
Page 1/16

Central Nervous System Infections In Recipients of
Solid Organ Transplant
Oscar Morado-Aramburo 

The University of Texas Health Science Center at Houston
Leeja Joseph 

The University of Texas Health Science Center at Houston
Harmanpreet Kaur 

The University of Texas Health Science Center at Houston
Rodrigo Hasbun 
(

rodrigo.hasbun@uth.tmc.edu
)

The University of Texas Health Science Center at Houston

Research Article

Keywords: CNS infection, Solid organ transplant recipient, Transplant infectious diseases, Bacterial
meningitis, Encephalitis, Cryptococcus neoformans

Posted Date: November 21st, 2023

DOI: https://doi.org/10.21203/rs.3.rs-3627143/v1

License:


This work is licensed under a Creative Commons Attribution 4.0 International
License.
 
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-3627143/v1
mailto:rodrigo.hasbun@uth.tmc.edu
https://doi.org/10.21203/rs.3.rs-3627143/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Abstract
Background

Central nervous system (CNS) infections are severe and life-threatening complications that can occur in
solid organ transplant (SOT) recipients. We describe the epidemiology, clinical presentation, diagnosis,
disease course, and outcome of CNS infections in SOT.

Methods

We analyzed data of patients who underwent transplantation from September 2012 to February 2023,
diagnosed and treated for CNS infections at our institution in Houston, TX. Data were retrospectively
collected from medical charts.

Results

Of 1,345 patients who received a SOT, 30 (2.23%) were diagnosed with CNS infection, with a median age
of 63 years, 60% were male. Time to CNS infection onset after transplant in 53.3% of the cases was after
the first year. There were 15/30 (50%) cases of fungal infection, 8/30(26.7%) of viral infection, 7/30
(23.3%) of bacterial infection. There were no unknown causes. The most common etiologies were
Cryptococcus neoformans 14/30(46.6%), and nocardiosis 3/30 (10%). On presentation, 22 (73.4%)
patients had normal mental status, but 21 (70%) reported headaches, and 18 (60%) were febrile.
Abnormal neuroimaging was found in 5 cases (16.6%) on computed tomography (CT)-scans and 10
cases (33.3%) on magnetic resonance imaging (MRI) scans. An adverse clinical outcome on discharge
was noticed in 33%, and 6.7% died. Fever was associated with an increased risk of adverse clinical
outcomes (OR 11; p=0.018).

Conclusion

The incidence of CNS infections in SOT recipients is low but associated with substantial adverse clinical
outcomes. The most common causes are fungal, with no unknown etiologies seen in this study.

INTRODUCTION
Central nervous system (CNS) infections have high morbidity and are one of the most severe and life-
threatening complications that can occur in solid organ transplant (SOT) recipients. CNS complications
happen in up to 40% of SOT patients; most cases are due to diverse etiologies, from infections to
cerebrovascular events, cancer, metabolic disorders, and drug toxicity1. Infectious causes are less
common, under 10%, and arise at any period after the SOT2.

Immunosuppressive medications commonly used for transplant rejection prevention increase the risk of
infections, particularly those caused by opportunistic pathogens. CNS infections can be due to multiple
infectious etiologies, including bacteria, viruses, fungi, and parasites3,4.



Page 3/16

In SOT recipients, CNS infections may present with atypical or nonspecific symptoms with a greater
diversity of infectious agents than immunocompetent hosts, making diagnosis challenging. Early
recognition and prompt treatment are essential to prevent neurological damage and improve
outcomes5,6. Managing these infections can be complicated by the need to balance the risks of
immunosuppression reduction with the potential for graft rejection. Additionally, drug interactions and
toxicity may limit the choice of antimicrobial agents7,8.

CNS infections in SOT recipients data are limited. There is a scant of studies describing the epidemiology,
clinical presentation, and outcome. There are no guidelines for the management of these complications
at this moment8,9. Herein, we determine an outline of the epidemiology, clinical manifestations, and
diagnosis and describe the disease course and outcome.

METHODS

Study Design and Study Population
This single-center study was conducted at Memorial Hermann Texas Medical Center (MH-TMC) in
Houston, TX. Our study was approved by the University of Texas Health Science Center Institutional
Review Board. The present study included a total of 1,345 patients who underwent transplantation from
September 2012 to February 2023. We analyzed data from SOT recipients diagnosed and treated for CNS
infections at MH-TMC.

Definition
We defined CNS infection as the presence of a positive cerebrospinal fluid (CSF) culture with a pertinent
pathogen or a positive reverse-transcription polymerase chain reaction (RT-PCR) assay from the CSF in
association with clinical findings of neurological infection (symptomatology or radiographic evidence
and/or pleocytosis, elevated protein and/or decreased glucose at CSF analysis)1,5. Additionally, CNS
infection was considered if clinical findings of neurological infection were present despite the absence of
microbiological identification. In addition, an alternative CNS infection definition was brain space-
occupying lesions on imaging with a positive blood culture or brain biopsy culture. Furthermore, one case
was deemed to have a CNS infection due to clinical findings of neurological infection consistent with
hyperammonemia syndrome secondary to Ureaplasma urealyticum, which was positive on an RT-PCR
assay on a respiratory specimen. Another case with the isolation of Staphylococcus pasteuri in the CSF
was included, given the presence of a ventriculoperitoneal shunt associated with clinical findings of CNS
infection.

Data Collection
All the data were collected and analyzed from electronic medical records retrospectively. We extracted the
following data: demographic information, transplant characteristics, including the type of SOT, deceased
or living donor, immunosuppressive therapy, and history of transplant rejection or re-transplantation.
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Detailed clinic characteristics of CNS infections were noted, including clinical presentation (neurological
signs and symptoms, and Glasgow Coma Scale [GCS]), laboratory and microbiological characteristics,
radiological findings, diagnosis and management of CNS infections, and clinical outcomes by using the
Glasgow Outcome Scale (GOS).

We categorized the GOS into five, and adverse clinical outcomes were from one to four. One was defined
as death, two as a vegetative state, three as severe disability (dependent on assistance in daily living
activities), four as moderate disability (independent, and can continue the majority of activities in daily
living but cannot partake in work and social activities), and five as good recovery. Statistical Analysis

A summary of the study population characteristics and the clinical manifestations at presentation of CNS
infections was conducted by descriptive analysis. Continuous variables were reported as median and
range, while categorical variables were reported as counts and percentages. The adverse clinical
outcomes analysis was conducted by Chi-squared test and ANOVA analysis. A p-value < 0.05 was
considered statistically significant. Statistical analyses were executed using the IBM SPSS program,
version 29.

RESULTS

Study population
Out of the 1,345 transplanted adult patients, our study included 30 patients with a CNS infection,
corresponding to an incidence of 2.23% in ten years. Table 1 shows the baseline characteristics. The
median age was 63 years old (range, 32–78 years), and 18 patients (60%) were male. CNS infections
occurred with preponderance in renal transplant recipients, with 13 of 30 cases (43.3%), followed by heart
(8 cases, 26.7%), liver (6 cases, 20%), lungs (2 cases, 6.7%) and simultaneous pancreas-kidney transplant
recipients. A large number of patients received basiliximab (86.7%) as induction therapy and
immunosuppressive maintenance therapy with steroids (93.3%), mycophenolate mofetil ([MMF] 80%),
tacrolimus (90%). Approximately one-third (36.7%) of patients had an episode of rejection.
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Table 1
Baseline Demographic Characteristics of 30 patients

with CNS infection
Characteristics N (%)

Age in years, median (range)

Male gender

63 (32–78)

18 (60)

Race  

White 17 (56.7)

Hispanic 8 (26.7)

African American 4 (13.3)

Asian 1 (3.3)

Type of solid organ transplant  

Kidney 13 (43.3)

Heart 8 (26.7)

Liver 6 (20)

Lung 2 (6.7)

Pancreas-kidney 1 (3.3)

Donor Type  

Deceased 28 (93.3)

Living 2 (6.7)

Induction immunosuppressiona  

Basiliximab 26 (86.7)

ATG 6 (20)

Maintenance immunosuppressiona  

Prednisone 28 (93.3)

MMF 24 (80)

Tacrolimus 27 (90)

Azathioprine 2 (6.7)

Othera 3 (10)

History of transplant rejectionc 11 (36.7)
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Characteristics N (%)

History of re-transplantationc 1 (3.3)

Abbreviations: ATG, Antithymocyte globulin; MMF, Mycophenolate mofetil.

aPatients may have received more than one agent for induction and maintenance immunosuppression. 2
renal transplant recipients received basiliximab and ATG for delayed graft function.

bOther types of Immunosuppression: 2 on cyclosporine, 1 on sirolimus.

cHistory of transplant rejection and re-transplantation before the CNS infection episode.

 

 

Table 2 shows the clinical, laboratory, and microbiological characteristics. Overall, the onset of CNS
infection after the transplantation was seen in 53.3% of the study population after the first year. The
majority of patients had normal mental status at the time of diagnosis, with 22 (73.4%) having a GCS > 
14, in contrast to 4 patients (13.3%) presenting with coma (GCS ≤ 8). A total of 70% of patients reported
headaches, 60% were febrile (temperature > 38.0°C or 100.4°F), and 36.7% had nausea or vomiting.
Further manifestations observed were photophobia (16.7%), neck stiffness (13.3%), and seizures (3.3%).
The median severity of comorbidity based on the Charlson index was 3 (range, 0–9), categorized as
moderate or severe. Brain imaging was done in 27 cases (26 had a computerized tomography scan [CT-
scan], and 23 had a magnetic resonance imaging [MRI]). Abnormal findings in the brain CT-scan were
found in 16.6% of patients and 33.3% on MRI. Brain space-occupying lesions were observed only in 3
patients with bacterial and fungal infection (1 with nocardiosis and 2 with Cryptococcus neoformans).
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Table 2
Clinical, Laboratory, and Microbiological Characteristics of 30 patients with CNS infection

Characteristics N (%)

Time to onset since transplant  

≤ 3 months 3 (10)

3–12 months 11 (36.7)

≥ 12 months 16 (53.3)

Glasgow Coma Scale on presentation  

GCS > 14 22 (73.4)

GCS 9–14a 4 (13.3)

GCS ≤ 8b 4 (13.3)

Neurological signs and symptoms  

Headache 21 (70)

Fever 18 (60)

Nausea/vomiting 11 (36.7)

Photophobia 5 (16.7)

Neck stiffness 4 (13.3)

Seizures 1 (3.3)

Charlson comorbidity index (median, range) 3 (0–9)

Abnormal findings on brain CT-scanc 5 (16.6)

Abnormal findings on brain MRId 10 (33.3)

CSF analysis (median, range) (n = 26)e  

Leukocytes (per mm3) 46 (0-1380)

RBC (per mm3) 27 (0-24750)

Glucose (mg/dL) 60.5 (10–134)

Protein (mg/dL) 99 (27–452)

Peripheral leukocytes (thousand/µl, median, range) 7.2 (1-23.4)

Type of infection  

Fungal infection 15 (50)
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Characteristics N (%)

Cryptococcus neoformans 14

Histoplasma capsulatum 1

Viral infection 8 (26.7)

HSV-1 meningoencephalitis 2

VZV meningoencephalitis 2

EBV encephalitis 2

COVID-19 encephalitis 1

KSHV/HHV-8 encephalitis 1

Bacterial infection 7 (23.3)

Nocardiosisf 3

Neurosyphilis 1

MRSA 1

Staphylococcus pasteuri 1

Ureaplasma urealyticum 1

Extra cranial involvement 16 (53.3)

Time to initiation of therapy (days, median, range) 2 (0–19)

Relapse of disease 8 (26.7)

GOS at discharge  

Adverse clinical outcomes 10 (33.3)

Death 2 (6.7)

Persistent vegetative state 1 (3.3)

Severe disability 3 (10)

Moderate disability 4 (13.3)

Good recovery 20 (66.7)

GOS at 1y follow-up (n = 19)g  

Adverse clinical outcomes 3 (15.8)

Death 0 (0)

Persistent vegetative state 0 (0)



Page 9/16

Characteristics N (%)

Severe disability 1 (5.3)

Moderate disability 2 (10.5)

Good recovery 16 (84.2)

Abbreviations: COVID-19, Coronavirus disease 2019; CSF, cerebrospinal fluid; CT-scan, computed
tomography scan; EBV, Epstein–Barr virus; GCS, Glasgow Coma Scale; GOS, Glasgow outcome scale;
HSV-1, Herpes simplex virus-1; KSHV/HHV-8, Kaposi’s sarcoma herpesvirus/ Human herpesvirus-8;
MRI, magnetic resonance imaging; MRSA, Methicillin-resistant Staphylococcus aureus; RBC: red blood
cell; VZV, Varicella zoster virus.

aIndicative of altered mental status.

bIndicative of coma.

cAbnormal findings on brain CT-scan.

• Patients with C. neoformans: vasogenic edema in the right frontal region, left frontal, left insular,
right temporal, and left basal ganglion metastatic lesions. Multiple foci of supra and infratentorial
parenchymal abnormality with gelatinous pseudocyst.

• Patients with nocardiosis: vasogenic edema within the right parietal and right frontal lobes. A focal
lesion in the left cerebellum associated with diffuse vasogenic edema concerning for abscess.

• Patient with Staphylococcus pasteuri: stable positioning of left frontal approach ventriculostomy
catheter, terminating at the left lateral ventricle.

dAbnormal findings on brain MRI.

• Patients with C. neoformans: acute hydrocephalus with slight ventricular system size increase. T1
hyperintensity in the right frontal region. Multifocal infarcts. Nodular leptomeningeal enhancement in
the frontal and parietal convexities. Leptomeningeal enhancement, development of areas of infarct
involving the midbrain, the parahippocampal gyri, and the right anterior superior cerebellum. The
leptomeningeal enhancement over the cerebellar folia and anterior pons.

• Patients with nocardiosis: lesions with restricted diffusion in the right occipital lobe, prominent
surrounding vasogenic edema, and 10.4 mm mass in the inferior right frontal lobe. Multifocal
subcentimeter supratentorial intraparenchymal lesions with central restricted diffusion, peripherally
enhancing, and minimal to mild edema. Multiple intraparenchymal abscesses and mild associated
mass effect overlying the left side of the 4th ventricle.

• Patient with HSV-1: subacute infarct in the right cerebellum near the middle cerebellar peduncle.

eCSF results available from different patients in the study population.

fNocardia abscessus, nocardia farcinica, and nocardia species.

gGOS at 1 year of follow-up of patients’ data availability.

Laboratory and radiological characteristics of CNS infection are detailed in Table 2. CSF white blood cell
count (WBC) median was 46/mm3 (range, 0–1380/mm3), CSF glucose median was 60.5 mg/dL (range,
10–134 mg/dL), CSF protein median was 99 mg/dL (range, 27–452 mg/dL), and peripheral WBC median
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was 7.2 thousand/ml (range, 1-23.4 thousand/ml). A CSF protein ≥ 100 mg/dL and CSF glucose < 40
mg/dL were found in 13 patients (43.3%) and 8 patients (26.6%), respectively.

Microbiological Findings
Of the 26 CSF samples available from different patients in the study population (n = 30), 16 samples
(53.3%) had a positive culture, 8 samples (26.6%) had a positive RT-PCR, 1 sample was positive for CSF-
Venereal Disease Research Laboratory test (VDRL), and 1 sample was positive for a cryptococcus
antigen. Out of the 16 samples with positive culture, 1 was positive for Staphylococcus pasteuri, which
was associated with a ventriculoperitoneal shunt. Of 4 of the 30 cases that did not have CSF, 2 cases
with nocardiosis were diagnosed based on brain imaging (CT-scan and MRI) of findings suggestive of
abscess with positive blood culture, 1 with a positive brain biopsy culture with Nocardia species, and 1
with a positive RT-PCR with Ureaplasma urealyticum from a bronchoalveolar lavage specimen in
association with clinical findings of encephalopathy due to CNS infection consistent with
hyperammonemia syndrome secondary to this pathogen.

Fungal infections predominated, causing 50% (15/30), viral infections accounted for 27% (8/30), and
bacterial infections caused 23.3% (7/30) of all CNS infections. The microorganisms more frequent were
C. neoformans (14/30 [46.6%]), Nocardiosis (10%), Herpes simplex virus-1 (HSV-1), Varicella zoster virus
(VZV), and Epstein–Barr virus (EBV) with 6.6% each one of them, respectively, Table 2. There were no CNS
infection cases with unknown microbiology etiology.

Clinical Outcomes
An adverse clinical outcome upon discharge was seen in 33.3% of the study population (Table 2). Four
(13.3%) had a moderate disability, 3 (10%) had a severe disability, 1 (3.3%) had a vegetative state, and 2
(6.7%) died. A favorable outcome was seen in 20 patients (66.7%) with a good recovery. An adverse
clinical outcome at 1-year follow-up (19 of 30) was seen in 15.8% of the patients. Furthermore, a good
outcome was seen in most patients 16 (84.2%).

Bivariate analysis, seen in Table 3, identified fever (odds ratio [OR], 11; 95% confidence interval [CI], 1.16–
103.9; p = 0.018) as a variable associated with an increased risk of an adverse clinical outcome. No
statistically significant differences were found in gender, type of SOT, the presence of headaches,
seizures, extracranial involvement, CSF pleocytosis, brain CT-scan, or MRI findings.
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Table 3
Bivariate Analysis of Baseline Variables and Adverse Clinical Outcomes of the 30 patients with a CNS

infection

  At discharge

Variables N Adverse

Outcomesa, No. (%)

Odds Ratio

(95% CI)

P Valueb

Male gender 18 6 (33.3) 1 (0.21–4.70) 1

Non-renal organ transplant recipient 16 14 (82.3) 0.23 (0.04–1.18) 0.070

Fever 18 9 (50) 11 (1.16–103.9) 0.018

Headache 21 5 (23.8) 0.25 (0.04–1.30) 0.091

Seizures 1 1 (100) 0.31 (0.18–0.53) 0.150

Extra cranial involvement 16 6 (37.5) 1.5 (0.32–6.99) 0.605

Lack of CSF pleocytosisc 7 2 (28.6) 0.55 (0.08–3.58) 0.529

Abnormal findings on brain CT-scan 5 3 (60) 3.75 (0.49–28.38) 0.184

Abnormal findings on brain MRI 10 5 (50) 2.25 (0.40-12.43) 0.349

Abbreviations: CT-scan, computed tomography scan; CSF, cerebrospinal fluid; MRI, magnetic
resonance imaging.

aAdverse clinical outcomes were defined as GOS of 1 to 4: 1 (death), 2 (persistent vegetative state), 3
(severe disability), or 4 (moderate disability).

bP values are from the test comparing patients with and without adverse outcomes.

cCSF pleocytosis is defined as 6 or more leukocytes.

The ANOVA analysis shown in Table 4 did not identify any baseline variables to be statistically significant
associated with having an adverse clinical outcome, including age, GCS on presentation, Charlson
comorbidity index, CSF analysis (leukocytes, protein, and glucose), and peripheral leukocytes.
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Table 4
ANOVA Analysis of Baseline Variables and Adverse Clinical Outcomes of the 30 patients with a CNS

infection

  At discharge

Variables N Adverse

Outcomesa, No. (%)

Median (range) P Valueb

Age 30 10 (33.3) 65.5 (55–78) 0.161

GCS on presentation 30 10 (33.3) 15 (6–15) 0.519

Charlson comorbidity indexc 30 10 (33.3) 3 (0–6) 0.788

CSF leukocytes (per mm3) 26d 10 (38.5) 20 (1-100) 0.181

CSF protein (mg/dL) 26d 10 (38.5) 100 (27–169) 0.674

CSF glucose (mg/dL) 26d 10 (38.5) 68.5 (10–134) 0.175

Peripheral leukocytes (cells/mm3) 30 10 (33.3) 7 (2.7–14.6) 0.953

Abbreviations: CSF, cerebrospinal fluid; GCS, Glasgow Coma Scale.

aAdverse clinical outcomes were defined as GOS of 1 to 4: 1 (death), 2 (persistent vegetative state), 3
(severe disability), or 4 (moderate disability).

bP values are from the test comparing patients with and without adverse outcomes.

cSeverity of comorbidity was categorized as moderate or severe if the Charlson comorbidity index is
≥ 3.

d26 CSF results available from different patients of the 30 patients in the study population.

DISCUSSION
In this cohort, the CNS infections incidence was comparable to what has been published, ranging from
1–24%, but varying depending on the type of organ transplanted and the study period1,2,10. The incidence
found was 2.23% in ten years. There is a lack of available data despite the significance of the problem;
additionally, the literature reported has been mainly focusing only on renal transplant recipients in
contrast to our cohort, which includes various types of SOT recipients3,11. Overall, it is consistent with
what the recent Swiss national study focusing on CNS infections after renal recipients showed, which
concluded it is a relatively rare complication in this population5.

We found a similar range of pathogens as other SOT recipients cohorts3,5,8,12. Moreover, our SOT
recipients cohort had an increased risk of developing a fungal CNS infection. Nonetheless, the
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predominance of viral infections has been previously highlighted in CNS infection after SOT1,3,13,14. Our
study demonstrates unique characteristics of CNS infections; C. neoformans caused almost half of the
cases in the cohort. This differs from the general population epidemiology in CNS infections15. However,
our findings are comparable to what has been reported, being C. neoformans the third-most frequent
invasive fungal infection in a large SOT recipients cohort, and to the French cohort, which was
undoubtedly the foremost cause of CNS infection (with 41 cases, 20% of all)5,17,18. This was expected,
given that C. neoformans has a tropism to the CNS in immunocompromised hosts19,20,21. The viral
pathogens were the etiology in one-quarter of the population study, being VZV, EBV, and HSV-1
encephalitis the most frequent pathogens, comparable to what the Swiss cohort found1. The study held
in the Netherlands incorporated only bacterial CNS infections8. In the Croatian study, there were mainly
bacterial and viral etiologies3. Our cohort identified cases with a broad diversity of pathogens. The host
characteristics and epidemiologic risk factors were variable. Additionally, with the net state of
immunosuppression, these are the most significant factors determining such variety.

In our study, the majority had an onset of CNS infection manifestations after 1-year post-transplant.
Similar to what was found in the literature, in a recent study, patients presented CNS infections either
within the first 5 years after the transplantation or after immunosuppression was increased3. On the
contrary, in another study done in the Netherlands, all episodes (with bacterial meningitis) were identified
in the late period post-transplant (more than 6 months)8.

Similar to prior studies, there were few clinical manifestations of CNS infection with the corresponding
classic signs and symptoms of bacterial meningitis. The classic triad with fever, altered consciousness
(GCS < 15), and neck stiffness was seen only in 1 patient8. Additionally, in contrast to the Swiss cohort,
where only 38% of patients presented with fever at admission, in our cohort, 60% presented with fever1.
Our study highlights the distinctive challenge of diagnosing CNS infection after SOT because of the
blunted and atypical manifestations1. SOT recipients with ambiguous and slight neurological symptoms
should be included in clinicians' differential diagnoses for infection8.

Overall, neuroradiological findings are diverse and unspecific, although changes in white matter are
commonly observed22. Brain CT scans, in recent studies, have found to be less sensitive and showed no
evidence of abnormalities as compared to MRI3,11,23. In our study, the MRI found abnormalities in 5
patients that the CT did not detect. Therefore, as the Croatian cohort, our results advise MRI for
diagnosing CNS infections in SOT patients3. Three brain space-occupying lesions occurred in
disseminated nocardiosis and 2 cases with cryptococcosis similar to the Swiss study. However, all their
cases were due to Nocardia farcinica, contrary to our cohort, which was due to various species (Nocardia
abscessus, farcinica, and species)1.

The mortality found in our study was lower (6.7%) compared to other cohorts, which went from 15.4–
33%1,3,8. The French cohort reported an increased and premature mortality of 50–70% at 1 year
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secondary to Staphylococci, Enterobacteria, or filamentous fungi. Contrary to our cohort, which outcomes
were better with inferior mortality rates and more satisfactory functional recovery1.

This study has a few limitations that should be considered. We identified a few cases with a CNS
infection. The collected data was retrospectively obtained by reviewing medical records. Given the
heterogeneity and low number of patients identified, it was not feasible to determine risk factors for
developing CNS infections in SOT recipients. Nevertheless, this study provided helpful data on CNS
infections in the SOT population since it included almost all types of SOT recipients. Further analyses
should be conducted to build clear guidelines for managing CNS infections in SOT recipients.

In conclusion, the incidence of CNS infections is low but is associated with a significant proportion of
adverse clinical outcomes. Furthermore, prevail as a considerable cause of mortality in SOT patients,
especially fungal infections. Additionally, the detection of CNS infection may be retarded, given the
unique challenge, despite the improved diagnostics tests. Therefore, an interdisciplinary approach with a
better understanding and a high level of attention may improve outcomes.

Declarations
ACKNOWLEDGMENTS

Author contributions. R. H. designed the project. O. M., L. J., H. K. collected the data. O. M. and R. H.
analyzed and interpreted the data and wrote the manuscript. All the authors revised and approved the
final version of the manuscript.

Financial support. This research did not receive any grant from any funding agency in the public,
commercial, or not-for-profit sectors.

Potential conflicts of interest. R.H. has received research grants from Biofire. All authors: No reported
conflicts.

References
1. Van den Bogaart L, Lang BM, Rossi S, et al. Central nervous system infections in solid organ

transplant recipients: Results from the Swiss Transplant Cohort Study. J Infect. 2022;85(1):1–7.
doi:10.1016/j.jinf.2022.05.019

2. Kunnathu Puthanveedu ND, Lum J. Central nervous system infections after solid organ
transplantation. Curr Opin Infect Dis. 2021;34(3):207–216. doi:10.1097/QCO.0000000000000722

3. Basic-Jukic N, Juric I, Furic-Cunko V, Kastelan Z. Central nervous system infections in renal
transplant recipients. Transpl Infect Dis. 2020;22(4):e13341. doi:10.1111/tid.13341

4. Stephens RJ, Liang SY. Central Nervous System Infections in the Immunocompromised Adult
Presenting to the Emergency Department. Emerg Med Clin North Am. 2021;39(1):101–121.



Page 15/16

doi:10.1016/j.emc.2020.09.006

5. Tamzali Y, Scemla A, Bonduelle T, et al. Specificities of Meningitis and Meningo-Encephalitis After
Kidney Transplantation: A French Retrospective Cohort Study. Transpl Int. 2023;36:10765. Published
2023 Jan 18. doi:10.3389/ti.2023.10765

6. Sonneville R, Magalhaes E, Meyfroidt G. Central nervous system infections in immunocompromised
patients. Curr Opin Crit Care. 2017;23(2):128–133. doi:10.1097/MCC.0000000000000397

7. Pruitt AA. Central Nervous System Infections Complicating Immunosuppression and
Transplantation. Continuum (Minneap Minn). 2018;24(5, Neuroinfectious Disease):1370–1396.
doi:10.1212/CON.0000000000000653

8. Van Veen KE, Brouwer MC, van der Ende A, van de Beek D. Bacterial meningitis in solid organ
transplant recipients: a population-based prospective study. Transpl Infect Dis. 2016;18(5):674–680.
doi:10.1111/tid.12570

9. Wright AJ, Fishman JA. Central nervous system syndromes in solid organ transplant recipients. Clin
Infect Dis. 2014;59(7):1001–1011. doi:10.1093/cid/ciu428

10. van Delden C, Stampf S, Hirsch HH, et al. Burden and Timeline of Infectious Diseases in the First Year
After Solid Organ Transplantation in the Swiss Transplant Cohort Study. Clin Infect Dis.
2020;71(7):e159-e169. doi:10.1093/cid/ciz1113

11. Hailong Jin, Congran Li, Qing Yuan, Liang Xu, Zhouli Li, Ming Cai, Bingyi Shi. Clinical characteristics
of neurological complications after renal transplantation. Biomedical Research 2017; 28 (9): 3903–
3906.

12. Singh N, Husain S. Infections of the central nervous system in transplant recipients. Transpl Infect
Dis. 2000;2(3):101–111. doi:10.1034/j.1399-3062.2000.020302.x

13. Smith JA, Kaul DR. Prolonged Symptoms in Solid Organ Transplant Recipients with Enteroviral
Meningitis. J Infect Dis Ther. 2013; 1:116. doi: 10.4172/2332-0877.1000116

14. Kang M, Aslam S. Varicella zoster virus encephalitis in solid organ transplant recipients: Case series
and review of literature. Transpl Infect Dis. 2019;21(2):e13038. doi:10.1111/tid.13038

15. Brouwer MC, van de Beek D. Epidemiology of community-acquired bacterial meningitis. Curr Opin
Infect Dis. 2018;31(1):78–84. doi:10.1097/QCO.0000000000000417

16. Pappas PG, Alexander BD, Andes DR, et al. Invasive fungal infections among organ transplant
recipients: results of the Transplant-Associated Infection Surveillance Network (TRANSNET). Clin
Infect Dis. 2010;50(8):1101–1111. doi:10.1086/651262

17. Gras J, Tamzali Y, Denis B, et al. Cryptococcus neoformans meningitis in kidney transplant
recipients: A diagnostic and therapeutic challenge. Med Mycol Case Rep. 2021;32:84–87. Published
2021 May 4. doi:10.1016/j.mmcr.2021.04.005

18. Davis JA, Horn DL, Marr KA, Fishman JA. Central nervous system involvement in cryptococcal
infection in individuals after solid organ transplantation or with AIDS. Transpl Infect Dis.
2009;11(5):432–437. doi:10.1111/j.1399-3062.2009.00424.x



Page 16/16

19. Vilchez RA, Fung J, Kusne S. Cryptococcosis in organ transplant recipients: an overview. Am J
Transplant. 2002;2(7):575–580. doi:10.1034/j.1600-6143.2002.20701.x

20. Singh N, Forrest G; AST Infectious Diseases Community of Practice. Cryptococcosis in solid organ
transplant recipients. Am J Transplant. 2009;9 Suppl 4:S192-S198. doi:10.1111/j.1600-
6143.2009.02911.x

21. Singh N, Dromer F, Perfect JR, Lortholary O. Cryptococcosis in solid organ transplant recipients:
current state of the science. Clin Infect Dis. 2008;47(10):1321–1327. doi:10.1086/592690

22. Tunkel AR, Glaser CA, Bloch KC, et al. The management of encephalitis: clinical practice guidelines
by the Infectious Diseases Society of America. Clin Infect Dis. 2008;47(3):303–327.
doi:10.1086/589747

23. Bykowski J, Kruk P, Gold JJ, Glaser CA, Sheriff H, Crawford JR. Acute pediatric encephalitis
neuroimaging: single-institution series as part of the California encephalitis project. Pediatr Neurol.
2015;52(6):606–614. doi:10.1016/j.pediatrneurol.2015.02.024


