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Introduccion

* Conocido antiguamente como Pneumocystis carinii y clasificado como parasito protozoo,
Pneumocystis jirovecii (Pj) es un hongo oportunista responsable de neumonia grave en
pacientes inmunodeprimidos.

 El principal factor de riesgo para el desarrollo de neumonia por Pneumocystis (PCP) es la
infecciéon VIH avanzada con un recuento de linfocitos T CD4 inferior a 200 células/mm3.
La introduccion de nuevos antirretrovirales que ha llevado a un mejor control de la
infeccion en los ultimos anos ha disminuido la incidencia de PCP en esta poblacion.

* Actualmente, es mas comun en personas inmunocomprometidas como pacientes con
neoplasias malignas solidas o hematopoyéticas y pacientes en tratamiento
inmunosupresor prolongado (medicamentos bioldgicos). Estos pacientes desarrollan un
cuadro clinico mas agudo y grave y cargas fungicas mas bajas en sus tractos respiratorios
en comparacion con los pacientes VIH-positivos.



Introduccion

* Pneumocystis jirovecii es un colonizador fungico transitorio de los alveolos pulmonares
en el ser humano. Aunque no se conoce de manera exacta el modo de adquisicion de la
infeccion, es probable que tenga lugar por la ruta aérea y se propague persona a
persona.

* Los estudios seroepidemioldgicos sugieren que el contacto primario con el organismo
ocurre en la infancia sin apenas desarrollar sintomatologia. No existe evidencia molecular
de una infeccion verdaderamente latente y se cree que la enfermedad surge por
colonizacion previa o por nueva infeccion. En pacientes inmunocomprometidos, el
organismo puede proliferar y causar enfermedad pulmonar. Las manifestaciones
extrapulmonares son raras y pueden estar asociadas a formas atipicas de P. jirovecii



Epidemiologia

* Pneumocystis jirovecii se descubrid por primera vez como patéogeno humano durante la
Segunda Guerra Mundial donde se detectd como el agente causal de neumonias en
orfanatos en Europa, revistiendo especial gravedad en aquellos ninos con LLA.

* Su mayor desarrollo tuvo lugar durante la epidemia del VIH en los anos 80. Se estima que
en torno al 2/3 de la poblacién con SIDA desarrollé PCP.

* La mortalidad de la PCP en pacientes hospitalizados varia del 7 al 20% en funcion de los
estudios y es superior en pacientes con inmunosupresion no VIH-positivos debido al
retardo en el diagndstico (en VIH profilaxis si CD4<200) y a la mayor proporcion de
células inflamatorias en estos pacientes en comparacion con aquellos con VIH.



Epidemiologia

e Se estima que en torno al 20% de los nifos y el 20-30% de adultos con cancer
hematoldgico o sarcoma pueden desarrollar una infeccion por Pneumocystis.

* En el caso de tumores cerebrales tratados con corticoides la incidencia es de en
torno al 6%



Manifestaciones clinicas

* Bastante inespecificas- Dificultad diagnodstica

* Disnea, fiebre de bajo grado, tos no productiva, neumonia bilateral.
* Los pacientes suelen presentarse taquipneicos y taquicardicos.

* Sintomatologia mas aguda y grave en pacientes no VIH-positivos.
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Criterios para definir infeccion por Pneumocystis
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Pneumonia por Pneumocystis

Table 1. Host Factors, Clinical Criteria, and Microbiologic Criteria Used for the Definition of Pneumocystis jirovecii Pneumonia

Description

Host factors * Use of therapeutic doses of 0.3 mg/kg prednisone equivalent for =2 weeks in the past 60 days
¢ Low CD4+ lymphocyte counts (observed or expected; <200 cells/mm?) induced by a medical condition, anticancer, anti-inflamma-
tory, and immunosuppressive treatment, including but not limited to:
- Primary immunodeficiencies with numeric/functional T-cell deficiency
- Acute leukemia, non-Hodgkin's lymphoma, solid tumors, allogeneic HSCT

- Solid-organ transplantation
- Autoimmune- and hyperinflammatory disorders, including treatment with agents that lead to functional T-cell deficiencies

Fever
* Respiratory symptoms including cough, dyspnea, or hypoxemia
* Bilateral or diffuse GGO on X-ray with interstitial infiltrates as the predominant feature; alveolar, alveolarinterstitial, and unilateral

infiltrates are less frequent
* Extensive, mostly diffuse GGO on CT scans, which typically has an upper lobe and perihilar predominance, sometimes with periph-

eral sparing or a mosaic pattern; consclidations, small nodules, and unilateral infiltrates are less frequent

Clinical criteria

Microbiologic Visualization of P jirovecii by microscopy using conventional staining methods (Gomori methenamine silver, Toluidine Blue O,
criteria Giemsa, Calcofluor White) or immunofluorescence staining in tissue, BAL fluid, induced sputum, expectorated sputum, or oral wash
* Amplification of P jirovecii DNA by quantitative real-time PCR in BAL fluid, induced sputum, or oral wash
* Detection of f-o-glucan in serum if another invasive fungal infection and a false-positive result can be ruled out

Abbreviations: BAL, bronchoalveolar lavage; CT, computed tomography; GGO, ground-glass opacity; HSCT, hematopoietic stem cell transplantation; PCR, polymerase chain reaction.




Table 2. Diagnostic Criteria for Definition of Proven and Probable
Pneumocystis jirovecii Pneumonia

Description

Proven e Clinical and radiologic criteria, plus:
PCP - Demonstration of P jirovecii by microscopy using conven-
tional or iImmunofluorescence staining in tissue or
- Demonstration of P jirovecii by microscopy using conven-
tional or immunofluorescence staining in respiratory speci-
mens

Probable ® Appropriate host factors and clinical and radiologic criteria, plus:
PCP - Amplification of P jirovecii DNA by quantitative real-time PCR
In respiratory specimen or
- Detection of B-p-glucan in serum (alternative method; an-
other IFD and a false-positive result should be ruled out)

Abbreviations: IFD, invasive fungal diseases; PCP Pneumocystis jirovecii pneumonia; PCR,
polymerase chain reaction.



Diagnostico microbiologico

* El diagnostico de PCP no es sencillo porque no suele producir expectoracion ni
infecciones invasivas y en pacientes inmunocomprometidos es dificil discernirlo
de otras enfermedades pulmonares

 Ademas no es un microorganismo que pueda ser cultivado y visualizado al
microscopio mediante técnicas rutinarias

* Muestras adecuadas: Lavado Broncoalveolar, esputo inducido, tejido
pulmonar/transbronquial



Diagnostico microbiologico

 Seroldgico: Deteccion de antigenos o anticuerpos frente al microorganismo

* Molecular: Deteccion de material genético. Técnica mas sensible. No permite
diferenciar colonizacion de infeccion.

e Microscopico: Técnica con menor sensibilidad. Necesidad de personal experto.
Detecta infeccion. :




Diagnostico serologico

e Deteccion del antigeno (B-D-Glucano en suero): No especifico de Pneumocystis.
Presente en otras infecciones fungicas como la Candidemia y la Aspergilosis

e Deteccion de anticuerpos (I1gG e IgM): No detecta infeccidn activa. Sensibilidad

disminuida en pacientes inmunocomprometidos.

* Mayor sensibilidad en pacientes VIH

e Se usa por su valor predictivo negativo

& Cholesterol se>- O-linked glycan core

Epa

?- N-linked glycan core

cell wall cell wall

*B-D-Glucano es un polisacarido presente en la
pared de la gran mayoria de hongos




Diagnostico microscopico

* Deteccion de anticuerpos marcados fluorescencia que se unen a los quistes y
formas troficas de Pneumocystis

* Deteccion mediante tinciones especificas: Gomori-Grocott (metenamina de
plata), hematoxilina-eosina, giemsa . Sensibilidad muy baja

* Se requiere de material especifico y personal entrenado para su deteccion.

* Detecta infeccidn activa, pero su menor sensibilidad hace que un resultado
negativo no descarte la infeccion. (Bajo Valor Predictivo Negativo)






Quistes de Pjirovecii al microscopio de fluorescencia



Pulmon infectado con Pneumocystis

Tincion hematoxilina-eosina






Diagnostico molecular

* Deteccion de material genético de Pneumocystis mediante PCR

 Dificultad para establecer un punto de corte universal que diferencie
colonizaciéon de infeccion. Alta variabilidad de técnicas utilizadas (extraccion,
amplificacion...) Necesidad estandarizacion

* Ensayos a los largo de los anos han visto que |la misma PCR repetida en diferentes
laboratorios no da resultados exactos. La deteccidon del genoma completo y del
gen mitocontrial mtSSU es el que proporciona una mayor exactitud en los
resultados



Diagnostico molecular

e Técnica mas sensible y especifica
 Valor predictivo negativo cercano al 100%

* Deteccidon de material genético no equivale a infeccion
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Abstract: Quantitative PCR (gPCR) is highly sensitive to diagnose Pneumocystis jirovecii (Pf) pneu-



Respiratory samples with a
positive Pj qPCR at
Bordeaux University Hospital

Exclusion criteria :

- < 18 years old

- Anti-PCP treatment more
than 1 day before PCR

BAL & URT Included
samples

HIV infection status
Yes / No

URT / BAL

Lt

URT / BAL

!

Classification of the patients

ORTC/MSGERC criteri 4
E, (I ket ? PCP Pj Colonization
Proven PCP Probable PCP Putative PCP
Host factor Host factor Biological criteria
c“"m'f riteria CTC or CD4 < 200 /mm? CTC or CD4 < 200 /mm?* Positive PCR
+ orly <0.5G/L
Clinical criteria (without CTC) Insufficient criteria for
Radiological criteria v e PCP among N
Radiological criteria Clinical criteria or hostiradiological/clinical
Biological criteria : * Radiological criteria S
Posizge micoscopy Biological criteria ‘s
etarriaation Positive PCR Biological criteria
Positive PCR

Figure 1. Flow chart of patients’ inclusion and classification. Pj: Pneumocystis jirovecii; PCP: Pneumo-
cystis pneumonia; BAL: bronchoalveolar lavages; URT: upper respiratory tract; CTC: corticosteroids;




Distribution of Patients According to Respiral% Sample Type
and Pj Status (PCP or Colonizati

Features BAL (it = 66) URT (1 = 104)
Colonization PCP Colonization PCP
(n=34) (1 = 32) r (11 = 36) (11 = 68) P

Sex ratio M/W (n/n) 2.09 (23/11) . ! 1.60 (22/14) 1.29 (37/31)

Bajo n2 de pac VIH +,
fueron excluidos del

Total lymphocytes count G/L [IQR]  126[092-1.64]  053[030-076] <0001  096[061-143] 071[039-1.11]  0.09 ana|.ISIS' f.mal (:!ebldo ala
no significancia de

resultados obtenidos

Use of CTC (n (%)) 5 (14.7) 23(71.9) <0.0001 13 (36.1) 45 (66.2) 0.003

Pj biological criteria
Positive microscopic examination (n (%)) 0(0.0) 011 0(0.0) 0-55
Median fungal load (Cq) [IQR] 33.4[32.0;353]  30.8[25.2;34.7] 0.01 35.4[332;369]  31.2[28.1;339]  <0.0001

Median fungallolalcé! [l%;ennme copies/mL) | 5‘481 ?2.179 | 0.0079 | 1_256 21_5,714 | <0.0001

Outcome (number of deaths, (%)) 6 (17.6) 13 (40.6) 0.10 4(11.1) 12 (17.6) 0.57

SOT: solid organ transplant recipients; IQR: interquartile range; CTC: corticosteroids; Cq: quantification cycle; *:




(b) p<0.01 (d) p<0.0001
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Figure 3. Median fungal loads according to patient classification with EORTC/MSGERC criteria,
sample types: BAL (a,b) and URT (c,d) and expressed in Cq (a,c) or in Pj genome copies/mL (b,d).
Cq: quantification cycle. *: p < 0.05 in Dunn’s test; ***: p < 0.001 in Dunn’s test. Only significant
differences are represented bv lines.



Table 2. qPCR threshold values with corresponding performances.

Fungal Load

s i (o e s o
Sample Type Cq (Genome Copies/mL) Sensitivity (%) Specificity (%)
2543 1,860,000 25.0 100
BAL 3145 —— 8275 59.4 X E—
37.08 396 100 2.9
22.55 4,120,000 7.4 100
URT 3233 < 8130 63.2 889
38.21 264 100 2.6

Cq: quantification cycle.



* En conclusion, cuantificacion de cargas fungicas utilizando MycoGENIE®
Pneumocystis jirovecii.gPCR ayuda a discriminar PCP de la colonizacion en este
estudio, con cargas > 8275 copias del genoma/ml para BAL y cargas > 8130
copias copias/mL) para muestras URT que son indicativas de PCP.

* Sin embargo, deteccion de una baja carga fungica, posiblemente asociado a
colonizacion, debe interpretarse con precaucion, de acuerdo con los signos
clinicos y radioldgicos.



* La carga fungica no se correlaciona de manera directa con la gravedad de la
infeccion. Si bien cargas elevadas indican infeccion, cargas bajas pueden asociarse
con infeccion en pacientes con sintomatologia compatible.

* BAL presenta cargas mas elevadas que esputo inducido

* Importante abordaje multidisciplinar. Evaluacion de diferentes criterios para
diagndstico final



* Colonizacion en pacientes inmunodeprimidos puede ser indicacion de
tratamiento para evitar posibles futuras infecciones?

* Controversia de nuevo en este punto
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Ability of quantitative PCR to discriminate Pneumocystis jirovecii
pneumonia from colonization

Thomas Perret't, Antonios Kritikos't, Philippe M. Hauser?, Malcolm Guiver?, Alix T. Coste?, Katia Jaton? and

Frederic Lamoth'%*

Estudio hospital de Suiza incluye pacientes con diagndstico mediante lavado broncoalveolar de infeccion
por Pneumocystis en un periodo de diez afios (2007-2017)



Host factors:

HIV infection

Haematological malignancies

Long-term use of corticosteroids
Immunosuppressive therapies associated with
T-cell dysfunction or low CD4 lymphocyte count

(<200 cell/mm?) Radiological criteria
Radiological criteria: Yes No ‘
Compatible lesions on radiography or CT scan
Direct examination
N =23 PCP — Yes No
A B c
Adequate treatment AND Does not meet the Mo treatment AND

clinical response AND no

PCR positive in BAL

Host factors

e

Yes

alternative diagnosis

!

PCP

§

criteria for A or C

Undetermined

N=14 N=12

N=T1

) I

favourable outcome or

alternative diagnosis

§

N=15

Colonization

Fig. 1. Algorithm for classification of cases as PCP, colonization or undetermined. BAL, bronchoalveolar lavage fluid.



e Total de pacientes desarrollaron PCP: 37.

Pacientes con diagnostico indeterminado: 12

Pacientes sugestivos de colonizacion: 34

Todos los pacientes con infeccion y aquellos con resultado indeterminado fueron
tratados con cotrimoxazol. También 18 de los que presentaban colonizacion.

La mayoria de los pacientes eran VIH-negativos.



Table 2. Diagnostic performance of P, jirovecii PCR for the discrimination between PCP and colonization

Cut-off Sensitivity Specificity PPV NPV LR + LR - DOR
10° 1 0.05 0.64 1 1.05 0 NC
5x10° 1 0.23 0.69 1 1.29 0 NC
10° 1 0.36 0.73 1 1.57 0 NC
5x10° 0.97 0.82 0.90 0.95 5.35 0.03 162
10* 0.95 0.82 0.90 0.90 5.20 0.07 78.75
5x10* 0.81 0.91 0.94 0.74 8.92 0.21 42.86
10° 0.76 0.95 0.97 0.70 16.65 0.25 65.33
5x10° 0.62 1 1 0.61 NC 0.38 NC
10° 0.51 1 1 0.55 NC 0.49 NC
5x10° 0.30 1 1 0.46 NC 0.70 NC
107 0.30 1 1 0.46 NC 0.70 NC

DOR, diagnostic odds ratio; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NC, not calculated; NPV, negative predictive value; PPV,
positive predictive value.



 Se establecié como punto de corte 5x10° copias/ml con una sensibilidad,
especificidad y valor predictivo positivo y negativo de 97, 82, 90 y 95%,
respectivamente.



Table 3. Comparative performance of quantitative P jirovecii PCR in various studies

Study PCR target No. of PCP cases* PCP classificationt Results
first author, year (reference) HIV / HM / others [%]
Alanio, 2011 [13] Mitochondrial large-subunit 16 High vs low probability <120 TFEg/ml: 100% NPV
rRNA gene 56/19/25 >1900 TFEq/ml: 100% PPV
Botterel, 2012 [14] Mitochondrial large-subunit 17 Proven vs IFA-negative <26 log,, copies/pl: 100% NPV
rRNA gene 47/35/18 =4 log, copies/pl: 100% PPV
Matsumura, 2016 [17] Dihydropteroate synthase gene 53 (a) Proven vs colonization (b) (a) 1300 copies/ml: 100% NPV,
9/17/74 proven/probable vs colonization 79% PPV (b) 340 copies/ml:
44% NPV, 91% PPV
Robert-Gangneux, 2014 [18] Mitochondrial large-subunit 35 Proven/probable vs possible vs Significant differences of
rRNA gene 12/37/51 colonization fungal load (Ct value between
groups). Large distribution, no
cut-oft proposed.
Maillet, 2014 [16] Major surface glycoprotein 11 Proven/probable vs possible/ <3160 copies/ml: 100% NPV
18/73/9 colonization =31600 copies/ml: 100% PPV
Fauchier. 2016 [15] Mitochondrial large-subunit 73 Proven/probable vs colonization Ct 32:72% sen, 75% spe
rRNA gene 41/26/33 (no possible category) Ct =35: exclusion PCP
(80%sen/63%spe)
Kritikos, 2020 Mitochondrial 265 rDNA 37 Proven/probable vs colonized =10° copies/ml: 100% NPV
(present study) 19/51/30 (possible excluded) 5x 10" copies/ml: 95% NPV,

90% PPV
25x1(F copies/ml: 100% PPV

*Patients with PCP classified as proven or probable.
tMomenclature for PCP classification: proven: IFA positive, probable: IFA negative / PCR positive, with defined clinical criteria for PCP diagnosis,

possible: IFA negative / PCR positive, without fulfilling all clinical criteria for PCP diagnosis. Colonization: IFA negative / PCR positive, and no PCP
diagnosis retained on the basis of clinical assessment.
HIV, human immunodeficiency virus; HM, haematologic malignancies; IFA, immunofluorescence assay; NPV, negative predictive value; PCE A

jiravecii pneumonia; Sen, sensitivity: Spe, specificity; TFEq, trophicform equivalents.
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Table 1 Diagnosis definitions used by the experts

Definite PCP - clinical signs of progressive pneumonia
- ground glass opacities in chest computed tomography

- microscopical identification of Pj with Musto or
RAL staining methods

Probable PCP - clinical signs of progressive pneumonia
- ground glass opacities in chest computed tomography

- complete resolution of symptoms after a full course
of anti-PCP treatment

- absence of microscopical identification of Pj with
staining methods

Possible PCP - clinical signs of progressive pneumonia and:
- either compatible radiological signs

- or complete resolution of symptoms after anti-PCP
treatment

- absence of microscopical identification of Pj with
staining methods

Other diagnosis none of the above criteria

The “definite PCP” and “probable PCP™ groups were then re-assigned to
the “final diagnosis of PCP” group, and the “possible PCP” and “other
diagnosis” groups were re-assigned to the “non-PCP” group in order to
construct a recerver operating characteristic (ROC) curve

Criterios establecidos por un equipo multidisciplinar de especialistas no conocedores del resultado de la PCR



Table 2 Clinical features

Characteristics Definite PCP* Probable PCP Possible PCP Other diagnosisd p-Value
(n=7) (n=4) (n=5) (n=19)

Age, years 66 (47-69) 66 (52-75) 65 (60-67) 49 (42-66) 0.34

Male sex 3(43 %) 1 (25 %) 2 (40 %) 9 (47 %) 0.874

Underlying disease
Hematological malignancy 4 (57 %) 4 (100 %) 4 (80 %) 13 (68 %) 0.46
Solid malignancy 1 (14 %) 0 (0 %) 0 (0 %) 1(5 %) 0.68
Organ transplantation 0(0 %) 0 (0 %) 0 (0 %) 421 %) 0.28
HIV® infection 2(29 %) 0 (0 %) 0 (0 %) 1(5 %) 0.2
Inflammatory disease 0(0 %) 0 (0 %) 1 (20 %) 0 (0 %) 0.1
Corticosteroids 2(29 %) 1 (25 %) 2 (40 %) 421 %) 0.85
Anti-tumor chemotherapy 2(29 %) 2 (50 %) 2 (40 %) 11 (58 %) 0.59
Immunosuppressive agents other than 1 (14 %) 1 (25 %) 2 (40 %) 3(16 %) 0.64

corticosteroids or chemotherapy

PCP prophylaxis 0(0 %) 0 (0 %) 0 (0 %) 1(5 %) 0.83
Hypoxia 7 (100 %) 3 (75 %) 5 (100 %) 11 (58 %) 0.19
Stay in ICU® 2(29 %) 2 (50 %) 0 (0 %) 5(26 %) 0.39
Anti-PCP treatment 7 (100 %) 4 (100 %) 5 (100 %) 12 (63 %) 0.06
Mechanical ventilation 2(29 %) 0 (0 %) 0 (0 %) 5(26 %) 0.38

Laboratory findings
Leucocytes, /mm’ 2,100 (1,700-9,825) 7,150 (6,600-8 750) 9,100 (750-10 025)  3,700(2,325-5,900) 0.4
Neutrophils, /mm”® 1,400 (1,125-5,650) 5,850 (5,200-7,.250) 4,650 (1,800-8,150) 2,600 (2,200-5,525)  0.28
Lymphocytes, /mm’ 400 (225-600) 950 (450-1,300) 400 (350-2,150) 500 (225-800) 0.77
C-reactive protein, mg/dl 11.8(2.6-17.9) 10.5 (4.95-14.1) 10.7 (4.5-20) 9.3 (3.9-6.2) 0.99
Creatinine, mg/dl 0.8 (0.61-1) 0.84 (0.74-1.37) 0.71 (0.6-1.3) 0.97 (0.63-1.1) 0.91
Death 0(0 %) 0 (0 %) 0 (0 %) 3(16 %) 0.43
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Fig. 2 Receiver operator characteristic (ROC) curve of P. jirovecii copy
numbers for the diagnosis of Pneumocystis pneumonia (PCP). The ar-
rows indicate cut-off values of 3,160 copies/ml, and 31,600 copies/ml
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Table 1. Demographics stratified by clinical diagnosis.

. . . . - - 2-Way Comparison
Characteristics Colonisation Uncertain PCP High-Probability PP I Way | (High-Probability PCP
- - - mpansan vs. Colonised)
Sex (male) 70.8% (17/24) 66.6% (20/30) 57.1% (16/28) 0.5641 0.3911
Age (median, IQR) 57 (42-66) 68 (62-73) 63 (53-74) 0.0192 0.1137
Sample type (BAL) 25% (6/24) 43.3% (13/30) 35.7% (10/28) 0.3748 0.5487
) 10,500 91500 256-000 -
gPCR (median, IOR (11,800-147,500) (16,500-885,000) (63,750-2,525,000) 0-00¢ 0.0013
32,500 15,000 230,000
BAL gPCR (11,650-160,750) (8000-280,000) (66,000-665,000) 0.1913 0.0978
43,000 140,000 385,000
PCR (13,000-127,500) (49,000-990,000) (76,750-3,200,000) 0.0113 0.0056
Co-morbiditi - -
oo, cancer 25% (6/24) 30% (9/30) 42.9% (12/28) 0.3589 0.2452
Non-haem. cancer 29.2% (7/24) 50% (15/30) 39.3% (11/28) 0.2943 0.4615
Solid organ transplant 1.2% (1/24) 0% (0/30) 0% (0/28) 0.2978 0.5622
Chronic lung disease 41.7% (10/24) 40% (12/30) 35.7% (10/28) 0.8997 0.7772
Diabetes 16.7% (4/24) 16.7% (5/30) 21.4% (6,/28) - >0.9999
Diabetes and o _ o oy
concurrent steroid use 25% (1/4) 20% (1/5) 66.7% (4/6)
Chronic liver disease 4.2% (1/24) 6.7% (2/30) 3.6% (1/28) 0.8453 ~0.9999
Autoimmune/CTD 20.8% (5/24) 16.7% (5/30) 28.6% (8/28) 0.5426 0.749
Immunosuppression o _ o o/
rnosup 58.3% (14/24) 80% (24/30) 67.9% (19/28) 0.2222 0.5685

Llamativo CF mas alta en Esputo inducido que en BAL en este estudio (sesgo procedimiento centros)



qPCR (Copies/mL)

Cutoff of 2.5 x 10°copies/mL- sensitivity 50%- specificity 83%

Cutoff of 6.5 x 10%copies/mL, sensitivity 75%- specificity 66%
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Figure 2. qPCRs on any sample stratified by diagnosis. Bars at median. Kruskall-Wallis Test. Dotted

line is existing cutoff.
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Group 1 Group 2
Immunocompromised people with pneumonia People with lung cancer
Screened = 272 Screened = 43

Group 3
Healthy individuals
Screened = 23

Excluded: 114

Non-severe immunosuppression: 22
No respiratory symptoms: 20

>5 days with treatment dose of PjP: 18
Sample not available: 17

included in the study): 12
Did not agree to participate: 9
Other reasons: 14
Non-pneumeonia: 2

Second pneumonia episode (first episode already

\J

Excluded: 8
Lung infection: 4
Sample not available: 4

Included
N =158

Respiratory samples

BAL and OW

\J

Excluded: 3
Respiratory symptoms: 2 |——
Healthcare worker: 1

Included
N=35

Respiratory samples

BAL and OW

\j

Included
N =20

Respiratory samples

ow

Figure 1. Flowchart of the study, including the type of respiratory samples analyzed in each group. BAL: Bronchoalveolar

lavage. OW: Oral wash. PjP: Pneumocystis jirovecti pneumonia.
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Figure 2. ROC curve analysis of the BAL and OW samples from immunosuppressed patients. With the arrow, the Ct value
corresponding to the cut-off at which the best value of sensitivity and specificity for a diagnostic test is indicated when it is

compared with BAL microscopy, according to sample type: (A) BAL; (B) OW.
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Group 1:
Immunocompromised

Group 2: Individuals with

Group 3: Healthy

Characteristics Patients with Pneumonia Lung Ca'l_n:er Individuals
n =158 n =35 n=20
Male sex, n (%) 113 (71.5) 26/35 (74.3) 11 (55)
Age in years, median (IQR) 37 (29-45) 63 (58-70) 39 (21-50)
Respiratory symptoms, n (%) 0
Cough 118 (75.2) 24 (70.6)
Dyspnea 63 (40.1) 19 (55.9)
Pleuritic pain 27 (17.2) 6 (17.6)
Hemoptysis 14 (8.9) 9 (26.5)
Fever > 38 °C 121 (77) 13(38.2)
Pleural effusion 24 (15.3) 14 (41.2)
Pt il by s : o
AIDS 126 (79.7)
CD4, cells/mm?, median (IQR) 53 (16-126)
CD4 < 200, cells/mm?, n (%) 85 (88.5)
Transplanted 22 (13.9)
Connective tissue disease 5(3.2)
Hematologic malignancies 5(3.2)
Total 1"’1:1‘;;’:&51 5‘:;’ mm?, 5760 (3700-7800) 11,860 (8300-14,800)
PMN 4117 (2300-6175) 8449 (5218-10,962)
Lymphocyte 835 (490-1460) 2075 (1540-2772)
Pulmonary lung infection o 0 N/A
Preumocystis firovecii 25 (16)
Mycobacterium tuberculosis 30 (19)
Cryptococcus neoformans 6(4)
Histoplasma capsulatum 4(2.5)
Bacteria 11(7)
Unknown 84 (53)
ICU admission 24 (15) 0 N/A
In-hospital mortality 18(11) 1(2.9) N/A

** In group 1, there wene 6 patients with mixed infection: 1 with Pj and M. tuberculosis infection, 1 Pj + bacteria, 1 M. tuberculosis + bacteria,

114/158 (72%)- PCR POS BAL en
grupo pac inmunocomprometidos.
Cargas fungicas mas altas en los
pacientes donde la microscopia fue
POS

53/158 (33%)- PCR POS OW
25 microscopia POS (16% POS)

28 PCR POS CF Infeccién (18% PQOS)
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Table 3. Factors associated with Preumocystis jirovecii (Pj) in 158 patients with severe immunosuppression with pneumonia.

PjP vs. Colonized vs.
Non-Infected Non-Infected
Individuals ** PR; Individuals ** PR;

PjP vs. Colonized

Colonized Ct 24.5-37 Individuals * PR;

N= 86 N= 44

Non-Infected Ct > 37

Characteristics PjP Ct < 24.5 N=28

(C195%) (CI95%) (CI95%)
Males, 1 (%) 20 (71.4) 62 (72.1) 31 (70.5) 0.976 (0.479-1.99) 1.01; (0.75-1.37) 1.02; (0.81-1.29)
Past medical history (clinical
condition at baseline)

AIDS, n (%) 27 (96.4) 64 (74.4) 35 (79.5) 6.82 (0.98-47.62) 1.212; (1.03-1.43) 0.94; (0.77-1.14)
Prior ART treatment, 1 (%) 2/13(154) 19/45 (42.2) 17 /30 (56.7) 2.92 (0.71-12.06) 0.27; (0.07-1.01) 0.74; (0.47-1.18)
CD4 < 200, cells/mm?, n (%) 20,20 (100) 41/46 (89.1) 24/29 (@ NE 1.21; (1.02-1.43) 1.08; (0.89-1.31)
HIV viral load > 50.000, n (%) 9/13 (69.2) 21/32 (65.6) 18/22 (81.8) 1.13 (0.41-3.06) 0.85; (0.56-1.28) 0.80; (0.58-1.10)
Transplanted, 1 (%) 1(3.6) 17 (19.8) 4(9.1) 0.23 (0.03-1.54) 0.39; (0.05-3.34) 2.17; (0.78-6.07)
Hematologic malignancies, 1 (%) 0 3(3.5) 2(4.5) NE 0 0.77; (0.13-4.43)
Systematic lupus erythematosus, n (%) 0 2(2.3) 3(6.8) NE 0 0.34; (0.06-1.97)
Prior corticosteroid therapy n/N (%) 0/1 5/18 (27.8) 4/5 (80) 0.18 (0.02-1.27) 0 0.35; (0.15-0.82)
Neutrophils < 1500 cells/mm? 0/1 2/21(9.5) 2/9(22.2) 0.39 (0.06-2.54) 0 0.43; (0.07-2.59)

No history of prophylaxis with
trimethoprim/sulfamethoxazole 28/28 (100) 70/85 (82.4) 33/44 (75) NE 1.33; (1.12-1.58) 1.09; (0.91-1.34)

for >12 weeks

Respiratory symptoms, 1 (%)

Cough 27/28 (96.4) 59/85 (69.4) 32/44 (72.7) 8.47; (1.20-59.49) 1.33; (1.09-1.61) 0.95; (0.76-1.20)
Dyspnea 24/28 (85.7) 26/85 (30.6) 13/44 (29.5) 7.56; (2.80-20.37) 2.90; (1.79-4.69) 1.03; (0.59-1.81)
Pleuritic pain 3/28 (10.7) 5/85 (5.9) 7/44 (15.9) 1.58; (0.60-4.10) 0.67; (0.19-2.39) 0.37; (0.12-1.10)
Chest pain 7/28 (25) 12/85 (14.1) 8/44 (18.2) 1.65; (0.82-3.32) 1.38; (0.56-3.37) 0.78; (0.34-1.76)
Hemoptysis 1/28 (3.6) 7/85 (8.2) 6/44 (13.6) 0.49; (0.08-3.13) 0.26; (0.03-2.06) 0.60; (0.22-1.69)
Fever > 38 °C 23/28 (82.1) 65/85 (76.5) 33/44 (75) 1.31; (0.55-3.09) 1.09; (0.86-1.39) 1.02; (0.83-1.26)
Pulse oximetry < 90 12/21 (57.1) 8/60 (13.3) 6/30 (20) 4.07; (2.02-8.2) 2.85; (1.28-6.39) 0.67; (0.25-1.75)
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Table 3. Cont.

Colonized Ct 24.5-37 Non-Infected Ct> 37

PjP vs. Colonized

PjP vs.
Non-Infected

Colonized vs.
Non-Infected

Characteristics PjP Ct<24.5N=128 Nz 86 Ne 44 Indi:écllg;})z; PR; Individuals ** PR; Individuals ** PR;
' (CI 95%) (CI 95%)
Respiratory frequency > 20 breaths/min 22/28 (78.6) 26/85 (30.6) 18/43 (41.8) 4.97;(2.18-11.3) 1.88; (1.26-2.81) 0.73; (0.45-1.18)
Tachycardia 17/28 (60.7) 31/85 (36.5) 13/44 (70.6) 2.09; (1.08-4.05) 2.05; (1.19-3.54) 1.23; (0.72-2.11)
Lymphocytes < 750 cells/mm® 15/28 (53.6) 39/84 (46.4) 15/44 (34.1) 1.239 (0.65-2.36) 1.57; (0.91-2.69) 1.36; (0.85-2.18)
LDH > 450 UI/L (n = 118) 16/24 (66.7) 19/62 (30.6) 10/32 (31.2) 2.91 (1.40-6.06) 2.13;(1.19-3.84) 0.98; (0.52-1.85)
Radiographic features, n (%)

Normal radiographic 4/28 (14.3) 26/81(32.1) 12/44 (27.3) 0.44; (0.166-1.16) 0.53; (0.188-1.46) 8; (0.66-2.10)
Interstitial opacities @28 (82.1) 39/81 (48.2) 21/44 WD 3.49; (1.43-8.49) 1.72; (1.21-2.45) 1.01; (0.69-1.48)
Pleural effusion 2/28(7.1) 15/85 (17.6) 7/44(15.9) 0.43; (0.11-1.66) 0.45; (0.10-2.01) 1.11; (0.49-2.52)
Ground-glass pattern @) 11/53 (20.8) 5/31@ 8.13; (2.56-25.75) 5.04; (2.18-11.63) 1.29; (0.49-3.36)

Complications and clinical outcomes

Acute respiratory distress syndrome 9/28 (32.1) 7/85 (8.2) 2/44 ((4.6) 2.87; (1.59-5.19) 7.07; (1.65-30.36) 1.81; (0.39-8.36)
Pneumothorax 0/28 (0) 2/85 (2.4) 1/44 (2.3) NE 0 1.04; (0.09-11.11)
ICU admission m (32.1) 11/85 (12.9) 4/4% 2.20; (1.17-1.13) 3.54; (1.20-10.39) 1.42; (0.48-4.213)
Mechanical ventilation required WHQ 10/85 (11.8) 4/W 2.20; (1.17-4.13) 2.36; (0.73-7.62) 1.29; (0.43-3.89)

(

In-hospital mortality

4/28 (14.3)

T0/86 (11.6) 4/44 (9.1)

1.19 (0.49-2.92)

1.57; (0.43-5.78)

1.28; (0.43-3.85)

Ct: cycle threshold. PR: prevalence ratio. CI: confidence interval PjP: Pneumocystis jirovecii pneumonia. ART: HIV antiretroviral therapy.

** The reference group is the non-infected by Pj. NE: Not estimated when one of the group has either no cases or all cases had PjP.

* The reference group is individuals colonized with Preumocystis jirovecii.
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* Frotis nasofaringeos no son utiles para diferenciar colonizacion de infeccion.

* Segun este estudio no detectan ni la mitad de los casos diagnosticados mediante
BAL
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Epidemiologia CAULE e

N2 muestras analizadas 2020-2023: 366

Técnica empleada: Diagnostico molecular mediante PCR

N2 de muestras NEGATIVAS: 298 (81,4%)
Ne de muestras POSITIVAS: 67 (18,3%)
N2 de muestras INDETERMINADAS: 1 (0,3%)

¢ Valladolid Este



Epidemiologia CAULE

NEUMOLOGIA 150
U.C.INTENSIVOS
MEDICINA INTERNA
HEMATOLOGIA
ASPIRADOS TRAQUEALES 4 OO
ONCOLOGIA
BRONCOASPIRADOS 20 C. EXTERNAS
NO CONSTA
H.MONTE SAN ISIDRO

REANIMACION CARDIACA
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URGENCIAS
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) UCI PEDIATRIA

LIQUIDO PLEURAL 1 REUMATOLOGIA
TRAUMATOLOGIA
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DIGESTIVO
(en blanco)
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Epidemiologia CAULE

TOTAL MUESTRAS POSITIVAS: 67 (54 BAL, 9 ESP, 4 BAS)
Muestras POS CF < 10"3: 32 = COLONIZACION (47,7%)
Muestras POS CF > 5*10"3: 23 = INFECCION (34,3%)

Muestras POS CF 10"3— 5%*10"3: 9 = INFECCION PROBABLE (13,6%)

Muestras POS sin especificar CF: 3 (4,4%)



Epidemiologia CAULE

POSITIVAS
TOTALES 29 118 122 96
% POSITIVIDAD 13,79 21,19 16,39 18,75



NEUMOLOGIA
MEDICINA INTERNA
HEMATOLOGIA
ONCOLOGIA
U.C.INTENSIVOS
BRONCOSCOPIAS

NO CONSTA
H.MONTE SAN ISIDRO
SIN DATOS

UNIDAD DE CUIDADOS INTENSIVOS
CARDIOLOGIA
ASTORGA
NEFROLOGIA

(en blanco)

Total general

R W
[

L = = T = T = Y = Y =N OV B ST, B )

67



Conclusiones

Integracion de triple criterio: clinico, radioldgico y microbiologico

Peticion solo en caso de sospecha clinica y factores predisponentes

Interpretar con precaucion el resultado microbioldgico. Cargas fungicas mas altas
en pacientes VIH +

Valores superiores a 103 copias/mL sugestivos de neumonia por Pneumocystis
jirovecii, siempre acompanado de criterios clinicos y radiolégicos.



Reflexiones finales

 Valorar si tratamiento en pacientes colonizados con factores de riesgo para
desarrollar infeccion

e Estandarizacion de valores para diferentes PCR utilizadas (unificacion de dianay
técnica diagnostica)

e Necesidad de mas estudios
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