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Abstract

Background: Candidemia is an increasingly important healthcare-associated fungal infection that is
associated with high morbidity and mortality. The epidemiology of candidemia varies according to
geographical region, period and the population involved. Anincreased incidence of non-albicanscandidemia
has been reported in recent studies. Aim: To study the preval ence of Candida speciesand their susceptibility
profile over a period of five years (2017-2021). Materialsand M ethods: Thisretrospective study was
performed inthe microbiol ogy laboratory. Specimenswere collected and culture was performed using the
BacTAlert3D / BacTec culture system. All the isolates were identified and their antifungal susceptibility
testing was performed. Results: Year-wise positivity rates of candidemia were 0.85%, 0.68%, 0.73%,
0.82% and 0.71%. Magjority of theisolateswere from the age group 51-60 years with mal e predominance.
Candida tropicalis was the most common species followed by C.albicans & C. parapsilosis. Candida
isolates showed good susceptibility to Amphotericin B & Echinocandins whereasincreased resistance to
azoles (20-30%) was observed in C. tropicalis & C. parapsilosis. Conclusion: The emergence of a
few Candida species, whichwerenot previoudly isolated isalarming. NAC beingmoreresistant / intrinsically
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resistant to fluconazol e strengthens the need for antifungal susceptibility testing on apriority basis.
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Introduction

In recent years, the incidence and prevalence of
invasive candidiasis have been on therise worl dwide.l-2
It has emerged as an important public health problem
and is associated with a high mortality rate. The most
common presentation of invasive candidiasis is
candidemia which has been frequently reported from
various intensive care units (ICUs), and is mostly
associated with immune suppression, prolonged broad-
spectrum antibiotic usage, intravenous devices and
parenteral nutrition. It prolongs the hospital stay and
increasesthefinancial burden of healthcare.[2® Though,
Candida albicans (C. albicans) remains the most

commonly isolated Candida species in patients with
candidemia in a large number of studies, there is an
obvioussteady shift towards non-albicans Candida(NAC)
specieswhich collectively account for the remaining 60-
70% cases of candidemia.l247 Thisdistribution varies
according to the geographical region, study period, age
& underlying clinical condition of the patient, type of
survey, and the population involved.[28 Many Asian
countries have reported Candida tropicalis as the
predominant non-albicans Candida species whereas
Europe & the USA havereported a high prevalence of
Candidaglabrata. Nevertheless, Candidaparapsilosis
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is the leading NAC species reported from Spain and
Brazil 159 Various studies across India, have reported an
increased incidence of NAC species with C. tropicalis
asamajor contributing species.[1% However, Guptaet
al reported C. glabrata as the most common NAC
species from aneonatal intensive care unit.[1!

Antifungal resistance amongst the Candia speciesis
an evolving issue worldwideand concomitant resistance
to more than one antifungal drug classes further
complicatesthe problem of salecting the empiric antifungal
treatment.[134]

Primary Objective: To study the distribution &
susceptibility profile of Candidaspeciesover aperiod of
five years.Secondary Objective: To analyze the year-
wisetrends of Candida speciesand susceptibility profile.

Materials and Methods: This retrospective,
observationa study was performed in the Microbiol ogy
laboratory of a tertiary care hospital in Punjab, North
India, for a period of 5 years (Jan 2017 —Dec 2021after
IEC clearance vide IEC No.:2023/825.

Inclusion Criteria: Blood samples from indoor
patients suspected with blood stream infections.
Exclusion Criteria: All the duplicate isolates from the
same patients and OPD patients.

Specimen collection and I dentification of Candida
isolates Specimens were collected taking standard
aseptic precautions. Blood culture was carried out by
BacTAlert3D /BacTec automated blood culture system.
Onceablood culturebottle flagged positive, aGramsstain
was done from the broth in the bottle to look for yeast
cells. Then, subculturewas done on blood agar platesand
sabouraud Dextrose Agar (SDA) agar for isolation and
incubated at 37°C for 24 hrs. Suspected colonies of yeasts
were identified on the VITEK 2 Compact system
(BioMérieux) using Y ST-ID cards.

Antifungal susceptibility Testing

In vitro, antifungal susceptibility testing of Candida
isolatesto polyenes (amphotericin B), azoles(fluconazole
and Voriconazole) and echinocandins (caspofungin and
micafungin)was performed on VITEK 2 Compact system
using YST-Y S07 cards. The results of antifungal
susceptibility are evaluated in accordance with the
European Committee on Antimicrobial Susceptibility
Testing(EUCAST)/Clinical Laboratory Standards
Institute (CLSI) guidelines by the VITEK 2 system
depending upon the availability of break points.[1d
Satistical Analysis

Five- year epidemiological trends of candidaisolates
in terms of demographics, species distribution and
antifungal susceptibility areevaluated. Statistical anaysis
is performed by using a chi-square test or Fisher’s exact
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test as appropriate and probability levels <0.05 by the
two-tailed test is considered statistically significant.

Results

A total of 108057 blood sampleswerereceivedin the
Microbiology laboratory during the study period, for
culture. Of these 815 candida isolates (0.75%) were
obtained. The comparative year-wise positivity of
candidemia from 2017 to 2021 was found to be 0.85%
(199/23333), 0.68% (169/24927), 0.73% (184/25135),
0.829(131/16071), and 0.71% (132/18591) respectively.
Male patients 63.5% (517/815) predominates over the
femal e patients and the age group of 40-60 years was
primarily affected. A gradual increase in the number of
mal e pati entswith candidemiawas observed over aperiod
of 5 years from 62.1% to 75.8%. However, thereis no
remarkabl e difference seen intheage distribution of these
patients over the years, except in the year 2021. In the
year 2021, the predominant age group affected was 61-
70years(Figure 1, 2)

During the study period, 12 different Candida spp.
were isolated with a predominance of non albicans
Candida species (79.6%, 649/815). C. tropicalis was
themost frequently isolated species 421 (51.7%), followed
by C.albicans (n=166, 20.4%), C.parapsilosis (=130,
15.9%), C.gulliermondii (n=30, 3.7%). The remaining
isolates were C.lusitaniae (n = 12, 1.7%), C.ciferrii (n
=18, 2.2%), Candidakrusei (n=9, 1.1%) etc. (Table 1).

Theyear wisedistribution of Candidaspecieshasbeen
describedin Table 1. The percentage of candidemiacases
dueto non al bicans Candida speciesremained stablefrom
2017-2020 (approximately 78%). However, asteep rise
of non abicans Candida was observed during the year
2021 (86.4%) (Figure 3). The major contributorstoward
the increase in the incidence of NAC species were
C.guilliermondii (from 3.5% to 8.3%) and C. ciferrii
(from 0.5% to 9.1%).

Trends of theantifungal susceptibility of theseisolates
over theyears has been shownin Table 2. A statistically
significant decrease in the susceptibility of fluconazole
was observed over the years (p<0.05), however, the
changein susceptibility profile of other antifungal agents
was not found to be significant.

The susceptibility profile of predominant isolates
obtained during the study period has been evaluated in
Table 3. It hasbeen observed that there was asignificant
(p<0.05) increasein sensitivity (to 100%) of C. albicans
towards all the antifungal s tested except Voriconazole.
Further, asignificant (p<0.05) variationin the sensitivity
of C. tropicalis towards echinocandins was observed
over the years. The caspofungin and micafungin
resistance varied from 0.9%-10% & 2.7%-15%
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Fig 1. Year wise trends of sex distribution in Fig 2: Year wise trends of age distribution in
patients with candidemia. patients with candidemia.
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Table 1: Year wise distribution of Candida isolates (2017-2021) in patients with Candidemia

2017 2018 2019 2020 2021 Total
(n=199) | % |(n=169)| % | (n=184)] % |(n=13)| % | (n=132) | % |(N=815)] %
Candida 44 | 221| 360 |213| 39 |[212| 290 |221| 180 |136| 166 | 2037
albicans
Non
albicans 155 |779| 133 |787| 145 |788| 102 |779| 114 | 864 | 649 | 79.63
candida
Candida 105 |528| 93 |550| 87 |473| 60 |458| 76 |576| 421 | 5166
tropicalis
Candida 28 |141| 25 |148| 39 |212| 25 |191| 13 98 | 130 |1595
parapsilosis
Candida 7 35 4 24 7 38 1 0.8 11 8.3 30 | 368
gulliermondii
Candida 4 20| 2 |12| a |22] 1 |os 1 08 | 12 | 147
lusitaniae
Candida 1 |os| 2 |12| 2 |11] 1 |os8| 12 |o91]| 18 |22
ciferrii
Candida 4 |20 1 |o6| - - - - - - 5 | 06l
Utilis
Candida 2 | 10| - . 1 |os| 6 | 46 - ; 9 | 110
famata
Candida 2 10 1 0.6 2 11 1 0.8 - - 6 0.74
glabrata
Candida 1 05 0.0 2 11 2 15 1 0.8 6 0.74
kefyr
le”d'qa 1 |os5| 4 |24/ 1 |os| 3 |23 - - 9 | 110
rusel
Candida
il onds ; 1 0.6 - 2 15 - - 3 0.37
respectively, over the years. However fluconazole and  to variousfactorsvizincreasein anumber of patientson
voriconazole resistance has a wide-range from 7.7%-  immunosuppressant, the growing elderly population, rise

28.9% & 6.5% - 18.4% respectively, during the study  inthesurvival of patientswith previously considered lethal
period and these variationswerefoundto bestatistically  diseases, increaseininvasive & more extensive surgical
significant. Significantly reduced sensitivities to  procedures, increased antibiotic usage and the number
fluconazole & voriconazole were observed in the case  of patientswith diabetes mellitus.[313]

of C. parapsilosis, whereas susceptibility to Thevariousstudies, across Indiahave shown avaried
Amphotericin B and caspofungin hasincreased overthe  rate of Candida isolation from suspected septicemia
five years. (Table 3) cases. It ranged from 1.74% to 32.5%.345 However,
Discussion the present study showed a comparative low incidence

Candidemiaisan emerging infectionworldwide, due  of candidemiaranging from 0.68% to 0.85% during the
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study period. Thesimilar incidence (0.21-0.58%) hasa so
been reported in few studiesfrom various other countries.
However theincidence varied with geographical region,
among different populations, local epidemiol ogy, agegroup,
study period, type of hospital and other risk factors.[%:14]
In the present study, peak age group was 41-60 years
during 2017-2020 except in the year 2021 where
predominantly patienys belong to 61-70 years. Thisshift
in age during 2021 may be correlated with the COVID-
19 period as advanced age is one of the risk factors for
hospitalization and the use of immunosuppressiveinthese
patientsfurther explainstheincreasein the frequency of
Candidemial® In our study incidence of candidemia
varied from 3.7% (year 2019) to 14.3% (2017) in the
agegroup 0-20 years. Thesefindingsarein corroboration
with a previous study which reported a cumulative
incidence of 12.8% in 0-15 years of age group.[]
Contrary to our findings, another study carried out only
on ICU patients have reported an incidence of 63.5%in
pediatric popul ation. [16]

As per study, atotal of 15 different Candida species
are responsible for most of the human diseases and
invasive candidiasis.>*11 However, in the present study,
from the patients suspected of Candidemia 12 distinct
species has been isolated with the predominance of
C.tropicalis, C.albicans, C. parapsilosis, C.
gulliermondii, and C. ciferrii, in that sequence. Few
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and it has emerged as an important nosocomial
pathogen.!!! The distribution of Candidaspp. has shifted
from C. albicansto non-candidaal bicans (NAC) species
over the years due to multiple factors like shift in
demographics of the patients, increase in patients with
cardiovascular disease & aso due to improvements in
the diagnostic modalities.[%7] Our study has also
demonstrated that the majority of Candida isolates
belonged to NAC speciesduring al theyears of the study
period. Although a steep shift (increase) was observed
in the isolation of NAC species, during the year 2021
from approximately 78% (2017-2020) to 86.4%. The
major contributors toward the increase in incidence of
NAC species were C.guilliermondii and C.ciferrii,
probably due to decreased susceptibility of
C.gulliermondii to azoles/echinocandind® and C.ciferrii
being resistance to fluconazol e.[1]

Inthe current study, theantifungal susceptibility profile
of Candida speciesrevealed that there were statistically
insignificant variationsin the susceptibility over theyears
(2017-2021) except amphotericin B and fluconazole.
Although, the variation in susceptibility towards
amphotericin B was found to be significant, but
susceptibility remained substantially high ranging from
90.5-97.8%, which was much higher than reported by
Bhattacharjee (69.4%).[19 Fluconazole exhibited a
significantly decreased (from 87% in 2019 to 69.7% in

Table 2: Year Wise Trends of Antifungal Susceptibility of Candida |solates (n=815)

m
8 : < c 2 =
8 kS =2
5 e o E S 2 :
> 5 o 2 8 8 8
S| 5 7 = > 5
2 £ O = [ (>3
<
189 178 178 " 172
2007 1191 (o5 | (89.4%) | (89.49%) | 12799 | (g5.4%)
153 153 152 142 147
2018 | 197 (905%) | (905%) | (89.9%) | (84.0%) (87%)
180 170 165 160 165
2019 11841 o78%) | (924%) | ®0.7%) | (87%) (89.7%)
127 117 115 109 119
200 11311 (96.9%) | (89.3%) | (87.8%) | (832%) | (90.8%)
125 118 116 92 109
2021\ 1321 9479%) | (804%) | (87.9%) | (69.7%) | (82.6%)
o value 0.048 0.70 0.90 0.007 0.517

other studies have also reported C. tropicalis being the
most common speciesisolated, followed by C. glabrata

and C. albicans.!'% Nevertheless, others have reported
C. parapsilosis as the leading species among the NAC
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Table 3: Antifungal Susceptibilities of Predominant Candida |solates, Over the Years

Y ear Amphotericin B | Caspofungin Micafungin Fluconazole | Voriconazole
Number (%) Number (%) Number (%) Number (%) Number (%)
Candida albicans (n=166)
2017 (n=44) 42(95.4) 35(83.3) 36(83.7) 37(88.1) 37(88.1)
2018(n=36) 31(86.1) 33(91.6) 32(91.4) 30(83.3) 28(77.8)
2019 (n=39) 38(97.4) 38(97.4) 39(100) 37(94.9) 31(79.5)
2020 (n=29) 29 (100) 29 (100) 29 (100) 29 (100) 26 (88.9)
2021 (n=18) 18 (100) 18 (100) 18 (100) 18 (100) 15(83.3)
p value 0.054 0.03 0.009 0.06 0.12
Trend line sy | e
Candida tropicalis (n=41T)
2017 (105) 102(97.1) 99(94.2) 99(94.3) 84 (79.8) 87(82.9)
2018 (93) 91(100) 88(97.8) 88(94.6) 86 (92.3) 87(93.5)
2019 (87) 84(96.5) 72(90.7) 72(87.2) 708390 | 75(%0.8)
2020 (60) 57 (95) 51 (90) 51(85) 52 (86.7) 56(93.3)
2021 (76) 75 (98.7) 75(99.1) 74(97.3) 54(71.1) 62(81.6)
p value 0.285 0.047 0.018 0.004 0.034
Trend Line i | SN e
Candida parapsilosis (n=130)
2017 (28) 25(88.2) 26(92.8) 23(85.1) 24(85.7) 26(92.8)
2018 (25) 22(88) 24(96) 23(95.8) 22(88) 21(84)
2019 (39) 39(100) 39(100) 39(100) 37(94.9) 38 (97.4)
2020 (25) 25(100) 25(100) 25(100) 19(76) 23 (92)
2021 (13) 13(100) 13(100) 12(92.3) 07(53.4) 10 (76.9)
p value 0.056 0.283 0.023 0.008 0.15
Trend Line ) | et —_— it

2021) susceptibility towards candida isolates. This can
beattributed to thefact that, in our hospital fluconazoleis
the most commonly used antifungal drugempirically, as
thesedrugsare easy to administer with fewer side effects.
Similar observation has also been reported by various
studies from Indiawith a high incidence of fluconazole
resistance among all isolates of Candida species (31-
64%).[22% Fluconazol e resistance in Candida speciesis
of concern becauseit is very often used as atherapeutic
aternatives to amphotericin B. Further we noticed a
decreasing trend in susceptibility of fluconazole to C.
parapsilosis and C. tropicalis from a peak of 94.9%
and 92.3% to 53.4% and 71.1%, respectively. On the
other hand C. albicans showed an increase in
susceptibility from minimum 83.3% in the year 2018 to
100% in 2021. Ahmet et al have also reported reduced
susceptibility to fluconazole in most of the non-
candidaal bicans species (NAC) as compared to
C.albicans.l

Echinocandins are used as an alternative for the
candida species resistant to azoles. However in recent
years emergence of echinocandins resistance has been
reported against Candidaisol ates. Sustained exposure of
Candidaisolates to these drugs may have contributed to
decreased efficacy of echinocandins.[2]

In our hospital susceptibility of echinocandinsvaried
from 85.2 to 91.4% over the five years of surveillance.
In case of C. albicans a cross resistance has been
observedbetween caspofungin and micafungin, as the
trendsin susceptibility of both the drugs are comparable
over the yearsin the present study. The cross resistance
amongst echinocandins has been reported and linked to
FK S1 gene mutations.[?2 Additionally during the year
2020-21, no C. albicansisolate was found to be resi stant
to echinocandins, in our study. Fuller et al have also
reported 99.9% susceptibility of echinocandins to C
albicans.¥ On the basis of available literature, it has
been assessed that C. tropicalisisrelatively |essresistant
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to echinocandins.[?Y However in the present study
variable resistance tocaspofungin and micafungin
i..0.9%-10% & 2.7% -15% respectively, has been

bloodstreaminfection dueto Candidaspp. in China: species
distribution, clinical features, and outcomes.
Mycopathologia 2016 ; 181:485-95.

8. ShigemuraK, Osawa K, Jikimoto T, Yoshida H, Hayama
observed. B, Ohji G, et al. Comparison of the clinical risk factors
Accordingto CLSI guidelines, MIC breakpointsin the between Candidaal bicans and Candidanon-albicansspecies
case of C. parapsilosis and C gullermondii, for f%@t(’lf)’%?fﬁam'“fec“o“' The Journal of antibiotics 2014
echinocandins are much higher than other common 9. Guinea J. Global trends in the distribution of C andida
Candidaspecies(S,I,R: <2 ug/ml, 4 pg/ml, >8 pg/ml vs< 'lspfeci$ c%slizg 2Cc:;\r?sdilcg)emia. Clinical Microbiology and
S epeat nfection ; 20:5-10.
0.25ug/ml, 0.5 Hg/ml’ .1 ng/mi ) Consequently r ed 10. BhattacharjeeP. Epidemiology and antifungal susceptibility
exposureto echinocandins may lead to thg development of Candida species in a tertiary care hospital, Kolkata,
of resistance.[”l On the other hand, in our study India. Current medical mycology 2016 ; 2(2):20.
susceptibility of C. parapsilosis, to echinocandins has 11. Gupta N, Mittal N, Sood P, Kumar S, Kaur R, Mathur
. | over the five vears. This can be attributed to MD. Candidemia in neonatal intensive care unit. Indian
'n(?r Nt _y - vl . Journal of Pathology and Microbiology 2001 ; 44(1):45-8.
stringent antibiotic audits as per antibiotic policy of the 12. Arendrup MC, Friberg N, Mares M, Kahlmeter G,
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significant clinical impact on the prognosisof the patients MJ, BohliusJ, et al. Morbidity and mortality of candidaemia
with candidemia specifically in elderly and in Europe: an epidemiologic meta-analysis. Clinical
immunocompromised patients. Therefore, continuous mi(érobiologyand igfectiond2019;25(10):1200-12. |
i ihi At i i 14. Rodriguez-Hernandez MJ, de Pipaon MR, Méarquez-Solero
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isthekey tominimizing theacquired antifungal resistance. FM, et a. Candidemias: andlisis multicéntrico en 16
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