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Antibody immunity has not been studied in organ transplant
recipients (OTRs) with cryptococcosis. We determined
serum antibody levels in OTRs: 23 cryptococcosis cases
and 21 controls. Glucuronoxylomannan immunoglobulin
M (IgM) and laminarin IgM were lower in cases than
controls, were inversely associated with cryptococcosis
status, and may hold promise as markers of cryptococcosis.
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Cryptococcosis is the third most common invasive fungal
disease in organ transplant recipients (OTRs) [1], with
1-year mortality approaching 30% [2]. Cryptococcus neofor-
mans (CN) capsule glucuronoxylomannan (GXM)– and
laminarin (Lam, a branched β-[1-3]-glucan found on the
CN cell wall)–binding antibodies [3–5] have been associated
with cryptococcosis status or risk in human immunodefi-
ciency virus (HIV)–infected and HIV-uninfected persons
[6], but have not been studied in OTRs. We examined post-
transplant antibody profiles in OTRs with and without a his-
tory of cryptococcosis.

METHODS

Patient Consent Statement

This case-control study was approved by the Institutional
Review Board (IRB) of the University of Alabama,
Birmingham (UAB). All patients provided written informed
consent, and the samples were studied under an Albert
Einstein College of Medicine IRB–approved protocol.

Study Population

OTRs were recruited at UAB from 1 January 2013 to 31
December 2018. Inclusion criteria included a history of organ
transplantation and a history (cases) or no history (controls)
of posttransplant cryptococcosis diagnosed by positive crypto-
coccal antigen (CrAg) test or body fluid cultures.

Demographics

Demographics were abstracted from the medical record, in-
cluding the type and year of transplant, age, race, and immuno-
suppression regimen at enrollment. For cases, time from
diagnosis to sample collection and the site of infection were
recorded.

Sample Collection and Processing

Whole blood samples collected at UAB were shipped overnight
to Einstein, where serum was separated by centrifugation and
stored at –20°C until use.

Serologic Studies

Serum immunoglobulinM (IgM), immunoglobulin G1 (IgG1),
and immunoglobulin G2 (IgG2) concentrations were measured
using a Luminex platform (Austin, Texas) as previously de-
scribed and quantified in units of micrograms per milliliter
[3, 5]. CN GXM- and Lam-binding IgM/IgG were measured
as previously described and reported as titers [3, 5]. Serum
CrAg detection was done using lateral flow assay (IMMY,
Norman, Oklahoma).

Statistical Analysis

Baseline characteristics were compared using the Wilcoxon
rank-sum test for continuous and Fisher exact or χ2 test for
categorical variables. Univariate and multivariable logistic
regression models were built with cryptococcosis status as
the outcome and demographics and antibody titers as inde-
pendent variables, and receiver operating characteristic
(ROC) curves were calculated based on the multivariable
model. Principal component analysis (PCA) was done to ac-
count for the correlation between variables. No correction
was made for multiple comparisons, and all analyses were
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exploratory. R and RStudio were used (Supplementary
Materials).

RESULTS

Table 1 shows the demographics of the 23 posttransplant
cryptococcosis cases and 21 controls. Distribution of organ
recipients was as follows: kidney, 59.1%; heart, 22.7%; liver,
15.9%; and lung, 6.8%. Median age was 56 years, with no
difference between groups. There were more female (39%
vs 9.5%, P= .02) and fewer African American (8.7% vs
33%, P= .06) cases than controls. Most participants (43/44
[98%]) received calcineurin inhibitors (CNIs). There
was no significant difference in immunosuppressant use be-
tween cases and controls. Serum CrAg was positive in 21 of
23 (91.3%) cases and negative in all 21 controls. The median
number of years from most recent transplant to cryptococ-
cosis diagnosis was 1 year (interquartile range [IQR], 0–3
years), and median days between cryptococcosis diagnosis
and study enrollment was 32 days (IQR, 6–168 days).

Antibody Profiles

Median IgG1 (1057 vs 1516 µg/mL, P= .03) and IgG2 (724 vs
1097 µg/mL, P= .055) concentrations were lower in cases
than controls. Median inverse titers of GXM-IgM (11 vs 42,
P= .001), Lam-IgG (319 vs 589, P= .05), and Lam-IgM (49
vs 132, P= .008) were lower in cases than controls (Table 1;
Supplementary Figure 1).

Logistic Regression

GXM-IgM and Lam-IgM were inversely associated with
cryptococcosis status in univariate analysis (Figure 1).
Neither was significant in a multivariable model including
antibodies and sex due to the strong correlation between
GXM-IgM and Lam-IgM (Supplementary Figure 2).
Antibody levels were inversely associated with cryptococco-
sis status in models including sex and either GXM-IgM
(odds ratio [OR], 0.40, P= .01) or Lam-IgM (OR, 0.33, P=
.01) (Figure 1). To analyze the discriminatory ability of the
biomarkers in predicting cryptococcosis status, we con-
structed two ROC curves. The first depicted the sensitivity
and specificity at various thresholds for the final multivari-
able model that included Lam-IgM, GXM-IgM, and sex,
which resulted in an area under the ROC curve of 80.3%
(95% confidence interval [CI], .66–.92) (Supplementary
Figure 3A). To ensure that sex was not driving the results
of the curve, a second ROC curve was developed that includ-
ed GXM-IgM and Lam-IgM titers without sex and found a
77.6% probability (95% CI, .62–.91) to predict cryptococco-
sis status (Supplementary Figure 3B), comparable to the
model including sex. ROC analyses for GXM-IgM showed
an optimal titer cutoff at 1:25, Lam-IgM at 1:158, and

corresponding sensitivity, specificity, positive predictive val-
ue, and negative predictive value of 0.90, 0.67, 0.73, and 0.88,
respectively, for GXM-IgM, and 0.95, 0.48, 0.65, and 0.91, re-
spectively, for Lam-IgM (Supplementary Table 1).

Table 1. Demographic and Laboratory Attributes of Solid Organ
Transplant Recipients With and Without Cryptococcosis

Characteristic
Control Group

(n=21)
Case Group
(n=23)

P
Value

Age, y, median (IQR) 56 (47–60) 56 (49–66) .5

Sex, No. (%) .02

Male 19 (90) 14 (61)

Female 2 (9.5) 9 (39)

Race, No. (%) .06

White 14 (67) 21 (91)

Black 7 (33) 2 (8.7)

CNS cryptococcosis, No
(%)

NA 11 (48)

Transplanted organ, No.
(%)

.8

Lung 2 (9.5) 1 (4.3)

Heart-kidney 1 (4.8) 0

Kidney 8 (38) 12 (52)

Liver 3 (14) 3 (13)

Kidney-pancreas 3 (14) 1 (4.3)

Heart 4 (19) 5 (22)

Liver/kidney 0 1 (4.3)

Transplant year, median
(IQR)

2012.5 (2010–2015) 2011 (2010–2013)

Time from transplant to
cryptococcosis, y,
median (IQR)

NA 1 (0–3)

Time from
cryptococcosis to
enrollment, d, median
(IQR)

NA 32 (6–168)

Immunosuppressive
agents, No. (%)

Corticosteroids 17 (81) 17 (74) .7

Calcineurin inhibitors 22 (100) 22 (96) ..9

MMF 16 (76) 17 (74) .9

mTOR inhibitors 3 (14) 2 (8.7) .7

CN-binding antibodies
(1/titer), median
(IQR)a

GXM-IgM 42 (15–99) 11 (6–16) .001

GXM-IgG 298 (155–414) 163 (103–410) .2

Lam-IgM 132 (44–346) 49 (36–105) .008

Lam-IgG 589 (393–1199) 319 (157–959) .05

Non-CN-specific
antibodies, µg/mL,
median (IQR)a

IgM 777 (476–1122) 608 (228–723) .1

IgG1 1516 (1238–2441) 1057 (709–1682) .03

IgG2 1097 (540–1644) 724 (339–1028) .055

Abbreviations: CN, Cryptococcus neoformans; CNS, central nervous system; GXM,
glucuronoxylomannan; IgG, immunoglobulin G; IgG1, immunoglobulin G1; IgG2,
immunoglobulin G2; IgM, immunoglobulin M; IQR, interquartile range; Lam, laminarin;
MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; NA, not applicable.
aData regarding antibody titers were missing for 2 patients in the case group.
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DISCUSSION

In this retrospective single-center, case-control study, serum
GXM-IgM and Lam-IgM were lower in OTRs who developed
posttransplant cryptococcosis than controls without cryptococ-
cosis and inversely associated with cryptococcosis status after
adjustment for sex. OTRs who developed cryptococcosis also
had lower IgG1 and IgG2 levels than those who did not.

Our data associating GXM-IgM with cryptococcosis status
aligns with the study of Jalali et al, in which pretransplant
GXM-IgM was lower in OTRs who developed cryptococcosis
than those who did not, although posttransplant GXM-IgM
was higher [7]. However, a major difference between the stud-
ies is that 75% of the OTRs reported herein received mycophe-
nolate, which may affect B cells that produce naturally
occurring and carbohydrate (GXM)–binding antibodies [8]
and was not used in the Jalali et al cohort. The effect of CNIs,
used in all participants in our study except 1 case, may be com-
plicated. While CNIs inhibit T-cell proliferation, B-cell re-
sponses, and immunoglobulin production [9], cyclosporin
protected mice against cryptococcal infection [10], and tacroli-
mus, which has anti-cryptococcal activity in vitro [11], may
protect against disseminated cryptococcosis [12].

Our findings parallel previous studies. GXM-IgM was lower
in HIV-infected than HIV-uninfected persons [13, 14] and in
HIV-infected persons with than without cryptococcosis [15,
16] or cryptococcal antigenemia [3]. Lam-IgMwas inversely as-
sociated with cryptococcal antigenemia [3] and cryptococcal

immune reconstitution inflammatory syndrome [5] in
HIV-infected individuals. Our data in another high-risk popu-
lation suggest the hypothesis that GXM/Lam-IgMmay enhance
resistance to cryptococcosis. In support of this concept,
GXM-IgM can phagocytose and kill CN in vitro [17] and in
mice [18, 19]. β-glucan–binding antibodies inhibit CN growth
in vivo and in vitro [20, 21] and Titan-like cell formation in vi-
tro [22], and dampen CN-mediated inflammation [5, 23].
Furthermore, reduced levels of IgM memory B cells, the major
source of serum IgM, including naturally occurring antibodies
to β-glucans like Lam [4, 24], was associated with cryptococco-
sis in an HIV-infected [16] and HIV-uninfected cohort from
the same center [6]. Thus, it is logical to posit that GXM/Lam
IgM may enhance resistance to cryptococcosis in OTRs, per-
haps by helping to maintain CN in a latent state [25].
We did not find a significant difference in GXM-IgG between

groups. However, IgG1 levels of the entire cohort were 8-fold

lower than normal adult levels, perhaps reflecting a loss of poten-

tially responding B-cell precursors. Perturbations in GXM/

Lam-IgG inHIV-associated cryptococcosis have been noted pre-

viously [3, 5, 6, 14, 15]. Differences in naturally occurring GXM/

Lam-binding antibodies in high-risk (eg, HIV,OTR) and control

populations, along with experimental evidence of their ability to

control CN replication and dissemination, suggest that they

might have diagnostic or prognostic significance. Given the

need for tools for earlier diagnosis of OTR-associated cryptococ-

cosis, this concept warrants investigation.

Figure 1. Forest plot of the demographic and laboratory predictors of cryptococcosis in univariate (A) and multivariable logistic regression models (B–D). Multivariable
regression models were fitted with both glucuronoxylomannan (GXM) immunoglobulin M (IgM) and laminarin (Lam) IgM included (B) and with GXM-IgM (C ) and Lam-Ig-
M (D) separately given the collinearity between the 2 variables. Lam-IgM and GXM-IgM were significantly associated with cryptococcosis status when fitted separately
(C and D). Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; GXM, glucuronoxylomannan; IgG, immunoglobulin G; IgM, immunoglobulin M; Lam, laminarin;
MMF, mycophenolate mofetil; mTOR, mammalian target of rapamycin; OR, odds ratio.
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The strengths of this study include the use of well-established
assays to measure CN-binding antibodies [3, 5–7]. We also
used ROC curves to estimate the discriminatory ability of com-
binations of antibody markers to predict disease status and
PCA to correct the multicollinearity by reducing the dimension
but preserving the maximum variance. ROC analysis and unsu-
pervised machine learning algorithms such as PCA may pro-
vide valuable insights into predictive markers in exploratory
studies. Serum CrAg testing, a well-studied screening tool in
HIV-infected individuals, has not been studied in OTRs [26].
Our data call for prospective studies to test the association of
antibody profiles and cryptococcosis risk. This may provide a
host-based screening test that could also inform the develop-
ment of novel therapeutics and vaccines.

Limitations include the retrospective, single-center nature
of the study. Variable time had elapsed between time of
transplantation, cryptococcosis, and enrollment; the 2
groups were not recruited concurrently; and blood samples
were obtained at 1 nonstandardized time. There were no pre-
cryptococcosis sample and we cannot draw causal associa-
tions between antibody levels and cryptococcosis status.
We did not examine B-cell subsets, which might have shed
light on differences in IgM/IgG populations. We did not
have a cohort not receiving immunosuppressants to assess
the effect of immunosuppressants on antibody or B-cell lev-
els, although perturbation in CN-specific antibody levels
were identified in HIV-uninfected persons with cryptococ-
cosis from the same center [6]. Standard immunosuppres-
sants affect T cells and we did not assess cellular
immunity, which could be a confounder. We did not control
for possible cirrhosis, hematological malignancy, or active
chemotherapy, which may have been confounders. There
were proportionally more female cases than controls, likely
by chance given small sample size, but sensitivity analysis
without sex as a variable did not significantly change the
ROC analysis.

CONCLUSIONS

OTRs with cryptococcosis had lower GXM-IgM and Lam-IgM
antibody levels compared to controls. Together with previous
studies, our findings suggest the hypothesis that GXM/
Lam-IgM may be beneficial in resistance to OTR-associated
cryptococcosis. A larger prospective study is needed to investi-
gate antibody markers as risk-stratifying tools for earlier diag-
nosis of OTR-associated cryptococcosis.
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