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Purpose: To explore the clinical value of detecting pathogens in pus samples by metagenomic next-generation sequencing (mNGS).
Methods: The 25 pus samples from infected patients were collected in this research. The positive rate and consistency of pathogenic
bacteria detected by mNGS and conventional methods were compared. The pathogen types detected by the two methods were
analyzed. Furthermore, the modifications of antibiotic treatment therapy were also evaluated based on mNGS results.

Results: The sensitivity of mNGS method in detecting pathogenic bacteria in pus samples was better than that of conventional method
(96% vs 40%; P < 0.01). Only 10 samples were detected pathogens by conventional methods, but 24 samples were detected by mNGS
method. In specific, the results of conventional methods showed 10 samples had 11 kinds of pathogenic bacteria, of which 9 samples
were single pathogen and 1 sample had two kinds of pathogenic bacteria. The results of mNGS method showed 24 samples were
detected with 54 kinds of pathogenic bacteria, of which 15 samples were detected with single pathogen, and 9 samples were detected
with two or more kinds of pathogenic bacteria. The two methods had 9(36%) consistent results, 14 (56%) completely different results,
and 2 (8%) partially consistent results, and the kappa value was 0.19. Notably, mNGS could detect viruses, anaerobic bacteria, and
other uncommon pathogens simultaneously.

Conclusion: The application of mNGS in the detection of pus specimens from different parts not only have high accuracy rate and
also reduce the turnaround time of diagnosis. In addition, the performance of mNGS detection of anaerobic bacteria and caustic
bacteria is better than conventional methods. The mNGS diagnosis in pus sample may play an important role in clinical diagnosis and
treatment strategy decisions.
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Introduction

In most cases, the formation of pus is associated with an infection that can involve the skin, liver, lungs, brain, eyes, and joint
cavities. Once infection occurs, clinicians are prone to choose antibiotics as anti-infective treatments. Rapid and accurate
detection of pathogens is particularly important for patient treatment and could reduce antibiotic abuse.! Conventional
methods are less accurate and time-consuming, which may result in inadequate treatment, especially for anaerobic bacteria
and difficult-cultured pathogens tests. mNGS technology is a revolutionary diagnostic technology, which could comprehen-
sively detect pathogens without conventional.” Nucleic acids are extracted directly from specimens for unbiased detection.’
In this way, pathogen sequences with low abundance can also be obtained from specimens with high sensitivity.*

In the clinic, mNGS was first used to detect leptospirosis in cerebrospinal fluid samples of a 14-year-old boy with
severe immunodeficiency and continuous fever for 4 months.” Since then, the application of metagenomic sequencing
technology in the detection of infectious diseases has been continuously reported.®’ However, the clinical applications of
mNGS in pus samples from infected patients are rarely reported and clinical value is unclear.® In this study, mNGS was
applied to pus samples to evaluate the sensitivity and clinical benefits of this method, and compared with conventional

methods.
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Materials and Methods

General Information

Twenty-five patients from the First Affiliated Hospital of the University of Science and Technology of China were
enrolled from April 2020 to November 2021 as research objects. The inclusion criteria were as follows: (1) The patients
or authorized family member agrees to carry out mNGS testing; (2) >18 years old; (3) The clinician suspected the case of
infection, and the corresponding antibiotic treatment is effective. Exclusion criteria: (1) Pregnant and the patients under
the age of 18; (2) Samples collected were insufficient for conventional and mNGS tests; (3) Non-infectious pus
specimens. Specimens from the same patient were used by conventional methods and mNGS simultaneously. This
study was a retrospective study, and patient data were anonymously numbered. The study does not involve patient
privacy and conforms to the principles of medical ethics. Demographic information, basic diseases, symptoms of
infection, and antibiotic treatment were recorded.

Research Methods

Collection of Patient Samples

Standardized aseptically collected specimens from abscess sites of 25 patients were placed into nucleic acid-free
containers. The samples were tested by conventional methods (culture and smear), and mNGS was tested at the same
time. Put specimens into the nucleic acid-free container and were stored at —80°C before testing. The patient’s medical
records and test results were analyzed.

DNA Extraction
Except plasma samples, the other samples were prepared for wall-breaking reaction, and 200 ng DNA was extracted
using the TTANamp Micro DNA Kit (DP316, Tiangen Biotech).

Construction of DNA Libraries and Sequencing

DNA libraries were constructed through DNA-fragmentation, end-repair, adapter-ligation and PCR amplification.
Qualified libraries were pooled; DNA Nanoball (DNB) was fabricated from single-stranded DNA circles, and sequenced
by MGISEQ-2000 platform.

Bioinformatic Analysis
High-quality sequencing data were generated by removing low-quality reads, and short (length <35bp) reads at first, followed by
computational subtraction of human host sequences mapped to the human reference genome (ftp://ftp.ncbi.nlm.nih.gov/genome).

The remaining sequence data were aligned to microbial genome databases by BWA (Burrows-Wheeler alignment, http://bio-
bwa.sourceforge.net). The database used for the present study contains 2328 bacterial species, 199 fungal species, 4189 viruses,

135 parasites, 83 mycobacterium, and 41 mycoplasma/chlamydia, they were associated with human diseases. Criteria for
a positive mNGS result: (1) Bacteria, fungi, mycoplasma, chlamydia, Rickettsia G SMRN or SDG_SMRN >3, species level
Latin SMRN or SDLatin SMRN >3; (2) Mycobacterium tuberculosis complex: genus level G SMRN or SDG_SMRN >1,
species level Latin SMRN or SDLatin SMRN >1; (3) Virus: species level G_ SMRN or SDG_SMRN >3, type or subtype
Latin SMRN or SDLatin SMRN >1; (4) Parasites: genus level G SMRN or SDG_SMRN 100, species level Latin SMRN or
SDLatin SMRN > 100; (5) Fungi and parasites were filtered according to DepthDepth Ratio >0.5 and Shannon_index >0.75.

mNGS Positive Standard

The following criteria were used to identify favorable outcomes because to the lack of guidelines for interpreting mNGS
findings and the wide range of various sequencing platforms: (1) having pathogenicity from pus sample that has been
noted in the literature; (2) Bacteria: >30% relative abundance for opportunistic pathogenic bacteria at the genus level, 1
stringently mapped read for Mycobacterium TB complex, and non-tuberculous mycobacteria. (3) fungus: 1 stringently
mapped read at the species level; 10 stringently mapped reads for mold at the species level. (4) 1 stringently mapped read
at the species level for mycoplasma and chlamydia.
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Statistical Analysis

SPSS 23.0 statistical software was used to perform the data analysis, the counting data is expressed by the number of
cases and rates, and the measurement data is expressed by mean + standard deviation. Comparative analysis was
conducted by Fisher’s precision probability test and Kappa test, p-values of <0.05 were considered statistically significant
difference. If the Kappa value is = 0.75, the two detection systems have good equivalence; if <0.4, the detection system
does not have equivalence.

Results

Basic Situation Analysis of Patients

The basic clinical characteristics of the patients are shown in Table 1. Among the 25 patients, there were 16 males and 9
females, with an average age of 54.36+£16.58 years, and the majority of them were 30—-60 years old (64%). Eighteen
patients had basic diseases (80%), including acquired immune deficiency syndrome, malignant tumor, diabetes, hyper-
tension and 6 patients underwent surgery. A total of 25 specimens were collected, including 6 whole blood specimens, 1
skin tissue specimen, 1 drained pus specimen, and 15 wound secretion swab specimens. Clinical symptoms were
manifested as pain (13 cases, 44.83%), redness and swelling (7 cases, 24.14%), as well as fever (4 cases, 13.79%),

Table | Patient Characteristic Analysis

Characteristic Value (no. %)
Sex
Male 16(64.00%)
Female 9(36.00%)
Age
<30 2(8.00%)
30-60 16(64.00%)
60-90 7(28.00%)
Underling disease
Acquired Immune Deficiency Syndrome 2(6.90%)
Malignant tumor 5(17.24%)
Diabetes 6(20.69%)
Hypertension 5(17.24%)
After surgery 6(20.69%)
None 5(17.24%)
Position
Liver 3(12.00%)
Lung 2(8.00%)
Brain 3(12.00%)
Limb 4(16.00%)
Skin 4(16.00%)
Pleural 3(12.00%)
Joint 4(16.00%)
Other 2(8.00%)
Onset symptoms
Fever 4(13.79%)
Pain 13(44.83%)
Redness 7(24.14%)
Cough 3(10.34%)
Fester 2(6.90%)
After treatment
Improvement 20(80.00%)
Steady 2(8.00%)
Bad 3(12.00%)
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cough (3 cases, 10.34%) and fester (2 cases, 6.90%). Twenty patients (80%) improved significantly after treatment, 2
patients (8%) were stable, and 3 patients (12%) had no improvement (Table 1).

Analysis of mNGS and Conventional Methods

In 25 specimens, mNGS test results showed that 1 case was negative and 24 cases were positive. The test results of using
conventional methods showed that 15 cases were negative, 10 cases were positive. The positive rate of mNGS was higher
than that of conventional methods (96% vs 40%, p < 0.01) (Table 2). Different types of pathogens detected by mNGS and
conventional methods are shown in Figure 1. Forty-eight kinds of bacteria were detected through mNGS, among which 7
strains of streptococcus and 5 strains of Clostridium ranked first and second, respectively. The conventional methods
detected 10 strains of bacteria, the most common pathogens were 2 strains of streptococcus and 1 strain of fungus;
however, there was no virus was detected using conventional methods, only detected by the mNGS. mNGS identified
several uncommon pathogens in patients with SSTI, such as Nocardia Pythium, Vibrio vulnificus, and Treponema
pallidum. The concordance rate between mNGS and conventional methods in the identification of pathogens in pus
samples were 9 cases (36%). Two cases (8%) were not completely consistent between the two test methods, and 14 cases
(56%) were completely inconsistent, and the kappa value was 0.19 (Figure 1, Table 3). As shown in Figure 2, mNGS
detected a total of 54 strains of pathogens, including 48 strains of bacteria (26 strains of anaerobic bacteria and 22 strains
of aerobic bacteria), 1 strain of spirochete, 4 strains of fungi and 1 strain of virus (Figure 3). Multiple pathogens were
detected in 4.16% of cases by culture, while mNGS showed a significantly higher proportion of multiple microbial
infections (37.5%, P = 0.004) (Figure 4). Among the cases of multi pathogen infection, mNGS detected 9 cases of mixed
infection of anaerobic bacteria, 1 case of virus infection (Varicella zoster virus) mixed with bacteria.

Conventional Method Was Negative, and the Use of Antibiotics After the Use of
mNGS and Its Outcome

Among the 15 samples with negative results of conventional methods, 14 samples were detected with mNGS, of which
P7 was not adjusted for antibiotics after discharge due to not waiting for the report results. Thirteen cases were treated
with antibiotics empirically, and targeted treatment was carried out according to the detection results of mNGS, and the
infection of 12 patients was controlled (Table 4).

Analysis of Typical Cases

Patient No. 22 developed symptoms of difficulty in mouth opening, inability to swallow food, involuntary extension of head and
neck, stiffness of the limbs, and paroxysmal convulsions after admission. Physical examination found that the right lower limb had
chronic skin ulcers. The patient broke repeatedly during 30 years. We empirical use of ceftriaxone sodium for antiinfection
treatment. Cerebrospinal fluid, plasma and lower extremity ulcerated pus of the patients were collected to perform mNGS
sequencing analysis and conventional methods. After 20 hours, the result of mNGS displayed, no microorganism in the
cerebrospinal fluid and plasma, nevertheless, Bacteroides pyogenes, Porphyromonas soxerii, Morganella morganii,
Clostridium nucleatus, Streptococcus anaerobic digesticosis, and Clostridium tetanus were found in the pus sample by mNGS
(Figure 5). After identifying the pathogen infection, we immediately adjust the treatment plan and use anaerobic anti-infection
targeted therapy-metronidazole and penicillin, actively carry out debridement. After treatment, the patient’s fever time was
shortened, but there was still intermittent fever. After 48 h, the results of conventional methods show that only detected
staphylococcus hominis in the pus of lower limb ulcer. Because the patient was sent to hospital late for treatment, respiratory
failure, convulsions, poor nutritional status and other complications occurred, and the patient’s family members gave up treatment.

Table 2 Comparison of Positive Rate Between Two Methods

Method Negative | Positive | Positive rate (%) | P
mNGS | 24 96 0.001
Bacterial culture | |5 10 40
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Figure | Comparison of the mNGS results with the traditional detection methods.
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The rapid diagnosis of pus pathogens in infected sites has always been an urgent problem in clinical practice.” mNGS has

been used to detect pathogens in a variety of infectious diseases, including encephalitis,'® prosthetic joint infection'' and

infection in immunocompromised patients.'*'> However, the detection of pathogens by mNGS in pus specimens from

infected patients has not been well studied. In this study, the clinical diagnostic performance of mNGS in pus samples

was evaluated concurrently with conventional methods.

Table 3 Comparison of mMNGS Results with Traditional Culture Results

Completely Consistent Not Completely Consistent Completely Inconsistent Kappa
Two detection methods (n.%) 9(36%) 2(8%) 14(56%) 0.19
InfeCtiOn and Drug Resistance 2022 | 5 https://doi.org/10.2147/IDR.S385925 65 I 9

DovePress


https://www.dovepress.com
https://www.dovepress.com

Shi et al

Dovepress

Streptococcus gordonii
Streptococcus intermedius
Streptococcus pharyngitis
Streptococcus constellatus
Pseudomonas aeruginosa
Klebsiella pneumoniae
Staphylococcus aureus
Anaerobic digestion Streptococcus
Fengorella magna
Micromonospora minimus
Listeria pneumoniae
Enterococcus gallinarum
Clostridium nucleatum
Treponema pallidum
Nocardia Pythium
Parvotella mordeni
Enterococcus Niger
Morganella morganii
Clostridium tetanus
Providence sp
Campylobacter

Vibrio vulnificus
Prevotella

Bacteroides
Porphyrinomonas
Salmonella

Candida albicans
Fusarium rotundum
Fusarium solani
Aspergillus terrestris
Varicella zoster virus

12 4 7ISI9101112131415161718192021222324

200000
20000

-

- - ot
200

|| -— 2

]

Knee

Peiglaic (1 Pl Plwd S By hug B S

Knee  thoracic

Upper |
i jomt  vertebra

b l% Legs Liver Liver hog Liver Bran Forehead Bram Planil'l'i:'u ‘lep

Figure 2 Detection Results of the mNGS.

Figure 3 Pathogen composition detected by mNGS.
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Table 4 The Traditional General Culture Was Negative, and the Use of Antibiotics After the Use of mMNGS and Its Outcome

Patient Adjusted Antibiotic Pathogens Detected by mNGS Prognosis and
Number | Treatment Outcome
No.2 Cefatriaxone Streptococcus pharyngitis Improvement
No.3 Tyrone, linezolid, Klebsiella pneumoniae Improvement

moxifloxacin, suproxen

No.4 Cefoperazone-sulbactam, Prevotella_oris, Fusobacterium nucleatum, Listeria pneumoniae, Improvement
metronidazole Streptococcus constellation, Streptococcus pharyngitis
No.5 Penicillin Treponema pallidum Improvement
No.6 Acyclovir, imipenem, Streptococcus pharyngitis, Streptococcus constellatus, Staphylococcus Improvement
linezolid, metronidazole aureus, anaerobic digestion Streptococcus, sphingococcus, varicella zoster
virus
No.7 - Aspergillus terrestris Discharge without

waiting for the

result
No.9 Levofloxacin combined with Vibrio vulnificus Improvement
minocycline
No.10 Linezolid Staphylococcus aureus Improvement
No.ll Voriconazole, amphotericin B | Haematococca, Fusarium solani No improvement
No.l2 Ceftazidime, cefdinir Staphylococcus aureus Improvement
No.15 Cefuroxime Pseudomonas aeruginosa Improvement
No.18 Vancomycin, meropenem Bacteroides multiforme, parvotella mollis, Porphyromonas dental pulp, Improvement
Staphylococcus aureus
No.20 Tigecycline, meropenem Porphyromonas endodontalis, Prevotella intermedia, Parvimonas micra Improvement
No.21 Vancomycin, cefoperazone Prevotella timonii, Campylobacter urealyticus, Porphyromonas Soxhlet, Improvement
sodium and sulbactam peptococcus nigricans, Campylobacter dahuriensis
sodium

The clinical symptoms of the patients include local and systemic infection. Patients with diseases accounted for 84%
of the pus specimens collected, such as primary lesion infection, immune deficiency, tumor and other diseases, reflecting
the complexity of clinical patients’ conditions. If the infection is not diagnosed and treated promptly under such
circumstances, it can lead to a poor prognosis and even death.'* Although the smear method can quickly know whether
there is a pathogen detected, it is not clear what the pathogen is. Conventional method takes a long time, and ordinary
bacterial culture takes up 24 hours at the earliest, and fungal culture takes up to 5 days. If it is identification of mixed
pathogen infection, it needs to be purified first, and the culture time is longer. The smear method is fast, but does not
accurately identify the pathogen. Currently, the mNGS method can generate report within 24 hours to achieve the
purpose of rapid detection and treatment.'”> Furthermore, 80% of patients have improved or stabilized infection after
symptomatic treatment with antibiotics. It is suggested that timely symptomatic anti-infective treatment can minimize the
occurrence of adverse prognostic events.

In this research, we compared the two detection methods of mNGS and conventional methods, and the results
indicated that (1) the positive rate of mNGS is significantly higher than conventional. mNGS has high sensitivity and the
detection process is not affected by the use of antibiotics.'® For anaerobic and caustic bacteria that are difficult to
cultivate, the detection rate of mNGS is higher than that of conventional methods.'”'® (2) mNGS identified more
pathogens than conventional, especially detected anaerobes, viruses and other uncommon pathogens. On the basis of
completely inconsistent results, no pathogen was detected in 15 cases using conventional methods, while caustic bacteria
and anaerobic bacteria were detected by mNGS. According to the composition of pathogens detected by mNGS in pus
samples, the detection rate of anaerobic bacteria, spirochete and virus is 52%, which is consistent with the research

results mNGS has advantages in rapid diagnosis of caustic bacteria, anaerobic bacteria and time-consuming bacteria.'® In
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Figure 5 Patient 22 all pathogens detected in pus samples.

addition, mNGS showed better ability to recognize co-pathogens in a single specimen than conventional, which is
consistent with other results.?%*'

Anaerobic bacteria (48%) were most frequently detected at the infected site of patients, followed by aerobic bacteria
(41%), as well as fungi, viruses and spirochetes. According to the 2014-2019 bacterial drug resistance monitoring report
of clinical wound and pus samples from the National Bacterial Drug Resistance Monitoring Network, the main pathogens
in wound and pus samples are Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae and Pseudomonas
aeruginosa.”> The conventional method for pathogen identification are affected by many factors such as environment,
medium, and time. The ability to detect pathogens is limited because pathogens could only be successfully cultured and
identified under appropriate conditions. However, in clinical practice, the detection of anaerobic bacteria is difficult to be
implemented in the conventional microbiology laboratory due to the strict anaerobic environment for specimen collection
and transportation. Moreover, virus testing is not routine in clinical practice. mNGS extracts all nucleic acids from the
abscess site samples of patients and compares them with nucleic acid sequences from gene libraries to determine the type
of pathogenic microorganisms. It does not depend on the conventional environment and is not affected by antibiotic use,
making it an unbiased test.'®

Some scholars proposed that the pathogens in pus specimens may be the cause of infectious diseases, but the high
background of human genomes in pus specimens may reduce the sensitivity and specificity of sequencing.”* The typical case
No. 22 showed that the pathogen load of local lesions was higher than cerebrospinal fluid, plasma and pus samples. The
detection of Clostridium tetanus, an important infectious pathogen in pus specimens of local infection, provides an important
experimental basis for clinical practice. At the same time, some research used Illumina and Nanopore to sequence 87 body
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fluid samples from 77 patients with acute infection, and compared them with the clinical adjudication, culture, and PCR
testing. The results showed that the sensitivity and specificity of mNGS for bacterial detection were §1-86% and 91-95%,
and for fungal detection were 63—70% and 92-96%, respectively.** In this study, mNGS was performed for 7 patients who
had paired body fluid and plasma samples, and a total of 9 pathogens were detected, and it was found that cfDNA burden of
the pathogen in local body fluid was 160-fold higher than that in plasma. Eight pathogens (88.9%) were detected in body
fluids, while only three pathogens (33.3%) were detected in plasma. These results indicate that the detection of pathogenic
microorganisms is more sensitive in locally infected specimens than in plasma specimens, and therefore, pus specimens do
not limit the detection of pathogenic microorganisms due to the high background of the human genome.

It is worth noting that 14 specimens were diagnosed positive only by mNGS, but negative by conventional.13 patients
were treated with previous antibiotic experience, changed from the previous antibiotic full coverage treatment to targeted
treatment for pathogens, and 12 patients showed improvement in clinical infection symptoms during the 30 days follow-
up. Adjust the treatment after antibiotics, reduce the use of antibiotics, achieve the purpose of precise use of antibiotics,
and timely and accurate antibiotic treatment has an important impact on the prognosis of patients.”’

This study has some limitations. Due to the limitation of the number of specimens, the statistical results may be
biased, and the number of specimens will be increased in the future. At the same time, RNA sequencing or drug
resistance data were not examined, so the detection of RNA viruses may be affected.

To sum up, we have reported the performance of mNGS on identifying pathogens in pus specimens. As a new
detection method, mNGS not only has the characteristics of high sensitivity, high accuracy and fast speed, but also has
a good ability to detect the pathogens of mixed infection, which has more advantages than conventional methods.
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