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Introduction 

In critically sick patients, multiple-site 

colonization with Candida species is well 

acknowledged as a significant risk factor for 

invasive fungal infections, and the colonization 

density may serve as a predictor of systemic 

candidiasis. Candida infections, especially in 

immunocompromised patients, are a leading cause 

of morbidity and mortality because of the limited 

availability of antifungal medications and rise in 

antibiotic resistance. Early implementation of 

suitable diagnostic and treatment interventions 

directly affects the course and outcome of the 

patient's condition [1-3]. Due to the inappropriate 

A R T I C L E  I N F O 

Article history:  

Received 25 October 2024 

Received in revised form 29 November 

2024 

Accepted 8 December 2024 

Keywords: 

Candida 

Colonization 

Hepatic dysfunction 

Antifungal resistance 

m
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Background:  Due to their weakened immune systems, patients with chronic liver illness 

are more vulnerable to a variety of opportunistic fungal infections. Candida species are 

commonly isolated from patients admitted to hepatic intensive care unit (ICU). Aim: to 

detect the prevalence of Candida species colonization and their antifungal susceptibility 

in ICU patients with chronic liver disease. Methods: Two-center case control study was 

carried out from January 2019 to June 2020 on 100 cirrhotic patients with chronic hepatitis 

C virus (HCV) admitted to hepatic ICU. Oral swabs and urine samples were cultured on 

CHROM agar followed by an automated VITEK 2 technique for identification of Candida 

species and antifungal susceptibility testing. Results: Candida albicans was the most 

prevalent Candida species in both urine (74%) and oral swab (66%) cultures using 

CHROM agar. The most prevalent candida species detected with an automated VITEK 2 

technique was Candida albicans in both urine and oral swab cultures with higher resistance 

to fluconazole in isolates from urine and higher resistance to caspofungin in mouth swabs. 

Conclusion: Candida albicans is highly prevalent in cirrhotic patients admitted to the ICU 

with 3-4 times increased risk of colonization compared to controls with multiple antifungal 

drug resistance. Voriconazole has high efficacy against Candida species with low 

resistance and can be considered in critically ill patients to offer better survival. Strict 

follow up for critically ill cirrhotic patients admitted to ICUs for early diagnosis and 

treatment of fungal infections to offer better survival. 
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use of antibiotics and the implantation of invasive 

procedures, particularly in patients in the intensive 

care unit (ICU), the prevalence of candidiasis has 

significantly increased. The majority of superficial 

and systemic infections were caused by Candida 

albicans; however, the frequency of infections 

caused by non-albicans species, such as Candida 

glabrata, Candida krusei, Candida tropicalis, 

Candida parapsilosis, Candida guilliermondii, and 

Candida dubliniensis, has considerably grown [4]. 

  Accurate and early detection of 

colonization are essential prerequisites for the right 

kind of treatment response [4]. The aim of this study 

was to detect the prevalence of Candida 

colonization and antifungal susceptibility in ICU 

patients with chronic liver disease. 

Methods 

A cross-sectional, prospective study was 

conducted in Endemic Medicine Department, Cairo 

University and the Gastroenterology and 

Hepatology Department at El Agouza Police 

Hospital from January 2019 to June 2020. The study 

included 100 adult patients (18-70 years old 

patients) with HCV related chronic liver disease 

admitted in the hepatic intensive care units in 

addition to 20 healthy individuals as control. 

Informed consent was obtained from all patients or 

their relatives (if severely ill to consent) before the 

start of any study related procedure. 

Full history, clinical examination and 

routine laboratory work up for decompensated liver 

disease were done. In addition to urine cultures and 

mouth swabs were performed. 

Both urine and mouth samples were 

collected under strict aseptic conditions. Mouth 

swabs and urine samples were cultured on BBL™ 

(Baltimore Biological Laboratory) CHROM agar™ 

Candida media (Becton Dickinson, Germany) [5-7]. 

Every plate was incubated inverted for 20 

to 48 hours at 35º ± 2ºC in an aerobic environment. 

Fresh subculture of Candida isolates obtained from 

patients was done on Sabouraud dextrose agar and 

incubated aerobically at 35º ± 2ºC for 24 hours. A 

suitable number of colonies of a pure culture were 

transferred and suspended in 3.0 mL of sterile saline 

using a sterile swab, and the turbidity was adjusted 

to meet the McFarland 2.0 standard. Reagent cards 

"VITEK® 2 YST ID cards" (BioMérieux, Marcy- 

l’Etoile, France) samples were examined as 

illustrated in the manufacture instructions. 

Based on the instructions provided by an 

automated VITEK 2 compact system, yeast 

antifungal susceptibility testing (AST) card called 

"AST-YS08" (BioMérieux, Marcy-l'Etoile, France) 

was carried out [8]. The Clinical and Laboratory 

Standards Institute's (CLSI) clinical breakpoints 

were used to evaluate all MIC values [9]. 

Demographic and laboratory data of 

patients versus control, fungal cultures result in both 

mouth and urine swabs, and antifungal sensitivities 

of Candida species were studied and compared 

Sample size and technique: 

The Power Analysis and Sample Size 

(PASS) Software was used to calculate the sample 

size of this cross-sectional study with confidence 

interval 4. The sample size was 80 participants with 

a confidence interval of 95% and 5% margin of 

error. Considering dropout rates of 10%, the final 

sample size was 100 participants. 

Statistical methods: 

Through the use of a Microsoft Excel 

workbook file, the data was uploaded into a personal 

computer. The SPSS software was used to verify the 

data for flaws and completeness (statistical package 

for social science version 23). Version 23 of the 

SPSS application was used for data analysis. P 

values less than 0.05 are the threshold for statistical 

significance in this investigation. The student "t" 

test, one-way analysis of variance, and Chi-squared 

test were the statistical tests that were employed. 

Results 

Among the studied group, 76% of the 

patients were males. The mean age of the studied 

patients was 56.3 years. Patients had lower mean 

hemoglobin, total leucocytic count, platelet count, 

albumin, mean CRP, ESR, liver enzymes, total 

bilirubin, urea, creatinine and INR compared to 

controls and results were highly statistically 

significant with P<0.01 by chi square test (Table 1). 

Colonies of Candida albicans on CHROM 

agar appeared light to medium green after 

incubation while colonies of Candida tropicalis 

were blue greenish to metallic-blue and colonies of 

Candida krusei were light rose with a white border. 

Among the studied group, a higher percentage of 

positive urinary Candida albicans (74%) among 

cases with liver cirrhosis were detected compared to 

controls as detected by both CHROM agar and 

VITEK techniques. The frequency of C. tropicalis, 

C. parapsilosis, C. Krusei and other uncommon 

species isolated from urine were 16%, 3%, 17% and 
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11% respectively. None of the controls had positive 

urinary culture for these species. Cases with 

cirrhosis have three times the risk of having Candida 

albicans compared to controls in mouth swab 

cultures followed by C. krusei, C. tropicalis, C. 

parapsilosis and other uncommon species in a 

percentage of 66%, 15% , 14%, 5% and 9% 

respectively as calculated by odds ratio. Results of 

Candida species isolated from urine samples and 

mouth swabs are illustrated in Figure 1. 

Among the 100 urine samples and oral swabs 

collected, 18 yielded positive results for Candida 

species. Among the 100 urine samples, 21% yielded 

mixed infections while among the oral swabs 17% 

mixed infections were detected. In patients, the most 

prevalent Candida species detected with VITEK 

technique was Candida albicans in both urine and 

mouth swab cultures (Table 2) with higher resistance 

to fluconazole in urine cultures compared to other 

Candida species and the difference was not statistically 

significant. Candida albicans and other Candida 

species isolated from urine cultures showed no 

resistance for voriconazole, amphotercin B and 

micafungin but Candida albicans showed marked 

resistance to fluconazole in a percentage of 50% 

(Chisquare 1.9) and the non albicans showed a 

significant resistance to caspofungin, fluconazole and 

fluocytosine in a percentage of 57.1%, 14.3% (chi 

square 0.9) and 14.3% respectively. C. albicans 

isolated from mouth swab had lower resistance to 

fluconazole, caspofungin or flucytosine while the non 

albicans Candida showed higher resistance to 

caspofungin, fluconazole and fluocytosine in a 

percentage of 33.3%, 16.7% and 16.7% (chi square 

1.2) respectively with significant P value ˂0.05 by chi 

square test.  

However, there was no statistical significance 

between Candida albicans and other Candida species 

isolated from both urine and mouth swab regarding 

laboratory parameters. Slightly higher AST and ALT 

values were noted among cases with other Candida 

species compared to Candida albicans regarding oral 

swabs, while higher bilirubin and ESR levels were 

noted in non albicans Candida in urine samples 

compared to Candida albicans with a P value of ˃0.05 

that is not statistically significant (Figure 2). 

Among patients with positive mouth swab 

cultures, the highest mortality was for those with C. 

parapsilosis infection (100%), followed by C. Krusei 

(80%) then C. albicans (78.8%) and C. tropicalis 

(78.6%). In patients with positive urine cultures, the 

highest mortality was also for parapsilosis (100%) 

followed by C. tropicalis (87.5%), C. albicans (78.4%) 

and C. Krusei (70.6%) (Table 3). Urine samples and 

oral swabs with mixed Candida species are illustrated 

in (Table 4). 

Table 1. Demographic and laboratory data of patients versus control 

Patients 

No.= 100 

Control 

No.= 20 

Age /years (mean/SD) 56.3/ 7.3 40.2/ 13.4 

Gender Male (N. %) 76 (76%) 10 (50%) 

Female (N. %) 24 (24%) 10 (50%) 

Laboratory parameters Patients N.=100 Controls N.=20 P value 

Mean SD Mean SD 

Hemoglobin (g/dl) 9.9 0.5 13.9 0.9 0.000** 

Total leucocytic count (X 10⁹/L) 3.6 0.4 6.1 1.0 0.000** 

Platelets (X 10³ / ɱL) 89.9 15.4 346.5 52.2 0.000** 

CRP (mg/L) 44.2 19.6 3.6 1.1 0.000** 

ESR first hour (mm/ hour) 21.7 5.7 6.1 1.9 0.000** 

ESR second hour (mm/hour) 39.2 11.7 14.2 2.4 0.000** 

ALT (IU/L) 85.5 19.6 27.6 8.9 0.000** 

AST (IU/L) 90.1 14.9 27.1 10.9 0.000** 

Total bilirubin (mg/dl) 4.6 1.5 0.6 0.2 0.000** 

Albumin (g/dl) 2.4 0.3 3.9 0.2 0.000** 

Urea (mg/dl) 68.8 12.5 31.8 7.3 0.000** 

Creatinine (mg/dl) 1.4 0.2 0.6 0.2 0.000** 

INR 1.6 0.1 1.0 0 0.000** 

TLC: total leucocytic count, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, ALT: Alanine aminotransferase, 

AST: Aspartate transaminase, INR: international normalized ratio. 

**P<0.01 highly significant. 
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Table 2. Number and percentage of Candida species isolated from urine and mouth swab in patients with 

cirrhosis by the VITEK 2 technique.  

Urine culture 

Candida species Number Percentage 

Candida albicans 6 33.3 

Candida spherica 5 27.7 

Candida tropicalis 4 22.2 

Candida parapsilosis 2 11.1 

Candida krusei 1 5.5 

Mouth swab culture 

Candida Species Number Percentage 

Candida albicans 7 38.8 

Candida spherica 4 22.2 

Candida tropicalis 3 16.7 

Candida parapsilosis 2 11.1 

Candida krusei 1 5.5 

Candida famata 1 5.5 

 95% confidence interval 

Table 3. Distribution of mortality among patients with cirrhosis and associated Candida species colonization in 

oral swab and urine samples 

Type of culture 

Candida species 

Candia tropicalis Candida albicans Candida krusei Candida parapsilosis 

Number of 

isolates 

Mortality 

No. % 

Number of 

isolates 

Mortality 

No. % 

Number of 

isolates 

Mortality 

No. % 

Number of 

isolates 

Mortality 

No. % 

Urine culture 16 
14 

(87.5%) 
74 

58 

(78.4%) 
17 

12 

(70.6%) 
3 

3 

(100%) 

Oral swab 14 
11 

(78.6%) 
66 

52 

(78.8%) 
15 

12 

(80%) 
5 

4 

(80%) 

P<0.05 significant 

Table 4. Urine samples and oral swabs with mixed Candida species 

Urine samples 

Total= 21 

C.tropicalis C.albicans C.krusei C. spherica C.parapsilosis 

9 0 1 1 0 0 

7 1 1 0 0 0 

3 0 1 0 1 0 

1 0 1 0 0 1 

1 1 0 0 1 0 

Oral swabs 

Total= 17 

C.tropicalis C.albicans C.krusei C. spherica C.parapsilosis 

7 0 1 1 0 0 

6 1 1 0 0 0 

1 0 1 0 1 0 

2 0 1 0 0 1 

1 1 0 0 1 0 
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Figure 1. Growth of different candida species on CHROM agar™ Candida media. 

A    C        D 

    B  C               D 

A: Candida albicans isolated from urine sample, B: Candida tropicalis isolated from mouth swab, C: Candida krusei 
isolated from both urine and mouth swab cultures, 

 D: No Candida species were detected from both urine and mouth swab cultures. 

 U: Urine sample, S: Mouth swab 

Figure 2. Significant laboratory parameters among patients with positive Candida species 

isolated from urine and mouth swab cultures. 

Discussion 

Cirrhosis and immune dysfunction have a 

bidirectional relationship [10]. Fungal infections 

lead to a rise in the risk of mortality at any liver 

disease stage [11]. Hence, early detection and 

accurate identification are very essential for 

effective therapeutic outcomes [12]. 

In this study, Candida albicans was the 

most prevalent fungal infection in both urine (74%) 

and mouth swab cultures (66%) in cirrhotic patients. 

This goes with the study made by Kamani and 

Kalwar who stated that Candida albicans species 

were the most common fungal pathogen in urine 

culture in patients suffering from liver cirrhosis and 

was observed in 70 of 141 (49.6%) patients, 

followed by non-albicans Candida species in 30 

(21.3%)  patients [13]. None of the controls showed 

colonization of Candida in either urine or mouth 

specimens. Cirrhosis in our study had increased risk 

of having Candida albicans compared to controls. 

This highlights the effect of decompensated liver 

disease on immune system with the resultant 

cirrhosis-associated immune dysfunction which is 

associated with substantial mortality risk [14]. 

By applying VITEK 2 technique in our 

study, the most prevalent Candida species detected 
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was Candida albicans in both urine and mouth swab 

cultures. This finding is in concordance  with the 

study done by Kaur et al. ,who evaluated the VITEK 

2 technique for clinical identification of Candida 

species in hospitalized patients and found that 

Candida albicans (82.51%) was the most commonly 

isolated and that VITEK 2 technique is an 

alternative method for identification and sensitivity 

testing of Candida species [15].Concerning 

antifungal resistance, this study stated a higher 

resistance to fluconazole among Candida albicans 

(50%) compared to other Candida species. 

However, no resistance for voriconazole was noted 

in Candida albicans or other Candida species in 

urine cultures. This agrees with the study done by 

Berkow and Lockhart who found that several genes 

and mutations increase resistance to fluconazole in 

clinical isolates, primarily in C. albicans. They 

recommended that in order to preserve the utility of 

fluconazole, it is important to fully appreciate the 

manner by which all Candida species exhibit 

resistance to it [16].This highlights the importance 

of performing sensitivity testing on fungal cultures 

to avoid using resistant medications in critically ill 

patients in the ICU minimizing their chance of 

survival. 

This study showed a higher resistance 

among non-albicans Candida isolated from both 

urine and mouth swab to caspofungin compared to 

Candida albicans isolated from mouth swab only 

and this agrees with the study performed by Coste et 

al., that found echinocandin resistance among 

Candida species specially Candida glabrata [17]. 

Although caspofungins are the safest antifungals in 

cirrhosis, other lines of therapy should be considered 

with the lack of clinical response especially in the 

setting of non-Candida infections as fluocytosine, 

polyenes and allylamines [18]. 

In this study, the highest mortality rate 

among both urine cultures and mouth swabs was 

found to be due to Candida parapsilosis and this 

agrees with the study made by Hirano et al., who 

studied the mortality rate of candidemia in 

hospitalized patients and found that among patients 

less than 65 years, Candida parapsilosis was the 

most often isolated species [19]. 

Conclusion 

According to this study, cirrhotic patients 

admitted to the intensive care unit had a 3–4 times 

higher risk of infection than the control group due to 

the high prevalence of Candida albicans. Among 

cirrhotic patients admitted to the intensive care unit, 

Candida species infection is linked to elevated death 

rates. Multiple antifungal medication resistance is 

present in Candida species detected in cirrhotic 

patients admitted to the intensive care unit. In order 

to improve survival for patients in critical condition, 

voriconazole might be taken into consideration. It is 

highly effective against Candida species with 

limited resistance. Tight monitoring of severely ill 

cirrhotic patients admitted to intensive care units in 

order to detect and treat fungal infections early and 

improve survival rates. 
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