
MOLECULAR IDENTIFICATION AND THE FIRST RECORD OF

PROTOTHECA SPECIES FROM HUMAN PROTOTHECOSIS IN IRAQ

Manar R. Shanon1, Hussein J. Hussein2 and Ali H. Al-Marzoqi2*

1College of Pharmacy, University of Babylon, Iraq.
2Department of Biology, College of Science for Women, University of Babylon, Iraq.

*e-mail : ali_almarzoqi@yahoo.co.uk

(Received 14 April 2019, Revised 28 May 2019, Accepted 12 June 2019)

ABSTRACT : The current study included a collection of 275 clinical samples from four different cases: burns with varying

degrees of combustion ranging from (3% -80%), urinary tract infection (UTI), leukemia and dialysis samples. It has been

distributed (82, 94, 46, 53), respectively. The samples were collected from Hillah General Teaching Hospital, lobby burns,

Margan hospital and period in Iraq, from September 2018 to March 2019. The main objective of the present study was to

investigate, isolate, and diagnose different types of Prototheca in human infections by using genetic technique polymerase

chain reaction (PCR). The results also showed that, the diagnosis genetically to four types of Prototheca species responsible

for human protothecosis infection in burns with varying degrees of combustion, urinary tract infection (UTI), leukemia and

dialysis, for the first time in Iraq, including Prototheca zopfii genotype1, Prototheca zopfii genotype2, Prototheca stagnora

and Prototheca blaschkeae by using genes (Proto 18s P. zopfii genotype 1, Proto 18s P. zopfii genotype 2, Proto 18s P. stagnora

and Proto 18s P. blaschkeae). Finally, the current study revealed that, new recorded and the main causative agent responsible

for Protothecosis in Iraq is Prototheca zopfii genotype 1(45.4%), followed by Prototheca zopfii genotype 2 (27.6%), followed

by Prototheca blaschkeae (15.1%) and Prototheca stagnora (11.8).
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INTRODUCTION

The only plants (Microalgae) known to cause
infections in humans and animals, the colorless, unicellular
green algae genus Prototheca (Von Bergen et al, 2009;
Satoh et al, 2010). Prototheca is part of
Trebouxiophyceae Class (Nedelcu, 2001). Protothecosis
is a possible zoonotic disease that can be transmitted to
humans by infected milk bovine mastitis (Bozzo et al,
2014). The Prototheca Microalgae are closely associated
with Chlorella greenalgae but lack chlorophyll (Jagielski
and Lagneau, 2007).

Five species of Prototheca are present in nature and
can be isolated from various environmental sources such
as stool, soil, lakes and mires, including P. moriformis, P.

stagnora, P. ulmea, P. wicherhamii or P. zopfii (Buzzini,
et al, 2004). Recent studies suggest that there are six
types of Prototheca included six species identified,
namely: Prototheca wickerhamii, P. zopfii, P.

blaschkeae, P. stagnora, P. ulmea and P. cutis (Satoh
et al, 2010).

Protothecosis is a zoonotic infection, as well as certain
Prototheca species, e.g. P. zopfii and P. wicherhamii,

are human protothecosis etiological agents (Buzzini et

al, 2004). These species were first distinguished in (1894)
by Krüger, while in livestock with mastitis in 1952, the
first case of Prototheca infection was reported (Lerche,
1952).

P. zopfii is consideredone of the major pathogens
for a bovine mastitis that affected and decreased dairy
livestock production (Osumi et al, 2008). Infections from
Prototheca spp have been occurring since then reported
in humans, domestic and wild animals. Prototheca spp
is widespread in the environment, especially in organic
substances with a high level of humidity (Scaccabarozzi
et al, 2008).

Prototheca is a genus of a microscopic, single cell, a
sexual auto sporulation based a chlorophyll microalgae
with a variable number of Autospores (Malinowski et al,
2002). These algae are ubiquitous and saprophytic but, if
host immunological defenses weakened orpoor livestock
and poor milking hygiene occur, some species may become
unusual pathological (Roesler and Hensel, 2003). At the
local level, this disease (Protothecosis) and its causes
(Prototheca spp) have not received the required attention
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despite the great damage it causes to human and animals
and a few studies, however, have been performed on
this genus. Al-Dabbagh (2007) isolated Prototheca spp
morphologically and biochemically from bovine Mastitis
in Mousil city. Prototheca zopfii was isolated from the
aborted placenta of ewes in AL-Najaf city (Faris et al,
2013). Prototheca zopfii was detected in wounds of
animals (AL-Tameemi and Khalaf, 2013). On the other
hand, our study was the first study isolated and identified
Prototheca spp from human by using molecular methods
in Iraq. The current study was aimed to isolation and
identification of causative agent of Protothecosis in Iraq
by using molecular methods.

MATERIALS AND METHODS

Samples collection

The present study was extended for the period
between September 2018 to March 2019, included 275
patients with varying degrees of burns 82 patients, urinary
tract infection 94 patients, Leukemia 46 patients, Dialysis
53 patients and the other 70 samples were collected from
apparently healthy young people (control) group from
Hillah General Teaching Hospital, lobby burns, Margan
hospital. In this study, burns Patients included (30 males
and 19 females with varying degrees of combustion
ranging from (3%-80%)), Urinary tract infection patients
(18 males and 35 females), Leukemia patients (14 males
and 8 females), Dialysis patients (17 males and 11
females), with an age range (60±1.5 years).

Isolation of Prototheca species

Prototheca species were isolated by using
Sabouraud’s dextrose agar (SDA) and selective media it
called Prototheca isolation medium (PIM) was prepared
according to Pore (1973), from a purified agar base with
the addition of selective agents that inhibit bacterial
growth and cultivate Prototheca. Aliquots of different
samples pre-incubated overnight and streaked on
Prototheca isolation media (PIM). Streaked plates were
incubated under aerobic conditions for 72 hr at 27ºC.

Purification of genomic DNA

Genomic DNA of Prototheca species was extracted
by using Promega Genomic DNA Purification Kit, USA.

Primers

In this study, using four primers to detect diagnostic
genes as shown in Table 1. The primers were supplied
by Ligo, USA.

Polymerase chain reaction (PCR) protocols

The Prototheca genes were amplification by
conventional polymerase chain reaction (PCR), the primer
sets manufactured by Ligo, USA. The conditions for
Prototheca genes are as following initial denaturation
950C for 4 minutes followed by Denaturation 950C for 1
minute; Annealing 610C for 55 second and Extension 72
for 55 seconds, which repeated for 40 cycles after that
the final Extension 72C for 8 minutes. The PCR reaction
mixture for gradient consisted of 5µl template DNA, 5µl
master mix, 5µl of each forward and reverse primer in
20 µl of total reaction volume.

Ethical approval

A valid consist was realized from hospitals
administration and from each patients and control before
their inclusion in the study. For every patients or their
followers, the procedure had been informed before the
samples were collected, making completely sure that they
understood the procedure that was to be carried out. The
subjects were sentient that they had the right to reject to
be included in the study without any detrimental effects.

RESULTS AND DISCUSSION

The study included the collection of 275 samples from
different types of infections as follow; Burns 82 patients,
UTI94 patients, Leukemia 46 patients, Dialysis 53 patients
and the other 70 samples were collected from apparently
healthy young people as control group (Table 2).

The study included samples from both gender
distributed according to the Table 3.

The results demonstrated that, the highest rate of
Table 1 : Sequence of primers.

Gene Primers bp Ref.

F GACATGGCGAGGATTGACAGA
Proto 18s P. zopfii genotype 1 990 (Ahrholdt et al, 2012)

R GCCAAGGCCCCCCGAAG

F GACATGGCGAGGATTGACAGA
Proto 18s P. zopfii genotype 2 1050 (Ahrholdt et al, 2012)

R GTCGGCGGGGCAAAAGC

F CAGGGTTCGATTCCGGAGAG
Proto 18s P. blaschkeae 126 (Ahrholdt et al, 2012)

R GTTGGCCCGGCATCGCT

F CGCGCAAATTACCCAATCC
Proto 18s P. stagnora 660 (Abdel Hameed, 2016)

R TCGGCGGGGCAAAAGC
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infection for males was in burns injuries (19.7%) followed
by UTI (11.8%), Dialysis (11.2%) and Leukemia (9.2%),
while in female injuries was the highest rate of infection
associated with urinary tract infection (23.0%) followed
by burns (12.5%), Dialysis (7.2%) and Leukemia (5.3%)
(Table 3), this may be due to the opportunistic of
Prototheca nature.

Isolation and identification of Prototheca

The diagnosis of Prototheca depends mainly on the
morphological characteristics of the organism on the
affected areas or directly on the damaged tissue. The
genus of Prototheca is difficult to isolate compared to
the rest of the microorganisms, this is due to the rapid
growth of bacteria and fungus. After collecting the various
pathogens, this samples cultivate on a special cultures
media that provides the special dietary requirements for
the growth of the Prototheca, in addition to containing
the growth inhibitors of bacteria and other microorganisms
for the purpose of diagnosing Prototheca. One of the
most important of these media is Prototheca isolation
media (PIM). The incubation under aerobic conditions at
period of 5-7 days at 25°C is sufficient for the growth of
Prototheca, this is consistent with the study of Pore (1973)
and the other essential medium necessary to isolate
Prototheca is Sabouraud’s dextrose agar (SDA),
supplemented with chloramphenicol (0.05µg/ml) under
aerobic conditions at period of 24 hours at 37°C. After
the incubation period, the colonies can be distinguished
as smooth, white, Creamy colonies, round to spherical
shape (Fig. 1).

From the growing colonies, wet microscopic smears,
methylene blue stains were done to increase the emphasis
of the Prototheca, the preparations were examined using
light microscopy to differentiate between Prototheca spp.
and other yeasts according to Cosmina et al (2009) (Fig.
2).

Also, which showed a typical appearance of the
characteristic ovoid to globose sporangia with
sporangiospores in several developmental stages (the so-
called morula form) (Pore, 1998; DiPersio, 2001; Roesler
et al, 2006).

On the other hand, the results also demonstrated that
the isolation of Prototheca distributed as follows 82 cases
of burns only 49 (32.2%) positive, 94UTI 53 (34.9%), 46
Leukemia 22 (14.5%) and 53 Dialysis 28 (18.4%). On
the other hand, the higher ratio was detected in UTI
(34.9%) followed by Burns (32.2%), Dialysis (18.4%)
and Leukemia (14.5%) (Table 4).

The results isolation and laboratory diagnosis (Fig.
3) showed that the most common isolates obtained were

from Burns and urinary tract infection by 32.2% and
34.9%, respectively,when comparing the results; it was
observed that the distribution of isolates and their types
was different in the current study. This is due to several
reasons, including the source of isolation and difference
Geographical location of isolation, number of samples,
and other influencing factors contributing significantly to
their spreadadd to the degree of interest in hygiene and
the type of sterilizers and disinfectants in the hospitals,
as well as Neutrophils play an important role in host
defense against different species of Prototheca, there
are reports that patients with immunocompromised have
Neutrophils Unable to kill Prototheca (Phair et al, 1981).

Table 2 : Types of cases including in this study and their percentage.

Cases No. %

UTI 94 34.2

Burns 82 29.8

Dialysis 53 19.3

Leukemia 46 16.7

Total 275 100.0

Table 3 : Association between Prototheca spp. isolated from each
case with gender.

Gender
Cases Total

Male Female

No. % No. % No. %

Burns 30 19.7 19 12.5 49 32.2

UTI 18 11.8 35 23.0 53 34.9

Leukemia 14 9.2 8 5.3 22 14.5

Dialysis 17 11.2 11 7.2 28 18.4

Total 79 52.0 73 48.0 152 100.0

Table 4 : Number and percentage of positive cases for Prototheca

spp. growing on PIM and SDA with all cases including in
this study.

Cases No. No. of Positive %

Burns 82 49 32.2

UTI 94 53 34.9

Leukemia 46 22 14.5

Dialysis 53 28 18.4

Total 275 152.0 100.0

Table 5 : Relationship of Prototheca stagnora 18s gene with each
case.

Cases No. No. of Positive %

Burns 82 5.0 27.8

UTI 94 8.0 44.4

Leukemia 46 1.0 5.6

Dialysis 53 4.0 22.2

Total 275 18.0 100.0



2216 Manar R. Shanon et al

DNA extraction from Prototheca samples

Identification of Prototheca stagnora by 18s gene

The importance ofthe present molecular investigation
focused on to isolate the different types of Prototheca

species in clinical samples in Iraq. Molecular studies were
used for differentiation between of pathogenic and non-
pathogenic strains, which cause infection. In recent years,
PCR tests have been developed based on 18S rDNA
gene sequences to distinguish four genotypes of
Prototheca. The novel step in this study was given a
complete molecular characterization of the Prototheca

strains segregation in clinical cases. The 18s gene is one
of the most important and most widely used genes at the
molecular level and a critical marker for the interaction
of randomized polymerase (PCR) within the examination
of natural biodiversity. In truth, the 18s sequence
afterward given proves of the genus of Prototheca, which
greatly supported a revolutionary change in diagnosis of
Prototheca (Meyer et al, 2010). The results of electric
transport on the gel revealed the distribution of positive
samples according to the (Table 5).

In Table 5, which is revealed the Relation of
Prototheca stagnora 18s gene with each cases from all
cases 275 the distribution of Prototheca stagnora

depending on 18s gene was as follow; 82 Burns casesonly
5 (27.8%) positive, 94UTI 8 (44.4%), 46 Leukemia 1
(5.6%) and 53 Dialysis 4 (22.2%). The higher ratio was
detected in UTI (44.4%) followed by Burns (27.8%),
Dialysis (22.2%) and Leukemia (5.6%). Prototheca

stagnora was diagnosed by using Proto 18s P. stagnora

gene (660bp) as appeared in the accompanying in Fig. 3.

Identification of Protothe cazopfii genotype1 and

Protothe cazopfii genotype 2 gene

The results uncovered clearly that, the relationship
of Prototheca zopfii genotype1 18s gene with each cases
from all cases 275 the distribution of Prototheca zopfii

genotype1 depending on 18s gene was as follow; 82 Burns
cases only 22 (31.9.8%) positive, 94 UTI 19 (27.5%), 46
Leukemia 10 (14.5%) and 53 Dialysis 18 (26.1%). The
higher ratio was detected in burns (31.9%) followed by
UTI (27.5%), Dialysis (26.1%) and Leukemia (14.5%)
(Table 6).

Table 7 explained the relationship of Prototheca

zopfii genotype 2 18s gene with each cases from all cases
275 the distribution of Prototheca zopfii genotype 2
depending on 18s gene was as follow: 82 Burns cases
only 13 (31.0 %) positive, 94 UTI 16 (38.1%), 46Leukemia
7 (16.7%) and 53Dialysis 6 (14.3%). The higher ratio
was detected in UTI (38.1%) followed by burns (31.0%),
Leukemia (16.7%) and Dialysis (14.3%).

The pathogenesis of Prototheca are still vague
inhuman injury, where they are thought to be low virulence
and often infect patients with various forms of
immunosuppression (Jagielski and Lagneau, 2007). P.

zopfii is often associated with chronic bovine mastitis in
dairy herds and is responsible for massive economic losses
in dairy herds (Bozzo et al, 2014). This is therefore
important from a public health point of view because P.

zopfii is transmitted to humans through contaminated milk
and causes intestinal infection such as intestinal
inflammation (Melville et al, 1999). P. zopfii adhesion to
host cells, which is the most important step in the infection
process, followed by colony colonization. This is
consistent with Melchior et al (2006) and Akers et al

(2015), which explores the adhesion and formation of
biofilms of P. zopfii associated with mastitis. In this study,
we have thoroughly studied, for the first time in Iraq, the
involvement of P. zopfii genotype 1and 2 with human
infections (Fig. 4).

The study showed a high incidence of P. zopfii

infection, especially in burns, this is due to direct human
contact with cows, in an environment where cattle
breeding is frequent (McDonald et al, 1984).

On the other hand, P. zopfii is characterized as
resistant to pasteurization (Zaini et al, 2012) and thus

Table 6 : Relationship of Prototheca zopfii genotype 1 18s gene
with each cases.

Cases No. No. of Positive %

Burns 82 22.0 31.9

UTI 94 19.0 27.5

Leukemia 46 10.0 14.5

Dialysis 53 18.0 26.1

Total 275 69 100.0

Table 7 : Relationship of Prototheca zopfii genotype 2 18s gene
with each case.

Cases No. No. of Positive %

Burns 82 13.0 31.0

UTI 94 16.0 38.1

Leukemia 46 7.0 16.7

Dialysis 53 6.0 14.3

Total 275 42 100.0

Table 8 : Relationship of Prototheca blaschkeae 18s gene with each
case

Cases No. No. of Positive %

Burns 82 9.0 39.1

UTI 94 10.0 43.5

Leukemia 46 4.0 17.4

Dialysis 53 0.0 0.0

Total 275 23 100.0
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can be easily transported to its consumers and potentially
cause health problems, since Protothecosis is an animal
disease, can it is easily transmitted to humans through
the consumption of milk contaminated with these
organisms and caused infection because resistance to
pasteurization (Melville et al, 1999).

As a result, it is important and crucial to identify these
microorganisms as they possess a significant risk.
Prototheca zopfii genotype 1 and Prototheca zopfii

Fig. 1 : Colony morphology of Prototheca spp. grown on Sabouraud’s
dextrose agar at 37°C for 24 hr.

Fig. 2 : Micrographs of Prototheca spp. stained with methylene blue,
40x magnifications grown on Sabouraud’s dextrose agar  at
37°C for 24 hr.

Fig. 3 : Electrophoresis of PZGT gene products. L lane contain the
100 bp DNA Ladder, 5% NuSieve® 3:1 agarose gel in 1X
TBE buffer containing 5µl red safe. (1, 3, 5, 7, 10, 12, 13, 14,
17, 19, 20) Lanes positive results with 660 bp (2, 4, 6, 8, 9,
11, 15, 16, 18) negative results.

Fig. 4 : Electrophoresis of Proto 18s P. zopfii genotype 1 and Proto
18s P. zopfii genotype 2 gene products. L lane contain the
100 bp DNA Ladder, 5% NuSieve® 3:1 agarose gel in 1X
TBE buffer containing 5µl redsafe. (From right 1-6) Lanes
positive results 990 bp (from left 1-5) Lanes positive results
1050 bp (6 from left) negative results.

Fig. 5 : Electrophoresis of Proto 18s P. Blaschkeae gene products. L
lane contain the 100 bp DNA Ladder, 5% NuSieve® 3:1
agarose gel in 1X TBE buffer containing 5µl redsafe.
(1,2,4,6,7,8,9,10,17,19,) Lanes positive results with 126
bp5,16,18,20,21,22,23) negative results (24 and 25) Lane
was control negative of PCR product.

genotype 2 was diagnosed by gene 18s (990 bp, 1050 bp)
and our recorded results were consistent with the Ricchi
et al (2010) (Fig. 5).

Identification ofProtothecablaschkeae by 18s gene

The results elucidate that, the relationship of
Prototheca blaschkeae 18s gene with all cases 275, the
distribution of Prototheca blaschkeae depending on 18s
gene was as follow: 82 Burns cases only 9 (39.1 %)
positive, 94 UTI 10 (43.5%), 46Leukemia 4(17.4%) and
53Dialysis 0 (0.0%). The higher ratio was detected in
UTI (43.5%) followed by burns (39.1 %), Leukemia
(17.4%) and Dialysis (0.0%) (Table 8).

Previous researches indicates that P. blaschkeae

was classified as the third biotype of P. zopfii where it
was reported to be the non-pathogenic biotype, while the
biotype II was associated with bovine mastitis (Roesler
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and Hensel, 2003). The development of genetic studies
and evolutionary studies of the 18S rDNA sequence of
genes has been the Great credit in determining the specific
molecular properties of P. blaschkeae and reclassifying
the biotypes of P. zopfii to two genotypes. The first time
the P. blaschkeae was isolated was from human
onychomycosis (Roesler et al, 2006).

There is no previous researches indicating the
contribution of P. blaschkeae in various human infections
(e.g. burn injuries, UTI and leukemia infections)
Prototheca blaschkeae was diagnosed by using Proto
18sP. Blaschkeae (126bp) (Ahrholdt et al, 2012) as
appeared in the accompanying figure (Fig. 5).

CONCLUSION

Our study was the first timeRecord which detected
genetically Prototheca species such as (P. zopfii

genotype 1, P. zopfii genotype 2, P. stagnora and P.

blaschkeae) in Iraq.

REFERENCES

Abdel Hameed K G (2016) Detection of P. rotothecazopfii in Raw
Milk and Cheese with Special Reference to Their Antibiogram.
Journal of Food Safety 36(2), 214-219.

Ahrholdt J, Murugaiyan J, Straubinger R K, Jagielski T and Roesler U
(2012) Epidemiological analysis of worldwide bovine, canine
and human clinical Prototheca isolates by PCR genotyping and
MALDI-TOF mass spectrometry proteomic phenotyping.
Medical Mycology 50(3), 234-243.

Akers K S, Cardile A P and Wenke J C K (2015) Biofilm formation by
clinical isolates and its relevance to clinical infections. In : Biofilm-

based Healthcare-associated infections (pp. 1-28). Springer,
Cham.

Al-Dabbagh S Y (2007) Isolation and diagnosis of Prototheca from
bovine mastitis in Mosul city. Iraqi Journal of Veterinary

Sciences 21(2).

Bozzo G, Bonerba E, Di Pinto A, Bolzoni G, Ceci E, Mottola A and
Terio V (2014) Occurrence of Prototheca spp. in cow milk
samples. New Microbiol. 37, 459-464.

Buzzini P, Turchetti B, Facelli R, Baudino R, Cavarero F, Mattalia L
and Martini A (2004) First large-scale isolation of
Protothecazopfii from milk produced by dairy herds in Italy.
Mycopathologia 158(4), 427-430.

Cosmina C M, Cãtoi C, FI³ N, NADÃ ª G, Rãpuntean S, Taulescu M
and Cãlina D (2009)Anatomical and histopathological researches
in experimental infection with Prototheca algae in mice. Bulletin

UASVM 66, 1.

DiPersio J R (2001) Prototheca and protothecosis. Clinical

Microbiology Newsletter 23(15), 115-120.

Faris B H, Alwan M J and Abdulmajeed B A (2013) Pathological and
molecular study of mycotic abortion in ewes. Kufa Journal For

Veterinary Medical Sciences 4(1), 41-56.

Jagielski T and Lagneau P E (2007) Protothecosis.A pseudofungal
infection. Journal de Mycologie Médicale 17(4), 261-270.

Krüger W (1894) Kurze Charakteristikeinigerniederer Organismenim
Saftflusse der Laubbäume. Hedwigia 33, 241-266.

Lerche M (1952) A case of bovine mastitis caused by alga (Prototheca).

Berl Münch Tierärztl Wschr. 65, 64-69.

Malinowski E D W A R D, Lassa H E N R Y K A and Klossowska A
(2002) Isolation of Prototheca zopfii from inflamed secretion of
udders. Bulletin-Veterinary Institute in Pulawy 46(2), 295-300.

McDonald J S, Richard J L and Cheville N F (1984) Natural and
experimental bovine intramammary infection with Prototheca

zopfii. American Journal of Veterinary Research 45(3), 592-
595.

Melchior M B, Vaarkamp H and Fink-Gremmels J (2006) Biofilm: a
role in recurrent mastitis infections. The Veterinary Journal

171(3), 398-407.

Melville P A, Watanabe E T, Benites N R, Ribeiro A R, Silva J A,
Garino F and Costa E O (1999) Evaluation of the susceptibility
of Prototheca zopfii to milk pasteurization. Mycopathologia

146(2), 79-82.

Meyer A, Todt C, Mikkelsen N T and Lieb B (2010) Fast evolving
18S rRNA sequences from Solenogastres (Mollusca) resist
standard PCR amplification and give new insights into mollusk
substitution rate heterogeneity. BMC Evolutionary Biology 10(1),
70.

Nedelcu A M (2001) Complex patterns of plastid 16S rRNA gene
evolution in nonphotosynthetic green algae. Journal of Molecular

Evolution 53(6), 670-679.

Osumi T, Kishimoto Y, Kano R, Maruyama H, Onozaki M, Makimura
K and Hasegawa A (2008) Prototheca zopfii genotypes isolated
from cow barns and bovine mastitis in Japan. Veterinary

Microbiology 131(3-4), 419-423.

Phair J P, Williams J E, Bassaris H P, Zeiss C R and Morlock B A
(1981) Phagocytosis and algicidal activity of human
polymorphonuclear neutrophils against Prototheca wickerhamii.
Journal of Infectious Diseases 144(1), 72-76.

Pore R S (1973) Selective medium for the isolation of Prototheca.
Applied Microbiology 26(4), 648.

Pore R S (1998) Prototheca Kruger. A Taxonomic Study. C. P. Kurtzman
and J. W. Fell, ed. Elsevier, New York, NY.

Roesler U and Hensel A (2003) Longitudinal analysis of
Protothecazopfii-specific immune responses: correlation with
disease progression and carriage in dairy cows. Journal of Clinical

Microbiology 41(3), 1181-1186.

Roesler U, Möller A, Hensel A, Baumann D and Truyen U (2006)
Diversity within the current algal species Prototheca zopfii : a
proposal for two Prototheca zopfii genotypes and description
of a novel species, Prototheca blaschkeae sp. nov. International

Journal of Systematic and Evolutionary Microbiology 56(6), 1419-
1425.

Satoh K, Ooe K, Nagayama H and Makimura K (2010) Prototheca

cutis sp. nov., a newly discovered pathogen of protothecosis
isolated from inflamed human skin. International Journal of

Systematic and Evolutionary Microbiology 60(5), 1236-1240.

Scaccabarozzi L, Turchetti B, Buzzini P, Pisoni G, Bertocchi L, Arrigoni
N and Moroni P (2008) Isolation of Prototheca species strains
from environmental sources in dairy herds. Journal of Dairy

Science 91(9), 3474-3477.

Von Bergen M, Eidner A, Schmidt F, Murugaiyan J, Wirth H, Binder
H, Maier T and Roesler U (2009) Identification of harmless and
pathogenic algae of the genus Prototheca by MALDI
MS. PROTEOMICS–Clinical Applications 3(7), 774-784.

Zaini F, Kanani A, Falahati M, Fateh R, Salimi-Asl M, Saemi N and
Nazeri M (2012) Identification of Prototheca zopfii from bovine
mastitis. Iranian Journal of Public Health 41(8), 84.


