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Original Article

Abstract
Background: The signs and symptoms associated with fungal meningitis are similar to those seen with more common bacterial infections. In 
this study, we investigate whether Aspergillus or Candida DNA can be detected in cerebrospinal �uid (CSF) samples from patients suspected 
of fungal meningitis using real-time PCR assay.
Methods: From April 2007 to November 2009, we evaluated CSF samples and sera from patients with risk factors for cerebral fungal 
meningitis in Nemazi Hospital, Shiraz University of Medical Sciences, Iran, by real-time PCR assay and routine mycological studies (direct 
microscopy examination and culture). Two CSF and two serum samples from each patient were examined.  
Results: CSF and serum samples from 38 patients (total: 152) suspected of fungal meningitis were examined. India ink staining and KOH 
smear were negative for all patients. C. albicans was isolated from two CSF samples. There were ten patients with positive real-time PCR 
results in their CSF samples: three patients had C. albicans, one with C. glabrata, four with Aspergillus species and two with both C. albicans 
and Aspergillus species DNA. Four patients had positive serum results for Aspergillus or Candida infections. 
Conclusion: Considering the �ndings, it seems that molecular examination can help in the diagnosis of fungal meningitis in patients with 
clinical and radiological presentations. Further studies should be conducted in other regions and settings to con�rm these �ndings.

Introduction

F ungal infections involving the central nervous system 
(CNS) are life-threatening conditions. Candida and Asper-
gillus species, as the most prevalent agents, can involve the 

CNS in special situations.1–3 
Candidial infection of the cerebrospinal �uid (CSF) is an un-

common manifestation but may have a usual occurrence in im-
munocompromised patients in addition to those treated with broad 
spectrum antibiotics and steroids, and can be associated with intra-
venous hyperalimentation following surgical manipulation, muco-
sal surfaces, colonized with Candida species. Candida meningo-
encephalitis is seen in patients with hematological malignancy, 
neurosurgery, premature neonates and those with intravascular 
catheters.3 The attributable mortality rate for meningo-encephalitis 
caused by Candida species is 10% – 30%.4

The prevalence of Aspergillus CNS localization at autopsy has 
been reported to be 23% – 59%5 and in vivo it is 6% – 7%.5 Men-
ingitis caused by Aspergillus species is very rare and the attribut-
able mortality rate for brain abscesses due to Aspergillus is 80% 
– 96%.6,7 This infection presents in high risk patients such as those 
with acute myeloid leukemia, hematologic stem cell and solid or-
gan transplant recipients, those under treatment with steroids and 
patients infected with human immunode�ciency virus.3,5 

The syndrome often manifests itself with fever and headache that 
may be present for several weeks before a diagnosis is established. 
A rapid and accurate diagnosis is important for effective early 
treatment.

Conventional diagnostic kits that can detect fungal antigens or 
antibodies as well as CSF culture are inadequate for early diagno-
sis because of the lack of high sensitivity or speci�city. In recent 
years molecular methods have been developed in order to facilitate 
the diagnosis of invasive fungal infections. Several PCR assays 
have been developed to detect fungi in blood and bronchoalveolar 
lavage (BAL) �uid samples,8,9 but the experience for the diagnosis 
of fungal infections in CSF samples by PCR remains limited.

In this study, we investigate whether Aspergillus or Candida 
DNA can be detected in CSF samples from patients with cerebral 
infections unresponsive to antibacterial therapy. We have used the 
real-time PCR assay, which has been clinically and experimentally 
validated for blood samples.

Materials and Methods

From April 2007 to November 2009, in a descriptive study, we 
used real-time PCR to evaluate CSF samples and sera from 38 pa-
tients with risk factors and suspected diagnosis of fungal meningi-
tis in the Clinical Microbiology Research Center, Nemazi Hospital, 
Shiraz University of Medical Sciences, Shiraz, Iran. The risk fac-
tors for these patients were surgery, prolonged antibiotic therapy, 
and according to European Organization for Research and Treat-
ment of Cancer/Invasive Fungal Infections Cooperative Group10 
the prolonged use of corticosteroids (transplantation), meningeal 
enhancement on MRI or CT, and focal lesions on imaging indica-
tive of CNS infection.

Blood and CSF cultures from these patients were negative for 
microbial agents and patients were unresponsive to a several day 
course of antibacterial agents. Upon receipt of patients’ CSF sam-
ples, clinical samples (if available) that consisted of urine, bron-
choalveolar lavage and sputum were also examined for fungal in-
fections by culture on sabouraud-dextrose agar (Merck, Darmstadt, 
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Germany) and direct microscopic examination. Blood samples were 
cultured by bedside inoculation onto BACTEC medium (Becton-
Dickinson, Sparks, MD, USA). Another CSF sample was obtained 
under sterile conditions by lumbar puncture and we collected two 
blood samples for molecular diagnosis. Thus, two CSF and two se-
rum samples were examined from each patient. In cases with posi-
tive results for both samples, contamination was rejected and they 
were considered as documented cases. Samples were processed for 
routine mycological studies such as direct and India ink (for Crypto-
coccus neoformans capsules) microscopic smears and fungal culture 
on sabouraud-dextrose agar. Samples were then immediately pro-
cessed for fungal PCR. As controls, CSF samples from 20 patients 
without risk factors for fungal infections were investigated by PCR.

For DNA extraction, QIAmp DNA Minikit (Qiagen, Hilden, 
Germany) was used in accordance with the manufacturer’s rec-
ommendations. The taq-man probes were �uorescence labeled 
with 6-carboxy-�uorescein (FAM) reporter dye and 6-carboxy-
teremethyl-rhodamine (TAMRA) as the quencher. Fungal DNA 
was detected by real-time PCR assay, as described previously. The 
fungal ampli�cation primers for Candida were designed by Shin 
et al.11 (forward primer: 5`-GCA TCG ATG AAG AAC GCA GC-
3`; reverse primer: 5`-TCC TCC GCT TAT TGA TAT GC-3`). The 
�uorogenic probes for C. albicans (5`-AT TGC TTG CGG CGG 
TAA CGT CC-3`), C. tropicalis (5`-AA CGC TTA TTT TGC TAG 
TGG CC-3`), C. parapsilosis (5`-AC AAA CTC CAA AAC TTC 
TTC CA-3`), and C. glabrata (5`-TA GGT TTT ACC AAC TCG 
GTG TT-3`) were investigated. The fungal DNA primers and probe 
for ampli�cation were used for Aspergillus according to Kami et 
al.12 that were hybridized sequence for all Aspergillus species. 

Sequences of PCR primers and probes were selected on the ba-
sis of the sequences of fungal 18S rRNA genes in the GenBank 
database. The forward primer was 5-TGGTGGAGTGATTT-
GTCTGCT-3` and the reverse primer was 5`-CTAAGGGCATCA 
CAGACCTG-3`. The taq-man probe was: FAM 5’TCGGCCCT-
TAAATAGCCCG GTCCGC-3’TAMRA.12 Primers and taq-man 
probes were obtained from Metabion (Deutschland). Extracted 
DNA from patients and standard samples with PCR master mix 
(Roche, Branchburg, New Jersey, USA) and 0.2 �mol/L of each 

primers and probs of both Candida and Aspergillus species were 
analyzed using the Gene Amp 7500 sequence detection system 
(Applied Biosystems). 

Thermal cycling conditions consisted of heating at 94°C for 10 
minutes, which preceded a two-stage temperature pro�le of 30 sec-
onds at 95°C and 90 seconds at 60°C for 40 cycles.13 To minimize 
the risk of contamination, all samples were handled under sterile 
conditions in a laminar �ow cabinet. DNA from A. fumigatus and 
C. albicans isolates were ampli�ed with both primers and inserted 
into a pCR2.1 TA cloning vector (Invitrogen). We used these plas-
mids as the standard in this study. To determine the detection limit 
of the assay for fungal pathogens in the CSF, quanti�cation of A. 
fumigatus and C. albicans DNA was performed with a serially di-
luted standard in the range of 101 – 108 copies/well (Figure 1).

The Ethics Committee of the Clinical Microbiology Research 
Center at Shiraz University of Medical Sciences reviewed and 
approved this study. Patients provided written informed consents 
before participating in the study.

Results

Cerebrospinal �uid and serum samples from 38 patients suspect-
ed of fungal meningitis were examined by real-time PCR assay 
for both Aspergillus and Candida meningitis. Patients had histo-
ries of head trauma (car accident), bacterial brain and shunt infec-
tions (unresponsive to antibacterial agents), and surgery for tumor. 
Clinical signs such as fever, headache, nausea, nuchal rigidity, 
mental status changes, slurred speech and  radiological signs such 
as in�ammatory lesions with abscesses were present in patients. 
CSF analysis showed a mononuclear or neutrophilic pleocytosis, 
an elevated protein concentration and reduced glucose concentra-
tion. India ink staining and KOH smear were not positive in any 
of the patients. C. albicans were isolated from two CSF samples 
and two urine fungal cultures. None of the fungal blood cultures 
was positive.

The limitation of PCR assay was 10 copies/well. None of the 
control samples was positive. There were ten patients with posi-
tive results in their CSF samples: three patients had C. albicans, 

Patient
No.

Age/
sex Background Risk

factors
 Blood suger /CSF
 suger and protein

WBC
CSF

PCR
serum

 CSF PCR
result GCS Outcome

1 46/M Recurrent meningitis Surgery
ABT 105/25/96 100 C.alb-

Asp-
C.alb +

Asp- 15/15 Lived

2 5/M Astrocytoma Surgery
ABT 90/38/297 260 C.alb-

Asp-
C.alb+
Asp+ 15/15 Lived

3 25/M Motor accident Surgery
ABT 131/23/138 105 C.alb+

Asp-
C.alb+

Asp- 4/15 Died

4 38/F Kidney transplant Im.drug 111/38/105 90 C.alb+
Asp+

C.alb+
Asp+ 6/15 Died

5 7/F  Astrocytoma Surgery
ABT 234/74/145 120 Can-

Asp-
Can-
Asp+ 15/15 Lived

6 17/M Motor accident Surgery
ABT 68/19/143 118 Can-

Asp-
Can-
Asp+ 3/15 Died

7 39/M Bacterial meningitis Drug abuser
ABT 113/5/130 750 Can-

Asp+
Can-
Asp+ 3/15 Died

8 7/M Hydrocephaly Sh. infect
ABT 86/14/284 80 C. glab-

Asp-
C. glab+

Asp- 15/15 Died

9 26/F HIV HIV 144/20/200 3000 C.alb+
Asp-

C.alb+
Asp- 6/15 Lived

10 49/M  Ventriculostomy Sh. infect
ABT 90/30/110 4 Can-

Asp-
Can-
Asp+ 3/15 Died

 M=male; F=Female; Im.drug=immunosuppressive drugs; Sh. infect=shunt infection; Asp= Aspergillus; Can= Candida; C. glab=C. glabrata; ABT=antibiotic
 therapy; GCS=Glascow Coma Score.

Table 1. Clinical characteristics of patients with positive PCR results.
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one with C. glabrata, four with Aspergillus species, and two with 
both C. albicans and Aspergillus species DNA. Four patients had 
positive sera results for Aspergillus or Candida infections. Clinical 
characteristics of the patients and PCR results are shown in Table 
1. Once the fungal infection was diagnosed, antifungal therapy was 
initiated. Unfortunately six patients died, most probably due to late 
diagnosis (Table 1). 

Discussion

Unfortunately all brain fungal infections have the same signs 
and symptoms: fever (40% – 80%), cerebral hemorrhage (35% – 
50%), altered mental status (30% – 50%), hemiplegia/paresis (19% 
– 35%), cranial nerve abnormalities (30%), epilepsy/seizure (5% – 
25%), nausea/vomiting (10% – 20%), ptosis (10%), and headache 
(10%).3,14 Signs and symptoms associated with fungal meningitis 
are similar to those seen with the more common bacterial infec-
tions. Prolonged and severe neutropenia, high dose corticosteroid 
therapy and treatment for solid organ transplantation predispose 
patients to fungal meningitis. The infection can also follow head 
trauma or surgery.15

Histopathology is one of the most reliable laboratory methods to 
prove the disease, but biopsies are invasive diagnostic tools. When 
biopsy is not possible, CSF analysis can prove useful for diagnosis 
although there is no differential in CSF analysis between bacterial 
and fungal meningitis. A glucose level below 40 mg/mL, high lev-
els of protein and lactate de hydrogenase, and increasing in poly-
morphonuclear leukocytes (neutrophils) are signi�cant conditions 
in both infections.16,17

For diagnosis, routine methods such as CSF culture are not sen-
sitive enough. Fungal cultures are positive in more than 95% of 
Cryptococcus neoformans cases and in 66% of candidal meningi-
tis cases. Other fungi (particularly Aspergillus and Zygomycetes) 
are less likely to be culture positive.18 Khan and co-workers have 
reported a case of cerebral aspergillosis that was diagnosed by the 
detection of A. �avus-speci�c DNA in the brain biopsy and serum 
specimens. Despite the presence of dichotomously branched sep-
tate hyphae in the brain biopsy, the culture remained negative.19 
Barenfanger and co-workers20 examined data from the 1,225 

samples of CSF which were cultured for both bacterial and fungal 
infections. The researchers suggest that, in areas where Candida 
and Cryptococcus cause the vast majority of fungal meningitis, the 
combined use of a cryptococcal antigen test and bacterial cultures 
of CSF could replace routine CSF fungal cultures. In this study, fun-
gal cultures were positive for C. albicans in only two CSF samples 
and none of the samples were positive for Aspergillus. Serologi-
cal tests (detection of antigen or antibody) are not reliable. Kom-
atsu and associates have described a patient with osteosarcoma in 
whom a brain abscess developed after autologous peripheral stem 
cell transplantation. Serologic markers of fungal infection were 
negative, but fungal DNA was detected in the CSF by panfungal 
polymerase chain reaction assay using primers derived from fun-
gal 18S ribosomal RNA genes.21 To circumvent these problems, a 
PCR system of detecting fungal DNA has been developed recently. 
Since Candida and Aspergillus species are responsible for most 
of the invasive fungal infections in immunocompromised patients, 
several protocols with speci�c primers have been established for 
the detection of DNA of these fungi.12,22

Indeed, the majority of cases of CNS candidiasis are associated 
with disseminated or invasive candidiasis. Another form of candi-
dal CNS infection occurs as a postoperative complication of neuro-
surgical procedures, especially ventriculo-peritoneal shunt place-
ment. Candida meningitis is the most frequent clinical manifesta-
tion of invasive CNS candidiasis.4 According to the results (Table 
1) in the present study, PCR was positive in 6 out of 10 patients for 
Candida who had risk factors.

Candida CNS infections are usually due to C. albicans, but other 
Candida species might be involved in CSF complications, with C. 
glabrata as a rare cause of CNS infection.23,24 In the present study 
all the Candida infections were caused by C. albicans, with the 
exception of one that was caused by C. glabrata.

The pathways of spread to the CNS may be direct (skull fracture, 
neurosurgical device), olfactory (via sino-nasal) and hematogenous 
(spread from lungs, blood dissemination). In 90% – 95% of cases, 
brain abscess is secondary to a pulmonary localization but in the 
remaining 5% – 10% of cases, CNS abscess was a unique manifes-
tation.24 In the current study, four patients with disseminated fungal 
infections had positive PCR results for both serum and CSF, but in 
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Figure 1. Standard curve for Aspergillus real-time PCR (101-108 copies/well).
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localized infections (six cases) only the CSF results were positive.
The �ndings in this descriptive study indicate that molecular as-

say is useful for the diagnosis of CNS fungal infection and identi�-
cation of the pathogens in CSF samples. To con�rm these �ndings, 
further studies seem necessary.
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