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Abstract

Candida parapsilosis is globally distributed and recognised for causing an increasing proportion of invasive Candida infections. It is associated
with high crude mortality in all age groups. It has been particularly associated with nosocomial outbreaks, particularly in association with the
use of invasive medical devices such as central venous catheters. Candida parapsilosis is one of the pathogens considered in the WHO priority
pathogens list, and this review was conducted to inform the ranking of the pathogen in the list. In this systematic review, we searched PubMed
and Web of Science to find studies between 2011 and 2021 reporting on the following criteria for C. parapsilosis infections: mortality, morbidity
(hospitalisation and disability), drug resistance, preventability, yearly incidence, and distribution/emergence. We identified 336 potentially relevant
papers, of which 51 were included in the analyses. The included studies confirmed high mortality rates, ranging from 17.5% to 46.8%. Data on
disability and sequelae were sparse. Many reports highlighted concerns with azole resistance, with resistance rates of >10% described in some
regions. Annual incidence rates were relatively poorly described, although there was clear evidence that the proportion of candidaemia cases
caused by C. parapsilosis increased over time. While this review summarises current data on C.parapsilosis, there remains an urgent need for
ongoing research and surveillance to fully understand and manage this increasingly important pathogen.

Key words: Candida parapsilosis, non-albicans Candida, immunosuppression, invasive candidiasis, fungal infection.

Introduction ity, approaching 50% globally.! Whilst C. albicans is his-
torically the most common cause of candidaemia,”> non-
albicansCandida (NAC) species are becoming increasingly
prominent as causative organisms and are of public health

concern.

Candida is a genus of yeasts that commonly inhabit the
normal microbiome of both humans and animals. Many
Candida species have the potential to cause invasive hu-
man infections and are associated with significant mortal-
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Candida parapsilosis is amongst these clinically significant
NAC species, especially in nosocomial settings. Candida para-
psilosis is currently the second or third most isolated Candida
species in intensive care unit (ICU) populations globally.?>*
Other at-risk groups include those receiving total parenteral
nutrition and critically ill neonates, partly due to the propen-
sity of C. parapsilosis sensu stricto (and closely related cryptic
species C. metapsilosis and C. orthopsilosis) to form biofilm
on indwelling central venous catheters (CVC). However, hor-
izontal transmissions from healthcare workers to inpatients
are an added concern in C. parapsilosis infection outbreaks.’
Overall, C. parapsilosis is associated with lower mortality
than C. albicans, likely related to its lower virulence. Never-
theless, the mortality rate of C. parapsilosis remains unaccept-
ably high.> Another concern with C. parapsilosis is that resis-
tance to azole and echinocandin antifungal agents appears to
be rising.’

Despite global concerns about C. parapsilosis, there are lim-
ited data on rates of antifungal resistance, population-level
morbidity, its impact on healthcare systems, and prevention
and control strategies. This systematic review aimed to com-
prehensively assess several critical aspects of C. parapsilosis
infection. We summarised data published between 2011 and
2022 on features including mortality, morbidity, drug resis-
tance, preventability, incidence rates, and geographic distribu-
tion patterns to inform the World Health Organizations Fun-
gal Priority Pathogen List (WHO FPPL). We highlight research
gaps to inform public health priorities, guide future research,
and advocate for improved surveillance.

Methods

After conducting pilot searches to optimise the balance be-
tween comprehensiveness and feasibility, we searched the
PubMed and Web of Science databases from 1 January 2011
to 18 February 2021. For PubMed, the search was optimised
using medical subject headings (MeSH) and/or keyword terms
in the title/abstract for each pathogen and criterion. The fi-
nal search used (Candida parapsilosis [MeSH terms]) com-
bined, using AND term, with criteria terms including (mortal-
ity [MeSH terms]) OR (morbidity [MeSH Terms]) OR (hospi-
talisation [MeSH terms]) OR (disability [all fields]) OR (drug
resistance, fungal [MeSH terms]) OR (prevention and con-
trol [MeSH subheading]) OR (disease transmission, infectious
[MeSH terms]) OR (diagnostic [title/abstract]) OR (antifungal
agents [MeSH terms]) OR (epidemiology [MeSH terms]) OR
(surveillance [title/abstract]).

On Web of Science, MeSH terms are not available, so topic
search (TS), title (TI), or abstract (AB) search were used. The
final search used (TI = [‘Candida parapsilosis’] OR TI =
[‘C. parapsilosis’]), combined, using AND term, with criteria
terms each as topic search, including (mortality) OR (case fa-
tality) OR (morbidity) OR (hospitalixation) OR (disability)
OR (drug resistance) OR (prevention and control) OR (dis-
ease 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). Of note, the search was not limited to in-
vasive human infections caused by C. parapsilosis.

Eligible articles were those reporting data on C. parapsilosis
relevant to at least one criterion. Studies could be retrospective
or prospective observational studies, randomised controlled
trials, or clinical/laboratory surveillance reports. Excluded ar-
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ticles included those reporting on non-human data (e.g., ani-
mals, plants), case reports/conference abstracts/reviews, novel
drug studies (preclinical, early phase, or non-randomised con-
trolled trials), in vitro papers on resistance mechanisms, and
papers not published in English.

The search results from each database were incorporated
into Covidence® (Veritas Health Innovation, Australia), and
duplicates were removed. Two researchers (H.Y.K. and M.A.)
independently screened titles and abstracts in parallel based
on the inclusion criteria, although no reason was recorded for
exclusion during this phase. The remaining articles were sub-
jected to full-text screening for inclusion by the same two re-
searchers. Reasons for exclusion were recorded for all articles
during this phase. In both phases, discrepancies were resolved
by a third reviewer (J.W.A.). We added any relevant articles
identified from full-text screening.

We extracted data from all remaining articles for relevant
criteria using standardised report forms within Covidence®
(H.Y.K. and M.A.). The extracted data were checked by the
second reviewer (M.A.).

We conducted risk of bias assessments for all included stud-
ies using the most suitable tools available: the risk of bias tool
for randomised trials version 2 (ROB 2) for randomised con-
trolled trials® and the risk of bias in non-randomised studies
(RoBANS) tool for non-randomised studies.” 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 study. Studies classified as unclear or high over-
all risk were still considered for analysis, although the risk of
bias was highlighted in analyses.

Results

PubMed and Web of Science Core Collection databases
yielded 141 and 236 articles, respectively. After we removed
duplicates, 336 articles remained for title/abstract screening.
After excluding non-relevant articles, 80 underwent full-text
screening, and 51 studies were included in the final analysis. A
flow diagram outlining the process of study selection is shown
in Figure 1.

The risk of bias for each study was assessed, and it is pre-
sented in Table 1. Of the included studies, 23 were classified as
having a low risk of bias in all domains assessed. A total of 20
studies were classified as unclear risk of bias, mostly due to the
selection biases caused by unclear eligibility criteria or popu-
lation groups or unclear confirmation/consideration of con-
founding variables. Eight studies were classified as high risk
because of selective reporting of results and non-consideration
of confounding variables. A summary of the risk assessments
is provided to offer transparency and context for the findings.

Deaths

In total, 17 studies reported mortality for invasive infections
caused by C. parapsilosis. Using heterogeneous time points en-
compassing early and late mortality, the crude rates ranged
from 14.5% to 47% (Table 2). The studies ranged in size
from 40 to 660 patients and were mostly retrospective. A
total of 13 studies reported 30-day mortality: two studies,
from Brazil® and Italy,” reported high 30-day mortality rates
of 45% (18/40) and 46.8% (89/190), respectively, whilst the
remaining studies with 30-day mortality reported rates of
17.5%-32.4%. One large study performed a sub-analysis
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Figure 1. Flow diagram for selection of studies included in the systematic review.

specific for C. parapsilosis from a previous prospective trial
in Spain'® and reported a 30-day all-cause mortality rate of
24.2%. In contrast, a lower 30-day mortality rate was re-
ported (9.8%) in the USA in 2016."" One study reported a
14-day mortality rate of 5.7% for a pooled cohort of unclear
origin, although the study had a high risk of bias due to re-
strictive inclusion criteria.'?

We found that several mortality studies had a high risk of
bias due to restrictive inclusion criteria. The study from the
USA reporting a mortality rate of 9.8% included only inpa-
tients who survived for at least 4 days after the positive cul-
ture was obtained and received initial therapy with only flu-
conazole or an echinocandin. A study from Turkey included
only patients treated with caspofungin and reported a case fa-
tality of 37.8% and a 30-day mortality of 7.5%.!3 Another

study pooled data from six prospective cohorts but excluded
patients from studies if they had received >48 h of prior an-
tifungal therapy, had prosthetic devices at infection sites that
were not able to be removed within 24 h of study entry, or
had previously failed treatment for the current episode of Can-
dida infection; this study reported mortality of 14.3% by 28
days.'? Finally, a retrospective study from China included all
patients with candidaemia, although C. parapsilosis was the
major cause, and reported a mortality rate of 15%.'

Inpatient care

Four studies reported the length of hospital stays for C. parap-
silosis infection,?>11-13:15 with medians ranging from 18 to 67
days. One study of paediatric patients reported a significantly
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Table 1. Risk of bias. longer length of stay for isolates with caspofungin minimum
Authors ear of publication | Risk (Low, Figh, Unciear]| References inhibitory concentration (MIC) of >2 pg/ml vs. <2 pg/ml (me-
o018 i = dian 67 days, range 14-484 days vs. 65 days, range 26-277).13

The median lengths of stay reported among adults from three
Arestefareta. |22 - z separate studies were 18 and 40 days.”>!'">!'> However, given
3
Asadeadehetal. 2019 o ® the heterogeneity of patients and the small number of studies
Asadzadehetal | 2017 cow 3 reporting this metric, no comment can be made on the length
Ataides et al. 2015 UiEEEr 17 of stay directly attributable to C. parapsilosis infection.
Barchiesi et al. 2016 Low 56
Boan et al 2019 Undtear 24 Complications and sequelae
Ceggianoetal. | 2017 wow 49 No studies reported complications or sequelae specifically re-
Calaetal. 2020 Low 45 lated to C. parapsilosis infection.
Castanheira et al. 2017 Unclear 34
Castanheiractal. | 2020 Low 3 Antifungal resistance
Cattana et al. 2017 o 18 There were 43 studies on antifungal susceptibility, and most
Chapman etal 2016 Unclear 2 of these studies focused on blood isolates. We have reported
Chen etal 2075 Unclear 1 the susceptibility of non-sterile site isolates since these may
Chiotos otal 7018 Unicleas » reflect colonising organisms causing invasive infections. An
asiva o overview of the study type, location, source, and number of
— = isolates is presented in Table 4. Six studies speciﬁcglly re-
ported MICs for C. parapsilosis sensu stricto.'2! Whilst five
Desnos Olivieretal | 2017 studies reported identifying other members of the C. para-
Devrim | et al 2018 psilosis species-complex (C. orthopsilosis and C. metapsilo-
Ejaz H,Ramzan M | 2019 (=D 2% sis),10-18:19,22.23 two studies did not provide specific suscep-
Escribano etal 2018 Tow a7 tibilities for C. metapsilosis and C. orthopsilosis due to low
Fornandez-Ruz otal | 2014 Tow p isolate numbers.'®?? The predominant study type was ret-
Semvcaa o _Z rospective cohort (n = 26), followed by laboratory surveil-
e INa o - - lance studies either retrospectively or prospectively collected
(m = 11). The remaining studies comprised three prospec-
Himogl-Poltetal | 207 e % tive cohort studies: one in vitro laboratory study, one cross-
Husinetal 2020 unaear o sectional study, and one pooled study sponsored by a phar-
Khodavaisy etal 2020 unclear 3 maceutical company. The study size ranged from 39 to 1153
Kontoyiannis etal | 2017 _z isolates, with many studying multiple Candida species and
LinCCetal 2014 Low " providing some data specific to C. parapsilosis (which ac-
Undberg Ectal |2019 Tow p coun.ted for bereen 1(.)%.and 43% of all isolates; see be-
— o — - !ow in the section on d1§tr1but10n).8’14’20’21’24‘3? Mos; stud-
— - - — ies were performed in hlgh—.lncome or gpper—mlddle—{neome
countries (World Bank classification), with no studies in low-
i o 46 income countries; there was only one study from an African
Martin ot al 2020 _Z nation during the study window.
de Medeiros etal | 2019 Unclear 22 Data on azole susceptibility and susceptibility to other anti-
Mesini et al 2020 Unclear p fungal agents are presented in Tables 5 and 6. Most breakpoint
Pharkjaksu S etal | 2017 Unclear " interpretations for organism susceptibility utilised guidelines
i ota 076 _I published by the Clinical and Laboratory Standards Institute
T s — - (CLSI) or the European Commlttee on Annrmcrobml Suscep-
tibility Testing (EUCAST). Given the propensity for C. parap-
Schakwketal |21 o " silosis to form biofilm on foreign material, one study looked at
Singh A etal 2019 tow # antifungal susceptibility, specifically at different biofilm loads,
Soldini S et al 2017 = 9 to ascertain if there was decreased susceptibility.” One study
SunMetal 2019 Unclear ” only provided susceptibility data for C. albicans and NAC, but
TR 3630 s - no speciﬁq d.a.ta for C pampsilosis.“. .
Ve — e - Susce‘ptlblhty testing for azole antifungals was reported in
39 studies. Rates of resistance to fluconazole ranged from 0%
Yot 200 _Z to 33%. The extensive multi-centre global surveys included
WavMetal 2o o » isolates collected between 2014 and 2017 and reported flu-
Xiao etal 2014 L 21 conazole resistance rates ranging from 3.3% to 8.8%.3%3’
ZhangL etal 2020 Unclear 2 Although the reported rates of resistance in these studies in-
Zhang W etal 2020 Low ™ creased between earlier and later study periods, the stud-
Zhou J etal 2019 Unclear " ies are not directly comparable, making a formal analysis of

trends impossible. Several single-centre studies reported 0%
resistance to fluconazole.'0:17,20,28,30,32,36 [y two single-centre
studies from Italy, higher rates of resistance to fluconazole
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Table 3. Length of stay.

Length
of stay

Number of
patients

Population

Level of
care

Study

Study

Study
type

Publication

year

description

Fungal pathogen

period Country

design

Author

18 days

307

Patients >17
years old

Candida

USA Adult

January
2009-

Multi-

Retrospective
cohort study

2016

Chiotos
et al.

parapsilosis

inpatients

centre

December

2013

MIC <2 median 65

days (26-277)

53

Paediatric

Tertiary Candida

Turkey

December

Single-
2011-

Retrospective
cohort study

2016

Devrim

et al.

parapsilosis
complex

paediatric

centre

MIC = 2 median 67
days (15-484)

intensive
care

December

2013

40 days (IQR 26-62)

Adult 190

Single- 2005-2015 Italy Tertiary Candida

Retrospective
cohort study

2017

Soldini
et al.

parapsilosis sensu

stricto

centre

40 days (IQR 25-59)

2600 (561

All patients
with

South Various Candida

Africa

2016-2017

Multi-

2019 Lab

van

with outcome

data)

parapsilosis

centre

surveillance
study

Schalkwyk

candidaemia
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were reported (22% and 33%, respectively). These higher
rates are potentially due to clonal transmission of fluconazole-
resistant isolates within the same centre.>3” A single-centre
study from Brazil reported 75% resistance to fluconazole;
however, this was a composite of isolates: susceptible dose-
dependent (SDD) and resistant isolates from an outbreak in
an ICU, and the study did not provide details on the pro-
portions under each category.® Fluconazole resistance rates
were 1.9% (China), 2.5%-3.4% (Iran), 3.4% (Kuwait), 5%
(Spain), 7% (Australia), and 28% (India) in multi-centre stud-
ies,10,24:27,38-41 3nd 3.8% and 8.8% in two global studies,>*3*
respectively. The multi-centre study from India that reported
a resistance rate to fluconazole of 28% identified that clonal
strains of non-susceptible isolates were circulating in seven of
eight Indian hospitals using molecular typing methods.*! A
study from Kuwait reported an increase in fluconazole resis-
tance for C. parapsilosis over a 3-year study period between
2012 and 2015.38

One study assessing the role of biofilm for antifungal sus-
ceptibility reported 0% fluconazole resistance for the plank-
tonic form of C. parapsilosis but very high resistance (80%)
when testing high biofilm mass and only 10% resistance for
moderate biofilm mass. However, only 10 isolates with biofilm
mass from each of high, moderate, and low biofilm-forming
group were tested.”

Susceptibility to posaconazole and voriconazole was re-
ported in 16 and 19 studies, with resistance rates ranging from
0% to 31% and 0% to 18.2%, respectively. Resistance rates
of >10% were reported for posaconazole in one study us-
ing broth microdilution EUCAST method?® and in two for
voriconazole.?>3”7 Only one study had susceptibility data for
isavuconazole: For 199 isolates, the MIC range was <0.03-
0.25 pg/ml*' Only one study reported increasing rates of
azole resistance over the study period.®> For the three studies
with susceptibility data for C. metapsilosis and C. orthopsilo-
sis, low-level fluconazole resistance is noted for C. metapsilo-
sis. However, the number of isolates relative to C. parapsilosis
sensu stricto was reasonably small in each study, and there
was no specific pattern.'0-1%:23

Echinocandin susceptibility was reported in 30 studies
(ranging from 9 to 433 isolates) with a mix of testing methods,
interpretive criteria, and tested agents, as presented in Table 6.
It should be noted that whilst caspofungin MICs are known
to be unreliable, with both EUCAST and CLSI recommending
not to perform or report for this agent, 23 of these 30 stud-
ies have provided results for caspofungin. There was virtually
no echinocandin resistance, with rates reported between 0%
and 1.1%, except for one study that only tested for caspofun-
gin susceptibility and reported a 10.2% resistance rate.!” This
study, however, utilised Etest strips as the method for which
there are no validated interpretive criteria. Another study re-
ported that 86.2% of isolates were susceptible to anidulafun-
gin, but it is not reported how many isolates fell into the in-
termediate and resistant categories.'?

A total of 28 studies reported amphotericin B suscepti-
bility, and 6 reported 0% resistance rates.”!»>-27-3342 QOnly
three studies showed 1.3%-1.6% rates of resistance using
CLSI and Etest methods.!”:*%43 A total of 13 studies reported
flucytosine susceptibilities with resistance ranging from 0%
to 11.6%. The single study reporting >10% flucytosine ‘re-
sistance’ utilised epidemiological cutoff values as interpre-
tive breakpoints for flucytosine are not provided by CLSI or
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EUCAST.** Since non-wild-type rates do not equate to clinical
resistance, these findings should be interpreted with caution.

Preventability

This section addresses risk factors for C. parapsilosis infection
and their mitigation. Three studies (with an unclear or high
risk of bias) examined risk factors, but they did not undertake
regression analyses to define magnitude.!?13-1 Risk factors
described for C. parapsilosis infection were similar to those
established for other forms of candidaemia, such as intensive
care admission or intervention and the presence of a CVC.
For C. parapsilosis, they included the prior use of echinocan-
din antifungal agents. Two studies!#33 discussed risk factors
for all candidaemia without specifically addressing C. parap-
silosis,and 12 reported on risk factors for mortality associated
with C. parapsilosis bloodstream infection rather than the risk
of infection per se. A multi-variate analysis in one study found
that for patients with candidaemia with C. parapsilosis sensu
lato, shock and abdominal surgery were independently asso-
ciated with poorer outcomes, whilst antifungal therapy and
central catheter removal were independently associated with
better outcomes. !’

Six studies assessed preventative measures. Several stud-
ies reported nosocomial outbreaks or transmissions of C.
parapsilosis candidaemia via biofilm on prosthetic material
or CVC but also potentially being carried on the hands of
healthcare workers,3-8:16,20,33,37,41,45,46 which reflect that ef-
fective surveillance and infection-prevention programmes can
be preventive measures for C. parapsilosis fungemia, espe-
cially CVC-related candidaemia. A study from Spain reported
the success of an intervention (in which staff were trained
on hospital catheter-related blood-stream infection reduction
guidelines) and (undefined) care bundles were implemented.
In adult patients, the incidence of catheter-related C. albi-
cans and C. parapsilosis infections fell from 0.53 to 0.36
cases/1000 admissions/year.*” Although not related to infec-
tion prevention, three studies reported that early CVC re-
moval (<48 h) reduced the mortality rate.®'%3° However, one
study showed no difference in mortality with early CVC re-
moval.*8

Annual incidence

Table 9 outlines the nine studies that reported incidence rates
of candidaemia due to C. parapsilosis, although the denom-
inator in these is generally institutional rather than the gen-
eral population. One study, with a low risk of bias, reported
a population incidence rate, making a crude estimate of 2.10
per 100 000 population per year.'?

Distribution

Many studies reported the proportion of C. parapsilosis
of all Candida bloodstream isolates ranging from 10% to
439% 8,14:20,21,24-33 The proportion was as high as 58%
(Brazil)* and 70% (Italy),® reported in association with out-
breaks of C. parapsilosis infection in ICU settings. A study
from Iran reported the leading cause of otomycosis cases to
be C. parapsilosis (23.9%).%°

Current global distribution

Candida parapsilosis is globally distributed, as evidenced by
studies included in this review from Europe, America, Africa,
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Oceania, and Asia. However, data were limited in many low-
and middle-income countries.

Trends in last 10 years

Seven studies reported on the observed trends for C. parapsilo-
sis. Three studies (from China, Italy, and Australia) showed an
increase in incidence or prevalence,?>**37 and two (both from
Taiwan) showed decreases in incidence.!”*® A Malaysian
study’! reported on a change of predominant Candida species
for candidaemia from C. albicans in 2001 to C. parapsilosis
from 2002 to 2018. No studies provided trend data across the
whole study period.

Discussion

The findings of this systematic review underscore the increas-
ing public health concern posed by C. parapsilosis infections.
The proportion of candidaemia cases caused by C. parap-
silosis increased and ranged from 10% to 43 %, making this
pathogen an important focus for future research. The 30-day
crude mortality rates in patients with C. parapsilosis blood-
stream infections ranged from 17.5% to 46.8% across stud-
ies. This is comparable to the mortality rates of C. albicans
and is unacceptably high. However, no studies reported at-
tributable mortality, which might reflect gaps in surveillance
and the quality of available data.

No studies reported detailed health economic data in terms
of hospital costs. However, most studies reported an extended
length of hospital stay, ranging from 2 to 12 weeks. It was im-
possible to ascertain whether the prolonged length of hospital
admission was directly attributable to infection due to data
limitation. Given that several guidelines recommend a min-
imum of 2 weeks of therapy for candidaemia and longer for
invasive infections with complications, it stands to reason that
most patients will receive at least two weeks of inpatient care.

Whilst no captured studies reported on specific complica-
tions or sequelae for invasive infection due to C. parapsilosis,
based on complications for other Candida species and con-
sidering the populations affected, it is reasonable to assume
that complications could include neonatal meningoencephali-
tis, which may result in prolonged admissions and/or neurode-
velopmental delay. Other secondary-seeded infections, such
as infective endocarditis, endophthalmitis, and vertebral os-
teomyelitis, are also plausible and would likely result in long-
term morbidity consequences. Given that case reports were
excluded from this systematic review, complications that are
likely to be rare could be missed, and more explicit estimates
of the non-fatal burden are urgently needed.

Multiple centres from various countries reported flucona-
zole resistance in C. parapsilosis ranging from 1.9% to
8.8%.10,14,24,25,27,33-35,38,40,48,52 However, much higher rates
of resistance to fluconazole have been reported in specific geo-
graphic regions outside the study period, such as surveillance
from Southern Africa in 2009-2010, which reported flucona-
zole resistance rates between 35% and 54 %333 perhaps at-
tributed to clonal transmission of fluconazole resistance iso-
lates. It was also noted that fluconazole-resistant isolates had
significant cross-resistance to voriconazole.’® These rates of
resistance to azoles are of concern, though fortunately, re-
sistance to echinocandins and amphotericin B was rarely re-
ported, although it is noted that C. parapsilosis is intrinsically
less susceptible to echinocandins than other Candida species.
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Studies that specifically addressed biofilm mass and antifun-
gal susceptibility demonstrated that susceptibility to all an-
tifungal agents within biofilm was much reduced—this may
have significant clinical implications given the association of
C. parapsilosis with indwelling medical devices.

Whilst many studies reported on nosocomial outbreaks or
transmission of C. parapsilosis, there was a lack of solid evi-
dence for effective prevention methods. Early removal of cen-
tral lines reduces the incidence of infection, suggesting that
infection-prevention programmes in the hospital that include
CVC management in a care bundle may be effective as a pre-
ventative strategy. This is an area that requires more studies
to generate policy-informing evidence.

The studies in this systematic review show that C. parap-
silosis is an emerging fungal pathogen with a wide global dis-
tribution. However, data from some WHO regions were miss-
ing from this review. The lack of comprehensive data from
low-income settings raises concerns. Efforts to enhance inter-
national collaboration, data sharing, and surveillance are cru-
cial to better understand regional variations and to inform tar-
geted interventions. Moreover, the scarcity of data on morbid-
ity impacts and complications associated with C. parapsilosis
infections warrants further investigation, given the potential
for long-term sequelae. Sustainable systematic global surveil-
lance is required to ensure that critical regional variations in
incidence and epidemiology can be monitored for this as well
as other fungal pathogens.

Conclusion

This systematic review has identified several critical knowl-
edge gaps. There is a significant lack of data from low-income
settings, especially related to incidence, prevalence among can-
didaemia cases, mortality, and non-fatal burden. Most reports
on susceptibility came from laboratory surveillance without
clinical correlation. This makes it difficult to assess the im-
pact of observed changes in susceptibility and is a barrier to
developing clinical breakpoints.

There was a general lack of clinical data, especially around
morbidity impacts. We have summarised current data on
C. parapsilosis and highlighted where ongoing research and
surveillance are required to better understand this increasingly
important pathogen. Specifically, research should focus on
large clinical cohorts, which can be used to better understand
the burden of disease and form the basis of future preven-
tion and therapeutic studies. Health economic impacts must
be included. It will also be important to enrol both adult and
paediatric patients across different patient cohorts and har-
monise outcome measures to allow comparisons across time
and geographies.

In conclusion, this systematic review provides valuable in-
sights into the clinical and public health implications of C.
parapsilosis infections. The identified knowledge gaps under-
score the need for concerted efforts in research, surveillance,
and prevention. Addressing the gaps in our understanding of
this pathogen’s impact on patient outcomes and healthcare
systems is essential to guide intervention strategies and im-
prove patient care and outcomes.
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