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Introduction

Invasive fungal infections  (IFIs) are infections where fungi 
invade deep into the tissues and result in prolonged illnesses.[1] 
Histopathological identification and fungal culture are the usual 
means of  diagnosis of  IFIs. However, patients at risk for IFIs 
are also at high risk for complications associated with invasive 
biopsies due to profound cytopenias.[2] Blood cultures are often 
negative in >50% of  patients with documented disease and cause 
a considerable diagnostic delay.[3]

Nucleic acid–based diagnostic techniques are the fastest growing 
and most‑promising segment of  fungal diagnostics. These methods 

can detect IFIs with high sensitivity (approaching 100% in some 
studies). In many cases, fungal PCR was positive several days before 
fungal pathogens like Candida could be detected by blood culture.[4]

There are few reports of  panfungal PCR assays targeting multiple 
fungal genera.[5,6] However, the sensitivity and specificity of  the 
assays vary considerably in the studies. The studies depicting the 
analytical ability of  real‑time panfungal PCR to detect IFIs as 
per the European Organization for Research and Treatment of  
Cancer (EORTC/MSG) guidelines are fewer.[4]

To the best of  our knowledge, none of  the panfungal PCR assays 
are currently approved by FDA. Species‑specific Aspergillus and 
Candida PCR have only recently been included in the revised 
EORTC/MSG 2019 diagnostic criteria for IFI.[7]

The aim of  our study was to evaluate the utility of  panfungal 
PCR assay in a group of  patients of  febrile neutropenia with 
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suspected IFI and to correlate the results with the EORTC‑MSG 
diagnostic criteria for invasive fungal infections. As our study was 
conducted before 2019, EORTC/MSG 2008 criteria were used.

Methods

The study was a single‑centre, cross‑sectional observational 
study conducted in a North Indian hospital. Approval from 
the Institutional Ethical Committee and a written informed 
consent from all the subjects enrolled into the study were 
obtained. Patients aged more than 18  years and having fever 
of  any duration and neutropenia were included in the study. 
Fever was defined as a single oral temperature >38.50 C or three 
temperatures of  >380 C at least 4 hours apart in a 24‑hour period. 
Neutropenia was defined as <500 neutrophils/cu.mm or <1000 
neutrophils/cu.mm and predicted to decline to <500/cu.mm 
over the next 48 hours. Patients already receiving betalactam 
antibiotics (give false‑positive fungal PCR) or systemic antifungal 
therapy were excluded from the study.

The subjects underwent the following investigations: complete 
haemogram, urine for routine and microscopic examination, 
chest X‑ray, kidney function tests, liver function tests, random 
blood sugar, blood, urine and sputum for fungal culture 
and sensitivity, blood for galactomannan antigen test  (GM 
ELISA) and blood for panfungal PCR assay. Broncho‑alveolar 
lavage  (BAL) for fungal culture and sensitivity and HRCT 
chest were done where clinically indicated. Patients were 
treated as per the standard guidelines for febrile neutropenia. 
They received broad‑spectrum antibiotics like third‑generation 
cephalosporins on the first day. Those who remained febrile 
despite three days of  appropriate antibiotics were then started on 
therapeutic antifungal drugs. Additional samples were sent for 
microbiological investigations to establish a definitive diagnosis 
if  needed. On the basis of  history, physical examination 
and investigations, the patients were then categorised as per 
EORTC‑MSG 2008 criteria  [Annexure 1] into the following 
three categories:
Proven IFI
Probable IFI
Possible IFI
Panfungal PCR methodology.

Whole blood  (5 ml) samples were collected in an EDTA 
vacutainer for PCR assay. Whole blood (5 ml) in a plain vacutainer 
was collected for serum galactomannan antigen detection. All 
blood samples were stored at − 800 C until DNA extraction.

Panfungal PCR kit: The panfungal PCR assay evaluated in our 
study was done using GenoSen’s Real Time PCR kit. It can detect 
a total of  16 fungal species (six species of  Aspergillus, nine species 
of  Candida and one species of  Fusarium) [Table 1]. For sensitivity, 
a dilution series was setup from 106 down to 100 copies/μl of  
panfungal DNA and analysed with a Panfungal Real Time PCR 
Kit. The detection limit as determined for Panfungal Real Time 
PCR Kit was 50 copies/ml.

DNA extraction kit: Qiagen QIAamp DNA Mini extraction kit.

The real‑time PCR instrument: Rotor Gene™ 6000, Corbett 
Research (Australia)

Reference fungal strains: The ability of  the panfungal PCR assay 
to detect all fungi species of  interest was determined by testing 
DNA derived from cultures of  reference strains. The panfungal 
PCR assay performed in our study exploits the Taqman principle 
targeting the 18S ribosomal RNA gene.

DNA extraction from the blood samples and ATCC fungal 
strains were performed using the Qiagen QIAamp DNA Mini 
extraction kit. For effective lyses of  fungal cell walls, the heat 
shock method (the samples were incubated at 100º C in a water 
bath for 3 min and then transferred to liquid nitrogen for 1 min) 
was incorporated in addition to the Qiagen protocol. The DNA 
extraction protocol was standardised using reference strains and 
blood spiked with the desired fungal load.

Statistical analysis
Observations were recorded in standard proforma. Categorical 
variables were presented in number and percentage  (%) and 
continuous variables were presented as mean ±  standard and 
median. The results of  panfungal PCR analysis in relation to 
the proven, probable and possible IFI criteria by the EORTC/
MSG 2008 were used for the calculation of  the sensitivity, 
specificity, negative predictive value (NPV), and positive predictive 
value (PPV) of  the assay. The degree of  agreement was quantified 
using kappa statistics. The association of  clinical and radiological 
features with PCR results was assessed by Chi square test/Fischer 
test whichever was appropriate. A P value of  < 0.05 was considered 
significant. Conclusions were drawn based on the results obtained.

Results

Fifty patients with febrile neutropenia were enrolled in the 
study. The age of  the patients ranged from 19 years to 40 years, 

Table 1: Fungal species detected by the panfungal 
real‑time PCR assay

1. Aspergillus fumigates
2. Aspergillus flavus
3. Aspergillus terreus
4. Aspergillus versicolor
5. Aspergillus nidularis
6. Aspergillus clavatus
7. Fusariun solani
8. Candida tropicalis
9. Candida glabrata
10. Candida crusei
11. Candida albicans
12. Candida parapsilosis
13. Candida guilliermondii
14. Candida kefyr
15. Candida lipolytica
16. Candida lusitaniae
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with a mean age of  27  years. The study population had 86% 
males  (43/50) and 14% females  (7/50). Of  the 50  patients 
enrolled into the study, 36% patients (18/50) had acute myelocytic 
leukaemia  (AML), 28% cases  (14/50) had acute lymphocytic 
leukaemia (ALL), 30% cases (15/50) had aplastic anaemia and 6% 
cases (3/50) had underlying lymphoma. The patients were divided 
into four groups according to the EORTC/MSG 2008 criteria. 
Groups A, B, C and D consist of  patients with no IFI, proven 
IFI, probable IFI and possible IFI, respectively. After evaluation 
and investigations, three patients were in the proven IFI group, 
22 patients were in the probable IFI group while possible IFI 
group had four patients and 21 patients were in the no IFI group.

The results of  the panfungal PCR assay evaluated in this study 
among the patient groups are shown in Table 2. Fifty two percent 
patients  (26/50) were diagnosed positive by panfungal PCR 
assay while the remaining 48% patients (24/50) were diagnosed 
negative by panfungal PCR assay. When the results of  panfungal 
PCR assay were evaluated in the individual patient groups, the 
following observations were made: In Group A, i.e., patients 
without any evidence of  IFI according to the EORTC/MSG 
criteria; 9.5% patients (2/21) tested positive by the panfungal 
PCR assay, while 90.5% patients  (19/21) tested negative. In 
Group B (Proven IFI), 66.7% patients (2/3) tested positive by the 
panfungal PCR assay, while 33.3% patients (1/3) tested negative. 
In Group C (Probable IFI), 81.8% patients (18/22) tested positive 
by the panfungal PCR assay, while 18.2% patients (4/22) tested 
negative. In Group D (possible IFI), 100% patients (4/4) tested 
positive by the panfungal PCR assay, while none tested negative.

Using EORTC/MSG 2008 criteria as the ‘gold standard’ for 
defining IFI, the sensitivity, specificity, PPV, NPV and likelihood 
ratios of  panfungal PCR assay was calculated. The sensitivity, 
specificity, PPV and NPV of  panfungal PCR assay was 82.76%, 
90.48%, 92.31% and 79.17%, respectively. The positive likelihood 
ratio and negative likelihood ratio of  panfungal PCR assay in the 
study was 8.69 and 0.19, respectively. The diagnostic accuracy 
of  the panfungal PCR assay evaluated in the study was 86% 
[Table 3]. The degree of  agreement was quantified using ‘Kappa 
statistics. The kappa value observed was 0.718 with a standard 
error of  0.098 and 95% confidence interval from 0.526 to 0.910. 
The strength of  agreement is considered to be ‘good’.

The strength of  association between the results of  panfungal PCR 
assay and the presence or absence of  clinical/mycological criteria 
in the study subjects was evaluated [Table 4]. The association 
between the clinical criteria and panfungal PCR results as assessed 
by Fischer’s exact test was statistically significant with a two‑tailed 
P value of  < 0.0001. The association between mycological criteria 
and panfungal PCR results as assessed by Fischer’s exact test 
was statistically significant with a two‑tailed P value of  0.0002.

Discussion

Our study was undertaken to evaluate the role of  panfungal PCR 
assay in the diagnosis of  IFIs. Panfungal PCR was performed 

on the blood samples of  immunocompromised and neutropenic 
patients suspected of  having IFI and the diagnostic performance 
of  the assay was studied in comparison to the EORTC/MSG 
2008 criteria. In our study, there were only three cases of  proven 
IFI as per the EORTC/MSG criteria with the Candida species 
being cultured from blood in them. This once again shows that 
blood cultures are often negative owing to the multiplication 
of  yeasts and moulds in internal organs like liver and spleen.[8] 
All the three cases of  candidemia in our study were caused by 
non‑albicans candida species. This is consistent with the reports 
of  the changing epidemiology of  invasive candidiasis as reported 
by Pfaller et al.[9] and Chakrabarti A et al.[10] from India. Aspergillus 
species were not isolated from the blood of  any patient.

The sensitivity, specificity, PPV, and NPV of  panfungal PCR 
was established in our study by comparing the group of  patients 
who had no evidence of  IFI with those who had IFI as per the 
EORTC/MSG 2008 criteria. The sensitivity and specificity in 

Table 2: Panfungal PCR results in different patient 
groups according to the EORTC/MSG 2008 criteria

PCR results all 
episodes (n=50)

No IFI n 
(%)

Proven 
IFI n (%)

Probable 
IFI n (%)

Possible 
IFI n (%)

PCR positive (n=26) 2 (9.5%) 2 (66.7%) 18 (81.8%) 4 (100%)
PCR negative (n=24) 19 (90.5%) 1 (33.3%) 4 (18.2%) 0 (0%)
Total 21 3 22 4
PCR: polymerase chain reaction ; IFI: invasive fungal infection

Table 4: Association between the panfungal PCR results 
and the clinical and mycological criteria based on the 

EORTC/MSG 2008 criteria for invasive fungal infections
PCR positive (n %) PCR negative (n %) P

Clinical criteria
Present (n=27) 23 (85.2%) 4 (14.8%) <0.0001
Absent (n=23) 3 (13%) 20 (87%)

Mycological Criteria
Present (n=25) 20 (80%) 5 (20%)
Absent (n=25) 6 (24%) 19 (76%) 0.0002

Table 3: Sensitivity, specificity, positive predictive value, 
negative predictive value, likelihood ratios and diagnostic 
accuracy of panfungal PCR assay in diagnosing invasive 
fungal infections using the EORTC/MSG 2008 criteria 

as gold standard
Parameter Value (95% confidence interval) 
Sensitivity (95% confidence interval) 82.76% (64.21%‑94.09%)
Specificity (95% confidence interval) 90.48% (69.58%‑98.55%)
Positive predictive value (95% 
confidence interval)

92.31% (74.83%‑98.83%)

Negative predictive value (95% 
confidence interval)

77.78% (57.84%‑92.79%)

Positive likelihood ratio (95% 
confidence interval)

8.69 (2.30‑32.81)

Negative likelihood ratio (95% 
confidence interval)

0.19 (0.08‑0.43)

Diagnostic accuracy 86%
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our study was 82.76% and 90.48%, respectively, while the PPV 
and NPV in our study was 92.31% and 77.78% respectively. 
These values are consistent with those reported in most of  the 
earlier studies.

GuoJun Cao1 et  al.[11] in their study demonstrated panfungal 
PCR to have a sensitivity and specificity of  82.8% and 79.8%, 
respectively, for probable IFDs, and a sensitivity and specificity 
of  87.5% and 71.4%, respectively, for a combination of  probable 
and possible IFDs. Capoor et al.[4] found that for proven IFI, the 
sensitivity and specificity of  the panfungal PCR assay were 94.3% 
and 95.2%, respectively with a PPV of  97.6% and NPV of  88.9%. 
Various authors have reported the sensitivity of  panfungal PCR 
in the diagnosis of  IFI in the range of  50–100% (Deshpande 
et al. 2011,[12] Gomez et al. 2017,[13] Lass Florl et. al. 2013,[14] Gupta 
P et. al. 2016[15], El‑Ashry MA et al.[16]). Ala Houhala et al. found 
a concordance of  85% between PCR and the conventional 
methods of  culture and microscopy.[17] A wide range of  sensitivity 
seen in these studies may be due to different case definitions and 
criteria for a PCR positive episode.

Very few studies have been reported in India on the role of  
fungal PCR in invasive fungal infections. We could find only 
four such studies.[4,10,12,15]

In our study, false positive results were observed in two out of  
50 patients evaluated. As observed by several other authors, these 
false positive results could be due to subclinical infection, fungal 
colonisation, contamination by airborne fungal spores, fungal 
PCR product carryover and cross reactivity with non‑fungal 
DNA. As Taqman technology was used in our study, there is 
little risk of  false positivity due to the amplified products in 
the previous cycles. The risk of  contamination is also low as 
the positive material (specimens, standards or amplicons) were 
stored separately from all other reagents. All workstations were 
wiped with 5% hypochlorite and 70% ethanol at every stage. 
The extraction of  DNA, preparation of  master mix, addition of  
template and amplification were carried out in biosafety hoods in 
separate laboratories. All the reagents including the NTC (except 
for standards and specimens) were mixed and dispensed in a 
pre‑mix area.

Jordanides et al. had commented on the difficulty in determining 
an actual ‘false‑positive’ result from an early ‘true positive’ result, 
reflecting the fact that PCR may be a more sensitive indicator 
of  early IFI.[18]

In our study, false negative results were observed in five out of  
the 50 patients evaluated. This may be because many cases of  
probable and possible IFIs may be due to non‑fungal causes as 
has been observed previously by Jordanides et  al.[18] Maertens 
et  al. demonstrated, after incorporation of  autopsy data, that 
12/43 patients who had possible IFI based on the EORTC/MSG 
criteria actually had definite IFI, whereas the remaining 31 cases 
had no evidence of  IFI.[19] This supports the suggestion that an 
aetiology other than IFI may be responsible for the clinical signs 

and symptoms in those five patients who came out to be falsely 
negative by PCR. Another possible reason for the PCR negativity 
may the higher levels of  fungal DNA detection limit in our study. 
We had set a limit of  50 CFU/ml while most of  the other studies 
had detection limits as low as 10–20 CFU/ml. Also, it is worth 
mentioning that the PCR assay done in our study could detect 
only a total of  16 fungal species and there may have been cases 
of  IFI which were caused by species that was not detected by 
the PCR. In addition, in our study, samples for panfungal PCR 
were taken only once at the onset of  fever and no subsequent 
samples were taken. This might have led to the false negative 
reports in some of  our cases as sequential positive PCR reports 
have been shown to increase the sensitivity of  PCR in the studies 
by Landlinger et al.[5]

Our study demonstrated the association between the results of  
panfungal PCR and the clinical and mycological criteria of  the 
patients. The association between clinical criteria and panfungal 
PCR results as assessed by Fischer’s exact test is statistically 
significant with a two‑tailed P  value of   <  0.0001. Also, the 
association between the mycological criteria and panfungal PCR 
results as assessed by Fischer’s exact test is statistically significant 
with a two‑tailed P value of  0.0002.

Most of  the published studies report the detection of  single 
fungal species or few Candida or Aspergillus species in the blood 
samples of  patients with IFIs.[4,20] Species‑ or genus‑specific PCR 
assays only target a narrow spectrum of  pathogens, and therefore 
can only be used if  evidence for the infection with a certain 
pathogen already is present.[3] Panfungal real‑time PCR on the 
other hand enables the unspecific detection and quantification of  
all fungal DNA present in a sample through the use of  universal 
fungal primers.[21]

The senstivity and specificity values are encouraging and the 
Panfungal PCR positivity precedes the diagnosis by culture and 
histopathology by 5 to 8 days as seen in several studies. Delay in 
the identification of  a fungal infection and specific species often 
enables the infection to progress to a point where subsequent 
antifungal therapy becomes less effective. The relation between 
early diagnosis and treatment and mortality was illustrated 
in a multi‑institutional study by Garey et  al. of  230  patients 
with candidemia.[22] The results showed a significant trend for 
increased mortality with progressive delays in the initiation of  
fluconazole therapy. Patient mortality rates were associated with 
empiric therapy or zero delay  (treatment initiation within 24 
hours of  time of  blood sample collection for culture, but before 
organism identification) and delays of  1, 2, and ≥3 days were 
15%, 24%, 37%, and 41%, respectively. Similarly, von Eiff  et al., 
observed a mortality rate of  90% for patients with pulmonary 
aspergillosis when antifungal therapy was initiated >10 days after 
the onset of  pneumonia.[23]

Chamilos et al. demonstrated that in 60% of  histopathology‑proven 
IFI, fungal culture was negative and that histopathology cannot 
identify fungus genus or species.[24] Therefore, rapid and sensitive 
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fungal PCR may save precious time in immunocompromised 
patients with IFI who are already at high risk for severe 
complications and can direct the appropriate use of  early and 
pre‑emptive antifungal therapy.

One of  the limitations of  our study is that a limited number 
of  patients were included. The incidence of  IFIs in our study 
is much higher than those reported by previous investigators. 
Panfungal PCR was done only once at the onset of  fever. Serial 
sampling of  blood to look for sequential PCR positivity may have 
had a higher significance. Histopathological diagnosis could not 
be achieved in any of  the cases included in the study due to the 
thrombocytopenia in almost all of  the patients.

To summarise, the sensitivity, specificity, PPV and NPV of  
panfungal PCR for the diagnosis of  invasive fungal infections 
as compared to the EORTC MSG criteria were 82.76%, 90.48%, 
92.31%, and 77.78%, respectively.

In conclusion, panfungal PCR is a promising and highly sensitive 
diagnostic test for screening of  at‑risk patients suspected to 
have IFI. The use of  panfungal PCR assay in combination with 
other diagnostic modalities and clinical judgment can be very 
helpful, especially in a country like India where the resources 
are limited and early diagnosis by panfungal PCR positivity at 
the level of  primary healthcare physicians and family physicians 
can improve the prognosis of  patients by early institution of  
antifungal therapy. It will also help in implementing strategies 
to reduce the high mortality and morbidity associated with IFI. 
Furthermore, a negative PCR result can also curtail the usage of  
unwarranted antifungal therapy in febrile neutropenic patients, 
especially in resource‑poor settings like India.

Declaration of patient consent
The authors certify that they have obtained all appropriate patient 
consent forms. In the form, the patients have given their consent 
for their images and other clinical information to be reported in 
the journal. The patients understand that their names and initials 
will not be published and due efforts will be made to conceal 
their identity, but anonymity cannot be guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

References

1.	 Ramana KV, Kandi S, Venkata BP, Sharada CH, Rao R, Mani R, 
et al. Invasive fungal infections: A comprehensive review. 
Am J Infect Dis Microbiol 2013;1:64‑9.

2.	 Ostrosky‑Zeichner  L. Invasive mycoses: Diagnostic 
challenges. Am J Med 2012;125 (1 Suppl):S14‑24.

3.	 Iris C, Gabriele M, Claudia SG, Karthin S, Brigitte S. Clinical 
evaluation of an in house panfungal real time PCR assay for 

the detection of fungal pathogens. Infection 2020;48:345‑55.

4.	 Capoor  MR, Puri  S, Raheja  H, Mohindra  R, Gupta  DK, 
Verma PK, et al. Screening of invasive fungal infections by 
a real‑time panfungal (pan‑acf) polymerase chain reaction 
assay in patients with haematological malignancy. Indian 
J Med Microbiol 2017;35:41‑7.

5.	 Landlinger C, Preuner S, Bašková L, van Grotel M, Hartwig NG, 
Dworzak M, et al. Diagnosis of invasive fungal infections by 
a real‑time panfungal PCR assay in immunocompromised 
pediatric patients. Leukemia 2010;24:2032‑8.

6.	 Vollmer T, Störmer M, Kleesiek K, Dreier J. Evaluation of 
novel broad‑range real‑time PCR assay for rapid detection 
of human pathogenic fungi in various clinical specimens. 
J Clin Microbiol 2008;46:1919‑26.

7.	 Peter JD, Sharon C, Carol AK, William JS, John WB, Paul EW, 
et al. Revision and update of the consensus definitions of 
invasive fungal disease from the European Organization for 
research and treatment of cancer and the Mycoses Study 
Group education and research consortium. Clin Infect Dis 
2019.

8.	 Kirby A, Chapman C, Hassan C, Burnie J. The diagnosis of 
hepatosplenic candidiasis by DNA analysis of tissue biopsy 
and serum. J Clin Pathol 2004;57:764‑5.

9.	 Pfaller  MA, Diekema  DJ. Epidemiology of invasive 
candidiasis: A  persistent public health problem. Clin 
Microbiol Rev 2007;20:133‑63.

10.	 Chakrabarti A, Chatterjee SS, Shivaprakash MR. Overview 
of opportunistic fungal infections in India. Jpn J Med Mycol 
2008;49:165‑72.

11.	 Cao GJ, Xing ZF, Hua L, Ji YH, Sun JB, Zhao Z. Evaluation of 
the diagnostic performance of panfungal polymerase chain 
reaction assay in invasive fungal diseases. Exp Ther Med 
2017;14:4208‑14.

12.	 Deshpande  P, Shetty  A, Mehta  A, Kapadia  F, Hedge  A, 
Soman R, et al. Standardization of fungal polymerase chain 
reaction for the early diagnosis of invasive fungal infection. 
Indian J Med Microbiol 2011;29:406‑10.

13.	 Gomez CA, Budvytiene I, Zemek AJ, Banaei N. Performance 
of targeted fungal sequencing for culture‑independent 
diagnosis of invasive fungal disease. Clin Infect Dis 
2017;65:2035‑41.

14.	 Lass‑Flörl C, Mutschlechner W, Aigner M, Grif K, Marth C, 
Girschikofsky M, et al. Utility of PCR in diagnosis of invasive 
fungal infections: Real‑life data from a multicenter study. 
J Clin Microbiol 2013;51:863‑8.

15.	 Gupta P, Ahmad A, Khare V, Kumar A, Banerjee G, Verma N, 
et al. Comparative evaluation of pan‑fungal real‑time PCR, 
galactomannan and  (1‑3)‑β‑D‑glucan assay for invasive 
fungal infection in paediatric cancer patients. Mycoses 
2017;60:234‑40.

16.	 El‑Ashry  MA, Ragab  EA. Diagnosis of fungemia among 
pediatric patients with hematological malignancies: Value 
of panfungal polymerase chain reaction. Egypt J Haematol 
2017;42:142‑7.

17.	 Ala‑Houhala M, Koukila‑Kähkölä P, Antikainen J, Valve J, 
Kirveskari J, Anttila VJ. Clinical use of fungal PCR from deep 
tissue samples in the diagnosis of invasive fungal diseases: 
A retrospective observational study. Clin Microbiol Infect 
2018;24:301‑5.

18.	 Jordanides  NE, Allan  EK, McLintock  LA, Copland  M, 
Devaney M, Stewart K, et al. A prospective study of real‑time 
panfungal PCR for the early diagnosis of invasive fungal 
infection in haemato‑oncology patients. Bone Marrow 



Srinivas, et al.: Panfungal PCR in invasive fungal infections

Journal of Family Medicine and Primary Care	 2538	 Volume 10  :  Issue 7  :  July 2021

Transplant 2005;35:389‑9.

19.	 Maertens J, Verhaegen J, Demuynck H, Brock P, Verhoef G, 
Vandenberghe  P, et  al. Autopsy‑controlled prospective 
evaluation of serial screening for circulating galactomannan 
by a sandwich enzyme‑linked immunosorbent assay for 73 
hematological patients at risk for invasive Aspergillosis. 
J Clin Microbiol 1999;37:3223‑8.

20.	 Tirodker UH, Nataro JP, Smith S, LasCasas L, Fairchild KD. 
Detection of fungemia by polymerase chain reaction 
in critically ill neonates and children. J  Perinatol 
2003;23:117‑22.

21.	 Kidd  SE, Chen  SC, Meyer  W, Halliday  CL. A  new age in 
molecular diagnostics for invasive fungal disease: Are we 

ready? Front Microbiol 2020;10:2903.

22.	 Garey KW, Rege M, Pai MP, Mingo DE, Suda KJ, Turpin RS, 
et  al. Time to initiation of fluconazole therapy impacts 
mortality in patients with candidemia: A multiinstitutional 
study. Clin Infect Dis 2006;43:25‑31.

23.	 Von Eiff  M, Roos  N, Schulten  R, Hesse  M, Zuhlsdorf  M, 
van de Loo  J. Pulmonary aspergillosis: Early diagnosis 
improves survival. Respiration 1995;62:341‑7.

24.	 Chamilos  G, Luna  M, Lewis  RE, Bodey  GP, Chemaly  R, 
Tarrand  JJ, et  al. Invasive fungal infections in patients 
with hematologic malignancies in a tertiary care cancer 
center: An autopsy study over a 15‑year period (1989‑2003). 
Haematologica 2006;91:986‑9.



Srinivas, et al.: Panfungal PCR in invasive fungal infections

Journal of Family Medicine and Primary Care	 2539	 Volume 10  :  Issue 7  :  July 2021

Annexure 1

European Organization for Research and Treatment of  Cancer/Invasive Fungal Infections Cooperative Group and the National 
Institute of  Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus Group definitions for invasive fungal 
disease (2008)

Table 1: Criteria for proven invasive fungal disease except for endemic mycoses
Analysis and specimen Moldsa Yeastsa

Microscopic analysis: 
sterile material

Histopathologic, cytopathologic or direct microscopic 
examinationb of  a specimen obtained by needle aspiration 
or biopsy in which hyphae or melanized yeast‑like forms are 
seen accompanied by evidence of  associated tissue damage

Histopathologic, cytopathologic or direct microscopic 
examinationb of  a specimen obtained by needle aspiration 
or biopsy from a normally sterile site (other than mucous 
membranes) showing yeast cells-for example, Cryptococcus 
species indicated by encapsulated budding yeasts or Candida 
species showing pseudohyphae or true hyphaec

Culture Sterile material Recovery of  a mold or ‘black yeast’ by culture of  a specimen 
obtained by a sterile procedure from a normally sterile and 
clinically or radiologically abnormal site consistent with an 
infectious disease process, excluding bronchoalveolar lavage 
fluid, a cranial sinus cavity specimen and urine

Recovery of  a yeast by culture of  a sample obtained by a sterile 
procedure (including a freshly placed [less than 24 h ago drain) 
from a normally sterile set showing a clinical or radiological 
abnormality consistent with an infectious process.

Blood Blood culture that yields a moldd (e.g. Fusarium species) in 
the context of  a compatible infectious disease process

Blood culture that yields yeast (e.g. Cryptococcus or Candida 
species) or yeastlike fungi (e.g. Trichosporon species)

Serological analysis: CSF Not applicable Cryptococcal antigen in CSF indicates disseminated cryptococcosis
aIf  culture is available, append the identification at the genus or species level from the culture results. bTissue and cells submitted for histopathologic or cytopathologic studies should be stained by Grocott‑Gomorri 
methenamine silver stain or by periodic acid Schiff  stain, to facilitate inspection of  fungal structures. Whenever possible, wet mounts of  specimens from foci related to invasive fungal disease should be stained with 
a fluorescent dye (e.g calcofluor or blankophor). cCandida, Trichosporon, and yeast‑like Geotrichum species and Blastoschizomyces capitatus may also form pseudohyphae or true hyphae. dRecovery of  Aspergillus 
species from blood cultures invariably represents contamination.
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Table 2: Criteria for probable invasive fungal disease 
except for endemic mycoses

Host Factorsa

Recent history of  neutropenia (10 days) temporally related to the onset 
of  fungal disease
Receipt of  an allogeneic stem cell transplant
Prolonged use of  corticosteroids (excluding among patients with 
allergic bronchopulmonary aspergillosis) at a mean minimum dose of  
0.3 mg/kg/day of  prednisone equivalent for >3 weeks
Treatment with other recognized T cell immunosuppressants, such as 
cyclosporine, TNF‑α blockers, specific monoclonal antibodies (such as 
alemtuzumab), or nucleoside analogues during the past 90 days
Inherited severe immunodeficiency (such as chronic granulomatous 
disease or severe combined immunodeficiency)

Clinical criteriab

Lower respiratory tract fungal diseasec

The presence of  one of  the following three signs on CT:
Dense, well‑circumscribed lesions(s) with or without a halo sign
Air‑crescent sign
Cavity

Tracheobronchitis
Tracheobronchial ulceration, nodule, pseudomembrane, plaque or 
eschar seen on bronchoscopic analysis

Sinonasal infection
Imaging showing sinusitis plus at least one of  the following three 
signs:

Acute localized pain (including pain radiating to the eye)
Nasal ulcer with black eschar 
Extension from the paranasal sinus across bony barriers, including 
into the orbit

CNS infection
One of  the following two signs:

Focal lesions on imaging
Meningeal enhancement on MRI or CT

Disseminated candidiasisd

At least one of  the following two entities after an episode of  
candidemia within the previous two weeks:

Small, target‑like abscesses (bull’s‑eye lesions) in liver or spleen
Progressive retinal exudates on ophthalmologic examination

Mycological criteria
Direct test (cytology, direct microscopy or culture)

Mold in sputum, bronchoalveolar lavage fluid, bronchial brush or 
sinus aspirate samples, indicated by one of  the following: 
Presence of  fungal elements indicating a mold 
Recovery by culture of  a mold (e.g. Aspergillus, Fusarium, 
Zygomycetes or Scedosporium species)

Indirect tests (detection of  antigen or cell‑wall constituents)
Aspergillosis

Galactomannan antigen detected in plasma, serum, bronchoalveolar 
lavage fluid or CSF

Invasive fungal disease other than cryptococcosis and zygomycoses 
β‑D‑glucan detected in serum

NOTE. Probable IFD requires the presence of  a host factor, a clinical criterion, and a mycological 
criterion. Cases that meet the criteria for a host factor and a clinical criterion but for which mycological 
criteria are absent are considered possible IFD. aHost factors are not synonymous with risk factors and 
are characteristics by which individuals predisposed to invasive fungal diseases can be recognized. They 
are intended primarily to apply to patients given treatment for malignant disease and to recipients of  
allogeneic hematopoietic stem cell and solid organ transplants. These host factors are also applicable to 
patients who receive corticosteroids and other T cell suppressants as well as to patients with primary 
immunodeficiencies. bMust be consistent with the mycological findings, if  any, and must be temporally 
related to current episode. cEvery reasonable attempt should be made to exclude an alternative aetiology. 
dThe presence of  signs and symptoms consistent with sepsis syndrome indicates acute disseminated 
disease, whereas their absence denotes chronic disseminated disease. eThese tests are primarily applicable 
to aspergillosis and candidiasis and are not useful in diagnosing infections due to Cryptococcus species 
or Zygomycetes (e.g., Rhizopus, Mucor, or Absidia species). Detection of  nucleic acid is not included, 
because there are as yet no validated or standardized methods.


