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Abstract

During 2016-2017, Nakaseomyces glabrata (formerly Candida glabrata) caused 14% of cases of candidaemia in South Africa. We aimed to
describe the clinical characteristics of adults with N. glabrata candidaemia at 20 sentinel hospitals (accounting for 20% (172/917) of cases) and
the antifungal susceptibility of the corresponding isolates. A higher proportion of patients with N. glabrata candidaemia were older (median age:
55 years [interquartile range (IQR): 41-65 years] vs. 49 years [IQR: 35-63 years]; p = 0.04), female (87/164, 53% vs. 283/671, 42%; p = 0.01),
admitted to a public-sector hospital (152/172, 88% vs. 470/745, 63%; p < 0.001), treated with fluconazole only (most with suboptimal doses)
(51/95, 54% vs. 139/361, 39%; p < 0.001), and had surgery (47/172, 27% vs. 123/745, 17%; p = 0.001) and a shorter hospital stay (median 7 days
[IQR: 2-20 days] vs. 13 days [IQR: 4-27 days]; p < 0.001) compared to patients with other causes of candidaemia. Eight N. glabrata isolates (6%,
8/131) had minimum inhibitory concentrations in the intermediate or resistant range for > 1 echinocandin and a R1377K amino acid substitution
encoded by the hotspot 2 region of the FKS2 gene. Only 11 isolates (8%, 11/131) were resistant to fluconazole. Patients with confirmed N.
glabrata candidaemia are recommended to be treated with an echinocandin (or polyene), thus further guideline training is required.

Lay summary

Nakaseomyces (formerly Candida) glabrata is a yeast-like fungus that forms part of the commensal gut flora and among people with certain risk
factors, can invade into the bloodstream. Nakaseomyces glabratais a relatively more common cause of candidaemia in high-income vs. low- and
middle-income countries. There are no N. glabrata clinical isolates that are considered susceptible to fluconazole, and thus echinocandins are
recommended for treatment. However, echinocandin resistance is emerging. We described the characteristics of South African patients with
N. glabrata bloodstream infections and the antifungal susceptibility of corresponding isolates. We found that patients infected with N. glabrata
were more likely to be older, female, admitted to public hospitals and to be post-surgery and these patients were also more likely to be treated
with fluconazole monotherapy and to have stayed a shorter time in hospital compared to patients infected with other Candida species. Only 6%
of N. glabrata isolates were echinocandin-resistant with mutations in specific resistance genes that we have found in South African N. glabrata
isolates previously. Eight percent of N. glabrata isolates were resistant to fluconazole and the remainder were in the susceptible dose dependent
category, requiring higher fluconazole treatment doses. Patients with confirmed N. glabrata bloodstream infection should ideally be treated with
an echinocandin or polyene rather than fluconazole and training is required for doctors treating these patients.
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Introduction Africa.” Nakaseomyces (formerly Candida) glabrata, a com-
mensal of the human gastrointestinal tract®® is classified as
high priority on the first World Health Organization fun-
gal priority pathogens list.'® The genus also includes the
pathogenic cryptic species: Nakaseomyces bracarensis and
Nakaseomyces nivariensis."' Candida albicans followed by N.
glabrata and Candida parapsilosis are the most common
causes of candidaemia in the US,'? Australia,'? and Europe.'*

Candidaemia is the most common presentation of invasive
candidiasis and contributes substantially to morbidity and
mortality among critically ill patients."'>Candida is among
the top four pathogens causing healthcare-associated blood-
stream infections and causes the most common fungal infec-
tion in patients admitted to intensive care units (ICUs).> The

crude mortality associated with candidaemia was 29% in a . ) 3 ) :
large United States (US) study 31% (220/720) in Spain,’ However, across Latin America and in South Africa, C. albi-

54% (383/712) in Brazil® and 60% (122/203) in South cans and C. parapsilosis are the dominant species.>>'3~17 In
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South African national laboratory surveillance from 2016 to
2017, N. glabrata was the fourth most common cause of can-
didaemia after C. parapsilosis, C. albicans, and Candida au-
ris.\”

Nakaseomyces glabrata infection mostly affects immuno-
compromised patients such as those living with HIV,'® di-
abetes mellitus, patients admitted to ICU,'” and those with
a prolonged hospital stay.!® Tt is more commonly reported
in adults than in children and neonates.® Furthermore, no
N. glabrata clinical isolates are susceptible to fluconazole,
and echinocandin resistance is emerging.?>* In two large
surveillance programs (the SENTRY Global Surveillance Pro-
gram and the US Centers for Disease Control and Pre-
vention population-based surveillance), approximately 10%
of N. glabrata isolates were resistant to fluconazole?® and
echinocandin resistance ranged from 0% to 4% in the US.2%2¢
The mechanism of echinocandin resistance involves muta-
tions in the highly-conserved hotspot (HS) regions of the 1,3-
B-D-glucan synthase-encoding FKS genes.?”>?® Triazole resis-
tance involves mutation of the transcription factor PDR1 that
leads to the overexpression of drug efflux pumps.?” Muta-
tions in the ERG6 gene have been associated with polyene
resistance.”’ Antifungal susceptibility testing can detect phe-
notypic echinocandin resistance and screening N. glabrata iso-
lates for mutations in the FKS genes has been a useful method
to detect resistance.>”

In a South African national surveillance study conducted
between 2009 and 2010, only 10 of 1252 (0.8%) bloodstream
Candida isolates had micafungin or anidulafungin minimum
inhibitory concentrations (MICs) in the resistant/intermediate
categories.!°FKS gene sequencing of the ten isolates, includ-
ing three N. glabrata isolates, yielded no mutations in the
HS regions. We aimed to describe the overall contribu-
tion of N. glabrata to candidaemia among South African
hospitalised adults during 2016-2017, including patient
characteristics and the antifungal susceptibility and mecha-
nism of echinocandin resistance of bloodstream N. glabrata
isolates.

Materials and methods

Study design and sample selection

We conducted a cross-sectional study nested within
laboratory-based surveillance for candidaemia. During
2016-2017, national surveillance included 269 private- and
public-sector hospitals.”” A case was defined as a person
with any Candida species isolated from blood culture (an
episode of infection was defined by an arbitrary 30-day
period). For this study, we only included adults aged > 18
years at 20 enhanced surveillance sites (ESS). Three private-
and 17 public-sector hospitals, most in large urban centres,
were classified as ESS in 2016-2017.3! Surveillance officers
either interviewed these case patients or reviewed their med-
ical charts to abstract clinical data, including risk factors,
treatment, and in-hospital outcome. Unique cases with viable
isolates were included. If more than one blood culture was
submitted from the same patient within a 30-day period, then
the patient’s first blood culture contributed to a unique case
and the other blood cultures were considered as duplicates
and excluded. Patients with contaminated/missing isolates
were also excluded. We also excluded cases where multiple
species of Candida were isolated from a single episode (i.e.
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mixed infections). Repeat episodes of candidaemia (blood
cultures from the same patient more than 30 days apart) were
included. Isolates accompanied by a laboratory report with
patient metadata were submitted by diagnostic laboratories to
a reference laboratory at the National Institute for Commu-
nicable Diseases (NICD) in Johannesburg for confirmation of
identification by matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry (Bruker,
Bremen, Germany).

Antifungal susceptibility testing

Antifungal susceptibility testing was performed for nine anti-
fungal agents (anidulafungin, micafungin, caspofungin, flucy-
tosine, posaconazole, itraconazole, voriconazole, fluconazole,
and amphotericin B) using Sensititre YeastOne YO10 broth
microdilution plates (Thermo Fisher Scientific, Cleveland,
OH, USA). Additionally, amphotericin B MICs were deter-
mined by Etest (bioMérieux, Marcy I’Etoile, France) on RPMI
1640 agar plates containing 2% glucose (Diagnostic Media
Products [DMP], NHLS, Johannesburg, South Africa). Results
were read visually after 24 hours and for Sensititre plates,
the MIC was recorded as the lowest concentration of drug
that resulted in a significant decrease in growth compared
to the control well. The broth microdilution MIC endpoints
for echinocandins, azoles, and flucytosine were 50% inhibi-
tion. The broth microdilution and Etest MIC endpoint for
amphotericin B was 100% inhibition. Minimum inhibitory
concentrations were interpreted using CLSI M27M44S break-
points.>? Isolates with an intermediate or resistant MIC value
to one or more of the echinocandins had anidulafungin MIC
values re-checked using the Etest method on RPMI 1640 agar
plates containing 2% glucose (DMP) read by two independent
readers.

FKS screening

Amplification of the HS regions of the FKS genes was per-
formed as previously described to screen for FKS muta-
tions.>3 Nakaseomyces glabrata isolates with intermediate or
resistant MICs to > 1 echinocandin were screened for muta-
tions at all four HS regions.??

Statistical analyses

The Chi-square test on Stata software (Version 14; StataCorp
LP, TX) was used to perform statistical data analysis. We in-
cluded all candidaemia cases (using the case definition de-
scribed above) from 2016 to 2017 from enhanced laboratory-
based surveillance. We compared cases at ESS and non-ESS
in terms of their age, sex, Candida species distribution, and
health sector to check for selection bias (Supplementary Table
1). We then compared adults with N. glabrata candidaemia
to those with non-N. glabrata candidaemia at ESS. We used
the NICD species identification for the two groups and when
this was missing, the sending laboratory’s identification was
used. We also included both in-hospital outcome and 30-day
mortality in our descriptive analysis since there seemed to be
no difference between the data for both variables. A quick
Pitt score was calculated based on the sum of the following
variables with a score of > 2 predicting death: body tempera-
ture < 35°C (one point), systolic blood pressure < 90 mm Hg
(one point), cardiac arrest (one point), mechanical ventilation
(one point), and altered mental status (one point).>*
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National candidaemia n=7609 records
surveillance, 2016-2017 of candidaemia
Case definition: Person 2016: n=3588
with Candida species 2017: n=4021
isolated from blood
culture
h 4
n=3953 records
from adult
patients
\ 4
n=3519 unique
patients with
viable isolates

v
n=3522* cases

v
Cases with
single species

n=3459

Y

Cases from ESS

n=917

A 4

Nakaseomyces glabrata: n=172
Other Candida species: n=745

C. albicans 289/745 (39%)

C. parapsilosis 254/745 (34%)

C. auris 98/745 (13%)

C. tropicalis 28/745 (4%)

C. krusei 26/745 (4%)

Other Candida species* 50/745 (7%)

Excluded patients <18 years
(n=2325) and patients with
unknown age (n=1331)

Excluded patients with
*| contaminated/ missing isolates

— n=98

Excluded patients with more
" than one isolate (duplicates)

n=336
4
Cases with multiple
species
n=63

Nakaseomyces glabrata isolates with
antifungal susceptibility data: n=131

Figure 1. Flow diagram illustrating the inclusion and exclusion criteria for adult patients with candidaemia in this study from national laboratory-based
surveillance in South Africa, 2016-2017 Note: ESS—Enhanced surveillance sites, *included three patients with recurrent episodes of candidaemia,
Tother Candida species included C. dubliniensis, C. fabianii, C. famata, C. guilliermondii, C. haemulonii, C. kefyr, C. lipolytica, C. lusitaniae, C.
metapsilosis, C. nivariensis, C. orthopsilosis, C. pelliculosa, C. sphaerica, and Candida species not specified.

Ethics approval

Ethics clearance for GERMS surveillance was obtained from
the Human Research Ethics Committee (Medical), Univer-
sity of the Witwatersrand with clearance certificate number:
M140159 and from relevant University and Provincial Ethics
Committees for other ESS.3!

Results
Descriptive epidemiology of N. glabrata
candidaemia

There were 7609 episodes of candidaemia reported during
2016-2017. Fifty-two percent (3953/7609) of records were
from adult patients. Overall, there were 3459 cases of candi-

daemia with a single species isolated and 484 (14%) of these
were caused by N. glabrata. There were 917 cases of candi-
daemia at ESS in total (Fig. 1). There were important differ-
ences in age, Candida species distribution, and health sector
among cases at ESS vs. non-ESS (Supplementary Table 1).

At ESS, 172 (19%) candidaemia cases were caused by N.
glabrata vs. 745 cases (81%) of non-N. glabrata candidaemia
(Fig. 1). Compared to patients infected by other Candida
species, those with N. glabrata candidaemia (Table 1) were
older (median age: 55 years [interquartile range (IQR): 41—
65 years] vs. 49 years [IQR: 35-63 years]; p = 0.04), mostly
female (87/164, 53% vs. 283/671, 42%; p = 0.01), and ad-
mitted to public sector hospitals (152/172, 88% vs. 470/745,
63%; p < 0.001) in other provinces rather than in the Gaut-
eng Province (92/172, 53% vs. 518/745, 70%; p = 0.002).
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Table 1. Characteristics of adult South African patients with Nakaseomyces glabrata candidaemia compared to those with non-N. glabrata candidaemia
at enhanced surveillance sites, 2016-2017

All cases N. glabrata non-N. glabrata

Characteristics n=917 candidaemia n = 172 candidaemiatn = 745 P value

Age (median[IQR]) (years) 51 (36-64) 55 (41-65) 49 (35-63) 0.04
18-44 370 (40) 55(32) 315 (42)

45-64 319 (39) 66 (38) 253 (34)
> 65 228 (25) 51(30) 177 (24)

Gender* 0.01
Male 465/835 (56) 771164 (47) 388/671 (58)

Female 370/835 (44) 87/164 (53) 283/671 (42)

Health sector <0.001
Public 622 (68) 152 (88) 470 (63)

Private 295 (32) 20 (12) 275 (37)

Province 0.002

Gauteng 610 (66.5) 92 (53) 518 (70)
KwaZulu-Natal 78 (8.5) 18 (10) 60 (8)
Free State 44 (5) 14 (8) 30 (4)
Eastern Cape 65 (7) 17 (10) 48 (6)
Western Cape 68 (7) 20 (12) 48 (6)

Limpopo/Mpumalanga/Northern Cape/ North 52 (6) 11 (6) 41 (6)

West

Year of diagnosis 0.44
2016 445 (49) 88 (51) 357 (48)

2017 472 (51) 84 (49) 388 (52)

Any reported co-morbid condition 0.20
Yes 252 (27) 54 (31) 198 (27)

No 665 (73) 118 (69) 547 (73)

HIV infection* 0.53
Yes 168/382 (44) 31/76 (41) 137/306 (45)

No 214/382 (56) 45/76 (59) 169/306 (55)

Mental status* 0.59
Alert 216/487 (44) 40/98 (41) 176/389 (45)
Disoriented/Stuporous 164/487 (34) 33/98 (34) 131/389 (34)

Comatose/Sedated 107/487 (22) 25/98 (26) 82/389 (21)

ICU stay during admission* 0.16
Yes 413/680 (61) 79/142 (56) 334/538 (62)

No 267/680 (39) 63/142 (44) 204/538 (38)

Treatment* <0.001
Fluconazole only 190/456 (42) 51/95 (54) 139/361 (39)

Amphotericin B alone or in combination with 123/456 (27) 32/95 (34) 91/361 (25)

fluconazole
Echinocandin alone or in combination' 143/456 (31) 12/95 (13) 131/361 (36)

Prior antifungal use* 0.003
Yes 94/674 (14) 9/143 (6) 85/531 (16)

No 580/674 (86) 134/143 (94) 446/531 (84)

Surgery (abdominal/non-abdominal) 0.001
Yes 170 (19) 47 (27) 123 (17)

No 747 (81) 125 (73) 622 (83)

In-hospital outcome* 0.30
Died 414/714 (58) 92/149 (62) 322/565 (57)

Discharged 300/714 (42) 57/149 (38) 243/565 (43)

30 day mortality* 0.14
Died 370/670 (55) 88/145 (61) 282/525 (54)

Recovered 300/670 (45) 57/145 (39) 243/525 (46)

Length of hospital stay in days?(median [IQR]) 11 (3-26) 7 (2-20) 13 (4-27) <0.001

Time to death in days?(median [IQR]) 6 (2-17) 4 (1-10) 6 (2-18) 0.005

Quick Pitt score 0.82
0 161 (36) 31 (33) 130 (37)

1 113 (26) 27 (29) 86 (25)
2 145 (33) 31 (33) 114 (33)
3 20 (4) S5(5) 15 (4)
4 2(1) 0 (0) 2(1)
5 0(0) 0(0) 0(0)

TC. albicans 289/745; C. parapsilosis 254/745; C. auris 98/745; C. tropicalis 28/745; C. krusei 26/745; other Candida species 50/745
*missing data, denominator shown for these variables

echinocandin with fluconazole, amphotericin B, and/or voriconazole

2from specimen collection
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Additionally, more patients with N. glabrata candidaemia
were treated with fluconazole only (51/95, 54% vs. 139/361,
39%; p < 0.001), had surgery (47/172, 27% vs. 123/745,
17%; p = 0.001) and a shorter hospital stay (median:
7 days [IQR: 2-20 days] vs. 13 days [IQR: 4-27 days];
p < 0.001). Ninety percent (46/51) of patients with N.
glabrata candidaemia who were treated with fluconazole only
were given a daily dose of < 800 mg, while the remainder re-
ceived > 800 mg daily (5/51, 10%) (Supplementary Table 2).
Fewer patients with N. glabrata candidaemia vs. other causes
had a record of prior antifungal use (9/143, 6% vs. 85/431,
16%; p = 0.003). During the 2016-2017 surveillance period,
there was one case of N. nivariensis candidaemia identified
(included in the comparison group in this study) and no cases
of N. bracarensis infection.

MIC distribution and FKS screening results of .
glabrata isolates

Of 172 N. glabrata cases, 131 had isolates with antifungal
susceptibility data available for analysis (Fig. 1). Applying the
CLSI breakpoints, there were eight isolates (6 %) with interme-
diate or resistant MICs to > 1 echinocandin. Two N. glabrata
isolates (2%) were resistant to anidulafungin; and three iso-
lates each (2%) had intermediate or resistant MICs to mica-
fungin and/or caspofungin. All eight N. glabrata isolates with
intermediate or resistant echinocandin MICs had the R1377K
substitution encoded by FKS2 hotspot 2 (FKS2HS2) and no
mutations in FKS1 hotspots 1 (FKS1HS1) and 2 (FKS1HS2)
or FKS2 hotspot 1 (FKS2HS1). These eight isolates had sus-
ceptible anidulafungin MICs when tested in duplicate by the
commercial Etest method (Table 3). The fluconazole MICs of
these eight N. glabrata isolates were all in the susceptible dose-
dependent category (range: 4-32 mg/L). Five of the eight pa-
tients were admitted to a public-sector hospital and three to a
private-sector hospital. Outcome data was only available for
five of eight patients; three died and two survived. Eleven iso-
lates (8 %) were resistant to fluconazole (Table 2). Ten of these
11 fluconazole-resistant isolates also had MICs in the non-
wild type range for posaconazole and voriconazole and four
had an MIC greater than the itraconazole epidemiological cut-
off value (ECV).** Overall, 80 (61%), 26 (20%), and 5 (4%)
of 131 isolates had MICs above the voriconazole, posacona-
zole, and itraconazole ECV, respectively. There were no iso-
lates with non-wild-type amphotericin B MICs.

Discussion

Nakaseomyces glabrata accounted for 14% of cases in South
Africa during national laboratory-based surveillance for can-
didaemia in 2016-2017. Nakaseomyces glabrata was also the
fourth most common cause of candidaemia in Brazil3¢ and In-
dia.?” In South African public-sector hospitals during 2016
2017, the incidence risk for candidaemia caused by C. albi-
cans was highest compared to other Candida species. How-
ever, in private-sector hospitals during the same time period,
C. parapsilosis candidaemia had the highest incidence risk.
Additionally, the incidence risk for N. glabrata candidaemia
was twice as high in public- vs. private-sector hospitals.!” The
reasons why N. glabrata is more common in patients admit-
ted to public-sector hospitals is unknown but this could be
related to the characteristics of the inpatient population such
as older age, female predominance, and underlying co-morbid

Table 2. Antifungal susceptibility distribution of Nakaseomyces glabrata isolates from adult South African patients collected through national candidaemia surveillance during 2016-2017, n = 131

Test method

Number of isolates with MIC (mg/L) of:

Antifungal agent

32 64 128 256  MICsg MICop

16

0.03 0.06 0.125 0.25 0.5

83

0.015

0.03
0.015

0.03
0.015
0.06

35

BMD

Anidulafungin
Micafungin

0.125
32

1
18

126
2

BMD
BMD

Caspofungin
Fluconazole

16

22 55 19

12

BMD

Posaconazole

2

1

1
0.12

0.06

23 69
53 22
61 36
1 1

7
24
10

1

— N N

BMD
BMD
BMD
BMD

Itraconazole

Voriconazole
Flucytosine

BMD

1
1

1
0.38

2 32 82 12
40 25

33

2
11

Amphotericin B*

Etest

Amphotericin B*

*Missing values for amphotericin B, resistant isolates in bold for fluconazole, intermediate/resistant isolates in bold for anidulafungin, micafungin, and caspofungin

Note: BMD—Broth microdilution, MIC—Minimum inhibitory concentration (mg/L)
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Table 3. FKS gene mutation screening of eight Nakaseomyces glabrata isolates, from adult South African patients identified through national candidaemia
surveillance during 2016-2017, with intermediate or resistant MIC values to one or more of the echinocandins

Anidulafungin Anidulafungin

Anidulafungin Anidulafungin Micafungin  Micafungin  Caspofungin Caspofungin  Etest MIC Etest MIC  FKS2 hotspot
Isolatet BMD MIC interpretation BMD MIC interpretation BMD MIC interpretation  Reader 1 Reader 2 2 mutation*
3264 0.03 S 0.008 S 0.25 1 0.016 0.016 R1377K
3659 1 R 1 R 0.5 R 0.012 0.012 R1377K
3970 0.5 R 0.5 R 0.25 1 0.012 0.012 R1377K
3973 0.06 S 0.12 I 0.06 S 0.012 0.012 R1377K
4193 0.03 S 0.015 S 0.25 I 0.016 0.012 R1377K
4219 0.015 S 0.015 S 0.25 1 0.016 0.012 R1377K
4280 0.03 S 0.008 S 0.25 I 0.016 0.012 R1377K
5954 0.03 S 0.008 S 0.25 1 0.016 0.012 R1377K

Note: S—Susceptible, R—Resistant, [—Intermediate, BMD—broth microdilution, and MIC—Minimum inhibitory concentration (mg/L)

*No mutations in FKS1 hotspots 1 and 2; and in FKS2 hotspot 1

conditions. Nakaseomyces glabrata could also appear to be
more common in the public sector since C. auris and C.
parapsilosis are relatively less common pathogens.!” Other
pathogenic species in the Nakaseomyces genus are found very
rarely in South Africa; we only found one case of N. nivarien-
sis infection. One review paper reported that both N. nivarien-
sis and N. bracarensis are found at a lower prevalence com-
pared to N. glabrata.’

Only 6% of N. glabrata isolates in our study were resis-
tant to the echinocandins and 8% resistant to fluconazole.
We found no multidrug-resistant isolates in our collection.
The eight FKS mutants from eight patients that we found in
our study all had the same R1377K substitution encoded by
FKS2HS2. Most of these patients were admitted to a public-
sector hospital. We found the same mutation previously in
two echinocandin-resistant N. glabrata isolates cultured from
urine specimens of two patients treated in the private health
sector.’? In a recent German study, the researchers found other
substitutions encoded by FKS2HS2 (R1378H and R1378S);
these mutants were isolated from abdominal fluid and blood
culture respectively.** FKST and FKS2 gene mutations usually
lead to reduced echinocandin susceptibility.>! However, we
found that FKS mutations were associated with intermedi-
ate/resistant caspofungin BMD MICs (for seven out of eight
isolates). Three isolates were either resistant or intermediate to
micafungin and/or anidulafungin by BMD. All eight isolates
had susceptible anidulafungin Etest MICs. This was surpris-
ing since MICs obtained by BMD and Etest usually correlate
well.*! We also screened for FKS mutations in 12 micafungin-
/anidulafungin-susceptible isolates and all 12 isolates did not
have a FKS mutation (data not shown). It is possible that het-
eroresistance occurs in some N. glabrata populations but this
has only been described for fluconazole to date.*?

In one study, the Ser-663 substitution encoded by FKS2HS1
resulted in a worse outcome. Additionally, these isolates also
had the following MICs (in mg/L) for anidulafungin: 2 or 4;
caspofungin: > 8 and fluconazole: > 64.** We had limited
data, therefore, we could not determine whether patients in-
fected with a FKS mutant had an adverse outcome. Treatment
failure has been found to be more common in patients in-
fected with N. glabrata FKS mutants [80%, 8/10%! and 60%,
6/10%3]. Furthermore in previous studies, 9%2° and 14 %% of
N. glabrata fluconazole-resistant isolates were also resistant
to the echinocandins. However, we did not find a relationship
between the echinocandin and fluconazole MIC for the FKS
mutants. The pre-disposing factors through which N. glabrata
can acquire resistance to fluconazole and the echinocandins

are by prior antifungal exposure,** loss of function mutations
in the DNA mismatch repair (MMR) gene MSH2,?° exposure
to sub-therapeutic drug concentrations, and biofilm forma-
tion.** One would expect to find resistant N. glabrata from
urine specimens due to the low echinocandin concentrations
achieved in the urinary tract’® and healthcare-associated uri-
nary tract infection surveillance would be useful to screen for
resistant N. glabrata.

A higher percentage of older female patients admitted to
a South African public-sector hospital had N. glabrata can-
didaemia. Nakaseomyces glabrata has been found to mainly
cause infection in older individuals.'$-'>*5 Since N. glabrata
is a commensal of the digestive system, it is possible that con-
ditions such as diverticulitis, which is more common in the
elderly population*® predispose them to N. glabrata infection.
In our study, patients infected with N. glabrata candidaemia
had a shorter hospital stay and a shorter time to death com-
pared to the non-N. glabrata candidaemia group. We found
no difference in the quick Pitt score nor the crude mortality
for patients infected with N. glabrata. When comparing N.
glabrata and C. albicans infection cases, the crude in-hospital
case fatality ratio for N. glabrata was 50.8% compared to
50.2% for C. albicans.'” Even though N. glabrata is intrinsi-
cally less virulent than C. albicans, the crude mortality is sim-
ilar. We can only speculate that N. glabrata’s virulence factors
together with varying degrees of decreased susceptibility lead
to similarly high mortality. Nakaseomyces glabrata may elicit
a lesser inflammatory immune response and can also survive
and replicate within macrophages similar to Cryptococcus ne-
oformans'®* although it is also possible that host factors
play a role. We also found that a higher percentage of patients
infected with N. glabrata candidaemia were on fluconazole
monotherapy. A fluconazole dose of less than 800 mg daily
would generally be inadequate for treatment of N. glabrata
infections.*® These patients were also less likely to be treated
with an echinocandin. According to the Infectious Diseases
Society of America and Southern African guidelines for man-
agement of candidiasis, an echinocandin is recommended as
initial therapy for candidaemia.*$#° It is possible that with
the lack of availability of echinocandins in the South African
public sector during 2016-2017, clinicians would have been
more likely to prescribe fluconazole for empiric and targeted
treatment of candidaemia. However, we do not have access
to antifungal consumption data in the public sector to cor-
roborate these findings. Echinocandins have now been added
to the South African standard treatment guidelines for treat-
ment of invasive candidiasis, but are still restricted to tertiary
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centres.’® Antifungal stewardship programs are needed to
make sure South African patients infected with N. glabrata
are appropriately treated with an echinocandin or polyene.

A limitation of our study was selection bias observed for
detailed clinical data since we focused on ESS cases in our
analysis. However, most of the non-ESS cases were from the
private sector with limited clinical data available and there-
fore could not be analysed further. Another limitation was that
antifungal susceptibility testing and screening of N. glabrata
isolates for mutations in the FKS genes are unable to detect
low-level resistance mechanisms such as heteroresistance*? or
tolerance.?®

Our study provides insight into a common pathogen caus-
ing candidaemia in South African patients. We were able to
describe clinical characteristics of patients infected with N.
glabrata and its antifungal susceptibility pattern. Low levels
of resistance to echinocandins and azoles were observed. Most
patients with N. glabrata candidaemia were treated with sub-
optimal doses of fluconazole but should ideally be treated with
an echinocandin or polyene.

Supplementary material

Supplementary material are available at Medical Mycology
online.
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