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A B S T R A C T

Here we describe a bloodstream infection due to P. zopfii var. hydrocarbonea in a patient with acute lympho-
blastic leukemia. Identification was performed by DNA sequencing of the D1/D2 domain of 26s ribosomal DNA
and by MALDI-TOF MS technique. Antifungal susceptibility tests against amphotericin B, fluconazole, itraco-
nazole, and voriconazole showed the following MIC values, respectively: 0.25 mg/L, 128 mg/L, 0.064 mg/L, and
0.125 mg/L. The patient received amphotericin B treatment with a successful outcome.

1. Introduction

Prototheca spp. are yeast-like achlorophyllous, saprophytic, aerobic
algae commonly found in nature [1]. Their typical sources are fresh and
salt water, soil, mud and tree sap; but these algae have also been iso-
lated from animals such cattle, dogs, deer, cats, goats, as well as from
certain foods, like potato skins, cows' milk, butter and bananas [1–4].
Humans are undoubtedly often exposed to Prototheca spp.; however,
these algae appear to have a low ability to infect the human host. De-
spite this situation, an increasing number of protothecosis cases have
been reported recently. This is probably due to an increase in the
number of immunocompromised patients detected and an improvement
in the diagnosis of protothecosis [7,15]. Therefore, an interest in this
disease has emerged among microbiologists and the term “medical
phycology” has been adopted to refer to the study of infections by
Prototheca and Chlorella species in human and lower animals [7].
Moreover, in 2014 a new ISHAM (International Society for Human and
Animal Mycology) working group, “Medical Phycology: Protothecosis
and Chlorellosis working Group”, was created.

Prototheca species cause cutaneous infections, olecranon bursitis
and disseminated infections in both immunocompetent and im-
munocompromised patients [1,6]. Most infections are likely to be
caused by traumatic inoculation into subcutaneous tissues. Localized
cutaneous infections and olecranon bursitis are more commonly de-
veloped in immunocompetent patients, whereas dissemination and
visceral involvement mainly affect immunocompromised patients and

had the worst prognosis [1,6,7].
The genus Prototheca include the following species: P. wickerhamii,

P. zopfii, P. blaschkeae, P. stagnora, P. ulmea, P. cutis, P. miyajii and P.
tumumicola [5]. P. wickerhamii causes the majority of human proto-
thecosis. However, P. zopfii, P. blaschkeae, P. cutis and P. miyajii can also
cause human infections [8–11].

In this report, we describe the first bloodstream infection due to
Prothoteca zopfii var. hydrocarbonea in a patient with acute lympho-
blastic leukemia. The patient was treated with amphotericin B with a
successful outcome.

2. Case

A 19-year-old man was hospitalized with a one-week history (day
−7) of adynamia, asthenia and pancytopenia (hematocrit 17%, white
blood cell count (WBC) 1100/μL, lymphocytes 75%, granulocytes 22%,
platelets 123.000/μL). He had received a transfusion of red blood cells.
Signs of phlebitis had been identified and empiric piperacillin/tazo-
bactam (18 g/d) had been prescribed. An ultrasonography scan had
revealed a 30× 20 mm collection of solid material under the skin plane
of the intergluteal region.

At the time of admission (day 0) the patient was febrile (39 °C) and
neutropenic. On day +4, he was diagnosed with acute lymphoblastic
leukemia (ALL) and received a therapeutic drug regimen that included
immunosuppressants and corticosteroids. On day +13, the collection in
the intergluteal region was drained and sent for culture, which was
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negative. He received empiric antibiotic therapy (imipenem 2 g/d and
vancomycin 2g/d). On day +26, he developed neutropenia, phlebitis
and perianal painless erythema without desquamation. Perianal and
phlebitis swab cultures were negative. Transcatheter blood, catheter
and peripheral blood samples were collected. Staphylococcus epidermidis
grew in the transcatheter blood and catheter cultures. The catheter was
removed and a 14 days course of vancomycin (2 g/d) was prescribed.
Yeast-like colonies were obtained from the peripheral blood culture,
which showed morula-like structures compatible with Prototheca spp.
on a lactophenol cotton blue (LPCB) wet mount preparation. Antifungal
treatment of amphotericin B 5 mg/kg/d (lipid formulation) was pre-
scribed for 10 days. Post-treatment blood cultures were negative.

The patient was a student who had finished high school, did not
work, and lived in an urban area. He did not report any leisure activity
or travel prior to hospitalization. Patient outcome was successful and he
remained hospitalized to continue his ALL treatment until successful
hospital discharge.

The yeast-like isolate was sent to the Department of Mycology of the
National Reference Laboratory of the National Institute for Infectious
Diseases “Dr. Carlos G. Malbrán” for further studies. On Sabouraud
dextrose agar (SDA) after 7 days at 28 °C, the colonies showed the
following characteristics: white color, irregular margin, rough surface,
buttery consistency and 10 mm of diameter. The isolate grew well at
37 °C and 40 °C on SDA. On Malt extract broth after 7 days at 28 °C,
subglobose cells and subglobose to reniform sporangiospores were ob-
served (Fig. 1). Glucose, galactose, sucrose, maltose, and trehalose
fermentation tests were negative. The glucose assimilation test was
positive, but the isolate was not able to assimilate any other of the
following compounds: galactose, L-sorbose, sucrose, maltose, cellobiose,
trehalose, lactose, melibiose, raffinose, melezitose, D-xylose, L-arabi-
nose, D-ribose, D-mannitol, inositol, L-rhamnose, citrate, and nitrate.
The urease test was negative. Matrix-assisted laser desorption/ioniza-
tion-time of flight mass spectrometry (MALDI-TOF MS) was performed
in a Microflex LT mass spectrometer (Bruker Daltonics, Bremen, Ger-
many) by using both in-situ with formic acid 100% and in-tube with
ethanol/formic acid/acetonitrile protein extractions and the Bruker
Daltonics database MBT-5627 plus an in-house database named
“LevDMic” version 1 [12]. In both cases, the result was a not reliable
identification. DNA sequencing of the D1/D2 domain of the large sub-
unit (LSU) rDNA showed 100% identity to the strain P. zopfii var. hy-
drocarbonea RND16 isolated from hot spring [13]. Consequently, the
isolate was identified as P. zopfii var. hydrocarbonea and deposited in

the culture collection of the Department of Mycology as DMic 154962
(GenBank accession number: MH352133). The phylogenetic analysis is
shown in Fig. 2. After molecular identification, the main spectra (MSP)
of the isolate DMic 154962 was included in the in-house database
“LevDMic”, following manufacturer instructions. After that, the same
isolate was successfully identified (with its own MSP) by using both in-
situ with formic acid 100% and in-tube with ethanol/formic acid/
acetonitrile protein extractions (scores values 2.399 and 2.786, re-
spectively). Antifungal susceptibility tests were carried out by de-
termining the minimum inhibitory concentration (MIC) according to
the E. Def 7.3.1 reference document from the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) [14]. The MIC values
were 0.25 mg/L for amphotericin B, 128 mg/L for fluconazole, 0.064
mg/L for itraconazole and 0.125 mg/L for voriconazole.

3. Discussion

Prototheca wickerhamii is the most frequently species associated with
human protothecosis [8]. On the other hand, P. zopfii has been asso-
ciated more frequently with bovine mastitis [7] and less commonly
recovered from human infections. A literature review on human pro-
tothecosis, based on 160 total cases, showed that P. wickerhamii was
responsible for 115 cases, whereas P. zopfii was responsible for only 11
cases; the other 34 cases were not specified. Protothecosis has a
worldwide distribution, equal sex distribution, and cases occur at all
ages after the neonatal period but more frequently in older ages, with
an average age of 53 years. Prototheca isolation was found not only in
the surface of the skin but also in blood or inner organs. Host defense
should be considered as a determining factor for disease progression,
beyond direct tissue inoculation. The effects of immunocompromise
and corticosteroid therapy produce a marked increase in the incidence
of Prototheca infections; 67% of patients with one or both risk factors
were diagnosed with protothecosis, whereas the incidence for those
who were neither immunocompromised nor receiving corticosteroid
therapy was 33% [8].

Normally, Prototheca infections tend to improve and be cured after
antifungal treatment, but small skin lesions or olecranon bursitis can
also be treated by surgical excision. These last two types of infections
are more frequent than others, but it should be considered that a wide
variety of infections have been reported. Systemic infections with a
positive culture from bloodstream are less frequent; they represent only
6 of 160 cases described in this review. Intravenous amphotericin B
alone was one of the common and effective treatments for Prototheca
infections, with 77% success rate. When the treatment result was ob-
served according to species, the success rate was 54% for P. zopfii [8].

In the case presented here, the patient was a young man, whose age
was far from the mean in Prototheca infections. We found no source of
algaemia in our patient. He had an immunocompromising condition
and a history of immunosuppressant drug treatment, which are re-
cognized risk factors to protothecosis. Despite the negative culture, soft
tissue compromise might have been involved in the source of the
Prototheca infection.

Prototheca zopfii var. hydrocarbonea was first described in 2002
based on a strain isolated from a hot spring in Japan [13]. This ther-
motolerant strain was found to produce an appreciable amount of
ethanol and CO2 from glucose under anoxic conditions at 25 °C and
40 °C [13]. As a human pathogen, it has only been reported twice
worldwide; the first time in 2007 and the second time in 2018, both of
them as a causal agent of meningitis in China [5,16]. The ability of this
variety to grow well at temperatures as high as 40 °C and the fact that it
has been related to systemic infections reinforces its role as a human
pathogen. This is the first report of this variety causing a bloodstream
human infection in an immunocompromised host under corticosteroid
treatment.

The identification of Prototheca species requires DNA-based
methods, such as ribosomal DNA sequencing, not usually available in

Fig. 1. Lactophenol cotton blue wet mount preparation showing globose to
subglobose cells and sporangium with 2–6 subglobose to reniform spor-
angiospores.
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clinical laboratories. MALDI-TOF MS is a useful technique that allows
clinical laboratories to identify microorganisms at species level, in-
cluding species that in the past could only be correctly identified by
DNA-based methods. In our case, the isolate was not identified by using
the manufacturer database, since it had no reference spectra of P. zopfii.
However, the isolate was identified after the introduction of its own
MSP in an in-house database. Other authors have already shown that
this technique is useful for rapid identification of Prototheca species
[17–19].

Regarding in-vitro susceptibility tests, our findings are in agreement
with other reports highlighting the highest activity of amphotericin B,
itraconazole and voriconazole (MIC values≤ 0.25 mg/L).

Several antifungal agents have been used for the treatment of pro-
tothecosis. A study based on 174 cases reported since the first proto-
thecosis in 1964 to April 2017 showed different success rates depending
on the antifungal treatment (58%–72%). However, none was superior
to the others in terms of statistical significance [7]. Nonetheless, am-
photericin B was the most effective treatment (deoxycholate or lipid-
associated preparations), followed by itraconazole and fluconazole.
Amphotericin B treatment was used more frequently in serious infec-
tions than other antifungal agents. In addition, data on antimicrobial
susceptibility from 21 cases showed that the organisms were in-vitro
inhibited by amphotericin B [20]. Protothecosis in im-
munocompromised patients is rarely described and optimal antifungal
treatment is controversial, probably due to difficulties related to the
interpretation of in-vitro susceptibility tests and lack of clinical break-
points. Moreover, there is not enough evidence to suggest that P. zopfii
treatment might be different from P. wickerhamii treatment [8].

In summary, we report a case of disseminated protothecosis due to
P. zopfii var. hydrocarbonea in a patient with acute lymphoblastic leu-
kemia, re-marking this variety as a human pathogen. The patient re-
ceived amphotericin B treatment with a successful outcome.
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