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s u m m a r y 

Objectives: To describe the epidemiology and clinical presentation of central nervous system (CNS) infec- 

tions in solid organ transplant (SOT) recipients in the current era of transplantation. 

Methods: Patients from the Swiss Transplant Cohort Study (STCS) transplanted between 2008 and 2018 

were included with a median follow-up of 3.8 years. Epidemiological, microbiological, and clinical data 

were extracted from the STCS database and patients’ medical records. We calculated incidence rates and 

90-day survival of transplant recipients with CNS infection. 

Results: Among 4762 patients, 42 episodes of CNS infection in 41 (0.8%) SOT recipients were identified, 

with an overall incidence rate of 2.06 per 10 0 0 patient-years. Incidence of CNS infections was similar 

across all types of transplantations. Time to CNS infection onset ranged from 0.6 to 97 months after 

transplant. There were 22/42 (52.4%) cases of viral infections, 11/42 (26.2%) of fungal infections, 5/42 

(11.9%) of bacterial infections and 4/42 (9.5%) of probable viral/bacterial etiology. Clinical presentation 

was meningitis/encephalitis in 25 cases (59.5%) and brain-space occupying lesions in 17 cases (40.5%). 

Twenty-three cases (60.5%) were considered opportunistic infections. Diagnosis were achieved mainly by 

brain biopsy/necropsy (15/42, 36%) or by cerebrospinal fluid analysis (20/42, 48%). Up to 40% of cases 

(17/42) had concurrent extra-neurological disease localizations. Overall, 90-day mortality rate was 29.0% 

(73.0% for fungal, 14.0% for viral and 11.0% for bacterial and probable infections, p < 0.0 0 01). 

Conclusions: CNS infections were rare in the STCS, with viral meningoencephalitis being the most com- 

mon disease. Fungal infections were associated with a high mortality. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

Abbreviations: CI, Confidence interval; CMV, Cytomegalovirus; CNS, Central ner- 

vous system; CSF, Cerebrospinal fluid; EBV, Epstein-Barr virus; eCRF, Electronic 

case report; HSV, Herpes-simplex virus; ICU, Intensive care unit; IQR, Interquar- 

tile range; JCV, JC polyomavirus; PML, Progressive multifocal leukoencephalopa- 

thy; PTLD, Post-transplant lymphoproliferative disorders; SOT, Solid organ trans- 

plant; STCS, Swiss Transplant Cohort Study; TBE, Tick-borne encephalitis; TMP/SMX, 

Trimethoprim/sulfamethoxazole; VZV, Varicella-zoster virus. 
∗ Corresponding author at: Infectious Diseases Service and Transplantation Cen- 

ter, BH-10-549, Bugnon 46, Lausanne University Hospital (CHUV), 1011 Lausanne, 

Switzerland. 

Introduction 

Neurologic complications occur in up to 40% of solid organ 

transplant (SOT) recipients and are caused by a wide range of eti- 

ologies, including infections, drug toxicity, cerebrovascular events, 

metabolic disorders, and cancer 1-4 . Non-infectious complications 
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seem to be more frequent and tend to occur earlier than infec- 

tions 2 . This is partially due to the introduction of effective an- 

timicrobial preventive strategies such as vaccination, prophylaxis, 

and preemptive therapy, which have dramatically reduced the in- 

cidence of opportunistic infections in the current transplantation 

era 5 . Accordingly, the spectrum and burden of central nervous sys- 

tem (CNS) infections have changed, with a decreased incidence 

ranging from 24% in the 1970s 6 to 1.5% in more recent studies 2 , 7 . 

However, epidemiological data on CNS infections in SOT recipients 

are limited, as they mostly arise from single-center cohorts with 

few studies performed during the last two decades 2 , 6-16 . 

The diagnosis and management of CNS infections in immuno- 

compromised patients remain challenging. First, CNS infections in 

the transplant setting may result from reactivation of latent in- 

fections, from donor-derived infections or by de novo infections 

caused by both opportunistic and “common” community-acquired 

pathogens 17 , 18 , so that the differential diagnosis is broad. In addi- 

tion, atypical clinical presentations of infection together with pres- 

ence of non-infectious comorbidities (that may mimic or mask 

the neurological presentation of infection) may delay diagnosis 17 . 

Finally, high-quality evidence to guide the best therapeutic ap- 

proach to CNS infections specifically in SOT recipients is lacking. 

Of note, management is often complicated by potential drug tox- 

icities and drug-drug interactions between antimicrobial and im- 

munosuppressive drugs 3 . Increasing our knowledge on the current 

epidemiology and clinical presentations of CNS infections in SOT 

recipients is essential to improve diagnostic, preventive, and ther- 

apeutic approaches in this specific group of patients. 

In this study, we comprehensively describe the epidemiology, 

clinical presentation, management and outcomes associated with 

CNS infections within the Swiss Transplant Cohort Study (STCS), a 

prospective cohort of SOT recipients that collects high-quality data 

on infectious complications following transplantation 

19 . 

Patients and methods 

Study design and patient’s population 

The STCS is a multicenter nationwide cohort, involving six Swiss 

transplantation centers, where comprehensive and structured data 

of all SOT recipients in Switzerland are prospectively collected 

since May 2008. Patient- and organ-specific data, including in- 

fections, are collected at the time of transplantation, at 6 and 

12 months, and yearly thereafter. Data are entered into a cen- 

tral database system through a standardized electronic case report 

(eCRF). The present study included all SOT recipients enrolled in 

the STCS since May 2008 until December 2018. Patients without 

informed consent to participate in the STCS at enrollment or with 

subsequent consent withdrawal were excluded. The local Ethics 

Committees at each center approved the STCS. The local Ethics 

Committee at the Lausanne University Hospital approved the pro- 

tocol of the present study (Protocol number 2019–01698). 

Data collection 

We used the STCS database for available data regarding the oc- 

currence of infection, demographic and clinical data, as well as 

patient and graft survival. Clinical data includes the characteris- 

tics of transplantation, immunosuppressive therapy, diagnosis and 

therapy of rejection and use and duration of antimicrobial pro- 

phylaxis. Infectious disease events, including CNS infections, are 

collected by transplant infectious diseases specialists according to 

the definitions developed by the STCS Infectious Diseases Working 

Group 

20 , 21 . Infections are diagnosed and managed at each center 

according to local guidelines as part of routine clinical practice. 

For all identified cases of CNS infection, a specific CRF was filled 

out to retrieve detailed data not routinely collected in the STCS 

database, including clinical characteristics, microbiological data, ra- 

diologic imaging, and diagnosis and management of CNS infections, 

as well as the net state of immunosuppression at time of infection. 

Definitions of CNS infection 

Definitions of infection followed the STCS Infectious Dis- 

eases guidelines developed by the STCS infectious-disease working 

group 

22 . Proven CNS infections were defined by pathogen isolation 

and the presence of signs and symptoms or clinical evidence of 

CNS infection [radiographic evidence and/or pleocytosis, elevated 

protein and/or decreased glucose at cerebrospinal fluid (CSF) anal- 

ysis]. In the absence of microbiological documentation, CNS infec- 

tions were considered probable if clinical response to specific an- 

timicrobial treatment was observed. Fungal CNS infection required 

host, clinical (focal lesions or meningeal enhancement on imaging), 

and microbiological criteria (histopathologic, culture or PCR-based 

detection of a mold or yeast from CSF or brain tissue, cryptococ- 

cal antigen or galactomannan in CSF). We classified CNS infections 

into meningitis/encephalitis and brain-space occupying lesions ac- 

cording to the clinical presentation, and into opportunistic and 

non-opportunistic diseases according to the type of pathogen. CNS 

infections due to fungi, Epstein-Barr virus (EBV), cytomegalovirus 

(CMV), JC polyomavirus (JCV), Listeria and Nocardia were consid- 

ered opportunistic infections. Although herpes-simplex virus (HSV) 

and varicella-zoster virus (VZV) infections are more common in 

SOT recipients, we classified them as non-opportunistic as they can 

also occur in immunocompetent patients. Although post-transplant 

lymphoproliferative disorder (PTLD) is not considered to be an in- 

fection, we decided to include it among the cerebral brain-space 

occupying lesions because of the strong association with EBV in- 

fection and because CNS PTLD is included in the differential di- 

agnosis of brain abscess in transplant recipients. Of note, we only 

included EBV-related PTLD in this series. Regarding the CSF char- 

acteristics, pleocytosis was defined as a CSF cell count greater than 

5 cells/mm 

3 , hyperproteinorrachia as a CSF protein concentration 

higher than 450 mg/L, and hypoglycorrachia as a CSF glucose con- 

centration lower than 50 mg/dL. Glasgow Coma Scale and Glasgow 

Outcome Scale were used to define level of consciousness at pre- 

sentation and degree of recovery, respectively. 

Statistical considerations 

Descriptive statistics were used to summarize the characteris- 

tics of study population and to illustrate the clinical presentation 

of CNS infections, according to type of infection, organ transplant, 

and time of onset after transplantation. Categorical variables were 

reported as counts and percentages, whilst continuous variables as 

median and interquartile ranges (IQR). Incidence rate of CNS in- 

fection was calculated per 10 0 0 person-years. In case of sequential 

transplantations, the last transplantation before the occurrence of a 

CNS infection was considered as starting-point. Ninety-day survival 

following a CNS infection was estimated using the Kaplan–Meier 

method. The log-rank test was used to compare survival distribu- 

tion between groups. A p-value of < 0.05 was considered statisti- 

cally significant. Statistical analysis was performed using R version 

3.6.1 (R foundation for statistical computing, Vienna, Austria) and 

Graphpad Prism version 8.0.1 (La Jolla, California). 

Results 

Study population 

Among the 5137 transplanted patients, 4762 (93%) were in- 

cluded in the study with a median follow-up of 3.86 years (IQR 

2 
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Table 1 

Baseline characteristics of the study population. 

SOT recipients with CNS 

infection 

( n = 41) 

SOT recipients without 

CNS infection 

( n = 4721) 

Sex, female n (%) 18 (43.9) 1694 (35.9) 

Age at enrollment, years, median (IQR) 54.36 [37.77, 61.77] 54.16 [42.16, 62.10] 

Type of transplantation, n (%) 

Kidney 

Liver 

Heart 

Lung 

Combined 

Other a 

23 (56.1) 

8 (19.5) 

4 (9.8) 

6 (14.6) 

0 

0 

2636 (55.8) 

1025 (21.7) 

357 (7.6) 

429 (9.1) 

228 (4.8) 

46 (1.0) 

Prior transplantation, n (%) 9 (22.0) 518 (11.0) 

Living donor, n (%) 7 (17.1) 1145 (24.3) 

Induction immunosuppression b , n (%) 

Thymoglobulin 

Basiliximab 

11 (26.8) 

25 (61.0) 

680 (14.4) 

3333 (70.6) 

Maintenance immunosuppression b , c , n (%) 

Tacrolimus 

Cyclosporine 

Mycophenolate 

Azathioprine 

Steroids 

mTOR inhibitor 

Other 

25 (61.0) 

13 (31.7) 

35 (85.4) 

1 (2.4) 

39 (95.1) 

1 (2.4) 

0 

3506 (74.3) 

963 (20.4) 

4180 (88.5) 

67 (1.4) 

4238 (89.8) 

136 (2.9) 

19 (0.4) 

Antimicrobial prophylaxis d , n (%) 

Ganciclovir/Valganciclovir 

Acyclovir/Valacyclovir 

TMP-SMX 

Pentamidine/atovaquone 

Inhaled Amphotericin B 

Azoles 

Caspofungin 

24 (58.5) 

4 (9.8) 

36 (87.8) 

4 (9.8) 

4 (9.8) 

7 (17.1) 

2 (4.9) 

2073 (43.9) 

278 (5.9) 

3999 (84.7) 

106 (2.2) 

450 (9.5) 

335 (7.1) 

67 (1.4) 

Follow-up in years, median (IQR) 4.82 [1.69, 7.28] 3.85 [1.50, 6.82] 

IQR, interquartile range; mTOR, mammalian target of rapamycin; SOT, solid organ transplant; TMP-SMX, trimethoprim- 

sulfamethoxazole. 
a including Islets, pancreas, small bowel. 
b Patients may have received more than one agent for induction and maintenance immunosuppression. 
c at hospital discharge after transplantation. 
d last prophylaxis regimen started within 30 days from transplantation. 

1.51- 6.83). There were 2659 (55.8%) kidney, 1033 (21.7%) liver, 435 

(9.1%) lung and 361 (7.6%) heart transplant recipients; 228 (4.8%) 

patients received a combined transplantation and 46 (1.0%) an- 

other type of organ (pancreas, islets or small bowel). Most pa- 

tients received induction therapy with basiliximab (70.5%) and 

a maintenance immunosuppressive regimen including tacrolimus 

(74.1%), mycophenolate (88.5%) and steroids (89.8%). Initial pro- 

phylaxis with trimethoprim-sulfamethoxazole (TMP/SMX), antiviral 

prophylaxis with either (val-)ganciclovir or (val-)acyclovir and an- 

tifungal prophylaxis were administrated to 84.7%, 49.9% and 18.1% 

of the patients, respectively. Table 1 shows the demographic and 

clinical characteristics of the study population. 

Epidemiology of CNS infections 

Overall, we identified 42 cases of CNS infections in 41 (0.8%) 

patients, corresponding to an incidence rate of 2.06 per 10 0 0 pa- 

tient/years (95% confidence interval [CI], 1.49–2.79). CNS infections 

occurred in 23/2659 (0.9%) of kidney, 8/1033 (0.8%) liver, 6/435 

(1.4%) lung and 4/361 (1.1%) heart transplant recipients. The fre- 

quency and type of CNS infections are described in Table 2 . Viral 

infections were the most frequent cause of CNS infection (22/42, 

52.4%), followed by fungal (11/42, 26.2%) and bacterial infections 

(5/42, 11.9%). There were three cases of probable viral meningi- 

tis/encephalitis (7.1%) and one case of probable bacterial meningitis 

(2.4%). All diagnosis of probable infections were based on clinical, 

radiological, laboratory CSF findings consistent with an infectious 

etiology (see Table S1), and they had a favorable outcome. The rate 

and pattern of CNS infections was similar throughout the study pe- 

riod and among the different transplant centers. 

Time of CNS infection onset after transplantation differed ac- 

cording to the type of pathogen and transplanted organ, rang- 

ing from 0.6 to 97 months ( Fig. 1 ). While 73% of fungal infec- 

tions and 44% of HSV/VZV meningitis/encephalitis occurred within 

6 months after transplant, a late onset was common among in- 

fections such as progressive multifocal leukoencephalopathy (PML) 

(3 cases, range 15–28 months), nocardiosis (3 cases, range 19–

97 months) and cerebral EBV-related PTLD (6 cases, range 17–79 

months). At the time of CNS infection, nearly 40% of patients were 

on TMP/SMX prophylaxis, 14.6% were on antiviral and 12.2% on an- 

tifungal prophylaxis. 

In the subgroup of patients with available lymphocyte counts 

( n = 37) and immunoglobulin levels ( n = 14) within 3 months 

before the diagnosis of CNS infection, median lymphocyte counts 

were 0.85 cells/mm 

3 (range 0.1–5.9) and 21.4% of patients had im- 

munoglobulin G levels < 7 g/L. Overall, 11/41 (27%) of transplant 

recipients had experienced acute rejection in the 6 months pre- 

ceding the CNS infection (6 fungal, 4 confirmed or probable viral 

and 1 bacterial infections) that required treatment with high-dose 

steroids or the use of thymoglobulin in 6/11 patients. 

Characteristics of CNS infections 

Twenty-five cases of meningitis/encephalitis and 17 cases of 

brain-space occupying lesions were identified. Table 2 shows the 

clinical characteristics of CNS infections. There were 23 cases 

3 
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Fig. 1. Timeline of CNS infections according to type of pathogen and transplantation. The majority of fungal CNS infections occurred in liver and kidney transplant 

recipients within 3 months after transplantation, whilst viral and bacterial CNS infections occurred more frequently after 12 months post-transplantation. (For interpretation 

of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

of opportunistic infections (23/38, 60.5%) and 15 cases of non- 

opportunistic infections (15/38, 39.5%). 

The majority of microbiologically-documented meningi- 

tis/encephalitis had a viral etiology (16/21, 76.2%) and were 

considered non-opportunistic (15/21, 71.4%). Patients with menin- 

gitis/encephalitis presented at admission with headache (11/25, 

44.0%), fever (10/25, 40.0%), altered mental status (9/25, 36.0%), 

and focal neurological signs (9/25, 36.0%) and were diagnosed 

through molecular assays performed on the CSF (15/21, 71.0%). A 

concurrent extra-neurological disease localization was present in 

20% (5/25) of cases. 

All cases of brain-space occupying lesions were opportunistic 

infections. Aspergillus spp. was the most frequent (8/17, 47%), fol- 

lowed by cerebral EBV-related PTLD (6/17, 35.3%) and nocardio- 

sis (3/17, 17.7%). Patients with brain-space occupying lesions pre- 

sented more frequently at admission with altered mental status 

(7/17, 41.2%), fever (6/17, 35.3%) and focal neurological signs (5/17, 

29.4%) and had disseminated infection at the time of the diagno- 

sis of CNS infection (12/17, 70.6%). Most of brain-space occupying 

lesions had a histopathologic or culture diagnosis obtained from a 

brain biopsy or at autopsy (13/17, 77%). 

Laboratory and radiological characteristics of CNS infection ac- 

cording to type of pathogen are detailed in Table S1. Up to 9.8% 

of patients (4/41) developed CNS infection despite receiving effec- 

tive antimicrobial prophylaxis regimens at the time of disease on- 

set: one case of VZV meningitis/encephalitis occurred in a patient 

on prophylactic valganciclovir, and three liver transplant recipients 

who developed cerebral aspergillosis were receiving caspofungin or 

itraconazole. 

Management and outcomes of CNS infections 

Hospital admission was required in nearly all episodes of CNS 

infection (41/42, 97.6%) and 40.0% (16/40) were admitted to the 

intensive care unit (ICU). Median hospital and ICU length of stay 

were 26.5 (IQR, 16.7–49.2) and 14.5 (IQR, 5.0–20.7) days, respec- 

tively. 

Seven out of the 42 episodes of infection were due to pathogens 

for which no specific therapy is available [3 cases of PML, 2 cases 

of tick-borne encephalitis (TBE), 2 of enterovirus meningitis]. Over- 

all, 32/35 (91.4%) of patients with a treatable infection received an 

appropriate treatment, either empirically (14/35, 40%) or after mi- 

crobiological confirmation (18/35, 51.4%). Three patients who did 

Fig. 2. Survival rate after CNS infections according to pathogen. Ninety-day mor- 

tality was 72.7% (8/11) for fungal infection (green line), 13.6% (3/22) for viral in- 

fection (blue line), and 11.1% (1/9) for other infections, including bacterial and 

probable viral and bacterial (orange line). (For interpretation of the references to 

colour in this figure legend, the reader is referred to the web version of this 

article.) 

not receive antifungal treatment were diagnosed postmortem with 

disseminated aspergillosis. 

In 50% of CNS infections, at least one immunosuppressive drug 

was withdrawn. No experimental therapies were given to patients 

diagnosed with PML and tapering of immunosuppressive regimen 

was done in all patients. In one case, the reduction of immuno- 

suppression was followed by acute rejection, graft loss and even- 

tually death 2 months later. All cerebral EBV-related PTLD were 

treated with reduction of immunosuppression, the anti-CD20 mon- 

oclonal antibody rituximab with or without methotrexate and/or 

radiotherapy. Of note, all patients diagnosed with PTLD were EBV 

seropositive before transplantation. 

Overall 90-day mortality was 28.6% (12/42) and was signifi- 

cantly higher after fungal CNS infection (72.7% for fungal, 13.6% 

for viral and 11.1% for bacterial and probable viral/bacterial infec- 

tions, p < 0.0 0 01) ( Fig. 2 ). Among viral infections, no deaths were 

4 
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Table 2 

Microbiological and clinical characteristics of CNS infections. 

All CNS infections 

( n = 42) 

Type of infection, n (%) 

Viral infection 

VZV meningoencephalitis 

EBV-related CNS PTLD 

PML 

HSV meningoencephalitis 

Tick-borne encephalitis 

Enterovirus meningitis 

Fungal infection 

Aspergillosis ( A. fumigatus, Aspergillus spp.) 

Cryptococcosis ( C. neoformans ) 

Bacterial infection 

Nocardiosis ( N. farcinica ) 

Neuroborreliosis 

Enterococcus spp /E. coli meningitis 

Probable viral meningitis/encephalitis 

Probable bacterial meningitis 

22 (52.4) 

7 

6 

3 

2 

2 

2 

11 (26.2) 

8 

3 

5 (11.9) 

3 

1 

1 

3 (7.1) 

1 (2.4) 

Signs and symptoms at presentation a , n (%) 

Fever 

Headache 

Nausea/vomiting 

Neck stiffness 

Focal neurological deficits 

Seizure 

Cognitive impairment 

Altered mental status 

Other 

16 (38.1) 

14 (33.3) 

5 (11.9) 

5 (11.9) 

14 (33.3) 

7 (16.7) 

6 (14.3) 

16 (38.1) 

8 (19.0) 

Glasgow Coma Scale at presentation, n (%) 

≥14 

8–13 

< 8 

32 (76.2) 

4 (9.5) 

6 (14.3) 

Disseminated infection a , n (%) 

Respiratory tract, n (%) 

Nocardiosis 

Aspergillosis 

Cryptococcosis 

Mucocutaneous, n (%) 

VZV meningoencephalitis 

Nocardiosis 

Cryptococcosis 

Peri/myocardial, n (%) 

Aspergillosis 

Abdominal, n (%) 

Aspergillosis 

EBV-related PTLD 

Nocardiosis 

Bone, n (%) 

Nocardiosis 

Other b 

17/38 (44.7) 

9/38 (23.7) 

2/9 

6/9 

1/9 

7/38 (18.4) 

4/7 

2/7 

1/7 

3/38 (7.9) 

3/3 

3/38 (7.9) 

1/3 

1/3 

1/3 

2/38 (5.3) 

2/2 

2/38 

Non-infectious neurologic complication a , c , n (%) 

CNI toxicity 

Cerebrovascular event 

Metabolic disorder 

Other 

10 (23.8) 

3 (7.1) 

1 (2.4) 

5 (11.9) 

1 (2.4) 

CNI: calcineurin inhibitors; CSF: central nervous system; EBV: Epstein-Barr virus; 

HSV: Herpes-simplex virus; PML: Progressive multifocal leucoencephalopathy; 

PTLD: Post-transplant lymphoproliferative disease; VZV: Varicella-zoster virus. 
a more than one findings could be present. 
b including eye and urinary tract. 
c they were concomitant with the CNS infection. 

observed in transplant recipients with HSV and VZV meningoen- 

cephalitis as opposed to patients with PML (2/3, 67.0%), TBE (1/2, 

50.0%) and cerebral EBV-related PTLD (2/6, 33.0%). Among patients 

who were alive 90 days following the CNS infection, long-term 

neurological sequelae in terms of severe or moderate disability 

were reported in 6/27 (22.2%), including 3 cases of HSV encephali- 

tis, 1 case of PML, 1 case of aspergillosis and 1 case of bacterial 

meningitis. 

Discussion 

In this nationwide cohort, CNS infections represented a rare 

complication of SOT recipients with the majority of cases being 

viral meningoencephalitis followed by fungal brain-occupying le- 

sions. Our data suggest that SOT recipients are affected not only 

by opportunistic pathogens, but also by infections occurring in 

the general population, so that these should always be consid- 

ered in the differential diagnosis of CNS infections in immuno- 

compromised patients. Moreover, fungal infections involving the 

CNS were associated with a poor outcome compared to the other 

etiologies. This multicenter observational study represents, to our 

knowledge, the largest comprehensive overview over 10 years of 

CNS infections during the current era of immunosuppression, uni- 

versal antimicrobial preventive strategies, and advanced diagnostic 

techniques. 

Incidence rates of CNS infections in SOT recipients reported 

in the literature range from 1% to 24% and vary widely accord- 

ing to the study period and the transplanted organ 

2 , 6-16 . In our 

study, 0.8% of transplanted patients developed a CNS infection, 

as reported in most recent studies 2 , 7 , 11 . Compared to other co- 

horts of SOT recipients 1 , 11 , 16 , we observed a different spectrum of 

pathogens, probably due to geographical variations in epidemiol- 

ogy and different use of preventive strategies. We did not observe 

cases of Listeria meningitis, while two cases of TBE were diagnosed, 

reflecting the epidemiology of these pathogens in the general pop- 

ulation in Switzerland (incidence of 0.6 and 4.4 per 10 0,0 0 0 per- 

son/year in 2018 for listeriosis and TBE, respectively) 23 , 24 . More- 

over, no episodes of cerebral toxoplasmosis were reported; this is 

consistent with the results from a European survey of SOT recip- 

ients 25 and may be explained by the universal prophylaxis with 

TMP/SMX. 

Time of occurrence of CNS infections after transplantation 

varies widely according to the etiology. Invasive aspergillosis was 

more often an early post-transplant complication, occurring dur- 

ing the first three months after transplantation, especially in liver 

transplant recipients 26-28 . Conversely, nocardiosis and PML were 

characterized by a late onset after transplantation 

29 , 30 . In agree- 

ment with a large European registry of SOT recipients, cerebral 

PTLD occurred in our study mainly between the second and the 

seventh year post-transplant 31 . 

The clinical presentation of CNS infections in our cohort greatly 

differed according to the pathogen, but some clinical clues may 

help guide the differential diagnosis. For instance, all brain ab- 

scesses due to nocardiosis and Aspergillus occurred in patients with 

disseminated disease . Nocardia farcinica is the species we identi- 

fied in all our cases of nocardiosis, which is known for its pref- 

erential tropism for the CNS, skin and soft tissues 29 , 32 . Concur- 

rent pulmonary involvement has been documented in more than 

70% of patients with CNS aspergillosis, suggesting a hematogenous 

dissemination of infection. Most of VZV meningitis/encephalitis 

are associated with dissemination (57% in our cohort) or a prior 

episode of herpes zoster 33 , 34 , although absence of a rash is docu- 

mented in about half of the cases of VZV encephalitis 35 . 

Our findings emphasize the unique challenge in the diagno- 

sis of CNS infection in SOT recipients because of the atypical or 

blunted clinical presentation and the frequent presence of con- 

comitant non-infectious complications. Only 38% of patients with 

CNS infection in our cohort presented at admission with fever and 

almost 25% had a metabolic disorder or drug toxicity with as- 

sociated neurologic symptoms mimicking CNS infection. Invasive 

CNS aspergillosis was diagnosed postmortem in more than 60% of 

the cases in our cohort, potentially due to the absence of spe- 

cific signs and symptoms, a fulminant evolution, atypical lesion at 
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neuroimaging and/or suboptimal yield of microbiological diagnos- 

tic tests. Clinicians should have a low threshold for including infec- 

tion in the differential diagnosis in SOT recipients with subtle and 

unspecific neurological complaints. 

We observed a significantly higher mortality rate of invasive 

fungal infections as compared to other etiologies. CNS localiza- 

tion of Aspergillus is known to be associated with increased risk of 

death 

4 , 27 , 36 that remains above 80%, as we observed in our cohort. 

Based on our present experience showing that Aspergillus was the 

most frequent cause of brain-space occupying lesions (47% of the 

cases), a more aggressive management might be pursued in pa- 

tients presenting with space-occupying brain lesions with imme- 

diate administration of empiric antifungal therapy and diagnostic 

work-up 

37 , 38 . 

This study has several limitations. First, despite the prospec- 

tive design of the STCS, some data was retrospectively collected 

by chart review. Additionally, it was not possible to analyze the 

risk factors for the development of CNS infections in SOT recipi- 

ents because of the rarity and heterogeneity of the events. To this 

aim, multinational cohorts would be needed. Moreover, the epi- 

demiology of infections found in our study is only representative 

of Switzerland; larger multinational cohorts would also allow de- 

scribing the burden of disease in other geographical contexts. Nev- 

ertheless, inclusion of almost all SOT recipients and the systematic 

follow-up within the STCS makes the data presented here repre- 

sentative of the epidemiology and burden of CNS infections in the 

modern transplant era in a Central Europe country. 

In conclusion, the incidence of CNS infections is low in the cur- 

rent era of immunosuppression and antimicrobial prophylaxis in 

comparison to previous studies. CNS infections remain an impor- 

tant cause of death in SOT recipients, particularly fungal infections. 

Despite improved diagnostic tests and better treatment options, 

CNS infections in SOT recipients remain uniquely challenging, un- 

derscoring the need for an increased awareness and aggressive di- 

agnostic and therapeutic approaches in this population. 
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