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A B S T R A C T

Contemporary data on the epidemiology and outcomes of invasive candidiasis (IC) in solid 

organ transplant recipients (SOTr) are limited. This retrospective multicenter cohort study, 

nested within the Swiss Transplant Cohort Study, describes the epidemiology and out-

comes of IC in SOTr from 2008 to 2020. Among 4755 patients identified, 205 (4.3%) had 

262 episodes of IC. One-year cumulative incidence of IC was 2.8% (95% confidence in-

terval [CI], 2.4, 3.3) and decreased during the study period (P = .046). Candidemia was 

less frequently encountered (0.67%, 95% CI, 0.47, 0.94) than intra-abdominal (1.4%, 95% 

CI, 1.1, 1.7) and other infection sites (0.93%, 95% CI, 0.68, 1.2). Most infections occurred 

in the first year posttransplant (65.3%, 171/262), with Candida albicans being the most 

common species (69.6%, 181/262), followed by C. glabrata (27.4%, 32/117). All-cause 12- 

week mortality was 23.5%, highest in liver (34.5%) and heart (30%) transplant recipients. 

Abbreviations: CI, confidence interval; GIT, gastrointestinal tract; HR, hazard ratio; IC, invasive candidiasis; IQR, interquartile range; SOT, solid organ transplantation; SOTr, solid organ transplant 

recipients; SSI, surgical site infection; STCS, Swiss Transplant Cohort Study.
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Candidemia was associated with a high 12-week mortality (51.1%), significantly impacting 

1-year posttransplant mortality, especially if it occurred in the first 3 months (hazard ratio, 

26; 95% CI, 14.2, 47.4). In conclusion, we report high rates of IC, predominantly intra- 

abdominal, with decreasing incidence during the study period. Mortality remains high, 

especially for liver and heart transplant recipients and in patients with candidemia. Those 

observations can inform future prophylactic and other strategies in the care of SOTr.

1. Introduction

With a 1-year cumulative incidence of 1.9%, invasive candi-
diasis (IC) is the most common invasive fungal infection 
following solid organ transplantation (SOT) and is associated 
with a high (up to 27.3%) 30-day mortality. 1-3 Prior reports have 
shown that IC occurs commonly in the first 90 days after trans-
plantation, with candidemia being the predominant infection, 
followed by intra-abdominal candidiasis. 4 Candida albicans re-
mains the most prevalent Candida species for invasive infection. 
Yet, there has been a steady shift toward non-albicans Candida 
spp. over the past 2 decades, associated with worse outcomes 
in solid organ transplant recipients (SOTr). 4-7 Contemporary 
data on epidemiologic and clinical features of IC in SOTr are 
limited, with most published multicenter data covering surveil-
lance periods before 2010 or being restricted to specific trans-
plant types or infection sites. 1-4,8,9 We performed a multicenter 
cohort study over a 13-year period on the epidemiology and 
outcomes of invasive Candida infection in SOTr using the Swiss 
Transplant Cohort Study (STCS).

2. Material and methods 

2.1. Study design

This study was a nested project within the STCS, a pro-
spective national cohort of SOTr in Switzerland, which includes 
>93% of all transplant recipients since May 2008, as previously 
described. 10,11 Prior to transplant, written informed consent is 
obtained for each patient. Data, including data on infectious 
complications, are prospectively collected at prespecified 
scheduled patient visits by dedicated study coordinators. To 
assure the accuracy and reproducibility of the data collected, the 
STCS Central Data Center performs regular data monitoring and 
in-depth data quality audits. 10,12 In this study, we included all 
adult (≥18 years old) SOTr of heart, kidney, liver, lung, 
pancreas, and pancreas-kidney that have been enrolled in the 
STCS between May 1, 2008, and December 31, 2020. The 
follow-up ended on December 31, 2021. For patients who 
received more than 1 transplant, only the first transplant was 
considered, and patient follow-up was stopped at the time of the 
second transplant. Patients were excluded if they were <18 
years old, had not signed or retracted an informed consent form, 
or if they presented a document attesting refusal. The study was 

approved by the STCS Scientific Committee and the relevant 
ethics committees (CCER 2022-02111).

2.2. Objectives

The primary objective was to describe the cumulative inci-
dence of IC, overall, and according to the type of transplant for all 
IC events and by IC site (candidemia versus intra-abdominal IC 
versus other). As secondary objectives, we described the (a) 
characteristics of Candida infection, (b) distribution of Candida 
spp. by transplant type and infection site, and (c) all-cause 12- 
week mortality.

2.3. Data collection

All patients were identified using the STCS database. The 
following data were directly retrieved from the database: (i) de-
mographics (age at transplantation, gender, ethnicity); (ii) SOT 
variables: comorbidities at baseline; donor type (living versus 
deceased); transplant history; transplant center; cold ischemia 
time; blood group compatibility; induction and initial mainte-
nance immunosuppression administered; and cytomegalovirus 
and Epstein-Barr-virus donor and recipient (R) serology status; 
(iii) IC specific variables: type of infection (proven and probable; 
monomicrobial and polymicrobial); Candida species 
(C. albicans versus C. non-albicans); timing of IC posttransplant 
and site(s) of infection, antifungal prophylaxis, and treatment 
administered; and (iv) outcome data: death, graft loss, and the 
need for retransplantation.

Microbiological identification of non-albicans Candida spp. 
and data on antifungal susceptibility are not available in the 
STCS database. However, individual chart review was per-
formed with the collection of detailed microbiological data on all 
IC cases due to non-albicans Candida spp. included in this 
study. Antifungal prophylaxis and treatment were recorded in the 
STCS database until 2019; since then, recording of antimicrobial 
prophylaxis and treatment data has been limited to a dichoto-
mous variable (yes/no); thus, no information on specific anti-
fungal substances was available for the whole study period. 
However, detailed information on institutional antifungal pro-
phylaxis strategies by SOT type was collected via the transplant 
centers and is presented in detail in Supplementary Table 1. 
There is no standard universal strategy for donor Candida spp. 
colonization/infection screening across the different transplant 
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centers; hence, relevant data are not available and were not 
included in this study.

2.4. Definitions

All infectious disease events were confirmed by transplant 
infectious disease specialists at each center, using consensus 
definition guidelines by the European Organization for Research 
and Treatment of Cancer and the National Institute of Allergy and 
Infectious Diseases Mycoses Study Group and the STCS In-
fectious Diseases Working Group definitions, when appli-
cable. 10,12-14 Briefly, proven IC required histo/cytopathology, or 
direct microscopy of Candida spp. obtained from a normally 
sterile site with hyphae, or a positive culture for Candida spp. 
from a normally sterile site and clinical or radiological abnor-
malities consistent with an infectious disease process, or a 
positive blood culture for Candida spp. Probable IC required the 
presence of at least one host factor in addition to clinical and 
mycological criteria. Clinical findings depended on the site of 
infection: for instance, the presence of small, target-like ab-
scesses in the liver or spleen in cases of hepatosplenic candi-
diasis, biliary tract structural or other abnormalities or collections 
in biliary infections, peritonitis, abdominal collections, or other 
abnormalities in gastrointestinal tract (GIT) infections, retinal 
exudates in endophthalmitis, tracheal ulcers, plaques, and 
pseudomembranes on bronchoscopy for tracheobronchitis, and 
urinary tract symptoms with fever, and pathologic sediment in 
cases of urinary tract infections. Mycological criteria included 
direct microscopy, culture, or polymerase chain reaction (PCR) 
and serum b-D-glucan results (different b-D-glucan tests might 
have been used at different centers, with cutoff positivity used as 
per the test manufacturer for each center). 12 Infection sites as 
reported in the STCS included candidemia; GIT, liver, and biliary 
tract; mucocutaneous; respiratory tract; and surgical site in-
fections (SSIs). All GIT, liver, and biliary tract infections were 
analyzed together as intra-abdominal IC. Of all respiratory tract 
infections recorded in the STCS database, only proven in-
fections, confirmed by local principal investigators after dedicated 
chart review, were included in this study. The confirmed respi-
ratory tract infections included diagnosis of empyema, paren-
chymal/endo-/peribronchial invasive infection, tracheobronchitis, 
and lung abscess, based on the abovementioned criteria. 
Mucocutaneous Candida infections were excluded from all 
further IC analyses. Patients could have more than 1 episode of 
IC during the study period and 1 episode could affect more than 1 
site. Episodes were defined as polymicrobial if more than 1 
Candida spp. was identified at the same site. Induction immu-
nosuppressive treatment was reported within ±7 days from the 
day of transplant. Maintenance immunosuppressive treatment 
was reported from the day of transplant until the end of follow-up. 
Pancreas and pancreas-kidney transplant recipients were 
included in the same group due to the small number of pancreas 
transplantations. There is not a formal definition of renal failure in 
the STCS, which is defined according to clinical assessment 
based on creatinine and estimated glomerular filtration rate 
(eGFR) values and renal replacement therapies or not.

2.5. Statistical analysis

Patient and donor characteristics were described as counts 
and percentages for categorical data and as median and 
interquartile range (IQR) for quantitative data. Cumulative 
incidence was calculated for all SOT categories and by SOT 
category considering IC as the primary event of interest and 
the following as competing events: death, complete graft fail-
ure, or a second transplant, whichever comes first. In addition, 
cumulative incidence was calculated by transplant period for all 
SOT categories and by SOT category. Cumulative incidence 
curves were reported at the patient level. When split by 
infection site or species, the cumulative incidence curves were 
reported on the subset of the event associated with the 
mentioned pathogen/species. To quantify 12-week mortality 
among patients with IC, we used the Kaplan-Meier method. 
We looked at the cumulative 12-week mortality after IC and the 
12-week mortality after IC based on infection sites, Candida 
spp. (C. albicans versus non-albicans Candida spp.), and 
across different transplant types. A time-varying Cox propor-
tional hazard model stratified by transplant organ was applied 
to assess the impact of IC on 1-year mortality. The model was 
constructed using the start/stop format including coding for 
the periods “pre-infection,” “0-3 months,” “3-6 months,” and 
“6-12 months,” and the infection sites “candidemia,” “intra- 
abdominal,” and “other.” The infection sites follow a hierar-
chical order (candidemia > intra-abdominal > other) according 
to their assumed respective risk for mortality. Results were 
presented both unadjusted and adjusted using the Holm 
correction to control for multiple testing. 15 The Gray’s and 
log-rank tests were used to compare cumulative incidence and 
mortality curves, respectively, separated by transplant type, 
infection site, and Candida species. 16 The Rosner-Glynn-Lee 
method was used to compare the time from transplantation 
until IC. 17,18 All statistical analyses were conducted using 
R version 4.4, utilizing packages from the «tidyverse» suite 
for data manipulation and visualization, «survival» and 
“tidycmprsk” for survival analysis, and «gtsummary» for sum-
mary statistics. 19-23 Statistical significance was assessed at a 
two-sided 0.05 level for all analyses.

3. Results

3.1. Cohort characteristics

From 7396 SOTr enrolled in the STCS during the 13-year 
study period, 4755 patients were included in this study 
(Supplementary Fig. S1). Among those, 205/4755 (4.3%) pa-
tients had 262 episodes of IC. Table 1 shows the baseline 
characteristics of 205 SOTr with IC: 84 (41%) liver, 58 (28.3%) 
kidney, 39 (19%) lung, 14 (6.8%) pancreas and pancreas- 
kidney, and 10 (4.9%) heart recipients. The median age of 
patients with IC was 56 years (IQR, 48, 63), and 94/205 
(45.9%) patients were female. The baseline characteristics of 
the 4550 SOTr without IC are presented in Supplementary 
Table 2.
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Table 1 
Baseline characteristics of solid organ transplant recipients with invasive Candida infections.

SOTr without IC 

N = 4550 (%)

SOTr with IC 

N = 205 (%)

Heart 

N = 10 (%)

Kidney 

N = 58 (%)

Liver 

N = 84 (%)

Lung 

N = 39 (%)

Pancreas ±

kidney 

N = 14 (%)

Demographics

Age at TPX, years 

(median, IQR)

55 (45, 62) 56 (48, 63) 62 (51, 63) 61 (51, 70) 56 (48, 62) 56 (51, 60) 42 (35, 49)

Sex, female 1586 (34.9) 94 (45.9) 0 (0) 34 (58.6) 33 (39.3) 16 (41) 11 (78.6)

Ethnicity, white patients a 4142 (91.5) 188 (92.2) 10 (100) 54 (93.1) 78 (92.9) 36 (94.7) 10 (71.4)

Comorbidities

Cardiovascular/pulmonary 2703 (59.4) 141 (68.8) 10 (100) 44 (75.9) 41 (48.8) 38 (97.4) 8 (57.1)

Diabetes mellitus 959 (21.1) 68 (33.2) 2 (20) 24 (41.4) 21 (25) 7 (17.9) 14 (100)

Hypertension 2797 (61.5) 92 (44.9) 4 (40) 51 (87.9) 20 (23.8) 10 (25.6) 7 (50)

Malignancy 1072 (23.6) 53 (25.9) 0 (0) 11 (19) 37 (44) 5 (12.8) 0 (0)

Metabolic/endocrine 2336 (51.3) 110 (53.7) 10 (100) 31 (53.4) 36 (42.9) 26 (66.7) 7 (50)

Renal failure 3201 (70.4) 119 (58) 8 (80) 57 (98.3) 37 (44) 4 (10.3) 13 (92.9)

Serologies

CMV a

D−/R− 940 (20.8) 27 (13.2) 4 (40) 5 (8.6) 12 (14.3) 5 (13.2) 1 (7.1)

R+ 2713 (60) 140 (68.6) 5 (50) 41 (70.7) 58 (69) 26 (68.4) 10 (71.4)

D+/R− 869 (19.2) 37 (18.1) 1 (10) 12 (20.7) 14 (16.7) 7 (18.4) 3 (21.4)

EBV a

D−/R− 51 (1.1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

R+ 4264 (94.9) 190 (96) 9 (100) 57 (98.3) 74 (93.7) 36 (94.7) 14 (100)

D+/R− 176 (3.9) 8 (4) 0 (0) 1 (1.7) 5 (6.3) 2 (5.3) 0 (0)

Transplant characteristics 

Donor, deceased 3415 (75.1) 178 (86.8) 10 (100) 43 (74.1) 72 (85.7) 39 (100) 14 (100)

Blood group compatibility 4374 (96.1) 204 (99.5) 10 (100) 57 (98.3) 84 (100) 39 (100) 14 (100)

Maximal CIT, minutes 

(median, IQR) a 

356 (150, 520) 381 (272.5, 

523.5)

176 (123, 

186)

475 (258, 

656)

385 (310, 

484)

339 (275, 

380)

600.5 (526, 666)

Induction IS b

Basiliximab 3394 (74.6) 152 (74.1) 3 (30) 44 (75.9) 65 (77.4) 38 (97.4) 2 (14.3)

Thymoglobulin 910 (20) 38 (18.5) 8 (80) 18 (31) 0 (0) 0 (0) 12 (85.7)

Other 64 (1.4) 3 (1.5) 0 (0) 1 (1.7) 2 (2.4) 0 (0) 0 (0)

First maintenance IS c

Antimetabolites 4330 (95.2) 189 (92.2) 10 (100) 58 (100) 68 (81) 39 (100) 14 (100)

Calcineurin inhibitors 4494 (98.8) 205 (100) 10 (100) 58 (100) 84 (100) 39 (100) 14 (100)

Corticosteroids 4491 (98.7) 204 (99.5) 9 (90) 58 (100) 84 (100) 39 (100) 14 (100)

mTORi 608 (13.4) 37 (18) 2 (20) 1 (1.7) 26 (31) 7 (17.9) 1 (7.1)

Antifungal prophylaxis d 520 (11.4) 48 (23.4) 1 (10) 2 (3.4) 7 (8.3) 36 (92.3) 2 (14.3)

CIT, cold ischemia time; CMV, cytomegalovirus; D, donor; EBV, Epstein-Barr virus; IC, invasive candidiasis; IQR, interquartile range; IS, immunosuppression; mTORi, 
mammalian target of rapamycin inhibitors; R, recipient; SOTr, solid organ transplant recipients; TPX, transplantation.
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3.2. Incidence of IC

The 1-year cumulative incidence of IC was 2.8% (95% 
confidence interval [CI], 2.4, 3.3) for all SOTr: 1.8% (95% CI, 
0.82, 3.6) for heart, 5.4% (95% CI, 4.2, 6.8) for liver, 5.9% 
(95% CI, 4.1, 8.3) for lung, 1% (95% CI, 0.69, 1.5) for kidney, 
and 8.4% (95% CI, 4.3, 14) for pancreas/pancreas-kidney 
transplant recipients (Gray’s test 90.5; P < .001) (Fig. 1A, 
B). Candidemia appeared to be less frequently encountered, 
when compared with intra-abdominal and all other site IC 
(Fig. 1C-E). When looked separately by SOT type, 1-year cu-
mulative incidence for candidemia was 0.67% (95% CI, 0.47, 
0.94) for all SOT recipients: 1.3% (95% CI, 0.5, 2.9) for heart, 
1.3% (95% CI, 0.79, 2.2) for liver, 1.8% (95% CI, 0.91, 3.4) for 
lung, and 0.11% (95% CI, 0.03, 0.32) for kidney transplant 
recipients (Gray’s test 32.9; P < .001); in pancreas/pancreas- 
kidney transplant recipients no candidemia events were 
observed (Supplementary Fig. S2A). One-year cumulative 
incidence of intra-abdominal IC and all other IC was 1.4% 
(95% CI, 1.1, 1.7) and 0.93% (95% CI, 0.68, 1.2), respectively 
(data by SOT type are presented in Supplementary Fig. S2B, 
C). The 1-year cumulative incidence of IC due to C. albicans 
was 2% (95% CI, 1.7, 2.5) versus 1.1% (95% CI, 0.79, 1.4) for 
non-albicans Candida spp. (Fig. 1F, G; data by SOT type are 
shown in Supplementary Fig. S2D, E). The 1-year cumulative 
incidence of IC significantly decreased during the study period 
from 3.4% (95% CI, 2.6, 4.4), to 3.1% (95% CI, 2.3, 4.1), and 
2% (95% CI, 1.4, 2.7) for patients transplanted in 2008-2012, 
2013-2016, and 2017-2020, respectively (Gray’s test strati-
fied by SOTr 6.1; P = .046; Fig. 2A). In contrast, there was no 
statistically significant decline in 1-year cumulative incidence 
during the study period by SOT type (Fig. 2B).

3.3. Characteristics of IC

Among the 262 episodes of IC, 80.2% (210/262) and 19.8% 
(52/262) were proven and probable, respectively (Table 2). 
None of the 262 episodes of IC was diagnosed with b-D-glucan. 
The majority of infections (65.3%, 171/262) occurred in the first 
year posttransplant: 137/171 (80.1%) proven infections and 34/ 
171 (19.9%) probable infections (Supplementary Fig. S1). The 
median time between transplantation and IC was 136 days (IQR, 
20.5, 598.5): 146 days (IQR, 23, 617) and 104 days (IQR, 17, 
547.8) for C. albicans and C. non-albicans, respectively (P = 

.25; Supplementary Fig. S3). Infection was predominantly 
monomicrobial (96.2%, 252/262), with C. albicans being the 
causative species in more than 2/3 of all episodes (69.6%, 181/ 
262). Among the 117 isolated non-albicans Candida spp., 
C. glabrata was the most frequent species (27.4%, 32/117), 
followed by C. krusei (18.8%, 22/117) and C. tropicalis (9.4%, 

11/117) (Fig. 3). There were no IC cases due to C. auris during 
the study period. For 24.8% (29/117) non-albicans Candida 
spp., there was no additional species identification available. 
Candida glabrata was the predominant causative species in all 
organ transplants, except in heart transplants with C. krusei and 
C. parapsilosis prevailing (Fig. 3). The most frequently affected 
SOT types were liver (40.8%, 107/262) and kidney (27.5%, 72/ 
262). The predominant infection site was the GIT (41.2%, 108/ 
262), followed by candidemia (23.3%, 61/262), SSIs (19.8%, 52/ 
262), liver/biliary tract (9.9%, 26/262), and respiratory tract 
(5.7%, 15/262). More than 1 infection site was observed in 
14.9% (39/262) cases. Antifungal prophylaxis prior to and anti-
fungal treatment after diagnosis of IC were administered in 
18.3% (48/262) and 95.4% (250/262) of all episodes of IC, 
respectively.

3.4. Outcome of IC

All-cause 12-week mortality in SOTr with IC was 23.5% (95% 
CI, 17.5, 29.2). The highest mortality was observed in liver 
(34.5%, 95% CI, 23.5, 43.9), closely followed by heart (30%, 
95% CI, 0, 53.3) SOTr, whereas no pancreas/pancreas-kidney 
SOTr with IC died by 12 weeks post-diagnosis (log-rank test P 
< .011; Fig. 4A, B). Candidemia was associated with higher 12- 
week all-cause mortality (51.1%, 95% CI, 34.5, 63.5), compared 
with intra-abdominal (14%, 95% CI, 6.63, 20.7) and other IC 
sites (17.3%, 95% CI, 7.46, 26.1; log-rank test, P < .001; 
Fig. 4C). Mortality after infection with C.albicans and non-albi-
cans Candida spp. was 17.2% (95% CI, 10.4, 23.5) and 35.1% 
(95% CI, 21.4, 46.4), respectively (log-rank test, P = .002; 
Fig. 4D). The 12-week mortality according to SOT type based on 
the site of infection and Candida spp. is shown in Supplemen-
tary Figure S4.

IC diagnosed during the first year posttransplant had an 
important impact on 1-year mortality in all SOTr (Fig. 5). The 
impact of candidemia on 1-year mortality was highest if it 
occurred in the first 3 months posttransplant (hazard ratio [HR], 
26; 95% CI, 14.2, 47.4; P < .001), compared with candidemia 
diagnosed between 3 and 6 months (HR, 13.4; 95% CI, 3.1, 
57.7; P < .001), and 6- and 12-month posttransplant (HR, 7.93; 
95% CI, 2.45, 25.6; P < .001). Intra-abdominal IC was signifi-
cantly associated with 1-year mortality if it occurred in the first 3 
months (HR, 6.19; 95% CI; 1.92, 20; P = .002) or between 6 and 
12 months posttransplant (HR, 9.75; 95% CI, 4.57, 20.8; P < 
.001). The impact of IC at other infection sites on mortality was 
significant if it was diagnosed in the first 3 months posttransplant 
(HR, 5.85; 95% CI, 1.83, 18.6; P = .003; Supplementary 
Table 2). Mortality did not significantly differ between mono-
microbial and polymicrobial IC (log-rank test 0.9; P = .35; Sup-
plementary Fig. S5).

a Missing values for SOTr with IC: Ethnicity (N:1), CMV (N:1), EBV (N:7), and maximal CIT (N:5).
b Induction immunosuppression was reported within ±7 days from the day of transplant.
c Maintenance immunosuppressive treatment was reported from the day of transplant until the end of follow-up. 
d Antifungal prophylaxis at baseline was reported from the day of transplant until 14 days posttransplant.
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4. Discussion

This large retrospective multicenter cohort study over a 13- 
year period informs on the epidemiology and outcomes of IC 

in SOTr, reporting 1-year cumulative incidence of IC higher than 
previously described with decreasing rates observed in the 
course of the study period and associated with substantial 
mortality, especially among patients with candidemia.
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Figure 1. Cumulative incidence of invasive Candida infections overall (A), by solid organ transplant type (B), site of infection (C-E; candidemia, intra- 
abdominal, other), and Candida spp. (F, G; C. albicans, non-albicans Candida spp.). C, censored; CE, competing event; IC, invasive candidiasis; 
DF, degree of freedom.
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The 1-year cumulative incidence of IC in our study was 2.8%, 
which is higher than previously reported. 1,24 This may be attrib-
uted to a study period expanding over 13 years, an extensive 
medical network in Switzerland, which allows for close medical 
follow-up, and to the fact that the STCS prospectively monitors all 
SOTr consistently and with a median follow-up time of 4.4 years 
posttransplant. 11,12 The 1-year cumulative incidence of IC 
significantly decreased during the study period from 3.4% to 2% 
for patients transplanted in 2008-2012 versus 2017-2020. This 
likely points to improvements in diagnostics and treatment of IC. 
There were no relevant differences in prophylactic strategies in 

our study population over time. In contrast to the declining 1-year 
cumulative incidence, the overall cumulative incidence of IC 
continuously increased even after the first year posttransplant 
and during the 13-year follow-up period, suggesting that the risk 
for IC continues beyond the first year posttransplant. A previous 
study on IC found a similar trend, but for a shorter surveillance 
period. 1 In line with our findings, a recent Canadian study showed 
an increasing cumulative incidence of invasive fungal infection 
until 10 years posttransplant. 24 The above suggests that clini-
cians should consider this diagnosis even late posttransplant in 
the appropriate clinical context.
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Figure 2. One-year cumulative incidence of invasive Candida infections by transplant period from 2008 to 2020 overall (A) and by solid organ 
transplant (SOT) type (B). For the period 2017-2020, no events were observed in pancreas/pancreas-kidney transplant recipients. C, censored; CE, 
competing event; IC, invasive candidiasis; DF, degree of freedom.
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Figure 3. Species distribution of non-albicans Candida spp. in invasive Candida infections. Total numbers of Candida isolates are indicated on the 
y-axis and for each Candida spp.

Table 2 
Characteristics of invasive Candida infections.

Characteristics Overall 

N = 262 (%)

Heart 

N = 12 (%)

Kidney 

N = 72 (%)

Liver 

N = 107 (%)

Lung 

N = 55 (%)

Pancreas ± kidney 

N = 16 (%)

Certainty of diagnosis 

Proven 210 (80.2) 11 (91.7) 54 (75) 87 (81.3) 47 (85.5) 11 (68.8)

Probable 52 (19.8) 1 (8.3) 18 (25) 20 (18.7) 8 (14.5) 5 (31.3)

Infection type

Single pathogen 252 (96.2) 12 (100) 70 (97.2) 100 (93.5) 54 (98.2) 16 (100)

Candida species a

Candida albicans 181 (69.6) 10 (83.3) 46 (64.8) 76 (71) 38 (69.1) 11 (73.3)

Non-albicans Candida spp. 98 (37.7) 2 (16.7) 29 (40.8) 43 (40.2) 19 (34.5) 5 (33.3)

Infection site b

Candidemia 61 (23.3) 5 (41.7) 10 (13.9) 29 (27.1) 16 (29.1) 1 (6.3)

GIT 108 (41.2) 2 (16.7) 31 (43.1) 47 (43.9) 21 (38.2) 7 (43.8)

Liver/biliary tract 26 (9.9) 0 (0) 0 (0) 26 (24.3) 0 (0) 0 (0)

Respiratory tract c 15 (5.7) 0 (0) 3 (4.2) 2 (1.9) 10 (18.2) 0 (0)

SSI 52 (19.8) 5 (41.7) 9 (12.5) 21 (19.6) 12 (21.8) 5 (31.3)

Other d 45 (17.2) 3 (25) 24 (33.3) 9 (8.4) 6 (10.9) 3 (18.8)

Antifungal prophylaxis e 48 (18.3) 1 (8.3) 1 (1.4) 7 (6.5) 37 (67.3) 2 (12.5)

Antifungal treatment 250 (95.4) 11 (91.7) 68 (94.4) 100 (93.5) 55 (100) 16 (100)

CNS, central nervous system; GIT, gastrointestinal tract; IC, invasive candidiasis; SSI, surgical site infection.
a In 2/262 (0.8%) episodes of IC, the Candida species was unknown.
b In 39/262 (14.9%) episodes of IC, more than 1 infection site was affected.
c Only proven respiratory tract infections were analyzed, including 9/15 (60%) empyema, 2/15 (13.3%) tracheobronchitis, 2/15 (13.3%) parenchymal/endo-/ 

peribronchial invasive infection, and 1/15 (6.7%) lung abscess; 1/15 (6.7%) was diagnosed at an outside hospital, and no further information was available.
d Other infection sites included urinary tract (N:25), bone and joint (N:10), site not identified (N:3), CNS, conservation liquid, eye, genital tract, heart, medi-

astinal, and sinus (N:1 each).
e Antifungal prophylaxis was reported from the day of transplant until the occurrence of IC.
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As previously reported, liver and kidney recipients were the 
predominant SOT population with IC, as they represent the most 
common transplanted organs in Switzerland. 11,12 However, cu-
mulative incidence was highest after pancreas/pancreas-kidney, 
lung, and liver transplantation, with comparably lower incidence 
rates in heart and kidney SOTr. Intra-abdominal infections rep-
resented the most frequent IC manifestation in our study, fol-
lowed by candidemia and SSIs. This is in contrast to previously 

published data with candidemia being the most frequent infec-
tion site, followed by intra-abdominal infections. 3,4 We hypoth-
esized that an increased use of fungal biomarkers, in contrast to 
previous older series, could have been a potential reason for the 
higher numbers of intra-abdominal infections observed in our 
study, but surprisingly b-D-glucan was rarely used in this cohort. 
However, the assay was not available in many centers until very 
recently, which may, in part, explain the infrequent use of the test 
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Figure 4. All-cause 12-week mortality of solid organ transplant recipients with invasive Candida infections overall (A), by solid organ transplant type 
(B), site of infection (C; candidemia, intra-abdominal, other), and Candida spp. (D; C. albicans, non-albicans Candida spp.). C, censored; IC, 
invasive candidiasis; DF, degree of freedom.
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during the study period. In addition, only positive b-D-glucan 
results are reported in the STCS database; hence, we cannot 
draw any conclusions on the overall performance of b-D-glucan. 
The considerable progress in the field, with the identification of 
intra-abdominal IC as a significant proportion of Candida in-
fections diagnosed in clinical practice, particularly in high-risk 
surgical patients, might have contributed to more diagnoses of 
noncandidemic IC in the contemporary era. 25,26 In line with prior 
studies, Candida albicans was the single most common cause 
of IC, although at a relatively higher rate than previously re-
ported. 2-4,6,8 This is consistent with other data in Switzerland as 
reported by the FUNGINOS group, suggesting that although 
non-albicans Candida spp. have increased from 2004 to 2018, 
C. albicans remains the predominant candidemia pathogen in 
Switzerland. 5 In line with other contemporary data, C. glabrata 
was the predominant non-albicans Candida spp. isolated in our 
cohort. 2,5,6 Interestingly, the proportion of C. krusei was higher 
than previously reported in SOTr with comparably lower rates of 
C. parapsilosis. 2,4 Prior data of the Prospective Antifungal 
Therapy (PATH) Alliance showed an association between prior 
antifungal therapy and isolation of C. glabrata or C. krusei, which 
might in part explain our findings. 3

All-cause 12-week mortality of patients with IC in our study 
was 23.5%, which is in the same range as 26.5% reported in the 
TRANSNET study more than 2 decades ago. 4 Mortality after IC 
was highest among liver and heart transplant recipients, 

consistent with previously reported high 30-day mortality rates 
after liver transplantation and poor outcomes among heart re-
cipients after IC. 3,8,27,28 Patients with intra-abdominal IC had the 
lowest mortality in this study. This may, in part, be due to the 
localized, nondisseminated infection, and the earlier diagnosis 
and management of those infections, with patients frequently 
undergoing exploratory and drainage procedures post-
operatively. Although the use of b-D-glucan and molecular di-
agnostics has been associated with improved diagnosis of 
intra-abdominal IC, due to a lack of relevant data, we cannot 
make any further conclusions on this topic. 25,26 In contrast to the 
rather low mortality rates observed in patients with 
intra-abdominal infections, more than half of patients with can-
didemia died by 12 weeks, which is higher than 21%-25% 
described in the general population, likely reflecting the severity 
of this infection in high-risk, immunocompromised patients, such 
as SOTr. 29,30 For instance, liver transplant recipients, a partic-
ularly fragile patient population, with candidemia had the highest 
mortality observed in this series, further underscoring the 
importance of the host in driving clinical outcomes. Finally, 
candidemia, particularly when diagnosed early posttransplant, 
had an important impact on 1-year posttransplant mortality, 
further pointing to the clinical significance of this complication. 
Similar to what has already been reported, we observed higher 
mortality in patients with non-albicans Candida spp. IC 
compared with Candida albicans. 4 This may reflect selection 
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Figure 5. Impact of invasive Candida infections on 1-year mortality, using a time-varying model, stratified by organs.
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biases, as more severely ill patients are more likely to have been 
exposed to antifungal agents, hence selecting for more resistant 
species.

Our study has numerous limitations. Despite using interna-
tional guidelines for the definition of IC, incorrect reporting of IC 
events in the STCS cannot be fully excluded. However, data 
are thoroughly reviewed and confirmed by transplant infectious 
disease specialists before they are validated and entered into 
the STCS database. Data on antifungal susceptibility are not 
available in the STCS database, and thus, we were not able to 
provide more detailed information on relevant susceptibility 
profiles. Antifungal prophylaxis and treatment data were 
available for the whole surveillance period in a dichotomic 
variable (yes/no) only; therefore, we cannot draw firm conclu-
sions regarding specific treatment regimens. As detection of 
colonization is highly dependent on screening of asymptomatic 
individuals and a uniform definition and standard screening 
strategy for Candida colonization are missing in the STCS, we 
did not include nor analyze data on Candida spp. colonization 
in this study. Lack of standardized definition of renal failure in 
the STCS is an important limitation of the registry and of this 
manuscript, which does not allow to make more definitive 
conclusions as to the degree of renal insufficiency and 
its impact on clinical outcomes. Finally, the restriction of the 
study sites to Switzerland precludes generalizability to other 
settings.

In conclusion, this multicenter cohort study constitutes one of 
the largest contemporary series of IC in SOTr investigating the 
incidence and mortality of IC with results spanning a 13-year 
study period reporting on >4000 SOTr. We demonstrate a 
high 1-year cumulative incidence of IC in SOTr, albeit with 
decreasing rates over the study period, pointing to improved 
clinical practices and patient care of SOTr over time. Although 
candidemia remains the least frequent form of IC in SOTr, 
associated mortality remains high with significant impact on 1- 
year posttransplant survival. Considering the overall dismal 
clinical outcomes in SOTr with IC, future efforts to optimize 
antifungal prophylactic strategies, diagnostics, and treatment 
are urgently needed.
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