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developing countries, we ascertain epidemiology and management of IMIs at 11 ICUs across India.
Methods: Consecutive patients with proven or probable/putative IMIs were enrolled during the study period.
Subjectswere categorized into classical (neutropenia,malignancy, transplant recipients on immunosuppression)Keywords:
Background and aim: Due to limited data on invasive mould infections (IMIs) in the intensive care units (ICUs) of

and non-classical (chronic obstructive pulmonary disease, diabetes, liver disease and glucocorticoids) risk
groups. We analyzed the demographic, laboratory variables and outcomes of these patients.
Results: 398 patientswith IMIs (96 proven, 302 probable)were identified, amounting to a prevalence of 9.5 cases/
1000 ICU admissions. The mean ± SD age of the participants was 45.6 ± 21.9 years. The mean ± SD APACHE II
score was 14.3 ± 11.4. The IMIs were diagnosed at a median of 4 days after ICU admission. There were 145 and
253 subjects with classical and non-classical risk groups, respectively. Although Aspergillus spp. were the
commonest (82.1%) isolates, Mucorales were detected in 14.4% subjects. A high APACHE II score and IMI due to
mucormycosis were significant predictors of mortality.
Conclusions: The study highlights the distinct epidemiology of IMIs in India ICUs with high burden, new suscep-
tible patient groups and considerable number of non-Aspergillus mould infections. [clinicaltrials.gov:
NCT02683642].
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1. Background

Invasive fungal infections (IFIs) are a major cause of morbidity and
mortality in hospitalized critically ill patients [1-3]. Although the exact
burden of IFIs in developing countries remains unknown, the rate of
IFIs is presumed to be high in intensive care units (ICUs) [4,5]. The envi-
ronment in developing countries is probably even more conducive for
fungal infections. In fact, a recent study reported a high spore count (av-
erage of 82 CFU/m3) in an ICU from India [6].

While Candida is the commonest agent causing IFI in patients admit-
ted to the ICUs, invasive mould infections (IMIs) are increasingly being
reported. IMIs have not only been reported in those with classical risk
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factors but also in newer susceptible groups including chronic obstruc-
tive pulmonary disease (COPD), diabetesmellitus, chronic liver and kid-
ney diseases and influenza [4,5,7-9]. A recent multicenter retrospective
study from five Asian countries reported glucocorticoid use, diabetes
mellitus, acute myeloid leukemia and rheumatological conditions as
common underlying diseases in patients developing IMIs [9]. The diag-
nosis of IMI in ICU remains a challenge due to the difficulty in obtaining
tissue samples in critically ill patients. Thoracic imaging has limitations
in non-neutropenic patients due to the absence of classical radiological
presentation (halo and air crescent signs) [10,11]. Moreover, the mere
presence of fungi in respiratory tract does not distinguish between col-
onization and invasion. Therefore, a large number (60%) of patientswith
invasive aspergillosis were diagnosed only on autopsy due to the lack of
reliable diagnostic tests [12]. There is little data on IMIs fromdeveloping
countries including India. We had previously published our experience
with candidemia in Indian ICUs, which brought out several unique epi-
demiological determinants of the disease [8]. Herein, we report our
multicenter experience with the epidemiology, risk factors and out-
comes of IMIs in Indian ICUs.
Fig. 1.Map of India depicting the 11 centers participated in the study. Red diamond represents
Sciences; PGIMER Postgraduate Institute of Medical Education and Research; SJMC St John's Med
to colour in this figure legend, the reader is referred to the web version of this article.)
2. Methods

Thiswas a prospective observational study conducted between April
2016 and September 2017 in the ICUs of 11 tertiary care centers across
India (Fig. 1). The study protocol was approved by the Institutional
Ethics Review Board of the individual centers. An informed consent
was taken from the patient or their relatives as applicable. The study
was registered at clinicaltrials.gov (NCT02683642).
2.1. Study sites

The sites were selected based on a survey of tertiary care hospitals in
India, and had to meet the following criteria: (a) willingness to partici-
pate; (b) use of International Classification of Diseases, 10th revision
(ICD 10) coding; (c) access to high-resolution computed tomography
(CT) scan; (d) mycology laboratory performing galactomannan (GM)
detection; and, (e) facilities for histopathology.
the coordinating centre. CMC Christian Medical College; NIMSNizam's Institute of Medical
ical College; SRMC Sri Ramachandra Medical College. (For interpretation of the references
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2.2. Study procedure

Demographic information such as age, gender, comorbid illness and
clinical status at admission to the ICUwere recorded. The severity of the
underlying illness was scored using the Acute Physiology and Chronic
Health Evaluation (APACHE) II score. All consecutive subjects in ICUs
were screened for enrolment and subjects with a diagnosis of IMIs
were enrolled. Subjects with isolated dimorphic fungal disease or
yeast infections or allergic fungal disease were excluded from enrol-
ment. IMI was defined based on the EORTC-MSG criteria in the classical
immunosuppressed subjects [13], the criteria proposed by Bulpa et al. in
subjects with COPD [14], and the criteria proposed by Vandewoude
et al. in non-COPD subjects admitted to the ICU [15]. Briefly, a “proven”
IMI was defined by the presence of septate or aseptate hyphae in the
biopsied sample from deep tissue or isolation of mould from sterile
sites. “Probable or putative” IMI was defined based on the host factors,
radiological findings and demonstration of the fungi or its components
(by either culture or cytology or galactomannan). For the current
study, we defined the classical risk factors as any of the following:
(i) neutropenic subjects with absolute neutrophil count b500 cells/μL
(ii) subjects on cytotoxic chemotherapy formalignancies; (iii) immuno-
suppressive therapy for solid organ transplantation; and, (iv) hemato-
poietic stem cell transplantation. All the remaining conditions
including diabetes mellitus, COPD, chronic liver and kidney diseases, in-
fluenza, sepsis, and glucocorticoid use N0.3 mg/kg/day of prednisolone
(or equivalent) for at least three weeks were taken as non-classic risk
factors. A diagnosis of IMI in the non-classical group was made using
the criteria proposed by Vandewoude et al. or Bulpa et al. depending
on absence or presence of COPD respectively [14,15].

2.3. Data collection

The demographic, clinical, treatment and outcome data for each pa-
tientwere captured in a standard proforma designed for the study (sup-
plementary file proforma I, II, III). The data collected from all the
participating centers were analyzed at the coordinating centre (Post-
graduate Institute of Medical Education and Research, Chandigarh,
India).

2.4. Microbiological methods

The identity of the isolates from subjects with IMIswas confirmed at
the coordinating center initially using conventionalmethods, andfinally
by sequencing of conserved regions for all isolates. If the diagnosis of
mould infection was by histopathology alone, an attempt was made to
identify the fungus by extraction of DNA from tissue and sequencing
[16]. The detection of galactomannan in serum or bronchoalveolar la-
vage fluid (BAL) was performed as a part of the routine investigation
at the participating centers. The test was considered positive when the
serum and BAL optical density index (ODI) values were N0.5 and N0.8,
respectively [17].

2.5. Study outcomes

The study outcomes included the prevalence of IMI in the ICU de-
fined as the number of IMIs as a proportion of the total ICU admissions.
We also compared the clinical and radiological parameters between
those with classical and non-classical risk factors for IMI. We recorded
the 42-day and 84-day hospital mortality; and, analyzed the factors
predicting mortality in subjects with IMI.

2.6. Statistical analysis

Data are presented as frequencies, mean with standard deviation
(or 95% confidence intervals [CI]), and median with interquartile
range. The differences between categorical variables were
determined by Pearson's chi square test (or Fischer's exact-test).
The differences between continuous data were analyzed using stu-
dent t-test, Mann-Whitney U test and analysis of variance
(ANOVA), as applicable. Survival curves were constructed to study
the effect of classic vs. non-classic risk factors on the time to hospital
mortality using Kaplan-Meier analysis, and the group differences
were analyzed using the log-rank test. Multivariate logistic regres-
sion was performed for identifying factors predicting mortality.
Two tailed p values ≤.05 were taken as significant.

3. Results

During the study period, 41,879 subjects were admitted in ICU at the
11 participating centres. 398 cases (proven 96, probable 302) of IMI
were diagnosed, amounting to a prevalence of 9.5 (range, 4.3–29.0)
cases per 1000 ICU admissions. The mean± SD age of the study partic-
ipants (64% males) was 45.6 ± 21.9 years (Table 1). The mean ± SD
APACHE II scorewas 14.3±11.4. The classical and non-classical risk fac-
tor groups with IMI consisted of 145 (36.4%) and 253 (63.6%) subjects,
respectively (Table 1). The diagnosis of IMIs was made at a median
(IQR) duration of 4 [1-7] days after ICU admission. Underlying diseases
were noted in 356 (89.4%) subjects; one risk factor in 108 (30.3%), two
risk factors in 126 (35.4%), three risk factors in 77 (21.6%), and four or
more risk factors in 45 (12.6%) subjects. The distribution of various ill-
nesses in those with classic and non-classic risk factors is shown in
Table 1. High-resolution CT scan of the thorax was performed in 375
(94.2%) subjects (Table 1). The most common radiological finding on
CT chest was consolidation followed by nodule and pleural effusion.
The occurrence of nodules was significantly higher in those with classic
risk factors. The involvement of paranasal sinuses onMRIwas seen in 56
subjects and was significantly higher in the non-classic risk group (17
vs. 9%, p = .027). Brain involvement was however similar in the two
groups.

3.1. Site of mould infection, diagnosis and microbiology

The clear majority (n = 321, 80.7%) of the subjects had pulmonary
disease. Other sites involved were rhino-orbito-cerebral (7.5%), re-
stricted to sinuses only (5.8%), subcutaneous tissue (2%), central ner-
vous system (1.3%), kidney (1%), gastrointestinal tract (0.8%), spleen
(0.5%) and heart (0. 3%). The probable cases were diagnosed based on
EORTC-MSG criteria in 145 (48.1%), Bulpa et al. criteria in 28 (9.3%)
andVandewoude et al. criteria in 129 (42.7%) subjects. Serumand bron-
choalveolar lavage fluid galactomannanwere performed in 242 (60.8%)
and 56 subjects, respectively, at the time of diagnosis. In 31 subjects,
both serum and bronchoalveolar lavage fluid galactomannan were per-
formed at the time of diagnosis.

Moulds were isolated on culture in 190 (47.7%) subjects and visual-
ized only on direct microscopy/ histopathology in 44 cases (Table 2). A
singlemould specieswas encountered in 173 (43.4%) subjects andmore
than one mould from 17 (4.3%) subjects. Aspergillus were the
commonest (82.1%) species isolated followed by Mucorales (14.4%).
Three of the eight cases, where molecular technique was utilized to
identify the fungus from paraffin block, revealed Aspergillus spp. (2
A. flavus, 1 A. fumigatus); fungal DNA could not be extracted from the
paraffin blocks of five subjects. Mucorales were the common isolates
(66.7%) in the proven group. Among the 44 cases diagnosed only on di-
rect microscopy/histopathology, 29 had aseptate hyphae (indicating
Mucorales).

3.2. Treatment

Antifungal therapy (empiric and targeted) was provided to 321
(80.6%) subjects, 61 subjects died before the confirmation of diagnosis,
and 16 subjects with probable mould infection recovered without any
antifungal therapy. The details of antifungal therapy are provided in



Table 1
The comparison of clinical and radiological parameters between classical and non-classical risk factors for IMI.

Factor Total Classical Immunosuppressed (n = 145) Non-classical group (n = 253) p value

Age (years) (mean ± SD) 43.5 ± 21.5 39.8 ± 20.2 45.6 ± 21.9 0.01
Days from hospital admission to diagnosis (median) 6 8 5 0.002
APACHE II (mean ± SD) 14.1 ± 11.4 13.65 ± 11.5 14.28 ± 11.4 0.60
Days of treatment after diagnosis (Median) 4 4 4 0.78
Diabetes mellitus 115 (28.9) 30 (20.7) 85 (33.6) 0.006
Respiratory disease 73 (18.3) 9 (6.2) 64 (25.3) 0.001

Chronic obstructive pulmonary disease (COPD) 46 (11.6) 3 (2.1) 43 (17) 0.001
Asthma 12 (3) 2 (1.4) 10 (4) 0.13
H1N1 influenza 12 (3) 2 (1.4) 10 (4) 0.13
Interstitial lung disease 10 (2.5) 1 (0.7) 9 (3.6) 0.07

Renal Disease 90 (22.6) 30 (20.7) 60 (23.7) 0.49
Chronic kidney disease 48 (12.1) 20 (13.8) 28 (11.1) 0.42
Acute kidney disease 42 (10.6) 10 (6.9) 32 (12.6) 0.07

Liver disease 28 (7) 11 (7.6) 17 (6.7) 0.75
Chronic liver disease 17 (4.3) 7 (4.8) 10 (4) 0.68

Carditis 13 (3.3) 5 (3.4) 8 (3.2) 0.55
Cerebrovascular accident 11 (2.8) 3 (2.1) 8 (3.2) 0.52
Steroids 190 (47.7) 72 (49.7) 118 (46.6) 0.56
Ventilator use 189 (47.5) 65 (44.8) 124 (49) 0.42
Broad spectrum antibiotics 340 (85.4) 129 (89) 211 (83.4) 0.42
Dialysis 62 (15.6) 19 (13.1) 43 (17) 0.30
Pulmonary presentation 321 (80.7) 125 (86.2) 196 (77.5) 0.03
Pulmonary mucormycosis 17 (11.2) 9 (19.6) 8 (7.5) 0.03
Pulmonary aspergillosis 135 (88.8) 37 (80.4) 98 (92.5) 0.03
Rhino-orbital mucormycosis 29 (7.3) 4 (2.8) 25 (9.9) 0.009

Radiology (High resolution CT chest imaging)
Nodule 118 (29.6) 57 (39.3) 61 (24.1) 0.001
Halo sign 30 (7.5) 14 (9.7) 16 (6.3) 0.23
Air crescent 6 (1.5) 4 (2.8) 2 (0.8) 0.13
Cavity 51 (12.8) 22 (15.2) 29 (11.5) 0.29
Consolidation 185 (46.5) 68 (46.9) 117 (46.2) 0.90
Pleural effusion 94 (23.6) 33 (22.8) 61 (24.1) 0.76

MRI Paranasal Sinuses: Sinusitis 56 (14.1) 13 (9) 43 (17) 0.03
MRI Brain: Brain involvement 43 (10.8) 11 (7.6) 32 (12.6) 0.12
Mortality 268 (67.3) 90 (62.1) 178 (70.4) 0.09

SD standard deviation, APACHE acute physiology and chronic health evaluation, CT computed tomography,MRImagnetic resonance imaging.
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Supplemental Table 1. Fourteen subjects had received antifungal pro-
phylaxis (5 developed proven and 9 probablemould infections). The in-
fection developed after a mean of 14.1 days of prophylaxis. Empirical
antifungal therapy was prescribed in 29 subjects; the antifungal agent
was modified in 13 subjects after diagnosis, 12 subjects died before di-
agnosis and four subjects with probable mould infection recovered
without change of therapy.

3.3. Outcome and mortality predictors

Overall, 42-day and 84-day mortality was 64.8% and 65.8%, re-
spectively. The time to hospital mortality was significantly lower
(log rank chi-square 4.2, p = .04) in those with non-classic risk fac-
tors (median [95% CI], 21 [17.6–24.4] days) compared to those with
classic risk factors (median [95% CI], 26 [19.5–32.5] days) (Fig. 2).
On a multivariate logistic regression analysis, high APACHE II score
and IMI due to mucormycosis were predictors of mortality after
adjusting for the type of risk factor (classic vs. non-classic), the
need for dialysis and the time from ICU admission to the diagnosis
of IMI (Table 3).

4. Discussion

The current study found a prevalence of 9.5 cases of IMI per 1000 ICU
admissions in Indian ICUs. The majority (63.6%) of the IMIs were in the
non-classical risk group including COPD, renal disease, diabetes
mellitus, liver disease, and recent H1N1 influenza. Though Aspergillus
species were the commonest (82.1%) mould isolated, Mucorales were
isolated from a considerable number (14.4%) of subjects. The mortality
remained very high (64.8% at 42-day; 65.8% at 84-day). A high
APACHE II score and theoccurrence ofmucormycosiswere independent
predictors of mortality in subjects with IMI.

The incidence of IMI is high in patients with hematological malig-
nancies, stem cell and solid organ transplant recipients [18,19]. How-
ever, in recent years, IMI especially invasive aspergillosis is
increasingly being reported in patients with COPD, liver failure, cirrho-
sis, and recent H1N1 influenza [1,20]. The prevalence of invasive pul-
monary aspergillosis in ICU patients has been reported between 0.3%
and 19% [7,10]. Understandably, the casemix would have profound im-
pact on the epidemiology of IMI. In a surveillance of 18 ICUs in Italy,
only 12 (0.2%) cases with invasive aspergillosis were reported in
5561 patients [21], whereas from a single ICU at Belgium, 127 (7%)
cases of invasive aspergillosis were reported [11]. Another important
factor for varying prevalence could be the diagnostic criteria used for
identifying IMIs. The definitions proposed by EORTC-MSG, are primar-
ily for classical immunosuppressed patients, and cannot be generally
extrapolated to the emerging non-classical groups [13]. In fact, a few
authors have proposed a clinical algorithm to diagnose invasive pulmo-
nary aspergillosis in critically ill patients [14,15,22]. We diagnosed 302
probable/putative cases of IMI using either of the three (EORTC-MSG/
Bulpa et al./Vanderwoude et al.) diagnostic algorithm in the respective
patient groups [13-15]. However, the clinical algorithms in non-
classical risk group would require further refinement and validation
[14,15]. Interestingly, 16 of our probable/putative cases recovered
without antifungal therapy, attesting to the poor specificity (61%) of
these criteria [22].

Among the moulds causing invasive infection in ICU, attention is fo-
cused mainly on Aspergillus spp. [1,7] However, fungi other than Asper-
gillus are gaining importance in certain geographical locations. For
example, Fusarium in Brazil and United States [23], Scedosporium in



Table 2
Summary of the results of direct microscopy and fungal isolation of 234 cases (single iso-
late in 173 subjects,multiple isolates in 17 subjects; and only directmicroscopy positive in
44 subjects).

Fungal species isolated (total no. of subjects = 190) Number of
subjects

Aspergillus spp. 142
A. flavus 67
A. fumigatus 56
A. terreus 8
A. niger 6
Unidentified Aspergillus species 5

Mucorales 25
Rhizopus spp. 19

R. arrhizus 11
R. microsporus 1
Unidentified Rhizopus species 7

Mucor spp. 4
Apophysomyces variabilis 2
Fusarium spp. 4
Curvularia lunata 1
Pythium insidiosum 1
Multiple isolates 17

A. flavus, A. niger 2
Multiple Aspergillus species (not
identified)

3

A. flavus, A. fumigatus 5
A. flavus, A. terreus 1
A. flavus, A. terreus, and aseptate
hyphae on smear

1

Aspergillus spp., Rhizopus spp. 1
A. fumigatus, R. arrhizus 1
A. flavus and aseptate hyphae on
smear

1

A. fumigatus, Mucor spp. 1
Fusarium solani, A. flavus 1

Only direct microscopy
positive
(no. of subjects = 44)

Aseptate hyphae 25

Septate hyphae 15
Septate + aseptate 4

spp Species.

Table 3
Univariate and multivariate logistic regression for prediction of mortality.

Variable Crude odds ratio
(95% Confidence
interval)

Adjusted odds ratio
(95% Confidence
interval)

p value

APACHE II score 1.04 (1.02–1.06) 1.05 (1.02–1.09) 0.001
Classical immunosuppression 0.69 (0.45–1.06) 1.20 (0.60–2.43) 0.61
Dialysis 1.63 (0.87–3.04) 1.99 (0.73–5.43) 0.18
Aspergillosis or
mucormycosis

1.78 (0.86–3.68) 2.33 (1.05–5.14) 0.03

Days from ICU admission to
diagnosis

0.99 (0.99–1.01) 0.99 (0.97–1.02) 0.77

APACHE acute physiology and chronic health evaluation.
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Spain andAustralia [24], andMucorales in India [25]. Even in the present
study, although Aspergillus species were the commonest isolates,
Mucorales were isolated in 14.4% cases, and Fusarium species in 2.3%
Fig. 2. Time to hospitalmortality in subjectswith non-classic risk factors (solid line) versus
classic risk factors (dotted line) in subjects with IMI. The time to death was significantly
lower in those with non-classic risk factors.
cases. The number of mucormycosis cases may be even higher, as
aseptate hyphae were detected in 29 of 44 cases that were diagnosed
only by direct microscopy. Thus, identification of the fungus is impor-
tant to choose proper antifungal therapy.

The present study also confirms the emergence of new susceptible
groups like COPD, diabetes, liver failure and chronic liver disease in
India for the development of IMIs in the ICU [1,7,10]. Glucocorticoid
use, mechanical ventilation, and dialysis were important risk factors in
47.7%, 47.5%, and 15.6% patients, respectively. In a large cohort of 6424
patients with invasive aspergillosis in the ICU in the United States, ste-
roid use was noted in 77% patients, renal failure in 41%, COPD in 37%
and septicemia in 36% patients [26]. Similarly, in a prospective Italian
study, steroid use was the commonest (43.9%) risk factor for invasive
aspergillosis [27]. In the present study, 12 patients acquired the invasive
mould infection after H1N1 influenza infection. This is a new emerging
susceptible group for invasive aspergillosis [1,28-30]. The findings of
newer risk factors in the present study and the available literature stress
the need for continuous surveillance of IMIs in ICU to identify new risk
groups.

Despite newer diagnostic modalities and treatment strategies
[1,7,10,20], the overall mortality of IMIs in ICU remains high (40–90%)
[1,30,31]. In the present study, the overall 42-day (64.8%) and 84-day
(65.8%)mortalitywashigh, despite the fact that 76.6% of the patients re-
ceived targeted antifungal therapy. In critically ill patients, it is difficult
to determinewhether mortality was attributable to fungi or the comor-
bidities of the patients. We found high APACHE II score and
mucormycosis as significant risk factors for mortality. Our population
cohort was relatively young, evidenced by a mean age of 45.8 ±
20.7 years and lower APACHE II score of 14.1 ± 11.4. In contrast, other
studies reported invasive aspergillosis in those with APACHE II score
N20 [20,32]. However, the APACHE II score depends on the age, and
the lower age of our study cohort might have lowered the score. An-
other matter of concern from this study is that the patients suffered
from IMIs in early days of ICU stay (median, 4 days). The early occur-
rence of IMI, however, did not affect the outcome on a multivariate
analysis.

Finally, our study is not without limitations. We collected data
only for patients with IMIs and not for those without IMI. Thus,
we were unable to calculate the attributable risk for mortality
due to IMIs, which would have been a novel result from the current
study. We also do not have the ICU severity scores for patient dur-
ing the illness and are thus unable to assess the contribution of
new organ dysfunction towards ICU mortality [33]. The strength
of the study includes the fact that this is the first prospective
study evaluating the epidemiology of IMIs in critically ill patients
in India. Also, our findings may be generalizable to other develop-
ing countries as well, as the environment of ICUs is generally sim-
ilar in those countries.

In conclusion, the current study highlights a high prevalence, new
susceptible groups, and a considerable number of non-Aspergillus
moulds causing IMIs. The study results suggest that comparatively
young patients with few co-morbidities may suffer from IMIs within
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the early days of ICU stay in India. Finally, IMI due toMucorales is a sig-
nificant predictor of mortality.
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