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Abstract

Detection of viral and bacterial DNA in nasopharyngeal aspirates (NPAs) is now a routine
practice in emergency cases of febrile pneumonia. We investigated whether Pneumo-
cystis jirovecii DNA could also be detected in these cases by conducting retrospec-
tive screening of 324 consecutive NPAs from 324 adult patients (198 or 61% were
immunocompromised) admitted with suspected pulmonary infections during the 2012
influenza epidemic season, using a real-time quantitative polymerase chain reaction
(PCR) assay (PjgPCR), which targets the P jirovecii mitochondrial large subunit riboso-
mal RNA gene. These NPAs had already been tested for 22 respiratory pathogens (18
viruses and 4 bacteria), but we found that 16 NPAs (4.9%) were PjgPCR-positive, making
P jirovecii the fourth most prevalent of the 23 microorganisms in the screen. Eleven
of the 16 PjgPCR-positive patients were immunocompromised, and five had underlying
pulmonary conditions. Nine NPAs were also positive for another respiratory pathogen.
Six had PjgPCR-positive induced sputa less than 3 days after the NPA procedure, and five
were diagnosed with pneumocystis pneumonia (four with chronic lymphoproliferative
disorders and one AIDS patient). In all six available pairs quantification of P jirovecii
DNA showed fewer copies in NPA than in induced sputum and three PjgPCR-negative
NPAs corresponded to PjgPCR-positive bronchoalveolar lavage fluids, underscoring the
fact that a negative PjgPCR screen does not exclude a diagnosis of pneumocystosis.
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Including P, jirovecii DNA detection to the panel of microorganisms included in screening
tests used for febrile pneumonia may encourage additional investigations or support use
of anti-pneumocystis pneumonia prophylaxis in immunocompromised patients.
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influenza.

Introduction

Pneumocystis pneumonia (PCP) is a severe opportunistic
infection caused by Preumocystis jirovecii [1], which oc-
curs in immunocompromised patients, mainly those who
are positive for human immunodeficiency virus (HIV) with
low CD4 counts (<200 cells/mm?) but also more and more
frequently in patients that are immunocompromised due to
other factors such as solid organ transplant recipients [2,3],
patients with haematological malignancies or solid cancers
[4,5], and those receiving immunosuppressive therapy for
autoimmune or inflammatory diseases [6]. Preumocystis
jirovecii has an intrinsically restricted niche, living at the
surface of type I pneumocytes in the alveoli [1], so broncho-
alveolar lavage (BAL) fluid is the standard specimen used
for the diagnosis of PCP. BAL is more sensitive than in-
duced sputum (IS) and upper respiratory tract specimens
(nasopharyngeal aspirates (NPAs), nasal swab, oral wash)
[7].

Diagnosis usually relies on imaging and microscopic de-
tection [8] although an increasing number of laboratories
currently use quantitative real-time polymerase chain reac-
tion (qPCR) assays for the detection and quantification of
P. jirovecii DNA [9-15]. There is also a trend towards use of
less invasive procedures, such as NPAs [7,16,17], instead of
lower respiratory tract specimens such as induced sputum
or BAL.

Nasopharyngeal aspiration is already a standard proce-
dure for detecting viral and bacterial DNA in patients with
acute pneumonia [18,19], especially during the influenza
season [20]. The aim of this study was to evaluate the value
of adding P. jirovecii DNA to the panel of respiratory mi-
croorganisms for which adult patients presenting with acute
respiratory infection are screened.

Materials and methods

Patients

All adult (>15 years) patients with suspected pulmonary
infections who were seen in the emergency ward or outpa-
tient clinic of the infectious diseases department of Saint-
Louis hospital between February 1 and March 31 2012
were included in the study. Saint-Louis Hospital is a 650-

bed tertiary university hospital that specializes in haema-
tology, renal transplantation and oncology. NPAs were
collected using a standardized procedure; in other words,
a catheter was inserted into the patient’s nostrils as far
as the posterior pharynx and a mural vacuum pump was
used for suction of mucosity. Aspirate was collected in
a sterile tube using a mucus extractor device (Unomedi-
cal, Clayton, Australia) and sent to the microbiology lab-
oratory within an hour of this procedure. Patients were
classified as immunocompromised if they were HIV pos-
itive, presented with haematological malignancy, had a
solid tumour, had undergone solid organ transplantation,
or were on a high-dose steroid regimen (>30 mg per day
for at least 30 days), whereas all other patients were clas-
sified as not immunocompromised (Table 1). The results
of specific investigations for PCP, which occurred within 3
days of the NPA procedure, were compared with the NPA
results.

This was a noninterventional study involving no change
in standard clinical procedures. Biological material and
clinical data were obtained only for standard diagnos-
tic purposes, following physicians’ prescriptions but note
that there was no specific sampling. Clinical data were
anonymized before analysis. French Health Public Law
(CSP Art L1121-1.1) states that protocols of this type do
not require ethical approval and are exempt from informed
consent procedures.

DNA study

On arrival at the laboratory 1.5 ml of NPA was diluted in
2ml phosphate buffered saline. One milliliter of this
mixture was incubated with 100 ul of proteinase K for
1 hr at 56°C. After centrifugation at 1500 g for 10
min, DNA and RNA were extracted from 200 ul of
supernatant using the NucliSENSeasyMAG automated
system (bioMérieux, Marcy I’Etoile, France) and then
eluted in a final volume of 100 ul. Immediately after
a reverse trancriptase step, 10pul samples were tested
for the 22 respiratory microorganisms included in the
RespiFinder-SMART-22 assay (PathoFinder, Maastricht,
The Netherlands). The remaining DNA/RNA extracts
were frozen at —80°C for future use. The RespiFinder-
SMART-22 assay is used for the simultaneous detection
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Table 1. Underlying conditions and Pneumocystis jirovecii positive gPCR (PjgPCR) results from the 324 patients included in the

study.
PjqPCR negative patients PjqPCR positive patients

Patient categories n =308 (%) n=16 (%)
Median age years (range) 59 (15-97) 58 (22-93)
Sex, male/female 178/130 917
HIV positive patients (7 = 18)

> 200 CD4 T cells/ul (7 = 13) 13 (0) 0

<200 CD4 T cells/ul (7 = 6) 5(83) 1(17)
Hematological disorders (7 = 114)

Allogeneic hematologic stem cell transplantation (7 = 53) 52 (98) 1(2)

Chronic lymphoproliferative disorders (n = 47) 42 (89) 5(11)

Acute leukemia (7 = 20) 20 (100) 0
Solid organ transplant recipients (n = 15)

Kidney (1 = 16) 14 (87) 2 (13)

Lung (n=1) 1(100) 0
Patients with >30 mg steroid per day >30 days (z = 16) 15 (94) 1(6)
Patients with solid tumors (7 = 26) 25 (96) 1(4)
None of the above conditions (7 = 126) 121 (96) 5(4)
Total (n = 324) 308 (95.1) 16 (4.9)

and identification of 18 respiratory viruses (adenovirus,
coronaviruses 229E, NL63, OC43, HKU1, human metap-
neumovirus, influenza A virus, influenza A virus HIN1,
influenza B virus, parainfluenza viruses —1, —2, —3 and
—4, respiratory syncytial virus A and —B, rhinovirus, en-
terovirus, and bocavirus) and four bacteria (Bordetella
pertussis, Chlamydophila pneumonia, Legionella pneu-
mophila, Mycoplasma pneumoniae). The quality of NPA
sampling was checked by estimating the number of cells
collected in all samples using a qPCR assay targeting the
gene coding for human albumin [21]. NegativeRespiFinder-
SMART-22 results were considered valid if albumin DNA
was >1000 copies/ml. DNA extraction and amplifica-
tion yields were assessed using the Simplexa Extraction
and Amplification Control Set (Focus Diagnostics, Cy-
press, Calif., USA) as an internal control (IC). In sum,
Sul of IC were added to the processed 200 ul before
DNA/RNA extraction and a quantification cycle (Cq) of
30 +/— 3 was expected for validation. For NPAs with
IC Cq value >33, DNA/RNA extracts were combined
with 0.5 ul TagMan exogenous internal positive control
(IPC) DNA (Applied Biosystems, Foster City, CA, USA)
and amplified with the IPC primers to look for the pres-
ence of PCR inhibitors in the extracted DNA/RNAs;
the expected IPC Cq for this second control was
33 +/—1.

The in-house qPCR assay for P. jirovecii (PjqPCR) am-
plifies a 121 bp fragment of the P. jirovecii mitochondrial
large-subunit (LSU) rRNA gene and was used as previously
reported [9] with 5 pul of thawed nucleic acid extract. Results

were expressed as number of copies/pl based on the stan-
dard curve obtained with a plasmid containing the targeted
fragment of the LSU gene as described elsewhere [10]. The
dilution factor was estimated at 1/160 of the initial NPA for
quantitative comparison with IS. All clinical samples were
tested in duplicate.

Routine diagnosis

The routine laboratory detection of P. jirovecii included
May Grunwald Giemsa staining and direct immunofluores-
cence using the monofluokit P. jirovecii (Biorad, Hercules,
USA). Sputum and IS were first subjected to mucolytic treat-
ment (Digest-EUR, Eurobio, Courtaboeuf, France) for 15
min at 37°C. The samples (5-10 ml) were then centrifuged
at 2800 rpm, and the pellet resuspended in 200 ul lysis
buffer for DNA extraction using the QIAamp DNA Mini
kit (Qiagen, Hilden, Germany) with a final elution in 200 pl.
The PjqPCR assay was performed as above. The mean IS
volume used for DNA extraction was between 1 and 5 ml,
so the dilution factor was estimated at 80-200 for quanti-
tative comparison with NPA.

Results
Pneumocystis jirovecii PCR results according
to viral/bacterial results

Eleven (3%) of the 324 nucleic acid extracts tested had IC
Cq values > 33 and were tested with the IPC reagents.
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No inhibition was detected excluding the presence of % 2 = 2
residual PCR inhibitors. The RespiFinder-SMART-22 kit s - < z
results are listed in Table 2 along with those of PjqPCR. In- = < %
fluenza viruses (A, B or HIN1) were the most frequently de- "E
tected microorganisms (74/324,23%), but P. jirovecii DNA g _ ?;
was detected in 16 NPAs (4.9%) and was the fourth most é - = 2 %
commonly found microorganism. Forty-two NPAs (13%) 2 - —‘g
had less than 1000 albumin copies/ml, and one of these E
was PjqPCR-positive (Table 3; Patient 8, sample retained - é
for further analyses). Of note, 7 out of 16 PjqPCR-positive g % £ - - i g‘a
samples (44 %) were also positive for other microorganisms "ET *l 5
detected by the RespiFinder-SMART-22 kit (Table 3). All gE
the microorganisms tested apart from Bordetella pertus- 2 %
sis were associated with another microorganism it at least g |
one sample (Table 2). Two of the 16 PjqPCR-positive pa- § - e = % 2
tients also tested positive for other respiratory pathogens e g - 2
(Cryptococcus neoformans and Mycobacterium tuberculo- °<v_) = %‘3
sis), indicating a 56 % (9/16) coinfection rate for the PjgPCR Z 5
positive patients (Table 3). % g § _ ;
—| £1& B )
Pneumocystis jirovecii PCR results according to underlying g é
diseases and final diagnosis P - | g
. . . pd 3 o £
One hundred and ninety-eight of the 324 patients (61%) Sl 2 f|am-a Y| 8
were immunocompromised, reflecting the patient popula- § 2 = g
tion of our university hospital (Table 1). Eleven of the 16 é O:i
PjgPCR-positive patients had a known immune deficiency, > g |2
in other words, four had pulmonary conditions (COPD, = § N T - “ 3 =
asthma, fibrosis), and only one had no known risk factor E § < g =
for PCP or P. jirovecii colonisation (Table 3). Five of the E :é §
PjgPCR-positive patients had chronic lymphoproliferative ?,,3 . ; E )
disorders, in other words, 11% (5/47) of this patient group c| £ & Il g 2 g
(Table 1). £ 257" A -
Twenty-four (7%) of the 324 patients included in this % = - g 5, %
study underwent other investigations such as sputum, IS, qg g ”i E
or BAL within 3 days of the NPA procedure. Six of these =§ g . & 8 (‘5 N E
24 (25%) patients had PjqPCR-positive NPAs and under- *§ -;.f Bl - ” e IE § 8z
went IS specifically to test for P. jirovecii. Fungal loads el - "l g g ]
were lower in NPAs than IS, with a median difference of § § % ‘&S E
61 copies (range: 2-159). Five of the six patients tested :E) gl 2 %3: = é
specifically for PCP were given a final diagnosis of PCP T E % g g E 3
based on clinical and radiological evidence (Table 3). The Q é E g 'fz = g
sixth PjqPCR-positive patient (Patient 6; Table 3) tested E é © 5{ ) E § §
specifically for PCP was not diagnosed PCP but was given <§f §> § % 2 E 2 § §
atovaquone as anti-PCP prophylaxis. Four of the 10 other @ § % T £ z E § T§
PjqPCR-positive patients who underwent no specific inves- 'fé 2 § E é g g g é E § §
tigation and therefore did not receive a diagnosis of PCP % g § ERE i é g S 5 é %‘ ‘g%
were nevertheless given anti-PCP prophylaxis (Table 3). &"g §;é o8 s £93 g g g E g 23 é
Fifteen of the 18 patients with PjqPCR-negative NPAs who o ® \é £33 is E s g g E 2 g é g 2 E 8
underwent other investigations had PjgPCR-negative sputa, = % é é :§ N§‘? 4 % ig i:; g 3% é 222 _é 2 §
IS or BAL; 3 of these 18 patients had PjqPCR-positive BALs [ EESCSSE2R88 2 EREEEZZES
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with negative microscopy results and were discharged with
no final diagnosis of PCP.

Discussion

Our main observation was that P. jirovecii DNA was de-
tectable in 4.9% of NPAs from adult patients seen for
febrile pneumonia during the flu season. In our hospi-
tal P. jirovecii was the fourth most prevalent of the 23
respiratory pathogen assessed, with the influenza viruses
(A, B, HIN1) the most prevalent (23%). Comparison
with previous studies is difficult because patients were se-
lected on the basis of BAL results [16] or focused on
children [7,17].

Testing based on DNA detection raises the issue of the
meaning of a positive result and in the extent to which ob-
served symptoms can be attributed to the relevant agent,
particularly when several pathogens are detected simulta-
neously, as is typical in immunocompromised hosts [18,22].
In our PjqPCR-positive samples, additional respiratory mi-
croorganisms were detected in 9/16 (56%) patients. Nev-
ertheless, the 4.9% prevalence of P. jirovecii DNA in these
samples cannot be interpreted as an incidental observation.
Eleven of the 16 PjgPCR-positive belonged to a population
at risk of PCP, such as patients with AIDS, haematological
malignancies, solid tumors, renal transplantation, or receiv-
ing high-dose steroid therapy. Risk factors for colonization
[23], such as chronic obstructive pulmonary disease, were
also present (Table 3). Interpretation of the term coloniza-
tion is disputable as these patients were symptomatic with
febrile pneumonia. The retrospective design of our study
precludes calculation of the sensitivity and specificity of
NPA for detection of P. jirovecii DNA as patients did not
undergo the same diagnostic work-up. In particular, there
was no systematic analysis of sputum because the initial
goal was detection of viruses but when a diagnostic work-
up was performed in six patients on the basis of clinical
suspicion, five received a final diagnosis of PCP on the basis
of microscopic observation of the fungus in IS.

From a practical point of view three arguments can
be made for adding P. jirovecii to the panel of microor-
ganisms tested in cases of febrile pneumonia. First, as
demonstrated here, NPA screening could be used to trigger
further invasive investigation of patients at risk of PCP; al-
ternatively clinical suspicion, radiological signs, and patient
background might be considered sufficient basis for initia-
tion of treatment with an anti-PCP drug. Second, a PjqPCR-
positive NPA could be used to support anti-PCP drugs
prophylaxis [24], sometimes restrained due to the potential
side effects of trimethoprim-sulfamethoxazole. Third, some
authors have suggested that without intervention full-blown

PCP is likely to occur within 1 month of a PjqgPCR-positive
result [25].

One of the limitations of testing in NPAs is that
P. jirovecii DNA is present in smaller quantities than in
lower respiratory specimens. Strict quantitative compari-
son is problematic given the heterogeneity of the volumes
and the consistency of the clinical specimens; however, in
all cases we observed fewer DNA copies in NPA samples
than IS samples. A P. jirovecii-positive NPA may there-
fore correspond to a much higher fungal load in the alveoli
and the thresholds applied in BAL and IS [9-15] should
not be applied to NPAs. Of note, three patients with <1
P. jirovecii DNA copy/ml in NPA were diagnosed with PCP.
Moreover, a NPA should contain a minimum number of
human cells to avoid false negative results in virus [26,27]
and Aspergillus detection [28]; we therefore cannot exclude
the possibility that some NPAs were falsely negative for
P. jirovecii or that the fungal load was considerably under-
estimated because of the poor quality of the NPA. Three
PjqPCR-negative NPAs corresponded to PjqPCR-positive
BAL fluids, indicating that a negative NPA cannot be used
to exclude PCP. The utility of detection of P. jirovecii DNA
in NPA would be greatly improved if it were combined
with other noninvasive tests such as detection of beta-D-
glucan in serum [29,30] and detection of P. jirovecii DNA in
serum [31].

In conclusion, we suggest that it would be worthwhile
to include P. jirovecii in the panel of respiratory pathogens
assessed in adult cases of febrile pneumonia, particularly for
immunocompromised patients. This would incur limited
additional cost as the nucleic acids are already extracted
for other tests. A PjqPCR-positive result should prompt
discussion about specific investigations and therapy if there
is a high probability of PCP. Our findings should also be
confirmed outside the context of a flu epidemic.
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