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INTRODUCTION

F ungi have emerged as major opportunistic 
pathogens causing human disease. Candida 

accounts for nearly 96% of  all opportunistic 
mycoses and is an important cause of  blood 
stream infections (BSI).[1] It is currently the fourth 
most common nosocomial blood stream isolate 

in USA.[1,2] Invasive candidiasis is recognized as a 
leading cause of  morbidity and mortality in critically 
ill patients, with reported crude mortality rates due to 
candidemia, ranging from 30 - 81%.[3,4] Candidemia 
is also associated with prolonged hospital stay and 
increased healthcare costs.[5-7] Delaying specific 
antifungal treatment significantly increases the 
mortality in invasive candidiasis.[8-10] Thus, a high 
index of  suspicion, early diagnosis, and a prompt 
and appropriate therapy remains the cornerstone of  
treatment.

The epidemiology of  Candidemia is evolving. In the 
past, a majority of  the opportunistic fungal infections 
due to Candida and Aspergillus were described in 
immunocompromised hosts and primarily cancer 
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ABSTRACT

Purpose: Candida spp. is a common cause of bloodstream infections. Candidemia is a potentially fatal infection 
that needs urgent intervention to salvage the patients. Trauma patients are relatively young individuals with very few 
comorbidities, and the epidemiology of candidemia is relatively unknown in this vulnerable and growing population. In 
this study, we report the epidemiology of candidemia in a tertiary care Trauma Center of India.
Materials and Methods: The study was conducted from January 2009 to July 2012. All patients from whose blood 
samples a Candida spp. was recovered were included in this study. A detailed history and follow up of the patients was 
done. The isolates of Candida were identified to the species level. The speciation was done by conventional methods, 
including morphology on Corn Meal Agar, color development on Triphenyl Tetrazolium Chloride Agar and CHROMagar, 
and germ tube tests. The VITEK 2 YST ID colorometric card, a fully automated identification system was also used. 
Antifungal susceptibility was performed using the VITEK 2 system.
Results: A total of 212 isolates of the Candida species were recovered from blood samples of 157 patients over the 
study period. Candida tropicalis, 82 (39%), was the most common, followed by C. parapsilosis, 43 (20%), C. albicans, 
29 (14%), C. glabrata, 24 (11%), C. rugosa, 20 (9%), C. hemulonii,; 6 (3%), C. guilliermondii, 4 (2%), C. famata, 
3 (1.5%), and C. lusitaniae 1 (0.5%). Out of all the candidemia patients, 68 (43%) had a fatal outcome. Fluconazole 
and Amphotericin B resistance was seen in seven (3.3%) and seven (3.3%) of the isolates, respectively.
Conclusion: Candidemia is a significant cause of mortality in trauma patients in our center, with C. tropicalis and 
C. parapsilosis being the predominant pathogens. Resistance to antifungal drugs is a matter of concern. Better hospital 
infection control practices and good antibiotic stewardship policies could possibly help in reducing the morbidity and 
mortality associated with candidemia.
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patients, but nowadays, these infections are occurring 
more commonly in non-immunocompromised surgical 
and critically ill patients.[11] An estimated 33-55% of  
all episodes of  candidemia occur in Intensive Care 
Units (ICU).[12]

During recent decades, there is a progressive shift from a 
predominance of  Candida albicans toward a predominance 
of  non-albicans Candida spp., especially C. glabrata, 
C. parapsilosis, and C. tropicalis, in both neutropenic and 
non-neutropenic critically ill patients. There is growing 
evidence suggesting a role of  the increasing use of  azole 
agents in this epidemiological shift. In some North 
American and European centers reduced susceptibility 
to commonly used antifungal agents has also been 
observed.[13,14]

Candidemia occurs due to colonization of  skin and 
mucosal membranes by Candida and disruption in the 
host’s natural epithelial barrier, due to burns, surgery 
or insertion of  intravascular catheters. Candidemia can 
occur in a hospital setting as a primary Central Line 
Associated Bloodstream Infection (CLABSI) or secondary 
bloodstream infection. There are multiple risk factors for 
developing candidemia, namely, neutropenia, hematological 
malignancies, cancer chemotherapy, organ transplant 
therapy, human immunodeficiency virus infection/acquired 
immunodeficiency syndrome (HIV/AIDS), diabetes, and 
so on.

In the burns and trauma patients and other critically 
ill medical and surgical patients, use of  central venous 
catheters, surgical procedures, total parenteral nutrition, 
admission to an Intensive Care Unit, mucosal colonization 
by candida and use of  broad spectrum antibiotics 
predispose these patients to develop blood stream 
infections by Candida spp.[11] On account of  such a large 
number of  cases occurring in the ICUs, the focus of  
candidemia studies has shifted from neutropenic patients 
toward critically ill non-neutropenic patients.

The critically ill trauma patients are relatively young 
individuals, who have been healthy previously, but trauma 
exposes them to microbial pathogens at the time of  
injury. They are often on invasive devices and broad 
spectrum antibiotics, with prolonged hospitalization 
periods, which further predisposes them to develop 
candidemia. Although invasive candidiasis is well studied 
in immunocompromised patients, its epidemiology in the 
growing and vulnerable ‘trauma’  population is relatively 
unknown. This study reports the profile of  candidemia at 
a tertiary care Indian trauma center.

MATERIAL AND METHODS

The study was conducted at a tertiary care trauma center 
of  the All India Institute of  Medical Sciences, from 
January 2009 to July 2012. The center is 180 bedded, with 
two ICUs, having 32 beds totally. All patients diagnosed as 
having candidemia were included in the study. Candidemia 
was defined as the isolation of  any Candida spp. from one 
or more blood culture samples of  a patient. A detailed 
proforma was filled for all patients included in the study. 
The information included patient demography, the specific 
fungal pathogen isolated and its species, resistance to 
antifungals, and the final outcome of  the patients. The 
clinical outcomes of  all patients with candidemia were 
recorded, until their death/discharge from the hospital.

Candida isolates from patient’s blood culture and central 
venous catheter tips were identified up to the species level, 
using both conventional and automated techniques.[15] 
Conventional identification was performed by observing 
the morphology on the Corn Meal Agar, with color 
development on the Triphenyl Tetrazolium Chloride 
Agar, the CHROMagar (BD, Franklin Lakes, New 
Jersey, USA), and germ tube tests. The VITEK 2 YST ID 
colorometric card was used for automated identification. 
Antifungal susceptibility was performed using the VITEK 
2 system (bioMerieux Pvt. Ltd., St. Vulbas, France). The 
following antifungal drugs were tested: Amphotericin-B, 
Fluconazole, Flucytosine, and Voriconazole. The 
conventional method of  identification was taken as our 
gold standard in cases of  discordance in the identification 
of  Candida spp. by the automated VITEK 2 system and the 
conventional methods. If  the concordance/probability of  
the isolate identification by VITEK 2 was less than 95% 
or the isolate was not identified by VITEK 2 or the isolate 
was identified with a low discrimination between various 
species, then in such cases the morphological identification 
of  the Candida spp. was taken as accurate and reported as 
such. During the study period there were no changes in 
the microbiological laboratory techniques.

RESULTS

During these 43 months of  the study period, from January 
2009 to July 2012, a total of  20,240 patients were admitted 
to our trauma center. Six thousand eight hundred and 
twenty‑two patients were critically injured and required 
intensive monitoring and life support management, 
and were therefore, admitted to the Intensive Care Unit. 
The remaining 13,418 patients were relatively more stable, 
but had injuries severe enough to merit their admission to 
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hospital, and were subsequently admitted in our surgical 
wards. During the study period, a total of  212 isolates of  
Candida spp. were obtained from 157 patients. Candidemia 
developed in 102 and 55 patients admitted to the ICU and 
wards, respectively. The overall incidence of  candidemia 
at our center was 7.76 per 1000 admitted patients. In the 
ICU, the incidence was 14.95 per 1000 ICU admissions and 
the incidence in other wards was 4.09 per 1000 admissions. 
The central venous catheter was present in 119 (75.8%) 
patients, whereas, the peripheral venous catheter was found 
inserted in 32 (20.4%) patients, who developed candidemia. 
Total parenteral nutrition was administered to 37 (23.6%) 
patients, who developed candidemia. All these patients 
who had candidemia received broad spectrum antibiotics.

Out of  the 212 isolates, Candida tropicalis, 82 (38.7%), was 
the most common, followed by C. parapsilosis, 43 (20.3%), 
C. albicans, 29 (13.7%), C. glabrata, 24 (11.3%), C. rugosa, 
20 (9.4%), C. hemulonii, 6 (2.8%), C. guilliermondii, 4 (1.8%), 
C. famata, 3 (1.4%), and C. lusitaniae, 1 (0.47%) [Figure 1]. 
The major injuries of  the patients and the species isolated 
from those patients are presented in Table 1.

During the study period, 2574 central venous catheter 
tips were sent to our laboratory for culture [Table 2]. 
Only nineteen patients had the same Candida isolate 
recovered from the central venous pressure (CVP) 
tips, (C. tropicalis (9), C. parapsilosis (4), C. albicans (3), 
and C. glabrata (3)), and therefore, had Central Line 

Associated Blood Stream Infections (CLABSI) due to 
Candida spp [Table 3]. As not all the central venous catheter 
tips were sent to the laboratory, due to the hemodynamic 
instability of  the patient, the catheters were not changed, 
and even those catheters that were pulled out were often, 
but not always, sent to the laboratory. Many a times the 
CVP tips sent for culture showed growth of  Candida spp. 
in the absence of  a positive blood culture. These tips 
were colonized by Candida spp without being spread 
in the systemic blood circulation. On account of  these 
constraints, it was extremely difficult to correctly identify 
the primary CLABSI from the non-CLABSI cases, due to 
secondary candidemia.

Candidemia developed in patients after an average of  
15 days of  intra-hospital stay (range 1 to 103 days). 
Antifungal treatment was given to 93 patients. Among them 
there were four patients who expired, despite having started 
the antifungal treatment, but the treatment was effective 
in the other 89 patients. Prophylactic antifungal therapy 
was not a routine practice at our institute. Restricted use 
of  antifungals was practiced and antifungal therapy was 
initiated on evidence of  positive fungal culture reports. 
However, five patients with abdominal injury, who had 
undergone gastrointestinal (GI) surgery and were on total 
parenteral nutrition and suffering from high-grade fever, 
with negative bacterial blood cultures, were empirically 
started on fluconazole.

Mortality in trauma patients occurs due to multiple 
factors like severity of  injury, age of  the patient, 
underlying comorbid conditions, time elapsed before 
treatment was started, initial immune activation followed 
by immunosuppression due to trauma, concomitant 
infections like blood stream infection, ventilator-associated 
pneumonia, and other bacterial infections, besides 
candidemia, prompt administration of  appropriate 
antibiotic or antifungal therapy. Therefore, only an 
attributable mortality can be determined if  we compare 
these statistics with other suitable controls in a case–control 
study. As our study was not a case–control study only 
crude mortality could be determined. Of  the 157 patients 
who had candidemia, 68 (43.31%) had a fatal outcome. 
The median duration of  survival after development of  
candidemia was 10 days, with a range of  0 to 132 days. Figure 1: Distribution of Candida species

Table 1: Distribution of Candida species according to the type of injury
Injury (no.of isolates) C.albicans C.tropicalis C.parapsilosis C.rugosa C.glabrata C.guilliermondii C.famata C.haemulonii C.lusitaniae

Head (121) 9 51 24 15 19 ‑ 1 2 ‑

Spine (28) 6 6 7 2 ‑ 4 1 1 1

Abdomen ( 32) 4 15 7 ‑ 4 ‑ 2

Chest (5) ‑ 1 3 ‑ ‑ ‑ ‑ 1 ‑

Orthopedic+Polytrauma (26) 10 9 2 3 1 ‑ 1 ‑ ‑
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The majority of  patients who had a fatal outcome had 
C. tropicalis infection in 29 (43%), followed by C. parapsilosis 
in 15 (22%), C. albicans in 9 (13%), C. glabrata in 7 (10%), 
C. rugosa in 6 (9%), and C. guilliermondii in 2 (3%).

Resistance to antifungal agents was observed in a few isolates. 
A total of  seven (3.3%) (C. glabrata 6, C. rugosa 1) isolates 
were resistant to fluconazole and six (2.8%) were 
intermediately sensitive to fluconazole. A total of  
seven (3.3%) (C. glabrata 6 C. albicans 1) isolates were 
resistant to Amphotericin B and three (1.4%) were 
intermediately sensitive to Amphotericin B. Six (20%) 
isolates of  C. glabrata were resistant to both fluconazole 
and Amphotericin B. No resistance was seen for 
flucytosine or voriconazole.

DISCUSSION

Trauma is one of  the most common global causes of  
mortality in young adults. Infections are the leading cause of  
death in trauma victims. Very few studies have been done on 
the profile of  candidemia in this population. Knowledge of  
the epidemiology of  candidemia can help to salvage these 
patients, who are in the economically productive age group, 
with few, if  any, underlying medical conditions.

Candidemia is an emerging problem in healthcare settings. 
In a ten-year study at a tertiary care hospital in Canada, 
Taylor et al. reported an increase in the cases of  candidemia 
from 4.8/1000 admissions in 1986 to 11.4/1000 admissions 
in 1996.[16] Pfaller et al. have also reported an increase in 
invasive candidiasis rates from 19 to 20 per 10,000 hospital 
discharges in 1996 to 24 per 10,000 hospital discharges in 
2003.[13] The incidence of  candidemia varies from 0.77-77 
per 1000 admissions/discharges.[17,18] The overall incidence 
of  candidemia at our center is 7.76 per 1000 admitted 
patients, which is in correlation with the findings of  the 
studies conducted at various Indian hospitals, which report 
an incidence of  1 - 12 cases of  candidemia per 1000 
admissions.[19]

Various studies conducted at different hospitals around 
the globe have found a higher incidence of  candidemia in 
ICUs as compared to general wards. A nation-wide study 
from Israel reported candidemia rates in 18 different Israeli 
hospitals, which ranged from 0.1 to 0.01% of  all admissions, 
with a mean of  0.05%. They also found that the incidence 
of  candidemia differed significantly between the wards, 
which ranged from 4 ‑ 5/10,000 in the General Surgery and 
Internal Medicine wards to about 60/10,000 and 80/10,000 
in the Intensive Care and Preterm units, respectively.[20] 
Marchetti et al., in their study over a period of  10 years in 
Swiss tertiary care hospitals, found that candidemia is five 
to ten times more common in ICUs as compared to other 
wards.[2] Even at our center, the incidence of  candidemia 
is almost four times more common in ICUs as compared 
to the wards. In the ICU, the incidence is 14.95 per 1000 
ICU admissions and the incidence in other wards is 4.09 per 
1000 admissions. Montagna et al. in their study covering 18 
ICUs in southern Italy reported an incidence of  16.5 cases 
per 1000 admissions.[21] Molina et al. have reported 34.3 
episodes of  candidemia per 1000 ICU patients.[22] An 
Indian neonatal ICU has reported an incidence of  77 cases 
per 1000 discharges in that hospital.[18] Frausto et al. in an 
18-month study conducted at seven surgical ICUs (SICUs) 
and six neonatal ICUs (NICUs) at six different hospitals of  
USA found an incidence of  9.8/1000 admissions in Surgical 
Intensive Care Units (SICUs) and 12.3/1000 admissions in 
the Neonatal Intensive Care Units (NICUs).[23]

Recent studies have shown an increase in the incidence of  
candidemia due to non-albicans Candida, with the isolation 

Table 2: Results of Central venous catheter 
tips cultured from January 2009 to July 2012
Organism grown No. of CVP tips

Sterile 785

Mixture of bacteria 132

Diptheroids 135

Acinetobacter spp. 56

Klebsiella spp. 44

Pseudomonas spp. 17

Candida spp. 24

Staphylococcus aureus 32

Staphylococcus hemolyticus 27

Staphylococcus epidermidis 11

Staphylococcus hominis 4

Staphylococcus cohnii 1

Stenotrophomans maltophila 6

Serratia marsecens 4

Enterobacter spp. 9

Enterococcus spp. 2

Providencia spp. 1

Burkholderia cepacia 1

Total 2574

Table 3: Results of CVP tips growing Candida spp. in CLABSI and Non‑CLABSI patients
Patient group Total number of CVP tips C.albicans C.tropicalis C.parapsilosis C.rugosa C.glabrata C.guillermondii 

CLABSI 19 3 9 4 ‑ 3 ‑

Non‑ CLABSI/Colonizers 5 4 1 ‑ ‑ ‑ ‑

CVP: Central venous pressure, CLABSI: Central line associated bloodstream infection
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rate ranging from 50 to 96% from tertiary care centers in 
India.[24-27] Non-albicans Candida caused about 86% cases 
of  candidemia in our study. C. tropicalis and C. parapsilosis 
are an emerging cause of  candidemia in India. In our 
study, 59% of  all candidemia cases were caused by these 
two species. Previous studies by Chakrabarti et al.,[25] Xess 
et al.[26] and Singh et al.[27] are in agreement with our study, 
and it appears that C. tropicalis is the predominant species 
causing candidemia in North India. Wormwood et al.[28] 
also found C. tropicalis as the predominant species causing 
candidemia in Chile.

There were multiple risk factors for these critically injured 
trauma patients. All of  them received broad spectrum 
antibiotics, had central and peripheral lines, and due to 
the nature of  their injury had a prolonged hospital stay. 
The odds of  developing candidemia in critical patients, 
who are being invasively monitored and receiving broad 
spectrum antibiotics increases as the duration of  hospital 
stay increases. Wolf  et al.[29] reported that candidemia 
developed after 12 days of  injury (4 - 16 days). Wormwood 
et al.[28] found that patients had an intrahospital stay of  
11 days (0 - 36 days) before developing invasive candidiasis. 
Bougnoux et al.[30] observed that candidemia developed after 
a mean of  19 + 2.9 days of  ICU admission. In our study, 
on an average, candidemia developed in these patients, 
15 days after sustaining the injury.

The crude mortality for candidemia ranged from 30 - 81%. In 
our study, mortality was seen in 43% of  these patients, which 
was in concordance with the studies of  Bassetti et al.[31] (43.5%), 
Singh et al.[27] (50.6%), Chakrabarti et al.[25] (54.3%), and 
Bougnoux et al.[30] (61.8%). In our study, C. tropicalis (43%) 
was the predominant species isolated from the patients who 
died. This was probably a reflection of  the most prevalent 
species in our institute and did not necessarily indicate any 
enhanced virulence potential.

About 3.3% of  the strains were resistant to fluconazole 
in our study. The prevalence of  resistance in our study 
was less when compared with previous studies by Singh 
et al.[27] (6.7%), Chakrabarti et al.[25] (7.1%), Wormwood 
et al.[28] (11.2%), and Bassetti et al.[31] (12.6%). We also 
found resistance to Amphotericin B in 3.3% of  the isolates. 
Previous studies by Singh et al.[27] and Xess et al.[26] did not 
find any resistance to amphotericin B. Chakrabarti et al.,[24] 
however, had reported resistance to Amphotericin B in 
C. albicans (15.4%), C. tropicalis (8.1%), and C. krusei (33.3%) 
strains. Therefore, emergence of  resistance to the polyene 
group of  antifungals is a matter of  grave concern and will 
require careful and close monitoring in future.

CONCLUSION

To conclude, candidemia is a significant cause of  mortality 
in trauma patients in our center, with C. tropicalis and 
C. parapsilosis being the predominant pathogens. Resistance 
to antifungals is gradually increasing, and thus, there is an 
emergent need for antibiotic stewardship and maintenance 
of  aseptic techniques, while inserting and maintaining 
invasive devices, frequent clinical checks for weaning these 
patients off  these invasive monitoring devices, and better 
hand hygiene practices.
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