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Abstract

Background

Cryptococcosis is a devastating opportunistic infection in immunocompromised individuals,
primarily in people living with HIV/AIDS. This study evaluated a protocol for the early diagno-
sis of meningitis due to C. neoformans, utilizing established molecular techniques from
serum and CSF samples.

Methods

The 18S and 5.8S (rDNA-ITS) sequence-specific nested PCR assays were compared with
direct India ink staining and the latex agglutination test for detection of C. neoformans in
serum and cerebrospinal fluid (CSF) from 49 Brazilian suspected meningitis patients.
Results were validated with samples obtained from 10 patients negative for cryptococcosis
and HIV, and by analysis of standard C. neoformans strains.

Principal findings

The 5.8S DNA-ITS PCR was more sensitive (89—100%) and specific (100%) than the 18S
rDNA PCR and conventional tests (India ink staining and latex agglutination) for identifica-
tion of C. neoformans. While the 18S PCR exhibited a sensitivity (72%) similar to that of the
latex agglutination assay in serum samples, it was superior to the latex agglutination assay
when testing CSF, with a sensitivity of 84%. However, the latex agglutination was superior
to the 18SrDNA PCR in specificity in CSF (92%). The 5.8S DNA-ITS PCR yielded the
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highest levels of accuracy (96—100%) of any test for detection (serological and mycological)
of C. neoformans in both serum and CSF.

Conclusion

Use of the nested 5.8S PCR was superior to other techniques for the diagnosis of cryptococ-
cosis. The possibility of using serum, a non-invasively collected material, in a targeted 5.8S
PCR analysis to identify Cryptococcus spp. is recommended, especially in immunosup-
pressed patients. Our results indicate that nested 5.8S PCR can increase the diagnostic
capability of cryptococcosis, and we suggest its use to monitor patients in the future.

Author summary

Cryptococcal meningitis is an infectious disease of global importance with high morbidity
and mortality, especially among individuals with HIV/AIDS. While there have been
improvements in the last two decades in the diagnosis of Cryptococcus neoformans, the
methods presently employed are problematic for public hospitals in Brazil and other loca-
tions due to their extreme cost. In this study, we present a low-cost option for detection
and identification of C. neoformans in noninvasive serum sample in immunosuppressed
individuals, including those with HIV/AIDS. A nested PCR (5.8SrDNA-ITS) associated
with the latex agglutination test has high precision in detection of suspected Cryptococcus

Spp.

Introduction

The incidence and severity of fungal infections have increased due, in part, to the sequela of
viral infections along with an elevated use of immunosuppressive therapies [1]. About 70% of
individuals with HIV/AIDS develop neurological disease, and this is the initial manifestation
of this infection in 10-20% of cases. Despite the gradual decline in HIV/AIDS cases, neurologi-
cal manifestations of this infection remain common and are a significant cause of morbidity
and mortality [2,3].

Fungi are a major contributor to opportunistic infections in those with advanced HIV
infection. Cryptococcus neoformans, the main cause of cryptococcosis, is the most common
cause of central nervous system (CNS) infection in AIDS patients [4-9]. Cryptococcal menin-
gitis (CM) is an AIDS defining illness and the most common cause of meningitis in adults liv-
ing with HIV in sub-Saharan Africa [10]. In 2014, approximately 223,100 individuals
developed CM worldwide, resulting in 181,100 deaths, which represents 15% of all AIDS-
related deaths [7]. In 2022, Rajasingham, et al. estimated that there are 152,000 cases (111,000
185,000) of cryptococcal meningitis, resulting in 112,000 CM-related deaths (79,000-134,000)
[11]. In 2014 there was a reduction in the estimated global burden of HIV-associated Crypto-
coccal meningitis, probably due to the expansion of antiretroviral therapy. It has been esti-
mated that cryptococcosis accounts for 19% of AIDS-related deaths [11]. Cases of
Cryptococcal meningitis have also been reported in South and Southeast Asia. Although data
are scarce for Latin America, this geographic area has the third highest incidence of Cryptococ-
cus spp. in AIDS patients [12]. The persistent burden of infection suggests that death from
Cryptococcal infection remains a marker for failure in the cascade of care for HIV.
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In Brazil, studies on neurological diseases in HIV/AIDS patients showed Cryptococcosis to be
the second leading cause of death, with a mortality rate of 45-65% (toxoplasmosis was the first
and tuberculosis was the third most frequent) [13-15]. In patients with AIDS, pneumocystosis,
Cryptococcosis and histoplasmosis are frequent invasive fungal infections (IFIs). They account for
a high incidence of morbidity and mortality in immunocompromised patients [13-15]. In cases
of neurological infections, Cryptococcus spp. has been reported in the south and southeast regions
to have an incidence of 36 cases per 100 hospitalizations in HIV-AIDS patients/year [13-16]. The
examination of cases from regional centers or from the STD/HIV-AIDS Department of the Min-
istry of Health form the foundation for the diagnosis of these infections [17]. The clinical signs
and symptoms of Cryptococcal meningitis are indistinguishable from those of many other causes
of meningitis, especially tubercular meningitis. The early detection of a Cryptococcal infection is
required for optimal treatment and its identification should be given top priority to lower the
unacceptable high death rate of this neglected mycosis in Brazil.

The diagnosis of Cryptococcus spp. is complex and typically involves a combination of symp-
toms, including headache, fever, cranial neuropathies, mental alteration, lethargy, memory loss
and signs of meningeal irritation, confirmed by laboratory testing [17]. Currently, the labora-
tory diagnosis of Cryptococcus spp. is based on mycological, histopathological and serological
tests [17-26]. The Brazilian Unified Health System (SUS) provides different methods for the
diagnosis of CM. The conventional method for patients with HIV-associated infections is the
direct examination of slides stained with India ink and culture of the sample in Sabouraud dex-
trose agar (SDA). Culture is the gold standard for the diagnosis of Cryptococcus spp. [21-25].
According to Vidal et al. (2018), detection of CrAg LFA in serum, CSF, and whole blood shows
great sensitivity and specificity. In this retrospective review, we explored the value of other
methodologies, since during the study period, CrAg LFA was not available for analysis [26].

Polymerase chain reaction (PCR)-based methods for detection of Cryptococcus -specific
DNA or RNA sequences have the advantage of speed as they do not require culture and can be
performed directly on biological samples as well as on paraffin-embedded tissues [27-37]. Spe-
cifically, detection of conserved DNA regions, including the 288, 18S, and 5.8S ribosomal (r)
DNA loci, as well as internal transcribed sites (internal transcribed spacers: ITS1-ITS4), com-
prise a promising and reliable alternative means of diagnosis. Indeed, in previous studies,
nested PCR-based amplification of these DNA regions utilizing CSF [32-34], tissue [35],
bronchoalveolar lavage fluid [36] and other samples exhibited good accuracy. In 2015, Martins
et al suggested that the CN4/CN5 primer set amplified gene sequences encoding rDNA and
was highly sensitive for the identification of C. neoformans/C. gattii in CSF from patients with
clinical suspicion of cryptococcal meningitis [34]. However, their utilization with serum sam-
ples was associated with high rates of false-negatives and false-positives [27-36].

Drawbacks remain to conventional and molecular methods currently employed for the
diagnosis of cryptococcosis. In the present study, we performed a comparative analysis of
molecular (18S and 5.8S rDNA-ITS nested PCR) and conventional methods for the diagnosis
of cryptococcosis. Our objective was to identify the ideal strategy for the early detection of this
disease in samples of serum and CSF, minimizing the diagnostic time, hospital costs and,
mainly, reducing the risk of infection progression in the patient without diagnosis.

Methods

Ethics statement

The study was approved by the institutional ethics committees at HCFMUSP—no. 0635/2007
and the ITER—no. 63/2007. All patients, or their responsible next of kin, provided written
informed consent.
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Patients and samples

Serum and CSF were collected from 49 patients, a total of 98 samples, between January 2008
and December 2009 following their admission to the emergency units at Instituto de Infectolo-
gia Emilio Ribas (IIER) and Hospital das Clinicas da Faculdade de Medicina da Universidade
de Sao Paulo (HCFMUSP) with suspected meningitis. Patients who were pregnant or younger
than 18 years old were excluded.

CSF samples were analyzed for a mycological diagnosis by culture on Sabouraud-glucose
medium (SAB) and direct microscopy (direct India Ink staining). After initial isolation in cul-
ture subsequent organism identification was by physiological and biochemical tests (Niger
seed agar plates; Christensen’s urea medium and subtyped using L-canavanine glycine bro-
mothymol blue (CGB) medium) [37-39]. Serum samples were analysed by the IMMY Crypto-
coccus Antigen Latex Agglutination kit and were classified as HIV-positive and uninfected
with cryptococcosis (group I, n = 10), HIV-negative and infected with cryptococcosis (group
I, n = 7), HIV-positive and infected with other pathogens (group III, n = 14), including histo-
plasmosis meningitis (n = 3), paracoccididomycosis meningitis (n = 3), candidiasis meningitis
(n = 2), viral meningitis (CMV, n = 2), and bacterial meningitis (Mycobacterium tuberculosis,
n = 4); and AIDS/HIV- positive and positive for cryptococcosis (group IV; n = 18). In this last
group the patients had CD4" T lymphocyte counts less than 200 cells/mL. In the absence of
direct pathogen isolation from patient samples, diagnosis was confirmed by histopathology or,
in some cases, at autopsy. All samples underwent serological testing at both institutions for
HIV-1/2, hepatitis B (HBsAg and anti-HBc), antibodies to hepatitis C, VDRL test for syphilis
and for fungal pathogens (Paracoccidioides brasiliensis, Histoplasma capsulatum, Candida spp.,
Aspergillus fumigatus, and Cryptococcus spp.).

Control strains

To assess the analytical sensitivity of the qualitative PCR assays the initial number of Crypto-
coccus spp. cells present (10°/mL) was determined by microscopic examination (Neubauer
camera). A mixed CSF and serum aliquot was spiked with 10° fungi cells/mL. After homogeni-
zation, this sample was used to prepare 10 ten-fold serial dilutions ranging from 10° to 1 cell of
C. neoformans/mL (ATCC 24067 and RI 02) and C. gattii/mL (TIPI01). DNA extraction was
performed on each of the spiked samples. All assays were performed in triplicate.

The specificity of molecular methods was evaluated using isolates well characterized by the
ATCC and CDC. They consisted of paracoccidiodomycosis (P. brasiliensis—18 and B-339
ATCC 32069), nocardiosis (Nocardia spp.), candidiasis (Candida albicans and C. parapsilosis),
histoplasmosis [H. capsulatum, ATCC 28308 (CDC: B973), ATCC 12700 (CDC: A811), and
HC200 (GenBank: DQ239887)] and aspergillosis (Aspergillus spp.).

Analysis of the 18S and 5.8S (rDNA-ITS) sequence-specific nested PCRs for the detection
of C. neoformans and C. gattii in serum, CSF and cell suspensions of culture isolates yielded a
sensitivity of 1 cell/mL for CSF and 10 cells/mL for serum. All assays were performed in tripli-
cate and showed 100% reproducibility. In addition, the nested PCRs with 18SrDNA and
5.8SrDNA-ITS were highly specific for Cryptococcus spp. and had no cross-reactivity with
other pathogens.

Mycology
Processing of samples. A standard method was followed for the processing of samples
[37]. CSF was centrifuged at 1000 g for 15 min (Eppendorf 5810R, Hamburg—Germany). The

pellet was used for investigation by culture, direct microscopy (India ink wet mount, Gram
stain) and PCR, while the supernatant was tested by serology (latex agglutination analysis) and
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molecular (18S and 5.8SrDNA) analysis. All samples were tested undiluted. Clotted blood was
centrifuged at 1000 rpm. for 5 min to obtain serum [37] and subjected to serological (latex
agglutination) and molecular (18S and 5.8SrDNA) analyses.

CSF was cultivated on SAB agar [Difco Laboratories, Detroit, MI] at 25°C and the isolates
obtained were analyzed by physiological and biochemical tests, consisting in subculture on
Niger seed agar plates (Guizotia abyssinica), as described by Kwon-Chung and Bennett follow-
ing incubation at 37°C for two weeks [8] and, for urease detection using Christensen’s urea
medium (Becton Dickinson, New Jersey, USA) [8] and subtyped using L-canavanine glycine
bromothymol blue (CGB) medium (Difco Laboratories, Detroit, MI) [37,38]. After identifica-
tion, the isolates were stored in 80% glycerol (Sigma-Aldrich, St. Louis, MO, USA) at -80°C.

Serology

Serum and CSF samples were subjected to latex agglutination analysis to detect C. neoformans
antigens, using the IMMY Cryptococcus Antigen Latex Agglutination kit (Immuno-Mycolo-
gics, Inc, Norman, OK, USA), according to the manufacturer’s instructions [40].

DNA extraction

To extract DNA from cell cultures, CSF and sera, 200 pL samples were admixed with 40 pL of
60 mg/mL lysing enzyme from Thichoderma harzium (cat. no. L1412, Sigma Chemical Co.,

St. Louis, MO, USA) in 1 M sorbitol, 100 mM EDTA, and 14 mM B-mercaptoethanol. Samples
were then incubated for 30 min at 30°C and centrifuged at 5,000 xg (Eppendorf, Hamburg,
Germany) at room temperature. Precipitated cells were resuspended in 180 uL ATL buffer
(QIAamp DNA Mini Kit, Qiagen, Hilden, Germany), and lysed for 3 h at 56°C with 100 mg/
mL proteinase K. DNA was then extracted using the QIAamp DNA Mini Kit for cell and
QIAamp Blood DNA Mini Kit (Qiagen) with CSF and serum samples.

Nested PCR

A nested PCR was utilized to detect 5.8S and 18S C. neoformans rDNA sequences in the bio-
logical and culture samples. Table 1 describes the outer primers designed to amplify regions of
the 5.8S (600-base pair [bp] product) and 18S (429-bp product) sequences that are highly con-
served in several human fungal pathogens, as well as the inner primers designed to amplify
regions of the 5.8S (116-bp) and 18S (278-bp) sequences that are specific to Cryptococcus spp.
and to C. neoformans [30,35,41]. Prior to the Cryptococcus spp. assay, patient samples were
subjected to nested PCR for the housekeeping gene human glyceraldehydes-3-phosphate dehy-
drogenase (GADPH; GenBank accession number J04038.1) [42], using primers described in
Table 1. GADPH, was confirmed in all samples the presence of human DNA and the absence
of PCR inhibitors. All assays were performed in triplicate and showed 100% reproducibility.

Multiplex PCR: Cryptococcus spp

For differentiation of distinct Cryptococcus spp., a multiplex PCR was performed using two
pairs of primers designed to amplify a 564-bp and a 448-bp product specific for C. neoformans
and for C. gattii [29] (Table 1). All amplification experiments were performed in triplicate and
included both a negative (no added DNA) and a positive control. To avoid contamination of
the PCR mixtures, the preparation and addition of the template DNA were performed in sepa-
rate rooms.
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Table 1. Description of the primer’s sequences.

PCR Primers 5°—3’ Fragment [bp] References
Nested PCR 18S rDNA Fungus I GTT AAA AAG CTC GTAGTT G 429 Bialek et al. (2002) [35]
Fungus II TCC CTA GTCGGC ATAGTTTA
Crypto I TCC TCA CGG AGT GCA CTG TCT TG3’ 278
Crypto II CAGTTGTTG GTCTTC CGT CAATCT A
5,8 SrDNA-ITS ITS1 TCC GTA GGT GAA CCT GCG G ITS1-1TS4-600-650 Mitchell et al. (1994) [30]
ITS4 TCC TCC GCT TAT TGA TAT GC Fugita et al, (2001) [41]
ITS3 GCATCGATGAAGAACGCAGC ITS3-1TS4-264-432
CN5 GAA GGG CAT GCCTGTTTG AGA G 116
CN6 TTT AAG GCG AGCCGA CGTCCTT
GAPDH gapl GAC AAC AGC CTC AAG ATC ATC 610 Escolani et al. (1988) [42]
gapll GAC GGC AGG TCA GGT CCA CCA
gapllI AAT GCC TCC TGC ACC ACC 248
gaplV ATG CCA GTG AGCTTC CCG
Multiplex PCR C. neoformans MXlcn ATT GCG TCC ACC AAG GAG CTC 564 Casali et al. (2003) [29]
MX2cn ATT GCG TCC ATG TTA CGT GGC
C. gattii MX3cg ATT GCG TCC AAG GTG TTT GTT G 448
MX4cg ATT GCG TCC ATC CAA CCGTTATC

A nested PCR was utilized to detect the 5.8SrDNA-ITS and 18S rDNA. The following outer primers were designed to amplify regions of the 18S (429 bases pair [bp]
product) and 5.8S (600-base pair [bp] product) sequences highly conserved in several human fungal pathogens. Conversely, the following inner primers were designed
to amplify regions of the 18S (278-bp) and 5.8S (116-bp) sequences specific to Cryptococcus spp. and C. neoformans.

Nested GADPH—glyceraldehydes-3-phosphate dehydrogenase

Multiplex PCR MXcn and MX2cn-a multiplex PCR was performed using two pairs of primers designed to amplify a 564-bp product specific to C. neoformans;
Multiplex PCR MX3cg and MX4cg—multiplex PCR was performed using two pairs of primers designed to amplify a 448-bp product specific to C. gattii

bp—base pair

https://doi.org/10.1371/journal.pntd.0011140.t001

Sequencing analysis

All PCR reagents were obtained from Invitrogen (Carlsbad, CA, USA), and samples were pro-
cessed and amplified three times on a Veriti 96 thermocycler (Applied Biosystems, Life Tech-
nologies Corporation, Carlsbad, CA, USA). All assays included negative controls without
DNA and positive controls with DNA from H. capsulatum ATCC A811 and B923, C. neofor-
mans ATCC 24067, and P. brasiliensis 18 and 339. Products were electrophoresed on 1.5% aga-
rose, stained with ethidium bromide, and visualized on a UV transilluminator.

The amplification products obtained from the 5.8S rDNA-ITS region were purified using a
PureLink kit [Invitrogen (Life Technologies), Waltham, MA, USA] and sequenced using a
MegaBACE 1000 DNA Sequencing System (GE Healthcare, Little Chalfont, United Kingdom)
and a DYEnamic ET Dye Terminator Kit (with Thermo Sequence II DNA Polymerase, GE
Healthcare), according to the manufacturer’s protocol. All sequences were analyzed with
Sequence Analyzer software using the Base Caller Cimarron 3.12 program and were identified
by BLAST analysis (http://www.ncbi.nlm.nih.gov/BLAST). Multiple alignments were assem-
bled using Clustal W software (http://www.ebi.ac.uk/clustaw).

Statistical analysis

The comparison between independent groups of patients, with a positive or negative diagnosis
of Cryptococcosis, were performed using the Student t test for continuous variables and either
the chi-square test or Fisher’s exact test for categorical variables (gender and clinical variables).
Agreement between the diagnostic methods was assessed by inter-rater agreement [43]
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Table 2. Kappa Index Interpretation [43].

Kappa statistic Strength of agreement
< 0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

https://doi.org/10.1371/journal.pntd.0011140.t002

(Cohen’s Kappa et al.,1960) as interpreted using the Landis and Koch-Kappa Benchmark
Scale, in Table 2 [44]. Statistical analyses were performed using the software package SPSS (v.
24.0, IBM, New York, NY, USA). The significance level was set at p < 0.05. The sensitivity,
specificity, positive and negative predictive values, and accuracy were analyzed according to
Fletcher et al 1996 [45].

Results

Patients with or without cryptococcal infection were similar in demographic variables: gender,
age and ethnicity (Table 3). The most frequent underlying disease was HIV/AIDS (n = 32;
65.3%), of which 78.3% were also positive for Cryptococcus spp. The other frequent underlying
diseases were malignancy, diabetes, leukemia, and Hodgkin’s disease (Table 3). Cryptococcal
meningitis was diagnosed in four HIV-negative patients while 10 cases had meningitis due to
other pathogens. In three of the HIV-negative patients their disease progressed to dissemi-
nated Cryptococcal disease. Twenty percent of the cases that progressed to death were HIV-
positive and presented with disseminated Cryptococcosis. Only two patients who were nega-
tive for Cryptococcus spp. died, one associated with CMV and the other with histoplasmosis.

Table 4 provides information on the reliability of the various tests for the detection of cryp-
tococcosis. The direct India ink test did not detect Cryptococcus spp. in sera from both HIV-
positive and HIV-negative subjects. However, this test showed a substantial agreement with
the culture gold standard when analyzing CSF. The kappa index for the India ink test was simi-
lar in HIV-positive (K = 0.695 (0.576-0.814); p<0.001) and HIV-negative (K = 0.611 (0.423-
0.799); p = 0.006) samples. The results of the multiplex PCR and sequencing showed greater
efficacy than using L-canavanine glycine bromothymol blue (CGB) medium in differentiating
between species. This confirmed that 77.4% of the isolates were C. neoformans while 22.3%
were inconclusive. However, the multiplex PCR test confirmed that 100% of the isolates were
C. neoformans. Sequencing showed that all samples were C. neoformans with 98% similarity.

The latex agglutination test detected Cryptococcus spp. in both sera and CSF (Table 4).
Overall, the latex agglutination test had a higher sensitivity when assaying sera (72%) as com-
pared to CSF (56%). When applied to CSF this test exhibited only a moderate accuracy, with a
similar low sensitivity and negative predictive value (NPV), in both HIV-positive and -negative
subjects. However, differences between HIV-positive and HIV-negative patients were seen in
the serum analyses. HIV-negative patients’ sera had a substantial level of accuracy while in the
HIV-positive subjects’ sera accuracy was only moderate. In HIV-negative patients this test had
100% specificity for both sera and CSF.

The latex agglutination test in the seropositive patients yielded four false-positive tests for
Cryptococcus spp., subsequently identified by molecular methods as P. brasiliensis, H. capsula-
tum and bacterial meningitis.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011140 March 6, 2023 7/16


https://doi.org/10.1371/journal.pntd.0011140.t002
https://doi.org/10.1371/journal.pntd.0011140

PLOS NEGLECTED TROPICAL DISEASES

Cryptococcus neoformans detection

Table 3. Demographic and clinical data of study subjects.

Variable Cryptococcosis Statistical Analysis
Positive n = 25 Negative n = 24

Age (years) t test

Mean + SD 38.6+10.7 39.3+11.0 t(47) = 0.210; p = 0.835

Gender n =49 (%) chi-square test

Male n = 33 (67.4%) 19 (76.0%) 14 (58.3%) Xz(l) =1.738;,p =0.187

Female n = 16 (32.6%) 6 (24.0%) 10 (41.7%)

Ethnicity n = 49 (%) Fisher’s exact test
White n = 34 (69.4%) 18 (72.0%) 16 (66.7%) Xz(z) =0.352; p=0.898
Mixed race n = 11 (22.4%) 5(20.0%) 6 (25.0%)

Black n =4 (8.2%) 2 (8.0%) 2 (8.3%)

Underling diseases n = 49 (%) Fisher’s Exact Test
HIV/AIDS 18 (78.3%) 14 (58.3%) X2(4) =4.124;p = 0.494
Malignancy 2 (8.7%) 6 (25.0%)

Diabetes 1(4.4%) 2 (8.3%)

Leukemia 1 (4.4%) 2 (8.3%)

Hodgkin’s Disease 1(4.4%) 0(0.0%)

Missing 2 0

HIV n =49 (%) chi-square test
Positive n = 32 (65.3%) 18 (72.0%) 14 (58.3%) X24) = 1.009; p = 0.315
Negative n = 17 (34.7%) 7 (28.0%) 10 (41.7%)

Underling diseases n = 49 (%) Fisher’s Exact Test
Outcome n =49 (%) Fisher’s exact Test
Alive 20 (80.0%) 22 (91.7%) X%(1) = 1.403; p = 0.226
Dead 5(20.0%) 2 (8.3%)

Clinical Forms n = 49 (%) Fisher’s exact Test
HIV +n=32

Disseminated n = 18 (56.3%) 18 (100.0%) 0 (0.0%)

Meningitis n = 14 (43.8%) 0 (0.0%) 14 (100.0%)

HIV—n =17 X%y = 5.204; p = 0.051
Disseminated n = 3 (17.6%) 3 (42.9%) 0 (0.0%)

Meningitis n = 14 (82.4%) 4 (57.1%) 10 (100.0%)

Meningitis (another agents) n = 24 (%)

Bacteria n = 9 (34.6%) 4 Patients HIV +

Mpycobacterium tuberculosis 0(0.0%) 3(33.3%)

Missing 0(0.0%) 6 (66.7%)

Fungal n = 8 (30.8%) 8 Patients HIV +

Histoplasma capsulatun 0(0.0%) 3(37.5%)

Paracoccidioides brasiliensis 0(0.0%) 3 (37.5%)

Candida spp. 0(0.0%) 2 (25.0%)

Virus n = 7 (26.9%) 2 patients HIV +

Cytomegalovirus 0(0.0%) 2 (28.6%)

Missing 0(0.0%) 5(71.4%)

Protozoan n = 2 (7.7) 2 patients HIV -

Toxoplasma gondii 2 (100.0%) 0 (0.0%)

The laboratories from the Institute of Tropical Medicine, IIER, and HCFMUSP, carried out the identification of fungi, bacteria, and viruses, according to the Ministry of

Health’s guidelines.

(https://bvsms.saude.gov.br/bvs/publicacoes/guia_vigilancia_saude_volume_1.pdf)

https://doi.org/10.1371/journal.pntd.0011140.t003
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Table 4. Accuracy of the diagnostic techniques for the diagnosis of Cryptococcosis.

Diagnostic Method Clinical Gold Standard % | TOTAL Analysis
Sample (N)
+ - Sensitivity | Specificity | PPV | NPV | Accuracy Kappa index (CI 95%); p
Indian Ink CSE: HIV+ +]40.6(13)| 0.0(0) | 40.6(13) | 0.72 100 | 1.00 074 084 K = 0.695 (0.576-0.814);
- | 15.6(5) |43.8(14) | 59.4 (19) p<0.001
TOTAL 56.3 (18) | 43.8 (14) | 100.0 (32)
CSE: HIV - +]2350@) | 000) | 235(4) 0.57 1.00 | 100|077 | 0.82 K = 0.611 (0.423-0.799);
-1 176 (3) | 58.8 (10) | 76,5 (13) p =0.006
TOTAL 412(7) | 58.8 (10) | 100.0 (17)
CSF: Total +]347(17)| 00(0) | 347(17) |  0.68 100 | 1.00 075 0.84 K = 0.675 (0.576-0.774);
-1 163(8) |49.0 (24) | 65.3(32) p<0.001
TOTAL 51.0 (25) | 49.0 (24) | 100.0 (49)
Latex agglutination Serum: HIV+ |+ 40.6(13) | 63(2) | 469(15) | 072 086 | 087071 078 K = 0.566 (0.423-0.709);
analysis - 156 (5) |37.5(12) | 53.1(17) p=0.001
TOTAL 56.3 (18) | 43.8 (14) | 100.0 (32)
Serum: HIV- |+ 29.4(5) | 0.0(0) | 29.4(5) 0.71 100 | 1.00 083 088 K = 0.746 (0.583-0.909);
- 11.8(2) | 58.8(10) | 70.6 (12) p=0.001
TOTAL 412(7) | 58.8 (10) | 100.0 (17)
Serum: Total | +36.7(18) | 4.1(2) | 40.8(20) |  0.72 0.92 09 | 076 | 082 K = 0.634 (0.536-0.742),
- 143 (7) | 449 (22) | 59.2 (29) p<0.001
TOTAL 51.0 (25) | 49.0 (24) | 100.0 (49)
CSF: HIV+ +]344(11) | 63(2) | 40.6013) | 061 0.86 | 085 063 072 K = 0.450 (0.302-0.598);
- | 21.9(7) |37.5(12) | 59.4(19) p =0.007
TOTAL 56.3 (18) | 43.8 (14) | 100.0 (32)
CSF: HIV- +] 176 (3) | 00(0) | 17.6(3) 0.43 100 | 1.00 071 076 K = 0.469 (0.272-0.666),
- | 34.7(4) |58.8(10) | 82.4(14) p=0.023
TOTAL 412(7) | 58.8 (10) | 100.0 (17)
CSE: Total +]286(14) | 41(2) | 327(16) | 056 092 | 088067 | 073 K = 0.473 (0.356-0.590);
- 224(11) | 449 (22) | 67.3(33) p<0.001
TOTAL 51.0 (25) | 49.0 (24) | 100.0 (49)
PCR 18S Serum: HIV+ |+ 40.6(13) | 63(2) | 46.9(15) | 072 086 | 087071 078 K = 0.566 (0.423-0.709);
-1 156(5) |37.5(12) | 53.1(17) p=0.001
TOTAL 56.3 (18) | 43.8 (14) | 100.0 (32)
Serum: HIV- |+ 29.4(5) | 0.0(0) | 29.4(5) 0.71 100 | 1.00 083 0.88 K = 0.746 (0.583-0.909);
- | 11.8(2) | 58.8(10) | 70.6 (12) p =0.001
TOTAL 412(7) | 58.8 (10) | 100.0 (17)
Serum: Total +/36.7(18) | 4.1(2) | 40.8(20)
S| 143(7) |44.9(22) | 592(29) | 072 0.92 09 | 076 | 082 K = 0.634 (0.526-0.742);
p<0.001
TOTAL 51.0 (25) | 49.0 (24) | 100.0 (49)
CSF: HIV+ +]469(15) | 12.5(4) | 594(19) |  0.83 071 079077 | 078 K = 0.552 (0.403-0.701);
- 9.4(3) |31.3(10) 40.6(13) p =0.002
TOTAL 56.3 (18) | 43.8 (14) | 100.0 (32)
CSE: HIV- +]353(6) | 0.0(0) | 353(6) 0.86 100 | 1,00 091 094 K = 0.876 (0.757-0.995);
- 59(1) |58.8(10)| 64.7(11) p<0.001
TOTAL 412(7) | 58.8 (10) | 100.0 (17)
CSE: Total +]429(21)| 82(4) | 51.0(25) | 0.84 0.83 | 084 083 084 K = 0.673 (0.567-0.779);
- 82(4) |40.8(40) | 49.0 (24) p<0.001
TOTAL 51.0 (25) | 49.0 (24) | 100.0 (49)
(Continued)
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Table 4. (Continued)

Diagnostic Method Clinical
Sample

PCR 5.8S Serum: HIV+

TOTAL
Serum: HIV-

TOTAL

Serum: Total

TOTAL
CSF: HIV+

TOTAL
CSF: HIV-

TOTAL
CSF: Total

TOTAL

Gold Standard % | TOTAL Analysis
(N)
+ - Sensitivity | Specificity | PPV | NPV | Accuracy Kappa index (CI 95%); p
50.0 (16) | 0.0 (0) | 50.0 (16) 0.89 1.00 1.00 | 0.88 0.94 K =0.875 (0.790-0.960);
6.3 (2) |43.8(14) | 50.0(16) p<0.001
56.3 (18) | 43.8 (14) | 100.0 (32)
412(7) | 00(0) | 412(7) 1.00 1.00 1.00 | 1.00 1.00 K = 1; p<0.001

0.0 (0) | 58.8(10) | 58.8 (10)
41.2(7) | 58.8 (10) | 100.0 (17)

46.9 (23) | 0.0(0) | 46.9 (23) 0.92 1.00 1.00 | 0.92 | 096 K = 0.918 (0.862-0.974);
4.1(2) |49.0(24) | 53.1(26) p<0.001

51.0 (25) | 49.0 (24) | 100.0 (49)

56.3(18) | 0.0(0) | 56.3 (18) 1.00 1.00 1,00 | 1.00 | 1.00 K = 1; p<0.001

0.0 (0) |43.8(14) | 43.8(14)
56.3 (18) | 43.8 (14) | 100.0 (32)
412(7) | 00(0) | 41.2(7) 1.00 1.00 1,00 | 1.00 |  1.00 K = 1; p<0.001
0.0 (0) |58.8(10) | 58.8 (10)
41.2(7) | 58.8 (10) | 100.0 (17)
51.0 (25) | 0.0 (0) | 51.0 (25) 1.00 1.00 1,00 | 1.00 |  1.00 K = 1; p<0.001
0.0 (0) | 49.0 (24) | 49.0 (24)
51.0 (25) | 49.0 (24) | 100.0 (49)

PPV, positive predictive value; NPV, negative predictive value

Strength agreement between the reference method and molecular methods was assessed by inter-rater agreement

https://doi.org/10.1371/journal.pntd.0011140.t004

The 18S PCR assay results in HIV-positive patients were similar for both serum (K = 0.566;
0.423-0.709; p = 0.001) and CSF (K = 0.552; 0.403-0.701; p = 0.002), and agreement was only
moderate. The Kappa index for the HIV-negative patients was 0.746; (0.583-0.909; p = 0.001)
for serum and 0.876 (0.757-0.995; p<0.001) for CSF, and agreement was substantial. Compar-
ative analysis of serum samples did not demonstrate a difference between the 18SrDNA PCR
and latex agglutination assays. These results demonstrate that latex agglutination can detect
early stage Cryptococcus spp. In CSF samples from HIV-positive patients, the 185 PCR demon-
strated a better performance in terms of sensitivity. The latex agglutination test was the most
specific, but the 18S PCR had a high sensitivity, and can be used as a complementary test. The
CSF samples showed a higher accuracy (0.94) and a kappa index (0.876; 0.757-0.995; p<0.001)
in the HIV-negative patients with a high level of agreement with the culture gold standard.

The 5.8S PCR assay demonstrated a high degree of accuracy in CSF samples from both
HIV-positive and -negative patients. Analysis of the corresponding serum samples revealed a
comparatively lower sensitivity and NVP, despite both having an almost perfect agreement
(Kappa index 1; p<0.001 for CSF and 0.918 (0.862-0.974); p<0.001 for serum).

In order to select a highly accurate methodology for the diagnosis of Cryptococcosis, we
compared the results obtained by analysis of the 18S and 5.8S PCR-generated DNA sequences
with results of the latex agglutination test and India ink staining. The 5.8S primers showed
100% specificity for detection of Cryptococcus sp. Comparing the India ink results with the 18S
and 5.8S PCR assays, the genomic methods were the most sensitive for detection of Cryptococ-
cus spp. both in CSF and serum. Regarding specificity, no difference was observed between the
analysis using India ink and the 5.8S PCR primers. In contrast, the 185 PCR showed a lower
specificity compared to India ink staining.
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When we compared the latex agglutination test with the 5.8S PCR, the PCR had a higher
sensitivity and specificity for detection of Cryptococcus spp. in both serum and CSF from HIV-
positive and -negative individuals. However, the 18S PCR was less specific than the latex agglu-
tination test when assaying CSF samples from the HIV-positive patients.

The comparative analysis between conventional (mycological and serological) and molecu-
lar (18S and 5.8S PCR) methods showed that the molecular methods had a higher sensitivity
and specificity (Table 4). The 5.8S PCR exhibited the highest sensitivity and specificity with an
accuracy of 100%; the Kappa index analysis showed almost perfect agreement with the gold
standard (culture) in serum samples HIV-positive (0.940; K = 0.875; 0.790-0.960; p<0.001)
and HIV-negative (1.000; K = 1; p<0.001) and CSF (1.000; K = 1; p<0.001—HIV-positive and
1.000 K = 1; p<0.001—HIV-negative), in both groups. Two serum samples collected from
HIV-positive patients with a positive culture for Cryptococcosis were 5.8S PCR-negative.
These two samples were also negative by the 18S PCR and latex agglutination test, and the cor-
responding CSF samples were also negative in all tests. Lastly, there were no significant differ-
ences between serum and CSF utilizing any of the analytical methods on patients with
disseminated Cryptococcosis and Cryptococcus meningitis.

By comparing the clinical diagnosis among the 25 patients with Cryptococcosis, 4 had men-
ingitis and 21 had disseminated disease. It was observed that the diagnosis did not influence
the performance of the diagnostic tests.

Discussion

Despite the observed decline of Cryptococcal meningitis in patients with HIV/AIDS, its occurrence
still represents a determinant of poor prognosis in HIV-infected patients [3,5,6]. The presence of
Cryptococcosis in the central nervous system leads to severe neurological complications [2,3,7,10].
In recent years, great advances have been described in development of laboratory techniques for the
diagnosis of infectious diseases and in the emergence of new methodologies for the diagnosis of
Cryptococcus spp., especially in HIV-positive individuals [21-26,28,32-36,40,41]. However, the
problem of early accurate diagnosis still remains. In this study, we analyzed two sets of primer pairs,
18SrDNA and 5.8SrDNA, in a nested PCR analysis and demonstrated high accuracy in detection of
Cryptococcus spp. in both serum and CSF. The success of early diagnosis of Cryptococcosis, espe-
cially in non- invasive serum samples, is extremely relevant. Both assays were validated for detection
and identification of Cryptococcus spp. with high accuracy in serum samples.

In mycological and histopathological tests that are the gold standard for PCR validation,
CSF cultures were more frequently positive for C. neoformans in HIV-positive patients than in
HIV-negative patients. This was despite the reported difficulties in isolating Cryptococcus spp.
in HIV positive patients by culture [46,47]. The low sensitivity and accuracy of the India ink
test and histopathology confirmed what has been described previously [48,49]. The relatively
high lower limit of detection in these two assays is a significant disadvantage as it can lead to
false-negative results, especially for those tested during the early stages of their disease. False
negative results combined with the nonspecific symptoms of cryptococcosis can lead to misdi-
agnosis, progression of cryptococcosis and death [34].

Diagnosis of Cryptococcosis in sera by the latex agglutination test yielded a higher sensitiv-
ity and NPV than did the comparable analysis of CSF [50,51]. However, both samples have
been reported to show low accuracy in this test [52-54]. The findings suggest the absence or
reduced burden of Cryptococcus spp in current. In addition, false-positive results in sera and
CSF from HIV- negative patients can be due to cross-reactions with other opportunistic patho-
gens, such as Trichosporon beigelii, Klebsiella pneumonia, Capnocytophaga canimorsus or Sto-
matococcus mucilaginosus, making diagnostic confirmation difficult [19,54].
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Several studies based on molecular methods have shown that C. neoformans exhibits differ-
ent degrees of genetic heterogeneity between clinical and environmental isolates. The primer
sets used in these Cryptococcus studies were those normally used for genotyping characteriza-
tion [5,46]. However, there are few studies evaluating the effectiveness of this methodology in
molecular diagnosis. In the present study we chose two sets of primers widely used for Crypto-
coccus genotyping. The set of 18SrDNA and 5.8SrDNA primers that amplified a fragment of
278 bp and 116 bp, respectively from a specific region of the gene that encodes rDNA [5,46]

PCR results with 18SrDNA primers showed 100% specificity for direct detection of Crypto-
coccus sp. in CSF and serum samples from the HIV-negative group. However, a different pro-
file was observed in HIV-positive patients. The sensitivity in this latter group was less than
90%. A similar finding was reported by Bialek et al. [35] with mouse brain tissue. The compar-
ative analysis demonstrated that the 18SrDNA PCR and latex agglutination assays for early
detection of Cryptococcus spp. in CSF samples from HIV-positive patients can be complemen-
tary. The 18S PCR exhibited better performance in terms of sensitivity [55], while the latex
agglutination test was more specific. One hypothesis for the lower sensitivity and specificity of
18S primers in CSF samples may be interference in the gene amplification process by cell wall
components of Cryptococcus spp. or even due to interference in the treatment being applied
[18].

Of the analyzed primers, the 5.8S PCR showed 100% sensitivity and specificity with CSF
samples, consistent with previous reports [21,31,34]. According to these studies, despite its
high accuracy, the 5.8S PCR is not indicated for monitoring patients, as false-negative results
were observed shortly after treatment initiation. However, our findings indicate that the nested
PCR using the 5.8S primers in both CSF and serum samples was highly accurate in patients
with suspected cryptococcal meningitis, regardless of the presence/absence of concomitant
treatment. Despite the interspecies analysis showing optimal specificity (100%) with a high
positive predictive value (1.00), the analysis of serum from HIV-positive and HIV-negative
patients was almost perfect using the 5.8S PCR (K = 0.918 (0.862-0.974); p< 0.001). By com-
parison, the 18S-CRP had only moderate to substantial success in patients with or without
HIV infection (K = 0.634 (0.526-0.742); p<0.001). Two cases from the CM/AIDS group were
false negatives, possibly due to low or non-uniform distribution of specimens from which
DNA was extracted. Furthermore, utilization of the 5.8S primers for the analysis of serum sam-
ples is a non-invasive and low-cost technique.

The use of a set of multiplex primers for molecular diagnosis could be an excellent alterna-
tive, since in the same reaction it is possible to detect the causative organism and, concurrently
genotype the infecting strain. Multiplex PCR and sequencing data confirmed the detection of
C. neoformans in biological samples from AIDS patients worldwide, including Brazil [56-59].

A limitation of the present study was the sample size since the number of HIV-negative
patients was lower compared to the HIV-positive subjects. This reduced the power of the sta-
tistical evaluation. In addition, patients’ medical records did not contain all relevant informa-
tion, such as occupational risk factors. In addition, the analysis of patients’ follow-up was
limited to their hospitalization and so the risk of recurrence or other complications after dis-
charge could not be assessed. Lastly, as the study was retrospective, it was not possible to con-
sider the test lateral flow assay cryptococcal antigen (CrAg LFA) when testing these samples.

Our results indicate that the nested 5.8S PCR can increase the ability to diagnose cryptococ-
cosis, and we suggest its use to monitor patients in the future. Furthermore, the possibility of
using serum, a non-invasively collected material, in a targeted 5.8S PCR analysis to identify
Cryptococcus spp. is worth highlighting, especially in immunosuppressed patients.

Patients’ sera were evaluated by both serological and molecular tests, since the purpose of
our study was to identify a test that could be used on non-invasively collected samples, mainly
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from immunosuppressed patients, for the early diagnosis of Cryptococcus infection. The nested
PCR specific for the 5.8Sr DNA sequence was shown to be superior to both conventional
detection methods and 18S PCR for Cryptococcus detection.

Acknowledgments

We are grateful to Dr. Shigueko Sonohara Troyano Pueyo, Dr. Claudio Mendes Pannuti and
Cidia Vasconcelos for their scientific support during the development of this research.

Author Contributions
Conceptualization: Katia Cristina Dantas.
Formal analysis: Vera Lucia Teixeira de Freitas.

Investigation: Katia Cristina Dantas, Alfredo Mendroni Junior, Marcos Vinicius da Silva,
Paulo Ricardo Criado.

Methodology: Katia Cristina Dantas, Roseli Santos de Freitas—Xavier, Suzete Cleusa Ferreira
Spina Lombardi.

Project administration: Katia Cristina Dantas.
Resources: Terezinha Morato Bastos de Almeida.
Supervision: Katia Cristina Dantas.

Validation: Vera Lucia Teixeira de Freitas.

Writing - original draft: Katia Cristina Dantas, Roseli Santos de Freitas—Xavier, Suzete
Cleusa Ferreira Spina Lombardi, Vera Lucia Teixeira de Freitas.

Writing - review & editing: Katia Cristina Dantas, Roseli Santos de Freitas—Xavier, Vera
Lucia Teixeira de Freitas, Terezinha Morato Bastos de Almeida.

References

1. Kuehn BM. Pulmonary Fungal Infections Affect Patients With COVID-19. JAMA. 2020; 324 (22): 2248.
https://doi.org/10.1001/jama.2020.22914 PMID: 33289826

2. Goralska K, Blaszkowska J, Dzikowiec M. Neuroinfections caused by fungi. Infection. 2018; 46 (4):
443-459. https://doi.org/10.1007/s15010-018-1152-2 PMID: 29785613. PMCID: PMC6096918

3. Paruk HF, Bhigjee Al. Review of the neurological aspects of HIV infection. J Neurological Sci. 2021;
425: 117458. https://doi.org/10.1016/}.jns.2021.117453 PMID: 33895464

4. Limper AH, Adenis A, Le T, Harrison TS. Fungal infections in HIV/AIDS. Lancet Infect Dis. 2017; 17
(11); 17: e334—43. https://doi.org/10.1016/S1473-3099(17)30303-1 PMID: 28774701

5. Mitchell TG, Perfect JR. Cryptococcosis in the era of AIDS— 100 years after the discovery of Cryptococ-
cus neoformans. Clin Microbiol Rev. 1995; 8 (4): 515-548. https://doi.org/10.1128/cmr.8.4.515 PMID:
8665468. PMCID: PMC172874.

6. UNAIDS. Global AIDS monitoring 2022. https://www.unaids.org/sites/default/files/media_asset/global-
aids-monitoringen.pdf (accessed March 22, 2021).

7. Rajasingham R, Smith RM, Park BJ, Jarvis JN, Govender NP, Chiller TM et al.- Global burden of dis-
ease of HIV-associated cryptococcal meningitis: an updated analysis. Lancet Infect Dis. 2017; 17(8):
873-881. https://doi.org/10.1016/S1473-3099(17)30243-8 Epub 2017 May 5. PMID: 28483415.
PMCID: PMC5818156

8. Kwon-Chung KJ. Cryptococcosis. In: Kwon-Chung KJ, Bennett JE, editors. Medical Mycology. Philadel-
phia: Lea & Febiger; 1992, p. 397-446.

9. Maziarz E, Perfect JP. Cryptococcosis. Infect Dis Clin North Am. 2016; 30(1): 179-206. https://doi.org/
10.1016/j.idc.2015.10.006 PMID: 26897067

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011140 March 6, 2023 13/16


https://doi.org/10.1001/jama.2020.22914
http://www.ncbi.nlm.nih.gov/pubmed/33289826
https://doi.org/10.1007/s15010-018-1152-2
http://www.ncbi.nlm.nih.gov/pubmed/29785613
https://doi.org/10.1016/j.jns.2021.117453
http://www.ncbi.nlm.nih.gov/pubmed/33895464
https://doi.org/10.1016/S1473-3099%2817%2930303-1
http://www.ncbi.nlm.nih.gov/pubmed/28774701
https://doi.org/10.1128/cmr.8.4.515
http://www.ncbi.nlm.nih.gov/pubmed/8665468
https://www.unaids.org/sites/default/files/media_asset/global-aids-monitoringen.pdf
https://www.unaids.org/sites/default/files/media_asset/global-aids-monitoringen.pdf
https://doi.org/10.1016/S1473-3099%2817%2930243-8
http://www.ncbi.nlm.nih.gov/pubmed/28483415
https://doi.org/10.1016/j.idc.2015.10.006
https://doi.org/10.1016/j.idc.2015.10.006
http://www.ncbi.nlm.nih.gov/pubmed/26897067
https://doi.org/10.1371/journal.pntd.0011140

PLOS NEGLECTED TROPICAL DISEASES Cryptococcus neoformans detection

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Ellis J, Bangdiwala AS, Cresswell FV, et al. The changing epidemiology of HIV-associated adult menin-
gitis, Uganda 2015—2017. Open Forum Infect Dis. 2019; 6 (10): ofz419. https://doi.org/10.1093/ofid/
0fz419 PMID: 31660375. PMCID: PMC6810358.

Rajasingham R, Govender NP, Jordan A, Loyse A, Shroufi A, Denning DW, Meya DB, Chiller TM, Boul-
ware DR. The global burden of HIV-associated cryptococcal infection in adults in 2020: a modelling
analysis. Lancet Infect Dis. 2022; 22 (12): 1748—1755. Epub 2022 Aug 29. https://doi.org/10.1016/
S1473-3099(22)00499-6 PMID: 36049486. PMCID: PMC9701154

Firacative C1, Lizarazo J, llinait-Zaragozi MT, Castafieda E. The status of cryptococcosis in Latin Amer-
ica. Mem Inst Oswaldo Cruz, Rio de Janeiro. 2018; 113 (7): e170554. https://doi.org/10.1590/0074-
02760170554,

Prado M, Silva MB, Laurenti R, Travassos LR, Taborda CP. Mortality due to systemic mycoses as a pri-
mary cause of death or in association with AIDS in Brazil: a review from 1996 to 2006. Mem Inst
Oswaldo Cruz. 2009; 104 (3): 513-521. https://doi.org/10.1590/s0074-02762009000300019 PMID:
19547881

Aguiar PADF Pedroso RS, Borges AS Moreira TA, Araujo LB Réder DVDB. The epidemiology of crypto-
coccosis and the characterization of Cryptococcus neoformans isolated in a Brazilian University Hospi-
tal. Rev Inst Med Trop Séao Paulo. 2017; 59: e13. https://doi.org/10.1590/S1678-9946201759013
PMID: 28423088

Alves Soares E, Lazera MdS, Wanke B, Faria Ferreira MD, Carvalhaes de Oliveira RV, Oliveira AG,
et al. Mortality by cryptococcosis in Brazil from 2000 to 2012: A descriptive epidemiological study. PLoS
Negl Trop Dis. 2019; 13(7): e0007569. https://doi.org/10.1371/journal.pntd.0007569 PMID: 31356603

De Oliveira RB, Atobe JH, Souza SA, De Castro Lima Santos DW. Epidemiology of invasive fungal
infections in patients with acquired immunodeficiency syndrome at a reference hospital for infectious
diseases in Brazil. Mycopathologia. 2014; 178 (1-2): 71-8. https://doi.org/10.1007/s11046-014-9755-3
PMID: 24952013

Departamento de Doencas de Condigdes Cronicas e Infecgdes Sexualmente Transmissiveis—MINIS-
TERIO DA SAUDE. Boletim Epidemiol6gico—HIV Aids. Julho de 2017 a junho de 2018; http://www.aids.
gov.br/pt-br/pub/2018/ boletim-epidemiologico-hivaids-2018, [accessed 13 March 2019].”

Saha DC, Xess |, Biswas A, Bhomik DM, Padma MV. Detection of Cryptococcus by conventional, sero-
logical and molecular methods. J Med Microbiol 2009; 58 (8): 1098—1105. https://doi.org/10.1099/jmm.
0.007328-0 PMID: 19528182

Dyal J, Akampurira A, Rhein J, Morawski BM, Kiggundu R, Nabeta HW, et al. Reproducibility of CSF
quantitative culture methods for estimating rate of clearance in cryptococcal meningitis. Med Mycol.
2016; 54: 361-369. hitps://doi.org/10.1093/mmy/myv104 PMID: 26768372. PMCID: PMC4834857

Dantas KC, Mauad T, De Andre CS, Bierrenbach AL, Saldiva PHN. A single-centre, retrospective study
of the incidence of invasive fungal infections during 85 years of autopsy service in Brazil. Sci Rep. 2021;
11: 3943. https://doi.org/10.1038/s41598-021-83587-1 PMID: 33597620. PMCID: PMC7889920.

Rajasingham R, Wake RM, Beyene T, Katende A, Letang E, Boulware DR. Cryptococcal meningitis
diagnostics and screening in the era of point-of-care laboratory testing. J Clin Microbiol. 2019; 57:
e€01238-18. https://doi.org/10.1128/JCM.01238-18 PMID: 30257903. PMCID: PMC6322457.

Schub T, Forster J, Suerbaum S, Wagener J, Dichtl K. Comparison of a Lateral Flow Assay and a Latex
Agglutination Test for the Diagnosis of Cryptococcus Neoformans Infection. Curr Microbiol. 2021; 78:
3989-3995. https://doi.org/10.1007/s00284-021-02664-w PMID: 34581848. PMCID: PMC8486725.

Vianna CMM, Mosegui GBG. Cost-effectiveness analysis and budgetary impact of the Cryptococcal
Antigen Lateral Flow Assay (CRAG-LFA) implementation for the screening and diagnosis of cryptococ-
cosis in asymptomatic people living with HIV in Brazil. Rev Inst Med Trop S&o Paulo. 2021; 63: e57.
https://doi.org/10.1590/S1678-9946202163057 eCollection 2021. PMID: 34231822. PMCID:
PMC8266305

Vidal JE, Boulware DR. Lateral flow assay for cryptococcal antigen: an important advance to improve
the continuum of HIV care and reduce cryptococcal meningitis-related mortality. Rev Inst Med Trop
2015; 57: 38—45. https://doi.org/10.1590/S0036-46652015000700008 PMID: 26465368. PMCID:
PMC4711197.

Tadeo KK, Nimwesiga A, Kwizera R, et al. Evaluation of the diagnostic performance of a semiquantita-
tive cryptococcal antigen point-of-care assay among HIV-infected persons with cryptococcal meningitis.
J Clin Microbiol 2021; 59: e0086021. https://doi.org/10.1128/JCM.00860-21 PMID: 34076472

Vidal JE, Toniolo C, Paulino A, Colombo AL, Martins MA, Meira CS, Azevedo RGS, Pereira-Chioccola
VL, Gomes HR, Lazera MS, De Oliveira ACP, Boulware DR. Performance of cryptococcal antigen lat-
eral flow assay in serum, cerebrospinal fluid, whole blood, and urine in HIV-infected patients with cul-
ture-proven cryptococcal meningitis admitted at a Brazilian referral center. Rev Inst Med Trop Séo

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011140 March 6, 2023 14/16


https://doi.org/10.1093/ofid/ofz419
https://doi.org/10.1093/ofid/ofz419
http://www.ncbi.nlm.nih.gov/pubmed/31660375
https://doi.org/10.1016/S1473-3099%2822%2900499-6
https://doi.org/10.1016/S1473-3099%2822%2900499-6
http://www.ncbi.nlm.nih.gov/pubmed/36049486
https://doi.org/10.1590/0074-02760170554
https://doi.org/10.1590/0074-02760170554
https://doi.org/10.1590/s0074-02762009000300019
http://www.ncbi.nlm.nih.gov/pubmed/19547881
https://doi.org/10.1590/S1678-9946201759013
http://www.ncbi.nlm.nih.gov/pubmed/28423088
https://doi.org/10.1371/journal.pntd.0007569
http://www.ncbi.nlm.nih.gov/pubmed/31356603
https://doi.org/10.1007/s11046-014-9755-3
http://www.ncbi.nlm.nih.gov/pubmed/24952013
http://www.aids.gov.br/pt-br/pub/2018/
http://www.aids.gov.br/pt-br/pub/2018/
https://doi.org/10.1099/jmm.0.007328-0
https://doi.org/10.1099/jmm.0.007328-0
http://www.ncbi.nlm.nih.gov/pubmed/19528182
https://doi.org/10.1093/mmy/myv104
http://www.ncbi.nlm.nih.gov/pubmed/26768372
https://doi.org/10.1038/s41598-021-83587-1
http://www.ncbi.nlm.nih.gov/pubmed/33597620
https://doi.org/10.1128/JCM.01238-18
http://www.ncbi.nlm.nih.gov/pubmed/30257903
https://doi.org/10.1007/s00284-021-02664-w
http://www.ncbi.nlm.nih.gov/pubmed/34581848
https://doi.org/10.1590/S1678-9946202163057
http://www.ncbi.nlm.nih.gov/pubmed/34231822
https://doi.org/10.1590/S0036-46652015000700008
http://www.ncbi.nlm.nih.gov/pubmed/26465368
https://doi.org/10.1128/JCM.00860-21
http://www.ncbi.nlm.nih.gov/pubmed/34076472
https://doi.org/10.1371/journal.pntd.0011140

PLOS NEGLECTED TROPICAL DISEASES Cryptococcus neoformans detection

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

Paulo. 2018; 60: e1. https://doi.org/10.1590/s1678-9946201860001 PMID: 29451598. PMCID:
PMC8233569

Antinori S, Ridolfo A, Fasan M, Magni C, Galimberti L, Milazzo L, et al. AIDS-associated cryptococcosis:
a comparison of epidemiology, clinical features and outcome in the pre- and post-HAART eras. Experi-
ence of a single centre in Italy. HIV Med. 2009; 10 (1): 6—11. https://doi.org/10.1111/j.1468-1293.2008.
00645.x PMID: 19125961

Sidrim JJC, Costa AKF, Cordeiro RA, Brilhante RSN, Moura FEA, Castelo-Branco DSCM, et al. Molec-
ular methods for the diagnosis and characterization of Cryptococcus: a review. Can J Microbiol. 2010;
56 (6): 445—-458. https://doi.org/10.1139/w10-030 PMID: 20657615

Casali AK, Goulart L, Rosa e Silva LK, Ribeiro AM, Amaral AA, Alves SH, et al. Molecular typing of clini-
cal and environmental Cryptococcus neoformans isolates in the Brazilian state Rio Grande do Sul.
FEMS Yeast Res. 2003; 3: 405—415. https://doi.org/10.1016/S1567-1356(03)00038-2 PMID:
12748052

Mitchell TG, Freedman EZ, White TJ, Taylor JW. Unique oligonucleotide primers in PCR for identifica-
tion of Cryptococcus neoformans. J Clin Microbiol. 1994; 32 (1): 253—-255. https://doi.org/10.1128/jcm.
32.1.253-255.1994 PMID: 8126194

Aoki FH, Imai T, Tanaka R, Mikami Y, Taguchi H, Nishimura NF, et al. New PCR primer pairs specific
for Cryptococcus neoformans serotype A or B prepared on the basis of random amplified polymorphic
DNA fingerprint pattern analyses. J Clin Microbiol. 1999; 37 (2): 315-320. https://doi.org/10.1128/JCM.
37.2.315-320.1999 PMID: 9889210. PMCID: PMC84295.

Rappelli P, Are R, Casu G, Fiori PL, Cappuccinelli P, Aceti A. Development of a nested PCR for detec-
tion of Cryptococcus neoformans in cerebrospinal fluid. J Clin Microbiol. 1998; 36 (11): 3438—-3440.
https://doi.org/10.1128/JCM.36.11.3438-3440.1998 PMCID: PMC105354 PMID: 9774618

MaQ, Yao J, Yuan S, Liu H, Wei N, Zhang J et al. Development of a lateral flow recombinase polymer-
ase amplification assay for rapid and visual detection of Cryptococcus neoformans/C. gattii in cerebro-
spinal fluid. BMC Infect Dis. 2019; 19:108. https://doi.org/10.1186/s12879-019-3744-6.

Martins MA, Brighente KBS, De Matos TA, Vidal JR, Hipdlito DDC, Chioccola VLP. Molecular diagnosis
of cryptococcal meningitis in cerebrospinal fluid: comparison of primer sets for Cryptococcus neofor-
mans and Cryptococcus gattii species complex. Braz. J. Infect. Dis. 2015; 19(1): 62—67. http://dx.doi.
org/10.1016/j.bjid.2014.09.004

Bialek R, Weiss M, Bekure NK, Najvra LK, Alberdi MB, Graybill JR, et al. Detection of Cryptococcus
neoformans DNA in tissue samples by nested and real-time PCR assays. Clin Diagn Lab Immunol.
2002; 9 (2): 461-469. https://doi.org/10.1128/cdli.9.2.461-469.2002 PMID: 11874894. PMCID:
PMC119960.

Takahashi T, Goto M, Kanda T. Iwamoto A. Utility of testing bronchoalveolar lavage fluid for cryptococ-
cal ribosomal DNA. J Int Med Res. 2003; 31(4):324-329. https://doi.org/10.1177/
147323000303100411 PMID: 12964509.

Ajello L, Georg LK, Kaplan W, Kaufman L. Laboratory Manual for Medical Mycology. Atlanta, Georgia:
US Department of Health, Education and Welfare, Public Health Service, Communicable Disease Cen-
ter, 1963.

Kwon-Chung KJ, Boekhout T, Fell JW, Diaz M. Proposal to conserve the name Cryptococcus gattii
against C. hondurianus and C. bacillisporus (Basidiomycota, Hymenomycetes, Tremellomycetidae).
Taxon. 2002; 51: 804—-806. https://doi.org/10.2307/1555045

Kwon-Chung KJ, Varma A. Do major species concepts support one, two or more species within Crypto-
coccus neoformans? FEMS Yeast Res. 2006; 6 (4): 574-587. https://doi.org/10.1111/j.1567-1364.
2006.00088.x PMID: 16696653.

Kauffman CA, Bergman AG, Severance PJ, McClatchey KD. Detection of cryptococcal antigen. Com-
parison of two latex agglutination tests. Am J Clin Pathol. 1981; 75 (1): 106—109. https://doi.org/10.
1093/ajcp/75.1.106 PMID: 7457417

Fujita S, Senda Y, Nakaguchi S, Hashimoto T. Multiplex PCR using internal transcribed spacer 1 and 2
regions for rapid detection and identification of yeast strains. J Clin Microbiol. 2001; 39 (10): 3617—
3622. https://doi.org/10.1128/JCM.39.10.3617-3622.2001 PMID: 11574582. PMCID: PMC88398.

Ercolani L, Florence B, Denaro M, Alexander M. Isolation and complete sequence of a functional
human glyceraldehydes-3-phophate dehydrogenase gene. J Biol Chem. 1988; 263 (30): 15335—
15341. PMID: 3170585.

Cohen J. A coefficient of agreement for nominal scales. Educ Psychol Measurement. 1960; 20(1): 37—
46. https://doi.org/10.1177/001316446002000104.

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 1977;
33(1): 159-174. PMID: 843571

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011140 March 6, 2023 15/16


https://doi.org/10.1590/s1678-9946201860001
http://www.ncbi.nlm.nih.gov/pubmed/29451598
https://doi.org/10.1111/j.1468-1293.2008.00645.x
https://doi.org/10.1111/j.1468-1293.2008.00645.x
http://www.ncbi.nlm.nih.gov/pubmed/19125961
https://doi.org/10.1139/w10-030
http://www.ncbi.nlm.nih.gov/pubmed/20657615
https://doi.org/10.1016/S1567-1356%2803%2900038-2
http://www.ncbi.nlm.nih.gov/pubmed/12748052
https://doi.org/10.1128/jcm.32.1.253-255.1994
https://doi.org/10.1128/jcm.32.1.253-255.1994
http://www.ncbi.nlm.nih.gov/pubmed/8126194
https://doi.org/10.1128/JCM.37.2.315-320.1999
https://doi.org/10.1128/JCM.37.2.315-320.1999
http://www.ncbi.nlm.nih.gov/pubmed/9889210
https://doi.org/10.1128/JCM.36.11.3438-3440.1998
http://www.ncbi.nlm.nih.gov/pubmed/9774618
https://doi.org/10.1186/s12879-019-3744-6
http://dx.doi.org/10.1016/j.bjid.2014.09.004
http://dx.doi.org/10.1016/j.bjid.2014.09.004
https://doi.org/10.1128/cdli.9.2.461-469.2002
http://www.ncbi.nlm.nih.gov/pubmed/11874894
https://doi.org/10.1177/147323000303100411
https://doi.org/10.1177/147323000303100411
http://www.ncbi.nlm.nih.gov/pubmed/12964509
https://doi.org/10.2307/1555045
https://doi.org/10.1111/j.1567-1364.2006.00088.x
https://doi.org/10.1111/j.1567-1364.2006.00088.x
http://www.ncbi.nlm.nih.gov/pubmed/16696653
https://doi.org/10.1093/ajcp/75.1.106
https://doi.org/10.1093/ajcp/75.1.106
http://www.ncbi.nlm.nih.gov/pubmed/7457417
https://doi.org/10.1128/JCM.39.10.3617-3622.2001
http://www.ncbi.nlm.nih.gov/pubmed/11574582
http://www.ncbi.nlm.nih.gov/pubmed/3170585
https://doi.org/10.1177/001316446002000104
http://www.ncbi.nlm.nih.gov/pubmed/843571
https://doi.org/10.1371/journal.pntd.0011140

PLOS NEGLECTED TROPICAL DISEASES Cryptococcus neoformans detection

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

Fletcher RM SW, Wagner EH. Clinical Epidemiology: The Essentials. Third edition. Baltimore: Wil-
liams & Wilkins, 1996.

Wirth F, Azevedo MI, Goldani LZ. Molecular types of Cryptococcus species isolated from patients with
cryptococcal meningitis in a Brazilian tertiary care hospital. Braz J. Infect Dis. 2018; 22(6): 495498,
https://doi.org/10.1016/j.bjid.2018.11.002 PMID: 30508502. PMCID: PMC9425640.

Mirza SA, Phelan M, Rimland D, Graviss E, Hamill R, Brandt ME, et al. The changing epidemiology of
cryptococcosis: An update from population-based active surveillance in 2 large metropolitan areas,
1992-2000. Clin Infect Dis. 2003; 36 (6): 789—794. https://doi.org/10.1086/368091 PMID: 12627365

Guo XS, BuH, He JY, Zou YL, Zhao Y, Li YY, et al. Current diagnosis and treatment of cryptococcal
meningitis without acquired immunodeficiency syndrome. Neuroimmunol Neuroinflammation. 2016; 3:
249-56. http://dx.doi.org/10.20517/2347-8659.2016.10].

Capoor MR, Nair D, Deb M, Gupta B, Aggarwal P. Clinical and mycological profile of cryptococcosis in a
tertiary care hospital. Indian J Med Microbiol, 2007; 25(4): 401—4. https://doi.org/10.4103/0255-0857.
37349 PMID: 18087095.

Riha RL, Pataka A. BMJ best practice: cryptococcosis. Br Med Journals 2018.

Kohno S, Kakeya SH, Izumikawa K, Miyazaki T, Yamamoto Y, Yanagihara K et al. Clinical features of
pulmonary cryptococcosis in non-HIV patients in Japan, J Infect Chemother. 2015; 21 (1): 23-30.
https://doi.org/10.1016/].jiac.2014.08.025 PMID: 25444673.

Nielsen K, Obaldia ALD, Heitman J. Cryptococcus neoformans mates on pigeon guano: implications for
the realized ecological niche and globalization. Eukaryot. Cell 2007; 6: 949-959. https://doi.org/10.
1128/EC.00097-07 PMID: 17449657

Perfect JR, Dismukes WE, Dromer F, Goldman DL, Graybill JR, Hamill RJ et al. Clinical practice guide-
lines for the management of cryptococcal disease: 2010 update by the infectious diseases’ society of
america. Clin Infect Dis. 2010; 50 (3): 291-322. https://doi.org/10.1086/649858 PMID: 20047480.
PMCID: PMC5826644.

Jarvis N, Leeme TB, Molefi M, Chofle AA, Bidwell GB, Tsholo K, et al. Short-course High-dose Lipo-
somal Amphotericin B for Human Immunodeficiency Virus—associated Cryptococcal Meningitis: A
Phase 2 Randomized Controlled Trial Joseph Clinical Infectious. Diseases Clin Infect Dis. 2019; 68
(3):393—401. https://doi.org/10.1093/cid/ciy515 PMID: 29945252, PMCID: PMC6336908.

Dantas KC, Freitas RSd, da Silva MV, Criado PR, Luiz OdC, Vicentini AP. Comparison of diagnostic
methods to detect Histoplasma capsulatum in serum and blood samples from AIDS patients. PLoS
ONE. 2018; 13(1): €0190408. https://doi.org/10.1371/journal.pone.0190408 PMID: 29342162

Bennett JE, Kwon-Chung KJ, Haward DH. Epidemiologic differences among serotypes of Cryptococcus
neoformans. Am J Epidemiol. 1977; 105 (6): 582-6. https://doi.org/10.1093/oxfordjournals.aje.
al112423 PMID: 326036

Nishikawa MM, Lazera MS, Barbosa GG, Trilles L, Balassiano BR, Macedo RCL, et al. Serotyping of
467 Cryptococcus neoformans Isolates from Clinical and Environmental Sources in Brazil: Analysis of
Host and Regional Patterns. J Clin Microbiol, Jan. 2003; 41 (1): 73-77. https://doi.org/10.1128/JCM.
41.1.73-77.2003 PMID: 12517828. PMCID: PMC149604.

Chayakulkeeree M, Perfect JR. Criptococose. Infect Dis Clin North Am. 2006; Set; 20(3):507—44.
https://doi.org/10.1016/j.idc.2006.07.001 PMID: 16984867

Severo CB, Gazzoni AF, Seven LC. Pulmonar cryptococcosis. J. Bras Pneumol. 2009; 35 (11): 1136—
44, https://doi.org/10.1590/S1806-37132009001100012

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011140 March 6, 2023 16/16


https://doi.org/10.1016/j.bjid.2018.11.002
http://www.ncbi.nlm.nih.gov/pubmed/30508502
https://doi.org/10.1086/368091
http://www.ncbi.nlm.nih.gov/pubmed/12627365
http://dx.doi.org/10.20517/2347-8659.2016.10
https://doi.org/10.4103/0255-0857.37349
https://doi.org/10.4103/0255-0857.37349
http://www.ncbi.nlm.nih.gov/pubmed/18087095
https://doi.org/10.1016/j.jiac.2014.08.025
http://www.ncbi.nlm.nih.gov/pubmed/25444673
https://doi.org/10.1128/EC.00097-07
https://doi.org/10.1128/EC.00097-07
http://www.ncbi.nlm.nih.gov/pubmed/17449657
https://doi.org/10.1086/649858
http://www.ncbi.nlm.nih.gov/pubmed/20047480
https://doi.org/10.1093/cid/ciy515
http://www.ncbi.nlm.nih.gov/pubmed/29945252
https://doi.org/10.1371/journal.pone.0190408
http://www.ncbi.nlm.nih.gov/pubmed/29342162
https://doi.org/10.1093/oxfordjournals.aje.a112423
https://doi.org/10.1093/oxfordjournals.aje.a112423
http://www.ncbi.nlm.nih.gov/pubmed/326036
https://doi.org/10.1128/JCM.41.1.73-77.2003
https://doi.org/10.1128/JCM.41.1.73-77.2003
http://www.ncbi.nlm.nih.gov/pubmed/12517828
https://doi.org/10.1016/j.idc.2006.07.001
http://www.ncbi.nlm.nih.gov/pubmed/16984867
https://doi.org/10.1590/S1806-37132009001100012
https://doi.org/10.1371/journal.pntd.0011140

