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ABSTRACT 
BACKGROUND AND PURPOSE: 
Phaeohyphomycosis is caused by darkly pigmented fungi with melanin in their cell walls that gained importance 
during COVID-19 pandemic but there is paucity of information related to their prevalence, treatment and 
prognosis. Aim of the study was to evaluate major etiological agents and treatment response of 
Phaeohyphomycosis among positive fungal cultures from 2021 – 2025. 
MATERIALS AND METHODS: 
This retrospective study was conducted from February 2021 – December 2025 on specimens received from 
patients with varied clinical manifestations which were subjected to KOH mount and fungal culture on 
Sabouraud's dextrose agar (SDA). SDA showing dark brown or black woolly colonies were subjected to 
lactophenol cotton blue (LPCB) mount to identify the fungus. Clinical details were obtained from hospital 
information system. 
RESULTS: 
A total of 431 specimens were fungal culture positive; of which 37 (8.5%) specimens showed growth of 
phaeohyphomycetes on culture. 25/37 (67.6%) cases showed isolated phaeohyphomycetes on culture and 12/37 
(32.4%) cases showed coinfection with other fungal pathogens. KOH was positive in 3/37 (8%) cases. Spectra 
of the isolated fungi included Bipolaris spp [19/37 (51%)], Alternaria spp [12/37 (32.5%)], Curvularia spp [6/37 
(16%)], Exophiala spp [1/37 (3%)], and Fonsecaea pedrosoi [1/37 (3%)]. Clinical spectrum of diseases 
associated with phaeohyphomycosis included onychomycosis (29%), sinusitis (19%), Rhino-orbital-cerebral 
Mucormycosis (ROCM) (11%), pneumonia (11%), cutaneous infections (8%), meningitis (5%), and others 
(17%). 15/37 (40.5%) cases were subjected to antifungal treatment, 6/37 (16%) cases underwent surgical 
debridement and no mortality was observed. 6/15 (40%) cases receiving treatment showed no coinfection with 
other pathogens; of which five got recovered and one case was lost to follow up. 
CONCLUSION: 
High index of suspicion is necessary to diagnose phaeohyphomycosis due to varied clinical manifestations with 
timely antifungal treatment. 
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Introduction 
Phaeohyphomycosis (PHM) refers to a group of 
mycotic infections ranging from superficial 

cutaneous, subcutaneous, disseminated, visceral, 
and systemic infections [1] caused by 
dematiaceous/phaeoidor darklypigmented fungi 
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that are characterized by the presence of melanin in 
their cellwall [2,3] and which donot fit into the 
classical concepts of chromoblastomycosis and 
eumycotic mycetoma [4,5]. Term PHM was first 
described in 1974 by Ajello et al [1].PHM is 
prevalent intropical and subtropical areas of the 
world and commonly found in soil, wood, and 
decomposing plant debris [6].Currently, about 70 
genera and 150 species of fungi have been reported 
to cause PHM [1,7] with major etiologic agents 
belonging to the genera Bipolaris,Exophiala, 
Curvularia, Chaetomium, Phoma, Exserohilum, 
and Wangiella [6].  
Melanin is a vital virulence factor in these fungi, 
andit inhibits phagocytosis by scavenging free 
radicals produced by phagocytic cells in 
theoxidative processand also binds to hydrolytic 
enzymes, preventing the action of phagocytes on 
membranes, which may explain their pathogenic 
potential in immunocompetent patients [1,4,6,8]. 
Melanin also influences the formationof fungal 
appressorium,which helps infungal penetration into 
the host cell [6,8]. 
About 78% of cases involve patients with 
immunosuppression mainly including solid organ 
transplant recipients, type 2 diabetes mellitus, 
rheumatoid arthritis,cancer, chronic use of 
catheters, chronic sinusitis, chronic use of systemic 
corticosteroidsand other immunosuppressive agents 
such as chemotherapy, neutropenia, liver cirrhosis, 
and Acquired immunodeficiency syndrome (AIDS) 
[1,9]. 
Laboratory diagnosis of PHM primarily involves 
potassiumhydroxide (KOH) wet mount, 
histopathology and fungal culture [1]. KOH 
staining shows brown ordark, thick, long, and short 
septate hyphae, as well as pseudohyphae and 
blastoconidium,depending on the species[7,10]. 
Hyphae and pigmented spores may also be 
observed via histopathology [1,11]. Culture for 
PHM is done on Sabouraud’s dextrose agar (SDA) 
without cycloheximide at 25–28°C showing 
velvety dark blackish and gray colonies with a 
black olive-colored reverse with yeast-like colonies 
appearing first and later changing to filamentous 
ones [1]. 
The empirical treatment of first choice is 
itraconazole, followed by voriconazole (especially 
for central nervous system infections) 
andposaconazole which is used as rescue therapy 
when other antifungals fail [7,11,12]. In cases 
where systemic steroids are used; doses of steroids 

should be reduced and steroid-sparing agents like 
azathioprine should be used. In cases where the 
immunosuppressive treatmentcannot be 
discontinued, therapy should be brought down to 
the minimumeffective dose. Surgical excision is 
recommended for fungal cysts [7].  
This study has been conducted because these group 
of fungi have demonstrated a substantial increase 
worldwide during the COVID-19 pandemicdue to 
theinfection as such and also because of the 
overuse of glucocorticoids [5,13]. Also, currently 
there is paucity of published literature regarding 
PHM from India and its prevalence worldwide is 
also not known because this group includes large 
number of fungi causing a wide variety of 
infections. Hence, this five-year retrospective study 
was undertaken to determine the prevalence of 
PHM in our geographical location as well as to 
evaluate the various clinical manifestations caused 
by this group of fungi along with their treatment 
response. 
Materials and Methods 
Study design 
The study was carried out at the Department of 
Microbiology in a tertiary care hospital in Greater 
Noida, Uttar Pradesh, India. 
 
Case selection 
Retrospective analysis of data records on all 
samples with positive fungal culture from February 
2021 to December 2025 were analysed. Only those 
samples showing PHM on culture(whether seen 
isolated on culture or as coinfection) were included 
in the study and samples with other fungal species 
with no phaeohyphomycetes on culture were 
excluded from the study. 
Sample collection and processing 
Different samples received from the patients with 
varied clinical manifestations were subjected to a 
KOH mount and fungal culture on SDA. Two tubes 
of SDA; after inoculation with the specimen, were 
incubated at 37°C and 25°C respectively.SDA 
showing dark brown or black woolly colonieswith 
a black olive-colored reversewas subjected to 
lactophenol cotton blue (LPCB) mount to identify 
the genera of the fungus. KOH mount of samples 
showing dark septate fungal hyphae were 
considered as positive for PHM. Special staining 
and molecular methods were not performed on the 
samples due to their non-availability in the 
institute.  
Data collection 
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Demographic data and relevant information such as 
risk factors, site of lesion, type of samples, clinical 
diagnosis, treatment undertaken, and response to 
treatment were meticulously taken and documented 
from hospital information system (HIS).  
Statistical analysis  
The data in this study was statisticallyanalyzed in 
SPSS software (version 28.0, IBM Corp., Armonk, 
NY, USA). Categorical variables werecompared 
using proportions and percentages. 
 
 
Results 
A total of 431 specimens received in the mycology 
laboratory were fungal culture positive, of which 
37 (8.5%) specimens showed growth of 
phaeohyphomycetes on culture with male 
preponderence. KOH mount was positive in only 
3/37 (8%) of the cases.25/37 (67.6%) cases showed 
isolated phaeohyphomycetes on culture and 12/37 
(32.4%) cases showed coinfection with other 
fungal pathogens. Baseline characteristics of the 
study group are depicted inTable 1. 
Table 1: Baseline characteristics of study group 
Total fungal culture positive 
samples 

431 

Total Cultures positives for 
Phaeohyphomycosis 

37 (8.5%) 

Total KOH mount positives 
among Phaeohyphomycosis cases 

3/37 (8%) 

Males [n (%)] 25/37 (67.5%) 
Female [n (%)] 12/37 (32.5%) 
Male: Female 2:1 
Median age (years) 45 years 
Outpatients 16 /37(43.25) 
Inpatients 21/37 

(56.75%) 
 
The most predominant genera isolated was 
Bipolarisspp [19/37(51%)], followed by Alternaria 
spp[12/37 (32.5%)], Curvulariaspp[6/37 (16%)], 
Exophialaspp[1/37 (3%)], and 
Fonsecaeapedrosoi[1/37 (3%)] as shown in figure 
1. Figures 2, 3 and 4 shows the lpcb images of 
Bipolarisspp, CurvulariasppandAlternaria spp. 
isolated in the samples.  

 
Figure 1: Distribution of different genera 
causing Phaeohyphomycosis 
 

Figure 2: LPCB of Bipolaris spp. showing 
multicelled, elliptical to oval, thick-walled 
macroconidia with smooth surfaces and 
septations between the cells of the conidium are 
incomplete. 

 
Figure 3: LPCB of 
Curvulariaspp.showingmulticelled macroconidia 
divided by transverse septa withthe second cell 
from the terminal end of the conidium 
continuing to grow after the others have 
stopped, imparting a curved shape to the 
conidium. 
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Figure 4: LPCB of Alternaria spp. showing short 
chains of large, smooth-walled, multicelled, 
macroconidia separated by both cross and 
longitudinal septa (muriform) 
 
Phaeohyphomycetes were isolated in this study 
among a variety of clinical conditions (figure 5) 
with onychomycosis (29%) and sinusitis (19%) 
being the most predominant. Most predominant 
clinical condition associated with Bipolarisspp was 
sinusitis (21%) and Rhino-orbital-cerebral 
Mucormycosis (ROCM) (21%) followed by 
onychomycosis (16%) and pneumonia (16%) as 
depicted in table 2. Most predominant clinical 
condition associated with both Curvularia spp. and 
Alternaria spp. was onychomycosis. Exophiala 
spp. and Fonsaceaepedrosoiwere isolated in a 
single case of sinusitis and subcutaneous infection 
respectively. Risk factors were attributed in only 8 
(21.6%) patients with diabetes mellitus seen in 5 
patients; two patients were post-COVID with 
associated ROCM and one patient with meningitis 
took injectable methylprednisolone. 

 

Figure 5: Distribution of clinical conditions 
showing Phaeohyphomycosis in culture 
Table 2: Distribution of Phaeohyphomycetes in 
different clinical conditions 
Clini
cal 

Con
ditio
ns 

Bipol
aris[
n(%)

] 

Curv
ulari
a[n(
%)] 

Alter
naria
[n(%

)] 

Exop
hiala
[n(%

)] 

Fonsace
aepedro
soi[n(%

)] 

Sinu
sitis 

4 (21 
) 

- 2 
(16.5

) 

1 
(100) 

- 

1RO
CM 

4 
(21) 

- - - - 

Ony
cho
myc
osis 

3 
(16) 

2 (33) 7 
(58) 

- - 

Meni
ngiti

s 

2 
(10.5

) 

1 
(16.5) 

- - - 

Pneu
moni

a 

3 
(16) 

- 1 (8) - - 

Cuta
neou

s 
infec
tion 

2 
(10.5

) 

- 1 (8) - - 

Tine
a 

pedis 

1 (5) - - - - 

Oste
omy
elitis 

- - 1 (8) - - 

Oto
myc
osis 

- 1 
(16.5) 

- - - 

2CO
PD 

- 1 
(16.5) 

- - - 

Bala
nopo
sthiti

s 

- 1 
(16.5) 

- - - 

Subc
utan
eous 
infec
tion 

- - - - 1 (100) 

Tota
l 

19 
(51) 

6 (16) 12 
(32.5

) 

1 (3) 1 (3) 
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1Rhino-orbital-cerebral mucormycosis; 
2Chronic Obstructive Pulmonary Disease 

 
 
 
In this study, treatment details could be elicitated 
from only 15/37 (40.5%) patients with all 15 
patients receiving antifungal therapy and 6/15 
(40%) patients underwent adjoining wound 
debridement. Liposomal Amphotericin B was the 
most common antifungal given (40%) followed by 
posaconazole (26.5%) and fluconazole (26.5%) as 
shown in figure 6. Of the 15 patients receiving 
treatment; 6 (40%) were cases of isolated 
phaeohyphomycosis with no associated coinfection 
with fungal or bacterial pathogen (table 3). Of these 
6 isolated cases, 5 recovered and one case was lost 
to follow-up. 

 
Figure 6: Treatment profile of 
Phaeohyphomycosis cases (n = 15) 
Table 3: Sample-wise results of 37 positive 
cases of Phaeohyphomycosis 

S.
N
O 

AG
E/S
EX 

SAMPL
E TYPE 

KOH  FUNGAL 
CULTURE  

OTHER 
ORGANIS
M 
ISOLATE
D 

 DIAGNOSIS  
TREA
TME
NT 

1 45Y
/M 

Nasal 
swab 

NEGATIVE Bipolarisspp Mucor Rhino-orbital-cerebral 
mucormycosis 

IV 
Amph
oterici
n B* 
Wound 
debrid
ement. 

2 50Y
/M 

Endoscop
ic nasal 
tissue 

NEGATIVE Bipolarisspp Mucor Rhino-orbital-cerebral 
mucormycosis 

IV 
Amph
oterici
n B  
Wound 
debrid
ement 
done 

3 28Y
/M 

Nasal 
tissue 

NEGATIVE Bipolarisspp Rhizopus Rhino-orbital-cerebral 
mucormycosis 

IV 
Amph
oterici
n B 
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follow
ed by 
oral 
Posaco
nazole 
Wound 
debrid
ement 
done 

4 60Y
/M 

Nail 
clipping 

NEGATIVE Bipolarisspp - Onychomycosis Amoro
lfine 
ointme
nt 

5 46Y
/M 

Nasal 
tissue 

NEGATIVE Bipolarisspp Mucor Rhino-orbital-cerebral 
mucormycosis 

IV 
Amph
oterici
n B 
Wound 
debrid
ement 
done 

6 28Y
/M 

Nasal 
tissue 

NEGATIVE Bipolarisspp Aspergillus 
niger 

Sinusitis IV 
Amph
oterici
n B 
follow
ed by 
oral 
Posaco
nazole 
Wound 
debrid
ement 
done 

7 34Y
/F 

CSF Dark septate 
hyphae seen 

Bipolarisspp 
and 
Curvulariasp
p 

- Meningitis - 

8 47Y
/F 

Nasal 
swab 

NEGATIVE Bipolarisspp Aspergillus 
fumigatus 

Sinusitis - 

9 55Y
/M 

BAL NEGATIVE Bipolarisspp - Pneumonia with sepsis - 

1
0 

39Y
/M 

Nasal 
swab 

NEGATIVE Bipolarisspp - Sinusitis - 

11 44Y
/F 

Nail 
clipping 

dark septate 
fungal hyphae 
seen 

Curvulariasp
p 

- Onychomycosis   - 

1
2 

29Y
/M 

Nail 
clipping 

NEGATIVE Curvulariasp
p 

- Onychomycosis   - 

1
3 

54Y
/M 

Tissue 
from left 
foot 

NEGATIVE Alternariaspp - Cutaneous infection - 
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1
4 

17Y
/M 

BAL NEGATIVE Bipolarisspp - Pneumonia - 

1
5 

20Y
/F 

 Nail 
clipping 

NEGATIVE Bipolaris and 
Alternariaspp 

- Onychomycosis Oral 
Flucon
azole 

1
6 

48Y
/M 

Skin 
scraping 
from foot 

NEGATIVE Bipolarisspp Trichophyto
n 
mentagraph
yte 

Tinea pedis Amoro
lfine 
ointme
nt 

1
7 

46Y
/M 

Nail 
clipping 

NEGATIVE Alternariaspp Mucor Onychomycosis Lulico
nazole
oint 

1
8 

52Y
/M 

Nasal 
swab 

NEGATIVE Alternariaspp - Sinusitis - 

1
9 

13Y
/F 

Nail 
clipping 

NEGATIVE Alternariaspp Aspergillus 
niger 

Onychomycosis   - 

2
0 

52Y
/F 

Nasal 
tissue 

NEGATIVE Bipolarisspp - Sinusitis  Oral 
Posaco
nazole 

2
1 

61y/
M 

Nail 
clipping 

NEGATIVE Alternariaspp Mucor Onychomycosis   - 

2
2 

68Y
/M 

Nail 
clipping 

NEGATIVE Alternariaspp - Onychomycosis   - 

2
3 

12Y
/F 

Skin 
scraping 

NEGATIVE Bipolarisspp - Eczema - 

2
4 

55Y
/F 

Bone 
tissue 

Few dark 
septate fungal 
hyphae seen 

Alternariaspp - Lt calcaneal chronic 
osteomyelitis 

- 

2
5 

19Y
/F 

Ear swab NEGATIVE Curvulariasp
p 

- Otomycosis - 

2
6 

55Y
/M 

Nasal 
tissue 

NEGATIVE Alternariaspp Aspergillus 
flavus 

Sinusitis IV 
Amph
oterici
n B 
follow
ed by 
oral 
Posaco
nazole 
Wound 
debrid
ement 
done 

2
7 

50Y
/M 

Nail 
clipping 

NEGATIVE Alternariaspp - Onychomycosis  Oral 
Itracon
azole 

2
8 

36Y
/M 

CSF NEGATIVE Bipolarisspp - Meningitis - 

2
9 

54Y
/M 

BAL NEGATIVE Curvulariasp
p 

- Acute exacerbation of 
Chronic Obstructive 
Pulmonary Disease 

- 
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3
0 

24Y
/M 

Skin 
scraping 

NEGATIVE Curvulariasp
p 

Candida 
albicans 

Balanoposthitis  Oral 
Flucon
azole 
+ 
Clotri
mazole 
ointme
nt 

3
1 

8Y/
M 

Nail 
clipping 

NEGATIVE Bipolarisspp - Onychomycosis with 
subungual 
hyperpigmentation 

Oral 
Itracon
azole 

3
2 

36Y
/F 

BAL NEGATIVE Bipolarisspp - Pneumonia - 

3
3 

67Y
/M 

BAL NEGATIVE Alternariaspp - Pneumonia - 

3
4 

41Y
/M 

Skin 
scraping 

NEGATIVE Bipolarisspp  -  Psoriasis - 

3
5 

47Y
/F 

Nail 
clipping 

NEGATIVE Alternariaspp  - Onychomycosis   - 

3
6 

52Y
/F 

Nasal 
swab 

NEGATIVE Exophialaspp - Sinusitis - 

3
7 

27Y
/M 

Skin 
scraping  

NEGATIVE Fonsecaeape
drosoi 

- Subcutaneous infection IV 
Flucon
azole 

*Liposomal modification 
 
Discussion 
PHM have gained considerable importance since 
the last five years particularly during the era of 
COVID-19 pandemic [1] constituting a wide range 
of infections but these melanized fungi still remain 
underdiagnosed, underreported and even 
misdiagnosed [5] with limited literature all over the 
world; especially in India [2,14]. In this 
retrospective four-year study, 37 (8.5%) samples 
were culture positive for PHM among 431 total 
culture positive samples with 25/37 (67.6%) cases 
showing isolated phaeohyphomycetes on culture. 
This result is in contrast to another study from 
Chandigarh, India where incidence of PHM was 
0.2% or 2 casesper 1000 patients over a period of 
one and a half years [2]. Another 20-year 
retrospective study from France found only 21 
patientswith PHM out of 46 patients with deep 
cutaneous fungal infections [9]. HeY.et al. 
conducted a detailed epidemiological description of 
174 cases of PHM reported in China from 1987 to 
2021 [5]. A ten-year retrospective study from 
Chennai, India identified only 46 cases of PHM 
[14]. This depicts that epidemiological pattern of 
these melanised fungi is highly variable all over the 
world. 

In this study, median age of patients with PHM was 
45 years with male preponderance. This result is in 
accordance to other published studies [2,15,16]. 
But a 44-year systematic review of pediatric PHM 
reported 130 cases in children with a mean age of 8 
years [17]. Even in this study, an 8 year old boy 
developed onychomycosis due to Bipolaris spp. as 
shown in table 3. This depicts that although men in 
their fifth decade of life are more predisposed to 
this condition; PHM can still occur in any age 
group. Since this was a retrospective study, risk 
factors could be evaluated in only 8 cases with 
diabetes mellitus seen in 5 (13.5%) patients which 
is in accordance with another study from India [2]; 
although most other studies have reported trauma 
as the main source of cutaneous and subcutaneous 
infection [11,18,19]. 
This study showed only 3 (8%) cases as KOH 
mount positive depicting dark septate hyphae 
which were culture positive as well.These three 
cases were meningitis by Bipolarisspp and 
Curvulariaspp; Onychomycosis by Curvulariaspp 
and chronic osteomyelitis by Alternaria spp. This 
result is in contrast to two published studies by 
Dhawan P et al [2] and Kundu R et al [10] where 
KOH positivity was observed in 80% and 91% 
cases respectively. 
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The most predominant genus isolated in this study 
was Bipolarisspp (51%) which is in accordance 
with Dhawan P et al [2] where Bipolarisspp 
accounted for 20% cases. This result is in contrast 
to another study where 23 clinical isolates of 
Exophiala dermatitidis were evaluated [20]. 
Bejarano JIC et al also showed Exserohilumspp and 
Exophialaspp as the most prevalent fungi causing 
PHM in children [17]. In this study, Exophialaspp 
was observed in a single case of sinusitis.  
Second most prevalent genus isolated in this study 
was Alternaria spp(32.5%) which is in accordance 
with a study from Chennai, India where Alternaria 
sppwas observed in 42% cases [14]. Galezowski A 
et al also demonstrated 35% Alternaria spp. among 
solid-organ transplant recipients with deep 
cutaneous fungal infections [9].  
In this study, onychomycosis (29%) and sinusitis 
(19%) were the most predominant clinical 
conditions showing PHM despite the fact that a 
wide variety of other clinical manifestations were 
also seen as demonstrated in previous studies 
[1,4,5,7]. In this study, Alternaria spp. was isolated 
in 7 cases of onychomycosis. As per available 
literature, most frequent clinical manifestations by 
Alternaria spp. are cutaneous and subcutaneous 
infections (74.3%), with only 8.1% cases causing 
onychomycosis [21]. PHM is of rare occurrence in 
the paranasal sinus with only a few case reports 
[22,23] which is usually acquired by inhalation of 
the fungi causing a slowly progressive, destructive 
condition that may remain confined to the sinuses 
or spread to adjacent vital structures [22]. In this 
study, 7 cases of sinusitis were observed caused by 
Bipolaris spp., Alternaria spp. and Exophiala spp. 
This result is in accordance with study by Dhawan 
P et al where PHM was seen in three cases of 
rhinosinusitis [2]. Chowdhary A et al also reported 
Bipolaris, Curvularia and Alternaria spp. as agents 
causing allergic bronchopulmonary mycosis 
globally [24].  
A unique and interesting feature in this study was 
that Bipolaris spp. was isolated in four cases of 
ROCM. There was only a single case report from 
Delhi, India where a fatal, disseminated PHM by 
Exophialajeanselmeiwas seen in association with 
ROCM in a post renal transplant patient [25].  
.In this study, 9/15 (60%) patients received 
antifungal therapy only whereas 6/15 (40%) 
patients underwent adjoining wound debridement 
alongwith antifungal therapy. Of the 15 patients 
receiving treatment; 6 (40%) were cases of isolated 

PHM with no coinfection of which 5 recovered and 
one case was lost to follow-up. Since this was a 
retrospective study; treatment details could be 
retrieved for only 15 patients and moreover 
treatment could not be streamlined in terms of 
similar clinical conditions.  
 
 
 
Conclusion  
Although the incidence of PHM has been 
significantly increasing in the post COVID era; the 
misdiagnosis rate is still 74% [5] due to a wide 
range of non-specific clinical conditions as well as 
a diverse range of fungi involved in causing 
infections. Hence, a high index of suspicion is 
required on the part of clinicians as well as 
microbiologists in order to diagnose these 
conditions properly with timely antifungal therapy 
and/or surgical intervention. Association of PHM 
with other fungal diseases like mucormycosis also 
needs further evaluation. Although direct 
examination by KOH mount is important to initiate 
antifungal treatment; but due to poor sensitivity of 
KOH mount, culture should always be done in all 
suspected cases of PHM and black colonies with 
dark pigmentation should specifically be noted. 
This study demonstrated 6 cases where isolated 
phaeohyphomycetes were observed; thus 
confirming their pathological significance 
necessitating adequate management. 
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