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Abstract. By performing a literature review, to identify categories of patients in whom
metagenomics sequencing has demonstrated potential clinical relevance in the diagnosis of
infections, highlighting the practical applications, benefits and limitations of this method in the
context of different clinical scenarios for further adaptation of clinical and laboratory diagnostic
protocols. The study is descriptive and analytical. A literature review was conducted, using
literature from open access databases. English language papers relevant to the proposed
research topic published in the last 5 years were selected according to the inclusion criteria.
Metagenomics sequencing (mNGS) is an innovative technology that has revolutionized
traditional clinical diagnostics on multiple levels. It can be used for the simultaneous
identification of multiple pathogens such as bacteria, viruses, fungi and parasites in clinical
samples. The application of metagenomics would bring considerable benefits even in cases of
rare infections with unknown etiology or pathogens that are difficult to culture. This study
demonstrates how this new technology can be used for meaningful clinical diagnostics in
microbiology. Patients with lower respiratory tract infections represent a category of patients
for whom the use of mNGS brings several benefits, this technology has an overall higher
sensitivity for pathogen detection compared to the culture method and is a necessary
complement to conventional microbiologic tests. Sepsis is a major public health challenge and
the use of mNGS for this category of patients can shorten the total hospitalization time and
reduce mortality. Metagenomics sequencing technology is also useful for patients with central
nervous system infections, the use of mNSG for those patients has a higher detection rate but
the highest diagnostic yield is observed when combining mNGS with conventional methods.
Metagenomics offers significant benefits in the detection of pathogens also in patients with
deep cervical space abscesses, with a superior detection rate and sensitivity, allowing early
initiation of antimicrobial therapy, improved prognosis and reduced consumption of medical
resources. Metagenomics provides a complete, rapid and accurate identification of pathogens,
significantly improving treatment, mainly when traditional methods are insufficient. Based on
the studies presented in this article we can conclude that the application of metagenomics for
patients with lower respiratory tract infections, sepsis, central nervous system infections and
cervical deep space infections has a very high potential to reduce morbidity, mortality and
health care costs.

Keywords: metagenomics, diagnosis, sepsis, lower respiratory tract infections, central
nervous system infections.

Introduction. Metagenomics (mMNGS) is an advanced technique that allows the
simultaneous identification of multiple pathogens (bacteria, viruses, fungi, parasites) from
clinical samples without relying on specific antigenic tests or culture. The etiology of infectious
diseases in a very large number of patients remains unidentified, especially in
immunocompromised patients with long hospitalizations, oncologic, hereditary or transplant
diseases, resulting in inadequate and delayed treatment, increased length of hospitalization,
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readmissions, additional health care costs, and increased morbidity and mortality. A
conventional bacterial culture takes 3-5 days and has a high rate of false negative results, while
some pathogenic bacteria are difficult to culture and require a longer time. Metagenomics
would make it easier to diagnose more quickly and adjust antibiotic therapy as soon as
possible. (d'Humiéres, 2021; Tan, 2021; Sun, 2022; Rajendhran, 2024; Lei, 2025).

Whereas culture-based methods have limitations due to patients' prophylactic
administration of broad-spectrum antimicrobial drugs (e.g. organ transplantation) or for
treatment in case of the need to identify the causative agents of secondary infections in patients
already receiving treatment for an infectious disease. Other causes limiting diagnosis by
culture-based methods are targeted diagnosis and samples with low microbial loads. The
application of metagenomics would bring considerable benefits in cases of rare infections with
unknown etiology or pathogens that are difficult to culture. (d'Humiéres, 2021; Tan 2021;
Rajendhran, 2024).

Metagenomics is changing the way clinicians diagnose and treat infectious diseases,
with applications covering a wide range of fields, including antimicrobial resistance, the
microbiome, human host gene expression (transcriptomics) and oncology. (Chiu, 2019).

Aim of the study. By performing a literature review, to identify categories of patients in
whom metagenomic sequencing has demonstrated or potential clinical relevance in the
diagnosis of infections, highlighting the practical applications, benefits and limitations of this
method in the context of different clinical scenarios for further adaptation of clinical and
laboratory diagnostic protocols.

Materials and methods. The study is descriptive, analytical. A literature review was
performed using open access databases. Articles were identified based on the keywords:
'metagenomics’, 'diagnosis’, 'sepsis’, 'lower respiratory tract infections', 'central nervous system
infections'. A total of 223 scientific papers were selected for the study. As a result, after a
comprehensive analysis based on the selection criteria, 24 publications were included for this
study.

To facilitate a thorough analysis as inclusion criteria were used: articles relevant to the
topic proposed for research published in English within the last 5 years. To ensure the
timeliness of the data, articles published before 2019 and not presenting a clear research
methodology were excluded.

To provide a complete overview and robust data analysis the analyzed articles were
categorized into: systematic reviews, prevalence studies and qualitative studies. Therefore, the
content of the articles was assessed on the basis of variables such as the aim of the study,
methodology, year of publication and results obtained. From the information collected, we
selected the most relevant and recent studies that provide clear insights into the application of
metagenomic sequencing for microbiologic diagnosis in some categories of patients of
importance for clinical medicine.

Results. Lower respiratory tract infections (LRTI) are the fifth leading cause of death
worldwide and include community-acquired pneumonia, nosocomial pneumonia, bronchitis,
bronchiolitis and tracheitis. LRIs are caused by a wide range of pathogens, such as bacteria,
viruses, mycoplasmas and fungi, presenting similar clinical pictures. Despite thorough
diagnostic investigations, the etiology of up to 62% of community-acquired pneumonia cases
remain unidentified (Diao, 2021).

Patients with lower respiratory tract infections (LRTIs) belong to the category of patients
for whom the use of metagenomics brings benefits; this is demonstrated in several studies.
The efficacy of using mMNGS compared to conventional microbiological methods for identifying
the causative agent of pneumonia in adult patients is brought forward in a study published in
2023 involving 205 patients with community-acquired pneumonia admitted between
September 2019 and September 2021 to the intensive care unit of Quanzhou First Hospital,
Quanzhou, China. As a result, it was obtained that mMNGS has a higher overall sensitivity for
pathogen detection than the culture method and is a necessary supplement to conventional
microbiologic tests for the detection of causative agents of pulmonary infections (Lin, 2023).
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The necessity of using mNGS for the diagnosis of causative agents of pneumonia in
children is demonstrated in a 2024 study involving 60 children with pneumonia treated in the
Department of Respiratory Medicine at a Beijing Children's Hospital. The study demonstrated
that mMNGS shows superior efficiency over traditional methods in the diagnosis of pneumonia
in children, significantly increasing the detection rate of pathogens in pneumonia cases (Wang,
2024).

Additional studies involving the use of metagenomics and demonstrating the beneficial
impact of its application for patients with lower respiratory infections have been presented in
(Table 1).

Sepsis. Clinically, sepsis is a continuum ranging from systemic inflammatory response
syndrome to multiple organ failure syndrome. Sepsis is a major public health challenge and
was listed as a global health priority by the World Health Organization (WHQO) in 2017.
Approximately 1.94-31.5 million deaths occur annually globally, of which approximately 20%
(5.3 million deaths) are attributed to sepsis (Tan, 2021; Sun, 2022; Nielsen, 2025).

Septic patients is another category of patients for whom mNGS would bring significant
benefits. A 2024 study of 150 sepsis patients admitted to the intensive care units of four
hospitals in southwest China from October 1, 2018 to October 1, 2021, showed that mMNGS
has high sensitivity in diagnosing sepsis patients, especially for fungal and viral infections, and
that mMNGS technology is useful for critically ill sepsis patients (Li, 2024). Other studies
demonstrating the effectiveness of using metagenomics for patients with sepsis are presented
in (Table 2).

Central nervous system infections (CNSI) are complex disease entities, associated with
a high potential for morbidity and mortality or even a certain proportion of permanent
neurological sequelae, depending on the type of causative pathogen. Globally, there are an
estimated 10.6 million cases of meningitis and 288,000 deaths from meningitis each year, the
vast majority of which are attributed to low- and middle-income countries (Saha, 2019;
Piantadosi, 2021; Chen, 2024).

Recent studies describing the advantages of using metagenomics for the diagnosis of
patients with central nervous system infections have been included in (Table 3).

Cervical deep space infections. Another category of patients for whom the use of
metagenomics would provide significant benefit includes those with cervical deep space
infections. This is relevant according to a study conducted in 2025 that included 106 adult
patients with cervical deep space abscesses (DCSA). It concluded that mMNGS has a higher
detection rate and sensitivity in identifying pathogens associated with DCSA and may help to
rationalize antimicrobial therapy early, thereby facilitating patient recovery, improving
prognosis and reducing the burden on medical resources. (Lei, 2025).

Discussion. Based on the review of scientific publications, articles were identified that
presented studies describing the application of metagenomics for microbiologic diagnosis in
several categories of patients. Batool M and Galloway-Pena J (2023) found analogous to those
described in the current study that MNGS has undeniable benefits over traditional testing and
provides a more complete picture of the clinical condition and treatment prospects. The
combination of MNGS and conventional diagnostic methods could be a superior diagnostic
strategy for improving overall public health and healthcare costs. The authors of that study also
described the target populations for implementing clinical metagenomics as a standard of care
- patients at risk of mortality due to rare or difficult to treat pathogens, critically ill and
immunocompromised patients (transplant, cancer, etc.) (Batool, 2023).

I One Health Journal. 2025. Vol. 3. N. 5 I
7



Section 1

Table 1
Studies involving the use of metagenomics with impact on patients with lower
respiratory infections
References Number Patients’ Tests performed Conclusions
of description
patients
1 2 3 4 5
Charalampous, 41 Patients suspected | mMNGS and | With metagenomics, we can quickly
2019 of pneumonia conventional and accurately identify bacterial
microbiological infections of the lower respiratory tract
tests and could help reduce the use of broad-
spectrum antibiotics.

Charalampous, 87 128 samples from | mMNGS and | The clinical usefulness of

2024 87 patients with | conventional metagenomics has been
suspected  lower | microbiological demonstrated by identifying both
respiratory tract | tests microorganisms detected by routine
infection methods and those that are fastidious

or unculturable, while providing
information for predicting antimicrobial
resistance.

Tsitsiklis, 2022 397 276 children with | mNGS and | mNGS allowed microbiologic
LRTI and 121 | conventional diagnosis in a higher proportion of
without evidence of | microbiological cases (90%) than routine
LRTI in critical | tests microbiologic testing (67%).
condition

Table 2
Studies involving the use of metagenomics with impact on patients with sepsis
References Number Patients’ Tests Conclusions
of description
patients
1 2 3 4 5

Sun, 2022 124 Patients  with | mNGS and | The use of mNGS for pathogen detection in
severe sepsis | conventional patients with severe sepsis has advantages
microbiological such as a rapid and high positive detection

tests rate compared to routine blood cultures.

Li, 71 Patients with | mNGS and | The mNGS tests performed showed a higher

2022 sepsis and | conventional detection rate compared to conventional

sepsis-induced | microbiological microbiological tests.
lymphopenia tests

Qin, 2023 194 Patients  with | mMNGS and | mMNGS combines the advantages of

sepsis and | conventional identifying the pathogens that cause sepsis

bloodstream microbiological and bloodstream infections at a high positivity

infections tests rate and in a short time. Routine blood culture
supplemented with mNGS can significantly
reduce mortality in these patients. Early
detection using mNGS may shorten the
overall hospitalization time of patients with
sepsis and bloodstream infections.

Li, 308 Adult patients | mNGS and | mNGS identified pathogens more accurately

2023 with sepsis conventional than conventional culture methods and

microbiological contributed to more effective treatment of
tests patients.
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Table 3

Studies involving the use of metagenomics with impact for patients with central
nervous system infections

References Number Patients’ Tests Conclusions
of description
patients
1 2 3 4 5
Wilson, 2019 204 Patients with | mMNGS and | The highest diagnostic yield resulted
meningitis, conventional from a combination of CSF mNGS and
encephalitis, microbiological conventional testing.
myelitis tests
Piantadosi, 68 44 patients mNGS and | Rational use of molecular diagnostic
2021 diagnosed with conventional techniques such as mNGS can have a
CNS infections; microbiological positive impact on patient care and
24 - suspects. tests associated costs.
Chen, 89 Patients mNGS and | mMNGS tests provide additional
2024 diagnosed with conventional information to conventional
infectious microbiological microbiological tests.
meningitis or tests
encephalitis
Wang, 2023 50 Pediatric patients | mNGS and | MNGS had a higher detection rate
suspected of conventional compared to traditional PCR
viral encephalitis | microbiological
or meningitis tests
Gambaro, 23 Patients with mNGS and | mNGS can identify pathogens that are
2023 aseptic conventional not usually identified by routine
meningitis and microbiological diagnostic methods
no etiology tests
identified by
conventional
tests

Rajendhran J. et al. (2024) similarly reported that the use of mMNGS represents a
revolutionary advance in the microbiologic diagnosis of infectious diseases and that it provides
complete, rapid and accurate identification of pathogens, significantly improving the diagnosis
of patients, mainly when traditional methods are insufficient. In addition to the current study the
authors also described the need to establish a standard protocol for the diagnosis of various
infectious diseases using MNGS (Rajendhran, 2024).

d'Humiéres, C. et al. (2021) described, similar to the current study, the use of
metagenomic sequencing for the diagnosis of various infectious diseases but in their
conclusions focused more on describing the need for standardization of methods and the
conduct of randomized controlled trials to define the role of mMNGS in the diagnostic algorithm
and develop robust recommendations on key methodological issues, nucleic acid coverage
and bioinformatics analysis (d'Humiéres, 2021).

Conclusions. Metagenomic sequencing has a higher overall sensitivity for the detection
of causative agents of lower respiratory tract infections than the culture method and is a
necessary complement to conventional microbiological tests. Routine blood culture
supplemented with mNGS can significantly reduce mortality in patients with sepsis and
bloodstream infections. The highest diagnostic yield for patients with central nervous system
infections is the combination of CSF mNGS and conventional tests. MNGS has a higher
detection rate and sensitivity in the identification of pathogens associated with DCSA and may
help to rationalize antimicrobial therapy in a timely manner.
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Pe3rome. AHaniz crieujanizoeaHoi nimepamypu bye npogedeHull 3 Memor 8U3HAYEeHHS
Kameeopili nayieHmis, y SKUX Memaz2eHOMHe CeKkeeHygsaHHs Mae dogedeHy abo nomeHuitHy
KMiHIYHY 3Hadywicme 0nsi OiaeHOCMUKU iHbeKuild. BuceimmeHo rnpakmu4yHe 3acmocyeaHHs,
rnepesacu ma OOMEXEHHS Ub020 MemoOy 8 KOHMEKCMI PIi3HUX KIiHIYHUX cueHapiie 0ns
nodanbwoi adanmauii  KniHiYHUX ma JsabopamopHux 0iag2HOCMUYHUX  [POMOKOJII8.
LocnidxeHHa mae onucosuli ma aHamimu4yHul xapakmep. bibnioepacpiyHuli aHaniz 6yno
rnposedeHo 3 8UKOpUCMaHHSAM creuianizogaHoi nimepamypu 3 6a3 daHux e6i0Kpumoz2o
docmyny. Cmammi aHamilCbKO MOB0K, WO CMOCYrombCs 3arporoHo8aHoi memu
oocnioxeHHs1, orybrikoeaHi 3a ocmaHHi 5 pokie, 6ynu eidibpaHi 8idrnogidoHo 0o Kpumepiig
8K/MOYeHHs1. MemaeeHomHe cekeeHysaHHS (MNGS) — ue iHHosauilHa mexHorsoeis, sKa
3diticHura peesosouyito 8 mpaduuyitiHiti KniHiYHIG diaeHocmuui 8 6azambox acriekmax. Ii MoxHa
sukopucmosysamu 0Orisi 0OHo4YacHoI ideHmMuagbikauii KiflbKoX rnamoeeHig, makux sk bakmepil,
gipycu, epubku ma napa3umu, 8 K/iHIYHUX 3pa3kax. 3acmocysaHHsI Memaz2eHOMIKU MpuHece
3Ha4yHi rnepeeaau, 30Kkpema y eurnadkax piOKICHUX IHgbekuit Hesidomoi emiosoeii abo
rnamoeaeHis, SKi 8axXko Kynbmugysamu. Lle OocrnioxeHHss O0eMOHCmpye, SK Uto HOo8Y
MexHOsI02il0  MOXHa euKopucmosysamu Ori1  3MICMOBHOI  KIiHIYHOI  diaegHOCMUKU 8
Mikpobionoaii. [MauieHmu 3 I[HQEeKUiaMU HUXHIX oOuxalsbHUX wWrsaxie npedcmasisioms
Kamezopiro nauieHmis, 0ns skux eukopucmaHHsa mNGS npuHocumb binbwe nepesaa. Lis
MexHOosI02ia Mae euwy 3aesallbHy 4ymrusicmb Orsl 8USIBNIEHHSI Mamo2eHi8 MMOPIBHSHO 3
MemoOOM KyrbmueyeaHHs ma € HeobxiOHUM O0rnoB8HeHHsIM 00 38udalHUX MiKpobiosioaidHUX
mecmis. Cericuc € ceplo3HO rnpobriemoro Orsi epomMadcbko20 300p08's, | BUKOPUCMAaHHS
mNGS 0na uiei kameeopii nayieHmie MOXe cKopomumu 3azallbHy mpusasicms
eocrnimanizayii ma 3HU3UMuU cMepmHicmb. TexHOso2isi Mema2eHOMHO20 CeK8eHyB8aHHS
makoX KopucHa Orns nauyieHmie 3 IHGbeKuiamu ueHmpasibHOi Hepeosoi cucmemu,
sukopucmaHHsa mMNSG 0nsi Hux mae suwuli pieeHb 8USIBNIEHHS, ane Haueuwa diagzHoCmu4Ha
epekmusHicmb criocmepicaembcs  npu  noedHaHHi mMNGS CcrnuHHOMO3K080I piduHU 3
mpaduuidHumu memodamu. MemazeHoMiKka makoX rpPoroHye 3Ha4HI rnepeesaau y 8USIBIEHHI
rnamoezeHxis y nauieHmie 3 arnubokumu abcuecamu WUUHO20 MPOCMOopy, Maryu suWuUl pieeHb
8USIBNIEHHSI ma 4Jymiiugicmb, Wo 00380JI8€ paHiwe po3rnodyamu aHmumikpobHy mepariito,
rokpawyr4u rnpo2HO3 ma 3MEeHWYYU CrioxueaHHs Medu4yHux pecypcie. MemazeHomika
3abesrneyye rnoeHy, weudKy ma Mmo4Hy iOeHmueikauito rnamoeeHie, 3Ha4YHO MOKpPauLyyu
JIKy8aHHS1, 20/108HUM YUHOM, KOsIU mpaduuitiHi Memodu HedocmamHi. Ha ocHo8i 00CliOXeHb,
npedcmasnieHux y uil cmammi, MOXHa 3pobumu BUCHOBOK, WO 3acmocyeaHHs
MemazeHoOMIKu Ons naujieHmige 3 IHGQEKUiaMU HUXHIX OuxalbHUX WIsixie, Cercucom,
IHbekuiamu ueHmparsbHOI Hepeoegoi cucmeMu ma iHbekyiamu anubokux wulHux eiddinise
wuliHo2o 8iddiny xpebma mae Oyxxe sucoKul romeHyian O0nsi 3HUXEHHSI 3axeoprogaHoCM,
CMepmHocmi ma sumpam Ha 0XOPOHY 300p08s.
KnroyoBi cnoBa: meTareHOMika, fgiarHOCTUKA, Cencuc, iIHPeKUiT HMXKHIX AnXanbHUX LWNAXIB,
iHgbeKUji LeHTpanbHOI HEPBOBOT CUCTEMU.
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