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Abstract 
Background and Purpose: Invasive fungal infections cause morbidity and mortality in patients with hematologic 

malignancies and immunosuppression. Although these infections are commonly caused by Candida and Aspergillus 

species, infections caused by Mucoralean fungi are also on a growing trend. The definitive diagnosis of mucormycosis 

includes visualization of non-septate hyphae on pathology or growth of Mucoralean fungi culture. Polymerase chain 

reaction (PCR) is used to diagnose mucormycosis from paraffin blocks; however, it yields discrepant results in 

diagnosis of mucormycosis from blood samples. In the current study, we sought to examine the efficiency of PCR test 

for the diagnosis of mucormycosis and aspergillosis. 

Materials and Methods: Thirty-one patients with suspected fungal sinus infection were recruited from the 

Hematology-Oncology unit in Taleghani Hospital, Tehran, Iran. DNA was extracted and semi-nested PCR was 

performed. 

Results: PCR was reported negative for all the 31 serum samples. Our assay had a sensitivity of 1.3 ng and 12 pg for 

Mucoralean and Aspergillus species, respectively. 

Conclusion: Using serum PCR, we detected Aspergillus and Mucoralean species in patients with suspected fungal sinus 

infection. While this test may have utility in diagnosis directly from biopsy site, it appears unreliable for use as a 

noninvasive blood test. 
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Introduction
nvasive fungal infections are one of the major 

causes of morbidity and mortality in patients 

with hematologic malignancies and imm-

unesuppression [1, 2]. These infections are most 

commonly caused by Candida and Aspergillus 

species; however, the rate of infections caused by 

the Mucoralean fungi has increased in the recent 

years [3]. Remarkably, 63% of non-aspergillosis 

mold infections in transplant recipients were caused 

by Mucorales (particularly Rhizopus, Lichtheimia, 

and Mucor species) [4-6]. Mucormycosis is mostly 

confirmed by histopathology (characterized by non-

septate hyphae, with branching at wide angles 

[>90o]), microscopy, or culture. However, utilizing 

state-of-the-art radiological techniques, as well as 

serological and molecular diagnostic assays can be 

beneficial for improving early diagnosis and 

successful treatment [7-9]. 

 Definitive diagnosis of mold infection includes 

visualization of non-septate hyphae on pathology or 

growth of the mold from a sterile culture [10]. 

Diagnosis and treatment of mucormycosis pose 

more difficulties than other fungal infections as 

it develops in necrotic tissues [11]. In addition, 

differentiating the various Mucoralean species 

based on their morphology is challenging [12, 13]. 

PCR has been applied for the tissue diagnosis of 

mucormycosis in paraffin blocks [14, 15]; however, 

there are conflicting results regarding its ability to 

diagnose infection from blood samples [16, 17]. In 

the current study, we aimed to investigate the 

sensitivity and specificity of blood PCR test for 
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diagnosis of mucormycosis and aspergillosis. 
 

Materials and Methods 
Patients with suspected fungal sinus infection 

were recruited from Division of Hematology-

Oncology in Taleghani Hospital of Tehran, Iran. 

Tissue specimens were obtained via biopsy, and 

serum samples (1 cc) were taken at the time of 

biopsy. Tissue samples were sent for fungal 

staining, culture, and histopathology. DNA was 

extracted by use of the QIAamp DNA Blood Mini 

Kit (Qiagen, Valencia, CA), and semi-nested PCR 

was performed in Applied Biosystems 2720 (Foster 

City, CA) as previously described [18, 19]. 

Briefly, 12.8 µg of DNA was amplified during 

the 1st run, and then 10 µl of PCR Master Mix 

(Qiagen, Valencia, CA) was added to 1 µl of each 

primer (0.1 mM) and 8 µl DNA. PCR conditions 

for the first step were as follows: DNA was 

denatured at 94°C for 5 min, then amplified for 35 

cycles at 94°C for 30 s, 56°C for 30 s, 72°C for 30 

s, and then 72°C for 7 min. In the second step, 10 µl 

of Master Mix, 0.1 µl of each primers, 3 µl of the 

PCR product from the first step, and 5 µl sterile 

water were employed. The final PCR product was 

loaded onto a gel with 100 bp ladder; thereafter, 

positive samples were sequenced. 

This study was approved by the Ethics 

Committee of Shahid Beheshti University of 

Medical Sciences, Tehran, Iran (official approval 

No.: 94-2-205-8140-8520). 
 

Results and Discussion 

A total of 31 patients with the mean age of 42.2 

years (age range: 15-82 years) were enrolled (65% 

male and 35% female). The patients had acute 

myeloid leukemia (68%), acute lymphoblastic 

leukemia (13%), aplastic anemia (10%), lymphoma 

(6%), and myelofibrosis (3%). The chief complaints 

were headache (42%), fever (29%), periorbital 

swelling (13%), cough (6%), poor vision (3%) 

confusion (3%), as well as dysphagia (3%). The 

average white blood cell (WBC) count was 2,184 

cells/µl. All the patients were initially administered 

liposomal amphotericin B on a daily basis (5 

mg/kg). After the treatment, fever resolved in 26 

patients (mean duration: 2.65 days). All the patients 

met the indication for undergoing endoscopy, but it 

was only performed on 19 patients. Of the 19 

patients, 18 underwent sinus biopsy, of whom 11 

were found to have necrosis, with nine being 

pathologically negative for mold. Ultimately, 5, 2, 

and 2 cases of Mucor, Aspergillus, and non-specific 

fungal infection were diagnosed, respectively.  

Serum samples were negative for PCR in all the 

31 individuals (62 negative samples). The controls 

for these tests were positive and the sequenced PCR 

product confirmed the individual species. We 

estimated our assay to have a sensitivity of 1.3 ng 

for Mucoralean fungi species and 12 pg for 

Aspergillus species. 

This study was undertaken to test the sensitivity 

and specificity of blood PCR test for diagnosis 

of mucormycosis and aspergillosis compared to 

pathology specimens. We were unable to detect any 

positive PCR samples in the patients. Previously, in 

2008, Kasai et al. detected Mucor (39%) and 

Cunninghamella (58%) in plasma samples by PCR 

in a rabbit model of infection [20]. In a study by 

Badiee et al., 28 patients with suspected invasive 

fungal infection were studied [17]. Seven of these 

individuals had non-septate hyphae on direct smear 

of pathology specimen. The definitive diagnosis of 

mucormycosis was made in these patients (five had 

positive culture on the pathology specimen). 

None of the 28 blood cultures was positive for 

mucormycosis and none of the serum samples was 

positive by PCR. They recommend the direct smear 

as the gold standard for detecting mucormycosis 

[17]. In another study by Millon et al., serial blood 

samples were obtained from 10 patients with 

definitive mucormycosis. PCR was able to detect 

Mucorales DNA in the circulating blood of 9 of the 

10 patients at 3-68 days prior to the date of 

definitive diagnosis [16]. 

In this study, we detected Aspergillus or Mucor 

by serum PCR in all patients. While it seems that 

PCR is useful for detecting these organisms in 

tissue samples where the organism burden is high, 

there are some inconsistencies in applying the same 

methods to serum samples. False negatives could 

be due to sensitivity of the assay or choosing 

incorrect primers, while contamination or non-

specific product (not verified by sequencing) can 

account for false positives. Although our test did 

not have any false positives and the positive 

controls were verified by sequencing, our assay 

could suffer from inadequate sensitivity as it was 

less than what was reported by other authors [18, 

19]. Another possibility is that the circulating levels 

of these organisms, if present, were below the level 

of detection. It seems that further studies are 

required to resolve these issues for testing the 

peripheral blood. 

Therefore, serum PCR could not diagnose 

Aspergillus and Mucoralean fungi in patients with 

suspected fungal sinus infections. While this test 

may have utility in diagnosis directly from biopsy 

site, it appears unreliable for use as a noninvasive 

blood test. 
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