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We report on a previously non-HIV-diagnosed, 47-year-old male diagnosed with diabetes mellitus (DM) and cryptococcal meningoencephalitis, who was referred to our institution for antifungal treatment. During the course of treatment, due to the development of refractory intracranial hypertension, Ommaya reservoirs were employed for cranial pressure reduction. The patient gradually recovered during subsequent antifungal therapy; however, symptoms worsened in the third month of treatment, leading to consideration of post-infectious inflammatory response syndrome (PIIRS) on examination. Once diagnosed, the symptoms improved significantly after approximately 130 days of treatment with additional corticosteroids.
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Introduction

In adults, fungal meningitis is predominantly characterized by cryptococcal meningitis across much of the world (1, 2), which is associated with high morbidity and mortality. On an international scale, it is generally categorized into HIV-diagnosed and non-HIV-diagnosed CM (cryptococcal meningoencephalitis) patients according to treatment regimen. In people living with HIV, when patients are put on antiretroviral therapy, the excessive immune response observed during treatment is termed immune reconstitution inflammatory syndrome (IRIS) (3); for non-HIV-diagnosed patients, a decline in neurological status following the commencement of antifungal therapy is attributed not to the therapy’s failure but to an enhanced immune response, a condition termed PIIRS (2, 4).

Type II diabetes is a metabolic disorder characterized by chronic hyperglycemia. China harbors the largest population of Type II diabetic patients globally, with approximately 11.6% diagnosed with diabetes and 50.1% with prediabetes (5, 6). Inadequate glycemic management in individuals with diabetes may increase their vulnerability to various diseases. Notably, prior studies have demonstrated a higher incidence of diabetes mellitus in patients diagnosed with cryptococcal disease. Furthermore, the presence of diabetes mellitus has been linked to an elevated mortality rate in this patient population (7).

Herein, we present the case of a 43-year-old, non-HIV-diagnosed, concurrently diabetic male with CM who developed PIIRS following initial antifungal therapy.





Case presentation

On 2023-07-17, a 47-year-old male was admitted to our hospital with a one-month history of headache and low-grade fever. He reported a ten-year history of diabetes mellitus characterized by poor glycemic control, without any history of trauma or surgery. Before admission to our hospital, he was diagnosed with viral encephalitis by lumbar puncture at an outside hospital, which showed an opening pressure(OP) (see Figure 1) of 380 mmH2O, white blood cell (WBC) count of 206/mm³, and an elevated CSF protein qualitative test; then he was treated with antiviral therapy and dehydration, which had an unsatisfactory effect, prompting his to seek further consultation at our hospital. Upon admission, he exhibited symptoms including fever (body temperature between 37.5°C to 38°C), headache for 25 days which aggravated in the past two days, accompanied by nausea and poor appetite. Physical examination revealed lethargy, depression, unresponsiveness, slight neck stiffness, a positive Kernig’s sign, and negative Babinski and Hoffman’s signs. Blood analysis revealed a WBC count of 6.06 × 109/L (Neutrophils 76.1%, Lymphocytes 18.0%), C-reactive protein (CRP) 3.3 mg/L, and a negative serum HIV antibody test. A lumbar puncture revealed a high OP (see Figure 1) of 250 mmH2O, with CSF leukocyte count at 230/mm³ (23% neutrophils, 77% lymphocytes), protein levels of 2297 mg/L, glucose of 1.88 mmol/L, lactate of 4.8 mmol/L, and chloride of 113.6 mmol/L. India ink staining (8) and Alcian blue staining (9) of the CSF were both positive (see Figures 2B, C), with a positive cryptococcal polysaccharide antigen (CRAG) test. Subsequent (day 6) enhanced magnetic resonance (MR) imaging revealed involvement of the meninges (see Figure 2A) and basal ganglia (see Figure 3A). These findings led to a diagnosis of cryptococcal meningoencephalitis, prompting initiation of antifungal therapy with amphotericin B and 5-fluorocytosine(5-FC). The complete treatment regimen for amphotericin B extended over a duration of three months. Intravenous administration commenced at a dosage of 0.1 mg/kg per day, with a daily increment of 5 mg until reaching a maximum dosage of 0.7 mg/kg per day. The total cumulative dosage of the drug administered amounted to 3 grams. 5-Fluorocytosine is administered in the form of 0.25 g tablets, to be taken in four divided doses daily, over a treatment duration of two months. Post-treatment, intracranial pressure ranged from 250 mmH2O to 330 mmH2O, indicating refractory intracranial hypertension. Day 20, an Ommaya reservoir was placed in the right frontal area toward the ventricle for cranial pressure lowering therapy. A preoperative MRI was performed (see Figure 3B), and the findings are presented in the table. Intermittent postoperative fluid release via the Ommaya reservoir led to a gradual resolution of symptoms associated with high cranial pressure, including headache, nausea, and vomiting. On day 51 of admission, the patient exhibited sudden onset of headache, nausea, vomiting, and fever. An urgent lumbar puncture (see Figure 1) yielded cerebrospinal fluid with 422 leukocytes/mm³ (75% neutrophils, 12% lymphocytes), glucose levels of 3.41 mmol/L, protein at 1,325 mg/L, lactate at 3.7 mmol/L, and chloride at 118.6 mmol/L, with negative cryptococcal staining. Given these test results, PIIRS was not considered and an intracranial bacterial infection was suspected, with the possibility of an infection related to Ommaya reservoir. Administer 1 gram of ceftriaxone sodium via intravenous injection twice daily, resulting in a gradual improvement of symptoms. An MRI performed on the 62nd day after admission showed significant improvement in the patient’s lesions in the basal ganglia (see Figure 3C).




Figure 1 | Chronologic representation of serial cerebrospinal fluid (CSF) measurements obtained from lumbar puncture with CSF white blood cell count on the left axis and CSF chloride ion, CSF protein, CSF glucose and CSF lactic acid on the right axis. In summary, the patient is demonstrating a gradual improvement across all assessments. An abnormal cerebrospinal fluid (CSF) white blood cell count observed on day 49, coupled with no substantial alterations in other metrics, indicates the possibility of a testing error. Conversely, the presence of abnormalities in all test parameters on day 68 suggests the potential onset of a new infection in the patient. (The standard reference ranges for leukocyte counts, chloride ion levels, protein concentration, glucose levels, and lactate in CSF are 0-5x10^6/L, 120-130mmol/L, 0.15∼0.45g/L, 2.5∼4.4mmol/L, 1.0∼2.8mmol/L.).






Figure 2 | (A) MR imaging showed a marked meningeal enhancement on T1WI. Indicates the potential occurrence of cryptococcal meningoencephalitis in the patient. (B, C) The CSF result of India ink staining and Alcian blue staining of patients are both positive.






Figure 3 | Serial axial brain MR imaging of the patient. (A) Imaging on Day 6 showed abnormal enhancement in left basal ganglia(T2/T2 Flair/DWI). (B) The imaging on Day 15 reveals the persistence of a lesion in the patient’s left basal ganglia prior to the omaya capsulotomy procedure. Furthermore, the images indicate that there are no contraindications to surgery in this patient. (C) Imaging on Day 62 showed marked improvement after effective antifungal therapy. The atypical signaling observed in the left basal ganglia is characterized by a notable reduction. (D) Imaging on Day 102 showed no marked lesion after corticosteroid treatment.



By the 67th day of admission, the patient experienced worsening headache, repeated nausea, vomiting, and fever. Initially, intracranial hypertension was suspected, prompting an increase in the frequency of cerebrospinal fluid extraction from every other day to daily, which yielded poor results. Subsequently, suspecting an adverse digestive reaction to 5-fluorocytosine (5-FC), the 5-FC was switched to fluconazole, 400mg IV daily; however, the patient’s symptoms did not significantly improve. Than the patient reported recent bilateral hearing loss. A lumbar puncture on the 71st day indicated an OP (see Figure 1) higher than 300 mmH2O, lactic acid of 9.3 mmol/L, protein of 2,756 mg/L, glucose of 2.69 mmol/L, and a leukocyte count of 39/mm³ (20% neutrophils and 68% lymphocytes), with a positive tryptophan test, and negative India ink and Alcian blue stains. Given these findings, PIIRS was considered, and treatment with 10 mg/d of dexamethasone was initiated. Following symptomatic improvement after 1 month, the dosage was gradually tapered and then transitioned to oral prednisone 30mg/d after four weeks. In light of the adverse effects associated with glucocorticoids, the dosage of glucose-lowering medications, including insulin, was modified accordingly. On days 89 and 96, the insulin was administered to sustain normoglycemia. On day 98, the patient received oral acarbose alongside a single subcutaneous injection of 16 units of glucagon, as well as three subcutaneous injections of mentholatum insulin, dosed at 4 units in the morning, 6 units in the afternoon, and 6 units in the evening. We dynamically adjust the insulin dosage based on the patient’s daily blood glucose level. The patient underwent a three-month therapy with amphotericin B combined with 5-FC, followed by a switch to oral fluconazole. MRI was performed on day 102 after admission (see Figure 3D) and showed that the patient’s brain lesions were reduced. Significant improvement in the patient’s clinical symptoms allowed for discharge in a stable condition on maintenance therapy of oral fluconazole (400 mg/day) and oral prednisone acetate (30 mg/day), with plans for regular follow-up visits for dosage adjustments based on therapeutic response. By day 110, a tapering of cortisol was initiated, which was accompanied by a corresponding reduction in insulin dosage. During follow-up visits, it was noted that the patient discontinued glucocorticoids around January 2024, exhibited poor glycemic control (approximately 10 mmol/L), but reported fair immunity without any infections. We have recorded a comprehensive account of the patient's entire hospitalization (Figure 4).




Figure 4 | Graphical representation of the diagnose and therapy of the CM and PIIRS in our patient.







Discussion

Cryptococcus, a capsulated fungus, primarily infects humans through the respiratory tract or skin, with species including C. neoformans, C. deneoformans, and C. gattii complex being pathogenic to humans (10). Among these, C. neoformans is predominantly responsible for cryptococcal meningitis in DM patients, typically observed in immunocompromised individuals, particularly those living with HIV (11). However, due to the administration of highly active antiretroviral therapy (HAART) in recent years, cryptococcal infections are increasingly seen in non-HIV-diagnosed immunocompromised patients, such as solid organ transplant(SOT) recipients, DM patients, and SLE patients. In individuals with DM, hyperglycemia creates an environment conducive to the proliferation of microorganisms, including Cryptococcus. DM patients with poorly controlled blood glucose levels impair the body’s level of cellular immunity, making the body less immune and more susceptible to cryptococcus (12). Consequently, DM patients with CM exhibit a marked increase in disease severity and mortality rates (11). Cryptococcus exhibits a pronounced affinity for the central nervous system, with the potential to progress from asymptomatic cryptococcal antigenemia to symptomatic cryptococcal meningoencephalitis. Additionally, Cryptococcus can affect various other organ systems, manifesting as nodules, hilar lymphadenopathy, and pulmonary calcifications, as well as osteolytic lesions in the bones and molluscum contagiosum lesions in the skin (13). In this case we report an non-HIV-diagnosed CM patient with ten years of poorly controlled DM who was hospitalized for more than reached four months.

Delay in diagnosis is a significant factor contributing to the suboptimal recovery from cryptococcal infection (14). Consequently, prompt diagnosis of the disease can lead to improved patient outcomes, which is informed by clinical presentation, laboratory findings and imaging results. The clinical presentation of CM varies significantly with the immune status of the host (15). In individuals with no significant impairment of immune function, headache is the most common clinical manifestation, and fever is less common (16). For the group with fever, the simultaneous presence of markedly elevated intracranial pressure suggests a poorer prognosis for the patient (17). Additionally, patients may exhibit decreased visual acuity (18), diplopia (19), and either unilateral or bilateral hearing impairment (20). In immunocompromised individuals, symptoms tend to be more insidious and varied, ranging from a single nodule to widespread dissemination within the organism (21). Currently, the culture test is considered the gold standard for laboratory detection of cryptococcal infection (22). However, given the prolonged duration required for results, the CrAg LFA is now regarded as the most applicable laboratory test available (23). Support for the diagnosis of cryptococcal meningoencephalitis came from an enhanced MRI conducted on 2023-9-16, revealing involvement of the meninges and basal ganglia. India ink stain is also viable in settings where local healthcare facilities lack resources. MRI is recommended for neuroimaging in patients with CM, but it is usually of low sensitivity and specificity, and requires a combination of clinical presentation and laboratory results to make a definitive diagnosis (21). In the reported case, diagnostic delay was attributed to the nonspecific symptoms such as headache and low-grade fever. Cryptococcal infection of the central nervous system was confirmed through positive India ink, Alisin blue, and cryptococcal antigen tests in cerebrospinal fluid samples at our hospital (TABLE).

The 2010 IDSA treatment guidelines categorize the treatment of non-HIV-diagnosed, non-SOT CM patients into three distinct phases: induction, consolidation, and maintenance, with amphotericin B(AmB)+5-FC for 4-6 weeks in the induction phase, fluconazole for 8 weeks in the consolidation phase, and fluconazole for 6-12 months in the maintenance phase (24). AmB’s input-related toxicity can cause headache, nausea, vomiting, and renal impairment (25), with decreased renal function leading to an accumulation of fluconazole, thereby exacerbating its toxicity (26). Thus, closely monitoring the patient’s condition during AmB treatment is crucial. In our case, severe nausea and vomiting of unknown origin, along with poor natriuresis, manifested during induction therapy, initially leading to suspicions of fluconazole toxicity as the cause. A brief transition from fluconazole to fluconazole proved ineffective, conclusively ruling out adverse reactions attributable to fluconazole toxicity in this instance. Furthermore, statistical evidence indicates that CM patients with DM exhibit higher intracranial pressure compared to those without DM (27). Methods for reducing intracranial pressure in CM patients include daily lumbar puncture, temporary lumbar drainage, ventriculoperitoneal shunting (VPS), and the use of an Ommaya reservoir and so on (28). The combination of triple antifungal therapy and VPS has been shown to be more effective than lumbar puncture alone in treating CM patients (29). However, on the one hand, the long-term effect of VPS is not as good as general conservative treatment (30), and on the other hand, it is also prone to postoperative complications such as localized infections (31). Recent data indicate that VPS usage may correlate with PIIRS, the grave complication in CM treatment (32). The Ommaya reservoir enables both the extraction of cerebrospinal fluid to mitigate intracranial pressure and the direct injection of antifungal drugs into the cerebrum, enhancing the drug concentration within the cerebrospinal fluid (28, 33). Consequently, employing the Ommaya reservoir for CM patients with elevated intracranial pressure could surpass VPS in fulfilling the long-term clinical requirements of these patients.

PIIRS is defined as a deterioration in the mental status of non-HIV-diagnosed CM patients following appropriate antifungal therapy, until CSF fungal cultures test negative (2). Hyperglycemia, which is a consequence of diabetes, leads to the dysfunction of macrophages and impairs the synthesis of tumor necrosis factor. This condition renders individuals with diabetes particularly vulnerable to fungal infections, notably cryptococcal infections (34). The causation of PIIRS may be linked to biased Th1 cell formation and impaired T-cell-macrophage differentiation (35, 36). In Type II diabetes and obesity, prolonged metabolic disturbances and inflammatory responses result in lymphocyte Th1 dominance and excessive activation of M2 macrophages (37, 38). The impact of stable diabetes on immune and inflammatory responses might contribute to the development of PIIRS. Concurrently, diabetes-induced immune abnormalities, which elevate the body’s cryptococcal burden, may also play a part in PIIRS development (39). Since the occurrence of PIIRS has a negative impact on the healing process of patients, timely diagnosis and appropriate treatment are crucial. As for clinical symptoms, hearing impairment as well as high intracranial pressure (especially >330 mmH2O) are high-risk predictors of PIIRS (32). Among laboratory tests, the baseline neutrophil ratio in CSF, neutrophil count, IgM, IL-6, and d-dimer may be predictive of the occurrence of PIIRS (39). Although the reliability of the above indexes has yet to be tested due to sample size limitations, an attempt can be made to include some or all of these indexes in the monitoring of PIIRS, considering the adverse effects of PIIRS on the long-term healing of patients. There are currently two main therapeutic regimens for PIIRS: (1) intravenous methylprednisolone 1 g for 5-7 days followed by a gradual dosage taper and (2) oral dexamethasone 10-20 mg/kg/day or intravenous prednisone 1 mg/kg/day and then tapered as appropriate (40). Determining which method is more effective requires further research. In the case reported herein, the second method was implemented, and significant symptom improvement was observed, followed by continued maintenance therapy with glucocorticoids.





Conclusion

Timely diagnosis and treatment of CM can effectively decelerate the disease’s progression and enhance the prognosis. DM with poorly controlled blood glucose levels is associated with decreased immune function and a disturbed inflammatory response. This results in more severe disease, prolonged duration of illness and greater susceptibility to complications in patients with CM. Effective blood glucose management in DM patients diminishes the risk of cryptococcal infection as well as the incidence of complications. For CM patients experiencing elevated cranial pressure, the Ommaya reservoir may yield superior outcomes compared to VPS. In CM patients with DM, vigilance for the potential development of PIIRS is crucial, necessitating the integration of clinical symptoms with laboratory findings to facilitate early diagnosis and effective treatment.
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Admitted to the hospital, emergency lumbar puncture was performed, and the test results showed of 250 mmH,0, 230/mm? leukocytes,
2297 mg/L protein, and glucose of 1.88 mmol/L. Cerebrospinal fluid was positively stained with ink, positively stained with Alcian blue,
and positively stained with CRAG. Cryptococcal infection was present in the CNS and anticryptococcal therapy was performed.

MRI images showed involvement of the patient's meninges and basal ganglia, and a diagnosis of cryptococcal meningoencephalitis was
made.

As it was difficult to normalize the intracranial pressure, ommaya capsule was placed in the right frontal area toward the ventricles of the
brain for cranial pressure reduction treatment.

The patient had a sudden onset of headache, nausea, vomiting, and elevated body temperature. A lumbar puncture was performed, and
the test results showed that the cerebrospinal fluid had 422 leukocytes/mm?, glucose was 3.41 mmol/L, and protein was 1,325 mg/L.
Cryptococcus stain was negative. Intracranial bacterial infection was considered, and ceftriaxone was given for treatment, and the
symptoms tended to improve after a period of use.

The patient's headache worsened, along with nausea, vomiting, nausea, fever. The patient reported that he had recently suffered from
bilateral hearing loss. Lumbar puncture examination was performed, which showed an OP of more than 300 mmH,0, protein 2756 mg/L,
glucose 2.69 mmol/L, leukocytes 39/mm?, negative ink stain, and negative Alcian blue stain. Consider PIIRS and treat with dexamethasone.

MRI images showed significant improvement in the patient's basal ganglia lesion

The patient was discharged from the hospital in stable condition and was maintained on oral fluconazole 200mg/day and prednisone acetate
10mg/day.

The patient stopped taking glucocorticosteroids and fluconazole on 2024.1, and reported that he had good immunity and no infections.
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