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Abstract

Cryptococcus species can cause serious life-threatening infection in solid organ transplant 

recipients by reactivation of prior infection, post-transplant de novo infection, or donor 

transmission from the transplanted organ. Although previously reported in the literature, the extent 

of donor-derived cryptococcosis in the United States has not been documented. We analyzed 

potential donor-derived Cryptococcus transmission events reported to the Organ Procurement and 

Transplantation Network (OPTN) for investigation by the ad hoc Disease Transmission Advisory 

Committee (DTAC). All reports between 2009–2019 in which transmission to recipients was 

designated proven or probable, or determined to be averted due to implementation of prophylaxis 

(intervention without disease transmission – “IWDT”) were included. During 2009–2019, 58 

reports of potential donor-derived cryptococcosis were submitted to DTAC. Among these reports, 

12 donors were determined to have resulted in proven or probable transmission to 23/34 (67.6%) 

recipients. Most of these donors (10/12 (83%)) exhibited central nervous system-related symptoms 

prior to death and 5/23 (22%) infected recipients died. For 11 different donors, prophylaxis, most 

often with fluconazole, was administered to 23/35 (65.7%) recipients. Clinicians should maintain 

awareness of donor-derived cryptococcosis and consider prompt prophylaxis or treatment followed 

by reporting to OPTN for further investigation.

Introduction

Cryptococcus species are fungi that can cause serious infection in immunocompromised 

patients, including solid organ transplant recipients (SOT) [1,2]. A multicenter prospective 

study from 2001 to 2006 identified cryptococcosis as the third most common invasive fungal 

infection in SOT recipients but generally occurred late after transplant with a median time to 

presentation of ~1.5 years post-transplantation [3]. The majority of cases of cryptococcosis 

after organ transplantation are due to reactivation of latent infection or de novo 
environmental acquisition [1]. On rarer occasions, donor-derived cryptococcosis has been 

described with a risk for significant morbidity among recipients [4, 5, 6].

Information on the clinical course, treatment, and outcomes of donor-derived cryptococcosis 

is limited to a few published case reports and series. In the United States, all suspected, 

unexpected donor-derived disease transmission events are supposed to be reported by 

transplant centers and organ procurement organizations to the Organ Procurement and 

Transplantation Network (OPTN) for investigation by the ad hoc Disease Transmission 

Advisory Committee (DTAC) [7]. Therefore, we analyzed all DTAC-investigated cases of 

potential donor-derived cryptococcosis in the United States to ascertain further the 

epidemiology, prevention, and treatment strategies.
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Methods

All potential donor-derived cryptococcosis cases reported to the OPTN/DTAC during 2009–

2019 were reviewed. The adjudication schema has evolved over time as previously described 

[8]. Cases with DTAC-adjudicated proven or probable (combined as P/P) transmission from 

an organ donor to ≥1 recipient were included in this analysis. In addition, cases with DTAC 

adjudication of intervention without disease transmission (IWDT), in which donor 

transmission may have been prevented by the administration of effective antifungal agents, 

were included in the analysis. The adjudication schema has varied over time and nuances of 

being called proven, probable, or IWDT have similarly evolved but the tables presented here 

reflect the adjudication of the DTAC members at the time of evaluation with the exception of 

reports received before 2012 when events were classified only by donor without recording 

events for each organ recipient [8]. In these early cases, the authors used the current 

adjudication schema for individual recipients.

The following donor-specific variables were collected when available: mechanism of death, 

cryptococcosis testing including culture of blood and bronchoalveolar lavage (BAL) and 

antigen testing of blood, autopsy findings, and central nervous system symptoms. Recipient-

specific variables analyzed included organ received by recipient, cryptococcosis testing, 

antifungal prophylaxis or treatment, clinical outcomes, and DTAC adjudication regarding 

disease transmission (proven, probable, or IWDT). When available, the number of days 

between organ transplantation and onset of symptoms leading to a cryptococcosis diagnosis 

were collected.

This study used data from the OPTN. The OPTN data system includes reported data on all 

donor, wait-listed candidates, and transplant recipients in the US, submitted by the members 

of the OPTN. The Health Resources and Services Administration (HRSA), U.S. Department 

of Health and Human Services provides oversight to the activities of the OPTN contractor.

Results

During 2009–2019, 58 reports of potential donor-derived cryptococcosis were submitted to 

the OPTN/DTAC either from the OPO or a recipient center. These reports involved 58 

donors and 180 recipients. Of these, 23/58 (40%) reports, involving 23 donors and 69 

corresponding recipients, were deemed proven, probable or IWDT. Among submitted 

reports, 35/58 (60%) reports, involving 35 donors and 111 recipients, were adjudicated as 

possible, unlikely, or excluded by DTAC, and are not included in these analyses with 

exception of possible cases that were part of IWDT donor adjudications (Figure 1).

Among the 23 reports included in these analyses, 12 (12 donors with 34 recipients) had at 

least one recipient adjudicated as having proven or probable (P/P) transmission (Table 1). 

Among these 23 reports, 23/34 (68%) recipients developed infection (13/19 kidney, 5/5 lung, 

4/8 liver, and 1/2 heart transplant recipients). More than one recipient from a common donor 

developed P/P transmission in eight of 12 reports. The median duration from transplantation 

to symptom onset was 45 days (range 8–359). Of note, only 3 cases were diagnosed after 

100 days (Figure 2). Five recipients (22%) died. Of these reports, 3/34 (8%) recipients 
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received antifungal prophylaxis and were classified as IWDT. Eight recipients (25.8%) had 

no evidence of infection despite absence of intervention and were classified as excluded 

(Figure 1).

In the other 11 reports (11 donors with 35 recipients), no recipient met classification criteria 

for P/P transmission. However, these reports had at least one recipient each adjudicated as 

IWDT (Table 2) based on antifungal prophylaxis received. Among these 11 reports, 20/35 

(57%) recipients from cases associated with IWDT plus three of the 34 recipients from cases 

associated with at least one recipient with P/P transmission were adjudicated as IWDT 

(10/16 kidney, 7/8 lung, 4/7 liver, and 2/4 heart transplant recipients). When the prophylactic 

agent was reported, fluconazole was the most commonly used drug (12/23 (52%)).

Cryptococcosis was identified after organ procurement and implantation in 9/12 (75%) 

donors with P/P transmission. Among these nine donors, four had a positive serum 

cryptococcal antigen (CrAg), two had positive blood cultures, one had a positive 

bronchoalveolar lavage (BAL) culture, and one had both positive serum CrAg and positive 

blood culture. Cryptococcus spp. was isolated from one donor bronchus culture obtained 

around the time of implantation. For two of the nine donors, Cryptococcus spp. was 

identified by examination of autopsy tissues (Table 1).

Among donors associated with only IWDT, 7/11 (64%) donors showed evidence of 

Cryptococcus spp. and all had BAL performed. Cryptococcus spp. was isolated in three 

(27.3%). Blood cultures were performed on 10/11 (91%) donors associated with only IWDT, 

and the cultures from 2/11 (18.2%) donors yielded Cryptococcus spp. Recipient testing 

modalities are described in Table 2.

The median age of the 23 donors was 52 years (range 19–70 years), 14 died of CNS-related 

causes, including hemorrhagic or ischemic stroke (nine donors) or seizure (one donor); three 

had an underlying immune compromising condition. Of the 12 P/P donors, CNS-specific 

signs or symptoms were identified among 11/12 (92%) donors and included headache, 

seizure, altered mental status, or other neurological symptoms. Hydrocephalus was 

identified through computed tomography (CT) in two donors. Among 11 donors associated 

with only IWDT, 3/11 (27%) donors had CNS-specific findings, including headache, altered 

mental status, or radiographic evidence of hydrocephalus. Overall, 14/23 (61%) P/P or only 

IWDT donors exhibited CNS-specific signs or symptoms.

Discussion

Donor-derived cryptococcosis is an uncommon but important complication of solid organ 

transplantation in the United States. DTAC determined that during 2009–2019, transmission 

occurred to 23 recipients and an additional 23 recipients had infections potentially averted 

with antifungal prophylaxis. During this time, 101,006 deceased donors had organs 

recovered for transplantation in the United States, suggesting that transmission occurred or 

was averted through directed prophylaxis in recipients from one in ~4,400 (23/101,006) 

donors. However, this number may be an underestimate. Given the relatively long latency 

period of Cryptococcus reactivation, up to one year after transplant, it is possible that some 
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cases may not have been considered donor-derived infections and were not reported to 

DTAC. Likewise, it is possible that some of the late presenting cases were not truly donor 

associated but were adjudicated as such given that more than one recipient was infected 

(Table 1, Donors 12 and 8). While most donor-derived cryptococcus has been noted in the 

first month after transplant, others have noted delayed presentations [5,9]

Cryptococcus infections, although uncommon, can be severe and result in death; as shown in 

this study, 22% of ill recipients died between 11 and 368 days after transplant.

Prompt recognition and reporting of cryptococcosis in donors and recipients is essential as 

identification of cryptococcal infection in a donor or a recipient can allow for 

implementation of prophylaxis which may avert disease in other recipients. In the present 

study, when P/P donor-derived infection was identified in one recipient from 12 donors, 

infection was subsequently identified in another 11 recipients from these donors. This 

underscores the need for a high index of suspicion for donor-derived infection and prompt 

reporting to allow for early intervention. The institution of prophylaxis in at least three 

recipients may have averted serious harm. Though this sample size is small, lung recipients 

appeared to be at highest risk, with 100% of exposed lung recipients acquiring 

Cryptococcus. A lower proportion of recipients of other organs developed disease: 13 out of 

19 kidney recipients, four out of eight liver recipients, and one out of two heart recipients.

Recognition of cryptococcosis in donors can be challenging. Only five of the 12 donors 

involved in P/P transmission had evidence of cryptococcosis on culture or autopsy and 

underlying risk factors were not usually described. While underlying risk factors were not 

usually described it is notable that three donors had immunosuppressed states. A clue to 

potential donor cryptococcosis is the presence of CNS signs and symptoms, particularly in 

those for whom an intracranial hemorrhage or cerebral vascular event would be 

epidemiologically unlikely [9, 10, 11]. Most donors implicated in P/P transmission died 

from a CNS etiology or experienced CNS-related signs or symptoms prior to death. 

Clinicians caring for SOT recipients should maintain awareness of donor-derived 

cryptococcosis, particularly when donors have underlying immunocompromising conditions 

or evidence of CNS signs or symptoms. In addition, five donors, including four without 

other laboratory evidence of cryptococcosis, had positive serum CrAg on retrospective 

testing. DTAC previously reported on donors with CNS infection, which may have included 

some of the cases in the present study [10]. Likewise, the CDC, through its role on DTAC, 

previously reported 16 other infections of central nervous system infections transmitted 

through solid organ transplantation including West Nile virus, rabies, lymphocytic 

choriomeningitis virus, Balamuthia mandrillaris, microsporidiosis, and Eastern Equine 

Encephalitis virus [12,13]. Two other reports implicated cryptococcal infection in ischemic 

stroke [14,15], again highlighting the need for organ procurement organizations and 

transplant centers to maintain a high index of suspicion [10].

Donors with unexpected CNS findings, such as aseptic meningitis, stroke at a young age or 

increased intracranial pressure or underlying risks for cryptococcus may warrant testing with 

serum CrAg or if suspicion is high, an evaluation of cerebrospinal fluid with a CrAg assay 

prior to donation. Even if the results are available after implantation, appropriate 

Penumarthi et al. Page 5

Am J Transplant. Author manuscript; available in PMC 2021 May 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



communication through OPTN would allow transplant centers to evaluate recipients and 

intervene with antifungal prophylaxis. Likewise, if cryptococcosis occurs after 

transplantation, even if months after transplantation, communication by reporting to the 

OPTN as a potential donor transmission is critical so that other transplant centers can be 

notified and evaluate recipients of organs from the same donor. Failure to communicate was 

hypothesized to contribute to at least one fatal outcome in a previous report [5].

The current study is subject to several limitations. While OPTN policy15.5 mandates 

reporting of potential donor-derived infections by transplant centers to OPTN for DTAC 

adjudication, reporting relies on clinician recognition of cryptococcosis being potentially of 

donor etiology. The cases described here may therefore not represent all donor-derived 

cryptococcosis during the study period, particularly since donor-derived infections were 

reported up to a year after transplantation. The impact on these findings are difficult to 

quantify. As a comparison, 0.37% of SOT recipients in California and Florida developed 

cryptococcosis according to a report analyzing billing data. Crudely applying this proportion 

to the 347,841 organ transplants during 2009–2019 would suggest 1,287 cryptococcal 

infections in SOT recipients could have occurred [16]. Even a small proportion of 

undetected donor-derived infections among overall cases could substantially increase the 

numbers reported here. It is possible that some recipients classified as IWDT would not have 

developed disease even if they did not receive prophylaxis and therefore the role of 

prophylaxis may be overestimated. As previously mentioned, IWDT designation has evolved 

over time and therefore, some of the classifications presented here may have been differently 

adjudicated when applying subsequent criteria. Finally, data available on each case reviewed 

by DTAC are limited to 45 days after the initial report and by the information released by the 

donor and transplant centers which may not include all medical records or treatment 

specifics such as type, dosing, and duration. Accordingly, these limitations may have 

reduced DTAC’s ability to correctly adjudicate donor-derived cryptococcosis or identify all 

donor risks or recipient use of prophylaxis.

In summary, although uncommon, donor-derived cryptococcosis confers a high risk of 

mortality to solid organ transplant recipients. Organ procurement organizations could 

consider implementing cryptococcal antigen testing of donors with CNS disease or 

symptoms to guide antifungal prophylaxis decisions for recipients and prevent adverse 

outcomes. Clinicians caring for transplant recipients should maintain awareness and 

consider close monitoring of recipients of donors who died of CNS-related conditions. All 

suspected donor-derived cryptococcosis should be reported to the OPTN for DTAC 

investigation.
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Figure 1. 
Suspected donor-derived Cryptococcus infection reported to OPTN between 2009 and 2019
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Figure 2. 
Number of recipients with proven or probable donor derived Cryptococcus based on time 

from transplant (N=21).
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