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Abstract. A definite diagnosis of Pneumocystis pneumonia requires laboratory
confirmation of the presence of Pneumocystis jirovecii in clinical specimens. In-
house multiplex and quantitative (q)PCR assays were developed to detect P.
jirovecii mtLSU rRNA in bronchoalveolar lavage (BAL) and sputum specimens
in comparison with three standard cytological assays [Gomori’s methenamine
silver (GMS) staining, Giemsa staining and immunofluorescence assay (IFA)]
and conventional PCR. Both in-house multiplex and qPCR assays demonstrated
specific of P. jirovecii without cross-amplification with other organisms. In BAL
samples (n = 131), median copies/ul of P. jirovecii mtLSU rRNA DNA (measured
by in-house qPCR) in samples positive by GMS staining (37%), Giemsa staining
(37%) and IFA samples (42%) were 4.5x10°, 3.8x10° and 3.8x10°, respectively; and
in sputum samples (n = 54), median value in 4, 4 and 7 % positives was 5.5x10°,
5.5x10° and 2.2x10° copies/ul, respectively. Using conventional PCR median
copies/ ul P. jirovecii mtLSU rRNADNA in BAL (49% positive) samples compared
to in-house multiplex PCR (43% positive) were 2.5x10° and 3.1x10° respectively,
while in sputum samples (17 and 13% positives) were 4.3x10* and 4.3x10*
respectively. PCR methods showed higher sensitivity in P. jirovecii detection in
both type of specimens compared to the classical staining methods. Overall, gPCR
was considered the most promising diagnostic method due to its sensitivity and
quantitative ability.
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Pneumocystis jirovecii (previously
known as P. carinii) is one of the most
common opportunistic fungal pathogens
which causes life-threatening pneumonia
in immunocompromised individuals,
including those with advanced HIV-
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infection (Thomas and Limper, 2004).
Accurate diagnosis relying heavily
on laboratory testing to identify the
causative agent in clinical specimens
is highly warranted (Liu et al, 2017).
Laboratory investigation of P. jirovecii
is traditionally based on microscopic
detection in respiratory samples of cysts
or trophic forms of the organism stained
with Giemsa or Gomori’s methenamine
silver (GMS) or by an immunofluorescence
assay (IFA) using fluorescein-conjugated
monoclonal antibodies (Linder et al, 1986;
Elvin et al, 1988). However, sensitivity and
specificity of these staining methods can
vary widely depending on competence of
the examiner, fungal load, and specimen
quality and type (Calderén et al, 2010;
Tomds and Matos, 2018).

Introduction of PCR-based assays
has vastly improved detection sensitivity
and specificity, especially employing such
targets as mitochondrial large subunit
ribosomal DNA (mtLSU-rDNA), internally
transcribed spacer (mt-ITS), 55 rDNA and
18S rDNA (Durand-Joly et al, 2005; Tia et
al, 2012; Wakefield et al, 1990; Wakefield
et al, 1991). More recently, quantitative
(q)PCR assay has allowed accurate
measurement of P. jirovecii load in clinical
specimens (Flori et al, 2004; McTaggart et
al, 2012; Church et al, 2015; Moodley et al,
2017). PCR-based methods for detection
of P. jirovecii in non-invasive respiratory
specimens, such as nasopharyngeal
aspiration, oral wash and sputum, have
been reported (Lu et al, 2011). PCR
analysis in sputum has been shown to be
the most cost-effective diagnostic option
and reduces the cost of invasive procedure
of bronchoalveolar lavage (BAL) (Harris
et al, 2011).

Hence, two novel PCR-based
diagnostic methods to detect P. jirovecii
mtLSU-rRNA in BAL and sputum
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specimens were developed, namely, a
multiplex PCR and a qPCR. In order to
evaluate the efficacy of the two methods,
results were compared to other standard
cytological staining methods, ie GMS
staining, Giemsa staining and IFA, as well
as a conventional PCR method (Wakefield
et al, 1990).

MATERIALS AND METHODS

Samples collection

For BAL samples, the number
of samples was calculated to enable
estimation of true positive samples with
90% sensitivity, 95% specificity and a 95%
confidence interval range (CIR) of 88-100%.
An infinite population proportion method
using an n4 Studies statistical program
(Ngamjarus et al, 2017) indicated 55 and 73
samples for the expected sensitivity and
specificity respectively, ie a total of 128
samples. For sputum samples, an nQuery
Advisor Program, which compensates for
a paucity of specimens (www.statsolusa.
com) indicated to obtain 85% of samples
producing the same results for the four
tests (GMS staining, Giemsa staining, IFA,
conventional PCR) with 95% confidence
interval of 75-95%, 49 samples would
suffice. BAL (n = 131) and sputum (n =
54) samples were obtained during January
2015 to June 2017 from patients attending
Siriraj Hospital, Mahidol University,
Bangkok, Thailand who were suspected
of having Pneumocystis pneumonia (PcP).
A 3-5 ml aliquot of BAL sample was
centrifuged at 2,000 g for 5 minutes at 4°C
and 1 ml aliquot of pellet was used for
DNA isolation, IFA, Giemsa staining and
GMS staining. A 200 ul aliquot of sputum
sample was used for DNA isolation with
a QIAmp DNA Mini Kit (Qiagen, Hilden,
Germany). DNA purity and concentration
were measured with a NanoDrop 2000
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UV-Vis Spectrophotometer (Thermo
Fisher Scientific, Waltham, MA).

The study protocol was approved
by Siriraj Hospital Institutional Review
Board for research involving human
subjects (COA no. Si318/2016).

Staining procedures and IFA

Fifteen ul aliquot of BAL pelleted
sample was smeared on a glass slide
and left to dry in a biosafety cabinet at
ambient temperature and then stained
with Giemsa and GMS dyes as previously
described (CDC, 2016). IFA was performed
using mouse monoclonal antibodies (3F6;
Dako, Glostrup, Denmark) as previously
described (Linder et al, 1986; Elvin et al,
1988).

Development of in-house multiplex PCR
assay

A primer pair (forward
5-CAACAACTGTCTCCGCAATAAA-3'
and reverse 5'-GGCAAACTTCGTGGT
CAATAC-3") specifically targeting
mtLSU rRNA was designed based on a
comprehensive analysis and alignment
of P. jirovecii genome (GenBank accession
no. NC_020331.1) and confirmed
using a nucleotide BLAST program
(National Center for Biotechnology
Information, Bethesda, MD) (Altschul
et al, 1990). Primers targeting human
GAPDH (internal control) were forward
5'-GGGACTGGCTTTCCCATAAT-3" and
reverse 5'-CCTGCTTCACCACCTTCTT-
3’. Multiplex PCR mixture (20 ul)
contained 10 ng of DNA, 0.2 ul of both
sets of primer pairs (10 mM) and 10
ul of 2X KAPA Tag ReadyMix PCR kit
(Kappa Biosystems, Wilmington, MA).
Thermocycling was carried out in Applied
Biosystems Thermocycler (Thermo Fisher
Scientific, Waltham, MA) as follows: 94°C
for 3 minutes; 35 cycles of 94°C for 30
seconds, 53°C for 30 seconds and 70°C for
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60 seconds; and a final step of 70°C for 5
minutes. Amplicons (mtLSU rRNA, 535
bp and GAPDH, 361 bp) were separated
by 2% agarose gel-electrophoresis, stained
with Safeview™ dye (Applied Biological
Materials, Richmond, British Columbia,
Canada) and recorded by a Gel Doc™
EZ Gel Documentation System (Bio-Rad
Lab, Hercules, CA). A band is considered
positive for mtLSU rRNA if intensity is
> 1.8 background intensity and negative
if < 1.8 background (Quantity One 1-D
analysis software, Bio-Rad).

Restriction fragment length polymorphism
(RFLP)-PCR

The mtLSU rRNA amplicons of
conventional PCR and in-house PCR were
confirmed for specificity by restriction
fragment length polymorphism (RFLP)
using Pacl (Asel) enzyme (Thermo
Fisher Scientific). RFLP reactions were
performed in 30 ul reaction composing of
3 ul of 10X buffer O, 10 ul of PCR product,
16 ul of water and 1 ul of Pacl enzyme.
The reaction was set up at 37°C for 1 hour
in Applied Biosystems Thermocycler
(Thermo Fisher Scientific). The PCR
products were separated by 2% agarose
gel-electrophoresis. The RFLP fragments
of the conventional PCR product yields
278 bp and 69 bp, respectively. The RFLP
fragements of the in-house PCR product
yields 204 bp and 331 bp, respectively.

Conventional PCR assay

Conventional PCR performed to detect
P. jirovecii mtLSU rRNA was performed
as previously described (Wakefield et
al, 1900; Wakefield et al, 1991). Reaction
mixture, thermocycling conditions and
amplicon band (347 bp) evaluation were as
described above using primers pAZ102-H
(5'-GTGTACGTCGCAAAGTACTC-3')
and pAZ102-E (5-GTGGGCTTGGAAACA
GCCATC-3') (Wakefield et al, 1900).
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Development of in-house qPCR assay of P.
jirovecii mtLSU rRNA

Primers used in qPCR assay of P.
jirovecii mtLSU rRNA were forward
5'- GGCATAACTCATGCTTAACAGT-3'
and reverse primer used in multiplex
PCR described above, and specificity
of the amplicon was confirmed using
the nucleotide BLAST program.
Human GAPDH used as reference
gene was amplified using forward
5-GACAGGCAACTTGGCAAATC-3'
and reverse primer 5'- CCTTCTCTAAGT
CCCTCCTACA-3'. Reaction mixture (10
1) comprised of 2 ul of 2X LightCycler®
480 SYBR Green I Master Mix (Roche Life
Science, Penzberg, Germany), 100 ng of
DNA, 1 pmol of each primer, distilled
H,O and 0.25 U LightCycler® Uracil-
DNA glycosylase (Roche Life Science) to
prevent carryover contamination from the
previous PCR products. Thermocycling
was performed using a LightCycler®
480 Instrument II (Roche Life Science) as
follows: 40°C for 10 minutes; 95°C for 10
minutes; 45 cycles of 95°C for 10 seconds,
55°C for 20 seconds and 72°C for 20
seconds; followed by a melting analysis
from 95°C to 65°C.

A standard curve of log copy
number P. jirovecii mtLSU rRNA versus
threshold cycle was generated from
recombinant plasmid carrying mtLSU
rRNA insert. Recombinant plasmid
was constructed using RBC TA Cloning
System (Real Biotech Corporation, Taipei,
Taiwan), transfected into NEB 10- beta
Competent Escherichia coli (New England
Biolabs, Ipswich, MA), extracted from
transformant, purified and sequence
checked. Eight solutions containing 1x10'-
1x108 copies/ul mtLSU rRNA and three
control samples (water, negative sample
and positive sample) were included in
each experiment conducted in duplicate
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and reported as number of P. jirovecii
mtLSU rRNA DNA copies/ ul.

Data analysis

Kruskal-Wallis test was employed for
comparison of multiple variables and a
p-value < 0.05 is considered statistically
significant.

RESULTS

In-house single-step multiplex PCR assay

A total of six complete genome
sequences of P. jirovecii mtLSU rRNA
available in GenBank database (accession
nos. CAKN01000002, JX855936, ] X855937,
JX855938, JX499143, and NC020331) were
aligned using Clustal Omega multiple
sequence alignment software (http://
www.ebi.ac.uk/Tools/msa/clustalo/)
and primers specific to P. jirovecii were
designed to target a conserved region of
P. jirovecii mtLSU rRNA. An additional set
of primers was constructed to amplify a
conserved portion of the human GAPDH
as internal control as GAPDH is stably
and constitutively expressed at high levels
in most tissues (Caracausi et al, 2017).
Both sets of PCR primers successfully
annealed to their respective templates at
the same temperature, with no observed
cross-hybridization or target preference
in the in-house multiplex PCR assay (Fig
1A). In negative samples, only GAPDH
amplicon was observed, indicative of
PCR amplification quality, whereas in
a conventional PCR assay, a negative
result may imply a true absence of P.
jirovecii DNA in the sample, inadequate
DNA quality, or inhibition of PCR, which
requires another set of quality control
assay (Fig 1A).

P. jirovecii mtLSU rRNA amplicons
generated from the in-house multiplex
PCR were confirmed by RFLP-PCR using
Pacl. Positive amplicon yielded two
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fragments of 204 and 331 bp (Fig 1B).
Some of the P. jirovecii amplicons were
also sequenced to confirm presence of P.
jirovecii mtLSU rRNA fragment (data not
shown). No cross-amplifications were
observed with Aspergillus fumigatus,
Candida albicans, Cryptococcus neoformans,
Mycobacterium abscessus, M. avium
complex, M. kansasii, and Nocardia spp
DNA (data not shown).

In-house qPCR for quantification of P.
jirovecii DNA copy numbers

A conserved region of P. jirovecii
mtLSU rRNA was selected as a target for
the qPCR assay with human GAPDH as
internal control to assure positive PCR.
A standard curve with a dynamic range
of 1og10-108 copies/ul P. jirovecii mtLSU
rRNA DNA versus threshold cycle (R* =
0.9) was constructed (data not shown). All

positive samples had an amplicon single
melting temperature of 78.5 + 0.5°C (data
not shown).

Comparison of in-house multiplex PCR
with conventional PCR assay and standard
cytological staining methods for detection
of P. jirovecii in BAL and sputum specimens

Regarding BAL specimens (n =
131), in-house multiplex PCR assay
showed a lower number of samples with
weak amplicon band intensities (18%
vs 20%) compared to those observed
with the conventional PCR assay, hence
the number of true negative samples
in the multiplex PCR assay was higher
than conventional PCR (Table 1). This
finding emphasize the limitation of
conventional PCR technique in that it
cannot distinguish between true negative
result and PCR failure. Microscopically

Fig 1-Gel-electropherogram of Pneumocyctis jirovecii mtLSU rRNA amplicon from (A) in-house and
conventional PCR and (B) restriction fragment length polymorphism (RFLP)-PCR. Multiplex
PCR was performed using in-house designed primers, conventional PCR using published
primers (Wakefield et al, 1990) and RFLP-PCR using Pacl. Amplicon bands were stained with
Safeview™ dye. (A) Conventional PCR: Lane 1, P. jirovecii (347 bp); Lane 2, absence of P. jir-
ovecii DNA; Lane 3: unsuccessful amplification of P. jirovecii; Lane 4, water (negative control).
In-house multiplex PCR: Lane 5, P. jirovecii (535 bp) and human GAPDH (361 bp) (internal
control); Lane 6, absence of P. jirovecii DNA; Lane 7, unsuccessful PCR amplification; Lane 8,
water (negative control). (B) Lane 1, undigested P. jirovecii amplicon (535 bp); Lane 2, digested
P. jirovecii amplicon (204 and 331 bp); Lane 3, water (negative control).
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P. jirovecii positive samples detected by
GMS staining, Giemsa staining and IFA
were not statistically different and were
similar to those (with strong intensity
band) observed with the PCR assays.
Median P. jirovecii mtLSU rRNA DNA
copies/ ul are not statistically significant
in samples positive by all five assays
but significantly higher than those in
negative samples, including those in the
group categorized with weak intensity
amplicon bands (p-value < 0.001) (Table
1). Concordant results were obtained with
sputum specimens (n = 54), but percent
positive samples in all five assays were
lower than those of BAL specimens.

DISCUSSION

P. jirovecii pneumonia is a life-
threating disease that mostly affects
immunocompromised individuals
(Thomas and Limper, 2004). The diagnosis
of this type of pneumonia relies on
clinical manifestation, chest radiological
feature and laboratory testing (Calderén
et al, 2010; Tom4&s and Matos, 2018). Two
in-house PCR-based assays, multiplex
and qPCRs, were developed to detect P.
jirovecii in BAL and sputum specimens
were validated by comparing with three
standard cytological staining methods
(GMS, Giemsa and IFA) and conventional
PCR.

GMS and Giemsa staining methods,
accepted gold standard tests, provide
the most rapid, simple (only requiring
an optical microscope) and inexpensive
methods for P. jirovecii detection (Calderén
et al, 2010; Tomé&s and Matos, 2018).
These classical staining methods are
considered to be the cheapest detection
methods compared to IFA and PCR-based
techniques (Harris ef al, 2011; Esteves et
al, 2015). Giemsa staining detects both
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P. jirovecii trophic and cystic forms without
staining cystic wall, while GMS dye stains
only the organism’s cystic wall. However,
sensitivity and specificity of P. jirovecii
detection rely greatly on examiner’s
skill, fungal load and specimen type
and quality (Esteves et al, 2015; Tomads
and Matos, 2018). The staining have
low sensitivity for detecting P. jirovecii
in sputum compared to BAL specimens
(Calderon et al, 2010; Toméas and Matos,
2018). High background staining in
sputum specimens makes differentiation
of organisms difficult (Pinlaor et al, 2004).

IFA employs fluorescein-labeled
monoclonal antibodies to detect presence
of an organism of interest viewed under
an immunofluorescent microscope. It
has been shown to have good sensitivity
and specificity but requires expensive
equipment and its specificity relies on
antibody quality; operator’s skill remains
a critical issue (Midgley et al, 1991;
Cruciani et al, 2002; Esteves et al, 2015;
Tomaés and Matos, 2018).

Conventional PCR has been shown
to be effective in detecting P. jirovecii in
various types of specimens, especially
non-invasive specimens such as sputum
and gastric wash (Harris et al, 2011;
Esteves et al, 2015; Tomds and Matos,
2018). In addition, PCR technique allows
genotyping of organisms (Esteves et al,
2015; Tom4&s and Matos, 2018). However,
the technique is expensive, requires
specialized equipment and reagents,
needs experienced operator, and is
qualitative (Esteves ef al, 2015; Harris et
al, 2011; Tomds and Matos, 2018). Among
P. jirovecii-specific genes, mtLSU rRNA has
emerged as one of the most acceptable
and sensitive targets (Lu et al, 2011; Tomds
and Matos, 2018). The mtLSU rRNA exits
in multiple copies thereby contributing
to its high success rate in P. jirovecii
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detection compared to single copy genes
(Matos and Esteves, 2010; Tomds and
Matos, 2018). Although both conventional
PCR and the in-house multiplex PCR
methods amplify the same target gene
but at different sequence sites, discordant
results were observed with some of the
specimens possibly due to differences in
specificity of the primer binding region as
polymorphism of the conventional PCR
primer binding sites have been reported
(Tia et al, 2012). Weak positive results were
observed with both methods possibly due
tolow fungal burden, possible carry-over
contamination or low DNA quality.

The advantages of qPCR for diagnosis
other than its quantitative ability include
less-time-consuming procedure and
increased sensitivity (McTaggart et al,
2012; Moodley et al, 2017). In addition,
the potential for carry-over contamination
can be reduced by the use of uracil-DNA
glycosylase. However, qPCR requires
specialized equipment and reagents and
a qualified operator.

BAL samples yield a higher probability
of detecting P. jirovecii infection compared
to sputum, due in part to difficulty of DNA
extraction from sputum and lower fungal
load (Caliendo et al, 1998; Bustamante and
Levy, 1994). On the other hand, collection
of BAL specimen requires invasive
procedures which may not be practical
in all clinical settings especially those
with limited resources. It is important to
note the overall sensitivity of the three
staining methods for P. jirovecii detection
of sputum specimens were reported to
be remarkably lower than that of BAL
specimen (Caliendo et al, 1998; Cruciani
et al, 2002; Pinlaor et al, 2004).

A limitation of the study was the
unavailability of clinical data and other

laboratory findings, such as chest X-ray,
serum (1-3)-B-D-glucan (BG) level, of the
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patients enrolled in the study. In further
investigations inclusion of clinical data,
radiologic findings, predisposing immune
status, and additional laboratory data
pertinent to PcP diagnosis should also
be included in the diagnostic algorithm.
This information is required in addition to
qPCR data to define optimal cutoff values
by receiver operating characteristic curve
(ROC) analysis which could be used in
laboratory practice to distinguish PcP
from subclinical infection.

This study emphasizes the advantages
and limitations of widely used techniques
for PcP diagnosis. These findings may
help to guide physicians when ordering
and interpreting laboratory investigations
for PcP diagnosis. The microscopic
based methods including GMS stain,
Giemsa stain and IFA are still appropriate
for routine use in clinical laboratories
with limited facilities. They show good
detection sensitivity for BAL, but not
for sputum analysis. The conventional
PCR based methods seems to have
higher sensitivity for P. jirovecii detection;
however, weak positive results are
uninterpretable. This emphasizes the
limitation of using these techniques
for routine analysis. Quantitative PCR
demonstrates a better option for routine
analysis of PcP since the quantitative
amount/number of P. jirovecii can be
assessed with carry-over contamination
minimal. Definite diagnosis of PcP
cannot/should not be contingent solely
on laboratory results. It is still necessary
to base the diagnosis on a combination
of clinical manifestations, radiologic
findings, and laboratory investigations.
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