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We report an outbreak of Candida auris across multiple
healthcare facilities in Israel. For the period of May 2014—
May 2022, a total of 209 patients with C. auris infection or
colonization were identified. The C. auris incidence rate
increased 30-fold in 2021 (p = 0.00015), corresponding
in time with surges of COVID-19-related hospitalization.
Multilocus sequence typing revealed hospital-level out-
breaks with distinct clones. A clade Il clone, imported
into Israel in 2016, accounted for 48.8% of typed isolates

( j'andida auris is a drug-resistant fungal patho-
gen that has emerged over the past decade as
a cause of nosocomial outbreaks with substantial
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after January 2021 and was more frequently resistant to
fluconazole (100% vs. 63%; p = 0.00017) and voricon-
azole (74% vs. 5.2%; p<0.0001) than were non—clade
Il isolates. A total of 23% of patients had COVID-19,
and 78% received mechanical ventilation. At the hospital
level, outbreaks initially involved mechanically ventilated
patients in specialized COVID-19 units and then spread
sequentially to ventilated non—COVID-19 patients and
nonventilated patients.

mortality rates (I-3). Widespread resistance to
triazole antifungals, rapid spread and persistence
within hospital and nursing home environments,
and difficulties in accurate identification by stan-
dard microbiological methods have prompted the
US Centers for Disease Control and Prevention to
list C. auris as a serious antibiotic-resistant threat
(4). Recent reports of echinocandin-resistant and
pan-resistant C. auris isolates in the United States
and elsewhere have further heightened these con-
cerns (5,6).

In 2014 and 2015, five patients with C. auris
bloodstream infection were identified in 2 hospitals
in the Tel Aviv, Israel, metropolitan area (7). After
that outbreak, laboratory-based surveillance was ini-
tiated, and clinical isolates identified or suspected as
C. auris were sent to the national mycology reference
laboratory for sequence-based identification and
antifungal drug susceptibility testing. Surveillance
showed a stable low incidence of C. auris infections
and no notable nosocomial clusters. An outbreak in
2016 that was limited to a single hospital originated

"Preliminary results from this study were presented at the 32nd
European Congress of Clinical Microbiology and Infectious
Diseases, April 23-26, 2022, Lisbon, Portugal.
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in a patient transferred to Israel from a hospital in
South Africa (8).

Since January 2021, a marked increase in the
number of C. auris isolates referred to the national
reference laboratory was noted; many medical cen-
ters reported C. auris infections for the first time. We
conducted a nationwide survey of C. auris infections
in Israel to assess clinical and microbiological char-
acteristics and to determine drivers of epidemiologic
change during 2021-2022.

Methods

Study Design and Population

After the first detection of C. auris in Israel in 2014, an
alert was issued to all clinical microbiology laborato-
ries to refer yeast isolates identified or suspected as C.
auris to the national mycology reference laboratory at
the Tel Aviv Sourasky Medical Center. Guidance on
contact isolation, contact tracing, and environmental
disinfection was provided to facilities that reported C.
auris cases (9,10).

This nationwide retrospective observational
study covered the period January 1, 2014-May 31,
2022. We included all medical facilities that reported
>1 C. auris clinical isolate during the study period.
Yeast isolates sent to the reference laboratory under-
went confirmatory DNA-sequence based identifica-
tion, sequence typing, and antifungal susceptibility
testing. Demographic and clinical data were collected
from each site.

The study was reviewed and approved by the
ethics committee of each participating medical cen-
ter (approval no. for principal site 0543-21-TLV). Re-
quirement for informed consent was waived because
of the retrospective observational nature of the study.

Data Collection

We extracted data from the hospital electronic medi-
cal records and laboratory computerized database
by using a structured form. Collected data included
demographics, comorbidities (quantified using the
Charlson comorbidity score) (11), SARS-CoV-2 in-
fection, previous exposure to antibacterial and an-
tifungal drugs, infection with or carriage of drug-
resistant organisms, and mechanical ventilation.
Clinical outcomes were all-cause in-hospital death,
length of hospitalization, length of stay in intensive
care unit (ICU), and duration of mechanical ventila-
tion. C. auris was considered a colonizer if growing
from respiratory tract, skin, or rectal specimens and
potentially clinically significant if isolated from nor-
mally sterile specimens.
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Microbiological Analyses

The general practice of microbiological laboratories
is to identify yeasts cultured from normally sterile
sites. Basic identification in participating laborato-
ries was done by using CHROMagar Candida plates
(CHROMagar, https://www.chromagar.com) and
Vitek 2 with the YST ID card (bioMérieux, https://
www.biomerieux.com). Hospital H1 implemented
measures to identify C. auris carriers because of
a large outbreak at that site. Those measures in-
cluded identifying yeast isolates from all speci-
mens and screening patients at admission to ICU
and step-down units and at time of transfer from
departments where C. auris cases were detected. C.
auris screening was done by swabbing 3 sites (ax-
illa, groin, and throat). Endotracheal aspirates were
sampled from intubated patients. Swabs were inoc-
ulated onto Sabouraud dextrose agar and incubated
at 37°C for 5 days.

Candida species identification at the reference
laboratory was done using PCR and sequencing of
the ribosomal DNA internal transcribed spacer (ITS)
1-5.85-ITS2 and D1/D2 regions (7,12). Antifungal
susceptibility testing was performed using broth
microdilution according to Clinical and Laboratory
Standards Institute guidelines (13). Antifungals test-
ed were fluconazole, itraconazole, voriconazole, am-
photericin B, and anidulafungin (obtained from Sig-
ma, https://www.sigmaaldrich.com). Tentative C.
auris susceptibility breakpoints for fluconazole (>32
mg/L), anidulafungin (>4 mg/L), and amphotericin
B (>2 mg/L) were used, as proposed by the Centers
for Disease Control and Prevention (14). Because no
breakpoint has been defined for voriconazole, the
epidemiologic cutoff (ECOFF) value was calculated
from the MIC distribution using the ECOFF Finder
program (15,16).

We determined genetic relatedness among C.
auris isolates by using multilocus sequence typing,
as described previously (17,18). We used Bayesian
inference in MrBayes version 3.2 (19) to amplify,
concatenate, and compare genomic sequences of
RNA polymerase 11 (RPB)1, RPB2, internal tran-
scribed spacer (ITS), and the D1/D2 region of the
28S nuclear ribosomal large subunit rRNA gene
among strains. We used allele sequences reported by
Kwon et al. (17) as references to classify strains into
4 main clusters (clades). We constructed minimum-
spanning trees in R version 4.2.1 (R Foundation for
Statistical Computing, https://www.r-project.org)
and deposited all sequences into GenBank (Appen-
dix 1, https://wwwnc.cdc.gov/EID/article/29/7/
22-1888-Appl.xlsx).
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Statistical Analyses

We summarized patient characteristics by using de-
scriptive statistics. We determined between-group
differences by using the Fisher exact test for categori-
cal variables and Student t or Wilcoxon rank-sum test
for normally or nonnormally distributed continuous
variables. We measured variance across multiple
groups by using the Kruskal-Wallis test. The sig-
nificance level (type I error) was set at 0.05. We per-
formed all calculations in R.

Results

We recorded 209 patient-specific C. auris isolates dur-
ing the 8-year study period. The first cases of C. au-
ris infection in Israel were detected in May 2014 at a
tertiary-level medical center in Tel Aviv. During May
2014-December 2020, a total of 24 cases of C. auris in-
fection were reported from 7 hospitals (median inci-
dence 4 cases/y, range 1-5 cases/y). The incidence of
C. auris infection increased dramatically in 2021; an
annual incidence of 120 cases was reported from 10
hospitals and 3 long-term care facilities, which repre-
sented a 30-fold increase over the previous base an-
nual incidence (p = 0.00015; Figure 1). Of 185 patient-
specific isolates identified beginning in January 2021,
a total of 172 (92.9%) occurred in 4 community hos-
pitals (H1-H4). Hospital H1, located in the Northern

A,

Central District of Israel, was the focus of the largest
outbreak; 127 patient-specific C. auris isolates were re-
ported (Figure 1, panel A). Repeat cultures were per-
formed for 152 patients; colonization was detected for
a median of 14 days (interquartile range [IQR] 4-32
days, maximum 210 days) (Appendix 2 Figure).

The incidence of C. auris cases during 2021 and
2022 corresponded with surges in COVID-19 cases
in Israel during that period (Figure 2). C. auris cases
peaked in January-March 2021, synchronous with the
COVID-19 Alpha variant wave; in June-November
2021, matching the Delta variant wave; and in Janu-
ary-May 2022, during the Omicron wave. During the
Alpha wave, 88.0% of patients with C. auris (15/17)
were infected with SARS-CoV-2. That percentage de-
creased to 22% (23/103) during the Delta wave and
6.2% (4/65) during the Omicron wave (Figure 2).

Strain Relatedness

We assessed the genetic relatedness and clade des-
ignation of C. auris strains isolated before 2021 and
those from the 2021-2022 outbreak by using multilo-
cus sequence typing. We typed 22 isolates collected
during May 2014-December 2020; of those, 18 (81.8%)
isolates were clade IV, 3 (13.6%) were clade IlI, and 1
(4.5%) was clade 1I (Figures 3, 4). The 3 clade III iso-
lates represented an importation event in 2016 traced
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Figure 1. Incidence (no. cases) of Candida auris infection by medical facility (A) and type of specimen (B), Israel, 2014—-2022. Epidemic plots
were constructed with each patient appearing once, on the date of the first C. auris—positive specimen. H, hospital; NH, nursing home.
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to a patient who acquired a surgical site infection in
South Africa before being evacuated to Israel. The
population structure changed after January 2021,
when localized hospital outbreaks of clade III and
clade I occurred. Of 43 isolates typed during Janu-
ary 2021-May 2022, a total of 24 (55.8%) belonged to
clade 111, 11 (25.5%) to clade IV, and 8 (18.6%) to clade
I (Figures 3, 4). All isolates typed from hospital H1
(n = 18) belonged to clade III. Clade I isolates (n =
8) were identified in 2 hospitals (H2 and H3) in Isra-
el’s Southern district. Clade III isolates from the 2016
outbreak clustered with the earliest 2021 H1 isolates,
suggesting an epidemiologic link.

Antifungal Susceptibility

Overall rates of antifungal drug susceptibility were
15.5% (32/206) for fluconazole, 79.6% (164/206) for
voriconazole, 86.4% (178/206) for amphotericin B,
and 98.0% (198/202) for anidulafungin. A total of 21
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Figure 2. Association of Candida auris infection with COVID-19
hospitalization, Israel, January 2021-May 2022. Bars represent
monthly C. auris incidence (no. cases). Cases with SARS-CoV-2
co-infection are shown in orange, non—co-infected cases are in
blue. Red line shows level of hospital occupancy with COVID-19
patients. Scales for the y-axes differ substantially to underscore
patterns but do not permit direct comparisons.

isolates (10.0%) were resistant to both amphotericin
B and fluconazole; 2 (0.95%) were resistant to fluco-
nazole, amphotericin B, and anidulafungin. Clade III

-2

.
24
\

L 0g

o

o

Figure 3. Minnimum-spanning trees of Candida auris strains for 2014-2020 (A) and 2014—-2022 (B), Israel. Genetic relatedness of C.
auris isolates was assessed using multilocus sequence typing. Strain cluster designation was determined using sequences published
by Kwon et al. (shown in gray nodes) (77). Nodes are colored according to the respective medical center. Nodes marked with asterisks
represent 2016 importation event from South Africa. C, clade; H, hospital; NH, nursing home.
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isolates had significantly higher MICs of fluconazole
and voriconazole compared with non-clade III iso-
lates (Figures 4-6). Resistance to fluconazole (MIC
>32 mg/L) was detected in 100% (27/27) of clade III
isolates versus 63.1% (24/38) of non-clade IlII isolates
(p = 0.00017). Voriconazole MIC values above the
calculated ECOFF (MIC >4 mg/L) were detected in
74.0% (20/27) of clade IlI isolates versus 5.2% (2/38)
of non-clade III isolates (p<0.0001).

Clinical Characteristics and Outcomes
Clinical data were available for 177 patients (86.7%)
(Table). Patients were predominantly men (68.3%);
median age was 70 years (IQR 55-80 years). Patients
had multiple comorbidities; 50% had significant func-
tional impairment and 30% had dementia. Most pa-
tients (78%) required mechanical ventilation during
the same hospitalization, and 67% had a central ve-
nous catheter. Carriage or infection with other drug-
resistant organisms was detected in 55% of patients.
Forty-one patients (23.2%) had received a
COVID-19 diagnosis before acquiring C. auris in the
same hospital stay. Most of those patients (73.1%) had
critical COVID-19. Almost all patients with COVID-19

Clade IV

Clade lll
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received corticosteroids, and half were treated with
remdesivir. The median time from detection of
SARS-CoV-2 infection to recovery of C. auris was 25
days (IQR 11-38.5 days). Patients with and without
COVID-19 had similarly high rates of mechanical
ventilation (78%), but patients with COVID-19 had
better baseline functional status, fewer comorbidities,
and lower rates of dementia (Table).

Of 177 patients, 82 (46.3%) had positive clinical
specimens, and 95 (53.6%) were colonized with C. auris
with no evidence of invasive candidiasis. The propor-
tion of colonized versus infected patients was signifi-
cantly greater for patients with COVID-19 (70.7% vs.
48%; p = 0.013) and in hospital H1, where screening
was implemented (77.7% vs. 14.9% in other hospi-
tals; p<0.0001). Clinical specimens consisted of urine
(59.8%, n = 49), blood (36.6%, n = 30), and wounds
(17.1%, n = 14). In-hospital death occurred in 70
(39.5%) patients. The in-hospital mortality rate did not
differ significantly between patients with clinical infec-
tions, including those with C. auris bloodstream infec-
tions, and patients who were only colonized with C.
auris. Increasing age and comorbidity (Charlson score)
were predictors of in-hospital death (Appendix 2,

Figure 4. Association of
population strain clustering
with antifungal drug MIC and
medical facility for Candida auris
strains, Israel. A phylogenetic
tree of C. auris isolates was
constructed using multilocus
sequence typing and Bayesian
inference. Text colors represent
different medical centers. Heat
map colors represent MIC of
each drug, ranging from fully
Clade Il susceptible (yellow) to resistant
\ (dark blue). AMB, amphotericin
| | B; ANF, anidulafungin; FCZ,
fluconazole; VCZ, voriconazole.

Clade |
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https:/ /wwwnc.cdc.gov/EID/article/29/7/22-1888-
App2.pdf). Of the surviving patients, 27 (29.0%) were
discharged to home, 27 (29.0%) to ventilator-capable
skilled nursing facilities, 19 (20.4%) to rehabilitation fa-
cilities, and 17 (18.2%) to long-term care facilities.

Time Course of C. auris Hospital Outbreaks

We analyzed the evolution of the C. auris outbreaks
in hospitals H1, H2, and H3 (Figure 7). In H1, C. auris
infections were first detected among 10 mechanically
ventilated COVID-19 patients; 9 of these infections
occurred over a period of 13 days in February 2021
(cluster 1). Next, C. auris infections were detected in
mechanically ventilated patients with no history of
COVID-19 (cluster 2). Infections were first detected in
May 2021 in intermediate care unit A, to which con-
valescing COVID-19 patients had been transferred,
and in the adjacent general ICU. The first of the non-
COVID-19 cases was a patient admitted 52 days af-
ter the last of the COVID-19 patients had been dis-
charged. Additional cases were detected in inter-
mediate care unit B starting in July 2021, after that
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unit became a destination for recovering COVID-19
patients. Overall, 65 mechanically ventilated patients
were infected with C. auris in cluster 2.

A similar pattern, in which a cluster of C. auris
cases in mechanically ventilated patients with
COVID-19 was followed by spread to ventilated pa-
tients without COVID-19, was observed in hospital
H2, albeit on a smaller scale. The gap between dis-
charge of the last cluster 1 patients and admission of
the first cluster 2 patient was 67 days. Cluster 1 strains
included 2 sequence types belonging to clade I and
clade IV, whereas only the clade I sequence type was
identified in cluster 2. In hospital H3, C. auris infec-
tion was detected predominantly in ventilated pa-
tients, with or without COVID-19, with no temporal
clustering over the study period (Figure 7).

Discussion

We report an ongoing nationwide outbreak of C. auris
colonization and infection in hospitals in Israel. The in-
troduction of distinct clones of clade I and clade III into
3 hospitals, as well as increased circulation of clade 1V,

Figure 6. Temporal distribution
of Candida auris clades and
: their respective MIC values,
. Israel. Distribution of C. auris
. fluconazole and voriconazole
S MIC is shown for January 2014—
May 2022. Each dot represents
Tl a patient-specific isolate. High
fluconazole and voriconazole
MIC associated with clade Il is
noted in 2021 and 2022.

2014 2015 2016 2017 2018 2019 2020 2021 2022
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resulted in a 30-fold increase in the annual C. auris in-
cidence rate in 2021. Neither clade I nor clade III had
circulated in Israel before 2021, suggesting they arose
through importation events into the country. Further,
phylogenetic analyses showed that the clade III isolates
collected during the current outbreak were related to
those imported into Israel from South Africa in 2016
(8). The shift in clade distribution was associated with
a change in the azole MIC range; specifically, clade III
strains had higher fluconazole and voriconazole MICs
compared with those for clade IV strains. Thus, the con-
tinuing expansion of clade III in Israel and its spread
beyond H1 to other medical facilities might limit the al-
ready constrained treatment options for C. auris.

We identified 2 main drivers of C. auris health-
care-associated dissemination in this outbreak. The
first was COVID-19. Almost one quarter of patients
with C. auris infection or colonization were infected

with SARS-CoV-2 and received care in designated
COVID-19 units. C. auris incidence rates corresponded
in time with COVID-19-related surges in hospi-
talization. Cases of C. auris infection in COVID-19
wards tended to be tightly clustered (Figure 7),
suggesting efficient healthcare-associated trans-
mission within those units. Multiple genotypes of
C. auris were found in COVID-19 units in hospitals H1
and H2, and 1 dominant clone carried over to non-
COVID-19 patients in other departments. Outbreaks
of C. auris have been reported in COVID-19 care units
in the United States, India, Mexico, and Columbia,
resulting in colonization or infection rates as high as
50% (20-24). Potential reasons for the susceptibility of
COVID-19 units to such outbreaks include the use of
double gloving (wearing 2 pairs of gloves), poor ad-
herence to hand hygiene, and inadequate disinfection
of shared medical devices and equipment (20).

Table. Clinical characteristics of patients infected or colonized with Candida auris, Israel*

Characteristic COVID-19 Non-COVID-19 p value Total
No. patients 41 (23.2) 136 (76.8) 177 (100)
Median age, y (IQR) 67 (53-75) 72 (56-82) 0.16 70 (55-80)
Sex
M 24 (58.5) 97 (71.3) 0.13 121 (68.3)
F 17 (41.4) 39 (28.6) 56 (31.6)
Long-term care facility 5(12.1) 33 (24.2) 0.12 38 (21.5)
Functional status 0.0036
Independent 30 (73.1) 59 (43.3) 89 (50.3)
Requires assistance 4(9.7) 21 (15.4) 25 (14.1)
Complete dependence 7 (17.0) 56 (41.1) 63 (35.6)
Comorbidities
Dementia 6 (14.6) 46 (33.8) 0.019 52 (29.4)
Malignancy 3(7.3) 18 (13.2) 0.41 21 (11.8)
Median Charlson comorbidity score (IQR) 2 (0-3) 3(14) 0.00016 2 (1-4)
Drug-resistant organism carriage/infection
Any 21 (51.2) 76 (55.8) 0.72 97 (54.8)
Vancomycin-resistant Enterococcus 5(12.1) 17 (12.5) 1.0 22 (12.4)
Methicillin-resistant Staphylococcus aureus 10 (24.3) 25 (18.3) 0.38 35(19.8)
Carbapenem-resistant Enterobacteriaceae 8 (19.5) 31(22.7) 0.83 39 (22.0)
Clostridioides difficile 0 6 (4.4) 0.33 6 (3.4)
Exposure to antimicrobials
Antibacterial 37 (90.2) 119 (87.5) 0.78 156 (88.1)
Azole 5(12.1) 11 (8.0) 0.53 16 (9.0)
Echinocandin 2(4.8) 3(2.2) 0.32 5(2.8)
Amphotericin B 0 0 1.0 0
COVID-19 severity and treatment
Critical 30 (73.1) NA 30 (76.9)
Severe 8 (19.5) NA 8 (20.5)
Mild 1(2.4) NA 1(2.5)
Corticosteroids 38 (97.4) NA 38 (97.4)
Remdesivir 17 (43.5) NA 17 (43.5)
Treatment required
Intensive care unit 14 (34.1) 34 (25.0) 0.31 48 (27.1)
Mechanical ventilation 32 (78.0) 106 (77.9) 1.0 138 (78.0)
Central venous catheter 30 (73.1) 89 (65.4) 0.44 119 (67.2)
Outcome
Median hospital stay, d (IQR) 36 (24-52) 36 (21-54) 0.98 36 (21.5-54)
Median ICU stay, d (IQR) 24 (18.5-38) 21 (11.2-28.8) 0.08 21.5 (13-33)
Median mechanical ventilation duration, d (IQR) 35.5 (19.8-46) 35(17.8-51.2) 0.60 35 (18-50)
In-hospital death 15 (36.5) 55 (40.4) 0.71 70 (40.0)

*Values are no. (% within COVID-19 group) except as indicated. IQR, interquartile range; NA, not applicable.
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A second crucial driver appeared to be mechani-
cal ventilation. Patients with and without COVID-19
had similarly high rates of mechanical ventilation
(78%). Moreover, within specific hospitals, C. auris
spread first among mechanically ventilated COVID-19
patients and then infected non-COVID-19 patients
in intermediate care units shared by both recovered
COVID-19 and non-COVID-19 patients. This second
population included patients with multiple comorbid-
ities, high rates of dementia, and long-term mechani-
cal ventilation. C. auris moved between those patient
populations asynchronously; gaps of >6 weeks were
observed in 2 hospitals between discharge of the last
infected COVID-19 patient and admission of a ven-
tilated non-COVID-19 patient who later acquired C.
auris. Possible explanations include persistence of C.
auris in the patient environment and on shared medi-
cal equipment, as well as undetected carriage by colo-
nized patients or healthcare workers. C. auris was pre-
viously isolated from 70% of environmental samples
at a ventilator-capable skilled nursing facility, includ-
ing those from handrails, doorknobs, and windowsills
(25). In vitro studies found that C. auris forms biofilm
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on plastic surfaces and is able to persist in viable colo-
nies for >2 weeks and as viable nonculturable cells for
>4 weeks (26).

Among the study cohort, 46% had clinical C. au-
ris infection, including 30 patients with candidemia.
The in-hospital mortality rate was 40% and was sim-
ilar for patients colonized and infected with C. auris,
likely reflecting the multiple acute and chronic co-
morbidities in this patient population. Of the surviv-
ing patients, only 30% were discharged home; the
rest were transferred to ventilator-capable skilled
nursing facilities, rehabilitation facilities, and long-
term care facilities, potentially establishing reser-
voirs of C. auris carriage.

Limitations of this study include lack of system-
atic active surveillance and environmental sampling
in most medical centers. In addition, hospitals dif-
fered in some key areas, including criteria for per-
forming yeast species identification and screening for
C. auris colonization.

In summary, C. auris is spreading in multiple hos-
pitals in Israel, and appears set to become endemic in
some facilities. The emergence and amplification of
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new C. auris clones was traced to patients receiving
mechanical ventilation in COVID-19 isolation units.
C. auris was transmitted from this population to non-
COVID-19 patients in shared intermediate care units
and from there disseminated to nonventilated patient
populations. New guidelines addressing this public
health threat were recently published by the Israeli
Ministry of Health (27). Continued surveillance and
implementation of infection control measures, focus-
ing on debilitated patients and those receiving me-
chanical respiratory support, are essential to control
the spread of C. auris.
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