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Risk Factors for Candidemia in Intensive  
Care Unit: A Matched Case Control Study  
from North-Western India

Ekadashi Rajni, Ashish Jain, Shilpi Gupta*, Yogita Jangid, Rajat Vohra

ABSTRACT
Candidemia is one of the significant causes of mortality amongst critically ill patients in Intensive Care Units (ICUs). This study aimed 
to assess the incidence, risk factors and antifungal susceptibility pattern in candidemia cases admitted in ICU in a tertiary care hospital 
in Jaipur, Rajasthan from June 2021 to November 2021. Candida species isolated from blood culture of clinically suspected patients of 
sepsis were defined as candidemia cases. Blood culture and antifungal susceptibility testing were performed as per standard laboratory 
protocol. Analyses of risk factors was done between candidemia cases and matched controls in a ratio of 1 : 3. Forty-six candidemic 
cases and 150 matched controls were included in the study. C. tropicalis was the most prevalent species (22/46; 48%) followed by C. auris 
(8/46; 17%) and C. albicans (7/46; 15%). Candida species showed good sensitivity to echinocandins (97%) followed by amphotericin B (87%) 
and voriconazole (80%). In multivariate analysis, longer stay in ICU, presence of an indwelling device, use of immunosuppressive drugs 
and positive SARS-CoV-2 infection were associated with increased risk of candidemia. The constant evaluation of risk factors is required as 
prediction of risks associated with candidemia may help to guide targeted preventive measures with reduced morbidity and mortality.
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INTRODUCTION

The last few decades have witnessed an unprecedented 
level of development in the healthcare industry. Both the 
therapeutic and diagnostic facilities have grown mul-
ti-fold, making saving lives a reality (1). The flip side to 
this development is there is an increased number of pa-
tients in intensive care units battling immunosuppres-
sion, either because of the disease itself or because of the 
potent broad-spectrum drugs and critical procedures be-
ing used (2, 3). All this has led to a humungous burden of 
patients at risk of invasive fungal infections. Bloodstream 
infections (BSIs) caused by Candida species have become 
a substantial threat in the hospital and are associated with 
high morbidity and mortality (4).

The profile of species involved in candidemia is con-
tinuously evolving and novel species are being described. 
Non albicans candida (NAC) are being isolated more fre-
quently as compared to C. albicans (5). While C. albicans is 
being reported more frequently in the developed countries, 
C. tropicalis and C. parapsilosis dominate the epidemiology 
in developing nations (3, 6). C. auris, first described in 2009, 
has currently spread in several continents and is frequently 
associated with nosocomial infections and outbreaks. The 
resistance profile of C. auris and the high mortality associ-
ated with C. auris infections present quite a challenge for 
physicians. An increasing level of antifungal resistance to 
commonly used first and second-line antifungals is being 
observed on a global level (7, 8). Traditionally, invasive can-
didiasis has been associated with immunocompromised 
and chronic inflammatory states. The use of broad-spec-
trum antibiotics, recent surgery and indwelling central ve-
nous catheters (CVC), particularly those for total parenteral 
nutrition and prolonged hospital stay are known to be the 
other risk factors associated with candidemia (9).

Most of this data is limited by the fact that the large 
majority of studies have been retrospective in nature. Giv-
en the geographical variation and evolving epidemiology 
of candidemia, it is important to determine the predictors 
of candidemia in any particular set up (4). Also, a fresh 
perspective is needed to assess these factors in the light 
of currently pursuing pandemic. With this background 
the present matched case control study was conducted to 
assess the prevalence, risk factors and antifungal suscep-
tibility pattern in invasive candidemia cases from medi-
co-surgical intensive care unit (MS-ICU) of our hospital.

MATERIALS AND METHODS

STUDY DESIGN, SETTINGS AND DATA COLLECTION
This single center matched case control observational 
study was conducted in a 1450 bedded tertiary care teach-
ing hospital in Jaipur, Rajasthan from June 2021 to Novem-
ber 2021. Patients above 18 years of age with at least one 
blood culture positive for Candida spp. were included as 
cases in the study. The cases and controls were matched 
in a ratio of 1 : 3. The matching criteria included gender, 
admission in the ICU at about the same time as the candi-
demia patients and SOFA score of at least 5, at the day of 
admission in ICU. 

The data concerning demographics (age, sex), comor-
bidities, length of ICU stay, presence of any indwelling de-
vice, use of steroids or chemotherapeutic drugs, presence 
of COVID 19 infection, laboratory tests (CRP, procalciton-
in) and outcome was collected daily by dedicated nurses 
on a predesigned proforma and compiled on excel sheet 
for both cases and controls. Initial pilot study was done 
on 30 patients for the validation of proforma. After the 
successful completion of pilot study, all 196 study partici-
pants were assessed using this clinical proforma.

DEFINITION
All blood culture results of suspected sepsis cases during 
the study period at our centre were screened for candi-
demia cases. Candidemia was defined as the isolation of 
Candida sp. from at least one blood culture in patients with 
clinical signs and symptoms suggestive of sepsis. For pa-
tients with multiple positive blood culture, only the first 
case of candidemia was included, and furthermore a new 
episode of candidemia was defined if  the duration be-
tween the two episodes was more than 30 days (4).

MICROBIOLOGICAL ANALYSIS
Blood culture was performed using automated blood cul-
ture system BactecTM FX (Becton Dickinson, Sparks, MD). 
Identification was done using VITEK-2 automated system 
(bioMèrieux, Marcy-l’Étoile, France) with VITEK 2 (YST) 
cards. Candida isolates that could not be identified conclu-
sively by VITEK-2 were subjected to matrix-assisted laser 
desorption ionization- time of flight mass spectrometry 
(MALDI-TOF MS; Bruker Biotyper OC version 3.1, Dalton-
ics, Bremen, Germany) using an ethanol formic acid ex-
traction protocol. Antifungal susceptibility was performed 
using the broth microdilution assay according to the Clini-
cal and Laboratory Standards Institute guidelines (10).

ETHICAL APPROVAL
Approval of  the Institutional Ethics Committee was 
obtained prior to the commencement of  this study 
(MGMC&H/IEC/JPR/2021/552).

STATISTICAL ANALYSIS
The data was entered in a Microsoft excel worksheet. The 
qualitative data was assessed using Chi-square test while 
quantitative data was assessed using t test for both cases 
and control group. P value less than 0.05 was considered 
as statistically significant.

RESULTS

Out of 811 blood cultures that tested positive during the 
study period, candidemia was detected in 46, incidence 
being 5.7%. Thereafter, these 46 cases of candidemia and 
150 matched controls were included in the study. The me-
dian age (and IQR) was found to 52 (39–58) for candidemia 
cases and 51 (38–65) for non-candidemia patients.
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The distribution of various Candida species isolated 
from blood culture is shown in figure 1. C. tropicalis was 
the most common isolated Candida sp. (22/46; 48%) fol-
lowed by C. auris (8/46; 17%) and C. albicans (7/46; 15%). 
Table 1 shows the antifungal susceptibility pattern to 
various antifungals tested. C. albicans isolates were 100% 
sensitive to almost all antifungals except for 5-flucytosine 
(5-FC) which showed resistance in 14% (1/7) of the isolates. 
Amongst the NAC, maximum resistance was seen against 
fluconazole (11/39; 28%) followed by voriconazole (9/39; 
23%) and 5-flucytosine (9/39; 23%). C. auris was found to 
be most resistant speciesamongst all with 75–88% resist-
ance against azoles, amphotericin B and 5-FC.

A summary of clinico-demographic characteristics of 
cases and matched controls is presented in Table 2. The 
univariate comparison (candidemia vs non-candidemia 
patients), longer stay in ICU for more than 20 days (39% 
vs 12%), presence of central venous catheter (61% vs 17%), 

raised C reactive protein (CRP) levels (76% vs 7%) and pres-
ence of SARS-CoV-2 infection (15% vs 1%) were associated 
with the development of  candidemia. Hypertension, 
diabetes and chronic lung disease were the most common 
comorbidities associated with patients admitted in the ICU 
in both case and control groups and were not found to be 
statistically significant in development of candidemia. All 
patients who developed candidemia (46/46; 100%) were 
on immunosuppressants and was found to be statistically 
significant risk factor in comparison to the control group 
(61/150; 41%). Almost all patients had previous history 
of exposure to broad spectrum antibiotics in previous 
30 days and 9 (9/46; 19.6%) patients had history of empiri-
cal use of antifungal drug in past 90 days (data not shown 
in table). The overall, mortality rate was found to be 28% 
in candidemia patients and did not show any statistical 
correlation when compared to non-candidemia (36%) pa-
tients.

Tab. 1 Invitro susceptibility profile of various Candida species against the antifungals tested.

Candida isolates
(N = 46)

Azoles Echinocandins
AMB 

Sensitive
N (%)

Flucytosine 
Sensitive
N (%)

Fluconazole 
Sensitive
N (%)

Voriconazole 
Sensitive 
N (%)

Anidulafungin 
Sensitive 
N (%)

Caspofungin 
Sensitive 
N (%)

Micafungin 
Sensitive 
N (%)

Candida tropicalis (22) 20 (91%) 21 (96%) 22 (100%) 20 (91%) 22 (100%) 22 (100%) 21 (96%)

Candida auris (8) 0 2 (25%) 7 (88%) 8 (100%) 8 (100%) 2 (25%) 1 (13%)

Candida albicans (7) 7 (100%) 7 (100%) 7 (100%) 7 (100%) 7 (100%) 7 (100%) 6 (86%)

Candida parapsilosis (4) 3 (75%) 2 (50%) 4 (100%) 4 (100%) 4 (100%) 4 (100%) 4 (100%)

Candida famata (2) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%)

Candida glabrata (2) NA 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 1 (50%)

Candida lusitaniae (1) 1 (100%) 1 (100%) 1 (100%) 0 0 1 (100%) 1 (100%)

AMB – Amphotericin B

Fig. 1 Distribution of Candida species isolated from blood culture.
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DISCUSSION

The present study provides an insight into the current 
epidemiology of candidemia in an adult ICU of a tertiary 
care teaching hospital in Jaipur with the incidence rate of 
5.7%. A multicentric observational study conducted na-
tionwide at 27 ICUs documented an overall incidence of 
6.51 cases/1,000 ICU admission (4). This variation may be 
due to the timing of our observation which is done during 
pandemic era while the previous mentioned Indian data is 
from pre-pandemic period. Routsi et al., and several other 
researchers have observed that the incidence of candidem-
ia increased significantly during the COVID-19 pandemic 
in comparison to pre-COVID era (11). More than three-
fourth of the patients (83%) with candidemia were more 
than 60 years of age similar to most other studies (5, 12). 
Invasive candidiasis is not directly related to the virulence 

of the pathogen rather attributed to the subsidence of the 
host immune system. Thus, increased incidence in ICUs is 
encountered due to various factors including age related 
comorbidities which accentually compromise defence 
mechanism in patients enhancing chances of Candida 
invasion (5, 9).

The present study observed that NAC (85%) outnum-
bered C. albicans (15%). The steadily increased occurrence 
of NAC in comparison to C. albicans in ICU settings has been 
documented in various Indian as well as in western litera-
ture in the past few years. This shift has been attributed to 
rampant use of fluconazole which has led to selection and 
increased survival of resistant strains (13, 14, 16). Accor
ding to a review on epidemiology of invasive candidiasis 
incidence of NAC has increased and C. albicans has de-
creased worldwide though distribution of candida species 
is variable region wise. As documented by same review 

Tab. 2 Clinico-demographic characteristics of patients with and without candidemia.

Variables
Patients with 
candidemia
(N = 46) (%)

Patients without 
candidemia
(N = 150) (%)

Chi square (df) p value 

Age ≤ 60
≥ 61

38 (83)
8 (17)

91 (61)
59 (39) 7.533 (1) 0.006

Gender Male 30 (65) 97 (65) 0.012 (1) 0.914

Gender 
Duration of hospital stay 

Female 16 (35) 53 (35) 0.012 (1)
15.520 (1)

0.914
< 0.0001< 20 days 28 (61) 132 (88)

Duration of hospital stay
Presence of indwelling device 

≥ 20 days 18 (39) 18 (12) 15.520 (1)
26.751 (3)

< 0.0001
< 0.0001CVC 27 (61) 25 (17)

Presence of indwelling device 
Comorbidities

Mechanical ventilation 37 (80) 77 (51)

26.751 (3)
11.543 (6)

< 0.0001
0.073

Urinary catheter 43 (94) 126 (84)

Dialysis line/drains 3 (7) 44 (29)

Hypertension 11 (24) 49 (33)

Comorbidities
C Reactive Protein (Positive)

Diabetes 11 (24) 55 (37)

11.543 (6)
92.031 (1)

0.073
< 0.0001

Lung disease 13 (28) 49 (33)

Renal disease 3 (12) 46 (31)

Liver disease 1 (2) 13 (9)

Malignancy 5 (11) 19 (13)

History of previous surgery 0 26 (17)

Yes 35 (76) 10 (7)

C Reactive Protein (Positive)
Procalcitonin (Positive)

No 11 (24) 140 (93) 92.031 (1)
13.338 (1)

< 0.0001
< 0.0001Yes 15 (33) 14 (9)

Procalcitonin (Positive)
Use of steroids/immunosuppressive 
drugs

No 31 (67) 136 (91) 13.338 (1)
47.630 (1)

< 0.0001
< 0.0001Yes 46 (100) 61 (41)

Use of steroids/immunosuppressive 
drugs
History of COVID 19 infection 

No 0 89 (59) 47.630 (1)
15.503 (1)

< 0.0001
< 0.0001Yes 7 (15) 1 (1)

History of COVID 19 infection 
Final disease outcome 

No 39 (89) 149 (99) 15.503 (1)
0.088 (1)

< 0.0001
0.766Deceased 13 (28) 48 (32)

Final disease outcome 
Survived 33 (72) 102 (68)

0.088 (1) 0.766

df – degree of freedom; CVC – Central venous catheter
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the incidence of C. glabrata is high in USA while most fre-
quently observed species in Asia-Pacific countries and Lat-
in America are C. tropicalis and C. parapsilosis (2). Amongst 
NAC, the predominant Candida species in our study was 
C. tropicalis (48%) followed by C. auris (17%). It is interest-
ing to note that observation on candidemia from the same 
setting during August 2020 to Jan 2021 had shown C. auris 
being the most common isolate. The study highlighted the 
fact of anticipation of C. auris outbreak during COVID-19 
pandemic, which was documented worldwide (7).

It is an important observation to note that the earlier 
study on candidemia was conducted during the first pan-
demic wave in our country while the present study was 
conducted after the decline of second wave wherein epide-
miology of candidemia seems to be shifting back steadily 
to the pre-pandemic period. The sudden increase in fre-
quency of C. auris in ICU during COVID pandemic waves 
is multifactorial. It is attributed to mainly rampant and 
irrational use of steroids, broad-spectrum antibiotics and 
breach in infection control practices which contributed to 
sudden widespread of C. auris amongst patients where this 
species was already prevalent in hospital environment 
(15). This finding is in contrast to studies reported from 
other parts of the world including European countries 
where still C. albicans is the predominant species in ICU 
even during the ongoing pandemic (6, 9, 16).

In concordance with other studies across the country, 
we observed an overall higher invitro resistance in NAC 
isolates compared to C. albicans (7, 17, 18). Azoles including 
fluconazole showed 100% susceptibility against C. albicans 
thus implying it can be used as drug of choice in our ICU 
settings. The present study documents a high degree of an-
tifungal resistance amongst C. auris isolates, a fact which 
has been apprised in previous studies from our centre 
(3, 7).

In our cohort, C. auris strains (n = 8) were resistant to 
azoles (75–100%), 75% and 88% were resistant to AMB and 
flucytosine respectively. Minimal resistance was shown 
against anidulafungin (13%) while sparing other echino-
candins (Table 2). C. auris is known for its unfavourable 
antifungal susceptibility profile with most of the isolates 
being multi drug resistant. Implementation of adequate 
infection control measures and continuous surveillance 
remain the mainstay to prevent colonization of C. auris in 
a way to reduce development of invasive candidiasis rath-
er treating the MDR strain (8).

The traditional risk factors associated with candidemia 
known since decades are characterised under demograph-
ic factors, co-morbid conditions, medical interventions 
and usage of broad-spectrum antibiotics and steroids (6). 
A systematic review had identified 29 risk factors extracted 
from 34 studies worldwide for invasive candidiasis. This re-
view highlights significant association with comorbid con-
ditions especially HIV and use of invasive devices. Other 
important risk factors with strong odds ratio, documented 
were patients on broad-spectrum antibiotics, total paren-
teral nutrition and previous Candida colonization (19).

Several studies in literature can be searched which 
have evaluated the risk factors for development of candi-
demia. However, majority of them were conducted on spe-
cific patient cohorts and did not use case control design. 

The present study used matched case-control methodolo-
gy to identify multiple risk factors associated with candi-
demia in the critical care unit. Overall, the present study 
confirmed the strong association with increased length 
of ICU stay, presence of invasive devices, use of steroids 
and COVID-19 infection in comparison to patients who did 
not develop candidemia (p value < 0.001) (Table 2) which 
is in sync with other studies (6, 20). A sudden upsurge in 
candidemia cases ranging from two to upto ten folds have 
been noted during and after COVID 19 pandemic all over 
the globe (7, 21, 22). In an analysis by Rouitsi et al., the risk 
factors for severe COVID-19 disease and development of 
candidemia are almost similar (11). However, the com-
monest risk factor for increased incidence of candidemia 
in COVID-19 patients being the rampant use of antimicro-
bials empirically for suspected as well as for confirmed 
secondary bacterial infections which was stressed upon 
by various studies (7, 11, 23).

While evaluating candidemia cases it was found that 
markers of systemic inflammation like C reactive protein 
(CRP) was increased in majority of cases (35/46; 76%) 
while levels of procalcitonin (PCT) were increased only 
in 33% (15/46) cases. An interesting finding by Yin et al., 
among immunocompromised children have suggested 
that high CRP and low PCT levels help to differentiate in-
vasive fungal infection from bacterial blood stream infec-
tion which is in favour with our findings. However, further 
studies with larger data in adults are required to establish 
this fact taking time of testing also under consideration 
(24).

The mortality rate found in our study was found to be 
28.3% which is slightly lower than the previously reported 
studies (35–80%). This could possibly due to the fact that 
all the patients included in our study were not critically 
ill as suggested by low SOFA score during time of admis-
sion (9). Invasive devices constitute an important and un-
avoidable part of patient care. At the same time, they have 
an undisputed role to play in the genesis of nosocomial  
infections. They are invariably found to be the nidus of  
infection in patients requiring critical care (2, 4). Repeated 
and religious reinforcement is required for infection con-
trol practices including strict compliance to hand hygiene. 
The five moments of hand hygiene as endorsed by WHO 
must be adhered to. Also, a culture of “device intolerance” 
needs to be developed as propounded by Gopal P (25).

The strength of  our study lies in its prospective 
matched case control design, taking care of many con-
founding variables along with collection of a  sufficient 
amount of information to properly model potential risk 
factors of candidemia. Also, biochemical parameters like 
CRP and procalcitonin have been included as potential fac-
tors influencing the situation, thus enlarging the domain 
of risk factors studied.

However, there are certain limitations of the study 
which need to be brought forth. The correlation of few 
important risk factors like Candida score, correlation of 
candidemia cases with exact duration and specific class 
of antimicrobial use have been missed. Further studies 
on continuous surveillance of patients admitted in criti-
cal care for Candida colonization should be undertaken to 
establish its role in development of invasive candidiasis.
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CONCLUSION

C. tropicalis followed by C. auris were the most frequently 
isolated candida species from candidemia patients in crit-
ical care unit. Age group more than 50 years, longer stay 
in ICU, presence of an indwelling device, use of steroids 
or immunosuppressive drugs and presence of SARS-CoV-2 
infection were significant risk factors associated with 
candidemia patients in comparison to the control group. 
The continuous change in epidemiology and emergence 
of acquired resistance to antifungals necessitate regular 
monitoring to develop local guidelines for strengthening 
antifungal stewardship. Constant evaluation of risk fac-
tors in any particular set up is mandated to help intensiv-
ists to assess distribution and trends of candidemia.
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