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Pneumocystis jirovecii is an opportunistic pathogen in immunocompromised and AIDS patients. Detection by quantitative PCR
is faster and more sensitive than microscopic diagnosis yet requires specific infrastructure. We adapted a real-time PCR amplify-
ing the major surface glycoprotein (MSG) target from Pneumocystis jirovecii for use on the new BD MAX platform. The assay
allowed fully automated DNA extraction and multiplex real-time PCR. The BD MAX assay was evaluated against manual DNA
extraction and conventional real-time PCR. The BD MAX was used in the research mode running a multiplex PCR (MSG, inter-
nal control, and sample process control). The assay had a detection limit of 10 copies of an MSG-encoding plasmid per PCR that
equated to 500 copies/ml in respiratory specimens. We observed accurate quantification of MSG targets over a 7- to 8-log range.
Prealiquoting and sealing of the complete PCR reagents in conical tubes allowed easy and convenient handling of the BD MAX
PCR. In a retrospective analysis of 54 positive samples, the BD MAX assay showed good quantitative correlation with the refer-
ence PCR method (R2 � 0.82). Cross-contamination was not observed. Prospectively, 278 respiratory samples were analyzed by
both molecular assays. The positivity rate overall was 18.3%. The BD MAX assay identified 46 positive samples, compared to 40
by the reference PCR. The BD MAX assay required liquefaction of highly viscous samples with dithiothreitol as the only manual
step, thus offering advantages for timely availability of molecular-based detection assays.

Pneumocystis jirovecii is an opportunistic pathogen causing
pneumonia in people suffering from AIDS (1). Moreover, it

plays an increasing role as a pathogen in immunosuppressed pa-
tients and organ transplant recipients (2–4). Whereas detection of
the fungus by immunofluorescent staining has long been consid-
ered the major diagnostic tool, it has now been documented con-
sistently that molecular detection by PCR is superior to micro-
scopic evaluation (1). Consequently, a number of PCR protocols,
including nested PCR and real-time PCR, have been published
and evaluated (5–19). Moreover, molecular detection of P. jirove-
cii in less-invasive patient specimens has also been shown to be
cost-effective (20). The interpretation of PCR test results requires
quantification because carriage of low numbers of P. jirovecii has
been reported to occur without disease (1, 21). As the detection of
a P. jirovecii infection has direct therapeutic impact for the choice
of proper antibiotics, timely diagnosis is desirable. Yet availability
of rapid molecular assays in routine laboratories, especially out-
side normal working hours, is still limited. Fully automated
molecular platforms might facilitate timely and widespread appli-
cation of molecular tests. The new BD MAX system (BD Diagnos-
tics, Sparks, MD) allows fully automated DNA extraction, PCR
setup, and multiplex real-time PCR for in vitro diagnostic (IVD)
(22–24) as well as in-house-developed tests. The platform extracts
DNA or RNA using specific extraction reagents, followed by real-
time PCR amplification and detection of fluorescence in up to five
channels. The system can be run in an open mode that allows
adding any user-specific primers and PCR reagents. The eluted
nucleic acid is then combined with those reagents and is trans-
ferred into a PCR microfluidic cartridge. Fully automated PCR
without time-consuming and laborious hands-on work would be
beneficial for rapid and easy detection of P. jirovecii. In this study,
we aimed to adopt a published real-time PCR for detection of P.
jirovecii (7) into the new BD MAX system. This is the first report
that describes the usage of the BD MAX in the open system with
user-specific PCR reagents.

MATERIALS AND METHODS
Samples. The BD MAX PCR was validated with the 2011 external quality
assessment quality control for molecular diagnostics (QCMD) panel
(Qnostics, Glasgow, Scotland). For the retrospective analysis, extracted
DNA from 54 patient samples which had previously (�2 years) tested
positive for P. jirovecii by the routine real-time PCR were used. The pro-
spective study was done from March to October 2012 at the 2,000-bed
tertiary care University Hospital Heidelberg. A total of 278 samples from
188 patients with requests for P. jirovecii detection were analyzed by the
reference PCR as well as the new BD MAX real-time PCR. For discrepant
results, the assays were repeated once and patients were evaluated for P.
jirovecii infection based on clinical signs (nonproductive cough, progres-
sive hypoxia), radiological signs, including ground glass opacity and pa-
renchyma consolidation, and initiation of a full course of treatment with
high-dose trimethoprim-sulfamethoxazole.

Primers, probes, and plasmids. Primers and dually labeled probes
were ordered from Eurofins MWG Operon (Ebersberg, Germany).
Primer stock solutions were prepared at 50 pmol/�l, except the sample
process control (SPC), which was prepared at 10 pmol/�l. All probes were
dissolved at 10 pmol/�l and stored at �20°C. The primer sequences (5=-
3=) used were as follows for the P. jirovecii target gene MSG: MSG-fw, GAA
TGC AAA TCC TTA CAG ACA ACA G, and MSG-rv, AAA TCA TGA
ACG AAA TAA CCA TTG C (7). For detection, we used a dually labeled
hydrolysis probe: MSG probe, FAM-AGA CAT CGA CAC ACA CAA
GCA CGT CT-BHQ1. The internal control probe was TET or Texas
Red-CTA GCA GCA CGC CAT AGT GAC TGG C-BHQ2. The sample
process control primers were SPC-fw, GGA TCT AGC CGT GTG CCC
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GCT, and SPC-rv, GGC ATG GAG GTT GTC CCA TTT GTG, with the
SPC probe Cy5-TTG ATG CCT CTT ACA TTG CTC CAC CTT TCC
T-BHQ2. A positive-control plasmid containing a P. jirovecii HuMSG14
major surface glycoprotein gene (GenBank accession number AF033209)
cloned into pCR2.1 was used and quantitated by NanoDrop (Peqlab, Er-
langen, Germany) spectrophotometry. As an internal control, a tetracy-
cline resistance gene of pBR322 encompassed by MSG primer sequences
was prepared. The internal control was added to the PCR mix to control
for PCR inhibition. The MSG primers amplify a 250-bp product from the
target gene and a 295-bp product from the internal control that can be
differentiated using the MSG probe and the internal control probe, re-
spectively. The plasmids were obtained from H. H. Larsen (7). The sam-
ple process control is included in the BD MAX ExK DNA-2 kit (BD Di-
agnostics) and carries the Drosophila melanogaster scaffold protein gene
(GenBank accession number AC246497.1) cloned in a pUC119 vector
sequence (GenBank accession number U07650).

DNA extraction. For routine diagnostics, DNA was extracted from
200 �l of the patient’s sputum or tracheal secretion sample using the
QIAamp DNA blood minikit (Qiagen, Hilden, Germany) without any
preincubation. DNA was eluted in 100 �l of the kit’s AE buffer. For bron-
choalveolar lavage (BAL) fluid and high-volume samples, 1,000 �l was
centrifuged at 8,000 rpm for 5 min, 800 �l supernatant was removed, and
the sample was resuspended prior to DNA extraction. The 5-fold concen-
tration by this pretreatment was considered when calculating target con-
centrations.

Reference real-time PCR. The real-time PCR (7) was done as follows.
The 25-�l PCR mixtures contained 2� quantitative PCR (qPCR) master
mix (ABsolute qPCR mix [no ROX]; Thermo Fisher, Schwerte, Ger-
many), 1 �M each MSG-fw and MSG-rv primer, 150 nM 6-carboxyfluo-
rescein (FAM)-labeled MSG probe, 150 nM TET-labeled internal control
probe, 2 � 104 copies of internal control plasmid, and 2 �l of the sample
DNA extract. The PCR was run on a Chromo4 cycler (Bio-Rad, Munich,
Germany) at 95°C for 15 min with 45 cycles of 95°C for 15 s and 60°C for
40 s. With each run, 102, 104, and 106 copies/PCR of a plasmid encoding
the MSG target were run in parallel for quantification.

Preparation of BD MAX PCR reagents. A 2-fold concentrated master
mix in 12 �l was prepared as follows: 4.8 �l of real-time ready DNA probe
master 5� (number 05502381001; Roche Applied Science, Mannheim,
Germany), 0.25 �l each of MSG-fw and MSG-rv primers (1 �M in the
2-fold concentrated master mix) and SPC-fw and SPC-rv primers (0.2
�M), 1 �l each of FAM-labeled MSG probe, Texas Red-labeled internal
control probe, and Cy5-labeled SPC probe (0.8 �M), 1 �l (equaling 1,000
copies) of internal control plasmid, and 2.2 �l of PCR-grade water. The
master mix was prepared as a stock solution, aliquoted, and stored at
�20°C for up to 3 months. Additionally, master mix was aliquoted at 12
�l directly into conical snap-in tubes fitting the BD MAX extraction strip
and sealed using adhesive cover foil and a PlateMax sealer (Axygen; 2
times for 8 s each at 180°C).

BD MAX PCR. For high-volume specimens, 2 ml was centrifuged
(8,000 rpm for 5 min) and resuspended in 400 �l. Other specimens were
filled up to a 400-�l volume with phosphate-buffered saline (PBS). Sam-
ples were split, and 200 �l each was analyzed by either manual DNA
extraction and reference real-time PCR or the BD MAX system. Samples
were analyzed within 3 days after receipt. Viscous samples were pretreated
by mixing 200 �l of the sample with 200 �l of dithiothreitol (Sputasol, 1:1;
Oxoid, Wesel, Germany), followed by incubation at 37°C for 30 min. A
total of 200 �l of the specimen was pipetted into the sample buffer tube
(SBT) of the BD MAX ExK DNA-2 kit. The SBTs were covered with a
septum cap, vortexed briefly, and placed into the sample rack. Unitized
reaction strips of the BD MAX ExK DNA-2 kit were supplemented with
the 2-fold concentrated BD MAX PCR master mix. After extraction, the
BD MAX combines the 12 �l of nucleic acid eluate with the user-provided
PCR master mix and 12 �l of the mixture is then loaded into the PCR
cartridge. Approximately 4 �l of the reaction mixture will be in the am-
plification chamber. The assay was run in the research mode using default

settings for the extraction and the following PCR cycling protocol: 95°C
for 60 s and 45 cycles of 98°C for 8 s and 58°C for 16.3 s. Fluorescence gains
and thresholds were set for FAM (475/520 nm) at 40 and 50 (where the
first value is the setting for the fluorescence gain and the second value is
the setting for the threshold), VIC (530/565 nm) at 80 and 50, Texas Red
(585/630 nm) at 80 and 50, Cy5 (630/665 nm) at 80 and 75, and Cy5.5
(680/715 nm) at 80 and 10. A color compensation matrix was pro-
grammed with a FAM/VIC of 0.05 and a Texas Red/Cy5 of 0.023. The
Roche PCR mix has a fluorescent dye as pipetting control signaling in the
Cy5.5 channel. Quantitation was done using a plasmid standard that was
run once and saved as an external standard. For analysis in the PCR-only
mode, 8 �l of the 2-fold concentrated mix was combined with 4 �l DNA
or plasmid standard and 4 �l of 20 mM NaOH to mimic the extraction
process. The cartridge was loaded with 10 �l of this mixture.

Statistical analysis. Calculations, including a determination of linear
regression, were done with Prism5 (GraphPad Software). Statistical dif-
ferences between groups were analyzed by a two-tailed unpaired t test or
Mann-Whitney test as indicated.

RESULTS
Technical adoption of a conventional real-time PCR on the BD
MAX. For initial optimization procedures, DNA from P. jirovecii-
positive samples was added to the BD MAX PCR mixture and then
10 �l was manually loaded into the PCR cartridges and the PCR
was run in the PCR-only mode. We observed that BD MAX deliv-
ered better results (i.e., lower threshold cycles [CT] values) when
increasing the denaturing temperature to 98°C (data not shown).
No major differences were observed when changing the annealing
temperature up or down 6°C from the 60°C used on the Chromo4
cycler. As the BD MAX elutes DNA in NaOH, it is recommended
to use a neutralizing buffer when preparing the PCR mix. We
observed that for the particular enzyme used in this study, the
neutralization step was able to be omitted since amplification
worked equally well when we simulated extraction by adding the
DNA in water (CT, 28.6 � 0.54), the DNA in NaOH (CT, 29.0 �
0.05), and the DNA in NaOH and neutralization buffer (CT,
29.6 � 0.17). Next, we optimized amplification times. We ob-
served the best amplification when the denaturing time exceeded 5
s and annealing/extension was above 10 s (Fig. 1A). Then we as-
sessed the detection limit of the PCR by applying a 10-fold serial
dilution of a plasmid carrying the MSG target gene (Fig. 1B). We
observed that 10 copies added with the supplemented PCR mix to
the PCR cartridge (equaling 4 copies within the reaction chamber)
were able to be detected and that the PCR had an amplification
range of 7 logs. Ten copies in the PCR equal approximately 230
copies/ml in the original material if 200 �l of specimen is added to
1,500 �l of buffer in the SBT.

Fully automated extraction and real-time PCR. We next eval-
uated the sensitivity of the full process on the BD MAX encom-
passing DNA extraction, PCR setup, and real-time PCR. We used
a multiplex PCR that amplified the MSG target gene (FAM), an
internal control (IC) (Texas Red), and a sample process control
(SPC) (Cy5). The internal control plasmid was added at a low
copy number to avoid competition with amplification of the nat-
ural MSG target.

Valid negative results were reported for target gene-negative
samples when the SPC was positive with any CT value and the
internal control showed a CT value of �36.5. For target gene-
positive samples, the SPC and IC were not evaluated but the sam-
ple was quantitated according to a recorded external standard.

Using serial dilutions of the MSG plasmid, we observed a de-
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tection limit of 200 to 400 copies/ml (data not shown), indicating
high efficacy of the extraction process compared to the PCR-only
mode. Next we spiked negative BAL material with an MSG-encod-
ing plasmid (Fig. 1C). The detection limit was about 500 cop-
ies/ml (2.70 log10/ml), with linear amplification over at least a 7- to
8-log range, and similar results were obtained for tracheal secre-
tions (data not shown). One thousand copies/ml were consistently
detected (100%), whereas 100 copies/ml in matrix gave a positive
signal in 33% of the tested samples. We did not observe cross-
contamination between neighboring samples when alternating
positive (9 log10) and negative samples were examined. Using an
external quality assessment panel, both PCRs, the reference real-
time PCR and the BD MAX PCR, missed two infrequently de-
tected samples but identified five positive samples with sufficient
quantitative accuracy (Fig. 1D) (R2 � 0.93 for the reference pro-
cedure; R2 � 0.85 for the BD MAX PCR).

To further simplify handling, we prepared ready-to-use PCR
reagents that were aliquoted, sealed, and stored at �20°C. This
process did not affect the activity of the PCR (Fig. 1E). Further

analysis testing a 5-log10 plasmid standard over 3 months with
stored master mix proved sufficient stability of the complemented
PCR reagents (Fig. 1F).

Quantitative correlation of conventional real-time PCR and
BD MAX PCR. In a retrospective analysis, 54 samples which pre-
viously tested positive for P. jirovecii by the reference real-time
PCR and from which extracted DNA had been stored at �20°C
were tested with the BD MAX PCR. A total of 46 samples were
identified as positive in the BD MAX PCR. The remaining 8 dis-
crepant samples were reevaluated by repeating the original refer-
ence real-time PCR and turned out to be negative in repeat testing.
These eight samples had low-positive results at the time of initial
testing and most probably did not give reproducible results due to
long-term storage. Excluding those nonreproducible samples,
quantitative comparison of original reference results and BD
MAX real-time PCR results showed correlations of 0.76 for all 46
positive samples and 0.82 when one outlier was removed (Fig. 2).

Evaluation of the BD MAX PCR in a prospective study. In a
prospective study, 278 respiratory samples were analyzed by both

FIG 1 Technical evaluation of the BD MAX PCR. (A) The BD MAX PCR was run in the PCR-only mode, and the indicated combinations of denaturation and
annealing/extension times (two-step protocol) were tested with 6 log10 copies of a plasmid standard. (B) Serial dilutions of an MSG-encoding plasmid standard
were evaluated in the PCR-only mode in duplicates. CT values of the MSG target gene amplification (FAM) are plotted against the plasmid copy numbers within
the PCR. (C) A total of 200 �l of serial dilutions of the plasmid standard in three negative tested BAL fluid matrices was evaluated for automated DNA extraction
and PCR amplification. Mean (� standard deviation [SD]) CT values of the MSG target gene amplification (FAM) are shown (n � 3). (D) The reference and BD
MAX PCRs were used to evaluate the 2011 QCMD quality panel. Concentrations determined by use of a plasmid standard are plotted against the reference data.
(E) PCR reagents were either tested immediately (fresh) or aliquoted, sealed, and stored overnight at �20°C. Ten patient samples (5 positive, 5 negative) were
tested with both preparations. Median and individual CT data for the target MSG gene (FAM), internal control (Texas Red), and sample process control (Cy5)
are shown. An unpaired t test showed no significant differences (ns). (F) A 5 log10 plasmid standard was tested repeatedly over 12 weeks with stored PCR reagents
(target, MSG; IC, internal control; SPC, sample process control).
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assays. Of those, 18.3% (51) were positive by at least one molecu-
lar assay. The BD MAX PCR yielded 213 negative and 44 positive
results; 10 samples were unresolved due to failure in detection of
the internal control, and 11 samples were not able to be evaluated
due to technical failures (accounting for 7.5% of the samples with
no result upon first-run analysis) (Table 1). Unresolved tests on
the BD MAX were repeated once with only 3 samples, giving no
final result (Table 1). The reference procedure consisting of man-
ual DNA extraction and conventional real-time PCR gave 238
negative and 40 positive results; none of the samples were unre-
solved. Direct comparison showed that both PCRs were concor-
dant for 35 positive and 227 negative samples. Eleven samples
were positive only by the BD MAX PCR, and 5 samples were
positive only by the reference PCR (Table 2). The quantitative
results showed a sufficient correlation given the heterogeneity of
the materials included (Fig. 3A).

Among the five samples that were missed in the BD MAX PCR,
four had low concentrations of P. jirovecii. One sample with a
higher concentration had been analyzed only with supernatant of
the BAL fluid by BD MAX PCR. In a second sample from the same

patient, both PCRs were positive. Among the remaining four pa-
tients, three were judged negative and one was judged positive for
Pneumocystis jirovecii infections according to clinical findings.

For the 11 samples that were positive only in the BD MAX PCR,
we observed a distribution of 2.34 log10 to 5.56 log10 copies/ml,
results that were well above the detection limit (Fig. 3A). Upon
retesting with the reference PCR for discrepancy analysis, three
were positive with low concentrations and eight remained nega-
tive. Of the 8 repeat negative samples, two were from patients that
had positive results by both PCRs in additional samples whereas
one patient was negative in both PCRs in a second sample. For the
remaining five patients that were positive only by the BD MAX
PCR, one was determined to be Pneumocystis pneumonia based
on clinical findings (in a patient with systemic inflammatory dis-
ease and immunosuppression), and for another patient, trimeth-
oprim-sulfamethoxazole therapy was initiated by the clinicians
despite the negative reference PCR. Of the five patients with pos-
itive results in repeat or secondary testing, diagnosis of P. jirovecii
infection was made for two patients and the other three suffered
from atypical pneumonia without a confirmed microbiological
diagnosis. Taken together, the BD MAX PCR missed one patient
but identified an additional three patients with Pneumocystis ji-
rovecii infection.

A comparison of the CT values of both PCRs showed that the
target gene was detected with a median CT value of 30.1 for the BD
MAX PCR whereas the median CT value for the combination of
manual extraction and reference PCR was higher, at 34.7 (Fig. 3B).
Due to the design of the BD MAX PCR (amplifying only 160
copies of the internal control plasmid within the reaction cham-
ber), the internal control was expectedly detected at higher CT

values than in the reference procedure.

DISCUSSION

Rapid detection of respiratory infections with P. jirovecii is of im-
portance to initiate early and proper treatment of this emerging
pathogen. In this report, we show the successful merging of a
published real-time PCR (7) for detection of P. jirovecii on the new
automated BD MAX platform. We used a quantitative real-time
PCR that was initially published as touchdown PCR using fluores-
cence resonance energy transfer (FRET) hybridization probes.
The PCR was run in our routine diagnostic using a conventional
protocol and a hydrolysis probe. The limit of detection was about
1,000 copies/ml of a plasmid in BAL fluid matrix that equaled 4
copies/PCR. The detection limit was in the range that had been
published (5 copies/reaction). Whereas initially a cutoff of 10 cop-
ies/PCR (referring to 3.40 log10 copies/ml in the sample) was sug-
gested to discriminate patients suffering from Pneumocystis infec-
tion from patients with asymptomatic carriage (7), a later report
suggested 1,000 copies/reaction (equaling 5.40 log10 copies/ml) as
more appropriate (9). In our diagnostic laboratory, signals below
5.30 log10 copies/ml were routinely reported as borderline. Low-

FIG 2 Comparison of MSG quantifications by the BD MAX and the refer-
ence PCR. Extracted DNA from 46 samples that had tested positive by the
reference procedure was evaluated by the BD MAX PCR in the PCR-only
mode. Quantification of the MSG target was based upon the CT values and
an external standard of serial dilutions of a plasmid and is indicated as copy
numbers/PCR. Linear regression was determined, and the correlation
graph is plotted.

TABLE 1 Results of BD MAX and reference PCRsa

Result

No. of samples with each result by:

BD MAX PCR
Reference
procedure

First result
Negative 213 238
Positive 44 40
Unresolved 10 0
Technical failure 11 0

Final result
Negative 229 238
Positive 46 40
Unresolved 3 0

Total 278 278
a Indicated are the interpreted results of the BD MAX and the reference PCRs after the
first run and upon single retesting of failed assays.

TABLE 2 BD MAX and reference PCRs in comparison

Result by reference
procedure

No. of samples with each BD MAX PCR
result

Positive Negative/unresolved

Positive 35 5
Negative 11 227
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positive PCR results have been repeatedly observed and have been
interpreted as carriage or colonization. Therefore, a most-sensi-
tive PCR does not seem to be of utmost importance; instead, a
proper quantification and establishment of an in-house cutoff are
mandatory.

To facilitate the handling of this PCR and to make it available
for use apart from the normal working hours, we thought to mi-
grate this assay onto the fully automated BD MAX platform run in
the open mode. We successfully established a protocol that
worked well on the BD MAX. The PCR reagents were delivered by
the user into the DNA extraction strip of the commercial ExK
DNA-2 kit; all other steps were done by the instrument. In the case
of a viscous sample, a pretreatment with dithiothreitol was the
only manual step necessary. Adopting the PCR, we observed that
annealing and extension times were able to be decreased substan-
tially, possibly due to the microfluidic buildup. Modulating an-
nealing/extension temperatures had few effects. In general, how-
ever, we observed that higher denaturing temperatures of up to
98°C were beneficial. The PCR itself had a detection limit of 4
copies/PCR chamber, well in the range of the original PCR (7) as
well as other real-time PCRs (10, 12, 15).

The combined processes of automated DNA extraction and
multiplex PCR had a detection limit of approximately 500 copies
(2.70 log10) of an MSG-encoding plasmid per ml in BAL matrix (9
copies/PCR chamber). Although both PCRs missed two infre-
quently detected samples in the 2011 QCMD panel, the detection
limit is below what has been published as a clinically relevant
cutoff (14, 25). Both PCR assays showed good correlation in quan-
tification to the QCMD quality panel as well as in a retrospective
comparison of previously positive tested samples.

To further facilitate the PCR handling, we aliquoted fully com-
plemented PCR reagents, sealed them, and stored them at �20°C.

The sealing process itself did not affect the PCR quality, and over
a time period of 3 months, only a slight reduction in amplification
efficacy was observed. This protocol allows use of the whole sys-
tem outside a specific PCR area, as all reagents have been preali-
quoted and the amplification process is closed.

In a prospective study, the BD MAX PCR had an initial
failure rate of 7.5%; however, only 3.6% were due to PCR in-
hibition whereas 3.9% were because of a technical problem
which occurred only once during the entire study. Upon single
retesting, 1.1% remained unresolved. We observed a slightly
weaker quantitative correlation between the two PCRs which
might be attributable to the heterogeneity of BAL fluid, tra-
cheal secretions, and sputa. Limited reproducibility of quanti-
tative results in these specimens has been discussed before (14).
Nonetheless, discordant results were limited in number, and
samples that were missed by the BD MAX protocol were mainly
low-positive samples. In contrast, the BD MAX identified ad-
ditional samples among which were a number of true positives.
For the PCR targeting the MSG gene, two cutoffs have been
suggested, 10 copies/PCR (7) and 1,000 copies/PCR (9), with
the latter increasing specificity from 84.9 to 98.6%. Using the
thresholds of 3.40 log10 and 5.40 log10 copies/ml that equal the
published cutoffs with the protocol applied here, the BD MAX
PCR would have identified 41 and 14, respectively, of 46 sam-
ples as being above the threshold whereas the reference real-
time PCR would have identified 33 and 12, respectively, of 40
samples as being above the threshold. Without providing a
detailed analysis of the clinical findings for all patients, the
discrepancy analysis already identified five patients with clini-
cal findings of a Pneumocystis infection that were below the 5.40
log10/ml threshold. Our patient cohort consisted mainly of
solid organ transplant recipients, patients with hematological

FIG 3 Prospective evaluation of the automated BD MAX PCR. (A) Clinical samples were tested for presence of the Pneumocystis jirovecii MSG target gene and
quantified according to an external plasmid standard. Log concentrations of positive samples are indicated (log [{copies � 1}/ml]; zero refers to absence of
detection). Discrepant results were reanalyzed once. Concentrations below 3 log10 and 2.7 log10 per ml for the reference and the BD MAX method, respectively,
were extrapolated. Linear regression was determined, and the correlation graph is plotted. (B) Distribution of CT values of the different amplicons as detected in
the BD MAX real-time PCR and the reference procedure (target, MSG; IC, internal control; SPC, sample process control; 0, negative). Target amplicon CT values
were compared by a Mann-Whitney test (***, P � 0.0001).
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malignancies, and patients with systemic inflammatory dis-
ease, known to be at risk for Pneumocystis jirovecii infection
(26), but lacked a high proportion of HIV patients. The data
argue for the need of establishment of an in-house cutoff value,
but a cutoff of 10 copies/PCR seems to be more appropriate
(14). Ten copies/reaction were also found to result in 98%
sensitivity and 96% specificity in receiver-operator curve anal-
ysis for detection of hsp70 (15), and 30 copies/reaction were
needed for targeting the internal transcribed spacer 2 (ITS2)
region (17). Indeed, it is known that non-HIV patients have
lower fungal burden (27, 28), and differentiation of carriage
versus infection in non-HIV patients might therefore be even
more difficult (29). In this line, using beta-tubulin as a target
gene, microscopically positive samples were reported to have a
burden of 3.6 to 6.6 log10 copies/ml whereas microscopically
negative samples had a lower burden of 0.9 to 3.9 log10/ml (10).
A gray zone of unclear clinical significance, as opposed to in-
fection or colonization, was also suggested within the range of
2.08 and 3.28 log10 copies of mitochondrial large-subunit
rRNA gene per ml, which is in the range of the above-men-
tioned cutoff of 3.40 log10/ml (30), or 0 to 3.16 log10 PCR
pathogens/ml (29). Besides the mere determination of Pneu-
mocystis target gene concentrations, it has been suggested to
normalize those values to host DNA to account for sample
heterogeneity (14).

On the other hand, multicenter studies have shown that the
negative predictive value of real-time PCR in Pneumocystis diag-
nostics is high (99%); thus, a rapid negative report is helpful to
exclude Pneumocystis jirovecii infection (29, 31, 32).

The specific clinical use of PCR is confirmed by a recent report
in which immunofluorescence assay (IFA)-negative but PCR-
positive patients suffering from systemic inflammatory disease
had a worse 1-year survival rate than IFA-negative/PCR-negative
patients (25). However, this difference was not observed for other
patient groups. In this report, IFA-positive patients had PCR loads
of at least 5.6 log10/ml and IFA-negative/PCR-positive patients
had a mean load of 4.1 log10/ml, and among the latter, a number of
patients had diffuse radiological patterns indicative of possible
Pneumocystis pneumonia.

In order to make a timely decision, it would be preferable to
have radiological, laboratory, and microbiological PCR findings
available at once. The new assay presented here provided an
easier workflow, thus offering advantages for application of
molecular-based detection assays. The assay required liquefac-
tion of highly viscous samples but otherwise needed no further
pipetting step, thus improving handling significantly. The BD
MAX Pneumocystis PCR assay showed equal technical perfor-
mance to and good quantitative correlation with the estab-
lished reference real-time PCR.
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