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Abstract

Introduction: We describe the immunophenotyping and genetic analysis of human immunodeficiency virus (HIV)-uninfected apparently im-
munocompetent adults presenting with disseminated cryptococcosis. Cryptococci are environmentally ubiquitous fungi that may cause dissem-
inated infection, including meningitis. Cryptococcosis occurs predominantly in immunocompromised hosts and most commonly in the context
of HIV infection. In apparently immunocompetent patients, cryptococcal disease is rare, often diagnosed later and associated with higher mor-
tality. The immunologic work-up and management of this patient group are challenging and poorly studied.

Methods: Between 2015 and 2021, eight apparently immunocompetent adults at the time of diagnosis with cryptococcosis underwent ex-
tensive diagnostic immunological work-up, including T/B-cell subsets, immunoglobulins, T-cell proliferation and phenotyping, serum-specific
antibody responses, mannose binding lectin, measurement of selected cytokines, anti-cytokine autoantibodies and targeted genetic next-
generation sequencing.

Results: The production of interleukin (IL)-17 following phytohaemagglutinin (PHA) stimulation was significantly reduced in all eight patients
with cryptococcosis compared to healthy controls (median Il-:17 concentration in whole blood stimulation assay 88.1pg/mL in patients; 452.1pg/
mL in controls, P=0.0047). In 5/5 patients tested, the percentage of CD4* T-cells positive for IL-:17 including memory CD4*CD45RO* 17+ T
cells, after stimulation with staphylococcal enterotoxin B (SEB) was significantly reduced (<0.4% cells). Reduced IgM* memory B cells were
noted in 4/5 tested. 4/8 patients were found to have CD4 lymphopaenia. One patient with Cryptococcus gattii infection had autoantibodies
against granulocyte-macrophage colony-stimulating factor (GM-CSF). No underlying genetic causes were identified.

Conclusions: Patients had several immunological risk factors, but reduced IL-17 production was a striking feature across the cohort—a pheno-
type that may facilitate tailored immunotherapeutic approaches.
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Immunological Susceptibility
to Cryptococcosis
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Abbreviations: AIDP: acute inflammatory demyelinating polyneuropathy; APECED: autoimmune polyendocrinopathy and ectodermal dysplasia; CNS: central
nervous system; CM: cryptococcal meningoencephalitis; CT CAP: computed tomography of chest abdomen and Pelvis; GM-CSF: granulocyte-macrophage
colony-stimulating factor; GRID: genomics of rare immune disorders; HIV: human immunodeficiency virus; ICL: idiopathic CD4* lymphopaenia; IFN: interferon;
IgA, 1gG, IgM: immunoglobulins A, immunoglobulin G, immunoglobulin M; IL-(17): Interleukin-(17); IUIS: International Union of Immunological Societies; LPS:
lipopolysaccharide; MIC: minimum inhibitory concentration; NGS: next-generation sequencing; PAP: pulmonary alveolar proteinosis; PET CT: positron emission
tomography-computed tomography; PHA: phytohaemagglutinin; PID: primary immunodeficiency; PMA: phorbol 12-myristate 13-acetate; SEB: staphylococcal

enterotoxin B; TNF: tumour necrosis factor

Introduction

Cryptococcus is an opportunistic human fungal pathogen
that can cause pulmonary disease, mass-like lesions
(cryptococcomas) and a disabling and frequently fatal menin-
goencephalitis [1]. As an environmental saprophyte, exposure
to Cryptococcus via inhalation is universal, and infection,
as evidenced by anti-capsular antibody to cryptococcus [2]
appears to be common, yet disseminated disease is rare.
Globally, cryptococcal meningoencephalitis (CM) poses a
major threat in patients with human immunodeficiency virus
(HIV) infection and CD4* T-cell counts < 100 cells/pL, who
have a 6% prevalence of disseminated infection (cryptococcal
antigenemia) and in whom CM accounts for an estimated
19% of all deaths [1, 3]. Patients undergoing solid organ
transplantation are also at increased risk, with an estimated
incidence of cryptococcosis of ~2% [4]. However, as access
to early antiretroviral therapy and antifungal prophylaxis
following transplantation has improved, the proportion of
non-HIV, non-transplant patients with cryptococcal infec-
tion has increased, particularly in resource-rich settings. In
large United States cohorts, such cases now form up to 40%
of all patients with cryptococcosis, many of whom have no

immediately apparent immunodeficiency [5]. In this group,
diagnosis may be delayed and response to therapy is poor,
with acute mortality rates of 40-50% [6, 7], exceeding those
for patients with HIV-associated CM in developed coun-
tries [8]. This may reflect an inferior understanding of the
immunopathogenesis and thus treatment of cryptococcosis in
the apparently immunocompetent host [9-11], compared to
in the context of HIV.

In HIV-infected patients, a defect in CD4* T-cell medi-
ated immunity is the major determinant of cryptococcal in-
fection susceptibility and severity, with reduced CD4* T-cell
counts and dysregulation of or defective pro-inflammatory
cytokine (interferon-gamma, IFN-y and tumour necrosis
factor-alpha, TNF-a) responses of particular importance [9,
12, 13]. Immunotherapy with adjunctive IFN-y has been
shown to improve cryptococcal clearance [9, 12]. CD8*
T-cells are also likely to contribute to antifungal immunity
[14]. Immunological abnormalities in the B-cell compartment
have also been described as potential risk factors, including
reduced IgM* memory B cells [15].

In non-HIV-infected, non-transplanted hosts, idiopathic
CD4* lymphopaenia (ICL) is a recognized risk factor for
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cryptococcosis [16, 17]. Production of the pro-inflammatory
cytokine IL-17, particularly by IL-17* CD4* helper T cells,
is of known importance in antifungal immunity, with in
vitro and animal studies suggesting a direct role in crypto-
coccal immunity [18-23]. CM has been described in individ-
uals receiving therapeutic anti-IL-17 monoclonal antibodies
[24], appearing in the Food and Drug Administration label
for brodalumab [25]. A role for other cytokines in suscepti-
bility to cryptococcosis is demonstrated by its development
in the presence of anti-cytokine autoantibodies, for example,
against IFN-y [26]; or against granulocyte-macrophage
colony-stimulating factor (GM-CSF) in cases of C. gattii
[27]. Reduced IgM memory B-cells have also been described,
mirroring findings in HIV-infected individuals [28]. Human
genetic polymorphisms in immune response genes (Fc-y re-
ceptor, mannose binding lectin, cytokines) have been linked
to cryptococcal susceptibility in both HIV-infected and
-uninfected hosts [29-32].

Echoing these pathomechanisms, rare primary immuno-
deficiency (PID) syndromes known to predispose to fungal
(including cryptococcal) infection include those with com-
bined defects including impaired T-cell function or number (e.g.
CD40-Ligand deficiency); impaired phagocyte function (e.g.
chronic granulomatous disease); or impaired IL-17 signalling
(e.g. Hyper-IgE syndrome, autoimmune polyendocrinopathy
and ectodermal dysplasia, APECED, STAT1 gain of function)
[33, 34]. Indeed, invasive cryptococcal disease has been de-
scribed several times in patients with Hyper-IgE syndromes
[35-37] and STAT1 gain-of-function mutations [38-40],
where the major immunological abnormality is impaired
IL-17 signalling [41]. However, cryptococcosis is relatively
rare even in these conditions, possibly influenced by the use
of prophylactic azole antifungals and a paucity of data from
regions with the highest rates of cryptococcal infection.

Here we describe detailed immunological analyses of eight
apparently immunocompetent HIV-uninfected adults pre-
senting to the hospital with disseminated cryptococcosis.

Methods
Study population

Case histories of patients presenting with dissemin-
ated cryptococcal infection were retrospectively collated
across 6 tertiary referral hospitals in London, UK. Detailed
immunophenotyping and immunogenetic assessments were
performed prospectively as part of routine patient clin-
ical management and care following referral for specialist
Immunologist assessment. Laboratory healthy control sam-
ples were collected contemporaneously for required immuno-
logical assays, according to diagnostic laboratory standard
operating procedures, from healthy adults with informed con-
sent (Research Ethics Committee [REC] approval reference
numbers 04/Q0501/119 and 06/Q0508/16). Patients were
additionally counselled and written consent obtained before
undergoing genetic testing (ethical approval from East of
England Cambridge South National REC reference numbers
13/EE/0325). Case histories were summarized and labora-
tory data collected by the patients’ clinicians/ study authors
from clinical and laboratory records at individual centres.
Individuals with no identifiable defined primary or secondary
immune deficiency syndromes were included for analysis in
this study. Other individuals with invasive cryptococcosis,

subsequently found to have underlying definitive primary or
secondary causes of immune deficiency, were also considered
for comparison (e.g. STAT3 hyper IgE syndrome, lymphoma).
We make a distinction between these two cohorts of patients,
as those without an immunodeficiency diagnosis have less
clearly defined management, which may be associated with
a worse prognosis [6-8]. A fully anonymised case series was
established to collate data on clinical outcomes for this rare
cohort; thus, additional ethical approval was not required as
per current UK Health Research Authority guidance.

Diagnostic immunological and genetic assays

The following assays were performed on patient samples: T-
and B-cell lymphocyte subsets; immunoglobulins (IgA, IgG,
and IgM); and mannose-binding lectin levels. T-cell prolifer-
ation was compared to contemporaneously processed healthy
controls following stimulation with several broad-acting
T-cell stimuli [42]. Peripheral blood mononuclear cells iso-
lated from patient or control blood samples were stained
with carboxyfluorescein diacetate succinimidyl ester (CFSE),
aliquots were left unstimulated or stimulated with anti-CD3,
costimulator CD28, or phytohaemagglutinin (PHA), incu-
bated for 96 hours at 37°C, then washed and stained with
fluorochrome-conjugated T-cell markers, and proliferation
index for T cells was calculated by gating CD3 + lymphocytes
and measuring CFSE by flow cytometry.

Anti-cytokine antibody testing was performed using multi-
plexed particle-based flow cytometry as described [43]. In
brief, recombinant human cytokines were covalently coupled
to activated carboxylated beads through incubation at 20
pg/ml for 3 h at room temperature on a rotator. Cytokine-
coupled beads were washed, stored in blocking buffer (10 mM
PBS, 1% BSA, 0.05% NaN,), then incubated with plasma or
serum from patients or controls for 1 h in 96-well filter plates
at room temperature in the dark on a shaker. Fluids were as-
pirated and beads were washed, incubated for 30 min with
PE-labelled anti-human IgG-Fc antibody, washed and resus-
pended in 100 ul PBS/Tween for analysis. Successful coupling
of the cytokines to their respective bead sets was verified with
specific monoclonal antibodies.

Cytokine release assays were performed following in
vitro whole blood incubation of patients or contemporan-
eous healthy controls with stimuli including PHA, as de-
scribed [44]. Blood samples were diluted 1:5 (Roswell Park
Memorial Institute medium) into 96-well F plates and stimu-
lated with PHA; supernatants were analysed after 24 hours
for cytokine production compared to unstimulated wells.
Cytokine levels were determined by multiplexed particle-
based flow cytometry on a Luminex analyser, according to
the manufacturer’s recommendations (Fluorokine MAP;
R&D Systems). All cytokine measurements were standard-
ized on lymphocyte or monocyte counts obtained from full
blood count as follows: IFNy and IL-17A levels were reported
as pg/10° lymphocytes, and IL-6, TNFa, and IL-1 were re-
ported as pg/10° monocytes.

Intracellular cytokine staining for percentage of IL-17+
CD4* helper T cells, including the CD45RO* memory popu-
lation, was measured compared to healthy controls after
stimulation with superantigen staphylococcal enterotoxin B
(SEB) (directly crosslinking T-cell receptors to major histo-
compatibility complex II for polyclonal T-cell proliferation
and differentiation). Anti-cytokine antibodies were compared
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to contemporaneously processed healthy control sam-
ples (including IFN-y, IFN-a, IFN-w, IFN-f, 1L-12, IL-23,
GM-CSE, IL-6, IL-17A, IL-17F, IL-22, G-CSF, and IL-8).

Assays were performed in immunology diagnostic UK
National Health Service laboratories.

All patients also underwent targeted genetic screening
for known or suspected immunodeficiency genes via the
Genomics of Rare Immune Disorders (GRID) panel, as de-
scribed [45]. This panel includes 279 genes described to cause
PID, including all those in the 2015 International Union of
Immunological Societies classification of PID [46], with not-
able relevant genes to the interleukin-17 (IL-17) pathway and
fungal immunity: AICDA, AIRE, DOCKS8, CD40LG, CD40,
CYBA, CYBB, GATA2, IL17A, IL17F IL17RA, IL17RC,
NCF1, NCF2, NCF4, STAT3, and UNG.

Statistical analysis

Data were collated and analysed using GraphPad Prism ver-
sion 10 (GraphPad Software, Boston, MA, USA). For com-
parison between patient and control cytokine production, a
two-tailed Mann—-Whitney test was used.

Results

Case histories
Clinical presentation

Median age at presentation was 43 (range 30-51), with
5 male and 3 female cases. All patients had disseminated
cryptococcosis, with symptomatic CNS involvement in 6 of
8 (manifesting as subacute headache with or without fever,
vomiting, confusion, visual and hearing loss; MRI brain im-
aging showed multiple hyperintense white matter lesions with
or without evidence of hydrocephalus), two of whom had
concomitant lung lesions on imaging. One patient had spinal
osteomyelitis with an epidural abscess; another had dissemin-
ated abscesses in the lung, liver, bone and muscle. The causa-
tive organism was C. gattii in one patient presenting with
CNS and lung focal lesions- the seven other patients cultured
C. neoformans from CSF, bone or muscle biopsies. In terms
of past medical history, two patients had a history of recur-
rent childhood bacterial infection (otitis media+/— sinusitis,
tonsillitis); one patient had a recent diagnosis of eczema; one
patient had a history of mild mixed connective tissue disease
not requiring immunosuppressive therapy. The other four pa-
tients reported no past medical history.

Treatment and outcome

All eight patients received inpatient treatment with intra-
venous amphotericin B and flucytosine induction therapy
(duration 4-6 weeks), followed by consolidation (8 weeks)
then maintenance therapy with fluconazole, according to
guidelines [47]. One patient received steroids following in-
duction therapy to manage raised intracranial pressure; ster-
oids had been stopped in this patient prior to immunological
evaluation. No other patients received immunosuppressive
therapy as part of clinical management.

In total, seven of the eight patients survived, one patient
died at 10 months from initial diagnosis due to recurrent,
progressive CNS disease despite antifungal therapy. Survivors
were followed up in specialist infectious diseases outpatient
clinics for a median (range) of 3 years (18 months-10 years),
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as well as evaluated in specialist Immunology clinics. At last
follow-up, three had persistent neurological impairment (leg
weakness requiring wheelchair in the spinal osteomyelitis
case; cognitive deficit and visual deficit in two with menin-
gitis); four had made a full recovery.

Anonymised clinical case histories are summarized in Table

1.

Basic immunological testing revealed variable
evidence of CD4 lymphopaenia in some patients.

Table 2 summarizes the immune investigations for each pa-
tient. All patients had negative HIV serologies and none had
significant hypogammaglobulinemia.

Four patients were found to have CD4 lymphopaenia with
counts ranging from 0.034-0.207 x 10"9/L (normal range
0.3-1.4 x 1079/L), which persisted following successful treat-
ment and resolution of CM in all three surviving patients.
Supplementary figure S1 shows the time from diagnosis of
cryptococcosis to immunophenotyping blood tests. One
of these patients had a low CD4* T-cell percentage of total
lymphocytes despite lymphocytosis at presentation, with pro-
gressive severe panlymphopaenia and CD4 lymphopaenia as-
sociated with a protracted, complex clinical course resulting
in death. Notably, this patient had persistently absent CD2
expression despite the presence of CD3* cells, potentially sug-
gestive of a T-cell malignancy or primary T-cell defect. However,
investigations for haematological malignancy, including posi-
tron emission tomography-computed tomography (PET CT),
bone marrow histology and immunophenotyping, did not
identify malignancy, and no genetic disorder was identified
via the GRID panel (see below). Two patients had signifi-
cant impairment of T-cell proliferation in the context of CD4
lymphopaenia. Five patients had evidence of at least border-
line impairment of T-cell proliferation on one occasion, but
not a profound or sustained abnormality.

Four patients had reduced B-cell counts, albeit none less
than 70% of the lower limit of normal (Table 2). Where tested,
several patients also had abnormalities of B-cell phenotype;
the most consistent abnormality being a reduced percentage
of IgM* memory B cells in four patients (<7.4% total B cells).

Mannose binding lectin levels were within normal limits
(>1 mg/L) in S patients, borderline (0.98 mg/L) in one and
absent in two.

Whole blood cytokine release assay demonstrates
impairment of IL.-17 release with polyclonal T-cell
stimulation.

We proceeded to measure cytokine release in a whole blood
stimulation assay [44]. Notably, patients demonstrated re-
duced IL-17 release in response to broad T-cell stimulation
with PHA when compared to contemporaneous healthy con-
trol blood, with significantly lower release in the patients
overall (median [IQR] IL-17 concentration 88.1 [158.5] pg/
mL in patients vs 452.1 [528.0] pg/mL in controls, Mann—
Whitney U test p = 0.0047, Figure 1a), albeit one patient’s re-
sult was in the normal range. Two patients underwent repeat
testing during convalescence and the same pattern was ob-
served. Notably, there was no correlation between IL17 pro-
duction and either CD4 + T-cell count or T-cell proliferation
results.

Of note, other patients with invasive cryptococcosis seen
over the same period, who were subsequently shown to have
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Figure 1: A. Concentration of IL-17 (pg/ml) in supernatants of whole blood from eight patients with cryptococcosis and contemporaneously processed
controls following stimulation with PHA. B. Concentration of IFN-y, TNFq, IL-6, and IL-1p in supernatants of whole blood from eight patients with
cryptococcosis and contemporaneously processed controls following stimulation with PHA. Key: **: P < 0.005 Mann-Whitney U test; ns = not

significant Mann-Whitney U test.

clearly defined primary or secondary immune deficiency syn-
dromes that would cause susceptibility to cryptococcosis and
therefore not reported in detail in this series, also had mark-
edly reduced IL-17 production in the same range as the pa-
tients presented here, without other marked abnormalities of
cytokine levels or other immunological tests (Supplementary
Figure S2).

In addition, individual patients in our cohort demonstrated
further patterns of abnormality, the most common being re-
duced IFN-y production (patients 1, 3, 5, and 6), including
two specifically in response to the fungal cell wall antigen
[B-D-glucan. Nevertheless, there was significant heterogeneity

across the cohort, and no overall difference between patients
and controls in the measured concentrations of IFN-y, TNF-
o, IL-6 and IL-1f (the latter measured in six patients) fol-
lowing PHA stimulation (Figure 1b).

In view of the apparent reduction in IL-17 release in the
whole blood assay, we also determined the percentage of CD4*
T-cells positive for IL-17 after stimulation via flow cytometry
in five of eight patients. Four patients demonstrated results
below the lower end of the reference range (>0.4% CD4*
memory CD45RO* cells), with one patient with a borderline
low result of 0.4% (Table 2). Supplementary Figure S3 shows
representative FACS plots from a healthy control compared
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to a patient with a low percentage of CD4* CD45RO* T cells
expressing IL-17.

Anti-GM-CSF antibodies were only seen in
association with C. gattii infection

Analysis of anti-cytokine antibodies revealed high titres of
anti-GM-CSF autoantibody in the patient with C. gattii in-
fection, with no clinical features of pulmonary alveolar
proteinosis developing to date. All other patients were nega-
tive for autoantibodies to Th1/TH17 cytokines, type I/II inter-
ferons and GM-CSE.

Targeted next-generation sequencing

We performed next-generation sequencing of 279 genes
known to be associated with primary immunodeficiency
on the GRID panel, including notable relevant genes to the
interleukin-17 (IL-17) pathway and fungal immunity:
AICDA, AIRE, DOCKS8, CD40LG, CD40, CYBA, CYBB,
GATA2, IL17A, IL17E IL17RA, IL17RC, NCF1, NCF2,
NCF4, STAT3, and UNG [45] in all patients. No known
causative mutations were identified in these eight patients.

Discussion

Cryptococcosis is a serious disease, occurring usually in the
context of advanced HIV, severe primary immunodeficiency,
or significant iatrogenic immunosuppression. We herein de-
scribe eight apparently healthy adults with disseminated
disease in the absence of an identified syndrome associated
with a risk of fungal infection. Immunologically, the most
consistent finding was reduced IL-17 release following poly-
clonal T-cell stimulation, observed on two separate assays.
This reduced IL-17 production was not simply due to reduced
CD4* T-cell numbers (seen in four of eight participants), as
demonstrated by the reduced proportion of T-helper cells ex-
pressing IL-17 on flow cytometry.

This finding is consistent with other observations in patients
with invasive cryptococcosis who have a well-recognized risk
for opportunistic infection, genetic or otherwise [33-335, 38,
39, 48]], and with results from patients seen at our centres
over the same time period with known risks. Impaired IL-17
release or response is a recognized feature of Hyper IgE
Syndrome, APECED, STAT1 gain-of-function and mutations
directly within the IL-17 gene or its receptor [33, 34, 39, 41].
These disorders are associated with increased risk of fungal
infection, with predominant manifestations being chronic
mucocutaneous candidiasis, (in part due to the ubiquitous
colonization of human skin and mucosa with candida), as
opposed to disseminated fungal infections or cryptococcosis.
Still, whilst rare, cryptococcosis has been described in patients
with Hyper-IgE syndromes [35-37], STAT1 gain-of-function
[38-40], and in individuals receiving therapeutic anti-IL-17
monoclonal antibodies [24, 25]. This strongly suggests that
impairment of the IL-17 pathway is a risk factor for crypto-
coccal disease. The discovery of underlying conditions in
patients presenting with disseminated cryptococcal infec-
tion underlies the importance of specialist immunological
work-up.

Patients presented in this cohort had no significant clin-
ical features of primary immune deficiencies associated with
chronic mucocutaneous candidiasis. Nonetheless, the reduc-
tion in IL-17 production within this cohort was as marked

Townsend et al.

as those with PID associated with increased susceptibility to
fungal infection (Supplementary Figure S2), and was the most
consistent immunological finding. Normal levels of IL-6 sug-
gest that signalling driving the differentiation of Th17 cells
for IL-17 production is likely to be intact [49, 50]. We there-
fore hypothesise that a reduction in IL-17* CD4* T-helper cells
directly increases the risk of invasive cryptococcal disease, for
example by compromising IL-17-mediated activation of the
innate lung mucosal immunity; the primary site of exposure
to Cryptococcus [51].

However, we acknowledge that impaired IL-17 release may
not have been the only risk, and several individuals dem-
onstrated additional immunological abnormalities. TFN-y
release was reduced in some patients after polyclonal stimula-
tion of whole blood. Notably, two individuals demonstrated
impaired release of IFN-y and other cytokines in the whole
blood assay in response to [3-D-glucan. This raises the pos-
sibility of a specific failure to respond to fungal antigens.
Deficiencies of IFN-y or its receptor, or autoantibodies against
this cytokine, usually predispose to mycobacterial infection
[52]; however, invasive fungal disease is also described [53].

Four patients had a reduction in circulating CD4* T cells,
and T-cell proliferation was significantly reduced in several
(especially following anti-CD3/CD28 stimulation). Idiopathic
CD4 lymphopaenia is a poorly understood condition with a
variable phenotype, and some individuals do suffer from op-
portunistic infections, including cryptococcosis [16, 17, 54].
We believe that the degree of CD4* lymphopaenia in two of
these individuals, those with severely impaired proliferation
on stimulation with PHA, was sufficiently low to have con-
tributed to the risk of cryptococcal infection.

One patient with C. gattii infection tested positive for anti-
GM-CSF antibodies, a previously described risk factor for in-
fection with this organism [27]. Interestingly, this patient also
had impaired IL-17 release, suggesting two distinct immuno-
logical susceptibilities. Whilst C. neoformans is typically seen
in HIV-infected or otherwise immunocompromised patients
and C. gattii in immunocompetent patients, there is consider-
able overlap in immunopathogenesis, including a role for Th1
and Th17 cells in both species [55, 56]. C. gattii infection is
even rarer than C. neoformans; immune profiling of individ-
uals with this remains poorly characterized [55, 56]. Patients
with C. neoformans did not have detectable anti-cytokine
antibodies.

Undetectable mannose-binding lectin was observed in two
patients. This is also a known risk factor for cryptococcal
infection [32], but as mannose-binding lectin deficiency is
common [57] and usually clinically mild or silent, we consider
this to be a minor contributor to immunological risk [58].

Reduced percentage of [gM* memory B-cells was a common
feature where assessed; this has been implicated as a risk factor
for cryptococcal disease in patients with and without HIV
[15, 28]. Total circulating immunoglobulin levels (including
IgM) were not decreased in our patients, as also seen in HIV-
infected and uninfected cohorts previously described [135, 28].

We obtained DNA from most patients and interrogated
sequencing data for evidence of mutations in known genes
associated with primary immunodeficiency [45], including
those known to affect IL-17, but this cohort of eight patients
had no known pathogenic causative mutations. One patient
with persistently low CD4* T-cell percentage had absent CD2
expression despite the presence of CD3* T-cells, in the absence
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of identifiable malignancy. This highlights the possibility of
an as-yet-unknown genetic disorder causing primary T-cell
immune deficiency in this patient. It remains possible that un-
described genetic disorders, polygenic causes, or epigenetic
phenomena may explain the abnormalities seen in these pa-
tients; our cohort is too small to interrogate this.

There are some limitations to our findings. Our cohort is
small, reflecting the rarity of cryptococcosis in the UK. In
this context, the cohort was not systematically recruited but
relied on referrals to a specialist London Immunology centre
within a limited geographic area. Investigations were deter-
mined on clinical grounds and therefore not every test was
performed on every patient; healthy controls were recruited
contemporaneously and opportunistically for laboratory
diagnostic tests as per standard practice; and were therefore
not necessarily matched with cases in terms of demographics.
Some patients were further into convalescence from the
acute infection than others at the time of testing, albeit this
is likely to make the consistency of findings on the IL-17
assay more robust and reduce the probability that the find-
ings were a consequence rather than cause. Unfortunately,
it was not possible in this real-world setting to obtain sam-
ples at a standardized time point following infection. In the
two patients who underwent repeat testing, these results re-
mained consistent. We cannot prove definitively that reduced
IL-17 release was a cause rather than a consequence of the
infection, but the universality of the finding and stability
over time, including in those who had recovered from infec-
tion, suggests the former. The genetic panel used at the time
the patients were seen only included 279 genes compared to
nearly 500 now identified, and we cannot therefore defini-
tively exclude monogenic disease.

Collectively, our results indicate that individual appar-
ently immunocompetent patients who develop cryptococcosis
may have several contributing and interacting immuno-
logical risk factors for cryptococcal infection, including
CD4+ lymphopaenia, reduced numbers of memory IgM*
B-cells, impaired IFN-y production and anti-GM-CSF anti-
bodies (C. gattii infection). Our findings suggest that reduced
IL-17 release appears to be an additional key susceptibility
element. These findings align with current knowledge on anti-
cryptococcal immunity but require further validation in a
larger prospective cohort with standardized inclusion criteria.
Monitoring of individuals on anti-IL17 monoclonal anti-
bodies may also provide valuable insight.

Importantly, although some of these abnormalities may be
demonstrated on routine laboratory tests (e.g. lymphopaenia),
most would only be detected by specialized assays, making it
difficult to identify in advance people who may be vulnerable
to cryptococcal infection. We therefore advocate that all ap-
parently immunocompetent patients presenting with crypto-
coccal infection should be referred for further evaluation and
investigation by an immunologist.

Supplementary data

Supplementary data are available at Clinical and Experimental
Immunology online.
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