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ABSTRACT

Purpose of review: Pneumocystis pneumonia (PCP) is a frequent opportunistic infection
associated with a high mortality rate. PCP is of increasing importance in non-HIV
immunocompromised (IC) patients, who present with severe respiratory distress with low
fungal loads. Molecular detection of Pneumocystis in broncho-alveolar lavage (BAL) has

become an important diagnostic tool, but quantitative PCR (qPCR) needs standardization.

Recent findings: Despite a high negative predictive value, the positive predictive value of gPCR
is moderate, as it also detects colonized patients. Attempts are made to set a cut-off value of
gPCR to discriminate between PCP and colonization, or to use non-invasive samples or

combined strategies to increase specificity.

Summary: It is easy to set a qPCR cut-off for HIV-infected patients. In non-HIV IC patients, a
gain in specificity could be obtained by combining strategies, i.e. gPCR on BAL and a non-

invasive sample, or gPCR and serum beta-1,3-D-glucane dosage.

Keywords: Pneumocystis jirovecii, Pneumocystis pneumonia, immunocompromised patients,

molecular diagnosis, PCR



INTRODUCTION

Pneumocystis jirovecii (Pj) is responsible for Pneumocystis pneumonia (PCP), a life-threatening
fungal infection in immunocompromised patients, ranking first among opportunistic
pathogens revealing the HIV-positive status (1,2) and in HIV-infected patients who do not
comply with antiretroviral therapy or anti-Pneumocystis prophylaxis (3). Over the last decade,
PCP has been also recognized as a major opportunistic infection in non-HIV
immunocompromised patients, such as transplant patients, patients with hematological
malignancies or solid cancers, and patients receiving corticosteroid therapy or other
immunosuppressive drugs (4). The growing number of immunosuppressive procedures led to
an increasing frequency of PCP diagnoses in non-HIV compared to HIV-infected patients
(3,5,6). The heterogeneity of immune background in this non-HIV population can influence
the clinical and radiological signs, which can be misleading, since they are often less typical

than in HIV patients (2,7).

Mortality in the non-HIV-infected immunosuppressed population is generally higher than that
in HIV infection, reaching 50% in some studies (8,9). Whether this poor outcome is due to the
patient immune background itself, or to gaps in diagnosis or management of patients at risk,
is unclear. However, it is now widely recognized that evolution of the disease is more acute
than in HIV-infected patients, with rapid clinical deterioration even with low fungal loads (2).

Therefore, rapid and reliable diagnosis is of critical importance.

As Pj cannot be cultured, diagnosis relies on its detection in broncho-alveolar lavage (BAL) or
other lung specimens, by microscopic examination and PCR. While microscopy is helpful to
diagnose PCP in HIV-infected patients who usually harbor high fungal loads, molecular
diagnosis is critical to detect low Pj counts in non-HIV patients (6), and PCR has been included
in the guidelines for the diagnosis of PCP in patients with hematological malignancies (10). Pj
PCR is assumed to have a 100% negative predictive value (NPV). Meanwhile, these sensitive
methods have highlighted the possible colonization of hospitalized patients with Pj, thus
limiting the positive predictive value (PPV) of PCR result. Therefore, continuous efforts are
ongoing to improve the interpretation of molecular results or to develop new strategies of

amplification that would be more specific of acute infection.



In this article, we provide a review of the literature on the molecular diagnosis of PCP, with
special emphasis on the interpretation of results and possible complementary diagnostic

tools.

MOLECULAR DIAGNOSIS OF PCP: TECHNICAL ASPECTS AND DIAGNOSTIC IMPACT
Gene targets and PCR methods: what’s new?

Many gene targets have been described for the molecular diagnosis of PCP and have been
assessed in clinical series (Table 1) (11-33). The mitochondrial large sub-unit of ribosomal RNA
(mtLSU) has been the first target for PCP diagnosis (11) and it is still the most widely used and
reported in the literature. Among the multiple gene targets described, mtLSU, mtSSU and the
major surface glycoprotein (MSG) are the only gene targets to be repeated in Pneumocystis
genome, and thus are associated to a very high sensitivity of detection, compared to single-
copy targets. Actually, single copy loci such as 5.85rRNA, DHFR, DHPS, TS and beta-tubulin
have been also investigated for PCP diagnosis, but they are more often used for Pj genotyping
in epidemiological studies (34). The use of conventional amplification techniques has been
supplanted by real-time PCR, which offers improved specificity and allows to quantify fungal
loads in fluid samples. However, no clear correlation has been made to date between parasite
concentration and severity of infection, probably, at least partially, because of a variable

number of copies of the targeted genes (32)**.

A reverse-transcriptase PCR assay targeting the mRNA from a gene encoding a Pneumocystis
HSP70 was also investigated with the aim to detect only viable organisms (27,35), to monitor
treatment. It was evaluated on a HIV-infected cohort, but despite good performances on BAL
compared to microscopy (100% concordance), the detection rate strongly decreased in
induced sputum (IS) and oral wash (OW) samples (65% and 35%, respectively), thus hampering

the use of less invasive specimens to monitor treatment efficacy after initial diagnosis.

Over the last decade, several commercial quantitative PCR (qPCR) assays have been
developed, all targeting mtLSU or MSG gene (Table 2) (36—40). MycAssay Pneumocystis (36—

40), BioEvolution PCR (39,41) and Amplisens (39,42) have been the most evaluated. Sasso et



al. compared these 3 assays with an in-house RT PCR targeting MSG and found excellent
performances of all assays excepted BioEvolution kit, to detect very low fungal burdens (39).
Over the past 2 years, a growing number of assays have been commercialized and evaluated
in clinical series, yielding heterogenous performances with sensitivity and specificity ranging

from 60 to 100% and from 82 to 100%, respectively (42-46).

To date, only 2 real-time assays have been adapted on fully automated platforms combining
DNA extraction and multiplex real-time PCR, allowing on-demand molecular testing (47-49*).
The BD MAX system was prospectively evaluated and yielded similar sensitivity as a reference
gPCR assay (47). Moreover, samples from patients with colonization had significantly higher
median amplification cycle threshold (Ct) values than samples from patients with PCP (32.0 vs
25.7; p = 0.002). The Genecube platform was evaluated on BAL and IS samples and yielded
similar sensitivity compared with “in-house” qPCR assay (92.3% versus 94.9%) (49)*.

As an alternative method to PCR, the loop-mediated isothermal amplification (LAMP)
technique has been described to amplify Pneumocystis DNA (22). Nakashima et al.
retrospectively assessed LAMP performances in BAL and IS from 78 non-HIV
immunocompromised patients and demonstrated LAMP to have sensitivity and positive
predictive value of 95.4% and 91.3%, respectively, higher than that of nested PCR (72.7%,
84.2%, respectively) (50). However, despite these interesting performances, clinical
evaluations on larger cohorts are still needed and the absence of fungal load quantification

does not help interpretation of Pj presence as colonizing or pathogenic agent.

Sample types: which are best suited?

BAL is considered as the “gold standard” procedure to diagnose PCP, since i) it provides the
most appropriate sample to perform microscopic staining to detect trophic forms and cysts of
Pj, and ii) it allows to retrieve Pj from the lower respiratory tract (LRT), thus most likely
responsible for infection. Therefore, a fair amount of literature evaluated molecular diagnosis

in BAL samples.

However, if the patient cannot stand BAL which is an invasive procedure associated to

potential complications, tracheal aspirates, induced sputum (IS), or oral washes (OW) can be



used, as well as nasopharyngal aspirates (NPA) for neonates (51-56). However, these samples
from the upper respiratory tract are not suitable for microscopic examination, thus molecular
diagnosis is essential, but must be carefully evaluated in clinical practice. Few studies have
addressed prospectively a comparative evaluation of molecular diagnosis on paired samples
of BAL and other sample types (Table 3). Alanio et al. found no significant difference in fungal
DNA loads between IS and BAL fluid samples from immunocompromised patients (mixed HIV
status)(57). Teh et al. in cancer patients obtained higher levels of Pj DNA detection in IS than

in BAL, probably because it is less diluted, but found no link with the severity of infection (58).

When comparing PCR on OW and BAL paired samples, the sensitivity was shown to be
significantly reduced in the former, but the PCR specificity increased (Table 3). However, it is
awkward that Juliano et al. found 11 false-negative results of PCR on OW out 61 paired BAL
with positive microscopy, suggesting that this sample might be inadequate for the diagnosis
of PCP in HIV-negative patients, who present frequently with PCP with negative microscopy

(51).

On the other hand, Samuel et al. (55) reported NPA to be of interest for PCP confirmation in
young children. On a series of 147 NPA, they reported roughly similar DNA detection rates in
NPA, compared to paired IS or BAL (49.6% versus 55.1%).

Apart from respiratory specimens, the detection of circulating Pj DNA in peripheral blood has
been considered in a few reports, based on the Pj transient passage from lung alveoli towards
the blood compartment, that would occur during PCP. Whether Pj PCR in blood sample is a
valuable tool to diagnose PCP remains controversial. Wang et al. (59)* recently demonstrated
that despite a moderate sensitivity compared to BAL or sputum (68.6% versus 91.4-97.1%),
PCR on serum had a higher PPV (96% versus 86.5-87.2%). Therefore, when BAL is not available,
they emphasized the relevance of combining PCR on sputum and serum to reach similar

performances.

PERFORMANCE OF MOLECULAR DIAGNOSIS

How to evaluate clinical performance?



The evaluation of the clinical performance of molecular diagnosis of PCP is a difficult task and
should be made in each individual institution. Indeed, data from the literature are barely
comparable, because i) lack of assays standardization (gene target, PCR method, type of
sample and processing before DNA extraction), and ii) lack of standardized score to classify
patients for the diagnosis of PCP (definite PCP, probable PCP or colonization), both influence
the evaluation of PCR performances. Some authors use radiological and clinical findings
associated to a positive microscopic and/or molecular detection of Pj to classify the diagnosis
as PCP, while others also consider the clinical improvement after cotrimoxazole therapy. The
interpretation of a positive PCR when direct examination is negative is particularly challenging
when there is another possible cause for respiratory symptoms, and authors use variable
criteria to define PCP in this setting. Additionally, the proportion of patients with probable PCP
or colonization may vary according to the population study, i.e. the patients’ immune
background. Whether Pj detection represents an aggravating factor leading to shortened
survival, or only the reflection of colonization, may be difficult to appreciate, and can lead to
underestimate the PPV of a molecular assay. Therefore it is important to keep in mind these
limitations, as they might greatly impact the estimation of PCR specificity in clinical studies. In

any case, the use of microscopic detection as gold standard, should now be definitely avoided.

Sensitivity of PCR on BAL samples is usually considered to be as high as 100%, although
unpredictable mutation at the site of probe hybridization can be an anecdotic source of false-
negative result (60). Consequently, the 100% NPV allows to use gPCR as an exclusion test, but
positive qPCR results need careful interpretation when microscopy is negative. Therefore,
attempts have been made to set up a threshold to distinguish between probable PCP and
colonization, which is feasible on BAL samples only, provided that lavage volumes instilled are
somewhat standardized. Given the absence of Pj international standard material, these cut-
offs are assay-specific and are expressed in various units (Ct of amplification or number of
copies). As stated above, due to the variability in the number of copies per genome and the
unknown proportion of cysts and trophic forms in a given sample, the significance of

qguantification is still debatable.

Over the past decade, several studies have proposed to define cut-off values in relation to
clinical diagnosis. Alanio et al (57) estimated the sensitivity and specificity of qPCR, using

different gPCR cut-off values to discriminate between PCP and colonization: a >1900 trophic



form equivalent (TFEq) /ml value giving 100% PPV, and a <120 TFEqg/mL value yielding a 100%
NPV. A limited number of samples quantified within the grey zone were considered to be
undetermined. Other authors proposed cut-off values expressed as cycle threshold (Ct) of
amplification or number of gene copies per mL. As shown in Table 4, these thresholds are
highly variable, depending on the gene target, the sample input for DNA extraction, the HIV
status and the bronchial lavage volume according to local procedures of pneumologists
(6,41,61-65). These findings underline the need to standardize analytical procedures to make
comparison possible between hospital centers. Overall, the use of a threshold value is easier

to handle for HIV-infected patients, but is awkward for non-HIV patients (6,41,62).

Recently, Valero et al. (32)** quantified 4 different mitochondrial (mt) genes, and compared
their copy numbers to two nuclear single-copy genes in 84 BAL samples from patients with
various background. Interestingly, they observed a high variation in the copy numbers of mt
genes and found no correlation with the immunofluorescence (IF) detection of Pj, nor the PCP
diagnosis. For the six genes tested, there was an overlap in the Ct between IF-positive and IF-
negative samples, ranging from 34 to 54%, and a variation of the number of copies according
to the fungal load in 5 out of 6. Taken together, mt small sub-unit (mtSSU) rRNA displayed the
highest copy number and seemed to be the most stable, thus could be a more sensitive target

to detect Pj and probably more robust gene to quantify fungal loads.

In conclusion, as no gPCR assay currently allows to safely distinguish a colonized patient from
an infected patient, the absence of Pj DNA detection can be used to rule out PCP, but the
presence of Pj DNA in pulmonary samples must be interpreted according to the severity of

clinical signs and the immune background of the patient.
Use of qPCR result as a prognosis marker

Although attributable mortality is difficult to evaluate, the co-infection or colonization with Pj
could be an aggravating factor, possibly worsening prognosis or reducing survival of patients
with cancer, and should be taken into account to improve survival (6). Additionally, several
studies indicated that colonization with Pj could be the first step before the development of
acute PCP in the following weeks or months, particularly in HIV-negative

immunocompromised patients.



On the other hand, Choi et al. reported that negative conversion of PCR result after specific
therapy was associated with lower mortality rates (HR 0.433 [0.203-0.928], p<0.05) in HIV-
negative patients with severe PCP (66). They suggested that gPCR could be used to monitor
treatment efficacy and to guide a switch of treatment, if first-line treatment does not result in
negative PCR. Overall, they observed that patient outcome was poorer when time-to PCR
negativation was longer. However, we presently lack other studies to validate these findings

and to recommend patient monitoring by qPCR at a larger scale.

FUTURE PERSPECTIVE: COMBINED DIAGNOSTIC STRATEGIES?

Beta 1,3-D glucan (BDG) is a polysaccharide of the walls of most fungi, including Pneumocystis
cysts. It can be detected in serum specimens from patients with PCP, thus has triggered recent
interest as a noninvasive diagnostic test for PCP. Several studies have reported the
performance characteristics of commercial BDG assays, with a sensitivity ranging from 90 to

100% and a specificity of 78 to 96% (67), depending on the BDG kit and the patient population.

As BDG is not specific for Pj, it should be associated to Pj gPCR to improve its specificity.
Morjaria et al. (68)** recently reported a retrospective study on 438 cancer patients with
suspicion of PCP, and found that in patients with a positive Pj PCR, BDG had a sensitivity,
specificity, and PPV of 88%, 85%, and 96%, respectively. Therefore, combining qPCR and BDG
would allow to benefit from the 100% NPV of qPCR, and to increase the PPV when gPCR and
BDG are both positive. If such strategy is confirmed in other patient groups, it would greatly

improve care management.

Finally, new commercial real-time multiplex assays combine the detection of Pneumocystis
together with dihydropteroate synthase (DHPS) point mutations responsible for resistance to
sulfonamides drugs used for prophylactic and curative PCP therapy. PneumoGenius® assay
(PathoNostics) has been recently shown to outpace “in-house” DHPS sequencing in terms of
DHPS successful amplification (89 versus 72 BAL), and gave 100% concordant results (46).

However, its sensitivity for diagnosing PCP was only moderate (70%).

In conclusion, despite a significant body of literature on molecular diagnosis of PCP, there is

still a need for innovative strategies to improve the PPV. Further studies would be welcome



to precise the interest of combining gPCR on pulmonary samples with serum BDG, and their
respective cut-off to allow a reliable discrimination between colonization and active disease.
Meanwhile, the search for new specific markers on non-invasive samples would be highly

welcome.

Key points:

e Negative gPCR in BAL can rule out PCP
e (PCR cut-off values are unreliable for patients with hematological malignancies
e Negative qPCR result from non-invasive samples cannot rule out PCP whatever the

patient background

® Positive gPCR in BAL and BDG detection in serum is a promising strategy to target

specific therapy

Conflicts of interest: none

Sources of funding: none

10



REFERENCES

10.

11.

12.

Thomas CF, Limper AH. Pneumocystis Pneumonia. New England Journal of Medicine.
2004;350(24):2487-98.

Morris A, Norris KA. Colonization by Pneumocystis jirovecii and its role in disease. Clin Microbiol
Rev. 2012;25(2):297-317.

Magne D, Angoulvant A, Botterel F, Bouges-Michel C, Bougnoux M-E, Bouree P, et al.
Pneumocystosis: a network survey in the Paris area 2003—2008. Eur J Clin Microbiol Infect Dis.
2011;30(5):673-5.

Fillatre P, Decaux O, Jouneau S, Revest M, Gacouin A, Robert-Gangneux F, et al. Incidence of
Pneumocystis jiroveci Pneumonia among Groups at Risk in HIV-negative Patients. The American
Journal of Medicine. 2014;127(12):1242.e11-1242.e17.

Roux A, Canet E, Valade S, Gangneux-Robert F, Hamane S, Lafabrie A, et al. Pneumocystis jirovecii
pneumonia in patients with or without AIDS, France. Emerging Infect Dis. 2014;20(9):1490-7.

Robert-Gangneux F, Belaz S, Revest M, Tattevin P, Jouneau S, Decaux O, et al. Diagnosis of
Pneumocystis jirovecii Pneumonia in Immunocompromised Patients by Real-Time PCR: a 4-Year
Prospective Study. Journal of Clinical Microbiology. 2014;52(9):3370-6.

Azoulay E, Bergeron A, Chevret S, Bele N, Schlemmer B, Menotti J. Polymerase chain reaction for
diagnosing pneumocystis pneumonia in non-HIV immunocompromised patients with pulmonary
infiltrates. Chest. 2009;135(3):655-61.

Enomoto T, Azuma A, Kohno A, Kaneko K, Saito H, Kametaka M, et al. Differences in the clinical
characteristics of Pneumocystis jirovecii pneumonia in immunocompromized patients with and
without HIV infection. Respirology. 2010;15(1):126-31.

Monnet X, Vidal-Petiot E, Osman D, Hamzaoui O, Durrbach A, Goujard C, et al. Critical care
management and outcome of severe Pneumocystis pneumonia in patients with and without HIV
infection. Crit Care. 2008;12(1):R28.

Alanio A, Hauser PM, Lagrou K, Melchers WJG, Helweg-Larsen J, Matos O, et al. ECIL guidelines
for the diagnosis of Pneumocystis jirovecii pneumonia in patients with haematological
malignancies and stem cell transplant recipients. Journal of Antimicrobial Chemotherapy.
2016;71(9):2386-96.

Wakefield A., Pixley F., Baneriji S, Sinclair K, Moxon E., Miller R., et al. Detection of Pneumocystis
carinii with DNA amplification. The Lancet. 1990;336(8713):451-3.

Meliani L, Develoux M, Marteau-Miltgen M, Magne D, Barbu V, Poirot J-L, et al. Real Time
Quantitative PCR Assay for Pneumocystis jirovecii Detection. Journal of Eukaryotic Microbiology.
2003;50(s1):651-651.

11



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Huang SN, Fischer SH, O’Shaughnessy E, Gill VJ, Masur H, Kovacs JA. Development of a PCR assay
for diagnosis of Pneumocystis carinii pneumonia based on amplification of the multicopy major
surface glycoprotein gene family. Diagnostic Microbiology and Infectious Disease. 1999;35(1):27
-32.

Larsen HH, Kovacs JA, Stock F, Vestereng VH, Lundgren B, Fischer SH, et al. Development of a
Rapid Real-Time PCR Assay for Quantitation of Pneumocystis carinii f. sp. carinii. Journal of
Clinical Microbiology. 2002;40(8):2989-93.

Lu JJ, Chen CH, Bartlett MS, Smith JW, Lee CH. Comparison of six different PCR methods for
detection of Pneumocystis carinii. J Clin Microbiol. 1995;33(10):2785-8.

Fujisawa T, Suda T, Matsuda H, Inui N, Nakamura Y, Sato J, et al. Real-time PCR is more specific
than conventional PCR for induced sputum diagnosis of Pneumocystis pneumonia in
immunocompromised patients without HIV infection. Respirology. 2009;14(2):203-9.

Kitada K, Oka S, Kimura S, Shimada K, Serikawa T, Yamada J, et al. Detection of Pneumocystis
carinii sequences by polymerase chain reaction: animal models and clinical application to
noninvasive specimens. J Clin Microbiol. 1991;29(9):1985-90.

Palladino S, Kay I, Fonte R, Flexman J. Use of real-time PCR and the LightCycler system for the
rapid detection of Pneumocystis carinii in respiratory specimens. Diagnostic Microbiology and
Infectious Disease. 2001;39(4):233-6.

Zingale A, Carrera P, Lazzarin A, Scarpellini P. Detection of Pneumocystis carinii and
Characterization of Mutations Associated with Sulfa Resistance in Bronchoalveolar Lavage
Samples from Human Immunodeficiency Virus-Infected Subjects. Journal of Clinical
Microbiology. 2003;41(6):2709-12.

Linssen CFM. Inter-laboratory comparison of three different real-time PCR assays for the
detection of Pneumocystis jiroveci in bronchoalveolar lavage fluid samples. Journal of Medical
Microbiology. 2006;55(9):1229-35.

Makimura K, Murayama SY, Yamaguchi H. Detection of a wide range of medically important fungi
by the polymerase chain reaction. J Med Microbiol. 1994;40(5):358-64.

Uemura N, Makimura K, Onozaki M, Otsuka Y, Shibuya Y, Yazaki H, et al. Development of a loop-
mediated isothermal amplification method for diagnosing Pneumocystis pneumonia. Journal of
Medical Microbiology. 2008;57(1):50-7.

Arcenas RC, Uhl JR, Buckwalter SP, Limper AH, Crino D, Roberts GD, et al. A real-time polymerase
chain reaction assay for detection of Pneumocystis from bronchoalveolar lavage fluid. Diagnostic
Microbiology and Infectious Disease. 2006;54(3):169-75.

Schluger N, Sepkowitz K, Armstrong D, Bernard E, Rifkin M, Cerami A, et al. Detection of
Pneumocystis carinii in serum of AIDS patients with Pneumocystis pneumonia by the polymerase
chain reaction. J Protozool. 1991;38(6):240S-242S.

12



25.

26.

27.

28.

29.

30.

31.

32.

Bandt D, Monecke S. Development and evaluation of a real-time PCR assay for detection of
Pneumocystis jiroveci. Transplant Infectious Disease. 2007;9(3):196-202.

Brancart F, Rodriguez-Villalobos H, Fonteyne P-A, Peres-Bota D, Liesnard C. Quantitative TagMan
PCR for detection of Pneumocystis jiroveci. Journal of Microbiological Methods. 2005;61(3):381 -
7.

Maher NH, Vermund SH, Welsh DA, Dillon HK, Awooda A, Unnasch TR. Development and
Characterization of a Molecular Viability Assay for Pneumocystis carinii f sp hominis. The Journal
of Infectious Diseases. 2001;183(12):1825-7.

Huggett JF, Taylor MS, Kocjan G, Evans HE, Morris-Jones S, Gant V, et al. Development and
evaluation of a real-time PCR assay for detection of Pneumocystis jirovecii DNA in
bronchoalveolar lavage fluid of HIV-infected patients. Thorax. 2007;63(2):154-9.

Olsson M, Elvin K, Lofdahl S, Linder E. Detection of Pneumocystis carinii DNA in sputum and
bronchoalveolar lavage samples by polymerase chain reaction. J Clin Microbiol. 1993;31(2):221-
6.

Sandhu GS, Kline BC, Espy MJ, Stockman L, Smith TF, Limper AH. Laboratory diagnosis of
Pneumocystis carinii infections by PCR directed to genes encoding for mitochondrial 5S and 28S
ribosomal RNA. Diagn Microbiol Infect Dis. 1999;33(3):157-62.

Hunter J a. C, Wakefield AE. Genetic Divergence at the Mitochondrial Small Subunit Ribosomal
RNA Gene among Isolates of Pneumocystis carinii from Five Mammalian Host Species. Journal of
Eukaryotic Microbiology. 1996;43(5):24S-25S.

**Valero C, Buitrago MJ, Gits-Muselli M, Benazra M, Sturny-Leclere A, Hamane S, et al. Copy
Number Variation of Mitochondrial DNA Genes in Pneumocystis jirovecii According to the Fungal
Load in BAL Specimens. Frontiers in Microbiology. 2016;7(1413).

**A comprehensive study addressing the complex question of copy number of genes used for diagnosis,
giving a clue for future more reliable quantification of fungal loads

33.

34.

35.

36.

Rohner P, Jacomo V, Studer R, Schrenzel J, Graf J-D. Detection of Pneumocystis jirovecii by Two
Staining Methods and Two Quantitative PCR Assays. Infection. 2009;37(3):261-5.

Nevez G, Robert-Gangneux F, Pougnet L, Virmaux M, Belleguic C, Deneuville E, et al.
Pneumocystis jirovecii and Cystic Fibrosis in Brittany, France. Mycopathologia. 2018;183(1):81-
7.

de Oliveira A, Unnasch TR, Crothers K, Eiser S, Zucchi P, Moir J, et al. Performance of a molecular
viability assay for the diagnosis of Pneumocystis pneumonia in HIV-infected patients. Diagnostic
Microbiology and Infectious Disease. 2007;57(2):169-76.

Hauser PM, Bille J, Lass-Florl C, Geltner C, Feldmesser M, Levi M, et al. Multicenter, Prospective
Clinical Evaluation of Respiratory Samples from Subjects at Risk for Pneumocystis jirovecii

13



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Infection by Use of a Commercial Real-Time PCR Assay. Journal of Clinical Microbiology.
2011;49(5):1872-8.

Orsi CF, Gennari W, Venturelli C, La Regina A, Pecorari M, Righi E, et al. Performance of 2
commercial real-time polymerase chain reaction assays for the detection of Aspergillus and
Pneumocystis DNA in bronchoalveolar lavage fluid samples from critical care patients. Diagnostic
Microbiology and Infectious Disease. 2012;73(2):138-43.

Orsi CF, Bettua C, Pini P, Venturelli C, La Regina A, Morace G, et al. Detection of Pneumocystis
jirovecii and Aspergillus spp. DNA in bronchoalveolar lavage fluids by commercial real-time PCR
assays: comparison with conventional diagnostic tests. New Microbiol. 2015;38(1):75—-84.

Sasso M, Chastang-Dumas E, Bastide S, Alonso S, Lechiche C, Bourgeois N, et al. Performances of
Four Real-Time PCR Assays for Diagnosis of Pneumocystis jirovecii Pneumonia. Journal of Clinical
Microbiology. 2016;54(3):625-30.

McTaggart LR, Wengenack NL, Richardson SE. Validation of the MycAssay Pneumocystis Kit for
Detection of Pneumocystis jirovecii in Bronchoalveolar Lavage Specimens by Comparison to a
Laboratory Standard of Direct Immunofluorescence Microscopy, Real-Time PCR, or Conventional
PCR. Journal of Clinical Microbiology. 2012;50(6):1856-9.

Montesinos |, Brancart F, Schepers K, Jacobs F, Denis O, Delforge M-L. Comparison of 2 real-time
PCR assays for diagnosis of Pneumocystis jirovecii pneumonia in human immunodeficiency virus
(HIV) and non-HIV immunocompromised patients. Diagn Microbiol Infect Dis. 2015;82(2):143-7.

Huh HJ, M.D, Lim KR, M.D, Ki C-S, M.D, et al. Comparative Evaluation Between the RealStar
Pneumocystis jirovecii PCR Kit and the AmpliSens Pneumocystis jirovecii (carinii)-FRT PCR Kit for
Detecting P. jirovecii in Non-HIV Immunocompromised Patients. Annals of Laboratory Medicine.
2019;39(2):176-82.

Guillaud-Saumur T, Nevez G, Bazire A, Virmaux M, Papon N, Le Gal S. Comparison of a commercial
real-time PCR assay, RealCycler® PJIR kit, progenie molecular, to an in-house real-time PCR assay
for the diagnosis of Pneumocystis jirovecii infections. Diagnostic Microbiology and Infectious
Disease. 2017;87(4):335-7.

Issa N, Gabriel F, Baulier G, Mourissoux G, Accoceberry |, Guisset O, et al. Pneumocystosis and
quantitative PCR. Médecine et Maladies Infectieuses. 2018;48(7):474-80.

Hoarau G, Le Gal S, Zunic P, Poubeau P, Antok E, Jaubert J, et al. Evaluation of quantitative FTD-
Pneumocystis jirovecii kit for Pneumocystis infection diagnosis. Diagn Microbiol Infect Dis.
2017;89(3):212-7.

Montesinos |, Delforge M-L, Ajjaham F, Brancart F, Hites M, Jacobs F, et al. Evaluation of a new
commercial real-time PCR assay for diagnosis of Pneumocystis jirovecii pneumonia and
identification of dihydropteroate synthase (DHPS) mutations. Diagn Microbiol Infect Dis.
2017;87(1):32-6.

14



47.

48.

49.

Dalpke AH, Hofko M, Zimmermann S. Development and Evaluation of a Real-Time PCR Assay for
Detection of Pneumocystis jirovecii on the Fully Automated BD MAX Platform. Journal of Clinical
Microbiology. 2013;51(7):2337-43.

Chien J-Y, Liu C-J, Chuang P-C, Lee T-F, Huang Y-T, Liao C-H, et al. Evaluation of the automated
Becton Dickinson MAX real-time PCR platform for detection of Pneumocystis jirovecii. Future
Microbiology. 2017;12(1):29-37.

*Matsumura Y, Tsuchido Y, Yamamoto M, Nakano S, Nagao M. Development of a fully automated
PCR assay for the detection of Pneumocystis jirovecii using the GENECUBE system. Medical
Mycology. 2018;0:1-7.

*Not only an inter-assay comparison, it is also an evaluation of each technique and sample type

according to PCP classification

50.

51.

52.

53.

54,

55.

56.

57.

Nakashima K, Aoshima M, Ohkuni Y, Hoshino E, Hashimoto K, Otsuka Y. Loop-mediated
isothermal amplification method for diagnosing Pneumocystis pneumonia in HIV-uninfected
immunocompromised patients with pulmonary infiltrates. Journal of Infection and
Chemotherapy. 2014;20:757-61.

Juliano JJ, Barnett E, Parobek CM, Taylor SM, Meshnick SR, Stone S, et al. Use of Oropharyngeal
Washes to Diagnose and Genotype Pneumocystis jirovecii. Open Forum Infectious Diseases.
2015;2(3):0fv080.

Fischer S, Gill VJ, Kovacs J, Miele P, Keary J, Silcott V, et al. The use of oral washes to diagnose
Pneumocystis carinii pneumonia: a blinded prospective study using a polymerase chain reaction-
based detection system. J Infect Dis. 2001;184(11):1485-8.

van Halsema C, Johnson L, Baxter J, Douthwaite S, Clowes Y, Guiver M, et al. Short
Communication: Diagnosis of Pneumocystis jirovecii Pneumonia by Detection of DNA in Blood
and Oropharyngeal Wash, Compared with Sputum. AIDS Research and Human Retroviruses.
2016;32(5):463-6.

Nyamande K, Lalloo UG, York D, Naidoo M, Irusen EM, Chetty R. Low Sensitivity of a Nested
Polymerase Chain Reaction in Oropharyngeal Washings for the Diagnosis of Pneumocystis
Pneumonia in HIV-Infected Patients. Chest. 2005;128(1):167-71.

Samuel CM, Whitelaw A, Corcoran C, Morrow B, Hsiao N-Y, Zampoli M, et al. Improved detection
of Pneumocystis jirovecii in upper and lower respiratory tract specimens from children with
suspected pneumocystis pneumonia using real-time PCR: a prospective study. BMC Infectious
Diseases. 2011;11(1):329.

To KKW, Wong SCY, Xu T, Poon RWS, Mok K-Y, Chan JFW, et al. Use of Nasopharyngeal Aspirate
for Diagnosis of Pneumocystis Pneumonia. Journal of Clinical Microbiology. 2013;51(5):1570-4.

Alanio A, Desoubeaux G, Sarfati C, Hamane S, Bergeron A, Azoulay E, et al. Real-time PCR assay-
based strategy for differentiation between active Pneumocystis jirovecii pneumonia and

15



58.

59.

colonization in immunocompromised patients. Clinical Microbiology and Infection.
2011;17(10):1531-7.

Teh BW, Azzato FA, Lingaratnam SM, Thursky KA, Slavin MA, Worth LJ. Molecular diagnosis of
Pneumocystis jirovecii in patients with malignancy: Clinical significance of quantitative
polymerase chain reaction. Medical Mycology. 2014;52(4):427-32.

*Wang D, Hu Y, Li T, Rong H-M, Tong Z-H. Diagnosis of Pneumocystis jirovecii pneumonia with
serum cell-free  DNA in non-HIV-infected immunocompromised patients. Oncotarget.
2017;8(42):71946-53.

*This prospective work compares qPCR performance on serum paired with respiratory samples.

Emphasizes the relevance of testing combined specimens.

60.

61.

62.

63.

64.

65.

66.

67.

Le Gal S, Robert-Gangneux F, Pépino Y, Belaz S, Damiani C, Guéguen P, et al. A misleading false-
negative result of Pneumocystis real-time PCR assay due to a rare punctual mutation: A French
multicenter study. Med Mycol. 2017;55(2):180-4.

Fauchier T, Hasseine L, Gari-Toussaint M, Casanova V, Marty PM, Pomares C. Detection of
Pneumocystis jirovecii by Quantitative PCR To Differentiate Colonization and Pneumonia in
Immunocompromised HIV-Positive and HIV-Negative Patients. Journal of Clinical Microbiology.
2016;54(6):1487-95.

Louis M, Guitard J, Jodar M, Ancelle T, Magne D, Lascols O, et al. Impact of HIV Infection Status
on Interpretation of Quantitative PCR for Detection of Pneumocystis jirovecii. Journal of Clinical
Microbiology. 2015;53(12):3870-5.

Maillet M, Maubon D, Brion JP, Francois P, Molina L, Stahl JP, et al. Pneumocystis jirovecii (Pj)
guantitative PCR to differentiate Pj pneumonia from Pj colonization in immunocompromised
patients. Eur J Clin Microbiol Infect Dis. 2014;33(3):331-6.

Matsumura Y, Ito Y, linuma Y, Yasuma K, Yamamoto M, Matsushima A, et al. Quantitative real-
time PCR and the (1 - 3)-B-d-glucan assay for differentiation between Pneumocystis jirovecii
pneumonia and colonization. Clinical Microbiology and Infection. 2012;18(6):591-7.

Chumpitazi BFF, Flori P, Kern J-B, Brenier-Pinchart M-P, Hincky-Vitrat V, Brion J-P, et al.
Characteristics and clinical relevance of the quantitative touch-down major surface glycoprotein
polymerase chain reaction in the diagnosis of Pneumocystis pneumonia. Medical Mycology.
2011;49:704-13.

Choi JS, Lee SH, Leem AY, Song JH, Kim SY, Chung KS, et al. Pneumocystis jirovecii pneumonia
(PCP) PCR-negative conversion predicts prognosis of HIV-negative patients with PCP and acute
respiratory failure. 2018;13(10):e0206231.

Onishi A, Sugiyama D, Kogata Y, Saegusa J, Sugimoto T, Kawano S, et al. Diagnostic accuracy of
serum 1,3-B-D-glucan for pneumocystis jiroveci pneumonia, invasive candidiasis, and invasive
aspergillosis: systematic review and meta-analysis. J Clin Microbiol. 2012;50(1):7-15.

16



68. **Morjaria S, Frame J, Franco-Garcia A, Geyer A, Kamboj M, Babady NE. Clinical Performance of
(1,3) Beta-D-Glucan for the diagnosis of Pneumocystis Pneumonia in cancer patients tested with
PCP PCR. Clin Infect Dis. 2018;

**Well-conducted study with thoroughly analyzed data, using different cut-off values for serum beta
1,3-D glucan

17



KEY POINTS

e Negative gPCR in BAL can rule out PCP.

e qPCR cut-off values are unreliable for patients with
hematological malignancies.

e Negative gPCR result from noninvasive samples cannot
rule out PCP whatever the patient background.

e Positive gPCR in BAL and BDG detection in serum is a
promising strategy to target specific therapy.

L
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miLSU rRNA Multiple Cony, RT 100 1990 (conv) 2003 (RT) [11,12)
MSG Multiple Conv, RT 33 1999 (conv) 2002 (RT) [13,14]
ITS Single Conv, RT 14 1994 {conv) 2009 (RT) [15,16]
55 rRNA Single Conv, RT 12 1991 (cony) 2001 (RT) [17,18]
DHPS Single Conv, RT 9 2003 [conv) 2006 (RT) (19,20}
185 RNA Single Conv, LAMP 7 1994 (conv), 2008 (LAMP) [21,22)
cde2 Single RT 7 2006 [23]
DHFR Single Conv, RT ) 1991 [conv) 2007 (RT) [24,25]
Betaubulin Single RT 4 2005 [26]
HSP70 Single mRNA viability 4 2001 (mRNA), 2007 (RT) [zzﬁa!.
assay, RT A,
N Single Conv 3 1993 [29)
285 RNA Single Conv 2 1999 o Bop
miSSU rRNA Multiple Conv, RT 2 1996 (conv), 2016 (RT) [31,32""]
Kex-1 Single RT 2 2000 B3y
5.85 rRNA Single RT 1 2007 [25]
285 rRNA, T1-T2 region of the large subunit ribosomal RNA gene; cdc2, cyclin-dependent kinase; conv, conventional PCR; DHFR, dihydrofolate reductase; DHPS,

Table 1. Gene targets used in molecular diagnosis of Pneumocystis pneumonia (excluding typing studies)

19



MycAssay™ Pneumocystis  miLSU BAL (110} Mixed® 93 1 [36]
(MycoNostica lid., UK)
BAL (21) Mixed® 88.9 63.4 137]
BAL (44) Mixed® 100 94.4 [38)
BAL, sputum, biopsy (113) Mixed® 91.5 92.6 [39)
BAL (105) “Inhouse'qPCR ‘0 86 [40)
BioEvolution Pneumocystis ~ miLSU BAL, sputum, biopsy (113) mixed® 797 100 [39]
(Bioevolution, France)
BAL (120) Mixed” 73 82 [41]
Amplisens (Interlab Service ~ mitSU BAL, sputum, biopsy (113) Mixed® 94 83.3 [39]
Ltd., Russia)
BAL, sputum, TA (159) Mixed® 56.5 87.4 (42)
RealCycler PIR kit mitsu BAL (32), sputum, biopsy (2)  “Inhouse’ gPCR ‘9 100 [4
(Progenie Molecular,
Spain) A'
LightMix kit P. jirovecii Tib  MSG BAL, sputum, TA (150) Mixed® 78 86 [44)
Molbiol, Germany) » v
FTD P. jirovecii (Fast Track ~ miLSU BAL, IS (150) Mixed® 92.8-100°  100-91.6° [45]
Diagnostics,
Luxembourg) ‘ -
Real-Star Pneumocystis mitSU BAL, sputum, TA (159) Mixed® 60.9 5.1 [42)
jirovecii PCR kit (Altona
Diagnostics, Germany) B »
PneumoGenius milSU BAL (120) Mixed® \ 70 82 [46)
(PathoNostics, The n
Netherlands) 8
BD MAX™ system (BD MSG BAL, sputum, TA (278) “'Inhouse’'qPCR 0 95.4 [47]
Diagnostics, USA)
BAL, sputum (137) Clinical 92.6 94.5 48]
GENECUBE system MSG BAL, sputum (221) W” 92.3 857 [49%)
(Toyobo, Japan)
Al' N 'y B 1 1, ge; Is' tad q P ™ H TA' 1, 'y | r! ™
linicol features with microscopy results, o
ing on cutolf C valves. CURRENT OPINION IN INFECTIOUS DISEASES

Table 2. Performances of commercial quantitative PCR assays for Pneumocystis jirovecii diagnosis
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typ

OW (77)  Aduli/HIV+ RT/DHPS, MSG  BAL/IS microscopy 82;85 68:88 51
OW (175)  Adult/mixed Conv/MSG BAL/IS microscopy 90.6 96.5 [52]
Cony/miLSU 750 98.6
ow (31) Adult/HIV+ RT/milSU sputum PCR 47 100 [53)
OW (48)  Aduli/HIV+ Conv/milSU BAL PCR 40 77 [54]
NPA (147)  Children/mixed RT/MSG BAL/IS PCR 86 95 155)
NPA (117)  Adult/mixed (90% HIV-)  RT/miLSU BAL/bronchial aspirate microscopy 100 75 [56]
Serum (71)  Adult/HIV- RT/HSP70 BAL/IS microscopy 77.8 79.3 [59%]
BAL/IS PCR 68.6 97.2
Plasma (41)  Adult/HIV+ RT/miLSU sputum PCR 50 100 (53
IBAL, bronchoolveclar fuid; IS, induced sputum; NPA, nasopharyngeal aspirate; OW, oral wash; Conv, convertionsl hested PCR; RT, reallinie PCR, [ 2ISTEAS TS

Table 3. Clinical evaluations of PCR performances on oral washes, nasopharyngeal aspirates and blood,
compared with bronchoalveolar fluid or induced sputum samples

[61) 225 misU C1>35 Cr<31 38 (17) 59 80 2
[62] 64 HIV+  milsU <15000 copies/ml > 15000 copies/ml 0 0C 67 or 100° 0.5
166 HIV- < 3400 copies/ml > 28700 copies/ml 30 (18) Wsr 100 or 88°

6] 162 misU Ct> 35 Ct<32 23(15) 65 89 ]

[41) 120 betotubulin  C1>34 Cr<34 V _ A N 65 74 nd

[63) 35  MSG <3160 copies/ml  >31 400 copies/ml 9 (25) 80 100 0.8

[64]) 128 DHPS <340 copies/ml >1300 copies/ml _  nd 74 73 nd

[65) 54  MSG Nd >54 copies/ml nd 100 98 2

ina, not available; nd, not determined; PCP, P ystis p ia; qPCR, quantitative PCR. o

FWhen merging probable and definite PCP cases. CURRENT OPINION IN INFECTIOUS DISEASES

Table 4. Clinical studies defining cut-off values for quantitative PCR interpretation and corresponding
performances of the assays
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