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Abstract
Background: Long‑term mechanical ventilation in an Intensive Care Unit (ICU) exposes the patient to fungal colonization and invasive fungal
disease due to the presence of indwelling catheters, administration of broad‑spectrum antibiotics, and intravenous corticosteroids. A study is hence
required to study the risk factors and incidence of fungal infection in these patients. Methods: A prospective observational study was carried
out in the respiratory ICU of a tertiary care hospital for a period of approximately 1 year in which patients on mechanical ventilation (>7 days)
were enrolled. Blood, urine, and endotracheal aspirate (ETA) of these patients were sent for fungal culture on day 1 and day 7 of mechanical
ventilation. Fiberoptic bronchoscopy was done on day 7 and bronchoalveolar lavage along with transbronchial lung biopsy (TBLB) were
sent for fungal culture. Results: During 7 days of ventilation, there was a statistically significant increase in the proportion of culture‑positive
ETA and urine samples. Overall, Candida albicans emerged as the most common colonizer. Blood candidemia was seen in 10% of patients
on day 7 of mechanical ventilation. Fungal invasion of the lung, as evidenced by fungal culture‑positive TBLB specimens, was seen in 17%
of patients. Diabetes was found to be a statistically significant risk factor for respiratory and urinary tract colonization as well as invasive
fungal disease. Conclusion: Long‑term mechanical ventilation (>7 days) is strongly associated with fungal colonization of the respiratory
tract and urinary tract. Appropriate prophylactic antifungals may be given and infection control practices to be observed to ensure minimum
colonization and therefore infection in such settings.
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Introduction
Fungal infection has emerged as a significant health‑care problem
in recent years, owing to the extensive use of broad‑spectrum
antibiotics, long‑term use of immunosuppressive agents,
and increasing population of chronically ill patients with
indwelling catheters.[1] Often, these risk factors overlap among
patients admitted in the ICU leading to an increased rate of
opportunistic fungal infections. Multiple site colonization
with Candida spp. is also being commonly recognized as a
major risk factor for invasive fungal infections in critically
ill patients.[2]
The clinical features of fungal infection are nonspecific and
pulmonary fungal infections often present radiologically as
pneumonic shadows that can easily be confused with bacterial
infection. This is a diagnostic challenge leading to a delay in
Access this article online
Quick Response Code:

Website:
www.ijccm.org

DOI:
10.4103/ijccm.IJCCM_181_18

starting antifungal therapy, thereby causing increased rates of
mortality, especially in ICU setting.[3] There is limited data in
Indian setting, hence present prospective study was undertaken
to study fungal colonization and invasive fungal disease in
long‑term mechanically ventilated patients.

Methods
The present prospective observational study was carried
out in the respiratory ICU (RICU) of a tertiary care level
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respiratory institute from 2015 to 2016, in patients on long‑term
ventilation (>7 days). A total of 41 study participants were
enrolled. On day 1 and day 7 of mechanical ventilation, urine,
endotracheal aspirate (ETA), and blood of the patients were
sent for fungal culture. Fiberoptic bronchoscopy (FOB) was
also done on day 7 after due consent (received in only 33) and
bronchoalveolar lavage (BAL) was sent for fungal culture.
A FOB‑guided transbronchial lung biopsy (TBLB) was
planned only in those patients whose chest X‑ray showed a
new pneumonic patch during 7 days of mechanical ventilation.
Transbronchial lung biopsies were guided by the location of
the patch on the X‑rays. However, consent for TBLB was
received only in 28 patients.
In cases of pleural collection like effusion or empyema (found
in 3/41 patients), the fluid was subjected to fungal culture.
Ascitic fluid or cerebrospinal fluid (CSF) in suspected cases
of meningitis along with pus pent up in any part of the body
of the patient was also sent for fungal culture.
Microbiological investigations included microscopy and
culture. On direct microscopy, samples were examined by
preparing wet mount using 10% potassium hydroxide and/or
Gram stain (except for blood) to detect the presence of yeast
cells, yeast with pseudohyphae, or septate hyphae for the mold.
The samples for fungal culture were inoculated on Sabouraud’s
dextrose agar with and without antibiotic and incubated at 25°C
and 37°C. Yeast was further identified by germ tube test, corn
meal agar test, chrome agar assay, and antibiotics. The molds
were identified using lactophenol cotton blue mount (LPCB)
and slide culture.[4]
Finally, Candida score was calculated for all patients and
its predictive value for invasive candidiasis was estimated
by comparing with diagnosed cases of invasive candidiasis
(by either blood fungal culture or bronchial biopsy culture or
ascitic/pleural/CSF culture).[5]
Statistical analysis was done using SPSS version 17 (IBM,
New York, USA). The statistical tests which have been used
in the study were Chi‑square test, Fisher’s exact test, and z
proportion test.

Results
Out of a total of 41 patients in our study, it was observed
that maximum patients belonged to age group ≥60 years
(20/41, 48%), followed by 45–59 years (19/41, 46%) and age
<45 years (2/41, 4.8%). Thirty‑one were male (31/41, 76%)
and the rest ten were female (10/4124%).
The most common diagnosis was that of pulmonary tuberculosis
sequelae with or without chronic obstructive pulmonary
diseases (COPD), seen in 17/41 (41%) patients; followed by
COPD seen in 13 (32%) patients, pneumonia in 6/41 (5%)
patients, and interstitial lung disease in 2/41 (5%) patients.
Prior long‑term steroid intake (>3 times in the past 6 months)
was the most common risk factor present in 35/41 (81%),
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followed by diabetes mellitus in 12/41 patients (29%) and
fibrocavitatory disease in chest X‑ray in 8 (19%) patients.
Presence of other risk factors were looked into such as
bronchogenic carcinoma receiving chemotherapy, intake
of immunosuppressive drugs other than steroids and HIV
coinfection. However none of our enrolled patients had these
risk factors.
The fungi isolated in various clinical samples between day 1
and day 7 of intubation are summarized in Table 1.
From the table, we can see that there is a rise in airway
colonization by fungus (both Candida spp. and Aspergillus spp.)
from day 1 to day 7. However, this increase was found to be
statistically significant in case of Aspergillus spp. (P = 0.0022)
as seen in ET (Endotracheal aspirate) cultures.
Urine colonization was found only with Candida spp., which
increased from day 1 to day 7 (P < 0.0001).
Pleural fluid sent for fungal culture from patients with
associated pleural diseases did not yield a fungal growth. None
of our patients had meningitis or pus collection anywhere in
the body.
Out of the 4 positive blood cultures on day 7 of intubation,
three yielded Candida tropicalis and one Candida parapsilosis.
Fungal culture of TBLB was positive in 5/28 (17%) patients.
Out of them, 1 sample yielded C. tropicalis and 4 yielded
Aspergillus fumigatus. The patient whose TBLB specimen
yielded C. tropicalis also had blood culture positive for
C. tropicalis. Thus, invasive candidiasis was diagnosed
in 4/41 (9.75%) patients who yielded 4 positive blood
cultures and 1 positive TBLB fungal culture. Diagnosis of
invasive aspergillosis was made in 4 patients. Hence, in
total, 8/41 patients were diagnosed with invasive fungal
disease (either bloodborne or pulmonary).
Of all the risk factors investigated in our study, only diabetes
mellitus had a statistically significant relationship with fungal
colonization as evidenced by culture status change (either
change of culture status from sterile to nonsterile between
7 days or change in the colonizing organism) in ET
aspirate (P = 0.038) and urine samples (P = 0.03) between day 1
and day 7 of mechanical ventilation (test used – Fischer’s exact
test). Out of the 12 diabetic patients on day 1 of intubation,
fungi isolated in their ET aspirate samples were Candida
albicans and C. tropicalis (both 3/12,25%), followed by
Aspergillus spp. (1/12,8%). On day 7 of intubation, among
ET aspirates, the number of culture samples positive for
Aspergillus spp. increased (6/12,50%) with C. albicans seen in
25% of samples (3/12), followed by C. tropicalis (1/12,8%) and
Penicillium (1/12,8%). Out of the 12 diabetic patients on day 1
of intubation, 33% of all the urine samples (4/12) were positive
for C. albicans growth. Rest were sterile (66%). On day 7 of
intubation, 75% (9/12) of the urine samples were positive for
C. albicans growth and the rest 25% (3/12) were positive for
C. tropicalis growth. All the four patients whose TBLB yielded
Aspergillus growth were diabetic patients. Thus, diabetes
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Table 1: Fungal culture pattern on day 1 and day 7 of mechanical ventilation
Fungal organism

ET
aspirate
day 1 of
intubation
(%)

ET
aspirate
day 7 of
intubation
(%)

P

Urine
culture
day 1 of
intubation
(%)

Urine
culture
day 7 of
intubation
(%)

Sterile
18 (44)
6 (15)
<0.0001*
29 (71)
10 (24)
21 (51)
24 (59)
0.2976*
12 (29)
31 (76)
Candida spp.
12 (29)
13 (32)
10 (24)
23 (56)
Candida albicans
8 (20)
9 (22)
2 (5)
8 (20)
Candida tropicalis
1 (2)
2 (5)
0
0
Candida parapsilosis
Mold
2 (5)
11 (26)
0.0022*
0
0
0
5 (12)
0
0
Aspergillus fumigatus
2 (5)
5 (12)
0
0
Aspergillus flavus
0
1 (2)
0
0
Penicillium spp.
0
0
0
0
Rhizopus spp.
*Test used‑Z proportion test. BAL: Bronchoalveolar lavage; ET: Endotracheal aspirate

emerged as a risk factor for invasive aspergillosis (P = 0.005),
Fischers exact test was used. Out of the 4 patients with positive
blood fungal culture, 2 patients had diabetes. Hence, out of
the 8 patients in total diagnosed with invasive fungal disease
(either bloodborne or pulmonary), 6 came out to be diabetic
patients. Again diabetes emerged as a risk factor for invasive
fungal disease (P = 0.0042, Fischer’s exact test used).
Candida score was calculated for all patients. Out of the
4 patients diagnosed with invasive candidiasis, all 4 had
Candida score = 3 (presence of both severe sepsis and
multifocal candidial colonization). Out of the remaining
24 patients (as the criteria for fungal invasion evidenced by
blood and TBLB fungal culture positivity was only fulfilled
in 28 patients as in other cases consent for TBLB was not
received), 17 patients had Candida score <3. Relationship
between Candida score ≥3 and invasive candidiasis also came
out to be statistically significant (P = 0.0161, Fischer’s exact
test used).

Discussion
In this study, we evaluated the rates of fungal colonization and
invasive fungal disease in long‑term mechanically ventilated
patients, the majority of whom were posttubercular sequelae
patients, followed by patients of COPD suffering from
respiratory failure and/or sepsis.
There was statistically significant increase in fungal
colonization rates in ETA samples between day 1 and day 7 of
intubation. Similar finding was seen by Charles et al. who had
studied the weekly increments in colonization rates of ETA in
critically ill study patients till their death/discharge and found
that to be significant.[6] He identified various risk factors which
lead to an increase in candidial colonization such as exposure to
broad‑spectrum antibiotics and time of ICU admission. These
were also present in majority of our study patients. However,
much higher proportion of C. tropicalis colonization in our
study was seen as compared to studies done outside India.[7,8]

P

Blood
culture on
day 1 of
intubation
(%)

Blood
culture on
day 7 of
intubation
(%)

BAL culture
(done on
day 7 of
intubation)
(%)

<0.0001*
<0.0001*

41 (100)
0

0

37 (90)
4 (10)
0
3 (7.5)
1 (2.5)
0

0
0

0
0

17 (52)
10 (30)
5 (15)
3 (9)
2 (6)
5 (15)
4 (12)
1 (3)
0
1 (3)

The study by Kothavade et al. also shows that there is rising
trend of increased rates of Candidia spp. infections in Indian
hospitals caused by members of the non‑albicans group,
of which Candida tropicalis is the most dominant member,
probably due to its greater biofilm forming capacity.[9,10]
In urine fungal culture, there was significant increase in
colonization rates between days 1 and 7 of intubation, with
C. albicans being the most common. However, keeping with
the increased rates of nonalbicans isolation in Indian hospitals,
C. tropicalis was isolated at a much higher rate than in studies
done outside India.[7,11]
Candida spp. usually are commensals of skin which colonize
mucosal surfaces usually in immunosuppressed, whereas
Aspergillus spp. colonize after being transmitted as spores
through air.[12,13] This is attested by our study in which there
is significant increase in mold proportions in ETA fungal
cultures (P = 0.0022), indicating possible air‑borne route of
transmission of fungal spores in ICU atmosphere.
The sterile blood cultures at ICU admission showed fungal
growth on day 7 in 4 patients. It is seen in a study by Das
et al. that the most common predisposing factors for blood
candidemia are the use of broad‑spectrum antibiotics, the
presence of an intravascular device, admission to an Intensive
Care Unit (ICU), and recent surgery.[14] Other than recent
surgery all the other risk factors were present in our patients
whose blood culture yielded Candida spp.
There was a single patient in our study whose blood culture and
TBLB fungal culture both yielded C. tropicalis. The positive
TBLB fungal culture in this patient could be explained by the
fact that he also had blood candidemia and that pulmonary
invasion occurred secondary to hematogenous dissemination.
However, there is another possibility. Invasive candidiasis
actually encompasses three distinct entities (a) candidemia
with deep‑seated infection, (b) candidemia without deep‑seated
infection, and (c) deep‑seated infection without candidemia.[15]
In a study done by Leroy et al. in 2009, it was found that
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out of the 300 patients enrolled with invasive candidiasis,
around 40% had isolated candidemia, while around 32% had
invasive candidiasis without candidemia and 28% had both
candidemia and invasive candidiasis.[16] However, there was
no statistically significant difference in mortality between the
groups. It appears that candidemia with concomitant invasive
candidiasis can be a distinct clinical entity and further studies
are required to look into its effects on patient mortality.
Diabetes mellitus emerged as a risk factor in our study which is
a known risk factor for aspergillosis.[17] Interestingly, when we
looked at the BAL fluid and ETA culture isolates on day 7 of
intubation in people with diabetes, Aspergillus spp. emerged
as the dominant colonizer (50% in ETA samples and 43% in
BAL samples). This is in contrast to C. albicans which was
overall the most common colonizer. Further studies with larger
sample size are required to substantiate this finding.
50% of blood culture‑positive patients in our study had
diabetes, which is an established risk factor for blood‑borne
candidemia.[18]
Other risk factors that we studied were steroid therapy
and fibrocavitatory disease, both of which are known risk
factors for fungal colonization.[19] However, in our study, no
significant relationship was found, which may be due to small
number of patients with fibrocavitatory disease (n = 8) and a
number of confounding factors such as steroid therapy during
admission (most of the patients had exacerbations of chronic
respiratory diseases), broad‑spectrum antibiotics usage, and
mechanical ventilation administered to all the patients along
with indwelling catheters and intravenous lines.

These factors interplay with various patient‑specific risk
factors such as diabetes mellitus, prior oral steroid intake
and presence of fibrocavitatory disease, and increase the risk
of fungal colonization or invasive fungal disease. Treating
physicians working in an ICU and especially in RICU should
be aware of the risk of fungal colonization and its progression
to invasive or disseminated fungal disease in patients on
long‑term mechanical ventilation admitted under their care.
Preliminary data in the present study warrant replication in
the form of a larger study.
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