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RESUMO.- [Mortalidade por Entamoeba invadens em 
sucuris verdes (Eunectes murinus) de um zoológico.] Cinco 
sucuris verdes (Eunectes murinus) do mesmo recinto morreram 
sequencialmente no jardim zoológico da Universidade Federal 
de Mato Grosso, em Cuiabá, Centro-Oeste do Brasil. As lesões 
primárias em todas as serpentes foram enterocolite e hepatite 
necrótica severa, associada a trofozoítos intralesionais PAS 
positivos, morfologicamente compatíveis com Entamoeba. Os 
protozoários estavam distribuídos aleatoriamente no intestino 
e fígado das cinco sucuris e nos estômagos, rins e pulmões 
de três sucuris. O recinto das serpentes tinha contato com o 
recinto vizinho que abrigava jacarés e tartarugas. Com base nos 
achados clínicos, macroscópicos, histopatológicos, e no teste 
de imunofluorescência, que marcou trofozoítos, concluiu-se 
que as sucuris estavam infectadas por Entamoeba invadens. 
TERMOS DE INDEXAÇÃO: Enterocolite, amebíase, Entamoeba, 
serpentes.

INTRODUCTION
“Anaconda” or “sucuri” are aquatic top predator snakes with a 
wide distribution in South America. Eunectes murinus, Eunectes 
akayima and Eunectes notaeus are currently recognized 
species across nine countries (Rivas et al. 2024). Reptiles 
have numerous protozoaires that belong to the microbiota 
and usually are harmless to their host. Protozoa can become 
pathogenic when confined due to the high parasitic load 
provoked by continuous self-infection (Greiner & Mader 2006).

Infections due to Entamoeba histolytica in primates and 
Entamoeba invadens in reptiles are known to cause serious 
diseases (Richter et al. 2008). Amoebae in chelonians may cause 
gastrointestinal diseases associated with infection by Entamoeba 
ranarum, Entamoeba insolita, Entamoeba testudines, Entamoeba 
barreti, Entamoeba terrapinae, and E. invadens species (García et 
al. 2014). These species can cause high mortality due to mainly 
severe necrotizing enterocolitis and hepatitis (Donaldson et al. 
1975, Jakob & Wesemeier 1995, Kojimoto et al. 2001, Richter et 
al. 2008, Baseler et al. 2014, McFarland et al. 2021). However, 
registering diseases caused by this agent in South America is 
rare. The first official morphologic description of E. invadens 
was made by Rodhain in 1938. However, there are signs that 
the Brazilians Cunha and Fonseca described the same species 
in 1917 under Entamoeba serpentis (Ghosh 1968).

Herein, we describe an amebiasis outbreak caused by E. 
invadens in green anacondas in captivity.
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OUTBREAK REPORT
Ethical approval. This study was conducted following 

the criteria established by the Ethics Committee for the Use 
of Animals (CEUA) of the “Universidade Federal de Mato 
Grosso” (UFMT) under protocol No. 23108.031812/2023-07.

From May to June 2007, five green anacondas (Eunectes 
murinus, Boidae) (Cases 1-5) from UFMT Zoo’s collection died 
and were submitted to necropsy in the Veterinary Pathology 
Laboratory at UFMT. Samples of multiple organs were fixed 
in 10% formalin, routinely processed, embedded in paraffin, 
and stained with hematoxylin and eosin (HE). Selected tissues 
were stained by periodic acid-Shiff (PAS). All histological 
stains were performed as described by Prophet et al. (1992). 
The responsible reported a release of a free-ranging green 
anaconda in the same enclosure about two months before 
the mortality. In addition, the snake enclosure had contact 
with the room next door, which housed alligators and turtles.

The five snakes in the enclosure died within three days. 
Four affected snakes were found dead in the enclosure with 
no clinical signs (Cases 1-4). One green anaconda presented 
apathy, anorexia and bloody feces (Fig. 1) and died during the 
physical examination (Case 5). During necropsy, the primary 
lesions were similar in the five snakes and occurred in the 
intestines and livers. Fibrino-necro-hemorrhagic or fibrinous 
proliferative colitis (Fig. 2 and 3) was characterized grossly 
by the necropsies. The intestinal walls are thickened with 
an irregular mucosa covered with a yellow-brownish and 
hemorrhagic fibrin pseudomembrane. Two snakes presented 
colon intussusception (Fig. 3). The liver presented at capsular 

Fig. 1. Infection by Entamoeba invadens in green anacondas (Eunectes 
murinus). Case 1 shows bloody feces in the cloaca. 

Fig. 2-5. Infection by Entamoeba invadens in green anacondas (Eunectes murinus). (2) Case 1. Note the necrohemorrhagic colitis with a brown 
fibrinonecrotic membrane and thickened and irregular mucosa. (3) Case 5 showing necrohemorrhagic colitis and colon intussusception. 
Inset: The intestinal transverse cut surface shows a congested segment of the intestinal loop inside another. (4 and 5) Multifocal to 
coalescent necrotizing hepatitis presenting mottled, well-defined dark red areas on the capsular (Case 3) cut surface (Case 2).
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and cut surfaces about 40% multifocal-to-coalescing necrotic 
foci characterized by firm, dark-red areas about 0.5 to 1 cm of 
diameter (Fig. 4 and 5). Cases 3-5 presented gastric multifocal 
ulcers ranging from 0.1 cm to 1.5 cm (Fig. 6). Macroscopic 
lesions are summarized in Table 1 and were classified as 
absent, mild, moderate and severe according to severity.

Histologically, the primary lesions occurred in the intestine 
and liver. The enteric lesions were characterized by necrotizing-
fibrinoid diffuse pronounced enteritis associated with amoebic 
trophozoites. The mucosa and submucosa were replaced 
by severe diffuse necrosis and hemorrhage. It was noted 
epithelial necrosis with villi fusion, and high fibrin deposition 
intermixed with multifocal bacterial coccobacillary basophilic 
aggregates. Transmurally, expanding from the lamina propria 
to the serosa, there was a mixed infiltrate made of heterophils, 
macrophages and lymphocytes (Fig. 7). In the intestine’s 
muscular layers, the muscle fibers and the conjunctive tissue 
of the serosa and mesentery were multifocally expanded 
by edema, hemorrhage and heterophils, macrophages, and 
lymphocytes infiltrate. Multifocally, the larger diameter vessels 
presented vacuolization in muscular tunicae, sometimes with 
a heterophilic perivascular intramural infiltrate containing 
occasional intraluminal bacterial coccobacillary basophilic 
aggregates. The liver presented necrotizing hepatitis, evidenced 
by the multifocal-to-coalescing extensive necrotic areas 
(Fig. 8) associated with moderated infiltration of heterophils, 
macrophages, and lymphocytes. Additionally, there were gastric 
and renal lesions in anacondas from Cases 3-5. In the stomach 
sections, ulcerative gastritis was evidenced by epithelium 

discontinued areas and multifocal necrosis in the mucosa, 
which was associated with fibrin deposition. The mucosa 
and submucosa were expanded by an intense infiltration of 
heterophils, which was related to moderate hemorrhage and 
edema. There was lymphohistiocytic infiltration at the border 
and the walls of the vessels. Mild to moderate multifocal 
membranous degeneration of glomeruli and interstitial 
nephritis was noted in the kidneys, characterized by diffuse 
vacuolization of the tubular epithelium and multifocal 
inflammatory infiltrate associated with vasculitis in the 
interstitium. Case 3 presented in the lungs intrafoveolar edema 
containing moderate lymphocytes, macrophages and heterophils 
infiltration. The walls of the larger diameter vessels presented 
severe vasculitis. Amoebic trophozoites were identified in 
the lesion areas of the gastrointestinal tract, liver, kidneys 
and lungs (Fig. 9). The trophozoites were PAS-stained (Fig. 
10), with an oval cytoplasm of 10 to 25 µm presenting a thin 
cellular wall and a broad eosinophilic cytoplasm and a round 
to oval pale basophilic nucleus measuring 3-5 µm (Fig. 8). 
The trophozoites were also found within renal tubules and 
blood vessels. Additionally, bacterial coccobacillary basophilic 
aggregates were observed multifocally in vessels from the 
stomach, liver, lungs, and kidneys from Cases 3-5.

Formalin-fixed paraffin-embedded intestine and liver 
sections from five green anacondas were submitted to the 
Amoeba Laboratory from the Center for Disease Control and 
Prevention (CDC), Waterborne Disease Prevention Branch, to 
immunofluorescence testing (DIF) with fluorescein isothiocyanate-
labeled antibodies targeting Acanthamoeba spp, Balamuthia 
mandrillaris, Hartmannella vermiformis,  Naegleria fowleri, 
Entamoeba histolytica, and E. invadens. Tissue sections were 
tested for the presence of amoebas by applying conjugated 
antiamoebic sera for 30 min at a 25% dilution, washed in PBS, 
and then mounted in glycerol (Visvesvara 1987). Amoebae in 
the colon and liver only reacted with an antibody specific to E. 
invadens, resulting in strongly positive trophozoites (Fig. 11).

DISCUSSION
The present outbreak in green anacondas causing peracute 
death or acute apathy, anorexia and bloody feces was associated 
mainly with enterocolitis and necrotizing hepatitis. The 
diagnosis was based on intralesional positive PAS trophozoites 
morphologically compatible with Entamoeba invadens 
confirmed by immunofluorescence assay. 

Entamoeba is a genus of protozoa that has adapted to the 
digestive tract of many vertebrate and invertebrate hosts. 
Most Entamoeba species are non-pathogenic. However, some 
species can cause severe, including fatal, diseases invading the 

Table 1. Distribution and gradation of macroscopic lesions in the infection by Entamoeba invadens in green anacondas 
(Eunectes murinus)

Case 
Proliferative colitis

Multifocal ulcerative gastritis Multifocal necrotic hepatitis
Fibrinous Fibrino-necro-hemorrhagic Intussusception

1 - +++ - - +++
2 - +++ - - +++
3 +++ - Yes ++ ++
4 - +++ - ++ ++
5 - +++ Yes +++ ++

- Absent, ++ moderate, +++ severe.

Fig. 6. Infection by Entamoeba invadens in green anacondas (Eunectes 
murinus). Case 5 with multifocal disseminated ulcerative gastritis.
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Fig. 7-10. Infection by Entamoeba invadens in green anacondas (Eunectes murinus). (7) Case 4. Colon wall thickening, inflammatory 
infiltration and hemorrhage. Note the submucosa expansion (asterisks) and the fibrinonecrotic membrane over the thickened and 
irregular mucosa (arrowheads). HE, submacroscopic. (8) Case 1 shows multifocal to coalescent necrotizing hepatitis and hemorrhage. 
HE, submacroscopic. (9) Liver from Case 2 with hepatocyte disorganization, hepatocellular vacuolization and necrosis and free amoebic 
trophozoites (arrow). HE, obj. 63x. (10) Colon from Case 3 showing E. invadens trophozoite demonstrating cytoplasm with glycogen 
in the submucosa. PAS, obj. 40x. 

colon and hematogenously spreading to the liver and other 
organs. Entamoeba histolytica and E. invadens are important 
pathogens in this genus. While E. histolytica causes human 
amoebiasis, E. invadens causes amoebiasis in snakes, which 
is a highly contagious and potentially fatal disease (Hooshyar 
et al. 2015). Detecting histologically Entamoeba species is 
not challenging due to their characteristic morphology and 
staining with PAS or trichrome stains. However, it is impossible 
to identify species based on morphology (Fotedar et al. 2007, 
Saidin et al. 2019). Although some authors recommend the 
need for molecular tests to differentiate E. invadens from other 
amoebas from the Entamoeba genus (Michaely et al. 2020), 
antibody-based antigen detection is quite specific (Fotedar et 
al. 2007, Baseler et al. 2014, Saidin et al. 2019), since antibodies 
from other Entamoeba (e.g., E. histolytica) do not react with 
E. invadens, and vice versa (Brewer et al. 2008, Baseler et al. 
2014), as we observed in this study. Other techniques used 
to establish definite diagnosis include polymerase chain 

reaction (PCR) (Bradford et al. 2008, McFarland et al. 2021), 
immunohistochemistry (Jakob & Wesemeier 1995) and in-
situ hybridization (Richter et al. 2008). The main free-living 
amoebae potentially pathogenic to humans and animals belong 
to the Entamoeba, Acanthamoeba, Balamuthia, Naegleria and 
Sappinia genera (Visvesvara et al. 2007, García et al. 2014).

The intestinal lesions in the green anacondas of this 
outbreak are similar to those described in other enterocolitis 
related to E. invadens infection in multiple snake species 
(Donaldson et al. 1975, Jakob & Wesemeier 1995, Kojimoto 
et al. 2001, Richter et al. 2008, Baseler et al. 2014). The 
inflammation pattern of enteric necrosis and hepatic, renal, 
and vascular lesions is often described in amebiasis by E. 
invadens cases in snakes. Amoebic trophozoites usually spread 
in a hematogenous way throughout the hepatic or renal portal 
system (Kojimoto et al. 2001, Baseler et al. 2014, Park et al. 
2019). The pathogenesis of Entamoeba spp. infection starts 
with fecal-oral transmission via contaminated food or water 
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by ingestion of infective cysts, which develop into motile 
trophozoites in the intestine, followed by binary fission of 
trophozoites that invade mucosa or are transformed into 
cysts and pass in the feces. The trophozoites attach to the 
gastrointestinal epithelium, causing epithelial cell death, 
and may invade the lamina propria, crypts of colonic glands 
and submucosa. The liver lesions result from trophozoites 
circulating through the portal vein (Ralston et al. 2014).

In this study, it was not possible to identify the source 
of infection. The introduction of a sick snake would be a 
possibility, but identifying the individual anaconda released in 
the enclosure two months before the deaths was impossible. 
Consequently, we always recommend quarantine before 
releasing animals from free-ranging habitats in enclosures to 
avoid unknown or subclinical infections. The contamination 
could also be associated with the flow of people between 
enclosures because to access the anaconda enclosure, treaters 
had to pass through an enclosure that housed yacarés (Caiman 
yacare) and red-footed tortoises (Chelonoidis carbonaria).

Chelonians and crocodilians are E. invadens hosts, and this 
amoeba species seems less pathogenic (Meerovitch 1958). 
The definitive host remains asymptomatic while the amoeba 
is in its cyst stage. If the trophozoites stay on the mucosa, they 
can make cysts released in the lumen. The symptomatic stage 
occurs when trophozoites destroy the mucosa through protease 
activity and hit the lamina propria, activating pro-inflammatory 
responses (Watanabe & Petri 2015). The trophozoite-releasing 
process depends on the proper conditions of the intestinal 
lumen. In this way, tissue invasion occurs due to the erratic cycle 
stimulated by the intestines of snakes, as they are accidental 
hosts. The same does not frequently occur in turtles, which, 
being phylogenetically more primitive, evolved along amoebae 
for a longer time. This offers the necessary conditions in the 
intestinal lumen for their encystation and life cycle conclusion 
without lesions (Meerovitch 1958). Environmental factors, 
such as food or temperature change, are considered triggers 
for symptoms and consecutive death of hosts (Jacobson et al. 

1983). This might be the reason for these snakes having died 
acutely or peracutely.

Harmless commensals to highly pathogenic, numerous 
protozoa have been reported in reptiles. Confinement in 
enclosures, continuous autoinfection and host immune 
status determine protozoa’s pathogenicity. Beyond amoebas, 
Cryptosporidium spp. is the leading cause of gastrointestinal 
diseases (Brower & Cranfield 2001, Richter et al. 2008). 
Snakes with Cryptosporidium sp. infection have either chronic 
gastritis or no clinical signs. Fifteen juvenile rough green 
snakes (Opheodrys aestivus) died without previous clinical 
signs due to Cryptosporidium sp. infection, causing severe 
heterophilic and lymphocytic enteritis with epithelial necrosis 
(Richter et al. 2008). Monocercomonas sp. is a harmless 
flagellate protozoa in the snake gastrointestinal tract, but it 
may lead to enteritis (Zwart et al. 1984, Jakob & Wesemeier 
1995). Entamoeba ranarum has typically been considered a 
disease of amphibians that act as replicators or reservoirs, 
with rare findings of disease in snakes, causing a state of 
severe enterocolitis (Shilton et al. 2019, Michaely et al. 2020, 
McFarland et al. 2021).

As additional differential diagnoses, we must include 
secondary bacterial infections often associated with Gram-
negative bacilli. They are bacteria present in snake microbiota, 
but due to parasite or viral primary infections (Jacobson 
et al. 1992) could cause immunosuppression and become 
pathogenic, resulting in enterocolitis. The main bacterial 
genera that may cause enteritis and hepatitis are Citrobacter 
and Salmonella (Onderka & Finlayson 1985, Jacobson et al. 
1992), Providencia, Pseudomonas, and Aeromonas (Kolesnikovas 
et al. 2001, Park et al. 2019). Aeromonas hydrophila is an 
opportunist bacterium frequently isolated in snakes. It may 
remain asymptomatic or cause gastritis and enteritis that evolve 
into septicemia and affect multiple organs (Kolesnikovas et al. 
2001). Septicemia was the second cause of death in a series of 
cases in the reptiles from Testudines order in the Midwest of 
Brazil (Santos et al. 2022). In the present outbreak, we found 
bacterial colonies in the intestines and inside vessels from the 
intestines, liver, lungs, and kidney of three anacondas, which 
fits the probable diagnosis of septicemia in those snakes. 
An essential characteristic of amoebas is that they carry 
pathogenic microorganisms, such as bacteria, characterizing 
an association known as endosymbiosis (Lovieno et al. 2010).

CONCLUSIONS
Infection by Entamoeba invadens may cause systemic 

infection in green anacondas (Eunectes murinus) kept in 
captivity, resulting in a systemic disease characterized mainly 
by enterocolitis, gastritis and necrotic hepatitis. 

The definitive diagnosis should demonstrate the etiologic 
agent associated with gross and histologic lesions. 

In institutions where snakes, chelonians and crocodilians 
are kept, planning the enclosures and adapting management 
to isolate the snake environments is necessary.
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