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Abstract 

Background Pathogen identification is essential in sepsis and septic shock. Metagenomic next-generation sequenc-
ing (mNGS) is a novel pathogen detection method with several advantages over traditional tests. However, the con-
sistency between mNGS and traditional pathogen tests requires further investigation.

Objectives We aimed to assess the consistency between mNGS and traditional pathogen tests and to identify 
the factors influencing this consistency.

Methods This systematic review and meta-analysis involved a comprehensive search of mNGS and traditional patho-
gen tests in PubMed, Embase, Scopus, Web of Science, and the Cochrane Library. Data from included studies were 
extracted, and kappa consistency between mNGS and traditional tests was calculated. Study quality was evaluated 
using the QUADAS-2 tool.

Results The search identified 415 studies, of which 27 were included in the analysis, involving 4112 individuals. 
Meta-analysis showed a pooled consistency of 0.319 ± 0.013 (p < 0.001), indicating a moderate relationship. In terms 
of sample type, cerebrospinal fluid showed the highest pooled kappa consistency at 0.500 ± 0.029 (p < 0.001). Immu-
nocompromised patients had a lower pooled kappa consistency of 0.294 ± 0.014 (p < 0.001) compared to 0.321 ± 0.028 
(p < 0.001) in immunocompetent patients. Positive percent agreement of mNGS was 83.63% over traditional microbio-
logical test, and negative percent agreement was 54.59%.

Conclusion This review demonstrates a moderate relationship between mNGS and traditional pathogen tests, 
indicating a complex relationship between these two methods. Sterile samples show higher consistency than non-
sterile samples. Immune function deficiency may reduce the consistency between mNGS and traditional tests. Further 
research is needed on the use of mNGS in sepsis and septic shock.
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Introduction
Sepsis, caused by severe infections from various patho-
genic microorganisms, is a leading cause of hospitaliza-
tion and mortality worldwide [1, 2]. Approximately 1.7 
million cases of sepsis occur annually, resulting in nearly 
250,000 deaths, making it the leading cause of death in 
noncardiac ICUs [3, 4]. The inappropriate use of anti-
biotics in the early stages is a major contributor to the 
increased morbidity and mortality associated with sepsis 
[5]. Previous studies suggest that each hour of delayed 
antibiotic administration raises the absolute mortality 
rate by about 0.3 to 1.8% [6].

Early and accurate pathogen identification helps cli-
nicians choose targeted treatments, improving patient 
outcomes and reducing mortality [7, 8]. However, there 
are no clear guidelines regarding the optimal method 
for pathogen identification. Traditional microbiologi-
cal tests, such as smear, culture, serology, and limited 
molecular panels, fail to detect the full range of potential 
pathogens, including fastidious, nonculturable, or rare 
organisms not covered by current panels. Additionally, 
culture methods in many clinical laboratories are time-
consuming, typically requiring 3–5 days for results. Sero-
logical tests and PCR require prior assumptions about 
the presence of specific pathogens and the availability of 
the necessary commercial kits, leading to missed detec-
tions in some cases [2].

Metagenomic next-generation sequencing (mNGS) 
is a novel technology for pathogen detection in infec-
tious diseases and sepsis. It combines high-throughput 
sequencing with bioinformatics analysis [9]. mNGS can 
simultaneously detect multiple pathogens through DNA 
or RNA sequencing of clinical samples [10]. Studies have 
shown that mNGS has higher sensitivity and can identify 
a broader range of pathogens compared to traditional 
microbiological tests [11, 12]. It has also demonstrated 
superior performance in detecting mixed pulmonary 
infections compared to conventional methods [13].

Although numerous studies have focused on the sen-
sitivity and specificity of mNGS [14–18], few have inves-
tigated the correlation between mNGS and traditional 
testing methods. Our literature review of studies com-
paring mNGS and traditional microbiological methods 
was conducted. Our literature review attempts to estab-
lish a connection between traditional pathogen detection 
and mNGS through the Cohen’s kappa value, making it 
easier for clinicians to understand the results of mNGS. 
Cohen’s Kappa was developed by a prominent statisti-
cian called Jacob Cohen in 1960s [19]. Cohen’s kappa 
was developed as a tool to evaluate the extent of agree-
ment among different raters, which also called inter-
rater reliability. In this article, we used Cohen’s Kappa to 
assess the consistency between mNGS and traditional 

microbiological tests in detecting pathogens in infected 
patients. Higher consistency between these two methods 
indicates a higher level of reliability for both methods in 
pathogen detection. Any factors that may reduce consist-
ency will affect the reliability of both methods in micro-
biological detection. At the same time, high consistency 
also suggests that the two methods can be interchange-
able in specific situations. This review aims to assess the 
consistency between mNGS and traditional microbiolog-
ical methods and to compare consistency across different 
study types, sample types, and immune statuses.

Methods
This systematic review and meta-analysis followed the 
PRISMA2020 guidelines (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) and was pre-
registered on PROSPERO with registration number 
CRD42024507424.

Inclusion criteria
The study included all research comparing traditional 
microbiological testing and metagenomic next-genera-
tion sequencing (mNGS) across all available sample types 
(in our article includes bronchoalveolar lavage fluid, joint 
fluid, urine, cerebrospinal fluid, and plasma) in infec-
tious disease. Traditional microbiological testing include 
smear, staining, culture, serology test, and limited molec-
ular panels. Studies such as randomized controlled trials, 
retrospective cohorts, prospective cohorts, case–con-
trol studies and observational studies were eligible. The 
patient population consisted of individuals aged 18 years 
or older with infectious diseases. The infectious disease 
diagnosis defined according to the clinical comprehen-
sive diagnosis, which was made by different independent 
clinicians with all clinical data [20].

Exclusion criteria
Articles were excluded if they met the following criteria: 
(1) reviews, letters, case reports, or case series involving 
fewer than 10 patients; (2) studies involving non-human 
subjects; (3) studies where enrolled patients did not have 
infectious diseases; (4) studies that did not compare 
results between mNGS and traditional methods; (5) low-
quality studies or those without relevant data.

Literature search
A search was conducted in MEDLINE via PubMed, 
Embase, Web of Science, and the Cochrane Library for 
English and Chinese language articles published up to 
September 2024. The search terms included “Metagen-
omic Next-Generation Sequencing”, “mNGS”, “infections” 
and “trial”. Both retrospective and prospective stud-
ies comparing traditional microbiological testing with 
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mNGS were included. In addition to electronic databases, 
we also explored other sources of literature, including 
conference proceedings, grey literature, and clinical trial 
registries to minimize publication bias.

Selection of studies
Four independent reviewers (XS, LZ, CXL, and HJ) eval-
uated the titles and abstracts of identified studies. Full 
texts were then assessed for eligibility. Potentially rel-
evant studies cited in the reference lists of identified arti-
cles and the studies cited the reference articles were also 
reviewed. Any conflicts between reviewers were resolved 
by an additional experienced reviewer (DS).

Data extraction
Data were independently extracted by four reviewers 
(XS, LZ, CXL, and HJ). From each study, the following 
data were collected and summarized: (1) basic character-
istics including authors, study period, and year of publi-
cation. (2) Type of study design, sample type, infectious 
diagnosis at the time of testing, and immune status of 
the patients. immunocompromised status was defined 
as: primary immunodeficiency, solid organ transplanta-
tion (SOT), haematopoietic stem cell transplantation 
(HSCT) during the last 6  months, HIV infection with 
CD4 counts < 200   mm3, active tuberculosis, hematologic 
malignancy, neutropenia, cytotoxic chemotherapy during 
the last month, autoimmune disease requiring glucocor-
ticoid treatment or immunosuppressive therapy for more 
than 2  weeks. (3) Original data from mNGS and tradi-
tional microbiological tests for calculating Kappa con-
sistency, which is the positive or negative results of each 
experimental individual in mNGS and traditional micro-
biological tests.

Outcomes
The primary outcome was the diagnostic consistency 
between mNGS and traditional microbiological tests, 
evaluated using Kappa consistency (also called Cohen’s 
Kappa). Kappa consistency was calculated using the fol-
lowing formula:

The formula for kappa consistency is defined as follows, 
where po is the relative observed agreement between 
raters, and pe is the hypothetical probability of chance 
agreement. pe is calculated based on the probabili-
ties of each observer randomly assigning each category, 
using the observed data. According to previous studies 
[21], kappa values are interpreted as indicating no reli-
ability (< 0.01), slight reliability (0.01–0.2), fair reliability 
(0.21–0.40), moderate reliability (0.41–0.60), substantial 

κ =

P0 − Pe

1− Pe

reliability (0.61–0.80), or almost perfect reliability 
(0.81–1.00).

The secondary outcomes included the positive percent 
agreement (PPA) and negative percent agreement (NPA), 
with mNGS treated as the test method and traditional 
microbiological tests treated as the reference method.

Quality assessment
The quality of the included studies was assessed by four 
independent reviewers (XS, LZ, CXL, and HJ) using 
the QUADAS-2 tool (Quality Assessment of Diagnos-
tic Accuracy Studies) in RevMan5 software (via the 
QUADS2 checklist). We treated mNGS as index test and 
traditional microbiological methods as reference stand-
ard. Disagreements were resolved through consensus 
meetings with an experienced reviewer (DS).

Statistical analysis and data synthesis
The random-effects was used to pool the proportions of 
consistency and SE(P) between mNGS and traditional 
microbiological tests. Heterogeneity among studies was 
evaluated using the χ2 test (Q test) and the  I2 statistic.

All p-values were based on two-sided tests, with 
p-values < 0.05 considered statistically significant. Data 
analyses were performed using R software version 4.1.0 
(http:// www.R- proje ct. org) and Review Manager (Rev-
Man, version 5.3, The Nordic Cochrane Centre, The 
Cochrane Collaboration, Copenhagen, 2014).

Results
Selection of studies
The details of the search strategy and study selection 
process are presented in Fig. 1. We created this flow dia-
gram according to PRISMA. (Haddaway, N. R., Page, 
M. J., Pritchard, C. C., & McGuinness, L. A. (2022). 
PRISMA2020: An R package and Shiny app for produc-
ing PRISMA 2020-compliant flow diagrams, with inter-
activity for optimized digital transparency and Open 
Synthesis Campbell Systematic Reviews, 18, e1230) A 
total of 415 studies were identified through the search. 
After screening, retrieval, and eligibility assessment, 27 
studies reporting original data from both mNGS and tra-
ditional tests were included in this review.

Study characteristics
The characteristics of the 27 included studies are summa-
rized in Table 1, and included studies is listed in Supple-
mentary File 1. All were observational, with 17 designed 
retrospectively and 10 designed prospectively. Notably, 
none of the studies are cross-sectional design nor case–
control design. Geographically, most of the studies were 
conducted in China, highlighting a significant focus on 
this region. Only one study was conducted in France, 

http://www.R-project.org
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and another in the Czech Republic, reflecting the pre-
dominantly Chinese-based research in this area. In terms 
of scope, six studies involved multiple centers, while 
21 studies were conducted in single center, focusing on 
localized populations. The total sample size is 4112 par-
ticipants, and average sample size across the studies was 
152.3 participants. The average age of participants was 
54 (13–93) years, with only one study not reporting the 
age of its population. Regarding the technologies used 
for genetic sequencing, seven studies used the BGISEQ 
platform, fourteen used the Illumina platform, two used 
MinION platform, two used MGISEQ platform, one used 
Dinfectome Dif seq platform, one utilized untargeted 
next-generation sequencing, and one used 16S rRNA 
PCR-DGGE-S. One uniquely employed both the BGISEQ 
and Illumina platforms simultaneously. This diversity 
in approaches underscores the complexity and range of 
methodologies used in the research, reflecting a compre-
hensive examination of the subject matter across differ-
ent technologies and platforms.

Consistency and subgroup analysis
A total of 27studies, involving 4112 individuals, were 
included in this analysis. The pooled kappa consistency 
was calculated to be 0.319 ± 0.013, with a highly signifi-
cant p-value of less than 0.001, as shown in Fig.  2. The 
variability among the studies was evaluated, resulting in 

an  I2 statistic of 90.15%, indicating a substantial degree 
of heterogeneity in the data. Additionally, the  tau2 value 
was recorded as 0.07, which helps to explain the variation 
across the included studies. Further details are provided 
in the subgroup analysis in Table 2.

In terms of study design, the pooled kappa consistency 
for prospective studies was 0.181 ± 0.015 (p < 0.001). In 
contrast, retrospective studies showed a lower pooled 
kappa consistency of 0.423 ± 0.021 (p < 0.001).

Of the 27 studies analyzed, 15 focused on bronchoal-
veolar lavage fluid (BALF), 1 focused on sputum. Three 
studies examined cerebrospinal fluid (CSF), while 3 stud-
ies used plasma samples. Two study focused on joint 
fluid, one study focused on biopsy tissue, one study 
focused on ascites, and one collected urine samples. 
The pooled kappa consistency for BALF was found to be 
0.225 ± 0.019 (p < 0.001), and the pooled kappa consist-
ency for sputum was 0.045 ± 0.012 (p = 0.005). For joint 
fluid, the pooled kappa consistency was 0.088 ± 0.070 
(p = 0.184), suggesting some consistency, although not 
statistically significant. In the case of urine samples, the 
pooled kappa consistency was 0.438 ± 0.167 (p = 0.01), 
indicating significant findings. Studies involving cerebro-
spinal fluid demonstrated a pooled kappa consistency of 
0.500 ± 0.029 (p < 0.001), reflecting strong consistency. 
However, plasma samples showed a lower pooled kappa 
consistency of 0.161 ± 0.040 (p =  < 0.001). The pooled 

Fig. 1 Research flow
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kappa consistency of biopsy tissue was 0.212 ± 0.144 
(p = 0.102). And the pooled kappa consistency of ascites 
was 0.407 ± 0.118 (p = 0.003), indicate also a significant 
finding.

When consider the infectious diagnosis of infectious 
disease, it’s similar to that of different sample type. Six-
teen studies focused on pulmonary infection, of which 
pooled kappa consistency is 0.165 ± 0.015 (p < 0.001). 
Three studies focused on CNS (central nervous system) 
infection, of which kappa consistency is 0.500 ± 0.029 
(p < 0.001). Three studies focused on bloodstream 
infection, of which kappa consistency is 0.161 ± 0.040 
(p < 0.001). Two studies reported prosthetic joint infec-
tion with kappa consistency is 0.088 ± 0.070 (p = 0.184). 
The kappa consistency of studies concerned peritonitis, 
spinal infection and acute cystitis are separately the same 
as it of studies concerned ascites, biopsy tissue and urine.

Finally, when analyzing the immune status of patients, 
the pooled kappa consistency of eight studies focusing 

on immunocompromised patients was 0.294 ± 0.014 
(p < 0.001). In comparison, nineteen studies involving 
healthy patients had a similar pooled kappa consistency 
of 0.321 ± 0.028 (p < 0.001). This detailed breakdown 
provides valuable insights into the variations observed 
across different patient groups and sample types within 
the studies included in this analysis.

Secondary outcome
Our study also calculated PPA and NPA with mNGS 
treated as index test and traditional microbiological 
tests treated as reference method, which are presented 
in Table  3. When using the traditional method as the 
index test, the pooled positive percent agreement was 
83.63%, the pooled negative percent agreement was 
54.59%, the pooled false positive rate was 45.41%, and 
the pooled false negative rate was 16.37%.

Fig. 2 Pooled kappa consistency
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Quality assessment
Most of the studies included in this analysis had a low 
risk of bias in the reference standard, patient selection, 
and flow and timing (Fig.  3). Only one study was rated 
as having an unclear risk due to a lack of clear patient 
selection criteria, testing method, and timing details. 
However, since this study provided clear data on mNGS 
and traditional pathogen testing, it was included in the 
analysis.

The funnel plot (Fig.  4) was used to assess publica-
tion bias, and the linear regression test for asymmetry 
showed low publication bias among the included studies 
(t = − 1.365, df = 17, p = 0.190).

Discussion
In this systematic review, we compiled various studies 
reporting the use of mNGS and traditional testing meth-
ods for pathogen identification in infectious diseases. 
Our study carefully extracted the original data from these 
studies and calculated the pooled kappa consistency 

between mNGS and traditional pathogen testing meth-
ods, ensuring accuracy and reliability.

Previous studies have found that mNGS has signifi-
cant advantages over traditional pathogen detection 
in terms of speed, breadth, and accuracy [20, 22–24]. 
This research aimed to describe the agreement between 
mNGS and traditional microbiological teat. The meas-
urement we used was Cohen kappa consistency. Kappa 
is typically used to describe the reliability between dif-
ferent raters measuring the same variable. This interrater 
reliability is also called agreement [25]. The agreement 
may not determine which method is better; rather, it is 
used to describe the degree of similarity between the two 
methods.

The pooled kappa consistency demonstrated a mod-
erate level of reliability between mNGS and traditional 
pathogen tests. This indicate there is a positive corre-
lation between mNGS and traditional pathogen tests, 
while the degree of this correlation is medial. Notably, 

Table 2 Subgroup analysis

BALF = bronchoalveolar lavage fluid, CNF = cerebrospinal fluid, CNS = central 
nervous system,

Subgroup factor Number 
of studies

Kappa 
consistency 
(Mean ± SD)

p-value

Total 27 0.319 ± 0.013 < 0.001

Type of research

 Prospective 10 0.181 ± 0.015 < 0.001

 Retrospective 17 0.423 ± 0.021 < 0.001

Sample Type

 BALF 15 0.225 ± 0.019 < 0.001

 Plasma 3 0.161 ± 0.040 < 0.001

 CNF 3 0.500 ± 0.029 < 0.001

 Joint Fluid 2 0.088 ± 0.070 0.184

 Sputum 1 0.045 ± 0.012 0.005

 Biopsy tissue 1 0.212 ± 0.144 0.102

 Ascites 1 0.407 ± 0.118 0.003

 Urine 1 0.438 ± 0.167 0.01

Immunocompromised

 Yes 8 0.294 ± 0.014 < 0.001

 No 19 0.321 ± 0.028 < 0.001

Infectious diagnosis

 Pulmonary infection 16 0.165 ± 0.015  < 0.001

 CNS infection 3 0.500 ± 0.029  < 0.001

 Bloodstream infection 3 0.161 ± 0.040  < 0.001

 Prosthetic joint infection 2 0.088 ± 0.070 0.184

 Peritonitis 1 0.407 ± 0.118 0.003

 Spinal infection 1 0.212 ± 0.144 0.102

 Acute cystitis 1 0.438 ± 0.167 0.01

Table 3 Agreement of the included studies

PPA = positive percent agreement, NPA = negative percent agreement, FP = false 
positive, FN = false negative

Study name PPA NPA FP FN

Parize 2017 81.82 70.00 30.00 18.18

Kotaskova 2019 73.91 83.33 16.67 26.09

Zhang 2020 93.85 90.91 9.09 6.15

Xing 2020 45.80 91.93 8.07 54.20

Huang 2020 90.63 22.50 77.50 9.38

Chen 2022 83.64 44.55 55.45 16.36

He 2022 81.08 58.44 41.56 18.92

Fu 2022 100.00 57.45 42.55 0.00

Ju 2022 92.31 27.78 72.22 7.69

Lu 2022 86.67 47.46 52.54 13.33

Dong 2023 94.12 44.94 55.06 5.88

Pan 2023 60.87 46.43 53.57 39.13

Chen 2023 90.24 78.26 21.74 9.76

Liu 2023 72.09 32.77 67.23 27.91

Xie 2023 94.00 0.00 100.00 6.00

Zhang 2023 94.23 10.00 90.00 5.77

Zhao 2023 91.89 35.00 65.00 8.11

Wen 2023 88.89 4.55 95.45 11.11

Lin 2024 87.93 18.18 81.82 12.07

Fu 2024 91.03 53.23 46.77 8.97

Zhang 2024 92.86 55.56 44.44 7.14

Jiang 2024 88.89 20.69 79.31 11.11

Zheng 2024 93.44 26.60 73.40 6.56

Lv 2024 80.85 41.67 58.33 19.15

Liu 2024 93.22 22.76 77.24 6.78

Chen 2024 70.00 36.47 63.53 30.00

Shi 2024 87.10 6.67 93.33 12.90

Total 83.63 54.59 45.41 16.37
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no comprehensive meta-analysis has specifically 
focused on the kappa consistency between mNGS and 
traditional pathogen testing; however, a limited num-
ber of independent studies have explored this topic, as 
referenced in sources [26–31]. Furthermore, the kappa 
consistency varied depending on the sample type and 
patient categories included in the studies. This vari-
ability highlights the complexity of interpreting results 
across different methodologies and patient populations 
and underscores the need for further research to fully 
understand the relationship between these diagnostic 
approaches.

Regarding sample types, the kappa consistency for 
samples from the respiratory tract, cerebrospinal fluid 
(CSF), and plasma showed statistical significance, 
though the level of heterogeneity across the studies was 
high. Among the sample types, CSF exhibited the high-
est kappa consistency, which aligns with findings from 
previous studies [30]. This higher consistency may be 
due to the fact that CSF is typically sterile under nor-
mal physiological conditions, making pathogen detec-
tion more reliable. In contrast, the kappa consistency 
for respiratory samples has been shown in earlier stud-
ies [26, 29, 31] to range from low to moderate. This 
lower consistency could be attributed to the large num-
ber of commensal microorganisms naturally present in 
the respiratory tract, suggesting that while mNGS holds 
promise, it may not yet be fully capable of replacing tra-
ditional methods for diagnosing respiratory infections. 
The significant heterogeneity observed across different 
sample types emphasizes the need for further research 
to optimize metagenomic sequencing techniques for 
various clinical scenarios. This optimization could 
improve diagnostic accuracy and reliability, ultimately 
enhancing patient outcomes in diverse healthcare set-
tings, especially in sepsis and septic shock. Current 
guidelines for septic shock recommend obtaining non-
invasive microbiological specimens, such as blood, 

cerebrospinal fluid, urine, wounds, respiratory secre-
tions, and other body fluids, before initiating antimi-
crobial therapy [31].

According to our study, the consistency of microbio-
logical specimens from non-sterile sites, such as the res-
piratory and gastrointestinal tracts, is relatively low. This 
may suggest that obtaining physiologically sterile speci-
mens, like plasma and cerebrospinal fluid, could provide 
more accurate pathogen information compared to non-
sterile site samples. For patients with sepsis or septic 
shock, this may imply that blood cultures are more valu-
able than sputum or urine cultures. Furthermore, for the 
high kappa consistency in CNF sample, the mNGS and 
traditional culture may lead to same result, which could 
save the cost for clinical practice. Previous studies have 
also shown that using multiple sample types can increase 
the detection rate and accuracy of pathogen identifica-
tion [32, 33]. The difference between traditional tests and 
mNGS in different sample types could affect diagnostic 
accuracy. Although traditional culture remains the gold 
standard for pathogen identification, mNGS results may 
offer valuable insights, particularly in complex infections 
like sepsis or septic shock [34].

Additionally, this meta-analysis revealed significantly 
lower kappa consistency for studies focusing on immu-
nocompromised patients compared to those involv-
ing immunocompetent individuals. This finding has not 
been reported in previous studies and highlights a gap 
in the literature. A possible explanation is the increased 
diversity and prevalence of opportunistic pathogens in 
immunodeficient populations, which complicates diag-
nosis. In immunocompromised patients, the immune 
system is less effective in fighting infections, leading to a 
wider range of potential pathogens that need to be iden-
tified. Traditional culture-based methods often strug-
gle to detect all infectious organisms in these patients 
due to the limitations of these techniques in capturing 
a diverse microbial landscape. In contrast, mNGS offers 

Fig. 3 a Quality assessment summary. b Quality assessment detail
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a significant advantage by detecting a broader range of 
microorganisms, making it particularly useful for identi-
fying pathogens in complex cases associated with immu-
nosuppression. This highlights the potential of mNGS as 
a more comprehensive diagnostic tool, especially in situa-
tions where traditional methods may be inadequate, thus 
improving patient management and treatment outcomes 

in vulnerable populations. According to previous stud-
ies, sepsis and septic shock can suppress the immune 
competence of patients. Traditional cultures may be 
affected by the diversity of microorganisms due to the 
immunosuppressive state during sepsis. However, mNGS 
has a much broader pathogen spectrum [11, 12], mak-
ing it potentially more useful in diagnosing infections 

Fig. 3 continued
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in patients with sepsis or septic shock. For uncommon 
pathogens, previous studies have demonstrated that 
mNGS has higher diagnostic accuracy than traditional 
tests for tuberculosis, fungi, and certain viruses [35–37]. 
This suggests that mNGS may have greater potential for 
detecting uncommon pathogens compared to traditional 
tests. Additionally, because mNGS results are available 
more quickly than traditional cultures, it could reduce 
the time between diagnosis and antibiotic administra-
tion, which could improve survival rates in patients with 
septic shock.

To our knowledge, no comprehensive meta-analysis 
has been conducted on the kappa consistency between 
mNGS and traditional testing methods for infectious 
diseases. This review represents an important advance-
ment in evaluating kappa consistency, providing valu-
able insights into the strength of the relationship 
between mNGS and traditional tests. As we described 
above, Cohen’s Kappa could evaluate interrater reliabil-
ity. By quantifying this relationship, the findings offer a 
clearer numerical understanding of how these two diag-
nostic approaches correlate, especially in cases where 
clinical results may appear contradictory. Such dis-
crepancies can create confusion in patient management 
and treatment decisions, making it essential to have 
a clearer framework for interpreting the consistency 
between these methods. This analysis not only high-
lights the strengths and limitations of each approach 
but also serves as a crucial resource for clinicians facing 

complex diagnostic scenarios. By shedding light on 
the nuances of kappa consistency, this review aims to 
improve decision-making processes in clinical settings, 
thereby enhancing patient care and outcomes in sepsis 
and septic shock.

In our research, the mNGS and traditional micro-
biological test has a medial kappa consistency. This 
indicate that although these two pathogen detection 
methods have positive correlation, they could not 
replace each other in the clinical diagnosis of infectious 
disease. As for the PPA and NPA between these two 
methods, we found that PPA is much higher than NPA. 
This suggest that these two tests have better reliability 
when the test result are positive. It reminds us that in 
clinical practice, if one of the tests (mNGS or tradi-
tional pathogen detection) is positive, the other test is 
likely to also be positive. However, if one test returns 
a negative result, the other test is not necessarily nega-
tive. In order to increase the reliability, repeating tests 
using an alternative method or the same method is 
recommended. This correlation may help us to decide 
whether to perform another test when we had the 
results of one test.

However, there are limitations to our research. First, 
the included studies were not prospective randomized 
clinical trials; many were retrospective. Second, we 
only included studies published in English and Chinese, 
which may introduce regional bias. Third, some studies 
were excluded due to unavailable original data, which 
could also contribute to bias.

Fig. 4 The funnel plot
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Conclusion
In this systematic review, we examined the agreement 
between mNGS and traditional pathogen testing meth-
ods with Cohen kappa consistency. Our analysis showed 
a moderate kappa consistency, indicating a positive cor-
relation between mNGS and traditional microbiological 
test, which influenced by factors such as sample type and 
patient population. Notably, cerebrospinal fluid samples 
exhibited the highest consistency, likely due to their typi-
cally sterile nature, while respiratory tract samples dis-
played lower reliability due to the presence of numerous 
commensal organisms. That suggest that mNGS and tra-
ditional microbiological tests are alternative when it meet 
specific infection like CNS infection. Additionally, we 
found lower kappa consistency in immunocompromised 
patients compared to immunocompetent individuals, 
this may be caused by the advantage of mNGS in detect-
ing a broader range of pathogens in complex cases, such 
as sepsis and septic shock. The medial agreement and 
high PPA between mNGS and traditional microbiologi-
cal test indicate that when one test result is positive, the 
other test is not necessary. However, when one test result 
is negative, it is recommended to complete the other test 
to avoid missed diagnoses. Better understanding of the 
consistency between the two methods and the influenc-
ing factors could help choose and interpret results based 
on clinical needs.
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