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Epidemiology and antifungal susceptibility patterns of invasive candidiasis: A single-
center study
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ABSTRACT

Background: Invasive candidiasis remains a leading cause of morbidity and mortality. Despite the availability of various
antifungal treatments, global reports continue to highlight resistance, treatment ineffectiveness, and outbreaks. This study
aimed to analyze the epidemiology of various Candida species isolated from invasive samples and assess their antifungal
susceptibility profiles.

Material and Methods: The study identified and evaluated a total of 200 Candida isolates, recovered over a 6-month
period from various clinical specimens. These were assessed against various antifungals according to recommendations.
Results: Among the samples, blood (79%) and pus (12%) were the most commonly encountered sources of Candida
isolation. Candida isolates comprised 14.5% (30) C. albicans and 85.5% (170) non-albicans species. Non-albicans
species included 15% (30) C. guilliermondii, 14.5% (29) C. lusitaniae, 11.5% (22) C. tropicalis, 2.3% (4) C. auris, and
8.5% (17) C. parapsilosis. Overall, the strains showed 74% and 91% sensitivity to Fluconazole and Voriconazole,
respectively, and 100% sensitivity to Caspofungin and Amphotericin B, with the exception of C. lusitaniae.
Conclusion: The susceptibility profile of antifungals is evolving. This study demonstrated a low rate of resistance to
four antifungals in invasive candidiasis in Pakistan. None of the isolates were resistant to more than one drug. Early and
prompt treatment through the implementation of an antifungal stewardship program and strict infection control is crucial.
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BACKGROUND
Candida species account for approximately 20% of all

microbiological infections in critical patients.! Recent
studies have reported higher minimum inhibitory
concentrations (MICs) to commonly used antifungals
against both C. albicans and non-albicans.! The increase
in fungal infections corresponds to factors such as
advanced age, prolonged length of ICU stays, use of
steroids or immunosuppressive drugs, diabetes mellitus
(DM), multiple invasive procedures, renal replacement
therapy (RRT), and the wide use of invasive devices
such as central venous catheters (CVCs) and biofilm
formation. Colonization may also lead to invasive
disease in 3-25% of cases. The spectrum of invasive
candidiasis is broad, including fungemia, intra-
abdominal infections, septic arthritis, iatrogenic and
neonatal meningitis.® Significant geographic variation
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has been observed in invasive candidiasis, with a poor
mortality rate of 40-55%. In a pan-European ICU cohort
study (2015-16), C. albicans (57%) was the dominant
species, followed by C. glabrata and C. parapsilosis.?®
A descriptive epidemiological data from Pakistan in
2012, for invasive Candida isolates among adults and
neonates revealed Candida tropicalis (38% and 36 %,
respectively) as the most common species.’” Despite the
availability of antifungals, therapeutic failure may occur
due to inadequate responses to common treatments.®
The Infectious Diseases Society of America (IDSA)
guidelines  recommend the empiric use of
Echinocandins, as it is associated with better survival.
Echinocandins have also been found to have limited
adverse effects and minimal drug—drug interactions. &°

The objective of this cross-sectional study is to observe
the frequency of different Candida species and
determine the susceptibility to antifungals in clinical
isolates during a 6-month period (April - September
2023) in the microbiology department of Chughtai
Institute of Pathology, Lahore, Pakistan.

MATERIAL AND METHODS

This study included sterile and invasive samples
(such as blood, ascitic fluid, pus aspirates, deep or
debrided tissue, CVP tips, and CSF) with yeast
growth, encompassing both genders across all age
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groups. CVP tips with blood culture positive with
the same pathogen were included in this study. All
duplicate isolates and non-invasive samples were
excluded.

A cross-sectional observational study was
conducted over a 6-month period at Chughtai
Institute of Pathology (CIP) in the Microbiology,
BSL-2 laboratory, under the assigned IRB number.
The study focused on the analysis of various
Candida species isolated from clinical invasive
samples, alongside their antifungal susceptibility
profiles, from April to September 2023.

Two hundred yeast isolates from invasive samples
were included, processed for identification using
MALDI-TOF, VITEK MS, and their antifungal
susceptibility profiles were determined. Candida
isolates that couldn't be identified to the species
level using VITEK MS were labeled as "Candida
species.”  Antifungal  susceptibilities  were
determined by the minimum inhibitory
concentration  (MICs) using  E-strip  for
Fluconazole, Voriconazole, Amphotericin, and
Caspofungin, as guided by CLSI M60. However,
Amphotericin was not tested for C. lusitaniae, and
Fluconazole was not tested for C. krusei. Quality
control strains were also employed to standardize
the testing. Antifungal breakpoints were species-
specific, and the results were reported as sensitive
(S), resistant (R), or susceptible dose-dependent
(SDD). Patient privacy was maintained by using
case numbers exclusively. Statistical Analysis:
Descriptive analysis was performed, calculating the
frequencies of C. albicans and non-albicans
isolation, gender, age groups, and the MIC 50 and
90 percentile of antifungals using SPSS 21.

RESULTS
A total of 200 yeasts from various invasive samples

were studied, with the majority originating from Punjab
(82.5%). Candida isolates were most commonly
obtained from blood (79%), followed by pus (12%),
ascitic fluid (3%), CSF (2.5%), tissue (2%), and CVP
tips (1.5%). The study revealed the isolation of 14.5%
C. albicans and 85.5% non-albicans species. Among the
non-albicans species, C. guilliermondii was the most
frequent, accounting for 15% of cases. Additionally,

14.5% of C. lusitaniae, 11.5% of C. tropicalis, 8.5% of
C. parapsilosis, and 2.3% of C. auris were isolated from
clinical samples, with other Candida species accounting
for 18.5% of cases. Antifungal sensitivities were also
assessed. Amphotericin B and Caspofungin were found
to be 100% effective in all isolates, both C. albicans and
non-albicans. Of the 193 (96%) isolates tested for
fluconazole, 143 (74%) were found to be sensitive, 17
(8.8%) were resistant, and 33 (17%) showed susceptible
dose-dependent results. Total of fifteen Fluconazole-
resistant isolates of C. lusitaniae and C. guilliermondii
were observed to have MIC > 64ug/ml. Similarly,
isolates were tested for voriconazole, with 182 (91%)
found to be sensitive, 16 (8%, C. lusitaniae, C. auris)
resistant, and 2 (1%) showing susceptible dose-
dependent results. Fifteen isolates of C. guilliermondii
and C. lusitaniae exhibited high voriconazole MIC (>
32 ug/ml). Amphotericin B and Caspofungin displayed
100% sensitivity.

Table-1: Demographic data from provinces of pakistan

Province Frequency Percent
AJK 2 1.0
Baluchistan 2 1.0
KPK 25 12.5
Punjab 165 82.5
Sindh 6 3.0
Total 200 100.0

Table-11: Over all percentile of MICs of Candida species
against different antifungals

Species(n) Antifungal agents  MIC90 MIC50
Amphotericin B 0.6 0.125
Candida Caspofungin 0.25 0.25
albicans (n=29)  Fluconazole 0.925 0.315
Voriconazole 0.25 0.12
Candida Amphoterigin B 0.5 0.1575
L .. Caspofungin 1.05 0.75
guilliermondii
(n=30) Fluc_onazole 32 24
Voriconazole 0.44 0.19
Amphotericin B NT NT
Candida Caspofungin 15 1
lusitaniae (n=29) Fluconazole 64 28
Voriconazole 0.625 0.22
. Amphotericin B 0.5 0.1875
Cand_lld a Caspofungin 1 0.75
paraesll705|s Fluconazole 1.3 0.38
(n=17) Voriconazole 0.198 0.12
Amphotericin B 0.38 0.125
Candida Caspofungin 0.25 0.25
tropicalis (n=22) Fluconazole 0.788 0.25
Voriconazole 0.952 0.12
Amphotericin B 0.75 0.25
Candida spp. Caspofungin 0.75 0.38
(n=73) Fluconazole 32 35
Voriconazole 0.75 0.125
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Figure-1: Work flow chart showing the categorization of
samples and of Candida isolates.

*QOthers 2% of the total isolates of C. lipolyica, C. blankii,
C. boidinii, C. rugosa and C. metapsilosis were also
identified.
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Figure-11: Showing antifungal susceptibilty

DISCUSSION

Candida species, which are the most common cause of
invasive candidiasis (IC) across all age groups, present
extensive disease manifestations with high mortality
rates.’ This study provides a concise overview of the
distribution of Candida species and their antifungal
susceptibilities in invasive samples from various
geographical regions in Pakistan, mainly from Punjab
(82.5%), as the laboratory is based in Lahore, the capital
city of the province (Table-1).

The distribution of non-albicans species, as documented
by Papas et al., particularly in ICU patients, has been
observed globally. It was proposed that non-albicans

species, including C. lusitaniae, C. guilliermondii, and
C. parapsilosis, were the leading cause of IC, especially
in patients with prior exposure to antibiotics, a central
venous catheter, recent abdominal surgery or
colonization (5-30%).1° Some studies have suggested
that colonization can be used as an indication to initiate
prophylaxis and reduce 1C.1+1213 However, this has not
shown any benefits in reducing mortality. Similarly, a
study in Switzerland by Egiimann revealed that the shift
in ICU fungal distribution resulted from empirical
treatment with Caspofungin and Azoles. This led to
increased C. glabrata without reducing invasive
candidiasis-related mortality or prevalence.** Our study
also demonstrated that non-albicans species were the
major cause of IC (85.5%). Another study published in
2021 by Ratani et al. on the "Spectrum and antifungal
resistance in Candida species isolated from blood
culture of neonates™" similarly indicated non-albicans
species (86.7%) as the major cause of IC.% In contrast
to our study, they noted C. tropicalis as the most
frequently isolated pathogen, while C. guilliermondii
(15%) was the dominant isolate in our study. This
finding might be attributed to the different sample types
and age groups included. Our results also differ from the
study in Iran on blood cultures from the Pediatric
Intensive Care Unit (PICU), which reported 53.6% C.
albicans, 24.7% C. parapsilosis, and 8.5% C.
tropicalis.®

The gold standard for diagnosing IC is culture, yet the
sensitivity of blood culture and ascitic fluid is reported
to be insignificant. This could be due to the common
practice of empiric antifungal therapy. Literature review
has shown that the sensitivities of blood and ascitic fluid
are only 75% and 5-20%, respectively.'”*® Similarly, the
isolation of Candida from sterile sites, such as pus from
the abdomen, poses challenges and takes 2-3 days.'’
Our study also indicated low frequency in terms of the
isolation of Candida from blood (79%) and pus (3%).
A worldwide transformation in the antifungal
susceptibility profile, especially in Fluconazole, has
been observed. This might be attributed to the common
practice of frequently using Fluconazole as an empiric
treatment. This study shows reduced sensitivity against
Fluconazole (74%) compared to Amphotericin B
(100%) and Voriconazole (91%) (Figure-1). These
calculations did not include Fluconazole susceptibility
profiles for C. krusei and C. auris as they are
intrinsically resistant and have high MICs, respectively.
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Approximately 8% of susceptible dose-dependent
(SDD) isolates were observed for both Fluconazole and
Voriconazole. We detected a >64 ug/ml MIC for
Fluconazole in total of 12 isolates of C. lusitaniae, 2
isolates of C. guilliermondii, and 1 Candida species.
High MICs of Fluconazole against C. lusitaniae may be
due to mutations, as discussed by Shawn et al.
Additionally, prior use and persistent candidemia may
contribute to high MICs. Similarly, in a "20 years of
antifungal surveillance program from 135 medical
centers in the USA, Canada, and Europe," an increase in
the isolation of Candida glabrata and Candida
parapsilosis and a decrease in C. albicans was observed,
along with a gradual emergence of resistance to azoles
(Fluconazole and Voriconazole).?® Unlike our findings,
Merhendi et al. reported 100% sensitivity to
Fluconazole and Voriconazole.?%

An observational study in the USA, Texas, and
Columbia on the susceptibility profile of C. auris noted
33% and 1% resistance to Amphotericin B and
Echinocandins, respectively. 222> We reported 4 pan-
sensitive C. auris isolates from blood and one from a
tissue sample. The difference in susceptibility profiles
might be due to the different clades, the selective
pressure of antifungals, and the methodology of
antifungal testing. To date, little information is available
for treating infections due to pan-resistant isolates. More
research, knowledge, and data are required for the
accurate diagnosis and treatment of resistant isolates.?*
The emergence of non-albicans species as predominant
causes of invasive candidiasis (IC), particularly in
intensive care units (ICUs), underscores the urgent need
for targeted infection prevention and control measures.
Evidence from this study underscores the need for
rigorous surveillance mechanisms and guidelines to
ensure judicious use of antifungal agents, thereby
minimizing the risk of antimicrobial resistance and
improving patient safety. Moreover, addressing
diagnostic limitations and enhancing laboratory
capacities for Candida detection are essential
components of comprehensive public health strategies
against IC. Policymakers should prioritize investments
in diagnostic infrastructure and workforce training to
facilitate early detection, prompt treatment initiation
and effective management. This study underscores the
importance of closing knowledge gaps surrounding
Candida epidemiology and antifungal resistance
mechanisms through targeted research and innovation.

Policymakers should prioritize research funding and
interdisciplinary  collaborations to advance our
understanding of IC dynamics and inform evidence-
based policy responses.?®

Several limitations exist in this study. We were unable
to identify all inpatient units and the sources for pus
samples due to a lack of clinical history. Furthermore,
the mechanism of antifungal resistance in our
community remains unknown. Discrepancies in the
frequencies of C. albicans and non-albicans might be
because of the short duration of the study. Due to small
sample size, Candida species vise, antifungal
susceptibility pattern could not be calculated.
Differences in antifungal susceptibilities can also be
attributed to the variation in testing methodologies, as
broth microdilution is the recommended methodology.

CONCLUSION
This study reveals that there is a rise in non-albicans

candida species. It is also concluded that there were no
pan-resistant Candida isolates. However molecular-
based assays should be employed to detect the
mechanisms of antifungal resistance in our community.
DNA sequence analysis of FKS genes should be
performed to identify hotspot mutations. The use of
antifungals should be restricted and improved through
antifungal stewardship programs. A multicenter study
should be conducted to observe the trends of antifungals
and prevalence over a period of 5-10 years in our
community.
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