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The activities of 10 combinations of antifungal agents against 25 clinical isolates of Scopulariopsis brevicaulis
were tested by the checkerboard technique. An average indifferent effect was detected for all combinations.
Synergy was observed for some isolates and combinations, particularly with posaconazole-terbinafine (68% of
strains), amphotericin B-caspofungin (60%), and posaconazole-caspofungin (48%).

Scopulariopsis brevicaulis is a rare and emerging pathogen
that has been increasingly reported in the past 2 decades as a
cause of deep mycosis in hosts presenting factors that predis-
pose them to infection. This dermatomycotic species and other
Scopulariopsis spp. have mainly been associated with onycho-
mycosis (32, 37), but their spectrum of human infections in-
cludes posttraumatic keratitis and endophthalmitis (15, 20, 21),
disseminated skin lesions and meningitis in AIDS patients (12,
29), endocarditis related to valvuloplasty or prosthetic valves
(16, 22, 25), subcutaneous hyalohyphomycosis in immunocom-
promised hosts (4, 30, 33, 34), fungus ball and pneumonia (13,
23, 39), and disseminated infections in stem cell transplant
patients or hosts with leukemia (24, 27, 28, 36, 38).

S. brevicaulis has been reported to be resistant in vitro to
amphotericin B, flucytosine, terbinafine, and azole compounds
(1, 5, 8, 9, 14, 18). Invasive infections due to S. brevicaulis are
unlikely to respond to particular antifungal treatment (24, 27,
36, 38), and several therapeutic approaches have been consid-
ered, such as debridement or excision of necrotic tissue plus
chemotherapy (22, 30), prolonged monotherapy with azole
agents or terbinafine (27, 28), and combinations of antifungal
agents (36).

To date, combined activity in vitro of antifungal agents
against S. brevicaulis has not been assessed. This study de-
scribes the activities of 10 combinations of antifungal com-
pounds against clinical isolates of this species.

(This work was presented in part at the 45th Interscience
Conference on Antimicrobial Agents and Chemotherapy,
Washington, D.C., 2005.)

Fungi. A collection of 25 clinical isolates was used. All
strains were recovered over a 5-year period (2000 to 2005)
from 15 Spanish hospitals. Each clinical isolate represented a
unique isolate from a patient. Strains were isolated from nails
(20/25 [80%]), skin scrapings (2/25 [12%]), sputum (1/25
[4%]), and blood (1/25 [4%]). Isolates were identified by mac-
roscopic and microscopic examination (10).

Antifungal agents. Antifungal agents utilized were amphoteri-
cin B (Sigma-Aldrich Quı́mica, Madrid, Spain), terbinafine (No-
vartis Pharma AG, Basel, Switzerland), itraconazole (Janssen
Pharmaceutica, Madrid, Spain), voriconazole (Pfizer Ltd., Sand-
wich, United Kingdom), posaconazole (Schering-Plough, Kenil-
worth, NJ), and caspofungin (Merck & Co., Inc., Rahway, NJ).

Antifungal susceptibility testing. The individual MICs were
determined by following the Clinical and Laboratory Stan-
dards Institute (CLSI; formerly NCCLS) reference method
(26) with the following minor modifications: the medium was
RPMI 1640 with L-glutamine (buffered to pH 7 with 0.165 M
morpholinepropanesulfonic acid [MOPS] and 10 M NaOH)
supplemented with 2% glucose (Oxoid, Madrid, Spain); the
inoculum size was 1 � 105 to 5 � 105 CFU/ml; and the inoc-
ulum was prepared by microscopic enumeration with a cell-
counting hemocytometer (Neubauer chamber; Merck, S.A.,
Madrid, Spain). Several reports have demonstrated that these
modifications generate reproducible, reliable, and accurate in
vitro susceptibility data (9, 11, 14, 17, 31). For caspofungin, two
different visual determinations of the end point were per-
formed: (i) complete inhibition of growth (MIC) and (ii) the
lowest drug concentration resulting in aberrant hyphal growth
as determined by examination with an inverted microscope, the
minimum effective concentration (MEC) (2, 35).

Interaction of drugs in vitro. Drug interaction was evaluated
in a checkerboard microdilution design. Combinations tested
were amphotericin B plus itraconazole, amphotericin B plus
voriconazole, amphotericin B plus posaconazole, amphotericin
B plus caspofungin, itraconazole plus caspofungin, voricon-
azole plus caspofungin, posaconazole plus caspofungin, itra-
conazole plus terbinafine, voriconazole plus terbinafine, and
posaconazole plus terbinafine. The combined effects were an-
alyzed by the summation of the fractional inhibitory concen-
tration index (FICi) (2, 35). For combinations including caspo-
fungin, FICi was calculated by taking into account both the
MIC and the MEC of the echinocandin. The interactions were
defined as synergistic when FICi was �0.5, as antagonistic
when FICi was �4, and as indifferent, or no interaction, when
FICi was �0.5 but �4. Triplicate testing on three separate days
was performed.

A summary of MICs of individual antifungal agents against
isolates is given in Table 1. All organisms were highly resistant
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in vitro to amphotericin B, azole agents, caspofungin, and
terbinafine.

Regarding interactions in vitro, an average indifferent effect
was detected for all combinations. Synergy was observed for
some isolates with some combinations. Posaconazole plus ter-
binafine exhibited synergy for 17/25 (68%) strains; this combi-
nation showed the highest rate of positive effect in vitro. The
average FICi for this combination was 0.64. Voriconazole plus
terbinafine and itraconazole plus terbinafine also showed syn-
ergy for some strains, with rates of 40% and 28%, respectively.
Amphotericin B in combination with azole agents did not ex-
hibit synergy for a significant number of isolates. Combinations
including caspofungin were largely indifferent when MICs
were used for FICi calculation. However, synergy was observed
for some organisms if MECs were included. FICi values under
0.5 were found in 15/25 (60%) strains for amphotericin B
plus caspofungin, in 12/25 (48%) strains for posaconazole plus
caspofungin, and in 5/25 (20%) strains for the voriconazole-
caspofungin combination. Average FICi values were 0.56 for
posaconazole plus caspofungin and 0.51 for amphotericin B
plus caspofungin.

Notably, antagonism was absent for all antifungal combina-
tions. Table 2 displays average FICi values and numbers and
percentages of strains for which synergy was detected per com-
bination analyzed.

S. brevicaulis seems to be a multiresistant species that can
usually cause fatal invasive infections in immunocompromised
hosts (27, 36, 38). Taking into account the resistance of S.
brevicaulis, other therapeutic approaches should be considered
and combined therapy could be useful, particularly for immu-
nosuppressed patients with disseminated infections (6, 7).

Until now, the combined activity of antifungal agents against
S. brevicaulis had not been evaluated. Here we present the in
vitro activities of 10 combinations of antifungal compounds
against 25 clinical isolates of S. brevicaulis. An average indif-
ferent effect was observed for all combinations, but synergistic
interaction was detected for a significant percentage of strains
with some combinations. The rate was particularly high with
posaconazole plus terbinafine, where synergy was observed for
68% of strains analyzed. Other combinations, such as ampho-
tericin B plus caspofungin, posaconazole plus caspofungin, and
voriconazole plus caspofungin, also showed synergistic effects
against a number of organisms.

Data on the clinical efficacy of combination therapy in cases
of Scopulariopsis infection are too scarce to draw any firm
conclusions. Steinbach et al. (36) reported a case of dissemi-
nated infection due to S. brevicaulis in a child with graft-versus-
host disease after stem cell transplantation who failed lipid
amphotericin B therapy as well as combination therapy with
voriconazole plus caspofungin. For other Scopulariopsis spp.,
successful therapy has been reported (3, 19). Combination
therapy could be an alternative for treating deep infections due
to Scopulariopsis, but the effect of combinations is not predict-
able and depends on the strain tested. Therefore, studies of
interaction in vitro would be needed before therapeutic rec-
ommendations could be made.

A.G.-L. has a research contract with the Fondo de Investigaciones
Sanitarias (grant CM05/00184).
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Antifungal agent
Mode Geometric mean 50%b 90%b Range

MIC MEC MIC MEC MIC MEC MIC MEC MIC MEC

Amphotericin B 16.0 13.0 16.0 �16.0 8.0–�16.0
Itraconazole �8.0 �8.0 �8.0 �8.0 �8.0
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Caspofungin �16.0 8.0 �16.0 12.0 �16.0 8.0 �16.0 16.0 �16.0 4.0–�16.0

a Results are given in micrograms per milliliter. MECs were calculated for caspofungin only.
b 50% and 90%, MICs or MECs at which 50% and 90% of isolates, respectively, were inhibited.

TABLE 2. FICi values and numbers and percentages of strains for
which combinations showed synergy

Antifungal combination

FICia

No. (%) of strains
for which the

indicated
combination

showed synergy

With
MICs

With
MECsb

With
MICs

With
MECsb

Amphotericin B � itraconazole 1.94 0 (0)
Amphotericin B � voriconazole 1.81 1 (4)
Amphotericin B � posaconazole 1.96 0 (0)
Amphotericin B � caspofungin 0.90 0.51 3 (12) 15 (60)
Itraconazole � caspofungin 1.78 1.49 0 (0) 2 (8)
Voriconazole � caspofungin 1.86 1.25 0 (0) 5 (20)
Posaconazole � caspofungin 1.44 0.56 1 (4) 12 (48)
Itraconazole � terbinafine 1.02 7 (28)
Voriconazole � terbinafine 0.88 10 (40)
Posaconazole � terbinafine 0.64 17 (68)

a FICi values are arithmetic means from three repetitions with 25 clinical
strains.

b MECs were calculated for caspofungin only.

VOL. 50, 2006 NOTES 2249



6. Cuenca-Estrella, M. 2004. Combinations of antifungal agents in therapy—
what value are they? J. Antimicrob. Chemother. 54:854–869.

7. Cuenca-Estrella, M., A. Gomez-Lopez, G. Garcia-Effron, L. Alcazar-Fuoli, E.
Mellado, M. J. Buitrago, and J. L. Rodriguez-Tudela. 2005. Combined ac-
tivity in vitro of caspofungin, amphotericin B, and azole agents against
itraconazole-resistant clinical isolates of Aspergillus fumigatus. Antimicrob.
Agents Chemother. 49:1232–1235.

8. Cuenca-Estrella, M., A. Gomez-Lopez, E. Mellado, M. J. Buitrago, A. Mon-
zon, and J. L. Rodriguez-Tudela. 2003. Scopulariopsis brevicaulis, a fungal
pathogen resistant to broad-spectrum antifungal agents. Antimicrob. Agents
Chemother. 47:2339–2341.

9. Cuenca-Estrella, M., A. Gomez-Lopez, E. Mellado, G. Garcia-Effron, A.
Monzon, and J. L. Rodriguez-Tudela. 2005. In vitro activity of ravuconazole
against 923 clinical isolates of nondermatophyte filamentous fungi. Antimi-
crob. Agents Chemother. 49:5136–5138.

10. de Hoog, G. S., J. Guarro, J. Gene, and M. J. Figueres. 2000. Atlas of clinical
fungi, 2nd ed. Centraalbureau voor Schimmelcultures, Utrecht, The Neth-
erlands.

11. Denning, D. W., S. A. Radford, K. L. Oakley, L. Hall, E. M. Johnson, and
D. W. Warnock. 1997. Correlation between in-vitro susceptibility testing to
itraconazole and in-vivo outcome of Aspergillus fumigatus infection. J. Anti-
microb. Chemother. 40:401–414.

12. Dhar, J., and P. B. Carey. 1993. Scopulariopsis brevicaulis skin lesions in an
AIDS patient. AIDS 7:1283–1284.

13. Endo, S., M. Hironaka, F. Murayama, T. Yamaguchi, Y. Sohara, and K.
Saito. 2002. Scopulariopsis fungus ball. Ann. Thorac. Surg. 74:926–927.

14. Garcia-Effron, G., A. Gomez-Lopez, E. Mellado, A. Monzon, J. L. Rodriguez-
Tudela, and M. Cuenca-Estrella. 2004. In vitro activity of terbinafine against
medically important non-dermatophyte species of filamentous fungi. J. An-
timicrob. Chemother. 53:1086–1089.

15. Gariano, R. F., and R. E. Kalina. 1997. Posttraumatic fungal endophthalmi-
tis resulting from Scopulariopsis brevicaulis. Retina 17:256–258.

16. Gentry, L. O., M. M. Nasser, and M. Kielhofner. 1995. Scopulariopsis
endocarditis associated with Duran ring valvuloplasty. Tex. Heart Inst. J.
22:81–85.

17. Gomez-Lopez, A., A. Aberkane, E. Petrikkou, E. Mellado, J. L. Rodriguez-
Tudela, and M. Cuenca-Estrella. 2005. Analysis of the influence of Tween
concentration, inoculum size, assay medium, and reading time on suscepti-
bility testing of Aspergillus spp. J. Clin. Microbiol. 43:1251–1255.

18. Johnson, E. M., A. Szekely, and D. W. Warnock. 1999. In vitro activity of
Syn-2869, a novel triazole agent, against emerging and less common mold
pathogens. Antimicrob. Agents Chemother. 43:1260–1263.

19. Kriesel, J. D., E. E. Adderson, W. M. Gooch III, and A. T. Pavia. 1994.
Invasive sinonasal disease due to Scopulariopsis candida: case report and
review of scopulariopsosis. Clin. Infect. Dis. 19:317–319.

20. Lotery, A. J., J. R. Kerr, and B. A. Page. 1994. Fungal keratitis caused by
Scopulariopsis brevicaulis: successful treatment with topical amphotericin B
and chloramphenicol without the need for surgical debridement. Br. J. Oph-
thalmol. 78:730.

21. Malecha, M. A. 2004. Fungal keratitis caused by Scopulariopsis brevicaulis
treated successfully with natamycin. Cornea 23:201–203.

22. Migrino, R. Q., G. S. Hall, and D. L. Longworth. 1995. Deep tissue infections
caused by Scopulariopsis brevicaulis: report of a case of prosthetic valve
endocarditis and review. Clin. Infect. Dis. 21:672–674.

23. Mohammedi, I., M. A. Piens, C. Audigier-Valette, J. C. Gantier, L. Argaud,
O. Martin, and D. Robert. 2004. Fatal Microascus trigonosporus (anamorph

Scopulariopsis) pneumonia in a bone marrow transplant recipient. Eur.
J. Clin. Microbiol. Infect. Dis. 23:215–217.

24. Morrison, V. A., R. J. Haake, and D. J. Weisdorf. 1993. The spectrum of
non-Candida fungal infections following bone marrow transplantation. Med-
icine (Baltimore) 72:78–89.

25. Muehrcke, D. D., B. W. Lytle, and D. M. Cosgrove III. 1995. Surgical and
long-term antifungal therapy for fungal prosthetic valve endocarditis. Ann.
Thorac. Surg. 60:538–543.

26. National Committee for Clinical Laboratory Standards. 2002. Reference
method for broth dilution antifungal susceptibility testing of filamentous
fungi. Approved standard. NCCLS document M38-A. National Committee
for Clinical Laboratory Standards, Wayne, Pa.

27. Neglia, J. P., D. D. Hurd, P. Ferrieri, and D. C. Snover. 1987. Invasive
Scopulariopsis in the immunocompromised host. Am. J. Med. 83:1163–1166.

28. Ng, K. P., T. S. Soo-Hoo, S. L. Na, G. G. Gan, J. V. Sangkar, and A. K. Teh.
2003. Scopulariopsis brevicaulis infection in a patient with acute myeloid
leukemia. Med. J. Malaysia 58:608–612.

29. Nwabuisi, C., A. K. Salami, N. A. Abdullahi, and O. O. Agbede. 2003.
Scopulariopsis associated meningitis in adult Nigerian AIDS patient—a case
report. West Afr. J. Med. 22:364–365.

30. Phillips, P., W. S. Wood, G. Phillips, and M. G. Rinaldi. 1989. Invasive
hyalohyphomycosis caused by Scopulariopsis brevicaulis in a patient under-
going allogeneic bone marrow transplant. Diagn. Microbiol. Infect. Dis.
12:429–432.

31. Rodriguez-Tudela, J. L., E. Chryssanthou, E. Petrikkou, J. Mosquera, D. W.
Denning, and M. Cuenca-Estrella. 2003. Interlaboratory evaluation of he-
matocytometer method of inoculum preparation for testing antifungal sus-
ceptibilities of filamentous fungi. J. Clin. Microbiol. 41:5236–5237.

32. Romano, C., M. Papini, A. Ghilardi, and C. Gianni. 2005. Onychomycosis in
children: a survey of 46 cases. Mycoses 48:430–437.

33. Schinabeck, M. K., and M. A. Ghannoum. 2003. Human hyalohyphomyco-
ses: a review of human infections due to Acremonium spp., Paecilomyces spp.,
Penicillium spp., and Scopulariopsis spp. J. Chemother. 15(Suppl. 2):5–15.

34. Sellier, P., J. J. Monsuez, C. Lacroix, C. Feray, J. Evans, C. Minozzi, F.
Vayre, P. Del Giudice, M. Feuilhade, C. Pinel, D. Vittecoq, and J. Passeron.
2000. Recurrent subcutaneous infection due to Scopulariopsis brevicaulis in a
liver transplant recipient. Clin. Infect. Dis. 30:820–823.

35. Shalit, I., Y. Shadkchan, Z. Samra, and N. Osherov. 2003. In vitro synergy of
caspofungin and itraconazole against Aspergillus spp.: MIC versus minimal
effective concentration end points. Antimicrob. Agents Chemother. 47:1416–
1418.

36. Steinbach, W. J., W. A. Schell, J. L. Miller, J. R. Perfect, and P. L. Martin.
2004. Fatal Scopulariopsis brevicaulis infection in a paediatric stem-cell trans-
plant patient treated with voriconazole and caspofungin and a review of
Scopulariopsis infections in immunocompromised patients. J. Infect. 48:112–
116.

37. Tosti, A., B. M. Piraccini, C. Stinchi, and S. Lorenzi. 1996. Onychomycosis
due to Scopulariopsis brevicaulis: clinical features and response to systemic
antifungals. Br. J. Dermatol. 135:799–802.

38. Wagner, D., A. Sander, H. Bertz, J. Finke, and W. V. Kern. 2005. Break-
through invasive infection due to Debaryomyces hansenii (teleomorph Can-
dida famata) and Scopulariopsis brevicaulis in a stem cell transplant patient
receiving liposomal amphotericin B and caspofungin for suspected aspergil-
losis. Infection 33:397–400.

39. Wheat, L. J., M. Bartlett, M. Ciccarelli, and J. W. Smith. 1984. Opportunistic
Scopulariopsis pneumonia in an immunocompromised host. South. Med. J.
77:1608–1609.

2250 NOTES ANTIMICROB. AGENTS CHEMOTHER.


