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Background: Timely and accurate pathogen diagnosis can be challenging in children who contract a
respiratory virus following congenital heart surgery (CHS). This often results in suboptimal drug use and
treatment delays. Metagenomics next-generation sequencing (mNGS) is a swift, efficient, and unbiased
method for obtaining microbial nucleic acid sequences. This technology holds promise as a comprehensive
diagnostic tool, especially for pathogens undetectable by traditional methods. However, the efficacy of
mNGS in the context of congenital heart disease infections remains uncertain. This study aimed to explore
the diagnostic value of mNGS for respiratory virus infections post-CHS.

Methods: We conducted a retrospective analysis of patients who developed respiratory tract infections
post-CHS and were admitted to our cardiac center between July 2021 and December 2022. The patients
were categorized into the following two groups based on the diagnostic method used: (I) the mNGS group
(comprising 62 patients); and (II) the conventional microbiological test (CMT) group (comprising 70
patients). Bronchoalveolar lavage fluid (BALF) samples from these patients were tested to identify pathogens.
Results: The mNGS group had significantly higher detection rates for both viral infections and mixed
viral infections than the CMT group (56.45% vs. 17.14%, P<0.001, and 80.00% vs. 16.67%, P<0.001,
respectively). In the mNGS group, 19.35% of the patients received antiviral therapy, and 61.29% received
an anti-infective regimen adjustment. Conversely, in the CMT group, only 4.29% received antiviral
therapy, and 28.57% received an anti-infective regimen adjustment. A higher percentage of patients showed
improved respiratory symptoms in the mNGS group than the CMT group (74.19% vs. 44.29%, P=0.001).
Additionally, the mNGS group had a shorter duration of mechanical ventilation and a reduced length of stay
in the cardiac intensive care unit than the CMT group (P=0.012).

Conclusions: Using mNGS for BALF enhances the detection of respiratory viral infections and coexisting
viral infections post-CHS. This facilitates more precise treatment strategies and could potentially lead to

improved patient outcomes.
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Introduction

Respiratory viral infections (RVIs) are frequent among infants
and young children. The most common causative agent is the
respiratory syncytial virus (RSV) (1). Remarkably, about 95% of
children aged under 2 years contract RSV, making it a leading
cause of hospitalization in this age group (1,2). Aside from
RSV, other viruses such as rhinovirus, influenza, parainfluenza
virus, human metapneumovirus, coronavirus, and bocavirus
have been identified in patients presenting with respiratory
symptoms (3). For children with congenital heart disease
(CHD), RVIs can prolong hospital and intensive care unit
stays, increase the duration of mechanical ventilation, delay
elective cardiac surgeries, and in severe patients, lead to
mortality (4-6).

Several methods exist for RVI detection, including
virus culture, immunological techniques, and polymerase
chain reaction (PCR). Virus culture is considered the
“gold standard”, but is often impractical for routine
clinical laboratory use because of its complexity, time-
consuming nature, and demanding technical requirements.
Immunological techniques offer simplicity but have
limitations. For instance, immunoglobulin M antibodies
typically do not appear until at least 6 days post-infection,
and previous infections can sometimes lead to false-positive
results. Moreover, the sensitivity and specificity of these
techniques could benefit from enhancements. The PCR
method, while both sensitive and specific, generally detects
only one to three viruses in a single reaction, limiting
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its capacity (7,8). In the clinical management of CHD
complicated by RVI, diagnostic clarity can vary widely
across healthcare settings. Uncertain and delayed diagnoses
often push clinicians toward empirical treatments, which
might result in inappropriate drug use and therapeutic
delays. Given these challenges, there is a pressing need for
a diagnostic method that is accurate, swift, comprehensive,
highly sensitive, and highly specific for RVI detection.

Bronchoalveolar lavage fluid (BALF) is a cornerstone
diagnostic procedure for pulmonary diseases and is routinely
used in pneumonia diagnosis. Traditional etiological
detection techniques, such as culture, immunological assays,
and PCR, have been the mainstay of clinical pneumonia
diagnosis. However, these methods have limitations,
including delayed results, limited pathogen detection scope,
and a suboptimal rate of positive detections.

Metagenomics next-generation sequencing (mNGS)
stands out as a groundbreaking technology that offers
the rapid, efficient, and unbiased retrieval of microbial
nucleic acid sequence data (9). Ever since its pioneering
application in diagnosing Leptospirosis in 2014, mNGS
has gained increasing appreciation for its diagnostic
merits (10). With its hallmark features, including its high
sensitivity, swift result turnover, unbiased detection, and
culture independence, mNGS has solidified its position as
an innovative and powerful tool for diagnosing infectious
diseases, particularly when conventional diagnostics fall
short (11).

The prowess of mNGS in identifying microbes in
infectious diseases and severe pneumonia patients is
evident; however, its specific role in detecting postoperative
infections following congenital heart surgery (CHS) has
not yet been fully elucidated. In this study, we undertook
a retrospective analysis of clinical data to ascertain the
diagnostic value of mNGS for RVIs post-CHS. We present
this article in accordance with the STROBE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-23-341/rc).

Methods
Ethical approval

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the ethics board of Fujian Children’s Hospital
(No. 2022ETKILR12043) and informed consent was taken
from all the patients’ parents or legal guardians.
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Population and study criteria

The data of patients who underwent surgery for CHD and
subsequently developed respiratory tract infections were
retrospectively analyzed. These patients were admitted to
the cardiac intensive care unit (CICU) of Fujian Children’s
Hospital between July 2021 and December 2022. The
clinical data for each patient were extracted from their
electronic medical records, including their demographic
details, specific type of CHD, anti-infective medication use,
routine blood test results, inflammatory markers, duration
of stay in the CICU, and eventual outcomes.

To be eligible for inclusion in this study, the patients
had to meet the following inclusion criteria: (I) have been
diagnosed with CHD and have undergone cardiac surgery;
and (II) have symptoms of respiratory tract infection,
including cough, wheezing, rhinorrhea, fever and, in more
severe patients, shortness of breath and dyspnea (12).
For the patients from whom BALF was collected by
bedside bronchoscopy, if the cause of infection remained
unidentified and empirical anti-infective treatment proved
ineffective after 3 days, mNGS was suggested, and if their
parents agreed to allow them to undergo mNGS, they
were included in the mNGS group. Conversely, if mNGS
was refused, often due to its higher cost, the patients were
placed in the conventional microbiological test (CMT)
group. The patients in the latter group underwent standard
microbiological tests, including respiratory virus antigen
detection, sputum culture, routine laboratory smear
staining, real-time PCR, enzyme-linked immunospot assay,
GeneXpert, and serum 1,3-p-D-glucan tests.

Patients were excluded from the study if they met any
of the following exclusion criteria: (I) had symptoms of
respiratory tract infection but had predominant symptoms
that were more indicative of congestive heart failure,
such as liver or lung congestion, peripheral edema, or
reduced cardiac function; (II) had refused to undergo
the bronchoscopy procedure to collect BALF; (III) had
BALF specimens that did not meet the quality standards
for mNGS, such as those with more than 99% human-
derived sequences; (IV) had samples affected by leakage or
contamination issues; and/or (V) had incomplete clinical or
laboratory records.

The primary outcome of interest was the detection rate
of respiratory viruses in the study participants diagnosed
with viral pneumonia. Based on a literature review (13),
the anticipated virus detection rate for the mNGS group
was 61%, while that for the CMT group was 24%. Given a
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two-sided significance level of 0.05 and a power of 90%, the
sample-size calculations were made using PASS 15 software.
The results indicated that at least 33 participants would
be needed for the mNGS group (N1 =33) and another 33
participants would be needed for the CM'T group (N2 =33).
However, to account for potential loss to follow-up and a
refusal rate of 20%, it was decided that a minimum of 42
participants would be recruited for each group, resulting in
a total of at least 84 participants for the study.

General information

We documented the demographic details of the patients,
including gender, age, and weight. We also noted the
specific type of CHD they were diagnosed with, their usage
pattern of anti-infective medications, and their routine
blood test results. We also took into account various
inflammatory indicators, such as white blood cell (WBC)
count, C-reactive protein (CRP), procalcitonin (PCT),
and pro-brain natriuretic peptide (pro-BNP), which were
measured within 24 hours before the specimen examination.
The primary outcomes included a comparison of the
virus detection rates from the two distinct methods, the rate
of detection of mixed viral infections using both methods,
and the utilization rate of antiviral medications. The
secondary outcomes were based on metrics and included the
rate of improvement in respiratory symptoms, the duration
of postoperative mechanical ventilation, the period of stay
in the CICU, and the cumulative hospitalization duration.

Sample processing and routine microbiological testing

After obtaining written informed consent from the patients
or their legal guardians, the attending physician carried
out a bedside bronchoscopy. The procedure, which was
executed using a fiberoptic bronchoscope, adhered to
established standards. Patients’ heart rate, blood pressure,
and pulse oxygen saturation were continuously monitored
throughout the procedure. After the treatment, 3—5 mL of
BALF was collected in a sterile sputum container, which
was then dispatched to the microbiology laboratory for
further tests. Both mNGS and CMT tests were conducted,
including microbial isolation and culture, smear microscopy,
antibody and antigen detection, and PCR. It was critical
that the BALF specimen was promptly relayed to the
laboratory and processed without delay, ideally within an
hour of collection. If immediate processing was not feasible,
the specimen was stored at a temperature of =70 °C or lower.
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When transported to the laboratory, freezing conditions
were maintained, and it was ensured that the duration did
not exceed 24 hours. After the exclusion of any background
pathogens, a positive result on any of the standard
etiological tests, in congruence with clinical characteristics,
was considered a confirmed positive outcome.

mNGS methods and bioinformatics analysis

The 3-5-mL BALF sample was processed following
standardized procedures. A vortex mixer’s horizontal
platform held a 1.5-mL microcentrifuge tube containing
0.5 mL of the BALF sample and 1 g of 0.5-mm glass beads.
This solution was rigorously agitated at 3,000 rpm for
roughly half an hour. After agitation, 0.3 mL of the sample
was separated into a new 1.5-mL microcentrifuge tube,
and deoxyribonucleic acid (DNA) was extracted using a
TIANamp Micro DNA Kit (DP316, Tiangen Biotech,
Beijing, China) in accordance with the manufacturer’s
instructions. DNA libraries were subsequently established
through DNA fragmentation, end repair, adapter ligation,
and PCR enhancement. Agilent 2100 (Agilent, Santa Clara,
CA, USA) was used for DNA library quality control. The
qualified libraries were sequenced by the BGISEQ-50
platform (14).

Using high-throughput sequencing technology, the
nucleic acid sequences of the microorganisms in the
samples were analyzed. These sequences were identified by
comparing them against existing microorganism nucleic acid
sequences in specialized databases. The detection procedure
covered pretreatment, nucleic acid extraction, library
formulation [preparation of the DNA libraries, including
end repair, adaptor ligation, PCR enrichment, purification,
clone generation, and preparation of the ribonucleic acid
(RNA) libraries, including ribosome removal, reverse
transcription and hybridization, fragmentation, first/
second strand synthesis, end repair, adaptor ligation,
PCR enrichment, purification, and cloning], sequencing,
bioinformatics evaluation, and result interpretation. The
MGISEQ-2000 quality control was performed using the
Agilent 2100 Bioanalyzer system, and the qualified libraries
were sequenced on the BGISEQ 50 platform. Quality
mandates included a sequencing data volume of 220 M, a
sequencing read length >50 bp, over 90% dehumanized
sequences, and a pathogen database that comprised >10,000
species. This particular database integrated genomes of
diverse entities, such as archaea, bacteria, fungi, protozoa,
viruses, and parasites, all sourced from the NCBI Genome
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Database (15). The number of unique alignment reads was
calculated and normalized to obtain the number of reads
strictly localized to the pathogen species and those strictly
localized to the pathogen genus. Figure I shows the mNGS
workflow.

The following criteria were established for a positive
mNGS result: (I) bacteria (excluding mycobacteria): a
minimum of 50 reads aligned directly to the pathogen species,
and a read number surpassing any other microorganism,
or a read backed by CMT findings; (II) fungi, mycoplasma,
chlamydia, and viruses: a read linked directly to a pathogen
species that was at least five times higher than any other fungi
or was confirmed by CMT outcomes; (III) mycobacterium
tuberculosis: at least one distinct sequence matching the
reference genome on either the genus or species level.
This was due to the complexities associated with nucleic
acid extraction and a slim chance of environmental
contamination; and/or (IV) non-tuberculous mycobacterium
(N'TM): the relative bacterial abundance ranked within the
top 10 of the bacterial list, due to the frequent occurrence
of environmental contamination (16).

Statistical analysis

SPSS 26.0 software (SPSS Inc., Chicago, IL, USA) was
used for the statistical analysis of the data collected in this
research. Quantitative data with a normal distribution
are presented as the mean = standard deviation, and the
t-test was used for comparisons. Quantitative data with a
non-normal distribution are presented as the median and
interquartile range (IQR), and the Mann-Whitney U-test
was used for comparisons. Enumerative data are presented
as either the value or percentage (%), and the y’ test or
Fisher’s exact test was used for group comparisons. A two-
sided P value <0.05 was considered statistically significant.

Results
Demographic characteristics

We performed a retrospective analysis of 206 CHD patients
who also had respiratory tract infections. Upon applying the
exclusion criteria, 74 patients were excluded from the study
for the following reasons: 40 declined the bronchoscopy
procedure, 24 were not subjected to the necessary
etiological tests, seven lacked a comprehensive clinical
history, one did not pass the mNGS quality check, and
two had contaminated BALF samples. After the exclusion
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Figure 1 The workflow for mNGS. RNA, ribonucleic acid; DNA, deoxyribonucleic acid; cDNA, complementary DNA; mNGS,

metagenomic next-generation sequencing.

process, 132 participants remained, of whom 62 were
categorized to the mNGS group and 70 were categorized to
the CMT group.

Table 1 presents the clinical characteristics of the patients
in both groups, including gender, age, weight, WBC, CRP,
PCT, pro-BNP taken within 24 hours preceding specimen
collection, and the specific type of CHD. The statistical
analysis revealed no statistically significant differences
in these fundamental clinical characteristics between the
mNGS and CMT groups (P>0.05). It should be noted that
all the patients included in the study underwent diagnosis
or treatment that involved bronchoscopy and BALF
examinations.

Comparison of mNGS and conventional detection methods

Of the 62 patients in the mNGS group, 49 tested positive
and 13 tested negative. Among those who tested positive, 12
different viruses were identified in 35 patients, of which the
three most frequently detected viruses were human herpes
virus 5, human herpes virus 7, and rhinovirus A (see Tible 2).
Notably, of these patients, seven patients had one type of
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viral infection, while the remaining 28 had mixed virus
infections (for further details, see Figure 2).

Of the 70 patients in the CM'T group, 25 tested positive
and 45 tested negative. Among the positive patients, the
following four distinct viruses were found in 12 patients:
RSV (five patients), parainfluenza virus (three patients),
herpes simplex virus (three patients), and cytomegalovirus
(one patient). Notably, of these patients, 10 had only one type
of viral infection, while the other two had mixed infections
comprising RSV combined with Staphylococcus aureus.

A statistical analysis revealed significant differences
between the two groups in terms of the virus detection
rates, virus mixed-infection rates, and overall pathogen
detection rates (P<0.001) (see Tuble 3).

Treatment and prognosis

Based on the pathogen detection results, we modified the
treatment approaches using the following guidelines: (I)
antiviral treatment was tailored to both the virus detection
findings from mNGS and the clinical manifestations; for
patients with human herpes virus infections, ganciclovir
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Characteristics mNGS (n=62) CMT (n=70) P value
Gender (male/female) 36/26 44/26 0.574
Age (months) 3.56+0.62 2.88+0.46 0.372
Weight (kg) 4.79+0.25 4.32+0.23 0.174
WBC (10°/L) 12.61+0.65 11.55+0.55 0.214
CRP (mg/L) 22.30+3.46 17.67+3.25 0.331
PCT (ng/L) 7.56+2.38 4.97+1.88 0.402
pro-BNP (pg/mL) 8,427.35+1,400.24 6,450.56+1,211.36 0.290
CPB time (min) 152.13+11.41 133.53+12.69 0.282
Aortic cross-clamp time (min) 72.94+6.83 61.32+4.85 0.209
Types of CHD >0.999

VSD 31 (50.00) 33 (47.14)

ASD 4 (6.45) 6 (8.57)

PDA 11 (17.74) 12 (17.14)

TOF 2 (3.23) 2 (2.86)

TGA 1(1.61) 2 (2.86)

PS 5 (8.06) 7 (10.0)

DAA 1(1.61) 2 (2.86)

PMV 1(1.61) 1(1.43)

Mi 3 (4.84) 2 (2.86)

TAPVC 3 (4.84) 3 (4.29)

Data are reported as the number and percentage or mean + standard deviation. mMNGS, metagenomic next-generation sequencing; CMT,
conventional microbiological test; WBC, white blood cell; CRP, C-reactive protein; PCT, procalcitonin; pro-BNP, pro-brain natriuretic
peptide; CPB, cardiopulmonary bypass; CHD, congenital heart disease; VSD, ventricular septal defect; ASD, atrial septal defect; PDA,
patent ductus arteriosus; TOF, tetralogy of Fallot; TGA, transposition of the great arteries; PS, pulmonary stenosis; DAA, double aortic
arch; PMV, prolapse of mitral valve; MI, mitral insufficiency; TAPVC, total anomalous pulmonary venous connection.

Table 2 Virus detection results of the mNGS group

Virus

Example number

Human herpesvirus 5
Human herpesvirus 7
Rhinovirus A

Human adenovirus C
Human herpes virus 4
Rhinovirus C

Human adenovirus B
Human bocavirus 1

Human respiratory syncytial virus A
Human parainfluenza virus 3
Human corona virus

Enterovirus

20

N D W W W~ OO

_ A

20%

46%

[ single viral infection
Virus + Fungi

[ virus + Bacteria

Virus + Bacteria + Fungi

B Virus + Virus

E3 Virus + Mycoplasma

Figure 2 Virus infection types in the mNGS group. mNGS,

metagenomic next-generation sequencing.

mNGS, metagenomic next-generation sequencing.
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Table 3 Comparison of pathogen detection rates in the mNGS group and CMT group

Variables Detection situation mNGS, n (%) CMT, n (%) P value
Total pathogen detection rate Positive 49 (79.03) 25 (35.71) <0.001

Negative 13 (20.97) 45 (64.29)
Virus detection rate Positive 35 (56.45) 12 (17.14)

Negative 27 (43.55) 58 (82.86)
Virus mixed-infection detection rate Single 7 (20.00) 10 (83.33)

Mixed 28 (80.00) 2 (16.67)

mNGS, metagenomic next-generation sequencing; CMT, conventional microbiological test.
Table 4 Comparison of prognosis between mNGS group and CMT group
Variables mNGS CMT P value
Antiviral therapy 12 (19.35) 3 (4.29) 0.014
Anti-infective regimen adjustment 38 (61.29) 20 (28.57) <0.001
Respiratory tract infection symptoms improved 46 (74.19) 31 (44.29) 0.001
Postoperative invasive ventilation time (days) 3.37+0.37 5.67+1.00 0.036
Length of CICU stay (days) 5.58+0.48 7.2+0.41 0.012
Total length of hospitalization (days) 12.83+0.78 15.12+1.07 0.086
Number of in-hospital deaths 1(1.61) 2 (2.86) >0.999

Data are reported as the number and percentage or mean + standard deviation. mMNGS, metagenomic next-generation sequencing; CMT,

conventional microbiological test; CICU, cardiac intensive care unit.

was administered, while for those with RSV infections,
aerosolized ribavirin therapy was administered; (II)
symptomatic and supportive care was based on mNGS virus
detection outcomes: (i) recombinant human interferon
a-2b, ranging from 6-10 pg, was diluted in a 0.9% saline
solution. The dose was generally 1-10 mL according to
the symptoms of each patient for a duration of five days;
(i) immunoglobulin, at a dose of 200-400 mg/kg/day, was
continuously administered for 5 days to bolster the immune
response; (iii) adjunctive aerosolized inhalation treatments,
including ambroxol hydrochloride and other antispasmodic
and anti-asthmatic medications, were given to decrease
airway resistance; and (III) the anti-infective strategy was
revised in line with each patient’s clinical presentation and
the detected pathogens: (i) if new infectious agents were
identified, the antibiotic regimen was escalated or altered;
and (ii) in the absence of new infections and with stable
disease presentation, antibiotics was reduced or deescalated.
Antiviral therapy was only initiated in our study when the
existing anti-infection approach was ineffective and when
the symptoms aligned with those of pneumonia induced by

© Translational Pediatrics. All rights reserved.

the identified virus.

In the mNGS group, 12 (19.35%) patients received
antiviral therapy, 38 (61.29%) had anti-infective regimen
modifications, and ultimately, 46 (74.19%) showed
improvements in their respiratory tract infection symptoms.
Conversely, in the CMT group, antiviral therapy was
adjusted for 3 (4.29%) patients, the anti-infective regimen
was modified for 20 (28.57%) patients, and ultimately, 31
(44.29%) reported alleviated respiratory tract infection
symptoms. The differences among the above three were
statistically significant.

The mNGS group received mechanical ventilation for
a shorter duration than the CMT group (3.37£0.37 vs.
5.67+1.00 days, P=0.036). Similarly, their stay in the CICU
was shorter (5.58+0.48 vs. 7.2£0.41 days, P=0.012). The
mNGS group also had a shorter overall hospital stay than
the CMT group, but the difference was not statistically
significant. Regrettably, one patient in the mNGS
group and two patients in the CMT group experienced
deteriorating symptoms, progressing to severe pneumonia,
which resulted in their demise (see Table 4).
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Discussion

Patients with CHD exhibit pathophysiological risk
factors that may precipitate more severe clinical outcomes
during RVI. CHD patients experience altered pulmonary
mechanics, diminished lung compliance, and heightened
pulmonary vascular resistance. Consequently, these patients
are at an increased risk of RVI, especially post open-
heart surgery (17). Further, children with left-to-right
shunt anomalies can experience augmented pulmonary
blood flow, inducing pulmonary edema, and a reduced
functional residual capacity. Such mechanical alterations can
escalate atelectasis and ventilation-perfusion imbalances,
culminating in hypoxia (18).

Cardiac surgical procedures, including cardiopulmonary
bypass, might exacerbate pulmonary hypertension initiated
by viral infections and revive viral or inflammatory
reactions, amplifying the severity of pneumonia and
bronchial blockage. Other factors that might exacerbate
post-surgery progression include a heightened likelihood
of secondary bacterial pneumonia due to ongoing airway
and alveolar inflammation and an inferior nutritional and
immunological state (19).

We conducted an etiological analysis of BALF using
mNGS, and found a high prevalence of respiratory virus
infections (56.45%) and mixed viral infections (80%) post-
CHS. The most commonly detected respiratory viruses in
our study were human herpesvirus 5, human herpesvirus
7, rhinovirus A, and human adenovirus C. Conversely,
Yang et al. applied mNGS to BALF samples from children
with pneumonia and reported a viral detection rate of
61% and a viral mixed-infection rate of 69.34%. Their
primary viral pathogens were human herpes viruses and
human adenoviruses, particularly human cytomegalovirus
and human adenovirus 7 (13). These findings align with
our detection results. The higher frequency of mixed viral
infections in our study might be attributed to the inclusion
of patients displaying pronounced symptoms and thus
having a heightened risk of concurrent infections of other
pathogens.

In our study, the RVIs of the mNGS group were
predominantly of a mixed-infection nature, which is
consistent with the findings of Cilla e 4/., who reported
the frequent co-occurrence of Streptococcus pneumoniae
and assorted respiratory viruses in pediatric patients with
community-acquired pneumonia. Notably, up to 45% of
these pediatric patients displayed evidence of virus-bacterial
mixed infections (20). In regions with developing healthcare
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infrastructure, both viruses and bacteria are often identified
directly from lung aspirates of pneumonia patients. In
Forgie’s study, 45 of 74 children were infected with
pneumococcal community-acquired pneumonia, and viral
culture or serologic testing provided evidence of RVI in 15
patients (21). Further, Johnson e 4/. conducted virological
assessments on 122 pediatric patients with community-
acquired pneumonia, and reported that 61 (50%) had viral
infections. Among whom, 10 (16%) also showed bacterial
presence in their blood cultures, of which Staphylococcus
aureus was the most prevalent. This correlates with findings
for our CMT group in which co-infections of RSV and
Staphylococcus aureus were identified (22).

In our research, a clear correlation was observed between
the presence of RVI and postoperative outcomes following
CHS, which supports the findings of previous studies.
Delgado-Corcoran et al. examined the effects of human
rhinovirus infection in cardiac surgery patients and found
that post-CHS patients, in whom rhinovirus was detected,
experienced extended periods on mechanical ventilation,
encountered more extubation challenges, required
bronchodilators more frequently, and endured longer
hospital stays than asymptomatic patients post-surgery (23).
Similarly, Altman er #/. examined the consequences of
RSV infections in pediatric patients with CHD and found
that such infections precipitated heightened morbidity,
elevated mortality rates, and increased healthcare-related
expenditures (24). However, Silva et 4l.’s examination
of the prevalence of viral respiratory tract infections in
pediatric CHS patients offered a different perspective.
Of 48 participants, 16 (33.3%) were diagnosed with RVI
before surgery, while four (8.3%) developed new infections
postoperatively. Notably, there was no discernible difference
in the duration of mechanical ventilation or in extubation
failures between these two subsets of patients. This might
be due to the fact that the majority of the subjects in the
study were asymptomatic. The reliance on PCR for virus
detection, combined with a prolonged detection window,
meant that the treatment modalities were not promptly
adjusted for patients where the virus was identified (17).

The diverse clinical presentations of RVI stem from the
myriad of viruses in existence, many of which possess a high
propensity for mutation. As a diagnostic method, mNGS
has a distinct advantage over conventional viral etiological
tests. Its capability to simultaneously identify thousands
of viruses in a single test, without being contingent on
any prior clinical hypothesis, makes its detection scope
vast, quick, and impartial (25). Moreover, mNGS offers
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unparalleled benefits in terms of multi-pathogenic or
intricate infections. It stands out due to its elevated
detection rates for viruses and unconventional pathogens.
The capacity of the technology to concurrently recognize
multiple pathogens not only streamlines the diagnostic
process but also expedites the turnaround time, aiding in
timely therapeutic interventions (26). Zheng et al. showed
the efficacy of mNGS in discerning the causative agents
behind severe pneumonia post-CHS in young children and
infants. The method elevates pathogen detection sensitivity,
facilitates the pinpointing of suitable antibacterial
treatments, and refines the precision of disease diagnosis
and outcome prediction (27).

Within the purview of our research, patients identified
with respiratory viruses were accorded symptomatic,
supportive, and antiviral treatments. For example, after
an initially unsuccessful empirical anti-infective regimen,
Stenotrophomonas maltophilia was detected in one patient
from the mNGS cohort. However, with the subsequent
administration of trimethoprim-sulfamethoxazole, the
pulmonary infection was decisively managed (28). Crucially,
our findings indicate a marked enhancement in the rate
of respiratory symptom alleviation in the mNGS group
compared to the CMT group. Further, metrics such as the
duration of mechanical ventilation, overall hospital stay, and
the length of stay within the CICU were notably shorter
in the mNGS group than the CMT group. Such outcomes
are suggestive of a better prognosis and an overall improved
patient recovery trajectory.

The current high testing cost is a significant barrier
limiting the widespread use of mNGS in routine clinical
settings. While the price of sequencing has experienced
a considerable reduction since 2014, the average cost
for an mNGS test ($500) still surpasses that of a single
conventional etiological test ($300). That said, given its
capability to identify all potential pathogens in one test, in
the long term, mNGS might be more economical than a
series of standard pathogen screenings (29). The technical
intricacies linked with mNGS also act as a deterrent for its
broad-scale adoption. There is an urgent need for more
prospective clinical research and financial assessments
that focus on evaluating the cost-efficiency of mNGS in
enhancing patient health outcomes.

Our study had several limitations. First, the participants
were recruited from a single medical center, and the number
of study participants was relatively small. Second, this was
a retrospective study, and certain biases, such as selectivity
bias, could affect the accuracy of our findings. Third, due
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to sample-size constraints, we could not simultaneously
compare mNGS with some other laboratory assays, such as
panels and viral cultures. Finally, the participants enrolled in
the study had all been admitted to the CICU and thus were
all critically ill. Therefore, our findings might not apply to
patients with mild disease.

Conclusions

Using mNGS for BALF enhances the detection of RVIs
and coexisting viral infections post-CHS. This facilitates
more precise treatment strategies and could potentially lead
to improved patient outcomes.
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