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Protothecosis is a rare algal infection, affecting primarily immunocompromised hosts. Optimal man-
agement is unclear: in-vitro antimicrobial breakpoints are not established and therapeutic decisions are
primarily based on case reports. We present a case of cutaneous Prototheca wickerhamii infection in an
immunosuppressed 63 year old male, successfully treated with liposomal amphotericin and prolonged
itraconazole. Inoculation may have been through frequent hot-tub use, highlighting hot-tub exposure as
an infection risk for the immunocompromised host.
& 2016 The Authors. International Society for Human and Animal Mycology Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Human protothecosis is an algal infection due to en-
vironmentally ubiquitous achlorophyllic algae: Prototheca species.
Prototheca wickerhamii and Prototheca zopfii are the species re-
ported in human infections, and infection occurs predominantly in
the immunocompromised, for whom outcomes are often poor [1].
The optimal management of cases remains unclear with in-vitro
minimum inhibitory concentrations (MICs) of antimicrobials dif-
ficult to interpret, and no clinical breakpoints established. Pub-
lished case reports to date are relatively uncommon [2], thus re-
ports of risk factors, clinical presentation and outcomes of po-
tential therapies are valuable for future research into therapy.
2. Case

A 63-year-old male presented with two weeks of right lower
limb swelling, erythema and ulceration. The patient recalled fre-
quent use of a home hot-tub over the preceding months before
presentation.

His medical history included dermatomyositis with associated
pulmonary fibrosis, Type 2 diabetes mellitus, peripheral
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neuropathy, stage III chronic kidney disease, dilated congestive
cardiac failure with moderate systolic dysfunction, atrial fibrilla-
tion, and compensated chronic liver disease due to primary biliary
cirrhosis. He was not known to have HIV infection but testing was
not performed for this. In addition to his chronic co-morbidities,
the patient had a history of abdominal wall Mycobacterium che-
lonae infection requiring debridement and multidrug therapy
3 years previously; and disseminated Mycobacterium haemophilum
requiring prolonged antimicrobials 2 years previously. Both my-
cobacterial infections were considered cured at the time of his
presentation.

Medications on presentation included long term prednisolone
30 mg daily, in addition to intermittent higher doses up to 35 mg
over the preceding 6 months for presumed flares of his inflammatory
lung disease. Other medications included beta-blockers, diuretics,
digoxin, ursodeoxycholic acid and subcutaneous insulin.

On examination at presentation to hospital (day 0), the patient
was febrile at 38.5° Celsius, haemodynamically stable and nor-
moglycemic on presentation. Inspection of the right lower leg
(Fig. 1) revealed a 15 cm region of erythema and warmth with
central ulceration and several surrounding dark bullae.

Laboratory results revealed raised inflammatory markers with
a leukocyte count of 12.6�109/L with a left shift, and a C-reactive
protein of 32 mg/L. Renal function indices were abnormal with an
eGFR of 37 mL/min/1.73 m2.

The patient was provisionally diagnosed with a right lower
limb soft tissue infection and acute on chronic renal failure.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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Fig. 1. Right leg ulcer from which Prototheca wickerhamii was subsequently grown.
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Ticarcillin-clavulanate 3.1 g four times daily was commenced.
Swabs of the ulcer were sent for general microscopy and culture,
with no organisms seen on Gram stain. A biopsy of the ulcer edge
was performed and sent for mycobacterial and fungal cultures.
Direct microscopy on the biopsy showed no fungal elements, and
no acid-fast bacilli were demonstrated on Ziehl-Neelsen stain.
Biopsy sample PCR for methicillin-resistant Staphylococcus aureus
(MRSA) was positive and renally dose-adjusted vancomycin was
commenced.

One week following presentation there was no improvement of
the right lower limb soft tissue infection. New bullae and ulcera-
tion had formed on the medial aspect of the leg. At this time yeast-
like organisms were grown from biopsy enrichment cultures
(cooked meat broth), along with MRSA, with no growth on pri-
mary plates (Horse Blood Columbia Agar and Chocolate Agar).
Subcultures of the yeast-like organisms produced creamy colonies
on Sabouraud's Dextrose Agar (SDA) and pale purple colonies 1–
2 mm in diameter at 2 days’ incubation on Candida CHROMagar™
(CHROMagar, France). These were Gram-positive and had morula
forms, characteristic of Prototheca spp. on wet preparation (Fig. 2).
RapID™ Yeast Plus (Thermo Fisher Scientific Remel Products, USA)
provided an “adequate identification” for Prototheca wickerhamii
and API 20C AUX (BioMérieux, France) provided an “excellent
identification” for Prototheca wickerhamii. Antifungal suscept-
ibilities were performed by broth microdilution using the Sensi-
titre Yeast-One Test Panel (Trek Diagnostic Systems, USA). The
Fig. 2. Wet preparation microscopy of P. wickerhamii isolates demonstrating
characteristic morula forms.
MICs for fluconazole, itraconazole, voriconazole, posaconazole,
caspofungin, anidulafungin, micafungin, 5-fluorocytosine, and
amphotericin B were 128, 0.5, 0.25, 0.25, 48, 48, 48, 464 and
0.25 mg/liter, respectively. Blood cultures were negative. The Pro-
totheca isolate was later retrieved for isavuconazole susceptibility
testing. It was grown on SDA for 24 h at 30 °C. Susceptibility
testing for isavuconazole was performed in a 96-well round-bot-
tom plate using standard broth microdilution assay, according to
the Clinical and Laboratory Standards Institute (CLSI) document
M27-A3 for yeast [3]. The concentration range for isavuconazole
was 0.06–32 mg/L. Results were obtained by reading the plates
visually after 48 and 72 h incubation at 37 °C. The MIC of isavu-
conazole was read as the lowest concentration of the drug at
which there was 100% inhibition of growth. The MIC obtained for
isavuconazole against Prototheca was 0.5 mg/L after both 48 and
72 h incubation periods.

The patient was diagnosed with cutaneous protothecosis and
intravenous liposomal amphotericin was commenced at 3 mg per
kg based on ideal body weight. Other antibiotics were dis-
continued and prednisone therapy was reduced to 20 mg. By day
three of amphotericin (day 10 post admission), however, renal
function had deteriorated with an eGFR of 22 mL/min/1.73 m2 and
liposomal amphotericin was ceased. Oral itraconazole 200 mg
twice daily was commenced with recovery of renal function to
baseline over the following week before discharge. Over the next
three months, the ulcers improved slowly and a repeat biopsy of
the residual lateral ulcer was did not isolate Prototheca species on
cultures or microscopy. The patient tolerated the oral therapy well.
By 6 months the right lower limb ulceration had healed with a
minor residual area of granulation and superficial desquamation.
3. Discussion

Prototheca species are achlorophyllic algae found in soil and
water [1]. Human infections due to Prototheca species are rare,
with only 160 cases (as described by Todd et al.) up to mid-2011,
since the first report in 1964 [2]. Since this report, a further 41
cases have been reported, perhaps suggesting human proto-
thecosis is being increasingly diagnosed. All human cases of pro-
tothecosis, where organisms were identified to species level, have
been caused by either P. wickerhamii or P. zopfii species. Proto-
thecosis predominantly occurs in adults, although infections in
children are described [2]. Inoculation is thought to occur via oc-
cult or overt skin trauma, especially in the context of contaminated
water [1,2]. This patient in this case reported frequent hot-tub
exposure and this was felt to be the likely environmental ex-
posure, although a sample of the hot-tub water was not available
for microbiological testing. Hot tubs have been associated with
other cutaneous and systemic infections, particularly with myco-
bacteria [4,5] and Pseudomonas aeruginosa [6]. Confirmed or sus-
pected protothecosis acquisition from hot-tub use has not been
described before.

Clinical presentations of protothecosis may be broadly divided
into the categories of cutaneous and systemic (including dis-
seminated disease). The spectrum of cutaneous protothecosis is
broad and constitutes the majority of cases reported, with wide
range of findings including ulcers (as with our case), erosions,
crusting, papules, plaques and pustules [7]. Olecranon bursitis is a
notable manifestation and has been considered a distinct entity
[8]. A wide range of systemic manifestations has been reported,
including abdominal infections, pneumonia, bloodstream infection
and central nervous system infection [2,9–11]. Peritoneal catheter
and other device infections are also described [2,12,13]. Dis-
seminated disease is reported generally in the immunosuppressed,
frequently with exogenous steroid use, as with this case [2]. Other
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immunosuppressants described in association with protothecosis
include chemotherapy for malignancy or transplantation [13,14].
Non-iatrogenic immunosuppressing risk conditions include
chronic renal failure and diabetes mellitus [11,15], the latter which
was seen in this case.

Culture and microscopy are essential in the approach to the
diagnosis of protothecosis. Prototheca species typically form crea-
my yeast-like colonies on Sabouraud's media [15,16], as was seen
in this case. On wet preparation, they can be distinguished from
yeast by the absence of budding, and presence of small sporangia
with endospores forming characteristic ‘spoked wheels’ on mi-
croscopy of cultures, as illustrated in Fig. 2 [16]. Diagnosis may also
be made in histopathologic sections, with morulae often visible
with stains used to detect fungus, such as Periodic Acid Schiff stain
or Grocott's modification of Gomori methenamine silver [1].
Commercial systems which may correctly identify Prototheca in-
clude the API 20C or API 20C AUX (bio-Mérieux, Marcy L'Etoile,
France) as well as Vitek 2 (bio-Mérieux), but the API 32C (bio-
Mérieux) does not include these organisms in its database [17].
Molecular techniques have been used to identify Prototheca spe-
cies in human clinical samples, including ribosomal internal
transcribed spacer (ITS) sequencing [18] and 26S rRNA gene se-
quencing [17]. Successful identification with mass spectrometry
has been reported [19] but, as clinical isolates of Prototheca spp.
are uncommon, these are not well represented in current data-
bases, leading to potential for failed identification or mis-
identification [13,14].

The natural history of isolated skin disease is an indolent pro-
gressive course [7], though there are reports of spontaneous re-
solution [2,20]. In the immunosuppressed, cutaneous lesions may
disseminate and this form of protothecosis has high mortality [2].
Such prognoses underscore the need for prompt diagnosis and
rapid treatment of even apparently isolated skin disease, particu-
larly in the context of immunosuppression [17,21].

Medical treatment for protothecosis most commonly includes
antifungal agents and/or tetracyclines [1,2]. Reported treatment
success rates are higher for cutaneous disease (73%) and olecranon
bursitis (83%) and low for disseminated disease (33%) [2]. There
are no established antimicrobial breakpoints for susceptibility or
resistance but Prototheca species generally appear to be suscep-
tible to amphotericin in-vitro [1], with variable susceptibility to
triazoles. In-vitro synergy has been reported for tetracycline [1],
and recently in-vitro susceptibility to miltefosine and terbinafine,
with resistance to echinocandins reported [13]. Intravenous am-
photericin, either alone or in combination with other agents, has
the highest reported treatment success rates to date: 77% and 86%,
respectively [2]. Triazoles, especially itraconazole, have been re-
ported as successful treatments, but failure with these is com-
monly reported, including with cutaneous disease, which
prompted our induction with amphotericin therapy for this case.
To our knowledge, there are no reports of isavuconazole suscept-
ibility testing for Prototheca spp. We found a relatively low MIC of
0.5 mg/L in our clinical isolate, suggesting this agent may merit
further study as a treatment option for protothecosis. Considera-
tion may be given to surgery in isolated cutaneous disease or
olecranon bursitis. Reduction of immunosuppression is also a
consideration, as corticosteroids in particular appear to increase
susceptibility to Prototheca infection [2].

In our case, we believe prompt microbiological diagnosis, de-
livery of amphotericin followed by itraconazole therapy and re-
duction of immunosuppression contributed to the successful
outcome. The patient was cautioned about hot-tub use as a po-
tential source of protothecosis or mycobacterial disease.
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