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Purpose: Intra-abdominal infections (IAI) are gradually becoming common in the emergency department, though the incidence is low
and the prognosis is fair, as the symptoms are similar to other intra-abdominal diseases, rapid and accurate diagnosis of the causative
agents is essential for clinical management. This study aimed to evaluate the diagnostic performance of metagenomic next-generation
sequencing (mNGS) in detecting IAI in the emergency department.

Patients and Methods: This was a retrospective, single-centered study including patients admitted to the emergency department
from January 1st, 2021 to August 31st, 2022 with diagnosis of IAl. The comparison between mNGS and microbial culture using
paracentesis fluid samples was performed to evaluate the diagnostic performance of mNGS for IAI. Meanwhile, paracentesis fluid and
peripheral blood mNGS were compared to explore the sample specificity. Further, the microbial community structure of the patients
with pyogenic liver abscesses (PLA) was analyzed.

Results: Thirty-four IAI patients including 23 with pyogenic liver abscesses (PLA), 3 with parapancreatic abscesses, and 8 with other
IAI were included in this study. Compared with the conventional microbial culture of paracentesis fluid, mNGS using paracentesis
fluid detected more positive cases of IAI (93.75% vs 81.25%), and identified more species of pathogens, especially in obligate
anaerobes and viral pathogens. Peripheral blood mNGS presented a relatively high consistency with the paracentesis fluid mNGS (91%
mutual positive). The microbial community structure of PLA patients with diabetes is less diverse than that of those without diabetes.
Patients with diabetes are at high risk of PLA caused by Klebsiella pneumonia.

Conclusion: mNGS has advantages in detecting IAI in the emergency department, and peripheral blood mNGS can be a non-invasive
choice for early diagnosis.

Keywords: metagenomic next-generation sequencing, mNGS, abdominal infection, pyogenic liver abscesses, PLA, emergency
department

Introduction

An intra-abdominal abscess is a collection of pus or infected fluid located inside or near the liver, kidneys, pancreas,
spleen, or other abdominal organs.' Unlike skin abscesses with obvious signs of redness and swelling,” intra-abdominal
abscesses occur less frequently and are often difficult to identify, of which patients may have symptoms including but not
limited to pain, fever, chills, and loss of appetite.** Bacterial infections are the main cause of intra-abdominal
abscesses,™ and viruses, fungi, and parasites may cause abscesses in few cases.”® Clinical management of intra-
abdominal abscesses necessitates surgical drainage and antibiotic treatment. Currently, intra-abdominal abscesses like
pyogenic liver abscesses (PLA) are gradually common in the emergency department. Studies revealed that the incidence

of PLA varies from 3.6 to 17.1 per 100,000 individuals among regions, with the main causative pathogens of
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Streptococcus species, Staphylococcus species, Escherichia coli, and Klebsiella pneumonia.’”"* Therefore, accurate and
timely diagnosis of the causative agents is essential for targeted antibiotic therapy.

The culture of aspirated pus is the gold standard test for the diagnosis of abscesses, and blood culture can also help
determine the etiology.'* However, the positive rate of microbial culture is low in clinical, and it usually takes several
days or more to isolate the species.'” With the advancement of high throughput sequencing technologies and their
application in abdominal abscesses diagnosis, these culture-independent technologies showed superior diagnostic per-
formance. A study used nanopore sequencing to analyze the crude liver abscess aspirates, which achieved real-time
pathogen identification.'® Metagenomic next-generation sequencing (mNGS) has also been applied to detect pathogenic
microorganisms of PLA in the laboratory and in clinical settings.'”'® Compared to traditional microbial culture, mMNGS
possesses advantages in a broad spectrum of pathogen detection, shortening turnaround time, and metagenomic analyses
of antibiotic resistance prediction could be employed for better treatment and prognosis.'*2® Although cases of mNGS

applied in the emergency department'”-?!

were reported, cohort studies are needed to explore its diagnostic performance.
In this study, we assessed the diagnostic performance of mNGS in detecting intra-abdominal abscesses in the
emergency department, and performed metagenomics analyses of pathogenic microorganisms detected through the

mNGS method, aiming to provide referential experiences for clinical practice.

Materials and Methods
Ethical Statement

This study was conducted in accordance with the Declaration of Helsinki and its revisions, and approved by the ethical
committee of Changhai Hospital. Written informed consent was obtained from all patients who participated in this study
or from the parent or legal guardian of the patient under 18 years of age.

Patients

In this study, we retrospectively reviewed a cohort of IAI patients in the emergency department of our hospital from
January 1st, 2021 to August 31st, 2022. Patients of suspected IAI which routinely sent for mNGS assay in the emergency
department were included in this study. Patients of other infection were excluded. All patients confirmed the diagnosis of
the abscess through imaging examinations (CT and ultrasound) and laboratory tests (microbial culture and mNGS)
combined with clinical manifestations. Figure 1 shows the design of this study.

Microbial Culture

According to the culture procedures for bacteria and fungi in the diagnostic laboratory of Changhai Hospital, the sample
culture was performed using routine isolation media, including blood agar, eosin methylene-blue (EMB) agar, chocolate
agar, Mueller-Hinton agar, sabouraud dextrose agar, and cooked meat medium (Oxoid, UK). Plates were incubated at
37°C in 5-10% CO, for 2448 hours using BC60 automated culture system (Autobio Diagnostics Co., Ltd., China). The
strains were then isolated and identified the species using the VITEK-2 Compact Instrument (bioMérieux, France).

mNGS Sequencing and Analysis
Samples collected were sent to Genoxor Medical Science and Technology Inc. (Shanghai, China) for mNGS sequencing.
In the laboratory, after pre-processing, TIANamp Micro DNA Kit (DP316, Tiangen Biotech, Beijing, China) was applied
to extract the DNA of the samples following the manufacturer’s instructions. Then, DNA fragmentation, end-repair,
adapter ligation, and PCR amplification were performed by step to construct the DNA libraries. The quality of the
libraries was assessed by Agilent 2100. The libraries were sequenced on the NextSeqTM 550DX sequencer according to
the manufacturer’s instructions.

Raw data were subjected to a quality control process to remove low-quality sequences by Trimmomatic. Human
genome sequences were excluded by Bowtie2. An in-house Perl script was used to remove identical duplicate reads
considered as technical artifacts by PCR. Retained sequences were processed using Kraken for taxonomic classification
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January 1st 2021-August 31st 2022
40 patients admitted to the emergency
department with suspected IAl

Exclusion criteria:
confirmed with non intra-abdominal infection;

[ 34 patients were included }

Samples collection:
Paracentesis fluid and peripheral blood samples were
collected for further analysis

| , )

Comparison between paracentesis fluid Comparison between paracentesis fluid Microbiome analysis of patients with
culture and paracentesis fluid mMNGS mNGS and peripheral blood mNGS pyogenic liver abscesses
N=32* N=32** N=23

A

[ Comparison and analysis ]

*: 32 of 34 patients who underwent paracentesis fluid culture and paracentesis fluid mMNGS simultaneously
**: 32 of 34 patients who underwent paracentesis fluid mMNGS and peripheral blood mNGS simultaneously

Figure | Flow chart of the study design.

and a custom k-mer database was constructed using 51,543 genomes of ~27,000 species from the NCBI assembly
databases.

Alpha diversity measured by the Shannon diversity index was used to assess the complexity of taxonomic diversity.
Beta diversity measured using Principal Coordinate Analysis (PCoA) based on the Bray—Curtis distance was used to
assess the compositional similarity. Receiver operating characteristic (ROC) curves were calculated and analyzed. Linear
discriminant-analysis effect-size (LEfSe) analysis was performed to determine the significantly different taxa between
groups.

Statistical Analysis

Statistical analysis was conducted by GraphPad Prism Version 9 (GraphPad Software, USA). Mean + standard deviation
(SD) was used for describing continuous variables. A 2 or Fisher’s exact test and a ¢-test were applied for analyses of
categorical variables and continuous variables, respectively. A P-value <0.05 was considered statistically significant.

Results

General Characteristics and Clinical Features of the Patients

From January 1st, 2021 to August 31st, 2022, a total of 34 patients admitted to the emergency department of our hospital
were diagnosed with IAI through imaging and were included in this research, as shown in Table 1, when admitted, 23
patients (67.6%) presented fevers to different extents, 4 of which with a body temperature over 39°C. In addition to fever,
clinical symptoms like abdominal pain, chills, and diarrhea were also recorded. Results of laboratory examinations
showed elevated levels of white blood cell (WBC), neutrophil (NE), C-reactive protein (CRP), and procalcitonin (PCT)
among the patients, indicating potential infections. The general characteristics of the patients and laboratory examination
results are listed in Table S1.
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Table | General Characteristics of the Patients
Indications Values (n=34)
Age (years, Mean * SD) 545+ 15.7
Gender
Male 24
Female 10
BMI (kg/m? Mean % SD) 244 £ 3.6
Body temperature (°C, Mean * SD) 380 1.0
Clinical diagnosis
Pyogenic liver abscess 23
Parapancreatic abscess 3
Other intra-abdominal infection 8
Underlying disease
Type Il diabetes 18
Hypertension 16
Hyperlipoidemia 2
Cholecystolithiasis 2
Fatty liver 5
Hepatic cyst |
Coronary atherosclerotic heart disease |
Anemia |
Post-cholecystectomy |
None 4
Laboratory results (Mean + SD)
WBC (x10%L) 10.8 + 5.1
NE (x10%/L) 9.1 + 5.1
CRP (mg/L) 134.0 £ 82.9
PCT (ug/L) 25+39
Clinical outcomes
Improved and discharged 28
Dead 2
Transferred |
Auto-discharged 2
In hospitalization |
LOS (d, Mean * SD) 19.0 £ 22.1
Abbreviations: BMI, body mass index; WBC, white blood cell; NE, neutrophil;
CRP, C-reactive protein; PCT, procalcitonin; LOS, length of stay.
1424 https: Infection and Drug Resistance 2023:16

Dove!


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

Dove Zheng et al

Microbial Recovered from the Patients

Clinical samples of paracentesis fluid and peripheral blood were collected and sent for microbial culture and mNGS,
respectively, to detect the causative pathogens. As shown in Figure 2, thirteen species of pathogens were identified
through microbial culture, with 6 species of G+ bacteria, and 7 species of G- bacteria. The paracentesis fluid mNGS
detected 15 species of pathogens, with 4 species of G+ bacteria, 11 species of G- bacteria, and 3 species of obligate
anaerobes. Eighteen species of pathogens were detected through the peripheral blood mNGS, with 4 species of G+
bacteria, 13 species of G- bacteria, 3 species of obligate anaerobes, and 2 viruses. Compared with the conventional
microbial culture, more kinds of pathogens were detected through mNGS. Meanwhile, bacteria such as Bacteroides
fragilis, Parabacteroides distasonis, Bacteroides thetaiotaomicron, etc, difficult to culture had also been identified via the
mNGS method. In addition to bacterial pathogens, viral pathogens such as Human betaherpesvirus 5 and Human
gammaherpesvirus 4 were also detected through the peripheral blood mNGS.
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Figure 2 Pathogens identified through microbial culture (A), paracentesis fluid mNGS (B) and peripheral blood mNGS (C).
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Comparison of Pathogen Detection Performance Between mNGS and Microbial

Culture

Further, to assess the diagnostic performance of mNGS, we compared the results of thirty-two patients who underwent
the paracentesis fluid culture and paracentesis fluid mNGS simultaneously. Twenty-six positive cases were detected
through the microbial culture, with a positive rate of 81.25%, and 30 (93.75%) were detected positive in paracentesis
fluid mNGS. According to our results, more positive cases were detected by mNGS than by culture, while the difference
between culture and mNGS was not significant. Among all these positive cases, 5 patients were detected with
polymicrobial infection through culture, and 8 were through paracentesis fluid mNGS (Figure 3A). The turnaround
time of mNGS (1 day) was greatly shorter than that of microbial culture (5.03 £+ 0.63 days, Mean + SD). As shown in
Figure 3B, we compared the consistency of the two methods. Regarding the overall results, mNGS and culture were both
negative in 3% of cases; 16% of cases were detected positive only through mNGS, and 3% only through culture. For
mutual positive cases, 56% of which were detected with completely consistent pathogens. Taking the culture results as
the standard, the sensitivity and specificity of paracentesis fluid mNGS were 92.51%, and 16.67%, respectively.

Comparison of Pathogen Detection Performance Between Paracentesis Fluid mNGS
and Peripheral Blood mNGS

Meanwhile, the peripheral blood mNGS was also performed to explore whether a difference exists between samples.
Thirty (93.75%) of thirty-two samples were detected positive in the peripheral blood mNGS, and 9 cases were detected
with polymicrobial infections (Figure 4A). A slight superiority of the peripheral blood mNGS was noted compared to the
paracentesis fluid mNGS in detecting polymicrobial infection cases, while no significant difference was noted. As shown
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Figure 3 Diagnostic performance of paracentesis fluid culture and paracentesis fluid mNGS. (A) Comparison of positive rates of the two methods. (B) The consistency
between the two methods. Match, the pathogens detected were the same in both methods; partial match, the pathogens detected were partially same; mismatch, the
pathogens detected were different.
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Figure 4 Diagnostic performance of mMNGS between different samples. (A) Comparison of positive rate of the two samples. (B) The consistency between the two samples.
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in Figure 4B, a relatively high concordance between these two samples was presented. 3% of cases were detected
negative in both the paracentesis fluid mNGS and the peripheral blood mNGS; 3% of cases were detected positive only
through the peripheral blood samples, and 3% were only through the paracentesis fluid samples. For mutual positive
cases, 67% of which were detected with completely consistent pathogens.

mNGS-Guided Antimicrobial Therapy and Clinical Outcomes

All patients were prescribed antibiotics for anti-infective treatment, with empirical medications like meropenem,
tigecycline, piperacillin sodium/tazobactam sodium, etc. After mNGS detection, the therapeutic regimens for 20 patients
had been adjusted for better treatment. For Patient 6, meropenem-tigecycline has been altered to metronidazole because
of the detected Streptococcus anginosus through mNGS. For Patient 18, imipenem/cilastatin was applied for the
empirical anti-infective treatment initially; however, Acinetobacter baumannii complex was identified through mNGS
as well as the anti-microbial resistance genes were detected, and the medication was changed to meropenem-tigecycline.
After treatment, laboratory examinations showed that the WBC, NE, CRP, and PCT levels of the patients decreased

(Figure 5). Twenty-eight patients were improved and discharged, two were dead, two were discharged automatically and
two are still in hospitalization (Table 1).
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Figure 5 Comparisons of laboratory examinations between before surgery and before discharge. (A) WBC. (B) NE. (C) CRP. (D) PCT. ***Denotes P-value <0.0001.
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Community Structure of the Peripheral Blood and Paracentesis Fluid Microbiota of

Pyogenic Liver Abscesses

In this study, PLA (23 of 34) was the most common disease of the abdominal abscess patients in the emergency
department, and 17 of the PLA patients also had the underlying condition of diabetes. After certain treatment, blood
sugar levels decreased from 11.53 +4.10 mmol/L to 9.57 + 3.71 mmol/L (Mean + SD). With diabetes being an important
risk factor for PLA, we compared and analyzed the detected metagenomic data from peripheral blood and paracentesis
fluid samples of the patients, to explore the differences in the microbial communities between PLA patients with and
without diabetes.

In the peripheral blood samples, the top 10 abundant species in each group are shown in Figure 6A. The Shannon
index (Figure 6B) showed that the richness and diversity of the microbiota within the diabetes group is lower than that of
no_diabetes group, and beta diversity (Figure 6C) in the diabetes group is also lower than that from no_diabetes group
(P < 0.001). Linear discriminant-analysis effect-size (LEfSe) analyses (Figure 6D) found four species of bacteria
significantly different between the diabetes group and no diabetes group. However, as Figure 6E shows, the microbial
community of the peripheral blood samples from the patients with diabetes was not significantly different from that in the
no_diabetes group. The ROC curves in Figure 6F indicates the difference of Klebsiella pneumonia between the two
groups, with an AUC of 0.79.

Meanwhile, we compared the microbial community in the paracentesis fluid samples between PLA patients with and
without diabetes. Figure 7A shows the top 10 abundant species in each group, with Klebsiella pneumonia being the major
bacterium in patients with diabetes. The Shannon index of the diabetes group is lower than no diabetes group
(Figure 7B), indicating the richness and diversity within the diabetes group are less than the other group. Beta diversity
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Figure 6 Microbial community from peripheral blood samples of PLA patients. (A) Top 10 abundant species in the groups. (B) Shannon index reveals the alpha diversity
within the samples. (C) Beta diversity of the groups, with a P-value <0.001. (D) LEfSe analysis. (E) PCoA plot. (F) ROC plot.
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Figure 7 Microbial community from paracentesis fluid samples of PLA patients. (A) Top 10 abundant species in the groups. (B) Shannon index reveals the alpha diversity
within the samples. (C) Beta diversity of the groups, with a P-value <0.005. (D) LEfSe analysis. (E) PCoA plot. (F) ROC plot.

(Figure 7C) in the diabetes group is also lower than that from no_diabetes group (P < 0.005). Two species of bacteria
were found significantly different between diabetes group and no_diabetes group (Figure 7D). From Figure 7E, the
microbial community of the paracentesis fluid samples from the patients with diabetes was different from that in the
no_diabetes group. The ROC curves in Figure 7F indicates the difference in Klebsiella pneumonia between the two
groups, with an AUC of 0.86. In our study, the detection rate of Klebsiella pneumonia in the diabetes group was 93.33%,
and 50% in the no_diabetes group. This difference was further confirmed by ROC curves.

Discussion
In this study, we assessed the diagnostic performance of mNGS in detecting intra-abdominal abscesses of patients in the
emergency department. Based on the current study, the mNGS assay exhibited high consistency with the microbial
culture method in detecting intra-abdominal infections. Compared with routine microbial culture, the mNGS assay could
identify more positive cases and species of causative agents, provide with metagenomic analyses for guiding clinical
management, and greatly shorten the turnaround time (1 day vs 5.03 + 0.63 days, Mean + SD). Meanwhile, comparison
between mNGS of different samples revealed that the peripheral blood mNGS can help early diagnosis and treatment.
Further, the analysis of microbial community of PLA help improve our knowledge of this disease.

As reported, mNGS exhibited superior performance in detecting various infections: in detecting central nervous
system infection, mNGS assay offered faster turnaround time compared to conventional testing, and could identify

pathogens that cannot be identified from conventional testing;*? in detecting infections of respiratory system,>

urinary
system,”* etc., mNGS method also presented similar advantages over conventional culture. Although the superiority in
our cohort is not significant, which could be reasonable as many causative pathogens in our study can be easily incubated
and isolated through microbial culture, such as Klebsiella pneumonia. Furthermore, more species have been identified

through mNGS method, like Bacteroides fragilis and Parabacteroides distasonis, and several viral pathogens, owing to
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the advantage to sequence all the genomes in the micro-environment unbiasedly.'® Although viral pathogens detected in
this study had scarcely effect in infection management of the patients due to clinical examinations, they should be taken
into consideration with prudence if relevant symptoms presented. Another strength of applying mNGS is to guide the
anti-infective treatment, as it could provide with metagenomic analyses like antibiotic resistance prediction.> Culture-
based methods can provide insights into anti-infective therapy guides. However, these methods are often limited to
microorganisms easily to culture. The initial anti-infective therapeutics for 20 patients in this study have been altered
after mNGS test, especially in patients for which mNGS results presented strains with antimicrobial resistance genes.

In addition, we performed mNGS simultaneously in peripheral blood samples and paracentesis fluid samples to
evaluate the difference in diagnostic performance between different samples. As shown in our study, the peripheral blood
mNGS results were highly consistent with that of paracentesis fluid mNGS. 91% of the cases were detected positive in
both samples, with 67% of which identified the same pathogens and 23% identifying the partial same pathogens.
A probable explanation is that pathogens spread into the blood with the infection processing. Blood samples have
been widely applied to infection diagnosis, as the advantages of accessibility and less-invasive. A study has emphasized
the utility of blood mNGS in bloodstream infection detection in patients with severe pneumonia.”® Another research®’
revealed that the peripheral blood mNGS as a rapid and non-invasive method for detecting Aspergillus. While a study
from Catherine A Hogan et al to evaluate the clinical impact of plasma cell-free DNA mNGS for the diagnosis of
infectious diseases found that currently the impact is limited and remains further studies.?® From the results of our study,
for patients with abdominal abscesses, although aspiration of paracentesis fluids for laboratory and clinical examinations
is essential, the peripheral blood mNGS can be a favorable choice to assist in earlier detection and diagnosis. In research
and practice, microbial contamination from exogenous and endogenous sources remained a challenge to the reliability of
mNGS results. Moreover, colonizers detected by mNGS assays may also influence the clinical interpretation of mNGS
results, highlighting the requirement for the interpretation of mNGS reports carefully, and the combination of relevant
laboratory and clinical tests. Compared with conventional culture, mNGS exerted superior sensitivity in detecting
pathogens, and with a correspondingly higher false-positive rate. In this study, pathogens detected in both peripheral
blood mNGS and paracentesis fluids mNGS help to exclude contaminants and may be more instructive for clinical
management.

Further, as PLA is one of the severe abscesses, and gradually become common in the emergency department,®”*°
metagenomic analyses of the microbial community were performed both in the paracentesis fluid and peripheral blood
samples, aiming to improve the understanding of this disease. The richness and diversity of the microbial community in
patients with diabetes are lower than that without diabetes, indicating the effects of underlying conditions on microbiota
diversity. In PLA patients complicated with diabetes, Kiebsiella pneumonia is the most dominant pathogen. While in
PLA patients with other underlying diseases, the community structure is more diverse and complicated. Based on our
results, patients with diabetes are at high risk of PLA caused by Klebsiella pneumonia. Many studies have revealed that
PLA became common in patients with diabetes. Research from Du et al*' and Li et al*? showed the proportion of PLA
patients complicated with diabetes was 26.87% and 36.6%, respectively, and comorbid diabetes had effects on the
complications and short-term mortality of the PLA patients. A meta-analysis from Chan et al*>* revealed that Klebsiella
pneumonia PLA has lower mortality than non-Klebsiella pneumonia PLA. Meanwhile, extrahepatic syndrome caused by
Klebsiella pneumonia may affect the lungs, eyes, and central nervous system,** developing metastatic complications
including meningitis, endophthalmitis, etc. Under these conditions, rapid detection of causative pathogens is essential for
earlier diagnosis and treatment, so as to improve clinical outcomes.

Nonetheless, our study has several limitations. This is a single-center retrospective study with a relatively small
sample size. Hence, the prospective study with a large sample size is required for further exploration of the diagnostic
value of mNGS applied to intra-abdominal infections in the emergency department.

Conclusion
To conclude, the mNGS method exhibited high consistency with the microbial culture in detecting IAI and offered
advantages in detecting viral pathogens. Considering the emergency department’s high demand for time efficiency,
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applying mNGS assays could greatly shorten the turnaround time. Moreover, peripheral blood mNGS can be
a noninvasive supplement for earlier detection and diagnosis.
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