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Pneumocystis jirovecii pneumonia (PCP) is a life-threatening infection in immunocompromised patients. Quantitative real-time
PCR (qPCR) is more sensitive than microscopic examination for the detection of P. jirovecii but also detects colonized patients.
Hence, its positive predictive value (PPV) needs evaluation. In this 4-year prospective observational study, all immunocompro-
mised patients with acute respiratory symptoms who were investigated for PCP were included, totaling 659 patients (814 bron-
choalveolar lavage fluid samples). Patients with negative microscopy but positive qPCR were classified through medical chart
review as having retained PCP, possible PCP, or colonization, and their clinical outcomes were compared to those of patients
with microscopically proven PCP. Overall, 119 patients were included for analysis, of whom 35, 41, and 43 were classified as hav-
ing retained PCP, possible PCP, and colonization, respectively. The 35 patients with retained PCP had clinical findings similar to
those with microscopically proven PCP but lower fungal loads (P < 0.001) and were mainly non-HIV-infected patients (P <
0.05). Although the mean amplification threshold was higher in colonized patients, it was not possible to determine a discrimi-
nant qPCR cutoff. The PPV of qPCR in patients with negative microscopy were 29.4% and 63.8% when considering retained PCP
and retained plus possible PCP, respectively. Patients with possible PCP had a higher mortality rate than patients with retained
PCP or colonization (63% versus 3% and 16%, respectively); patients who died had not received co-trimoxazole. In conclusion,
qPCR is a useful tool to diagnose PCP in non-HIV patients, and treatment might be better targeted through a multicomponent
algorithm including both clinical/radiological parameters and qPCR results.

The ascomycete fungus Pneumocystis jirovecii is responsible for
Pneumocystis pneumonia (PCP), a life-threatening infection

in immunocompromised patients that ranks first among oppor-
tunistic pathogens, revealing HIV-positive status when CD4� T
lymphocyte counts fall below 200 cells/�l (1). Moreover, PCP is
also of increasing importance in non-HIV immunocompromised
patients such as transplant patients, patients with hematological
malignancies or solid cancers, and patients receiving corticoste-
roid therapy (CST) or other immunosuppressive drugs within the
framework of connective tissue diseases or chronic inflammatory
diseases (2–5), reaching 50% of cases in the most recent series (6,
7). Although chemoprophylaxis guidelines recommend co-tri-
moxazole in transplant patients for 6 to 12 months following
transplantation, there is currently no consensus on chemopro-
phylaxis in other non-HIV immunocompromised patients, ex-
cept for granulomatosis with polyangiitis (Wegener’s granuloma-
tosis) (8). The prognosis of PCP in non-HIV patients is poorer
and the evolution more acute, with a shorter delay between onset
of symptoms and hospitalization (6, 9). Therefore, rapid diagnosis
is essential.

PCP diagnosis currently relies on the demonstration of
trophic forms or cysts after microscopic examination of bron-
choalveolar lavage fluid (BALF) using adequate staining methods
(May-Grünwald-Giemsa, Gomori-Grocott, or immunofluores-
cence assay). However, microscopic diagnosis is difficult and re-
quires specific skills, particularly when fungal burdens are low,
and thus may be falsely negative. Various PCR targets and meth-

ods have been developed (10–12), and quantitative real-time PCR
(qPCR) has progressively supplanted conventional PCR. Quanti-
tative PCR is usually used to exclude PCP diagnosis because its
negative predictive value (NPV) is nearly 100% (13). However,
although the good sensitivity of qPCR allows for diagnosis in pa-
tients with low fungal loads, it also leads to the overdetection of P.
jirovecii DNA in patients with colonization. Indeed, PCR has con-
tributed to demonstrating the concept of a dynamic reservoir of P.
jirovecii, with possible transient asymptomatic carriage, as ob-
served in immunocompetent subjects or in the proximity of in-
fected patients (14). Therefore, a positive PCR without micro-
scopic detection is difficult to interpret (15).

The aim of this study was to evaluate the positive predictive
value (PPV) of a qPCR method routinely used in our lab. We
retrospectively reviewed all cases with positive BALF P. jirovecii
qPCR over a 4-year period (2009 to 2012), focusing on patients
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with negative or ambiguous microscopy and positive qPCR, with
the goal of defining the positive predictive value (PPV) of qPCR in
these population of patients, and the benefit for care management.

MATERIALS AND METHODS
Patients and BALF samples. All BALF samples with P. jirovecii detection
from January 2009 to December 2012 were included. During this 4-year
period, 814 BALF samples from 659 immunocompromised patients (785
episodes) were analyzed for P. jirovecii. As our lab does not perform sys-
tematic diagnostic panels, this examination was guided by clinical and/or
radiological signs in patients at risk. BALF was collected during the course
of routine care management, as previously described (16); thus, no par-
ticular consent was obtained. The samples were sent to laboratories for the
detection of various infectious agents (bacteria, fungi, viruses) at the dis-
cretion of the clinician.

Microscopic examination for P. jirovecii. BALF samples were di-
gested with Digest-EUR (Eurobio, Courtaboeuf, France), and 4 to 6 slides
were cytocentrifuged and stained with May-Grünwald-Giemsa (MGG)
and immunofluorescence assay (IFA) (Monofluokit, Bio-Rad, Marnes-la-
Coquette, France). Cyst detection by IFA was graduated, according to the
manufacturer’s recommendations, and considered ambiguous when �5
cysts were detected.

Molecular diagnosis. After the centrifugation of 1 ml of BALF, DNA
extraction was performed using a 200-�l pellet with the Qiagen DNA
minikit tissue (Qiagen, Courtaboeuf, France). The qPCR technique tar-
geted the mitochondrial large subunit rRNA (mtLSU), as described pre-
viously (17), and amplification was performed using a Step One plus
device (Applied Biosystems, Saint Aubin, France) following the standard
amplification protocol for 40 cycles, preceded by 10 min at 50°C for ura-
cil-DNA glycosylase activity. The amplification threshold was fixed at 0.02
to allow cycle threshold (CT) comparison between runs. Adequate con-
trols (positive, negative, and extraction) were included in each run.

Data collection and classification of patients. The medical charts of
all patients with positive P. jirovecii qPCR detection and negative or
ambiguous microscopic examination (MGG negative and IFA ambigu-
ous) were retrospectively reviewed by a multidisciplinary team (a parasi-
tologist, an infectious diseases specialist, and an intensive care unit prac-
titioner). The following data were recorded for analysis: age, sex, clinical
signs at the time of diagnosis, immune background, and immunosuppres-
sion factors, Pneumocystis chemoprophylaxis, chest imaging findings (X-
ray or computed tomography [CT] scan when available), any docu-
mented pulmonary coinfection or any noninfectious etiology that could
possibly result in respiratory failure or imaging findings, specific treat-
ment, and outcome. The patients were classified according to the follow-
ing criteria.

The diagnosis of PCP was retained when (i) at least three of the four
following items were present, cough, fever, dyspnea, and compatible ra-
diography or CT scan, and (ii) a favorable outcome was obtained under
co-trimoxazole therapy, provided that no other infectious agent was
found and that no simultaneous immuno-allergic etiology explained the
respiratory symptoms or (iii) PCP was confirmed by histological exami-
nation postmortem.

Possible PCP was defined by (i) the presence of at least two of the four
following items, cough, fever, dyspnea, compatible radiography, or CT
scan, and (ii) co-trimoxazole treatment was not clearly evaluable because
an alternate diagnosis was suspected or simultaneously treated or (iii) the
patient died early.

Colonization with P. jirovecii was defined by (i) favorable clinical out-
come in the absence of co-trimoxazole treatment or (ii) death due to a
duly identified organic cause and not attributable to PCP.

Patients with microscopically proven PCP (i.e., the presence of P.
jirovecii trophic forms or cysts detected by MGG and/or IFA) were used as
a control group to compare the epidemiologic and diagnostic data.

Statistical analysis. PPV and NPV were calculated using standard for-
mulas. Qualitative variables were analyzed using the chi-square test or

Fisher’s exact test. Quantitative variables were compared using the Mann-
Whitney test. The statistical analysis was performed with GraphPad Prism
5.0 software.

RESULTS
Threefold more patients were identified with positive PCR than
with positive direct examination. A total of 43 of 659 (6.5%)
immunocompromised patients with respiratory symptoms were
diagnosed with PCP after microscopic examination on the basis of
the presence of trophic forms or cysts on MGG slides and/or IFA
slides (Fig. 1). One patient had two distinct episodes of PCP at an
approximately 1-year interval and thus was counted twice. In 23
cases, the microscopic slides were very demonstrative, and qPCR
was not performed (n � 23). In the 20 remaining cases, qPCR was
performed and was always positive (n � 20). In 497 patients, both
microscopic examination and qPCR were negative, and the diag-
nosis of PCP was excluded. In the 119 remaining patients (namely,
the PCR-positive [PCR�] group), MGG staining was negative and
qPCR was positive, whereas IFA was negative in 103/119 (87%) or
ambiguous in 16/119 (13%) patients. The prevalence of a positive
qPCR result among patients with a negative direct examination
and pulmonary symptoms was 19%.

Patients with isolated positive PCR have different underly-
ing risk factors than patients with microscopy-proven PCP.
Among the 43 patients with proven PCP, the most frequent risk
factor was HIV infection (47%), followed by corticosteroid ther-
apy (CST) with or without combined immunosuppressive drug
(21%), solid cancer (16%), hematological malignancy (9%), and
transplantation (5%) (Table 1). Conversely, in patients with a
negative direct examination and positive qPCR, the most fre-
quently observed risk factors were CST (30%), hematological
malignancy (29%), and solid cancer (20%); HIV infection ac-
counted for only 4% of the cases (Table 1). Taken together, the
HIV-infected patients were more likely to be diagnosed with PCP
by direct examination (P � 0.0001) than the non-HIV patients,
whereas the patients with hematological malignancy most likely
had a positive qPCR and negative direct examination (P � 0.05).
Other risk factors did not differ between the groups (Table 1).

Approximately one-third of the patients who were negative
for Pneumocystis by microscopy but positive by qPCR devel-
oped PCP. Among the 119 patients of the PCR� group, PCP was

FIG 1 Flowchart of the BALF samples prospectively analyzed over a 4-year
period.
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retained as the final diagnosis in 35 (29%) patients; 34 were suc-
cessfully treated by co-trimoxazole, and PCP was confirmed at
autopsy in the last case. A total of 43 (36%) patients were consid-
ered to be colonized and presented less frequently with solid can-
cer than the patients with retained PCP (P � 0.01) but more
frequently with mild risk factors, such as cirrhosis or chronic ob-
structive pulmonary disease (Table 1). These colonized patients
were usually not treated (Table 2); 4 of them died from acute
evolution of their underlying disease or another documented in-

fection, and the attributability of P. jirovecii was not acknowl-
edged.

In 41 (34%) patients, PCP was considered possible but was not
formally retained. Thirty-two (78%) of these patients were
treated, but the effect of co-trimoxazole was not clearly evaluable
because (i) therapy with potentially deleterious pulmonary side
effects (e.g., methotrexate or amiodarone [Cordarone; Wyeth
Pharmaceuticals, Inc.]) was simultaneously removed, which
might have contributed to clinical improvement (5 patients), (ii)

TABLE 1 Underlying risk factors in patients with proven PCPa and in patients with positive PCR and negative direct examination

Risk factor
MGG�- and/or IFA�-proven
PCP (n � 43) (n [%])b

PCR� group (n � 119)

P valuec

Retained PCP
(n � 35) (n [%])

Possible PCP
(n � 41) (n [%])

Colonization
(n � 43) (n [%])

Total (n � 119)
(n [%])

HIV 20 (47) 4 (12) 0 1 (2) 5 (4) �0.0001
Hematological malignancy 4 (9) 13 (37) 9 (22) 12 (28) 34 (29) 0.0112
Corticosteroid with or

without other ISDd

9 (21) 5 (14) 15 (37) 16 (37) 36 (30) 0.321 (NS)

Solid cancer 7 (16) 8 (23) 14 (34) 2e (5) 24 (20) 0.657 (NS)
Transplantation 2 (5) 5 (14) 3 (7) 4f (9) 12 (10) 0.357 (NS)
Other 1 (2) 0 0 8g (19) 8 (7) 0.451 (NS)
a PCP, Pneumocystis pneumonia.
b MGG, May-Grünwald-Giemsa staining; IFA, immunofluorescence assay.
c The P value was calculated using Fisher’s exact test for each risk factor. NS, not significant.
d ISD, immunosuppressive drug.
e Significant difference (P � 0.01) compared to the retained PCP or possible PCP groups.
f One transplant patient was also HIV�.
g Miscellaneous underlying conditions consisting of 1 rheumatoid arthritis treated with abatacept, 1 chronic alcoholism, 1 proteinosis, 3 chronic obstructive pulmonary disease, and
2 cirrhosis cases; P � 0.001 compared to the retained PCP and possible PCP groups.

TABLE 2 Patient characteristics according to the result of Pneumocystis jirovecii direct examination

Characteristica

MGG�-and/or IFA�-proven
PCPb (n � 43)

PCR� group (n � 119)

P valuec

Retained PCP
(n � 35)

Possible PCP
(n � 41)

Colonization
(n � 43)

Age (mean � SEM) (yr) 55 � 2 62 � 2 68 � 2 62 � 2 �0.001
Sex ratio (no. M/no. F) 1.39 1.5 1.9 2.07 0.782 (NS)
Hypoxemia (n [%]) 29d (67) 26 (74) 32 (78) 30 (70) 0.129 (NS)
Radiological findings (n [%])

Diffuse interstitial infiltrate 27 (63) 22 (63) 28 (68) 14 (33) �0.01
GGO 22 (51) 20 (57) 26 (63) 18 (42) �0.01
Nodules 3 (7) 6 (17) 7 (17) 8 (18) 0.356 (NS)
Condensations 3 (7) 3 (9) 8 (19.5) 8 (18) 0.329 (NS)
Other 3 (7) 5 (14) 13 (32) 17 (39) �0.01

Coinfectione (n [%]) 3 (7) 1 (3) 12 (29) 20 (46) �0.0001
Bacteria 2 0 9 4
Virus 1 1 3 11
Aspergillus 1 0 1 8

IFA ambiguous 0 9 (26) 4 (10) 3 (7) �0.01
Co-trimoxazole treatment (n [%]) 43 (100) 35 (100) 32f (78) 5g (12) �0.0001
Mortality (�1 mo) (n [%]) 8 (19) 1 (3) 26h (63) 7i (16) �0.0001
a M, male; F, female; GGO, ground-glass opacities.
b MGG, May-Grünwald-Giemsa staining; IFA, immunofluorescence assay; PCP, Pneumocystis pneumonia.
c Qualitative variables were analyzed using Fisher’s exact test, and quantitative variables were analyzed using the Mann-Whitney test.
d Unavailable data in 5 cases.
e Multiple codetection of infectious agents was observed in some patients.
f One patient received pentamidine after co-trimoxazole because of allergy.
g Two additional patients started prophylaxis in light of the PCR results (one kidney transplant patient and one HIV� patient).
h Of whom 9 had not been treated.
i Of whom 2 were treated.
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the patient died early after the onset of co-trimoxazole (7 cases) or
before co-trimoxazole therapy (9 cases), or (iii) another infectious
agent was simultaneously detected (12 cases) (Table 2). The PPV
of qPCR within the PCR� group was 29.4% (35/119 patients) and
increased to 63.8% (76/119) when definite PCP and possible PCP
were combined.

Mean amplification cycle threshold (CT) differs between
groups of patients according to final diagnosis and immune
background. As we used a multiple-copy gene as the PCR target,
the quantification of P. jirovecii with regard to copies/ml of sample
was not reliable; thus, we chose to express results as the mean
number of amplification cycles necessary to reach the qPCR pos-
itivity threshold (CT). CT was significantly much lower in patients
with a positive direct examination (proven PCP) than in patients
with definite PCP but negative direct examination (23.3 � 1.3 and
34.9 � 0.3, respectively, P � 0.001) (Fig. 2A), reflecting higher
fungal loads. Regarding the underlying risk factors, the mean CT

obtained for HIV-infected patients with proven or retained PCP
was lower than for non-HIV patients (24.4 � 1.9 versus 32.4 �
0.7, P � 0.001) (Fig. 2B). Within the PCR� group, a significantly
lower CT was observed in patients with retained PCP than in col-
onized patients (34.1 � 0.5 versus 36.1 � 0.3, P � 0.001). Simi-
larly, the mean CT obtained for patients with possible PCP (34.6 �
0.5) was lower than for patients with P. jirovecii colonization (P �
0.05) (Fig. 2). The distribution of CT results was large and similar
between the three subgroups, making it difficult to set a CT to diag-

nose PCP with 100% specificity. When considering a CT at 32, the
overall sensitivity would be 51%, but only 8/35 patients with a nega-
tive direct examination would have been diagnosed. A CT at 35 would
yield an overall sensitivity of 75% but would detect only 21/35 mi-
croscopy-negative PCP cases (60%).

Clinical setting and outcome differ between groups of pa-
tients. The patients with microscopy-proven PCP differed from
the whole PCR� group with respect to age, frequency of coinfec-
tion, and outcome but shared similar clinical characteristics as
patients with retained or possible PCP (Table 2). Differences were
also observed within the PCR� group. (i) Patients with possible
PCP were significantly older than colonized patients (P � 0.05)
and had higher mortality than colonized patients and PCP pa-
tients (P � 0.001), (ii) colonized patients more frequently had
atypical imaging findings than patients with possible or retained
PCP and were less likely to present with diffuse interstitial infil-
trates (P � 0.01), (iii) coinfections were most frequently docu-
mented in patients with possible PCP and in colonized patients
than in others, but this was a criterion for excluding a formal PCP
diagnosis in the PCR� group and thus cannot be taken into con-
sideration. As the management of respiratory symptoms in pa-
tients with possible PCP is difficult in routine practice, we ex-
plored characteristics that could guide decision to treat. Despite
nonsignificant statistical tests, it is noteworthy that 56% of the
untreated patients had another infectious agent detected, which
explained their respiratory symptoms, whereas only 22% of the
treated patients had a documented coinfection (P � 0.097, Table
3). Conversely, the treated patients were more likely to have an
alternate noninfectious diagnosis supporting the pulmonary
symptoms and imaging findings than the untreated patients (72%
versus 44%, respectively). A trend toward a higher proportion of
patients with typical imaging findings (bilateral infiltrates) was
also observed in treated patients. Survival was null in the un-
treated patients (P � 0.05), yielding an odds ratio of 15.74 (95%
confidence interval [CI], 0.84 to 294) for death in cases of a lack of
treatment. The mean survival duration was short (8 � 1.1 days).

Survival is poorer for patients with negative IFA. There was a
trend toward lower CT values in BALF samples with ambiguous
IFA results than in BALF samples with negative IFA, though this
was not statistically significant (Table 4). An ambiguous IFA result
was observed in 9 and 4 patients with retained and possible PCP,

FIG 2 Results of qPCR (CT of amplification) according to final diagnosis (A)
or HIV status (B), expressed as the mean � SEM. The values were compared
using t tests. Statistically significant differences are marked as *, P � 0.05 or
***, P � 0.001.

TABLE 3 Characteristics of patients with possible PCPa according to
onset of treatment

Characteristicb

Possible PCP (n � 41)

P value
Treated
(n � 32)

Untreatedc

(n � 9)

Coinfection (n [%]) 7 (22) 5 (56) 0.097
Other possible noninfectious etiology

(n [%])
23 (72) 4 (44) 0.12

Typical imaging findings (n [%]) 23 (72) 4 (44) 0.231
qPCR result (mean � SEM) (CT) 34.8 � 0.5 33.7 � 1.3 0.404
Survival (n [%]) 15 (47) 0 (0) 0.016d

Survival time (mean � SEM) (days) 11 � 1.7 8 � 1.4 0.244
a PCP, Pneumocystis pneumonia.
b CT, cycle threshold.
c Underlying risk factors consisted of 3 corticosteroid therapy cases, 4 hematological
malignancies, 1 solid-organ transplant, and 1 solid cancer.
d P � 0.05.
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respectively, but also in 3 untreated colonized patients who sur-
vived. However, IFA results, even though ambiguous, might have
been frequently taken into account, as 87% of the patients re-
ceived co-trimoxazole, whereas only 56% with negative IFA were
treated (P � 0.05). A fatal outcome was less frequently observed in
the patients with ambiguous IFA than in the patients with negative
IFA (P � 0.05), despite similar underlying risk factors between
these groups (Table 4).

DISCUSSION

PCP is an opportunistic infection of growing importance in non-
HIV patients (18), as illustrated again in this study. HIV-nonin-
fected patients accounted for 53% of PCP diagnosed by micro-
scopic examination and 69% (54/78) of PCP cases when we
pooled the 35 patients with isolated positive qPCR results. It is well
acknowledged that the diagnosis of PCP is particularly tricky in
these patients, who can develop rapidly progressive PCP even with
low parasite loads (6). In agreement with already published data
(1, 19), higher parasite loads were detected in the HIV-infected
patients than the non-HIV patients (P � 0.001), emphasizing the
need for sensitive detection methods. In particular, patients with
hematological malignancies were more likely to have a negative
direct examination, and 13/17 (76%) were diagnosed only by
qPCR, whereas only 4/24 (17%) HIV� patients had an isolated
positive qPCR (Table 1). PCR was also the only positive marker
for PCP in 5/14 (36%) CST patients, in 5/7 (71%) solid-organ
transplant patients, and in 8/15 (53%) cancer patients.

Patients with a retained PCP diagnosis and patients with mi-
croscopically proven PCP did not differ significantly regarding
clinical signs or outcome, thus bolstering the retrospective classi-
fication of cases.

The group of colonized patients differed from the others, since
they presented with lower mean CT values and a greater heteroge-
neity of imaging findings, most likely explained by frequent coin-
fections. The observation of ambiguous IFA results for 3 colonized
patients who were not treated but still recovered also indicates that
this test is not completely reliable for diagnosing PCP.

Patients with possible PCP are obviously a challenging group.
They had higher mortality rates than colonized patients and pa-

tients with retained PCP diagnosis. These data suggest that even if
P. jirovecii was not recognized as the main cause of disease, it
might play an important role as a morbidity cofactor in patients
with a severe pulmonary background (15, 20, 21). Indeed, death
occurred within a context of septic shock and/or multiorgan fail-
ure in 9 cases, of acute respiratory distress in 12, or of diffuse lung
tumor infiltrate in 5 cases. It appears that the clinicians were more
likely to disregard co-trimoxazole onset if another infectious eti-
ology was documented simultaneously than when the patient was
receiving drugs with possible toxic pulmonary side effects (yet the
drug was immediately withdrawn). The mean CT values were sim-
ilar in the treated and untreated patients and thus most likely did
not influence the clinicians with regard to the patients’ care man-
agement (Table 3). The observation that mortality was 100% in
the 9 patients with possible PCP who did not receive co-trimoxa-
zole raises questions on whether P. jirovecii contributed to their
deaths, despite the fact that five of them were documented with
another infection. As stated by Asai et al. (22), the severity and
rapid progression of PCP in non-HIV patients should not be un-
derestimated, even in cases of moderate or mild respiratory failure
at admission, and a delay in diagnosis or treatment rapidly in-
creases mortality.

The care management of colonized patients is debatable. On
the one hand, the immediate outcome is generally good without
specific treatment, as observed in this study. On the other hand,
some studies have shown that these patients had poorer survival at
1 year if left untreated (23) and that colonization might be a first
step toward PCP within a few months (24). It has been proposed
that patients with inflammatory rheumatic diseases or systemic
autoimmune diseases should be screened for P. jirovecii coloniza-
tion and treated prior to the prescription of immunosuppressive
therapy (25, 26). Moreover, independently of the potential self-
benefit of co-trimoxazole treatment for patients with P. jirovecii
detection, a growing number of studies have stressed the risk of
colonized patients infecting other immunocompromised patients
during hospital care or consultations, as recently shown in renal
transplant patients (5, 27) (28, 29). Therefore, future strategies
could also consider treatment, at least in targeted patients or hos-
pital care units, to prevent airborne dissemination (14, 30).

Despite numerous studies reported in the literature, the place
of Pneumocystis PCR is not clearly stated; a positive qPCR result in
the absence of a positive IFA is not considered a definite criterion
of infection, and patients fulfilling these diagnostic characteristics
are usually not included (though treated) in epidemiological stud-
ies or recorded in reporting systems (7). In view of the present
study, we think that they should be included, provided that im-
provement is obtained by co-trimoxazole and alternate diagnosis
is lacking.

To date, most studies have aimed at defining a qPCR threshold
based on IFA results that would distinguish infection and coloni-
zation (23, 31–34), but such an approach simply provides the
threshold at which there is a good correlation between micro-
scopic and molecular techniques, which has little relevance for
diagnosing PCP in non-HIV patients. Indeed, it appears difficult
to set a limit, and recent works suggest the definition of two
thresholds: a “high” threshold that would diagnose PCP with
100% specificity and a “low” threshold that would indicate colo-
nization with maximal specificity (6, 23, 32, 35, 36). In fact, there
are cases that inevitably remain in the gray zone; their diagnosis is
uncertain, leading to suboptimal management. Additionally,

TABLE 4 PCR quantification, decision to treat, clinical outcome, and
underlying risk factors according to the results of IFA in patients with
positive PCR but negative direct examination (n � 119)

Characteristic

IFAa

ambiguous
(n � 16)

IFA
negative
(n � 103) P value

qPCR result (mean � SEM) (CT) 33.7 � 0.9 35.2 � 0.3 0.075 (NSb)
Treatment (n [%]) 14 (87) 58 (56) 0.025c

Mortality (n [%]) 1 (6) 34 (33) 0.037c

Risk factor [n (no. fatal cases)]
HIV 2 (0) 3 (0) 0.133 (NS)
Hematological malignancy 4 (0) 30 (11) 1 (NS)
Corticosteroids 5 (0) 31 (11) 1 (NS)
Cancer 3 (1) 21 (10) 1 (NS)
Transplantation 2 (0) 10 (2) 0.664 (NS)
Other 0 8 (0) 0.596 (NS)

a IFA, immunofluorescence assay.
b NS, not significant.
c P � 0.05.
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quantification data are not comparable among studies and tech-
niques (single-copy or multiple-copy genes). Another important
pitfall that complicates the setting of a quantification threshold is
that Pneumocystis is a polymorphic microorganism developing in
its host as a trophic form (single genome) and cysts (multiple
genomes), with an unknown ratio of these stages. Furthermore,
accurate quantification in copy number/ml does not reflect the
real number of cysts, which are presumed to be the result of the
reproductive cycle during infection. In our study, the CT values
from patients with retained PCP, possible PCP, and colonization
completely overlapped, thus illustrating the difficulty of fungal
quantification and the meaninglessness of a quantification thresh-
old in microscopy-negative BALF.

To our knowledge, this 4-year study includes the most impor-
tant homogenous series of BALF samples from immunocompro-
mised patients prospectively investigated within the framework of
the routine investigation of acute respiratory symptoms. There
are, however, some limitations because the data were analyzed
retrospectively. The study was not designed to analyze prognoses
and the severities of underlying background conditions, which
can play an important role in the clinical expression of PCP and
thus should be considered. Conversely, the strength of this study
relies on the homogenous classification of cases a posteriori using
sharply defined criteria, by a multidisciplinary team, and without
knowledge of the level of positivity of qPCR results. Therefore, it
can be assumed that the PPV of qPCR was not overestimated.

The originality of this work is not only that it provides data on
diagnostic performance but also that it opens an innovative way of
interpreting a positive qPCR result according to a patient’s char-
acteristics. As a qPCR threshold does not appear to be an adequate
solution for guiding co-trimoxazole treatment, we suggest that a
patient profile based on multiple parameters, such as clinical and
radiological parameters, underlying background, immunosup-
pressive therapies, age, comorbidities, or coinfections (37), should
be taken into account in the building of a decision tree. Moreover,
the association of other biological parameters, such as serum dos-
age of �-1,3-D glucan, should be included for evaluation, as prom-
ising results have been reported for small series in combination
with qPCR (35, 38, 39). This approach could benefit from the
experience gained in the field of aspergillosis. Indeed, the diagno-
sis of invasive aspergillosis, which has been long underestimated
in nonneutropenic patients (40), now relies on the association of
multiple biological and clinical parameters (41) to classify patients
as having certain, probable, or possible aspergillosis. More re-
cently, a similar strategy was proposed to determine whether pa-
tients with cystic fibrosis and Aspergillus colonization should be
treated (42). Such a process for the management of patients with
Pneumocystis-positive qPCR is needed and should rely on a future
prospective multicenter study.
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