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Abstract

Klebsiella pneumoniae is one of the main pathogenic bacteria that causes nosocomial infections, such as pneumonia, urinary
tract infection, and sepsis. Therefore, the rapid and accurate detection of K. pneumoniae is important for the timely treatment of
infectious patients. This study aimed to establish a loop-mediated isothermal amplification (LAMP) method for the rapid and
sensitive detection of K. pneumoniae-specific gene ureR_1 (Gene ID: 11847803). The ureR_1 gene was obtained through local
and online BLAST, and the specific primers were designed for its detection. Positive reactions were observed on all 140 K.
pneumoniae clinical isolates while all the 82 non-K. pneumoniae clinical isolates were negative. Plasmids with the specific gene
and the mouse blood with K. pneumoniae were used for sensitivity analysis. The detection limit of the LAMP was 1 bacterium/
reaction. The results showed that the LAMP targeted to ureR_1 is a fast, specific, sensitive, inexpensive, and suitable method
for the detection of K. pneumoniae.

Key words: Loop-mediated isothermal amplification; Polymerase chain reaction; Klebsiella pneumoniae; Novel specific gene;
Specific; Sensitive method

Introduction

Klebsiella pneumoniae is a Gram-negative facultative
anaerobic bacterium and an important conditional patho-
gen in hospitals over the past years (1–3). K. pneumoniae
ubiquitously occurs in natural environments and is fre-
quently found in the respiratory and gastrointestinal organs
of patients (4,5). Moreover, it is one of the main causes of
nosocomial infections, which can lead to pneumonia, uri-
nary tract infection, and sepsis (6). Children, older adults,
hypoimmune individuals, and the patients undergoing long-
term antibiotic therapy and intensive treatment are the
susceptible population to K. pneumoniae. TheWorld Health
Organization reported an estimated 18.8 billion cases of
pneumonia, along with upper respiratory tract infections,
and about 4 million deaths in 2013 (7).

The prompt delivery of definitive therapy can prevent
the spread of K. pneumoniae, control the inflammatory
process, and decrease the mortality rate (8). Hence, the

efficient and rapid detection of K. pneumoniae is deemed
important. Conventional methods for the identification of
K. pneumoniae in clinics include bacterial culture, immu-
nological methods, and polymerase chain reaction (PCR)
(9–11). Bacterial culture was considered the gold standard
procedure for identifying K. pneumoniae (12,13). After being
infected by a pathogen, the specific antibody is formed in
the host. Thus, immunological testing methods, including
enzyme-linked immunosorbent assay, western blot, and
immune chromatography, are based on the specificity of
the antigen-antibody reaction. However, bacterial culture
and immunological methods are time-consuming and
exhibit low precision (14). Therefore, the PCR technique
has been extensively used in clinical testing due to its
high sensitivity and fast result (15). However, it is incon-
venient in the clinical setting due to the requirement of
isothermal cyclic amplification (16,17). Although whole
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genome sequencing has been recently identified as a
precise method for studying pathogenic bacteria, the
high costs of the necessary reagent and apparatus limit
its universal application (18).

Loop-mediated isothermal amplification (LAMP) can be
potentially used as a simple screening assay in the field by
clinicians (1,19). Compared with the other methods, LAMP
technology has the advantages of simplicity, rapidity, and
high sensitivity. Thus, it is more suitable for use in clinical
laboratories. A novel specific gene of K. pneumoniae was
obtained through bioinformatics analysis in this study
(ureR_1) and an efficient and accurate LAMP method to
detect it was built for the detection of K. pneumoniae, and
validated by PCR assay.

Material and Methods

Bacterial strains, culture conditions, and DNA
extraction

In this study, 140 K. pneumoniae clinical isolates and
82 non-K. pneumoniae strains were obtained from the
First People’s Hospital of Yunnan Province. The 82 non-
K. pneumoniae strains included Escherichia coli (n=15),
Staphylococcus aureus (n=8), Staphylococcus epidermi-
dis (n=24), Enterococcus faecalis (n=20), and Micrococ-
cus luteus (n=15). All strains were collected by the doctors
from the Hospital and cultured in Luria-Bertani medium in
an orbital shaker (37°C, with 180 rpm, overnight). A bacterial
genomic DNA kit (Zomanbio, China) and a direct-extraction
reagent (20) were used to extract genomic DNA from
bacteria. The extracted genomic DNA was stored at
–20°C for further use.

Screening of K. pneumoniae specific genes
First, the genomic sequence of K. pneumoniae subsp.

pneumoniae HS11286 (GenBank No. NC_016845.1) and
the known non-redundant nucleic acid database from
National Center for Biotechnology Information (NCBI)
were downloaded to the local server as the local database.
Then, the potential specific genes of K. pneumoniae subsp.
pneumoniae HS11286 were screened by sequence simi-
larity alignment. Online BLAST was used to further identify
the screened potential specific genes due to the slow

update of the local database. Two-step strategies using
interspecies-specific and intraspecies commonality were
used to identify specific genes by online BLAST. The first
one excluded K. pneumoniae during the alignment; the
gene may be considered a possible target gene if
the alignment result is different. The second included
K. pneumoniae during alignment, and the highly con-
served genes can be considered possible target genes.
The retrieval range was limited to the species with known
sequences except for K. pneumoniae. The specific gene of
K. pneumoniae can only be considered when the alignment
differs from those of other species, similar to those of a few
species, or features a very low similarity.

Primers design and reaction
Four oligonucleotide primers (outer and inner primers,

F3/B3 and FIP/BIP, respectively) targeting the specific
gene were designed by the Primer Explorer V5 software
(http: //primerexplorer.jp/lampv5/index.html) for LAMP assay.
The outer primers (B3/F3) were also used in the PCR
assays; the target fragment of the amplification was 203
base pairs (bp). Table 1 presents the primers used in this
study. PCR was performed using 2� TSINGKE Master
Mix, which was purchased from TSINGKE Biological Tech-
nology Company (China). According to the operating
instructions, the PCR reaction system containing 12.5 mL
of 2� TSINGKE Master Mix, 1.0 mL of primers (10 mM),
and 1.0 mg of DNA template was added with nuclease-free
water up to 25 mL volume. The reactions were performed
in a GeneAmp PCR System 9700 (Thermo Fisher Scientific,
Inc., USA) with the following amplification conditions: pre-
denaturation at 95°C for 5 min, followed by 32 cycles,
denaturation at 95°C for 30 s, annealing at 57°C for 30 s,
extension at 72°C for 30 s, and a final extension at 72°C
for 7 min. Five microliters of the PCR products were used
in the 2% agarose gel electrophoresis at 120 V, 30 min,
and the agarose gel was stained by Gel stain (Beijing
Transgen Biotech Co., Ltd., China). The LAMP reaction
was carried out in a primer with a total volume of 25 mL.
The system contained 12.5 mL 2� Isothermal Master Mix
(Great Britain), 8 mM FIP and BIP, 1 mM B3 and F3, 100 ng
genomic DNA, and up to 25 mL nuclease-free water. The
reaction was amplified using Genie

s

II (OptiGene, UK) at

Table 1. Primers for the amplification of the ureR_1 gene.

Primers Sequence (50- 30) Size (bp)

Outer primers
F3 CCGATAGAGAACTCGAACTG 20
B3 TCTGATGCATTTTACCCTGAT 21

Inner primers
FIP TCTTTGAAAAACCTTCGCTCCATATTTTTCTTCGCGCTAACTATCAACT 49
BIP CATTCATATTGAAAAGCAGACCCGTTTTGCTCGATAAAGCCATGAGAA 48
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65°C for 30 min, and then the primer was annealed at
temperatures ranging from 80 to 89°C. SYBR-Green I
(Beijing Solarbio Science & Technology Co., Ltd., China),
a nuclear dye, was added into the LAMP reaction tubes
for fluorescence visualization of the LAMP products.

Construction of plasmids and preparation of blood
template

The positive plasmids were constructed by the following
steps. The DNA fragment of ureR_1 was obtained by PCR,
and the genome DNA of K. pneumoniae was used as a
template. The ureR_1 gene was then inserted into the pMD
19-T simple vector and transformed into JM109 competent
cells. The positive clones were selected from the LB solid
medium after overnight culture and used for plasmid ex-
traction. Finally, the copies of recombinant plasmids were
calculated by the deduced polynomial model described by
the equation

C¼ X� 10�9

AþY� 324
� NA

where C denotes the copies of plasmids; X and Y
represent the concentration of plasmids and the number
of base pairs of the target fragment, respectively; NA is
Avogadro’s constant (6.02� 1023); A is the number of
base pairs of the vector; and 324 represents the average
molecular weight of each base pair.

To prepare the simulated samples from patients, K.
pneumoniae suspension was mixed with whole blood from
mice at a volume ratio of 1:1. The mixed blood sample
was then lysed using a direct-extraction reagent for PCR
and LAMP assays.

Specificity of the PCR and LAMP reactions
A total of 140 K. pneumoniae clinical isolates and 82

non-K. pneumoniae strains were used for the assessment
of the PCR and LAMP reactions specificity. All genomic
DNA of the tested strains were prepared by the TIANamp
genomic DNA kit (Tiangen, China) for PCR and LAMP
assays. The PCR test was used as the gold standard in
preliminary experiments for the specificity test prior to the
LAMP test. The LAMP test was used after validating the
specificity by PCR.

Sensitivity of the PCR and LAMP reactions
In this study, the sensitivity of PCR and LAMP

reactions were evaluated using two different templates,
the serially diluted 10-fold positive plasmids (109–100

copies) and the blood sample (107–100 bacteria) mimick-
ing infection. The counted K. pneumoniae strain was
serially diluted by 10-fold and then mixed with mouse
blood at 1:1 proportion to mimic infection. A heating
method was used to extract DNA from the blood sample
and the suspension was used as the template for PCR
and LAMP assays.

Results

Screening the specific gene
Following the preliminary screening of possible spe-

cific genes by local BLAST, we obtained 700 potential specific
genes. These genes were then used in the second screen-
ing by online BLAST. Conclusively, 4 potential specific
genes were attained, and they met the criterion about
the interspecific specificity and intraspecies universal-
ity. The primers for LAMP reaction were designed on the
Primer Explorer V5 software (http: //primerexplorer.jp/
lampv5/index.html). In this step, four primers were
designed for the six regions of the target gene in
the LAMP, and the primers had to be confirmed by
primer BLAST and PCR assay. With the above harsh
selection conditions, the ureR_1 gene (GenBank ID:
11847803) was finally identified as the only one that can be
used in the detection of K. pneumoniae. The ureR_1 gene
was involved in the encoding of putative helix-turn-
helix AraC-type transcriptional regulator (YP_005227085),
and could be a new target for the identification of
K. pneumoniae.

Construction of the positive plasmid
Positive plasmids with ureR_1 gene were con-

structed and verified by bacterial liquid PCR and sequenc-
ing. The positive clones were then cultured again for
the extraction of positive plasmids. The plasmids were
verified by agarose gel electrophoresis and stored at
–20°C for future use.

Specificity of the PCR and LAMP reactions
Prior to LAMP reaction, the PCR test was used for the

specificity test. One hundred and forty K. pneumoniae
strains and 82 non-K. pneumoniae strains were tested.
All the non-K. pneumoniae were negative and all the
K. pneumoniae strains were positive, the representative
results are shown in Figure 1. After validation by PCR,
LAMP was used to test the specificity. Figure 2 shows
the amplification curve results of the LAMP, and Figure 3
shows the melt curve of the products in LAMP specificity
reaction tubes. Figure 4 shows the fluorescence visua-
lization of the LAMP reaction tubes, which were consistent
with PCR results.

Sensitivity of the PCR and LAMP reactions
Figure 5 demonstrates the extreme sensitivities in PCR

assay, which can reach up to 100 copies per reaction. The
LAMP results are shown in Figure 6. Figure 7 shows the
melt curve of the products in LAMP sensitivity reaction
tubes and Figure 8 shows the fluorescence visualization
of the LAMP reaction tubes in the sensitivity test. According
to Figures 5, 6, 7, and 8, both the PCR and LAMP assay
exhibited a high sensitivity that can reach up to 100

bacterium/reaction.
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Discussion

K. pneumoniae is one of the main pathogenic bacteria
that causes acute respiratory infections, which is the
primary cause of child mortality in developing countries,
accounting for approximately 3 million deaths annually (7).
In China, K. pneumoniae was reported to account for 9.03%
of total bacterial infection in hospitals (21–23). In the United
States, Europe, and Africa, K. pneumoniae has become
the main pathogenic bacterium (after Escherichia coli) in

patients with pyogenic liver abscess over the past two
decades. K. pneumoniae infection exhibits the ten-
dency to spread worldwide and poses a serious threat
to the lives of people (22,24–26). Thus, early and accurate
diagnosis can decrease the morbidity and mortality caused
by K. pneumoniae infection, and a rapid and sensitive
diagnostic method is urgently required.

Bacterial culture was the preferred method for identify-
ing pathogenic bacterial infections in clinics. However, it
was toilsome, slow, and poorly effective. Mass spectrometry

Figure 2. The amplification curve results of loop-mediated isothermal amplification (LAMP) specificity reaction. Specificity of the LAMP
assay for detecting the target gene of ureR_1 by Genie

s

II. Genomic DNA of K. pneumoniae was used as the template for the LAMP
test. All experiments were repeated twice.

Figure 1. Specificity of the PCR assay for detecting the target gene ureR_1 using the primers B3/F3. Genomic DNA of K. pneumoniae
was used as the template for PCR in lane 2 to lane 7; the template in lane 8 to lane 12 were ordinal of control strains, E. coli, S. aureus,
S. epidermidis, E. faecalis, M. luteus. M: 2000 marker; NC: negative control, with sterile distilled water as the template. All experiments
were repeated twice.
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is a high-speed approach used to detect pathogenic bacteria
with higher accuracy than bacterial culture. However, mass
spectrometry is expensive, and thus, it is not suitable for all
types of hospitals. Numerous methods have been used to
detect K. pneumoniae in clinics. PCR-based methods are
widely used to detect K. pneumoniae by amplifying specific
genes, including rcsA, tyrB, gapA, and 16S rRNA ITS (27–
30). However, a high-precision thermal cycler is needed,
which cannot be afforded by low-level medical institutions.
By contrast, LAMP, which exhibits fast and accurate
characteristics, has been widely used in clinical laboratories
to detect pathogens, including bacteria, viruses, fungi, and
parasites (31–33), although this technology is relatively new.

In the present work, a conservative specific gene
was identified to detect K. pneumoniae. The results in
Figure 1 suggest that the ureR_1 gene was specific to
K. pneumoniae and can be used as a biomarker in
clinics. In many studies, the sensitivity of LAMP was
reported to be 10-fold higher than that of the PCR
method (27,29,34). However, specificity and sensitivity
between LAMP and PCR were similar when the ureR_1
gene was used. These results suggest that the ureR_1
gene and the primers designed in this study may be
more specific and sensitive than those in other studies
(27,35). Also, only 32 min was needed for the identi-
fication of K. pneumoniae by the LAMP method, while

Figure 4. The fluorescence visualization of the loop-mediated isothermal amplification (LAMP) specificity reaction tubes. Specificity of
the LAMP assay for detecting the target gene of ureR_1. Genomic DNA was used as the template for the LAMP. The results were
observed under UV-light. All experiments were repeated twice.

Figure 3. The melt curve in loop-mediated isothermal amplification (LAMP) specificity reaction tubes. Specificity of the LAMP assay
for detecting the target gene of ureR_1 by Genie

s

II. Genomic DNA of K. pneumoniae was used as the template for LAMP test.
All experiments were repeated twice.
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Figure 6. Sensitivity of the loop-mediated isothermal amplification (LAMP) reactions. The bacterial solutions were serially diluted 10-fold
with the mouse blood with a volume ratio of 1:1. These mixtures were lysed and then the suspension was used for the LAMP assay.
The positive plasmid was the positive control and water was the negative control. The concentration of bacterium was from 105–100.
All the experiments were repeated twice.

Figure 5. A, Sensitivity of the PCR assay for detecting the target gene of ureR_1 using the primers FIP/BIP. The positive plasmids of K.
pneumoniae were serially diluted 10-fold as templates for PCR assay. B, Bacterial solutions were serially diluted 10-fold with the mouse
blood with a volume ratio of 1:1. These mixtures were lysed and then the suspension was used for PCR assay. M: 2000 marker; NC:
negative control. All experiments were repeated twice.
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90 min are required in PCR. In addition, the LAMP reac-
tion results can be easily observed under UV-light. The
LAMP method can greatly reduce the time required for
identification.

In conclusion, we identified ureR_1 as a specific
gene of K. pneumoniae and established a rapid, specific,
and sensitive LAMP method using ureR_1 primers for
the detection of K. pneumoniae. The established method
may be extensively used in clinics in the future due to its

high specificity and sensitivity, easy visualization, and
rapid results.
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