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Abstract

Clostridium perfringens alpha toxin (CPA) is an important enterotoxemic pathogen linked to gastrointestinal
disorders and previously associated with pulmonary disease in other mammals. A young female
neotropical otter presented with lethargy, anorexia and steatorrhea, which developed within 24 hours.
Veterinary care was provided under anesthesia, during which dehydration, intestinal hypermotility and
pulmonary crackling sounds were identified. Hematological tests revealed normochromic normocytic
anemia, and a quantitative RT-PCR assay for Clostridium perfringens alpha toxin detected a markedly
elevated CPA count (43,789 copies of pathogen DNA/uL) in fecal samples, confirming the diagnosis. An
abdominal ultrasound exhibited intestinal gas and mucous fecal contents, with normal wall stratification
and evolving peristalsis. Chest X-rays and bronchoscopy revealed diffuse serous secretion associated
with an underlying inflammatory process, predominantly affecting the left lung. Treatment included
hydroelectrolyte replacement, analgesia, antibiotics, and antiemetics, with close monitoring during the
critical stage. The patient improved gradually, with regression of clinical signs and the emergence of innate
behaviors, and was discharged to the original enclosure after two weeks, supported by updated test results.
In conclusion, this study analyzes and details the veterinary approach, diagnosis, and treatment of an
acute infectious enteric condition with pulmonary involvement in aneotropical otter under human care.
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Resumo

Clostridium perfringens alpha toxina (CPA) € um importante patégeno enterotoxémico associado a
distarbios gastrointestinais, com relatos anteriores de afeccoes pulmonares em outros mamiferos. Uma
lontraneotropical fémea jovem apresentou quadro de apatia, anorexia e esteatorréia, que evoluiu dentro de
24 horas. Durante atendimento veterindrio, realizado sob anestesia, constatou-se quadro de desidratacao,
hipermotilidade intestinal e ruidos pulmonares estertores a ausculta. Exames hematolédgicos revelaram
quadro de anemia normocitica normocrémica, e um RT-PCR quantitativo para Clostridium perfringens
alpha toxina detectou elevacao acentuadana contagem de CPA nas amostras fecais (43.789 copias de DNA
patogeno/uL), confirmando o diagnostico. A ultrassonografia abdominal observou-se contetido intestinal
gasoso e fecal mucoso, estratificacdo parietal normal e peristaltismo evolutivo. Radiografias toracicas e
broncoscopia revelaram secrecdo serosa difusa associada a processo inflamatério, predominantemente
no pulmao esquerdo. O tratamento incluiu reposi¢ao hidroeletrolitica, analgesia, antibioticoterapia,
antieméticos e monitoramento intensivo durante a fase critica. O paciente evoluiu gradualmente,
apresentando regressao dos sinais clinicos e expressdo de comportamentos naturais, sendo liberado para
o seurecinto de origem ap6s duas semanas, com base em exames atualizados. Em conclusao, este estudo
analisa e detalha a abordagem veterinaria, diagnostico e tratamento de uma infeccao entérica aguda com
acometimento pulmonar em uma lontra neotropical sob cuidados humanos.

Palavras-chave: clostridioses, sistema digestorio, enterotoxemia, mustelidae, trato respiratério.
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Introduction

The neotropical otter (Lontra longicaudis, Olfers, 1818) is a small wild carnivore belonging to
the family Mustelidae and the subfamily Lutrinae. It is the only species of its genus occurring in
Brazil, and it is found in across biomes except the Caatinga. The neotropical otter inhabits semi-
aquatic areas, as its activities take place in a terrestrial environment, such as reproduction and
parental care (Cheida et al., 2006; Javorouski & Passerino, 2014; Rheingantz et al., 2011).

Their feeding habits are strategic and opportunistic, favoring slow-moving aquatic animals
with limited capacity for escape, in order to capture prey with minimal energy expenditure
(Pardini, 1998, Quadros & Monteiro-Filho, 2001; Rheingantz et al., 2012, 2017). The diet of these
animals consists mainly of fish and crustaceans, although it may also include other taxa, such as
amphibians, mollusks, insects, birds, reptiles, small mammals, and even fruit, depending on the
availability of these resources in the environment of origin and the season (Quadros & Monteiro-
Filho, 2001; Casariego-Madorell et al.,, 2008; Carvalho-Junior et al., 2010; Rheingantz et al., 2011).

The difficulty in observing these animals in their natural habitat is due to their elusive
behavior, which directly affects the accuracy of the information about their conservation status
(Rodrigues et al,, 2013). According to the IUCN Red List of Threatened Species™, the conservation
status of neotropical otters was designated as Near Threatened (NT) in 2022 (Rheingantz et al.,
2022). The conservation of these free-living animals is threatened by several factors, including
illegal hunting, habitat fragmentation caused by human activity, toxins bioaccumulation, roadkill,
and the prevalence of parasitic and infectious diseases (Rheingantz et al., 2018).

In this context, Clostridium perfringens is an important enterotoxemic pathogen. It is a gram-
positive, anaerobic bacillus that constitutes the microbiota of animals and is capable of producing
potent toxins with specific tissue tropism posing a risk to multiple species. It can also produce
heat-resistant spores (Rousselet & Leclerc, 2023). C. perfringens has the ability to produce up to
17 different toxins, six of which are identified as “typing toxins", these are: alpha (CPA), beta (CPB),
epsilon, iota, enterotoxin, and necrotic enteritis B-like, which are used to classify C. perfiingens
isolates into seven types, labeled A through G (Rousselet & Leclerc, 2023).

In carnivores, CPA is the most frequently detected pathogen, with a high prevalence of
gastrointestinal disorders (Rousselet and Leclerc, 2023). Additionally, pulmonary disease has been
reported in other mammals, where alpha toxin plays a key role in local and systemic vascular
effects in clostridial infections (Bunting et al., 1997; Oda et al., 2012). Therefore, it is proposed that
this toxin induces endovascular damage and disrupts the accumulation of polymorphonuclear
neutrophils in lung lesions associated with C. perfringens septicemia (Bunting et al.,, 1997).

Considering the aforementioned, this study aims to provide a detailed account of the
veterinary approach, diagnosis, and successful treatment of an acute enteric condition induced
by C. perfringens alpha toxin, accompanied by pulmonary involvement, in a of L. longicaudis
specimen under human care.

Case report

A nine-month-old female neotropical otter (Lontra longicaudis) weighing 4,14 kg (Figure 1),
under human care at a zoo in Rio de Janeiro, Brazil exhibited clinical signs of lethargy, anorexia
and steatorrhea (Figure 2), which developed within 24 hours, as observed by the zookeeper.
Due to the aggressive natural behavior of the specie, veterinary care was conducted with the
animal under chemical restraint. Anesthesia was induced using 6% isoflurane concentration in
100% oxygen in the animal's transport crate, with effects monitored based on a dose-response
observation. The animal was then maintained on 1,5% isoflurane in 100% oxygen administered
via aface mask. Subsequently, during physical examination, focal areas of alopecia were identified
in the posterior dorsal region, along with 5% dehydration, intestinal hypermobility, and crackling
lung sounds through auscultation, correlating with the progression of the previously reported
clinical signs.

Biological samples were then collected for complementary tests. Blood analysis revealed a
glucose level of 127 mg/dL, a hematocrit of 32% and mean corpuscular hemoglobin concentration
(MCHC) at the lower limit, indicative of hypoglycemia and normocytic normochromic anemia,
respectively. A coproparasitological examination was carried out using modified Hoffmann,
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Figure 1. A young female neotropical otter (Lontra longicaudis) under sedation, being weighed as part of
veterinary care.

Figure 2. Greyish-yellow liquid feces, indicative of steatorrhea, observed by zookeepers in the enclosure of
neotropical otters (Lontra longicaudis) (A) and during the physical examination at the veterinary care (B).

Willis and zinc sulfate flotation techniques, however, no cysts, larvae, or eggs were identified.
Additionally, antigen tests for Giardia spp. and Parvovirus in the feces were also negative. A
quantitative RT-PCR assay for Clostridium perfringens alpha toxin detected 43,789 copies of
pathogen DNA/uL in fecal samples.

The patient was referred for chest X-rays (Figure 3) in ventrodorsal and lateral views, revealing
substantial pulmonary involvement characterized by a diffuse interstitial-alveolar pattern in
both the cranial and caudal lobes of the left lung. An abdominal ultrasound was also performed,
confirming the presence of gas and mucous fecal content within the intestinal loops, with
preserved wall stratification and evolving peristalsis.

A catheter was placed in the cephalic vein to initiate the therapeutic protocol, which, during
the initial three-day period, comprised fluid therapy with ringer lactate solution (34.2 mL/h, IV),
metamizole (25 mg/kg, IM), methadone (0.1 mg/kg, IM), ondansetron (0.2 mg/kg, IV), pentabiotic
6,000,000 UI/mL (0.05 mg/kg, IM), and metronidazole (50 mg/kg, IV). During this period, the
animal was sedated daily to maintain the catheter and administer injectable medications. Starting
on the third day, when spontaneous feeding resumed, the protocol was adjusted to metamizole
(25 mg/kg, PO, BID) and metronidazole (20 mg/kg, PO, BID).

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, e006724. DOI: 10.29374/2527-2179.bjvm006724 3/8




Clostridium perfringens alpha toxin enteritis associated with pulmonary disease in a neotropical otter (Lontra longicaudis, Olfers, 1818) under human care

Figure 3. Chest X-rays of a sedated neotropical otter (Lontra longicaudis), revealing a diffuse interstitial-alveolar
pattern in the cranial and caudal lobes of the left lung during initial care (A and C) and the regression of the
changes at the end of treatment (B and D). Right laterolateral (A and B) and ventrodorsal (C and D) views. VD:
Ventrodorsal; LLD: Laterolateral direita (Right laterolateral).

To further elucidate the pulmonary condition, while sedated, the patient underwent a
bronchoscopy (Figure 4) after stabilization. The procedure revealed diffuse serous secretion
associated with an inflammatory process, predominantly affecting the caudal lobes, with greater
intensity in the left lung (Figure 5). During the examination, bronchoalveolar lavage samples were
collected, preserved in RNA-Later and sent to the Laboratory of Diversity and Viral Diseases from
the Federal University of Rio de Janeiro for detection of SARS-CoV-2 antigen, Influenza A, and
Influenza B, as well as for PCR targeting the Coronaviridae family, all of which returned negative
results. Cytological analysis was also conducted, using cytocentrifugation, simple smear, and
linear concentration methods, revealing a lymphocytic inflammatory process associated with
tissue hyperplasia, with no cytological evidence of neoplasia or infection in the sample.

On the next day past the initial treatment, the patient exhibited increased activity and an
improvement in stool consistency, which became more formed and less steatorrheic. The animal's
clinical condition progressively improved over the subsequent days, with a gradual resolution
of clinical signs. By the end of the treatment, the animal exhibited normal behavior, displayed
no signs of pain, and maintained food and water intake within normal parameters for its species.

The animal was kept under observation at the veterinary center, and on the 14th day following
theinitial treatment, it was sedated again for additional follow-up tests. Hematological tests taken
on the eighth and fourteenth days indicated an increase of the hematocrit levels, from 49% to
54%, respectively. An updated chest X-ray demonstrated a notable decline in radiopacity in the
left cranial and caudal lobes, confirming the regression of the pulmonary condition after the
treatment, and the new abdominal ultrasound showed no pathological alterations. Furthermore,
the RT-PCR analysis for CPA detected no traces of the pathogen's DNA in the submitted samples.
Subsequently, the patient was discharged and transferred back to its enclosure.
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Figure 4. Neotropical otter (Lontra longicaudis) under sedation, during the bronchoscopy exam.

Figure 5. Bronchoscopy of neotropical otter (Lontra longicaudis), revealing polypoid areas (arrows) and diffuse
serous secretion associated with an inflammatory process in the left caudal lung lobe.

Discussion

The alpha toxin produced by C. perfringensicanrapidly induce cellular and tissue damage due
toits enzymatic activities, specifically phospholipase C and sphingomyelinase, which lead to the
hydrolysis of the phospholipid membrane of cells, including erythrocytes, consequently inducing
hemolysis in various species (Nagahama et al., 1996; Rousselet & Leclerc, 2023; Sakurai et al,,
2004; Takagishi et al,, 2017). Furthermore, an experiment conducted by Takagishi et al. (2017)

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, e006724. DOI: 10.29374/2527-2179.bjvm006724 5/8




Clostridium perfringens alpha toxin enteritis associated with pulmonary disease in a neotropical otter (Lontra longicaudis, Olfers, 1818) under human care

demonstrated that alpha toxin impedes erythroid differentiation, leading to a reduction in
erythroblasts and, consequently, erythrocytes. This results in the development of anemia, which
mirrors the initial condition observed in the patient.

In addition to enteritis, the patient exhibited significant respiratory alterations, evident both
upon in the clinical examination and imaging. The interstitial-alveolar pattern observed in
radiographic images is characterized by the presence of air bronchograms and increased focal
unstructured radiopacity, indicative of non-cardiogenic pulmonary edema resulting from fluid
exudation from interstitial capillaries (Thrall, 2017). Cytological analysis of the bronchoalveolar
lavage sample revealed evidence of inflammatory tissue damage, indicative of generalized
inflammatory response. This response was associated with the systemic effects of alpha toxin,
which stimulates the synthesis of pro-inflammatory compounds and induces neutrophil
accumulation in the vascular endothelium (Bunting et al., 1997; Oda et al., 2012).

Enteritis caused by C. perfringens is a true infection, wherein the pathogen establishes itself
in the host, suppresses the immune response, multiplies, and produces toxins (Rousselet &
Leclerc, 2023). This explains why the treatment involves intravenous administration of broad-
spectrum antibiotics, such as metronidazole and penicillin, along with supportive care tailored
to the patient’s clinical condition and species (Rousselet & Leclerc, 2023; Silva & Lobato, 2015).
In this case, t therapeutic success was demonstrated by the regression of clinical signs, notably
the improvement in fecal appearance, coupled with favorable chest X-ray findings, and negative
results of the RT-PCR analysis for CPA in fecal samples at the conclusion of the treatment period.

Although the origin of the infection in this case was not fully elucidated, the main hypothesis
is that it resulted from the delayed ingestion of the food available, following excessive pathogen
proliferation. This is possible due to the rapid proliferation of Clostridium perfringens across a
wide range of temperatures and in anaerobic environments, as well as in aerobic conditions,
characteristics that align with those of the otter's enclosure (Javorouski & Passerino, 2014;
Uzal et al., 2016). Following the patient’s discharge from the veterinary center, the otters' daily
food portions were gradually reduced in quantity and increased in frequency, aiming to reduce
food waste, organic matter accumulation in the enclosure, and, consequently, excessive bacterial
proliferation in the area. Moreover, portioning the food into smaller amounts reduces the likelihood
of excessive consumption, which can lead to slowed intestinal motility and bacterial retention,
as well as the absorption of toxins produced by them (Rousselet & Leclerc, 2023).

Additionally, younger animals are more susceptible to enterotoxemia caused by Clostridium
perfringens compared to older individuals. This increased susceptibility is due to the immature
digestive tract of young animals, which has a limited capacity for toxin-inactivating enzymes.
This deficiency results in ineffective breakdown of the food bolus passing into the intestine,
compromising the efficiency of the digestive process (Prescott, 2013; Rousselet & Leclerc, 2023).

Conclusion

In conclusion, this report illustrates the pathogenic potential of bacterial infections caused
by Clostridium perfringens alpha-toxin, which can lead to enterotoxemia and become fatal
if not treated promptly and effectively treated. Furthermore, it elucidates the impact of CPA
alpha toxin on the respiratory tract, and the findings from complementary tests and imaging
examinations. Moreover, it highlights the importance of nutritional and sanitary management
for the health of animals under human care, as these are critical control points of zoo-based
veterinary medicine. Finally, this case highlights a successful and integrated veterinary approach
to disease management, particularly emphasizing the importance of zoos in the conservation
of wildlife species such as L. longicaudis.

Acknowledgements

We are extremely grateful to Instituto Conhecer para Conservar and to Bioparque do Rio for
the support on publishing this report. We are also thankful to Professor Dr. Bruno de Araujo Penna
from Department of Microbiology and Parasitology from Fluminense Federal University for the
insights about this case, and to Professor Dr. André Felipe Andrade dos Santos from Laboratory
of Diversity and Viral Diseases from Federal University of Rio de Janeiro for the assistance on
running the virological exams.

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, €006724. DOI: 10.29374/2527-2179.bjvm006724 6/8




Clostridium perfringens alpha toxin enteritis associated with pulmonary disease in a neotropical otter (Lontra longicaudis, Olfers, 1818) under human care

Ethics Statement
All procedures and the report of this case were consented by the animal's responsible institution.

Financial support
BAS - Bioparque do Rio / Instituto Conhecer para Conservar. BEPB, ACTA, BPM, GFS, DAB - None

Conflict of interest
BAS, BEPB, ACTA, BPM, GFS, DAB - No conflict of interest

Authors' contributions

BAS - Development of methodology; writing; review; editing manuscript; acquisition of the
financial support for the project leading to this publication. BEPB, ACTA, BPM and GF'S - Development
of methodology; review and editing manuscript. DAB - Review and editing manuscript.

Availability of complementary results
There is no complementary information to be added.
The work was carried out at Bioparque do Rio, Rio de Janeiro, RJ, Brazil.

References

Bunting, M, Lorant, D. E.,, Bryant, A. E., Zimmerman, G. A, McIntyre, T. M., Stevens, D. L., & Prescott, S. M. (1997).
Alpha toxin from Clostridium perfringens induces proinflammatory changes in endothelial cells. The Journal
of Clinical Investigation, 100(3), 565-574. http://doi.org/10.1172/JCI119566. PMid:9239403.

Carvalho-Junior, O., Macedo-Soares, L. C. P, & Birolo, A. B. (2010). Annual and interannual food habits variability
of a neotropical otter (Lontra longicaudis) Population in Concei¢cao Lagoon, South of Brazil. I[UCN Otter
Specialist Group Bulletin, 27(1), 24-32.

Casariego-Madorell, M. A, List, R., & Ceballos, G. (2008). Tamano poblacional y alimentacién de la nutria de rio
(Lontra longicaudis annectens) en 1a costa de Oaxaca, México. Acta Zoologica Mexicana, 24(2),179-199. http://
doi.org/10.21829/azm.2008.242713.

Cheida, C. C., Nakano-Oliveira, E., Fusco-Costa, R., Rocha-Mendez, F.,, & Quadros, J. 2006). Ordem Carnivora. In
N.R. Reis, A. L. Peracchi, A. W. Pedro, & L. P. Lima (Eds.), Mamiferos do Brasil (pp. 231-266). Edifurb.

Javorouski, M. L., & Passerino, A. S. M. (2014). Carnivora - Mustelidae (Ariranha, Lontra e Irara). In Z. S. Cubas,
J.C.R. Silva, & J. L. Catdo-Dias. Tratado de animais selvagens: Medicina Veterindria (2. ed. pp. 907-929). Roca.

Nagahama, M., Michiue, K., & Sakurai, J. (1996). Membrane-damaging action of Clostridium perfringens alpha-
toxin on phospholipid liposomes. Biochimica et Biophysica Acta, 1280(1),120-126. http://doi.org/10.1016/0005-
2736(95)00288-X. PMid:8634306.

Oda, M., Shiihara, R., Ohmae, Y., Kabura, M., Takagishi, T,, Kobayashi, K., Nagahama, M., Inoue, M., Abe, T,
Setsu, K., & Sakurai, J. (2012). Clostridium perfringens alpha-toxin induces the release of IL-8 through a dual
pathway via TrkA in A549 cells. Biochimica et Biophysica Acta, 1822(10), 1581-1589. http://doi.org/10.1016/].
bbadis.2012.06.007. PMid:22721959.

Pardini, R. (1998). Feeding ecology of the neotropical river otter Lontra longicaudis in an Atlantic Forest stream,
south-eastern Brazil. Journal of Zoology, 245(4), 385-391. http://doi.org/10.1111/.1469-7998.1998.tb00T13.x.
Prescott, J. F. (2013). Clostridium. In: D. S. Mcvey, M. Kennedy & M. M. Chengappa. Veterinary Microbiology (3rd

ed. pp. 245-262). John Wiley & Sons.

Quadros, J, & Monteiro-Filho, E. L. A. (2001). Diet of the Neotropical Otter, Lontra longicaudis, in an Atlantic
Forest Area, Santa Catarina State, Southern Brazil. Studies on Neotropical Fauna and Environment, 36(1),15-21.
http://doi.org/10.1076/snfe.36.1.15.8881.

Rheingantz, M. L., de Menezes, J. F. S, Galliez, M., & Fernandez, F. A. S. (2017). Biogeographic patterns in the
feeding habits of the opportunist and semiaquatic Neotropical otter. Hydrobiologia, 28(1), 37-44. http://doi.
org/10.1007/s10750-017-3095-5.

Rheingantz, M. L., Waldemarin, H. F,, Rodrigues, L., & Moulton, T. P. (2011). Seasonal and spatial differences in
feeding habits of the Neotropical otter Lontra longicaudis (Carnivora: Mustelidae) in a coastal catchment of
southeastern Brazil. Zoologia, 28(1), 37-44. http://doi.org/10.1590/51984-46702011000100006.

Rheingantz, M., Oliveira-Santos, L., Caramaschi, E., & Waldemarin, H. (2012). Are otters generalists or do they
prefer larger, slower prey? Feeding flexibility of the neotropical Otter Lontra longicaudis in the Atlantic Forest.
IUCN Otter Specialist Group Bulletin, 29, 80-94. http://doi.org/10.1590/51984-46702011000100006.

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, e006724. DOI: 10.29374/2527-2179.bjvm006724 7/8



https://doi.org/10.1172/JCI119566
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9239403&dopt=Abstract
https://doi.org/10.21829/azm.2008.242713
https://doi.org/10.21829/azm.2008.242713
https://doi.org/10.1016/0005-2736(95)00288-X
https://doi.org/10.1016/0005-2736(95)00288-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8634306&dopt=Abstract
https://doi.org/10.1016/j.bbadis.2012.06.007
https://doi.org/10.1016/j.bbadis.2012.06.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22721959&dopt=Abstract
https://doi.org/10.1111/j.1469-7998.1998.tb00113.x
https://doi.org/10.1076/snfe.36.1.15.8881
https://doi.org/10.1007/s10750-017-3095-5
https://doi.org/10.1007/s10750-017-3095-5
https://doi.org/10.1590/S1984-46702011000100006

Clostridium perfringens alpha toxin enteritis associated with pulmonary disease in a neotropical otter (Lontra longicaudis, Olfers, 1818) under human care

Rheingantz, M., Valenzuela, A. E. J,, Botero Botero, A., Thoisy, B., Trujillo, F,, Gonzalez, 1., Gallo Reynoso, J. P,
Marmontel, M., Hernandez Romero, P. C., Rosas Ribeiro, P. F., Wallace, R., & Utreras Bucheli, V. M. (2018).
Neotropical Otter Lontra longicaudis. In: N. Duplaix & M. Savage. The Global Otter Conservation Strategy (pp.
82-89). IUCN/SSC Otter Specialist Group.

Rheingantz, M.L., Rosas-Ribeiro, P, Gallo-Reynoso, J., Fonseca da Silva, V.C.,, Wallace, R, Utreras, V. & Hernandez-
Romero, P.(2022). Lontra longicaudis (amended version of 2021 assessment). The IUCN Red List of Threatened
Species, 2022, e T12304A219373698. https://dx.doi.org/10.2305/IUCN.UK.2022-2.RLTS.T12304A219373698.en.

Rodrigues, L. A, Leuchtenberger, C., Kasper, C. B., Carvalho Junior, O,, & da Silva, V. C. F. (2013). Avaliacao do
risco de exting¢do da lontra neotropical Lontra longicaudis (Olfers, 1818) no Brasil. Biodiversidade Brasileira,
3(1), 216-227.

Rousselet, E., & Leclerc, A. (2023). Overview of Clostridium perfringensin zoo animals. In E. Miller, N. Lamberski,
& P. Calle (Eds.), Fowler's zoo and Wild Animal Medicine Current Therapy (10th ed., pp. 187-196). Saunders.
http://doi.org/10.1016/B978-0-323-82852-9.00029-0.

Sakurai, J, Nagahama, M., & Oda, M. (2004). Clostridium perfringens alpha-toxin: Characterization and mode of
action. Journal of Biochemistry, 136(5), 569-574. http://doi.org/10.1093/jb/mvh161. PMid:15632295.

Silva, R. O, & Lobato, F. C. (2015). Clostridium perfiingens: A review of enteric diseases in dogs, cats and wild
animals. Anaerobe, 33,14-17. http://doi.org/10.1016/j.anaerobe.2015.01.006. PMid:25644183.

Takagishi, T, Takehara, M., Seike, S., Miyamoto, K., Kobayashi, K., & Nagahama, M. (2017). Clostridium perfringens
a-toxin impairs erythropoiesis by inhibition of erythroid differentiation. Scientific Reports, 7(1), 5217. http://
doi.org/10.1038/541598-017-05567-8. PMid:28701754.

Thrall, D. (2017). Canine and feline lung. In: D. Thrall. Textbook of Veterinary Diagnostic Radiology (7th ed. pp.
710-734). Elsevier.

Uzal, F. A, Songer, J. G., Prescott, J. F, Popoff, M. R., Navarro, M., & Uzal, F. A. (2016). Infectious necrotic hepatitis.
InF.A. Uzal, JG. Songer, J.F. Prescott & M.R. Popoff (Eds.), Clostridial Diseases of Animals (pp. 275-279). http://
doi.org/10.1002/9781118728291.

Santos et al. 2024. Brazilian Journal of Veterinary Medicine, 46, e006724. DOI: 10.29374/2527-2179.bjvm006724 8/8



https://doi.org/10.1016/B978-0-323-82852-9.00029-0
https://doi.org/10.1093/jb/mvh161
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15632295&dopt=Abstract
https://doi.org/10.1016/j.anaerobe.2015.01.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25644183&dopt=Abstract
https://doi.org/10.1038/s41598-017-05567-8
https://doi.org/10.1038/s41598-017-05567-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28701754&dopt=Abstract
https://doi.org/10.1002/9781118728291
https://doi.org/10.1002/9781118728291

