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Objective: Severe pneumonia is a common infectious disease with high morbidity and mortality. Early etiological diagnosis is crucial 
for improving the prognosis. The aim of this study is to evaluate the clinical value of sampling time of mNGS in patients with severe 
pneumonia.
Methods: This retrospective study enrolled 105 patients with severe pneumonia. mNGS was performed on bronchoalveolar lavage 
fluid (BALF). Patients were divided into the sampling time ≤ 72h vs sampling time >72h groups and survivors vs non-survivors groups 
according to their sampling time and prognosis. Clinical characteristics, the adjustment of antibiotics and clinical prognostic value 
were evaluated.
Results: Our study showed that, early sampling of mNGS can significantly shorten the mechanical ventilation time (p = 0.007) and 
hospitalization time (p = 0.004). In the non-survivors group, CURB-65, SOFA, and APACHE II scores were higher. Age (OR: 1.051, 
95% CI: 1.004–1.100, p = 0.034), chronic respiratory diseases (OR: 4.639, 95% CI: 1.260–17.082, p = 0.021), immunosuppression 
(OR: 5.008, 95% CI: 1.617–15.510, p = 0.005) and SOFA score on the day of mNGS sampling (OR: 1.492, 95% CI: 1.212–1.837, p < 
0.001) were independent risk factors of in-hospital mortality. The most common pathogens were Klebsiella pneumoniae and Human 
gammaherpesvirus 4. The proportion of appropriate and targeted antibiotics adjusted was significantly higher than that in the sampling 
time > 72h group, and the proportion of antifungal and antiviral agents adjusted was lower. In the early sampling group, it was 
significantly decreased in the CRP, PCT level and NEU% at discharge.
Conclusion: This study demonstrated that early sampling of mNGS could shorten the time of mechanical ventilation and hospitaliza
tion of patients with severe pneumonia. Patients with higher SOFA score on the day of sampling had a poorer prognosis. It emphasizes 
that early sampling of mNGS has a positive value.
Keywords: metagenomic next generation sequencing, severe pneumonia, sampling time, mortality

Introduction
Severe pneumonia is associated with high morbidity and mortality, especially in the ICU, and is one of the global burdens 
of infectious diseases.1,2 For patients with severe pneumonia, rapid identification of pathogens and timely initiation of 
appropriate anti-infective therapy are the most critical determinants of prognosis. Furthermore, pathogen diagnosis is 
a key step in anti-infective treatment. Enteric Gram-negative bacilli, Staphylococcus aureus and non-fermentative 
bacteria accounted for most isolates from lower respiratory tract specimens. Atypical infections (2%) were 
uncommon.3 Viruses, except the influenza virus, respiratory viruses accounted for approximately 13.5–56.2% of 
community-acquired pneumonia (CAP).4

Conventional microbial culture methods, serological antigen and/or antibody testing and polymerase chain reaction 
(PCR) have limitations for pathogens detection, only using specific primers or probes, and only targeting a limited 
number of pathogens. As high-throughput and unbiased sequencing-based pathogens detection technology, mNGS 
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characterizes all DNA or RNA existing in various clinical samples, providing new diagnostic evidence, which can be 
used to guide treatment planning and improve antibiotic management.5–7 In this study, we performed microbial mNGS 
assays on respiratory tract specimens of patients with severe pneumonia. However, reports on evaluating the impact of 
mNGS sampling time on patients with severe pneumonia remain scarce. The purpose of this study was to evaluate the 
correlation between the different sampling time of mNGS with the prognosis of patients with severe pneumonia, and to 
evaluate the benefits of early detection, which may be helpful to make more accurate clinical decisions.

Materials and Methods
Study Population
Patients hospitalized for suspected pneumonia from January 2019 to November 2022 were recruited from Taizhou 
Hospital of Zhejiang Province. All patients met the American Thoracic Society/ the Infectious Disease Society of 
America (ATS/IDSA 2019) criteria for predicting severe pneumonia.8 Inclusion criteria were (1) clinical suspicion of 
severe pneumonia; (2) could tolerate bronchoscopy. The exclusion criteria were as follow: (1) <18 years old; (2) missing 
data; (3) inter-hospital transfer; (4) having a history of hospitalization within 14 days before illness onset (Figure 1). 
Depending on the sampling time of mNGS after admission and clinical outcome that differentiate the sampling time ≤ 
72h vs sampling time >72h groups or survivors vs non-survivors groups. In the sampling time ≤ 72h group (n=61), there 
were 36 survivors and 25 non-survivors. Among the patients whose sampling time was more than 72 h (n=44), 19 
patients survived and 25 patients died. All patients signed informed consent forms before mNGS testing. This study was 
approved by the Institutional Medical Ethics Committee of Taizhou Hospital of Zhejiang Province.

Clinical Data Collection
Clinical information was collected from electronic medical records, including age, gender, smoking, underlying disease, 
first symptoms, blood laboratory tests on the day of mNGS sampling, usage of antimicrobial agents, invasive procedures, 
complications, clinical outcomes and changes in routine blood and inflammatory indicators (C-reactive protein, procal
citonin). Disease severity was determined based on confusion of new onset, blood urea nitrogen, respiratory rate, blood 

Figure 1 The flowchart of patient enrollment.
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pressure and age 65 years or older (CURB65), sequential organ failure (SOFA) and acute physiology and chronic health 
evaluation II (APACHE II) scores.

mNGS Procedure for BALF Samples
BALF was collected from patients according to standard operating procedures. mNGS sequencing and analysis were 
performed by the methods reported in previous literature.9 The process of mNGS included experimental operation and 
bioinformatics analysis. (1) Sample processing and nucleic acid extraction: DNA was extracted according to the 
manufacturer’s recommendation. (2) Library construction and sequencing included DNA fragmentation, end repair, 
adapter ligation, PCR amplification and sequenced. For each batch, we used positive and negative controls for quality 
control and to minimize contamination. (3) Bioinformatics analysis included the following steps: data quality control, 
human sequence removal and microbial species comparison annotation. Interpretation criteria referred to previous 
research.9

Statistical Analysis
All data in the study were statistically analyzed by SPSS 23.0 (SPSS Inc., Chicago, IL, USA) and plotted using GraphPad 
Prism 7 software (GraphPad Software, Inc., La Jolla, CA, USA). Normally distributed data were presented as mean ± 
standard deviation (SD) and were compared between the two groups by t-test. Non-normally distributed data were 
presented as median and interquartile range (IQR) and were compared by Mann–Whitney U-test. The categorical 
variables were described by percentage and compared using the chi-square test. The factors screened in univariate 
analysis (variable p<0.2) were selected and multivariate analysis was conducted by binary logistic regression. The p<0.05 
was considered to be statistically significant.

Results
A total of 105 critically ill patients were eligible for the study. Their baseline characteristics are shown in Table 1, 72.4% 
(76/105) of them were men. In-hospital mortality was 47.6%. Smoking and drinking histories of patients in different 
groups were similar. According to different sampling times, the mechanical ventilation time and hospitalization time in 
the sampling time ≤ 72h group were significantly shorter. Compared with the survivors group, patients in the non- 
survivors groups were older. There were significant differences in the following symptoms in the non-survivors group 
compared to the survivors group: fever (38.0% vs 60.0%, p = 0.024) and obnubilation (14.0% vs 1.8%, p = 0.026). In 
terms of underlying disease, the non-survivors group had a significantly higher proportion of cardiovascular diseases, 
chronic respiratory diseases and immunosuppression. Based on disease severity on the day of sampling, CURB-65, 
SOFA and APACHE II scores were higher in the non-survivors group.

Laboratory findings recorded on the day of mNGS sampling were presented in Table 2. There was no specificity in 
routine laboratory findings among different groups. In the sampling time ≤ 72h group, PCT was significantly higher than 
that in the sampling time > 72h group, and the levels of ALP were significantly lower (p = 0.001). Compared with the 
survivors group, PLT was lower in non-survivor patients.

Further binary logistic regression analysis of p<0.2 above indicated that the independent variables related to in- 
hospital mortality included age (OR: 1.051, 95% CI: 1.004–1.100, p = 0.034), chronic respiratory diseases (OR: 4.639, 
95% CI: 1.260–17.082, p = 0.021), immunosuppression (OR: 5.008, 95% CI: 1.617–15.510, p = 0.005) and SOFA score 
on the day of mNGS sampling (OR: 1.492, 95% CI: 1.212–1.837, p < 0.001) (Table 3).

Of 105 cases, 5 cases were negative for mNGS analysis, single microorganism was detected in 27 cases, and multiple 
microorganisms were detected in 78 cases. The most frequently detected pathogen was Klebsiella pneumoniae (31 cases), 
followed by Human gammaherpesvirus 4 (25 cases), Candida albicans (23 cases) and Pseudomonas aeruginosa (23 
cases) (Figure 2). 5 cases were positive for Chlamydia psittaci and 1 case was positive for Leptospira interrogans.

In clinical samples, the positive rates of various pathogenic microorganisms in different groups were compared 
(Figure 3). The most frequently detected pathogens in the sampling time ≤ 72h group were Klebsiella pneumoniae 
(32.8%), Pseudomonas aeruginosa (34.4%), Acinetobacter baumannii (21.3%), Staphylococcus aureus (18.0%), 
Streptococcus pneumoniae (13.1%), Candida albicans (36.1%) and Chlamydia psittaci (8.2%). While in the sampling 
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Table 1 Demographics, Clinical Characteristics and Outcome of Patients of Patients with Severe Pneumonia

Characteristics Sampling Time ≤ 72h 
(n=61)

Sampling Time > 72h 
(n=44)

p value Survivors  
(n=55)

Non-Survivors 
(n=50)

p value

Age (years) 65.5±16.0 69.4±13.8 0.169 63.1±16.3 71.6±12.5 0.003
Gender, n(%) 0.066 0.603

Male 40(65.6) 36(81.8) 41(74.5) 35(70.0)

Female 21(34.4) 8(18.2) 14(25.5) 15(30.0)

Smoking status, n(%) 0.613 0.281
Non-smoker 32(52.5) 25(56.8) 27(49.1) 30(60.0)

Ex-smoker 19(31.1) 10(22.7) 15(27.3) 14(28.0)

Current smoker 10(16.4) 9(20.5) 13(23.6) 6(12.0)
Smoking history pack years 33.5±12.6 39.5±13.1 0.118 34.3±13.5 38.0±12.4 0.335

Drinking, n(%) 15(24.6) 10(22.7) 0.825 16(29.1) 9(18.0) 0.183

Systolic pressure, median (IQR) (mmHg) 125(108–140) 135(111–145) 0.183 131(109–139) 130(109–153) 0.570
Diastolic pressure, median (IQR) (mmHg) 70(62–80) 77(65–83) 0.320 76(66–82) 67(61–80) 0.102

Body temperature, median (IQR) (°C) 37.4(36.8–38.0) 37.1(36.6–37.8) 0.400 37.5(36.8–38.2) 37.4(36.9–38.0) 0.835

Pulse, median (IQR) (cpm) 105(92–118) 99(87–110) 0.066 104(94–110) 101(87–116) 0.397
Respiratory rate, median (IQR) (cpm) 22(19–29) 21(18–25) 0.118 22(19–29) 20(18–25) 0.169

Symptoms, n(%)

Dyspnea 8(13.1) 2(4.5) 0.187 5(9.1) 5(10.0) 0.874
Frailty 2(3.3) 7(15.9) 0.033 4(7.3) 5(10.0) 0.733

Cough 34(55.7) 27(61.4) 0.564 32(58.2) 29(58.0) 0.985

Expectoration 27(44.3) 18(40.9) 0.732 23(41.8) 22(44.0) 0.821
Chest distress 30(49.2) 15(34.1) 0.123 28(50.9) 17(34.0) 0.080

Fever 32(52.5) 20(45.5) 0.479 33(60.0) 19(38.0) 0.024
Obnubilation 6(9.8) 2(4.5) 0.463 1(1.8) 7(14.0) 0.026

Underlying conditions, n(%)

Hypertension 28(45.9) 22(50.0) 0.678 26(47.3) 24(48.0) 0.941

Diabetes mellitus 11(18.0) 10(22.7) 0.553 10(18.2) 11(22.0) 0.625
Cardiovascular diseases 23(37.7) 21(47.7) 0.304 18(32.7) 26(52.0) 0.046
Chronic respiratory diseases 9(14.8) 13(29.5) 0.066 7(12.7) 15(30.0) 0.030
Malignancy 9(14.8) 9(20.5) 0.444 8(14.5) 10(20.0) 0.459
Immunosuppression 19(31.1) 20(45.5) 0.134 15(27.3) 24(48.0) 0.028

CURB-65 score on the day of mNGS sampling, 

median (IQR)

2(1–3) 2(1–2) 0.152 2(1–3) 2(1.8–3) 0.012

SOFA score on the day of mNGS sampling, median 

(IQR)

10(7–13) 10(7–12) 0.508 8(6–10) 12(10–15) <0.001
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APACHE II score on the day of mNGS sampling, 
median (IQR)

17(13–20) 15(12–19) 0.138 14(12–18) 18(14–22) <0.001

Complications, n(%)

Sepsis shock 20(32.8) 15(34.1) 0.889 9(16.4) 26(52.0) <0.001
Acute Respiratory Distress Syndrome 9(14.8) 7(15.9) 0.871 6(10.9) 10(20.0) 0.195

Acute kidney injury 9(14.8) 9(20.5) 0.444 3(5.5) 15(30.0) 0.001
Mortality, n(%) 25(41.0) 25(56.8) 0.109

Use of vasoactive drugs 35(57.4) 28(63.6) 0.518 24(43.6) 39(78.0) <0.001
CRRT, n(%) 5(8.2) 6(13.6) 0.369 1(1.8) 10(20.0) 0.003
ECMO, n(%) 3(4.9) 2(4.5) 1.000 2(3.6) 3(6.0) 0.667

Mechanical ventilation, n(%) 50(82.0) 39(88.6) 0.348 42(76.4) 47(94.0) 0.012
Mechanical ventilation time, median (IQR) (days) 225.5(132.8–359.5) 326.0(210–489.5) 0.007 249.5(144–357.8) 286(195–470.5) 0.108
Hospital length of stay, median (IQR) (days) 15.0(11.3–28.8) 24.0(14.0–36.0) 0.004 24(13.3–32) 16(10.5–29) 0.130

Notes: Bold type indicates statistical significance (p < 0.05). Chronic respiratory diseases: Asthma, COPD, Cystic fibrosis, Obsolete Pulmonary Tuberculosis.
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Table 2 Laboratory Findings of Patients with Severe Pneumonia on the Day of mNGS Sampling

Laboratory Findings Sampling Time ≤ 72h 
(n=61)

Sampling Time > 72h 
(n=44)

p value Survivors  
(n=55)

Non-Survivors 
(n=50)

p value

WBC (109/L) 9.0(5.3–11.8) 11.6(7.5–15.4) 0.127 10.2(6.9–15.4) 9.5(5.9–14.4) 0.542

NEU% 90.5(82.7–93.5) 90.7(85.8–93.4) 0.773 90.0(81.6–93.4) 91.1(85.1–94.3) 0.773

PLT (109/L) 165(92–233) 170(96–311) 0.109 196(108–254) 146(64–227) 0.010
Hb (g/L) 112(91–132) 104(88–120) 0.330 104(91–129) 104(88–120) 0.151

CRP (mg/L) 179.2(61.9–242.0) 148.2(76.4–237.3) 0.740 182.1(90.1–248.3) 149.1(69.2–231.8) 0.973

PCT (ng/mL) 2.5(0.5–13.7) 1.0(0.1–6.0) 0.010 1.9(0.5–10.4) 2.4(0.3–8.3) 0.650
ALT (IU/L) 25(13.5–43.5) 20.5(14.5–40.0) 0.915 26.5(13.3–40.1) 20.0(13.5–40.5) 0.386

ALP (IU/L) 73(57–110) 94(74–121) 0.001 96.5(72.3–115.8) 73(63.5–117.0) 0.660

ALB (g/L) 26.8(23.5–29.9) 27.3(24.7–30.5) 0.157 26.9(23.6–30.6) 27.8(24.1–31.4) 0.788
T.Bil (mmol/L) 11.7(8.8–20.1) 11.0(7.0–19.6) 0.271 10.6(7.5–18.9) 12.0(8.9–24.2) 0.157

TBA (μmol/L) 2.9(1.6–6.6) 3.6(2.3–5.3) 0.847 3.2(1.6–6.5) 3.6(1.8–5.3) 0.193

BUN (mmol/L) 9.6(5.8–13.7) 7.4(5.2–11.6) 0.081 8.6(5.5–12.6) 7.8(5.6–14.2) 0.736
Scr (μmol/L) 77(56–110) 68(56–121) 0.682 70(56–111) 79(57–141) 0.577

FIB (g/L) 4.7(3.9–6.5) 5.6(4.3–7.8) 0.215 5.9(4.1–7.3) 4.7(4.0–6.1) 0.359

APTT (s) 40.5(35.6–47.2) 39.0(35.8–45.7) 0.332 41.4(36.2–45.7) 40.4(36.0–50.7) 0.252
D-dimer (μg/mL) 4.1(1.8–7.5) 2.6(1.4–5.2) 0.176 4.0(2.4–7.4) 2.3(1.3–6.1) 0.981

pH 7.42(7.34–7.49) 7.43(7.41–7.47) 0.191 7.42(7.37–7.48) 7.43(7.40–7.49) 0.305

PaO2/FiO2 (mmHg) 163(112–230) 173(136–245) 0.161 157(112–236) 163(125–223) 0.202
Lac (mmol/L) 2.3(1.4–3.0) 1.6(1.0–2.4) 0.050 1.9(1.3–2.6) 1.8(1.0–3.7) 0.653

Notes: Bold type indicates statistical significance (p < 0.05). 
Abbreviations: WBC, white blood cell count; NEU%, neutrophil percentage; PLT, platelets; Hb, hemoglobin; CRP, C-reactive protein; PCT, procalcitonin; ALT, Alanine Transaminase; ALP, Alkaline Phosphatase; ALB, Albumin; T.BIL, Total 
bilirubin; TBA, Total bile acid; BUN, blood urea nitrogen; Scr, creatinine; FIB, Fibrinogen; APTT, Activated Partial Thromboplastin Time; Lac, Lactic acid.
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time > 72h group, Stenotrophomonas maltophilia (15.9%), Pneumocystis jiroveci (22.7%), Aspergillus fumigatus (9.1%), 
Human alphaherpesvirus 1 (25.0%) and Human gammaherpesvirus 4 (31.8%). Staphylococcus aureus (16.4%), 
Mycobacterium tuberculosis (10.9%), Chlamydia psittaci (9.1%), Human gammaherpesvirus 4 (30.9%) had higher 
positive rate in the survivors group. Pseudomonas aeruginosa (30.0%), Acinetobacter baumannii (24.0%), Legionella 
pneumophila (10.0%), Aspergillus fumigatus (8.0%) and Human betaherpesvirus 5 (24.0%) had higher positive rate in 
the non-survivors group.

All 105 patients were treated with antibiotics during their hospitalization. According to the mNGS results, 22 cases had 
appropriate and targeted treatment in the sampling time ≤ 72h group, and the proportion of appropriate antibiotics adjusted was 
significantly higher than that in the sampling time > 72h group. While, the proportion of antifungal and antiviral agents 
adjusted in the sampling time > 72h group was higher than that in the sampling time ≤ 72h group (Figure 4).

Most of the patients had obvious changes in inflammatory indicators from mNGS sampling to discharge. In the sampling 
time ≤ 72h group, it was significantly decreased in the CRP, PCT level and NEU%. In the sampling time > 72h group, CRP 
significantly decreased at discharge, while other inflammatory indicators had no significant difference (Figure 5).

Discussion
The high mortality of severe pneumonia was related to unclear diagnosis and untimely treatment,10 and we speculated 
that the sampling time of mNGS was related to its clinical outcome. This retrospective study described the clinical 
utilization of mNGS in the diagnosis of infectious pathogens with BALF in patients with severe pneumonia. We 
compared the complications, mechanical ventilation and hospitalization time between the early sampling and non- 
early sampling, as well as the survivors and the non- survivors groups. We found that early sampling could reduce the 
time of mechanical ventilation and hospitalization, and the SOFA score of mNGS sampling was closely related to the 
hospital mortality. Our findings have important implications for choosing the appropriate sampling time for mNGS.

At present, there is no uniform and accurate suggestion on the best time for patients with severe pneumonia to use 
mNGS. Our data suggested that early sampling was significantly associated with decreased mechanical ventilation time 
and reduced hospital stays. Some studies showed that compared with non-NGS group, NGS had a tendency to reduce the 
mortality and shorten the mechanical ventilation time of patients with severe pneumonia.11,12 mNGS survey could reduce 
the 28-day mortality of ICU patients with mechanical ventilation, which may be associated with a better prognosis.13 

Previous studies have proved that mechanical ventilation has become an important means to treat critically ill patients.14 

Early anti-infection treatment is conducive to shortening the mechanical ventilation time and reducing the mortality. All 
these findings demonstrated that early sampling could provide patients with greater opportunities for treatment. However, 
in the end, it failed to improve the mortality of patients. There was no significant difference in hospitalization mortality 
between the two groups. Most of the patients had serious complications, and they might die of other complications, such 
as embolism and gastrointestinal bleeding, or more serious pneumonia (such as higher SOFA and APACHE II scores).

In addition, this study explored the severity of the patient at the time of mNGS sampling associated with in-hospital 
mortality, which may be crucial for clinical application. Consistent with a previous study, He et al reported that SOFA 
score on the day of mNGS sampling was an independent risk factor of the 28-day mortality in patients with sepsis (OR, 

Table 3 Multivariable Analyses for Mortality with the Logistic Regression Model

Baseline Variables HR 95% CI p value

Age 1.051 1.004–1.100 0.034
Cardiovascular diseases 1.543 0.536–4.443 0.422

Chronic respiratory diseases 4.639 1.260–17.082 0.021
Immunosuppression 5.008 1.617–15.510 0.005
CURB-65 score on the day of mNGS sampling 0.554 0.299–1.029 0.061

SOFA score on the day of mNGS sampling 1.492 1.212–1.837 <0.001
APACHE II score on the day of mNGS sampling 1.056 0.918–1.214 0.447

Note: Bold type indicates statistical significance (p < 0.05).
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1.204; 95% CI, 1.038–1.397; p = 0.014).15 Sun et al showed that patients with high APACHE II score were more likely to 
obtain positive mNGS results, and the mNGS could help screen the pathogenic microorganisms when it was obtained 
within 24 hours.16 These indicated that it was necessary to have the timely use of mNGS when individuals with severe 
conditions.

This study showed that the lower respiratory tract samples of patients with severe pneumonia contained a variety of 
bacteria, fungi, viruses and atypical pathogens. The positive rate of mNGS was 95.2%. Previous studies indicated that 
compared to conventional methods, it had a wider pathogen spectrum and higher detection sensitivity.17 A prospective study 
showed that in immunocompromised adults, mNGS technology had an advantage in the diagnosis of mixed pathogens 
infection.18 In this study, 37.1% (39/105) patients were immunocompromised. Among them, multiple pathogens were 

Figure 2 Different pathogenic organisms (in numbers) in mNGS.
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detected in 27 patients. As shown in our results, in the sampling time ≤ 72h group, bacteria were more commonly detected 
because of shorter antibiotic exposure. While in the sampling time > 72h group, the proportion of Pneumocystis jiroveci, 
Aspergillus fumigatus, Human alphaherpesvirus 1 and Human gamma herpesvirus 4 was higher. In the non-survivors group, 
the proportion of Human betaherpesvirus 5 was higher. In addition, our results showed that the proportion of anti-fungal and 
anti-virus agents was higher than those in the sampling time > 72h group. It indicated that late sampling of mNGS had an 
advantage in the detection of opportunistic pathogens (ie, Pneumocystis jirovecii and Aspergillus) and viruses. As previously 
reported, patients with severe pneumonia in ICU were usually accompanied by the reactivation of cytomegalovirus (CMV), 
herpes simplex virus (HSV) and Epstein-Barr virus (EBV) in the process of disease treatment.19 Huang et al showed that 
CMV, HSV-1 and EBV reactivation were common and associated with an increased risk of mortality.20 The severity of the 
illness might increase the risk for viral reactivation and detection of fungi with a long incubation period.

Figure 3 Positive rate of different pathogens in different groups.
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The present study has several limitations. First, current results came from a single-center retrospective study. The 
limited number of cases might lead to biased conclusions, and further validation with a larger sample size is necessary. 
Second, we only included in-hospital mortality, some patients might die after hospital discharge and we could not obtain 
the leading cause of death. Third, due to the limitation of economic cost, we only conducted mNGS on DNA to detect 
bacteria, fungi and DNA viruses, while RNA viruses were not detected.

Conclusion
In conclusion, mNGS with different sampling times was valuable for the diagnosis, treatment and prognosis of severe 
pneumonia. This study emphasized that early sampling of mNGS could shorten the time of mechanical ventilation and 
hospitalization. Patients with higher SOFA score on the day of sampling had a poorer prognosis.

Figure 4 Clinical impact of different mNGS sampling time on antimicrobial adjustment.

Figure 5 Comparison of inflammatory indicators at the time of mNGS sampling and discharge. (A–D) Sampling time ≤ 72h group, (E–H) Sampling time > 72h group. 
Notes: *p<0.05, **p<0.01, ***p<0.001. 
Abbreviation: ns, no significance.
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