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The gut microbiota is a dynamic and highly diverse microbial ecosystem that affects many aspects of the host’s physiology. An improved understanding of the gut microbiota could lead to better strategies for the diagnosis and therapy of cryptococcal meningitis (CM), but the impact of Cryptococcus infection and anti-fungal treatment on the gut microbiota has rarely been studied. We characterized the diversity and composition of the gut microbiota in CM patients at diagnosis and healthy controls (HCs) using metagenomic sequencing and determined the effects of anti-fungal drugs. We found that CM patients had distinct bacterial and fungal compositions compared with HCs, with eight differentially abundant fungal and 72 differentially abundant bacterial species identified between the two groups. CM patients showed an increased abundance of Enterococcus avium, Leuconostoc mesenteroides, and Weissella cibaria, and a decreased abundance of Prevotella spp. compared with HCs. However, anti-fungal treatment only led to minor changes in the intestinal microbiota. Moreover, both positive and negative correlations existed in fungal, bacterial, and clinical indicators. Our study suggests that the Cryptococcus neoformans infection caused a distinct dysbiosis of the gut microbiota and contributes valuable information implying potential links between the CM and gut microbiota.
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Introduction

Cryptococcal meningitis (CM) is a global invasive fungal disease associated with high morbidity and mortality (Iyer et al., 2021; Rajasingham et al., 2022). Cryptococcus neoformans (C. neoformans) and C. gattii are the main species responsible for life-threatening CM (Hagen et al., 2015; Kwon-Chung et al., 2017); immunocompromised individuals are the most vulnerable, but there are also reports of cryptococcal infections in immunocompetent hosts (Perfect et al., 2010; Kwon-Chung et al., 2014). It is estimated that 223,100 cases of CM occur globally each year, leading to 181,100 deaths (Rajasingham et al., 2017). Most CM-related deaths occur in resource-limited settings in which access to drugs is limited and effective treatments are expensive, signifying the need to develop affordable therapeutics against these deadly fungal pathogens (Loyse et al., 2019; Vilas-Bôas et al., 2020; Driemeyer et al., 2022; Rajasingham et al., 2022).

Recent increases in our understanding and analysis of the gut microbiota have shed light on the impact of alterations to human health. The gut microbiota is a dynamic and highly diverse microbial ecosystem that affects many aspects of the host’s physiology (Kamada et al., 2013; Erny et al., 2021), and is involved in the host immune response, protection against pathogen overgrowth, biosynthesis, and metabolism. For example, the microbiota was found to be important for the host response against C. gattii, with germ-free mice more susceptible to infection, and showing lower survival, higher fungal burden in the lungs and brain, reduced levels of interferon-γ, interleukin (IL)-1β, and IL-17, and lower nuclear factor κB p65 phosphorylation than wild-type mice (Costa et al., 2016). Additionally, bloodborne Candida albicans infection was reported to decrease the diversity of the gut microbiota (Hu et al., 2021), while the gut bacterial microbiota affected generation of the pulmonary IL-17 response to Aspergillus fumigatus infection in mice (McAleer et al., 2016).

These findings highlight the commensal microbiota modules immune responses in infectious diseases and show that altering the composition could be a therapeutic approach for disease. However, it is unclear whether and how Cryptoccocus infection induces changes in the gut microbiota in human. In particular, the effect of anti-fungal treatments on the gut microbiota is unknown. Previous studies primarily focused on anti-bacterial and anti-viral treatment (Villanueva-Millán et al., 2017; Wipperman et al., 2017; Ponziani et al., 2018), but little is known about the effects of anti-fungal treatment on the intestinal microbiome. Additionally, most earlier studies on the gut microbiota concentrated on the bacterial community, while research into gut fungal communities only started more recently. Thus, more comprehensive research into the role of intestinal bacteria and fungi in the pathobiology of fungal diseases is needed.

To this end, we performed a cross-sectional study of CM patients and healthy controls (HCs) to characterize the bacterial and fungal gut microbiota changes in response to Cryptococcus infection and anti-fungal therapy in individuals from China.



Materials and methods


Study population

Patients with CM were recruited from Jiangxi Chest Hospital. A diagnosis of CM was based on positive results from cerebrospinal fluid (CSF) culture, a CSF cryptococcal antigen test (IMMY, Norman, OK, USA), or positive CSF India ink staining (Perfect et al., 2010). Inclusion criteria were a confirmed CM patient; age ≥ 18 years; and body mass index (BMI) between 18 and 25 kg/m2. Exclusion criteria were anti-fungal therapy administered prior to admission; recurrent CM; a known history of autoimmune or rheumatic diseases, metabolic diseases, chronic gastrointestinal diseases, or malignant tumors; pregnant or breastfeeding; presence of acute infection; a history of gastrointestinal tract surgery; and intake of antibiotics or colon-cleansing preparation within the last 3 months preceding stool collection. HCs were recruited via the healthy donor biobank of the Neurology Department in Jiangxi Chest Hospital.

Participants were divided into four groups: HCs (n = 16), CM patients not receiving therapy (CM group; n = 15), CM patients receiving 2 weeks of anti-fungal therapy (CM-2W group; n = 7), and CM patients receiving 4 weeks of anti-fungal therapy (CM-4W group; n = 6). All subjects were HIV-negative. This research was approved by the Institute Ethics Committee of Jiangxi Chest Hospital. All participants provided their written informed consent before stool donation.



Collection of clinical data

Clinical data were collected by reviewing medical charts. The following data were recorded: age, sex, BMI, clinical manifestations like headache, fever, nausea, and vomiting, conscious disturbance and other neurological symptoms such as those associated with vision and hearing, CSF examination, treatment, and outcome.



Stool collection and DNA extraction

Whole stools were collected in sterile boxes, immediately homogenized, and aliquots of 200 mg were frozen at –80°C for further analysis. Genomic DNA was extracted from aliquots using the QIAamp PowerFecal Pro DNA Kit (Qiagen, Germantown, MD, USA) according to the manufacturer’s instructions. The DNA pellet was resuspended in 80 mL of trypsin–ethylenediaminetetraacetic acid buffer, and the concentration was measured using the Qubit™ dsDNA Assay Kit with the Qubit™ 3.0 Fluorometer (Thermo Fisher Scientific, Carlsbad, CA, USA).



Library construction and shotgun metagenomic sequencing

A total of 200 ng DNA was used as input material for sample preparations. Sequencing libraries were generated using the KAPA HyperPlus Library Preparation Kit (Roche, Basel, Switzerland) following the manufacturer’s recommendations, and index codes were added to attribute sequences to each sample. Briefly, the DNA sample was fragmented to a size of 350 bp, then fragments were end-polished, A-tailed, and ligated with the full-length adaptor for Illumina sequencing with further PCR amplification. Finally, PCR products were purified using the AMPure XP system, and libraries were analyzed for size distribution by the Agilent 2100 Bioanalyzer system (Agilent, Santa Clara, CA, USA) and quantified using real-time PCR. Whole-genome shotgun sequencing was performed on the NovaSeq 6000 system (Illumina, San Diego, California, USA) to obtain paired-end reads with 150 bp in the forward and reverse directions. Each sample obtained an average of 8G raw data.



Statistical analyses

Participant characteristics are expressed as medians (ranges) and were compared using Mann–Whitney or χ2-tests as appropriate. Prism v.9.0 software (GraphPad, San Diego, CA, USA) was used for analyses and graph preparation. Alpha diversity, reflecting the species richness and diversity, was measured using the Pielou index, number of genes, and Shannon index. Beta diversity, comparing the similarity of species diversity among groups, was calculated using principal coordinate analysis (PCoA). A heatmap was drawn of the relative abundance of bacteria and fungi based on data from the Wilcoxon rank sum test adjusted by the Benjamini–Hochberg procedure (FDR < 0.1, fold-change > 2). Correlation coefficients of observations among fungi, bacteria, and clinical indicators were calculated using Bland and Altman. P-values were adjusted by the Benjamini–Hochberg procedure. Differences with P < 0.05 were considered significant.




Results


Participant characteristics

A total of 16 CM patients and 15 HCs were recruited to the study. CM patients received the same anti-fungal therapy regime. Treatment involves induction with amphotericin B in combination with flucytosine for 2 weeks, followed by consolidation and maintenance with fluconazole. There were no significant differences between CM patients and HCs with respect to age, sex, or BMI. One CM patient died before their 4-week treatment period was complete. Detailed demographic and clinical characteristics are shown in Table 1.


TABLE 1    Demographic features of CM patients and healthy controls.
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Bacterial dysbiosis in CM

No significant difference was observed in alpha diversity (assessed using three different indexes) between CM patients and the HC group (Figure 1A). However, the bacterial compositions of CM patients and HCs were segregated on PCoA, with significant differences in beta diversity identified between the bacteria of the CM group and those of the HC group (Figure 1B, P < 0.001).
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FIGURE 1
Comparisons of the structure and composition of bacteria between CM patients and HCs. (A) Alpha diversity analysis plot at the gene level, including the number of genes, and the Shannon index. Dot plots show the comparison between CM patients and healthy controls. (B) Principal component analysis plot based on the Bray–Curtis distance. (C) Heatmap of the relative abundance of bacteria. (D) Heatmap of the relative abundance of KEGG modules of bacteria. CM, cryptococcal meningitis; HC, healthy control.


Next, we focused on comparisons at the species level, and identified 72 differentially abundant bacterial species between the two groups (P < 0.05) (Figure 1C). CM patients were significantly enriched in 16 species, including Enterococcus avium, Leuconostoc mesenteroides, and Weissella cibaria belonging to the Firmicutes phylum; Aquimarina macrocephali, Bacteroides sp. AF04-22, and Parabacteroides sp. AM58-2XD belonging to the Bacteroidetes phylum; and Microbacterium foliorum of the Actinobacteria phylum. The HC group was significantly enriched in Prevotella sp. 885, Prevotella bryantii, and Prevotella micans belonging to the Bacteroidetes phylum, and Photobacterium damselae of the Proteobacteria phylum.

We further constructed gene modules exhibiting significant enrichment in terms of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways, gene ontology (GO) categories, or hallmark gene sets. We identified 48 differentially abundant modules between CM patients and HCs. Twenty-eight pathways were significantly upregulated in CM patients compared with HCs (Figure 1D), including lysine degradation (M00032), lipoic acid biosynthesis (M00883), and pentose phosphate pathways (M00006). Phosphatidylcholine (PC) biosynthesis (M00091), tyrosine degradation (M00044), multidrug resistance (M00641), and nitrogen fixation (M00175) pathways were significantly upregulated in the HC group compared with CM patients.



Altered fungal microbiota diversity in CM patients

We next assessed the composition of the fungal microbiota in CM patients and HCs. Like bacteria, no significant difference was observed in alpha diversity between CM patients and HCs (Figure 2A), but a significant difference in beta diversity was detected (Figure 2B).


[image: image]

FIGURE 2
Comparisons of the structure and composition of fungi between CM patients and HCs. (A) Alpha diversity analysis plot at the gene level, including the number of genes, and the Shannon index. Dot plots show the comparison between CM patients and healthy controls. (B) Principal component analysis plot based on the Bray–Curtis distance. (C) Heatmap of the relative abundance of fungal. (D) Heatmap of the relative abundance of KEGG modules of fungal. CM, cryptococcal meningitis; HC, healthy control.


The fungal composition was then compared at the species level, and eight differentially abundant fungi were identified (Figure 2C). The CM group was enriched with Pyricularia sp. CBS 133598, Rasamsonia emersonii, and Cytospora leucostoma belonging to the Ascomycota phylum, and Wallemia ichthyophaga of the Basidiomycota phylum. Ustilaginoidea virens, Metschnikowia aff. pulcherrima, and Pyricularia pennisetigena belonging to the Ascomycota phylum, and Jimgerdemannia flammicorona of the Mucoromycota phylum were more abundant in HCs than CM patients.

We also identified 12 differentially abundant modules between CM patients and HCs (Figure 2D). Seven modules, including gluconeogenesis (M00003), glycolysis (M00001 and M00002), assimilatory sulfate reduction (M00176), urea cycle (M00029), and arginine biosynthesis (M00844 and M00845) were significantly enriched in CM patients compared with HCs. Riboflavin biosynthesis (M00911), methionine biosynthesis (M00017), histidine biosynthesis (M00026), pyridoxal-P biosynthesis (M00124), and the malonate semialdehyde pathway (M00013) exhibited higher abundance in the HC group compared with CM patients.



Anti-fungal treatment induces minor alterations in the bacterial and fungal microbiota

Next, we examined the effects of anti-fungal treatment on the gut microbiota in CM patients. We compared the structure and composition of bacteria and fungi among HC, CM, and CM treatment groups. The boxplots show no significant difference in fungi and bacteria between groups (Figure 3). Then we analyzed individual participants separately using alpha diversity analysis at the gene level, including the number of genes, and the Shannon index. Dot plots show the changes before and after treatment. With anti-fungal drugs, the richness of bacteria and fungi in most individuals was shown to increase (Figures 4A, 5A). We then used PCoA to compare groups of samples, but clustering driven by CM, CM-2, and CM-4 groups was not significant (Figures 4B, 5B).
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FIGURE 3
Comparison of the structure and composition of bacterial and fungal among HC, CM, and CM treatment groups. (A) Boxplot shows the mean distance of CM, CM_2W, and CM_4w to the HC group on the left. Principal component analysis plot of bacteria based on the Bray–Curtis distance is shown on the right. (B) Boxplot shows the mean distance of CM, CM_2W, and CM_4w to the HC group on the left. Principal component analysis plot of fungal based on the Bray–Curtis distance is shown on the right. HC, healthy control; CM, cryptococcal meningitis; CM-2W, cryptococcal meningitis patients receiving 2 weeks of anti-fungal therapy; CM-4W, cryptococcal meningitis patients receiving 4 weeks of anti-fungal therapy.



[image: image]

FIGURE 4
Changes of the structure and composition of bacteria during treatment in CM patients. (A) Alpha diversity analysis plot at the gene level, including the number of genes, and the Shannon index. Dot plots show changes before and after treatment. Dots connected by the gray line represent individuals. (B) Principal component analysis plot based on the Bray–Curtis distance. Individuals are plotted by the same color and connected by the gray line. CM, cryptococcal meningitis; CM-2W, cryptococcal meningitis patients receiving 2 weeks of anti-fungal therapy; CM-4W, cryptococcal meningitis patients receiving 4 weeks of anti-fungal therapy.
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FIGURE 5
Changes of the structure and composition of fungal during treatment in CM patients. (A) Alpha diversity analysis plot at the gene level, including the number of genes, and the Shannon index. Dot plots show changes before and after treatment. Dots connected by the gray line represent individuals. (B) Principal component analysis plot based on the Bray–Curtis distance. Individuals are plotted by the same color and connected by the gray line. CM, cryptococcal meningitis; CM-2W, cryptococcal meningitis patients receiving 2 weeks of anti-fungal therapy; CM-4W, cryptococcal meningitis patients receiving 4 weeks of anti-fungal therapy.




Correlation network of fungi, bacteria, and clinical indicators

Finally, we examined possible correlations between fungi, bacteria, and clinical indicators. We completed further correlation analysis using the Bland–Altman plot to identify co-occurring clusters of bacterial and fungal species. Both positive and negative correlations were shown to exist between fungi, bacteria, and clinical parameters (Figure 6). We also identified significant correlations between the gut microbiota and CM-related symptoms, including auditory symptoms and visual disorders. Auditory symptoms had a positive correlation with the abundance of Enterococcus lactis and Saccharomyces cerevisiae, and a strong negative correlation with 22 species of bacteria, including Bacteroides sp. HPS0048, Clostridium sp. CAG:242, and Adlercreutzia equolifaciens. Visual disorders showed positive correlations with two species of bacteria (Bacillus cereus and Staphylococcus aureus), and negative correlations with 56 species of bacteria and two species of fungi.
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FIGURE 6
Correlation network of fungi, bacteria, and clinical indicators. Orange circle represents bacteria (relative abundance > 0.01%), blue square represents clinical indicators, and green hexagon represents fungi. Red lines show positive correlations and green lines show negative correlations.


Positive and negative correlations were also found to exist between bacteria and fungi. A strong positive correlation was detected between the abundance of Pyricularia oryzae with three species of bacteria (Dorea longicatena, Ruminococcus sp. CAG:90, and Clostridium sp. AF29-8BH). Moreover, Saitoella complicata was positively correlated with 16 species of bacteria, including Paraprevotella clara, Megamonas hypermegale, and Prevotella bivia, while Beauveria bassiana was negatively correlated with Pseudomonas chlororaphis and Streptococcus constellatus (Figure 6).




Discussion

Since the importance of microbiota was established, numerous studies have revealed associations between the gut microbiota and human disease (Qian et al., 2021; Trebicka et al., 2021; Wu et al., 2021). Dysbiosis of the gut microbiota during Cryptococcus infection or anti-fungal treatment may play an important role in the pathophysiology of CM. To investigate this, we examined the gut microbiota of CM patients with and without anti-fungal treatment and healthy subjects using shotgun metagenomic sequencing. Our results revealed that CM patients have distinct bacterial and fungal compositions compared with controls, but that anti-fungal treatment only led to minor changes in the gut microbiota. Moreover, both positive and negative correlations existed between fungi, bacteria, and clinical indicators in CM. Our study contributes valuable information to the field about the gut microbiota in CM patients, implying the existence of links between gut microbiota changes and CM.

We showed that the gut microbiota composition of CM patients differed significantly from that of healthy individuals with respect to beta diversity, but not alpha diversity. This contrasts with previous findings which revealed the alpha diversities of gut microbiota to be reduced in patients with infectious diseases compared with controls (Wang et al., 2017; Hu et al., 2019; Tuddenham et al., 2020).

Enterococcus is a genus of Gram-positive lactic acid bacteria of the Firmicutes phylum. Some enterococcal strains cause antibiotic-induced biological disorders, play antitumor or anticancer roles, and modulate the immune system. For example, cultured E. faecium from the human intestinal epithelium demonstrated bactericidal effects against enteroaggregative Escherichia coli, as well as membrane damage, and cell lysis (Tarasova et al., 2010; Fusco et al., 2017), while in another study it increased the expression of proinflammatory cytokines without appearing as a pathogen (Seishima et al., 2019). The present study observed significant increases in the abundance of six Enterococcus species in CM patients compared with controls, including E. dispar, E. avium, and E. faecalis. Considering the beneficial actions of Enterococcus bacteria on the host immune system, it seems that Cryptococcus infection-induced increases in the abundance of bacteria reflect a compensatory response in the host.

We also found that CM patients were significantly enriched in Blautia marasmi. The Blautia genus of the Lachnospiraceae family in the Firmicutes phylum was initially described in 2008 (Liu et al., 2008). Blautia species function in the degradation of indigestible carbohydrates (Sheridan et al., 2016), and some such as B. coccoides produce short-chain fatty acids as metabolic mediators between the microbiota and host (Liu et al., 2021). Considering its relatively high abundance in CM patients, B. marasmi may play an important role in Cryptococcus infection.

We observed a significant decrease in the abundance of Prevotella spp. in the CM group compared with controls. Prevotella is a diverse genus of Gram-negative anaerobes, which is highly abundant in different parts of the body and plays a key role in the balance between health and disease (Shah and Collins, 1990; Larsen, 2017; Posteraro et al., 2019). Conflicting findings have been reported about whether Prevotella spp. are beneficial or detrimental to gut health, especially with regard to glucose homeostasis (Ley, 2016; Cani, 2018; Claus, 2019). The emergence of Prevotella-rich microbiota is associated with inflammatory disorders such as rheumatoid arthritis, periodontitis, metabolic disease, and inflammation in HIV patients (Ibrahim et al., 2017; Armstrong et al., 2018; Wells et al., 2020). Several studies have further demonstrated the potential pro-inflammatory role of Prevotella spp., including enhanced T cell activation and T cell recruitment (Neff et al., 2018; Rolhion et al., 2019; Wells et al., 2020). Considering the important role of T cell immunity in preventing C. neoformans infection, the observed decrease in Prevotella abundance in CM patients of the present study may represent one of the mechanisms of C. neoformans against host immunity.

KEGG is a widely used annotated database (Kanehisa et al., 2004). Genes can be projected into the KEGG PATHWAY database uncover interactions with other genes that may influence the health of the host (Altermann and Klaenhammer, 2005). our data showed that gluconeogenesis, glycolysis and lipoic acid biosynthesis much more abundant in CM groups. Some studies have found that gluconeogenesis, glycogenolysis, and glycolytic pathways produce glucose-6-phosphate and further releases abundant nicotinamide adenine dinucleotide phosphate through the pentose phosphate pathway (Agius et al., 2002; Gomis et al., 2003). High levels of glutathione promote inflammatory macrophages to mediate inflammatory responses. Additionally, glycogen metabolism not only upregulates STAT1 expression by activating RARβ but also promotes STAT1 phosphorylation by downregulating phosphatase TC45 in macrophage, thereby regulating inflammatory responses (Ma et al., 2020). Therefore, alterations in the function of the gut microbiota may play an important role in the pathogenesis of CM. In our study, lipoic acid biosynthesis much more abundant in CM groups, lipoic acid is an antioxidant that has been suggested to have beneficial immunomodulatory effects on the innate and adaptive immune systems in autoimmune diseases (Liu et al., 2019). Further investigations are needed to better understand the relationship between different features of the gut microbiota in CM.

Our results showed that anti-fungal treatment induced only a minor alteration in the gut microbiota, with the clustering driven by CM, CM-2, CM-4 groups not reaching significance based on PCoA analysis. The effect of anti-infection treatments on the gut microbiota is unclear. Antibiotics, especially broad-spectrum antibiotics, can destroy the gut microbiota during anti-tuberculosis (TB) treatment in mice (Namasivayam et al., 2017). However, a human study by Wipperman et al. (2017) reported no significant difference in the overall microbiota diversity of active TB patients after using first-line drugs compared with uninfected or latent TB patients, as estimated by the Shannon diversity index. Moreover, anti-infection treatments, especially anti-viral treatment for non-intestinal infections, may help restore the intestinal flora. For example, it was reported that a combination of nucleoside reverse transcriptase inhibitors reduced the fecal bacterial diversity caused by HIV infection (Villanueva-Millán et al., 2017). However, a similar restoration of the intestinal flora was not seen in our study.

Fungi and bacteria share microhabitats and participate in complex communications within the microbial community. The correlation network of fungi and bacteria observed in our study shows these co-occurrence patterns in CM patients after treatment. The bacterium S. constellatus showed a negative correlation with the fungus B. bassiana, Streptococcus is the most common genus of bacteria present in patients with bacterial brain abscesses and is often isolated from mixed infections. S. stellate typically resides in the oral cavity, appendix, and female reproductive tract, and tends to form abscesses (Lanks et al., 2019). Our study found negative correlation between S. constellatus and B. bassiana, and this negative relationship need confirmed in larger cohorts.

There are several limitations of this study, including its relatively small sample size, which may have resulted in a lack of power for some comparisons, especially in post-treatment patients. Future studies should therefore expand the sample size. Additionally, the lack of follow-up prevented a longitudinal analysis. Moreover, the mechanisms underlying increases in the abundance of bacteria in the gut of mice with Cryptococcus infections should be investigated.



Conclusion

In conclusion, this study shows that Cryptococcus infection induces significant changes in the gut microbiota, with CM patients showing distinct bacterial and fungal compositions compared with controls. Both positive and negative correlations were found to exist between fungal and bacterial species after treatment. These data serve as a basis for further investigations into the role of the gut microbiome in CM patients.



Data availability statement

The Metataxonomic raw data have been deposited in the NCBI online repository under the accession number PRJNA935276.



Ethics statement

The studies involving human participants were reviewed and approved by the Institute Ethics Committee of Jiangxi Chest Hospital. The patients/participants provided their written informed consent to participate in this study.



Author contributions

HL and LZ performed the experiments and wrote the manuscript. KZ, YH, XDL, and YL contributed to the methodology and helped with data analysis. WL, XGL, WP, and QZ contributed to the study design and modified the manuscript for final submission. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Natural Science Foundation of China (82072257, 81720108026, and 82102416), the Shanghai Science and Technology Committee (21410750500, 20DZ2272900, and 19YF1448000), the Guangxi Science and Technology Agency (2020GXNSFGA238001), the Chinese Academy of Engineering (2020-XY-61-01), and the Young Science and Technology Project (2022KJXX-26).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

Agius, L., Centelles, J., and Cascante, M. (2002). Multiple glucose 6-phosphate pools or channelling of flux in diverse pathways? Biochem. Soc. Trans. 30, 38–43.

Altermann, E., and Klaenhammer, T. (2005). PathwayVoyager: Pathway mapping using the Kyoto encyclopedia of genes and genomes (KEGG) database. BMC Genomics 6:60. doi: 10.1186/1471-2164-6-60

Armstrong, A., Shaffer, M., Nusbacher, N., Griesmer, C., Fiorillo, S., Schneider, J., et al. (2018). An exploration of Prevotella-rich microbiomes in HIV and men who have sex with men. Microbiome 6:198.

Cani, P. (2018). Human gut microbiome: Hopes, threats and promises. Gut 67, 1716–1725. doi: 10.1136/gutjnl-2018-316723

Claus, S. (2019). The strange case of Prevotella copri: Dr. Jekyll or Mr. Hyde? Cell Host Microbe 26, 577–578.

Costa, M., Santos, J., Ribeiro, M., Freitas, G., Bastos, R., Freitas, G., et al. (2016). The absence of microbiota delays the inflammatory response to Cryptococcus gattii. Int. J. Med. Microbiol. 306, 187–195. doi: 10.1016/j.ijmm.2016.03.010

Driemeyer, C., Falci, D., Oladele, R., Bongomin, F., Ocansey, B., Govender, N., et al. (2022). The current state of clinical mycology in Africa: A European confederation of medical mycology and international society for human and animal mycology survey. Lancet Microbe 3, e464–e470. doi: 10.1016/S2666-5247(21)00190-7

Erny, D., Dokalis, N., Mezö, C., Castoldi, A., Mossad, O., Staszewski, O., et al. (2021). Microbiota-derived acetate enables the metabolic fitness of the brain innate immune system during health and disease. Cell Metab. 33, 2260–2276.e7. doi: 10.1016/j.cmet.2021.10.010

Fusco, A., Savio, V., Cammarota, M., Alfano, A., Schiraldi, C., and Donnarumma, G. (2017). Beta-defensin-2 and beta-defensin-3 reduce intestinal damage caused by Salmonella typhimurium modulating the expression of cytokines and enhancing the probiotic activity of Enterococcus faecium. J. Immunol. Res. 2017:6976935. doi: 10.1155/2017/6976935

Gomis, R., Favre, C., García-Rocha, M., Fernández-Novell, J., Ferrer, J., and Guinovart, J. (2003). Glucose 6-phosphate produced by gluconeogenesis and by glucokinase is equally effective in activating hepatic glycogen synthase. J. Biol. Chem. 278, 9740–9746. doi: 10.1074/jbc.M212151200

Hagen, F., Khayhan, K., Theelen, B., Kolecka, A., Polacheck, I., Sionov, E., et al. (2015). Recognition of seven species in the Cryptococcus gattii/Cryptococcus neoformans species complex. Fungal Genet. Biol. 78, 16–48.

Hu, W., Xu, D., Zhou, Z., Zhu, J., Wang, D., and Tang, J. (2021). Alterations in the gut microbiota and metabolic profiles coincide with intestinal damage in mice with a bloodborne Candida albicans infection. Microb. Pathog. 154:104826. doi: 10.1016/j.micpath.2021.104826

Hu, Y., Feng, Y., Wu, J., Liu, F., Zhang, Z., Hao, Y., et al. (2019). The gut microbiome signatures discriminate healthy from pulmonary tuberculosis patients. Front. Cell. Infect. Microbiol. 9:90. doi: 10.3389/fcimb.2019.00090

Ibrahim, M., Subramanian, A., and Anishetty, S. (2017). Comparative pan genome analysis of oral Prevotella species implicated in periodontitis. Funct. Integr. Genomics 17, 513–536. doi: 10.1007/s10142-017-0550-3

Iyer, K., Revie, N., Fu, C., Robbins, N., and Cowen, L. (2021). Treatment strategies for cryptococcal infection: Challenges, advances and future outlook. Nat. Rev. Microbiol. 19, 454–466. doi: 10.1038/s41579-021-00511-0

Kamada, N., Seo, S., Chen, G., and Núez, G. (2013). Role of gut microbiota in immunity and inflammatory disease. Nat. Rev. Immunol. 13, 321–335.

Kanehisa, M., Goto, S., Kawashima, S., Okuno, Y., and Hattori, M. (2004). The KEGG resource for deciphering the genome. Nucleic Acids Res. 32, D277–D280.

Kwon-Chung, K., Bennett, J., Wickes, B., Meyer, W., Cuomo, C., Wollenburg, K., et al. (2017). The case for adopting the “species complex” nomenclature for the etiologic agents of Cryptococcosis. mSphere 2, e00357–16. doi: 10.1128/mSphere.00357-16

Kwon-Chung, K., Fraser, J., Doering, T., Wang, Z., Janbon, G., Idnurm, A., et al. (2014). Cryptococcus neoformans and Cryptococcus gattii, the etiologic agents of Cryptococcosis. Cold Spring Harb. Perspect. Med. 4:a019760. doi: 10.1101/cshperspect.a019760

Lanks, C., Musani, A., and Hsia, D. (2019). Community-acquired pneumonia and hospital-acquired pneumonia. Med. Clin. North Am. 103, 487–501.

Larsen, J. (2017). The immune response to Prevotella bacteria in chronic inflammatory disease. Immunology 151, 363–374.

Ley, R. (2016). Gut microbiota in 2015: Prevotella in the gut: Choose carefully. Nat. Rev. Gastroenterol. Hepatol. 13, 69–70. doi: 10.1038/nrgastro.2016.4

Liu, C., Finegold, S., Song, Y., and Lawson, P. (2008). Reclassification of Clostridium coccoides, Ruminococcus hansenii, Ruminococcus hydrogenotrophicus, Ruminococcus luti, Ruminococcus productus and Ruminococcus schinkii as Blautia coccoides gen. nov., comb. nov., Blautia hansenii comb. nov., Blautia hydrogenotrophica comb. nov., Blautia luti comb. nov., Blautia producta comb. nov., Blautia schinkii comb. nov. and description of Blautia wexlerae sp. nov., isolated from human faeces. Int. J. Syst. Evol. Microbiol. 58(Pt 8), 1896–1902. doi: 10.1099/ijs.0.65208-0

Liu, W., Shi, L., and Li, S. (2019). The immunomodulatory effect of alpha-lipoic acid in autoimmune diseases. Biomed. Res. Int. 2019:8086257.

Liu, X., Mao, B., Gu, J., Wu, J., Cui, S., Wang, G., et al. (2021). Blautia-a new functional genus with potential probiotic properties? Gut Microbes 13, 1–21. doi: 10.1080/19490976.2021.1875796

Loyse, A., Burry, J., Cohn, J., Ford, N., Chiller, T., Ribeiro, I., et al. (2019). Leave no one behind: Response to new evidence and guidelines for the management of cryptococcal meningitis in low-income and middle-income countries. Lancet Infect. Dis. 19, e143–e147. doi: 10.1016/S1473-3099(18)30493-6

Ma, J., Wei, K., Liu, J., Tang, K., Zhang, H., Zhu, L., et al. (2020). Glycogen metabolism regulates macrophage-mediated acute inflammatory responses. Nat. Commun. 11:1769. doi: 10.1038/s41467-020-15636-8

McAleer, J., Nguyen, N., Chen, K., Kumar, P., Ricks, D., Binnie, M., et al. (2016). Pulmonary Th17 antifungal immunity is regulated by the gut microbiome. J. Immunol. 197, 97–107.

Namasivayam, S., Maiga, M., Yuan, W., Thovarai, V., Costa, D., Mittereder, L., et al. (2017). Longitudinal profiling reveals a persistent intestinal dysbiosis triggered by conventional anti-tuberculosis therapy. Microbiome 5:71. doi: 10.1186/s40168-017-0286-2

Neff, C., Krueger, O., Xiong, K., Arif, S., Nusbacher, N., Schneider, J., et al. (2018). Fecal microbiota composition drives immune activation in HIV-infected individuals. EBioMedicine 30, 192–202.

Perfect, J., Dismukes, W., Dromer, F., Goldman, D., Graybill, J., Hamill, R., et al. (2010). Clinical practice guidelines for the management of cryptococcal disease: 2010 update by the infectious diseases society of America. Clin. Infect. Dis. 50, 291–322. doi: 10.1086/649858

Ponziani, F., Putignani, L., Paroni Sterbini, F., Petito, V., Picca, A., Del Chierico, F., et al. (2018). Influence of hepatitis C virus eradication with direct-acting antivirals on the gut microbiota in patients with cirrhosis. Aliment. Pharmacol. Ther. 48, 1301–1311.

Posteraro, P., De Maio, F., Menchinelli, G., Palucci, I., Errico, F., Carbone, M., et al. (2019). First bloodstream infection caused by Prevotella copri in a heart failure elderly patient with Prevotella-dominated gut microbiota: A case report. Gut Pathog. 11:44. doi: 10.1186/s13099-019-0325-6

Qian, X., Song, X., Liu, X., Chen, S., and Tang, H. (2021). Inflammatory pathways in Alzheimer’s disease mediated by gut microbiota. Ageing Res. Rev. 68:101317.

Rajasingham, R., Govender, N., Jordan, A., Loyse, A., Shroufi, A., Denning, D., et al. (2022). The global burden of HIV-associated cryptococcal infection in adults in 2020: A modelling analysis. Lancet Infect. Dis. 22, 1748–1755. doi: 10.1016/S1473-3099(22)00499-6

Rajasingham, R., Smith, R., Park, B., Jarvis, J., Govender, N., Chiller, T., et al. (2017). Global burden of disease of HIV-associated cryptococcal meningitis: An updated analysis. Lancet Infect. Dis. 17, 873–881. doi: 10.1016/S1473-3099(17)30243-8

Rolhion, N., Chassaing, B., Nahori, M., de Bodt, J., Moura, A., Lecuit, M., et al. (2019). A Listeria monocytogenes bacteriocin can target the commensal Prevotella copri and modulate intestinal infection. Cell Host Microbe 26, 691–701.e5. doi: 10.1016/j.chom.2019.10.016

Seishima, J., Iida, N., Kitamura, K., Yutani, M., Wang, Z., Seki, A., et al. (2019). Gut-derived Enterococcus faecium from ulcerative colitis patients promotes colitis in a genetically susceptible mouse host. Genome Biol. 20:252. doi: 10.1186/s13059-019-1879-9

Shah, H., and Collins, D. (1990). Prevotella, a new genus to include Bacteroides melaninogenicus and related species formerly classified in the genus Bacteroides. Int. J. Syst. Bacteriol. 40, 205–208. doi: 10.1099/00207713-40-2-205

Sheridan, P., Martin, J., Lawley, T., Browne, H., Harris, H., Bernalier-Donadille, A., et al. (2016). Polysaccharide utilization loci and nutritional specialization in a dominant group of butyrate-producing human colonic Firmicutes. Microb. Genom. 2:e000043. doi: 10.1099/mgen.0.000043

Tarasova, E., Yermolenko, E., Donets, V., Sundukova, Z., Bochkareva, A., Borshev, I., et al. (2010). The influence of probiotic Enterococcus faecium strain L5 on the microbiota and cytokines expression in rats with dysbiosis induced by antibiotics. Benef. Microbes 1, 265–270. doi: 10.3920/BM2010.0008

Trebicka, J., Macnaughtan, J., Schnabl, B., Shawcross, D., and Bajaj, J. (2021). The microbiota in cirrhosis and its role in hepatic decompensation. J. Hepatol. 75, S67–S81.

Tuddenham, S., Koay, W., Zhao, N., White, J., Ghanem, K., and Sears, C. (2020). The impact of human immunodeficiency virus infection on gut microbiota α-diversity: An individual-level meta-analysis. Clin. Infect. Dis. 70, 615–627. doi: 10.1093/cid/ciz258

Vilas-Bôas, A., Andrade-Silva, L., Ferreira-Paim, K., Mora, D., Ferreira, T., Santos, D., et al. (2020). High genetic variability of clinical and environmental Cryptococcus gattii isolates from Brazil. Med. Mycol. 58, 1126–1137. doi: 10.1093/mmy/myaa019

Villanueva-Millán, M., Pérez-Matute, P., Recio-Fernández, E., Lezana Rosales, J., and Oteo, J. (2017). Differential effects of antiretrovirals on microbial translocation and gut microbiota composition of HIV-infected patients. J. Int. AIDS Soc. 20:21526. doi: 10.7448/IAS.20.1.21526

Wang, J., Wang, Y., Zhang, X., Liu, J., Zhang, Q., Zhao, Y., et al. (2017). Gut microbial dysbiosis is associated with altered hepatic functions and serum metabolites in chronic hepatitis B patients. Front. Microbiol. 8:2222. doi: 10.3389/fmicb.2017.02222

Wells, P., Adebayo, A., Bowyer, R., Freidin, M., Finckh, A., Strowig, T., et al. (2020). Associations between gut microbiota and genetic risk for rheumatoid arthritis in the absence of disease: A cross-sectional study. Lancet Rheumatol. 2, e418–e427. doi: 10.1016/S2665-9913(20)30064-3

Wipperman, M., Fitzgerald, D., Juste, M., Taur, Y., Namasivayam, S., Sher, A., et al. (2017). Antibiotic treatment for tuberculosis induces a profound dysbiosis of the microbiome that persists long after therapy is completed. Sci. Rep. 7:10767. doi: 10.1038/s41598-017-10346-6

Wu, W., Adame, M., Liou, C., Barlow, J., Lai, T., Sharon, G., et al. (2021). Microbiota regulate social behaviour via stress response neurons in the brain. Nature 595, 409–414. doi: 10.1038/s41586-021-03669-y



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Gut microbiota associated with cryptococcal meningitis and dysbiosis caused by anti-fungal treatment



		Introduction



		Materials and methods



		Study population



		Collection of clinical data



		Stool collection and DNA extraction



		Library construction and shotgun metagenomic sequencing



		Statistical analyses







		Results



		Participant characteristics



		Bacterial dysbiosis in CM



		Altered fungal microbiota diversity in CM patients



		Anti-fungal treatment induces minor alterations in the bacterial and fungal microbiota



		Correlation network of fungi, bacteria, and clinical indicators







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/fmicb-13-1086239-g001.jpg
>
W
(@

perMANOVA Test
p=0.001

N

=g
2

Streptococcus infantarius
Aquimarina macrocephali
Enterococcus dispar

tie
3

Actinobacteria
Bacteroidetes
Firmicutes
Proteobacteria
Spirochaetes
Tenericutes

=
(%)

I I I __Dialister hominis 4 CcM
Dlallster massiliensis 2 HC
marasmi 0

‘I)(I)UI(D(I)

N

euconostoc mesenteroides
-nterococcus malodoratus
nterococcus sp. HMSC072G01
nterococcus faecalis
-nteroco ccus
\eissella r|a
utyerlbrlo sp. INlla14

eroides s 04-22

Pielou Index
[$)]
PCoA2: 13.81 %

o
w
Number of Genes (10"5)
o
Shannon Index

g
e e
|
o
w

1
HEE =

o
o
o
o
|
o
o))

|

CM HC CM HC CM HC -0.50 -0.25 0.00 0.50

on
PCoA1: 23 6 % I

arabacteroides sp. AM58-2
Clostridiaceae bacterium DONG2O 135

o
@)
o
@
@
2

_%%g
>3
5
O
=3
=
w

__Prevotella
Prevotella stercorea CAG:629
Prevotella bryantii

wwwwmznmww(nwm|mwwww|wwu:(nwww(nwwmwwwwmwwmwwwmwmmmwwmwwwwww

4 group
MO00091 Dhosphatldylchollne (PC) blosynthe5|s PE =>PC 2 CM
3 :.:uuua n, nitrate >ammoma HC

!

g cotlnate => fumar:
atechol or t.“... cleavage, catechol => 3- oxoadlpate I
4 hi +h

) =
1)

Photobacterium damselae
Prevotella s

Prevotella sp oral taxon 306
__Prevotella maculosa

rphyrt >monas gulae
Prevotella sp. A2879
Prevotella micans

Prevotella ihumii

Prevotella sp. CAG:5226
Prevotellamassilia timonensis
Prevotella sp.

Prevotella timonensis
Prevotella baroniae
Prevotella sp. oral taxon 317
Prevotella sp. BCRC 81118
monas sp. oral taxon 278

choline —> betaine

datlon tyrosme => homogenti |sate

ocysteine + serine => cysti
en oate => catech | methylbenzoate => methylcatechol
ultldrug re5|stance efflux pump Mex
stance, represswn of ponn OprD

fflu deABC

|

dati

=
c

s
Cyclooctatin biosynthesis, dlmethyIaIIyI PP + isopentenyl-PP => cyclooctatin
Nitrogen fixation, nitrogen => amm

Phosphatidylcholine (PC) blosynthe5|s choline => P

n, trans—-cinnamate => acetyl-CoA

|

> saccharopine => acetoacetyl-CoA
oic acid blosynthe5|s bacterla octanoyI—ACP => dlhydrollpoyl H => dlhydrollpoyl E2

p thway, glucose-6P => glyceraldehyde-3 a
P pathway, OX|dat|ve phase, glucose 6P => nbulose 5P revotella sp. 42-24
L\scorbate degradatlon ascorbate => D-xylulose-5P
Pentose phosphate pathway, fructose 6P => nbose 5P AIJOpcgte;?ateS”; =i E%%
Multidrug re5|stance efflux — otella s : 23-5
Cationic antimicrobial peptlde (CAMP) re5|stance dItABCD operon p

e one body biosynthesis, ace! — : ‘

5 isoprenoid biosynthesis, mevalonate pathway, archaea __Clostridium sp. A 31
5 iso renond btosynthesm mevalonate pathway __Prevotella sp. CAG:520
phingosine biosynthes __Prevotella sp. Marsellle P4119
ethlcnlm resistance etrlmo nas m

tochrome aa3-600 menaquinol oxidase
ultldrug resistance, efflux pump MexPQ- Ome
blosynthe5|s archaea swofheme =>hem
dified fi

“ Ld Y
‘e fiital

__Firmicutes bactenum CAG 227

ropal oyI CoA metabollsm propanoyl CoA => succinyl-CoA
3 _thylmalonyl pat

5_Met |osynth
DP— —ohvose biosyn
D-forosamine blosynthe5|s
'TDP-L-mycarose biosynthesis
—L-oleandrose blosyntheS|s

I I 0 L AF16-8
__Allisonella histaminiformans
s__Arthrobacter woluwensis
s__ Dialister invisus
s_ Veillonellaceae bacterium DNF00626
s__Coprococcus eutactus
i s__Prevotella dentasini
s__Acholeplasma palmae
s__Porphyromonas catoniae
s__Leptospira meyeri
s__Prevotella sp. P2-180
s__Prevotella paludivivens
Al s__ Bacillus cereus

IQI

) | 0
. I MO
I it
! | L B Iosamlne blosyn thes|
igno
r ﬂM00881 Lipoic acid biosynthesis, bacteria, octanoyl-ACP => dlhydrollpoyl E2/H

D
00039 Monollgnol blosynthesm phenylalanlne/tyrosme =>monol
MO00884_Lipoic acid blosynthe5|s octanoyl-CoA => dihydrolipoyl-E2

= e






OPS/images/fmicb-13-1086239-g003.jpg
RN N w IS U'I>

Number of Genes (1015)

o

CM CM 2W CM_ 4W

0.9

pielou_e

0.3

0.0

CM CM_2W CM_4W

-
o

Shannon Index

()]

CM CM 2W CM_4W

e CM
¢ CM_2W
CM_4WwW

PCoA2: 13.9 %

0.4

0.2

0.0

perMANOVA Test
Ovs 2W p=0.931

0 vs 4W p=0.366
2W vs 4W p=0.683

-0.50 -0.25
PCoA1: 25. 89 %

« CM
4 CM_2W
= CM_4W





OPS/images/fmicb-13-1086239-g002.jpg
>
vy

0.50 perMANOVA Test
1.00 200 5 p=0.001
o
00 o
075 of8 88883 0 4 © 0.25
> c 150 o oee o) ‘B °
O} ® [0} pe 0
2 = o —3 ° <
5 0.50 2 S — 0.00
: 3" = >
A @) g : % 2 . 8
0.25 Z 50 ) ; L —(.25
0.00 0 0 =0.50
CM HC CM HC CM HC -0.50 -0256 QU0 025 0.50
PCoA1: 22.88 %
C
| 4 roup
“li. [ s__Pyricularia sp. CBS 133598
s__Rasamsonia emersonii 2
I _ s Cytospora leucostoma R0
i d s__Wallemia ichthyophaga
N s__Ustilaginoidea virens —2 Phylum
AR il N W's__Jimgerdemannia flammicorona Ascomycota
s__Metschnikowia aff. pulcherrima
B [ s Pyricularia pennisetigena Basidiomycota
Mucoromycota
4 group
MO00911_Riboflavin biosynthesis, fungi, GTP => riboflavin/FMN/FAD 2 CM
MO0017_Methionine biosynthesis, aspartate => homoserine => methionine HC
MO0003_Gluconeogenesis, oxaloacetate => fructose-6P 0

MO0001_Glycolysis (Embden—-Meyerhof pathway), glucose => pyruvate
MO00002_Glycolysis, core module involving three—carbon compounds |_2

MO00176_Assimilatory sulfate reduction, sulfate => H2S

MO00029_Urea cycle

MO00844_Arginine biosynthesis, ornithine => arginine

MO00845_Arginine biosynthesis, glutamate => acetylcitrulline => arginine
MO00026_Histidine biosynthesis, PRPP => histidine

MO00124_Pyridoxal-P biosynthesis, erythrose—4P => pyridoxal-P
MO00013_Malonate semialdehyde pathway, propanoyl-CoA => acetyl-CoA

-4

e CM
e HC





OPS/images/fmicb-13-1086239-g005.jpg
==
2_4_
OS==
TOOO
® o o
Qbo
o~
o ° o
o R
o ®
o
e 7 ea¥ °g
® Q)
B [Pl
s n_UAnm
'O
4P
> 7
n® ©
o
< N = N _
o o o ﬂ
% G§'L) 'Tv00d
I S My INO
—- MZ WO
S WO
Q) (0] © ™ o

— o o o o
< dnoib QH 0} SouelSIp UBS|\

==
2_4_
OSSS
TOOO
® O o
o0
. o
. ©
oR
—
4 9-
° O.W
NS
SO
o
[ ]
o . . *2
b oo. °o® oooooo‘"fo -
N S « <
© ° 9 9
% 9/1°0Z :2v00d
. $ - My INO
. - MZ D
— ND

Q] (e} © (9p] o

- o o o o
M  dnoib HH 0} 2ouE)SIp Ues|





OPS/images/fmicb-13-1086239-g004.jpg
>

— — N
o (o) o
o o o

Number of Genes

(&)
o

(1]

CM CM_2WCM 4W

pielou e

1.00

0.75

0.25

0.00

CM CM_2WCM_4W

Shannon Index
N w i

-—

CM CM_2W CM_4W

e CM
* CM_2W
CM_4W

PCoA2: 15.38 %

0.2) " .

n
0.0 L2

Ovs 2W p=0.888
-0.2/ 0 vs 4W p=0.236
2W vs 4W p=0.576
i)
']

. Py

-0.4

perMANOVA Test @

-06 -04 -O0.

2 00
PCoA1: 18.04 %

0.2

e CM
A CM 2w
= CM_4W





OPS/images/cover.jpg
& frontiers | Frontiers in Microbiology

Gut microbiota associated
with cryptococcal meningitis
and dysbiosis caused by
anti-fungal treatment





OPS/images/fmicb-13-1086239-g006.jpg
Positively Correlated Positively and Negatively Correlated Negatively Correlated

Enterc

. s
Sace es
c e












OPS/images/fmicb-13-1086239-t001.jpg
Parameter CM patients HC (n = 16) P-value
(n =15)

Age (years) 46.67+1594 | 432541432 | 0535

Sex: Male 9 (60%) 8 (50%) 0576

Body mass index (kg/mz) 21.10 £ 0.84 21.63 £ 1.16 0.158

Clinical parameters

Headache (n %)

13 (86.67%)

(360.00-180.00)

Fever (n %) 9 (60.00%) - -
Nausea/Vomiting (n %) 10 (66.67%) - =
Vision disorder (1 %) 4(26.67%) - -
Auditory symptoms (1 %) 1(6.67%) - -
Conscious disturbance (1 %) 5(33.33%) - -
CSF examination

Opening pressure (mmH,0) 330.00 - -

CSF protein (mg/l) 823.80 - -
(1001.50-535.40)

CSF glucose (mmol/l) 1.80 + 1.06 - -

Treatment

AMB + 5EC (1 %) 15 (100%) - -

Fluconazole (n %) 15 (100%) - =

In-hospital mortality (n %) 1(6.67%) - -

CM, cryptococcal meningitis;
FC, flucytosine.

HC, healthy control; AMB,

amphotericin  B;
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