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Twenty isolates of Prototheca filamenta, Prototheca moriformis, Prototheca
stagnora, Prototheca wickerhamii, and Prototheca zopfii were tested for in vitro
susceptibility to five commonly used antifungal agents: amphotericin B, 5-
fluorocytosine, griseofulvin, miconazole, and nystatin. The results revealed
resistance to griseofulvin of all the Prototheca isolates tested and an inhibitory
effect on P. filamenta by high 5-fluorocytosine concentrations (minimal inhibi-
tory concentration [MIC] = 12.5 to 100 ,ug/ml; minimal fungicidal or algacidal
concentration [MFC/MAC] = 50 to 100 ,ug/ml). P. filamenta isolates were also
susceptible to miconazole (MIC = 0.1 to 0.5 ug/ml, MFC/MAC = 0.5 to 1 ,ug/ml);
isolates of the other Prototheca species varied in regard to miconazole activity
from susceptible to resistant (MIC = 1 - >100 ug/ml, MFC/MAC = 5 - >100
,ug/ml). The Prototheca isolates revealed an in vitro susceptibility to the polyene
antifungal agents, amphotericin B, and nystatin (MIC = 0.09 to 3.12 ,ug/ml and
0.19 to 12.5 Ag/ml, respectively; MFC/MAC = 0.19 to 25 ,ug/ml and 0.75 to 25 ug/
ml, respectively).

Prototheca species are microscopic, achloric,
heterotrophic organisms, reproducing asex-
ually by cleavage to form endospores (4). Some
investigators think that these organisms are
related to fungi (3); others believe that they are

achloric algae (13); still others believe that
these organisms hold an intermediate position
(1).
Members of the genus Prototheca are known

to cause systemic and cutaneous disease in
dogs, deer, and cattle (2, 19, 21). Since 1964
cases of cutaneous or disseminated protothe-
cosis in humans have also been reported (5, 6,
10, 12, 15, 22).
The chemotherapy of protothecosis, generally

carried out on an empirical basis (19), is usu-
ally reported to be unsatisfactory (15). Exten-
sive studies on the in vitro susceptibility of
Prototheca species have not been reported. We
therefore thought that it would be advisable to
test the in vitro activity of antifungal agents
against Prototheca isolates. The results of that
study are presented in this report.

MATERIALS AND METHODS
Test cultures. Twenty test cultures from the cul-

ture collection of the Mycology Division of the Cen-
ter for Disease Control (Table 1) were used. They
were isolates of the species Prototheca filamenta,
Prototheca moriformis (designated as such for this
study but considered by Sudman and Kaplan [20]
as a synonym of Prototheca zopfii), Prototheca stag-
nora, Prototheca wickerhamii, and Prototheca zopfii.

The test cultures were subcultured and maintained
on an antibiotic-free Sabouraud's dextrose agar.

Antifungal agents. Five antifungal agents were
used: amphotericin B and nystatin, both products of
E. R. Squibb & Sons, New York, N.Y.; 5-fluorocyto-
sine (5-FC), supplied by Hoffmann-La Roche, Inc.,
Nutley, N.J.; griseofulvin, obtained from United
States Pharmacopeia Co. Inc., Rockville, Md.; and
miconazole (miconazole nitrate salt), supplied by
Janssen R & D, Inc., New Brunswick, N.J.

Susceptibility testing with 5-FC. The minimal
inhibitory concentration (MIC) and minimal fungi-
cidal or algacidal concentration (MFC/MAC) were
determined by using the methods described by Sha-
domy (17) and as used in a previous study (16).
A liquid synthetic medium, composed of yeast

nitrogen base (Difco Laboratories, Detroit, Mich.)
supplemented with asparagine and dextrose, was
used as the test medium. The testing system con-
sisted of twofold serial dilutions of 5-FC, ranging
from 100 to 0.05 ,ug/ml, in 1 ml of yeast nitrogen
base. The inoculum of the cultures to be tested con-
sisted of 0.05 ml of 105 to 3.5 x 105 organisms per ml
of suspension. The test cultures were incubated for
48 h at 25 C, and the lowest 5-FC concentration
inhibiting visible growth was considered the MIC.
The tubes showing no visible growth and the MIC
tubes were then plated on Sabouraud's agar and
incubated for 48 h; the lowest 5-FC concentration in
yeast nitrogen base that inhibited growth on the
Sabouraud plates was considered the MFC/MAC. A
Saccharomyces cerevisiae isolate, obtained from S.
Shadomy, Virginia Commonwealth University,
Richmond, Va., was used as the control culture.

Susceptibility testing with amphotericin B and
nystatin. The amphotericin B and nystatin suscepti-
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TABLz I. Source ofPrototheca isolats tested
8-es

P. filamenta

P. moriformis (synonym of
P. zopfii)

P. s*tgnora

P. wickerhamii

P. zopfii

Accession no.

B-1273
B-1568
B-1569
B-1570
B-1658

B-1266
B-1692

B-1277

B-1269
B-1275
B-1278
B-1280
B-1651
B-2224

MCC-378
MCC-379
MCC-380
B-1272
B-1270
B-1413

Source

Skin; Ohio
Foot; Missouri
Bone marrow; Missouri
Missouri
Dr. Pore; West Virginia

NRRLa strain Y-6864
Algae collection; Indiana

Waste stabilization pond; Ohio

Soil; Illinois
Skin; Africa
Lavatory drain pipe; Illinois
Human intestine; Illinois
Dog; Minnesota
Cat; Georgia

Raw sewage; California
Raw sewage; California
Raw sewage; California
Bovine mastitis; Ohio
Bovine mastitis; Ohio
Venezuela

a NRRL, National Regional Research Laboratory.

bility tests were performed by a broth dilution
method based on the procedure described by Sha-
domy and Espinel-Ingroff (18). Amphotericin B and
nystatin stock solutions were made up in dimethyl-
sulfoxide (MeISO) and kept protected from light.
The test system consisted of twofold dilutions (from
100 to 0.05 Aggml) ofamphotericin B and nystatin in
1 ml of antibiotic medium (M-20, Difco), inoculated
with 0.05 ml of 10. to 3.5 x 105 organisms per ml of
suspension, and incubated at 25 C for 48 h. The MIC
and MFC/MAC were determined as described for 5-
FC testing. S. cerevisiae was used as the control
culture.

Susceptibility testing with miconazole. Suscepti-
bility testing with miconazole was also carried out
by the tube dilution method. A miconazole stock
solution was made up in ethanol at a concentration
of 10 mg/mL. The tests were performed in Sabouraud
broth (1 ml/tube) by using miconazole concentra-
tions starting from 100 ,ug/ml down to 0.1 ,ug/ml.
The inocula of the test cultures, incubation temper-
ature, incubation period, control culture, and deter-
mination of MIC and MFC/MAC were the same as
described for 5-FC, amphotericin B, and nystatin
testing.

Susceptibility testing with griseofulvin. Griseo-
fulvin was disolved in acetone at a concentration of
2 mg/ml. Susceptibility was determined using agar
plates containing agar incorporated with griseofil-
vin in concentrations starting from 50 E&g ofmedium
per ml down to 0.9 ,ug of medium per ml (twofold
dilutions). The inocula ofthe test cultures, prepared
as previously desribed, were inoculated on Sabour-
aud-griseofulvin agar plates; these were incubated
at 25 C for 72 h. Trichophyton mentagrophytes

ATCC 28068 was used as the control culture. By this
method the activity of griseofulvin could be estab-
lished only in regard to its minimal cidal concentra-
tion (MlFC/MAC).

RESULTS
Griseofulvin susceptibility. The in vitro sus-

ceptibility of the 20 Prototheca isolates to the
five tested antifumgal agents is summarized in
Table 2. Griseofulvin had no inhibitory effect
on the Prototheca cultures, since all of them
grew on Sabouraud agar plates containing 50
,ug of griseofulvin per ml; the control culture of
T. mentagrophytes, however, was affected at a
6.25 ,ug of griseofulvin per ml concentration.
5-FC susceptibility. The activity of 5-FC on

Prototheca species had a selective pattern; it
did not affect isolates of P. zopfii, P. wicker-
hamii, P. stagnora, or P. moriformis but was
effective on four of five P. filamenta isolates
tested (Table 2). Even the P. filamenta that
were affected by 5-FC, however, were inhibited
only at high concentrations, namely, MIC levels
raning from 12.5 to 25 ,ug/ml and MFC/MAC
levels ranging from 50 to 100 ,ug/ml, respec-
tively, as compared to the control culture of S.
cerevisiae whose MIC and MFC/MAC were 0.38
and 1.56 ,ug/ml, respectively.
Amphotericin B and nystatin susceptibility.

All the Prototheca isolates were affected by
both of the polyene compounds tested, ampho-
tericin B and nystatin (Table 2). In the case of
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four isolates (three P. zopfii cultures and one P. marizes the minimal and maximal sensitivity
wickerhamii), however, high concentrations of values of Prototheca species, the P. zopfii iso-
amphotericin B (12.5 or 25 ,ig/ml) were re- lates apparently were less sensitive to ampho-
quired to produce a cidal effect. Furthermore, tericin B than to members of the other species
as revealed by the data in Table 3, which sum- tested.

TABLz 2. In vitro susceptibilitya ofPrototheca sp. to amphotericin B, 5-FC, griseofulvin, miconazole, and
nystatin

Amphotericin B 5-FC Griseofulvin Miconazole Nystatin
Species MFC/ MFC/ MFC/ MFC/ M MFC/

micj MAC I ic MM MAC MIC MAC MIC MAC

P. filamenta
B-1273
B-1568
B-1569
B-1570
B-1658

P. moriformis
B-1266
B-1692

P. stagnora
B-1277

P. wickerhamii
B-1269
B-1275
B-1278
B-1280
B-1651
B-2224

P. zopfii
MCC-378
MCC-379
MCC-380
B-1270
B-1272
B-1413

Controls
S. cerevisiae
T. mentagro-
phytes
(ATCC
28068)

0.75
0.75
0.75
0.19
0.38

0.75
0.38

0.19

0.09
0.38
0.19
1.56
1.56
0.19

0.75
0.75
0.75
3.12
0.19
3.12

0.38

1.56
0.75
1.56
0.19
0.38

0.75
0.38

1.56

0.19
0.38
0.38
3.12
12.5
0.38

1.56
12.5
3.12

25.0
0.75

25.0

1.56

25.0
25.0
25.0

>100.0
12.5

50.0
50.0

100.0
>100.0

50.0

>100.0 >100.0
>100.0 >100.0

>100.0 >100.0

>100.0
>100.0
>100.0
>100.0
>100.0
>100.0

>100.0
>100.0
>100.0
>100.0
>100.0
>100.0

0.38

>100.0
>100.0
>100.0
>100.0
>100.0
>100.0

>100.0
>100.0
>100.0
>100.0
>100.0
>100.0

1.56

>50.0
>50.0
>50.0
>50.0
>50.0

>50.0
>50.0

>50.0

>50.0
>50.0
>50.0
>50.0
>50.0
>50.0

>50.0
>50.0
>50.0
>50.0
>50.0
>50.0

6.25

0.1
0.1
0.5
0.5
0.5

0.5
1.0

100.0

>100.0
10.0

100.0
10.0
50.0

>100.0

10.0
10.0
1.0

10.0
10.0
10.0

7.5

0.5
0.5
1.0
0.5
0.5

1.0
1.0

100.0

>100.0
50.0

100.0
50.0
50.0

>100.0

50.0
25.0
5.0

>100.0
>100.0
>100.0

1.56
3.12
0.75
0.38
0.75

1.56
1.56

3.12

3.12
0.75
0.75
0.75
3.12
3.12

0.75
1.56
1.56
1.56
0.75

12.5

10.0 0.75

3.12
3.12
0.75
0.75
1.56

3.12
3.12

12.5

3.12
1.56
1.56
0.75
3.12
3.12

1.56
3.12
3.12
3.12
0.75

25.0

1.56

a Expressed as micrograms per milliliter.

TABLz 3. Minimal and maximal susceptibility ofPrototheca sp. to amphotericin B, miconazole, and nystatin

No. of Amphotericin B Miconazole Nystatin
Species isolates MIC MFC/MAC MIC MFC/MAC MIC MFC/MAC

tested (jmg/ml) ( *gIml) (Og/ml) (pg/mi) (Ag4/ml) (lug/ml)
P. filamenta 5 0.19-0.75 0.19-1.56 0.1-0.5 0.5-1.0 0.38-3.12 0.75-3.12
P. moriformis (synonym 2 0.38-0.75 0.38-0.75 0.5-1.0 1.0-1.0 1.56-1.56 3.12-3.12

ofP. zopfii)
P. stagnora 1 0.19 1.56 100.0 100.0 3.12 12.5
P. wickerhamii 6 0.09-1.56 0.19-3.12 10.0-100 50.0->100 0.75-3.12 0.75-3.12
P. zopfii 6 0.19-3.12 0.75-25.0 1.0-10.0 5.0->100 0.75-12.5 0.75-25.0
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Judging from both the MIC and the MFC/
MAC values, the Prototheca isolates were gen-
erally less susceptible to nystatin than to am-
photericin B (Tables 2 and 3). On the other
hand, three of four P. zopfii isolates with high
MFC/MAC values for amphotericin B showed
significantly lower MFC/MAC values for nysta-
tin (Table 2).
Miconazole susceptibility. The results ob-

tained by the miconazole susceptibility testing
of Prototheca isolates (Tables 2 and 3) showed
that miconazole had an inhibitory effect. How-
ever, there was some variation in regard to its
activity among members of the same species,
some being susceptible and others resistant (P.
zopfii and P. wickerhamii isolates, Table 2). In
addition, there were also differences in the sen-
sitivity among the different Prototheca species
(Table 3). Furthermore, although miconazole
was inhibitory (MIC) to all the P. zopfii isolates
tested, three of the isolates showed resistance
to its cidal action (MFC/MAC) (Table 2).

DISCUSSION
The species Prototheca were divided by Ar-

nold and Ahearn (1) on the basis of physiologi-
cal characteristics into five species: P. fila-
menta, P. moriformis, P. stagnora, P. wicker-
hamii, and P.' zopfii, with a number of strains
having various designations such as Prototheca
segbwema (isolated. by Davies and Wilkinson
16] from human cutaneous protothecosis),
which these investigators considered synony-
mous with P. zopfii. Based on antigenic proper-
ties Sudman and Kaplan (20) recognized only
four species in the genus Prototheca, with P.
moriformis being synonymous with P. zopfii.
As noted, in this study we used the term P.
moriformis for the two strains B-1266 and B-
1692 (see Results), since they were designated
as such when referred to the Center for Disease
Control Mycology Culture collection. They
should, however, be considered synonymous
with P. zopfii.
Arnold and Ahearn (1) described P. fila-

menta as a new species. However, it was found
to be different from other Prototheca species,
and its classification within the genus Proto-
theca has been questioned (9). The antifungal
susceptibility pattern ofP. filarnenta, as found
in this study, is indeed different from the other
Prototheca species. The P. filamenta cultures
were the only Prototheca isolates affected at all
by 5-FC; they were also very susceptible to
miconazole, as compared to the susceptibility of
isolates of other Prototheca species.

Miconazole is an imidazole nitrate substance
that is inhibitory to dermatophytes and yeasts

and reported to be useful in the topical treat-
ment ofdermatological and gynecological infec-
tions (7, 8, 14, 15). It has also been reported to
have an in vitro activity on the etiological
agents of certain deep mycoses (11, 15). The
data obtained in this study in regard to micon-
azole activity show that some isolates of P.
zopfii and P. wickerhamii, the two Prototheca
species known to cause disease (19), are affected
by it and that other isolates are resistant to it.
It seems important, therefore, to test more clini-
cal Prototheca isolates in regard to their suscep-
tibility to miconazole before considering its top-
ical use in cases of cutaneous protothecosis.
As judged by the data from this study, the

two polyene antimycotics amphotericin B and
nystatin are apparently the antimicrobial
agents most effective in vitro against the
Prototheca species.
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