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ABSTRACT

Chromoblastomycosis is a chronic fungal infection. Itraconazole and terbinafine are 

the most recommended antifungal drugs for chromoblastomycosis, while amphotericin B 

is not usually recommended. A patient with chromoblastomycosis in our hospital showed 

poor clinical responses to itraconazole and terbinafine. The fungus isolated from the 

lesions of this patient was identified as Fonsecaea nubica and numbered zssy0803. In vitro 

antifungal susceptibilities of F. nubica zssy0803 to terbinafine, amphotericin B, itraconazole, 

voriconazole and caspofungin were evaluated, as well as the combinations of terbinafine with 

the other four antifungals. The combined effect of terbinafine and amphotericin B on other 

20 clinical F. nubica strains was also evaluated. The minimal inhibitory concentrations of 

terbinafine, amphotericin B, itraconazole, voriconazole and caspofungin on F. nubica zssy0803 

were 0.25 μg/mL, 2 μg/mL, 1 μg/mL, 4 μg/mL and 8 μg/mL, respectively. The combination 

of terbinafine and amphotericin B showed the lowest fractional inhibitory concentration 

index of 0.28 to F. nubica zssy0803 in comparison with combinations of terbinafine and the 

other four antifungal drugs. The combination of terbinafine and amphotericin B was also 

synergistic for all the other 20 F. nubica strains. Then, the combination of oral terbinafine 

(500 mg/day) and intralesional injections of amphotericin B (1 mg/mL) was used to treat this 

patient. After this combined therapy for 25 weeks and terbinafine monotherapy for additional 

12 weeks, the patient was cured. These findings indicate for the first time that terbinafine and 

amphotericin B are synergistic in killing F. nubica both in vitro and in vivo. 

KEYWORDS: Drug synergism. Chromoblastomycosis. Fonsecaea nubica. Terbinafine. 

Amphotericin B. Itraconazole. Voriconazole. Caspofungin. Antifungal. Minimal Inhibitory 

Concentration.  

INTRODUCTION

Chromoblastomycosis (CBM) is a chronic cutaneous fungal infection, which 
is prevalent in tropical and subtropical regions. The common etiologic agents of 
CBM are the genera Fonsecaea, Phialophora and Cladophialophora1. CBM is 
characterized by presenting lesions with polymorphic aspect, including plaque, 
nodule, verrucous lesion, tumor, and scar, which are difficult to cure2. Itraconazole 
(ITZ) and terbinafine (TBF) are the most recommended antifungal drugs for CBM 
with good therapeutic effects in most cases3,4. Amphotericin B (AMB) is not 
usually recommended for CBM caused by Fonsecaea species because of its limited 
effectiveness5. However, we found a patient with a 12-year history of CBM caused 
by Fonsecaea nubica, who showed poor clinical responses to ITZ monotherapy, 
TBF monotherapy and combination therapy of TBF and ITZ. 
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Case report

A 60-year-old woman living in Guangzhou, a subtropical 
city in South China, whose job was matchsticks making, 
came to our outpatient clinic with red plaques around her 
right ankle and lower leg in February, 2017. The lesion 
presented as a papule 12 years ago without any apparent 
reason in her right ankle skin, and then developed slowly 
around her right ankle and right lower leg. The patient 
experienced mild pain and itching. Before 2015, she had 
been diagnosed with fungal infection and treated with 
ITZ (Xi’an Janssen Pharmaceutical Co. Ltd., China)  
400 mg/day and TBF (Novartis Pharmaceutical Co. Ltd., 
China) 500 mg/day in different hospitals. In the first 
hospital, the patient was treated with ITZ 400 mg/day for 
3 months and the lesions get smaller. Then, the patient 
stopped taking the drug because she worried about the 
side effects of ITZ. She went to another hospital to ask for 
“safer” drugs. In the second hospital, she was treated with 
TBF 500 mg/day and the lesions continued to get smaller. 
After 4 months of TBF treatment, the patient stopped taking 
the medicine regularly because she moved far away from 
hospitals. Since then, she began self-medication with TBF 
or ITZ. The lesions had regressed gradually until 2013, but 
new lesions have appeared since 2013. From March 2015, 
she began to take medications regularly. She was treated 
with ITZ (400 mg/day) for 6 months, TBF (500 mg/day) 
for 6 months, and TBF (500 mg/day) combined with ITZ 
(400  mg/day) for 6  months successively. However, no 
apparent clinical response was achieved. Then, the patient 
stopped taking ITZ and TBF and came to our hospital. The 
physical examination revealed red plaques and pigmentation 
around her right ankle and lower leg. The boundaries 
of these plaques were clear. Scales and dark spots were 
visible on the surface of the plaques (Figure 1A-1C). Direct 
examination of skin scrapings revealed brown, round and 
thick-walled sclerotic bodies (Figure 1D). A sample from 
the skin lesion was inoculated in Sabouraud Dextrose Agar 
(Difco, Detroit, USA) at 25 °C. Seven days later, velvety 
dark colonies were observed (Figure 1E and 1F). Conidia 
production was obtained after 14 days incubation at 25 °C 
in potato agar using a microculture technique. Microscopic 
examination of the fungus revealed septate hyphae and 
conidiophores that were highly branched at the apices 
(Figure 1G). DNA of the fungus was extracted according 
to a method previously described6. The ribosomal DNA 
internal transcribed spacer (ITS) sequence was obtained 
using ITS-1 primer and ITS-4 primer. The PCR conditions 
were 95 °C for 4 min, followed by 30 cycles at 94 °C for 
60 s, 55 °C for 90 s, 72 °C for 90 s, and a final 10 min 
extension at 72 °C. The sequence was compared with the 

ITS sequences from GenBank and the on-line database 
MycoBank. The ITS sequence of our isolate showed 99% 
similarity with sequences of five F. nubica strains including 
CBS 269.64, which is the prototype strain of F. nubica. In 
addition, a phylogenetic analysis using a neighbor-joining 
method with known sequences of three sibling Fonsecaea 
species was performed to investigate interrelationships 
among the species. Our isolate was clustered in the F. nubica 
clade (Figure 2). Finally, the fungus was identified as 
F. nubica and named zssy0803 (GenBank Nº MH012177). 
Histological examination of lesions showed hyperkeratosis, 
parakeratosis and granulomatous inflammation in the dermal 
layers (Figure 1H). Sclerotic bodies were observed in the 
multinucleated giant cells (Figure 1I). Blood routine, chest 
X-ray and electrocardiogram showed no abnormalities. 
Both anti-HIV antibody and specific syphilis antibody 
tests were negative. CD4+ T cells and CD8+ T cells counts 
were in the normal range. Considering the clinical features 
and testing results, the patient was diagnosed with CBM 
caused by F. nubica. 

To get more drug sensitivity information and find a 
better treatment method for the patient, in vitro antifungal 
susceptibilities of F. nubica strains to antifungal drugs were 
investigated. 

MATERIALS AND METHODS 

Microorganisms

F. nubica zssy0803 and other 20 clinical F. nubica 
strains preserved in our lab were prepared for antifungal 
susceptibility testing in vitro. Candida parapsilosis 
(ATCC 22019) was used for the quality control.

Antifungal drugs and susceptibility testing

Five antifungal drugs including AMB (GLTSCIENCES, 
Wuhan, China), ITZ (Shifeng, Shanghai, China), TBF 
(Yansheng, Shanghai, China), voriconazole (VCZ, 
SinoStandards, Chengdu, China) and caspofungin (Shifeng, 
Shanghai, China) were used for antifungal susceptibility 
testing of the strain zssy0803. Susceptibilities of F. nubica 
zssy0803 to TBF in combination with AMB, ITZ, VCZ 
and CAS were evaluated. Susceptibilities of the other 
20 F. nubica strains to TBF in combination with AMB 
were also evaluated. Drugs were dissolved in dimethyl 
sulphoxide (Shifeng, Shanghai, China) to obtain the stock 
concentration of 6,400 µg/mL. The final concentrations 
of antifungal agents ranged from 0.0078 - 4 μg/mL for 
TBF, 0.0313 -  16 μg/mL for ITZ, VCZ, and AMB, and  
0.0625 ‑ 32 μg/mL for CAS.



Rev Inst Med Trop São Paulo. 2019;61:e31

Synergistic effect of terbinafine and amphotericin B in killing Fonsecaea nubica in vitro and in vivo

Page 3 of 7

Antifungal susceptibility testing was carried out using 
a broth microdilution method according to Clinical and 
Laboratory Standards Institute guideline M38-A27. All 
the F. nubica strains were cultured in potato dextrose 
agar (BD, Franklin Lakes, NJ, USA) for 7 days at 35 °C, 
and suspensions were prepared by scraping the surface of 
fungal colonies with a pipette and 1 mL of 0.85% sterile 
saline containing 0.01 mL Tween 20 (Shifeng, Shanghai, 
China). Then, suspensions were kept stationary for 5 min 
at room temperature to decant particles. Each suspension 

was diluted with RPMI 1640 to obtain the 2× final test 
inoculum (4×104 CFU/mL) using a hemocytometer. Plates 
were incubated at 35 °C for 5 days. The minimal inhibitory 
concentration (MIC) was defined as 100% inhibition 
of fungi growth in the drug well, in comparison with 
that in the growth control well. The minimal effective 
concentration (MEC) for CAS was defined as the minimal 
effective concentration that lead to growth of small, 
rounded and compact hyphal forms in comparison with 
that in the growth control well. 

Figure 1 - F. nubica zssy0803 (A-C): Red plaques around the right ankle and lower leg of the patient before the treatment in our 
hospital. The black arrow points to dark spots on the surface of the plaques; (D) Brown, round and thick-walled sclerotic bodies in 
the direct examination of skin scrapings; (E-F) Velvety dark colony in Sabouraud Dextrose Agar on the 7th day of inoculation. 1E is 
the verse side and 1F is the reverse of the colonies; (G) Conidia production obtained after 14 days of incubation at 25 °C in potato 
agar using a microculture technique. Septate hyphae and conidiophores highly branching at the apices (lactophenol cotton blue 
stain, 400×). (H) Hyperkeratosis, parakeratosis, and granulomatous inflammation in dermal to superficial dermal layers (hematoxylin 
and eosin stain, 40×). Sclerotic bodies observed in the cytoplasm of multinucleated giant cells (hematoxylin and eosin stain, 400×).
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The susceptibility testing of F. nubica to antifungal 
drug combinations was conducted using the checkerboard 
method8. The interaction coefficient among drugs was 
quantitatively evaluated by means of the fractional 
inhibitory concentration index (FICI). The interaction was 
defined as synergistic if the FICI ≤ 0.5, no interaction if the 
FICI > 0.5 and ≤ 4.0, and antagonistic if the FICI > 4.09,10. 

RESULTS

In vitro antifungal susceptibility testing

The susceptibility testing results of F. nubica 
zssy0803 to TBF, ITZ, VCZ, AMB and combined drugs 

are summarized in Table 1. The MIC was 0.25 μg/mL  
for TBF, 2 μg/mL for ITZ, and 4 μg/mL for AMB. 
The susceptibility testing of F. nubica zssy0803 to 
the combination of TBF and AMB showed the lowest 
FICI (0.28) and was compared with other antifungal 
drug combinations, which indicated synergism of TBF 
and AMB for F. nubica zssy0803 in vitro. VCZ and 
TBF have also shown a synergistic effect for F. nubica 
zssy0803 in vitro. The susceptibility testing results 
of other 20 F. nubica strains to TBF combined with 
AMB are summarized in Table 2. FICIs among TBF 
and AMB to the 20 F. nubica strains were < 0.5, which 
indicated a synergic effect of TBF and AMB for F. nubica  
in vitro. 

Figure 2 - Phylogenetic trees of Fonsecaea species based on confidently aligned internal transcribed spacer sequences constructed 
using the neighborjoining implemented in MEGA 6.0. A Cladophialophora species was used as the outgroup. Origin and location of 
the clinically relevant Fonsecaea species were indicated next to the strain number. CBS269.64 was the prototype strain of the species.

Table 1 - In vitro susceptibility test results of Fonsecaea nubica zssy0803 strains to five antifungal drugs.

MIC (μg/mL)

FICI

MIC (μg/mL)

FICI

MIC (μg/mL)

FICI

MICa/MECb (μg/mL)

FICISingle drug Combination Single drug Combination Single drug Combination Single drug Combination

TBF AMB TBF AMB TBF ITZ TBF ITZ TBF VCZ TB VCZ TBF CAS TBF CAS

0.25 4 0.0078 1 0.28 0.25 2 0.125 1 1 0.25 1 0.0625 0.25 0.5 0.25 8 0.125 8 1.5 

MIC: minimal inhibitory concentration; MEC: minimal effective concentration; FICI: fractional inhibitory concentration index (values were interpreted 
as follows: FICI≤0.5, synergism; 0.5<FICI≤4, indifference; and FICI > 4, antagonism); TBF: terbinafine; AMB: amphotericin B; ITZ: itraconazole; VCZ: 
voriconazole; CAS: caspofungin. a MIC is for TBF. b MEC is for CAS.
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Combination therapy of TBF and AMB in the patient

The patient was treated with TBF (500 mg/day) 
and intralesional injections of AMB (North China 
Pharmaceutical Co., Ltd., China). Twenty-five milligrams 
of AMB were dissolved in 20 mL of sterilized water, 
and then, 5 mL of 2% lidocaine solution were added to 
the AMB solution. The final concentration of the AMB 
solution was 1 mg/mL. The AMB solution was injected 
intralesionally once every two weeks except for a 3-week 
interval between the first and the second injection and 
0.25-0.5 mL of AMB solution was used per square 
centimeter of lesion. After 25 weeks of treatment with 
TBF and AMB, the red plaques around the ankle and the 
right leg of the patient disappeared. Hypopigmentation, 
hyperpigmentation and atrophic scars were observed on 
the patient’s right ankle and lower leg (Figure 3). Fungal 
forms were not found either on microscopic examination 
of scrapings or biopsy, and then, AMB was interrupted 
(twelve injections and a total of 256 mg of AMB had been 
given during 25 weeks). The patient was afterwards treated 
with TBF (500 mg/day) for 12 weeks. A microscopic 
examination and a biopsy were performed again one 
week before TBF interruption and no fungal elements 
were found in the skin. The patient was followed-up until 

nowadays and no lesions relapsed. During the treatment 
and follow-up period, renal, liver and cardiovascular 
function of the patient were normal.

DISCUSSION

Although there is not a drug or therapy of choice, ITZ 
has shown the best results for CBM11-13. TBF also has been 
proved to be very effective4,14-16. The combination therapy 
of ITZ and TBF is usually used in patients presenting 
refractory lesions6,17-20. In previous reports, ITZ and 
TBF showed good responses to treat CBM caused by F. 
nubica17,21. This is the first case report on CBM caused by 
F. nubica which was not responsive to ITZ and TBF. This 
insensitivity may be induced by irregular medicine taking 
during the 10 years prior to the arrival to our hospital, since 
the patient showed good responses to ITZ and TBF at the 
early stage of the disease. The total dosage of TBF and ITZ 
that the patient had taken before 2015 cannot be calculated, 
since the patient could not provide precise information.

The susceptibility testing of F. nubica zssy0803 showed 
a MIC of 0.25 μg/mL for TBF and 2 μg/mL for ITZ. There 
are no recommended standards for the susceptibility testing 
result of Fonsecaea species. However, in comparison 
with previous antifungal susceptibility testing results for 

Table 2 - In vitro susceptibility test results of 20 Fonsecaea nubica strains to Terbinafine and Amphotericin B.

MIC (μg/mL) FICI 

GM of single 
drug 

MIC50 of single 
drug 

MIC90 of single 
drug

Range of single 
drug

Range of drug in 
combination Range GM

TBF AMB TBF AMB TBF AMB TBF AMB TBF AMB

0.167 3.138 0.25 2 0.5 16 0.0313-0.5 0.5-16 0.0078-0.125 0.125-4 0.19-0.5 0.36

FICI: fractional inhibitory concentration index (values were interpreted as follows: FICI≤0.5, synergism; 0.5<FICI≤4, indifference; and 
FICI > 4, antagonism); MIC: the minimal inhibitory concentration; GM: geometrical mean; TBF: terbinafine; AMB: amphotericin B.

Figure 3 - Aspect of the right ankle and the lower leg of the patient with chromoblastomycosis caused by F. nubica zssy0803 after 
treatment with the combination of amphotericin B and terbinafine (A-C).
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Fonsecaea species, both MIC of TBF and MIC of ITZ for 
F. nubica zssy0803 were higher6,8. VCZ could be useful 
to this patient since it has been proved to be effective to 
refractory CBM22. However, this patient was poor and 
could not afford a VCZ treatment. Interestingly, a in vitro 
synergistic effect of TBF and AMB for F. nubica zssy0803 
was observed in susceptibility tests. We then used other 20 
F. nubica clinical isolates to evaluate the combined effect 
of TBF and AMB, although TBF and AMB were not used 
for these 20 strains in vivo. A synergistic effect of TBF and 
AMB was also observed for every strain. Therefore, the 
synergistic effect of TBF and AMB for F. nubica zssy0803 
was not accidental. These results were consistent with 
those of previous studies5,23,24. AMB is a cheap antifungal 
drug used to treat CBM due to Fonsecaea species before 
triazoles have emerged25-28. The monotherapy with AMB 
for Fonsecaea species has not been used due to its limited 
success and side effects29. However, considering the in vitro 
synergistic effect and economic status of the patient, the 
combination therapy of TBF and AMB was used. 

To reduce the side effects of the intravenous 
administration, a small amount of AMB was used 
intralesionally. In a previous study, AMB solution was 
used intralesionally for CBM at a 0.25 mg-0.5 mg per 
square centimeter dose and this was repeated three times, 
weekly28. In this study, the same type of AMB was used in 
a longer treatment interval since it took two to three weeks 
for the regression of swelling and blisters in the AMB 
injection sites. 

The MICs ≤1 μg/mL are generally used as an indicator of 
a potential susceptibility to most drugs used in the treatment 
of infections caused by black molds30. In this study, the 
MIC of AMB for F. nubica zssy0803 was 4 μg/mL, which 
indicated that F. nubica zssy0803 was probably insensitive 
to AMB alone in vivo. In addition, AMB was used in 
the patient once every two or three weeks. The intervals 
were longer than the recommended ones according to the 
manufacturer. Considering these points, we concluded that 
killing of F. nubica zssy0803 in vivo was primarily due to 
the synergistic effect of TBF and AMB, and not to the effect 
of AMB alone. TBF reduces the ergosterol biosynthesis by 
inhibiting the squalene epoxidase, an enzyme that catalyzes 
the conversion of squalene to lanosterol31. The mechanisms 
of AMB action are pore formation after binding to the 
ergosterol present in the membrane, inducing an oxidative 
damage in the fungal cells and modulating the immune 
system of host cells32,33. The synergistic effect of TBF 
and AMB in vivo may be the consequence of different 
mechanisms acting together. 

TBF and VCZ have also shown a synergistic effect for 
F. nubica zssy0803 in vitro. This result was similar to the 

ones of a previous study34.The mechanism of VCZ, similar 
to ITZ, is the inhibition of the cytochrome P450‑dependent 
14α-lanosterol demethylation, which is a vital step in 
cell membrane ergosterol biosynthesis of fungi35. The 
synergistic effect is primarily due to be co-inhibition of 
ergosterol biosynthesis by TBF and VCZ. 

These findings indicate, for the first time that TBF and 
AMB are synergistic in killing F. nubica both in vitro and 
in vivo. The combination therapy of TBF and AMB could 
be an inexpensive alternative for the treatment of CBM 
patients that fail to respond to first-line drugs.
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