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Lower respiratory tract infections (LRTIs) are a leading cause of morbidity and mortality in children. The ability of healthcare
providers to diagnose and prognose LRTIs in the pediatric population remains a challenge, as children can present with similar
clinical features regardless of the underlying pathogen or ultimate severity. Metabolomics, the large-scale analysis of metabolites
and metabolic pathways offers new tools and insights that may aid in diagnosing and predicting the outcomes of LRTIs in children.
This review highlights the latest literature on the clinical utility of metabolomics in providing care for children with bronchiolitis,
pneumonia, COVID-19, and sepsis.
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● This article summarizes current metabolomics approaches to diagnosing and predicting the course of pediatric lower
respiratory infections.

● This article highlights the limitations to current metabolomics research and highlights future directions for the field.

INTRODUCTION
Lower respiratory tract infections (LRTIs) cause an estimated
700,000 deaths and 60.6 disability-adjusted life years annually
in children under 5 years worldwide.1 LRTIs consist of infections
below the larynx, frequently including pneumonia and bronch-
iolitis in children.2 The majority of LRTIs in pediatric patients are
caused by viruses, however, determining the underlying
pathogens of LRTIs remains a challenge with currently available
criteria, such as fever, white blood cell count, and radiographic
imaging.3 For example, reports of chest radiographs for
pediatric pneumonia have high inter-observer variability,4 and
both viral and bacterial LRTIs can cause high fever.3 Addition-
ally, there is currently no standard approach to predicting the
severity of a child’s LRTI based on signs, symptoms, and
common laboratory tests with great accuracy.5 Given the
difficulties described above, new clinical tools are needed to
help guide management and predict which children will
experience severe disease.
An emerging branch of the “omics” field that may aid the care

of LRTIs is metabolomics. Metabolomics studies the metabolism
of organisms, and experiments are designed to generate
“snapshots” of the active metabolic pathways in an organism
at a given moment in time. Metabolomic experiments can be
either targeted, where a set of predefined molecules are
identified from a sample, or untargeted, where all the molecules
in a sample are identified and analyzed.6 The techniques most
used to identify metabolites from a biological sample are mass
spectrometry (MS) and nuclear magnetic resonance (NMR)

spectroscopy.7–11 With MS, chemical compounds are ionized
and separated based on their mass-to-charge ratio. NMR
generates spectral intensities based on the magnetic properties
of molecules (Table 1). Each metabolite has its own unique
mass-to-charge ratio and spectral intensity. Data analysis focuses
on identifying and determining the relative abundance of
metabolites in a sample. In the context of metabolomics in
LRTIs, biological fluids such as serum, urine, or nasopharyngeal
aspirates can be collected and analyzed via either MS and/or
NMR. The identified metabolites are then compared and used to
generate metabolic profiles of patients based on the infecting
pathogen and severity of the disease (Fig. 1). Challenges of
metabolomics include timing of sample collection, as whether
an individual is early in the disease course or late,12 and whether
any treatment has been received can influence the metabolic
profile and make comparisons difficult.13

This review builds on a previous one on the metabolomics of
respiratory diseases in children up to 2011, highlighting the
progress that has been made in the field.14 We feature new
literature on the clinical utility of metabolomics for managing
LRTIs and associated complications in children. Specifically, we
focus on bronchiolitis, pneumonia, and coronavirus disease 2019
(COVID-19), as these are currently the most common LRTIs in
pediatric patients. Sepsis was also included in this review as it is a
life-threatening complication of LRTIs wherein prompt initiation of
treatment is critical for survival.15 Neonatal sepsis was excluded
from this review as this topic has been discussed extensively
elsewhere.16–18
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BRONCHIOLITIS
Bronchiolitis is the most common LRTI in young children,
accounting for 18% of hospitalizations in infants <1 year of age.19

The most common viruses associated with bronchiolitis are
respiratory syncytial virus (RSV) and rhinovirus (RV).20,21 Predicting
which children will experience severe disease is currently difficult,
although some factors such as age and clinical status may help
predict disease severity.22 Additionally, some evidence suggests
bronchiolitis is a risk factor for developing asthma later in life.23,24

Distinguishing between bronchiolitis and bacterial LRTIs
remains a challenge in pediatrics. Adamko et al. made the first
attempt to use metabolomics as a tool to differentiate bronch-
iolitis from bacterial LRTIs in the pediatric population (Table 2).25

The final model consisted of 17 metabolites (when available, lists
of significant metabolites that are >10 can be found in
the Supplementary Tables), and when tested with age-matched
samples, it correctly identified 90% of those with a viral infection
(Supplemental Table S1).25 As this was a pilot study, further
validation is needed in a larger cohort.
Recent evidence suggests that children may face different

short-term and long-term outcomes based on the specific virus
they are infected with, including length of hospital stay and risk
for future asthma.20,26 As such, some metabolomics studies have
focused on identifying unique metabolic profiles for the different
viruses that cause bronchiolitis.27,28 Turi et al. were unable to
generate a significant model to discern differences between
children with laboratory-confirmed RSV and non-RSV infection.27

On the other hand, Stewart et al. identified 26 significant
metabolites with an adjusted P value of <0.05 which differentiated
between bronchiolitis caused by two common viruses, RSV and RV
(Supplemental Table S2).28 The authors did not generate any
clinical models to determine if these metabolites could distinguish
between the two viruses with high sensitivity and specificity.

Differences in results between the studies may be due to the
sample type that was analyzed, as Turi et al. used urine samples,
while Stewart et al. used nasopharyngeal samples.27,28

Metabolomics has also been applied to identify pathways
associated with increased severity in children with
bronchiolitis.25,29,30 Using the length of hospital stay as a marker
of severity, Adamko et al. separated study cohorts with a hospital
stay of >7 days from those with a stay <3 days using 17
metabolites (Supplemental Table S3).25 Another research group
used positive pressure ventilation (PPV) as the severity marker for
two studies.29,30 The first study reported 25 metabolites, generat-
ing a strong statistical model (sensitivity= 84%, specificity= 86%)
for differentiating between patients requiring PPV and those not
requiring PPV (Supplemental Table S4).29 Twenty other metabo-
lites were identified in the authors’ second study distinguishing
between patients requiring PPV from those not requiring PPV
(Supplemental Table S5).30 This second study did not provide any
clinical parameters such as sensitivity or specificity for the
metabolic model. No significant overlap between the key
metabolites and their associated pathways was identified in the
two studies from the same group.29,30 The most likely explanation
for the various results between the two studies is the different
biofluids used; the first study analyzed nasopharyngeal samples,
while the second study used the serum. As mentioned by the
authors, whether the serum metabolome is representative of
respiratory tract diseases requires further investigation.30

A factor with mixed evidence on its association with
bronchiolitis severity is vitamin D deficiency.31,32 Hasegawa et al.
analyzed nasopharyngeal samples of children with severe
bronchiolitis that had low levels of vitamin D and compared
them to severe bronchiolitis cases with sufficient vitamin D levels.
The group identified the top 20 metabolites associated with lower
serum vitamin D levels (Supplemental Table S6).33 These 20

Table 1. A comparison of nuclear magnetic resonance (NMR) spectroscopy, gas chromatography mass spectrometry (GC-MS), and liquid
chromatography mass spectrometry (LC-MS) for metabolomics experiments.

Analytical technique NMR GC-MS LC-MS

Sample preparation Minimal preparation required (e.g.,
ultrafiltration)

Derivatization and extraction
required

Extraction required

Separation Differences in magnetic frequency Differences in volatility
and mass

Differences in polarity
and mass

Number of detectable metabolites/
metabolic features

30–100 100–500 1000+

Sensitivity Low High Highest

Reproducibility High Average Average

Infection A

Infection B

Cohort with two
different infection types

(e.g., viral versus
bacterial)

Sample collection
(e.g., serum,

urine)

Sample analysis
(e.g., nuclear magnetic

resonance spectroscopy)

Data analysis
(e.g., metabolic

profiling) Generation of metabolic
pattern unique to each

type of infection

Development of point-
of-care tool for

diagnosis of each type
of infection

Fig. 1 Schematic representation of the design of a metabolomics study for pediatric lower respiratory infections. Cohorts with two
different infection types are recruited, and then a sample is collected from each participant. The sample is then analyzed using either nuclear
magnetic resonance spectroscopy or mass spectrometry to detect all metabolites. The data is then analyzed to generate a metabolic profile
for each infection type, which can then be used clinically to help manage respiratory infections in children.
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metabolites distinguished between those needing PPV and those
not with an area under the receiver operating characteristic
(AUROC, a value between 0 and 1, i.e., how well a model
differentiates between two groups, with a higher number
suggesting better separation) of 0.95. In their final analysis, nine
of these metabolites were significantly associated with a higher
risk for PPV (Supplemental Table S6). In other words, metabolites
associated with low serum vitamin D levels were also associated
with a higher risk for PPV use. A couple of months later, the same
group published a short report looking at the serum metabolomes
of bronchiolitis patients based on their vitamin D levels.34 Again,
the authors identified the top 20 metabolites associated with
serum vitamin D levels and found nine of them to be significantly
associated with PPV use; three of which were associated with a
higher risk of PPV and six associated with a lower risk of PPV
(Supplemental Table S7).34 The only overlapping metabolite
amongst the top 20 metabolites associated with serum vitamin
D levels in both studies was sphingomyelin (d18:1/18:1;d18:2/
18:0). This metabolite was associated with a higher risk of PPV in
both studies. The most likely explanation for only one common
metabolite across the studies is the different biofluids used
(nasopharyngeal vs. serum samples).
Bronchiolitis early in life has been identified as a potential risk

factor for the development of recurrent wheeze and asthma.23,24

To our knowledge, four prospective studies have been conducted
wherein the metabolic profiles of children with bronchiolitis were
analyzed, and the children were then followed to determine if
they developed a wheeze.27,35–37 Zhu et al. collected nasophar-
yngeal samples from 918 infants and clustered them into five
different metabotypes. The metabotype rich in amino acids and
low in polyunsaturated fatty acids was found to be associated with
an increased risk for asthma at 5 years old. This finding did not
maintain its significance when infants with previous breathing
problems were excluded from the analysis.37 The goal of the
remaining three studies was to identify metabolic pathways
involved in the pathogenesis of wheeze following bronchiolitis
and did not include clinical models for the prediction of
wheeze.27,35,36 Nonetheless, significant metabolites were reported
in two studies that were associated with wheeze 2–3 years after
bronchiolitis (Supplemental Tables S8 and S9).35,36 There are a
number of clinical tools that have been developed for predicting
asthma in children based on features including age, sex, personal
and family history of atopic conditions, and serum eosinophil and
immunoglobulin E levels.38 Unfortunately, each clinical tool has its
own drawbacks, and are often limited by poor negative likelihood
ratios. Therefore, the metabolites mentioned above may serve as a
valuable addition to clinical tools for predicting asthma in
children.
Two of the most recent multicenter metabolomic studies on

bronchiolitis have focused on multiple outcomes using both
serum and nasopharyngeal metabolomes.39,40 In 2020, Fujiogi
et al. analyzed the serum metabolomes of 113 infants with
bronchiolitis. Their first outcome was to distinguish RSV bronch-
iolitis from both RV-A and RV-C bronchiolitis. They then took the
metabolites that discriminated between virus types and looked for
associations with clinical outcomes including PPV use, and the
development of wheeze and asthma. The multivariable models
identified 23 significant metabolites that differentiated RSV from
RV-A infection, and 20 metabolites that differentiated RSV from
RV-C infection (Supplemental Table S10). In the RSV vs. RV-A
comparison, sphingolipids and carnitines were found to be
associated with clinical outcomes such as PPV use and asthma.39

This finding fits with the fact that sphingolipids play a role in lung
inflammation and immune signaling.41 In the RSV vs. RV-C
comparison, metabolites involved in the plasmalogen pathway
were associated with lower PPV use, and arginine was associated
with a higher risk of asthma.39 Interestingly, arginine is an
important substrate for nitric oxide synthase and arginase, which

play a role in the regulation of airway smooth muscle tone, and
arginine bioavailability has been associated with airflow abnorm-
alities in severe asthma.42,43

The second recent study analyzed both the nasopharyngeal and
serum metabolomes of infants with bronchiolitis and looked for
subsequent associations with bronchiolitis severity and develop-
ment of asthma.40 The group clustered the metabolites into
modules based on their respective biological pathways, and then
looked for correlations of entire modules with clinical outcomes.
Several identified pathways from both the serum and nasophar-
yngeal samples were associated with the use of PPV, but no
pathways from either group were associated with asthma
development. The interesting aspect to this study is that an
integrated analysis was conducted using both the serum and
nasopharyngeal modules, to look for consistency between the two
sample types. While some correlations were found between the
two metabolomes, the underlying mechanisms explaining the
interconnectedness of the serum and nasopharyngeal metabo-
lomes remain to be elucidated. We direct the reader to the original
article for in-depth descriptions of the complex integrated
analyses.40 To our knowledge, this study was the first to
investigate the relationship between the serum and nasophar-
yngeal metabolome in regards to infant bronchiolitis; a step in the
right direction toward designing optimal metabolomics studies for
diagnosing and prognosing bronchiolitis.

PNEUMONIA
Worldwide, almost 15% of deaths in children under 5 years of age
are attributed to pneumonia.44 Pneumonia is a LRTI affecting the
alveoli, and is caused by many different types of pathogens
including bacteria, viruses, and fungi.45 The diagnosis of pediatric
pneumonia is challenging as children often present with
nonspecific signs including fever, cough, and tachypnea, also
typical of other respiratory infections. Systematic reviews have
been unable to identify any constellation of vital signs that can
accurately diagnose pneumonia in children with fever and
cough.46 Prospective cohort studies and literature reviews on
currently used biomarkers to diagnose pneumonia such as white
blood cell count, absolute neutrophil count, C-reactive protein,
and procalcitonin (PCT) have failed to demonstrate significant
differences across children with varying disease severity and
etiologies of pneumonia.47,48

To date, one metabolomics study has focused on diagnosing
pediatric pneumonia (Table 3).49 Laiakis et al. analyzed both urine
and plasma samples collected from children with pneumonia and
compared them to healthy controls. When using urine samples,
the analysis resulted in an accuracy of 95%. The plasma samples
had a slightly lower accuracy of 90%.49 Interestingly, the level of
uric acid was found to be decreased in pneumonia patients when
looking at urine samples but increased in plasma samples. The
authors hypothesized that in severe pneumonia, there is increased
reabsorption of uric acid by the kidneys, explaining why they
found decreased levels of uric acid in the urine of children.49 This
finding may suggest that various biofluids can produce different
metabolic results, highlighting the importance of considering
which biofluid was analyzed when comparing metabolomics-
based models.
Up to 23% of pediatric appointments for respiratory conditions

end in the inappropriate prescribing of antibiotics, ultimately
contributing to emerging antibiotic resistance.50 Having the ability
to accurately determine the underlying pathogen(s) of LRTIs may
significantly reduce this trend. One metabolomics study thus far
has focused on distinguishing between viral and S. pneumoniae
pneumonia in children.51 Del Borrello et al. identified 93
metabolites, which generated a model with an AUROC of 0.87.
Twenty of these metabolites were then identified using metabo-
lite databases (Supplemental Table S11). The group reported a
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strong metabolic model for distinguishing between the two
etiologies of pneumonia, showing promise for applying
metabolomics-based models to diagnose pneumonia in chil-
dren.51 A strength of the present study is the strict criteria used to
exclude children that had bacterial and viral coinfection, and
children that are carriers of S. pneumoniae.51 Excluding carriers of
S. pneumoniae is important, as emerging evidence suggests that
the host nasopharyngeal microbiome, particularly colonization
with S. pneumoniae, contributes to the pathogenesis of viral
LRTIs.52

Development of parapneumonic effusions (PPEs), which are a
collection of fluid in the pleural space, can affect children with
pneumonia.53 PPEs can be either complicated or noncomplicated,
and the distinction between the two is based on the fluid’s pH,
glucose, and lactate dehydrogenase levels.54 Uncontrolled inflam-
mation in a complicated PPE can cause fibrin deposition, leading
to loculations and further pleural fluid accumulation.55 It is
important to distinguish between types of PPEs to avoid
unnecessary treatments, as complicated and fibrinous PPEs are
more likely to require procedural interventions and medications.56

There is currently one research group that has published
metabolomics studies investigating PPEs in children with
pneumonia.57,58 Using pleural fluid samples, the first study looked
at complicated vs. noncomplicated PPEs in pediatric patients
infected with S. pneumoniae.57 The second study aimed to identify
metabolic patterns associated with PPEs that were fibrinous and
nonfibrinous in children infected with both S. pneumoniae and M.
pneumoniae.58 Interestingly, the metabolites associated with
complicated PPEs in study one and fibrinous PPEs in study two
belonged to the same metabolic pathways. These pathways
included amino acid synthesis and anaerobic metabolism,
particularly propanoate and butanoate metabolism. The authors
attributed the increase in these pathways to the increased
invasion of bacteria in the pleural space, as bacteria synthesize
amino acids and S. pneumoniae is a known facultative anaerobe.59

The drawback to both studies is that they were limited by weaker
R2 (goodness of fit of the model) and Q2 (predictive ability of the
model) values (Table 3), possibly due to small sample sizes (Study
#1: N= 40; Study #2: N= 58).57,58

SEPSIS
Sepsis is a life-threatening complication of infection, wherein
nearly half of all sepsis cases in children follow an initial respiratory
infection.60 The timely recognition of sepsis and septic shock in
children is of paramount importance. Children presenting with
septic shock face two-fold increased odds of mortality for every
hour that there is a delay in the initiation of antibiotics.15 Despite
the release of new guidelines for pediatric sepsis as part of the
Surviving Sepsis campaign in 2020, screening tools for the prompt
diagnosis of sepsis with both high sensitivity and specificity are
lacking.61 The gold standard for diagnosing sepsis is blood culture,
however, cultures can take hours to days to yield results and up to
87% of pediatric sepsis cases are blood culture-negative.62,63 A
benefit to metabolomics is that very small volume samples can be
analyzed in less than an hour.6

One of the earliest studies that used metabolomics for pediatric
sepsis focused on differentiating between septic shock and
systemic inflammatory response syndrome (SIRS) and predicting
mortality (Table 4).64 The analysis yielded a sensitivity and
specificity of 0.78 and 0.72, respectively for differentiating
between septic shock and SIRS.64 The mortality model was
compared to commonly used predictors of mortality, including
serum PCT concentration and the Pediatric Risk of Mortality III-
Acute Physiology Score (PRISM III-APS). The sensitivity of the
metabolic model for predicting survivorship was 0.80, as
compared to sensitivities of 0.29 for PCT, and 0.70 for the PRISM
III-APS.64 A later case study that examined urinary metabolitesTa
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from an infant with fatal sepsis due to pneumonia identified three
metabolites (3-hydroxybutyrate, glucose, and acetone) that over-
lapped with the results from the previously discussed study.65

Predicting the trajectory of a patient’s sepsis is another way in
which metabolomics can be utilized clinically. Studies from a
group in Calgary, Canada, focused on predicting which patients
will require care in a pediatric intensive care unit (PICU), as
compared to those that can be managed in the pediatric
emergency department (PED).66,67 The final analysis based on
seven metabolites differentiated between PICU-sepsis and PED-
sepsis for 1-month–17-year-old patients with an AUROC of 0.93.
The seven metabolites were dimethylamine, mannose, 3-methyl-
2-oxovalerate, 3-hydroxyisovalerate, alanine, O-acetylcholine, and
acetate.67 Grauslys et al. also attempted to separate their cohort
based on sepsis severity. Their analysis showed modest discrimi-
nation between patients with organ dysfunction and those
without, with an AUROC of 0.73. The most significant metabolic
discriminators were 2-hydroxyisovalerate, ornithine, isoleucine,
creatinine, creatine phosphate, and citrate, all of which had higher
levels in the group without organ dysfunction.68

Identifying the causative pathogen of a patient’s sepsis in a
timely manner is important for deciding on treatment and
improving antibiotic stewardship. To date, two metabolomics
studies have attempted to predict the offending pathogen in
children with sepsis.68,69 The model generated by Grauslys et al.
differentiated between viral and bacterial infections with an
AUROC of 0.78. The most significant metabolic discriminators
included isoleucine, urea, creatinine, 2-hydroxyisovalerate, tyro-
sine, valine, creatine phosphate, and histidine. Li et al. identified
three metabolites with levels that were higher in sepsis survivors
infected with Staphylococcus aureus, as compared to infection with
Candida albicans, and Pseudomonas aeruginosa. The three
metabolites were cholic acid, isovalerylglycine, and histidine.69

While only a single case study has looked exclusively at sepsis
caused by pneumonia,65 almost half of the children included in
the other sepsis studies initially had pneumonia leading to
sepsis.66 Given the significant proportion of pediatric sepsis
patients that have an underlying LRTI, it is important to be able
to predict which patients with LRTIs will develop sepsis and how
severe their course will be. Future metabolomic studies could aim
to identify metabolic patterns that can distinguish between
children with LRTIs that develop sepsis and those that do not.

COVID-19
As of March 29, 2022, COVID-19 has claimed the lives of over 6.1
million people worldwide.70 COVID-19 is an acute respiratory
illness caused by infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The clinical presentation of COVID-19
can range from asymptomatic, to mild respiratory symptoms, to
severe pneumonia and death.71 However, unlike the adult
population, pediatric patients typically experience less severe
disease and mortality rates from COVID-19.72 To date, one
metabolomics study has focused on COVID-19 in children, with
the goal of explaining why children experience less severe disease
than adults (Table 5).73 The group compared the data they
collected on healthy children and children with COVID-19 to data
they had previously obtained from a cohort of healthy adults and
adults with COVID-19.74,75 The final model consisted of five
metabolites that could differentiate between healthy children and
children with COVID-19, and children vs. adults with COVID-19,
with an AUROC of 1. The five metabolites were the same for both
comparisons and included methylmalonic acid, dihydroorotic acid,
indoleacetaldehyde, tryptophan, and mannitol.73 This study was
the first to our knowledge to compare children with COVID-19 to
healthy children, and adults with COVID-19. The study provides
insight into why children experience less severe disease, which
may offer targets for novel treatments of COVID-19 in adults.Ta

bl
e
5.

Su
m
m
ar
y
o
f
m
et
ab

o
lo
m
ic
s
st
u
d
ie
s
o
n
p
ed

ia
tr
ic

C
O
V
ID
-1
9
an

d
o
u
tc
o
m
es

ex
p
lo
re
d
.

R
ef
er
en

ce
M
et
ab

ol
om

ic
s

an
al
ys
is

Sa
m
p
le

ty
p
e

St
ud

y
co

h
or
ts

(n
um

b
er

of
st
ud

y
p
ar
ti
ci
p
an

ts
)

A
g
e
of

st
ud

y
p
ar
ti
ci
p
an

ts
:

m
ed

ia
n
(I
Q
R
)

O
ut
co

m
e

Te
st

ch
ar
ac
te
ri
st
ic
s

W
an

g
et

al
.7
3

LC
-M

S/
M
S

Pl
as
m
a

C
h
ild

re
n
w
it
h
C
O
V
ID
-1
9

(N
=
18

)
H
ea
lt
h
y
ch

ild
re
n
(N

=
12

)

C
h
ild

re
n
w
it
h
C
O
V
ID
-1
9:

7
(5
,1

2)
H
ea
lt
h
y
ch

ild
re
n
:6

(3
,7

)

Fi
ve

m
et
ab

o
lit
e
m
o
d
el

co
m
p
ar
in
g

ch
ild

re
n
w
it
h
C
O
V
ID
-1
9
an

d
h
ea
lt
h
y

ch
ild

re
n

A
U
R
O
C
=
1

R
M
SE

=
1.
5
×
10

−
9

Fi
ve

m
et
ab

o
lit
e
m
o
d
el

co
m
p
ar
in
g

ch
ild

re
n
an

d
ad

u
lt
s
w
it
h
C
O
V
ID
-1
9

A
U
R
O
C
=
1

R
M
SE

=
8.
8
×
10

−
7

A
U
RO

C
ar
ea

u
n
d
er

th
e
re
ce
iv
er

o
p
er
at
in
g
ch

ar
ac
te
ri
st
ic
,C

O
VI
D
-1
9
co

ro
n
av
ir
u
s
d
is
ea
se

20
19

,L
C-
M
S/
M
S
liq

u
id

ch
ro
m
at
o
g
ra
p
h
y
co

u
p
le
d
w
it
h
ta
n
d
em

m
as
s
sp
ec
tr
o
m
et
ry
,R

M
SE

ro
o
t
m
ea
n
sq
u
ar
e
er
ro
r.

E. Wildman et al.

8

Pediatric Research



Future studies regarding metabolomics and children with COVID-
19 should focus on predicting which children will develop severe
disease and multisystem inflammatory syndrome in children (MIS-
C), a rare but serious complication of COVID-19.

DISCUSSION
In 2011, Atzei et al. published a review on the metabolomics of
common respiratory diseases in children, including pneumonia and
bronchiolitis.14 At the time, one study was identified pertaining to
pneumonia in children and zero studies were identified pertaining
to bronchiolitis in children. A decade later, we have reviewed over
10 studies related to the clinical utility of metabolomics for
diagnosing and prognosing pneumonia and bronchiolitis in
children, plus additional studies on other respiratory infections
and their complications. The field of metabolomics has gained
notable attention over the last several years as a useful tool for
improving how LRTIs in children are diagnosed and cared for.
One can conclude from this manuscript that there is a need for

guidelines and quality control measures for metabolomics studies
for pediatric LRTIs. Such guidelines should discuss the ideal
biofluid for LRTIs (which is yet to be elucidated but should be
minimally invasive to obtain and representative of both the
infection itself and the host response). As already mentioned,
different biofluids produce different results in metabolomics
studies.29,30,49 Thus, it becomes difficult to compare results from
metabolomics studies that have used different biofluids to
generate a clinical tool for routine use. Additionally, as stated by
Stewart et al., it remains unknown whether biofluids such as urine
and serum are truly representative of a respiratory tract illness.30 It
seems probable that a sample from the lower respiratory tract
would be most ideal for studying the metabolomics of LRTIs in
children. However, such samples can only be obtained through
invasive procedures such as bronchoscopy with bronchoalveolar
lavage. Other important points for guidelines to address include
the timing of sample obtainment. Results can differ based on
when a sample was collected, as demonstrated by Slupsky et al.
who showed that urinary profiles of mice infected with S.
pneumonia and S. aureus differ based on the amount of time
that has passed since the initial infection.12 While individual
studies discussed here had strict rules for timing of sample
obtainment, the criteria differed across studies (i.e., on admission
to PICU,68 within 24 h of hospitalization30). Additionally, even with
criteria such as sample collection within 24 h of hospitalization, it
is unlikely that children will be captured at the same timepoint in
their illness, as some may present earlier or later than others. This
point speaks to the challenge of using metabolomics for acute
illnesses.
Other potential explanations regarding the inconsistencies in

results across studies may be due to factors that are already
known to influence metabolomics results. Studies suggest that
inconsistencies in the way samples are handled can lead to
substantial variation in metabolic results.76,77 Furthermore, the
time of day that a sample is collected can lead to different
metabolic profiles being detected.78 Other factors such as
environmental conditions and lifestyle habits are all known to
play a role in the human metabolome.79 The studies reviewed
here were conducted in a number of different countries, where
the protocols used for sample handling, and the environment and
lifestyle of the children included are all likely to differ, contributing
to variation in reported results.
Despite the progress that has been made, metabolomics has

not yet made its way into the clinic as a routinely used tool for
children with LRTIs. One of the biggest barriers to the widespread
use of metabolomics is cost. For example, the machinery
necessary to conduct NMR spectroscopy can cost upwards of US
$800k.80 One possible solution to this problem is through
collaboration with biomedical engineers to aid in the

development of point-of-care metabolomics tests. Such a tool
has already been developed for the diagnosis of prostate cancer.81

Using four metabolites detected in human plasma, this point-of-
care device detected prostate cancer with a sensitivity of 94% and
a specificity of 70%. Ensuring equitable access to such point-of-
care tests for LRTIs in children will be the final challenge for
metabolomics technologies, as half of the childhood deaths due
to pneumonia occur in just five low-resource countries
worldwide.82

CONCLUSIONS
LRTIs and their subsequent complications are a leading cause of
death in children worldwide.1 Current diagnostic strategies lack
the sensitivity and specificity to make timely and accurate
diagnoses that allow for optimal care of children with LRTIs.
Metabolomics is a novel tool with the potential to improve the
care of children with LRTIs and subsequent complications.
However, before metabolomics becomes a widely available
technology for improving outcomes in children with LRTIs, more
large-scale studies are required to validate current findings, and
guidelines are needed to produce more consistent results.
Nonetheless, metabolomics holds promise as a clinical tool to
1 day improve physicians’ ability to diagnose and prognose LRTIs
in children and improve health outcomes worldwide.
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