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Mycobacteriosis is a well-known disease that has been reported in a variety of

reptiles species. However, the occurrence of mycobacteriosis in sea turtles has

been rarely documented, and most reports are from captive-reared animals. A

juvenile green turtle (Chelonia mydas) was found stranded in March 2020, in

Guanabara Bay, one of the most urbanized and polluted coastal areas in Rio de

Janeiro, Southeastern Brazil. The turtle was in fair body condition and exhibited

multiple cutaneous fibropapillomas, covering almost 60% of its body. Despite

continued medical therapy, the animal died 60 days after initial supportive care.

Necropsy revealed granulomatous pneumonia, hydropericardium, small

granulomas in the myocardium, liver, spleen, thyroid and brain and caseous

exudate in the meninges of the brain. The histopathological analysis showed

disseminated granulomatous inflammation in various organs examined during

necropsy. Intrahistiocytic acid-fast bacteria were observed in the liver, heart,

lungs, kidneys, spleen, brain and adrenals. The blood culture collected shortly

after the animal was admitted tested positive forMycobacterium gordonae, after

an 8-week incubation period; however, the animal had already died by the time

the results were obtained. Postmortem examination confirmed systemic

mycobacteriosis, identified as M. gordonae in blood, liver and lung cultures

and by PCR amplification of DNA extracts from frozen tissue samples. This is the

first report of a disseminated infection caused by M. gordonae in a free-ranging

sea turtle. Although the source of thisMycobacterium remains unknown, it could

potentially be related to anthropogenic activities (e.g., waste dumping or leakage

from landfill sites). Increasing surveillance ofMycobacterium in wild sea turtles is

of paramount importance to better understand the role of mycobacterial species

as causative agents of infections in marine species.
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Introduction

Even though Mycobacterium species in the Mycobacterium

tuberculosis complex are responsible for most mycobacterial

infections worldwide, opportunistic infections due to

nontuberculous mycobacteria (NTM) are rapidly increasing,

becoming an additional public health hazard (Zulu et al., 2021).

Nontuberculous mycobacteria are found in the environment,

primarily in water and soil, and can be transmitted through direct

contact with contaminated materials or through inhalation (Kazda

et al., 2009). Clinical presentations are diverse, ranging from

asymptomatic to severe life-threatening disease.

Nontuberculous mycobacteria are endemic worldwide and have

been associated with infections in a large number of organisms,

including mammals, birds, reptiles, amphibians, and fishes (Lacasse

et al., 2007; Suykerbuyk et al., 2007; Slany et al., 2010; Palmieri et al.,

2012; Willson et al., 2013; Woodhouse et al., 2014; Donnelly et al.,

2016; Ullmann et al., 2016; Barrows et al., 2017; Gcebe and Hlokwe,

2017; Gcebe et al., 2018; Gcebe et al., 2018; Schmidt et al., 2022).

Spontaneous mycobacteriosis in reptiles was first reported in a snake

in 1889 (Sibley, 1889), but has since been documented in a wide

variety of reptiles, including snakes (Ullman et al., 2016), lizards

(Friend and Russell, 1979), crocodiles (Slany et al., 2010) and sea

turtles (Brock et al., 1976; Glazebrook and Campbell, 1990; Nardini

et al., 2014; Donnelly et al., 2016; Gcebe et al, 2018). In reptiles, gross

lesions may include grayish-white nodules in different organs and in

the subcutis. Histopathologic examination of tissue samples from

affected animals often shows typical granulomatous inflammation

with multinucleated giant cells. Unlike mammalian granulomas,

calcification has not been observed (Soldati et al., 2004).

Specifically in chelonians, studies have identified plastral

ulceration and pulmonary miliary nodules as common findings

(Brock et al., 1976; Glazebrook and Campbell, 1990). In contrast, in

immunocompromised turtles, this disease could rapidly progress to

systemic infections, leading to severe damages to other organs,

including but not limited to liver, spleen, kidneys, heart and brain

(Nardini et al., 2014; Donnelly et al., 2016). To date, there is scant

information regarding the prevalence, histopathological and

microbiological findings, and clinical outcomes of NTM-related

infections in sea turtles. In this study, we report a disseminated and

fatal infection caused by Mycobacterium gordonae in a stranded

green turtle (Chelonia mydas) in Rio de Janeiro, Brazil.
Material and methods

An 11 kg juvenile green turtle (C. mydas) (curved carapace length

of 44.0 cm, and curved carapace width of 40.2 cm) was found stranded

on March 16, 2020, in the city of Rio de Janeiro (lat: -22.91972; long:

-43.16995), Southeastern Brazil. The green turtle was rescued in

Guanabara Bay, by the Santos Basin Beach Monitoring Project

(Projeto de Monitoramento de Praias - Bacia de Santos - PMP-BS).

PMP-BS is a monitoring program required by Brazil’s Federal

Environmental Agency, IBAMA, for the environmental licensing

process for the oil production and transport by Petrobras at the
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Santos Basin area (http://www.comunicabaciadesantos.com.br). The

turtle was immediately taken to the PMP-BS stabilization unit at

Universidade Santa Ursula, Rio de Janeiro, where it was kept

throughout the treatment. Physical examination revealed signs of

weakness, anemia (PCV 17%) and hypoproteinemia (total protein

0.60 g/dL). The turtle was in fair body condition (i.e., 2/5) and had

multiple cutaneous fibropapillomas covering almost 60% of its body.

Respiratory rate was 3-5 breaths per minute and no abnormal breath

sounds were heard. Heart rate was 22 beats/min, and it was obtained

with the support of a veterinary Doppler. Blood samples were collected

from the dorsal cervical sinus for haematology, biochemistry (i.e.,

glucose, total protein, albumin, globulin, AST, CK, uric acid, calcium,

phosphorus, sodium, potassium), and microbiological analysis (i.e.,

blood culture).

The animal was initially dry-docked on a padded surface to

prevent drowning and protect the turtle from damage. Colloid IV

fluids (20 mL/kg) were administered to maintain a high osmotic

pressure in the blood vessels. Then, an intravenous amino acid

solution (Aminoven®) (13 mL/kg) was administered to correct

hypoproteinemia. Two days after arrival, the turtle was placed in a

3000 L tank one quarter-filled with fresh water at 27°C, where it

remained for 24 hours. After that, the animal was moved to an

artificial saltwater tank, where the water level was gradually

increased; however, the turtle remained lethargic. A variety of

food items (e.g., fish, shrimp, and squid) were offered, however

the turtle did not eat on its own and, despite that, a slight clinical

improvement was observed. Despite continued medical therapy, the

animal died 60 days after initial supportive care.

Postmortem examination was performed using standard

techniques immediately after death. Swabs were taken from the liver

and the lungs after disinfection with chlorhexidine (Asmar &

Drancourt, 2015), and then placed in a sterile container for bacterial

culture. Additionally, blood samples were collected from the heart and

stored in blood culture bottles (Hemoprov - NewProv®). All samples

were sent to SM Laboratory & Clinical Microbiology, in the city of

Niterói, Rio de Janeiro. The material was inoculated aseptically onto

general and selective (i.e., Lowenstein-Jensen) isolation media for

Mycobacterium spp. The isolated bacteria was identified by

phenotypic tests and by standard biochemical methods.

Duplicate blood and frozen tissue samples were sent to the

Department of Preventive Veterinary Medicine and Animal Health,

in the University of São Paulo, for biomolecular assays. For

mycobacteria isolation the material was decontaminated by the

HPC (0.75% hexadecylpyridinium chloride) method (Ikuta et al.,

2016), and the supernatant plated on Stonebrink and Lowenstein-

Jensen media and incubated at 37°C for up to 90 days. DNA was

extracted from the isolated bacteria, using the DNeasy Blood &

Tissue ki t® (Qiagen©) fol lowing the manufacturer ’s

recommendations. The genus Mycobacterium was confirmed by

TB Multiplex PCR (Wilton & Cousins, 1992) and species

classification was based on PCR of an hsp65 gene fragment,

followed by restriction analysis with BstE II and Hae III enzymes

(Telenti et al., 1993, http://app.chuv.ch/prasite/index.html).

Tissue samples were collected and fixed in 10% neutral buffered

formalin solution for histopathology and replicate samples were flash

frozen in liquid nitrogen and stored at -80°C for PCR. The formalin-
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fixed samples were routinely processed, paraffin wax-embedded, sliced

into 4-mm-thick sections and stained with haematoxylin and eosin

(HE), for subsequent histopathologic examination by light microscopy.

Additionally, for histochemical analysis, periodic acid–Schiff (PAS) for

identification of fungi and Ziehl-Neelsen for identification of acid-fast

bacteria stainings were used.

In order to assess the age of the turtle, both humeri were

collected for skeletochronology. 3–5 mm transverse sections were

taken from each humerus, fixed, decalcified in a commercial

decalcifying solution and cut in 25 mm thick sections. The

sections were then stained with haematoxylin and mounted on

slides in 100% glycerin. Identification, counting and measurements

of lines of arrested growth (LAGs) were performed utilizing digital

photographs, according to the method proposed by Goshe et al.

(2010). Sequential images were taken of each section under 40x

magnification with light microscopy (Leica DM750).
Results

The blood culture collected shortly after the animal was admitted

tested positive forMycobacterium gordonae, after an 8-week incubation

period; however, the animal had already died by the time the results

were obtained. Postmortem examination confirmed systemic

mycobacteriosis, identified as M. gordonae in blood, liver and lung

cultures and by PCR amplification of DNA extracts from frozen tissue

samples including liver, heart, lungs, kidneys, spleen, pancreas, brain,

adrenals, thyroid, thymus, and salt glands.

The primary gross findings were multiple tumors arising from

the turtle´s skin, plastron and carapace (Figure 1A); marked

cachexia, with pronounced concavity in plastron and evident

bone demineralization in the cranial carapace, over the scapular

region, bilaterally; moderate amount of serosanguineous fluid

accumulation in the coelomic cavity; marked muscle wasting with

diffuse discoloration and gelatinous texture; pulmonary edema

(Figure 1B), characterized by foamy fluid within the lungs;

numerous yellowish nodules of 0.5-1 mm diameter in lungs

(Figure 1B), heart (Figure 1C), liver (Figures 1D–E), spleen

(Figure 1F), thyroid and brain; and a caseous layer of

approximately 4 mm thickness on the ventral surface of the brain.

Histopathological analysis revealed multiple cutaneous

fibropapillomas, histiocytic granulomatous pneumonia, hepatitis,

splenitis (Figure 2A), myocarditis, nephritis, meningitis and

adrenalitis with intrahistiocytic acid-fast bacteria (Figure 2B), and

kidney necrosis with tubular degeneration. The mycobacterial

granulomas were characterized by aggregates of epithelioid

macrophages and multinucleated giant cells. Additionally, small

amounts of trematode eggs surrounded by few macrophages were

observed in lung, heart, spleen and stomach and heterophilic

granulomas with abundant septate hyphae (stained by PAS) were

observed in lung, liver (Figure 2C) and meninges.

The inflammatory process in various organs associated with

mycobacterial infection, presumably resulted in septic shock. The

presence of trematode eggs in multiple organs, compatible with

spirorchidiasis as well as the fungal infection, may have been

contributory to mortality of the turtle.
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Skeletochronology analysis estimated the turtle was 11 years of age.
Discussion

Disseminated mycobacteriosis was confirmed through gross,

microscopic, microbiological and molecular analysis. Histiocytic

granulomas, considered the predominant pathological finding in

mycobacterial infections, as well as co-infections involving fungi,

bacteria and/or parasites were observed in different reports of

mycobacteriosis in sea turtles (Mitchell et al., 2012; Nardini et al.,

2014; Donnelly et al., 2016).

In most cases of mycobacteriosis, sea turtles were presented for

chronic disease, and granulomatous lesions were found postmortem

(Brock et al., 1976; Greer et al., 2003). Mitchell, 2012 suggested that,

due to the hematogenous spread of the disease, the bacteria could

potentially reach diverse tissues in sea turtles. However, it is

generally thought that the Mycobacterium sp. gain systemic access

through cutaneous routes and this is especially important in

animals undergoing rehabilitation because they tend to be

considered immunocompromised and more susceptible to

opportunistic infections.

Greer et al. (2003) isolated a non-tuberculosis Mycobacterium

chelonae from a wild Kemp’s ridley (Lepidochelys Kempii) with

osteoarthritis, in captivity. Mycobacterium chelonae was also

reported in a stranded loggerhead turtle (Caretta caretta) with

disseminated mycobacteriosis (Nardini et al., 2014). More

recently, Donnelly et al. (2016) identified a nontuberculous

Mycobacterium haemophilum in a juvenile leatherback turtle

(Dermochelys coriacea) found stranded on the Atlantic coast of

Florida. In southern Brazil, acid-fast bacteria were detected in the

large intestine of a green turtle (Domiciano et al., 2022), however,

the species was not identified. To the best of the authors’ knowledge,

this is the first report ofM. gordonae in sea turtles, which highlights

the novelty of this investigation.

NTM are environmental opportunistic pathogens among

humans and animals that have been associated with increased

morbidity and mortality rates, especially in immunocompromised

individuals (Henkle and Winthrop, 2015). Interestingly, M.

gordonae is one of the least virulent NTM for humans, being

considered pathogenic only to immunocompromised patients

(Bennet et al., 2019). However, cases of severe mycobacteriosis in

immunocompetent individuals are not uncommon. Whether the

increase in cases is real or whether more cases are being recognized

remains unclear (Piersimoni & Scarparo, 2009). In this case, sea

turtle fibropapillomatosis, fungal infection and spirorchidiasis may

have compromised the animal immune system, increasing

susceptibility to opportunistic infections, and could have been a

contributing factor to mycobacteriosis. Furthermore, clinical signs

such as cachexia, hypoproteinemia, and muscle atrophy reinforce

the existence of a chronic debilitating condition.

Despite a considerable increase in knowledge about NTM

infections, they still represent a diagnostic and therapeutic

challenge, as they can be difficult to diagnose because early signs

and symptoms are non-specific and are often very similar to those

of other diseases. In addition, NTM are often resistant to routinely
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used antibiotics or can lead to long-term antibiotic use (i.e., several

months or even years). Recurrence of NTM infections after

antibiotic treatment can also occur, requiring further rounds of

antibiotics administration (Piersimoni & Scarparo, 2009).

In this study, M. gordonae was isolated from a free-living green

turtle rescued in Guanabara Bay (GB), which is the second largest

bay on the coast of Brazil. It is possible that the infection could have

been acquired in GB, being related to the poor water quality of the

area. Guanabara Bay has suffered extensive ecological degradation

associated but not limited to poor urban planning, over-

development, deforestation, unsustainable farming practices, and

untreated domestic and industrial effluents. The situation is further

aggravated by the lack of sewerage infrastructure in the urban areas

surrounding GB, which contributes to bacterial contamination,

eutrophication, and litter (Fries et al., 2019). These activities have

led to a decrease in water quality, an increase in sedimentation, and

an imbalance of the bay’s delicate ecosystem (Fistarol et al., 2015).
Frontiers in Marine Science 04
Water pollution has been linked to an increase of certain

pathogenic bacteria (Fistarol et al., 2015). In GB, particularly,

many genera that include potentially pathogenic bacteria were

detected, e.g., Vibrio, Klebsiella, Pseudomonas, Clostridium, and

Bacillus (Vieira et al., 2008; Coutinho et al., 2014). Many studies

have demonstrated that high levels of pollutants in water sources

can favor the increase in the number and diversity of pathogenic

bacteria, which can further jeopardize the health of humans and

free-living organisms (Smith and Schindler, 2009).

Coastal zones are highly used by neritic juvenile green turtles, like

the one from this study, and are considered an important

developmental area for the species. However, these regions have also

been disproportionately affected by human activities. Recently,

Williams et al. (2022) estimated that almost half of the coastal areas

around the world have been heavily affected by human actions and

have been showing signs of ecological degradation. Similar to other

coastal areas, GB has been exposed to cumulative impacts and
FIGURE 1

Macroscopic findings in (C) mydas - (A) Multiple fibropapillomas arising from the turtle´s skin and plastron (arrows). Yellowish, multifocal nodules
(arrows), randomly distributed, indicating a granulomatous inflammatory process in liver surface and parenchyma (B), heart (C), lung (D), and spleen
(E, F) Caseous layer of approximately 4 mm thickness on the ventral surface of the brain (arrows).
FIGURE 2

Microscopic findings in (C) mydas - (A) Spleen, aggregates of epithelioid macrophages and multinucleated giant cells (arrows) (HE). (B) Spleen,
multiple small acid-fast bacteria in the cytoplasm of macrophages (arrows) (Ziehl-Neelsen stain), (C) Liver, parenchyma with septate hyphae (arrows)
surrounded by inflammatory cells (PAS stain).
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environmental changes, mainly caused by anthropogenic activities.

Degradation of GB can be perceived simply by looking at its shores and

the color of the water. As a result, not only sea turtles, but all living

organisms in GBmay be exposed to life-threatening pathogens directly

related to pollution.

In summary, we present a case report ofM. gordonae infection in a

free-ranging sea turtle from an anthropogenically-impacted coastal

area of Brazil. Our findings are remarkably important because they

shed light on the appearance ofM. gordonae in marine animals, which

can result in infections and subsequent death. Additionally, considering

that wild animals are an important source of emerging infectious

diseases, improving surveillance ofMycobacterium in marine animals is

of paramount importance for better understanding the role of

mycobacterial species as causative agents of infections in marine

species. Finally, considering mycobacterial infections can spread

between humans and animals, these diseases should be monitored

using a One Health approach.
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