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Abstract 

Pythiosis is a neglected infectious disease caused by the aquatic oomycete Pythium insidiosum and 

remains underrecognized in cattle, particularly in tropical regions. Here, we report the first 

molecularly confirmed outbreak of bovine pythiosis in the Amazon biome, affecting more than 400 

animals raised under extensive production systems and areas with prolonged exposure to standing 

water. Clinically affected cattle presented ulcerative and exudative cutaneous lesions, predominantly 

involving the distal limbs. Given the diagnostic challenges associated with pythiosis, etiological 

confirmation was achieved through quantitative PCR (qPCR) targeting the internal transcribed 

spacer (ITS) region of P. insidiosum, providing rapid and specific molecular detection during the 

outbreak investigation. Therapeutic interventions were implemented as part of routine field 

management and included intramuscular triamcinolone combined with topical copper sulfate, which 

was associated with clinical improvement in a substantial proportion of affected animals, although 

treatment efficacy was not formally evaluated. The outbreak occurred in flood-prone pastures during 

the rainy season, highlighting the role of aquatic environments in pathogen transmission. These 

findings expand current knowledge on bovine pythiosis in tropical ecosystems and emphasize the 

importance of molecular diagnostics, outbreak surveillance, and a One Health approach for the 

recognition and management of water-associated pathogens in livestock. 

Keywords: oomycete infection; quantitative PCR (qPCR); flood-prone pastures; water-associated 

pathogens; field outbreak investigation; One Health surveillance 

 

1. Introduction 

Pythiosis is a neglected infectious disease caused by P. insidiosum, an aquatic oomycete endemic 

to tropical and subtropical regions. Unlike true fungi, P. insidiosum produces motile biflagellate 

zoospores and is strictly associated with stagnant or slow-moving warm water, which explains its 

strong epidemiological link to flood-prone environments and water-associated transmission cycles 

[1–4]. The pathogen infects a wide range of hosts, causing predominantly cutaneous disease in 

animals and vascular or ocular forms in humans [5]. Although horses and dogs are most frequently 

affected, bovine pythiosis remains underreported, likely due to variable clinical presentation, 

spontaneous lesion regression in some outbreaks, and frequent misdiagnosis as other ulcerative 

dermatoses [6–8]. 
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In cattle, pythiosis typically presents as ulcerative cutaneous lesions affecting body regions with 

prolonged contact with water. Accurate etiological diagnosis is challenging because clinical findings 

are nonspecific and empirical antifungal approaches are ineffective against oomycetes. Consequently, 

molecular diagnostic methods, particularly PCR-based assays targeting the internal transcribed 

spacer (ITS) region, have become essential for definitive identification of P. insidiosum, especially in 

outbreak settings where rapid confirmation is critical [9–13]. 

Despite increasing recognition of pythiosis worldwide, molecularly confirmed bovine cases 

remain scarce, and no previous molecularly confirmed outbreaks have been reported in cattle from 

the Amazon biome. This region is characterized by extensive flood-prone pastures, in the rainy 

season, high rainfall and temperatures, and ongoing environmental change, conditions that favor the 

persistence of P. insidiosum and other water-associated pathogens [14–18]. In this context, the present 

study reports the first molecularly confirmed outbreak of bovine pythiosis in the Amazon biome, 

emphasizing the role of molecular diagnosis in outbreak investigation and One Health surveillance 

in tropical livestock systems. 

2. Materials and Methods 

2.1. Study Area and Epidemiological Background 

The outbreak investigation was conducted between January and April 2025 in a commercial beef 

cattle farm located in Paragominas (02°59′45″S 47°21′10″W) the Amazon biome, Pará State, northern 

Brazil. The affected herd comprised approximately 850 cattle raised under extensive grazing 

conditions. The outbreak occurred during the peak of the regional rainy season, a period 

characterized by high precipitation (average accumulated rainfall greater than 1000mm), sustained 

ambient temperatures ranging from 30 to 34 °C, and prolonged flooding of pasturelands. Large 

grazing areas remained waterlogged for several weeks, with extensive formation of stagnant or slow-

moving water bodies. 

2.2. Clinical Assessment and Case Definition 

This investigation was designed as an observational field study focused on outbreak 

documentation and management, conducted under routine farm conditions, and not as a controlled 

therapeutic trial. The primary objective was to characterize the clinical presentation, epidemiological 

features, and molecular confirmation of a suspected pythiosis outbreak, as well as to describe the 

therapeutic approaches applied during outbreak management. Treatment decisions were based on 

lesion severity and clinical judgment, reflecting standard veterinary practice in field conditions, 

without randomization, experimental allocation, or predefined comparative endpoints. Therefore, 

therapeutic outcomes are reported descriptively and should be interpreted as observational field 

findings rather than evidence of causal efficacy or superiority between protocols, in line with 

recommendations for outbreak investigations and case-based veterinary studies [6,8,19]. 

All animals underwent systematic clinical examination by licensed veterinarians. Case definition 

was based on the presence of characteristic cutaneous lesions compatible with pythiosis, including 

ulcerative, exudative, and necrotic skin lesions with irregular margins. A total of 400 cattle (47.1% of 

the herd) were identified as clinically affected through direct inspection. Lesions were predominantly 

located on the distal portions of the limbs, with a higher frequency on the hind limbs, consistent with 

prolonged exposure to flooded pastures. For descriptive and management purposes, affected animals 

were stratified into two clinical categories based on lesion number and extent. Animals presenting 

with multiple or extensive ulcerative lesions were classified as severe cases (P1 – 213 animals) treated 

with intramuscular triamcinolone combined with topical copper sulfate, whereas animals presenting 

a single, small, and localized lesion were classified as mild cases (P2 – 187 animals) treated only 

topical copper sulfate (Figure 1). No animals exhibited marked lameness or poor body condition at 

the time of clinical evaluation. 
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Figure 1. Division of affected cattle into severe (P1) and mild (P2) cases. 

2.3. Sample Collection, Histopathological and Molecular Diagnostic 

Given the large number of clinically affected animals during the outbreak, a targeted, 

representative, and pragmatic sampling strategy was adopted, in accordance with established 

approaches for field investigations of pythiosis and other environmentally associated oomycete 

infections [6,19]. The primary objective of sampling was etiological confirmation at the herd level 

while minimizing animal handling and invasive procedures during an active outbreak scenario. 

Cutaneous tissue samples were collected from a subset of cattle presenting typical ulcerative 

lesions, selected to represent different paddocks, lesion stages, and degrees of clinical severity. This 

strategy is widely accepted in outbreak investigations, in which concordant clinical, epidemiological, 

and molecular findings allow robust identification of the causative agent without exhaustive 

sampling of all affected animals [6]. Fifteen animals presenting active lesions defined as lesions 

identified shortly before sampling and exhibiting ongoing inflammatory activity were initially 

selected. To perform the skin biopsy, fragments from the margins of the lesions were collected 

aseptically and painlessly using local anesthesia (2% lidocaine) under sterile conditions. The tissues 

were also fixed in 10% neutral buffered formalin and underwent conventional histopathological 

processing and staining with hematoxylin and eosin (H&E) for general evaluation and with Grocott 

methenamine silver (GMS) staining for visualization of hyphal structures [7]. For molecular analyses, 

fresh lesion tissue biopsies from ten bovines were available and processed. 

Biopsies were aseptically obtained from the active peripheral margins of cutaneous lesions, 

where the pathogen burden and the likelihood of detecting viable P. insidiosum structures are 

expected to be highest, in accordance with established recommendations for the molecular diagnosis 

of pythiosis [4,9]. Fresh lesion tissue biopsies were defined a priori as the standard specimen type to 

ensure diagnostic accuracy and maximize analytical sensitivity. Collected tissues were preserved in 

RNAlater™ (Invitrogen, USA) and stored at −20 °C until laboratory processing. No lesion swabs or 

superficial samples were used, thereby maintaining methodological uniformity and minimizing 

variability associated with surface contamination and low pathogen load. 

Collected tissues were divided into two portions: one fixed in formalin for histopathology and 

the other preserved in RNAlater™ (Invitrogen, USA) and stored at −20 °C until DNA extraction. DNA 
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was extracted from fresh tissue samples (n = 10) using the DNeasy Blood & Tissue Kit (Qiagen, 

Germany), according to the manufacturer’s instructions. 

Molecular detection of P. insidiosum was performed by real-time quantitative PCR (qPCR) 

targeting the internal transcribed spacer (ITS) region of ribosomal DNA, using species-specific 

primers (Forward: 5′-TTCCTGCCCTTGGTCATTTAG-3′; Reverse: 5′-

GATCTGCGTTCTTCATCGATGC-3′) and hydrolysis probes, as previously validated for high 

specificity and sensitivity [9,10]. Amplification reactions were conducted on a StepOnePlus™ Real-

Time PCR System (Applied Biosystems, USA). A cycle threshold (Ct) value ≤ 35 was considered 

positive. Each run included positive controls (reference P. insidiosum DNA) and no-template negative 

controls to monitor assay performance. 

To further strengthen species-level confirmation, ITS region sequencing was performed on a 

subset of qPCR-positive samples. Amplicons were purified and subjected to bidirectional Sanger 

sequencing. Consensus sequences were assembled and compared with reference sequences 

deposited in GenBank using BLASTn. Species identification was confirmed when sequence identity 

exceeded 99% with validated P. insidiosum reference strains, in accordance with criteria adopted in 

previous molecular and phylogenetic studies [6,13,20]. Although sequencing was performed in a 

limited number of cases, this step provided an additional layer of molecular validation, reinforcing 

the diagnostic robustness of the outbreak investigation. 

2.4. Treatment Protocol 

Therapeutic management was conducted as part of an observational outbreak response, rather 

than a controlled therapeutic trial. Two treatment protocols were implemented based on previously 

published evidence and adapted to field conditions, lesion severity, and animal handling feasibility 

[17,19]. Animals presenting more extensive or progressive lesions were managed under Protocol 1 

(P1), consisting of intramuscular administration of triamcinolone acetonide (Retardo Esteróide®, 

Ceva, Juatuba, MG, Brazil) once weekly for three consecutive weeks, combined with topical 

application of a 5% copper sulfate to the lesions twice weekly for the same period. Animals with 

milder or localized lesions were managed under Protocol 2 (P2), which consisted exclusively of daily 

topical application of a 5% copper sulfate solution until complete lesion closure [22,23]. The selection 

of these protocols was guided by the documented immunomodulatory effects of corticosteroids on 

the exuberant inflammatory response associated with pythiosis, as well as the reported direct 

cytotoxic activity of copper-based compounds against P. insidiosum hyphal elements [4,24]. No causal 

or comparative inference regarding treatment efficacy was intended, and therapeutic outcomes were 

recorded descriptively as part of the field outbreak management. 

2.5. Ethical Considerations 

All procedures involving animals were approved by the Institutional Committee for Animal 

Care and Use of the Federal University of Pará (CEUA-UFPA; protocol no. 6261300323). Animal 

handling and sample collection were performed in accordance with international guidelines for 

ethical veterinary research, with efforts made to minimize discomfort, stress, and invasiveness during 

all procedures. 

3. Results 

3.1. Epidemiological Characterization of the Outbreak 

Between January and April 2025, a large-scale outbreak of cutaneous pythiosis was identified on 

a commercial beef cattle farm located in the state of Pará, eastern Amazon biome (02°59′45″S 47°

21′10″W). The farm maintained a total herd of 850 male cattle managed under an extensive 

production system with rotational grazing of Panicum maximum cv. Mombaça. During the 
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Amazonian rainy season, substantial areas of the property become persistently flooded, and cattle 

had unrestricted access to these waterlogged paddocks (Figure 1). 

Of the 850 animals examined during the outbreak investigation, 400 cattle (47.1%) fulfilled the 

predefined clinical case definition for suspected cutaneous pythiosis and were included in the 

descriptive epidemiological analysis. All affected animals were in the rearing phase, predominantly 

crossbred and Nelore cattle, aged between 8 months and 2.5 years. The overall morbidity rate of the 

outbreak was therefore 47%. No mortality attributable to pythiosis was recorded during the 

observation period. 

Clinical examination revealed that systemic parameters including heart rate, respiratory rate, 

rectal temperature, and ruminal motility remained within physiological reference ranges in all 

affected animals. Notably, none of the cattle exhibited lameness or significant loss of body condition 

during the course of the outbreak or treatment period, suggesting disease localization to cutaneous 

tissues without evident systemic involvement (Figure 2). 

 

(A) (B) 

Figure 2. A) Flooded area of stagnant water between pastures, characteristic of the Amazon Biome during rainy 

season. B) Flooded area of stagnant water with mud and marks of cattle trampling. 

3.2. Clinical Presentation and Lesion Characteristic 

Cutaneous lesions were consistent with those classically described for bovine pythiosis. Affected 

cattle presented multifocal nodular lesions that were ulcerated, hemorrhagic, and exudative, without 

visible kunkers, predominantly located on distal portions of the limbs, particularly in areas with 

frequent contact with water (Figure 3A–C). Lesions ranged from approximately 3 to 12 cm in 

diameter and commonly displayed necrotic centers surrounded by thickened, fibrotic margins. In 

approximately 15% of affected animals, lesions were associated with fistulous tracts draining 

serosanguinous exudate. Despite the extensive nature of some lesions, no evidence of deep 

musculoskeletal involvement was observed, and locomotion remained preserved throughout the 

clinical course. 
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Figure 3. Ulcerated skin lesions, with an alopecic, concave surface, granular appearance and well-defined 

borders, tending to be circular, measuring 10cm and 7cm in size, located on the pastern, lateroplantar region of 

the left pelvic limb and medioplantar region of the right pelvic limb. 

3.3. Histopathological Findings 

Histopathological evaluation of skin biopsies showed consistent lesions across all samples, 

characterized by marked dermal disorganization with fibroplasia, interlacing collagen bundles, 

moderate neovascularization, and a mild to moderate mononuclear inflammatory infiltrate 

compatible with granulation tissue. Multifocal superficial crusts composed of degenerated and intact 

neutrophils, amorphous basophilic and eosinophilic material, and occasional bacterial structures 

were observed, frequently replacing the epidermis. In sections with preserved epidermis, diffuse 

acanthosis with parakeratotic hyperkeratosis was noted. Occasional amorphous eosinophilic 

deposits surrounded by cellular debris were present; however, no consistent eosinophilic sleeves, 

angiocentric lesions, or morphologically recognizable oomycete hyphae were identified on 

hematoxylin and eosin or Grocott methenamine silver staining. Overall, the histopathological 

findings were nonspecific and did not allow definitive etiological characterization. 

3.4. Molecular Diagnostic 

Molecular analysis by quantitative real-time PCR (qPCR) targeting the internal transcribed 

spacer (ITS) region of P. insidiosum was performed samples collected from active lesion margins of 10 

representative animals. All tested samples yielded positive amplification results. Amplification 

curves were comparable to those obtained for the positive control, with cycle threshold (Ct) values 

ranging from 19.4 to 25.6, consistent with a high pathogen DNA burden in the sampled lesions. No 

amplification was observed in negative controls, confirming assay specificity. These results provided 

definitive molecular confirmation of P. insidiosum as the etiological agent responsible for the outbreak. 

3.5. Therapeutic Management and Clinical Outcomes 
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Therapeutic management was implemented in a total of 213 animals presenting active, extensive, 

or progressive lesions requiring intervention, while the remaining affected cattle were managed 

conservatively due to mild or regressing lesions. 

Two treatment protocols were applied based on lesion severity and extent. Protocol 1 consisted 

of intramuscular administration of triamcinolone acetonide (0.01 mg/kg) once weekly for two 

consecutive weeks, combined with topical application of 5% copper sulfate to the lesion surface once 

daily for 14 days. Protocol 2 consisted exclusively of topical application of 5% copper sulfate once 

daily until complete lesion closure. Among the 213 cattle treated under Protocol 1, 191 animals (89.7%) 

achieved complete clinical resolution, defined as full epithelialization, absence of exudation, and no 

lesion progression, within 21 to 35 days. The remaining 22 animals (10.3%) showed partial regression 

after the initial treatment course and required retreatment (Figure 4). 

   
(A) (B) (C) 

Figure 4. Representative cutaneous lesions observed in cattle affected by pythiosis. (A–C) Ulcerated, nodular, 

and exudative lesions affecting the distal limbs, with necrotic centers and irregular fibrotic borders. 

 
 

 

(A) (B) (C) 

Figure 5. Sequential wound healing in a representative treated animal: (A) initial ulcerated lesion (Day 0); (B) 

marked reduction in exudation and lesion size (Day 15); (C) lesion in the process complete epithelialization and 

tissue repair (Day 30). 

The 187 cattle managed under Protocol 2 showed complete clinical resolution within 30 to 40 

days. Treatment duration, administration routes, and outcome definitions were standardized across 

all analyses to ensure internal consistency. All numerical data were reviewed and harmonized, and 

the sum of outcome categories corresponded exactly to the total number of treated animals reported 

in Table 1. 
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Table 1. Clinical outcomes of cattle affected by pythiosis according to therapeutic protocol: Protocol 1 

(intramuscular triamcinolone combined with topical copper sulfate) and Protocol 2 (topical copper sulfate alone). 

Outcome Number of Animals Retreatment Recovered 

Protocol 1 213 22 213 

Protocol 2 187 0 187 

4. Discussion 

This study documents the first molecularly confirmed outbreak of bovine pythiosis in the 

Amazon biome, involving 400 cattle, and provides compelling evidence that P. insidiosum may no 

longer represent a sporadic or self-limiting condition in cattle raised in tropical flood-prone 

ecosystems [6–8,10]. Historically, bovine pythiosis has been described as an infrequent disease, 

usually affecting a small number of animals within a herd and often resolving spontaneously without 

major intervention [6–8,10]. In contrast, the magnitude, persistence, and clinical impact observed in 

the present outbreak indicate a marked shift in the epidemiological behavior of the pathogen, with 

important implications for animal health and livestock production systems in the Amazon region [6–

8,25]. 

From an epidemiological perspective, the exceptionally high morbidity observed in this 

outbreak contrasts sharply with previous reports from southern, southeastern, and northeastern 

Brazil, where bovine pythiosis typically involved isolated cases or small clusters of animals 

[6,7,10,22]. The prolonged persistence of lesions and the need for pharmacological intervention in 

most affected cattle suggest that continuous exposure to flooded pastures played a decisive role in 

sustaining transmission [6–8]. In the Amazon biome, cattle management during the rainy season 

frequently involves prolonged grazing in waterlogged areas, limiting the feasibility of removing 

animals from contaminated environments. This scenario likely facilitated repeated exposure to 

infective zoospores, delaying spontaneous lesion regression and contributing to the chronicity 

observed in this outbreak [7,8]. 

The epidemiological scenario observed in the present outbreak was strongly shaped by 

environmental conditions known to favor the environmental amplification and host transmission of 

P. insidiosum. This aquatic oomycete exhibits an obligate association with warm, stagnant, or slow-

moving freshwater systems, where it produces motile biflagellate zoospores capable of active 

chemotaxis and host invasion following prolonged cutaneous exposure [1,3,14]. In the Amazon 

biome, the convergence of sustained high temperatures, abundant organic substrates, and seasonal 

hydrological expansion creates highly permissive ecological niches for zoospore survival, dispersal, 

and host contact. Comparable eco-epidemiological contexts have been consistently implicated in 

livestock pythiosis outbreaks across tropical flood-prone regions and landscapes undergoing rapid 

environmental transformation [14–16,18]. In this investigation, the pronounced temporal aggregation 

of cases during the peak rainy season, coupled with the anatomical concentration of lesions in distal 

limb regions subjected to frequent water immersion, provides robust epidemiological evidence 

supporting a predominantly water-mediated transmission pathway. 

At a broader scale, regional climatic dynamics appear to function as major upstream drivers of 

P. insidiosum epidemiology in the Amazon. The region is characterized by annual precipitation often 

exceeding 2,000-3,500 mm, high temperatures, resulting in recurrent and prolonged inundation of 

low-lying pastures and the establishment of semi-permanent aquatic microenvironments that sustain 

zoospore production and environmental persistence [15,16]. These hydrological conditions not only 

enhance pathogen maintenance in the environment but also substantially increase the duration and 

intensity of cattle exposure under extensive grazing systems. Importantly, climate projections for the 

Amazon indicate rising rainfall intensity and increased frequency of extreme precipitation events, 

trends that are expected to expand both the spatial footprint and seasonal window of pythiosis risk 

[15,16]. Collectively, these findings reinforce the conceptual framework that positions pythiosis as a 
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climate-sensitive, water-associated disease whose emergence dynamics are tightly coupled to 

hydrometeorological variability and environmental change in tropical ecosystems. 

Clinically, the lesions observed in this outbreak predominantly ulcerative, granulomatous, and 

affecting the distal limbs and ventral body regions were consistent with classical descriptions of 

bovine pythiosis [6–8]. However, lesion progression in the Amazon outbreak was notably more 

aggressive and prolonged, frequently requiring repeated therapeutic interventions. While 

histopathological findings such as pyogranulomatous dermatitis, eosinophilic infiltration, and poorly 

staining hyphal elements are traditionally considered supportive of pythiosis [7], histopathology 

alone proved insufficient for definitive diagnosis in this context. This reinforces previous concerns 

regarding the limited specificity of histopathology, particularly in chronic or atypical lesions, and 

highlights the critical importance of molecular confirmation [25,26]. 

In this outbreak, qPCR targeting the ITS region enabled rapid and accurate etiological 

confirmation of P. insidiosum, in line with previously validated molecular approaches 

[9,10,12,13,25,26]. Molecular diagnostics have consistently demonstrated superior sensitivity and 

specificity compared with conventional methods, particularly in early or chronic lesions and in 

situations where culture is unsuccessful [25,26]. However, access to molecular diagnostic 

infrastructure remains limited in many regions of the Amazon, underscoring a major gap in 

veterinary diagnostic capacity. Expanding access to PCR-based tools is therefore essential for 

improving surveillance, outbreak detection, and appropriate case management of emerging water-

associated pathogens in tropical livestock systems. 

Therapeutically, this study reports, for the first time, the field-scale use of intramuscular 

triamcinolone combined with topical copper sulfate for bovine pythiosis under outbreak conditions 

[27–30]. This combined approach resulted in clinical improvement and lesion regression in more than 

80% of treated animals within 15-30 days. Although immunotherapy using P. insidiosum antigens has 

shown efficacy in individual cases and small series its cost, logistical complexity, and limited 

availability restrict its applicability at the herd level. In contrast, the corticosteroid-based protocol 

applied here appears to represent a pragmatic and scalable alternative, particularly in low-resource 

settings [19,29]. 

The observed therapeutic response is biologically plausible given the known pathophysiology 

of pythiosis, which is characterized by an exuberant Th2-polarized immune response, marked 

eosinophilic infiltration, and extensive tissue damage mediated by host inflammation rather than 

direct fungal invasion [4,15]. Corticosteroids may mitigate this dysregulated inflammatory response, 

while copper sulfate exerts local antimicrobial and astringent effects that may reduce pathogen 

burden and promote tissue repair [23]. Importantly, this study does not claim causal efficacy or 

superiority of this protocol but rather reports observational outcomes obtained during emergency 

outbreak management. 

Despite the absence of significant body condition loss, consistent with previous observations in 

cattle [11,25], the economic impact of the outbreak was substantial. Direct treatment costs, labor, and 

prolonged healing times resulted in significant financial losses, particularly for smallholder farming 

systems. These findings emphasize that bovine pythiosis should no longer be regarded as a benign 

or negligible condition in tropical regions, but rather as a disease with tangible economic 

consequences. 

Beyond animal health and production, the zoonotic relevance of P. insidiosum warrants 

consideration. Human pythiosis, although rare, has been increasingly reported in tropical regions, 

particularly among individuals exposed to aquatic environments or with underlying 

immunosuppression [5]. In this context, livestock outbreaks may serve as sentinel events, signaling 

environmental contamination and potential risk to human populations, especially in rural and 

riverine communities of the Amazon [30]. This highlights the importance of integrating veterinary 

findings into broader One Health surveillance frameworks. 

Environmental management remains a critical but underutilized component of disease control. 

Restricting access to stagnant water bodies, implementing rotational grazing to avoid flooded 
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pastures, and monitoring water quality parameters may reduce exposure risk. However, in 

ecosystems where flooding is unavoidable, proactive surveillance, early molecular diagnosis, and 

farmer education should be prioritized [30,31]. 

This study has limitations as soon as environmental sampling was not performed, precluding 

identification of specific environmental reservoirs or transmission routes. Additionally, the inability 

to culture the pathogen limited further phenotypic and genotypic analyses. Future investigations 

should incorporate environmental DNA (eDNA) approaches, metagenomic analyses, and 

longitudinal surveillance to better characterize environmental hotspots and microbial community 

dynamics associated with pythiosis-prone areas. 

The findings presented here indicate that P. insidiosum should be regarded not only as a 

neglected pathogen but also as an indicator of broader ecological and One Health vulnerabilities in 

tropical regions undergoing rapid environmental change [31]. The convergence of climate-driven 

hydrological instability, expanding livestock production, and limited diagnostic infrastructure in the 

Amazon biome [30] creates conditions conducive to the emergence and amplification of water-

associated diseases such as pythiosis. Addressing these challenges will require integrated 

surveillance, improved molecular diagnostic capacity, and coordinated actions across animal, 

human, and environmental health sectors. 

5. Conclusion 

This study describes a large outbreak of cutaneous pythiosis in cattle from the Amazon biome, 

with etiological confirmation of P. insidiosum based on molecular detection under field conditions. 

The findings contribute descriptive epidemiological information for a region where bovine pythiosis 

remains poorly characterized and emphasize the importance of PCR-based methods for outbreak 

confirmation. All therapeutic measures were applied as part of routine outbreak management and 

were not designed to assess treatment efficacy. Accordingly, clinical outcomes should be interpreted 

strictly as observational findings. The study is limited by its observational design, restricted 

molecular sampling, absence of environmental investigation, and lack of long-term follow-up. 

Further studies using systematic epidemiological and controlled approaches are warranted to better 

define transmission dynamics and management strategies in flood-prone tropical environments 

Author Contributions: For research articles with several authors, a short paragraph specifying their individual 

contributions must be provided. The following statements should be used “Conceptualization, J.B.d.S., H. d.A.B. 

and F.M.S.; methodology, J.B.d.S., H.G.d.S.O., A.d.M.C.L., E.M.C., V.D., H. d.A.B., A.d.S.L., F.R.C.d.S., C.D. and 

F.M.S; formal analysis J.B.d.S., H.G.d.S.O., A.d.M.C.L., E.M.C., V.D., A.d.S.L., F.R.C.d.S., C.D., H. d.A.B. and 

F.M.S.; investigation, J.B.d.S., H.G.d.S.O., A.d.M.C.L., E.M.C., V.D., H. d.A.B. and F.M.S.; data curation, J.B.d.S., 

H.G.d.S.O., A.d.M.C.L., E.M.C., V.D., A.d.S.L., F.R.C.d.S., C.D., H. d.A.B. and F.M.S.; writing—original draft 

preparation, J.B.d.S., H.G.d.S.O. and A.d.M.C.L..; writing—review and editing, J.B.d.S., V.D., A.d.S.L., F.R.C.d.S., 

C.D., H. d.A.B. and F.M.S.; supervision, F.M.S.; project administration, F.M.S. All authors have read and agreed 

to the published version of the manuscript.” Please turn to the CRediT taxonomy for the term explanation. 

Authorship must be limited to those who have contributed substantially to the work reported. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The animal study protocol number Nº 6261300323 (ID 002208), approval 

date: 27 April 2023, was approved by the National Council for Control of Animal Experimentation (CONCEA) 

and was approved by the Ethics Committee on Animal Use of the Federal University of Para (CEUA/UFPA). 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The original contributions presented in the study are included in the article; 

further inquiries can be directed to the corresponding author. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 February 2026 doi:10.20944/preprints202602.1752.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1752.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 12 

 

Acknowledgments: The authors are grateful to CNPq (Conselho Nacional de Desenvolvimento Científico e 

Tecnológico), FAPESPA (Fundação Amazônia de Amparo a Estudos e Pesquisas do Estado do Pará), and CAPES 

(Coordenação de Aperfeiçoamento de Pessoal de Nível Superior). 

Conflicts of Interest: The authors declare no conflicts of interest. . 

References 

1. Mendoza, L.; Ajello, L.; McGinnis, M.R. Infections caused by the oomycetous pathogen Pythium insidiosum. 

J. Mycol. Med. 1996, 6, 151–164. https://doi.org/10.1016/S1156-5233(96)80040-4 

2. Alexopoulos, C.J.; Mims, C.W.; Blackwell, M. Introductory Mycology, 4th ed.; John Wiley & Sons: New York, 

NY, USA, 1996; pp. 599–611. 

3. Mendoza, L.; Hernandez, F.; Ajello, L. Life cycle of the human and animal oomycete pathogen Pythium 

insidiosum. J. Clin. Microbiol. 1993, 31, 2967–2973. https://doi.org/10.1128/jcm.31.11.2967-2973.1993 

4. Gaastra, W.; Lipman, L.J.A.; De Cock, A.W.A.M.; Exel, T.K.; Pegge, R.B.G.; Scheurwater, J.; Vilela, R.; 

Mendoza, L. Pythium insidiosum: An overview. Vet. Microbiol. 2010, 146, 1–16. 

https://doi.org/10.1016/j.vetmic.2010.04.006 

5. Yolanda, H.; Krajaejun, T. Global distribution and clinical features of pythiosis in humans and animals. J. 

Fungi 2022, 8, 182. https://doi.org/10.3390/jof8020182 

6. Konradt, G.; Bassuino, D.M.; Bianchi, M.V.; Castro, L.; Caprioli, R.A.; Pavarini, S.P.; Santurio, J.M.; Azevedo, 

M.I.; Jesus, F.P.; Driemeier, D. Cutaneous pythiosis in calves: An epidemiologic, pathologic, serologic, and 

molecular characterization. Med. Mycol. Case Rep. 2016, 14, 24–26. 

https://doi.org/10.1016/j.mmcr.2016.11.004 

7. Maia, L.A.; Souto, E.P.F.; Frade, M.T.S.; Pimentel, L.A.; Azevedo, E.O.; Kommers, G.D.; Riet-Correa, F.; 

Dantas, A.F.M. Pythiosis in cattle in Northeastern Brazil. Pesq. Vet. Bras. 2020, 40, 340–345. 

https://doi.org/10.1590/1678-5150-PVB-6532 

8. Gabriel, A.L.; Kommers, G.D.; Trost, M.E.; Barros, C.S.L.; Pereira, D.B.; Schwendler, S.E.; Santurio, J.M. 

Outbreak of cutaneous pythiosis in cattle. Pesq. Vet. Bras. 2008, 28, 583–587. https://doi.org/10.1590/S0100-

736X2008001200001 

9. Grooters, A.M.; Gee, M.K.; Durbin, M.; Foureman, P.; Lovell, J. Development of a nested PCR assay for the 

detection of Pythium insidiosum DNA in clinical specimens. J. Vet. Intern. Med. 2003, 17, 534–538. 

https://doi.org/10.1111/j.1939-1676.2003.tb02480.x 

10. Keeratijarut, A.; Lohnoo, T.; Yingyong, W.; Rujirawat, T.; Srichunrusami, C.; Onpeaw, P.; Chongtrakool, P.; 

Brandhorst, T.T.; Krajaejun, T. Detection of the oomycete Pythium insidiosum by real-time PCR targeting the 

gene coding for exo-1,3-β-glucanase. J. Med. Microbiol. 2015, 64, 971–977. 

https://doi.org/10.1099/jmm.0.000117 

11. Worasilchai, N.; Permpalung, N.; Chindamporn, A. High-resolution melting analysis: A novel approach 

for clade differentiation in Pythium insidiosum and pythiosis. Med. Mycol. 2018, 56, 868–876. 

https://doi.org/10.1093/mmy/myx123 

12. Sridapan, T.; Krajaejun, T. Nucleic acid–based detection of Pythium insidiosum: A systematic review. J. Fungi 

2023, 9, 27. https://doi.org/10.3390/jof9010027 

13. Azevedo, M.I.; Botton, S.A.; Pereira, D.I.B.; Robe, L.J.; Jesus, F.P.K.; Alves, S.H.; Santurio, J.M. Phylogenetic 

relationships of Brazilian isolates of Pythium insidiosum based on ITS rDNA and cytochrome oxidase II gene 

sequences. Vet. Microbiol. 2012, 159, 141–148. https://doi.org/10.1016/j.vetmic.2012.03.030 

14. Krajaejun, T.; Sathapatayavongs, B.; Pracharktam, R.; Nitiyanant, P.; Leelachaikul, P.; Wanachiwanawin, 

W.; Chaiprasert, A.; Assanasen, P.; Saipetch, M.; Mootsikapun, P.; et al. Environmental and climatic factors 

related to outbreaks of pythiosis. Clin. Microbiol. Rev. 2009, 22, 544–558. https://doi.org/10.1128/CMR.00023-

09 

15. Marengo, J.A.; Souza, C.M., Jr.; Thonicke, K.; Burton, C.; Halladay, K.; Betts, R.A.; Alves, L.M.; Soares, W.R. 

Changes in climate and land use over the Amazon region: Current and future variability and trends. 

Weather Clim. Extremes 2018, 22, 1–17. https://doi.org/10.1016/j.wace.2018.08.002 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 February 2026 doi:10.20944/preprints202602.1752.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1752.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 12 

 

16. Intergovernmental Panel on Climate Change (IPCC). Climate Change 2023: Synthesis Report; IPCC: Geneva, 

Switzerland, 2023. https://doi.org/10.1017/9781009325844 

17. Santos, C.E.P.; Santurio, J.M.; Marques, L.C. Pythiosis in production animals in the Pantanal of Mato Grosso. 

Pesq. Vet. Bras. 2011, 31, 1083–1089. 

18. Paz, G.S.; Camargo, G.G.; Cury, J.E.; et al. Outbreak of equine pythiosis in a southeastern region of Brazil: 

Environmental isolation and phylogeny. Transbound. Emerg. Dis. 2022, 69, 1617–1624. 

https://doi.org/10.1111/tbed.14135 

19. do Carmo, P.M.S.; Santurio, J.M.; Kommers, G.D.; Riet-Correa, F.; Dantas, A.F.M. Diseases caused by 

Pythium insidiosum in sheep and goats: A review. J. Vet. Diagn. Investig. 2021, 33, 20–24. 

https://doi.org/10.1177/1040638720968937 

20. Ribeiro, T.C.; Weiblen, C.; Azevedo, M.I.; Botton, S.A.; Robe, L.J.; Pereira, D.I.B.; Santurio, J.M. 

Microevolutionary analyses of Pythium insidiosum isolates of Brazil and Thailand based on exo-1,3-β-

glucanase gene. Infect. Genet. Evol. 2017, 48, 58–63. https://doi.org/10.1016/j.meegid.2016.11.020 

21. Schurko, A.M.; Mendoza, L.; Lévesque, C.A.; Désaulniers, N.L.; de Cock, A.W.A.M.; Klassen, G.R. A 

molecular phylogeny of Pythium insidiosum. Mycol. Res. 2003, 107, 537–544. 

https://doi.org/10.1017/S0953756203007718 

22. Htun, Z.M.; Laikul, A.; Pathomsakulwong, W.; Yurayart, C.; Lohnoo, T.; Yingyong, W.; et al. Identification 

and biotyping of Pythium insidiosum isolated from urban and rural areas by multiplex PCR, DNA barcoding 

and proteomic analyses. J. Fungi 2021, 7, 242. https://doi.org/10.3390/jof7040242 

23. Brilhante, R.S.N.; Rodrigues, A.M.; Sidrim, J.J.C.; Rocha, M.F.G.; Cordeiro, R.A.; Castelo-Branco, D.S.C.M.; 

Pereira, S.A.; Dantas, A.M.M.; Melo, R.S.; Monteiro, A.J.; et al. Use of copper-based compounds in the 

control of pythiosis: A promising antifungal strategy. J. Med. Microbiol. 2016, 65, 1–7. 

https://doi.org/10.1099/jmm.0.000192 

24. Mendoza, L. Immunotherapy of pythiosis in animals. Mycopathologia 2015, 179, 213–220. 

https://doi.org/10.1007/s11046-014-9819-6 

25. Vasconcelos, A.B.; França, D.A.; Prado, A.C.; Yamauchi, D.H.; Silva, A.C.A.; Barros, I.O.; Valença, S.R.F.A.; 

Lucheis, S.B.; Bosco, S.M.G. Molecular detection of Pythium insidiosum in cutaneous lesions of horses from 

Northeastern Brazil. Animals 2025, 15, 2863. https://doi.org/10.3390/ani15192863 

26. Znajda, N.R.; Grooters, A.M.; Marsella, R. PCR-based detection of Pythium and Lagenidium DNA in frozen 

and ethanol-fixed animal tissues. Vet. Dermatol. 2002, 13, 187–194. https://doi.org/10.1046/j.1365-

3164.2002.00296.x 

27. Hansen, R.D.; Vilela, R.; Mendoza, L. Cutaneous pythiosis in a Red Brangus beef calf cured by 

immunotherapy. Med. Mycol. Case Rep. 2016, 14, 20–23. https://doi.org/10.1016/j.mmcr.2016.11.005 

28. Pereira, D.I.B.; Botton, S.A.; Ianiski, L.B.; Braga, C.Q.; Maciel, A.F.; Melo, L.G.; Zambrano, C.G.; Bruhn, 

F.R.P.; Santurio, J.M. Equidae pythiosis in Brazil and the world: A systematic review of the last 63 years 

(1960–2023). Braz. J. Microbiol. 2024, 55, 2969–2981. https://doi.org/10.1007/s42770-024-01435-6 

29. de Souto, E.P.F.; Kommers, G.D.; Souza, A.P.; Miranda Neto, E.G.; Assis, D.M.; Riet-Correa, F.; Galiza, 

G.J.N.; Dantas, A.F.M. A retrospective study of pythiosis in domestic animals in Northeastern Brazil. J. 

Comp. Pathol. 2022, 195, 34–50. https://doi.org/10.1016/j.jcpa.2022.05.002 

30. dos Santos, J.B.; Salvarani, F.M. Impacts of Climate Change on Cattle Health and Production in the Brazilian 

Amazon Biome. Ruminants 2025, 5, 58. https://doi.org/10.3390/ruminants5040058 

31. Cheung, C.; Mendoza, L.; Grooters, A.M.; et al. From plants to animals: Pythium, Lagenidium, Aphanomyces, 

and other oomycete pathogens of animals from a One Health perspective. Aust. Vet. J. 2026. 

https://doi.org/10.1111/avj.70054 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 February 2026 doi:10.20944/preprints202602.1752.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.1752.v1
http://creativecommons.org/licenses/by/4.0/

