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Abstract—A multiplex PCR system has been developed and optimized for rapid detection of the five main
pathogens of bacterial pneumonia. The system can be expanded to analyze viral pathogens of pneumonia
(DNA- and RNA-containing viruses), as well as those of a fungal nature.
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INTRODUCTION

Infectious pneumonia is an acute inflammatory
process of the lung tissue caused by a wide range of
pathogens of bacterial, viral and fungal nature. Out-
breaks of infectious pneumonia caused by SARS-CoV
coronaviruses (2002–2003 yr), MERS-CoV (2012–
2013 yr), SARS-CoV-2 (2019–? yr), Influenza A and
B viruses, as well as bacterial pneumonia, can become
a real social threat. Bacterial pneumonia is character-
ized by a mortality rate of about 15%, while mortality
in cases of the severe course of community-acquired
pneumonia (SAP) can reach 21–58% [1], which is
comparable to those of SARS (so-called atypical
pneumonia), MERS [2] and exceeds this indicator for
CoViD-19 and influenza.

Specialized medical institutions that receive
patients with a clinical diagnosis of pneumonia are
faced with the problem of establishing the etiology of
the disease and rapid identification of the pathogen,
since often viral and bacterial pneumonia are charac-
terized by a similar clinical picture. The situation
sharply worsened with the onset of the CoViD-19 pan-
demic, which requires timely differential diagnosis of
a secondary bacterial infection, which often arises as
one of the complications of the course of the disease.

The correct selection of drugs and the patient’s
treatment strategy depend on the timely diagnosis [3].
The current situation signals an urgent need to create
express methods of differential diagnostics.

Multiplex PCR was developed for the species
determination of the five main pathogens of bacterial
pneumonia in humans. The system is focused on the
use in clinical diagnostics to determine the etiology of
the disease due to the ability to differentiate bacterial
from viral and fungal pneumonia.

RESULTS AND DISCUSSION
One of the most common pathogens of bacterial

pneumonia are representatives of several genera:
Staphylococcus aureus, Pseudomonas aeruginosa, Hae-
mophilus influenza, Legionella pneumophila, Klebsiella
pneumonia and some others [4]. For these five bacte-
rial species, genetic targets were selected and primers
were designed to perform multiplex PCR. When
designing the primers, they were guided by the
requirement of species specificity and intraspecific
conservatism of selected regions of genetic targets,
which is necessary for reliable differential diagnostics,
for example, the ebpS gene for identification S. aureus
[5] and the gene sidA for L. pneumophila [6]. We took
into account the need to obtain different lengths of
PCR products for the convenience of identifying the
pathogen during electrophoretic separation.

For each primer, a BLAST analysis procedure was
performed, its physicochemical characteristics were
determined, including testing for the presence of both
intramolecular and intermolecular secondary struc-
tures.

The temperature-time profile of PCR was opti-
mized using gradient PCR, as well as the composition
of the buffer components and the concentration of
each of the primers in the mixture. The specificity of
primers to target and non-specific templates was
determined experimentally (using the total genomic

Abbreviations: SARS, severe acute respiratory syndrome; SAP,
severe community-acquired pneumonia; CTAB, cetyl-trimethyl
ammonium bromide.

1 Corresponding author: phone: +7 (495) 135-98-00; fax:
+7 (495) 135-14-05; e-mail: lapa@biochip.ru.
859



860 LAPA et al.

Fig. 1. Determination of pathogen DNA by electrophoretic separation of PCR products. (1) GeneRuler 100 bp DNA length
marker (Thermo Scientific, United States), (2) S. aureus, (3) L. pneumophila, (4) S. aureus + L. pneumophila, (5) GeneRuler
50 bp DNA length marker (Thermo Scientific, United States), (6) P. aeruginosa, (7) H. influenza, (8) P. aeruginosa + H. influenza.
4% agarose gel, ethidium bromide staining.
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DNA of each of the tested bacterial strains), both in
the mode of application of individual DNA templates
and in the mode of DNA mixtures of several patho-
gens in a single tube. It was found that primers have high
specificity in a mixture containing the DNA of various
microorganisms and are able to identify solely their spe-
cific targets, without giving a false positive result in the
presence of nonspecific DNA in the mixture.

The sensitivity of the test system was determined by
DNA dilutions of each of the analyzed pathogens, which
amounted to 102 to 103 copies of genomic DNA to the
reaction tube, including the simultaneous introduction
of several templates into the mixture.

The result of differential detection of the pathogen
DNA in the sample by multiplex PCR is shown in Fig. 1.

The developed system can be expanded to identify
pathogens of pneumonia of a viral and fungal nature.
Currently, it is planned to conduct tests on clinical
samples, use labeled dNTP derivatives for subsequent
analysis on biochips, and also develop a mathematical
algorithm for calculating amplification signals. The
system is suitable for diagnostic laboratories specializ-
ing in clinical analysis using PCR.

EXPERIMENTAL
Strains

In the work, decontaminated full-genome DNA of
bacterial strains from the SSC Collection of Applied
Microbiology and Biotechnology (Obolensk) was
used. DNA was isolated from cell cultures using the
CTAB method [7].
RUSSIAN JOURNAL OF
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Multiple alignment of sequences of genomic tar-
gets was performed using ClustalW algorithm
(www.clustal.org). The design of the primers was car-
ried out using a network resource www.idtdna.com,
analysis of specificity was performed using the BLAST
algorithm (NIH, United States). The sequences, spe-
cies specificity, genetic targets and length of PCR
products for all primer pairs used are given below:
S. aureus, ebpS gene, forward ebpS-f (5'-ACTC-
GACTGAGGATAAAGCGTCT-3'), reverse ebpS-r
(5'-CCTCCAAATATCGCTAATGCACC-3'), product
length 283 bp; L. pneumophila, sidA gene, forward sidA-f
(5'-TTCCACTGGTGGGTGGGGTTTTG-3'), reverse
sidA-r (5'-TCATGTTGGAGTTCTATGGCACG-3'),
the length of the PCR product is 369 bp; H. influenza, gene
fucK, forward fucK-f (5'-TGCTCACTCAACGCTTA-
ACTGGT-3'), reverse fucK-r (5'-TTCTGGGCTAATG-
GTGTACGTAA-3'), the length of the PCR product is
193 bp; P. aeruginosa, gene oprL, forward oprL-f (5'-
GCGTGCGATCACCACCTTCTACT-3'), reverse
oprL-r (5'-TTCTTCAGCTCGACGCGACGGTT-3'),
the length of the PCR product is 321 bp; K. pneumonia,
gene rmpA, forward rmpA-f (5'-ATCAATAGCAAT-
TAAGCACAAAAA-3'), reverse rmpA-r (5'-TCATA-
ATCACACCCTTTAGGATA-3'), the length of the
PCR product is 177 bp.

Multiplex PCR

The reaction mixture (30 μL) contained 1.5 units of
Taq polymerase (Thermo Scientific, United States) in
a buffer of the same company, dNTP mix at a concen-
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tration of 200 μM each, five pairs of specific primers
and a full-genome bacterial template (or a mixture of
bacterial DNAs). The reaction was carried out on a
MiniCycler DNA Amplifier (MJResearch, United
States) under the following conditions: 95°C for 5 min
(initial denaturation); 36 cycles of 20 s at 95°C, 30 s at
66°C and 40 s at 72°C; final incubation for 5 min at
72°C. Gradient PCR and determining the sensitivity
of the system using real-time PCR were performed on
an IQ5 amplifier (Bio-Rad, United States). PCR
products were separated on a 4% agarose gel, stained
with ethidium bromide. The type of DNA analyzed
was determined by the lengths of amplification prod-
ucts (Fig. 1).
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