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Abstract

Chromoblastomycosis (CBM) is a chronic, progressive, cutaneous and subcutaneous fun-
gal infection following the traumatic implantation of certain dematiaceous fungi. The disease
has worldwide prevalence with predominant cases reported from humid tropical and sub-
tropical regions of America, Asia, and Africa. Diagnosis is often delayed or misdirected
either due to poor degree of clinical suspicions or clinical simulation of dermatological condi-
tions. The infection is not uncommon in India and several case reports from the sub-Himala-
yan belt and western and eastern coasts of India have been published; however, very few
have reviewed the cases. We reviewed 169 cases published in English literature from India
during 1957 through May 2016, including 2 recent cases from our institute. A tremendous
increase in the number of reported cases was noticed since 2012, since which, more than
50% of the cases had been published. A majority of the patients (74.1%) were involved in
various agricultural activities directly or indirectly. The mean age at presentation was 43.3
years = 16.0, with male to female ratio of 4.2:1. The duration of disease at the time of pre-
sentation varied from 20 days to 35 years. Any history of trauma was recalled only in 33.8%
of the studied cases. The lower extremity was the most common site afflicted, followed by
the upper extremity. The culture was positive in 80.3% of the cases with Fonsecaea pedro-
soi, isolated as the most common fungal pathogen, followed by Cladophialophora carrionii.
Although all the commercially available antifungals were prescribed in these cases, itraco-
nazole and terbinafine were the most commonly used, either alone or in combination with
other drugs/physical methods, with variable degrees of outcome. Combinations of different
treatment modalities (chemotherapy and physical methods) yielded a cure rate of 86.3%.
CBM is refractory to treatment and no single antifungal agent or regimen has demonstrated
satisfactory results. Increased awareness with early clinical suspicion of the disease and
adequate therapy are necessary to improve the outcome. However, depending upon the
causative agent, disease severity, and the choice of antifungals, variable outcomes can be
observed.
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Introduction

Chromoblastomycosis (CBM) is a chronic, progressive, cutaneous and subcutaneous fungal
infection following the traumatic implantation of certain dematiaceous fungi through the skin
of exposed body parts. The disease has worldwide prevalence with predominant cases reported
from humid tropical and subtropical regions of America, Asia, and Africa [1]. The fungi caus-
ing CBM are ubiquitous, found in soil and decaying plant debris, including wood. As CBM is
an implantation mycosis, occupation seems to play an important role [2]. The rural popula-
tion, predominantly male, involved in various agricultural and outdoor activities are at a
higher risk. A small, single, localized papule, nodule, plaque, or verrucous lesion is seen at the
site of inoculation. Severe clinical forms and dissemination via lymphatics/hematogeneous/
contiguous spread are rarely seen. The hallmark of CBM is “sclerotic bodies,” “medlar bodies,”
or “muriform cells,” which can be demonstrated in potassium hydroxide (KOH) mount and
hematoxylin and eosin staining [3]. Fonsecaea pedrosoi, Phialophora verrucosa, and Cladophia-
lophora carrionii are the most frequent etiological agents of CBM. Less frequently reported are
Rhinocladiella aquaspersa and Exophiala dermatitidis. Although mainly causing phaeohypho-
mycosis, E. jeanselmei and E. spinifera do produce muriform cells in CBM [4]. Recently, vari-
ous other agents of CBM such as F. monophora [5], F. nubica [6], and P. richardsiae [7] have
been reported. Diagnosis is often delayed or misdirected either due to poor degree of clinical
suspicions or clinical simulation of dermatological conditions. Though known for 100 years,
CBM still poses a therapeutic challenge to clinicians due to its recalcitrant nature and common
relapse after treatment.

The infection is not uncommon in India and several case reports from the sub-Himalayan
belt and western and eastern coasts of India have been published [8]. A very few case series
describing the clinical manifestations, therapy, and outcome are available from India. We
herein report 2 cases from our institute and review those reported in the Indian literature to
provide the descriptive data on the epidemiology, clinical features, therapeutic regime prac-
ticed, and outcome of the disease.

Case 1

A 27-year-old housewife, resident of Uttarakhand, presented to the dermatology department
with complaint of progressive papulonodular lesions on the right leg for the last 8 years. Ini-
tially, she developed asymptomatic erythematous to brownish papules 5 x 5 mm in size on the
lower part of the right leg, which later increased in number and size. No history of trauma or
injury was recalled. She gave the history of prior treatment with terbinafine 250 mg BD for 6-7
months and itraconazle 100 mg BD for 1 year and 200 mg BD for 2 years. As the lesions
remained static, she was referred to our tertiary care hospital in November 2014. On examina-
tion, multiple discrete, round, erythematous papules coalescing to form plaques were observed
on the anterior aspect of lower third of the right leg. Each papule was 6 x 7 mm, firm, and non-
tender. The plaques were arranged in an annular pattern with central clearing. She was advised
to continue itraconazole 200 mg BD for another 2 weeks. Failing to achieve clinical improve-
ment in December 2014, the treatment modified to itraconazole 100 mg BD and ketoconazole
200 mg BD for 5.5 months. Initially, signs of clinical improvement were evident. There was
reduction in erythema, lesions were flattened, and no new lesions developed. In May 2015,
ketoconazole was stopped and itraconazole was increased to 200 mg BD. However, no evi-
dence of improvement was further noticed. The rest of the history and physical examination
were unremarkable. Routine haematological and biochemical investigations were within nor-
mal limits. The skin biopsy was taken from the lesion and sent for histopathological examina-
tion and fungal and mycobacterial culture. On histopathology, chronic inflammatory
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infiltrates comprising lymphocytes, plasma cells, and giant cells containing brown pigmented
structures were seen. Microscopic examination of the biopsy specimen using 20% KOH
showed small, round, thick-walled, brownish, septate sclerotic bodies measuring 6-12 pm. The
specimen was cultured on Sabouraud dextrose agar (SDA) with antibiotics and incubated at
25°C and 37°C. Slowly growing colonies were observed at 25°C after 7-10 days. The colonies
were jet black, velvety, and embedded in the medium with reverse black. Based on lactophenol
cotton blue (LPCB) preparation and slide culture, the isolate was identified as F. pedrosoi. The
identity of the isolate was confirmed by sequencing the internal transcribed spacer (ITS)
region by using the ITS1 and ITS4 primers. Comparison of the nucleotide sequence of our iso-
late with the GenBank database using the BLAST algorithm yielded 99% homology with F.
pedrosoi (accession number KX793110). The patient was started on liposomal amphotericin B
(2 mg/kg x 18 days) and cryosurgery was done. The lesions regressed completely by the end of
11 months.

Case 2

A 70-year-old farmer, a resident of Kumaon district in Uttarakhand, presented with a com-
plaint of ulceroproliferative lesion on the dorsum of the right foot for 4 years. Following a
minor trauma by a wooden stick, a small papule developed that progressed gradually to form a
well-defined round plaque of size 1.5 x 2 cm. It was crusted and hyperkeratotic, with few black
dots noted on the surface and oozing of seropurulent discharge. The surrounding area was
edematous. The lesion progressively increased in size with superinfection due to Staphylococ-
cus aureus, leading to the formation of a superficial abscess. Vitals were within normal limits.
Haematological and biochemical parameters were normal. The patient was immunocompe-
tent and nondiabetic.

Histopathological findings were suggestive of CBM. The microscopic examination in 20%
KOH revealed the presence of sclerotic bodies. Culture at 25°C on SDA with antibiotics
revealed small, smooth, folded, olive-black colonies after 10-12 days of incubation with reverse
jet black. The fungus was identified as Cladosporium spp. on LPCB and slide culture. The iden-
tity of the isolate was confirmed by sequencing the ITS region using ITS1 and ITS4 primers.
Comparison of the nucleotide sequence of our isolate with the GenBank database using the
BLAST algorithm yielded 99% homology with Cladosporium tenuissimum (accession number
KX793111). The patient was started on itraconazole 200 mg BD and showed marked reduction
in the lesion after 7 months of treatment.

Methods
Literature search

The literature search was done in Medline (National Library of Medicine, Bethesda, Maryland,
United States) and Google for the period of 1957 to May 2016 using the following terms:
“chromoblastomycosis,” “chromomycosis,” “chromoblastomycosis dissemination,” “mela-
nised fungi,” “dematiaceous fungi,” “Fonsecaea,” “Phialophora,” “Cladophialophora,” “Exo-
phiala,” “Hormodendrum,” and “India.” Combinations such as “chromoblastomycosis in
India,” “chromoblastomycosis and India,” “chromomycosis in India,” “chromomycosis and

» « » « » «

India,” “chromoblastomycosis dissemination in India,” and “chromomycosis dissemination
and India” were used to retrieve the articles. Only cases from English literature were reviewed.
Reference lists of retrieved articles were checked to detect additional articles missed by this
search strategy. Cases of CBM, localized or disseminated, proven either by histopathology or
in KOH mount, with or without culture proven, were included in the review.
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Data analysis

Data on demographic characteristics, occupation, geographical location, history of trauma,
and clinical manifestations along with the duration, diagnostic modality, treatment given, and
outcome were noted for each case. If the information on the resident state of the patient was
unavailable, the institute from where the study had been reported was taken into consider-
ation. Cases were considered as “immunocompromised” in which an underlying disease or
predisposing factor was mentioned and as “immunocompetent” in which no such predispos-
ing condition and negative HIV serology was mentioned. The data is presented as frequencies
and percentages or mean and standard deviation (SD).

Results
Studies and cases

Our literature search for the period of 1957 to May 2016 yielded 88 studies reporting 189
cases. Among these, 1 study was excluded so as to avoid duplication [9]. A case reported by
Deshpande et al. with submandibular discharging sinus lacked sufficient evidence for the diag-
nosis of CBM and was excluded [10]. One patient whose 28-year follow-up was published in 2
different studies was counted as only a single case [11, 12]. A total of 167 cases were identified
in 87 included studies. In addition to these, 2 recent cases from our institute were also
included. Hence, a total of 169 cases were evaluated. There has been a tremendous increase in
the number of cases reported after 2011 (Fig 1).

Age and gender

The mean age at presentation was 43.3 years + 16.0 (range 7-81 years old, data available for
121/169 cases). The information regarding the gender was available for 158 patients, out of
whom, 128 (81%) were males and 30 (18.9%) were females. The male to female ratio was 4.2:1.
The mean age of presentation among male patients was 44.1 years + 16.2 (range 7-81 years
old, data available for 96/121 cases) and female was 40.2 years * 14.5 (range 10-67 years old,
data available for 25/121 cases) (Fig 2).

Geographical location

The data on geographical distribution was available for 168 cases. The highest number of cases
had been reported from Kerala (46 cases) followed by Karnataka (28 cases), Assam (14 cases),
Himachal Pradesh, and Maharashtra (12 cases each) (Fig 3).

Occupation

The occupational history was available for 112 cases. A majority of the patients (74.1%) were
either farmers or involved in various agricultural activities directly or indirectly, followed by
manual labourers (7.1%).

History of trauma

A majority of the studied patients (66.1%) either could not recall or gave a negative history of
trauma prior to their manifestations. A history of trauma was positive in 33.8% of the studied
cases (data available for 119/169 cases).
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Fig 1. Atime line of the number of cases of chromoblastomycosis reported from India since 1957.
https://doi.org/10.1371/journal.pntd.0005534.g001
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Fig 2. The figure shows age-wise distribution of cases with chromoblastomycosis in India.
https://doi.org/10.1371/journal.pntd.0005534.9g002
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Underlying condition or predisposing factors

Of 169 cases, 10 (5.9%) had a history of underlying immunosuppression. The underlying con-
ditions were renal transplant, gall bladder carcinoma, skin allograft, HIV, and leprosy. History
of corticosteroids intake was documented in 9 cases.

Duration of disease

The duration of disease at the time of presentation varied from 20 days to 35 years (mean 5.76
years, data available for 114/169 cases).

Site of involvement

The lesions were localized to 1 site in 90.3% of cases (150/166, data available for 166 cases).
The most common site afflicted was lower limb (96 cases) followed by upper limb (33 cases),
face (12 cases), and trunk (6 cases). In 3 cases, unusual sites alone such as genitals and axilla
were involved. More than 1 site was affected in 9.6% (16/166) of cases. Extracutaneous spread
involving regional lymph nodes, pleural cavity, oropharynx, trachea, larynx, and ileocecal
regions was seen in 8 cases. Distant bone lesions were reported in 3 cases.

Type of the lesion

The most common clinical variety described was plaque (54.7%) followed by verrucous
(23.9%), nodular (6.8%), tumoral, and ulcerative (4.7% each). More than 1 type of lesion was
observed in 4.7% of the cases (data available for 146/169 cases).

Mycological culture

The causative organism was isolated in 80.3% of the cases (127/158, data available for 158
cases). The cultures were either negative or not done in 13.2% and 5.0% of cases, respectively.
The contaminants were grown in 1.2% (2 cases). Among the culture positives, Fonsecaea spp.
was the most common etiological agent (66.1%) followed by Cladophialophora spp. (25.1%)
and Phialophora spp. (3.9%). Others include Bipolaris spp. (2 cases), Exophiala spp. (2 cases),
Curvularia lunata (1 case), and Rhytidhysteron spp. (1 case). The 2 most common fungi iso-
lated were F. pedrosoi (66 cases) followed by C. carrionii (20 cases) (S1 Table).

Therapeutic regimen

The details of different treatment modalities were described for 103 cases (Table 1). The most
commonly prescribed drug, either alone or in combination with other drugs/physical meth-
ods, was itraconazole in 55.5% followed by terbinafine in 22.3%, potassium iodide in 18.4%,
fluconazole in 13.5%, amphotericin B in 7.7%, and ketoconazole in 7.7% of the studied sub-
jects. Less commonly used were hamycin and antihistamines (3 cases), nystatin (1 case), 5 flur-
ouracil (2 cases), 5 fluorocytosine (1 case), griseofulvin (2 cases), isonicotinoic acid hydrazide
(1 case), and thiabendazole/mebendazole (4 cases). Other treatment modalities such as surgical
excision alone and cryotherapy alone were done in 5 and 2 cases, respectively.

Outcome

The documentation of clinical outcome of the disease was available for 102 cases. The outcome
was described as cure in 82, partial cure in 6, and not cured in 2 cases. The subjects were lost to
follow-up in 8 cases and mortality was seen in 2 cases. Amputation was performed in 2 cases.
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Table 1. The table shows the outcome of various treatment modalities.

Outcome Chemotherapy only |Surgical excision |Cryotherapy only | Chemotherapy + surgical
(n=74) only (n=5) (n=2) excision (n=9)

Cured 56 4 2 7

Partial cured | 5 - - -

Not cured 2 1* - 1*

Lost to 6 - - 1

follow-up

Died 2 - - -

Data not 3 - - -

available

*amputation done
- non-applicable

https://doi.org/10.1371/journal.pntd.0005534.t001

Discussion

Chemotherapy + cryotherapy/CO,
laser/ superficial X- ray (n=13)

12
1

This article gives an overview on epidemiology, clinical manifestations, treatment, and out-
come of CBM in our country. Originally reported from Brazil in 1914 [13], the first case from
India was reported in 1957 [14]. Since then, a large number of cases have been reported from
India. In the last review from India in 1999, 34 cases were included [15]. A tremendous
increase in the number of reported cases in the last 4-5 years was noticed, a period in which
more than 50% of the cases had been published (68 cases were published between 1957-2011
as compared to 101 cases from 2012 to May 2016). This might be due to the increased aware-
ness among clinicians to suspect or diagnose the disease, better laboratory support, or

increased awareness to publish the cases.

In our study, a large number of cases had been reported from the western and eastern coasts,
southern India, northeastern areas, and the sub-Himalayan belt, namely Karnataka, Kerala,
Maharashtra, West Bengal, Assam, and Himachal Pradesh, due to the hot and humid climate,
which is essential for fungi to thrive. In addition to the climate, dense forest area with plenty of
vegetation and agriculture as an occupation further predispose the natives to the disease. This is
in concordance with what was reported in the previous reviews from India [8, 15]. A few spo-
radic cases had also been reported from nonendemic areas such as Bihar, Chattisgarh, Jammu
and Kashmir, Rajasthan, and Uttar Pradesh, highlighting the importance of keeping CBM in
differentials for cutaneous lesions, irrespective of the geographical distribution.

The disease is more prevalent in males 30-50 years of age, with a male to female ratio vary-
ing from 5:1to 9:1 in various studies [16-19]. Infections in children and adolescents have also
been reported [20, 21]. Our study also showed the same pattern, with males outnumbering
females, the latter accounting for 18.9%. More than 50% of affected cases were in the age
group of 31-60 years. This is due to the fact that in Indian settings, males (the sole earning
members of their families), are more commonly involved in outdoor activities, exposing them
to the causative agents. In countries like Brazil and Japan, where women are exposed to same
working conditions as men, the prevalence of infection is almost same [22, 23]. Adolescents

and children were involved in 5.7% cases.

The infection usually follows the inoculation of soil or vegetative matter contaminated by
dematiaceous fungi or via penetration of foreign bodies such as wood splinters or thorns or
minor trauma or abrasions [2]. In the present study, history of any trauma was recalled only in
33.8% of cases. The absence of trauma in a majority of cases was attributed to the fact that
either it went unnoticed or was not recalled, as the symptoms do not appear for years.
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The fungus causing the disease lives in soil and due to work-related trauma, infection
occurs most frequently among the barefoot farmers or those involved in various agricultural
activities. More than 70% of those affected in our study were involved in agricultural work and
were of rural background. The other risk factors were poor nutrition and hygiene habits.

The disease is usually gradual and indolent in nature. Therefore, patients often seek medical
advice years after acquiring infection or developing skin lesions. Most of the studied cases
were chronic, with a mean duration of 5.7 years. The longest duration was 35 years and the
shortest was 20 days. Though the latter is unusual, there are some reports of fast progression of
the disease, especially in the immunocompromised [24]. The lesions usually develop at the site
of inoculation and were found chiefly in lower extremities in our study, followed by upper,
which is similar to those reported in most regions of the world [23, 25]. This reinforces the fact
that exposed parts of both extremities are commonly exposed to etiological agents, thus sup-
porting the traumatic implantation theory. However, an exception to this is reported in a
study of 290 cases from Japan, where CBM occurs more commonly on upper extremities in
males and face or neck in females [26]. The trunk was the most common site afflicted in a
study from Venezuela [15].

Lesions usually start as solitary, unilateral papules which may slowly progress to verrucous
nodules and plaques and may ulcerate [27]. More than 1 type of lesion can develop in advan-
ced, severe cases. Morphologically nodular is the most frequent variety followed by verrucous
and plaquelike lesions [25, 28]. In contrast to this, plaque was the most common in our study,
followed by verrucous, with 4.7% of cases showing mixed types of lesions.

Extracutaneous spread is believed to be low in CBM. The known sites of metastasis are the
lymph nodes, brain, and lung [29]. However, the disease seldom involves bone [30]. The
spread to regional lymph nodes, tonsillar regions, pleural cavity, trachea, larynx, and ileocecal
region was reported in 7 cases [11, 14, 15, 31-34]. Fungus was demonstrated in all these organs
either by histopathology or culture or both. The respiratory pathology was also found in
another case; however, a fungus, Geotrichum candidum, different than that of cutaneous lesion
was isolated [35]. Bone lesions were reported in 3 cases, among which, in 2 cases, lesions were
not established to be directly due to fungi [34, 36]. An osteolytic lesion at the head of the meta-
tarsal underlying the cutaneous lesion was considered to be due to contiguous spread in the
third case [37].

Diagnosis is often obscured due to clinical simulation of various dermatological conditions
such as cutaneous tuberculosis, leprosy, leshmaniasis, sporotrichosis, mycetoma, psoriasis, and
malignancies such as verrucous carcinoma and cutaneous lymphoma [1]. Approximately 10%
of the reviewed cases were misdiagnosed as cutaneous tuberculosis and were prescribed antitu-
bercular treatment. Other masquerading or mimicking conditions included leprosy (2 cases),
cutaneous leishmaniasis (2 cases), psoriasis, facial wart, sporotrichosis, and squamous cell car-
cinoma (1 case each).

Secondary infections, lymphedema, dissemination, and even squamous cell carcinoma in
long-standing cases are possible sequelae [25, 38, 39]. Complications like secondary infection,
genital elephantiasis, and squamous cell carcinoma were recorded in 3 cases [31, 40]. Though
rare, dissemination either by contiguous spread via lymphatics or hematogenous route, or
autoinoculation had also been reported [41-43]. In our study, dissemination via hematoge-
nous or lymphatic route was noted in 5 cases [11, 15, 32, 44, 45] and 3 cases, respectively [46-
48]. Both the routes were involved in a single case [34]. Recently, CBM has been increasingly
reported in immunocompromised individuals. Renal transplant is one of the common under-
lying conditions. So far, 15 cases of CBM in renal transplant recipients have been described in
the literature including 3 from India [49-57]. Other predisposing conditions reported from
India included 1 case each of gall bladder carcinoma, skin graft, and HIV infection. CBM
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developed in 2 leprosy patients who were on long-term steroids. Following intralesional/oral
corticosteroids, the disease was reported in another 2 cases. It had been observed that in such
patients, partial suppression of cell-mediated immune response to fungus occurs at some point
during infection and might have predisposed them to CBM [58]. These facts highlight the
importance of keeping in mind the possibility of CBM in immunocompromised cases.

Another striking feature noted in the study was a case harboring concomitant mycetoma
and CBM. To the best of our knowledge, to date, concurrent presence had been reported in 3
cases worldwide [59-61]. This might be due to sharing common climatic conditions for the
survival and mode of transmission.

F. pedrosi and C. carrionii were the 2 most common fungal isolates in our study. Similar
results are shown from other countries like Mexico, Cuba, the Dominican Republic, Venezu-
ela, Australia, and South Africa [62-65]. Of these, F. pedrosi is common in humid tropical cli-
mates and C. carrionii is thought to be endemic in semiarid zones [30]. C. carrionii is the most
common pathogen in Australia and Africa and F. pedrosoi in Venezuela, Cuba, and Japan [15].
However, in the present study, no particular distribution pattern was appreciated for any of
the causative agents.

Due to the diversity in the etiological agents, bioavailablity of the antifungals, and variation
in clinical manifestations, no single uniform treatment recommendations have been estab-
lished to date. CBM is often difficult to treat and its refractoriness to various treatment modali-
ties further complicates the situation. Depending upon the causative agents, severity of lesions,
and choice of therapy, a variable cure rate of 15%-80%, with F. pedrosoi being less sensitive to
antifungal therapy, had been reported [66]. The different therapeutic modalities advocated in
the studied cases were chemotherapy and physical methods (cryosurgery/CO, laser/superficial
X-rays and surgical excision), either alone or in combination. Cure rates of 75.6% and 85.7%
were achieved in cases treated alone either with chemotherapy or physical methods, respec-
tively. However, the cure rate increased to 86.36% when the above 2 modalities were used in
combination. The literature had shown the best results with oral terbinafine and itraconazole
when used in high doses for long periods, and their combination was considered to be syner-
gistic [67, 68]. Cure rates of 76.92% and 100%, respectively, were achieved when itraconazole
and terbinafine alone were prescribed, and their combination yielded 100% success rate in our
study. Failure to achieve any cure led to amputation in 2 cases.

Supporting information

S1 Table. Demographic and clinical details of all 169 cases included in the present study.
(DOCX)
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