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Abstract

In response to the growing global burden of fungal infections with uncertain impact, the World Health Organization (WHO) established an Expert
Group to identify priority fungal pathogens and establish the WHO Fungal Priority Pathogens List for future research. This systematic review
aimed to evaluate the features and global impact of invasive candidiasis caused by Candida tropicalis. PubMed and Web of Science were searched
for studies reporting on criteria of mortality, morbidity (defined as hospitalization and disability), drug resistance, preventability, yearly incidence,
diagnostics, treatability, and distribution/emergence from 2011 to 2021. Thirty studies, encompassing 436 patients from 25 countries were
included in the analysis. All-cause mortality due to invasive C. tropicalis infections was 55%-60%. Resistance rates to fluconazole, itraconazole,
voriconazole and posaconazole up to 40%-80% were observed but C. tropicalis isolates showed low resistance rates to the echinocandins (0%—
1%), amphotericin B (0%), and flucytosine (0%-4%). Leukaemia (odds ratio (OR) = 4.77) and chronic lung disease (OR = 2.62) were identified as
risk factors for invasive infections. Incidence rates highlight the geographic variability and provide valuable context for understanding the global
burden of C. tropicalis infections. C. tropicalis candidiasis is associated with high mortality rates and high rates of resistance to triazoles. To
address this emerging threat, concerted efforts are needed to develop novel antifungal agents and therapeutic approaches tailored to C. tropicalis
infections. Global surveillance studies could better inform the annual incidence rates, distribution and trends and allow informed evaluation of
the global impact of C. tropicalis infections.

Key words: Candida tropicalis, candidaemia, invasive fungal infection, global epidemiology, mortality.

Introduction need for a deeper understanding of the factors contributing to
the virulence of C. tropicalis and the development of effective
treatment strategies. The proportion of Candida bloodstream
infections caused by C. tropicalis waspreviously surpassed by
C. albicans, Nakaseomyces glabratus (previously C. glabrata
complex) and/or C. parapsilosis complex,®!'1>12 however, in

Candida tropicalis is important as a cause of invasive candidi-
asis with high mortality.!~> Whilst the 30-day mortality of can-
didaemia lingers unchanged at 30%-40%,% that of C. trop-
icalis bloodstream infections has been reported to be as high
as 52%.'9 This heightened mortality emphasizes the critical
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Southeast Asia and South America it has overtaken and has
been reported as the first or second most important cause of
Candida bloodstream infections.!31#

The shift in the epidemiology of infections from C. albi-
cans to non-albicans Candida and other yeast spp., including
C. tropicalis, has been associated with increasing resistance
to antifungal agents.">'5:1® This phenomenon underscores the
urgency of monitoring and addressing antifungal resistance,
particularly in the context of C. tropicalis infections. Notably,
an Australian report described an increase in resistance from
rare, <2%, to 16.7% a decade later.'®-'” Thus, data focus-
ing on C. tropicalis and its differentiation from other Candida
spp. are important.

As part of the WHO development of the first FPPL, this
systematic review aimed to evaluate the features and global
impact of invasive candidiasis caused by C. #ropicalis. The
criteria for evaluation included mortality, hospitalisation and
disability, antifungal drug resistance, preventability, yearly in-
cidence, global distribution, and emergence in the last 10
years. Identified knowledge gaps for C. tropicalis were high-
lighted for further research. By addressing these gaps, this re-
view contributes to a more comprehensive understanding of
the clinical and epidemiological aspects of C. tropicalis in-
fections, thus informing strategies for its management and
control.

Materials and Methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement.'® Adherence to PRISMA
guidelines enhances the transparency and reproducibility of
this review’s methodology. PubMed and Web of Science
databases were used. Eligibility criteria for studies were any
population including adults and children, reports with spe-
cific data on Candida tropicalis infection or of isolates, obser-
vational studies, randomised controlled trials, guidelines, epi-
demiology, or surveillance reports and, publication between 1
January 2011 and 19 February 2021.

Reports were eligible if they included data on at least one
of the prespecified criteria being mortality, hospitalisation and
disability, antifungal drug resistance, preventability, yearly in-
cidence, global distribution, and emergence over the last 10
years. Studies reporting on non-human data including animals
and plants, studies not reporting on C. tropicalis, studies with
no data on the prespecified criteria above, case reports, confer-
ence abstracts and reviews, reports on novel antifungal agents
in pre-clinical, early phase trials or not licenced, in vitro papers
on resistance mechanisms and papers not written in English
were excluded.

Search strategy

On PubMed, the search was optimized using the medical
subject headings (MeSH) with keyword terms in the ti-
tle or abstract for each criterion (not case sensitive). The
final search used (Candida tropicalisyMeSH Terms]) com-
bined, using AND term, with criteria terms including (mortal-
ity[MeSH Terms]) OR (morbidity[MeSH Terms]) OR (hos-
pitalisation[MeSH Terms]) OR (disability[All Fields])) OR
(drug resistance, fungal[MeSH Terms]) OR (prevention and
control[MeSH Subheading]) OR (disease transmission, in-
fectious[MeSH Terms]) OR (diagnostic|[Title/Abstract]) OR
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(antifungal agents[MeSH Terms]) OR (epidemiology[MeSH
Terms]) OR (surveillance [Title/Abstract]).

On Web of Science, MeSH terms are not available and
therefore topic search (TS), title (TI) or abstract (AB) search
was used. The final search used [TI=(‘Candida tropicalis’) OR
TI=(‘C. tropicalis’)], combined, using AND term, with crite-
ria terms each as topic search, including (mortality) OR (case
fatality) OR (morbidity) OR (hospitalixation) OR (disabil-
ity) OR (drug resistance) OR (prevention and control) OR
(disease transmission) OR (diagnostic) OR (antifungal agents)
OR (epidemiology) OR (surveillance). Symbol * allows a trun-
cation search for variations of the term (e.g., hospitalisation
or hospitalization). All articles from each database were im-
ported into a reference manager, Endnote®.

Study selection

The final search results from each database were incorporated
into the online systematic review software, Covidence® (Veri-
tas Health Innovation, Sydney, Australia). Duplicates were re-
moved in Covidence®. The remaining articles underwent ti-
tle and abstract screening based on the inclusion criteria. No
reason was provided for article exclusion during title and ab-
stract screening. Full-text screening was performed for the fi-
nal set of eligible articles; excluded articles were recorded with
reasons. All of the title, abstract and full-text screenings were
performed independently by two reviewers (HK, CK) using
Covidence®. Discrepancies were resolved by a third reviewer
(JWA). Additional articles identified from the references of the
included articles were added and screened. The resulting arti-
cles were subject to the final analysis (Figure 1).

Data collection

Data from the final list of included studies were extracted for
the relevant criteria. The extracted data was checked by the
second reviewer (20% check).

Risk of bias assessment

Risk of bias assessment was performed for the included stud-
ies on relevant bias criteria, depending on the type of data
extracted. Risk of bias tool for randomized trials version 2
(ROB 2) tool was used to assess the randomised controlled tri-
als.”” The risk of bias in non-randomized studies (ROBANS)
tool was used to assess the non-randomised studies.?’ For
the overall risk, using the ROB 2 tool, the studies were
rated as low, high risk or some concerns. Using the ROBANS
tool, the studies were rated as having low, high, or unclear
risk.

As the systematic review was intended to inform on specific
criteria rather than study outcomes as in traditional system-
atic reviews, the bias assessment tools were not perfectly suited
for the task to assess the bias for the specific criteria. We used
each criterion as an outcome of the study and assessed if any
bias was expected based on the study design, data collection
or analysis in that particular study. Following that strategy,
studies classified as unclear or high overall risk were still con-
sidered for analysis.

Data extraction

The extracted data on the outcome criteria were quantitatively
or qualitatively synthesised depending on the amount and na-
ture of the data.



Medical Mycology, 2024, Vol. 62, No. 00

Records identified through
PubMed
(n=273)

Records identified through
Web of Science
(n=164)

Duplicates removed

l

Records for title and
abstract screening
(n=355)

v

(n=82)

Non-relevant records

v

A 4

excluded
(n=303)

Full-text articles for
eligibility assessment
(n=52)

Full-text articles excluded
(n=22):

Distribution/emergence

, | data before 2011 (n=9),
No data on criteria (n=4),
Study type irrelevant

Studies included in the
final analysis
(n=30)

(n=2),

No data on pathogen
(n=6),

Not in English (n=1)

Figure 1. Flow diagram for selection of studies included in the systematic review. Based on: Preferred Reporting Items for Systematic Reviews and

Meta-Analyses: The PRISMA Statement.®’

Results

Study selection

PubMed and Web of Science Core Collection databases
searched between 1 January 2011 and 19 February 2021
yielded 273 and 164 articles, respectively. Duplicates were
removed and the remaining, 355 articles underwent ti-
tle/abstract screening. After excluding non-relevant articles,
52 articles underwent full-text screening. After excluding arti-
cles based on the full-text review, 30 studies were included in
the final analysis, including 436 patients from 25 countries. A
flow diagram outlining the process of study selection is shown
in Figure 1.

Risk of bias

Overall risk of bias for each study is presented in Table 1. Of
the included studies, 14 were classified as having a low risk of
bias in all the domains assessed. Nine studies were classified as
unclear risk of bias, mostly due to the potential selection biases
caused by unclear eligibility criteria or population groups, or
unclear confirmation/consideration of confounding variables.
Seven studies were classified as high risk, because of the selec-
tion bias due to inadequate considerations in the selection of
patients or eligibility criteria.

Deaths

Mortality data are summarized in Table 2. Overall mortality
due to C. tropicalis candidaemia was as high as 55%-60%
(105/186).1:2" Five studies reported on the 30-day mortality
rates in C. tropicalis candidaemia patients ranging from
32% to $52%.210:1122.23 Qyerall mortality rates in pae-
diatric patients with invasive C. tropicalis infections were
26%-40% 2423

Inpatient care

Hospital length of stay due to C. tropicalis could not be as-
sessed due to a lack of data from the included studies.

Complications and sequelae

Disability due to C. tropicalis could not be assessed due to a
lack of data from the included studies.

Antifungal resistance

In total, 25 studies reported on the drug susceptibility or
resistance rates of C. tropicalis. Details of these studies
are presented in Table 3. Drug susceptibility to azoles and
other antifungal drugs are presented in Tables 4 and 3,
respectively.
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Table 1. Risk of bias

Author Publication year Risk (low, high, unclear) Reference
Al-obaid et al. 2017 High 38
Arastehfar, Daneshnia, et al. 2020 Low 1
Arastehfar et al. 2020 Low 21
You et al. 2020 Unclear 23
Zhou et al. 2019 High 39
Castanheira et al. 2020 Low 26
Chapman et al. 2017 Low 16
Chen et al. 2019 Low 3
Eliakim-Raz et al. 2016 Unclear 60
Fan et al. 2017 High 32
Fernandez-Ruiz et al. 2015 Low "
Guinea et al. 2014 Unclear -
Guo et al. 2017 High 39
Jordan et al. 2014 High 24
Kang et al. 2017 Low 22
Karadag-Oncel et al. 2015 Low 25
Katsuragi et al. 2014 Low 33
Khadka et al. 2017 Low 33
Ko et al. 2019 Unclear 2
Liu et al. 2019 Unclear 10
Medeiros et al. 2019 Low 27
Megri et al. 2020 Unclear 4
Siopi et al. 2020 Low 28
Tang et al. 2014 Low 40
Tasneem et al. 2017 Unclear 29
Toda et al. 2019 Low 34
Wang et al. 2020 Unclear 36
Wang et al. 2020 Unclear 37
Wang et al. 2016 High o1
Xiao et al. 2015 Low 30
Yfsudhason et al. 2015 High 38

Resistance rates to fluconazole were variable between stud-
ies. A majority of the studies reported resistance rates of 0%-—
18%>10-16,21,26-3% wyith up to 3-4-fold increases in fluconazole
resistance rates in the last 10 years'®3132 though differences
in methodology should be noted, as well as unclear interpre-
tation of trailing endpoints. Four studies reported resistance
rates as high as 36%—-42% to fluconazole,>>>® from non-
sterile sites. Similarly, non-wild type (non-WT) rates for itra-
conazole ranged from 0% to 26%39-32-34:38:39 in most of the
studies, except in three reporting rates of 41%—73%.16:35:37
For voriconazole, resistance rates were also generally com-
parable ranging from 0% to 22 %-10:16,21,26,28,30-32,35.39 o
cept in two studies by Wang et al. reporting 41%—-44% re-
sistance rates>®37 largely from urogenital tract isolates. Fan
et al. and Siopi et al. reported 0% non-WT rates for posacona-
zole.?32 In contrast, two studies reported high posacona-
zole non-wild type rates of 71%-83%.'%3! Chen et al. re-
ported cross-resistance or non-wild type rate to itraconazole,
voriconazole, and posaconazole in patients with fluconazole-
resistant C. tropicalis infection.! It should be noted how-
ever that these authors applied EUCAST breakpoints to a
methodology designed for CLSI breakpoints, and it was not
clear whether duplicate isolates from the same patient were
included.

Resistance rates to echinocandins, including anidu-
lafungin, caspofungin and micafungin were low (0%-—
1%).16,21,26,28,30-32,39 Gimilarly, C. tropicalis isolates showed
a low non-WT rate to amphotericin B (0% in most stud-
ies)16:26,27,29-32,39 and to S-flucytosine (0%—4%).16-30-32,33,39

Preventability

Risk factors for invasive C. tropicalis infections included
leukaemia (OR 4.77) and chronic lung disease (OR 2.62)!!
compared with infections caused by other Candida species
(Table 6). Renal impairment and high Acute Physiology and
Chronic Health Evaluation I (APACHE II) score were also as-
sociated with C. tropicalis candidaemia compared with non-
albicans Candida candidaemia (P < .001).> A higher propor-
tion of paediatric intensive care unit (PICU) patients with in-
vasive C. tropicalis infections were more likely to have pro-
longed neutropenia compared with other Candida species in-
fections (42% vs. 7.5%) (P < .05).24

Annual incidence

Two studies reported on the annual incidence rates of C. trop-
icalis (Table 7). Fernandez-Ruiz et al. reported an annual inci-
dence of 0.62 cases per 100 000 population, based on the ob-
servation of 59/752 (7.8%) of candidaemia episodes involving
C. tropicalis in Spain.'! In Australia, based on the observa-
tion of C. tropicalis accounting for 4%-5% of candidaemia
cases, an annual incidence of C. #ropicalis was estimated at
0.11 cases per 100 000 population.'®

Current global distribution

Data on the prevalence of C. tropicalis in different regions
were observed to be limited. In addition to the studies re-
porting C. tropicalis incidence in Australia and Spain (Ta-
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Table 6. Risk factors

Keighley et al.

Author Year Study design Study period

Country

Number of
patients

Level Population

of care description Risk factors

05/2010-
04/2011

Fernandez- 2015

Ruiz et al.
11

Retrospective Multi-center
cohort study

01/2008—

Jordan et al. 2014
24 12/2009

Retrospective Multi-center
cohort study

01/2010-
02/2016

Ko et al. ? 2019  Retrospective Multi-center

cohort study

Spain

Spain

Korea

Bloodstream
infections due to
Candida tropicalis
vs. other Candida
species:

Age [OR 1.01 (95%
CI1.00-1.02)],
leukaemia [OR
4.77 (95% CI
1.96-11.6)],
chronic lung disease
[OR 2.62 (95% CI
1.44-4.77)]
Neutropenia in
3/19 C. tropicalis
vs. 5/125 any
Candida species

Tertiary Patients with 59
candidaemia

Tertiary Paediatric 19

intensive care

patients with

invasive

candidiasis

>16 years old 263 Renal disease

with associated with C.

non-albicans tropicalis compared

candidaemia with other
non-albicans species
(P < .001),
APACHE II scores
were highest in C.
tropicalis
(P < .001)

Tertiary

Table 7. Annual incidence

Publication
Author year

Study
design

Study
design

Study
period

Country

Number of
patients

Level Population

of care description Annual incidence

Chapman et 2017 Prospective Multi-center 2014-2015

al.'e cohort study

05/2010-
04/2011

Fernandez- 2015
Ruiz et
al.l

Retrospective Multi-center
cohort study

Australia Mix

Spain

Patients with 24
candidaemia

0.11/100 000/year
based on Candida
tropicalis
comprising around
4%-5% of
candidaemia (24
isolates of 548
episodes/526
patients) and
population based
on annual incidence
of

2.41/100 000/year
(for all
candidaemia)
Annual incidence
0.62 cases per

100 000
population

Tertiary 59 59

ble 7),!>1¢ a single-center study conducted in Taiwan be-
tween 2009 and 2012 reported 52 C. tropicalis cases out of
242 candidaemia episodes in cancer patients, with an esti-
mated incidence of 0.38 cases per 1000 hospital admissions

(Table 8).40

Trends in last 10 years

Trends in the last 10 years for C. tropicalis could not be as-
sessed due to a lack of data from the included studies.

Discussion

This systematic review synthesizes the available data on Can-
dida tropicalis. Data specific to C. tropicalis is scarce with
only 30 studies included in the final analysis over the 10 years.
High-quality studies with low risk of bias represented just un-
der half of these. However, the data available supports C. trop-
icalis as an important pathogen due to its increasing preva-
lence, high mortality, morbidity, and drug resistance.

The mortality of C. tropicalis infections appears to be
higher than that of other Candida species. Overall mortality
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Table 8. Distribution

13

Publication Study Level Population Number
Author year Study design period Country of care description of patients Prevalence
Tang et al 4 2014  Retrospective Single-center 2009-2012  Taiwan Tertiary  Adult patients 52 0.38 per 1000

cohort study

admissions

(52 tropicalis out of
242 episodes of
candidaemia with
an incidence of 1.77
episode per 1000
admissions)

with cancer

was as high as 55%-60% and was 26%-40% in paediatric
patients, with the 30-day mortality of bloodstream infection
between 32% and 52%. This compares poorly to the 30-day
mortality of candidaemia overall (30%-40%).>1? Virulence
factors of C. tropicalis include biofilm formation which may
contribute to worse outcomes along with higher rates of resis-
tance.*!*? Candida tropicalis pathogenicity is likely to be re-
lated to characteristics it shares with C. albicans of true pseu-
dohyphae formation which aids adhesion, tissue penetration,
biofilm formation and immune cell evasion, with data sug-
gesting higher protease activity, host cell damage and biofilm
formation than C. albicans,*>* contributing to high mortal-
ity.43’46

Morbidity may also be greater for C. tropicalis though the
impact on inpatient care, complications or sequelae could not
be assessed due to lack of data. For other Candida species,
hospital length of stay is 2-8 weeks, and the rate of complica-
tions or sequelae is considered ‘low’ as survivors are seldom
left with disability.

Of concern, and related to worse outcomes, are the in-
creasing resistance rates to azoles. Resistance or non-wild type
rates varied, with higher rates of resistance noted from non-
sterile sites, where susceptibility testing may only be done be-
cause of lack of clinical response. It should also be noted that
C. tropicalis is renowned for the phenomenon of producing
trailing endpoints in susceptibility tests, with unclear clinical
significance.*” Few studies were noted to account for trail-
ing,116-*8 and user differences between reading endpoints by
eye with CLSI methodology and reading of 51% inhibition
being recorded as resistant by EUCAST methodology may
also lead to differences in interpretation of the trailing phe-
nomenon, as noted with the higher rates of azole resistance
with EUCAST methodology compared to CLSI in Guinea et
al.*8 Nonetheless, the increasing reports of ERG11 gene muta-
tions in C. tropicalis associated with high-level and pan-azole
resistance indicates that true azole resistance is increasing in
C. tropicalis, and support reports of around 15%-20% resis-
tance which is increased from previous (7%).1%*° When ex-
amining studies with a low risk of bias, using CLSI method-
ology on blood culture isolates, the highest rate of flucona-
zole resistance was 16.7%.'® Low resistance or non-wild type
rates to echinocandins, amphotericin B and flucytosine were
reassuring. Data assessing whether decreased susceptibility of
C. tropicalis to azoles is leading to breakthrough infections
or failure of therapy are needed. Whilst azole prophylaxis
in haematology patients is one factor associated with break-
through azole-resistant C. tropicalis infection, other risk fac-
tors play a significant role.*® Azole use in the environment
may select for azole-resistant C. tropicalis prevalent in en-
riched soil and be transferred into the food chain.*!-31-52

Factors associated with the development of infection with
C. tropicalis included immunosuppressive conditions such
as leukaemia and organ dysfunction such as renal impair-
ment and chronic lung disease. Preventative measures were
not described in the retrieved articles. It remains to be seen
whether measures that are relevant differ from those for other
non-albicans Candida species and is an area for further re-
search. Should colonization via the food chain prove impor-
tant,*1°1>52 reduction in environmental use of azoles as well
as close attention to cleaning food and preparation may help.
Antifungal stewardship in clinical medicine is also likely to be
beneficial.’?

The extent to which the incidence of C. tropicalis infec-
tions has increased also warrants further study. Annual inci-
dence rates of C. tropicalis infections were reported in Spain
(0.62/100 000 population)!! and in Australia (estimated to
be 0.11/100 000 population).'® Infection with C. tropicalis
is noted globally. Several reports have shown C. tropicalis in-
creasing as a proportion of all candidaemia episodes in vari-
ous locations especially Brazil'* and the Asia Pacific where it
is reported as the most common species isolated.'3

Limitations of this study include the relatively small num-
ber of studies eligible for inclusion, and the fact that many of
these included substantial risk of bias. Conference abstracts
were not assessed, and bias introduced by this could not be
assessed, acknowledging that research from poorly resourced
countries is less likely to progress to publication. Conclusions
were limited by the high level of heterogeneity in the format
of reporting outcome measures.

Cohort studies and sub-analysis evaluating morbidity out-
come measures such as length of stay and long-term complica-
tions for invasive C. tropicalis infections are needed. Candida
bloodstream infection is complicated by endocarditis in 2%—
15% of cases and endophthalmitis in 1%-20% of cases, both
of which are likely to have long-term morbidity though this
is rarely measured.’>=>¢ Whilst C. tropicalis is the causative
agent in a minority of these complications,*¢ quantifying
the long-term burden of illness on the healthcare system in-
cluding cost analyses would help inform the need for preven-
tative measures. Evaluation of potential in vitro and in vivo
synergy between antifungal drugs could allow optimization
of the current treatment regimens for C. tropicalis. Global
surveillance studies could better inform the annual incidence
rates, distribution and trends in other countries and regions.

Conclusion

Candida tropicalis is an important fungal pathogen associ-
ated with infection that carries a high mortality. Available data
suggest increasing incidence and rates of resistance to azoles,



14

though these as well as risk factor analysis are poorly quan-
tified. There is a need for high-quality studies focused on C.
tropicalis.
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