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Background

Metagenomic next-generation sequencing (mNGS) has been widely reported to identify pathogens in infectious diseases (IDs). In this work, we intended to investigate the diagnostic value and clinical acceptance of paired-samples mNGS as compared to the culture method.





Methods

A total of 361 patients with suspected infection were retrospectively included. With reference to the clinical diagnosis, we compared the diagnostic performance and clinical acceptance in pathogen detection between mNGS and culture tests. Moreover, the pathogen concordance of paired blood and respiratory tract (RT) samples in mNGS assay was investigated.





Results

Among 511 samples, 62.04% were shown to be pathogen positive by mNGS, and that for clinical diagnosis was 51.86% (265/511). When compared to culture assay (n = 428), mNGS had a significantly higher positivity rate (51.87% vs. 33.18%). With reference to the clinical diagnosis, the sensitivity of mNGS outperformed that of culture (89.08% vs. 56.72%). Importantly, mNGS exhibited a clinically accepted rate significantly superior to that of culture. In addition, the mNGS result from 53 paired blood and RT samples showed that most pairs were pathogen positive by both blood and RT, with pathogens largely being partially matched.





Conclusion

Through this large-scale study, we further illustrated that mNGS had a clinically accepted rate and sensitivity superior to those of the traditional culture method in diagnosing infections. Moreover, blood and paired RT samples mostly shared partial-matched positive pathogens, especially for pathogens with abundant read numbers in RT, indicating that both blood and RT mNGS can aid the identification of pathogens for respiratory system infection.
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1 Introduction

With over 8 million deaths worldwide, infectious diseases (IDs) remain the leading cause of morbidity and mortality in terms of high frequency of occurrence (Standing up to infectious disease, 2019). Moreover, a resurgence of public health insurance failures for diseases we have managed has also been caused by the appearance of novel IDs, accelerated transmission of established pathogens, and increased drug resistance over the past few decades, rendering our present antimicrobials ineffective (McArthur, 2019; Makam and Matsa, 2021). Thus, fighting IDs remains a priority in the 21st century, necessitating multifaceted strategies that make use of innovative tools for infection tracking, prevention, diagnosis, and, ultimately, treatment.

However, the fact that a wide variety of organisms can cause illnesses that are clinically similar makes accurate diagnosis difficult. A battery of tests is frequently applied in order to attempt to establish a diagnosis using current methods including culturing, serological assays, and nucleic acid amplification techniques (Miller et al., 2018). Importantly, despite the advances of cutting-edge technologies used to diagnose IDs, such as polymerase chain reaction (PCR) panels and 16S ribosomal DNA Sanger sequencing, the etiology of IDs remains unknown in up to 60% of cases, depending on the clinical condition (Schlaberg et al., 2017; Nanotechnology for infectious diseases, 2021).

Unbiased metagenomic next-generation sequencing (mNGS) has emerged as a promising single, universal pathogen detection method for ID diagnostics (Simner et al., 2018). Previous studies have demonstrated that mNGS outperformed culture in diagnosing IDs, manifested as a broader pathogen spectrum and superior sensitivity and specificity (Miao et al., 2018; Duan et al., 2021; Tao et al., 2022; Xiao et al., 2023), indicating its advantages in diagnosing suspected infections. However, whether the results of mNGS were accepted by clinics and the feasibility of blood mNGS in aiding pathogen identification in respiratory system infection remain elusive. In the current work, using a large-scale sample number and a broad array of sample types, we intended to assess the performance and clinical acceptance of paired-samples mNGS in pathogen detection and ID diagnosis in clinical practice.




2 Materials and methods



2.1 Study patients

We retrospectively reviewed 361 patients with suspected infection at the Second Xiangya Hospital, Central South University, China, between February 2021 and May 2022. A total of 511 samples were included in the current study, according to our inclusion/exclusion criteria (Figure 1). Specimens were subjected (or not) to an mNGS assay (Illumina Nextseq 500Dx) as well as a culture test according to the physician’s order sheet after hospitalization in the same day. An expert group consisting of a microbiologist, a molecular biologist, and ID physicians retrospectively adjudicated patients’ final clinical diagnoses according to the composite diagnostic criteria and patients’ characteristics. The expert group members independently assessed each sample, and an accordant conclusion was reached through discussion when their judgments were inconsistent. Based on the final clinical diagnoses of each sample, samples were categorized into clinically diagnosis positive and clinically diagnosis negative, and the corresponding patients were diagnosed with or without definite IDs.




Figure 1 | Flowchart of sample selection and classification. From 679 samples, a total of 511 were selected for further analysis. Samples were divided into clinical diagnosis positive and clinical diagnosis negative based on the retrospective composite diagnosis.



This study was approved by the Ethics Committee of the Second Xiangya Hospital, Central South University (LYF2022229). The study was considered exempt from informed consent as it was a retrospective observational cohort study.




2.2 mNGS sequencing and analysis

DNA was extracted from all samples using a QIAamp® UCP Pathogen DNA Kit (Qiagen) according to the manufacturer’s instructions. Human DNA was removed using Benzonase (Qiagen) and Tween20 (Sigma). The QIAamp UCP pathogen mini kit (Qiagen, Valencia, CA, USA) was applied to extract total RNA. According to the manufacturer’s recommendations, a total of 1 µL of sample was processed with Turbo DNase (Life Technologies, USA) to deplete the host DNA background. RNA was reversely transcribed and amplified by the Ovation RNA-Seq system (NuGEN, CA, USA). Following fragmentation, the library was constructed using Ovation Ultralow System V2 (NuGEN, CA, USA) and was sequenced on Illumina Nextseq 550 (single-end 75 bp) (Ren et al., 2018). For negative controls, peripheral blood mononuclear cell samples with 105 cells/mL from healthy donors in parallel were prepared with each batch, using the same protocol, and sterile deionized water was extracted alongside the specimens to serve as non-template controls (NTCs) (Miller et al., 2019). Raw sequencing data were processed using fastp (Chen et al., 2018) to remove reads containing adapters or ambiguous “N” nucleotides and low-quality reads. Low-complexity reads were removed by Kcomplexity with default parameters (Bolger et al., 2014). Human sequence data were identified and excluded by mapping to a human reference genome (hg38) using Burrows–Wheeler Aligner software (Li and Durbin, 2009). Microbial reads were then aligned to the database with SNAP v1.0 beta.18. Approximately 20 million reads were generated for each sample. For pathogen with background reads in negative control, a positive detection was reported for a given species or genus if the reads per million (RPM) ratio was ≥10, where the RPM ratio was defined as the RPMsample/RPMNTC. For pathogen without background reads in negative control, RPM was set as ≥0.05. A penalty of 5% and 10% was used for species and genus, respectively (Miller et al., 2019).




2.3 Definition of sensitivity, specificity, positive predictive value, negative predictive value, and clinically accepted rate

With reference to clinical diagnosis, sensitivity was defined as [(positive detection in clinical diagnosis positive)/(samples in clinical diagnosis positive)], while specificity was defined as [(negative detection in clinical diagnosis negative)/(samples in clinical diagnosis negative)]. Positive predictive value (PPV) was defined as [(positive detection in clinical diagnosis positive)/(total positive detection)]. In contrast, negative predictive value (NPV) was defined as [(negative detection in clinical diagnosis negative)/(total negative detection)]. Based on the clinical diagnosis of each sample, whether the result of mNGS or culture was accepted by the clinic was judged according to Supplementary Table 1, and the clinically accepted rate was defined as [(clinically accepted samples)/(clinically accepted samples+ clinically unaccepted samples)×100%].




2.4 Statistical analysis

Continuous variables were presented as medians and quartile (first quartile, third quartile), and categorical variables were expressed as counts and percentages. The categorical variables were compared using the chi-square test. p < 0.05 was considered significant. Wilcoxon paired rank sum test was applied for comparing the read numbers between paired samples. Statistical analyses were performed using SPSS version 23.0 (SPSS, Inc., Chicago, IL, USA).





3 Results



3.1 Samples and patient characteristics

Among 361 patients, a total of 241 patients (66.76%) were male and the median age was 57 years old. Hypertension, chronic cardiac disease, and chronic kidney disease were found in 29.36%, 21.33%, and 20.22% of patients, respectively (Table 1). The majority of patients (245, 67.87%) provided one sample, 98 patients provided two samples, and the remaining patients provided three to nine samples. In total, 511 samples were included in this study, and most were bronchoalveolar lavage fluid (BALF, n = 194, 37.96%), followed by blood (180, 35.23%). Meanwhile, 51 (9.98%), 19 (3.72%), and 19 (3.72%) samples were collected from cerebrospinal fluid (CSF), tissue, and sputum, respectively (Table 1). Other samples (n = 48, 9.39%) included pleural and ascites, joint fluid, and drainage fluid, which were categorized into the “other” group in the following analysis. According to the clinical diagnosis of each sample they tested, there were 211 of 361 patients (58.45%) diagnosed with definite IDs, and the predominant ID was respiratory system infection, followed by multifocal infection and bloodstream infection (Table 1).


Table 1 | Demographic characteristics of patients and samples.






3.2 Comparison of positive rate for mNGS results and clinical diagnosis

Among all sample types, the highest positive rate of mNGS test was detected in sputum (89.47%), followed by BALF (83.51%), tissue (57.89%), blood (45.56%), and CSF (29.41%) by mNGS (Figure 2A). Based on the clinical diagnosis, the highest positive rate (Figure 2B) was also observed in sputum, which was 89.47%, followed by BALF (78.87%). The positive rate for clinical diagnosis was significantly lower than that for mNGS in BALF (78.87% vs. 83.51%, p < 0.05), blood (28.33% vs. 45.56%, p < 0.001), and CSF (13.73% vs. 29.41%, p < 0.01). As a result, the overall positive rate for mNGS was 62.04% (317/511), also significantly higher than that for clinical diagnosis (51.86%, 265/511, p < 0.001, Figure 2C). Furthermore, the clinically accepted rate for mNGS-positive and -negative results was 81.07% (257/317) and 97.42% (189/194), respectively, with significant difference (p < 0.001, Figure 2D). Therefore, mNGS obtained an overall accepted rate of 87.28% (446/511).




Figure 2 | mNGS and clinical diagnosis results of different sample types. (A) The sample numbers and positive rate of the mNGS assay in different sample types. (B) The sample numbers and positive rate of clinical diagnosis in different sample types. (C) The sample numbers and overall positive rate of mNGS and clinical diagnosis. (D) The numbers of clinically accepted and unaccepted samples and accepted rate for mNGS-positive and -negative results. Abbreviation: mNGS, metagenomic next-generation sequencing.






3.3 Comparison of diagnostic performance for mNGS and culture

Of these 511 specimens, a total of 428 samples had matched culture results, and the positive rate and diagnostic performance of mNGS and culture were compared, after excluding detected viruses in mNGS results. mNGS showed a positive result in 80.12% (133/166) of BALF samples, 27.85% (44/158) of blood samples, 5.88% (2/34) of CSF samples, 54.55% (6/11) of tissue samples, and 83.33% (15/18) of sputum samples (Figure 3A). In addition, based on culture results, 52.41% of (87/166) BALF samples, 13.92% (22/158) of blood samples, 2.94% (1/34) of CSF samples, 36.36% (4/11) of tissue samples, and 77.78% (14/18) of sputum samples were confirmed to be pathogen positive (Figure 3A). The positive rate for BALF and blood from mNGS results was remarkably higher than that for culture (p < 0.01).




Figure 3 | Diagnostic performance comparison between mNGS and culture. (A) The sample numbers and positive rate of mNGS and culture for different types of samples. (B) The sample numbers and overall positive rate of mNGS, culture, and clinical diagnosis for all samples. (C) Contingency tables formatted showing the respective diagnostic performance of mNGS and culture assays with reference to clinical diagnosis. (D) The receiver operator characteristic curve for mNGS and culture assays with reference to clinical diagnosis. (E) The numbers of clinically accepted and unaccepted samples and accepted rate for mNGS and culture-positive and -negative results. mNGS, metagenomic next-generation sequencing; NPV, negative predictive value; PPV, positive predictive value; AUC, area under the curve.



As for all 428 samples, the overall positive rate for mNGS was 51.87% (222/428), significantly higher than that for culture (33.18%, 142/428, p < 0.001, Figure 3B). Moreover, the clinical diagnosis regarded 55.61% (238/428) of samples as pathogen positive, with a larger positive rate than mNGS and culture (p < 0.05, Figure 3B). Taking clinical diagnosis as the gold standard, the sensitivity and specificity of culture assay were 56.72% and 96.32%, respectively, with an AUC of 0.765. As for the mNGS test, the sensitivity was 89.08%, significantly higher than that of culture (p < 0.001), with an AUC of 0.919. After combining mNGS and culture results, the sensitivity increased to 94.94%, and the AUC was 0.933 (Figures 3C,D). Additionally, although the diagnostic performance of mNGS and culture varied largely among different sample types, it could be observed that mNGS showed better sensitivity and AUC than culture, no matter what the sample type was (Table 2).


Table 2 | Diagnostic performance of mNGS and culture tests in infections with reference to clinical diagnosis in different sample types.



We next compared the clinically accepted rate between mNGS test and culture. As demonstrated in Figure 3E, 95.05% (211/222) of positive results and 96.60% (199/206) of negative results of mNGS were accepted by the clinic. In addition, the culture assay achieved an accepted rate of 93.66% (133/142) for its positive results and 65.73% (188/286) for its negative results. We found that the clinically accepted rate of the mNGS assay was significantly superior to culture, regardless of the positive and negative results (p < 0.01, Figure 3E).




3.4 mNGS exhibited advantages in pathogen detection compared to culture assay

As for detected pathogen comparison between mNGS and culture (Figure 4A), they both showed a positive result in 122 of 428 samples (28.05%) and were both negative in 186 of 428 (43.46%) samples. A total of 100 (23.36%) samples were detected to be positive in the mNGS assay only, and 20 (4.67%) samples were positive in the culture test only. For 122 double-positive samples, the results of mNGS and culture completely matched (positive pathogens were identical) in 32 (26.23%) samples, partially matched (shared at least one positive pathogen) in 68 (55.74%) samples, but mismatched (positive pathogens were completely inconsistent) on pathogen identification in 22 (18.03%) samples (Figure 3D). In addition, among 100 mNGS-positive-only samples, 91 samples (91%) were confirmed to be positive by clinical diagnosis, including 48 of 51 (94.12%) BALF, 28 of 33 (84.85%) blood, 1 CSF (100%), 2 tissue (100%), 3 sputum (100%), and 9 of 10 (90%) other samples (Supplementary Figure 1A). A total of 137 pathogens were detected by mNGS in these 100 mNGS-positive-only samples, and 118 (118/137, 86.13%) pathogens including 34 (82.93%) G+ bacteria, 49 (89.09%) G− bacteria, and 35 (85.37%) fungi were clinically accepted (Supplementary Figure 1B), indicating an outstanding true-positive rate among various sample types and pathogen types.




Figure 4 | Comparison of mNGS and culture test for pathogen detection. (A) Pie chart demonstrating the positivity distribution of mNGS and culture for all samples. The double-positive samples were further categorized as matched (detected pathogens were identical), mismatched (no overlap of detected pathogens), and partially matched (at least one overlap of pathogens was observed). (B) The number of bacterial pathogens and fungal pathogens at the species level that were detected by culture only, mNGS only, or mNGS and culture. (C) The number of samples that were shown to be positive of corresponding bacterial pathogens and fungal pathogens at the species level by culture only, mNGS only, or mNGS and culture.



To further confirm the advantage of mNGS in pathogen detection over culture-based assays, the number of different types of pathogens detected by mNGS and or culture was analyzed. A total of 17 kinds of bacterial species and 10 species of fungi were positive in both mNGS and culture, and 50 bacterial species and 11 fungal species were specifically detected by mNGS only. Generally, mNGS detected much more kinds of bacterial species than culture (Figure 4B). In terms of microbial species (Figure 4C), Acinetobacter baumannii, Klebsiella pneumoniae, Stenotrophomonas maltophilia, and Pseudomonas aeruginosa were the most frequently detected bacteria of both mNGS and culture assays. Enterococcus faecium, Streptococcus pneumoniae, and Staphylococcus aureus were also the bacteria that were detected at a high frequency. For fungi detection, Pneumocystis jirovecii was the most frequently detected species of the mNGS assay, which was only detected by mNGS. mNGS and culture tests shared the frequent detection of Aspergillus and Candida, but mNGS detected more Aspergillus than culture, and culture detected a larger number of Candida than mNGS (Figure 4C).




3.5 Pathogen concordance of blood sample and paired respiratory tract samples in the mNGS assay

To identify clinical feasibility for blood mNGS as an alternative to the respiratory tract (RT) samples in the mNGS test, a total of 53 pairs of blood and matched RT samples collected from the same patient on the same day were further analyzed. As illustrated in Figure 5A, the majority (60.38%, 32/53) of the paired samples were shown to be pathogens positive in both blood and RT by mNGS (double positive). Moreover, mNGS was only positive in RT in 33.96% of samples (RT-positive only). Double negative was found in three pairs, and none were shown to be blood positive but RT negative. Additionally, for double-positive samples, more than half (56.25%, 18/32) shared partial positive pathogens, and five pairs shared identical positive pathogens by blood and RT (Figure 5A). Among these 53 patients, 50 were finally diagnosed as RT infection and the remaining 3 patients, whose RT and blood mNGS were both negative, were regarded with non-RT infection. RT mNGS exhibited 100% sensitivity and specificity in diagnosing RT infection; blood mNGS also had a specificity of 100% but the sensitivity was 64% (Figure 5B).




Figure 5 | Analysis of pathogen concordance of blood sample and paired respiratory tract (RT) samples in the mNGS assay. (A) Pie chart demonstrating the mNGS results in accordance with blood and paired RT as well as the etiology of double-positive samples. (B) Contingency tables formatted showing the respective diagnostic performance of RT mNGS and blood mNGS for diagnosing RT infection. (C) The number of bacterial pathogens, fungal pathogens, and viral pathogens in the species level that were detected in both blood and paired RT, or only in blood and only in RT. (D) The normalized reads number (log2) of total pathogens, bacteria, fungi, and virus in RT that were detected in RT only or RT and blood.



In terms of microbial species, more kinds of species were detected in RT than in blood. There were 21 kinds of bacteria, 5 fungi, and 5 viruses detected in the RT sample; 8 species of bacteria, 5 fungi, and 3 viruses were detected in both blood and paired RT samples (Figure 5C). Specifically, the majority of A. baumannii, E. faecium, P. aeruginosa, S. maltophilia, and S. pneumoniae along with Candida albicans and Aspergillus flavus can only be detected in RT samples (Supplementary Figure 2). Furthermore, A. baumannii, K. pneumoniae, P. jirovecii, Human gammaherpesvirus 4 (EBV), Human betaherpesvirus 5 (CMV), and Human alphaherpesvirus 1 (HHV-1) were the most frequently detected pathogens in both blood and paired RT (Supplementary Figure 2). In addition, we found that compared with pathogens that can only be detected in RT, pathogens that can be detected in both blood and RT exhibited higher normalized read numbers from RT, regardless of the pathogen type (Figure 5D). For example, for pathogens that were detected in both blood and paired RT including A. baumannii, K. pneumoniae, HHV-1, and EBV, they showed relatively higher read numbers in RT than in blood (Supplementary Figure 3), suggesting that the microbial nucleic acid in blood may have been circulated from the RT.





4 Discussion

mNGS has been extensively applied for discovering causative pathogens and diagnosing infections (Rascovan et al., 2016; Moustafa et al., 2017; Blauwkamp et al., 2019; Chiu and Miller, 2019; Duan et al., 2021). In the present study, we explored the applications and differences between traditional culture methods and mNGS in adult patients with suspected infections via a large-scale sampling. To this end, a total of 511 samples including BALF, blood, sputum, CSF, and other sample types from 361 patients with suspected infection were included. Clinical diagnosis recognized 51.86% of these samples to be pathogen positive, and the clinically accepted rate for mNGS positive result was 81.07%. Among these samples, a total of 428 specimens were subjected to both culture and mNGS testing. We then systematically evaluated the clinical reliability of mNGS in diagnosing infections, as compared to traditional cultures. It was shown that mNGS had superior sensitivity and a clinically accepted rate compared to culture assay with reference to clinical diagnosis. Additionally, the pathogen concordance of blood sample and paired RT samples in mNGS assay from 53 pairs were analyzed, indicating that blood and RT largely shared positive pathogens especially for pathogens with abundant read numbers in RT.

The traditional clinical model for diagnosing infections involves a doctor making a differential diagnosis followed by a series of tests to try to identify the pathogen (Khare et al., 2014; Leber et al., 2016; Cheng et al., 2018). Herein, the clinical diagnosis of each sample was retrospectively made according to not only all routine microbiological tests, but also mNGS assay. Consequently, among all 511 samples, 51.86% were clinically diagnosed as pathogen positive, contributing to 211 of 361 patients (58.45%) who were diagnosed with definite IDs. This positive rate was relatively lower than that of previous studies (Miao et al., 2018; Duan et al., 2021), which may be explained by the fact that about one-third of patients included more than one sample, resulting in a significant number of samples from non-infected sites being sent for testing. Another explanation could be that we enrolled a larger scale of cases with suspected infections rather than just those with confirmed pathogens. Among all sample types, consistent with mNGS results, the highest positive rate for clinical diagnosis was obtained from sputum, followed by BALF; both were from RT. This was expected, considering that RT samples accounted for approximately 40% of all samples and the majority of patients were diagnosed as having respiratory system infection.

In comparison to culture assay, although viruses detected by mNGS were all eliminated, mNGS showed remarkable higher sensitivity (89.08% vs. 56.72%), similar to that reported for mNGS in other studies in adult or pediatric patients (Miao et al., 2018; Tao et al., 2022). After combining the mNGS and culture results, sensitivity increased to 94.94%, also much superior to that of another study (Liu et al., 2023). The outstanding sensitivity in this study may be attributed to the influence of some special samples including tissue, sputum, and other samples, which usually come from infected foci, therefore exhibiting nearly 100% sensitivity by mNGS. Specific to different sample types, some viruses such as varicella zoster virus, Human alphaherpesvirus 2, and JC polyomavirus were clinically recognized as the causative pathogens in CSF but cannot be detected by culture and were excluded in mNGS, leading to the relative low sensitivity in CSF samples (Qu et al., 2022).

When it comes to the true positive results of culture and mNGS, it should be noted that although both clinical diagnosis and culture or mNGS regarded one sample as pathogen positive, whether the pathogens detected by culture or mNGS were consistent with that of clinical diagnosis was inconclusive (Wang et al., 2022a). To clearly address this problem, we introduced the definition of clinically accepted and unaccepted results of mNGS and culture based on the retrospective clinical diagnosis of each sample. For a clinically accepted positive result, at least one detected pathogen should be clinically diagnosed as causative pathogen. We found that the positive result of culture was more likely to be clinically accepted than a negative one, whereas an opposite trend was observed in the mNGS assay. Notably, with both mNGS and culture results, their positive results achieved a favorable clinically accepted rate. In other words, for mNGS- or culture-positive samples, approximately 95% of samples contributed to the identification of causative pathogens. Additionally, we demonstrated that for culture-negative but mNGS-positive samples, approximately 90% of positive results regardless of sample types, as well as detected pathogens, were clinically accepted. Culture-negative infections are challenging to diagnose, and mNGS has been extensively reported to be a powerful tool for identifying pathogens missed by culture (Wang et al., 2020; Tan et al., 2022; Wang et al., 2022b; Zhang et al., 2023). Consistently, our study indicated that mNGS has a superior diagnostic accuracy for detecting suspected infections and may be particularly useful for culture-negative cases.

One of the most common queries about the use of mNGS diagnostic protocols in clinical practice is what kind of sample is best for mNGS testing. Typically, when it was feasible, the site of primary infection yielded the most informative samples for diagnostic sequencing. In traditional bacterial or fungal culture, the most often utilized sample types are blood and RT samples like sputum and BALF. However, because of its extremely poor yield, studies have revealed that blood culture should not be recommended, even in cases of severe pulmonary infections (Afshar et al., 2009; Zhang et al., 2019a). In contrast, it has been demonstrated that mNGS may effectively identify bacteria in blood samples associated with pulmonary infections (Farnaes et al., 2019; Hammarström et al., 2019). Herein, we also investigated the consistency of pathogens detected from blood and paired RT after limiting our inclusion criteria as the sampling interval should be less than 24 h for one patient. Although blood mNGS showed an inferior sensitivity in diagnosing RT infection, we found that for paired blood and RT samples from the same patients, more than half (60.38%) were double positive. Moreover, for blood samples whose mNGS results were both positive in RT samples, 56.25% of samples shared partial pathogens. Further analysis demonstrated the high consistency of pathogens such as A. baumannii, K. pneumoniae, P. jirovecii, EBV, and CMV detected from blood and RT by mNGS. In addition, it was observed that blood mNGS detected more viruses than RT overall, which implied that viruses were more likely to shed into blood compared with bacteria or fungi. On the other hand, the positive blood mNGS result for viruses might also indicate viruses reactivated from other organs or blood (Worth et al., 2016; Yokoyama et al., 2020). Furthermore, we observed that for pathogens that can be detected in blood in addition to RT, their reads were more abundant in RT than pathogens that can only be detected in RT. Meanwhile, the number of microbiological reads detected from the blood samples was relatively lower than that found in RT by mNGS, suggesting that pathogens with more abundant microbiological reads in primary infection sites prefer to shed into blood. It has been demonstrated that the number of unique reads of pathogens was associated with specimen collection time and disease severity (Ai et al., 2018; Zhang et al., 2019b; Li et al., 2020). The high consistency of the major pathogen species, especially those with abundant reads from the RT and blood samples by mNGS testing, suggested, to a large extent, that the pathogens may be transmitted from the lung to the bloodstream in patients who suffered from severe pneumonia. Therefore, the application of mNGS for the simultaneous detection of both RT and blood samples may be promising for identifying microorganisms in patients with suspected infection and guide clinicians regarding antimicrobial treatments; however, the use of blood for RT and the conditions for which it is appropriate are still unclear.

Our study is not without limitations. Firstly, although we enrolled a large number of samples, nearly 100 samples lacked paired culture results owing to the restriction of sample type. Secondly, the clinical benefits, such as the impact on antimicrobial usage, hospital days, and the prognosis of the patients receiving mNGS detection, await further investigation. Thirdly, this study did not collect sufficient clinical characteristics, hampering the establishment of predictive models to resolve the cutoff of clinical indicators and the optimal timing of blood mNGS as an alternative for RT samples. Further studies need to be carried out. Finally, a prospective and observational study could provide more convincing evidence in terms of the diagnostic performance and clinical acceptance of mNGS in IDs in real-life clinical practice.

Collectively, mNGS had a higher sensitivity and clinically accepted rate than culture among various sample types from infectious sites. For patients with suspected infection, the mNGS assay appears to offer complementary clinical value for resolving negative or ambiguous culture results, by helping identify the causative pathogens. Additionally, we demonstrated the favorable consistency of pathogens detected from paired RT and blood samples, indicating that both blood and RT mNGS may aid in the identification of pathogens for respiratory system infection.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://ngdc.cncb.ac.cn, PRJCA027968.





Ethics statement

This study was approved by The Ethics Committee of the Second Xiangya Hospital, Central South University (LYF2022229). The study was considered exempt from informedconsent as it was a retrospective observational cohort study.





Author contributions

ZL: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. LT: Conceptualization, Data curation, Validation, Writing – original draft, Writing – review & editing. JZ: Data curation, Formal analysis, Investigation, Software, Writing – review & editing. QL: Data curation, Formal analysis, Resources, Supervision, Writing – original draft. ZC: Conceptualization, Data curation, Formal analysis, Writing – original draft. ZX: Data curation, Formal analysis, Writing – original draft. WW: Data curation, Investigation, Writing – original draft. ZG: Data curation, Investigation, Writing – original draft. HL: Methodology, Visualization, Writing – review & editing. BH: Visualization, Formal analysis, Writing – original draft. BY: Funding acquisition, Methodology, Supervision, Writing – review & editing. MH: Funding acquisition, Supervision, Writing – review & editing, Project administration.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by the National Natural Science Foundation of China (No. 82102499; ZL), the Hunan Natural Science Foundation (No. 2021JJ40840; ZL), the Scientific Research Launch Project for new employees of the Second Xiangya Hospital of Central South University, and “Hongmian Plan” Project of Guangzhou (Grant No. HMJH-2020-0005).





Conflict of interest

Author HL, BH, and BY are employed by Vision Medicals Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcimb.2024.1463081/full#supplementary-material




References

 Afshar, N., Tabas, J., Afshar, K., and Silbergleit, R. (2009). Blood cultures for community-acquired pneumonia: are they worthy of two quality measures? A systematic review. J. Hosp. Med. 4, 112–123. doi: 10.1002/jhm.382

 Ai, J. W., Zhang, H. C., Cui, P., Xu, B., Gao, Y., Cheng, Q., et al. (2018). Dynamic and direct pathogen load surveillance to monitor disease progression and therapeutic efficacy in central nervous system infection using a novel semi-quantitive sequencing platform. J. Infect. 76, 307–310. doi: 10.1016/j.jinf.2017.11.002

 Standing up to infectious disease. (2019). Nat. Microbiol. 4, 1. doi: 10.1038/s41564-018-0331-3

 Nanotechnology for infectious diseases. (2021). Nat. Nanotechnol. 16, 1. doi: 10.1038/s41565-021-00909-0

 Blauwkamp, T. A., Thair, S., Rosen, M. J., Blair, L., Lindner, M. S., Vilfan, I. D., et al. (2019). Analytical and clinical validation of a microbial cell-free DNA sequencing test for infectious disease. Nat. Microbiol. 4, 663–674. doi: 10.1038/s41564-018-0349-6

 Bolger, A. M., Lohse, M., and Usadel, B. (2014). Trimmomatic: a flexible trimmer for Illumina sequence data. Bioinformatics 30, 2114–2120. doi: 10.1093/bioinformatics/btu170

 Chen, S., Zhou, Y., Chen, Y., and Gu, J. (2018). fastp: an ultra-fast all-in-one FASTQ preprocessor. Bioinf. (Oxford. England). 34, i884–i890. doi: 10.1093/bioinformatics/bty560

 Cheng, J., Hu, H., Kang, Y., Chen, W., Fang, W., Wang, K., et al. (2018). Identification of pathogens in culture-negative infective endocarditis cases by metagenomic analysis. Ann. Clin. Microbiol. Antimicrob. 17, 43. doi: 10.1186/s12941-018-0294-5

 Chiu, C. Y., and Miller, S. A. (2019). Clinical metagenomics. Nat. Rev. Genet. 20, 341–355. doi: 10.1038/s41576-019-0113-7

 Duan, H., Li, X., Mei, A., Li, P., Liu, Y., Li, X., et al. (2021). The diagnostic value of metagenomic next⁃generation sequencing in infectious diseases. BMC Infect. Dis. 21, 62. doi: 10.1186/s12879-020-05746-5

 Farnaes, L., Wilke, J., Ryan Loker, K., Bradley, J. S., Cannavino, C. R., Hong, D. K., et al. (2019). Community-acquired pneumonia in children: cell-free plasma sequencing for diagnosis and management. Diagn. Microbiol. Infect. Dis. 94, 188–191. doi: 10.1016/j.diagmicrobio.2018.12.016

 Hammarström, H., Grankvist, A., Broman, I., Kondori, N., Wennerås, C., Gisslen, M., et al. (2019). Serum-based diagnosis of Pneumocystis pneumonia by detection of Pneumocystis jirovecii DNA and 1,3-β-D-glucan in HIV-infected patients: a retrospective case control study. BMC Infect. Dis. 19, 658. doi: 10.1186/s12879-019-4289-4

 Khare, R., Espy, M. J., Cebelinski, E., Boxrud, D., Sloan, L. M., Cunningham, S. A., et al. (2014). Comparative evaluation of two commercial multiplex panels for detection of gastrointestinal pathogens by use of clinical stool specimens. J. Clin. Microbiol. 52, 3667–3673. doi: 10.1128/jcm.01637-14

 Leber, A. L., Everhart, K., Balada-Llasat, J. M., Cullison, J., Daly, J., Holt, S., et al. (2016). Multicenter evaluation of bioFire filmArray meningitis/encephalitis panel for detection of bacteria, viruses, and yeast in cerebrospinal fluid specimens. J. Clin. Microbiol. 54, 2251–2261. doi: 10.1128/jcm.00730-16

 Li, H., and Durbin, R. (2009). Fast and accurate short read alignment with Burrows-Wheeler transform. Bioinformatics 25, 1754–1760. doi: 10.1093/bioinformatics/btp324

 Li, Y., Sun, B., Tang, X., Liu, Y. L., He, H. Y., Li, X. Y., et al. (2020). Application of metagenomic next-generation sequencing for bronchoalveolar lavage diagnostics in critically ill patients. Eur. J. Clin. Microbiol. Infect. Dis. 39, 369–374. doi: 10.1007/s10096-019-03734-5

 Liu, Q., Liu, X., Hu, B., Xu, H., Sun, R., Li, P., et al. (2023). Diagnostic performance and clinical impact of blood metagenomic next-generation sequencing in ICU patients suspected monomicrobial and polymicrobial bloodstream infections. Front. Cell Infect. Microbiol. 13. doi: 10.3389/fcimb.2023.1192931

 Makam, P., and Matsa, R. (2021). Big three” Infectious diseases: tuberculosis, malaria and HIV/AIDS. Curr. Top. Med. Chem. 21, 2779–2799. doi: 10.2174/1568026621666210916170417

 McArthur, D. B. (2019). Emerging infectious diseases. Nurs. Clin. North Am. 54, 297–311. doi: 10.1016/j.cnur.2019.02.006

 Miao, Q., Ma, Y., Wang, Q., Pan, J., Zhang, Y., Jin, W., et al. (2018). Microbiological diagnostic performance of metagenomic next-generation sequencing when applied to clinical practice. Clin. Infect. Dis. 67, S231–s240. doi: 10.1093/cid/ciy693

 Miller, J. M., Binnicker, M. J., Campbell, S., Carroll, K. C., Chapin, K. C., Gilligan, P. H., et al. (2018). A guide to utilization of the microbiology laboratory for diagnosis of infectious diseases: 2018 update by the infectious diseases society of America and the american society for microbiology. Clin. Infect. Dis. 67, e1–e94. doi: 10.1093/cid/ciy381

 Miller, S., Naccache, S. N., Samayoa, E., Messacar, K., Arevalo, S., Federman, S., et al. (2019). Laboratory validation of a clinical metagenomic sequencing assay for pathogen detection in cerebrospinal fluid. Genome Res. 29, 831–842. doi: 10.1101/gr.238170.118

 Moustafa, A., Xie, C., Kirkness, E., Biggs, W., Wong, E., Turpaz, Y., et al. (2017). The blood DNA virome in 8,000 humans. PloS Pathog. 13, e1006292. doi: 10.1371/journal.ppat.1006292

 Qu, C., Chen, Y., Ouyang, Y., Huang, W., Liu, F., Yan, L., et al. (2022). Metagenomics next-generation sequencing for the diagnosis of central nervous system infection: A systematic review and meta-analysis. Front. Neurol. 13. doi: 10.3389/fneur.2022.989280

 Rascovan, N., Duraisamy, R., and Desnues, C. (2016). Metagenomics and the human virome in asymptomatic individuals. Annu. Rev. Microbiol. 70, 125–141. doi: 10.1146/annurev-micro-102215-095431

 Ren, L., Zhang, R., Rao, J., Xiao, Y., Zhang, Z., Yang, B., et al. (2018). Transcriptionally active lung microbiome and its association with bacterial biomass and host inflammatory status. mSystems 3, 00199–187150. doi: 10.1128/mSystems.00199-18

 Schlaberg, R., Chiu, C. Y., Miller, S., Procop, G. W., and Weinstock, G. (2017). Validation of metagenomic next-generation sequencing tests for universal pathogen detection. Arch. Pathol. Lab. Med. 141, 776–786. doi: 10.5858/arpa.2016-0539-RA

 Simner, P. J., Miller, S., and Carroll, K. C. (2018). Understanding the promises and hurdles of metagenomic next-generation sequencing as a diagnostic tool for infectious diseases. Clin. Infect. Dis. 66, 778–788. doi: 10.1093/cid/cix881

 Tan, J., Liu, Y., Ehnert, S., Nüssler, A. K., Yu, Y., Xu, J., et al. (2022). The effectiveness of metagenomic next-generation sequencing in the diagnosis of prosthetic joint infection: A systematic review and meta-analysis. Front. Cell Infect. Microbiol. 12. doi: 10.3389/fcimb.2022.875822

 Tao, Y., Yan, H., Liu, Y., Zhang, F., Luo, L., Zhou, Y., et al. (2022). Diagnostic performance of metagenomic next-generation sequencing in pediatric patients: A retrospective study in a large children’s medical center. Clin. Chem. 68, 1031–1041. doi: 10.1093/clinchem/hvac067

 Wang, W., Chen, O., Liu, W., Gan, L., Li, X., Ma, Q., et al. (2022b). Coxiella burnetii and bartonella endocarditis diagnosed by metagenomic next-generation sequencing. J. Clin. Med. 11, 7150. doi: 10.3390/jcm11237150

 Wang, K., Li, P., Lin, Y., Chen, H., Yang, L., Li, J., et al. (2020). Metagenomic diagnosis for a culture-negative sample from a patient with severe pneumonia by nanopore and next-generation sequencing. Front. Cell Infect. Microbiol. 10. doi: 10.3389/fcimb.2020.00182

 Wang, J., Ye, J., Yang, L., Chen, X., Fang, H., Liu, Z., et al. (2022a). Inconsistency analysis between metagenomic next-generation sequencing results of cerebrospinal fluid and clinical diagnosis with suspected central nervous system infection. BMC Infect. Dis. 22, 764. doi: 10.1186/s12879-022-07729-0

 Worth, A. J., Houldcroft, C. J., and Booth, C. (2016). Severe Epstein-Barr virus infection in primary immunodeficiency and the normal host. Br. J. Haematol. 175, 559–576. doi: 10.1111/bjh.14339

 Xiao, Y. H., Liu, M. F., Wu, H., Xu, D. R., and Zhao, R. (2023). Clinical efficacy and diagnostic value of metagenomic next-generation sequencing for pathogen detection in patients with suspected infectious diseases: A retrospective study from a large tertiary hospital. Infect. Drug Resist. 16, 1815–1828. doi: 10.2147/idr.S401707

 Yokoyama, H., Takenaka, K., Nishida, T., Seo, S., Shinohara, A., Uchida, N., et al. (2020). Favorable effect of cytomegalovirus reactivation on outcomes in cord blood transplant and its differences among disease risk or type. Biol. Blood Marrow. Transplant. 26, 1363–1370. doi: 10.1016/j.bbmt.2020.04.002

 Zhang, X. X., Guo, L. Y., Liu, L. L., Shen, A., Feng, W. Y., Huang, W. H., et al. (2019b). The diagnostic value of metagenomic next-generation sequencing for identifying Streptococcus pneumoniae in paediatric bacterial meningitis. BMC Infect. Dis. 19, 495. doi: 10.1186/s12879-019-4132-y

 Zhang, D., Yang, D., and Makam, A. N. (2019a). Utility of blood cultures in pneumonia. Am. J. Med. 132, 1233–1238. doi: 10.1016/j.amjmed.2019.03.025

 Zhang, L., Zhou, M., Lv, W., Li, T., Xu, Y., and Liu, Z. (2023). Metagenomics assists in the diagnosis of a refractory, culture-negative pyoderma gangrenosum-like ulcer caused by Helicobacter cinaedi in a patient with primary agammaglobulinemia. J. Microbiol. Immunol. Infect 56, 1284–1287. doi: 10.1016/j.jmii.2023.07.001




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Li, Tan, Zhang, Long, Chen, Xiang, Wu, Guo, Liu, Hu, Yang and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb.2024.1463081_cover.jpg
& frontiers | Frontiers in Cellular an

fection Microbiology

Diagnostic performance of metagenomic
sequencing in patients with suspected
infection: a large-scale retrospective study





OEBPS/Images/fcimb-14-1463081-g001.jpg
Samples collected from Feb/2021 to Mar/2022 sent for
mNGS (N=679)

Excluded: 168 samples

Incomplete Clinical Characteristics
(N=73)

Age under 18 (N=95)

Inclusion: 511 samples from
361 patients

Blood mNGS with paired RT mNGS
With paired culture result (N=428) mNGS result (N=511) e res::;lt (1\?:511;; "
Double+: N=32

Double-: N=3

Only RT+: N=18

Clinical
diagnosis (+)
(N=265)

Clinical
diagnosis (+)
(N=238)

mNGS (+): N=212

Culture (+): N=135

Clinical Clinical

0 . mNGS (-): N=180 S .
diagnosis (-) o diagnosis (-)
N=190 Culture (-): N=183 N=246






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Diagnostic performance of metagenomic sequencing in patients with suspected infection: a large-scale retrospective study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study patients

          



          		

            2.2 mNGS sequencing and analysis

          



          		

            2.3 Definition of sensitivity, specificity, positive predictive value, negative predictive value, and clinically accepted rate

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Samples and patient characteristics

          



          		

            3.2 Comparison of positive rate for mNGS results and clinical diagnosis

          



          		

            3.3 Comparison of diagnostic performance for mNGS and culture

          



          		

            3.4 mNGS exhibited advantages in pathogen detection compared to culture assay

          



          		

            3.5 Pathogen concordance of blood sample and paired respiratory tract samples in the mNGS assay

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fcimb-14-1463081-g004.jpg
. Culture & mNGS . Culture+ only - mNGS+ only

bacteria

fungi

0

25 50 75
Number of pathogens

|| Culture & mNGS  [] Culturet+ only =~ mNGS+ only

C

Acinetobacter baumannii
Enterococcus faecium
Klebsiella pneumoniae
Stenotrophomonas maltophilia
Pseudomonas aeruginosa|
Streptococcus pneumoniae
Staphylococcus aureus{ 5
Haemophilus influenzaeq
Enterococcus faecalis| 5
Escherichia coli{ 3
Corynebacterium striatum |
Klebsiella aerogenes| 3
Enterococcus avium
Burkholderia cenocepacia{2
Staphylococcus hominis
Staphylococcus epidermidis
Mycobacterium tuberculosis
Acinetobacter nosocomialis
Staphylococcus capitiss
Moraxella catarrhalis
Enterobacter cloacae
Chlamydia psittaci
Streptococcus agalactiae |
Staphylococcus haemolyticus
Ralstonia mannitolilytica
Peptostreptococcus stomatis{2
Parvimonas micra{2
Mycobacterium tuberculosis complex{2
Legionella waltersii{2
Achromobacter xylosoxidans {2

Preumocystis jirovecii |
Candida albicans
Aspergillus fumigatus
Aspergillus flavus
Candida tropicalis
Candida glabrata
Talaromyces marneffei
Cryptococcus neoformans
Candida parapsilosis
Pichia kudriavzevii
Aspergillus niger
0 20 40 60

Number of Samples

1o6q

BLID

13uny





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fcimb-14-1463081-g002.jpg
Positive Rate (%)

w [ = =3 >
- [ o - N ]
S
Q
=
S
L
£
N
Z m
-
A =
2.
[ ] n
%)
4 =
b 4
80 b=
L
4
| o]
n
@)
R
wn
o
£ =
o0 (=]
= =
= =]
E
ot =
: 3
© o
=3 (= > =3 = (]
> o [S)] o -
N - -
M Jdureg jo JaquinN
- Positive Rate (%)
= S =3 = >
- =] o - (3] =3
S
D
=
e
=}
£
=
s
%]
> 2.
= 7]
2 v
A =
w
2
o =
)
B
-1 =]
S n
9] O
4
[ =
g
S —_—
&) =]
%
=
2
-]
[ = (=3 > > ]
> o N ® <
N — —

< dydureg yo JoquinN

Clinically Accepted Rate (%)

w [ =4 = >
— ®© o < N =
=
£
8 s
< S
)
=] z
=
2
L
g 2
N
S 'z
= &~
-
(4 = (=4 [ (4 ]
w o [ ] N
< en N —
didwreg yo Jaquin)
Positive Rate (%)
W (= =4 = >
— ®® o - (o] <
<&
@n
o £
B ob
= =
3 =
A =
9
-
= £
& =
.m @}
wn
&’ O
z z
O £

=3 =3 S > = <

) - e N v—

w - (3] N —
Jidweg Jo JaqunN





OEBPS/Images/table2.jpg
Sensitivity%  Specificity’  ppye (95% CI)  NPV% (95% CI)  AUC (95% CI)

Sample type

(95% CI) (95% CI)
Culture 56.72 (52.03-61.42) 96.32 (94.53-98.1) 9507 (93.02-97.12) | 6399 (59.44-68.53) 0765 (0.72-0.81)
Total (N = 428) mNGS 89.08 (86.12-92.03) | 94.74 (92.62-96.85) 95.5 (93.53-97.46) 87.38 (84.23-90.52) 0.919 (0.89-0.949)
Culture+mNGS 94.96 (92.88-97.03) 9158 (88.95-9421) | 9339 (91.03-9574) | 9355 (91.22-95.88)  0.933 (0.905-0.961)
Culture 63.97 (56.67-71.27) 100 (100-100) 100 (100-100) 37.97 (30.59-45.36) 0.82 (0.757-0.882)
BALF (N = 166) mNGS 95.59 (92.46-98.71) 90 (85.44-94.56) 97.74 (95.49-100) 81.82 (75.95-87.69) | 0.928 (0.862-0.994)
Culture+mNGS 99.26 (97.97-100.56) 90 (85.44-94.56) 97.83 (95.61-100.04) | 96.43 (93.61-99.25) 0946 (0.883-1)
Culture 33.33(25.98-40.68) | 9533 (92.04-98.62) | 77.27 (70.74-83.81) 75 (68.25-81.75) 0.643 (0.545-0.742)
Blood (N = 158) mNGS 7451 (67.71-8131) | 9439 (90.81-97.98) | 86.36 (81.01-91.71) 88.6 (83.64-93.55) 0.845 (0.768-1)
Culture+mNGS 88.24 (83.21-93.26) | 90.65 (86.12-95.19) 81.82 (75.8-87.83) 94.17 (90.52-97.83) | 0.894 (0.834-0.955)
Culture 14.29 (2.52-26.05) 100 (100-100) 100 (100-100) 81.82 (68.85-94.78) | 0.571 (0.314-0.829)
CSE (N = 34) mNGS 28.57 (13.39-43.76) 100 (100-100) 100 (100-100) 8438 (72.17-9658) | 0.643 (0.382-0.904)
Culture+mNGS 28.57 (13.39-43.76) 100 (100-100) 100 (100-100) 84.38 (72.17-9658) | 0.643 (0.382-0.904)
Culture 66.67 (38.81-94.52) 100 (100-100) 100 (100-100) 7143 (44.73-98.13) 083 (57.57-100)
Tissue (N = 11) mNGS 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 1(1-1)
Culture+mNGS 100 (100-100) 100 (100-100) 100 (100-100) 100 (100-100) 1(1-1)
Culture 81.25 (63.22-99.28) 50 (26.9-73.1) 92.86 (80.96-104.75) 25 (5-45) 0656 (0.21-1)
Sputum (N = 18) mNGS 93.75 (82.57-104.93) 100 (100-100) 100 (100-100) 66.67 (44.89-88.44) 0969 (0.887-1)
Culture+mNGS 100 (100-100) 50 (26.9-73.1) 94.12 (83.25-104.99) 100 (100-100) 075 (0.289-1)
Culture 50.09 (44.04-74.14) | 9474 (87.9-101.57) | 92.86 (84.97-100.74) = 66.67 (52.24-81.1) 0.769 (0.621-0.917)
Other (N = 41) mNGS 95.45 (89.08-101.83)  94.74 (87.9-101.57) = 9545 (89.08-101.83) = 94.74 (87.9-101.57) 0951 (0.873-1)
Culture+mNGS 100 (100-100) 89.47 (80.08-98.87) | 91.67 (83.21-100.13) 100 (100-100) 0947 (0.865-1)

BALE, bronchoalveolar lavage fluid; CSF, cerebrospinal fluid; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.





OEBPS/Images/fcimb-14-1463081-g005.jpg
_ RT - nonRT o Giivity% 100.00
infection infection
Positive 50 0 Specificity% 100.00
RT mNGS
Negative 0 3 PPV% 100.00
NPV% 100.00
LB BBl o tent 164:00
infection infection
Positive 32 0 Specificity% 100.00
Blood mNGS
00 Negative 18 3 PPV% 100.00
NPV% 14.29
C D 7] RT+ only [I}] Blood & RT
] Blood &RT | Blood+only [Il RT+ only
. ~15
bacteria ¥
.
. E10
fungi &
3
. € s
virus ‘S
0 . : :
0 10 20 30 40 Total bacteria fungi virus

Number of pathogens





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/fcimb-14-1463081-g003.jpg
I negative Il positive ~ ® Culture A mNGS

300 100
[l Negative [l Positive
240 80 450 100
@
= g o 360 F 80
£ 180 6 & 3
@ 2 £
3 pd =
5 ? e 270 60
£ 120 40 2 S
£ 5 5
z < 2180 F40
g
60 20
z 90 F20
0 0 0 - - ko
s VA - N :
gﬁ? ?\‘;‘ & Q\‘Pb ) 96?&9%{‘ &g&&g& Q\’&&@&& & Culture Clinical diagnosis
& N S S/ &7
o%/&w/ FIE L R LA TN AN &S
X & § S & e L
S fod C S o&e’ G&
[ Positive.accepted
Positive.unaccepted
I Negative.accepted
C Clinical diagnosis D 120 E Negative.unaccepted
Positive Negative Sensitivity% 56.72 s~
Positive _ 135 7 Specificity% 96.32 S
Culture ' opative 103 183 PPV% 95.07 100
NPV% 63.99 4
0 < 80 360
[ 2
Clinical diagnosis E E‘
Positive Negative  Sensitivity% 89.08 £ 60 & 27107
Positive _ 212 10 Specificity% 94.74 : _ s
mNGS  Negative 26 180 PPV% 95.50 s 40 — Culture AUC=0.765 5
NPV% 8738 @ ——  mNGS AUC=0.919 £ 180+
20 ——  Culture+tmNGS AUC=0.933 2
Clinical diagnosis 904
Positive Negative Sensitivity% 94.96 0
Positive 226 16 Specificity% 91.58 0 20 40 60 80 100
CulturetmNGS \ oative” 12 174 PPV% 93.39 e e o
1 - Specificity%
NPV% 93.55 mNGS

(%) ey 241504

O Positive.accepted.rate
/A Negative.accepted.rate

100

T
®
S

=
S

-
=}
(%) drey pardaddy Afpearur)

T
n
S






OEBPS/Images/table1.jpg
Clinical features Numbers

Case number 361
Sex, male, n (%) 241 (66.76)
Age, years median (Q1, Q2) 57 (47, 68)
Medical history, n (%)
Chronic respiratory disease 45 (12.47)
Hypertension 106 (29.36)
Diabetes mellitus 59 (16.34)
Chronic kidney disease 73 (20.22)
Tumor 60 (16.62)
Chronic cardiac disease 77 (21.33)
Chronic hepatic disease 64 (17.73)
Cerebrovascular disease 46 (12.74)
za(r;z)ple number per case, n =361
1 245 (67.87)
2 98 (27.15)
3 11 (3.05)
4 3(0.83)
5 2 (0.55)
6 1(0.28)
9 1(0.28)
Sample type, n (%) =151
BALF 194 (37.96)
Blood 180 (35.23)
CSF 51 (9.98)
Sputum 19 (3.72)
Tissue 19 (3.72)
Pleural and ascites 15 (2.94)
Joint fluid 11 (2.15)
Urine 6 (1.17)
Drainage fluid 3(0.59)
Secretions 3(0.59)
Vitreous humor 2 (0.39)
Aqueous humor 2 (0.39)
Swab 2(0.39)
Bone marrow 1(0.2)
Bile 1(02)
Pus 1(0.2)
Pericardial effusion 1(0.2)
Infectious types, n (%) n =210
Respiratory system infection 112 (53.33)
Multifocal infection 38 (18.10)
Bloodstream infection 22 (10.48)
Skin and soft tissue infection 13 (6.19)
Central nervous system infection 6 (2.86)
Intra-abdominal Infection 6 (2.86)
Urinary system infection 6 (2.86)
Bone and joint infection 3(143)
Eye infection 3(1.43)
Cardiovascular system infection 1(0.48)

BALF, bronchoalveolar lavage fluid; CSF, cerebrospinal fluid.






