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Background: Klebsielln pneumoniae (KP) is an important opportunistic pathogen that can easily cause
pneumonia and pleural effusion when body resistance is reduced. However, the positive rate of KP detected
from clinical pleural effusion by traditional methods, including bacterial culture, is meager. Therefore, new
detection methods are urgently needed to improve the positive detection rate of KP and other bacteria in
pleural effusion.

Methods: Simulated pleural fluid of KP infection was first set up. Then circulating cell-free DNA (cfDNA)
was extracted from cultured hydrothorax and detected by fluorescence polymerase chain reaction (PCR) to
verify KP ¢fDNA in the pleural fluid. The specificity, sensitivity, and repeatability of this method are verified
by detecting the ¢fDNAs in pleural effusion, samples of malignant pleural effusion, tuberculous pleural
effusion, and other common microbial infections. Finally, this method was compared with three traditional
methods, pleural effusion, precipitation DNA, sputum culture, and pleural effusion culture to explore the
clinical diagnostic value of this method.

Results: KP ¢fDNA was positive by fluorescence PCR from the simulated KP infected pleural effusion,
which confirmed KP ¢fDNA in pleural effusion. KP ¢fDNA was positive by fluorescence PCR from the
pleural effusion of KP infected patients, while with the same detection method, KP ¢fDNA in clinical
carcinomatous hydrothorax, tuberculosis hydrothorax, and other standard microbial infection samples was
negative, which confirmed the method had high specificity, high sensitivity, and reproducibility. Compared
with the three traditional methods, this method has a higher positive rate. Compared with the gold standard,
sputum bacterial culture, the sensitivity, specificity, positive predictive value, and negative predictive value of
this method were 91.67%, 95.45%, 91.7%, and 95.5%, respectively.

Conclusions: The detection of ¢fDNA by fluorescence PCR is possible. Moreover, the positive rate of this

method in clinical pleural effusions is high.
Keywords: Kiebsiella pneumoniae (KP); cell-free DNA (cfDNA); parapneumonic effusion (PE)
Submitted Jul 16, 2020. Accepted for publication Sep 04, 2020.

doi: 10.21037/apm-20-1574
View this article at: http://dx.doi.org/10.21037/apm-20-1574

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2020;9(5):3379-3384 | http://dx.doi.org/10.21037/apm-20-1574


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-20-1574

3380

Introduction

Klebsielln pneumoniae (KP) is a gram-negative, rod-shape
organism and encountered as a saprophyte in humans (1).
Infections of KP are rare in healthy people, but are more
likely in immunocompromised patients. A number of
pathological conditions are associated with this bacterial
infection such as pneumonia, bacteremia, septicemia,
endocarditis, meningitis, and cellulitis (2). In the past, KP
was considered an important causative agent of community-
acquired infections. But from early 1970s, it began to
become a major cause of hospital-acquired infections,
including urinary tract infection, bloodstream infection,
liver abscesses and pneumonia (it is a frequent cause of
ventilator-associated pneumonia) (3). Though KP accounts
for a small percentage of pneumonia cases, the case fatality
rates are high (4). Studies also showed that KP was a
dominant pathogen in complicated parapneumonic effusion
(PE) (5). PE is a common complication of pneumonia (6-8).
It was found about 40% of hospitalized pneumonia patients
could be complicated with PE, which led to the poor
treatment effect of pneumonia and increased mortality (9-13).
Early choice of sensitive antibiotics is the primary method
for the treatment of PE. The ideal method is to select
the corresponding antibiotics according to the results
of bacterial culture and in vitro drug sensitivity tests.
However, the actual situation is that the positive detection
rate of bacteria in clinical pleural effusion is meager,
which may be related to antibiotic treatment and other
factors (14). Sputum culture is the primary method for
bacterial examination. However, KP is a conditional
pathogen and exists typically in the upper respiratory tract
of the human body. Oral and pharyngeal host bacteria
often contaminate sputum culture, and the culture results
cannot truly be the pathogens of pulmonary infection (15).
Therefore, new detection methods are urgently needed to
improve the positive detection rate of KP and other bacteria
in pleural effusion. Cell-free DNA (cfDNA) is a type of
extracellular DNA, also known as cfDNA or circulating
DNA. cfDNA can be detected in pleural effusion, ascites,
urine, prostatic fluid, synovial fluid, cerebrospinal fluid,
and blood (16,17). The study on free DNA discovered
mature blood of tumor patients, while ¢fDNA can be
used as an index for early detection, diagnosis, and later
targeted drug use (17-21). In recent years, cfDNA has
been found in the body fluids of patients infected with
some pathogens, including Plasmodium, parasites, and
Mycobacterium tuberculosis (22-26). Detection of free
DNA (25,27) of pathogens in body fluids of patients
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infected with Plasmodium and Schistosoma by PCR showed
advantages in disease diagnosis and monitoring (25,27).
The detection of ¢cfDNA of Mycobacterium tuberculosis
in pleural effusion by fluorescence PCR can significantly
improve the positive detection rate (22). However, up to
now, there is no report on the detection of the free DNA of
KP by PCR. Therefore, in this study, we looked for to set
up the detection system of the free DNA of KP and explore
its value in clinical application. We present the following
article in accordance with the STARD reporting checklist
(available at http://dx.doi.org/10.21037/apm-20-1574).

Methods
Data collection

According to the inclusion criteria of PE, after lung tumor,
pulmonary tuberculosis, pulmonary vasculitis, pulmonary
embolism, atelectasis, noninfectious pulmonary interstitial
disease, pulmonary edema, pulmonary eosinophilic
infiltration, and other diseases were excluded, the clinical
PE (residual hydrothorax specimens after routine medical
examination) was collected from the First Affiliated Hospital
of Guizhou University of Traditional Chinese Medicine
from August 2019 to November 2019 and preserved at
-20 °C. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The Ethics
Committee approved the study of First Affiliated Hospital
of Guizhou University of Traditional Chinese Medicine
(K2020-001). Informed consent was waived according to
the Office for Protection from Research Risk (OPRR)
Guidelines, the second wavier condition of 45 CFR 46.116
section D: (I) the research involves no more than minimal
risk to the subjects; (II) the waiver or alteration will not
adversely affect the rights and welfare of the subjects.

After reviewing the clinical data, according to the
research needs, we selected 13 cases of pleural effusion
samples with positive sputum culture for KP (including
4 cases of pleural effusion culture that was also positive)
and 22 cases of pleural effusion samples with negative
sputum culture for KP and simultaneously reviewed the
pleural fluid culture results. Also, pleural effusion from
3-10 patients with clinically confirmed malignant pleural
effusion, tuberculous pleural effusion, and Staphylococcus
aureus, Pseudomonas aeruginosa, Staphylococcus haemolyticus,
Escherichia coli, Staphylococcus epidermidis, Enterococcus faecalis,
Acinetobacter bawmannii and Candida Albicans infected pleural
effusion that was collected (residual hydrothorax specimens
after routine medical examination).
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Bacterial identification

The sputum sample and pleural effusion were inoculated
into the special culture bottle for culture. If automatic
blood cultivator detected any bacterial colony, transferred
them to a blood plate and MacConkey plate and picked out
suspected colonies to identify them with automatic bacterial
identification and analysis system.

¢fDNA extraction and PCR detection of simulated KP
pleural effusion samples

Three clear pleural effusions were randomly selected,
10 mL each. Five mL were inoculated with KP isolated
and identified in our laboratory. The other 5 mL was used
as a negative control. For all the pleural effusion samples,
shaking culture was performed overnight at 37 °C for about
16 h. On the next day, the pleural effusion samples were
centrifuged for 5 minutes at 12,000 rpm. The supernatant
was then filtered with a disposable 0.22 pm syringe filter.
cfDNA in the supernatant was extracted according to
the instructions of Circulate Nucleic Acids Kit (Amoy
Diagnostics Co., LTD, Xiamen, China). The centrifuged
precipitate was used to extract the total genomic DNA by
the cell genomic DNA extraction Kit (Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China).

¢fDNA extraction and PCR detection of clinical KP pleural
effusion samples

Five mL pleural effusion of patients with clinically confirmed
PE stored at =20 °C in the early stage was centrifuged for
5 minutes at 12,000 rpm, and the supernatant was filtered
with a disposable 0.22 pm syringe filter. cfDNA in the
supernatant was extracted and then centrifuged precipitate
was used to extract the total genomic DNA.

Specificity test

cfDNA templates were prepared from the pleural effusions
infected by Staphylococcus aureus, Mycobacterium
tuberculosis, Staphylococcus haemolyticus, Staphylococcus
epidermidis, Enterococcus faecalis, Acinetobacter
baumannii, Pseudomonas aeruginosa, Escherichia coli,
and Candida albicans, and common clinical cancerous
pleural effusions, respectively, which were diagnosed by
our laboratory earlier. The specificity was verified by KP
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fluorescence PCR.

Sensitivity test

The cfDNA of the simulated KP pleural effusion samples
was continuously diluted by 10 times, 4 pL. was taken from
each diluted sample for KP gene PCR amplification, and
the minimum detection limit was determined.

Repeatability test

Three PCR positive cfDNA samples with high, medium,
and low values were randomly selected for five times of
repeated detection, and the coefficient of variation (CV)
value was calculated.

PCR reaction conditions and interpretation criteria

PCR was performed on LightCycler® 480 IT instrument
(Roche Diagnostics, Rotkreuz, Switzerland). Response
procedure according to instructions of KP fluorescence
PCR assay kit (Shanghai Z]J Bio-Tech Co., Ltd., Shanghai,
China): 37 °C, 2 min; 94 °C, 2 min; then 93 °C, 15 sec;

60 °C, 60 sec, total 40 cycles. The data were analyzed after
amplification. Positive criteria: the curve showed or was
close to “S,” and the Ct values of both VIC and FAM

signals were not more than 38.

Statistical methods

SPASS 17.0 software was used for statistical analysis. T-test
or chi-square test was used for comparison between groups,
and the test level was 0=0.05.

Results

Extraction and PCR validation of the cfDNA and
precipitation from simulated KP pleural effusion

KP grew well after overnight culture in the cancerous
pleural effusion, which became turbid, while the pleural
effusion in the negative control group was still apparent.
Fluorescence quantitative PCR showed that the total
DNA of the ¢fDNA and the precipitation from the three
simulated pleural effusions inoculated with KP were all
positive, while those of three negative control samples were
all negative.
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Table 1 Comparison of detection results of KP by different methods
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Supernatant pleural effusion cfDNA

Pleural effusion precipitation DNA

Pleural effusion culture

Sputum culture

+ - + - + -
+ 11 1 2 10 4 8
- 1 21 0 22 0 22

+, positive; —, negative. KP, Klebsiella pneumoniae; cfDNA, cell-free DNA.

¢fDNA extraction and PCR verification of clinical KP
pleural effusion samples

In 4 cases, the inflammatory pleural effusion samples were
confirmed to be KP positive in the later stage of pleural
fluid culture. The ¢fDNA and precipitated DNA in the
early preserved pleural effusion samples were detected by
quantitative fluorescence PCR. The PCR results showed
that the ¢fDNA was positive in all the four samples, while
only 3 of the precipitated DNA were positive.

Specificity, sensitivity, and reproducibility test

This study showed that the detection system was specific
to KP. The detection results were negative for any clinical
common malignant pleural effusion, tuberculous pleural
effusion, and the pleural effusions caused by Staphylococcus
aureus, Mycobacterium tuberculosis, Staphylococcus
haemolyticus, Staphylococcus epidermidis, Enterococcus
faecalis Acinetobacter baumannii, Pseudomonas aeruginosa,
Escherichia coli, and Candida albicans infection. The results
showed that the detection limit was 0.001 ng for the qualitative
amplification of KP c¢fDNA in pleural effusion. The gradient
dilution concentration of the cfDNA was negatively correlated
with the corresponding PCR Ct value (r=0.93), which showed
that the method had a high sensitivity. In the experiment,
different cfDNA samples with PCR Ct values of 24, 28 and
32 respectively were selected for five repeated detections, and
the CV values were 3.7%, 4.3% and 4.9% respectively, which
met the industry standard deviation requirements of National
Center of Clinical Laboratories.

Comparison of the results from different detection methods
for clinical KP samples

We selected 13 cases of pleural effusion samples with positive
sputum culture for KP (including 4 cases of pleural effusion
culture was also positive) and 22 cases of pleural effusion
samples with negative sputum culture for KP according to
the research needs. Compared with the results of the sputum
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culture method (7able 1), the positive rates were the highest
(11/12) in the supernatant pleural effusion cfDNA method,
the lowest in the pleural effusion precipitation DNA method
(2/12) and much lower in the pleural effusion culture method
(3712). At the same time, the cfDNA was also positive in 4
cases of pleural effusion culture. Also, in one case, the cfDNA
was positive in the sputum culture method, but negative in
the supernatant pleural effusion method was negative; in
another case, the cfDNA was negative in the sputum culture
method, but positive in the supernatant pleural fluid method.
On the whole, the positive detection rate of the supernatant
pleural effusion ¢fDNA method by PCR was much higher
than that of the pleural effusion precipitaion DNA method
(P<0.05) and the pleural effusion culture method (P<0.05).
There was no significant difference between the supernatant
pleural effusion cfDNA method by PCR and the sputum
culture method (P>0.05). Compared with the results of
the sputum culture, the sensitivity, specificity, positive
predictive value, and negative predictive value of quantitative
fluorescence PCR were 91.67%, 95.45%, 91.7%, and 95.5%,
respectively.

Discussion

PE is a common complication of pneumonia. However, it was
found the positive rate of bacteria in which pleural effusion
was meager (14,28,29) in the clinic, which may be related to
using antibiotics before submission. Therefore, it is necessary
to improve the method to increase the positive detection
rate of bacteria in pleural effusion. ¢fDNA is disintegrating
DNA from cells and pathogens in the process of apoptosis
or dying, which can be shed into body fluids, including
blood, cerebrospinal fluid, urine, pleural, and ascites
(16-22,24). Therefore, in theory, the ¢fDNA of pathogens in
pleural effusion is not affected even if antibiotics are used. In
this study, KP ¢fDNA in pleural effusion was the first to be
confirmed. Therefore, this experiment confirmed that KP
cfDNA was indeed in pleural effusion and could be detected
by PCR. To further confirm the establishment of this system,
we specially selected 4 PE samples with KP positive results in
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pleural effusion culture. PCR was used to detect the cfDNA,
and the results were all positive. We also found that only 2
cases of DNA precipitation results were positive, showing
that the sensitivity of the cfDNA detection results was higher
than precipitated DNA results. Also, in clinical pleural
effusion samples, the detection system only amplifies KP,
with high specificity. It was confirmed KP ¢fDNA existed in
pleural effusion, and the detection system had high specificity,
sensitivity, and repeatability. However, the sample size was
small, further large scale studies should be undertaken to
validate these findings.

Some researchers believe that, theoretically, the
pathogens of pulmonary infection are consistent with the
pathogens in the pleural cavity, but the microenvironment
of the lung tissue and the pleural cavity is not entirely the
same. Therefore, the pathogens in PE may be different
from pulmonary infection (15). Moreover, KP is a
conditional pathogen, which typically exists in the upper
respiratory tract of the human body. The bacteria also
contaminate the clinical sputum culture colonized in the
oropharynx, and the culture results cannot represent the
pathogens of pulmonary infection (15). Therefore, clinical
diagnosis and treatment should be on the results of pleural
effusion detection. The results also confirmed the positive
results of ¢fDNA detection in the pleural effusion of KP
infection, were consistent with those of sputum culture and
were much higher than those of pleural effusion culture and
pleural effusion precipitation DNA detection. It was found
that sputum culture was positive, but ¢cfDNA was negative.
We hypothesize that that specimen may be a contaminated
specimen of the healthy upper respiratory tract. Sputum
culture-negative but cfDNA positive specimens suggest to
clinicians that the pathogens of pulmonary infection are not
consistent with those in the pleural cavity.

In conclusion, the KP ¢fDNA detection system was set
up in this study, and the feasibility and clinical application
value of the system were confirmed.
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