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Key Points
A suspicion for an invasive fungal infection should be based on host risk factors, a 
thorough history, and good clinical examination combined with radiologic imaging. 
It is reasonable to initiate empiric antifungal therapy pending appropriate laboratory 
investigations if urgent intervention is warranted. Attempts to establish an etiologic 
diagnosis is crucial, but not always feasible. IDSA guidelines and other guidelines 
serve as reliable guides but not the final say-so for any patient. Asian setting and in 
particular, the Indian setting for invasive fungal infection is substantially different 
from that seen in the Western hemisphere. Local epidemiological data, individual 
host risk factors and availability of resources should be carefully considered and the 
guidelines may be appropriately modified for the best outcome.

22.1  Introduction

Invasive fungal infections (IFI) contribute to substantial morbidity and mortality in 
immunocompromised patients. Although bacterial and viral infections are more fre-
quently encountered relative to fungal infections, the incidence of IFI has steadily 
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risen over the last decade. The occurrence of IFIs parallels the extent of immuno-
suppression; the risk factors associated with IFIs include the type of malignancy, 
use of vascular catheters, gastrointestinal surgery, solid organ or hematopoietic stem 
cell transplantation, neutropenia, graft versus host disease, use of steroids and/or 
other immunosuppressants including the novel biologics. Although a vast majority 
(>80%) of these infections are caused by Candida and Aspergillus, emergence of 
mucormycosis, particularly in countries such as India, has been noted in recent 
years.

Several reports on the epidemiology and management guidelines of IFI have 
been published from various countries, mostly from Europe, Australia/New Zealand, 
and the USA, in the past two decades [1–23], most of them within the last 5 years. 
Since the publication of our last appraisal in 2013, the field of mycology has wit-
nessed the introduction of yet another second-generation triazole in 2015, isavuco-
nazole which has demonstrated excellent efficacy against aspergillosis and 
mucormycosis, favorable safety profile with minimal drug interactions [24–30]. 
Introduction of novel chemotherapeutic regimens, use of antifungal prophylaxis and 
institution-dependent transplant strategies have resulted in a changing epidemiol-
ogy of IFI.  Most importantly, recent epidemiological studies have reported the 
emergence of non-C. albicans and azole-resistant pathogenic fungi in several can-
cer centers around the world [31–34]. Epidemiological differences contribute to 
varied frequency of IFI in different countries. Hence, management guidelines are 
not universally applicable. Our current appraisal has attempted to accommodate 
recommendations from most recent guidelines published and includes the ESCMID- 
ECMM- ERS (European Society of Clinical Microbiology and Infectious Diseases- 
European Council on Medical Mycology-European Respiratory Society) guidelines 
from 2018 [7], the ECIL-6 (European Conference on Infection in Leukemia) guide-
lines from 2017 [3], and the Australian/New Zealand consensus guidelines for man-
agement of yeast and mold infections in hematology/oncology setting, 2014 [9–12], 
with a special focus on the 2016 guidelines for the diagnosis and management of 
Candidiasis and Aspergillosis published by the Infectious Disease Society of 
America [1, 2].

We have summarized the clinical practice guidelines for the management of 
invasive candidiasis and aspergillosis published by the Infectious Disease Society 
of America (IDSA) [1, 2] and examined their applicability to the Asian setting. We 
have also included a special section on Candida auris, the emerging multi-drug- 
resistant yeast in various centers around the world. These guidelines serve as valu-
able tools for the management of patients with IFIs. Although the emphasis of this 
chapter is on IFIs in India, the epidemiology, clinical presentation, and treatment 
approaches of IFI in most Asian countries are overlapping; hence, the discussion 
presented here is largely applicable to IFIs throughout the Asian continent.

Given the wide variation in the risk factors, epidemiology and differential 
microbial susceptibility, treatment practices and financial constraints in the health 
care setting, we have attempted to delineate the critical factors that need to be 
considered for therapy and the modifications needed in the guidelines for the 
Asian setting.
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22.2  Treatment of Candidiasis

We reviewed Indian data on invasive candidiasis from several tertiary care hospitals. 
The exact incidence and prevalence of invasive candidiasis in different regions within 
India remain unclear as multicentric studies are scant. From available data, incidence 
of candidiasis appears to range from 5 to 16%. Importantly, there has been an emer-
gence of azole-resistant, non-albicans Candida species over the last decade, particu-
larly C. tropicalis [31–34]. Data including a large study from Post Graduate Institute 
of Medical Education & Research, Chandigarh, indicate that C. tropicalis accounted 
for 35% cases of candidemia while C. albicans accounted for only 15% cases [34]. 
Two studies that evaluated the epidemiology of invasive candidiasis in the critical 
care setting reported C. tropicalis as the predominant pathogen in 85% of cases. The 
risk factors reported included urinary catheters, central line catheters, mechanical 
ventilation, peritoneal dialysis, and corticosteroid use [35, 36]. The first largest pro-
spective, nationwide multicentric observational study (2011–2012) of candidemia 
evaluated the incidence in 27 intensive care units in India, from which 1400 ICU 
acquired candidemia cases were reported. Overall incidence was 6.51 cases/1000 
ICU admissions, 65.2% were adult patients, average time in ICU was 8 days, and 
predominant species was C. tropicalis (41.6%). Azole and multi-drug resistance were 
seen in 11.8% and 1.9% of isolates, respectively. Candida auris was mostly seen in 
public sector hospitals compared to private institutions (8.2% vs 3.9%). Given that 
blood cultures detect only 40% of the cases of candidemia, the authors estimated the 
incidence of candidemia to be ~675–710/year, with an estimated mortality of 50% 
[37]. Table 22.1 shows the high prevalence of C. tropicalis and relatively minor role 
played by C. albicans in India, as compared to other regions [33, 34].

Importantly, in sharp contrast to Western data, frequent fluconazole resistance 
was noted in C. albicans (10–13%) and in non-albicans Candida including C. tropi-
calis (5–19%) and C. glabrata (~36%). Incidence of azole resistance in C. tropicalis 
has ranged from 3.9 to 37.5%. A teaching hospital from Vellore, reported that 112 
isolates of Candida species were isolated from various clinical specimens during 
the year 2012. Among them 61 (54.3%) were identified as C. tropicalis. All C. tropi-
calis isolates were sensitive to amphotericin B (100%) but 23 isolates (37.7%) were 

Table 22.1 Percent Candida species causing bloodstream infection, worldwide and in India

Species
USA
(n = 4570)

Europe
(n = 7659)

L. America
(n = 1710)

Asia
(n = 5803)

India
(n = 2592)

C. albicans 52 61 42 32 16
C. glabrata 20 15 5 8 5
C. parapsilosis 12 12 22 13 4
C. tropicalis 12 7 18 25 37
C. krusei 2 2 3 3 5
C. guilliermondii 0 1 3 5 11
Other Candida 
species

3 3 7 13 23

References: [33, 34]
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resistant to fluconazole [38]. A recent study from Kolkata reported 100% suscepti-
bility of C. albicans to fluconazole, but resistance to amphotericin B, 5-flucytosine, 
voriconazole, and itraconazole was seen in 53.6%, 64.3%, 10.7%, and 21.4% of 
cases, respectively. For non-C. albicans, resistance to amphotericin B, fluconazole, 
5FC, voriconazole, and itraconazole was 30.5%, 61.1%, 33.3%, 19.4%, and 38.9%, 
respectively. All Candida species were susceptible to caspofungin [39]. More 
recently, Rajalakshmi et al. from South India reported data on candidemia in a ter-
tiary care hospital, from 2010 to 2015. Of 206 isolates, 84% was non-albicans 
Candida (C. tropicalis, C. parapsilosis, C. haemulonii sensu lato (complex), and C. 
glabrata). Most C. glabrata isolates were resistant to fluconazole; among 38 C. 
haemulonii isolates, all were resistant to fluconazole and 37 of 38 were resistant to 
amphotericin B [40]. Overall, a great variation in both incidence and prevalence of 
invasive candidiasis has been reported from various centers in India. Exact reasons 
for the unique epidemiology and high prevalence of azole resistance are unclear 
although extensive use of fluconazole, improved diagnosis and susceptibility testing 
may contribute to this finding. Hence, it is essential that hospitals closely monitor 
their epidemiological shifts in Candida species and provide appropriate therapy 
based on susceptibility, as it impacts clinical outcome.

22.2.1  Candidemia in the Non-neutropenic Patient

Table 22.2 summarizes the recommendations from the IDSA for the management of 
invasive candidal infections [2]. The table includes suggested options for the Indian/
Asian setting.

Table 22.2 Management of candidiasis based on IDSA guidelines and suggested options for the 
Indian setting

Clinical situation
IDSA
guidelines

Suggested options for the Indian 
setting

Candidemia in 
non-neutropenic 
patients

1. Echinocandin
2. Fluconazole (800–400 mg/day)

1. Fluconazole (800 mg/day)
2.  AMB-d (0.5–1 mg/kg/day)/

Fungisome (1–3 mg/kg/day)
Candidemia in 
neutropenic 
patients

1. Echinocandin
2. Lipid form AMB (3–5 mg/kg/day)

1.  AMB-d (0.5 mg/kg/day)/
Fungisome (1–3 mg/kg/day)

2.  Step down to fluconazole 
(800 mg/day)

Empiric therapy for 
invasive candidiasis 
in non-neutropenic 
patients (in ICU)

1. Echinocandin
2. Fluconazole 800 mg/day

1.  Fluconazole 800 mg/day → 
400 mg/day

2.  AMB-d (0.5–1 mg/kg/day)/
Fungisome (1–3 mg/kg/day)

Empiric therapy for 
invasive candidiasis 
in neutropenic 
patients

1. Echinocandin
2. Lipid form AMB (3–5 mg/kg/day)
3.  Voriconazole (6 mg/kg/day 

followed by 4 mg/kg/day)

1.  AMB-d (0.5–1 mg/kg/day)/
Fungisome (1–3 mg/kg/day)

2.  Step down to fluconazole 
(800 mg/day)

Asymptomatic 
cystitis

No treatment, remove, or change 
urinary catheters

No treatment, remove, or change 
urinary catheters
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Table 22.2 (continued)

Clinical situation
IDSA
guidelines

Suggested options for the Indian 
setting

Symptomatic 
cystitis

Fluconazole (200 mg/day for 
2 weeks)

Fluconazole (200 mg/day for 
2 weeks) or for fluconazole-R 
isolates, AMB-d 0.5–1 mg/day 
for 1–7 days

Acute 
pyelonephritis

Fluconazole (200–400 mg/day for 
2 weeks)

Fluconazole (200–400 mg/day 
for 2 weeks) or for fluconazole-R 
isolates, AMB-d 0.3–0.6 mg/kg/
day for 1–7 days with or without 
oral flucytosine

Fungal balls in 
bladder

1. Surgical removal
2. Same for cystitis/pyelonephritis

1. Surgical removal
2.  Same for cystitis/

pyelonephritis
Osteomyelitis 1.  Surgical debridement in selected 

cases
2.  Fluconazole 400 mg/day for 

6–12 months OR an echinocandin 
for 2 weeks followed by 
fluconazole

3.  Lipid form AMB for 2 weeks 
switch to oral fluconazole 
(400–800 mg/day) for 6–12 months 
(depending on susceptibility)

1. Surgical debridement
2.  Fluconazole 400 mg/day for 

6–12 months
3.  AMB-d (0.5–1 mg/kg/day)/

Fungisome (1–3 mg/kg/day) 
for 2 weeks switch to oral 
fluconazole (400–800 mg/day) 
for 6–12 months (depending 
on susceptibility)

Septic arthritis 1.  Joint washouts/removal of 
prosthesis

2.  Fluconazole 400 mg/day for 6 
weeks OR an 
echinocandin × 2 weeks, followed 
by fluconazole × 4 weeks

3.  Lipid form AMB for 2 weeks 
switch to oral fluconazole 
(400–800 mg/day) for 4 weeks 
(depending on susceptibility)

1.  Joint washouts/removal of 
prosthesis

2.  Fluconazole 400 mg/day for 6 
weeks

3.  Lipid form AMB for several 
weeks switch to oral 
fluconazole (400–800 mg/day) 
for total 6 weeks (depending 
on susceptibility)

Central nervous 
system involvement

1.  Removal of shunts/catheters/
prosthetic devices

2.  Liposomal AMB ± 5FC for 
2 weeks, switch to fluconazole 
400–800 mg/day until clinical, 
CSF, and radiological improvement

1.  Removal of shunts/catheters/
prosthetic devices

2.  AMB-d (1 mg/kg/day)/
Fungisome (1–3 mg/kg/day) 
for 2 weeks switch to 
fluconazole 400–800 mg/day 
until clinical, CSF, and 
radiological improvement

Cardiovascular 
involvement

1.  Removal of shunts/catheters/
prosthetic devices

2.  Lipid form AMB ± 5FC, OR high 
dose echinocandin for several 
weeks switch to fluconazole 
400–800 mg/day until clearance of 
candidemia plus clinical, CSF, and 
radiological improvement

(lifelong suppression, if device cannot 
be removed)

1.  Removal of shunts/catheters/
prosthetic devices

2.  AMB-d (1 mg/kg/day)/
Fungisome (1–3 mg/kg/day) 
for 2 weeks switch to 
fluconazole 400–800 mg/day 
until clearance of candidemia 
plus clinical, CSF, and 
radiological improvement 
(lifelong suppression if device 
cannot be removed)
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The three major classes of agents used in the treatment of candidiasis include 
polyenes, azoles, and echinocandins. The choice of appropriate antifungal agent 
should be based on the epidemiology, recent history of antifungal exposure, antifun-
gal susceptibility pattern, severity of illness, comorbidities, and tolerability. In gen-
eral, severe infections (meningeal or endocardial) and hemodynamically unstable 
patients requiring ICU admission benefit from the use of fungicidal agents such as 
polyenes and echinocandins. In the USA, C. albicans (52%) remains the most com-
mon Candida species associated with candidemia although there has been an 
increase in the incidence of non-C. albicans reported over the last decade. C. gla-
brata, C. parapsilosis, and C. tropicalis are the most frequently encountered non- 
albicans species causing candidemia. Other rare non-albicans pathogenic species 
include C. krusei, C. guilliermondii and C. lusitaniae.

Based on data from several clinical trials, fluconazole is recommended as first- 
line therapy for selected patients with candidemia. Such patients are those with 
mild-to-moderate illness, likely infected with C. albicans, have not received azoles 
in the recent past, have no meningeal or endocardial involvement, and are hemody-
namically stable. However, in patients who are severely ill and/or hemodynamically 
unstable or infected with non-albicans Candida species or have had recent azole 
exposure, or with involvement of meninges or endocardium, the IDSA panel recom-
mends echinocandins (effective against most common species) as first-line agents, 
and not to rely on fluconazole in view of the possibility of azole-resistant Candida. 
Polyenes, in general, have been replaced by azoles and echinocandins due to severe 
adverse reactions associated with amphotericin B.

The duration of therapy recommended is 2 weeks from the time of clearance of 
candidemia, provided there are no metastatic complications. This recommendation is 
based on several randomized controlled trials that have shown reduced metastatic com-
plications and relapses with 2 weeks of therapy. However, the exact duration of therapy 
and the time of switch to an oral azole from intravenous therapy remain somewhat ill 
defined and must be based on clinical improvement, epidemiological factors, and fea-
sibility. As most cases of Candidemia are central line- or vascular catheter-related, 
removal of the intravenous catheter is strongly recommended for all non-neutropenic 
patients with candidemia. In the presence of azole-susceptible Candida causing candi-
demia without any metastatic complication, switching to oral fluconazole (400–800 mg 
po once daily) after the first several days of parenteral therapy with amphotericin B 
deoxycholate (AMB-d) (1 mg/kg/day) or Fungisome (1–3 mg/kg/day) is acceptable, 
provided absorption of fluconazole in the gastrointestinal tract is not impaired. In 
azole-resistant candidemia, a polyene or an echinocandin would be the optimal choice. 
Examination of the fundus must be performed in all cases of candidemia; if retinal or 
vitreal involvement is seen, therapy is prolonged and surgery may be indicated.

22.2.2  Candidemia in the Neutropenic Patient

Candidemia is a serious, life-threatening infection in the neutropenic population. It 
is associated with an increased risk for dissemination and high mortality. There are 
several critical factors that need to be considered during treatment of neutropenic 
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patients with candidemia: (1) wide use of fluconazole for prophylaxis in hematopoi-
etic stem cell transplant patients and patients on chemotherapy, and, as a result, 
possible selection of azole-resistant Candida, (2) rapid dissemination of infection 
during neutropenia and (3) adverse drug reactions.

In the setting of neutropenia, echinocandins are recommended as first-line ther-
apy. Echinocandins, like polyenes, are rapidly fungicidal in contrast to azoles that 
are fungistatic. Echinocandins have excellent anti-candidal activity against C. gla-
brata and C. krusei. However, for infections due to C. parapsilosis, since echino-
candins generally have suboptimal activity in vitro, fluconazole or AMB-d (1 mg/
kg/day)/ or Fungisome (1–3 mg/kg/day) may be preferred as initial therapy. Duration 
of therapy is 2  weeks from the time of clearance of candidemia. The potential 
source, i.e., intravenous device, must ideally be removed; however in the profoundly 
neutropenic setting, removal of the device may lead to more complications, and so 
the guidelines recommend use of clinical judgment regarding device removal.

22.2.3  Empiric Therapy of Candidemia in the Non-neutropenic 
Patient

Given the relatively common prevalence of azole resistance in Candida, fluconazole 
may not be a reasonable option for empiric therapy of invasive candidiasis in India 
(Table 22.2). In a critically ill patient, a polyene or an echinocandin may be more 
reliable, and both classes appear equally effective, though the former is more toxic. 
Lipid formulations of amphotericin B (LFAmB) as well as echinocandins are in 
general, expensive and so, may not be a viable option for prolonged use in resource- 
limited settings. Although associated with major disadvantages including infusion 
reactions, electrolyte abnormalities and nephrotoxicity, closely monitored use of 
conventional amphotericin B deoxycholate (AmB-d) remains a viable potent thera-
peutic option. The advantages of the lipid forms of amphotericin over conventional 
amphotericin B deoxycholate are easy tolerability and significantly reduced nephro-
toxicity; efficacy wise, the two appear similar and there are no good data to suggest 
superiority of one over the other.

Amphotericin B deoxycholate (at a dosage of 0.5–1 mg/kg daily) or Fungisome 
(1–3 mg/kg/day) daily are reasonable options. Once the organism is identified to be 
fluconazole-susceptible, a switch to therapy with fluconazole is acceptable. With the 
prevalence of azole resistance, routine susceptibility testing is prudent when manag-
ing infections due to C albicans, C. tropicalis and other potentially resistant species. 
Unfortunately, susceptibility testing of Candida isolates is not readily available in 
most hospital laboratories.

22.2.4  Empiric Therapy of Candidemia in the Neutropenic Patient

Neutropenic patients who remain febrile despite broad spectrum antibacterial agents 
may be suspected to have invasive candidal infections and empirically treated with 
antifungal drugs. Serum beta-D-glucan test, commonly used biomarker in the USA, 
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may not be readily available in the Asian setting for an early diagnosis of invasive 
candidiasis. Since diagnosis of candidiasis is not always easily established, empiric 
anti-candidal therapy in this setting is acceptable and has been associated with 
improved outcome.

The IDSA guidelines recommend lipid formulation of AMB, caspofungin, or 
voriconazole intravenously as primary empiric therapy, and high dose fluconazole 
or itraconazole as alternative agents. Following options may be suitable for the 
resource-limited setting: an echinocandin or amphotericin B deoxycholate or 
Fungisome (1–3 mg/kg/day) or a lipid formulation of AmB. Once the susceptibility 
is known, transition to fluconazole is acceptable if the isolate is fluconazole- 
susceptible. Until susceptibility data are known, azoles should not be used for 
empiric therapy in patients who had received an azole for prophylaxis.

22.2.4.1  Candidal Urinary Tract Infection
IDSA guidelines focus on fluconazole-susceptible C. albicans and fluconazole- 
resistant C. glabrata candiduria (Table 22.2). The recommendation is to defer anti-
fungal treatment and eliminate the predisposing factors such as change or removal 
of indwelling urinary catheters for asymptomatic candiduria. Treatment is indicated 
in situations where there is a high risk of dissemination such as in neonates and 
infants with low birth weights, neutropenic patients, and patients prior to urological 
procedures. Fluconazole at 200  mg daily for 7  days for fluconazole-susceptible 
Candida and AmB-d 0.3–0.6 mg/kg IV daily for 1–7 days for fluconazole-resistant 
Candida are recommended.

Data on the exact incidence of asymptomatic and symptomatic candiduria are 
not available from India. Few institutions have reported that C. tropicalis has 
replaced C. albicans as the most frequently isolated yeast from urine specimens [35, 
36]. As fluconazole is highly water soluble, primarily excreted in the urine, and 
achieves urine concentrations that are 10–20 times higher than serum concentra-
tions, most Candida infections may be treated with fluconazole at 400–800 mg once 
daily for 2 weeks. This regimen may be effective against selected cases of C. tropi-
calis and C. glabrata infections as well. If the isolate is fluconazole-resistant (com-
monly with C. glabrata or C. krusei), IV AMB-d at 0.3–0.5 mg/kg daily for 1–7 days 
may be appropriate. In severely ill patients, continued treatment with IV AMB-d is 
appropriate until susceptibility data are available. Lipid formulations of AMB and 
echinocandins achieve low urinary concentrations and are not recommended. 
Fluconazole may be given orally, thus eliminating the need for IV access. Candida 
prostatitis and epididymo-orchitis are infrequently reported and involve surgical 
drainage/debridement of the infected site plus antifungal therapy based on the spe-
cific pathogen isolated and its antifungal susceptibility.

22.2.4.2  Candidal Osteoarticular Infection
The mainstay of therapy involves surgical debridement in conjunction with antifun-
gal therapy. Fluconazole, caspofungin, and AmB-d have been used with success. 
IDSA recommends the use of AmB-d at 0.5–1 mg/kg daily for 6–10 weeks. Surgical 
debridement along with AMB-d or Fungisome (1–3  mg/kg/day) for 1–2  weeks 
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followed by oral fluconazole (400–800 mg daily) for 6–12 months, based on the 
specific pathogen isolated, is a reasonable strategy. Candida prosthetic joint infec-
tions necessitate resection arthroplasty in most situations, and if the device cannot 
be removed, chronic or lifelong suppression with fluconazole is recommended. The 
data are scarce on fungal osteoarticular infections in India. Few case reports suggest 
the incidence of primary septic arthritis and osteomyelitis in neonates caused by 
Candida species to be about 7%.

22.2.4.3  Candidal Central Nervous System (CNS) Infection
Data on CNS candidiasis are sparse. Sundaram et al. reported six patients with mul-
tiple intracerebral abscesses, none had any identifiable immunocompromise [41]. A 
study from Indore, examining the causes of fungal meningitis in HIV-positive and 
negative subjects, found Candida to be the most common cause of fungal meningi-
tis in both patient groups, after cryptococcal meningitis. In the HIV-negative group, 
diabetes, renal transplantation, and prematurity were recognized as risk factors. 
CNS candidiasis has been seen as a co-infection with A. fumigatus and Mucorales. 
C. albicans and C. tropicalis were the common Candida species involved [42].

Fluconazole achieves excellent levels in the CSF and brain parenchyma. 
Guidelines recommend the combination of liposomal AmB at 3–5 mg/kg daily with 
or without flucytosine at 25 mg/kg four times daily for several weeks, followed by 
maintenance therapy with oral fluconazole at 400–800 mg daily until there is com-
plete resolution of clinical, CSF, and radiological abnormalities. Removal of all 
prosthetic devices related to CNS infection is strongly recommended.

Most of these recommendations were not based on randomized controlled trials, 
but were based on case series, case reports, and clinical expertise. Surgical debride-
ment in selected cases of brain abscess, especially if solitary, and removal of all 
CNS devices appear prudent. Initial therapy with intravenous AMB-d (1  mg/kg/
day) or Fungisome (1–3 mg/kg/day) until clinical stability, and then therapy with 
fluconazole 800  mg daily for long-term maintenance is a reasonable alternative. 
Obviously, susceptibility data play an important role. It needs to be remembered 
that echinocandins do not achieve high concentrations across the blood–brain bar-
rier and are not recommended in the treatment of CNS candidiasis.

22.2.5  Candidal Endophthalmitis

IDSA recommendations are based on published case reports and suggest a combi-
nation of conventional AmB-d at a dose of 0.7–1 mg/kg daily with flucytosine at 
25 mg/kg four times daily as first-line therapy for candidal endophthalmitis. High 
dose fluconazole (400–800 mg daily) may be used as monotherapy for less severe 
cases. Lipid form of AmB and voriconazole are useful alternative agents in case of 
intolerance to conventional amphotericin B deoxycholate. Endophthalmitis may be 
due to an endogenous source (such as during candidemia) or due to an exogenous 
cause (such as following surgery or trauma); the latter is common in non- neutropenic 
patients. In a single center study (14-year case series) from Chandigarh, fungal 
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endophthalmitis was reported in 113 patients and the distribution of cases was: post- 
cataract surgery (53 patients), post-trauma (48 patients), and acquisition via endog-
enous route (12 patients). Aspergillus species was the most common (54.4%) mold 
isolated, followed by yeasts (24.6%), and melanized fungi (10.5%). Among asper-
gilli, Aspergillus flavus was the most common (24.6%) species, whereas Candida 
tropicalis (8.8%) was the most common yeast isolated [43].

A diagnostic and therapeutic vitreal aspirate with vitrectomy and intravitreal 
antifungal therapy with conventional IV AmB deoxycholate (AMB-d) is recom-
mended in all patients with severe endophthalmitis and vitritis. Fluconazole may be 
substituted for amphotericin B after clinical stability has been achieved. Again, sus-
ceptibility of the pathogen needs to be known prior to the treatment switch.

22.2.6  Candidal Cardiovascular Infection

Cardiovascular fungal infections are associated with a high rate of relapse and mor-
tality. Removal of shunts, catheters, prosthetic devices, and valve replacement are 
an integral part of management and if not feasible, patients will need lifelong sup-
pressive antifungal therapy. AMB-d (1 mg/kg/day), Fungisome (1–3 mg/kg/day) or, 
if available, liposomal AMB (3–5 mg/kg/day) for 2 weeks followed by a switch to 
fluconazole 400–800 mg/day until documented clearance of candidemia plus clini-
cal, CSF, and radiological improvement may be reasonable.

Evidence for the use of isavuconazole as primary therapy for invasive candidiasis 
is lacking. Clinical studies do not show adequate comparative efficacy; hence, none of 
the guidelines have approved the use of isavuconazole for invasive candidiasis [44].

22.2.6.1  Candida auris: A Therapeutic Challenge
Since the first report of an ear canal infection with C. auris in 2009, this multi-drug- 
resistant pathogen has been reported from various centers around the world. A sig-
nificant number of cases have been reported from India. Genotyping revealed that 
the Indian strains were clonally different from their counterparts in Japan and South 
Korea [45]. Four clades have been isolated from South Asia, South Africa, South 
America, and East Asia [46]. Most isolates are resistant to fluconazole and had vari-
able susceptibilities to other azoles, polyenes, and echinocandins. Isolates that were 
initially identified as C. haemulonii were later confirmed to be C. auris by gene 
sequencing [47]. A report by Rudramurthy et al. that performed a subgroup analysis 
of all cases of candidemia (n = 1400) from 27 intensive care units in India showed 
that the incidence of C. auris was 5.3% and the majority of strains were clonal 
although hospitals were far apart, and resistance rates to fluconazole, amphotericin 
B, and caspofungin were 58.1%, 13.5%, and 9.5%, respectively [48]. Majority of 
cases were reported from public sector hospitals and a few trauma centers in north-
ern parts of India. Major risk factors are a long stay in ICU, diabetes mellitus, 
malignancy, underlying respiratory illness, vascular surgery, medical interventions 
(central venous catheters, urinary catheters, post-operative drains, TPN), and prior 
antifungal exposure [49]. An outbreak of C. auris (50 cases) was reported from a 
cardiothoracic surgery hospital in London, further emphasizing the need for strin-
gent infection control and preventive measures [50]. The overall crude mortality is 
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30–60%. Given the intrinsic resistance to fluconazole (MIC ≥32 μg/mL), C. auris 
infections remain a diagnostic and therapeutic challenge, with no consensus cur-
rently available for optimal treatment. Based on available data, resistance to flucon-
azole and voriconazole resistance are ~90% and ~50%, respectively. However, 
posaconazole (MIC 0.06–1  μg/mL) and isavuconazole (0.015–0.5  μg/mL) have 
shown excellent in vitro activity against C. auris and may be potential therapeutic 
options. Given the relatively low incidence of resistance (2–8%), echinocandins are 
the first-line therapy for C. auris infections. As echinocandins do not achieve opti-
mal concentrations in urine, flucytosine (MIC 50 0.125–1 μg/mL) is preferred for 
management of urinary tract infections [51]. The global emergence of C. auris 
infections over the last few years has prompted the Center for Disease Control 
(CDC) to issue health alerts and publish guidelines on appropriate surveillance for 
prevention and management of these infections.

22.3  Epidemiology of Invasive Aspergillosis

Table 22.3 describes unique features/characteristics of invasive mold infections in 
the Indian setting [52, 53].

Table 22.3 Invasive mold 
infections in the Indian 
setting (aspergillosis, 
mucormycosis)

Likely factors contributing to increased frequency
1. Agricultural activities
   • Poor protective equipment
   • Contact with soil
   • Exposure to high fungal spore burden
2. High frequency of trauma
   • Eye/skin/soft tissue infection
3. Construction activities
   •  High exposure to fungal burden/poor protective 

equipment
4. Poor hygiene/suboptimal sanitary conditions
5. Hospital settings
   • Suboptimal protection of compromised hosts
     – No HEPA filters
     – Open windows
   • Poor hygienic conditions
6. High prevalence of poorly controlled diabetes mellitus
7. Liberal use of corticosteroids/antimicrobials—over-the-
counter availability
Frequent features in India
1. Immunocompetent host: Not uncommon
2. Aspergillosis
   • A. flavus most common
   • Rhinosinusitis/endophthalmitis/CNS infections
3. Mucormycosis
   • Linked to diabetes/trauma
   • Renal mucormycosis—well described
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In Western reports, A. fumigatus is the most common cause of invasive aspergil-
losis (IA) followed by A. flavus, A. terreus, A. niger, A. ustus, and A. lentulus. 
Several cancer centers have reported the emergence of A. niger, A. flavus, and A. 
terreus over recent years. Non-fumigatus Aspergillus species have a variable sus-
ceptibility pattern to the available antifungal agents. Aspergillus flavus, A. ustus, and 
A. lentulus are known to have higher MICs to voriconazole while A. terreus is 
intrinsically resistant to amphotericin B. Antifungal susceptibility of aspergillus is 
not performed in most clinical settings and until recently was not warranted in the 
routine management of invasive aspergillosis [1].

Clinical syndromes associated with aspergillosis in patients with preexisting 
lung disease include allergic pulmonary aspergillosis, chronic necrotizing aspergil-
losis, and aspergilloma. The most common forms reported in immunocompromised 
cancer patients are invasive pulmonary aspergillosis, cerebral aspergillosis, and dis-
seminated infection.

A recent study reviewed invasive aspergillosis from 1970 to 2010 in develop-
ing countries including India. Authors report that suboptimal hospital practices, 
construction or renovation work in the vicinity, inappropriate use of steroids and 
broad- spectrum antibiotics, contaminated infusion fluids, and intravenous drug 
use were identified as important risk factors for IA. In addition to classical risk 
factors, liver failure, chronic obstructive pulmonary disease, diabetes, and tuber-
culosis have been identified as diseases associated with IA [53]. There is a geo-
graphic variation in the distribution of species, with A. flavus being reported as the 
predominant pathogen in South East Asia, the Middle East, and arid regions of 
Africa. A recent large-scale 1-year multicentric retrospective study assessed the 
incidence and clinical determinants of invasive mold infections in five countries 
(Thailand, Taiwan, Singapore, China, and India). Among patients without classic 
risk factors such as neutropenia and steroid use, diabetes and rheumatological 
diseases were frequently associated with IA. Aspergillosis (A. fumigatus and A. 
flavus) was the most common mold (71%), with a 90-day mortality rate of 32.9% 
[54]. Several studies are available regarding the incidence and prevalence of 
Aspergillus species from India. A. flavus is the second most common mold and is 
frequently associated with fungal rhinosinusitis, keratitis, and cerebral infections 
[55]. In a retrospective study performed over a 4-year period (2001–2004), Xess 
et al. reported that A. flavus (46.9%) was most frequently isolated from sinuses 
whereas A. fumigatus (37.7%) was the most common pathogen isolated from 
respiratory specimens followed by A. niger (15.1%) from nail samples [56]. Cases 
of invasive pulmonary aspergillosis have also been reported from patients with 
pulmonary tuberculosis [57]. Most Indian isolates of A. fumigatus remain suscep-
tible to voriconazole, itraconazole, posaconazole, and echinocandins in  vitro. 
However, azole resistance in A. fumigatus, as seen in the West, has been reported 
in India as well [58, 59].

Triazole resistance in Aspergillus is an increasing problem in both clinical and 
environmental isolates. Prevalence of resistance and its clinical impact in differ-
ent countries are unclear. This phenomenon is well recognized in several 
European countries, likely related to widespread use of azole containing 
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agricultural pesticides, and complicates diagnosis and treatment of aspergillosis. 
Patients with azole- resistant aspergillosis have a higher mortality compared to 
those with triazole susceptible infection. Recent ESCMID-ECMM-ERS asper-
gillus guideline recommends susceptibility testing in A. fumigatus and local 
resistance surveillance in regions of >10% azole resistance in aspergillus iso-
lates. Moreover, many suggest that in regions where resistance rates exceed 10%, 
liposomal amphotericin B or a combination of triazole plus echinocandin should 
be considered as first-line therapy [60]. Based on scant resistance prevalence 
data, within Asia, it does not appear necessary to change current practice of man-
agement. However, regular local surveillance of resistance is prudent. Also, 
appropriate attention needs to be drawn to the inclusion of azoles in agricultural 
pesticides.

In comparison to the occurrence of IA in immunocompromised hosts in the west-
ern hemisphere, there are multiple Indian reports of chronic pulmonary aspergillo-
sis [61, 62] and sino-orbital Aspergillosis in immunocompetent individuals. Reasons 
for the infections in immunocompetent host may be: (1) increased exposure with 
agriculture being a major factor in most rural and semi-urban areas, (2) environmen-
tal conditions resulting in several annual monsoons creating a favorable medium for 
fungal growth, (3) availability of systemic corticosteroids over the counter with 
widespread misuse by untrained health care professionals in rural and urban loca-
tions (4) intravenous drug use with products contaminated with fungal spores. 
Hence, the threshold for suspecting invasive mold infections needs to be much 
lower and needs to be strongly considered in the appropriate clinical setting regard-
less of the immune status of the patient.

22.4  Treatment of Invasive Aspergillosis

IDSA guideline recommends initiation of empiric therapy in patients at high risk 
with suggestive clinical and radiological findings [1]. Parenteral or oral voricon-
azole is generally preferred as empiric therapy. The latest addition to the anti- 
aspergillus armamentarium is isavuconazole. It was FDA (Food and Drug 
Administration) approved for treatment of invasive aspergillosis in 2015, based on 
compelling clinical efficacy established based on a randomized double-blind clini-
cal comparative phase III trial (SECURE study), of patients who received either 
isavuconazole or voriconazole for invasive aspergillosis. ECIL-6 guidelines pub-
lished in 2017 have included isavuconazole as first-line therapy for patients with 
IA, but not for salvage therapy. However, the IDSA guidelines have included isa-
vuconazole as only alternative therapy in patients with invasive aspergillosis. It is 
recommended when drug interactions and/or toxicity preclude the use of voricon-
azole. It may also be considered in select clinical situations where broad empiric 
coverage for molds (including mucormycosis) is considered. Also, liposomal AMB 
may be used as alternative therapy, particularly in patients who are intolerant of or 
refractory to voriconazole. The recommendation for salvage therapy includes 
amphotericin B lipid complex (ABLC), posaconazole, itraconazole, or 
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micafungin/caspofungin. Guidelines do not support the use of combination therapy 
(antimold azole + echinocandin) for all patients with invasive aspergillosis. 
Duration of therapy is for 6–12 weeks or through the period of immunosuppres-
sion. Table 22.4 summarizes the IDSA recommendations for various syndromes of 
aspergillosis.

Most IDSA recommendations are applicable to the Asian setting. For chronic 
necrotizing aspergillosis, oral itraconazole may be suitable. As an alternative to 
voriconazole, for acute aspergillosis, AMB-d (1 mg/kg/day), or Fungisome (1–3 mg/
kg/day) as initial therapy for 1–2 weeks followed by maintenance with oral itracon-
azole may be employed. With AMB-d use, close monitoring of electrolytes and 
renal function is important. Itraconazole has poor bio-availability and has not been 
examined as rigorously as voriconazole for the treatment of acute aspergillosis. 
Special situations include cardiac involvement where surgical removal of involved 
valves is the main stay of management followed by medical therapy with AMB-Dd 
(or Fungisome) for a minimum of 6 weeks, with subsequent lifelong suppression 
with itraconazole. Aspergillus endophthalmitis and keratitis may occur either as a 
result of direct contamination from agriculture-related activities, contaminated oph-
thalmic solutions, or due to poor sanitary conditions, and post-cataract surgery. 
Immediate vitreal aspiration with pars plana vitrectomy with parenteral and intravit-
real AMB-Dd is indicated as a sight saving measure in these patients. High cost and 
limited availability may restrict the use of lipid form amphotericin B and the newer 
azole, isavuconazole.

Table 22.4 Treatment of Aspergillosis (IDSA, 2016—guidelines)

Primary/alternative Comment
Pulmonarya Voriconazole; liposomal AmB or 

isavuconazole
No routine 
combination therapy

Endophthalmitis IV/PO voriconazole + intravitreal 
AmB/voriconazole

Partial vitrectomy

Empiric/pre-emptive 
therapy

Liposomal AmB/voriconazole/
micafungin/caspofungin

Prophylaxis Posaconazole: Suspension/tablet/IV
Altern: Vorizonazole/Itraconazole 
suspension/caspofungin/micafungin

Other syndromes
Aspergilloma No surgery/ no drug Rx

Alternative: Itraconazole/voriconazole
Chronic Cavitary 
Pulmonary aspergillosis

Similar to invasive pulmonary 
aspergillosis

Consider long-term 
Rx; avoid surgery

Allergic syndromes
Bronchopulmonary 
aspergillosis

Corticosteroids: Main Rx Itraconazole
Altern: Voriconazole/
posaconazole

Rhinosinusitis Polypectomy/steroid washouts If refractory, antifungal 
use

aTherapy similar in sinus/trachea-bronchial aspergillosis, CNS/cardiac/osteoarticular aspergillosis, 
cutaneous/peritoneal aspergillosis. Surgery in appropriate cases
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22.5  Fungisome

The Indian preparation of liposomal amphotericin B, namely Fungisome TM, 
has demonstrated excellent efficacy, better tolerability and has two to four-fold 
lower MICs as compared to conventional AMB against aspergillus [63, 64]. In a 
post- marketing analysis, Fungisome demonstrated 74% complete response and 
18% partial response, with significant cost savings. Recently, a multicentric, ran-
domized, controlled clinical trial was conducted to compare low (1 mg/kg/day) 
vs. high dose (3 mg/kg/day) of Fungisome with conventional AMB (1 mg/kg/
day) as empirical antifungal therapy for febrile neutropenia [65]. Although it was 
a small sample, Fungisome was equally effective but safer than conventional 
AMB, and low dose was as effective and well tolerated as the high dose. As 
Fungisome may be less expensive than the commercially available liposomal 
preparation of AMB, it may serve as an alternative therapy in the appropriate 
clinical setting. From the available literature, the product appears effective both 
in vitro and in vivo. More extensive clinical data against infections due to differ-
ent fungi are urgently needed.

22.6  Treatment of Mucormycosis

Excellent reviews on mucormycosis in India have been published [66–70]. The 
emergence of mucormycosis in the USA and Europe has been noted in patients with 
hematological malignancies and transplant recipients, whereas cases in India are 
overwhelmingly associated with uncontrolled diabetes mellitus with or without 
ketoacidosis. The authors describe several unique features of mucormycosis from 
India including isolated renal mucormycosis in immunocompetent individuals. 
New risk factors such as renal failure and chronic liver disease have been reported 
[67]. The high incidence in India is likely related to the environmental factors such 
as the warm climate conducive for a high concentration of spores in the soil. A 
recent review of epidemiology of mucormycosis in India from 1960 to 2012, 
brought out some contrasting features of mucormycosis in India as compared to 
data from the USA or Europe. Most infections are rhino-cerebral (58%) followed by 
cutaneous involvement (14%) [68]. Another recent 10-year study from a teaching 
hospital in south India reported the emergence of R. microsporus (15.7%) and 
Apophysomyces elegans (10.8%) as important pathogens in addition to R. arrhizus. 
Paranasal sinuses (73.9%) followed by musculoskeletal system (15.2%) were fre-
quently involved. R. microsporus was more common in patients with hematological 
conditions (25% vs 15.7%) and was less frequently a cause for sinusitis than R. 
arrhizus (27.58% vs 10.9%). The overall mortality was 30.97%. Apophysomyces 
elegans sensu lata typically produced skin and musculoskeletal disease in immune-
competent individuals, was secondary to trauma, and was associated with a lower 
mortality [70]. It is important to have a low threshold to include mucormycosis in 
the differential diagnosis of cutaneous, pulmonary, cerebral, or disseminated infec-
tions, particularly in those related to trauma.
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The occurrence of renal mucormycosis in Indian patients with no underlying risk 
factors is unique. This entity carries a 50% mortality, route of entry is unknown, and 
has not been reported from other regions. Preferred treatment is nephrectomy along 
with IV AMB-d. Most frequent pathogens are Rhizopus species (R. arrhizus) fol-
lowed by Absidia, Rhizomucor, and Mucor; there are emerging case reports of 
Apophysomyces elegans [68, 70] infections.

Isavuconazole was approved for treatment of mucormycosis in 2015, based on 
clinical efficacy established with data from the VITAL study, an open-label non- 
comparative study that comprised of a subgroup of 37 patients with proven or prob-
able mucormycosis and results were evaluated by an independent data review 
committee. The 42-day all-cause mortality was 38% and a matched case control 
analysis with patient data from the Fungiscope Registry demonstrated comparable 
efficacy to amphotericin B [71]. With limited data, currently in the USA, the drug is 
more commonly used, not as primary therapy, but as step-down strategy once the 
acute infection is controlled with liposomal amphotericin B.

Guidelines for the management of mucormycosis are scant. The ECIL-6 
(European Council on Infections in Leukemia) guidelines did not include isavucon-
azole for the treatment for mucormycosis, pointing out the scarcity of specific data 
in patients with leukemia [3]. Echinocandins and voriconazole have no reliable 
clinical activity against mucor infection. Oral posaconazole may be used in suspen-
sion or tablet form for salvage or step-down therapy.

The Italian guidelines suggest extensive debridement of all necrotic tissue, con-
trol of predisposing metabolic conditions, correction of neutropenia, reduction in 
immunosuppression, in conjunction with liposomal AMB at 5 mg/kg/day increased 
up to 12.5 mg/kg/day as tolerated, followed by a step-down to oral posaconazole. 
Conventional amphotericin B deoxycholate may be equally effective at 1–1.5 mg/
kg/day, but its sustained use almost always will lead to unacceptably high nephro-
toxicity. Fungisome may be an effective, less expensive and safer alternative, how-
ever more data are needed. In the Asian setting, a high index of suspicion needs to 
be maintained for early diagnosis. With cost considerations, amphotericin B deoxy-
cholate is likely to remain as the main therapeutic agent for this infection.

22.7  Therapeutic Drug Monitoring

Ample data are published regarding serum level monitoring of itraconazole, voricon-
azole, and posaconazole. Clinical responses with isavuconazole occur across the 
observed range of MICs (minimum inhibitory concentration), thus monitoring serum 
levels is not currently recommended. Although data appear to support routine use of 
therapeutic drug monitoring of other triazoles to avoid toxicity and for optimal out-
come, test for measuring drug levels is not readily available in most centers. For 
echinocandin or polyene use, measurements of serum levels are not recommended.

There are several treatment guidelines for the management of IFI that continue 
to be published from different regions of the world. Most offer evidence-based 
guidelines, learned from clinical trials, appropriate for a particular region. Such 
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guidelines are immensely helpful in choosing appropriate therapy for a given 
patient in a given scenario. However, there are several factors that need to be 
considered prior to applying the recommendations from any guideline. Such fac-
tors include: (1) local epidemiology of the infection, (2) change in incidence of 
the infection over time, (3) etiologic pathogen and its susceptibility pattern, (4) 
specific risk factors in the host, (5) pharmacogenomics and drug toxicities, (6) 
patient care resources and financial limitations, and (7) availability of antifungal 
drugs. In the Indian setting, emergence of non-albicans Candida particularly C. 
tropicalis, C. auris and change in susceptibility to azoles among C albicans and 
non-albicans Candida are strikingly unique. As a soil fungus, not uncommonly, 
aspergillus infection is seen in the immunocompetent host setting, particularly 
with farm/agricultural environment. Also, a very high incidence of mucormycosis 
and unique presentations of infections due to aspergillus and mucor are note-
worthy. Other critical factors to consider during the management of IFI include 
excessive empiric use of antimicrobial drugs with consequent emergence of 
multi-drug-resistant pathogens, poor quality control of drugs, and limited diag-
nostic capabilities for IFI.
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