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Background: Patients with primary nephrotic syndrome (PNS) are at an increased risk of developing various infections due to the 
long-term use of immunosuppressive agents. Cryptococcal meningitis (CM) is an uncommon but severe complication that can occur in 
patients with PNS, particularly those receiving immunosuppressive medications.
Case Description: This case report describes a middle-aged female patient with PNS and type 2 diabetes mellitus (T2DM) who 
developed CM. She received a combination regimen of cyclophosphamide and prednisone, achieving partial remission of PNS. 
However, she later returned to the hospital with high fever and headache. At admission, her nasopharyngeal swab test was positive for 
severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) and she received therapy of dexamethasone and favipiravir, but her 
fever and headache were not improved. Following a lumbar puncture was performed for her and CM was diagnosed based on 
a positive Cryptococcus culture in the cerebrospinal fluid. The patient’s cyclophosphamides were temporarily discontinued, and 
antifungal therapy with amphotericin B liposome and fluconazole was initiated. Despite a noticeable increase in her blood glucose 
levels due to infection during her hospitalization, she showed improvement with intensified glycemic control treatment. The anti- 
infection showed significant effectiveness, and the patient’s proteinuria remained stable during follow-up.
Conclusion: The patient with PNS and T2DM was concurrently diagnosed with both CM and coronavirus disease 2019 (COVID-19), 
marking the first reported case of such co-infections in these patients. Prompt diagnosis and appropriate antifungal therapy are crucial 
for improved outcomes of PNS patients with CM and COVID-19.
Keywords: cryptococcal meningitis, primary nephrotic syndrome, type 2 diabetes mellitus, COVID-19

Introduction
An important opportunistic pathogen called Cryptococcus neoformans typically affects those who have compromised 
immune systems.1–3 Among HIV-negative patients with cryptococcal infection, studies indicated that 41–61% of these 
patients received immunosuppressive drugs, and most had systemic lupus erythematosus and cancer, and only a few 
patients had primary nephrotic syndrome (PNS).4 Children with PNS were discovered to have a 36.6–38% probability of 
concurrent cryptococcal infection, and about 0.3% rate of cryptococcal meningitis (CM).5 In PNS patients, steroid or 
immunosuppressive medication results in immunologic dysfunction, which enhances the risk of infection.6

Immune dysfunction in type 2 diabetes mellitus (T2DM) substantially raises the likelihood of contracting and 
experiencing a resurgence of infection caused by Cryptococcus neoformans.7 Documentation on the risk factors and 
consequences of cryptococcosis in T2DM is lacking. A broad range of cryptococcal infections of differing severity 
occurs in T2DM, with a consistently high mortality rate.8

CM is a relatively unusual and deadly condition that primarily affects individuals with compromised immune 
systems. The clinical symptoms associated with CM are often vague and non-specific, making it difficult to promptly 
identify and diagnose the infection.9 Consequently, delayed diagnoses pave the way for the infection to advance and 
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result in severe neurological complications. Herein, we provide a rare case that reported a middle-aged female with PNS 
and T2DM experienced concomitant of CM and coronavirus disease 2019 (COVID-19).

Case Description
A 57-year-old female patient complained with edema for 1 year and ardent fever for 3 days. She was diagnosed with 
T2DM 10 year ago. Based on the onset of her symptoms and laboratory test results, the patient was performed renal 
biopsy and diagnosed with membranoproliferative glomerulonephritis (MPGN) 1 year ago. Cyclophosphamide (100 mg/ 
day) and prednisone (60 mg/day) were administered together in a combination regimen then. Following a partial 
remission of PNS, the prednisone dosage was steadily decreased to 20 mg/day within 6 months. Yet, the patient returned 
to our hospital because of high fever and headache 3 days ago. Physical examination at admission displayed the 
following: temperature of 38.8°C, blood pressure of 160/100 mmHg, negative meningeal irritation sign. The primary 
laboratory examination conducted at our hospital is detailed in Table 1. The results of lung imaging indicated normal 
findings, and there was no evidence of microbes in her blood samples. Non-contrast CT scan of the brain showed no 
evidence of abnormalities. Nevertheless, the patient tested positive for severe acute respiratory syndrome-coronavirus 
-2 (SARS-CoV-2) through a nasopharyngeal swab reverse transcription-polymerase chain reaction (RT-PCR) test, leading 
to the initiation of treatment with dexamethasone and favipiravir for COVID-19. After 3 days, her fever showed no 
significant improvement and was accompanied by worsening headache. Physical examination revealed no apparent signs 
of meningeal irritation, so a neurologist was consulted to consider the possibility of meningitis. A lumbar puncture was 
performed for her and CM was diagnosed when a positive Cryptococcus culture was obtained in the cerebrospinal fluid 
(CSF) (Table 2). Further examination revealed her immune system compromised (Table 3). Cyclophosphamide for PNS 

Table 1 Lab Test in Our Hospital

Investigation Normal Range Day 1 Day 7 Day 14 Day 28

WBC(×109/L) 4–10 10.4 8.3 5.9 6.2
Platelet(×109/L) 100–300 225 157 163 207

Hb(g/L) 110–150 125.7 122.6 131.4 129.4

Neutrophil(×109/L) 1.8–6.3 4.6 4.8 5.9 6.7
ESR(mm/h) 0–15 55 / / 27

Alb(g/L) 40–55 28.9 26.7 31.5 33.4

24hUpro(g) 0–0.15 4.19 3.67 4.25 4.76
UREA(mmol/L) 2.60–7.50 10.25 9.56 8.24 7.59

CREA(umol/L) 41.0–73.0 95.9 105.3 97.5 88.2

Potassium(mmol/L) 3.50–5.30 4.39 4.28 4.83 3.89
Fasting blood-gulcose (mmol/L) 3.9–6.1 11.6 9.3 8.5 7.3

Hemoglobin A1c (%) 4–6.2 8.9 / / /

Abbreviations: WBC, white blood cell; Hb, hemoglobin; ESR, erythrocyte sedimentation rate; Alb, albumin; 
24hUpro, 24 hours urine proteins; CREA, creatinine.

Table 2 Cerebrospinal Fluid Test in Our Hospital

Investigation Normal Range Day 1 Day 7 Day 14 Day 28

CSF <1:100 1:1000 1;1000 1:1000 <1:100

Pressure(cmH2O) 8–18 20 / 18 16

Glucose(mmol/L) 2.5–4.4 2.2 / 2.6 2.9
Protein (mg/L) 200–400 645 / 538 483

Chlorine(mmol/L) 120–130 115 / 118 122

India Ink – + / – –
Culture (cryptococcus) – + / – –

Abbreviation: CSF, cerebrospinal fluid.
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were temporarily discontinued and prednisone was adjusted to 15 mg/day. Accordingly, amphotericin B liposome 
(60 mg, once a day) and fluconazole (200 mg, twice a day) were given for her then. We also administered symptomatic 
supportive treatment, which included improving her daily nutritional intake, giving her intravenous albumin and 
immunoglobulin, and managing her serum glucose and blood pressure levels. The patient continued to experience 
a persistent fever for 3 days, however, his body temperature gradually decreased and returned to normal after two weeks 
(Figure 1). In addition, we also observed a significant decrease in the lymphocyte counts of the patient upon admission, 
which returned to normal levels after two weeks of treatment (Figure 2). The patient’s hemoglobin A1c levels of 
admission were elevated, indicating her poor recent overall glucose control. Despite experiencing significantly elevated 
glucose levels upon admission, the patient’s glucose levels generally stabilized after receiving intensified glucose- 
lowering treatment. The results of the repeated lumbar puncture revealed a decrease in CSF pressure. The CSF appeared 
colorless and transparent, with no evidence of ink staining or fungal growth. Additionally, there was an improvement in 
the biochemical indicators of the CSF compared to previous results. Both the blood and CSF antigen titers for 
Cryptococcus neoformans were lower, indicating the effectiveness of the antifungal treatment for cryptococcosis. The 
patient experienced gastrointestinal adverse reactions during the antifungal medication process, including complaints of 

Table 3 Immunologic Test in Our Hospital

Investigation Normal Range Day 1 Day 7 Day 14 Day 28

CD4 T cells(%) 24.5–48.8 15.6 17.3 22.3 28.9
CD8T cells(%) 18.5–42.1 56.8 48.9 45.6 38.2

CD4/CD8 0.71–2.87 0.27 0.35 0.48 0.75

IgA(g/L) 1–4.2 0.86 / 1.37 1.96
IgG(g/L) 8.6–17.4 6.15 / 8.48 12.49

IgM(g/L) 0.3–2.2 0.19 / 0.27 1.13

CRP(mg/L) 0–8 118.45 89.26 68.41 37.59
C 3(g/L) 0.79–1.52 0.46 / 0.67 0.72

C 4(g/L) 0.16–0.38 0.09 / 0.12 0.21
ASO(IU/mL) 0–116 <25 / / /

RF(IU/mL) 0–20 <20 / / /

AGBM – – / / /
ANCA – – / / /

Abbreviations: CRP, C reactive protein; C 3, Complement 3; C 4, Complement 4; ASO, anti 
streptolysin O; RF, rheumatoid factor; AGBM, anti-glomerular basement membrane antibody; 
ANCA, anti-neutrophil cytoplasmic antibody.

Figure 1 The fluctuations of the patient’s body temperature in hospital.
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nausea and discomfort in the stomach. However, appropriate symptomatic treatment was provided, resulting in improve-
ment. Then immunosuppressive agents were restarted at a low dosage due to her urinary proteins had obviously increased 
than before. Four weeks after discharge, her proteinuria was almost stable during the follow-up outpatient.

Discussion
CM is unusual and frequently fatal complication in patients with chronic kidney disease.10–12The clinical features of CM 
are atypical, and if the diagnosis is usually neglected, the infection progresses untreated and neurological injury arises. 
Furthermore, there is limited information available about the clinical characteristics of PNS with CM to date. Typical 
clinical manifestations encompass nausea, vomiting, headache, signs of meningeal irritation, and fever, which was 
identified as an early and frequent indicator of CM.13 These symptoms are similar to those of other common infections, 
although fever may not be present in immunocompromised patients. Based on the extraction of Cryptococcus neofor-
mans from the cerebrospinal fluid (CSF) or a positive India ink staining, CM was diagnosed.14 The opportunistic fungus 
pathogen Cryptococcus neoformans or Cryptococcus gattii, with C. neoformans predominating worldwide, causes CM, 
an infection of the meninges. CM is typically an immune-compromised condition with high morbidity and death rates, 
especially in those patients with HIV.15 Without anti-fungal therapy, the mortality rate in CM patients was reported to 
exceed 100%, and even after taking widely available anti-fungal medications, it can still be relatively high (20–60%).16 

Moreover, widespread use of corticosteroids and other immunosuppressive medications, particularly broad-spectrum 
antibiotics, medical practitioners has steadily raised concerns about the occurrence of CM in the HIV-negative patients.12

Although immunosuppressive medications and corticosteroids are the primary treatment for PNS, these agents 
enhance immune system impairment. As a result, among those patients with PNS, infection is one of the most frequent 
complications, even CM, as well as invasive fungal infections. There have been some case reports of CM in PNS patients 
from various countries, with China having the majority of these reports due to the country’s high NS patient population.17 

The induction, consolidation, and maintenance phases of CM treatment are designated in the updated Infectious Diseases 
Society of America recommendations published in 2010.18 For non-HIV and non-transplant patients, amphotericin 
B liposome plus 5-fluorocytosine is the optimum therapy option during the induction period.19 However, it is important 
to monitor and manage the potential side effects of these medications, including amphotericin B liposome, 5-fluorocy-
tosine, and other anti-infective agents, during the treatment.

The 2016 Global Burden of Disease Study found that the number of global meningitis cases rose by 320,000 from 
1990 to 2016. Current evidence suggests that diabetes may significantly increase the risk of meningitis, particularly in 
older adults.20 One specific fungal pathogen, Cryptococcus neoformans, is known to cause infection in immunocompro-
mised individuals, including those with HIV, organ transplant recipients, hematological malignancies, and diabetes. Type 

Figure 2 The changes of the patient’s serumlymphocytein hospital.
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2 diabetes can compromise the immune system, especially when poorly controlled, potentially leading to the develop-
ment of rare inflammatory diseases such as CM.21

This patient had a history of T2DM for many years. She was diagnosed with PNS and a renal biopsy confirmed her 
MPGN. She underwent long-term treatment with oral corticosteroids and cyclophosphamide. She complained with 
headache and high fever for this admission. After undergoing anti-infection treatment, the patient’s fever and headache 
showed no significant improvement. Therefore, clinically, the possibility of meningitis cannot be ruled out. 
A cerebrospinal fluid (CSF) test was conducted and indicated her CM. The treatment showed positive results, leading 
to improvement in the patient’s condition.

PNS is characterized by a range of clinical symptoms resulting from various glomerular disorders. These symptoms 
include significant proteinuria, reduced serum protein levels, excessive edema, elevated blood lipid levels, and ultimately 
a deficiency of immunoglobulins and complement proteins.22 Consequently, the immune system is compromised, leading to 
reduced effectiveness. While corticosteroids and immunosuppressive agents are the preferred medications for PNS manage-
ment, they unintentionally further suppress the immune system, making infections a prevalent complication in PNS patients.23 

The patient, who suffered from T2DM and PNS, had been receiving long-term oral administration of glucocorticoids and 
cyclophosphamide. Additionally, her glucose control was poor before admission. Both of them might lead to a significant 
decline in her immune function, which are the primary reason for her concurrent infections with COVID-19 and CM.

A retrospective study from China revealed that out of 226 patients with CM referred to the hospital, 29 were 
diagnosed with PNS.24 Among these 29 patients analyzed, 41.4% (12/29) were initially misdiagnosed with other 
complications. The overall mortality rate among these PNS patients with CM was 17.2% (5/29), with 60% (3/5) of 
the deceased patients being initially misdiagnosed. Treatment with amphotericin B plus 5-fluorocytosine (9/29) or 
amphotericin B plus fluconazole (7/29) effectively cleared the infection for these patients. Additionally, conducting 
repetitive testing is crucial for reaching a conclusive diagnosis in PNS patients suspected of having CM. Another 
study in China discovered that advanced age and elevated serum creatinine levels are risk factors contributing to 
the development of CM in PNS patients.25

To summarize, the clinical manifestations of PNS patients with CM can be complex and diverse. It is susceptible to 
misdiagnosis as tuberculous meningitis or viral meningitis. To avoid missed diagnoses, it is still crucial to inquire about 
the patient’s medical history in detail and pay attention to performing a lumbar puncture with ink staining of the 
cerebrospinal fluid. If necessary, repeated examinations should be performed to ensure accuracy.

Our study has some limitations. Firstly, we do not have access to the patient’s renal biopsy pathology images as the 
examination was conducted in another hospital, and the patient was unable to provide the original images. However, we 
obtained her renal pathological diagnosis report. Thus, this does not affect the subsequent treatment for the patient. 
Secondly, the treatment cycle for CM is relatively long. We found that our treatment was effective, but further follow-up 
is required to observe any adverse drug reactions and potential recurrence of CM in this patient.

Conclusion
To the best of our knowledge, this is the first reported case of a patient with T2DM and DM developed 
concomitant of CM and COVID-19. In conclusion, as the number of immunocompromised patients has increased, 
a concomitant rise in patient morbidity and mortality from fungus infections has been noticed. Due to their 
immunosuppression, PNS patients are more prone to developing infections than other ones. Moreover, clinicians 
should think about performing a lumbar puncture if necessary when treating patients with PNS who experience 
unexplained fever and headache. Healthcare providers should maintain a high index of suspicion for such 
infections in immunocompromised individuals, allowing for timely diagnosis and appropriate management strate-
gies to be implemented.
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