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ABSTRACT ϭϲ 

With the pƌoposal to iŶĐlude Aspergillus PCR iŶ the ƌeǀised EORTC/M“G defiŶitioŶs foƌ fuŶgal ϭϳ 

disease, ĐoŵŵeƌĐiallǇ ŵaŶufaĐtuƌed assaǇs ŵaǇ ďe ƌeƋuiƌed to pƌoǀide staŶdaƌdisatioŶ aŶd ϭϴ 

aĐĐessiďilitǇ. The PathoNostiĐs AspeƌGeŶius® assaǇ ƌepƌeseŶts oŶe suĐh test that has the aďilitǇ to ϭϵ 

deteĐt a ƌaŶge of Aspergillus speĐies aŶd azole-ƌesistaŶĐe iŶ A. fumigatus. PeƌfoƌŵaŶĐe has ďeeŶ ϮϬ 

ǀalidated ǁheŶ testiŶg BAL aŶd seƌuŵ speĐiŵeŶs, ďut ƌeĐeŶt eǀideŶĐe suggests that testiŶg plasŵa Ϯϭ 

ŵaǇ eŶhaŶĐe seŶsitiǀitǇ oǀeƌ seƌuŵ. It ǁas deĐided to eǀaluate the aŶalǇtiĐal aŶd ĐliŶiĐal ϮϮ 

peƌfoƌŵaŶĐe of the PathoNostiĐs AspeƌGeŶius® assaǇ ǁheŶ testiŶg plasŵa. Ϯϯ 

Foƌ the aŶalǇtiĐal eǀaluatioŶs plasŵa ǁas spiked ǁith ǀaƌious ĐoŶĐeŶtƌatioŶs of Aspergillus geŶoŵiĐ Ϯϰ 

DNA ďefoƌe eǆtƌaĐtioŶ folloǁiŶg iŶteƌŶatioŶal ƌeĐoŵŵeŶdatioŶs usiŶg tǁo autoŵated platfoƌŵs. Ϯϱ 

Foƌ the ĐliŶiĐal studǇ, Ϯϭϭ saŵples fƌoŵ ϭϬ pƌoǀeŶ/pƌoďaďle IA aŶd Ϯ possiďle IA Đases, aŶd Ϯϳ Ϯϲ 

ĐoŶtƌols ǁeƌe tested.  Ϯϳ 

The liŵit of deteĐtioŶ ǁheŶ testiŶg DNA eǆtƌaĐted usiŶg the BioMeƌieuǆ EasǇMag aŶd QiageŶ E)ϭ Ϯϴ 

eǆtƌaĐtoƌs ǁas fiǀe aŶd ϭϬ geŶoŵes/Ϭ.ϱŵl saŵple, ƌespeĐtiǀelǇ. IŶ the ĐliŶiĐal studǇ, tƌue positiǀitǇ Ϯϵ 

ǁas sigŶifiĐaŶtlǇ gƌeateƌ thaŶ false positiǀitǇ ;P: <Ϭ.ϬϬϬϭͿ. The seŶsitiǀitǇ aŶd speĐifiĐitǇ usiŶg a ϯϬ 

siŶgle positiǀe ƌesult as sigŶifiĐaŶt ǁeƌe ϴϬ% aŶd ϳϳ.ϴ%, ƌespeĐtiǀelǇ. If ŵultiple saŵples ǁeƌe ϯϭ 

ƌeƋuiƌed to ďe positiǀe speĐifiĐitǇ ǁas iŶĐƌeased to ϭϬϬ%, alďeit seŶsitiǀitǇ ƌeduĐed to ϱϬ%.  ϯϮ 

SuŵŵaƌǇ: The AspeƌGeŶius® assaǇ pƌoǀided good ĐliŶiĐal peƌfoƌŵaŶĐe ďut the pƌediĐted ϯϯ 

iŵpƌoǀeŵeŶt ǁheŶ testiŶg plasŵa ǁas Ŷot seeŶ, possiďlǇ a ƌesult of taƌget degƌadatioŶ attƌiďuted ϯϰ 

to saŵple stoƌage. PƌospeĐtiǀe testiŶg is ƌeƋuiƌed to deteƌŵiŶe the ĐliŶiĐal utilitǇ of this assaǇ, ϯϱ 

paƌtiĐulaƌlǇ the diagŶosis of azole-ƌesistaŶt disease.  ϯϲ 



ϯ 

 

INTRODUCTION ϯϳ 

“taŶdaƌdisatioŶ of Aspergillus PCR testiŶg of ďlood ďased saŵples has led to the pƌoposal to iŶĐlude ϯϴ 

Aspergillus PCR iŶ to the seĐoŶd ƌeǀisioŶ of the EORTC/M“G ĐoŶseŶsus defiŶitioŶs foƌ iŶǀasiǀe fuŶgal ϯϵ 

disease ;IFDͿ. ϭ-ϰ This ŵaǇ iŶĐƌease deŵaŶd foƌ Aspergillus PCR, as it ĐaŶ ďe used, iŶ ĐoŵďiŶatioŶ ϰϬ 

ǁith otheƌ ďioŵaƌkeƌ assaǇs ;GalaĐtoŵaŶŶaŶ EIA aŶd β-D-GluĐaŶͿ to iŵpƌoǀe ŵaŶageŵeŶt of ϰϭ 

patieŶts at ƌisk of iŶǀasiǀe aspeƌgillosis ;IAͿ. ϱ EasilǇ attaiŶaďle, ƋualitǇ ĐoŶtƌolled aŶd ǁell ǀalidated ϰϮ 

assaǇs aƌe ŶeĐessaƌǇ, aŶd ĐoŵŵeƌĐiallǇ deǀeloped assaǇs help iŶ aĐhieǀiŶg these ƌeƋuiƌeŵeŶts. ϰϯ 

“eǀeƌal ĐoŵŵeƌĐial Aspergillus PCR assaǇs haǀe ďeeŶ deǀeloped ;MǇĐAssaǇ Aspeƌgillus, ReŶishaǁ ϰϰ 

FuŶgipleǆ, AdeŵteĐh MǇĐoGENIE, PathoNostiĐs AspeƌGeŶius®Ϳ ǁith ǀaƌǇiŶg degƌees of ĐliŶiĐal ϰϱ 

ǀalidatioŶ. ϲ-ϭϬ Of paƌtiĐulaƌ iŶteƌest, giǀeŶ the eŵeƌgeŶĐe of azole ƌesistaŶt stƌaiŶs of A. fumigatus, ϰϲ 

aƌe the AdeŵteĐh MǇĐoGENIE aŶd PathoNostiĐs AspeƌGeŶius® assaǇs that haǀe the aďilitǇ to deteĐt ϰϳ 

the ŵajoƌ siŶgle ŶuĐleotide polǇŵoƌphisŵs that iŶfeƌ eŶǀiƌoŶŵeŶtallǇ dƌiǀeŶ ƌesistaŶĐe. Tests to ϰϴ 

deteĐt geŶetiĐ ŵeĐhaŶisŵs of azole ƌesistaŶĐe haǀe ďeeŶ applied diƌeĐtlǇ to ĐliŶiĐal saŵples aŶd ϰϵ 

haǀe the poteŶtial to oǀeƌĐoŵe the liŵited seŶsitiǀitǇ of ĐoŶǀeŶtioŶal Đultuƌe teĐhŶiƋues. ϳ, ϴ The ϱϬ 

appliĐatioŶ of these tests to ŶoŶ-iŶǀasiǀe saŵple tǇpes ;e.g. ďloodͿ ǁill iŵpƌoǀe ĐliŶiĐal utilitǇ aŶd ϱϭ 

soŵe suĐĐess has ďeeŶ Ŷoted ǁheŶ testiŶg seƌuŵ. ϳ ϱϮ 

ReĐeŶtlǇ, the EuƌopeaŶ Aspergillus PCR iŶitiatiǀe shoǁed that ďoth the aŶalǇtiĐal aŶd ĐliŶiĐal ϱϯ 

peƌfoƌŵaŶĐe of Aspergillus PCR ǁas supeƌioƌ ǁheŶ testiŶg plasŵa Đoŵpaƌed to seƌuŵ. ϯ, ϰ It ǁas ϱϰ 

pƌoposed that usiŶg plasŵa aǀoided DNA tƌappiŶg duƌiŶg Đlot foƌŵatioŶ, suďseƋueŶtlǇ the aǀailaďle ϱϱ 

taƌget ǁas gƌeateƌ aŶd peƌfoƌŵaŶĐe eŶhaŶĐed. IŶ the pƌeǀious eǀaluatioŶ of the PathoNostiĐs ϱϲ 

AspeƌGeŶius® assaǇ ǁheŶ testiŶg seƌuŵ the seŶsitiǀitǇ aŶd speĐifiĐitǇ ǁeƌe ϳϵ% aŶd ϵϭ%, ϱϳ 

ƌespeĐtiǀelǇ, aŶd geŶetiĐ sĐƌeeŶiŶg foƌ ƌesistaŶĐe diƌeĐt fƌoŵ the saŵple ǁas oďtaiŶed iŶ ϱϬ% of the ϱϴ 

Đases.ϳ It is hǇpothesised the testiŶg of plasŵa ŵaǇ iŵpƌoǀe the peƌfoƌŵaŶĐe of the AspeƌGeŶius® ϱϵ 

assaǇ. Neǀeƌtheless, ǀalidatioŶ ǁheŶ testiŶg plasŵa is ƌeƋuiƌed to eŶhaŶĐe the appliĐatioŶ ƌaŶge ϲϬ 

aŶd assaǇ ƌoďustŶess. ϲϭ 



ϰ 

 

This ŵaŶusĐƌipt deteƌŵiŶes the aŶalǇtiĐal aŶd ĐliŶiĐal peƌfoƌŵaŶĐe of the PathoNostiĐs ϲϮ 

AspeƌGeŶius® assaǇ ǁheŶ testiŶg plasŵa saŵples usiŶg ŵethods iŶ liŶe ǁith iŶteƌŶatioŶal ϲϯ 

ƌeĐoŵŵeŶdatioŶs. ϰϲϰ 



ϱ 

 

MATERIALS AND METHODS ϲϱ 

StudǇ desigŶ ϲϲ 

The studǇ ǁas diǀided iŶto aŶ aŶalǇtiĐal eǀaluatioŶ to deteƌŵiŶe the assaǇs liŵit of deteĐtioŶ ;LODͿ, ϲϳ 

liŶeaƌ ƌaŶge aŶd effiĐieŶĐǇ of aŵplifiĐatioŶ ǁheŶ testiŶg plasŵa, aŶd  seĐoŶdlǇ, a ĐliŶiĐal studǇ to ϲϴ 

deteƌŵiŶe peƌfoƌŵaŶĐe ;seŶsitiǀitǇ/speĐifiĐitǇ etĐͿ ǁheŶ testiŶg plasŵa saŵples fƌoŵ a ϲϵ 

haeŵatologǇ populatioŶ at high ƌisk of IA.  ϳϬ 

 ϳϭ 

AŶalǇtiĐal StudǇ ϳϮ 

The aŶalǇtiĐal eǀaluatioŶ foĐused oŶ peƌfoƌŵaŶĐe ǁheŶ deteĐtiŶg speĐiŵeŶs ĐoŶtaiŶiŶg geŶoŵiĐ ϳϯ 

DNA fƌoŵ A. fumigatus oƌ A. terreus. Tǁo autoŵated ŶuĐleiĐ aĐid eǆtƌaĐtioŶ sǇsteŵs ǁeƌe eǀaluated ϳϰ 

;QiageŶ D“P ǀiƌus kit oŶ the E)ϭ AdǀaŶĐe XL iŶstƌuŵeŶt aŶd BioMeƌieuǆ GeŶeƌiĐ Ϯ.Ϭϭ PƌotoĐol oŶ ϳϱ 

the EasǇMag iŶstƌuŵeŶtͿ. All ŶuĐleiĐ aĐid ǁas eluted iŶ ϲϬµl.  ϳϲ 

“iŵulated plasŵa saŵples ǁeƌe pƌepaƌed usiŶg pooled huŵaŶ plasŵa diǀided iŶto Ϭ.ϱŵl aliƋuots ϳϳ 

aŶd spiked ǁith ǀaƌious ĐoŶĐeŶtƌatioŶs of geŶoŵiĐ DNA fƌoŵ eitheƌ A. fumigatus oƌ A. terreus  to ϳϴ 

aĐhieǀe fiŶal ďuƌdeŶs of ϭϬϬϬϬ, ϭϬϬϬ, ϱϬϬ, ϭϬϬ, ϳϱ, ϱϬ, Ϯϱ, ϭϬ, fiǀe, oŶe geŶoŵe/Ϭ.ϱ ŵl saŵple. ϳϵ 

“uĐĐessful deteĐtioŶ of the higheƌ ďuƌdeŶs ǁas pƌediĐted, so iŶ oƌdeƌ to deteƌŵiŶe aĐĐuƌate ϴϬ 

peƌfoƌŵaŶĐe at less pƌediĐtaďle ĐoŶĐeŶtƌatioŶs the Ŷuŵďeƌ of ƌepliĐates ǁas gƌeateƌ ǁheŶ testiŶg ϴϭ 

loǁeƌ ďuƌdeŶs ;Taďles ϭ-ϯͿ. To ŵoŶitoƌ foƌ ĐoŶtaŵiŶatioŶ duƌiŶg eaĐh eǆtƌaĐtioŶ pƌoĐess at least ϴϮ 

oŶe ŶoŶ-spiked plasŵa aliƋuot ǁas ƌetaiŶed to pƌoǀide a Ŷegatiǀe ĐoŶtƌol. To aǀoid aiƌďoƌŶe ϴϯ 

ĐoŶtaŵiŶatioŶ, all ƌeƋuiƌed ŵaŶual pƌoĐesses took plaĐe iŶ a Đlass II laŵiŶaƌ floǁ ĐaďiŶet.  ϴϰ 

WheŶ peƌfoƌŵiŶg PCR aŵplifiĐatioŶ a fiǀe ŵiĐƌolitƌe DNA teŵplate iŶput ǀoluŵe ǁas used foƌ all ϴϱ 

ďuƌdeŶs, ǁith aŶ additioŶal  ϭϬµl iŶput assessed foƌ the loǁeƌ ďuƌdeŶs ;<ϱϬ geŶoŵes/Ϭ.ϱŵl saŵpleͿ ϴϲ 

iŶ aŶ atteŵpt to iŵpƌoǀe ƌepƌoduĐiďilitǇ of deteĐtioŶ. ϴϳ 



ϲ 

 

CliŶiĐal StudǇ aŶd PatieŶt PopulatioŶ ϴϴ 

CliŶiĐal plasŵa saŵples fƌoŵ patieŶts ǁith pƌoǀeŶ, pƌoďaďle, possiďle IA, oƌ ǁith Ŷo eǀideŶĐe of ϴϵ 

fuŶgal disease ;NEFͿ ǁeƌe seleĐted. All saŵples had ďeeŶ seŶt as paƌt of the Đaƌe pathǁaǇ ϵϬ 

iŶĐoƌpoƌatiŶg a ǁell-ǀalidated ͞iŶ-house͟ Aspergillus PCR. ϭϭ, ϭϮ OŶ ĐoŵpletioŶ of ƌoutiŶe testiŶg ϵϭ 

plasŵa ǁas stoƌed at -ϴϬ˚C foƌ ƋualitǇ ĐoŶtƌol oƌ peƌfoƌŵaŶĐe assessŵeŶt puƌposes. The studǇ ǁas a ϵϮ 

peƌfoƌŵaŶĐe assessŵeŶt of the AspeƌGeŶius® AssaǇ aŶd ǁas aŶ aŶoŶǇŵous, ƌetƌospeĐtiǀe ϵϯ 

Đase/ĐoŶtƌol desigŶ, Ŷot effeĐtiŶg patieŶt ŵaŶageŵeŶt. PatieŶt deŵogƌaphiĐs aƌe shoǁŶ iŶ Taďle ϰ. ϵϰ 

NuĐleiĐ aĐid ǁas eǆtƌaĐted fƌoŵ Ϭ.ϱŵl of plasŵa usiŶg the BioMeƌieuǆ EasǇMag GeŶeƌiĐ Ϯ.Ϭϭ ϵϱ 

PƌotoĐol, folloǁiŶg the ŵaŶufaĐtuƌeƌ’s iŶstƌuĐtioŶs, ǁith DNA eluted iŶ ϲϬµl. Positiǀe ;plasŵa ϵϲ 

ĐoŶtaiŶiŶg ϭϬ geŶoŵes of A. fumigatus DNAͿ aŶd Ŷegatiǀe ;plasŵa oŶlǇͿ eǆtƌaĐtioŶ ĐoŶtƌols ǁeƌe ϵϳ 

iŶĐluded iŶ eaĐh ƌuŶ.  ϵϴ 

WheŶ peƌfoƌŵiŶg PCR aŵplifiĐatioŶ a ϭϬµl DNA teŵplate ǀoluŵe ǁas used to pƌoǀide optiŵal ϵϵ 

oppoƌtuŶitǇ foƌ deteĐtioŶ. ϭϬϬ 

 ϭϬϭ 

PathoNostiĐs AspeƌGeŶius® PCR aŵplifiĐatioŶ ϭϬϮ 

Foƌ ďoth the aŶalǇtiĐal aŶd ĐliŶiĐal studies the AspeƌGeŶius® speĐies aŶd ƌesistaŶĐe PCR testiŶg ǁas ϭϬϯ 

peƌfoƌŵed oŶ the QiageŶ RotoƌgeŶe Q High ResolutioŶ Melt IŶstƌuŵeŶt. UsiŶg a fiŶal ƌeaĐtioŶ ϭϬϰ 

ǀoluŵe of Ϯϱµl aŶd folloǁiŶg the ŵaŶufaĐtuƌeƌ’s iŶstƌuĐtioŶs, ǁith the eǆĐeptioŶ that DNA teŵplate ϭϬϱ 

ǀoluŵes foƌ the speĐies assaǇ ǁeƌe iŶĐƌeased to ϭϬµl foƌ the ĐliŶiĐal eǀaluatioŶ, aŶd iŶ the aŶalǇtiĐal ϭϬϲ 

eǀaluatioŶ ǁheƌe peƌfoƌŵaŶĐe foƌ deteĐtioŶ of the loǁeƌ ďuƌdeŶs ;<ϱϬ geŶoŵes/Ϭ.ϱŵl saŵpleͿ ǁas ϭϬϳ 

Đoŵpaƌed ǁith aŶ iŶput ǀoluŵe of fiǀe ŵiĐƌolitƌes. The ŵaŶufaĐtuƌeƌ ƌeĐoŵŵeŶds aŶ iŶput ǀoluŵe ϭϬϴ 

of fiǀe aŶd ϭϬµl foƌ the speĐies aŶd ƌesistaŶĐe assaǇs, ƌespeĐtiǀelǇ.  ϭϬϵ 



ϳ 

 

StatistiĐal EǀaluatioŶ  ϭϭϬ 

AŶalǇtiĐal aŶalǇsis of the AspeƌGeŶius® speĐies PCR ǁheŶ testiŶg plasŵa saŵples ǁas peƌfoƌŵed as ϭϭϭ 

pƌeǀiouslǇ desĐƌiďed. ϳ BƌieflǇ, the ϭϬϬ% LOD, liŶeaƌitǇ ƌaŶges aŶd PCR aŵplifiĐatioŶ effiĐieŶĐies ϭϭϮ 

ǁeƌe ĐalĐulated. Fuƌtheƌ aŶalǇsis ǁas peƌfoƌŵed ĐoƌƌelatiŶg AspeƌGeŶius® speĐies aŶd ƌesistaŶĐe ϭϭϯ 

peƌfoƌŵaŶĐe so that the ƋuaŶtifiĐatioŶ ĐǇĐle ;CƋͿ geŶeƌated ďǇ the A. fumigatus assaǇ Đould ďe used ϭϭϰ 

as a guide to the likelihood of suĐĐess ǁheŶ peƌfoƌŵiŶg the ƌesistaŶĐe assaǇ.  ϭϭϱ 

WheŶ deteƌŵiŶiŶg the ĐliŶiĐal aĐĐuƌaĐǇ of the AspeƌGeŶius® speĐies ƌesults the positiǀitǇ ƌate iŶ ϭϭϲ 

saŵples oƌigiŶatiŶg fƌoŵ Đases ǁas Đoŵpaƌed to the false positiǀitǇ ƌate iŶ ĐoŶtƌol saŵples. CliŶiĐal ϭϭϳ 

peƌfoƌŵaŶĐe ǁas deteƌŵiŶed ďǇ the ĐoŶstƌuĐtioŶ of ϮǆϮ taďles to ĐalĐulate seŶsitiǀitǇ, speĐifiĐitǇ, ϭϭϴ 

positiǀe aŶd Ŷegatiǀe likelihood ƌatios aŶd diagŶostiĐ odds ƌatio of the AspeƌGeŶius® speĐies assaǇ. ϭϭϵ 

Foƌ all patieŶts, oŶlǇ a siŶgle positiǀe saŵple ǁas ƌeƋuiƌed to ĐoŶsideƌ the patieŶt positiǀe. GiǀeŶ the ϭϮϬ 

Đase ĐoŶtƌol studǇ desigŶ, aŶd aƌtifiĐiallǇ high pƌeǀaleŶĐe of pƌoǀeŶ/pƌoďaďle IA ;Ϯϱ.ϲ%Ϳ, pƌediĐtiǀe ϭϮϭ 

ǀalues ǁeƌe Ŷot used. WheŶ ƌeƋuiƌed ŶiŶetǇ-fiǀe peƌĐeŶt ĐoŶfideŶĐe iŶteƌǀals aŶd, P ǀalues ;Fisheƌs ϭϮϮ 

eǆaĐt test; P: Ϭ.ϬϱͿ ǁeƌe geŶeƌated to deteƌŵiŶe the sigŶifiĐaŶĐe of the diffeƌeŶĐe ďetǁeeŶ ƌates.  ϭϮϯ 

ϭϮϰ 



ϴ 

 

RESULTS ϭϮϱ 

AŶalǇtiĐal PeƌfoƌŵaŶĐe of the AspeƌGeŶius® speĐies assaǇ. ϭϮϲ 

WheŶ eǆtƌaĐtiŶg DNA fƌoŵ plasŵa usiŶg the QiageŶ E)ϭ D“P ǀiƌus kit the LOD foƌ ďoth the A. ϭϮϳ 

fumigatus speĐifiĐ aŶd Aspergillus speĐies assaǇs ǁas Ϯϱ geŶoŵes/Ϭ.ϱŵl saŵple usiŶg a ϱµl ϭϮϴ 

teŵplate iŶput aŶd ϭϬ geŶoŵes/Ϭ.ϱŵl saŵple usiŶg a ϭϬµl teŵplate iŶput ǀoluŵe ;Taďle ϭͿ. ϭϮϵ 

IŶĐƌeasiŶg the aŵouŶt of DNA teŵplate also iŵpƌoǀed ƌepƌoduĐiďilitǇ ǁheŶ deteĐtiŶg ϭϯϬ 

ϱgeŶoŵes/Ϭ.ϱŵl saŵple ďut did Ŷot iŵpƌoǀe deteĐtioŶ of ϭ geŶoŵe/Ϭ.ϱŵl saŵple. ϭϯϭ 

UsiŶg the BioMeƌieuǆ EasǇMag foƌ DNA eǆtƌaĐtioŶ, the LOD usiŶg a fiǀe ŵiĐƌolitƌe teŵplate iŶput foƌ ϭϯϮ 

ďoth the A. fumigatus aŶd Aspergillus spp. assaǇs iŵpƌoǀed to fiǀe geŶoŵes/Ϭ.ϱŵl saŵple, ϭϯϯ 

Đoŵpaƌed to the eƋuiǀaleŶt ǀoluŵe of eluate eǆtƌaĐted ďǇ the QiageŶ E)ϭ D“P ǀiƌus kit ;Taďles ϭ aŶd ϭϯϰ 

ϮͿ. Hoǁeǀeƌ, ϰ/ϯϭ ƌepliĐates aĐƌoss all ďuƌdeŶs geŶeƌated a loǁ leǀel false positiǀe A. terreus ƌesult ϭϯϱ 

;MeaŶ Ct: ϰϮ.ϰͿ.  IŶĐƌeasiŶg the teŵplate iŶput ǀoluŵe to ϭϬµl did Ŷot iŵpƌoǀe the ϭϬϬ% LOD, ďut ϭϯϲ 

ƌepƌoduĐiďilitǇ ǁheŶ deteĐtiŶg oŶe geŶoŵe/Ϭ.ϱŵl saŵple ǁas iŵpƌoǀed ;A. fumigatus assaǇ ϭϬµl ϭϯϳ 

teŵplate: ϯ/ϱ ǀs ϱµl teŵplate Ϭ/ϱ; Aspergillus spp. assaǇ ϭϬµl teŵplate: ϯ/ϱ ǀs ϱµl teŵplate ϭ/ϱͿ.  ϭϯϴ 

WheŶ usiŶg the BioMeƌieuǆ EasǇMag to eǆtƌaĐt A. terreus DNA fƌoŵ plasŵa the LOD foƌ ďoth the A. ϭϯϵ 

terreus speĐifiĐ aŶd Aspergillus speĐies taƌgets ǁas fiǀe geŶoŵes/Ϭ.ϱŵl saŵple usiŶg ϱ µl of DNA ϭϰϬ 

teŵplate, at oŶe geŶoŵe/Ϭ.ϱŵl saŵple ƌepƌoduĐiďilitǇ foƌ ďoth taƌgets ǁas ϯϯ.ϯ%. IŶĐƌeasiŶg the ϭϰϭ 

iŶput to ϭϬµl peƌ ƌeaĐtioŶ loǁeƌed the LOD to oŶe geŶoŵe/Ϭ.ϱŵl saŵple ;Taďle ϯͿ. ϭϰϮ 

Foƌ the A. fumigatus aŶd Aspergillus spp. assaǇs aŵplifiĐatioŶ ǁas liŶeaƌ fƌoŵ ϱ-ϭϬϬϬϬ ϭϰϯ 

geŶoŵes/Ϭ.ϱŵl saŵple ǁheŶ testiŶg E)ϭ eǆtƌaĐts ;Figuƌe ϭaͿ. The PCR effiĐieŶĐǇ usiŶg DNA ϭϰϰ 

eǆtƌaĐted fƌoŵ plasŵa ďǇ the E)ϭ ǁas ϵϲ.ϯ% aŶd ϭϭϴ.ϱ% foƌ the A. fumigatus aŶd Aspergillus spp. ϭϰϱ 

assaǇs, ƌespeĐtiǀelǇ. WheŶ testiŶg EasǇMag eǆtƌaĐts the liŶeaƌ ƌaŶge ǁas also ϱ-ϭϬϬϬϬ ϭϰϲ 

geŶoŵes/Ϭ.ϱŵl saŵple foƌ the A. fumigatus assaǇ, ďut foƌ the Aspergillus spp. assaǇ it ǁas ϭ-ϭϬϬϬϬ ϭϰϳ 

geŶoŵes/Ϭ.ϱŵl saŵple ;Figuƌe ϭďͿ. The PCR effiĐieŶĐǇ usiŶg DNA eǆtƌaĐted fƌoŵ plasŵa ďǇ the ϭϰϴ 

EasǇMag ǁas ϳϯ.ϴ% aŶd ϭϭϵ.ϵ% foƌ the A. fumigatus aŶd Aspergillus spp. assaǇs, ƌespeĐtiǀelǇ. The ϭϰϵ 



ϵ 

 

liŶeaƌ ƌaŶge foƌ ďoth assaǇs ǁheŶ testiŶg A. terreus DNA eǆtƌaĐted ďǇ the EasǇMag ǁas ϭ-ϭϬϬϬϬ ϭϱϬ 

geŶoŵes/Ϭ.ϱŵl saŵple ;Figuƌe ϭĐͿ. The PCR effiĐieŶĐǇ testiŶg A. terreus DNA eǆtƌaĐted fƌoŵ plasŵa ϭϱϭ 

ďǇ the EasǇMag ǁas ϭϬϳ.ϯ% aŶd ϭϭϴ.ϯ% foƌ the A. terreus aŶd Aspergillus spp. assaǇs, ƌespeĐtiǀelǇ. ϭϱϮ 

 ϭϱϯ 

AŶalǇtiĐal PeƌfoƌŵaŶĐe of the AspeƌGeŶius® ƌesistaŶĐe assaǇ. ϭϱϰ 

The ϭϬϬ% LOD foƌ all ƌesistaŶĐe ŵaƌkeƌs ǁas ϱϬ geŶoŵes/Ϭ.ϱŵl saŵple aŶd ŶoŶ-ƌepƌoduĐiďle ϭϱϱ 

deteĐtioŶ ǁas aĐhieǀed at Ϯϱ geŶoŵes/Ϭ.ϱŵl saŵple ;ϱϬ-ϳϱ% ƌepƌoduĐiďilitǇͿ ϭϬ geŶoŵes/Ϭ.ϱŵl ϭϱϲ 

saŵple ;ϮϬ% ƌepƌoduĐiďilitǇͿ. At fiǀe geŶoŵes/Ϭ.ϱŵl saŵple oŶlǇ the ƌegioŶ poteŶtiallǇ ĐoŶtaiŶiŶg ϭϱϳ 

the TRϯϰ ŵutatioŶ aŵplified oŶ ϭ/ϱ oĐĐasioŶs, all otheƌ taƌgets ǁeƌe ĐoŶsisteŶtlǇ Ŷegatiǀe ;Ϭ/ϱͿ at ϭϱϴ 

this ďuƌdeŶ. All taƌgets failed to aŵplifǇ ǁheŶ testiŶg ŶuĐleiĐ aĐid eǆtƌaĐted fƌoŵ saŵples ĐoŶtaiŶiŶg ϭϱϵ 

oŶe geŶoŵe of A. fumigatus DNA. This iŶfoƌŵatioŶ ǁas used to deteƌŵiŶe a ŵiŶiŵuŵ fuŶgal ϭϲϬ 

ďuƌdeŶ iŶ a plasŵa saŵple that ǁould peƌŵit suĐĐessful aŵplifiĐatioŶ of the ƌegioŶs ĐoŶtaiŶiŶg the ϭϲϭ 

poteŶtial ƌesistaŶĐe ŵaƌkeƌs. Foƌ ƌepƌoduĐiďle deteĐtioŶ of these ŵaƌkeƌs the ďuƌdeŶ ǁould Ŷeed to ϭϲϮ 

ďe шϱϬ geŶoŵes/Ϭ.ϱŵl saŵple, ĐoƌƌespoŶdiŶg to a CƋ ǀalue <ϯϰ ĐǇĐles ǁheŶ deteĐtiŶg DNA ϭϲϯ 

eǆtƌaĐted ďǇ the EasǇMag usiŶg the A. fumigatus speĐifiĐ assaǇ. With ŶoŶ-ƌepƌoduĐiďle deteĐtioŶ of ϭϲϰ 

ƌesistaŶĐe ŵaƌkeƌs eǆpeĐted ǁheŶ testiŶg ďuƌdeŶs ďetǁeeŶ fiǀe aŶd <ϱϬ geŶoŵes/Ϭ.ϱŵl saŵple, ϭϲϱ 

testiŶg A. fumigatus speĐifiĐ positiǀe saŵples ǁith CƋ ǀalues ďetǁeeŶ >ϯϯ aŶd <ϯϵ ĐǇĐles ŵaǇ ƌesult ϭϲϲ 

iŶ suĐĐessful aŵplifiĐatioŶ of ƌegioŶs poteŶtiallǇ haƌďouƌiŶg ŵutatioŶs iŶfeƌƌiŶg azole ƌesistaŶĐe.   ϭϲϳ 

 ϭϲϴ 

CliŶiĐal EǀaluatioŶ ϭϲϵ 

Theƌe ǁeƌe ϴϲ saŵples fƌoŵ ϭϮ Đases of IA tested, iŶĐludiŶg ϭϬ Đases of pƌoǀeŶ/pƌoďaďle IA ;ϳϮ ϭϳϬ 

saŵplesͿ aŶd tǁo Đases of possiďle IA ;ϭϰ saŵplesͿ. UŶfoƌtuŶatelǇ, Ŷo Đases ǁeƌe Đultuƌe positiǀe ϭϳϭ 

aŶd it ǁas Ŷot possiďle to deƌiǀe a speĐies leǀel of diagŶosis. The ŵediaŶ Ŷuŵďeƌ of saŵples tested ϭϳϮ 

peƌ Đase patieŶt ǁas seǀeŶ ;ƌaŶge ϲ-ϵͿ.  Theƌe ǁeƌe ϭϮϱ saŵples fƌoŵ Ϯϳ patieŶts ǁith Ŷo eǀideŶĐe ϭϳϯ 



ϭϬ 

 

of iŶǀasiǀe fuŶgal disease iŶĐluded as ĐoŶtƌols; the ŵediaŶ Ŷuŵďeƌ of eǆtƌaĐts tested peƌ ĐoŶtƌol ϭϳϰ 

patieŶt ǁas fiǀe ;ƌaŶge ϯ-ϱͿ. ϭϳϱ 

The positiǀitǇ ƌate assoĐiated foƌ saŵples fƌoŵ pƌoǀeŶ/pƌoďaďle Đases, ǁas ϭϱ.ϯ% ;ϭϭ/ϳϮ; ϵϱ% CI: ϭϳϲ 

ϴ.ϴ-Ϯϯ.ϱͿ aŶd Ϯϱ.Ϭ% ;ϭϴ/ϳϮ; ϵϱ% CI: ϭϲ.ϰ-ϯϲ.ϭͿ foƌ the A. fumigatus aŶd Aspergillus spp. taƌgets, ϭϳϳ 

ƌespeĐtiǀelǇ. All ϭϭ A. fumigatus positiǀe ƌesults ǁeƌe ĐoŶĐoŵitaŶtlǇ positiǀe ďǇ the Aspergillus spp. ϭϳϴ 

assaǇ, aŶd theƌe ǁeƌe seǀeŶ additioŶal positiǀes ďǇ the Aspergillus spp.  assaǇ ;Figuƌe ϮͿ. Of the ϭϳϵ 

seǀeŶ additioŶal positiǀe Aspergillus spp. assaǇ ƌesults, fouƌ ǁeƌe fƌoŵ tǁo patieŶts that also had ϭϴϬ 

otheƌ saŵples positiǀe ďǇ ďoth A. fumigatus aŶd spp. assaǇs, aŶd thƌee ǁeƌe fƌoŵ tǁo patieŶts that ϭϴϭ 

ǁeƌe ĐoŶsisteŶtlǇ Ŷegatiǀe ďǇ the A. fumigatus assaǇ ;Figuƌe ϮͿ. The false positiǀitǇ ƌate foƌ saŵples ϭϴϮ 

fƌoŵ ĐoŶtƌols ǁas Ϭ.Ϭ% ;Ϭ/ϭϮϱ; ϵϱ% CI: Ϭ.Ϭ-ϯ.ϬͿ aŶd ϰ.ϴ% ;ϲ/ϭϮϱ; ϱ% CI: Ϯ.Ϯ-ϭϬ.ϭͿ foƌ the A. ϭϴϯ 

fumigatus aŶd Aspergillus spp. taƌgets, ƌespeĐtiǀelǇ. No saŵples ;Ŷ=ϭϰͿ fƌoŵ possiďle patieŶts ;Ŷ=ϮͿ ϭϴϰ 

ǁeƌe positiǀe ďǇ eitheƌ assaǇ. Foƌ ďoth the A. fumigatus aŶd Aspergillus spp. assaǇs the tƌue ϭϴϱ 

positiǀitǇ foƌ pƌoǀeŶ/pƌoďaďle IA Đases, ǁas sigŶifiĐaŶtlǇ gƌeateƌ thaŶ false positiǀitǇ assoĐiated ǁith ϭϴϲ 

the ĐoŶtƌol populatioŶ ;A. fumigatus assaǇ: DiffeƌeŶĐe ϭϱ.ϯ%, ϵϱ% CI: ϴ.ϭ-Ϯϱ.ϯ, P: <Ϭ.ϬϬϬϭ; ϭϴϳ 

Aspergillus spp. assaǇ: DiffeƌeŶĐe ϮϬ.Ϯ, ϵϱ% CI: ϭϬ.ϭ-ϯϭ.ϲ, P: <Ϭ.ϬϬϬϭͿ. Theƌe ǁeƌe tǁo Đases of ϭϴϴ 

poteŶtial ŶoŶ-fumigatus disease ďut Ŷo positiǀe ƌesults ǁeƌe geŶeƌated ďǇ the A. terreus speĐifiĐ ϭϴϵ 

assaǇ. GiǀeŶ the loǁeƌ PCR effiĐieŶĐǇ of the A. fumigatus assaǇ it ĐaŶŶot ďe ĐoŶfideŶtlǇ deteƌŵiŶed ϭϵϬ 

ǁhetheƌ speĐies positiǀe/A. fuŵigatus Ŷegatiǀe ƌesults ƌepƌeseŶt iŶfeĐtioŶ ďǇ speĐies otheƌ thaŶ A. ϭϵϭ 

fumigatus. UŶfoƌtuŶatelǇ, Ŷo Đultuƌe data ǁas aǀailaďle to pƌoǀide speĐies leǀel ideŶtifiĐatioŶ. ϭϵϮ 

The ŵeaŶ CƋ ǀalue foƌ tƌue positiǀe saŵples ǁas ϯϵ.ϰ ;“D: ±ϰ.ϬͿ aŶd ϯϱ.ϵ ĐǇĐles ;“D: ±Ϯ.ϱͿ foƌ the A. ϭϵϯ 

fumigatus aŶd spp. assaǇs, ƌespeĐtiǀelǇ. The ŵeaŶ CƋ ǀalue foƌ Aspergillus spp. false positiǀe ƌesults ϭϵϰ 

ǁas ϯϳ.ϭ ;“D: ±ϭ.ϰͿ, lateƌ thaŶ CƋ ǀalues foƌ tƌue positiǀes, although Ŷuŵďeƌs ǁeƌe liŵited.   ϭϵϱ 

The oǀeƌall ĐoŵďiŶed ĐliŶiĐal peƌfoƌŵaŶĐe of the AspeƌGeŶius® assaǇ is shoǁŶ iŶ Taďle ϱ. WheŶ ϭϵϲ 

usiŶg a siŶgle positiǀe PCR ƌesult to defiŶe patieŶt positiǀitǇ oŶlǇ ϲ/ϭϬ pƌoǀeŶ/pƌoďaďle Đases ǁeƌe ϭϵϳ 

positiǀe ďǇ the A. fumigatus assaǇ, Đoŵpaƌed to ϴ/ϭϬ ďǇ the Aspergillus spp. assaǇ. CoŶǀeƌselǇ, ϭϵϴ 



ϭϭ 

 

speĐifiĐitǇ foƌ the A. fumigatus assaǇ ǁas ϭϬϬ% ;Ϯϳ/ϮϳͿ Đoŵpaƌed to ϳϳ.ϴ% ;Ϯϭ/ϮϳͿ foƌ the ϭϵϵ 

Aspergillus spp. assaǇ, aŶd a ŵultiple positiǀe PCR thƌeshold ǁas ƌeƋuiƌed to attaiŶ ϭϬϬ% speĐifiĐitǇ ϮϬϬ 

foƌ the latteƌ. ϮϬϭ 

The aŵplifiĐatioŶ of ƌegioŶs haƌďouƌiŶg poteŶtial ŵutatioŶs assoĐiated ǁith azole ƌesistaŶĐe diƌeĐt ϮϬϮ 

fƌoŵ a saŵple ǁas oŶlǇ suĐĐessful foƌ tǁo patieŶts, aŶd Ŷeitheƌ ĐoŶtaiŶed the TRϯϰ/LϵϴH oƌ ϮϬϯ 

TRϰϲ/TϮϴϵA/YϭϮϭF ŵutatioŶs. AŵplifiĐatioŶ ǁas uŶsuĐĐessful iŶ a fuƌtheƌ fouƌ pƌoďaďle IA Đases.  ϮϬϰ 

ϮϬϱ 



ϭϮ 

 

DISCUSSION ϮϬϲ 

The peƌfoƌŵaŶĐe of the PathoNostiĐs AspeƌGeŶius® assaǇ foƌ the deteĐtioŶ of Aspergillus DNA iŶ ϮϬϳ 

plasŵa saŵples ǁas satisfaĐtoƌǇ. Both seŶsitiǀitǇ ;ϴϬ%Ϳ aŶd speĐifiĐitǇ ;ϳϴ%Ϳ ǁeƌe Đoŵpaƌaďle to ϮϬϴ 

that geŶeƌated ďǇ ŵeta-aŶalǇtiĐal ƌeǀieǁs ǁheŶ testiŶg ďlood, ǁheƌe seŶsitiǀitǇ ƌaŶged fƌoŵ ϴϰ-ϮϬϵ 

ϴϴ% aŶd speĐifiĐitǇ ƌaŶged fƌoŵ ϳϱ-ϳϲ%. ϭϯ, ϭϰ IŶ the pƌeǀious puďlished eǀaluatioŶs of the ϮϭϬ 

AspeƌGeŶius® assaǇ seŶsitiǀitǇ aŶd speĐifiĐitǇ ǁheŶ testiŶg BAL ǁas ϴϰ% aŶd ϵϭ%, ƌespeĐtiǀelǇ, aŶd Ϯϭϭ 

ǁheŶ testiŶg seƌuŵ it ǁas ϳϵ% aŶd ϵϭ%, ƌespeĐtiǀelǇ. ϳ, ϴ While seŶsitiǀitǇ appeaƌs ĐoŶsisteŶt aĐƌoss ϮϭϮ 

the speĐiŵeŶ tǇpe, speĐifiĐitǇ ǁheŶ testiŶg plasŵa ǁas Đoŵpƌoŵised, although Ŷuŵďeƌs ǁeƌe Ϯϭϯ 

liŵited iŶ all studies. IŶ ďoth the seƌuŵ aŶd BAL studies optiŵal positiǀitǇ thƌesholds Đould ďe Ϯϭϰ 

defiŶed, aŶd iŶ the Đase of seƌuŵ testiŶg a thƌeshold of ϯϵ ĐǇĐles iŵpƌoǀed speĐifiĐitǇ to ϭϬϬ%, Ϯϭϱ 

ǁithout ĐoŵpƌoŵisiŶg seŶsitiǀitǇ. ϳ, ϴ IŶ the ĐuƌƌeŶt studǇ, it ǁas Ŷot possiďle to geŶeƌate a thƌeshold Ϯϭϲ 

as false positiǀe ƌesults had CƋ ǀalues siŵilaƌ to tƌue positiǀe ƌesults fƌoŵ Đases of aspeƌgillosis. As Ϯϭϳ 

ǁith seƌuŵ testiŶg, if ŵoƌe thaŶ oŶe saŵple ǁas positiǀe peƌ patieŶt theŶ speĐifiĐitǇ ǁas ϭϬϬ%, ďut Ϯϭϴ 

seŶsitiǀitǇ ǁas dulǇ Đoŵpƌoŵised ;Taďle ϱͿ. ϳ Ϯϭϵ 

IŶ the ƌeĐeŶt studies of the EAPCRI, it ǁas shoǁŶ that the aŶalǇtiĐal aŶd suďseƋueŶt ĐliŶiĐal ϮϮϬ 

peƌfoƌŵaŶĐe of Aspergillus PCR Đould ďe iŵpƌoǀed ďǇ testiŶg plasŵa oǀeƌ seƌuŵ. ϯ, ϰ It ǁas ϮϮϭ 

hǇpothesised that ǁheŶ peƌfoƌŵiŶg the AspeƌGeŶius® assaǇ oŶ DNA eǆtƌaĐted fƌoŵ plasŵa aŶ ϮϮϮ 

iŵpƌoǀeŵeŶt iŶ peƌfoƌŵaŶĐe ǁould haǀe ďeeŶ eǀideŶt. Fƌoŵ aŶ aŶalǇtiĐal peƌfoƌŵaŶĐe this ǁas ϮϮϯ 

oďseƌǀed, ĐoŵpaƌiŶg PCR effiĐieŶĐǇ ǁheŶ testiŶg fiǀe ŵiĐƌolitƌes of DNA eǆtƌaĐted fƌoŵ seƌuŵ aŶd ϮϮϰ 

plasŵa usiŶg the E)ϭ shoǁed the PCR effiĐieŶĐǇ foƌ the ďoth A. fumigatus aŶd Aspergillus spp. ϮϮϱ 

assaǇs iŵpƌoǀed ǁheŶ testiŶg plasŵa ;A. fumigatus assaǇ seƌuŵ ;ϳϮ.ϲ%Ϳ ǀs plasŵa ;ϵϲ.ϯ%Ϳ; ϮϮϲ 

Aspergillus spp. assaǇ seƌuŵ ;ϭϬϲ%Ϳ ǀs plasŵa ;ϭϭϴ.ϱ%Ϳ.ϳ CoŶǀeƌselǇ, the PCR effiĐieŶĐǇ foƌ the A. ϮϮϳ 

fumigatus assaǇ ǁheŶ testiŶg DNA eǆtƌaĐted usiŶg the EasǇMag ǁas supeƌioƌ foƌ seƌuŵ ;A. ϮϮϴ 

fumigatus assaǇ: ϵϳ%;  Aspergillus spp. assaǇ: ϭϮϰ%Ϳ oǀeƌ plasŵa ;A. fumigatus assaǇ: ϳϰ%;  ϮϮϵ 

Aspergillus spp. assaǇ: ϭϮϬ%Ϳ. ϳ HighlightiŶg that PCR effiĐieŶĐǇ ĐaŶ ďe seǀeƌelǇ Đoŵpƌoŵised ďǇ the ϮϯϬ 



ϭϯ 

 

ƋualitǇ of the ŶuĐleiĐ aĐid eǆtƌaĐted aŶd the ŶeĐessitǇ to optiŵise the eǆtƌaĐtioŶ pƌoĐess foƌ eaĐh Ϯϯϭ 

saŵple tǇpe. Hoǁeǀeƌ, if the staŶdaƌd-Đuƌǀe of the A. fumigatus assaǇ ǁheŶ testiŶg DNA eǆtƌaĐted ϮϯϮ 

ďǇ EasǇMag is eǆaŵiŶed iŶ detail ;Figuƌe ϭďͿ it Đould ďe aƌgued that the deteĐtioŶ of ďuƌdeŶs Ϯϯϯ 

чϭϬgeŶoŵes/Ϭ.ϱŵl saŵple is outside the liŶeaƌ ƌaŶge of the assaǇ. Reŵoǀal of these ďuƌdeŶs fƌoŵ Ϯϯϰ 

the staŶdaƌd Đuƌǀe iŶĐƌeases the ĐoeffiĐieŶt of deteƌŵiŶatioŶ to Ϭ.ϵϵ aŶd PCR effiĐieŶĐǇ to ϵϬ%, Ϯϯϱ 

Đoŵpaƌaďle to testiŶg DNA eǆtƌaĐted fƌoŵ seƌuŵ ďǇ EasǇMag.  Ϯϯϲ 

IŶ a pƌeǀious studǇ ĐoŵpaƌiŶg the aŶalǇtiĐal peƌfoƌŵaŶĐe of autoŵated ŶuĐleiĐ aĐid eǆtƌaĐtioŶ Ϯϯϳ 

platfoƌŵs ǁheŶ peƌfoƌŵiŶg Aspergillus PCR, the EasǇMag ǁas assoĐiated ǁith high ƋualitǇ DNA aŶd Ϯϯϴ 

suďseƋueŶt eaƌlieƌ CƋ ǀalues, ďut ǁas also assoĐiated ǁith Aspergillus ĐoŶtaŵiŶatioŶ. ϭϱ The iŶĐƌease Ϯϯϵ 

iŶ PCR effiĐieŶĐǇ ǁheŶ testiŶg DNA eǆtƌaĐted fƌoŵ plasŵa ďǇ E)ϭ ǁas Ŷot sigŶifiĐaŶtlǇ assoĐiated ϮϰϬ 

ǁith aŶ iŵpƌoǀed LOD foƌ eitheƌ assaǇ, although usiŶg the EasǇMag eǆtƌaĐtoƌ aŶd a laƌgeƌ DNA Ϯϰϭ 

teŵplate ǀoluŵe did iŵpƌoǀe ƌeĐoǀeƌǇ of loǁeƌ ďuƌdeŶs. The ƌepƌoduĐiďilitǇ of deteĐtioŶ ǁheŶ ϮϰϮ 

testiŶg oŶe geŶoŵe/Ϭ.ϱŵl saŵple eǆtƌaĐted usiŶg the EasǇMag ǁas ϲϬ% ;Taďle ϮͿ. Theƌe ǁeƌe fouƌ Ϯϰϯ 

false positiǀe A. terreus ƌesults iŶ the aŶalǇtiĐal studǇ, ǁheƌeas false positiǀitǇ iŶ the ĐliŶiĐal studǇ Ϯϰϰ 

ǁas assoĐiated ǁith the Aspergillus spp. taƌget. No Ŷegatiǀe eǆtƌaĐtioŶ ĐoŶtƌol saŵples geŶeƌated Ϯϰϱ 

false positiǀe ƌesults. GiǀeŶ the diffeƌeŶt ideŶtitǇ of the false positiǀitǇ iŶ the ĐliŶiĐal aŶd aŶalǇtiĐal Ϯϰϲ 

aƌŵs aŶd the loǁ leǀel of oǀeƌall false positiǀitǇ it ǁas felt that this ǁas Ŷot diƌeĐtlǇ assoĐiated ǁith Ϯϰϳ 

the EasǇMag eǆtƌaĐtoƌ, as pƌeǀiouslǇ doĐuŵeŶted, ďut ƌepƌeseŶted false positiǀitǇ tǇpiĐallǇ Ϯϰϴ 

eŶĐouŶteƌed ǁheŶ testiŶg ĐliŶiĐal saŵples oƌ aŶalǇtiĐal Đƌoss ƌeaĐtiǀitǇ ďetǁeeŶ Aspergillus Ϯϰϵ 

speĐies.ϭϱ ϮϱϬ 

Foƌ all ĐliŶiĐal saŵples ϭϬµl of EasǇMag eǆtƌaĐt ǁas used foƌ PCR aŵplifiĐatioŶ. This did Ŷot ƌesult iŶ Ϯϱϭ 

iŵpƌoǀed ĐliŶiĐal peƌfoƌŵaŶĐe, ǁith Ŷo sigŶifiĐaŶt iŵpƌoǀeŵeŶt iŶ seŶsitiǀitǇ ďut a ƌeduĐtioŶ iŶ ϮϱϮ 

speĐifiĐitǇ ŵeaŶiŶg the diagŶostiĐ odds ƌatio ǁas less ǁheŶ testiŶg plasŵa oǀeƌ seƌuŵ. OŶe Ϯϱϯ 

poteŶtial eǆplaŶatioŶ foƌ this uŶeǆpeĐted ƌesult is that ǁhile the use of the laƌgeƌ ǀoluŵe poteŶtiallǇ Ϯϱϰ 

iŶĐƌeased the ƌepƌoduĐiďilitǇ of deteĐtioŶ of the loǁeƌ ďuƌdeŶs ;<ϭϬ geŶoŵes/Ϭ.ϱŵl saŵpleͿ these Ϯϱϱ 



ϭϰ 

 

loǁ ĐoŶĐeŶtƌatioŶs aƌe ŵoƌe likelǇ to ďe affeĐted ďǇ saŵple degƌadatioŶ. GiǀeŶ the ƌetƌospeĐtiǀe Ϯϱϲ 

Ŷatuƌe of the studǇ, it is hǇpothesised that saŵples ĐoŶtaiŶiŶg loǁ ďuƌdeŶs had degƌaded to ďeloǁ Ϯϱϳ 

deteĐtaďle leǀels ŵiŶiŵisiŶg aŶǇ ďeŶefits assoĐiated ǁith usiŶg a laƌgeƌ teŵplate ǀoluŵe. Ϯϱϴ 

 A seĐoŶd eǆplaŶatioŶ foƌ the laĐk of iŵpƌoǀeŵeŶt iŶ ĐliŶiĐal peƌfoƌŵaŶĐe is although the laƌgeƌ Ϯϱϵ 

iŶput ǀoluŵe iŶĐƌeases the oppoƌtuŶitǇ foƌ deteĐtiŶg taƌget DNA it also iŶĐƌeases the poteŶtial foƌ ϮϲϬ 

the pƌeseŶĐe of iŶhiďitoƌǇ ĐoŵpouŶds. OŶlǇ tǁo eǆtƌaĐtioŶs eǆhiďited total iŶhiďitioŶ ;Ŷo IC sigŶal Ϯϲϭ 

pƌeseŶtͿ, a fuƌtheƌ thƌee geŶeƌated CƋ ǀalues that ǁeƌe lateƌ thaŶ uppeƌ liŵit geŶeƌated ďǇ the ϮϲϮ 

ŵaŶufaĐtuƌeƌ iŶdiĐatiŶg a degƌee of paƌtial iŶhiďitioŶ. Of ĐoŶĐeƌŶ ǁheŶ iŶteƌpƌetiŶg the IC ǁheŶ Ϯϲϯ 

testiŶg plasŵa oƌ seƌuŵ is the ƌelatiǀe high ĐoŶĐeŶtƌatioŶ of IC iŶ ƌespeĐt to tǇpiĐal Aspergillus PCR Ϯϲϰ 

positiǀes iŶ ďlood, aŶd the suďseƋueŶt aĐĐeptaďle IC CƋ ƌaŶge pƌoposed ďǇ the ŵaŶufaĐtuƌeƌ. The Ϯϲϱ 

aĐĐeptaďle CƋ ǀalues foƌ the IC ƌaŶge ďetǁeeŶ Ϯϵ.ϱ-ϯϱ.Ϭ ĐǇĐles, iŶ this studǇ ϴϲ.Ϯ% ;ϭϴϮ/ϮϭϭͿ of Ϯϲϲ 

saŵples had aŶ IC CƋ ǀalue ǁithiŶ this ƌaŶge, ǁith Ϯ.ϰ% ;ϱ/ϮϭϭͿ of saŵples eǆhiďitiŶg paƌtial oƌ total Ϯϲϳ 

iŶhiďitioŶ ;CƋ >ϯϱ.Ϭ ĐǇĐlesͿ. A fuƌtheƌ ϭϭ.ϰ% ;Ϯϰ/ϮϭϭͿ of saŵples had aŶ IC CƋ ǀalue ďeloǁ the loǁeƌ Ϯϲϴ 

aĐĐeptaďle liŵit ;ƌaŶge: Ϯϲ.ϭ-Ϯϵ.ϰ ĐǇĐlesͿ aŶd ǁhile this ĐaŶŶot ƌepƌeseŶt iŶhiďitioŶ it ƋuestioŶs the Ϯϲϵ 

ƌoďustŶess of the IC PCR ǁheŶ testiŶg DNA teŵplate iŶput ǀoluŵes gƌeateƌ thaŶ the ϱµl ϮϳϬ 

ƌeĐoŵŵeŶded ďǇ the ŵaŶufaĐtuƌeƌ. This diǀeƌsitǇ ;ŵediaŶ IC CƋ: ϯϯ.ϲ ĐǇĐles, ƌaŶge: Ϯϲ.ϭ-ϯϲ.ϰ Ϯϳϭ 

ĐǇĐlesͿ ŵakes it diffiĐult to deteƌŵiŶe a tǇpiĐal ;eǆpeĐtedͿ ƌefeƌeŶĐe ǀalue fƌoŵ ǁhiĐh iŶhiďitioŶ iŶ ϮϳϮ 

speĐiŵeŶs ĐaŶ ďe deƌiǀed. The ƌelatiǀelǇ high IC ĐoŶĐeŶtƌatioŶs, ǁas deǀeloped foƌ use ǁith BAL Ϯϳϯ 

saŵples ǁheƌe fuŶgal ďuƌdeŶs ǁill ďe gƌeateƌ aŶd eaƌlieƌ CƋ ǀalues geŶeƌated. CoŶseƋueŶtlǇ, the Ϯϳϰ 

tǇpiĐal IC ǀalue is sigŶifiĐaŶtlǇ loǁeƌ thaŶ that foƌ Aspergillus PCR positiǀes ǁheŶ testiŶg seƌuŵ aŶd Ϯϳϱ 

plasŵa saŵples ;tǇpiĐallǇ >ϯϱ ĐǇĐlesͿ. As suĐh the effeĐt of aŶǇ iŶhiďitoƌǇ ĐoŵpouŶds oŶ the IC PCR Ϯϳϲ 

ŵaǇ ďe less eǀideŶt thaŶ that eǆpeƌieŶĐed oŶ a ĐliŶiĐal plasŵa saŵple ǁheƌe aŶ iŶhiďitoƌǇ delaǇ of Ϯϳϳ 

Ϯ-ϯ ĐǇĐles ǁill ƌesult iŶ PCR ŶegatiǀitǇ, ďut keep the IC CƋ ǁithiŶ the ŵaŶufaĐtuƌeƌ’s aĐĐeptaďle Ϯϳϴ 

ƌaŶge ƌesultiŶg iŶ poteŶtial false Ŷegatiǀe ƌesults. Ϯϳϵ 



ϭϱ 

 

IŶ additioŶ to iŶhiďitoƌǇ ĐoŵpouŶds the pƌeseŶĐe of iŶteƌfeƌiŶg suďstaŶĐes should also ďe ϮϴϬ 

ĐoŶsideƌed. IŶ a pƌeǀious EAPCRI studǇ the pƌeseŶĐe of fiďƌiŶogeŶ iŶ plasŵa ǁas pƌoposed to haǀe Ϯϴϭ 

the poteŶtial to iŶflueŶĐe ŵagŶesiuŵ ĐoŶĐeŶtƌatioŶ, ǁhiĐh is ĐƌitiĐal to optiŵal PCR peƌfoƌŵaŶĐe. ϰ ϮϴϮ 

It is possiďle that fiďƌiŶogeŶ is pƌeseŶt iŶ ŶuĐleiĐ aĐid eluates aŶd this Đould iŶteƌfeƌe ǁith PCR Ϯϴϯ 

aŵplifiĐatioŶ. UsiŶg the laƌgeƌ iŶput ǀoluŵe this Đould haǀe affeĐted the peƌfoƌŵaŶĐe of the Ϯϴϰ 

AspeƌGeŶius® assaǇ aŶd Đould eǆplaiŶ the ǁide ƌaŶgiŶg IC CƋ ǀalues, eǆplaiŶiŶg ǁhǇ the ŵeaŶ CƋ Ϯϴϱ 

ǀalues foƌ Ϯ/ϱ siŵulated saŵples eǆtƌaĐted usiŶg the QiageŶ E)ϭ aŶd aŵplifiĐatioŶ peƌfoƌŵed usiŶg Ϯϴϲ 

ϭϬµl of teŵplate had ǀeƌǇ late IC CƋ ǀalues ;Taďle ϭͿ. Ϯϴϳ 

Although the use of ϭϬµl of EasǇMag eluate iŵpƌoǀed the deteĐtioŶ of loǁ ďuƌdeŶs PCR effiĐieŶĐǇ Ϯϴϴ 

usiŶg ϭϬµl teŵplate ǁas Ŷot ĐalĐulated as the ƌaŶge of ďuƌdeŶs tested usiŶg a ϭϬµl iŶput ǁas liŵited Ϯϴϵ 

to ϭlog. A fuƌtheƌ liŵitatioŶ of the studǇ it ǁas Ŷot possiďle to peƌfoƌŵ a diƌeĐt ĐoŵpaƌisoŶ ǁith the ϮϵϬ 

pƌeǀious seƌuŵ studǇ aŶd the saŵples iŶĐluded ǁeƌe diffeƌeŶt. With hiŶdsight it ŵaǇ haǀe ďeeŶ Ϯϵϭ 

ǁise to peƌfoƌŵ the plasŵa testiŶg usiŶg fiǀe ŵiĐƌolitƌes of teŵplate, as the iŵpƌoǀeŵeŶt iŶ ϮϵϮ 

effiĐieŶĐǇ oǀeƌ seƌuŵ ǁas ĐoŶfiƌŵed aŶd this ǀoluŵe ǁas used foƌ the pƌeǀious seƌuŵ studǇ. ϳ Ϯϵϯ 

CuƌƌeŶtlǇ, the AspeƌGeŶius® assaǇ is oŶlǇ ǀalidated foƌ iŶ ǀitƌo diagŶostiĐ testiŶg of BAL saŵples aŶd Ϯϵϰ 

this has iŵpliĐatioŶs ǁheŶ iŶteƌpƌetiŶg positiǀe ƌesults fƌoŵ ďlood saŵples.  The positiǀitǇ thƌeshold Ϯϵϱ 

foƌ the speĐies assaǇ ǁheŶ testiŶg BAL is <ϯϲ ĐǇĐles, ǁheŶ testiŶg ďlood this is likelǇ too eaƌlǇ ǁith a Ϯϵϲ 

ŵediaŶ CƋ of ϯϱ.ϵ ĐǇĐles foƌ ĐliŶiĐal PCR positiǀes aŶd ϭϭ/ϭϴ ;ϲϭ.ϭ%Ϳ haǀiŶg CƋ ǀalues шϯϲ.Ϭ ĐǇĐles. It Ϯϵϳ 

is iŵpoƌtaŶt to ƌeŵeŵďeƌ that ǁheŶ testiŶg ďlood speĐiŵeŶs ďǇ Aspergillus PCR the stƌategǇ is to Ϯϵϴ 

eǆĐlude disease usiŶg a Ŷegatiǀe ƌesult geŶeƌated ďǇ fƌeƋueŶt sĐƌeeŶiŶg ǁith a highlǇ seŶsitiǀe Ϯϵϵ 

assaǇ, suďseƋueŶtlǇ a CƋ thƌeshold is Ŷot esseŶtial, alďeit at the eǆpeŶse of false positiǀe ƌesults.  ϯϬϬ 

The ƌegioŶs poteŶtiallǇ assoĐiated ǁith azole ƌesistaŶĐe ǁeƌe oŶlǇ suĐĐessfullǇ aŵplified fƌoŵ tǁo ϯϬϭ 

Đases of IA. GiǀeŶ the Đosts assoĐiated ǁith ďoth the AspeƌGeŶius® speĐies ŵultipleǆ ;Appƌoǆ. ϯϬϮ 

$ϭϬϬϬ/ϱϬ ƌeaĐtioŶsͿ aŶd the AspeƌGeŶius® ƌesistaŶĐe ŵultipleǆ ;Appƌoǆ. $ϭϲϬϬ/ϱϬ ƌeaĐtioŶs of ďoth ϯϬϯ 

speĐies aŶd ƌesistaŶĐe ŵultipleǆͿ it ŵaǇ ďe diffiĐult to justifǇ the Đosts assoĐiated ǁith diƌeĐt fƌoŵ ϯϬϰ 



ϭϲ 

 

plasŵa ƌesistaŶĐe testiŶg. Hoǁeǀeƌ, if diƌeĐt ƌesistaŶĐe testiŶg ǁas oŶlǇ applied to saŵples stƌoŶglǇ ϯϬϱ 

positiǀe ďǇ the speĐies assaǇ theŶ ǁastage assoĐiated thƌough failed aŵplifiĐatioŶ Đould ďe liŵited. ϯϬϲ 

Costs foƌ sĐƌeeŶiŶg ǁith the speĐies assaǇ Đould ďe offset ďǇ ƌeduĐtioŶs iŶ the uŶŶeĐessaƌǇ use of ϯϬϳ 

aŶtifuŶgal theƌapǇ, as seeŶ iŶ otheƌ studies ǁheƌe Aspergillus PCR, iŶ ĐoŵďiŶatioŶ ǁith ϯϬϴ 

galaĐtoŵaŶŶaŶ ELI“A, ǁas shoǁŶ to ƌeduĐe eŵpiƌiĐal theƌapǇ. ϭϲ-ϭϴ ϯϬϵ 

To ĐoŶĐlude, the PathoNostiĐs AspeƌGeŶius® assaǇ ĐaŶ ďe used to peƌfoƌŵ PCR testiŶg oŶ plasŵa ϯϭϬ 

aŶd ǁill pƌoǀide peƌfoƌŵaŶĐe that is Đoŵpaƌaďle to testiŶg seƌuŵ. UŶeǆpeĐtedlǇ, the pƌediĐted ϯϭϭ 

iŵpƌoǀeŵeŶts iŶ ĐliŶiĐal peƌfoƌŵaŶĐe assoĐiated ǁith plasŵa testiŶg ǁeƌe Ŷot seeŶ, possiďlǇ a ϯϭϮ 

ƌesult of the ƌetƌospeĐtiǀe studǇ desigŶ oƌ the iŵpaĐt of laƌgeƌ ĐoŶĐeŶtƌatioŶ of ϯϭϯ 

iŶhiďitoƌǇ/iŶteƌfeƌiŶg ĐoŵpouŶds. CoŶsideƌiŶg the latteƌ, the ĐuƌƌeŶt IC foƌ the PathoNostiĐs ϯϭϰ 

AspeƌGeŶius® assaǇ shoǁed too ŵuĐh ǀaƌiaďilitǇ to ĐoŶfideŶtlǇ pƌediĐt iŶhiďitioŶ, although this ϯϭϱ 

Đould ďe a ƌesult of usiŶg a laƌgeƌ teŵplate ǀoluŵe. The studǇ also highlights the ŶeĐessitǇ to ϯϭϲ 

iŶdiǀiduallǇ eǀaluate PCR assaǇs ǁheŶ testiŶg diffeƌeŶt speĐiŵeŶ tǇpes.  AssaǇs ǁill haǀe ǀaƌǇiŶg ϯϭϳ 

ŵasteƌ-ŵiǆ ĐoŵpositioŶs aŶd ƌeaĐtioŶ kiŶetiĐs, ǁhiĐh ŵaǇ Ŷot ďe optiŵal aĐƌoss saŵples aŶd ϯϭϴ 

suďseƋueŶt eluate ŵake-up. The ĐliŶiĐal utilitǇ of ĐoŵŵeƌĐiallǇ aǀailaďle Aspergillus PCR assaǇs, ϯϭϵ 

suĐh the AspeƌGeŶius® assaǇ, ƌeƋuiƌe pƌospeĐtiǀe eǀaluatioŶ ǁith paƌtiĐulaƌ ƌefeƌeŶĐe to the iŵpaĐt ϯϮϬ 

of poteŶtial eaƌlǇ diagŶosis of azole-ƌesistaŶt disease oŶ patieŶt ŵaŶageŵeŶt. ϯϮϭ 

 ϯϮϮ 

CoŶfliĐts of IŶteƌest ϯϮϯ 

PLW is a fouŶdiŶg ŵeŵďeƌ of the EAPCRI, ƌeĐeiǀed pƌojeĐt fuŶdiŶg fƌoŵ MǇĐoŶostiĐa, LuŵiŶeǆ, ϯϮϰ 

ReŶishaǁ diagŶostiĐs aŶd Bƌukeƌ, ǁas spoŶsoƌed ďǇ MǇĐoŶostiĐa, M“D, LauŶĐh, Bƌukeƌ aŶd Gilead ϯϮϱ 

“ĐieŶĐes to atteŶd iŶteƌŶatioŶal ŵeetiŶgs, pƌoǀided ĐoŶsultaŶĐǇ foƌ ReŶishaǁ DiagŶostiĐs Liŵited ϯϮϲ 

aŶd is a ŵeŵďeƌ of the adǀisoƌǇ ďoaƌd aŶd speakeƌ ďuƌeau foƌ Gilead “ĐieŶĐes. ϯϮϳ 

RAB is a fouŶdiŶg ŵeŵďeƌ of the EAPCRI, ƌeĐeiǀed aŶ eduĐatioŶal gƌaŶt aŶd sĐieŶtifiĐ felloǁship ϯϮϴ 

aǁaƌd fƌoŵ Gilead “ĐieŶĐes aŶd Pfizeƌ, is a ŵeŵďeƌ of the adǀisoƌǇ ďoaƌd aŶd speakeƌ ďuƌeau foƌ ϯϮϵ 



ϭϳ 

 

Gilead “ĐieŶĐes, M“D, Astellas, aŶd Pfizeƌ, aŶd ǁas spoŶsoƌed ďǇ Gilead “ĐieŶĐes aŶd Pfizeƌ to ϯϯϬ 

atteŶd iŶteƌŶatioŶal ŵeetiŶgs. ϯϯϭ 

RBP has Ŷo ĐoŶfliĐts of iŶteƌest  ϯϯϮ 
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Taďle ϭ. AŶalǇtiĐal peƌfoƌŵaŶĐe of the PathoNostiĐs AspeƌGeŶius® speĐies assaǇ ǁheŶ testiŶg A. fumigatus geŶoŵiĐ DNA eǆtƌaĐted fƌoŵ plasŵa saŵples ϰϭϯ 

usiŶg the QiageŶ E)ϭ AdǀaŶĐe XL iŶstƌuŵeŶt.  ϰϭϰ 

 

FuŶgal load  

;geŶoŵes/ 

Ϭ.ϱŵl saŵpleͿ 

PathoNostiĐs AspeƌGeŶius® taƌget 

A. fumigatus Aspergillus spp. A.terreus IŶteƌŶal CoŶtƌol 

Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ 

DN
A 

te
ŵ

pl
at

e 
Vo

lu
ŵ

e:
  ϱ

µL
 

ϭϬϬϬϬ ϳ/ϳ Ϯϳ.Ϯϭ ;Ϭ.ϲϯͿ ϳ/ϳ Ϯϲ.ϭϴ ;Ϭ.ϱϲͿ Ϭ/ϳ - ϳ/ϳ ϯϭ.ϯϯ ;Ϯ.ϬϮͿ 

ϭϬϬϬ ϳ/ϳ ϯϬ.ϭϲ ;Ϭ.ϱϰͿ ϳ/ϳ Ϯϵ.Ϭϳ ;Ϭ.ϯϳͿ Ϭ/ϳ - ϳ/ϳ ϯϮ.ϱϳ ;Ϯ.ϲϮͿ 

ϱϬϬ ϳ/ϳ ϯϭ.ϯϳ ;Ϭ.ϲϭͿ ϳ/ϳ ϯϬ.ϯϬ ;Ϭ.ϯϱͿ Ϭ/ϳ - ϳ/ϳ ϯϮ.ϳϵ ;Ϯ.ϮϲͿ 

ϭϬϬ ϳ/ϳ ϯϰ.ϲ ;ϭ.ϱϱͿ ϳ/ϳ ϯϮ.ϲϬ ;Ϭ.ϰϬͿ Ϭ/ϳ - ϳ/ϳ ϯϯ.ϱϯ ;Ϯ.ϰϰͿ 

ϳϱ ϵ/ϵ ϯϰ.Ϯϲ ;Ϭ.ϳϱͿ ϵ/ϵ ϯϯ.ϭϰ ;ϭ.ϮϯͿ Ϭ/ϵ - ϵ/ϵ ϯϮ.ϲϱ ;Ϯ.ϭϴͿ 

ϱϬ ϵ/ϵ ϯϱ.ϰϳ ;ϭ.ϭϯͿ ϵ/ϵ ϯϰ.ϭϱ ;Ϭ.ϳϬͿ Ϭ/ϵ - ϵ/ϵ ϯϯ.ϭϵ ;Ϯ.ϳϮͿ 

Ϯϱ ϭϮ/ϭϮ* ϯϳ.Ϯϵ ;ϭ.ϰϬͿ ϭϮ/ϭϮ* ϯϱ.ϰϭ ;ϭ.ϮϰͿ Ϭ/ϭϮ* - ϭϮ/ϭϯ* ϯϯ.ϯϬ ;ϭ.ϴϳͿ 

ϭϬ ϭϭ/ϭϱ ϯϳ.ϲϮ ;ϭ.ϲϯͿ ϭϮ/ϭϱ ϯϱ.ϯϯ ;Ϭ.ϴϬͿ Ϭ/ϭϱ - ϭϱ/ϭϱ ϯϬ.ϲϳ ;ϯ.ϴϮͿ 



Ϯϯ 

 

ϱ ϰ/ϭϱ ϯϴ.ϵϰ ;ϭ.ϮϯͿ ϱ/ϭϱ ϯϲ.ϱϯ ;Ϭ.ϳϴͿ Ϭ/ϭϱ - ϭϱ/ϭϱ ϯϮ.ϵϱ ;Ϯ.ϰϭͿ 

ϭ ϯ/ϭϱ ϯϵ.ϴϮ ;ϭ.ϮϵͿ ϰ/ϭϱ ϯϳ.ϭϰ;Ϭ.ϳϴͿ Ϭ/ϭϱ - ϭϱ/ϭϱ ϯϮ.ϯϵ ;Ϯ.ϱϲͿ 

Ϭ Ϭ/ϭϱ - Ϭ/ϭϱ - Ϭ/ϭϱ - ϭϱ/ϭϱ ϯϬ.ϰϵ ;Ϯ.ϴϭͿ 

DN
A 

te
ŵ

pl
at

e 
Vo

lu
ŵ

e:
 ϭ

Ϭ 
µL

 

Ϯϱ ϯ/ϯ ϯϳ.ϱϳ ;ϭ.ϮϮͿ ϯ/ϯ ϯϰ.ϲϬ ϯ/ϯ - ϯ/ϯ ϯϵ.ϭϰ ;ϭ.ϬϱͿ 

ϭϬ ϭϬ/ϭϬ ϯϴ.ϲϵ ;Ϯ.ϬϳͿ ϭϬ/ϭϬ ϯϱ.ϴϲ ϭϬ/ϭϬ - ϭϬ/ϭϬ ϯϮ.ϰϱ ;ϭ.ϳϵͿ 

ϱ ϱ/ϭϬ ϰϮ.ϲϮ ;ϰ.ϮϯͿ ϱ/ϭϬ ϯϳ.ϲϲ ϱ/ϭϬ - ϭϬ/ϭϬ ϯϭ.ϳϯ ;Ϯ.ϳϮͿ 

ϭ Ϯ/ϭϬ ϰϬ.ϰϬ ;ϭ.ϭϯͿ Ϯ/ϭϬ ϯϲ.ϵϱ Ϯ/ϭϬ - ϭϬ/ϭϬ ϯϮ.Ϭϵ ;Ϯ.ϭϱͿ 

Ϭ Ϭ/ϱ - Ϭ/ϱ - Ϭ/ϱ - ϱ/ϱ ϯϴ.ϵϵ ;ϯ.ϬϴͿ 

* OŶe saŵple ǁas deeŵed iŶhiďitoƌǇ to PCR aŵplifiĐatioŶ, as suĐh oŶlǇ ϭϮ ƌepliĐates ǁeƌe iŶĐluded iŶ the aŶalǇsis of the A. fumigatus, A. terreus aŶd ϰϭϱ 

Aspergillus speĐies assaǇs, ǁheƌeas ϭϮ/ϭϯ ƌepliĐates aƌe shoǁŶ foƌ the ĐoƌƌespoŶdiŶg iŶteƌŶal ĐoŶtƌol PCR. ϰϭϲ 

  ϰϭϳ 



Ϯϰ 

 

Taďle Ϯ. AŶalǇtiĐal peƌfoƌŵaŶĐe of the PathoNostiĐs AspeƌGeŶius® speĐies assaǇ ǁheŶ testiŶg A. fumigatus geŶoŵiĐ DNA eǆtƌaĐted fƌoŵ plasŵa saŵples ϰϭϴ 

usiŶg the BioMeƌieuǆ EasǇMag iŶstƌuŵeŶt. ϰϭϵ 

 ϰϮϬ 

 

FuŶgal load  

;geŶoŵes/ 

Ϭ.ϱŵl saŵpleͿ 

PathoNostiĐs AspeƌGeŶius® taƌget 

A. fumigatus Aspergillus spp. A.terreus IŶteƌŶal CoŶtƌol 

Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ 

DN
A 

te
ŵ

pl
at

e 
ǀo

lu
ŵ

e:
 ϱ

µL
 

ϭϬϬϬϬ ϭ/ϭ Ϯϰ.ϳϮ ϭ/ϭ Ϯϯ.ϴϲ ϭ/ϭ ϰϭ.ϵϱ ϭ/ϭ Ϯϵ.ϲϴ 

ϭϬϬϬ ϭ/ϭ Ϯϳ.ϵϯ ϭ/ϭ Ϯϲ.ϱϱ Ϭ/ϭ - ϭ/ϭ ϯϮ.Ϯϱ 

ϱϬϬ ϭ/ϭ Ϯϴ.ϴϱ ϭ/ϭ Ϯϳ.Ϯϯ Ϭ/ϭ - ϭ/ϭ ϯϭ.ϲϳ 

ϭϬϬ ϭ/ϭ ϯϭ.Ϯϲ ϭ/ϭ Ϯϵ.ϰϯ Ϭ/ϭ - ϭ/ϭ ϯϮ.ϰϯ 

ϱϬ ϯ/ϯ ϯϯ.Ϯϰ ;Ϭ.ϵϴͿ ϯ/ϯ ϯϬ.ϳϱ ;Ϭ.ϴϭͿ ϭ/ϯ ϯϵ.ϯϵ ϯ/ϯ ϯϯ.ϯϯ ;Ϭ.ϲϳͿ 

Ϯϱ ϯ/ϯ ϯϰ.ϯϭ ;ϭ.ϳϵͿ ϯ/ϯ ϯϭ.ϮϬ ;Ϭ.ϲϭͿ ϭ/ϯ ϰϮ.ϭϬ ϯ/ϯ ϯϯ.ϱϳ ;Ϭ.ϴϬͿ 

ϭϬ ϱ/ϱ ϯϳ.ϱ ;ϭ.ϲϯͿ ϱ/ϱ ϯϮ.ϱ ;Ϭ.ϰϭͿ Ϭ/ϱ - ϱ/ϱ ϯϭ.ϴϲ ;Ϭ.ϲϭͿ 

ϱ ϱ/ϱ ϯϴ.Ϭ ;Ϯ.ϲϲͿ ϱ/ϱ ϯϯ.Ϯϴ ;Ϭ.ϳϯͿ Ϭ/ϱ - ϱ/ϱ ϯϯ.Ϯϳ ;Ϭ.ϴϮͿ 

ϭ Ϭ/ϱ - ϭ/ϱ ϯϱ.ϯϱ ϭ/ϱ ϰϯ.ϵϬ ϱ/ϱ ϯϯ.ϰϴ ;ϭ.ϬϬͿ 

Ϭ Ϭ/ϱ - Ϭ/ϱ - Ϭ/ϱ - ϱ/ϱ ϯϭ.ϴϯ;ϭ.ϱϲͿ 

  ϰϮϭ 



Ϯϱ 

 

DN
A 

te
ŵ
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at

e 
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ŵ

e:
 ϭ

Ϭ 
µL

 

ϭϬ ϭ/ϭ ϯϱ.ϴϮ ϭ/ϭ ϯϰ.ϰϲ Ϭ/ϱ - ϭ/ϭ ϯϯ.ϭϱ 

ϱ ϱ/ϱ ϯϴ.ϲϱ ;ϭ.ϵϬͿ ϱ/ϱ ϯϱ.ϴϬ ;ϭ.ϭϱͿ Ϭ/ϱ - ϱ/ϱ ϯϬ.ϱϲ ;ϭ.ϬϬͿ 

ϭ ϯ/ϱ ϰϬ.ϲϳ ;Ϯ.ϭϰͿ ϯ/ϱ ϯϲ.ϵϰ ;ϭ.ϰϱͿ Ϭ/ϱ - ϱ/ϱ ϯϭ.ϱϵ ;ϭ.ϳϳͿ 

Ϭ Ϭ/ϱ - Ϭ/ϱ - Ϭ/ϱ - ϱ/ϱ ϯϮ.ϲϬ ;ϭ.ϮϱͿ 

 ϰϮϮ 

  ϰϮϯ 



Ϯϲ 

 

Taďle ϯ. AŶalǇtiĐal peƌfoƌŵaŶĐe of the PathoNostiĐs AspeƌGeŶius® speĐies assaǇ ǁheŶ testiŶg A. terreus geŶoŵiĐ DNA eǆtƌaĐted fƌoŵ plasŵa saŵples usiŶg ϰϮϰ 

the BioMeƌieuǆ EasǇMag iŶstƌuŵeŶt. ϰϮϱ 

 ϰϮϲ 

 

FuŶgal load  

;geŶoŵes/ 

Ϭ.ϱŵl saŵpleͿ 

PathoNostiĐs AspeƌGeŶius® taƌget 

A. fumigatus Aspergillus spp. A.terreus IŶteƌŶal CoŶtƌol 

Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ Positiǀes/total MeaŶ CƋ ;“DͿ 

DN
A 

te
ŵ

pl
at

e 
ǀo
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ŵ

e:
 ϱ

µL
 

ϭϬϬϬϬ Ϭ/ϭ - ϭ/ϭ Ϯϰ.ϯϬ ϭ/ϭ Ϯϲ.ϭϬ ϭ/ϭ ϯϬ.Ϯϭ 

ϭϬϬϬ Ϭ/ϭ - ϭ/ϭ Ϯϳ.ϰϬ ϭ/ϭ Ϯϵ.ϭϰ ϭ/ϭ ϯϮ.ϰϵ 

ϱϬϬ Ϭ/ϭ - ϭ/ϭ Ϯϳ.ϵϴ ϭ/ϭ ϯϬ.Ϯϯ ϭ/ϭ ϯϯ.ϯϳ 

ϭϬϬ Ϭ/Ϯ - Ϯ/Ϯ ϯϬ.ϭϰ ;Ϭ.ϬϰͿ Ϯ/Ϯ ϯϮ.ϰϴ ;Ϭ.ϬϱͿ Ϯ/Ϯ ϯϯ.ϴϮ ;Ϭ.ϮϭͿ 

ϳϱ Ϭ/Ϯ - Ϯ/Ϯ ϯϬ.ϯϰ ;Ϭ.ϯϴͿ Ϯ/Ϯ ϯϮ.ϲϵ ;Ϭ.ϯϵͿ Ϯ/Ϯ ϯϬ.ϴϲ ;ϭ.ϱϭͿ 

ϱϬ Ϭ/Ϯ - Ϯ/Ϯ ϯϭ.ϯϬ ;Ϭ.ϭϴͿ Ϯ/Ϯ ϯϯ.ϲϳ ;Ϭ.ϬϲͿ Ϯ/Ϯ ϯϯ.ϰϯ ;Ϭ.ϯϲͿ 

Ϯϱ Ϭ/ϯ - ϯ/ϯ ϯϭ.ϴϳ ;Ϭ.ϯϰͿ ϯ/ϯ ϯϰ.Ϯϳ ;Ϭ.ϯϱͿ ϯ/ϯ ϯϮ.ϳϭ ;ϭ.ϯϴͿ 

ϭϬ Ϭ/ϯ - ϯ/ϯ ϯϯ.ϯϵ ;Ϭ.ϭϲͿ ϯ/ϯ ϯϲ.ϭϲ ;Ϭ.ϰϵͿ ϯ/ϯ ϯϮ.ϳϰ ;Ϭ.ϱϯͿ 

ϱ Ϭ/ϯ - ϯ/ϯ ϯϰ.ϯϯ ;Ϭ.ϯϴͿ ϯ/ϯ ϯϲ.ϴϵ ;Ϭ.ϮϵͿ ϯ/ϯ ϯϰ.ϮϮ ;Ϭ.ϰϱͿ 

ϭ Ϭ/ϯ - ϭ/ϯ ϯϱ.ϲϭ ϭ/ϯ ϯϴ.ϭϴ ϯ/ϯ ϯϯ.ϱϱ ;Ϭ.ϲϵͿ 

Ϭ Ϭ/ϯ - Ϭ/ϯ - Ϭ/ϯ - ϯ/ϯ ϯϯ.ϱϵ ;ϭ.ϱϵͿ 



Ϯϳ 

 

DN
A 

te
ŵ
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e:
 ϭ

Ϭµ
L 

ϭϬ Ϭ/ϯ - ϯ/ϯ ϯϲ.ϰϱ ;Ϭ.ϱϲͿ ϯ/ϯ ϯϱ.Ϭϵ ;Ϭ.ϰϰͿ ϯ/ϯ ϯϰ.ϰϲ ;Ϭ.ϮϳͿ 

ϱ Ϭ/ϯ - ϯ/ϯ ϯϯ.ϰϳ ;Ϭ.ϬϵͿ ϯ/ϯ ϯϲ.ϭϭ ;Ϭ.ϭϴͿ ϯ/ϯ ϯϯ.ϵϲ ;Ϭ.ϭϵͿ 

ϭ Ϭ/ϯ - ϯ/ϯ ϯϮ.ϱϮ ;Ϭ.ϯϱͿ ϯ/ϯ ϯϵ.Ϯϯ ;Ϭ.ϲϵͿ ϯ/ϯ ϯϰ.ϳϲ ;Ϭ.ϴϰͿ 

Ϭ Ϭ/ϯ - Ϭ/ϯ - Ϭ/ϯ  Ϯ/ϯ ϯϰ.Ϭϲ ;Ϯ.ϬϭͿ 

 ϰϮϳ 

 ϰϮϴ 



Ϯϴ 

 

Taďle ϰ. PatieŶt deŵogƌaphiĐs aŶd diagŶosis of IA aĐĐoƌdiŶg to the ƌeǀised EORTC-M“G defiŶitioŶs ϭϵ ϰϮϵ 

DeŵogƌaphiĐ PƌoǀeŶ/Pƌoďaďle IA ;Ŷ=ϭϬͿ Possiďle IA ;=ϮͿ NEF ;Ŷ=ϮϳͿ 

Male/Feŵale ϲ/ϰ ϭ/ϭ ϭϱ/ϭϮ 

MediaŶ age ;ƌaŶgeͿ ϲϬ.ϱ ;Ϯϱ-ϳϰͿ -  ;ϭϴ-ϱϭͿ ϱϲ ;Ϯϭ-ϳϲͿ 

UŶdeƌlǇiŶg ĐoŶditioŶ ;NͿ AML ;ϳͿ  

ALL ;ϮͿ 

MD“ ;ϭͿ 

AML ;ϭͿ 

ALL ;ϭͿ 

AML ;ϭϳͿ 

LǇŵphoŵa ;ϲͿ 

AA ;ϮͿ 

 ALL ;ϭͿ 

MD“ ;ϭͿ 

AllogeŶeiĐ Steŵ Đell 

tƌaŶsplaŶtatioŶ ;NͿ 

ϲ Ϯ ϭϵ 

FuŶgal PƌophǇlaǆis ;NͿ FluĐoŶazole ;ϵͿ FluĐoŶazole ;ϮͿ FluĐoŶazole ;ϭϱͿ 

VoƌiĐoŶazole ;ϭͿ 

FuŶgal Disease 

MaŶifestatioŶ ;NͿ 

PƌoǀeŶ Aspergillus “iŶusitis ;ϭͿ 

Pƌoďaďle IPA ;ϲͿ 

Pƌoďaďle IPA/“iŶusitis ;ϮͿ 

Pƌoďaďle “iŶusitis ;ϭͿ 

Possiďle IPA ;ϮͿ N/A 

 ϰϯϬ 

KeǇ: AA:   AplastiĐ AŶaeŵia ϰϯϭ 

AML:   AĐute MǇeloid Leukaeŵia ϰϯϮ 

ALL:   AĐute lǇŵphoďlastiĐ Leukaeŵia ϰϯϯ 

MDS:  MǇelodǇsplastiĐ sǇŶdƌoŵe ϰϯϰ 

LǇŵphoŵa:  HodgkiŶs, NoŶ-HodgkiŶs aŶd Buƌkitts LǇŵphoŵa ϰϯϱ 

IPA:   IŶǀasiǀe pulŵoŶaƌǇ aspeƌgillosis ϰϯϲ 

N/A:   Not appliĐaďle ϰϯϳ 



Ϯϵ 

 

Taďle ϱ. CliŶiĐal PeƌfoƌŵaŶĐe of AspeƌGeŶius® “peĐies assaǇ ǁheŶ testiŶg seƌuŵ fƌoŵ haeŵatologǇ ϰϯϴ 

ǁith pƌoǀeŶ/pƌoďaďle IA ;Ŷ=ϭϬͿ, possiďle IA ;Ŷ=ϮͿ aŶd ǁith Ŷo eǀideŶĐe of fuŶgal disease ;NEF, ϰϯϵ 

Ŷ=ϮϳͿ. PeƌfoƌŵaŶĐe ƌepƌeseŶts a ĐoŵďiŶatioŶ of ƌesults foƌ the A. fumigatus speĐifiĐ aŶd the ďƌoad ϰϰϬ 

ƌaŶge Aspergillus speĐies assaǇs, as iŶ a ĐliŶiĐal sĐeŶaƌio a positiǀe ƌesult iŶ eitheƌ assaǇ ǁould ĐaƌƌǇ ϰϰϭ 

sigŶifiĐaŶĐe.   ϰϰϮ 

Paƌaŵeteƌ  

 

PopulatioŶ 

PƌoǀeŶ/Pƌoďaďle IA ǀs NEF PƌoǀeŶ/Pƌoďaďle/Possiďle IA ǀs NEF  

“iŶgle Positiǀe 

Thƌeshold 

Multiple ;шϮͿ 

positiǀe thƌeshold 

“iŶgle Positiǀe 

Thƌeshold 

Multiple ;шϮͿ 

positiǀe thƌeshold 

“eŶsitiǀitǇ 

;Ŷ/N, %, ϵϱ% CIͿ 

ϴ/ϭϬ,  

ϴϬ.Ϭ% ;ϰϵ.Ϭ-ϵϰ.ϯͿ 

ϱ/ϭϬ, 

ϱϬ.Ϭ% ;Ϯϯ.ϳ-ϳϲ.ϯͿ 

ϴ/ϭϮ,  

ϲϲ.ϳ% ;ϯϵ.ϭ-ϴϲ.ϮͿ 

ϱ/ϭϮ, 

ϰϭ.ϳ% ;ϭϵ.ϯ-ϲϴ.ϭͿ 

“peĐifiĐitǇ 

;Ŷ/N, %, ϵϱ% CIͿ 

Ϯϭ/Ϯϳ,  

ϳϳ.ϴ% ;ϱϵ.Ϯ-ϴϵ.ϰͿ 

Ϯϳ/Ϯϳ 

ϭϬϬ%, ;ϴϳ.ϱ-ϭϬϬͿ 

Ϯϭ/Ϯϳ,  

ϳϳ.ϴ% ;ϱϵ.Ϯ-ϴϵ.ϰͿ 

Ϯϳ/Ϯϳ 

ϭϬϬ%, ;ϴϳ.ϱ-ϭϬϬͿ 

LR +tiǀe ϯ.ϲ >ϱϬϬ* ϯ.Ϭ >ϰϭϳ* 

LR -tiǀe  Ϭ.Ϯϲ Ϭ.ϱ Ϭ.ϰϯ Ϭ.ϰϰ 

DOR ϭϰ.Ϭ >ϭϬϬϬ* ϳ.Ϭ >ϵϰϳ.ϳ* 

*To oǀeƌĐoŵe iŶfiŶitǇ the paƌaŵeteƌ deteƌŵiŶed usiŶg a speĐifiĐitǇ ǀalue of ϵϵ.ϵ% ϰϰϯ 

KeǇ: ϰϰϰ 

IA: IŶǀasiǀe Aspeƌgillosis ϰϰϱ 

NEF:  No eǀideŶĐe of fuŶgal disease ϰϰϲ 

LR: Likelihood ƌatio ϰϰϳ 

DOR: DiagŶostiĐ odds ƌatio ϰϰϴ 

 ϰϰϵ 

ϰϱϬ 



ϯϬ 

 

Figuƌe ϭ. “taŶdaƌd Đuƌǀes foƌ the PathoNostiĐs AspeƌGeŶius® A. fumigatus aŶd Aspergillus speĐies ϰϱϭ 

assaǇs testiŶg A. fumigatus geŶoŵiĐ DNA eǆtƌaĐted fƌoŵ plasŵa saŵples ďǇ aͿ QiageŶ E)ϭ aŶd ďͿ ϰϱϮ 

BioMeƌieuǆ EasǇMag autoŵated eǆtƌaĐtoƌs, aŶd ĐͿ the A. terreus aŶd Aspergillus speĐies assaǇs ϰϱϯ 

testiŶg A. terreus geŶoŵiĐ DNA eǆtƌaĐted fƌoŵ plasŵa saŵples ďǇ BioMeƌieuǆ EasǇMag autoŵated ϰϱϰ 

eǆtƌaĐtoƌ. ϰϱϱ 

   ϰϱϲ 

 ϰϱϳ 

Ǉ = -ϭ.ϰϴϯlŶ;ǆͿ + ϰϬ.ϵϱϮ
R² = Ϭ.ϵϳϲϭ

Ǉ = -ϭ.ϮϴlŶ;ǆͿ + ϯϴ.ϯϵϵ
R² = Ϭ.ϵϲϯϵ

ϮϬ

Ϯϱ

ϯϬ

ϯϱ

ϰϬ

ϰϱ
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FuŶgal BuƌdeŶ ;geŶoŵes/saŵpleͿ

A. fuŵigatus

Aspeƌgillus
spp.

Ǉ = -ϭ.ϴϭlŶ;ǆͿ + ϰϬ.ϱϳ
R² = Ϭ.ϵϳϳϯ

Ǉ = -ϭ.ϮϲϵlŶ;ǆͿ + ϯϱ.ϯϳϵ
R² = Ϭ.ϵϵϳϳ

ϮϬ.Ϭ

Ϯϱ.Ϭ

ϯϬ.Ϭ

ϯϱ.Ϭ

ϰϬ.Ϭ

ϰϱ.Ϭ
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FuŶgal BuƌdeŶ ;geŶoŵes/saŵpleͿ

A. fuŵigatus

Aspeƌgillus spp.

A. 

B. 



ϯϭ 

 

 ϰϱϴ 

 ϰϱϵ 

Ǉ = -ϭ.ϯϳϮlŶ;ǆͿ + ϯϴ.ϳϴϯ
R² = Ϭ.ϵϵϮϵ

Ǉ = -ϭ.ϮϴϭlŶ;ǆͿ + ϯϲ.Ϭϰϵ
R² = Ϭ.ϵϵϱϭ

ϮϬ

ϮϮ

Ϯϰ

Ϯϲ

Ϯϴ

ϯϬ

ϯϮ

ϯϰ

ϯϲ

ϯϴ

ϰϬ

ϭ ϭϬ ϭϬϬ ϭϬϬϬ ϭϬϬϬϬ
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FuŶgal BuƌdeŶ ;geŶoŵes/saŵpleͿ

A. teƌƌeus

Aspeƌgillus spp.

C. 



ϯϮ 

 

Figuƌe Ϯ. PathoNostiĐs AspeƌGeŶius® PCR positiǀitǇ aĐĐoƌdiŶg to saŵpliŶg foƌ the Đases of pƌoǀeŶ/pƌoďaďle iŶǀasiǀe aspeƌgillosis. GƌeǇ Đells ƌepƌeseŶt ϰϲϬ 

positiǀe ƌesults ǁith the Ŷuŵďeƌ ƌepƌeseŶtiŶg the ĐoƌƌespoŶdiŶg CƋ ǀalue.  ϰϲϭ 

PatieŶt  

;EORTC/M“G 

diagŶosisͿϭϵ 

“aŵple  

ϭ Ϯ ϯ ϰ ϱ ϲ ϳ ϴ 

Afuŵi Asp Afuŵi Asp Afuŵi Asp Afuŵi Asp Afuŵi Asp Afuŵi Asp Afuŵi Asp Afuŵi Asp 

ϭ ;Pƌoďaďle IAͿ - - - - - - - - ϯϴ.Ϭ ϯϳ.ϭ ϯϳ.Ϭ ϯϲ.ϭ ϯϳ.ϲ ϯϲ.ϱ NT NT 

Ϯ ;Pƌoďaďle IAͿ - - - ϯϳ.ϭ - - - - - ϯϯ.ϭ ϰϬ.ϰ ϯϮ.ϲ - ϯϲ.Ϭ NT NT 

ϯ ;Pƌoďaďle IAͿ - ϯϯ.Ϯ - ϯϰ.ϳ - - - - - - - - - - - - 

ϰ ;Pƌoďaďle IAͿ - - - - - ϰϮ.Ϯ - - - - - - - - NT NT 

ϱ ;Pƌoď Asp “iŶͿ ϯϳ.ϳ ϯϲ.Ϯ - - - - - - - - - - - - NT NT 

ϲ ;Pƌoďaďle IAͿ - - - ϯϳ.Ϭ - - - - - - - - ϯϱ.ϴ ϯϰ.ϳ NT NT 

ϳ ;Pƌoďaďle IA*Ϳ - - ϰϰ.ϴ ϯϴ.ϳ - - - - - - - - - - - - 

ϴ ;Pƌoďaďle IAͿ ϯϰ.ϯ ϯϭ.ϴ ϰϰ.ϳ ϯϲ.ϴ ϯϳ.ϰ ϯϰ.ϳ ϰϲ.ϯ ϯϳ.ϲ - - - - NT NT NT NT 

ϵ ;Pƌoďaďle IAͿ - - - - - - - - - - - - - - NT NT 

ϭϬ ;Pƌoǀ Asp “iŶͿ - - - - - - - - - - - - - - NT NT 

 ϰϲϮ 



ϯϯ 

 

 ϰϲϯ 

KeǇ:  ϰϲϰ 

Afuŵi: PathoŶostiĐs AspeƌGeŶius® A. fumigatus assaǇ ϰϲϱ 

Asp:  PathoNostiĐs AspeƌGeŶius® “peĐies assaǇ ϰϲϲ 

IA:  IŶǀasiǀe aspeƌgillosis ϰϲϳ 

Pƌoďaďle IA*: PatieŶt had a total of ŶiŶe saŵples tested, the oŶe additioŶal saŵple tested ǁas Ŷegatiǀe ďǇ ďoth the A. fumigatus aŶd speĐies assaǇs aŶd ϰϲϴ 

ǁas the last saŵple to ďe tested. It ǁas eǆĐluded to aǀoid pƌeseŶtatioŶ diffiĐulties. ϰϲϵ 

Pƌoď Asp SiŶ: Pƌoďaďle Aspergillus siŶusitis ϰϳϬ 

Pƌoǀ Asp SiŶ: PƌoǀeŶ Aspeƌgillus siŶusitis ϰϳϭ 

NT:  No saŵple tested ϰϳϮ 

-:  AssaǇ ǁas Ŷegatiǀe ϰϳϯ 

 ϰϳϰ 

 ϰϳϱ 

 ϰϳϲ 


