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As the first line of defense, the integumentary system is critical in comprehensively evaluating dolphin morbidity during stranding response. Most published studies on skin lesions in bottlenose dolphins (Tursiops truncatus) lack standardized gross descriptions and methodologies for evaluating lesions. The primary objective of this study was to evaluate the effectiveness of an assessment matrix designed to consistently describe skin lesions based on a set of standardized gross description characteristics. The matrix was implemented by reviewing necropsy reports, histopathology reports, and photographs collected from bottlenose dolphins stranded in Southwest Florida from 2015 through 2019. Of the 32 dolphins that met the inclusion criteria, 19 presented with skin lesions and five reviewers described each of the 46 lesions according to a novel, standardized assessment matrix. The most common descriptor selected, in each of the respective matrix categories, were, by anatomic location, head; distribution, multifocal to coalescing; quantity, moderate (10–30); size, <2 cm; shape, punctate; margin, rounded; color modifier, hyperpigmentation; texture, smooth; and texture modifier, flat. These prevalent descriptors coincided with the frequent occurrence of histologically described hydropic degeneration (n=7, 15.2%) and were confirmed poxviral lesions in 6.52% (n=3). Identifying lesion patterns using standardized descriptors capitalizes on the unique pathogen tissue tropism and the implementation of certain disease mechanisms in the integumentary system. Therefore, it can facilitate differential disease diagnoses and guide ancillary diagnostics testing. The use of standardized descriptors will aid in etiologic identification and monitoring of skin lesions and associated diseases, advancing our understanding of dolphin morbidity and mortality.
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1 Introduction

As sentinel species, marine mammals have unique qualities (e.g., long life-span, high site fidelity, predators) that allow detection of natural and anthropogenic risks to ocean and human health (Wells et al., 2004; Van Bressem et al., 2009a; Bossart, 2011; Bossart et al., 2017; Bossart and Duignan, 2018). Skin lesions on cetaceans indicate an infringement of the immune system’s first line of defense and can serve as an external sign of morbidity (Wilson et al., 1999; Zabka and Romano, 2003; Reif et al., 2009; Lauriano et al., 2014; Bossart et al., 2017; Correia et al., 2023). Infectious and noninfectious conditions have been observed in common bottlenose dolphins (Tursiops truncatus) that are either directly or indirectly associated with skin lesions.

Various types of infectious diseases (e.g., viral, bacterial, fungal) present cutaneous manifestations in many cetacean species (Geraci et al., 1979; Schulman and Lipscomb, 1999; Murdoch et al., 2008; Rehtanz et al., 2012; Townsend and Staggs, 2020). The mechanisms of these diseases and pathogen tissue tropism result in distinct lesion patterns. Identifying patterns could help differentiate between disease types and streamline diagnostics and pathogen identification. For example, dolphin poxviruses present as various forms of light to dark gray and black (hyperpigmented) skin lesions on the head, dorsum, dorsal fin, pectoral flippers, and fluke. Early stages typically present as flat to slightly raised, round to elliptical, light gray pigmented lesions with dark gray margins (i.e., ring, circle), while advanced stages transition to punctate, hyperpigmented, depressed, pitted centers (i.e., pinhole; Townsend and Staggs, 2020). Aggregation of pitted, punctate foci or the confluence of round to elliptical foci are thought to result in the formation of the tattoo lesion pattern. However, it has been theorized that the varied pattern presentation for dolphin poxvirus could reflect differences between viral strains. Irrespective of poxvirus pattern presentation, it is considered a biomarker of cetacean and habitat health, as stress is believed to influence the external manifestation of this disease (Geraci et al., 1979; Van Bressem et al., 2009b; Segura-Göthlin et al., 2021). Other infectious diseases, such as herpesviruses, papillomaviruses, Erysipelothrix rhusiopathiae, and Paracoccidioides cetii (phylogenetically distinguished from Lacazia loboi), are all documented through the manifestation of skin lesions, wherein similar lesion patterns are highlighted (Schulman and Lipscomb, 1999; Blanchard et al., 2001; Bossart et al., 2003; Reif et al., 2006; Smolarek Benson et al., 2006; Durden et al., 2009; van Elk et al., 2009; Murdoch et al., 2010; Daura-Jorge and Simões-Lopes, 2011; Hart et al., 2011; Laporta et al., 2016; Vilela et al., 2016; Ramos et al., 2018; Vilela et al., 2021).

Certain skin lesions may also be attributed to noninfectious causes, such as unfavorable environmental conditions and various kinds of external trauma that can induce stress and increase susceptibility to secondary infections (Wilson et al., 1999; Dierauf and Gulland, 2001; Hoelzel, 2002; Van Bressem et al., 2007; Maldini et al., 2010; Houser et al., 2011; Moore et al., 2013). Specifically, cetaceans exposed to fresh or lower-salinity water, may exhibit hydropic degeneration defects (ballooning or swelling) of the epidermis because of osmotic stress (Simpson and Gardner, 1972; Colbert et al., 1999; Mullin et al., 2015; Ewing et al., 2017; Duignan et al., 2020; Fazioli and Mintzer, 2020). Freshwater exposure initiates a characteristic change of the epidermis beginning with multifocal to widely disseminated pallor, circular to targetoid erosion and ulceration, and blistering with increased severity. Subsequently, secondary infection (e.g., bacterial, algal, fungal) may occur with prolonged exposure, and green to brown mats or plaques may develop as epibiota growth catches on the uneven surface of the degraded epidermis (Duignan et al., 2020). Gross skin lesion descriptions for dolphins are insufficiently reported in literature, and most papers that have described them originated from photographic identification projects. A major limitation of visual assessment studies is the lack of sample collection for lesions to obtain etiological support and corresponding histopathological evaluation. However, stranding response and carcass examination provide an opportunity for a more detailed gross evaluation, photographic documentation, histopathologic sample collection for examination, etiologic determination and the determination of lesions significance in terms of health and cause of death. First, this gap in the literature heightens the need for standardized gross descriptions, rather than interpretive examinations of skin lesions (Toms et al., 2020; Correia et al., 2023). Standardized gross descriptions are inherently valuable as a source of objectively collected data. Such descriptions can be collected regardless of collectors’ experience level. Proposed is a stepwise method based on classical medical investigative practices. Second, this research demonstrates the importance of collecting and analyzing samples histopathologically, as well as conducting additional diagnostic testing, to further support the standardized gross descriptions (Segura-Göthlin et al., 2021). A standardized assessment is used to elicit descriptive findings rather than a subjective or interpretive conclusion as to the cause for the lesion. The objective of this study was to implement a standardized methodology to generate gross descriptions of skin lesions based on a review of both gross necropsy photographs, necropsy reports, and complementary histologic findings for common bottlenose dolphins stranded between 2015 and 2019 in Southwest Florida.




2 Methods



2.1 Data collection

This study used data from Charlotte, Lee, and Collier counties, in Southwest Florida. The Florida Fish and Wildlife Conservation Commission’s (FWC) Fish and Wildlife Research Institute has a key role in cetacean stranding response and case history management for the region. Stranding data from January 1, 2015, through August 31, 2018, were examined for animal cases with appropriate decomposition levels (i.e., fresh, code 2; early advanced, code 3; Geraci and Lounsbury, 1993) to prevent identifying artifacts of advanced decomposition as skin lesions. Photographs, demographic data, necropsy reports, human interaction (HI) reports, and diagrammatic sketches of scars and lesions were reviewed for the identification and gross evaluation of skin lesions. Histology reports provided morphologic descriptions or diagnoses and identified possible etiologic agents.

Photographs were collected according to established protocols at FWC requiring images be obtained perpendicular to the carcass including dorsal, ventral and both lateral views of the head, and body including the dorsal fin, pectoral flippers and fluke surfaces. Each image collected was to be free of obstruction and glare as well as include scale and animal identification number. To standardize methods and for quality assurance, photographs of each animal were evaluated based on a two-step, scored ranking system (Supplemental Table 1) adapted from Hart et al. (2011; 2012). These photographs were scored separately for image quality for the lateral, dorsal, and ventral aspects. The photograph with the highest score per aspect was selected as representative of that aspect. This resulted in representative photographs for all aspects of the animal, which were used to determine the overall quality of photographs for each animal. Animals scored with an overall poor-quality photograph score were omitted from analyses. Each stranded dolphin was scored as present, absent, or cannot be determined (CBD) for any skin lesion, based on photographs, gross necropsy findings, and histology results, when available. This step was incorporated to control for any artifacts from decomposition or carcass recovery that might have distorted the skin to the point that lesions could not be detected.

A dolphin carcass was excluded from analyses when high-quality photos or histology results were not available, or the presence-absence for lesion detectability was designated as CBD. For each carcass, inter-rater reliability was evaluated for agreement between reviewers for photo quality and skin lesion detectability (Hallgren, 2012; McHugh, 2012); evaluations used Cohen’s kappa statistic, for which a value ≥0.80 indicated a strong level of agreement between the reviewers (McHugh, 2012). This statistic provided validation for the proposed methodology and subsequent analyses. A third reviewer served as a tiebreaker according to photo identification research protocol if the kappa statistic was <0.80 (indicating less than strong agreement, Sarasota Dolphin Research Program, 2006). If all three reviewers disagreed, another kappa value was computed to ensure that a strong level of agreement was obtained before continuing data analysis. Due to the relative nature of Cohen’s kappa, a percent agreement was compared with the kappa value if it remained <0.80 after the tiebreaker (McHugh, 2012; de Vet et al., 2013; Toms et al., 2020; Buczinski et al., 2021). The percent agreement was calculated as the number of cases reviewers agreed upon out of the number of cases reviewed (McHugh, 2012). All statistical analyses were conducted in R (v 3.6.0, R Foundation for Statistical Computing, Vienna, Austria) and RStudio (v 1.2.1335) using R packages irr, and dplyr (Gamer et al., 2019; Wickham et al., 2019).




2.2 Descriptions of skin lesions

External lesions attributed to trauma were excluded; such lesions included conspecific rake marks; evidence of interspecies interactions (e.g., shark bites); HI-related lesions, scars of unknown origin. Lesions not attributed to trauma were considered the result of an infectious, noninfectious, or other, unknown agent. Skin lesions were identified for each carcass and concisely described according to standardized evaluation criteria, including descriptions of characteristics such as anatomical location, distribution, quantity, size, shape, percent coverage, margin, color, and texture (Table 1; Supplemental Table 3) (Dorland, 2011). Anatomical location described the location and orientation of the lesion on the carcass; distribution captured the lesion’s arrangement on the compromised area. Quantity, size, and percent of carcass coverage were selected to comprehensively define the extent of a lesion using ranges (e.g., 10–30 lesions, 2–10 cm, and <25%) that were most appropriate for the lesion. The shape category included well-defined terms, selected based on the overall shapes lesions resembled. The margin descriptor was selected based on the appearance of a lesion’s edges (i.e., sharp, rounded, or indistinct). Color was selected to identify a lesion’s predominant pigment; to limit ambiguity, selections were made from a restricted list of basic colors (e.g., black, gray, white, red, pink). Another color parameter, color modifier, described the pattern of the color (e.g., solid, hyperpigmented, hypopigmented). Texture was described for each lesion by two parameters, texture itself, to describe the consistency of the lesion, and texture modifier to describe its surface contour or elevation.


Table 1 | Frequency (f) and percentage of selected terms from a standardized assessment matrix to grossly describe 46 skin lesions found on 19 stranded bottlenose dolphins.



Five separate reviewers, including biologists and a veterinary pathologist, described lesions by consensus, selecting the matrix criteria that best described changes observed. Based on histologic findings, gross lesions were assigned to classes that aligned with a predominant or unique, microscopic disease feature (the disease mechanism) that correlates with the gross manifestation. Classes of disease mechanism included disruptive defect, degenerative defect, inflammation, vascular defect, growth or cellular differentiation defect, or developmental defect. Lesions were categorized in each class of disease mechanism using the following case definitions, in order of decreasing degree of certainty: confirmed, probable, presumptive, and suspect (Koo et al., 1997).

A confirmed case had the highest level of confidence for the lesion disease mechanism categorization, relying on histologic examination for characteristic features and the possible identification of etiologic agents. A confirmed case also includes the highest level of confidence when augmented by ancillary diagnostics (e.g., molecular or microbiological tests). Unfortunately, ancillary diagnostics were not conducted in this retrospective study due to lack of sample availability or financial limitations but will be pursued in future studies.

A probable case referred to a lesion that had not been histologically examined but that was similar in gross description to a lesion on the same carcass that had been histologically examined.

A presumptive case referred to a lesion on one dolphin consistent in gross descriptions of histologically confirmed lesions on a different but associated or conspecific dolphin that are temporospatially linked (e.g., affiliated, as in a mother–calf pair or inhabitants of similar habitat) and so was given the same diagnosis.

A suspect case referred to a lesion that had not been histologically examined but whose gross descriptions were consistent with the characteristic features described only for a confirmed case and not known to be temporospatially linked.

Cases with confirmed disease mechanisms were classified as having either infectious, noninfectious, or both (by order of causation).





3 Results

Data from 37 stranded dolphins were assessed, and of those, 32 met the inclusion criteria (e.g., condition code, high-quality photograph, and skin lesion detectability). In total, 46 lesions were observed on 19 dolphins (19/32, 59.4%) and described using standardized gross description terminology derived from using the assessment matrix (Tables 1, 2; Supplemental Table 3). Case definitions were assigned to each skin lesion based on gross description, histology, etiology (via histologic examination), and ancillary diagnostics (Table 2). From eight dolphins, histology samples and histopathologic analysis were available for 14 lesions evaluated in this study (Supplemental Table 4).


Table 2 | A breakdown of each lesion case, showing criteria met and case definition assigned.



Photo quality was assessed during data collection to control for false positives in skin lesion detection. After the first and second reviewers scored photos for quality with respect to obstruction from artifacts, such as glare and poor angle, the Cohen kappa statistic (kappa = 0.379, p = 0.004) revealed a low level of agreement. After the third reviewer scored the photos when the first two reviewers disagreed, the kappa score had a higher agreement (kappa = 0.898, p = 0.00). Three cases were discarded from the data set because of poor photo quality.

The review for determining whether a lesion was present, absent or its presence-absence was CBD, required a third reviewer because the initial kappa statistic between the first and second reviewers did not reflect sufficient agreement (kappa = −0.0577, p = 0.663) to meet the required minimum score (i.e., kappa ≥0.80), verifying inter-rater reliability. Even when a third reviewer served as a tiebreaker, the kappa statistic was still below the required minimum score (kappa = 0.492, p = 0.00), despite the one dispute for which all three reviewers gave a different outcome. Conversely, there was 97% agreement when the data were assessed based on correct agreement to the number of options. Recognizing the relative nature of Cohen’s kappa, the high percentage agreement, and the use of trained reviewers, we determined that the kappa statistic was unnecessary (McHugh, 2012; de Vet et al., 2013; Toms et al., 2020; Buczinski et al., 2021). Therefore, a total of two cases were omitted during vetting because external conditions prevented lesion detectability (CBD).

Terms used most often in describing skin lesions were as follows: anatomical location, head; quantity, moderate (10–30); size, <2cm; shape, punctate; distribution, multifocal to coalescing; color modifier, hyperpigmented; texture modifier, smooth; and texture, flat foci (Table 1). These terms were used in >25% of the instances in each category, developing into a lesion pattern that was associated microscopically with epidermal degenerative changes. These prevalent gross descriptors coincided with the histological description of hydropic degeneration (7/46, 15.2%) and in three cases (6.52%) confirmed poxviral lesions.

Less commonly selected descriptive terms accounted for >10% of the terms used in the respective categories: anatomical location, lateral aspects; distribution, locally extensive or clustered; quantity, few, many; size, 2–10 cm; shape, disk; margin, indistinct margins; color modifier, solid pigmentation; texture, corrugated, rugose; and texture modifier, pitted. The most prevalent disease mechanism, including those for lesions that were not examined histologically, was degenerative defects (33/46, 71.7%), followed by growth or differentiation (, 10/46, 21.7%), disruptive defects (2/46, 4.35%), and vascular defects (1/46, 2.2%). By case definition, degenerative defects were confirmed in 15.2% (n = 7/46) of cases, probable in 6.52% (3/46), presumptive in 0%, and suspect in 50.0% (23/46). Prevalence for growth or differentiation defect cases were confirmed in 8.7% (4/46), probable in 2.2% (1/46), presumptive in 0%, and suspect in 10.9%, (5/46). The disruptive defect and vascular defect cases were all confirmed cases. Confirmed cases were further evaluated based on infectious and noninfectious disease differentials, with a total of seven infectious primary differentials and seven noninfectious primary differentials, for which four had infectious as a secondary differential (Supplemental Table 4). Lesion etiologies were confirmed in three dolphins, including two cases of poxvirus (FMMSN1917, Figure 1, and FMMSN17104, Supplemental Figure 1) and one case of Paracoccidioides cetii (FMMSN1507, Figure 2).




Figure 1 | On the rostrum (both the mandible and the maxilla), there were many (>30), locally extensive, <2cm in diameter, ring lesions with rounded margins, gray hyperpigmentation, and a depressed, smooth texture (FMMSN1917 – L1). The gross appearance is depicted in frame A, while microscopic images from histologic examination are depicted in frames B, C, and D. Hydropic degeneration was observed through the tinctorial (color) difference as the upper layer (arrow) begins to swell (B). Higher magnification reveals a boundary of vacuolar change (arrow) that delineates the superficial hydropic degeneration defect in the sample (C), as well as a pustule (arrow) developing immediately below the stratum externum (D).






Figure 2 | Visual comparison of two skin lesions. In FMMSN1502–L1 (A; see arrow), on gross examination, the rostrum and gape skin have many (10–30) locally extensive, 2- to 10-cm, reticulate, white to tan, hypopigmented lesions with sharp margins and a fissured and corrugated texture along the lip margin. In FMMSN1507–L2 (B; see arrow), on gross examination, the distal tip of the rostrum has a few (fewer than 10) focal, 2- to 10-cm, reticulate, white to tan and gray, hypopigmented lesions with sharp margins and a fissured, granular texture. Histologic examination reveals that FMMSN1507–L2’s rostrum has regionally extensive, moderate granulomatous dermatitis with hyperplasia, focal intraepidermal epithelial cyst and intralesional fungal yeast-like organisms consistent with Paracoccidioides cetii (D). FMMSN1502–L1’s lip margin has moderate, diffuse, epithelial hyperplasia with stratum externum retention, mild neutrophilic and lymphoplasmacytic dermatitis, and dermal fibroplasia (C), both grossly suggestive of P. cetii, but, the etiology was confirmed microscopically only in FMMSN1507–L2 (D; highlighted by arrow in inset).






4 Discussion

The integumentary system provides the first line of defense against the environment and pathogens. The presence of skin lesions indicates a breach and failure of this defense and regulatory system. Determining the prevalence of skin lesions can be an effective and valuable means of assessing cetacean health (Hoelzel, 2002; Zabka and Romano, 2003; Toms et al., 2020). Pathogen tissue tropism and the implementation of certain disease mechanisms can result in distinctive lesion patterns, which can suggest the pathogenesis of various diseases. Recognizing lesion patterns through standardized gross descriptions facilitates determining differential disease diagnoses and guides ancillary diagnostic testing.

Overall, use of this standardized gross descriptive assessment matrix proved to be an effective tool for characterizing lesions in a manner that does not facilitate premature assumptions of etiology. Depending on the user’s familiarity with the descriptors provided in the matrix, certain terms were recalled faster than others. For example, when more than one term could adequately describe a lesion, users may have selected the more familiar term which could result in a rater bias. Regardless, the utility of this assessment was evident when describing gross lesions found in two dolphins that stranded in 2015, which were similarly described. The lesion pattern in both cases was consistent with a P. cetii infection differential, but the one dolphin (FMMSN1502) with hypopigmented, bilateral proliferation and fissures at the lip margin did not display any fungal infiltration on histologic examination. Rather, microscopically there was diffuse, moderate epithelial hyperplasia with stratum externum retention, mild neutrophilic and lymphoplasmacytic dermatitis, and superficial dermal fibroplasia (Figure 2C). Conversely, the other dolphin (FMMSN1507) had focal, granular, and fissured lesions at the rostrum tip from which P. cetii was confirmed intralesionally on histologic examination (Figure 2D). Without the lesion description assessment, both cases would have been described as lacaziosis-like based on the widely accepted gross characteristics of the skin changes observed in each case.

For this assessment matrix to work best, reviewers must set aside any preconceived notions of the lesion pattern or etiology, and simply and consistently describe gross observations. If the user is not intentional, there is potential to select terms in favor of an expected lesion pattern or a suspected etiology. Two cases (FMMSN1917, Figure 1; FMMSN17104, Supplemental Figure 1) morphologically were described similarly, but they retained their individual variability (Supplemental Table 4). This illustrates that bias in the present study was minimal, but future reviewers should recognize that bias is always a possibility.

This work further supports that the procedure is useful and can grow further, though its application with a larger sample size should be evaluated. The four cases reviewed (FMMSN1502, FMMNS1507, FMMSN17104, and FMMSN1917) illustrates that the standardized, objective collection of gross observations makes possible the formulation of a list of specific diagnoses based on lesion patterns. This can guide histopathologic examinations and ancillary diagnostics (e.g., molecular techniques, microbial cultures, or immunohistochemistry) during disease investigations. These findings affirm the value of a standardized tool for describing lesions and the need to minimize interpretative descriptions.

The retrospective nature of this study was limited by the absence of detailed lesion descriptions, limited quality in photographs, and incomplete tissue sampling. Nevertheless, necropsy protocols and the delimitations of the study helped compensate for some of these inconsistencies over the long time period in data collection (Dierauf and Gulland, 2001). This study also emphasizes the importance of regular sampling of skin lesions for histologic examination and ancillary diagnostics (e.g., molecular techniques, microbial cultures, or immunohistochemistry), but this is challenged by logistic constraints, methods of data and sample collection, and funding. Of the 19 dolphins with skin lesions in this study, only 14 lesions from eight dolphins were sampled and examined histologically. This sampling and analysis limitation will be addressed in future studies to increase the number of confirmed cases. Additionally, adaptations to the gross description assessment matrix to encompass other descriptors for trauma, such as HI-related trauma, would provide reviewers with descriptors that improve documentation of traumatic skin defects and progress in wound healing.

Several recommendations are provided here, based on these results, to improve stranding investigations. When recovering cetacean carcasses, take a complete set of external photographs before overnight storage to prevent artifactual changes caused by decomposition, handling, and storage. Photographs should be taken, in duplicate, after the carcass has been examined for ectoparasites, thoroughly rinsed, and dried to reduce glare. The initial images should capture the external details in situ without obstruction or annotation. Within the view frame, subsequent images should include a measuring scale, animal identifier, and unique lesion identifier (e.g., Lesion-A, Lesion-B, etc.) corresponding to its descriptions in the necropsy notes. Stranding agencies prefer external lesions be notated with alphabetical identifiers (Lesion A) and internal lesions with numerical identifiers (Lesion 1). To conform with this widely accepted protocol, it is recommended for future studies to adopt this nomenclature for unique lesion identifier. The unique lesion identifier should also accompany the histologic and ancillary diagnostic samples to ensure continuity of findings between gross and histologic observations and etiology determination. In this retrospective study, the texture of lesions was difficult to determine from photographs, which may be a limitation when using this matrix for assessing skin lesions on free-ranging animals.

The use of standardized descriptions provides robust information for repeatable analysis and examination of lesions for temporospatial changes during epidemiologic studies. External examination is a critical first step in a postmortem examination. By beginning with a thorough external examination and including the methods developed in this study, stranding network partner agencies will be able to comprehensively understand the factors contributing to cetacean morbidity (Bossart et al., 2017; Correia et al., 2023).

Standardizing data collection will increase the effectiveness of monitoring, identifying, and mitigating threats to marine mammal health. Collaboration among investigators involved in post-mortem examinations and in visual and physical health assessment projects will be necessary to incorporate descriptions of skin lesions in an already multidisciplinary protocol (involving biologists, veterinary clinicians, pathologists, and epidemiologists) designed to elucidate the relationship between various skin lesions, cetacean morbidity, and ecosystem health. Combining data sets obtained from post-mortem examinations and health assessments for a given population would yield the most accurate conclusions regarding skin disorders as an indicator of population health (Hart et al., 2011; Hart et al., 2012; Hupman et al., 2017; Toms et al., 2020; Correia et al., 2023). Therefore, future use of this assessment matrix will improve the collection of baseline data and enhance research on cetacean strandings in other regions by incorporating the use of a standardized matrix that facilitates consistent data collection in disease investigation.
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