demonstrate in this case, the difference between malignant papillomatous lesions (papillary carcinoma) and benign papillomatous lesions (papillomas) lies in the characteristics of the lesion  and the characteristics of the cells. Both are originated in the epithelium and can be caused by viruses. 
Papillary carcinoma exhibits a high degree of anaplasia and mitosis. In the benign papillomatous lesions that we evaluated, anaplasia is absent and no signs of malignancy were observed, since the cells showed no signs of anaplasia and there was no significant mitosis. In addition, the lesion develops by means of in situ proliferation rather than by destroying tissue. (Rosai & Ackerman, 2013).


CONCLUSION
However, confirmation of Papillomavirus must be done using molecular or biomolecular diagnostic tools (Feng et al., 2025). Papillomavirus skin and mucocutaneous infections have been associated with squamous cell carcinomas. Although some papillomaviruses (PV) are considered part of the normal human skin microbiota, certain species have pathogenic potential and can trigger infections in the skin epithelium and mucous membranes. These viruses have a high tropism for keratinized epithelial cells and mucous membranes, where they can establish latent, subclinical, or clinically evident infections (Antonsson e Hansson, 2002). 
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