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Abstract:

Empirical antibiotic therapy in patients with spontaneous bacterial peritonitis (SBP) is common as 

pathogen(s) are identified in only 5%-20% patients using conventional culture-based techniques. 

Metagenome next-generation sequencing (mNGS) test is a promising approach for diagnosis of 

infectious disease. The clinical application of mNGS for infected ascites in cirrhotic patients is rarely 

reported. Here, we describe three cases to preliminarily explore the potential role of mNGS for 

microbiological diagnosis of ascites infection in exploratory manner. The clinical performance of ascites 

mNGS in cirrhotic patients remains to be further evaluated.

Key words: 

Metagenome next-generation sequencing; spontaneous bacterial peritonitis; cirrhosis

Introduction:

Bacterial infection is the commonest precipitating event leading to the hospitalisation of cirrhotic 

patients and accounts for high mortality rates.1 Spontaneous bacterial peritonitis (SBP) and 

bacterascites are serious complications of cirrhosis and account for the mortality of 10-80% patients 

within 28-days depending upon the presence or absence of acute-on-chronic liver failure (ACLF) and 

its severity.2 Targeted anti-microbial treatment is the key to reducing mortality from SBP, which is 

currently not possible as pathogen(s) are identified in only 5%-20% patients using conventional 

culture-based techniques. Therefore, empirical antibiotic therapy instead of a pathogen-based 

antimicrobial treatment is recommended.3

Metagenome next-generation sequencing (mNGS) can provide rapid diagnosis of comprehensive 

spectrum of pathogens, including viruses, bacterial and fungi in a single test. Recently, Gu et.al 

reported rapid mNGS testing as an accurate tool for the diagnosis of unknown infection from body 

fluids,4 that may be useful for pathogen-based therapy for cirrhotic patients with infected ascites and 

related research is paucity. In this paper, we describe three cases to preliminarily explore the potential A
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role of mNGS for microbiological diagnosis of ascites infection in cirrhotic patients.

Methods:

These three cases were hospitalized patients in Nanfang Hospital during 2019 and 2020 and the local 

ethics committee approved this study. Informed consent and assent for these three cases were 

obtained. ACLF was defined according to the European Association for the Study of Liver-Chronic 

Liver Failure.5 SBP was diagnosed when the ascites neutrophil count ≥250 cells/mm3, with or without 

positive ascites culture and bacterascites was defined by an ascites neutrophil count <250/mm3 and a 

positive ascitic fluid culture.2

Metagenomic NGS of body fluids cell-free DNA is commercially available which is carried out by the 

third-party qualified clinical laboratory in China, but its role in the workup of infectious ascites in 

cirrhosis patients is unclear. Thus, in this case series, mNGS detection for ascites samples was utilized 

in an exploratory manner. In general, the indications for performing mNGS in our institution were：a) 

patients with clinical manifestations of infection (fever, abdominal pain, signs of systemic inflammation 

etc.); b) unproven infection;6 c) patients with ineffectively empirical antibiotic treatment.

In this case series, ascitic fluids were collected when diagnostic paracentesis were performed 

according to standard procedure and were processed in a blinded manner. Ascitic fluid was 

immediately inoculated into blood bottles by aseptic manipulation at the patients’ bedsides and ascitic 

neutrophils counts and biochemistry tests were performed in Nanfang Hospital. Meanwhile, ascitic fluid 

(3-5ml) were transferred to BGI clinical laboratories (Shenzhen, China) for mNGS testing. The 

turnaround time was about 48-72h for ascites mNGS report. The reports are sent to the clinicians who 

will determine whether to treat the patients according to the detection of ascites mNGS, since there is 

no related recommendation of ascites mNGS in international guidelines on the management of ascites 

in cirrhosis patients. In addition, all the participants were treated according to Chinese guidelines on 

the management of ascites.7
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Procedure of metagenomic next-generation sequencing

DNA extraction

For the DNA extraction, 600 μl ascitic fluid and 7.2 μl of Lyticase (RT410, TIANGEN BIOTECH) were 

mixed in clean 1.5-mL centrifuge tube via attached to a horizontal platform on a vortex mixer and 

agitated vigorously for 10 minutes at 30°C. After a brief centrifugation, the sample was transferred to a 

FastPrep (FP) lysis tube and balled twice in a fast beading machine. The sample was centrifuged at 

2000 rpm for 20 seconds and 300 μl supernatant was transferred to a 1.5-mL centrifuge tube. DNA was 

extracted using the TIANamp Micro DNA kit (DP316, TIANGEN BIOTECH) according to the 

manufacturer’s recommendation.

DNA library Construction and Sequencing

DNA library was constructed by DNA fragmentation, end-repair method in which the adapters were 

ligation overnight according to the instruction of manufacture (RM 0438, BGI Biotechnology (Wuhan) 

Co., Ltd), and polymerase chain reaction (PCR) amplification was used prior to analysis using an Ion 

Torrent Proton Sequencer (Life Technologies, Carlsbad, California). The quality of the DNA libraries 

was assessed using Agilent 2100 Bioanalyzer (Agilent Technologies, Carlsbad, California) and Qub it 

2.0 (Invitrogen, USA). The double-stranded DNA library through the quality control was converted into 

single-stranded circular DNA through DNA degradation and cyclization, DNA nanospheres (DNBs) 

were then generated by rolling circle amplification (RCA) techniques. Qualified DNBs were loaded onto 

a chip and then subjected to 20M 50 bp single-end sequencing on the BGISEQ-50 sequencing 

platform (BGI Genomics Co., Ltd.). Internal and negative controls were included in the aforementioned 

procedures.

Bioinformatics analysis

To obtained High-quality sequencing data, short reads (length < 35 bp) were removed. We 

implemented Burrows-Wheeler Alignment tool (BWA), a read alignment package that is based on 

backward search with Burrows–Wheeler Transform (BWT), to efficiently remove human genome.8 

Metagenomic sequencing date after removal of human genomic reads were classified by A
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simultaneously aligning to four Microbial Genome Databases, including viruses, bacteria, fungi, and 

parasites. The classification reference databases downloaded from NCBI 

(ftp://ftp.ncbi.nlm.nih.gov/genomes/). RefSeq contains 4945 whole genome sequence of viral taxa, 

6350 bacterial genomes or scaffolds, 1064 fungi related to human infection, and 234 parasites 

associated with human diseases. The number of unique alignments reads (SMRN) was calculated. 

The coverage ratio and depth of each microorganism were calculated using BEDTools.

Criteria for positive mNGS results

The criteria for a positive mNGS was judged by the following items:9

1) Bacteria (mycobacteria excluded), viruses and parasites: mNGS identified microbes (species level) 

as confirmed pathogens following those microbes, which were identified by the clinical test. Microbes 

were considered as potential pathogens if literature has reported the score or the pathogenicity were 

as least ten times greater than that of any other microbes that identified in clinical samples.10

2) Fungus: mNGS identified a microbe (species level) whose coverage rate scored 5-fold higher than 

that of any other fungus because of its low biomass in DNA extraction.11,12

Whole-genome of Vibrio cholerae sequencing

The Vibrio cholerae (non-O1/non-O139) strains were isolated from ascites and paired blood sample 

(Case no.1) in microbiology laboratory of Nanfang Hospital, Southern Medical University. DNA was 

extracted according to standard procedures using the Bacterial Genomic DNA kit (B518255-0050, 

Sangon Biotech). The vibrio cholerae strains genome were sequenced using a PacBio RS II platform 

and Illumina Hiseq 4000 platform at the Beijing Genomics Institute (BGI, Shenzhen, China). The 

phylogenetic tree is constructed by the TreeBeST using the method of Neighbour-Joining (NJ).

Case series

Case 1

A 50-year-old man with liver cirrhosis attributed to alcohol (120g per day for 20 years) was hospitalised A
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with a history abdominal distension despite oral diuretic treatment. The patient had ACLF Grade-2 at 

admission (MELD score of 35). He showed signs of systemic inflammation manifested by pyrexia and 

increased C-reactive protein. Blood cultures and diagnostic paracentesis were obtained and empirical 

treatment with cefoperazone was initiated (Figure 1A). The findings from ascitic fluid showed a total 

white-cell count of 155 cell/mm3 (28% neutrophil) and was not consistent with the diagnosis of SBP. 

Two days later, the microorganism from ascites was identified by mNGS test as vibrio cholerae 

(non-O1/non-O139) (Figure 1B), which was consistent with strains that were later confirmed by 

conventional ascites and blood cultures (5 days later). The patient did not have diarrhea. Additional 

testing including the sputum culture, midstream urine culture and faeces smear test for vibrio cholerae 

were negative. The antibiotic therapy was switched to 9-day course doxycycline (300mg, qd). He also 

received imipenem for a concurrent pneumonia. Repeated ascites mNGS and conventional cultures for 

vibrio cholerae were negative after antimicrobial therapy. He was discharged without symptoms of 

infection.

 

Whole-genome sequencing for vibrio cholerae strains that were isolated from ascites fluid and blood, 

respectively, are described in Figure 1C. Phylogenetic analysis disclosed a close connection between 

these two isolated strains. 

Case 2

A 50-year-old man with HBV-related cirrhosis was hospitalised for abdominal distention, jaundice and 

malaise. He was receiving Entecavir, an oral anti-HBV drug for 6 months and admission value of 

HBV-DNA was 2.24×103 IU/ml. At admission, he had ACLF-2 (MELD score of 38). Ascitic fluid analysis 

revealed evidence of SBP, with a total white-cell count of 5000 cells/mm3 (90% neutrophils). As shown 

in Figure 2A, he was treated empirically with meropenem. The patient developed fever (38.7°C) on 

day 7 and even though repeated diagnostic paracentesis indicated a reduction ascitic fluid white-cell 

count to 532 cells/mm3 (35% neutrophil), teicoplanin was added. Meanwhile, the ascitic fluid was sent 

for mNGS testing and identified Cryptococcus neoformans (2 days later) (Figure 2B), which was later 

confirmed in conventional cultures of ascites and blood, 4-days later.A
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Because of the initial clinical improvement, antifungal therapy was not started until day-18 when the 

patient became pyrexial (38.9°C). The same day, he developed typical symptoms of meningitis with 

severe headache and neck stiffness. The organisms from cerebrospinal fluid smear test was identified 

as Cryptococcus neoformans, also supporting the clinical diagnosis of meningitis. Accordingly, the 

patient completed a 19-day course of antifungal treatment (Fluconazole and Fluorocytosine, Figure 

2A). He was discharged with microbiological cure and clinical recompensation since repeat 

cerebrospinal fluid test, blood and ascites cultures remained negative.

Case 3

A 53-year-old man with HBV-related cirrhosis was hospitalised with pneumonia and at admission had 

ACLF Grade 2 (MELD score of 28) (Figure 2C). This was treated with Cephalosporins-sulbactam 

sodium. Diagnostic paracentesis did not indicate SBP, with a total ascites white-cell count of 40 

cells/mm3 (15% neutrophils). Blood and ascites cultures were negative. The mNGS test identified 

human cytomegalovirus (CMV) from ascites (Figure 2D). Additional serological and/or routine PCR 

tests for hepatitis A, C and D virus, herpes simplex type 1/2, Epstein-Barr virus and CMV were 

negative. Piperacillin-tazobactam sodium was initiated on day-17 because he developed urinary tract 

infection (midstream urine culture negative). Despite this, his liver function continued to deteriorate. He 

was then started on anti-CMV treatment that was indicated by ascites mNGS test and completed a 

23-day course of Ganciclovir therapy (0.25g, qd, VD). After 11 days of Ganciclovir treatment, he 

showed marked improvement in his clinical condition with a reduction in total bilirubin from 29.9mg/dl to 

17.6mg/dl and MELD score to 20 when he was discharged. His repeat mNGS tests in the ascitic fluid 

remained negative in the following arranged readmission. 

Discussion

Metagenomic NGS is untargeted approach for pathogens detection in infectious disease.

We preliminarily described three cases which may suggest the potential role of mNGS in different 

clinical scenarios of ascitic fluid infection by identifying three different types of pathogens (bacterial, A
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fungal and viral). Although the cases described here show the presence of unusual organisms in the 

ascitic fluid, this is not surprising as patients with ACLF have severe immune dysfunction reducing their 

ability to provide adequate immune surveillance and infection (s) remain the most common cause of 

death in ACLF patients.13 Also, the recent descriptions of disturbed intestinal fungome and virome 

argue that translocation of these microorganisms may be associated with infection and disease 

progression as is seen with bacterial translocation.14

As case series consisting of 3 selected cases, the impact for clinical practice is limited. Firstly, mNGS 

detection was applied in exploratory manner and lack of consistency in the timing of mNGS testing and 

the clinical decision-making which limited the clinical relevance. Because of the clinical response to 

initially empirical antibiotic treatment in Case 1 and 2, the ascites mNGS detection seems to have 

minor role in this clinical scenarios. Nerveless, our previous study found that patients with bacterascites 

had poor outcomes and Gram-positive bacteria were predominant,15 which may suggest that early 

microbiological diagnosis for bacterascites, as well as those suspected infected ascites that have 

absolute neutrophil count less than 250 per cubic millimeter are warranted and mNGS detection may 

be the supplementary approach. Spontaneous fungal peritonitis is a rare, but devastating complication 

if they remain undiagnosed in cirrhosis patients.16 For Case 2, the physician initiated antifungal 

treatment with caution because of the poor liver function and effectively empirical treatment, and did 

not consider antifungal therapy immediately when the identification of the yeast by mNGS detection. 

However, during the period of observation, the patient developed to life-threatening meningitis which 

improved rapidly with antifungal therapy. Thus, we speculated that mNGS may have the potential value 

to rapidly discover the possible pathogen accounting for the secondary infection and future studies are 

needed to explore the role of mNGS in such clinical scenario in cirrhosis patients.

Secondly, when considering Case 3 presented here, the first doubt is whether the patient had CMV 

infection or CMV disease and whether CMV acted as an active pathogen with a direct influence in 

prognosis. As we known, mNGS for pathogens detection has higher sensitivity than traditional 

approach. However, that may raise the concerns about the possibility of false positive result. For Case A
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3, an ACLF-2 patient, liver biopsy was not performed, the diagnosis rested on mNGS detection, clinical 

deterioration and clinical improvement under anti-CMV treatment, thus the possibility of false positive 

cannot be completely excluded. In addition, given that current studies have focused on bacterial and 

fungal infections in cirrhosis patients,1,17 the role of non-hepatotropic viruses in acutely decompensated 

cirrhosis remains unclear. CMV has previously been shown to increase risk of liver-related death in 

cirrhosis patients.18 Weiss et al. reported that cirrhosis patients exhibit a defect of antiviral immunity19 

which is consistent with our observations and was suggestive of screening for uncommon virus in 

patients with acute decompensation, or clinical deterioration, especially for those without identified 

precipitating events. Considering the obvious drawbacks of traditional microbiological detection 

techniques, including serum immunological examination and PCR-based detection technology, mNGS 

testing may be an optional alternative approach. Also, the clinical relevance of non-hepatotropic 

viruses detected by mNGS need further investigation.

To some extent, our observations may suggest that mNGS may be useful as a supplementary 

technique to guide antimicrobial therapy of infected ascites in cirrhotic patients. However, the 

sensitivity and specificity of using this approach in clinical practice remains unanswered in cirrhotic 

patients. Given cost and complexity of mNGS, its application is likely not ideal for use in all setting in 

cirrhotic patients with ascites and the clinical scenarios for mNGS application should be further 

explored. As discussed above, further studies are therefore, needed to further validate the clinical 

performance of mNGS for personalised treatment of cirrhotic patients with infected ascites. 
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Figure legends

Figure 1. Trend of laboratory values according to the days of hospitalization and metagenomic 

next-generation sequencing (NGS) results of Case 1. (A) The trend of laboratory values and antibiotics 

treatments administrated during the hospitalization. (B) The aligned unique reads yielded from ascitic 

fluid covered 0.03% of vibrio cholerae (non-O1/non-O139) reference genome. (C) Phylogenetic 

analysis disclosed an identical homology between the isolated strain from ascitic fluid (vibrio cholerae 

01) and paired blood sample (vibrio cholerae 02). CRP, C-reactive protein; TBIL, total bilirubin; Cr, 

creatinine; INR, international normalized ratio.

Figure 2. Clinical course and metagenomic next-generation sequencing (NGS) results of Case 2 and 

3. (A) The trend of laboratory values and the adjustment of antimicrobial therapy of Case 2. (B) The 

aligned unique reads yielded from ascitic fluid covered 0.0005% of Cryptococcus neoformans 

reference genome. (C) The trend of laboratory values and antimicrobial treatments administered of 

Case 3. (D) The aligned unique reads yielded from ascitic fluid covered 0.336% of human 

cytomegalovirus reference genome. CSF, cerebrospinal fluid; CRP, C-reactive protein; TBIL, total 

bilirubin; Cr, creatinine; INR, international normalized ratio. 
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