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Background. Cryptococcosis is a notable infectious complication of liver transplantation. Currently, there is no
recommendation for screening serum cryptococcal antigen (CrAg) levels in solid organ transplant recipients. We aimed to
explore the role of serum CrAg in liver transplant recipients at an institution where posttransplant serum CrAg has been widely
tested.

Methods. This retrospective study was conducted at a tertiary care center in Japan. All liver transplant recipients with serum
CrAg measured either for screening or for diagnostic testing at least once after transplantation between April 2005 and March 2022
were included. For participants with either a positive CrAg test result or positive culture for Cryptococcus, we manually reviewed
clinical manifestations, management, and prognosis from the medical records.

Results. During the study period, 12 885 serum CrAg tests (median, 16 tests per patient) were performed in 468 liver transplant
recipients. The 1-year posttransplant incidence of positive serum CrAg test results and culture-proven cryptococcosis was 1.9%
(9/468) and 0.6% (3/468), respectively. No patient with persistently negative serum CrAg test results showed growth of
Cryptococcus in culture. Four patients had clinical manifestations consistent with cryptococcosis, of whom 2 (50.0%) started
antifungal therapy promptly based on a positive serum CrAg test result. In contrast, 5 patients had no clinical manifestations.
Three of the 5 (60.0%) patients did not receive antifungal therapy and remained free of clinical manifestations.

Conclusions. Serum CrAg test was more sensitive than culture among liver transplant recipients and prompted early diagnosis
and antifungal therapy in symptomatic patients. However, serial screening of serum CrAg in asymptomatic patients may be of little

value, with the potential for false-positive results.
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Cryptococcosis is the third most common invasive fungal infec-
tion after candidiasis and aspergillosis in solid organ transplant
(SOT) recipients [1]. Cryptococcosis in patients without human
immunodeficiency virus (HIV) infection, including SOT recipi-
ents, has distinct characteristics compared with that in patients
with advanced HIV infection. Diagnosis is often delayed in pa-
tients without HIV infection owing to atypical presentation.
Although the reported mortality is highly variable, perhaps
due to the difference in healthcare resources including drug
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availability [2], the mortality among patients without HIV infec-
tion remains high, which underscores the importance of early
differential diagnosis and prompt management [3-7].

Cryptococcosis in liver transplant recipients is of particular con-
cern because end-stage liver failure is a well-known risk factor for
cryptococcosis [8]. Cryptococcosis in liver transplant recipients is
rare; the incidence of culture-proven cryptococcosis was 0.3%-—
0.6% in several single-center studies [9-13], and the 12-month
posttransplant cumulative incidence was 0.4% in a large cohort
study in the United States [14]. Nevertheless, compared with other
SOTs, liver transplantation has been associated with the develop-
ment of disseminated infection [15], making cryptococcosis a no-
table morbidity among liver transplant recipients.

Serum cryptococcal antigen (CrAg) tests can be used to de-
tect the early phase of cryptococcosis in SOT recipients [16, 17].
The role of CrAg in the diagnosis of cryptococcosis has been
extensively investigated among patients with advanced HIV in-
fection, including the benefit of using serum CrAg as a screen-
ing test regardless of symptoms [18]. However, the findings
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of these studies may not apply to SOT recipients because the
prevalence of cryptococcal antigenemia among patients with
advanced HIV infection (CD4 count <100 cells/pL) was esti-
mated to be 6.0% globally with significant geographical varia-
tion [18-20], which is significantly higher than that among
SOT recipients. Although a quarterly serum CrAg screening
in SOT recipients was predicted to be “at least cost neutral”
[21], currently, there is no recommendation for frequent
screening of serum CrAg levels in SOT recipients because of
the lack of studies based on real-world data [22].

This study aimed to explore the role and effectiveness of serum
CrAg testing in liver transplant recipients at a center where post-
transplantation serum CrAg has been widely tested either for
screening or for diagnostic testing. We also aimed to assess whether
a positive serum CrAg test facilitates the diagnosis and treatment of
cryptococcosis and whether there is a potential overdiagnosis ow-
ing to false-positive serum CrAg test results in this setting.

METHODS

Study Design and Setting
This retrospective, single-center study was conducted at the
University of Tokyo Hospital, a 1226-bed tertiary care center lo-
cated in Tokyo, Japan. The University of Tokyo Hospital is one
of the major liver transplantation centers in Japan, and 798 living
donor liver transplantations (LDLTs) and 64 deceased donor liv-
er transplantations (DDLTSs) were performed between January
1996 and December 2022. At our institution, liver transplant re-
cipients received a 5-day course of ampicillin-sulbactam and ce-
fotaxime and a 7-day course of micafungin perioperatively as
prophylactic antimicrobials. In addition, according to the insti-
tutional protocol, the serum CrAg qualitative test was ordered
preoperatively at the time of transplant registry and on admis-
sion, twice a week postoperatively until discharge, and when pa-
tients were hospitalized again, regardless of symptoms. This
frequent serum CrAg screening strategy is based on our experi-
ence that serum CrAg tests may be effective for detecting cryp-
tococcosis in liver transplant recipients at the early stage [16].
Additional CrAg tests, either qualitative or semiqualitative,
were performed at the discretion of surgeons in both ambulatory
and inpatient settings. Because the study institution outsourced
the CrAg tests (latex agglutination assays, qualitative test: SRL,
Inc, Japan; semiquantitative test: LSI Medical Co, Japan; both as-
says used Serodirect [Eiken Chemical Co, Ltd, Japan]), there was
a turnaround time of approximately 3 days. The results of the
CrAg tests were not routinely reviewed by the Department of
Infectious Diseases; however, infectious disease consultation ser-
vices were available upon request from transplant surgeons.
Per the institutional protocol, the initial immunosuppressive
regimen consisted of high-dose corticosteroids and calcineurin
inhibitors (CNIs), mainly tacrolimus. Maintenance immunosup-
pressive therapy included corticosteroids and CNIs. We add on

mycophenolate mofetil (MMF) to reduce the dose of CNIs in re-
cipients with impaired renal function. Exceptions were the pa-
tients receiving ABO-incompatible liver transplantation, in
whom rituximab was administered to prevent antibody-mediated
rejection [23] and a triple-drug regimen consisting of corticoste-
roids, CNIs, and MMF was used as a maintenance therapy.

Participants

This study included patients who underwent liver transplanta-
tion at our institution at age >18 years between April 2005 and
March 2022. Patients who did not undergo postoperative se-
rum CrAg testing during the study period were excluded.

Data Collection and Analyses

We retrospectively collected the results of all serum CrAg tests in
all the study participants through electronic health records. To
calculate the incidence of positive CrAg test results, we followed
up each patient until the end of the study period, death, loss to
follow-up, or initial positivity for serum CrAg, whichever oc-
curred first. In addition, cerebrospinal fluid (CSF) positive for
CrAg and cultures of Cryptococcus species, including blood
and CSF specimens after transplantation, were obtained from
the database of the microbiology laboratory. For patients with ei-
ther serum CrAg positivity, CSF CrAg positivity, or a positive
culture for Cryptococcus at least once, we manually reviewed
the medical records to obtain demographic data, clinical assess-
ment, clinical course, and the presence or absence of antifungal
therapy active against Cryptococcus in vitro. Disseminated cryp-
tococcosis included fungemia, meningitis, high titer of CrAg
(>1:160) predicting meningitis, and an infection with at least 2
positive nonadjacent site cultures [24-26]. Serum CrAg test
was interpreted as true positive if a study participant had a pos-
itive culture for Cryptococcus from any site or clinical manifesta-
tions consistent with cryptococcosis, including pneumonia,
bloodstream infection, meningitis, or sepsis [22]. Otherwise,
serum CrAg was defined as isolated antigenemia.

Patient Consent Statement

This study was approved by the Institutional Review Board of the
University of Tokyo Hospital (approval number 2023046NI).
Given the retrospective nature of the study, the requirement for
patient consent was waived in accordance with the Declaration
of Helsinki. This study was performed in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

RESULTS

Effectiveness of Frequent Testing of Serum CrAg Levels in Liver Transplant
Recipients

During the study period, our institution performed 480
liver transplant surgeries (427 LDLT and 53 DDLT) in 473 indi-
viduals, including 7 recipients who underwent a second liver
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Figure 1. Flow diagram of participant selection. Abbreviations: CrAg, cryptococ-
cal antigen; CSF, cerebrospinal fluid.

transplantation. Pretransplant serum CrAg tests were per-
formed on 471 recipients (471/473 [99.6%]) (424 LDLT and
47 DDLT). Of the 473 recipients, 3 recipients had no posttrans-
plant serum CrAg test results for unknown reasons, and 2 re-
cipients whose liver transplantation was performed in March
2022 did not undergo posttransplant serum CrAg tests by the
end of the study period. None of these 5 recipients had experi-
enced cryptococcosis subsequently. Finally, 468 individuals
(468/473 [98.9%]) (422 LDLT and 46 DDLT) who underwent
serum CrAg tests at least once after liver transplantation were
left for further analysis (Figure 1).

The median age of patients who underwent at least 1 post-
transplant serum CrAg test was 54 years (interquartile range
[IQR], 44-59 years). Male recipients accounted for 52.8%
(247/468) of the patients. Among 468 study participants, 2
were HIV positive (0.4%), while others were all HIV negative.
Viral hepatitis was the primary indication for liver transplanta-
tion (163/468 [34.8%]), followed by autoimmune liver disease
(128/468 [27.4%]). The median observation duration was 44
months (interquartile range [IQR], 14-124 months). For this
population, 12 885 serum samples (median, 16 [IQR, 8-29]

per patient) were submitted for CrAg testing during this peri-
od, either as a screening test for asymptomatic patients or as
a diagnostic test for symptomatic patients (Figure 2).
Pretransplant screening for serum CrAg led to the diagnosis
of cryptococcal pneumonia in 1 candidate for liver transplant
during the study period, resulting in the suspension of surgery.
For the study participants, serum CrAg tests were consistently
performed at a median of 19 days before transplantation
(IQR, 7-28 days), and all were negative. In contrast, posttrans-
plant serum CrAg was positive in 9 patients (9/468 [1.9%]), all
of whom were HIV negative. There was a tendency that male
patients were more likely to have positive serum CrAg tests
than female patients (7/240 [2.9%] vs 2/219 [0.8%]). All the
posttransplant serum CrAg positivity occurred within 1 year
posttransplantation. The incidence rates at 0-3, 3-6, and 6-12
months posttransplant were 0.098 per 1000 patient-days (4 cas-
es/40 660 patient-days), 0.106 per 1000 patient-days (4 cases/37
736 patient-days), and 0.014 per 1000 patient-days (1 case/70
647 patient-days), respectively. Three of the 9 patients (33.3%)
also had positive cultures for Cryptococcus (blood cultures in
2 patients and pleural effusion and ascites cultures in the re-
maining patient), in addition to positive serum CrAg tests, all
of which were identified as Cryptococcus neoformans. Of the re-
maining 6 patients, blood and CSF cultures were assessed in 2
patients and 1 patient, respectively, all of which were negative.
The 1-year posttransplant incidence of culture-proven crypto-
coccosis was 0.6% (3/468) (Table 1). Patients with persistently
negative posttransplant serum CrAg test results had no cultures
positive for Cryptococcus or positive CSF CrAg test results. The
overall test fee for serum CrAg tests (1440 Japanese yen or 9.5
US dollars [USD] for each test) was 122408 USD, indicating
that it cost 13601 USD to identify each positive serum CrAg

case.

Characteristics of Patients With Positive Serum CrAg Test or Culture for
Cryptococcus

Tables 2 and 3 show the characteristics of 9 patients with pos-
itive serum CrAg test results after liver transplantation. Seven
of the 9 patients (77.8%) were male. Eight patients (88.9%)
had positive serum CrAg test results within 180 days of liver
transplantation, and 3 patients (33.3%) had positive serum
CrAg test results within 30 days of transplantation.

Four patients had a clinical diagnosis of pneumonia, blood-
stream infection, or sepsis; thus, their serum CrAg positivity
was interpreted as a true-positive result. Three of the 4 patients
had cultures positive for Cryptococcus (patients 4, 7, and 9).
Among these 4 patients, positive serum CrAg test results led
to prompt therapy in 2 patients before culture results were
available (patients 5 and 9) (2/4 [50.0%]). Patients 4 and 5
received fluconazole monotherapy, patient 7 received liposo-
mal amphotericin B monotherapy followed by fluconazole
monotherapy, and patient 9 received a combination of
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Figure 2. Distribution of the timing of measuring serum cryptococcal antigen (CrAg) following liver transplantation. The timing of serum cryptococcal antigen measurement
in each study participant is plotted horizontally. In total, 468 patients are sorted vertically by the length of follow-up duration. Distribution of the timing was depicted through-
out the follow-up period (A) and within 365 days from liver transplantation (B). Arrows indicate positive serum CrAg.

this regimen.

liposomal amphotericin B and flucytosine followed by flucon-
azole monotherapy. Among the 4 patients, the shortest dura-
tion of serum CrAg positivity was 65 days. Patient 9 died of
uncontrolled disseminated cryptococcosis while receiving  rum CrAg positivity.

not have clinical manifestations suggestive of cryptococcosis.
Three of the 5 patients (60.0%) did not receive antifungal ther-
apy. Semiquantitative serum CrAg was up to 1:128 in patient 8
but was not measured in the other 4 patients. The duration of
positive serum CrAg tests varied from 1 day (patients 1, 2, and
3) to 95 days (patient 8), and we confirmed that subsequent
CrAg tests were negative in all patients. Patient 1 received 4
weeks of fluconazole monotherapy, and patient 8 received
2 weeks of liposomal amphotericin B and flucytosine followed
by about 8 months of fluconazole therapy, respectively. Patients
2 and 3 and patient 6 received no antifungal therapy. None of

The other 5 patients with positive serum CrAg test results did

DISCUSSION

these 5 patients had culture-proven cryptococcosis. Four pa-
tients survived for more than a year, whereas 1 patient died
from an uncontrolled bacterial liver abscess within a year of se-

The present study showed that the 1-year incidences of positive
serum CrAg test results and culture-proven cryptococcosis in
liver transplant recipients under frequent testing of serum
CrAg were 1.9% and 0.6%, respectively. A median of 16 serum
CrAg tests were performed in 468 patients and identified 9
patients with positive serum CrAg test results at the study insti-
tution. In half of the patients with clinical manifestations con-
sistent with cryptococcosis, positive serum CrAg test results
led to early recognition of cryptococcosis and initiation of an-
tifungal therapy before the culture results were available.
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Table 1. Characteristics of Liver Transplant Recipients With Subsequent
Serum Cryptococcal Antigen Tests Performed at Least Once

Overall
Variables (N =468)
Demographics
Age at liver transplantation, y, median (IQR) 54 (44-59)
Male sex 247 (52.8)
Comorbidities
HIV-positive recipients 2(0.4)
Liver transplantation
Living donor liver transplantation 422 (90.2)
Deceased donor liver transplantation 46 (9.8)
Underlying liver disease
Viral hepatitis 163 (34.8)
Autoimmune liver diseases® 128 (27.4)
Alcoholic hepatitis 51 (10.9)
Nonalcoholic fatty liver disease 43(9.2)
Hepatocellular carcinoma 97 (20.7)
Cryptococcal tests
No. of serum antigen tests per patient, median (IQR) 16 (8-29)

Interval between liver transplantation and the day of test, d, 96 (34-243)
median (IQR)

Positive serum antigen test and positive culture 3(0.6)
Positive serum antigen test and negative culture 6(1.3)
Negative serum antigen test and positive culture 0

Data are presented as No. (%) unless otherwise indicated.
Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.

#Autoimmune liver diseases include autoimmune hepatitis, primary biliary cholangitis, and
primary sclerosing cholangitis.

However, in other patients, no clinically apparent cryptococco-
sis subsequently developed, and their prognosis was generally
favorable even without antifungal therapy. These findings sug-
gest that serum CrAg tests should be used for diagnostic testing
in patients with compatible symptoms, rather than for serial
screening of all posttransplant patients.

The utility of CrAg screening has been extensively studied in
treatment-naive patients with HIV infection. A previous study
suggested that CrAg was detected in the blood before clinical
symptoms developed in this population [27], and another clin-
ical trial supported the strategy of screening and preemptive
therapy based on CrAg tests [28]. However, there are scant
data on such a strategy in SOT recipients. In our cohort, no cas-
es of cryptococcosis were overlooked because of negative CrAg
results. However, 12 885 CrAg tests were required to identify 9
patients with serum CrAg positivity. Given the cost and work-
load in the laboratory, serial screening of CrAg in all liver trans-
plant recipients may not be an efficient approach, especially
beyond a year posttransplantation. The difference in the role
of serial CrAg screening between SOT recipients and patients
with advanced HIV infection may be explained by the differ-
ence in the epidemiology of cryptococcosis. First, the incidence
of cryptococcosis in SOT recipients is lower than that in pa-
tients with advanced HIV infection [1, 19]. Second, the timing
of disease onset after transplantation varies among SOT

Table 2. Baseline Characteristics of Patients With Positive Serum Cryptococcal Antigen Tests Following Liver Transplantation

History of Acute Rejection
Within 90 Days of Positive CrAg

Other Immunosuppressing

Maintenance Immunosuppressive
Therapy at the Time of Positive CrAg

Initial Immunosuppressive

Indication for Liver

Factors

Regimen

Donor Type

Transplant

Age/Sex?

Patient No.

Yes
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No
No
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No
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recipients. While the risk of cryptococcosis in patients with
HIV infection declines sharply once antiretroviral agents are
started [29], the timing of cryptococcosis in SOT recipients var-
ies from very early onset (within 30 days of transplantation) to
late onset (beyond a year of transplantation) [30].

Our findings suggest that targeted CrAg screening may be a
better approach than universal CrAg screening in liver trans-
plant recipients. Some risk factors may be useful for risk strat-
ification. The time from liver transplant is likely a key factor.
Consistent with previous reports [30, 31], our study indicated
that patients within 6 months of liver transplant were at the
highest risk for cryptococcosis. Serum CrAg screening strategy
may become more efficient if it only targets this population.
Male sex was proposed as a risk factor for the development
of cryptococcosis by a previous study [32]. A screening strategy
might be more useful in an area with higher prevalence because
there is a considerable regional variation in the prevalence of
cryptococcosis [19]. Of note, disseminated cryptococcosis is a
nationally notifiable disease in Japan, and its incidence among
the entire population in 2020 was 1.2 per million, although data
on HIV status are unavailable [33]. Furthermore, the intensity
of immunosuppression may also need to be taken into consid-
eration [22]. However, we did not identify notable characteris-
tics in the immunosuppressive regimen or a recent history of
rejection in patients with positive serum CrAg tests, possibly
due to a small sample size, nor obtained the data on those
whose CrAg tests were persistently negative. Therefore, the
evaluation of a targeted CrAg screening approach based on
the intensity of immunosuppression warrants further study.

The potential role of fungal biomarkers, such as CrAg, is to
facilitate the diagnosis of invasive fungal infection [34]. In the
present study, serum CrAg positivity led to the early recogni-
tion of cryptococcosis and initiation of antifungal therapy
without awaiting culture results in some patients with com-
patible symptoms. This finding suggests that serum CrAg test-
ing should be encouraged in liver transplant recipients with
clinical manifestations consistent with cryptococcosis, includ-
ing pneumonia, unexplained fever, or sepsis in addition to
meningitis.

Serum CrAg testing is considered highly specific for crypto-
coccosis, and the percentage of false-positive cases has been re-
ported as 0-0.4%; false-positive results have been associated
with the presence of rheumatoid factor or other infections,
such as trichosporonosis [29]. In patients with advanced HIV
infection, cryptococcal antigenemia precedes the development
of symptomatic cryptococcosis in the absence of compatible
manifestations; therefore, it is treated with antifungal agents
[35]. Notably, when cryptococcosis was defined based on pos-
itive culture in our study, its incidence was almost comparable
to that among liver transplant recipients in previous studies
where asymptomatic cryptococcal antigenemia was not includ-
ed [9-11]. However, the incidence in our study tripled if all

positive serum CrAg test results regardless of clinical manifes-
tation were included as a part of the definition. In addition,
some culture-negative, CrAg-positive liver transplant recipi-
ents did not experience subsequent clinically apparent crypto-
coccosis and survived for more than a year without antifungal
therapy. These findings suggest that isolated cryptococcal anti-
genemia may include false-positive CrAg results. Therefore, ex-
tensive screening of serum CrAg levels in the absence of clinical
suspicion of cryptococcosis in liver transplant recipients may
lead to unnecessary antifungal treatment and may be of little
value.

Interestingly, all patients with clinically apparent cryptococ-
cosis had at least 65-day persistence of positive serum CrAg
tests. This finding suggests that a serum CrAg test that is pos-
itive only once in asymptomatic patients may be a clue to iden-
tifying a false-positive result.

The present study had several limitations. First, given the in-
complete documentation, we were unable to ascertain the indi-
cations for each serum CrAg test or the rationale for deferring
antifungal therapy in patients with positive serum CrAg test re-
sults. Second, blood cultures, CSF cultures, CSF CrAg, and
semiquantitative evaluation of serum CrAg, all of which may
help distinguish subclinical cryptococcosis from false-positive
serum CrAg test results in SOT recipients [36], were inconsis-
tently performed in this study. Third, we did not collect patho-
logical data; therefore, we may have overlooked cryptococcosis
diagnosed only using tissue biopsy. However, considering the
relatively sensitive nature of CrAg tests [29] and the consistency
in the incidence of cryptococcosis in the present and previous
studies, it is unlikely that we missed cases. Fourth, our results
may not be applicable to healthcare settings that use the CrAg
lateral flow assay, which is slightly more sensitive than the
CrAg latex agglutination assay [34].

In conclusion, serum CrAg tests are more sensitive than culture
tests in liver transplant recipients and may have the potential for
prompt diagnosis and antifungal therapy in a compatible clinical
context. However, given the low prevalence of cryptococcosis, fre-
quent screening of serum CrAg in all liver transplant recipients
may include false-positive results and may be of little value, espe-
cially when performed beyond 1 year posttransplantation.
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