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IPA mortality rate ~ 30 % (12 weeks) 







Surrogate- / biomarkers to “diagnose“ IPA 
 

GM 
 

BDG 
 

LFD 
 

PCR 
 

CT  
 
 

(VOC ?, gliotoxin ?, CT angio ?, PET-CT ?, FunReacT ?, …) 

+/- combination (s) 



  
 
•  (anti-mold-) AF prophylaxis … 
 
 
 
•  empiric  AF treatment … 
 
 
 
•  pre-emptive AF treatment … 



- AFT + AFT 





„targeted diagnostic“ 
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One potential explanation for the
poor sensitivity of BAL GM could be
mold active treatment. Of interest, we found
rather more commonly positive BAL GM
results and higher median BAL GM levels
in patients with acute suspicion of IFD
receiving antifungal drugs during less than
48 hours. So far, the role of antifungal
prophylaxis and treatment in the
performance of BAL GM remains unclear.
Although most data show a significant
decrease of the performance of BAL GM
(27, 28), there is also some evidence that
empirical antifungal treatment does not
affect BAL GM (21, 29). Our results
suggest that acute (<48 h) antimold
therapy does not diminish detection of
BAL GM. Indeed, empirical antifungal
treatment was independently associated
with an increased risk of a positive GM test
in the multivariate analysis. Nevertheless,
the paucity of untreated cases with proven
and probable IFD further hampers
conclusions on the influence of drug

therapy on test performance. Accordingly,
all patients with proven IFD and negative
BAL GM were on empirical active
antifungal treatment (one posaconazol, two
voriconazol). One of the three cases with
positive BAL GM and proven IFD was not
on active antifungal treatment at the time of
bronchoscopy, whereas both other cases
were on treatment (caspofungin and
amphotericin B).

It is also tempting to hypothesize that
the selection of patients considered “at risk”
for fungal disease and undergoing BAL
might have affected the overall performance
of the test (selection bias). However, per
definition, the prevalence of the disease
does not affect sensitivity and specificity of
the test. We persuade a liberal approach,
offering diagnostic lavage to all
immunosuppressed patients fulfilling host-
criteria, which might have diminished
the pretest probability for the disease.
Conversely, most of the previous reports
did not provide information on the number

of screened cases considered for inclusion
(CONSORT guidelines), thus precluding
inferences on PPVs and NPVs of the test.
Additionally, some studies restricted
inclusion to patients with suspected
radiologic lesion on conventional chest
radiograph and/or did not report on
findings of the CT scans. Finally, although
BAL GM was examined on its diagnostic
accuracy, it has been misleadingly included
as diagnostic criterion for the EORTC/MSG
classification as well, thus artificially
increasing the number of probable cases
of IFD.

In this study, the diagnostic
performance of BAL GM was calculated
based on the suggested cutoff of greater than
or equal to 0.5, as previously described (12).
We have also examined whether the use of
a different cutoff, for instance 1, could
improve the clinical usefulness of the test.
Whereas sensitivity remained similar
(proven 50%, proven1probable 41%,
proven1probable1possible 19%), specificity
improved (proven 86%, proven1probable
88%, proven1probable1possible 88%).
Thus, the cutoff 1 allows excluding IFD with
a higher accuracy as compared with the
cutoff 0.5.

The performance of BAL GM
improved in regards to its sensitivity when
serum GM was disregarded for defining
probable disease. This means that the
probability of a patient with positive BAL
GM determination to present IFD was
higher in cases with a positive mycologic
examination of the BAL as compared with

Table 2. Mold-Active Antifungal Prophylaxis at the Time of Bronchoscopy in 530
Cases of Immunocompromised Patients with Hematologic Malignancies

Mold-Active Antifungal
Prophylaxis

Possible
(n = 182)

Probable
(n = 45 )

Proven
(n = 6)

No
(n = 297)

Voriconazole 36 10 0 19
Posaconazole 3 2 1 2
Caspofungin 3 2 0 5
Amphotericin B 2 0 1 2
Anidulafungin 0 0 0 1

Table 3. Diagnostic Performance of Galactomannan Determination in the Bronchoalveolar Lavage in 530 Cases of
Immunocompromised Patients with Hematologic Malignancies

Sensitivity Specificity PPV NPV PLR NLR

As compared with
EORTC/MSG

Proven 0.50 (0.12–0.88) 0.71 (0.67–0.75) 0.02 (0.04–0.06) 0.99 (0.98–1.0) 1.72 (0.77–3.88) 0.70 (0.32–1.57)
Proven and probable 0.49 (0.35–0.63) 0.73 (0.69–0.77) 0.16 (0.11–0.23) 0.93 (0.90–2.48) 1.81 (1.32–2.48) 0.70 (0.53–0.92)
Proven and probable* 0.73 (0.55–0.87) 0.74 (0.70–0.78) 0.16 (0.10–0.22) 0.98 (0.96–0.99) 2.76 (2.14–3.56) 0.37 (0.21–0.65)
Proven and probable
and possible

0.35 (0.29–0.41) 0.75 (0.70–0.80) 0.52 (0.44–0.60) 0.60 (0.54–0.65) 1.40 (1.07–1.82) 0.87 (0.77–0.97)

As compared with
clinical judgment

Receiving empirical
antifungal treatment

0.42 (0.34–0.50) 0.75 (0.71–0.80) 0.39 (0.31–0.47) 0.78 (0.73–0.82) 1.69 (1.30–2.20) 0.77 (0.67–0.90)

Suspicion of IFD on
radiologic studies

0.34 (0.27–0.42) 0.73 (0.68–0.78) 0.37 (0.30–0.46) 0.70 (0.65–0.75) 1.27 (0.97–1.67) 0.90 (0.79–1.02)

Definition of abbreviations: EORTC/MSG = European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group; IFD =
invasive fungal disease; NLR = negative likelihood ratio; NPV = negative predictive value; PLR = positive likelihood ratio; PPV = positive predictive value.
*Classification disregarding serum galactomannan as a mycologic criterion for defining probable disease according to the EORTC/MSG.
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    PCR applications  
 

               ... detecting pathogens difficult to cultivate: 
  

1988          HIV 
  1989          CMV 

        1989  Toxoplasma gondii 
           1993   Borrelia burgdorferi 

                         1993  Aspergillus fumigatus           
… 
… 

     ... and diagnosing infectious diseases 



Clin Microbiol Infect 22(1): 80-86 (2016) 

PPV without antifungal (Aspergillus-active) prophylaxis 62,5 %,  

PPV during AFP 5,4% 



„targeted diagnostics“ 
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Utility of bronchoalveolar lavage fluid galactomannan alone or in combination with 
PCR for the diagnosis of invasive aspergillosis in adult hematology patients:  

a systematic review and meta-analysis. 
Heng SC, Morrissey O, Chen SC, Thursky K, Manser RL, Nation RL, Kong DC, Slavin M. 

Crit Review Microbiol, 41(1):124-34 (2015) 

We conducted a systematic review and meta-analysis of 16 studies involving 783 adults with 
hematological malignancies to derive summary estimates of the overall accuracy of BAL-GM for 
diagnosing IA. 
Summary estimates of BAL-GM using an optical density (OD) index cutoff value of 1.5 for 
proven and probable IA were: sensitivity 0.92 (95% CI = 0.48-0.99), specificity 0.98 (95% CI = 
0.78-1.00), … . 
 
Comparing serum GM and Aspergillus PCR testing on BAL fluid, BAL-GM conferred greater 
sensitivity, but lower specificity than the serum GM test, and similar specificity as the PCR 
assay. The use of BAL-GM with serum GM or BAL-PCR tests increased the sensitivity 
moderately when a positive result was defined by either assay. 
 
 
GM quantification in BAL fluid at an OD index cutoff value of 1.5 has excellent sensitivity and 
specificity to assist clinical decision-making in confirming or excluding a diagnosis of IA when 
results are interpreted with clinical findings.  





J Antimicrob Chemother. 67 (9), 2260-2270 (2012)  

•  226 BAL samples 

•  nested Aspergillus PCR assay 

•   sensitivity of : 0.69  
   specificity:  0.87 
   (for pts without antifungal   
   treatment prior to BAL sampling)    
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OBJECTIVES:  
… defining the optimal use of biomarkers and clinical samples. 
 
METHODS:  
Concurrent bronchoalveolar lavage (BAL) and peripheral blood samples of 99 hematological patients with 
suspected IFD were investigated within a multicenter prospective study.  
… 
RESULTS:  
IFD were classified as proven (n=3), probable (n=34), possible (n=33), and no IFD (n=29).  
… 

The combination of GM (BAL) with BDG (blood) showed sensitivity/specificity of 92%/93%.  

Combining GM (BAL) with PCR (BAL) showed sensitivity/specificity of 85%/97%.  
… 



Combination of biomarkers is superior to their sole use in diagnosing IFD, 

particularly IPA, in hematological high risk pts.  

Integrating blood and BAL samples into a diagnostic algorithm is an 

advantageous approach.  

∑ 


