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Abstract:

Background: The diagnosis dPneumocystis jirovecpneumonia (PJP) has
relied on microscopy with immunofluorescenbi®wadays alternative
diagnostic tests including detection and quantitatiol. gifovecii DNA
based on redgime quantitative PCR and determinatiorsefum betd-
glucan (BDG)areincreasingly used

Objectives: The aim of thigilot study wasa evaluate thanalytic
performance of a new assay for detection and quantitatiBnjiobvecii
DNA. Furthermore, théungal loadof immunocompromised patients with
suspectedPIJPwas determinewith two different methodand results were
compared

Materials and Methods: Detection and gantitation ofP. jiroveciiDNA was
donewith the RIDA®GENE Pneumocystis jirovecii kit. DNA wastracied
onthe automateEMAG® nucleic acid extraction platforfeliowed by
amplification and detection on the LightCycler® 480nstrument For BDG
testing theFungitell® Assaywas runusing a modified protocol employing
the BCS XP Systenihe accuracy of the RIDA®GENE Pneumocystis
jirovecii kit was determined utilizingn international reference panel
Furthermore8 anonymizedéft-over specimens that had been obtained from
female and male patients with immunosuppression and suspected
pneumocystis pneumonia were studaed results compared

Results: When the acuracyof the RIDA®GENE Pneumocystis jirovecii kit
was evaluated, all vials containing (any dilutionBf)iroveciiwere correctly
identifed as positive and the vial withd®t jiroveciiwas correctly identified
as negativeWhen theclinical performance wasvaluatedall samplegested
positivewith the molecular test system, while BDG testing resultet in
positives only

Conclusion: Detection and quantitation &% jirovecii DNA based on real

time quantitative PCRppears to be the superior method when compared to
serum BDG determinatiolesides increased sensitivity, it is easier to handle
and shows faster timim-result allowing an earlier start of antifungal therapy.
To underline these finding&yrther testing with a larger sample size is
recommended.
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Kurzfassung:

Hintergrund: Die Pneumocytis jiroveciPneumonie (PJP) wird
ublicherweise mittels Mikroskopie kombiniert mit Immunfluoreszenz
diagnostiziertHeutzutage nehmenagjnostisch&/erfahrendie auf der
guantitativen Realime PCR bzw. auf dem Nachweis von B&aGlucan
(BDG) im Serum beruherjne immer wichtigere Rolle in der Diagnosti&r
PJPein.

Ziele: In diese Pilotsudie wurdedie analytische Leistung eines neuen Tests
zum quantitativen Nachweis vétmeumocysiéP.) jirovecii DNS beurtei.
Dartber hinaus wurdgie Pilzbelastungnit Candidabeiimmunsupprimierten
Patientnnenmit zwei unterschiedlichen Methodemmittet und de
Ergebniseverglichen

Materialien und Methoden: FUr die Quantifizierung de®. jirovecii DNS
mittels RIDA®GENE Pneumocystis jirovecii Testirde auf deEMAG®
Plattform die DNS extrahiert uramLightCycler® 480 lInachfolgend
amplifiziert undquantifiziert Die analytische Leistung des RIDA®GENE
Pneumocystis jirovecilestswurde mt einan internationalen
Ringversuchspandleurteilt. Die BetaD-Glucan (BDG) Testungen wurden
mit dem CE gekennzeichneten Fungitell® Assay auf dem BCS XP System
durchgefiuhrt, wobei ein eigens dafir modifiziertes Programm verwendet
wurde.Die klinische Leistundpeider Testsystemgurde mit8

anonymisierta klinischenRestpobenuntersucht

Ergebnisse: Die Ergebnisse des Ringversuctegen, dass alle Proben
welcheP. jiroveciiin verschiedenen Verdlinnungen enthielten, mit dem
molekularen Testsystekorrektalspositiv unddie negativen Proben korrekt
als negativ erkannt wurdeBei den klinischen Proben wurden mit der RCR
basierten Diagnostik 8 positive Proben gefunde&ihrendmit demBetaD-
Glucan Teshur4 Probenpositivwaren

Fazit. Der RIDA®GENE Pneumocystis jirovecii Testeist im Vergleich mit
dem Fungitel® Test eine hoherBensitivitatauf. Ein weitererVorteil des
RIDA®GENE Pneumocystis jirovecii Tegts die einfachere Handhabung,
die einen schnellerend¢hweisund daher einschnelére

Vi



Antimykotikatherapie erméglichDie Ergebnisse dies&tudie missen
jedoch mit einer grél3eren Probenanzahl bestatigt werde

viii



1. Introduction

1.1 History and etiology

Pneumocystis was first described in its cyst form in 1909 by Chagas and a
year later in 1910 by Carinii aftewvhom it was alsoinitially named. The
organism was first thought to be a protaamdin 1952 primarily associated
wi t h human di sease causing “pl as ma

malnourished children and neonaléps

As the numberof patients with PJP increased substantially in patients
receiving corticosteroids and chemotherapeutic dringsCenters for Disease
Control (CDC) started conducting studies in the 1970s. Howearinii first
gained global recognition the 1980sfterbeing recognized as the first AIDS
defining illness causing over ofieurth of communityacquired pneumonias in
HIV -infected persons and over 2000 cases of PJP since 19Farthermore,
it was discovered that the specieas hosispecific,and the humapathogen
was renamee. jiroveciiafter the Czech parasitologist who made the discovery

[2]. P. cariniiis nowaday&nown asafungus found irrodents.

P. jirovecii was later also reclassified to the taxonomic kingdom of fungi
based on conserved mRNgequences. In humans as well as animals the
organism has been found in three forms: trophozoite, cyst, and spordheite.
trophozoite is smaller than the cyst with onkp 2 muin diameter anchasa
round or si ckl e s hampdameteivithethreglagered i s u |
cell wall and its cytoplasm conteup to eight of the oval sporozoitda.the
alveolus, Pneumocystis is found covered with surface glycoproteins which are
produced by both the host and the organism itself. The organism has itige abil

to adapt to the host by sharing its antigenic epitopes in addition to its own.

The cell wall ofP. jirovecii contains only cholesteraind noergosterol and

does not synthesize sterols de novo which explains the lack of susceptibility to
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the azole andpolyene antfungal antibiotics. Its surface is rich dhe
carbohydrates gl u&qglewan,whiamare bebesed o beaa n d
part of the attachmeimrocess to epithelial or surfactant layers in the host.

Furthermore, they play a role in diagnostas a diagnostic target.

It is not possible to cultivate humalerived organisms vitro as they grow
inconsistently;as a resujtthe full life cycle of P. spp.is not yetcompletely
understood3,4]. What is known about the life cycle has mostly been observed
in the microscope as well as extrapolation from the life cycle of other
ascomycetous fungiAs shown in k. 1 the proposed life cycle consists of
sexual an asexual reproduction and the abmentioned three forms:
trophozoite, cyst, and sporozoit&€he sporozoites are released from the

ruptured mature cyst.

ey

-
a |

Fig. 1. Proposed life cycle d?. jirovecii. (image source: Sarah Niessner)

1.2 Epidemiology and risk factors



Studies of Pneumocystis in humans as well as in animal models suggest that
the disease could arise de novo via airborne transmission ordemtivation
of untreated infectior[5-8]. Moreover, some studies even suggest that
jiroveciimay exist in themvironment even though no definitive environmental

reservoir haget been identified for human disedSg

When looking at interhuman transmission in the hospital environment,
studies have shown an incubation period of up to 150 days. Studies conducted
before the broad implementation of prophylaxis suggest that the risk of
developing PJP among immunocompromised patients due to solid organ
transplantation is 5%5% and believed to be similar in patients receiving
equivalent immunosuppressive therapy. Ndays in patients receiving
prophylaxis PJP should not ocqu,11].

Serological studies have shown thagxposure toP.jirovecii occurs
commonly in childhood but the immunocompetent children show only very
mild to no symptoms. Symptomatic disease in childas well as adults is

limited to individuals who are immunocompromidéd].

The patients at highest risk of PJP are those being treated for acute
lymphoblastic leukemia (ALL) (up to 16%]13] and for allogeneic
haemopoietic stem cell transplant (HSGp to 15%) 14]. Patients receiving
high-dose corticosteroid treatment daily over a course of 4 weeks and more are
also at a high risk for PJP regardlesstloé underlying type or stage of
malignancy{15]. Receiving chemotherapy or monoclonal antibodiss puts
patients at high risk as well as diseases causing prolonged lymphjdgetia

In general risk factors include:



1) Immunosuppressive therapies
a. Corticosteroids
b. Chemotherapy
c. Purine analogs
d. Antibodytherapies
e.Mycophenolate
f. Calcineurin inhibitors
g. Sirolimus

2) CMV disease

3) Allograft rejection

4) GVHD patients

5) Low CD4+ T-cell counts

6) Neutropenia

Whethera patient is at risk for PJP is influenced by multiple factors and the
individual risk should be continually assessed throughout the course of

treatment.

1.3 Clinical manifestations

The symptoms of patients with PJP can be quite variable but infection in
immunosuppressed HiMegative individuals is classically more acute and has
a shorter duration of ons¢t8]. Fur t her mor e, bronchoal
from immunosuppressed ndéflV-infected patients contains a lower count of
organisms but a higher inflammagascore[19].

In general, the severity of the disease correlates to the length of

hospitalization and the need for mechanical ventilation. Studies show that the



mortality rates observed in ndétflV-infected individuals (3439%) is
scientificallyhigher than in patients with HIV {8%)[18, 20-22].

The typical signs and symptoms of PJP are depicted in Table 1 and include
most commonly fever combined with dyspnea and a nonproductive cough. In
general, the more rapid the onset the more severedhkimg pneumonia and
lung involvement with lower arterixygen tension and more frequent
respiratory failure. It is possible for corticosteroids, calcineurin inhibitors, and

sirolimus to mask the symptoms of H23,24].

Table 1
Incidence of PJBymptoms
Symptoms of PJP Incidence(%)
Abnormal chest radiography 92-96
Hypoxemia 7891
Fever 81-87
Cough 71-81
Dyspnea 66-68
Abnormal lung auscultation 30-34
Chest pain 23-24

1.3 Diagnostics

1.3.1 Radiography



In general,there is nopathognomonic pattern for Pneumocystis and the
radiographic image ultimately depends on plagients duration of infection,
state of immunosuppression andhether there are underlying and/or
accompanying diseases. However as can be seen in table969286 patients
show abnormal chest radiography. In early PJP the manifestation often shows
fine, bilateral, perihilar, diffuse infiltrates that spread to the bases or apices as
the disease progresses. Despite treatment in the early stages this pattern

consoidates over & days p5].

Chest computed tomography (CT) often skawnormalities as well arate
partof the routine diagnostic process as a normal chest CT exdhidewith
a high probability. Notably normal radiographic findings do not exclade
abnormal CTThe findings most common for PJP are bilateral, greglads
changes with apical predominance and peripheral sparing. Inptiénts
cystic changes are much more common than in immunocompromised HIV
negative patientsAbnormal PET scans cdre observed ithe early stages of
the disease?pb,27,28].

1.3.2 Microbiological testing

Various staining methods are used to visualize and identify respiratory
specimens oP. jirovecii. Toluidine blue and methenamine preparations only
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stain the wall othe cyst and thereby not allow the detection of trophozoites

(Fig. 2, Fig. 3) Therefore, Giemsa staining is the preferred preparation as it
allows the detection of all life stag€sig. 4). Every life stage oP. jirovecii

has a specific direct and indore I mmunofluor escent as
depending on the antibody usdd. general,the accuracy of the different
staining methodsis highly dependent on the experience of the person
diagnosing the specimen, the sample processing, the reaction of the ialdividu
specimen to the staining method choaadthe quality of the specimen itself.
Furthermore, the lower respiratory burden in 4t patients make# more

difficult to correctly diagnosethem as well as the patients already on

prophylaxis[29].



Fig. 3. Cysts ofP. jiroveciiin smear from BAL (Methenamine silver stain)
[31].

Fig. 4. Pneumocystis jirovecii infectigrGiemsa staining32].



Overall,as staining methods are rather prone to errors they have largely been
replaced by highly sensitive molecular techniques, using -semifully
guantitative polymerase chain reaction (PCR). They directly targePthe
jirovecii specific genes and a metaalysis has shown a pooled sensitivity of
99% and speci fi ciHW paidnt pSpll&ioni Quantitdtive n o n
PCR (gPCR), wi -tahd lodvexduanttation uhpeghelds of P.

jirovecii is nowadays the most often usadll most accurate methd@d3, 34].

Furthermore, due to the MIQguidelinesfor validation ofgPCR assays
results are much more comparable and homogewbes using gPCR35].
NeverthelessPCR is limited as it is not possible to distinguish between

asymptomatic colonization and infection.

BAL fluid is the preferred specimen for gPCR as it is the ratagtied with
the most reliable specimen load and the one whichbeatbe standardized.
Moreover, the sensitivity of induced sputum is only 38886, canpared with
80%-95% withBAL. However,as BAL is seminvasive and requires trained
personnelit is not always possible to carry out the procedievertheless,
theviral load in norHIV patients is commonly rather Igwothe sputum often
does notontan enough specimen fur diagnostic purposgsch makes BAL
necessary to obtain meaningful resuit® AL is not possible othe use of the
method is refusedby the patients upper respiratory specimens as induced
sputum, oral washings, nasal swahd aasopharyngeal aspiraee possible
alternatives. Howeveas stated beforéhey have lower sensitivity36].

Another contributing factor for diagnosing PJP is theeucan (BDG)
test. BDG is a major cell wall polysaccharide in fungi of medical importance
includingP. jirovecii. Its antigen can be found in the blood of patients suffering
from PJP and detectéy several tests developed for the purpose. However, the
Fungitell® Assay (Associates of Cape Cod, Inc., East Falmouth, MA, USA)
the only one FDAapproved (2004) and the one most frequently used in Europe

9



and Americd 37]. Serum betdD-glucan assays ka a high sensitivity (>90%)
with lower specificity (<80%). The high negative predictive value makes it a
good test for excluding the disease. However, immunocompromised patients

tend to have inadequate antibgayduction, whichmay causéalse negatives

[37].

1.4.3 Laboratory evaluation

Patients with PJP have a PO2 < 60 mm Hg and a respiratory alk#tosis.
addition, their serum lactic dehydrogenase (LDH) enzyme is elet@tackr
300 IU/ml in most PJP patients. Their PABA02 gradientises,and studies
show that gradients over 30 mm Hg at the stathetherapy are associated
with a high mortalityrate However, f the treatmentfor P. jirovecii is
successfylthe arterial oxygenation gradient and LDH will return to normal
[38]

1.5 Treatment

1.5.1 First line agent

Trimethoprim and sulfamethoxazoleTNIP-SMX) i s t h-Bbne fir st
prophylactic agent for PJP with no other agent showing bettedts. TMP
SMX should be administered daily with adults/adolescents receiviFfgp 15
mg/kg/day ofthe TMP component given IV every8h. In mild cases lower
doses are sufficient and the dose should be adapted individtdiB:SMX is
also the recommended drug when treating PJP in children adapting both the
TMP as well as the SMX component to the agd aeight of the children.
Complications of the drug include myelosuppression, gastrointestinal
disturbance and drug interactions. Furthermore, renal impairment is a possible

sideeffect, whichis why the kidney function gbatientsreceiving TMRSMX

10



has to be monitored as well as the hydration st&@mistraindications for TMP
SMX include planned methotrexate chemotherapy in adults as well as very

limited kidney function.
1.5.2 Second-line agents

Pentamidine is the recommendetandline agent if TMP-SMX camot be
given. It is an isethionate is an aromatic diamidine derivative and the preferred
mode of administration is aerosolization as this reduces the likelihood of side
effects. Side effects include pancreatitis, hypoglycemia, hyperglycemia, bone
marrow suppression, renal failure, and electrolyte disturbakcaglative
contraindication is pancreas transplantgtioowever necessary studies still

need to be conducted to show the correlgtish

Dapson is an alternative secelinte agentit is a synthetic sulfone that acts
againstP. jirovecii by inhibiting the synthesis of dihydrofolic acid. The drug
should be administered orally with a bioavailability of8@W%. Side effects
include agranulocytosis, aplastic emia, rash, nausea asdlfone syndrome
(rash, fever, hepatitis, mgphadenopathy and methemoglabima).
Contraindications are a GO6PD defici en
severeside effectavith TMP-SMX [40].

Atovaquone is usually a secchde agent used in mild casesIP. It is
administered as an oral suspension amdst be taken twice a dapest
accompanied by a fatty meal to increase bioavailability. Side effects include
rash, nausealiarrhea elevated transaminases and headacheo date there
are nocontraindicationsonly indicatorswvhere it has to be used carefully as for
example a combination with antiviradlrugs can cause Stevdohnson

syndrone [41].

1.5.3 Adjunctive corticosteroid therapy

11



Adjunctive corticosteroid administration in PJP patiestsecommended
with every drug as it prevents the early declinexggenation, whicltan be
seen after the initiahdministration of the PJP treatment. Studies show a
reduced respiratory failure and a reduced mortality when corticosteroids are
given in severe PJP cases. Furthermore, a shorter duration of mechanical
ventilation as well as lower supplement oxygen hasnbeéecumented.
However,corticosteroidfiavenot changed the rate for the need for intubation.
In milder caseghere has not yet been a demonstrated benefit of corticosteroids
[42].

1.6 Prophylaxis

Routine antiPneumocystis prophylaxis is generally recommeramidoon
as a patient is at risk for infection with PJP. For those with risk factors such as
intensive immunosuppression, infection with CMV, higher dose corticosteroid
therapy, prolonged neuwenia or flares of autoimmune disease prophylaxis
should be given throughout the period of increased susceptilifisr. solid

organ transplantation prophylaxis should be given b2 énonths.

TMP-SMX is also the medication of choice when it comes t® PJ
prophylaxis as studies show that all secbnd agentshave inferior results
when comparing efficacy, side effects and cost. Furthermore-$MR also
prevents other opportunistic pathogasfor exampleToxoplasma gondiilf
TMP-SMX is contradicted foany of the reasons mentioned above all the
secondine agents mentioned can be used as prophylaxis as well and should be
individually chosen.

The patient must be closely monitored throughout the prophylaxis as side

effects of TMRSMX may occur such dsone marrow suppression, rash up to

12



StevensJohnson syndrome, hepatitis and nephritis. If another second line agent

is given their specific side effects must be monitored as[4&ll

Patients withPJP must be sepagdtin a hospital setting due to thekriof
infectionof other immunocompromised patients. Moreover, facemask filtering
iIs recommended to prevent transmission among infected individuals.
Nosocomial infections are believed to be both by environmental contamination

and direct perscto-person44].

13



2 Objectives

The diagnosis of PJP has relied on microscopy with immunofluorescence.
Nowadays, alternative diagnostic tests including detection and quantitation of
P. jirovecii DNA based on redime quantitative PCR and determination of

serum BDG are increasingly used.

The aim of this pilot study was to evaluate the analytic performance of a new
assay for detection and quantitation Faf jirovecii DNA. Furthermore, the
fungal bad of immunocompromised patients with suspected PJP was

determined with two different methods and results were compared.

14



3 Study Design

3.1 Methods
3.1.1 Quantitation of P. jirovecii DNA

Quantitation of P. jirovecii DNA was performed at theéviolecular
Diagnostics Laboratory, Institute of Hygiene, Microbiology and Environmental

Medicineg Medical University of Graz.

Extraction ofP. jirovecii DNA was performed on the EMAG® nucleic acid
extraction platform(Fig. 5 . | mmedi ately afteflud t hawi
were pipetted intahe extraction vessel of the NucliSENS&syMAG®

instrument. For extraction of nucleic acids, tlspecific B protocolvas used.

The elution volumevas50 pl.

Fig. 5. The EMAG® platformbioMérieux, Marcyl Etoile, Francefimage source: Sarah
Niessner)

15



After nucleic acid extractiora genefragment specific foP. jirovecii (if
present in the eluate) wasnplified and detected using the RIDA®GENE
Pneumocystis jirovecii (BBiopharm AG, Darmstadt, Germany) Kkit
Amplification is performed using the retane PCR technology employing
hydrolysis probes for detection of amplification products. Probdslaeéed at
one end with a quencher and at the other end with a fluorescent rejyarter
(fluorophore). In the presence of tkerget the probes hybridize to the
amplification products. During the extension step, the-galgmerase breaks
the reporterquencher proximity. The reporter emits a fluorescent signal, which
is detected by the aipal unit of a reatime PCR instrument. The fluorescence
signal increases with the number of formed amplification products. With the
standards, Standard A, Standard B and Stan@amdcluded in the Kkit, it is
possibleto generate quantitativeesults. Additionally, he RIDA®GENE
Pneumocystis jirovecii kit contains an Internal Control DNA (ICD) that detects
PCR inhibition, monitors reagent integrity and confirms that nuceid
extraction was sufficierd5]. Amplification and detection was performed on
the Light Cycler® 480 Il CE/IVD (Roche Diagnostics, Peerp, Germany)

instrument (Fig. B

16



Fig. 6. TheLight Cycler® 480 Il CE/IVDinstrumeniRoche Diagnostics, Penzberg,
Germany) (image source: Sarah Niessner).

3.1.2 Beta-D-glucan testing

BetaD-glucan testing was performed at the Clinical Institute of Medical and
Chemical Laboratory Diagnostics, Medical University of Graz. Serum samples
weretesked with the CE marked Fungitell® Assédssociates of Cape Cod,
Inc., East Falmouth, MA, USA)sing a modified protocol employing the BCS
XP System (Siemens Healthcare Laboratory Diagnostics, Tarrytown, NY,
USA) as pblished recently [@]. Figure 7shows the platform used for bdba
glucan testing.

17



Fig. 7. BCS XP coagulation analyzer (Siemens Healthcare Laboratory Diagnostics,

Tarrytown, NY, USA) (image source: Sarah Niessner)

The Fungitel | ®&B»Glhganyspedifis Linaulug ainebdcyte
lysate reagent containing a chromogenic peptide substrat&. {3-D-Glucan
in the sample causes activation of serine proteases. An activated protease
cleaves gnitroaniline (pNA) from the peptide substrate and the free pNA is

measured

The Fungitell® assay for detecting BDG in serum samples was performed
accordingt o t he manufacturer’s instructio
20ul of an alkaline reagent (0.25 M potassium hydroxide and 1.2 M potassium
chloride, mixedL : 1) for 10 min at 3 7hel@gluican or de
to singlehelix glucan and inactivate serine proteases and seroiease

18



i nhibitors in the serum sample. After
with corresponding concentratior80Q, 250, 125, 62.5, and 31.25 pg/ml) and

25yl of the blank included in the assay were transferred to the microplate,
followed by addition of 100ul Fungitell® reagent to each well. Then, the

mi croplate was inserted I ntverysermm i ncu
sample was tested in duplicate. The assay was monitored at 405 nm kinetically
for 40 min. According to the manufact
is considered to be positive, while a concentration of <60 pg/ml is considered

to be negatie [45, 47].

3.2 Analytical and clinical studies

The analytical performance of tReDA®GENE Pneumocystis jiroveovas
determined utilizing the Quality Control for Molecular Diagnostics (QCMD)
2018 Candida spp. EQA Programme. The panel consisted ctiples
including 9 positive forP. jirovecii and onewithout P. jirovecii. The

chamacteristics of the panel is shownTiable2.

For the clinical study8 anonymized lefover specimens that had been
obtained from female and male patients with immunosuppression treated at
different departments of the University Hospital Graz and teaching hospitals of
the Medical University of Graz were studied. BAL fluidespnens had been
collected in 12mL sterile screw cap tubes (GreinerBime) and transferred to
the Molecular Diagnostics Laboratory for routine testing. The remaining
sample materials were coded and studied anonymizedmll.&liquots
containing BAL fluids were prepared in FALCON® tubes (Corning Science
México S.A. de C.V., Tamaul i pas, Meé X i
use. After thawing, samples were extracted and amplified according to the
protocol as described above.

19



For the lab flow analysishe turraround time including hands time were
estimated. Times required for the RIDA®GENE Pneumocystis jirovecii kit and

the Fungitell® Assay were estimated and compared.

20



Table 2: Quality Control for Molecular Diagnostics (QCMD) 2018

Pneumocystigrovecii pneumonia (PCP) DNA EQA Programme

Sample no. | Sample Sample Matrix Sample
code content relationship *

1 PCPDNA | P. jirovecii Saline D2
18S01

2 PCPDNA | P. jirovecii Saline D1,DS2 2
18502

3 PCPDNA | P. jirovecii Saline DS2 1
18S03

4 PCPDNA | P. jirovecii Saline DS1 1
18S04

5 PCPDNA | P. jirovecii Saline D2
18S05

6 PCPDNA | P. jirovecii Saline -
18S06

7 PCPDNA | P. jirovecii Saline DS2 3
18S07

8 PCPDNA | Negative Saline Negative
18508

9 PCPDNA | P. jirovecii Saline DS1 2
18S09

10 PCPDNA | P. jirovecii Saline D1, DS2 2
18S10

*sample relationshipndicates the relationships of the samples. The highest titer member

of dilution DS1 is indicated by DS1k and further members of the series as DS1_2,
DS1_3, etc. in order of reducing tité&xdditional dilutiion series are indicated by DS2

(DS2_1,DS2_2 etc.) DS3 (DS3_1, DS3_2 etc.). If one duplicate pair is present this is
indcated by “D1”epabkhurst mere duwunpliicaated by “ D27
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4. Results

4.1 Results of QCMD

When the analytal performance of theRIDA®GENE Pneumocystis
jirovecii kit was evaluatedsingthe QCMDpanel,all sample<ontaining(any
dilution of) P. jirovecii were correctly recognized as positivand the vial

without P. jirovecii was correctly identified asegative(Table 3)

Table 3: Results obtained from th@uality Control for Molecular Diagnostics
(QCMD) 2018 Pneumocystis jirovecii pneumonia (PCP) DNA EQA Program.

QCMD18No. PCR [Q valug PCR [copies/ml]
1 27.85 437
2 27.24 766
3 25.96 2470
4 26.91 1030
5 28.13 339
6 27.49 401
7 28.37 271
8 0 0

9 29.24 122
10 27.18 803
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4.2 Results of Beta-D-glucan testing and comparison to

quantitation of P. jirovecii DNA

Eightanonymized lefover specimens that had been obtained from female and
male patients with immunosuppression wergted on BDG and results were
compared to those obtained with REDA®GENE Pneumocystis jirovecii kit
While all sampleshowed similaP. jiroveciiconcentrations when tested with
the RIDA®GENE Pneumocystis jirovecii kit, the 4 samples giving positive
results with BDGteging showed highly varyingesults(Table 4) Figures 8-

10 showresults ofP. jiroveciiDNA testingandcomparison oP. jirovecii DNA

results to those obtained with BDG testing

Table 4: BDG testing and quantitation dP. jirovecii DNA using the
RIDA®GENE Pneumocystis jirovecii kit.

Patient Nr. BDG [pg/mL] PCR [Cq] PCR [copies/ml]
1 negative 26.58 1390

2 negative 28.92 164

3 861.41 25.02 5850

4 94.4 28.17 326

5 2569.46 22.22 75700

6 negative 28.36 275

7 negative 29.13 135

8 336.89 20.69 3090000
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Fig. 8. Results forP.jirovecii DNA testingwith theRIDA®GENE Pneumocystis jirovecii

kit (image source: Sarafliessner)
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5. Discussion

Today, nolecular assays are becoming more and morportant for
detection ofP. jirovecii pneumonia One of the advantages of molecular
diagnostics is hte short time-to-result With the present gold standar#,
jirovecii culture, results are not available in less than 48 hours. A recent study
hasshown that early antifungal therapy can improve survipatiou80%[48].
Furthermore molecular diagnostichelps to reduce costas unnecessary

antifungal therapy is expensive.

The accuracy of the RIDA®GENE Pneumocystis jirovecii was determined
utilizing the Quality Control for Molecular Diagnostics (QCMD) 2@&ndida
spp. EQA Programme. The panel consisted of 10 vials including 9 positive for
P. jirovecii and one withouP. jirovecii. In this study, all vials containing (any
dilution of) P. jiroveciiwere correctly recognized as positive including both of
the samples designated as educational samples and thus harder to detect. The
vial without P. jirovecii was correctly identified as negative Thus the
RIDA®GENE Pneumocystis jirovecii was found to meet the standards of

QCMD proficiency panel testing.

In the clinical study, BALs obtained from 8 patients with suspected
pneumocystis pneumonia were included. With the molecular assay, all of the
samples tested positive. In contrast, the BDG test revealed postuigsin
only 4 patientsWhen comparingjuantitative results, values obtained thg
molecular assay did not correlate very well with those obtained bR D&
test

With the RIDA®GENE Pneumocystis jirovecii, results can be obtained
within less than 3 houyrsvith the modified Fungitell® Assay,mnie-to-result
was 45 min, including instrument setup [46]. While the RIDA®GENE
Pneumocystis jirovecii allows single sample testing (however, might not be

preferable due to economic reasons), this is not possible with the Fungitell
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assay that is designedtist 21 samples in duplicate per plate. Introduction of
better automated protocsl(handling of reagents and samples in a closed
system)would be preferable taninimize airborne contaminatioherefore,
BDG testing is done using a modified protoeoiploying the BCS XP System
at the Clinical Institute of Medical and Chemical Laboratory Diagnostics,
Medical University of Graz However, his makessingle sampletesting

impossible andhcreases the time-results[46].

The presentstudy was limited by the low number of patiedise to the
criteria that only BAL fluids were used for detectiohP. jirovecii DNA. In
the real world,induced sputaas well as nasal swabs are commonly used.
Moreovet the samples hdakeen stored faup toa year, which may lead to false
negative resultd~urthermorgavery lowpathogen load in the specimi@elow
the analytical sensitivily can also lead to a negative result An
underaggantitation ofP.jirovecii DNA may also occur in presence dPCR
inhibitorsin the sampleg-urthermore, @ositivePCRresultdoes not prove the

presence of replicable pathogens

In conclusion,the RIDA®GENE Pneumocystis jirovecghoweda high
accuracy.lt is able to detectP.jirovecii DNA reliably from BAL fluid.
However,it must be taken into consideration thia¢ presence ad very low
DNA concentration may indicate colonization only but not necessarily mean
pneumocystis jirovecii pneumonidn comparison to culture, the major
advantage ofmolecular detection and quantitation Pfirovecii DNA is the
faster timeto-resultleadingto faster antfungal treatmentin contrast, the
Fungitell assay seems to have a reduced sensitivity, which is a significant
limitation for P.jirovecii diagnostics

28



6. References

1. Vanek J, Jirovec O. [Parasitic pneumonia. Interstitial plasma cell pneumonia of premature,
caused by pneumocystis Carinii]. Zentralbl Bakteriol Parasitenkd Infektionskr Hyg. 1952;158:120
127.

2. Stringer JR, Cushion MT, Wakefield AE. New nomenclature for the genus Pneumocystis.
Proceedings of the Seventh International Workshops on Opportunistic Protists. J Eukaryot
Microbiol. 2001;48:1844.89s.

3. Walzer PD, Linke MJ. A comparison of the antigecharacteristics of rat and human
Pneumocystis carinii by immunoblottingImmunol. 1987;138:2257265.

4. Ma L, Chen Z, Huang DW, et &enome analysis of three Pneumocystis species reveals
adaptation mechanisms to life exclusively in mammalian hosts. Nat Commun. 2016;7:10740.

5. Kovacs JA, Gill VJ, Meshnick @t al New insights into transmission, diagnosis, and drug
treatment of Pneunaystis carinii pneumonia. JAMA. 2001;286:243060.

6. Schmoldt S, Schuhegger R, Wendler T, et al. Molecular evidence of nosocomial Pneumocystis
jirovecii transmission among 16 patients after kidney transplantdtiGlin Microbiol.
2008;46:966071.

7. Hocker B, Wendt C, Nahimana &t al Molecular evidence of Pneumocystis transmission in
pediatric transplant uniEmerg Infect Dis. 2005;11:33832.

8. Choukri F, Menotti J, Sarfati C, et uantification and spread of Pneumocystis jirovecii in the
surrunding air of patients with Pneumocystis pneumdaiia Infect Dis. 2010;51:25265.

9. de Boer M, Bruijnesteijn van Coppenraet L, Gaasbeek A, Ahalutbreak of Pneumocystis
jiroveci pneumonia with 1 predominant genotype among renal transplanergsiphterhuman
transmission or a common environmental source? Clin Infect Dis. 2007;4411493

10. Stern M, Hirsch H, Cusini A, et al. Cytomegalovirus serology and replication remain
associated with solid organ graft rejection and graft loss inrthefgrophylactic treatment.
Transplantation. 2014;98:101818.

11. HosseiniMoghaddam SM, ShokooM, Singh G, et al. A mulitenter caseontrol study of
the effect of acute rejection and cytomegalovirus infection on Pneumocystis pneumonia (PCP) in
solid organ transplant recipients. Clin Infect Dis. 2018.

12. Pifer LL, Hughes WT, Stagno &t al Pneimocystis carinii infection: evidence for high
prevalence in normal and immunosuppressed children. Pediatrics. 1978t61:35

13. Hughes WT, Feldman S, Aur Rat,al Intensity of immunosuppressive therapy and the
incidence of Pneumocystis carinii pneuntisn Cancer 1975; 36: 2009.

14. De Castro N, Neuville S, Sarfati C, et al. Occurrence of Pneumocystis jiroveci pneumonia after
allogeneic stem cell transplantation:-ge&ar retrospective study. Bone Marrow Transplant 2005;
36: 87983.

15. Yale SH, Linper AH. Pneumocystis carinii pneumonia in patients without acquired
i mmunodefici ency syndrome: associated illness
1996

16. Hardak E, Oren |, Dann EJ, et @he increased risk for pneumocystis pneumonia fiepis
receiving rituximabCHOPR-14

29

a



17. Venhuizen AC, Hustinx WN, van Houte Aet,al Three cases of Pneumocystis jirovecii
pneumoni a ( PAnejreatchentwitmriguxiniiab is ¢ombination with CHQR for
aggressive BellnonHo d g ki n’' s Elry iHgerhatmin2@08

18. Nuesch R, Bellini C, Zimmerli W. Pneumocystis carinii pneumonia in human
i mmunodefici e npogitivevandrHMsegativid immgnocompromised patients. Clin
Infect Dis 1999; 29: 15194523.

19. Limper AH. Alveolar macrophage and glycoprotein responses to Pneumocystis carinii. Semin
Respir Infect 1998; 13: 33@7.

20. Matsumura Y, Shindo Y, linuma 'Y, et al. Clinical characteristics of Pneumocystis pneumonia
in nonHIV patients and prognosticdsors including microbiological genotypes. BMC Infect Dis
2011; 11: 76.

21. Roblot F, Imbert S, Godet C, et al. Risk factors analysis for Pneumocystis jiroveci pneumonia
(PCP) in patients with haematological malignancies and pneumonia. Scand J Infé&4)i3&
848-54.

22. Mansharamani NG, Garland R, Delaneyebal Management and outcome patterns for adult
Pneumocystis carinii pneumonia, 1985 to 1995: comparison ofad$éciated cases to other
immunocompromised states. Chest 2000; 118704

23. Veronese G, Ammirati E, Moioli MC, et gbinglecenter outbreak of Pneumocystis jirovecii
pneumonia in heart transplant recipients. Transpl Infect Dis. 2018;20:€12880

24. Iriart X, Belval TC, Fillaux J, et al. Risk factors of Pneumocystis pneumoniaithasghn
recipients in the era of the common use of post transplantation prophlaxisTransplant.
2015;15:190199.

25. Fujii T, lwamoto A, Nakamura Tet al Pneumocystis pneumonia in patients with HIV
infection: clinical manifestations, laboratory findings, and radiological features. J Infect
Chemother. 2007;13:1.

26. Chou CW, Chao HS, Lin F@t al Clinical usefulness of HRCT in assessing the severity of
Pneumocystis jirovecii pneumonia: A Cresesctional StudyMedicine (Baltimore). 2015;94:e768.

27. Vogel MN, Vatlach M, Weissgerber P,atHRCT-features of Pneumocystis jiroveci
pneumonia and their evolution before and after treatment kHidmmMmunocompromised
patients. Eur J Radiol. 2012;81:131320.

28. Vogel MN, Vatlach M, Weissgerber P et HRCT-features of Pneumocystis jiroveci
pneumonia and their evolution before and after treatment kHidnmMmunocompromised
patients. Eur J Radi@012; 81: 131520.

29. Limper AH, Offord KP, Smith TFet al Pneumocystis carinii pneumonia. Differences in lung
parasite number and inflammation in patients
140: 12049.

30. Pneumocystis jirovecii [Availdbé from:
https://www.flickr.com/photos/pulmonary_pathology/3735199628/sites/I/

31. Cysts of Pneumocystis jirovecii, formerly known as Pneumocystis carinii, in smear from
bronchoalveolar lavage. Methenamine silver stain. [Available from:
https://www.flickr.com/photos/30950973@N03/3735198596

30


https://www.flickr.com/photos/pulmonary_pathology/3735199628/sizes/l/
https://www.flickr.com/photos/30950973@N03/3735198596

32.Magnus Manske 2014, Pneumocystis jirovecii infectjéwailable from:
https://www.flickr.com/photos/pulmonary_pathology/3833203)09/

33. Robberts FJ, Liebowitz LD, Chalkley LJ. Polymerase chain reaction detection of Pneumocystis
jiroveci: evaluation of 9 assays. Diagn Microbiol Infect Dis 2007; 58-&85

34.Lu Y, Ling G, Qiang C, et al. PCR diagnosis of Pneumocystis pneumonia: a bivariate meta
analysis. J Clin Microbiol 2011; 49: 43&3.

35. De Castro N, Neuville S, Sarfali et al. Occurrence of Pneumocystis jiroveci pneumonia after
allogeneic stem cell transplantation:-gegr retrospective study. Bone Marrow Transplant 2005;
36: 879-83.

36. Veronese G, Ammirati E, Moioli MC, et é&inglecenter outbreak of Pneumocysgtisvecii
pneumonia in heart transplant recipiefisanspl Infect Dis. 2018;20:12880.

37.Yu J, Li RY, Gao L-J,et al 2010.Utility of galactomannan enzyme immunoassay and
(1,3)betaD-glucan assay in invasive fungal infection. Zhonghua Yi Xue Z8@t871-374

38. Karageorgopoulos DE, Qu JM, Korbila i,al Accuracy of betéD-glucan for the diagnosis
of Pneumocystis jirovecii pneumonia: a matalysis Clin Microbiol Infect. 2013;19:3919

39. Vogel MN, Weissgerber P, Goeppert B, etfadcuracyof serum LDH elevation for the
diagnosis of Pneumocystis jiroveci pneumonia. Swiss Med Wkly. 2011;141:w13184

40. Jay A. Fishman, Hayley Gans. Pneumocystis jiroveci in solid organ transplantation: Guidelines
from the American Society of Transplantationglctious Diseases Community of Practice. 2019

41. Moon SM, Kim T, Sung H, et aDutcomes of moderate-severe Pneumocystis pneumonia
treated with adjunctive steroid in ndétV -infected patients. Antimicrob Agents Chemother 2011

42. Green H, Paul M, Vidal Let al Prophylaxis for Pneumocystis pneumonia (PCP) irtibh
immunocompromised patient8ochrane Database Syst Rev. 2007

43. Schmoldt S, Schuhegger R, Wendler T, eMallecular evidence of nosocomial Pneumocystis
jirovecii transmission among 16 patients after kidney transplantdatiGtin Microbiol. 2008

44.: https://clinical.rbiopharm.com/wgcontent/uploads/sites/3/2013/10/pg1905_ridagene_p.
jirovecii_201806-07_en.pdf(letzer Zugrif 16.10.19)

45. Hope WW, Walsh TIDenning DW. Laboratory diagnosis of invasive aspergillosis. Lancet
Infect Dis 200%

46. PrullerF, Wagner J, Raggamd® al.Automationo f s e r ubetal-dlucad Jesting allows
reliable and rapid discrimination of patients with and without candide®iat 2

47. Denning DW, Riniotis K, Dobrashian Bt al Chroniccavitaryandfibrosingpulmonaryand
pleuralaspergillosis: case series, proposed nomenclature change, and @&widnfect Dis 2003;

48. Morrell M, Fraser VJ, Kollef MHDelaying the empiric treatment of Candida bloodstream
infection until positive blood culture results are obtained: a potential riskfactor for hospital
mortality. Antimicrob Agents Chemother 2005

31


https://www.flickr.com/photos/pulmonary_pathology/3833203709/

32



