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Abstract: Mucormycosis is an angioinvasive disease caused by saprophytic fungi of the order
Mucorales. The exact incidence of mucormycosis in India is unknown due to the lack of populationbased studies. The estimated prevalence of mucormycosis is around 70 times higher in India than
that in global data. Diabetes mellitus is the most common risk factor, followed by haematological
malignancy and solid-organ transplant. Patients with postpulmonary tuberculosis and chronic
kidney disease are at additional risk of developing mucormycosis in this country. Trauma is a
risk factor for cutaneous mucormycosis. Isolated renal mucormycosis in an immunocompetent
host is a unique entity in India. Though Rhizopus arrhizus is the most common etiological agent
of mucormycosis in this country, infections due to Rhizopus microsporus, Rhizopus homothallicus,
and Apophysomyces variabilis are rising. Occasionally, Saksenaea erythrospora, Mucor irregularis, and
Thamnostylum lucknowense are isolated. Though awareness of the disease has increased among
treating physicians, disease-associated morbidity and mortality are still high, as patients seek medical
attention late in the disease process and given the low affordability for therapy. In conclusion, the rise
in the number of cases, the emergence of new risk factors and causative agents, and the challenges in
managing the disease are important concerns with mucormycosis in India.
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1. Introduction
Mucormycosis is an angioinvasive disease that is characterised by tissue infarction
and necrosis [1]. The clinical presentations of mucormycosis are classified on the basis
of anatomic localisation, such as rhino-orbital-cerebral (ROCM), pulmonary, gastrointestinal, cutaneous, renal, and disseminated mucormycosis [2,3]. Patients with diabetes
mellitus, haematological malignancy and chemotherapy, haematopoietic stem cells, and
solid-organ transplant recipients on immunosuppressive therapy, with iron overload, on
peritoneal dialysis, extensive skin injury, human immunodeficiency virus (HIV) infection,
and voriconazole therapy are at increased risk of acquiring mucormycosis [2–4]. A considerable number of mucormycosis cases are reported in immunocompetent hosts [5–7]. Though
mucormycosis is globally distributed, certain risk factors, clinical forms, and causative
agents of the disease are prevalent in India.
Uncontrolled diabetes mellitus is the most common underlying disease associated with
mucormycosis in India [5,6,8], in contrast to haematological-malignancy patients and solidorgan transplant recipients in developed countries [3,7,9]. Nevertheless, recent reports
from India identified haematological malignancy and solid-organ transplant recipients
as important risk factors, but the overwhelming number of patients with uncontrolled
diabetes overshadows the picture [5]. The ROCM type is the most common form of the
disease in India, followed by the pulmonary and cutaneous types [5,6]; however, the
pulmonary form is the most common clinical presentation in developed countries [7]. The
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cutaneous type is commonly seen in patients with trauma or burns [5,6]. Isolated renal
mucormycosis in a healthy host is a unique clinical presentation in India [10,11].
The pathogens associated with mucormycosis varies considerably between India
and developed countries [12]. Globally, Rhizopus arrhizus is the commonest cause of
mucormycosis [3,12]. The Apophysomyces species ranks second in India compared to the
Lichtheimia species in developed countries [12]. Infections due to Rhizopus microsporus and
Rhizopus homothallicus are rising in India [5,6,13]. In the present review, we discuss the
epidemiology, risk factors and underlying diseases, causative agents, and clinical outcomes
associated with mucormycosis in the Indian population.
2. Mucormycosis Prevalence and Incidence in India
The annual incidence of mucormycosis reported from different case series in India is
shown in Table 1. Data from the three successive case series by Chakrabarti et al. from a
single centre were pooled together in this review for a better extrapolation of the Indian
picture [14–16]. Chakrabarti et al. showed an increasing trend of mucormycosis from a
single centre at successive periods, with an annual incidence of 12.9 cases per year during
1990–1999 [14], 35.6 cases per year during 2000–2004 [15], and 50 cases per year during 2006–
2007 [16]. The overall numbers increased from 25 cases per year (1990–2007) to 89 cases
per year (2013–2015) [5]. The rise in incidence over the years at that centre may be due to
improved awareness and expertise in diagnosing the disease, though the possibility of a
real rise in incidence cannot be ruled out. A 10-year study from Southern India (Tamilnadu)
showed an annual incidence of 18.4 cases per year during 2005–2015 [17]. Another study
from Tamilnadu reported 9.5 cases per year during 2015–2019 [18]. A multicentre study
across India reported 465 cases from 12 centres over 21 months; the study reported an
annual incidence of 22 cases per year, and an average of 38.8 cases for each participating
centre [6]. Though invasive aspergillosis is given importance among invasive mould
infections in intensive-care units (ICUs), a multicentre study in Indian ICUs reported
mucormycosis in a considerable (14%) number of patients [19]. Sindhu et al. reported
mucormycosis at 12% in ICU patients at a single centre from North India [20]. Without
population-based estimates, it is difficult to determine the exact incidence and prevalence
of mucormycosis in the Indian population. The computational-model-based method
estimated a prevalence of 14 cases per 100,000 individuals in India [21]. The cumulative
burden ranged between 137,807 and 208,177 cases, with a mean of 171,504 (SD: 12,365.6;
95% CI: 195,777–147,688) and mean attributable mortality at 65,500 (38.2%) deaths per
year [12,21]. The data indicates that the estimated prevalence of mucormycosis in India is
nearly 70 times higher than the global data, which were estimated to be at 0.02 to 9.5 cases
(with a median of 0.2 cases) per 100,000 persons [12].
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Table 1. Annual incidence and risk factors of mucormycosis in India.
Parameters

Chakrabarti et al.,
2001; 2006; 2009 [14–16]

Manesh et al., 2019 [17]

Chander et al., 2018 [22]

Patel et al., 2017 [8]

Prakash et al., 2019 [5]

Patel et al., 2020 [6]

Priya et al., 2020 [18]

Study centre

1

1

1

2

4

12

1

Study period

1990–2004; 2006–2007

2005–2015

2010–2014

January 2013– May 2015

2013–2015

January 2016–September 2017

2015–2019

Study duration

15 years 6 months

10 years

5 years

2 years 5 months

3 years

1 year and 9 months

4 years

Place of study

Chandigarh
(North India)

Tamilnadu
(South India)

Chandigarh
(North India)

Gujarat
(West of India)

North and South India

Across India

Tamilnadu
(South India)

Total cases

382

184

82

27

388

465

38

Mean annual incidence

24.5

18.4

16.4

-

-

-

9.5

Male: female ratio

2.4:1

2.5:1

2.04:1

2.3:1

2.3:1

2.3:1

2.8:1

*Paediatric (10–16 years) (n (%))

30 (7.9)

7 (3.8)

4 (4.9)

-

46 (11.9)

27 (5.81)

1 (2.6)

Adults (n (%))

352 (92.1)

177 (96.2)

78 (95.1)

-

342 (89.1)

438 (94.2)

37 (97.4)

Underlying disease and risk factors (n (%))
Total number of patients with
underlying disease or risk factors
Diabetes mellitus

349 $

184

82

27

303

465

38

120 (65.2)

51 (62.2)

15 (55.6)

172 (56.8)

342 (73.5)

29 (76.3)

Diabetic ketoacidosis

21 (21.6) b

16.9% g

-

-

31 (10.2)

50 (14.6)

3 (7.9)

Solid-organ transplant

9 (2.6) a

-

-

3 (11.1)

19 (6.3)

30 (6.5)

-

HSCT

-

4 (2.2)

-

-

1 (0.3)

6 (1.3)

-

14 (7.6)

-

1 (3.7)

23 (7.6)

42 (9)

2 (5.3)

Haematological and
solid organ malignancy

187 (53.6)

a

16 (4.6)

a

Brach of skin (trauma due to
accidents, burns, injection site)

35 (10) a

20 (10.9)

12 (14.6)

6 (22.2)

31 (10.2)

35 (7.5)

8 (21.1)

Pulmonary disease (tuberculosis,
COPD, asthma)

1 (0.6) c

-

-

2 (7.4)

21 (6.9)

30 (6.5)

-

Neutropenia

11 (14.6)

d

-

-

-

18 (5.9)

12 (2.6)

-

-

-

6 (22.2)

30 (9.9)

17 (3.7)

-

Steroid therapy

28 (8) a

Chronic alcoholism

15 (5.9) e

-

-

-

28 (9.2)

-

-

Chronic kidney disease

24 (32) d

1 (0.5)

1 (1.2)

1 (3.7)

27 (8.9)

93 (20)

2 (5.3)

Human immunodeficiency virus

2 (0.8) e

-

-

-

3 (1)

7 (1.5)

-

Immunocompetent host

45 (12.9) a

10 (5.4)

16 (19.5)

7 (25.9)

32 (10.6)

55 (11.8)

1 (2.6)

53 (31) f

15 (8.2)

8 (9.8)

6 (22.2)

6 (2.0)

143 (30.8)

4 (10.5)

#

Miscellaneous

Note: Table values are given in numbers and percentage [n (%)]. Abbreviations: ROCM, rhino-orbital-cerebral mucormycosis; HSCT, haematopoietic stem cell transplant; COPD, chronic obstructive pulmonary
disease. *Paediatric age in different manuscripts are mentioned in range. $ Data were pooled from three case series [14–16]; hence, denominator varies for each underlying illness and risk factor, and denominators
are a n = 349; b n = 97; c n = 178; d n = 75; e n = 253; and f n = 171. g Actual number not mentioned in the study [17]. # Miscellaneous risk factors include septicaemia, haematological disorders (aplastic anaemia,
megaloblastic anaemia, and pancytopenia), autoimmune disease (scleroderma, systemic lupus erythematosus), liver disease (viral hepatitis), immunodeficiency disorders (common variable immunodeficiency),
prematurity, bowel perforation, graft-versus-host disease, metabolic acidosis, intensive-care stay, intravenous drug use, iron chelation therapy, high-risk neonate (malnourishment), immunosuppressant drugs,
cardiovascular disease, and neurological disease.
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3. Underlying Disease and Risk Factors
Table 1 shows the risk factors and underlying diseases associated with mucormycosis in India. Diabetes mellitus is the most common underlying disease, followed by
haematological malignancies and solid-organ transplants. However, mucormycosis in the
immunocompetent host is an alarming threat in the Indian population [5,6,8,17].
Diabetes mellitus was reported in 54–76% of cases (Table 1). Of those patients, 8–22%
had diabetic ketoacidosis. The prevalence of mucormycosis was reported at 0.16–1.72%
in patients with diabetes mellitus from North India [23,24]. Prakash et al. reported a
higher prevalence of diabetes mellitus as a risk factor in North India (67%) compared
to South India (22%) [5]. However, no such regional variation was noted in recent case
series with regard to South India (65.2–76.3%) [17,18], North India (54–62.2%) [5,14–16,22],
and Western India (55.6%) [8]. Similar to India, diabetes mellitus is a major risk factor in
mucormycosis in Mexico (72%), Iran (75%), and the USA (52%) [12,25]. In comparison, the
prevalence of diabetes in mucormycosis is lower (17–23%) in European countries [12,25].
Due to the lack of regular health check-ups in the Indian population, the diagnosis of
mucormycosis unmasked diabetes in 43% of patients from North India [15], 40% in Western
India [8], and 24% in South India [17]. These data signify the need for regular health check-ups
in the Indian population. A recent estimate showed that 463 million adults (20–79 years), and
1 million children and adolescents under the age of 20 globally live with diabetes, which may
rise to 578 million in 2030 [26]. China (116.4 million) and India (77 million) are at the top of the
diabetes chart globally, followed by the USA (31 million). The situation is alarming in India,
as the estimated diabetic population may rise to 101 million in 2030 [26]. Simultaneously, the
expected rise of mucormycosis cases may worsen the condition.
Haematological malignancy (HM) is a risk factor in 1–9% of mucormycosis patients
in India [25], compared to 38–62% in Europe and the United States [12]. Only a few
studies documented mucormycosis prevalence in HMs from India [27,28]. A total of
781 acute leukaemia cases analysed from North India showed the prevalence of proven
mucormycosis at 1.4% [27]. A study from South India on acute myeloid leukaemia patients
reported the prevalence of proven mucormycosis cases at 0.9% [28].
Solid-organ transplantation (SOT) is a risk factor in 2.6–11% of mucormycosis cases
from India (Table 1), compared to 7–14% from global data [2,3]. The prevalence of mucormycosis in renal-transplant recipients in India varies from 0.05% to 2.7% [29–34], compared to
global data of 0.04–0.05% [35]. Multiple retrospective studies on renal-transplant recipients
from South India documented mucormycosis prevalence at 0.56–1.52% [31,32]. A study
from Western India (Gujarat) documented mucormycosis at 1.2% in renal-transplant recipients [30]. In North India, a group of authors conducted two retrospective studies on
invasive fungal infections (IFIs) in renal-transplant recipients at different periods (1977–
2000 and 2014–2017), and they documented the prevalence of mucormycosis at 2% and
2.7%, respectively [33,34]. These findings indicates that mucormycosis in renal-transplant
recipients is more common in India than it is in developed countries.
In India, 3–26% of mucormycosis cases are recorded from the immunocompetent host
(Table 1), compared to 18–19% globally [2,3]. Cases in India often present with cutaneous or
isolated renal mucormycosis. Trauma is a risk factor in 7.5–22% of mucormycosis cases in
India (Table 1). Majority of the patients present with cutaneous mucormycosis after trauma,
burns, and nosocomial infections at the surgery or injection site. Chander et al. from North
India reported cutaneous mucormycosis in patients with post-intramuscular injections
in the gluteal region [22]. Another study from North India reported that 9% of the mucormycosis cases are nosocomial in origin [16]. Contaminated intramuscular injections and
surgery, adhesive tapes, and endobronchial tubes were sources of infection in nosocomial
mucormycosis [16,22,36,37]. Isolated renal mucormycosis in an immunocompetent host is
an emerging entity in India; the pathogenesis of the disease is still not known [38,39].
Other predisposing factors associated with mucormycosis in India are chronic kidney
disease (CKD), steroid therapy, pulmonary tuberculosis, and chronic obstructive pulmonary
disease (COPD) [5,6]. CKD is a new risk factor for mucormycosis in India [5,15,40]. Studies
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from India reported that mucormycosis patients had CKD in 9–32% of cases [5,6,16].
Similarly, a study from Turkey reported that 18% of the patients with mucormycosis had
chronic renal insufficiency [41]. Pulmonary tuberculosis and COPD were seen in 7–46% of
patients with mucormycosis [6,19,20]. A few cases of breakthrough mucormycosis after
voriconazole treatment were reported in India [42,43]. Other risk factors reported in India
included intravenous drug use, autoimmune disease, HIV infection, immunosuppressant
drugs, malnutrition, and ICU stay (Table 1).
4. Clinical Forms of Mucormycosis
On the basis of the anatomical site of involvement, the clinical form of mucormycosis
reported in various case series from India is shown in Figure 1. ROCM mucormycosis is
the commonest form (45–74%), followed by cutaneous (10–31%), pulmonary (3–22%), renal
(0.5–9%), gastrointestinal (2–8%), and disseminated infections (0.5–9%). Other unusual
sites of infection reported in the literature from India are breast [44], ear [5], spine [45,46],
Microorganisms 2021, 9, x FOR PEER REVIEW
of 13
heart [47,48], and bone infections [49,50]. Figure 2 describes the underlying disease4 and
risk factors associated with clinical forms of mucormycosis.

Figure 1.
1. Clinical
Clinical forms
forms of
ofmucormycosis
mucormycosisin
inIndia.
India.Abbreviations:
Abbreviations: ROCM,
ROCM,rhino-orbital-cerebral
rhino-orbital-cerebral mucormycosis.
mucormycosis. Others
Others
Figure
included
mucormycosis
of
the
oral
cavity,
otitis
media,
subglottis,
and
bone
infections.
included mucormycosis of the oral cavity, otitis media, subglottis, and bone infections.

Diabetes mellitus is a common predisposing factor for the ROCM type of disease.
A recent multicentre study from India reported that 77% of ROCM cases were in the diabetic
population [6]. Different case series focussed on ROCM cases from India reported diabetes
as a risk factor in 80–100% of cases [51–56]. Trauma is a risk factor for the ROCM type
(15–52%), mainly after unhygienic dental procedures during tooth extraction [5,6,57,58].
Pulmonary mucormycosis is commonly associated with SOT recipients (37–44%),
haematological malignancy (10–26%), and diabetes mellitus (10–14%) in Indian patients
(Figure 2). These findings were similar to those of global data [2,3]. In Europe, haematological malignancy (34–44%) is the most common risk factor associated with pulmonary
mucormycosis, followed by diabetes mellitus (13–14%) [7,59]. A review on pulmonary
mucormycosis reported haematological malignancy (40%), diabetes mellitus (36%), CKD
(17%), and SOT (6%) as significant underlying diseases [60]. In India, postpulmonary
tuberculosis (38%) is a new risk factor for pulmonary mucormycosis [5].
The cutaneous type is seen in 10–31% of patients with mucormycosis after trauma following road traffic accidents, burn wounds, intramuscular injection, intravenous catheters,
adhesive tapes, and surgical-site infections [5,22,61]. In India, 45–79% of cutaneous mucormycosis patients had trauma. Kaushik et al. reviewed cutaneous mucormycosis cases
from India and reported trauma as a risk factor in 59% of the cases, followed by diabetes
mellitus (28%) and malignancy (6%) [61]. A global study on cutaneous mucormycosis
reported that 43–67% of patients were immunocompetent hosts, and other risk factors were
diabetes mellitus (10–15%), malignancy (12–23%), and SOT (5–16%) [2,3,62].

Figure 2. Risk factors associated with clinical forms of mucormycosis. Abbreviations: ROCM, rhino-orbital-cerebral mucormycosis; DM, diabetes mellitus; HM, haematological malignancy; IC, immunocompetent; SOT, solid-organ transplant.

Diabetes mellitus is a common predisposing factor for the ROCM type of disease. A
recent multicentre study from India reported that 77% of ROCM cases were in the diabetic
population [6]. Different case series focussed on ROCM cases from India reported diabetes
as a risk factor in 80%–100% of cases [51–56]. Trauma is a risk factor for the ROCM type
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Figure 1. Clinical forms of mucormycosis in India. Abbreviations: ROCM, rhino-orbital-cerebral mucormycosis. Others
included mucormycosis of the oral cavity, otitis media, subglottis, and bone infections.

Figure 2.
forms
of of
mucormycosis.
Abbreviations:
ROCM,
rhino-orbital-cerebral
muFigure
2. Risk
Riskfactors
factorsassociated
associatedwith
withclinical
clinical
forms
mucormycosis.
Abbreviations:
ROCM,
rhino-orbital-cerebral
cormycosis;
DM,
diabetes
mellitus;
HM,
haematological
malignancy;
IC,
immunocompetent;
SOT,
solid-organ
transplant.
mucormycosis; DM, diabetes mellitus; HM, haematological malignancy; IC, immunocompetent; SOT, solid-organ transplant.

Diabetes
mellitus
is a common accounts
predisposing
factor
for the
ROCM
of disease.
A
Gastrointestinal
mucormycosis
for 2–8%
of cases
from
Indiatype
(Figure
1). About
recent
study from
India
that 77%
of ROCM
casespremature
were in theneonates
diabetic
60% ofmulticentre
the gastrointestinal
cases
arereported
in paediatric
patients,
especially
population
Different
case series
focussed on ROCM
cases frominIndia
diabetes
(83%) [63]. [6].
Patra
et al. reported
gastrointestinal
mucormycosis
20% reported
of neonates
with
as
a
risk
factor
in
80%–100%
of
cases
[51–56].
Trauma
is
a
risk
factor
for
the
ROCM
type
suspected necrotising enterocolitis, and 83% of them were preterm neonates [64]. About
(15%–52%),
mainly after
dentalmucormycosis
procedures during
extraction
[5,6,57,58].
25–50% of patients
withunhygienic
gastrointestinal
had tooth
diabetes
mellitus
as a risk
Pulmonary
mucormycosis
is commonly
associated
with SOT in
recipients
(37%–44%),
factor
in India [5,6].
A review on
gastrointestinal
mucormycosis
immunocompetent
hosts reported diabetes
mellitus
(24%) and
dialysis(10%–14%)
(16%) as significant
haematological
malignancy
(10%–26%),
and peritoneal
diabetes mellitus
in Indian risk
pafactors(Figure
in adults,
and broad-spectrum
antibiotic
use (47%)
and data
malnourishment
(26%)
in
tients
2). These
findings were similar
to those
of global
[2,3]. In Europe,
haechildren [63].
Patients with
SOT (52%)
andmost
haematological
malignancy
(35%) are
also
at
matological
malignancy
(34%–44%)
is the
common risk
factor associated
with
pulrisk
of
developing
gastrointestinal
mucormycosis
[65].
monary mucormycosis, followed by diabetes mellitus (13%–14%) [7,59]. A review on pulRenal
mucormycosisreported
in an immunocompetent
host is a unique
clinical
entity mellitus
in India.
monary
mucormycosis
haematological malignancy
(40%),
diabetes
Different
case(17%),
series and
fromSOT
India
reported
that 33–100%
of renaldiseases
mucormycosis
were
in
(36%),
CKD
(6%)
as significant
underlying
[60]. Incases
India,
postan immunocompetent
host
[12].isPrakash
et al.
reported
haemodialysis
and CKD as
signifipulmonary
tuberculosis
(38%)
a new risk
factor
for pulmonary
mucormycosis
[5].
cant The
risk factors
in renal
patients
Isolated
renal
mucormycosis
can
affect
cutaneous
typemucormycosis
is seen in 10%–31%
of [5].
patients
with
mucormycosis
after
trauma
unilateral
or
bilateral
kidneys
[38,39].
Patients
present
with
fever,
flank
pain,
haematuria
or
following road traffic accidents, burn wounds, intramuscular injection, intravenous cathdysuria,
acute
kidney
injury,
and
white
flakes
in
urine
[38,39].
Computed
tomography
(CT)
eters, adhesive tapes, and surgical-site infections [5,22,61]. In India, 45%–79% of cutaneous
or ultrasound may
help had
in achieving
early diagnosis
of renalcutaneous
mucormycosis.
Enlarged
mucormycosis
patients
trauma. an
Kaushik
et al. reviewed
mucormycosis
kidneys with or without hypodensities, perinephric stranding, and thickened Gerota’s
fascia are classical imaging findings in these group of patients [38,39].
5. Causative Agents of Mucormycosis
Mucorales are thermotolerant saprophytic fungi found in decaying organic matter
and soil samples [66,67]. An ecological study on Mucorales in Indian soils documented the
isolation of pathogenic species such as Rhizopus, Lichtheimia, Cunninghamella, Rhizomucor,
and Apophysomyces [66]. Similarly, aeromycological analysis in a community and hospital
setting from India reported the isolation of pathogenic Mucorales in air samples [67]. The
taxonomy of Mucorales is evolving; a total of 11 genera and 27 species were described
as causative agents of mucormycosis [12,68]. Table 2 and Figure 3 show the spectrum of
isolated Mucorales and their association with clinical types in the Indian population.
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Table 2. Causative agents of mucormycosis in India.
Chakrabarti et al.,
2001; 2006; 2009 [14–16]

ˆ Causative Agents

Manesh et al.,
2019 [17]

Chander et. al.,
2018 [22]

Prakash et al.,
2019 [5]

Patel et al.,
2020 [6]

Priya et al.,
2020 [18]

120 $

184

60

239

290

25

Rhizopus species

79 (65.8) a

143 (77.7)

28 (46.7)

193 (80.8)

231 (79.7)

14 (56)

Rhizopus arrhizus

74 (61.7) a

91 (49.5)

17 (28.3)

124 (51.9)

176 (60.7)

-

Total number of isolated Mucorales

b

Rhizopus microsporus

4 (4.2)

32 (17.4)

9 (15)

30 (12.6)

32 (11)

Rhizopus homothallicus

1 (3.1) c

-

2 (3.3)

6 (2.5)

22 (7.6)

-

Apophysomyces species

31 (25.8) a

20 (10.9)

13 (21.7)

22 (9.2)

23 (7.9)

5 (20)

Lichtheimia species

3 (5.3) d

1 (0.5)

8 (13.3)

10 (4.2)

10 (3.5)

1 (4)

Saksenaea species

3 (3.4) e

1 (0.5)

5 (8.3)

2 (0.8)

2 (0.7)

-

-

1 (0.5)

-

5 (2.1)

3 (1)

3 (12)

Cunninghamella species
Mucor species

f

4 (2.2)

1 (1.7)

3 (1.3)

16 (5.5)

Rhizomucor species

2 (2.3) e

1 (0.5)

1 (1.7)

-

4 (1.4)

-

Syncephalastrum2021,
species
Microorganisms
9, x FOR PEER REVIEW

1 (3.1) c

1 (0.5)

4 (6.7)

-

1 (0.4)

6- of 13

12 (6.5)

-

4 (1.7)

-

1 (4)

Nonsporulating Mucorales/other fungi

-

2 (8)

$

Note: Table values are given in numbers and percentage (n (%)). Data were pooled from three case series [14–16]; hence, denominator
f n = 25. ˆ Current taxonomical names
varies
for each species,
and denominators
are a n =Rhizopus
120; b n =arrhizus
95; c n =(Syn.
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the
second
commonly
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India accounts for approximately 60% of reported cases in the literature due to Apophysomyces
agent. India accounts for approximately 60% of reported cases in the literature due to
Apophysomyces species [12,70], and the fungi cause cutaneous mucormycosis in the form
of necrotising fasciitis [3,5,6,70]. The fungi were abundantly isolated from Indian alkaline
soil with low nitrogen content [65]. Rarely, the agent can cause the ROCM and renal forms
of mucormycosis [5,38,71]. An aeromycological survey showed the presence of Apophyso-
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species [12,70], and the fungi cause cutaneous mucormycosis in the form of necrotising fasciitis [3,5,6,70]. The fungi were abundantly isolated from Indian alkaline soil with low nitrogen
content [65]. Rarely, the agent can cause the ROCM and renal forms of mucormycosis [5,38,71].
An aeromycological survey showed the presence of Apophysomyces species in air samples,
which may explain the source in ROCM mucormycosis [67]. A study from South India
reported that 29% of cases due to Apophysomyces species were nosocomial in origin [70].
Lichtheimia species contribute 0.5% to 13% of cases from India. Chander et al. reported that
most of the cases in India are due to L. ramosa [22]. Other Mucorales associated with mucormycosis in India are Rhizomucor pusillus, Cunninghamella species, Mucor species, Syncephalastrum
species, and Saksenaea species (Table 2). Mucormycosis due to rare pathogens such as Saksenaea
erythrospora, Mucor irregularis, and Thamnostylum lucknowense are also reported [22,72–74].
Treatment
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tention to the early diagnosis and managing the disease. Though AmB is routinely used

in the treatment of mucormycosis, it is important to study the role of newer antifungal
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