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Review

Introduction

Prototheca spp. (achlorophyllous algae) and Chlorella spp. 
(chlorophyll-containing algae) are ubiquitous algae that 
reproduce asexually by internal septation (endosporulation) 
in which a parent cell (sporangium) divides into 2–20 spo-
rangiospores. After maturation, the wall of the sporangium 
ruptures and the sporangiospores are released to complete 
the cycle.2,12,22 Algal infections have been reported in domes-
tic animals, including goats and sheep.3,14,15,19,22 Prototheca 
spp. and Chlorella spp. are widespread in the environment, 
including stagnant water, sewage-contaminated pastures, 
and areas contaminated by mud, soil, or feces.2,10,14,15,20,22 The 
recent increase in the number of cases in goats and sheep may 
therefore be associated with environmental and/or climatic 
changes promoted by anthropogenic activities.2,3,11,14,15,19,22 It 
is also possible that because of the sporadic characteristic of 
the diseases, which usually affect only a few animals at a 
time, at least some cases in goats and sheep go undiagnosed, 
especially in areas of extensive goat and sheep production. 
We review here the main features of protothecosis and chlo-
rellosis in goats and sheep, which may contribute to the diag-
nosis of these diseases in these species.

Protothecosis

Etiology and epidemiology

Protothecosis is a rare disease of humans and animals that is 
caused by achlorophyllic yeast–like microalgae of the genus 
Prototheca.2,12,18,22 Seven species of Prototheca (family 
Chlorellaceae) have been reported, but until 2008 only P. 
wickerhamii and P. zopfii genotypes 1 and 2 were considered 

pathogenic for animals and humans.1,2,12,26 Genotype 2 is 
involved more frequently than genotype 1 in protothecosis of 
animals and human.1,2,12,16,26 Since 2008, 2 more species have 
been recognized as pathogens: P. blaschkeae was isolated 
from the mammary gland of cows with mastitis,16 and P. miya-
jii was isolated from a human patient with systemic disease.17

P. zopfii is an important cause of mastitis in cows.5  
In dogs, P. zopfii and P wickerhamii cause cutaneous,26 
intestinal,8 or systemic infections affecting various inter-
nal organs, including the eyes and brain.24 In cats, proto-
thecosis caused by P. zopfii genotype 2 is manifested by 
cutaneous infections, affecting mainly the skin of the face 
and nose.9 In horses, the same microorganism causes  
rhinitis.25 In humans, protothecosis, caused mainly by  
P. wickerhamii, occurs in 3 forms: cutaneous, olecranon 
bursitis, and disseminated.2,12,18 The cutaneous lesion is 
usually localized in sites of continuous minor trauma in 
immunocompetent individuals; however, in immunocom-
promised patients, it can become widespread.2,12,18

978781 VDIXXX10.1177/1040638720978781Protothecosis and chlorellosis in sheep and goatsRiet-Correa et al.
review-article2020

Instituto Nacional de Investigación Agropecuaria, Plataforma 
de Investigación en Salud Animal, Estación Experimental INIA La 
Estanzuela, Colonia, Uruguay (Riet-Correa); Programa de Pos-graduação 
em Ciência Animal nos Trópicos, Escola de Medicina Veterinária e 
Zootecnia, Universidade Federal da Bahia, Salvador (Riet-Correa); 
Hospital Veterinário, Centro de Saúde e Tecnologia Rural, Universidade 
Federal de Campina Grande, Bairro Santa Cecília, Patos, Brazil (do 
Carmo); California Animal Health and Food Safety Laboratory, University 
of California–Davis, San Bernardino, CA (Uzal).

1Corresponding author: Franklin Riet-Correa, Instituto Nacional de 
Investigación Agropecuaria (INIA), Plataforma de Investigación en Salud 
Animal, Estación Experimental INIA La Estanzuela, Ruta 50 km 11, 
Colonia, 39173, Uruguay. franklinrietcorrea@gmail.com

Protothecosis and chlorellosis in sheep  
and goats: a review

Franklin Riet-Correa,1  Priscila Maria Silva do Carmo,  
Francisco A. Uzal
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Sporadic cases of cutaneous and nasal protothecosis 
caused by P. wickerhamii have been reported in adult immu-
nocompetent goats in northeastern Brazil. These cases were 
characterized by chronic, slowly progressive pyogranuloma-
tous and necrotizing lesions of the nasal vestibule, mucocu-
taneous junctions of the nostrils, and subcutaneous tissues 
and skin of the face and head.3,15 It is thought that the infec-
tion probably started by contact of the nostril mucosa or skin 
with water contaminated by P. wickerhamii.3,15 Protothecosis 
occurs with very low frequency, or not at all, in sheep. 
Because Prototheca spp. are widespread in the environment, 
they can be ingested by domestic and wild animals and be 
eliminated in their feces.5,20

Clinical signs

Clinical signs of protothecosis in goats include mucopurulent 
nasal discharge, inspiratory dyspnea and stertor, inflation of 

the cheeks during expiration, and frequent sneezing. Prolif-
erative nodules, up to 3 cm diameter, sometimes ulcerated, are 
observed on the nasal mucosa, mucocutaneous junction at the 
nasal vestibule, and skin of the lips, muzzle, and pinna (Fig. 
1A, B).3,15 The disease has a long clinical course and, after 
several months of respiratory difficulty, the animals develop 
an orthopneic position, with neck extension, abduction of the 
thoracic limbs, and open-mouth breathing, as well as tongue 
protrusion and sinking of the intercostal spaces during inspi-
ration.3,15 No effective treatment against this disease has been 
reported in goats, to our knowledge.

Gross lesions

At autopsy, coalescing yellow nodules, up to 3 cm diameter, 
are observed in the subcutaneous tissue of the skin over the 
nasal bone, lips, and muzzle. Soft yellow masses with an 
irregular, ulcerated, and fibrinonecrotic surface are observed 

Figure 1. Protothecosis in goats. A. Ulcerative dermatitis of the nose. Reprinted with permission of Vet Pathol.15 B. Ulcerative dermatitis 
in the edge and center of the pinna (arrows). C. Sagittal section of the head; granulomatous rhinitis extends from the nostrils to the rostral 
portion of the turbinates (asterisks). Reprinted with permission of Mycoses.3 D. Pyogranulomatous cellulitis with non-walled sporangia 
within the inflammatory exudate. A typical daisy-shaped sporangium is present in the center of the lesion (arrow).
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on the nasal mucosa, extending from the nostrils to the ros-
tral portion of the turbinate bones (Fig. 1C).3,15

Microscopic lesions

Microscopically, protothecosis is characterized by necrotiz-
ing, pyogranulomatous dermatitis, rhinitis, and occasionally 
osteomyelitis. Fibrosis may be prominent around the lesions. 
Myriad 3–15 µm wide, non-budding sporangia are observed 
extracellularly within the inflammatory exudate and in the 
cytoplasm of macrophages and giant cells. Some sporangia 
are internally septate and contain variable numbers of spo-
rangiospores, which form a 10–15 µm diameter morula-like 
structure. In cases of P. wickerhamii infection, some of these 
morula-like structures have a daisy-like appearance, with a 
central round endospore surrounded by a crown of endo-
spores (Fig. 1D). Dissemination of the infection to other 
organs has not been reported.3,15

Diagnosis

A presumptive diagnosis of protothecosis in goats can be 
established based on gross and microscopic findings. Proto-
theca spp. are morphologically different from other non-
sporulated fungi because of their larger sporangia, which 
helps in establishing a presumptive diagnosis. Final confir-
mation of the diagnosis, however, should rely on isolation of 
P. wickerhamii on blood agar or selective fungal media (Sab-
ouraud dextrose agar, with or without chloramphenicol). 
Prototheca spp. can be further identified by biochemical 
tests, PCR, and/or DNA sequencing.2 In cases of P. zopfii 
infection, the genotype should be identified by rDNA ampli-
fication by PCR and restriction-fragment length polymor-
phism (RFLP) analysis.1,26

The clinical signs of protothecosis in goats are similar to 
those of nasal aspergillosis caused by Aspergillus niger, 
therefore the observation and identification of the causal 
agent is important for the differential diagnosis. Conidiobo-
lomycosis, caused by Conidiobolus spp., is a rare disease in 
goats characterized by rhinitis and skin lesions similar to 
protothecosis, and should be differentiated by histology, 
PCR, and/or culture-based methods.

Chlorellosis (green algae infections)

Etiology and epidemiology

Chlorellosis is caused by members of the genus Chlorella, 
which are unicellular, chlorophyll-containing green algae 
(order Chlorellales, family Chlorellaceae).6 Chlorella spp. 
have been reported to cause focal cutaneous lesions second-
ary to wounds in humans10 and in a gazelle,6 lymphadenitis 
and peritonitis in cattle,7,23 enteric infection in a dromedary,13 
and disseminated infection in a dog.21 In sheep, chlorellosis 
has been reported as an incidental finding in slaughterhouses 

affecting the liver and lymph nodes4,27,28 or in outbreaks 
affecting several animals, causing systemic infection associ-
ated with progressive weight loss,11,14,19,22 diarrhea,19 or asci-
tes.11,14,19 To date, no cases of chlorellosis have been reported 
in goats; chlorellosis may occur in very low frequency in 
goats, or may be of no clinical significance.

Although little information is available about the patho-
genesis of chlorellosis, it is thought that the infection occurs 
as a result of the consumption of stagnant water, grass from 
areas contaminated by sewage,14 pastures irrigated via canals 
containing algae,11 or pastures irrigated with treated effluent 
from poultry-processing plants.19 The occurrence of lesions 
in the gut, lymphatic and blood vessels, and mesenteric 
lymph nodes suggests an oral route of infection followed by 
dissemination to other organs.

Clinical signs

In sheep, chlorellosis can cause progressive weight loss,11,14,19,22 
diarrhea,19 or ascites.11,14,19 Subclinical cases can also occur.27,28

Gross lesions

At autopsy, several lymph nodes may be enlarged, edema-
tous, and diffusely green; mesenteric lymph nodes are usu-
ally the most severely affected (Fig. 2A). Mesenteric 
lymphatics are distended and green. Green multifocal-to-
coalescent nodules are observed in liver, lungs, kidneys, and 
intestine (Fig. 2B, 2C). The wall of the gut is thickened, and 
the mucosa is multifocally ulcerated. The characteristic 
green color of the lesions, as a result of the presence of chlo-
rophyll, remains obvious even after formalin fixation, but is 
removed by histologic tissue processing.6,10,14,22

Microscopic lesions

Histologically, pyogranulomas are observed, with myriad 
intralesional, 8–30 µm diameter, oval-to-round algae (Fig. 
2D), with a thick periodic acid–Schiff (PAS)-positive cap-
sule.11,14,19,22 Unlike Prototheca spp., Chlorella spp. organ-
isms contain chloroplasts and starch bodies, which appear as 
abundant PAS-positive cytoplasmic granules that can also be 
visualized by electron microscopy.6 As with Prototheca spp., 
Chlorella spp. reproduce by endosporulation, and each spo-
rangium may contain 2–20 sporangiospores.6

Diagnosis

Chlorellosis may cause intestinal or systemic infections in 
sheep, which should be differentiated from several other dis-
eases, including gastrointestinal parasitic infections. Because 
Chlorella spp. are difficult to isolate and cultural methods 
are inconclusive,13 the diagnosis of chlorellosis is made by 
observing the typical green gross lesions, coupled with 
microscopic observation of the lesions. The characteristic 
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chloroplasts and starch granules can also be visualized by 
electron microcopy.13,22 In a report of cutaneous green algae 
infection of a gazelle, the ultrastructural study suggested that 
the lesion was caused by the genus Bracteacoccus.13 In 
another report of green algal peritonitis of cows, the PCR 
assay confirmed that the green algae involved was Scenedes-
mus sp.7 These results indicate that green algal infections can 
be caused by different species of the order Chlorellales.13

Declaration of conflicting interests

The authors declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Franklin Riet-Correa  https://orcid.org/0000-0001-5738-7785

References

 1. Aouay, et al. Molecular characterization of Prototheca strains 
isolated from bovine mastitis. J Mycol Med 2015;18:224–227.

 2. Camboim EKA, et al. Prototecose: uma doença emer-
gente [Protothecosis: an emergent disease]. Pesq Vet Bras 
2010;30:94–101. Portuguese.

 3. Camboim EKA, et al. Protothecosis by Prototheca wicker-
hamii in goats. Mycoses 2012;54:e196–e200.

 4. Cordy DR. Chlorellosis in a lamb. Vet Pathol 1973;10:171–
176.

 5. Costa EO, et al. Bovine mastitis due to algae of the genus 
Prototheca. Mycopathologia 1996;133:85–88.

 6. Haenichen T, et al. Cutaneous chlorellosis in a gazelle (Gazella 
dorcas). Vet Pathol 2002;39:386–389.

Figure 2. Chlorellosis in sheep. A. Lymph node, B. intestine, and C. liver, with typical green discoloration. D. Pyogranuloma with 
myriad intralesional, 8–30 µm diameter, oval-to-round algae (arrows). H&E.

https://orcid.org/0000-0001-5738-7785


Protothecosis and chlorellosis in sheep and goats 287

 7. Hafner S, et al. Green algal peritonitis in 2 cows. Vet Pathol 
2012;50:256–259.

 8. Hosaka S, Hosaka MA. Case report of canine protothecosis. J 
Vet Med Sci 2004;66:593–597.

 9. Huth N, et al. Prototheca zopfii genotype 2-induced nasal der-
matitis in a cat. J Comp Pathol 2015;152:287–290.

 10. Jones JW, et al. Green algal infection in a human. Am J Clin 
Pathol 1983;80:102–107.

 11. Kaplan W, et al. Disseminated unicellular green algal infec-
tion in two sheep in India. Am J Trop Med Hyg 1983;32: 
405–411.

 12. Lass-Flörl C, Mayr A. Human protothecosis. Clin Microbiol 
Rev 2007;20:230–242.

 13. Le Net JL, et al. Granulomatous enteritis in a dromedary 
(Camelus dromedarius) due to green algal infection. Vet Pathol 
1993;30:370–373.

 14. Lima EF, et al. Infecção disseminada por Chlorella sp. em um 
ovino [Disseminated infection by Chlorella sp. in a sheep]. 
Cienc Rural 2014;44:1253–1256. Portuguese.

 15. Macedo JTSA, et al. Cutaneous and nasal protothecosis in a 
goat. Vet Pathol 2008;45:352–454.

 16. Marques S, et al. Bovine mastitis associated with Prototheca 
blaschkeae. J Clin Microbiol 2008;46:1941–1945.

 17. Masuda M, et al. Prototheca miyajii sp. nov., isolated from a 
patient with systemic protothecosis. Int J Syst Evol Microbiol 
2016;66:1510–1520.

 18. Nelson AM, Neafie RC. Protothecosis. In: Ryan ET, et al., eds. 
Hunter’s Tropical Medicine and Emerging Infectious Disease. 
9th ed. Elsevier, 2013;623–624.

 19. Philbey AW, et al. Algal infection in sheep grazing irrigated 
pasture. Aust Vet J 2001;79:212–214.

 20. Pore RS, et al. Prototheca ecology. Mycopathologia 
1983;81:49–62.

 21. Quigley RR, et al. Disseminated chlorellosis in a dog. Vet 
Pathol 2009;46:439–443.

 22. Ramírez-Romero R, et al. Chlorella infection in a sheep in 
Mexico and minireview of published reports from humans and 
domestic animals. Mycopathologia 2010;169:461–466.

 23. Rogers RJ, et al. Lymphadenitis of cattle due to infection with 
green algae. J Comp Pathol 1980;90:1–9.

 24. Shank AM, et al. Canine ocular protothecosis: a review of 14 
cases. Vet Ophthalmol 2015;18:437–442.

 25. Schoniger S, et al. Prototheca species and Pithomyces charta-
rum as causative agents of rhinitis and/or sinusitis in horses. J 
Comp Pathol 2016;155:121–125.

 26. Silveira CS, et al. A case of Prototheca zopfii genotype 1 
infection in a dog (Canis lupus familiaris). Mycopathologia 
2018;183:853–858.

 27. Turnquest RU. A case of ovine chlorellosis. Proc Ann Meet 
Am Assoc Vet Lab Diagn 1976;19:115–122.

 28. Zakia AM, et al. Ovine chlorellosis in the Sudan. Vet Rec 
1989;125:625–626.




