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Introduction: Sepsis is one of the major diseases that seriously threatens human health, and its incidence and in-hospital morbidity
and mortality rates remain high. Applying metagenomic next-generation sequencing (mNGS) technology to analyze the differences in
pathogenic profiles and clinical factors in patients surviving and dying from sepsis combined with pulmonary infections provides
diagnostic value and application for clinical purposes.

Methods: Sixty-three BALF samples from patients with sepsis combined with pulmonary infection from Fuqing Hospital Affiliated to
Fujian Medical University were collected, and all of them were tested by simultaneous mNGS and conventional microbial combined
test (CMT) to compare the pathogenic profiles and clinical indices of patients who survived and died of sepsis combined with
pulmonary infection and to further compare the diagnostic differences between mNGS and CMT in patients who survived and died of
sepsis combined with pulmonary infection. We analyzed the diagnostic value of mNGS for sepsis combined with pulmonary infection.
Results: A total of 141 strains of pathogens were isolated from 63 samples of patients with sepsis combined with pneumonia at
suspected infection sites, Klebsiella pneumoniae, Acinetobacter baumannii, and Stenotrophomonas maltophilia are predominant, and
higher Apachell, LAC, P and PT are all risk factors affecting the death of septic patients.

Conclusion: Applying the mNGS method to patients with sepsis combined with pneumonia can improve the positive detection rate of
pathogenic microorganisms and focus on death-related risk factors such as pathogenic bacteria species as well as clinical laboratory
indices, which can guide clinicians to take appropriate measures to treat patients with sepsis and reduce the occurrence of death.
Keywords: sepsis, mNGS, clinical diagnosis, death, risk factors

Introduction

Sepsis is one of the major diseases that poses a serious threat to human health, and its incidence and in-hospital mortality
rates remain high despite the continuous updating of sepsis guidelines.' Its main clinical manifestations are elevated body
temperature, chills, and rapid heart rate, and it is most common in people with infectious diseases.>” If sepsis patients do
not receive timely and effective treatment at the early stage of the disease, the disease may worsen to a severe level and
induce complications such as shock and multiple organ dysfunction syndrome (MODS), which may lead to death in
severe cases.”

Clinical studies have found that the earlier antimicrobial drugs are applied after sepsis is confirmed, the greater the benefit
to the patient, and intravenous antimicrobial drug therapy should be started as soon as possible within 1 h.> Before that,
microbial cultures should be obtained and microbiologically confirmed, and antimicrobial drugs should be adjusted according
to the drug sensitivity results and clinical signs and symptoms.* Traditional pathogenic microbial culture methods and

diagnostic pathogenesis found that the most common clinical pathogenic bacteria are gram-negative bacteria, followed by
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gram-positive bacteria, fungi, anaerobic bacteria, and parasites. However, the current clinical microbial culture time is long,
the positive rate is low, and it cannot detect pathogens that cannot be routinely cultured, such as viruses, intracellular bacteria,
and caustic bacteria, thus affecting the subsequent treatment adjustment.®®

Next-generation sequencing (NGS) technology has evolved from scientific research to clinical applications, initially
for individualized tumor treatment and screening of genetic diseases, and in recent years, it has been gradually expanded
to the field of infectious diseases for rapid identification of pathogens and tracking the spread and evolution of
pathogens.”'® Among them, mNGS, which does not require culture, is fast and accurate, can identify pathogenic
bacteria, and is unique for guiding the diagnosis and anti-infection treatment of sepsis patients in the intensive care
unit (ICU). However, there are few related studies.'"'

At present, the clinical treatment of severe sepsis mainly adopts symptomatic treatment, such as infection control and
active fluid resuscitation, which can alleviate patients’ clinical symptoms and improve their conditions to a certain extent,
but their prognosis is still poor.'® Therefore, clinical studies need to focus on the composition of pathogenic bacteria in
patients with severe sepsis and the related risk factors affecting their death and implement corresponding prevention and
treatment measures for patients to improve their prognosis. In this study, we aimed to investigate the risk factors affecting
their death and to analyze the potential value of mNGS in the prognosis of patients with sepsis combined with pneumonia
to provide a scientific basis for the clinical prevention and treatment of severe sepsis and improve the survival rate.

Materials and Methods
Subjects and Study Design

This prospective study was collected from the Fuqing Hospital Affiliated to Fujian Medical University, Department of
Critical Care Medicine, 2021.1-2022.12. The leading investigator determined the sample size based on experience of
clinical research and hospital capacity. A total of 63 patients were diagnosed with sepsis combined with pneumonia and
were divided into a death group (19 patients) and a survival group (44 patients) according to whether they died within 1
month after the onset of the disease, in which the clinicians determined the criteria for death: 1. deep coma; 2. complete
disappearance of brainstem reflexes; and 3. no voluntary breathing. Patients with all of these criteria were judged as dead.
Patient information was extracted from their medical records, including age, sex, and underlying disease. Clinical
indicators tested within 24 hours after admission were recorded. Patients signed an informed consent form, and the
study was approved by the Fuqing Hospital Affiliated to Fujian Medical University ethics committee, and the study was
complied with the Declaration of Helsinki.

We performed etiological analysis and analysis of suspected coinfection in 63 patients with mNGS diagnosis of
pneumonia infection. Specifically, we performed simultaneous mNGS and conventional combined microbiological test
(CMT) tests on 63 bronchoalveolar lavage fluid (BALF) samples from 63 patients. The results of mNGS reports and
CMT were also analyzed to determine the positive detection rate (Figure 1).

Diagnostic Criteria for Severe Pneumonia and Sepsis

Patients met the diagnostic criteria of severe pneumonia in the 2019 Infectious Diseases Society of America/American
Thoracic Society (IDSA/ATS) guidelines for the diagnosis and treatment of adult community-acquired pneumonia.'* The
main criteria were the need for tracheal intubation and mechanical ventilation, Sequential Organ Failure Assessment
(SOFA) score >2, and the requirement for vasoactive therapy for septic shock after aggressive fluid resuscitation. Secondary
criteria were as follows: respiratory rate >30 breaths/min; oxygenation index <250; and multiple lobes involved.
Disturbance of consciousness; blood urea nitrogen >20 mg/dL; WBC count <4x10°/L; platelet count <100x10°/L; body
temperature <36°C; hypotension requiring fluid resuscitation. A diagnosis was made if one major criterion or at least three
minor criteria were met. Age >18 years old. Sepsis was defined as patients who met the following criteria: (1) with infection
or suspected infection; (2) SOFA score >2.'° Patients were excluded if any one of the following criteria was met: (1) lacking
the results for pathogens from conventional microbiological testing (CMT); (2) the etiological diagnosis was unclear when
the patient was discharged from the hospital.
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Figure | Flow chart of this study design.

Sequencing and Data Processing

Patients were operated on by fibrinoscopists with more than 5 years of experience in performing fibrinoscopic alveolar lavage.
Clinical samples were taken in accordance with aseptic processing standards: (1) From each patient, 10 mL or 5 mL of the BALF
sample. TTANamp Micro DNA Kit was used for nucleic acid extraction (DP316, Tiangen Biotech Co., Beijing, China). (2) The
VAHTS Universal Plus DNA Library Prep Kit for [llumina was used to create DNA libraries (ND617-C2, Vazyme Biotech Co.,
Nanjing, China). The DNA libraries underwent quality control using an Agilent 2100. The Illumina 550 platform sequenced the
qualified libraries. (3) Human host sequences matching to the human reference genome (hgl9) were computationally subtracted
from the high-quality sequencing data using Kraken 2.1.2 and Burrows-Wheeler Alignment (BWA). Fastp 0.20.1 was used to
filter out low-quality and short readings (less than 50 bp in length). The remaining information, which included information on
bacteria, viruses, fungi, and parasites, was matched to the Pathogenic Microbial Genome Databases. The mapped data was
processed for advanced analysis after the classification reference databases were acquired from the National Center of
Biotechnology Information (NCBI) (fip:/fip.ncbi.nlm.nih.gov/genomes/).

mNGS Bioinformatic Analysis

Raw reads were filtered by fastp (v0.19.5) and Komplexity v0.3.6 to remove adaptor contamination, low-quality, and low-
complexity reads. With Bowtie2 v2.3.4.3, reads that were mapped to the GRCh38 human reference assembly were eliminated.
Subsequently, using SNAP v1.0 beta.18, the reads were aligned to the microorganism database, which contains over 12,000
genomes. For each species, either the NCBI GenBank genome database or the NCBI RefSeq genome database was used to
categorize the mapped reads. We used Perl programs to count the species or genus abundance after removing false positive
organisms.

Observation Indices

1. Distribution of pathogenic bacteria. Counting the pathogenic strains contained in all patient samples, including mNGS
and CMT. 2. Single-factor analysis and multifactor analysis affecting the death of patients with severe sepsis. The clinical
data of the chosen patients included: surgical operation or not; gender, age, and past medical history (hematological
system, rheumatoid immune system, and neoplastic disorders were classified as immune-related diseases in this study);
APACHE 1I (acute physiology and chronic health evaluation) score; The clinical laboratory data of both groups of
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patients were counted, mainly including albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), creatine kinase (CK), creatinine (Cr), C reactive protein (CRP), cardiac troponin (c¢Tnl), Lactic acid (LAC),
lactate dehydrogenase (LDH), LYMPH, LYMPH-2, myoglobin (MYO), NEUT, NEUT-2, NT-proBNP, Serum phos-
phorus (P), oxygenation index (PaO2/Fi0O2), Procalcitonin (PCT), Prothrombin time (PT), red blood cell count (RBC),
and white blood cell count (WBC). Multifactorial logistic regression analysis affecting death in patients with severe
sepsis. Multifactor unconditional logistic regression analysis of death in patients with severe sepsis affecting death in
patients with severe sepsis was performed by using whether the patients died as the dependent variable and the indicators
with statistically significant differences in the univariate analysis as the independent variables.

mNGS Clinical Performance
The definition and calculation rules of mNGS clinical performance, including sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and diagnostic agreement rate, are shown in Table S1.

Statistical Analysis

Software named SPSS 22.0 was implemented to analyze the data. 7-tests were employed to assess group differences in
the patient characteristic data, which has been normally distributed and represented as the mean standard deviation (SD).
A rank-sum test was used to compare the data since nonnormally distributed data are best characterized by the median as
well as the interquartile range (IQR). Wilcoxon test was used, if applicable, for comparative analysis. P values lower than
0.05 were deemed significant. The R package ggpubr was used to build the Random Forests regression model. R
programming language or Microsoft Excel software was used to complete all statistical analyses and graphics.

Results

Patient Characteristics

A total of 63 patients with sepsis combined with pneumonia were studied, of whom 44 patients survived (17 women and
27 men) and 19 patients died (4 women and 17 men). In the surviving group, the age ranged from 9 to 92 years old, with
an Apache II score of 10-40. Forty-three (68.25%) of them had underlying disease, including 6 (9.52%) with
autoimmune disease without diabetes, 13 (20.63%) with diabetes, and 14 (22.22%) with neoplasm. There were 6
(9.52%) patients with previous immunosuppressive use and 26 (41.27%) patients with current immunosuppressive use.
Patients in the death group ranged in age from 42 to 93 years old with an Apache II score of 17-50, of whom 17
(26.98%) had underlying disease and 2 (3.17%) were clearly without underlying disease. No autoimmune disease other
than diabetes in death group. Diabetic mellitus in 6 (9.52%), and tumors in 5 (7.94%). There were 3 (4.76%) patients
with nonsevere pneumonia with previous immunosuppression and 10 (15.87%) patients with current immunosuppression
(Table 1).

Distribution of Pathogens in the Survival and Died Disease Groups Detected by
mNGS and CMT

The spectrum of mNGS pathogens was very broad. We tested samples from 63 patients and found more bacterial species
than viruses and fungi (Figure 2). A total of 141 strains of bacteria and viruses were detected in the 63 patients enrolled,
including 49 pathogens, namely, bacteria (32 species), fungi (10 species), and viruses (7 species). mNGS and CMT
together detected 49 pathogens, and mNGS alone detected 48 pathogens (Figure 2). mNGS identified 48 dominant
species, including 31 of the 5 samples of bacteria, 10 fungi, and 7 viruses, and CMT identified a total of 11 dominant
species, including 10 bacteria, 1 fungi, and 0 viruses in 63 samples (Figure 2). CMT was much less able to detect
pathogens than mNGS (11 vs 48).

Among the microorganisms isolated by mNGS and CMT methods, Klebsiella pneumoniae, Acinetobacter baumannii,
Stenotrophomonas maltophilia, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumoniae and
Enterococcus faecium were the dominant bacteria detected by both methods. Candida albicans and Candida tropicalis
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Table | Comparison of Underlying Clinical Data in Patients Surviving and
Dying from Sepsis Combined with Pulmonary Infection

Characteristics Survival (n=44) | Died (n=19)
Gender 44(69.84%) 19(30.16%)
Male 27(42.86%) 15(23.81%)
Female 17(26.98%) 4(6.35%)
Age, year (range) 9-92 42-93
Apache Il score (range) 10—40 17-50
Underlying diseases 43(68.25%) 17(26.98%)
No underlying diseases 1(1.59%) 2(3.17%)
Autoimmune diseases without diabetes

Yes 6(9.52%) 0(0.00%)
No 38(60.32%) 19(30.16%)
Diabetic Mellitus

Yes 13(20.63%) 6(9.52%)
No 31(49.21%) 13(20.63%)
Tumor

Yes 14(22.22%) 5(7.94%)
No 30(47.62%) 14(22.22%)
Previous use of immunosuppressive agents

Yes 6 (9.52%) 3 (4.76%)
No 38(60.32%) 16(25.40%)
Current use of Immunosuppressive agents

Yes 26(41.27%) 10(15.87%)
No 18(28.57%) 9(14.29%)

were the dominant fungi detected by both methods. No viral pathogens were detected by CMT, and the seven viruses
detected were all detected by mNGS (Figure 2).

Among the results of mNGS detection in the surviving patient group, Klebsiella pneumoniae, Acinetobacter
baumannii, Stenotrophomonas maltophilia, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumo-
niae, Enterococcus faecium, Escherichia coli, Legionella pneumophila, Serratia marcescens, and Haemophilus influen-
zae were the most commonly emerged bacteria, with 31.25% (15/48), 14.58% (7/48), 16.67% (8/48), 12.5% (6/48),
10.42% (5/48), 12.5% (6/48), 10.42% (5/48), 6.25% (3/48), 4.16% (2/48), 8.331% (4/48), and 6.25% (3/48), respectively.
Similarly, Candida albicans was the most frequently detected fungus in this group of patients, at 8.331% (4/48). Thirteen
patients tested positive for viruses, with human betaherpesvirus 1 being the most frequently detected virus at 8.331% (4/
48) and human alpha herpesvirus 5 and human betaherpesvirus 7 both at 6.25% (3/48). In the deceased patient group
mNGS test results, Klebsiella pneumoniae, Acinetobacter baumannii, Stenotrophomonas maltophilia, Pseudomonas
aeruginosa, Staphylococcus aureus, Streptococcus pneumoniae, and Enterococcus faecium were the most commonly
detected bacteria, with 63.64% (7/11), 63.64% (7/11), 63.64% (7/11), 27.27% (3/11), 27.27% (3/11), 18.18% (2/11), and
27.27% (3/11), respectively. Candida albicans was the most frequently detected fungus at 36.36% (4/11). Twelve patients
tested positive for viruses, and the most frequently detected viruses were human betaherpesvirus 5 (18.75%, 4/11),
human alpha herpesvirus 1, and human betaherpesvirus 7 with (6.25%, 2/11) and (6.25%, 3/11) (Figure 2).

Comparison of the Diagnostic Efficacy of mNGS and CMT

A total of 58 positive results were obtained from 63 included patient samples tested by the mNGS method, and 35
positive results were obtained from samples tested by CMT; the percentage of mNGS-positive samples was significantly
higher than that of CMT-positive samples, and the sensitivity and specificity of mNGS for diagnosis were 0.906 (0.801—
0.961, 58/64) and 0.069 (0.021-0.168, 4/61), respectively, while the positive predictive value (PPV) and negative
predictive value (NPV) were 50.4% (58/115) and 40% (4/10), respectively (Table S2). The sensitivity and specificity
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Survival Died
mNGS CMT mNGS CMT
38 Klebsiella pneumoniae
2 4 Acinetobacter baumannii
1 1 Stenotrophomonas maltophilia
6 5 8 0 Pseudomonas aeruginosa
5 2 3 1 Staphylococcus aureus
6 1 2 0  Streptococcus pneumoniae
5 0 3 0  Enterococcus faecium
S 1 0 0  Escherichia coli
2 0 2 0  Legionella pneumophila
4 0 0 0  Serratia marcescens
1 0 1 1 Corynebacterium striatum o
3 0 0 0 Haemophilus influenzae e
1 0 1 0  Enterococcus faecalis @
0 0 1 0 Achromobacter xylosoxidans &
1 0 0 0  Acinetobacter nosocomialis
0 0 1 0  Bacillus cereus group
1 0 0 0  Bordetella hinzii
1 0 0 0  Burkholderia cenocepacia
0 0 1 0  Enterobacter cloacae complex sp.
0 0 1 0 Klebsiella aerogenes
1 0 0 0 Klebsiella quasipneumoniae
1 0 0 0  Klebsiella variicola
0 0 1 0  Limosilactobacillus fermentum
0 0 1 0 Mycobacterium kansasii
1 0 0 0  Neisseria macacae
1 0 0 0  Porphyromonas somerae
1 0 0 0  Ralstonia mannitolilytica
1 0 0 0  Streptococcus agalactiae
1 0 0 0  Streptococcus pseudopneumoniae
1 0 0 0  Streptococcus suis
0 1 0 0  Streptococcus viridans
1 0 0 0  Tropheryma whipplei
4 2 4 5 Candida albicans
1 1 1 1 Candida tropicalis
2 0 1 0 Pneumocystis jirovecii
2 0 0 0  Aspergillus flavus -
2 0 0 0  Candida parapsilosis 5
1 0 0 0  Aspergillus fumigatus B
1 0 0 0  Aspergillus nidulans
0 0 1 0 Aspergillus niger
0 0 1 0 Candida glabrata
0 0 1 0  Cryptococcus neoformans
3 0 4 0  Human betaherpesvirus 5
4 0 2 0 Human alphaherpesvirus 1
3 0 3 0  Human betaherpesvirus 7 =
2 0 1 0 Human gammaherpesvirus 4 e
0 0 1 0  Hepatitis B virus @
0 0 1 0 Human betaherpesvirus 6B
1 0 0 0  Torque teno virus 9

Figure 2 The pathogens by mNGS and CMT based on the final diagnosis between survival and died severe pneumonia patients with sepsis.
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of CMT for diagnosis were 0.389 (0.29-0.498, 35/90) and 0.25 (0.045-0.644, 2/8), while the positive predictive value
(PPV) and negative predictive value (NPV) were 85.37% (35/41) and 3.75% (2/57), respectively (Table S2). According
to the mNGS test results, a total of 41 patients (65.1%) were adjusted for anti-infective treatment (Table S3).

Univariate Analysis of Factors Affecting Death in Patients with Sepsis Combined with
Pneumonia

In patients who died from sepsis combined with pneumonia, we analyzed the association between patient information,
medical history, disease and severity assessment scores and biochemical indicators and patient death using univariate
analysis. The results showed no statistically significant association between patient age and gender, as well as the
presence of underlying diseases, tumors and diabetes, and the risk of death. Patients’ Apachell, had a statistically
significant P value of 0.005. Among the biochemical indicators, there were no statistically significant differences in ALB,
ALT, AST, Cr, CRP, c¢Tnl, LDH, LY, LY%, MYO, NEUT, NEUT%, NT-proBNP, PaO2/FiO2, PCT, RBC, and WBC. The
differences in LAC, P, and PT of patients were statistically significant (all P<0.05) (Table 2).

Table 2 Comparative Analysis of Clinical Factors in Patients Who Died of Sepsis Combined with Pulmonary Infection (Univariate)

Survival Survival Died Died Estimate OR Cllower Clupper P
group Group Group Group
(Mean) (SD) (Mean) (SD)
Age 63.841 18.837 73.947 15.679 —0.037 0.964 0.926 0.997 0.052
Gender 0.859 2.361 0.715 9.357 0.181
Medical history
Tumor 0.267 1.307 0.407 4.686 0.663
Underlying diseases 1.621 5.059 0.456 113.154 0.197
Diabetic —-0.096 0.909 0.289 3.053 0.872
Autoimmune diseases 16.873 21,272,406.180 0.000 NA 0.992
without diabetes
Current use of 0.262 1.300 0.435 3.869 0.635
Immunosuppressive
agents
Previous use of -0.172 0.842 0.196 4373 0.823
immunosuppressive
agents
Disease and severity
assessment scores
Apachell 23.136 7.429 29.789 7.028 —-0.127 0.880 0.797 0.955 0.005
Biochemical indicators
ALB (g/L) 30.752 4.596 29.211 3.122 0.099 1.104 0.963 1.300 0.190
ALT (U/L) 79.045 197.142 308.058 1121.742 —0.001 0.999 0.997 1.000 0315
AST (U/L) 77.000 141.902 396.474 1331.161 —0.001 0.999 0.995 1.000 0.503
AIG 1.152 0.258 1.091 0.311 0.860 2.363 0318 21.431 0416
C3 (g/lL) 0.938 0.285 0.430 0.121 3.493 32.869 0.210 24,051.020 0.217
C4 (g/lL) 0.180 0.045 0.001 0.001 23.698 19,581,789,708.000 0.245 60500000 0.174
00000000
00000000
00000000.000
Ca (mmol/L) 2.130 0.200 2.116 0.235 0.309 1.362 0.102 20.828 0817
CD4 (per/uL) 422.000 280.692 240.400 92.865 0.003 1.003 1.000 1.007 0.075
CD4/CDS8 (%) 1.496 0.782 1.367 0.431 0.246 1.279 0.469 4.004 0.645
CDS8 (per/uL) 327.143 231.980 197.600 113.830 0.003 1.003 1.000 1.008 0.124
CK (U/L) 243.556 289.442 2635.500 5718.285 0.000 1.000 0.998 1.000 0.476
CK-MB (ng/mL) 6.668 12.787 15.047 25.725 —0.024 0.976 0.938 1.006 0.135
Cr (umol/L) 134.343 119.902 137.837 87.339 0.000 1.000 0.995 1.005 0.908
(Continued)
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Table 2 (Continued).

Survival Survival Died Died Estimate OR Cllower Clupper P
group Group Group Group
(Mean) (SD) (Mean) (SD)
CRP (mg/L) 112.353 90.800 124.454 92.872 —0.001 0.999 0.993 1.005 0.625
cTnl (ng/mL) 0.393 1.257 0.303 0.755 0.079 1.083 0.670 2.284 0.771
DBIL (umol/L) 3.780 11.975 5.242 13.185 —0.005 0.995 0.947 1.060 0.851
FiO, 47.523 14.238 45.789 11.574 0.010 1.010 0.970 1.061 0.637
G test (pg/mL) 133.104 90.789 140.050 96.379 —0.002 0.998 0.986 1.011 0.701
GLB (g/L) 26418 5.679 28.400 6.591 —0.057 0.944 0.856 1.035 0.230
GLU (mmol/L) 9.602 4.078 8.582 4.742 0.062 1.064 0.906 1.289 0.482
GM test (ug/l) 0.489 0.750 0.503 0.247 —0.561 0.571 0.204 1.324 0.215
Hco3act (mmol/L) 26.039 4.999 24.147 5.677 0.076 1.079 0.968 1.221 0.193
HCT (%) 0.295 0.046 0.303 0.060 —3.074 0.046 0.000 2410.080 0.570
HGB (g/L) 96.114 14.620 99.789 19.756 -0.014 0.986 0.954 1.020 0.410
IgA (g/L) 2.209 1.155 2.010 0.034 —0.027 0.973 0.246 3.834 0.967
1gG (g/L) 11.011 5.650 10.840 0.001 0.009 1.009 0.770 1.347 0.945
1gM (g/L) 0.950 0.529 1.580 0.002 —0.441 0.643 0.046 11.386 0.722
IL6 (pg/mL) 107.765 134.035 198.254 226.613 —0.003 0.997 0.994 1.000 0.099
K (mmol/L) 4.654 4.041 4.234 0.639 0.052 1.053 0.887 1.780 0.671
LAC (mmol/L) 2.491 0.870 3232 1.386 -0.654 0.520 0.274 0.881 0.026
LDH (U/L) 589.833 349.938 1984.000 3284.864 —0.001 0.999 0.997 1.000 0.372
LY (1079/L) 0.074 0.058 0.063 0.041 0.150 1.162 0.422 3.589 0.779
LY% 0.822 0.553 0.781 0.483 4.662 105.796 0.003 64,831,560.090 | 0.429
MYO (ng/mL) 245813 213.156 345.462 287.795 —0.001 0.999 0.998 1.001 0.375
Na (mmol/L) 141.830 12.182 142.900 8.398 —0.009 0.991 0.931 1.040 0.725
NEUT (1079/L) 0.852 0.104 0.867 0.073 —0.043 0.958 0.888 1.028 0.231
NEUT% 10.856 6.987 13.358 8.436 -1.780 0.169 0.000 50.192 0.566
NT-proBNP (pg/mL) 4474.128 5621.849 7926.722 7140.246 0.000 1.000 1.000 1.000 0.625
P (mmol/L) 1.156 0.407 0918 0.398 1.773 5.886 1.236 38.296 0.042
PaO,/FiO, (mmHg) 254.735 114.119 231.621 105.086 0.002 1.002 0.997 1.007 0.447
PCO, (mmHg) 39.373 6.932 37.753 8.142 0.031 1.032 0.958 1.117 0417
PCT (ng/mL) 5.774 12.891 8.873 14.523 —0.024 0.976 0.941 1.005 0.131
pH 7.430 0.058 7414 0.072 4.078 59.002 0.009 588,020.196 0.366
PLT (1079/L) 180.545 97.154 160.421 128.400 0.002 1.002 0.997 1.007 0.491
PO, (mmHg) 110.568 37.100 99.905 38.530 0.008 1.008 0.993 1.023 0.300
PT (s) 14.430 2.862 17.284 6.384 —0.172 0.842 0.693 0.974 0.049
RBC (107 12/L) 3.326 0.665 3.390 0.638 —0.149 0.862 0.382 2.025 0.721
SO, (%) 96.411 4.193 94.611 8.022 0.054 1.055 0.960 1.178 0.271
TBIL (umol/L) 23.834 23.371 23516 26.364 0.001 1.001 0.979 1.027 0.961
Tmax (°C) 37.623 1.005 37.647 0.786 -0.028 0.972 0.545 1.756 0.923
WBC (1079/L) 12.866 7.388 13.067 8.953 —0.003 0.997 0.931 1.073 0.925

Abbreviations: APACHE I, acute physiology and chronic health evaluation score; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK,
creatine kinase; Cr, creatinine; CRP, C reactive protein; cTnl, cardiac troponin; LAC, Lactic acid; LDH, lactate dehydrogenase; MYO, myoglobin; LY, lymphocyte count; LY%,
lymphocyte proportion; NEUT, neutrophil count; NEUT%, neutrophil proportion;- NT-proBNP, N-terminal pro-B-type; P, serum phosphorus, PaO,/FiO,, oxygenation index;
PCT, Procalcitonin; PT, Prothrombin time; RBC, red blood cell count; WBC, white blood cell count.

Multifactor Logistic Regression Analysis Affecting Mortality in Patients with Sepsis
Combined with Pneumonia

Whether the patients with sepsis combined with pneumonia died was used as the dependent variable, and the indicators
significantly associated in the univariate analysis were included as independent variables in a multifactorial unconditional
logistic regression model analysis. The results showed that LAC, P, and PT were not significantly different in patients
who died of sepsis combined with pneumonia, and Apachell was statistically significant (P<0. 05) (Table 3).
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Table 3 Comparative Analysis of Clinical Factors in Patients Dying from

Sepsis Combined with Pulmonary Infection (Multifactorial)

Estimate OR Cllower Clupper P
Apachell 1.439 4215 0.823 30.826 0.112
LAC —0.113 0.893 0.795 0.983 0.034
P —0.287 0.750 0.352 1.527 0.435
PT —0.098 0.907 0.738 1.090 0.320

Abbreviations: APACHE Il, acute physiology and chronic health evaluation score; LAC, Lactic
acid; P, Serum phosphorus; PT, Prothrombin time.

Further, the results of ROC curve analysis of the predictive value of Apachell score on the risk of death in patients
with sepsis showed that the AUC value of APACHEII score for predicting the risk of death in patients with sepsis was
0.740 (Figure 3).

Discussion
Sepsis is a common complication of severe infection, trauma, and postsurgical major surgery that can progress to severe
disease and cause multiple organ dysfunction or even failure, resulting in a poor prognosis and a high morbidity and
mortality rate for patients.'® Timely diagnosis and identification of the causative agent of infection in patients and
clarification of its pathogenesis are the keys to controlling the disease. Blood culture is the “gold standard” for the
clinical diagnosis of bloodstream infection, but the test is time-consuming and easily contaminated during the culture
process, which affects the accuracy of the results and causes patients to miss the best treatment time, thus affecting the
diagnosis and control of patients’ conditions.®!”'®

The results of this study showed that 141 strains of pathogenic bacteria were isolated from 63 samples of suspected
infection sites of patients with sepsis combined with pneumonia, among which Klebsiella pneumoniae, Acinetobacter
baumannii, Stenotrophomonas maltophilia, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumoniae,

Enterococcus faecium, Escherichia coli, Legionella pneumophila, Serratia marcescens, and Haemophilus influenzae were

Apachell
o _|
w —
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23
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Figure 3 ROC curve analysis of the predictive value of Apachell score on the risk of death in patients with sepsis.
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predominant, which may be related to personal hygiene problems, bacterial multidrug resistance, extensive use of antibiotics,
low immune function and impaired defense of the body.'* ' Moreover, our results showed that mNGS has good clinical
performance than CMT. This result was consistent with several studies in mNGS for sepsis patients, Hao Wang et al reported
that mNGS test performed better than traditional BC in detecting causative microorganisms in sepsis.”* In this study, 41
patients (65.1%) had their anti-infective treatment adjusted according to mNGS results. This outcome underscores the
significant role played by mNGS in clinical management, enabling physicians to more accurately identify pathogenic
microorganisms and make targeted adjustments to antibiotic therapy. Such personalized treatment adjustments can enhance
the chances of patient recovery while reducing unnecessary antibiotic use, thereby helping to prevent the further development
of antibiotic resistance. Furthermore, this finding highlights the potential benefits of mNGS in disease management, especially
in the diagnosis and treatment of infectious diseases. The results of this study showed that higher Apachell, LAC, P and PT
were all risk factors affecting the mortality of patients with severe sepsis. The reason for this analysis may be that septic shock,
MODS, and acute renal failure are all common complications of severe sepsis, which can accelerate the progression of the
patient’s disease and lead to his or her death.”® Therefore, the occurrence of common complications can be reduced clinically
by adopting targeted treatment. Chronic underlying diseases can easily lead to disorders of the body’s internal environment
and damage renal function, which can induce renal failure in patients with severe sepsis>* and speed up the process of death.?
Therefore, clinics can take targeted treatment and care measures according to patients’ chronic underlying diseases to reduce
the symptoms of chronic underlying diseases, thereby improving the prognosis and avoiding patient death.?*’

Klebsiella pneumoniae, Acinetobacter baumannii, and Stenotrophomonas maltophilia are predominant, and higher
Apachell, LAC, P and PT are all risk factors affecting the death of septic patients. Therefore, clinical measures can be
taken accordingly. Clinical measures can be taken to prevent and treat patients with severe sepsis to improve prognosis
and reduce the occurrence of death.

Nevertheless, there were some deficiencies in our study. Firstly, the limited sample size may affect the accuracy of the
experimental study. Secondly, both CMT and mNGS lack unified standards to identify whether detected pathogenic
microorganisms are derived from infection, colonization, or contamination. For practical applications of this technique,
the subjective judgment of clinicians is still needed, which is highly dependent on clinical experience. Although
consensus was reached in this study by three experienced senior physicians and was based on the clinical manifestations
of patients combined with other laboratory results, subjective bias is still possible. In addition, the sample size of this
study was small, and there were some limitations, which may also affect the accuracy of the results. In the future, we will
consider expanding the sample size and conducting multicenter studies to obtain more accurate results.

Conclusion

In conclusion, the application of the mNGS method for testing patients with sepsis combined with pneumonia can
improve the positive detection rate of pathogenic microorganisms and focus on death-related risk factors such as
pathogenic species and Apachell, LAC, P and PT.
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