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Abstract

Here, we report a case of cryptococcal meningitis (CM) diagnosed by next-generation sequencing (NGS) of
cerebrospinal fluid (CSF) in an immunocompetent patient. The patient developed intermittent fever, headache and
worsening inflammatory markers following heart valve surgery, whose condition continued to deteriorate despite
empiric broad-spectrum antibiotic therapy was administered. She was finally admitted to the intensive care unit
(ICU) with impaired consciousness. Cryptococcus neoformans infection was later detected by NGS of CSF. The
patient’s symptom was improved with anti-cryptococcal therapy, and she finally had a favorable prognosis. This
case shows that the patient with fever and headache after cardiac surgery should be alert to intracranial infections
after heart valve surgery, and NGS does play an important role in the rapid diagnosis of CM.
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Background
Cryptococcal Meningitis (CM) is a fungal disease that is frequently neglected, according to data, an average of more
than 220,000 people are diagnosed with CM each year, and the mortality is as high as 181,100 cases [1]. CM is

usually common in immunocompromised patients, such as Human Immunodeficiency Virus (HIV) infected and
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organ transplant recipients. But in some cases, immunocompetent individuals are also at risk. Studies have found
that HIV-negative patients have a longer duration of symptoms than HIV-positive patients and organ transplant
recipients [2]. CM is caused mainly by two pathogens, Cryptococcus neoformans and Cryptococcus gattii complex,
and globally the prevalence of Cryptococcus neoformans infections (80%) is significantly higher than that of
Cryptococcus gattii (<20%). When Cryptococcus enters the brain through the blood-brain barrier after proliferating
in large numbers, they multiply in the brain and cause meningitis [3]. This case describes an immunocompetent
female patient with rheumatic heart disease who developed fever, headache, and consciousness disorders after the
heart valve surgery. Despite routine antibiotic treatment, the patient's symptoms still persist. It was not until the Next
Generation Sequencing (NGS) was performed in the Cerebrospinal Fluid (CSF) that the patient was identified as
CM and underwent targeted treatment before recovering to health. This case demonstrates that the possibility of CM
infection should not be ignored in patients with normal immune function after cardiac surgery, and NGS is important

in the diagnosis of immunocompetent patients with unexplained fever and headache.

Case Presentation

This case reported a 59-year-old female who was admitted to the hospital with exertional chest tightness,
palpitations, and shortness of breath for 4 years, aggravated with bilateral lower extremity edema for 1 month. She
had no specific past medical history, no personal or family history of hereditary or infectious diseases, and did not
take any medication for a long period of time. The following were the physical examination findings at admission: T
36.2 °C, HR 102 bpm, BP 108/72 mmHg, SPO, 95%, atrial fibrillation rhythm, heart sounds of varying intensity,
grade 3/6 systolic blowing, diastolic rumbling murmurs and P2 hyperpulsivity were audible at the apical part of the
heart. The description of cardiac ultrasonography were as follows: mitral severe stenosis with moderate to severe
regurgitation, tricuspid regurgitation with moderate to moderate regurgitation, left atrial enlargement(about 47 mm),
and secondary pulmonary hypertension formation(estimated about 51 mmHg). Based on the patient's clinical
manifestations, physical examination, and cardiac ultrasound results, she was diagnosed as, rheumatic heart disease
and cardiac function of grade Ill. Due to severe valvulopathy, the patient was undergone mitral mechanical valve
replacement, tricuspid annuloplasty, and left atrial decompression on day 16 of admission after a certain degree of

recovery in cardiac function.

Postoperative laboratory tests showed a significant increase in major inflammatory markers, but the G test and GM
test showed negative results (Table 1). Chest CT suggested bilateral pulmonary exudation and inflammation,
whereas the counts of CD3", CD4", and CD8" cells were normal. We empirically provided her anti-infection
treatment (piperacillin sodium tazobactam sodium 4.5 g, tid, intravenous drip). On postoperative day 6, the patient
began to have intermittent fever, and headache. The cranial nerve and meningeal stimulation sign test were negative.
Cranial CT suggested a sixth ventricle formation (MVerga ventricle). The patient's inflammatory indicators were
further increasing, and blood culture results found the fungal spores (Table 1). Although the primary infection site
was not found, anti-fungal treatment (aspofungin 50 mg, qd, intravenous drip) was still administered. However, she

was transferred to the Intensive Care Unit (ICU) due to impaired consciousness on the 17th postoperative day.
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Table 1: Main inflammatory parameters.

Item Result on Postoperative Results at ICU Reference range
admission cardiology
WBC (x 10°) 9.95 22.25 12.94 3.5-10
RBC (x 10™) 4.14 3.53 3.03 3555
HGB (g/L) 134 113 99 114-163
NEUT (x 10%) 6.16 18.62 11.39 1.8-6.3
% NEUT 68.8 83.7 88 40-75
MONO (x 10°) 0.75 1.76 0.63 0.1-0.6
% MONO 8.4 7.9 4.9 3-10
LYMBP (x 10°) 1.60 1.71 0.85 1.1-32
% LYMBP 17.9 7.7 8.6 20-50
PLT (x 10°) 191 256 202 125-350
CRP (mg/L) 4.75 83.82 21.72 0-5
ESR (mm/h) 21 47 38 0-20
PCT (ng/mL) 0.042 0.11 0.05 0-0.046
IL-6 (pg/mL) 5.7 83.6 3.8 <7
G test (pg/mL) <375 <60
GM test
wglL) 0.075 0.050 <0.5
Blood culture No bacterial growth Fungal spores

~ WBC: White blood cells; RBC: Red blood cells; HGB: Hemoglobin; NEUT: Neutrophils; MONO: Monocytes;
LYMBP: Lymphocytes; PLT: Platelets; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; PCT:
Procalcitonin. IL-6: Interleukin-6; G test: (1-3)-p-D-glucan test; GM test: Glactomannan test.

Laboratory tests presented a decrease of inflammatory markers in the ICU (Table 1). The chest and cranial CT
results showed similarities with the previous one. However, the patient's condition did not improve, and
consciousness disorder was worsening. To further clarify whether there was a possibility of intracranial infection, we
conducted a lumbar puncture. The results of Cerebrospinal Fluid (CSF) (Figure 1) indicated that the patient had
intracranial infection. Due to the patient's progressive worsening of consciousness to coma, unstable vital signs, and
unclear etiology of intracranial infections, we collected CSF specimens and performed metagenomic sequencing of
DNA pathogenic microorganisms at Genskey (Tianjin, China) by GenseqPM pathogen high-throughput sequencing
platform MGISEQ-200. CSF-NGS identified a fungus, Cryptococcus neoformans. The number of sequences was
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28932 (Table 2). The patient was diagnosed with CM, and administered anti-fungal therapy with fluorouracil (100
mg/kg/d, intravenous drip) and amphotericin B (5 mg/kg/d, intravenous drip). Subsequently, CSF ink staining and
culture also confirmed cryptococcal infection (Table 3). After 6 weeks of anti-cryptococcal treatment, the patient's
symptoms such as headaches improved significantly. Reviewing the routine and biochemical examinations of CSF
suggested significant decrease in infection indicators, and the CSF culture had turned negative (Figure 1). She was
discharged from the hospital, and continued to receive fluconazole (800 mg, qd, intravenous drip) in combination
with flucytosine (100 mg/kg/d, intravenous drip) as consolidation therapy in the local hospital. So far, the follow-up

has shown that the patient's prognosis was favorable.

Table 2: NGS gene detection of CSF.

Genus Number of Relative Species Number of
sequences abundance (%) sequences
Cryptococcus 32871 99.85 Cryptococcus 28932
neoformans
Table 3: CSF ink staining and culture.
Date 2023.3.2 2023.3.13 2023.3.22 2023.4.7 2023.4.19
CSFink
. (+) (+) (+) (+) (+)
staining
Cryptococcus Cryptococcus Cryptococcus
CSF culture ) )
neoformans (+) neoformans (+) neoformans (+)
2023.3.2: Results of the first CSF on postoperative day 18.
4
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Figure 1: Results of lumbar puncture during treatment.
The first lumbar puncture showed significantly elevated CSF pressure and protein, which returned to normal after 6 weeks
of treatment.CSF nucleated cell count as well as multilobulated nucleated cell classification gradually decreased with
treatment. 2023.3.2: Results of the first CSF on postoperative day 18.

Discussion

CM is a serious life-threatening opportunistic infection caused by cryptococcal infection [4]. It wasn't until 1951 that

Emmons discovered Cryptococcus neoformans in soil contaminated with poultry feces, which slowly opened up its
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mysteries [5]. After being inhalated from environmental sources, Cryptococcus neoformans travel to the alveoli and
colonize host cells. Once phagocytes in the host's defenses fail to kill the yeast, the fungus replicate in them and
spread into the circulation, ultimately pass through the blood-brain barrier to enter the central nervous system and
cause fungal meningitis [6]. The patient in this case underwent heart valve surgery, although the immune function
was normal, there was still a risk of infection with Cryptococcus neoformans. For the unexplained fever and
headache, the conventional test was difficult to diagnose, and NGS, as a new emerging test, might be very helpful
for a rapid and accurate diagnosis, which could lead to early treatment of the patient and improved the prognosis.

It is found that patients with non-HIV CM have clinical manifestations of fever, night sweats, weight loss, and sub-
acute manifestations in the central nervous system, such as headache and altered mental status. The symptoms
persisted for a long time after infection [7]. Among the most common symptoms are headaches, which can last for
weeks or even months, and even pseudomeningitis in many patients [8]. Elevated intracranial pressure is also often
seen, probably due to the blockage of CSF excretory channels after fungal infections. The accumulation of CSF in
the perivascular space and subarachnoid space, leading to hydrocephalus [9]. Head CT and MRI lack specificity; CT
scans can see diffuse meningeal enhancement, cerebral edema, hydrocephalus, brain parenchyma hypodensity
shadow and other signs, but the majority of patients have no abnormality; MRI is more sensitive to the signs [10].
The patient in this case started with recurrent fever and headache. She then developed impaired consciousness with
no obvious abnormality in the cranial CT. We did not consider the patient was at risk of developing CM in the
beginning due to the nonspecific and polymorphic nature of the clinical presentation. Thus, it posed a challenge for
early diagnosis and treatment.

Since the clinical symptoms of CM are nonspecific, an early and timely etiologic diagnosis is difficult. The
traditional diagnostic methods for CM can be made directly by microscopy, histopathology, culture, and detection of
cryptococcal antigen [11]. In recent years, mMNGS, as a novel molecular diagnostic method, has become a standard
method for rapid species identification. Due to the high degree of objectivity and timeliness, especially compared to
traditional assays, mMNGS are not only fast in detection, but also able to differentiate dual infections as well as
between Cryptococcus neoformans and Cryptococcus gattii infections [12]. The specificity of mNGS for diagnosing
CM (96%) is slightly lower than that of ink staining and fungal culture (100%), but the sensitivity (93.5%) is much
higher than that of them [13]. Despite the fact that fungal culture is currently the "gold standard" for diagnosing CM,
the poor sensitivity and time-consuming procedure may delay early diagnosis and treatment. While the result of ink
staining is unstable and the positive rate is not high, which is unfavorable to early diagnosis [13,14]. Although the
cryptococcal antigens detection is highly sensitive and specific, the results lack objectivity due to their inability to
differentiate between Cryptococcus neoformans and Cryptococcus gattii [14]. Therefore, mMNGS plays an important
role in the diagnosis of CM. In this case, the patient presented with fever and progressive deterioration of
consciousness after heart surgery. In addition to elevated inflammatory indexes, and a positive blood culture result,
the remaining test results are all negative. The theraputic effect was poor after broad-spectrum antibiotics. To
identify the cause of impaired consciousness, we promptly conducted CSF-mNGS testing and indetified the
Cryptococcus neoformans infection. The patient's condition improved after anti-Cryptococcus neoformans treatment

was given, and the prognosis was good.
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HIV-infected and non-HIV-infected people with CM have inconsistent clinical manifestations, however, we are still
treating non-HIV patients with CM according to the HIV-infected treatments [15]. Early antifungal therapy with
intracranial pressure management is very important to the prognosis. Anti-fungal therapy for patients with CM is
divided into three parts, including induction, consolidation, and maintenance phases. The currently recommended
first-line treatment is flucytosine 100 mg/kg/day for CM for at least 2 weeks in conjunction with amphotericin B
0.7-1.0 mg/kg/day during the induction phase and fluconazole 400-800 mg/day in the consolidation phase for at
least 8 weeks. Patients with culture-negative CSF after the induction and consolidation phases of treatment will enter
the maintenance phase with fluconazole 200 mg/day for maintenance therapy [16]. Day et al. [15] demonstrated that
the combination of amphotericin B with flucytosine in the treatment of CM not only reduced the mortality rate by
40%, but also improved the fungal clearance rate compared with amphotericin B alone. If flucytosine is not
available, it can be replaced by fluconazole. The combination remains the most recommended treatment option. The
use of amphotericin B has serious side effects, including anemia, renal insufficiency, hypokalemia, and so on. It
requires hospitalization and medical management for the duration of the administration, making it vulnerable to the
depletion of significant assets and resources after more than 2 weeks of amphotericin B use [17]. In our case,
although the patient was not immunocompromised and did not undergo organ transplantation, we followed the
currently recommended treatment regimen for HIV-positive CM patients. After 6 weeks of treatment with
amphotericin B in combination with flucytosine, she successfully entered the consolidation phase. Then we switched
to a combination of fluconazole and flucytosine, due to the consideration of the side effects of long-term
amphotericin B use. The results showed that the therapeutic effect of the combination of drugs was significant. The

patient's nervous system was restored to normal, and there was no significant damage to liver and kidney functions.

Conclusion

In conclusion, fever, headache, and impaired consciousness may be early manifestations of CM, whereas delayed
diagnosis may result from the nonspecific nature of these symptoms. Immunocompetent CM patients after heart
valve surgery are rare in clinical practice and easily misdiagnosed. Therefore, early use of NGS for rapid diagnosis
of pathogens can help in disease treatment and prognostic regression. This confirms that NGS does play a great role

in identifying infectious diseases.
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