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Abstract

Recognising the growing global burden of fungal infections, the World Health Organization (WHO) established an advisory group consisting
of experts in fungal diseases to develop a Fungal Priority Pathogen List. Pathogens were ranked based on their research and development
needs and perceived public health importance using a series of global surveys and pathogen characteristics derived from systematic reviews.
This systematic review evaluates the features and global impact of invasive disease caused by Candida glabrata (Nakaseomyces glabrata).
PubMed and Web of Science were searched for studies reporting on mortality, morbidity (hospitalization and disability), drug resistance (including
isolates from sterile and non-sterile sites, since these reflect the same organisms causing invasive infections), preventability, yearly incidence,
diagnostics, treatability, and distribution/emergence in the last 10 years. Candida glabrata (N. glabrata) causes difficult-to-treat invasive infections,
particularly in patients with underlying conditions such as immunodeficiency, diabetes, or those who have received broad-spectrum antibiotics
or chemotherapy. Beyond standard infection prevention and control measures, no specific preventative measures have been described. We
found that infection is associated with high mortality rates and that there is a lack of data on complications and sequelae. Resistance to azoles is
common and well described in echinocandins—in both cases, the resistance rates are increasing. Candida glabrata remains mostly susceptible
to amphotericin and flucytosine. However, the incidence of the disease is increasing, both at the population level and as a proportion of all
invasive yeast infections, and the increases appear related to the use of antifungal agents.
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Introduction

Fungal pathogens cause a high disease burden in humans, an-
imals, and plants and are major threats to global health,' al-
though the true burden remains ill-defined. People who are
immunocompromised by underlying health conditions such as
cancer, critical illness, chronic lung disease, tuberculosis, and
HIV or who are taking immunosuppressive drugs are most
vulnerable to severe fungal infections.?>3

Candida species are important human pathogens. Sys-
tematic surveillance by the Centers for Disease Control
in the USA shows that they are the fourth-leading cause
of all bloodstream infections and third-leading in intensive
care settings.* Invasive candidiasis is associated with signif-
icant morbidity and mortality and considerable economic
burden.’»¢

Over 90% of all cases of candidaemia are caused by five
species: C. albicans, C. glabrata (now called Nakaseomyces
glabrata), C. parapsilosis, C. tropicalis, and C. krusei (now
called Pichia kudriavzevii).” Candida glabrata (N. glabrata,
hereafter C. glabrata) typically causes a minority of candi-
daemia cases, but the proportion has increased rapidly over
recent decades, and it is now occasionally reported causing as
many cases as C. albicans.®?’

Candida glabrata is an important pathogen due to its in-
creasing incidence and emerging resistance to multiple anti-
fungal agents.'® Infection is associated with a high case fa-
tality rate,'’'> in addition to adverse impacts on length of
hospitalization and disability outcomes.!® In common with
many other fungal infections, diagnosing C. glabrata infec-
tion can also be challenging as the symptoms are non-specific
and can vary depending on the site of infection (e.g., abdom-
inal candidiasis or vaginitis).!*'® Consequently, preventing
and treating C. glabrata infections can be difficult due to its
unique biological features and increased resistance to multiple
antifungal medications, making it a formidable pathogen to
manage.'”

In recognition of the increasing global health threat of inva-
sive fungal infections, the World Health Organization (WHO)
established an advisory group consisting of experts in fungal
diseases to develop a Fungal Priority Pathogen List (WHO
FPPL). The WHO FPPL was based on a discrete choice ex-
periment conducted among international fungal disease ex-
perts, with individual pathogens ranked using pre-defined
criteria. Because surveillance of fungal infection is often ad
hoc, data about the true incidence and health burden of C.
glabrata are incomplete. Therefore, these pre-defined crite-
ria were established through a series of systematic reviews,
such as this one, which examines C. glabrata against the fol-
lowing set of criteria: mortality, hospitalization and disabil-
ity, antifungal drug resistance, preventability, yearly incidence,
and global distribution and emergence over 10 years. The re-
view also identifies knowledge gaps and consequent research
needed to improve outcomes from severe infections caused by
C. glabrata.

Methods

Search strategies

We conducted a comprehensive search for publications in
English using the PubMed and Web of Science databases.
The systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Review and Meta-
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Analysis (PRISMA) guidelines.'® We included papers contain-
ing data on both adult and paediatric C. glabrata infections
provided they: included data on at least one pre-specified cri-
terion; were retrospective/prospective observational studies,
randomised controlled trials, guidelines, epidemiology stud-
ies, or surveillance reports; and contained data for the 10
years from January 2011 to February 2021. We excluded stud-
ies reporting on non-human data; case reports/conference ab-
stracts/reviews; studies on the novel antifungal drugs (pre-
clinical, early phase, not licensed) or novel diagnostic tools
(not registered for clinical use); and in vitro studies of resis-
tance mechanisms.

On PubMed, we optimised the search using medical sub-
ject headings (MeSH) and/or keyword terms in the ti-
tle/abstract for each pathogen and criterion. The final search
used (candida glabrata[MeSH Terms]) combined, using AND
term, with criteria terms, including (mortality{MeSH Terms])
OR (morbidity[MeSH Terms]) OR (hospitalisation[MeSH
Terms]) OR (disability[All Fields])) OR (drug resistance, fun-
gal[MeSH Terms]) OR (prevention and control[MeSH Sub-
heading]) 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, because MeSH terms are not avail-
able, we used topic search (TS), title (TI), or abstract (AB)
search. The final search used [TI=(‘candida glabrata’) OR
TI=(‘c.glabrata’)], combined, using AND term, with criteria
terms each as TS, including (mortality) OR (case fatality) OR
(morbidity) OR (hospitalixation) OR (disability) OR (drug re-
sistance) OR (prevention and control) OR (disease transmis-
sion) OR (diagnostic) OR (antifungal agents) OR (epidemiol-
ogy) OR (surveillance). Symbol * allows a truncation search
for variations of the term (e.g., hospitalisation or hospitaliza-
tion).

Study selection

We imported search results from each database into the online
systematic review software, Covidence® (Veritas Health Inno-
vation, Australia) and removed duplicates. The inclusion crite-
ria were retrospective/prospective observational studies, ran-
domised controlled trials, guidelines, epidemiology, surveil-
lance reports, published within the last 10 years (2011-2021),
reporting adults and paediatric data, including data on the
fungal pathogen, and data on at least one criterion. Exclu-
sion criteria were studies reporting on non-human data (e.g.,
animals, plants) or non-fungal data (e.g., bacteria), no data
on relevant pathogen or criteria, case reports or conference
or abstracts or reviews, drugs without marketing authoriza-
tion, in vitro papers on resistance mechanisms, and articles
published in non-English languages. Articles underwent title
and abstract screening by two independent reviewers (H.Y.K.
and J.B.) based on the inclusion criteria, with no reasons pro-
vided for exclusion at this stage. Two independent reviewers
(H.Y.K. and ].B.) performed full-text screening for the final
eligible articles on Covidence®. A third reviewer resolved any
discrepancies (J.W.A.). Excluded articles were recorded with
reasons when excluded during full-text screening. If any addi-
tional articles were identified from references of the included
articles, these were added. The resulting articles were subject
to the final analysis.
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(N=209)
v
Records for title and
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____________________ »| Irrelevant records excluded

A\
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Not in English (N=2)

Figure 1. Flow diagram for selection of studies included in the systematic review. Based on: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA
Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.

doi:10.1371/journal.pmed1000097.

Data collection and synthesis

Data from the final included studies were extracted for rel-
evant criteria (by H.Y.K. and J.B.). The extracted data were
checked by the second reviewer (J.W.A.) (initially a 10%
check, then expanded to 20% and more if needed, depend-
ing on the type of extent of observed errors). The extracted
data on the outcome criteria were qualitatively and/or quan-
titatively synthesised depending on the amount and nature of
the data.

Risk of bias assessment

The risk of bias for included articles was assessed by two
independent reviewers (H.Y.K. and J.B.). We used the risk
of bias tool for randomised trials version 2 (ROB 2) tool
for randomised controlled trials.’® The risk of bias in non-
randomised studies (ROBANS) tool was used to assess the
non-randomised studies.?’ For the overall risk, using the ROB
2 tool, the studies were rated ‘low’, ‘high’, or ‘some’ concerns.
Using the RoOBANS tool, the studies were rated as ‘low’, ‘high’,
or ‘unclear’ risk.

For the purposes of this review, we considered each crite-
rion as an outcome of the study and assessed if any bias was
expected based on the study design, data collection, and anal-
ysis methods for that outcome. Studies that were classified as
having an unclear or high overall risk were still eligible for
inclusion with cautious interpretation.

Results

Study selection

PubMed and Web of Science Core Collection database
searches yielded 610 and 405 articles, respectively. After
removing duplicates, 806 articles underwent title/abstract
screening (by H.Y.K. and J.B.). After excluding non-relevant
articles, 95 underwent full-text screening (by H.Y.K. and J.B.).
After excluding articles based on the full-text review, 71
studies were included in the final analysis. A third reviewer
(J.W.A.) resolved discrepancies between the two reviewers. A
flow diagram outlining the study selection is shown in Fig-
ure 1.

Risk of bias

The risk of bias for each study is presented in Table 1. Thirty
studies were classified as low risk of bias in all domains. Six-
teen studies were classified as unclear risk of bias, mostly due
to uncertainties around selection of participants or isolates,
but also because of unclear reporting of results and/or correc-
tion for confounding variables. Twenty-five studies were clas-
sified as high risk. In these studies, the risk was principally re-
lated to selection bias, with included patients or isolates being
unrepresentative. The other common cause for a high risk of
bias was incomplete reporting (for example, where tests were
listed in the ‘Methods’ section but not reported in the ‘Results’
section).
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Table 1. Risk of bias.

Beardsley et al.

Table 1. Continued

Risk of bias
First author Year level References
Al-Bagsami 2020 Low 34
Amanloo 2018 High 78
Andersen 2016 High 35
Arastehfar 2020 High 7
Arastehfar 2019 High 48
Astvad 2018 Low 58
Awad 2018 High 60
Ben-Ami 2012 Low 80
Beyda 2014 Low 33
Biswas 2018 Unclear 43
Bordallo- 2019 High 21
Cardona
Bourgeois 2014 Unclear 81
Byun 2018 Unclear 23
Castanheira 2017 Low 82
Chapman 2017 Low 66
Chen 2017 Low 83
Cuenca- 2011 High 49
Estrella
Delliere 2016 Low 84
Deorukhkar 2016 Low 85
Eschenauer 2013 Low 22
Farmakiotis 2015 Low 30
Figueiredo- 2017 Unclear 86
Carvalho
Fraser 2020 High 87
Goemaere 2018 Unclear 4
Gonzalez- 2017 High 24
Lara
Guinea 2014 Low 50
Guo 2017 Low St
Guzel 2013 High 33
Hesstvedt 2017 High 36
Hou 2017 Unclear 44
Hou 2018 High 2
Hu 2019 High 88
Kakeya 2018 Low 89
Kamikawa 2014 High >4
Kaplan 2019 High %0
Katsuragi 2014 Low 39
Khalifa 2020 Unclear 36
Khan 2020 High 37
Khatib 2016 Unclear 26
Kiasat 2019 High o
Kilic 2016 High 25
Klotz 2016 Unclear 46
Ko 2018 Low 27
Le 2017 Low 31
Lei 2018 Low 2
Lindberg 2019 Unclear 93
Lott 2012 High 53
Madeiros 2019 Low 94
Malani 2011 Unclear o4
Maraki 2019 Low 67
McCarty 2018 High 3
Meletiadis 2017 High 96
Miranda- 2018 Low 40
Cadena
Morales- 2017 High 7
Lopez
Moretti 2013 Low 6l
Nakamura- 2017 Unclear 47
Vasconcelos
Pfaller 2012 High 9
Pham 2014 Unclear 28
Puig-Asensio 2016 Low 29
Rajendran 2016 Low 03

Risk of bias

First author Year level References
Singh 2018 Low 8
Smyth 2018 Low 63
Szweda 2015 Unclear 45
Tang 2014 Low 32
Tapia 2012 Unclear 62
To6th 2019 Low 57

2019 High 9
Vatanshenassan
Vergidis 2016 High 100
Xiao 2015 Low 38
Yao 2019 Unclear 42

Analysis of results against pre-selected criteria
Moritality

Fifteen studies reported mortality from invasive disease caused
by C. glabrata, using different time points covering both early
and late mortality (see Table 2). Most studies reported crude
mortality rather than attributable mortality. Mortality was
high and variable across studies. The studies ranged in size
from 29 patients to 1380. Fifteen were retrospective cohorts,
and one was a prospective cohort. Three retrospective studies
reported a 7-day mortality of 9%-20%.2'-23 Eight retrospec-
tive studies reported 30-day mortality ranging from 19% to
49%.%1-28 The highest reported mortality of 49% (n = 77)
was in a mixed general hospital population in the USA—the
risk of bias in that study was related to unclear handling of
confounding variables, but these would not have impacted
mortality. The only prospective study reported a 14-day mor-
tality rate of 13%?2° consistent with the other studies and had
a low risk of bias. Mortality, specifically in patients with can-
cer, ranged from 38% to 45%.30-32

Inpatient care

Only one study (Table 3) reported on length of stay following
C. glabrata candidaemia (n = 82), with an average length of
stay of 26 days (range 0-165 days).?! However, the overall
risk of bias in this study was high due to selective outcome
reporting and unclear control of confounders.

Complications and sequelae

None of the studies we included reported on complications or
sequelae related to C. glabrata infection.

Antifungal resistance

Sixty studies reported on antifungal susceptibility. An
overview of study type, size, and country of origin for these
data is presented in Table 4. Susceptibility of non-sterile site
isolates is reported alongside sterile site isolates, since these re-
flect the same organisms causing invasive infections. Twenty-
four studies were limited to laboratory surveillance, 22 were
retrospective cohort studies, 11 were prospective cohort stud-
ies, with two cross-sectional studies and one case control
study. Risk of bias was generally lowest in the laboratory
surveillance studies, and is discussed further in relation to
specific findings. Sample sizes varied from 27 isolates up to
7225. There were 23 studies with fewer than 100 isolates,
33 included 100-1000 isolates, and 4 included more than
1000 isolates (of all Candida species). Studies were predom-
inantly conducted in high-income countries. The following
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Table 3. Length of stay.

Number of

Publication

Length of stay

patients

Population description

Study sites Study period Country Level of care

Study design

year

Author

26 (range

82

Adults and children
with candidaemia

Spain Tertiary

Single centre 2007-2016

Retrospective

2019

Bordallo-

0-165)

cohort study

Cardona

Beardsley et al.

low- or middle-income countries each contributed more than
one study: China (nz = 6), Turkey (#z = 4), Iran (n = 3), Brazil
(n=2),and India (7 = 2). We identified no studies from coun-
tries in Africa.

Data on drug susceptibility to azoles and other antifungal
drugs are presented in Tables 5 and 6, respectively. A variety
of methods were used to measure susceptibility, and there was
great heterogeneity in how results were reported, some of it
potentially invalid (i.e., isolates categorised as susceptible to
fluconazole). We have reported resistance (or non-wild-type)
as a percentage, according to CLSI or EUCAST methodologies
as used in the study, and as defined by the respective bodies at
the time of the particular study.

Rates of resistance to against fluconazole ranged from
0% to 48%. Of 52 studies, only two reported resistance
rates of 0%2%33 and they both carried a high risk of bias
related to selection of isolates. Al-Bagsami’s study report-
ing a resistance rate of 48% in a single centre in Kuwait
had a low risk of bias, and included 76 isolates from var-
ious body sites.* A total of 16 studies reported flucona-
zole resistance rates of more than 10%,>3-28:29-35-47 includ-
ing many large studies with a low risk of bias. Studies re-
porting susceptibility to voriconazole (7 = 30) and posacona-
zole (n = 13) described rates of resistance ranging from
0% to 68.8% and 0% to 29.4%, respectively. Resistance
rates of greater than 10% were reported for voricona-
zole in 15 studies.?3-383%:41-46,48-53 Non-wild-type minimum
inhibitory concentration (MIC) rates for posaconazole of
greater than 10% were reported in two studies.*>**> Only one
study tested isavuconazole MICs and reported an MIC range
of <0.016-0.25, and an MIC90 0.15 mg/Il. Four studies pro-
vided clear evidence of azole resistance rates increasing over
time 23,37,44,54

Data on susceptibility to echinocandins were presented
in 45 studies, in which a mixture of testing methods and
reporting was used. See Table 6. Rates of resistance were
generally less than 5% for anidulafungin, caspofungin, and
micafungin but highly variable, with ranges of 0%-9.3%,
0%—-63%, and 0%-15.4%. Four publications reported resis-
tance to caspofungin in >10% of isolates,**>>>=7 with Toth
et al. and Khalifa et al. reporting rates of 63% (Hungary)
and 32.6% (Japan), respectively. Neither of these latter two
studies had a high risk of bias. However, it is worth noting
that caspofungin is not considered a good resistance marker
and does not have a breakpoint for EUCAST. Additionally,
three studies described decreasing susceptibility to echinocan-
dins over time.?8-38-%% Resistant or non-wild-type phenotypes
were reported uncommonly for either amphotericin B or
flucytosine—generally <2%, and not more than 10% in any
of the included studies.

Preventability

Only one paper examined preventative measures against C.
glabrata infection. This study found that attention to infec-
tion prevention and control could reduce the risk, but it
did not quantify the magnitude of the effect.?® Risk fac-
tors for infection with C. glabrata are presented in Ta-
ble 7. Several studies highlighted the association between an-
tifungal use and the risk of C. glabrata infection, includ-
ing at the national ¢ institutional,®®-¢" and individual patient
levels.*19%:62 The evidence regarding whether diabetes was
specifically a risk factor for C. glabrata infection was mixed,;
one study found an odds ratio of 2.55 (P = .001) associated
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with diabetes,”® while two others found no association.®3¢4 S_% Vo
No studies investigated the impact of modifying these risk fac- S8 & eSS
tors. ,§8§ e X FETzsd 2
Tpo|Y S NEEEET -
Annual incidence 5 £ & A& z 5
The annual incidence of C. glabrata candidaemia, as reported =
in six studies is summarised in Table 8. The incidence ranged
from 0.67 to 2.66 per 100000 population per year, but all
population-based estimates were derived from high-income S =
settings. More studies reported C. glabrata candidaemia as a “5 @ 2 g3
proportion Qf all candldaemla episodes, as shown in Table 9. 2 § 5 a3 N?O% S T 2
In the majority of these studies, C. glabrata was responsible for £ =5 O g,
10%-30% of candidaemia episodes, with a range of 1.69%-— Z IR
45.2%. o7
Current global distribution
Candida glabrata is a globally distributed yeast species, with el
no studies reporting geographic limits. Its incidence at the o | 5 2 _§
population level and the proportion of candidaemias it causes g £ 3 E g& 2 =
can vary, but these differences may be influenced by factors é 5 2 ZEF2 & P
beyond geography, such as the use of antifungal agents, pop- / <A ; =
ulation demographics, and the prevalence of underlying con- z
ditions associated with infection.
Trends in last 10 years
Of the 17 studies that reported on changes in incidence or Bl 5§ 2= =
prevalence of C. glabrata infections (see Table 10), 12 de- g SI 3| SISI SI Sﬂ
scribed increases. Rajendran et al.% reported a doubling in S B = S o
prevalence from 21% to 45% as a proportion of all candi- |8 & 88 SIS
daemias, which was similarly observed in other large stud-
ies.32:#1,54,61,66 Three of these studies had a low risk of bias.
Four studies found the proportion of infections caused by C.
glabrata to be stable, though with some variation.>6-28-39,67 _
7 R
5 58
. . S|l o o c N =
Discussion S| = 9E a4 Do
Candida glabrata (now N. glabrata) is a common pathogenic "E § § — § § § — § g
yeast.®® Candida glabrata infections are a concern due to their a3 3 E 83z 3 E °<
increasing incidence and reduced susceptibility to commonly = =222 f =22
used antifungal agents.®” The incidence of C. glabrata blood- = =2£23¢ ZE23 ¢
stream infections has been increasing in recent years, and it is
now one of the leading causes of candidemia in some regions
of the world.”®
Risk factors associated with C. glabrata infections include & £
the use of broad-spectrum antimicrobials, immunosuppressive & 5 3 —% g —%
therapies, invasive medical procedures, and hospitalisation. _g § E § i:q §
One of the major clinical challenges with C. glabrata infec- g g2 % 5 ¢ B
tions is its resistance to antifungal agents, particularly azoles. gl =238 38 g g &
Although echinocandins are the recommended first-line ther- £ezE2:cE ZEEE
apy for invasive candidiasis, they are unavailable in many low- SEEE0=E £Ex
and middle-income settings, with the result that azoles are still
frequently relied upon.”! Candida glabrata has an intrinsically
reduced susceptibility to azoles. There is also increasing inci-
dence of the acquisition of frank resistance to these and other ]
antifungal agents, such as echinocandins,’? with several re- S
ports suggesting high rates of resistance to caspofungin and 3 )
micafungin.”>”3:74 2 . e \SD 8
Our systematic review examined the burden of C. glabrata i 2 “ g g A
and its implications for global health. A notable finding is that <<EC: gz 8 T 2 <
of the 71 studies included in the final analysis, only 30 were as- o g S5 E g _§ g’ £
sessed as having a low risk of bias. Not only are available data 2 £| £ i & % » 8
sparse, but they are often collected and reported in ways that [ 212 2 o2 g &
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Table 9. Proportion of invasive candidiasis caused by C. glabrata.

25

Proportion of invasive candidiasis
caused by C. glabrata (N.

Author year Study design Study sites Study period Country glabrata)
Awad 201860 Retrospective cohort SC 2010-2015 Lebanon 197 C. glabrata/1377 all Candida
study spp. isolated (14%)
Cuenca-Estrella Laboratory MC 2003-2009 Spain 16.1% of all candidaemia
2011% surveillance 682/4226
Deorukhkar 2016%° Retrospective cohort SC 2007-2014 India Candida glabrata was 31.5% of
study all candidaemia
Gonzalez-Lara 2017%* Retrospective cohort MC 2008-2014 Mexico 30 C. glabrata/149 candidaemia
study 20.1%
Guinea 20140 Prospective cohort MC 2010-2011 Spain 103/781 episodes of fungaemia
study 13.2%
Guo 20171 Prospective cohort MC 2012-2013 China 181 C. glabrata/1153 invasive
study Candida isolates 15.7%
85 C. glabratal457 blood stream
isolates 18.6%
Hesstvedt 20173¢ Retrospective cohort MC 2010-2011 Denmark, % of all candidaemias
study Norway, Finland, Denmark - 29%
and Sweden Finalnd 18%
Norway 11.7%
Sweden 15.4%
Hu 201988 Retrospective cohort SC 2010-2013 China 165/9769 - 1.69% oral Candida
study isolates
Kamikawa 2014°* Prospective cohort SC 2012-2013 Japan 36/154 oral candidiasis caused by
study (+ historical C. glabrata 23.4%
comparison
2006-2007)
Lei 20182 Lab surveillance SC 2012-2016 China 207 C. glabrata/2099 Candida
spp. 9.86% invasive isolates
Lindberg 201973 Retrospective cohort MC 2013-2016 Sweden 27 C. glabrata/143 patients with
study fungaemia 19%
Malani 201164 Prospective cohort ND 2006-2008 USA 62 C. glabratal408 total Candida
study isolates, 15.2%
McCarty 2018%° Other: Lab SC 2005-2015 USA 832 C. glabratal3876 Candida
surveillance spp. (21.47%) various sites
Medeiros 2019%* Retrospective cohort SC 2011-2016 Brazil 6 C. glabratal/51 candidaemia
study 11.76%
Meletiadis 2017°¢ Lab surveillance MC 2002-2004 No stated 86 C. glabrata/1099 Candida
isolates 7.83% various sites
Miranda-Cadena Retrospective cohort SC 2003-2013 Spain 114 C. glabratal1328 Candida
201840 study isolates 8.6%
Moretti 2013°! Retrospective cohort SC 2006-2010 Brazil 35 C. glabratal/313 candidaemia
study 11.18%
Puig-Asensio 2016%° Prospective cohort MC 2010-2011 Spain 103 C. glabratal773 candidaemia
study 13.4%
Rajendran 2016%° Retrospective cohort MC 2012-2013 UK 98 C. glabrata of/217 candidaemia
study 45.2%
Smyth 201863 Retrospective cohort MC 2011-2017 UK 34 C. glabrata of 126 candidaemia
study 26.98%
Tang 201432 Retrospective cohort SC 2009-2012 Taiwan 29 C. glabrata/242 candidaemia
study 11.98%
Tapia 201262 Case control study MC 1998-2006 USA 68/246 27.6%
UluKilic 2017%° Retrospective cohort SC 2010-2016 Turkey 41 C. glabrata BSI out of 351
study candidaemia - 11.7%
Vergidis 201610 Retrospective cohort SC 2012-2013 USA 45 C. glabrata out of 180 Candida

study

abdo infections 25%

Notes: MC = multi-centre, ND = not determined, SC = single centre.

are either not systematic or not transparent. There is a need for
standardised, comprehensive surveillance systems and studies.

Although the burden of disease is clearly substantial, it is
difficult to quantify since robust global estimates of incidence
are unavailable and there is a paucity of clinical metadata on
deaths, disability, other complications, and length of hospital
stay. The high mortality rates observed may reflect the sever-
ity of underlying diseases, but without well-designed epidemi-

ological studies, this can be difficult to fully assess. Future
studies should focus on collecting secure clinical data from
patients, including complications and sequelae of C. glabrata
infections in patients.

The antifungal resistance data in this study were particu-
larly robust, revealing high rates of resistance in azoles and,
to a lesser extent, echinocandins. It is noteworthy that resis-
tance to echinocandins in this species is especially important
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Table 10. Trends in the last 10 years.

Beardsley et al.

Author year

Study design

Study sites

Study period

Country

Trends in the last 10 years

Arastehfar 202077

Astvad 2018°8

Chapman 20176

Goemaere 2018*!

Hu 201988

Kakeya 2018%°

Kamikawa 20144

Katsuragi 2014%°

Khatib 201626

Maraki 2019¢7
McCarty 2018%3

Moretti 201361
Pham 201428

Rajendran 2016%°

Tang 201432

UluKilic 2017%°

Retrospective cohort study

Other: Laboratory
surveillance

Cross sectional study

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

Prospective cohort study

Retrospective cohort study

Retrospective cohort study

Prospective cohort study
Other: Lab surveillance

Retrospective cohort study
Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

Retrospective cohort study

MC

MC

MC

SC

SC

MC

SC

SC

SC

SC

SC

MC

MC

SC

SC

2005-2019

2012-2015

2014-2015

2004-2015

2010-2013

2003-2014

2012-2013 (+
historical
comparison
2006-2007)
2007-2011

2007-2015

2012-2017
2005-2015

2006-2010
2008-2013

2012-2013

2009-2012

2010-2016

Turkey

Denmark

Australia

Belgium

China

Japan

Japan

Japan

USA

Greece
USA

Brazil
USA

UK

Taiwan

Turkey

n=192005-2014 vs.
n=352015-2019->total
number of candidaemia
caused by C. glabrata
increasing

Increasing proportion
candidaemias. 31.8% in
2012-2015. Annual change
in OR for C. glabrata 1.11
P < .001.

Proportion of candidaemia
caused by C. glabrata
increased by 1.7 fold from
2004 (to 26.7%)

Increasing 0.08/10 000 pt
days in 2005 to 0.53/10 000
pt days in 2013

Proportion of patients with
C. glabrata mono-infection
doubled from 8 (0.3%) to 16
(0.68%) from 2010 to 2013
Candida glabrata was
significantly more common
in 2008-2014 of the study
period, compared to
2003-2007 (11.6% vs.
17.8%, P = .003)

14.1% of all oral candidiasis
caused by C. glabrata in
2006-2007, increase to
32.1% in 2012-2013

Stable at 20% as proportion
of all Candida isolates
Proportion candidaemia
caused by C. glabrata varies
up and down over time
(range 16.7%—-46.4%)

No change over time

Not possible to extract
accurately, but proportion
C. glabrata to Candida spp.
has increased

Increasing from 2008
(4.8%) to 2010 (23.5%)
Numbers not reported but
states proportion is stable
Increased to 45.2% of
candidaemia species from
21% in 2007

Increasing (<5% in 2009 to
15% in 2012)

Increasing as proportion of
candidaemia from 2010 to
2015

Notes: MC = multi-centre, SC = single centre.

due to its intrinsic high MICs to azoles. Several high-quality
studies from diverse geographic locations have reported rates
of resistance greater than 10% in both classes, which aligns
with previous clinical data. Moreover, several reports have
documented the rise in echinocandin resistance, and there are
several papers demonstrating resistance development under
echinocandin treatment.”>~”7 Despite these findings, the im-
pact of antifungal resistance on clinical outcomes remains
poorly quantified.

While the acquisition of invasive candidiasis is generally
understood, there is currently insufficient high-quality data
to inform on its preventability. Although several risk factors
have been identified, it is unclear whether modifying them
would reduce the incidence of the disease. One study sug-
gested that standard infection prevention and control mea-
sures were helpful, but it failed to quantify the impact. Host
immunity plays a significant role in the development of inva-
sive candidiasis. Further studies into prophylaxis are needed
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to understand the best approaches, particularly given increas-
ing rates of resistance.

One major limitation of this study is that there were
few studies retrieved from low- and middle-income coun-
tries, which may indicate publication bias. Possible explana-
tions include limited funding and technical capability result-
ing in fewer studies in those regions and potentially com-
pounded by our inability to include non-English language
literature.

Another major limitation is that due to our cutoff date for
publication inclusion (February 2021), we could not evaluate
the impact of the COVID-19 pandemic on C. glabrata infec-
tions in this systematic review. Future studies may investigate
the impact of the COVID-19 pandemic on C. glabrata infected
patients.

Candida glabrata (N. glabrata) is a significant fungal
pathogen that poses a high but ill-defined burden on patients
and healthcare systems worldwide. It is a global pathogen
with increasing incidence and high mortality rates. Antifun-
gal resistance rates are high and increasing, especially for the
first-line agents—azoles and echinocandins. Careful and on-
going systematic surveillance is needed to better define the
burden of infection, including complications, disabilities, and
sequelae. Amongst research priorities for this pathogen should
be the development of new antifungal agents to combat resis-
tance and the evaluation and implementation of strategies to
prevent infection from occurring in the first place.
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