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Traditional laboratory markers, such as white blood cell count, C-reactive protein, and procalcitonin, failed to discriminate viral and
bacterial infections in children. The lack of an accurate diagnostic test has a negative impact on child’s care, limiting the ability of
early diagnosis and appropriate management of children. This, on the one hand, may lead to delayed recognition of sepsis and
severe bacterial infections, which still represent the leading causes of child morbidity and mortality. On the other hand, this may
lead to overuse of empiric antibiotic therapies, particularly for specific subgroups of patients, such as infants younger than 90 days
of life or neutropenic patients. This approach has an adverse effect on costs, antibiotic resistance, and pediatric microbiota.

Transcript host-RNA signatures are a new tool used to differentiate viral from bacterial infections by analyzing the transcriptional
biosignatures of RNA in host leukocytes. In this systematic review, we evaluate the efficacy and the possible application of this new
diagnostic method in febrile children, along with challenges in its implementation. Our review support the growing evidence that
the application of these new tools can improve the characterization of the spectrum of bacterial and viral infections and optimize

the use of antibiotics in children.

Pediatric Research (2022) 91:454-463; https://doi.org/10.1038/s41390-021-01890-z

IMPACT:

® Transcript host RNA signatures may allow to better characterize the spectrum of viral, bacterial, and inflammatory illnesses in
febrile children and can be used with traditional diagnostic methods to determine if and when to start antibiotic therapy.

® This is the first review on the use of transcript RNA signatures in febrile children to distinguish viral from bacterial infections.

® Our review identified a wide variability of target populations and gold standards used to define sepsis and SBls, limiting the

generalization of our findings.

INTRODUCTION

Sepsis remains a leading cause of morbidity and mortality in
neonatal and pediatric age,' in both low-to-middle countries
(LMICs) and well-resourced setting.? The early diagnosis of sepsis
and serious bacterial infections (SBIs) is pivotal to establish early
treatments and reduce mortality and morbidity. However, clinical
examination is often non-specific and laboratory tests usually used
have little sensitivity and specificity; to date, there is no single
laboratory test that can accurately identify sepsis and SBls during
the early stages of disease.’

Blood culture remains the gold standard for diagnosis of sepsis
and SBIs, although false-negative cultures can occur as a result of
small volumes of blood drawn (particularly in neonates, infants, and
young children), low levels of bacteremia, use of previous antibiotics,
or the presence of bacteria that require specific cultures or have
high replication time.* Moreover, blood culture results require hours
to days according to settings, and therefore they cannot guide initial
diagnostic and management decisions. The traditional laboratory
tests used in differential diagnostics (such as white blood cell count,
C-reactive protein, and procalcitonin) failed to distinguish the

etiology of fever in children and also have numerous limitations.
For example, C-reactive protein (CRP) is a non-specific marker and
can increase in all inflammatory situations (including non-infectious
ones), while procalcitonin (PCT) showed better accuracy to
recognized sepsis and SBIs than other tests, but has higher costs
(limiting its widespread use in LMICs) and can also be negative in
the early stages of disease.”

Since invasive bacterial infections must be treated immediately,
the absence of accurate diagnostic tools leads to high use of
empirical antibiotic therapies. Although fever in infants less than
90 days old is more often of viral etiology, it is associated with a
severe bacterial infection in 8-12.5% of cases.® For this reason,
antibiotic therapy is usually empirically started pending cultures or
clinical evolution and is often continued beyond 48 h (despite
negative cultures) when clinical signs and laboratory markers are
consistent with infection. This has an adverse effect on costs,
antibiotic resistance, and microbiota.

In recent years, new methods have been studied to better and
earlier recognize sepsis and SBIs, including RNA biosignatures.
Transcript host RNA signatures are a new tool increasingly used to
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differentiate viral from bacterial infections by analyzing the
transcriptional biosignatures of RNA in host leukocytes, in
response to a clinically undifferentiated infection.®

Studies on the adult population have shown encouraging
results regarding the use of these methods in the diagnosis of
infectious diseases. Suarez et al.” conducted a prospective work in
patients aged >21 years hospitalized for low respiratory tract
infection and identified 10 classifier genes (8/10 related with
Interferon pathway) that discriminated between bacterial and viral
infection with a 95% sensitivity and 92% specificity, compared
with a sensitivity of 38% and a specificity of 91% for procalcitonin.

However, the use RNA biosignatures to recognize children with
sepsis and SBls is not yet completely established; therefore, we
performed a systematic literature review to better understand the
possible application of transcript host RNA signatures to
discriminate bacterial and viral infections in febrile children.

METHODS

Search strategy

We performed a systematic literature review to evaluate the
efficacy of transcript host RNA signatures for the discrimination of
bacterial and viral infections in febrile children.

Five different searches were conducted on Pubmed using the
following keywords: “Transcriptomic & sepsis & children”, “RNA
signatures & sepsis & children”, “transcriptome & infection &
children”, “RNA signatures & infection & children” “gene expression
signature & sepsis & children”. All studies published between January
2011 and February 2021 were considered (n=1073). In total, 188
duplicates were removed after comparison of the five searches.

We included all studies of quantitative research, while letters to
the editor (n = 2), protocols (n = 4), reviews (n = 72) and off-topic
publications (n =777) were excluded. No articles were excluded
due to the language. We additionally analyzed reference lists of
the included articles to identify further relevant studies (n = 3).

Study selection

A first screening process was performed to identify off-topic
studies: 777 articles were excluded from the database. The
remaining list was screened to identify quantitative research
about the efficacy of transcript host RNA signatures for diagnosis
of bacterial and viral infections in febrile children. After an initial
preselection of 33 articles, 16 publications were fully considered to
be included in this review.

Data extraction

The data extraction template was filled by the author coordinated
by the two leading researchers, based on a sample of three studies
previously screened and assessed by them, in order to adjust the
template to make it perfectly suitable for the study’s aim. The
results were then checked again across the original manuscript by
a third researcher.

Data synthesis
Characteristics of the included studies were presented in
tabulated form. The data were collected in columns: study
reference, analyzed population and mean age, aim, main result
and study limitations. We also presented a supplementary table
which reported: type of study, country, setting and conflicts of
interest (when present and/or reported).

The data were then summarized using a narrative synthesis
approach.

RESULTS

Study selection and description

A total of 1076 articles were identified according to the specified
selection criteria on Pubmed. After duplicates were removed (n =
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188), a total of 888 citations were identified from searches of
electronic databases and review article references. Based on the
title and the abstract, 777 were excluded, with 108 full text articles
to be retrieved and assessed for eligibility. We were able to
retrieve all the selected articles. Of these, 78 were not considered
to be original quantitative research (72 review articles, 2 letters to
the editor, 4 protocol studies).

We preselected 33 articles and, after discarding 17 works
(because they did not have as their main purpose the distinction
between infections), finally, the remaining 16 studies were
considered eligible for this review (Fig. 1).

No meta-analysis was done because the published childhood
transcript host biomarker studies were highly heterogeneous. The
method used to confirm bacterial and viral infections was also
heterogeneous, ranging from positive or negative cultures to
different ranges of inflammation indices, up to clinical
evaluation alone.

Characteristics of sources of evidence
The modules are described in Table 1, together with a description
of aim, target group, main results, and study limitations.

A critical appraisal within sources of evidence, including the
studies’ place of origin, design, setting, and conflicts of interest are
presented in the Supplementary Table 1.

Critical appraisal within sources of evidence

Results of sources of evidence. We included 16 studies,®>* with a
total of 4841 analyzed patients. Of the 16 selected studies, 14
(87,5%) examined the discrimination of bacterial and/or viral
infections using transcript host RNA biosignatures, with 2 of these
conducted on a population of oncological children.'*'® Of the
remaining studies, one concerned the identification of a marker of
severity in hospitalized children with pneumonia'® and the other
studied markers that allowed to distinguish real asthma exacer-
bations from episodes that resolved spontaneously in the absence
of treatment.?’ In both cases, differentiation of the underlying
infectious agents was considered a secondary endpoint.

One study?® analyzed also the correlation between sepsis severity
and gene expression, but did not find statistically significant
correlation. Most of the included were prospective studies.

Six studies were conducted in a hospital ward, eight in an
emergency department, and two using data from the GEO (Gene
Expression Omnibus) dataset.

The majority of publications analyzed children from the United
States and China. Other countries with less studies included: Mexico,
Spain, Sweden, Mozambique, and Brazil. One study analyzed
children from different countries (United Kingdom, Spain, the
Netherlands, and the United States). About the two studies that
used the GEO dataset, one was conducted in the USA analyzing only
data from Mexican children.

In 10 studies the authors declared that they have no conflict of
interest; in two studies there is no reference about conflict of
interest, while in only four studies possible confounding factors are
reported: after our careful analysis, both were deemed suitable for
our review.

The majority were conducted only among children (n=14;
87.5%); 10 studies included only children under 10 years old and
4 studies included children under 18 years. Only two studies
analyzed children and adults®'*

The 16 studies reported diverse and heterogeneous forms
of biomarkers as a gold standard for infection diagnosis,
which require different types of clinical specimens and utilized
diverse techniques and laboratory assays for identifying
biomarkers. IFI44L was one of the most used markers for the
diagnosis of viral infections® "' with also genes linked to IFN
pathway.1 3,14,16,18,20,22,23

The vast majority of studies report that transcriptomics can be
used as a diagnostic supplement for pediatric diseases and allow to

15,16
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Fig. 1 Study flow: selection and description.

distinguish bacterial from viral infections. We found only one study
that reported no benefit between transcript host RNA signatures
and the discrimination of pathogens and involved 63 episodes of
febrile neutropenia in 45 oncological children.'” The average
numbers of participants (much lower than in others which report
an association) and the particular clinical condition of children
analyzed in this study could be confounding factors.

DISCUSSION

We conducted a systematic review of host-response and
pathogen-derived biomarkers for viral and bacterial infections in
children to find a possible new test to optimize diagnosis and
antibiotic therapy in children. Most of the studies analyzed in our
systematic review highlighted that RNA biosignatures are an
effective method to differentiate the different types of infections
in children with infectious diseases of various types. The
distinction between viral and SBls is often difficult, with blood
cultures (the gold standard for diagnosing sepsis) taking days to
positivize and laboratory markers that can increase in different
cases of inflammation.?* The identification of new methods for
early diagnosis and the distinction of bacterial from viral infections
is one of the priorities of scientific research, which may have a
major impact on clinical practice and quality of care with short-
and long-term benefits.

Gene-expression signatures derived from whole blood have
been reported for several diseases; one of the most important
applications is in oncology, where these methods are used to
distinguish among the types of tumor, identify stages of cancer,
and predict the effectiveness of administered therapies.?®> About
infectious diseases, the use of these diagnostics has not yet been
fully defined, especially in children. However, it is known that
peripheral blood cells share more than 80% of their transcriptome
with those of specific organs; for this reason whole-blood
expression profiling can be used to identify distinct disease
signatures regardless of the site of infection.?® Sherrianne et al.?’
showed that the transcriptional responses of very preterm infants
with confirmed late onset sepsis differed significantly from non-
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sick children, for a total of 1317 differentially expressed genes.
However, infants diagnosed with possible sepsis (with negative
blood culture and altered CPR) could not be distinguished from
children without or with confirmed infection; this limitation
highlights the difficulty in transforming transcriptomics into a
rapid and effective diagnostic test.

In this scoping review we identified 16 primary studies
addressing the discrimination of bacterial and viral infections
through transcript host RNA signatures, published between
January 2011 and February 2021. Our findings indicate that these
molecular tests could be used in combination with standard
exams in children with fever to characterize any underlying
infection (viral or bacterial), pending the blood culture report and
other ongoing tests.

The differential gene expression taken into consideration in the
analyzed studies is very large and allows to accurately distinguish
bacterial infections from viral ones, even if the use of a few
markers would seem adequate for the identification of certain
pathologies. For example, Herberg et al,'” using only a
2-transcript signature, found that the expression of IFI44L was
increased in patients with viral infection and FAM89A was
increased in patients with bacterial infection, relative to healthy
children. Similar results, using the same markers, were achieved in
other studies.” Gomez-Carballa et al.'’> also found that the
monogenic IFI44L expression signature yielded better results than
those obtained from the 2-transcript test with sensitivity 90.9%
and specificity 92.8%. Differences in transcriptomic expression are
also reported on the basis of the type of bacterium or virus
present, with markers more expressed by specific pathogens (such
as Shigella) compared to pathogens belonging to the same
category.! The use of targeted markers could improve diagnostic
accuracy and, considering the smaller amount of transcripts to be
analyzed, optimize costs.

The transcriptomic methods could also be compared with
classic inflammation markers measured in pediatric age in the
suspicion of infection, such as procalcitonin. In comparison to this,
Lydon et al.® reported that the reverse transcriptase PCR (RT-PCR)
test used in his study offered similar performance in distinguishing

Pediatric Research (2022) 91:454 - 463



D. Buonsenso et al.

457

Bupuanbas

VNY 10§ MO| 001 2J9M 1Y) SUOI1RIIUIIUOD
VNY pey saposida sy jJo piiy1-auo uj
'snoauaboialay sem 110yod ay|

Apnis ayy

Jo adods 8y} Jo apISINO d19Mm eyl saldads JaYylo
10 353Y) yum paieys aie skemyied jeuondudsuen
9y "9seasip |eaylielp pooypjiyd> o0}

21nqLIUod ued (saysesed oyl suaboyied 1sy10

34ed aAIsualul Buuinbai syusned

Jo uonuodoid ybiy e papnppul 1eyy sdnoib

ul uxelspuN sem sainjeubls ayy Jo uonepijep
‘pABPUE]S 9DUI4RI B JO ¥oeT]

(%82 :AudY1d3ds 946/ :ANANISUSS)
s9sed piw Bbuipnpxa uaym Apuesyiubis
sanoadwi 1531 SIY1 Jo Adeundde ay] 159)

J9¥ewolqg-g 3y} Jo Adeindde ay) s129)e usaboyied
|esned pue 3seasip ay3 JO AIIaASS JO [9AD]

1591 3Y1 Ul Jo uonedIpnfpe uj S1041d dsned
PINO> suonedyIsse|d JUepPIodSIJ “UOHIJUI [BIIA
10 [eud)oeq dsoubelp 01 piepuels pjob e Jo yoeT

suoneywi| Apnis

sisAjeue uoissaidxa

2uab s|qelfas 1oy POO|q JISY] Ul S|[92 SUNWIWI M3}
001 9AeY ‘UOIID3JUI JO YSII PaleAd|D ue ‘aduay ‘pue
SONV 40 SOGM MO| YlIM UIP|IYd 9snedaq quswieal)
J9dued buunp uaip|iyd passaiddnsounwiwil

ul eluadosinau 3j1gey Jo ABojone ayy buluiwisiep
10} 3|qeIns Jou si Bulyoisd uoissaidxa-ausn
(S]013u0d 40} /£/°0 = d 'SO'0 =4 ‘SNUIARIOL IO} L —D|'6 =
d '29'0 =4 ‘e||961ys 10} 910'0 = d ‘0'0 =4) DH Ul 10U
nq ‘sdnoib snuinejos pue ejpbiys ui spydonnau jo
uoniodoid yum paje|p.110d AjpAnisod sem uolssaidxa
juswe|dwo) (DH 40} S§6'0 =d ‘L0°0 =4 ‘SNJIARIOJ 1O}
€1—31'8 =d '08'0 =4 ®||961YS 10} $7°0 =d ‘07'0 =)
sjiydosnau jo uonsodoud

9y ul aseasdul ue Aq paluedwodde uolssaidxa ausb
9suodsal UOJIAUI Ul 9seadul ue pamoys ‘sdnoib
(DH) sjosuod yijeay Jo e|abiys 1ou Ing ‘sniineioy
'S9SED SNUIARIOJ Ul

“ISYO PUe pd| se yans ‘sausb asuodsas uoiayiaiul
pue ‘DY IN PUe ‘84DXD ‘€4DD Se Yons ‘sased e||abiys
ul Buljeubis swosewweyul 1o si0}dadal supowaYyd
0] paje|al s3uab Jo UoIssaIAXD [B1IUBIBYIQ "SUONISUI
snuIAe10) pue e[9b1ys ul paAIasqo a4am sauab
passaidxa Ajjennualaylp jo siaquinu isabie| ayL

(%96 “AKdy1dads)
|BJIA Se payIsse|d aIaM UOI1d3jul [edIA
21uyap Yam syusned 8z JO £Z pue (%001 ‘AUARISUSS)

pajuswa|dwi sem ainjeubis 1dudsuen-g iyl UsSYym
‘uaJp|iyd> Ayljeay 01 3A1L[SI ‘UOIIIDUI |eLISIDR] YUM
sjuaied ul paseadul sem YE8INYH PUe UoNdSuI [eIIA
yum sjusned ul paseaidul sem Jipl4] JO uolssaidxgy
‘(TrIdl PUe V68INVAH)

ainjeubis 1dudsuel)-z e Buisn UOIBJUI [BAIA YIIM
950U1 WO paysinbuiisip ai9m uondajul [eusldeg

(%001 :Audy1dads 90/

:AuAnisuas) e|@biys jo 1eyy buraq jeubis tabuons
3yl yum ‘usboyjed |esned ayy uo Huipuadap
Ajlenueisqns siayip [eubis ayl jo yibuans

3yl I ‘(%P8 :AMdY1dads 9489 :AAIISUSS) UONDBUL
JO S3SNED [eLIS1DR] PUE [BJIA USIMISQ S1eUlWLIDSIP
ued 1591 YNY 9431 1Y) A1LISASS JO S|9AS| JUBIBYIP pue
susaboyied jo abues sapim e BuneulwLdSIp 10§ [Njasn
pue ‘quapuadsp uonejndod-uou si 1eyy jeubis e
‘SUOIIDRJUI [RJIA WO [BLISIDR] d1eIIUIIYIP O} [eubis
Bbuons e spinoid sidudsuesy Ye8INY4 PUe o4l

UOI1D94UIOD |elIA/[R1I91DB] PUR SSAU||I SNOIddUI
-UOU 'SA [BJIA SB YdNS SIDYI0 Ul UOIIRUIWLIDSIP 19119q
P343}J0 INQ SUOIIDJUI [BLISIDRG-UOU SNSIIA [B1I91DR]

Burysinbunsip ul aduewiopad Jejiwis palayo

1591 YDd- 14 9yl ‘uluoidiedosd 01 uosiiedwod uj

‘paepuels 95uU.94. 12941adwl

ue 01 pasedwod ‘A|9Andadsal ‘418 pue ‘9%z8 ‘%88
JO S3IDRINDDE [|RIDAO PeY SISYISSe|D SNOIDSJUI-UoU
pue ‘|ediA ‘[el1oeq Y1 1591 YDd-1Y pa1abiel e yum

(s) 3nsas urepy

juswWieal] Jadued bujobispun a1lem oym
e1uadoJINdU 3|1IGdY YUM UIP|IYD Ul 3|qisedy
sem bBuljyoud uoissaidxe-auab Ji sujwexy

Auanss asessip yum pue usboyied yoes
UM paiedosse sasuodsal sunwiwi azusideieyd
0} pash 3q p|nod 1ey3 poolq |esayduad 1soy ul
uolissaidxa auab Jo suianed 1dunsIp 121 pjnom
saseasip [eayielp Buisned susboyred eyl anoid

ua.pjiyd 9|Lgey
Ul UOI3234Ul [RIIA WOJY [eL)DR] SaYsInBulsip
1ey1 aunjeubis uoissaidxa YNY poo|q e Ajnusp|

uaJpjiyd 9|ugay

Ul SUOIIDBYUI |eJIA WO [elI1deq Buneulwdsip
1o} pasodoud syNY 1soy 1dudsuell-g

Jo Bunsisuod ainjeubis Jaxiewolq e ajepljep

|opow ssauj|i
SNOI1D9JUI-UOU BU} IO} 8 PUE ‘[SPOW |eJIA B}
J10J G| ‘|opow |euR1deq 9y1 J0J € :s1dudsuen) |
PEINICIVISTORIT ole]

‘UOI1D9JUI [BJIA ‘UONDBJUI [elI)De] JO Sisoubelp
pajedipnipe ue sem piepuels 2ouUa19)9Y

*$9sED U0I199jul0d pue dAlebau-ABojolqosdiw ul
9>uewloyad aiojdxe pue suondayul Kiojelidsal
|elIA pue |eu1deq bBulysinbunsip o1 ainjeubis
9s5u0dsal-1s0Y paALIdP-AeLIeOIdIW B dlepljep

(s) wiy

(s1eaf 81-0)

$9sed €4 Ul Paldd)|0d sajdwes
VNY @Y1 ‘saposida eluadosnnau
91UQg3) €9 YUM ULIPIIYD St

uaIp|iyd 6¢ :dnoub uonepijep
(s1eak QL J9pun) uaIpiyd 91

uaipjiys
0¢€1 :dnoib uonepijep (syiuow gl
abe ueipaw) uaJpIyd 0¥

(s189K 01>) UBIPIYD YL L

(s)npe pue uaip|iyd) s1elqns LS|

uonejndod Apnis

‘9OU9PIAL JO S924N0S JO SdlisiiLloeleyd

2,(0202)
punjyep eunJepy
gloce/see

1.(8102)
619g2Q 'y yeuuey
196/££6C

01(9107) B13qieH v °f
£19TS5.T

+(8107) B2Iy-|elieg Y
CLES6L6T

4(6102)

uopA7 D Aw3z
9POLEILE
3jeq

Joyine 3sai4
2OUa.i3j9y

‘L °|qelL

SPRINGER NATURE

454 - 463

Pediatric Research (2022) 91



D. Buonsenso et al.

458

31el UONDAIBP |endldeq

Jamo| e pey sdoiwoidudsuesy ybnoyie ‘synsal
JUS3SISUODUI pUB JUSISISUOD Y10g Paulnial s3sal
onsoubelp piepuels pue solwoldudsuel)-elsw
9y suondsul 16Uy pue euleq Jo 3sed ) u|
‘dnoib uonepijeA ayl ul uaJp|Iyd Jo JBquInu |[ewS

$95BD SWOS Ul BulinNdd0 usaq aney 1ybiw
uondajuifjod 1o si01ey dlusboyied jusiinduod
Jennualod Jayo ‘a10j219Y] *AoeINdDR 9%00L
YaIm suoidayul 121paid 10U pinod poyisw siyL

(dnoub jonuod

© JNOYUM “JBAS) YUM UIP|IYD [eLa1deq

wouy |ediA S1esedss Ajpusidyje o1 Aljige ayi si
1531 SIY1 Jo Aujn oy ‘ednoeud [ed1uld sy ul ‘ing)
dnoib jo1uod wouy [esin pue dnoib

Jeus1oeq woly dnoib |esiA ayy paysinbunsip
A4espd 11 Ing sjuaned paldajul [eldldeq

pue (Pa19jUIUN) |0JIUOD UIIMID] d1eIUIIYPIP
0] 9|qe Jou sem 1s9) 1dudsueil-Z SYQ 91

ISYO apnjpul 1ou pip pazkjeue jaselep ay] ‘eiep
uonepljeA ayy ul pajuasaidas-iapun sem dnoib
v '(b3s-yNY ‘sAesieoudiw) spoyiaw [eyuswidxa
9|diinw Buisn (sa1£d03eday painynd

‘Asdoiq 41| ‘poojq) sadAy sjdwes ajdiinw

woJly pajeIauab a1am siaselep uolepliea ay|

suoidduI |eraIdeq
1o} piepueis pjob se pasn sem ydeiboipes 159y

suoneywi| Apnis

pawuoyiad jou Jo d|gejieAeun

2J9M 51591 BY1 SBWIIBWOS pue ‘s1s9) Alojeioqe)
Jnsoubelp JIsse|d Y3 Ul PaYIIUSPI 10U UM ‘SISNUIA
VNY Ajjedadsa ‘sasnuia ay3 jo uonsodoud abie|
s9snJIA Ul Ajje1dadss ‘sased [edjulfd ul anssi 1a6iel

© JO 3WO0194ul dY) SzZIS1deIEYD 0) sueaw |nysamod
pue ‘a1eindde qualdyyd ue si bupusanbas YNy |e101

0L-1140 911
10U INq S|9A3| A-N4| JO 3sea.dul pliw e A|luo pamoys
uaIp|Iy> Pa1d3JUI-SNBUNY pue ‘S|aAS| 9-7| JO dSeaIdUl

pliw e A|JUo pamoys uaip|iyd> Pa1d3jul-eldldeq
9AlIsod-welD sased 1sow Ul S|pAd| Q-] pue

9-7| PaseaIdUl PAMOYS UIP|IYD Pa1dRJUI-WNLIIdeq
9A1eBaU-WEID 'S]9AS| dYD PINOD UeY) 91e)S [041U0D
uo11D9jul BY] JO UONEdIPUI J9119q B dAeb uondajul
Buunp sajyoud aupo1kd Yy pue ‘ainynd poojq

10 S[9AS] dYD JO 1Byl uey) JS1ealb sem UOIDIRIBP
U0 JO AUAIISUSS DY "UONDBJUI [elId1deq
Buipuodsaii0d ay1 Jo snieis syl paiedipul sajiydoid
QU0 'suoledIpuUl [edIUl]d UO pased sdllolgiue
Bundaas 1oy spoyiaw [euonipes) buisn pauleiqo
1eyy ueyy Jaybiy Apueoyiubis sem padipald sased
SNOND3JUI JO (EF = N ‘%S0°98) 218 SADYS 3y L

$1S0D pue

110442 ‘awn} Buiaes snyi ‘sdnolb yloq usamiaq
s9)eIUIAYIP duoje audb SIY] (%8 z6=AMd4dads
1066°06 = A1ANISUSS) 1591 1dLIDSURI-Z SY) WOy
pauleIgqo 3SOY} Uey) S} NSl 19N Pap|aIA ainjeubis
uolssaIdxa Tp|4| dlusbouow ayy ‘A|padadxaun
(%268 = Ady1d3ds [956°06 = ANAISUDS)

SUOI1D3jUl [el}oeq Wwoly [ellA aleul DSIp 01

9|qe sem Aesse siy] ‘sajdwes |eua1deq ul duab Tyi|d|
0} 1adsas yum passaidxs Ajybiy s1 ausb ye8INYH

S9SNED SNOIID3YUI-UOU IO [eLIDIDB( SNSIIA [BJIA O}
|Np (IS) uonewwejul J1Wa31sAs 1soy bunenusiayip
Joy Ajijnn [eoiul)d aAey Aew ainjeubis sy 'sUonIpuod
|BJIA-UOU pUE [BJIA US3MIDQ UONBUIWLIISIP (SO'0

> d) Juedyiubis Ajjednsnels sapiroid ainjeubis sy

sasuodsal sunwwi d1IRUSH pue uoleannde 31430%Nn3|
papn[aul ‘pa1eNUISYIP ||9M SSI) ‘sasuodsal [eLieje|y
‘Buljeubis auij01kd pue uossAlUl | 3dA) d19Mm
sasuodsai [elin Jofew ay] daasod wein ul yIN10
'SUOIDJUI [elId]1deq Ul Pasealdul (XUISOAW) 0LOAN
‘eluownaud yum Bunussaid sbumss |esidos

ul syuaned ouieipad 1oy ABojone Bbulkpspun ayy
Ajisse|d 0] pasn aq ued asuodsai 1soy Jo sainjeubis
Jeuondudsues"buljeubis UOISLISIUL Ul PUE SISNIIA O)
asuodsal asuajep/asuodsal ul paydLUd dJe Sixew
|edIA 3)Iym ‘asuodsas Kiojewwejyul ui pue Guipunom
0] asuodsai ul se ||am se eld1deq 0} asuodsal
9suUdJap/asu0dsal Ul paydLIUL aJe Ssidiew |eusldeg

(s) 3nsa4 utep

dUe)SISal [elqoudlwiue pue
‘K101s1y [ed16ojolwapide ‘suibuo Aleuonnjons
‘sadAiqns/sedfiouab uaboyied ‘suoidajul
paxiw |eanas 01 pue ‘suaboyied dpnokiexns

pue ‘|els1deq ‘[eJIA JO duepUNge pue dduasaid
91 SUIWIIP :ssau||l A1ojesidsas a1nde
oujelpad yum paleldosse sagoldiw Jo winildads
1IN} dY1 |eaAas 01 budusnbas yNY [e101 Buisn

Buiyoid ygD [ed1ulp uo paseq sonoignue
JO 9sn [euolel dy) Ioj siseq e apiroid pue
uo1994ul JO SONISUDIDRIRYD 12919pP O} Poylaw
n 9y} ai0|dxs 01 pazkjeue
qIYul MOJIeW SUOQ dY3 Ul
Ayzedoway yim UIp|IY> Ul UOIIBJUI JaYe pue
2109 wouy sojyoid suoifd ul sabueyd ay|

URJp|Iyd 3|1gR} Ul UoIdRUL
|elIa10.q pueR [BIIA UDSMIS] DIR1IUISPIP

01 MOJ|[e 1By} elep AelIeoIdIW Woly palidjul
(s2uab i1l puUe Y68NY4) 2inleubis uoissaidxa
150y 1dudsuesl-z e 1oy Aesse YDdb-1Y e a1enjea

(53¥DAy) S3 103dad31 pajdnod

uiR104d © uoIsaype pue ‘(1SYQ) 9! 95e1dYIuAs
91ejAuapeobi|o-,5',z “(9171) 91 upnapAUI
(SLDSI) 1 SUID PA1LINWIS UOIDLIRIU] DJe
sauab s,ain1eubis ay| "uomnddUl [IIA Jo sadAL
Auew 01 asuodsal d1wWa1sAs 1soy |esausb e jo
9A1IEDIPUL ‘POO|q 3joyMm Ul ainleubis uoissaidxs
2Uab-Inoy e palepljeA pue PaISA0ISIQ

sse|d aseasip
yoea Ylum paierdosse sainied) jeuondudsuel)
Auspi o1 adAiousyd [ediulp pazusideseyd
-IdM yum syuaned duieipad jo sswordudsuery
ay) 9zAjeue pue HupuUsNbas YNY Wio}idd

(s) wny

uaip|iyd / :dnoub uonepijep
sieak 01-0
uaJp|iys 8y

uaJpjiyd
05 :dnoib uonepijep (pjo sieak
71 03 SYIUOW €] WOy) UaIP|IYd 0ET

£'8-¥'L 9By
uaJp|iyd oL :dnoib uonepijep
ualpjiyd sg

uone|ndod snouep
(19selep
03D) S|04U0d 90 L L pue sosed LE€1L

(s1eak QL>) uaappyd
£€ :dnoib uonepijep uap|iy> 89

uonejndod Apnis

psnunuod

,.(0202) 17 niIX-1D
629LT1TE

o.(PL02) UaYD 'a X

€819¢SST

,(6107) elleqied
-ZaWoDH ou3q|yY

6/8607L€

»1(£102)
uosdwes ] °'q

80€8858C

c.(£100)
uer ewd)|Is qoder

800L€8LC
ajeq
Joyine 3siiy
ERTEYEYEN]

‘L 9lqel

454 - 463

Pediatric Research (2022) 91

SPRINGER NATURE



459

D. Buonsenso et al.

‘pPalWI| sem
SUOIIDR4UIOD [elIA-[elR1de] [erlualod Yim siuejul
Jo saumeubisolq ay) 12.dia3ul 03 Ajige |y
‘syuedpdiied Apnis (e Joj pawuoyad Appualsisuod
10U sem 6unsal [elIA "S)NsaJ dAIebaU-9s|e) pue
9ANIsod-3s|e) Jo k4 [elIURISQNS UMOUY| B 3)dsap
‘siskjeue Jo sasodind 1oy piepuels adUI)DI

9Y1 PaJISPISUOD 3IdM S2INND [eLdIdeg ‘sojdwes
uazoJy UO pazAjeue auam saineubisolq YNY

jutodpua A1epuodas e sem UOIRGISIEXD
|BAIA-UOU pUE [BIIA UDBBMID] UORDUNSIP Y|
‘SJUBAS ABMIIR-19MO| 10}

Axoid e se sajdwes Aemiie-1addn asn sioyine ay |

uopezijendsoy o} Joud ssauj|l Jo uoneinp

J10J P123.I0D 10U UM saskjeue ‘susboyied
Kiojendsai 1oy pa1sal AjpAisuayaidwod

10U 2J9M s|oau0d AYyjesH A1lIaAss

aseasip ssasse A[aAnda[qo 01 Jsyiewolq e Jo
uofedynUP! Byl Jsyiel Ing salbojons |eliA pue
|eLI910eg USSMIDQ UONeUIWLIDSIP JO suaboyled
Jy12ads Jo sisoubelp ay) 10U Sem wWie ulew ay|
‘syuaied

awos ul bupyde| aJe eyep d160joiqosdIw d19|dwio)

sjuejul paydlew-abe Ayyeay ajdwes o)
9|qeun aJ1aMm sioyine ay) ‘suoneliwl| [ed1yle pue
Apnis 3y} Jo ubIsap |eUOIDS-SSOID Y} 0) AN

suoneyw| Apnis

Apyads %56 pue AUAIISUSS %16 UM SUOnddjuI
|ela12eq INOYLIM 3SOY] WOI) BILUSISIDE] YUM S1uRjul
paysinbunsip sauab Jayissepd ua] ‘A1dYads 968
pue ANAIISUSS 9/8 YLIM SUOIDSUI [BLIS1DR] INOYUM
pue yum sjuegul paysinbunsip sausb Iayissed 99

SuUOI1eqIIIeXD [BIIA-UOU YIIM
pajeosse skemyled |95 snowenbs 0} 1se/U0D Ul
‘suoI1eqIaIEXD PAIRIDOSSe-SNUIIA Ul PaAjoAUl skemyred
|192 A101eWiWepul 3jdijnNwW JO 135 B sem dIdy ]
‘Buijeubis 101dsda1 10310e)

ymoub [ewspida Buipnppul skemyled 1030349 Jo
uone|nbaidn 1a1e| Aq pamoj|oy ‘uoieqiadexs ul Ales
palejnb6asumop ate sAemyled asuodsal a1Ko0ydwiA|
pue paje|nbaidn s Buljeubis EQYINS paleldosse
-[e1@yud3 »jsu uonequadexa sylpaid suleseq

1e sajdwes |eseu ul uoissaidxa auab asuodsai

N4l | 9dA1 mo| pue uonewwepyul g 9dAy ybiH

‘pa12919p

uaboyied ay1 jo ssajpiebal ‘uonezijendsoy

Jo uoneinp 19buo| yum pajenosse Apuspuadapul
SeM UOISSIWPE JO Y g UIYUM painsesw

91035 HIAW d¥D Yum pazijendsoy uaip|iyd u
'sasnuIA A1ojesidsal Jo uondslep

Yim 950y UeY) SaNjeA 1Dd pue dyd ‘H1AW Jaybiy
pey eus1deq d1usboAd Jo uonde1ep yum ualpjiyd
'sjouod Ayyesy yum pasedwod

uaym sdnoib ejuownaud jje ui saybiy Apuesyiubis
8J19M S3103S H1AIN 'S2103S H1AW Y3 31e[ndjed

01 pasn uay) sem sausb 9z/’9 Jo 1si| auab sIyL
'sjou0d Ayyjesy pue sasniin Aiojelidsal

AJuo Jo UoNDBP YUM UIP|IYD UaMIR] SsidLdsues)
0Ly pue ‘sjouod Ayijeay pue apjuownaud

‘W JO UO[12919pP UM 950U UdaMiaq sidudsuel) 96 |
‘sjosuod Ayjesy pue dyd eusldeq dlusboAd yum
ua.p|iy> usamiaq sidudsues passaidxe Ajjerualayip
§/9'G paynuap! suosuedwod dnoib |ednsnels

peo| |eua1deq Yim pale[aiiod
Apueoyiubis pue payduus asem sidudsuesy
K1031q1yuI-0> pue s[> plojaAW ‘SydN [ela10eq U]
'PeO| [BJIA YIIM pPR1e[a110d sem N4| ||| 9dA1 Ajuo ajiym
‘syduosuel) sunwwi passaidxa Ajjenualayip buowe
payouua Ajpuedylubls asom sidudsuedy |92 g ‘SYdN
|ediA U] "s3jyoid |eiqoidiw P312919P0d pue ‘|elsideq
‘leIA Buowe pajeurwudsip sidudsuesy Ayunwiwi
aAndepe ‘gems |eabulieydoseu a1euiwISISpUL

yum uosuedwod | "peoj [eliA Jo/pue [eldideq [e10)
YUM P1e[aLI0d SeM UDIYyMm “(DS|) sauab parejnwins
-(N4I) uoia91u] | 9dA) panIasuod AjLieuonn|ond

Jo aduasaid ayy 01 anp ‘qems [eabuueydoseu

ul 9suodsas sunwwi s1euul buosls e wIyuod)

(s) 3nsaa1 utey

'suoindvul
|elI910eq SNOLIAS INOYUM pue yum Jabunok
10 sAep 09 pabe syuejul sjugey ysinbunsip

ued sainjeubisolq YNY JaYIaYym ssassy

SJUIAD aAnebau

-SNJIA 10 SnUIA Alojelidsal e yum pajeldosse
S1USAS AJIUsp! 01 pasn aiam Bupusnbas |ensed
pue Ydd SNJIA ‘SPI0IDISODIHOD JIWISAS YHm
JUSWIESI} INOYHUM PIAJOSDI 1y} SIUIAS SSOY)
SNSI9A SUOIRQIDIEXD PWYISe 0} passaiboid
1By} SIUSAS Buunp padnpul uoissaidxa

auab jo susaiied Ajpuspl 01 sem wie ulew ayj

‘wie ulew ay) Jou sem salbojons

|EJIA pUE |eLI91oBg USSMIS] UONBUIWLIDSIP

Jo suaboyied dydads jo sisoubeip

3yl dvD Yyum pazijendsoy uaip|iyd ui A1IsAS
85e3sIp ssasse 03 H1AIN 4O anjeA syl alenjeA

sainjeubis

sunwiwl pajejpJ-aqosdiw bulysinbunsip snyi
‘peO| [BIGOIDIW YIIM PIle|D1I0d e 1ey) sausb
9suodsal unwiwi JO SIIUNWWOD Jejnpowl
paynuapi saydeoidde ABojounwiwil swaisAs
14V YHM uaapjiyd jo sajeaidse |esbukieydoseu
ul bujjyoud jeuondudsuesy sunwwi wioyad pue
Speo| (|ela1deq pue [eJIA) [IGODIW SUlWIRISd

(s) wny

siueyul Ayyjeay ajugase 61
(sAep £€ ab6e ueipaw) uaip|Iyd €881
w0l SJuejUl Pa123|3s AjWopuel 6/7

sieak /1-0
SJUSA® P[OD HGL YIM UIp|Iyd 901

uaIp|iyd 6€ :dnoib uonepijep
0'8-1'7 36y
uaipjiyd gsi

synpe / :dnoib uonepijep
syiuow £7-9
uaipjiyd 8g

uonejndod Apnis

SPRINGER NATURE

uefeyepy 1ueyseid

D MIYNeN 0657960€

454 - 463

JueIming 4 1YsoAry

Pediatric Research (2022) 91



D. Buonsenso et al.

460

bacterial versus non-bacterial infections but offered better
discrimination in viral versus non-infectious illness or bacterial/
viral coinfection. This study suggests that transcriptomics can be
used not only as an isolated diagnostic tool, but also with other
standard tests, increasing sensitivity and specificity of the
diagnosis.

In the only study where no benefit was found, Wahlund et a
analyzed 63 episodes of febrile neutropenia in 45 children
suffering from different oncological pathologies. The authors
summarize that immunosuppressed children do not have enough
immune cells in the blood for a reliable analysis of gene
expression, suggesting that transcriptomics may not be used to
accurately determine the etiology of infections in febrile
neutropenia. However, single-cell RNA expression technology
could be used to overcome the concern with cell number/relative
proportions.?® The role of transcriptomic in immunosuppressed
patients should therefore be carefully evaluated in future studies
also using new single-cell RNA technologies, even if in the other
study conducted on oncohematological patients'® the authors
showed increased specific cytokines levels within 24 h after
infection that correlate with the corresponding bacterial infection.
Sensitivity of cytokine detection soon after infection was greater
than that of CRP or blood culture levels, and cytokine profiles
during infection provided a better indication of infection control
status than CRP levels. The use of transcriptomics in frail patients
(such as oncological children or other immunosuppressed
patients) would be essential to guide antibiotic therapies during
infectious processes, which are much more frequent than in the
general population. Immune deficiencies make the use of these
methods more difficult; therefore, future studies should investi-
gate this relationship to evaluate their real effectiveness.

A potential important application of transcriptomics in infec-
tious diseases is the possibility of establishing targeted and
personalized therapies instead of general empirical treatments.
However, there is no single laboratory test that can accurately
identify sepsis during the early stages of disease; among the
studies we have analyzed, one of the most frequently reported
limitations is the lack of a gold standard for diagnosing infection.
For example, Mahajian et al.?' consider bacterial etiology as the
bacterial detection in culture, despite a known substantial rate of
false-positive and false-negative results. Negative cultures may
reflect antibiotic abuse, low numbers of bacteria in the culture or
inaccessible sites of infection. Difficulty in differentiating bacterial,
viral, and non-infectious etiologies of children diseases contributes
to antibiotic overuse. It is known that the inappropriate use of
antibiotic therapy (both in terms of duration and spectrum of
action of the drug) can lead to the development of bacterial
resistance through genetic and epigenetic modifications®>*°
favoring the onset of subsequent infections that are difficult to
treat®' This is especially true for pediatric patients, who often
develop fever due to viruses and are still treated with antibiotic
therapies to cover up any bacterial infections.>?> A more accurate
diagnosis would reduce the improper use of antibiotics and would
allow the use of targeted drugs, with less prescription of empirical
therapies. Sweeney et al. used their previously published 11-gene
Sepsis MetaScore together with the new bacterial/viral classifier to
build an integrated antibiotics decision model. In a pooled analysis
of 1057 samples from 20 cohorts, the integrated antibiotics
decision model had a sensitivity and specificity for bacterial
infections of 94.0% and 59.8%, respectively (negative likelihood
ratio, 0.10).>* However, they excluded infants, which represent one
of the most challenging populations in pediatric practice, where
clinical signs and symptoms are often subtle and difficult to
understand, and discriminating viral from bacterial infections is
particularly important but, at the same time, especially difficult.
Similarly, the definition of the spectrum of conditions behind a
febrile child can help advancing clinical practice and pathophy-
siologic understanding of underlying mechanisms.

|12
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The mentioned difficulties in defining and, therefore, recogniz-
ing bacterial and viral infections highlight a relevant point to be
taken into account in the assessment of new biomarkers: the
clinical definition of viral and bacterial infections, which ultimately
affect all clinical decisions and also the proper assessment of every
study. There is increasing understanding that the historic
dichotomous distinction of febrile children in the cohort of
bacterial and viral infections is not only difficult to achieve (due to
sensitivity problems of microbiological gold standards), but it is
probably not appropriate from a clinical point of view.>* There is,
in fact, emerging evidence for a complex relationship between
bacterial and viral pathogens and their interplay in the etiologg/,
clinical presentation, and determination of disease severity.”
Moreover, biomarkers can have significant overlaps that cannot
simply be explained by a dichotomous classification, as found by a
recent and innovative approach proposed by Nijman et al.>* The
PERFORM consortium (Personalized Risk assessment in febrile
children to optimize Real-life Management across the European
Union) recently proposed an algorithm that showed better
discrimination between patients with bacterial and viral infection,
aligned better with host-response biomarker concentrations and
clinically relevant, patients-centered outcomes, providing a frame-
work for phenotyping children with infections based on the trends
in the different biomarkers in relation to the certainty of the
diagnosis of either bacterial or viral categories. In this new
algorithm, a more granular classification that also adds the
“probable bacterial” or “probable viral” infections groups gives a
wider range of clinical phenotypes that better reflects clinical
practice. We strongly support this view, and encourage future
studies in the field of biomarkers to prospectively consider this
perspective and include these categories to have a proper
interpretation of biomarkers according to these outcomes. The
last decade has seen a similar change in the field of tuberculosis,
where the classic dichotomous classification of active tuberculosis
and latent infection has now been substituted by the so-called TB-
spectrum, which better reflects both clinical observations and
biomolecular phases of the complex interplay between the host
and M. tuberculosis.>**’ Similarly, the definition of the spectrum of
conditions behind a febrile child can help advancing clinical
practice and pathophysiologic understanding of underlying
mechanisms.

The transcriptomic profile of infections is not only influenced by
the underlying pathogen but also by the immune system of the
involved person; the expression signatures observed could
represent differences in cell types and levels, rather than gene
expression. It is therefore possible that higher cellular concentra-
tions can provide higher amounts of RNA, while low levels are
associated with an often unsatisfactory transcriptomic profile. In
many of the other studies analyzed there was no normalization of
the values for the number of white blood cells, and this could be
an important confounding factor. Balamuth et al.?? excluded from
the cohort of his study children with absolute neutrophil counts
<1000 x 10°/L because they were not likely associated with
sufficient quantities of RNA for transcriptomic analysis. Therefore,
this aspects is particularly relevant when the transcriptomics
techniques are implemented in a center, or in the evaluation of
results from different studies. Similarly, this problem should always
be taken into account when specific cohort of patients with
impaired white blood cell count for underlying conditions are
included in the analyses, since false-negative results may have
serious implications in the most fragile patients, such as the
oncoheamatologic ones. However, as previously mentioned, new
single-cell technologies can potentially bypass these problems.?®

The importance of the contribution of white blood cell counts
to the interpretation of RNA-transcriptomic has been addressed by
Monaco et al., which highlighted how studying o peripheral blood
mononuclear cells (PBMCs) in their entirety often contributes to
inconclusive or difficult to interpret results, as it not always
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possible to accurately ascertain which specific immune cell types
are responsible for any given transcriptomic signal of interest.
Moreover, the proportion of immune cell subsets in the blood can
vary during disease, age, or clinical interventions.*® To address
these issues, they identified sets of genes that are specific, are co-
expressed, across different cell types, provided mRNA abundance
revealing cell type specificity and developed transcriptomics
signatures normalized by mRNA abundance, eventually providing
transcriptomic data specific for different immune subsets. How-
ever, studies including patients of different ethnic backgrounds
and age groups will be still necessary in order to allow a better
characterization of specific cohort of patients and a more
standardized clinical application.

Importantly, the method of collecting, transporting, and storing
samples for transcriptomic analysis can also influence the results
of gene expression profiles®® causing ex vivo alterations in mRNA
transcripts. High-quality sample preparation and immediate RNA
isolation are prerequisites for the best transcriptional analysis*
although many times the samples are stored and processed later.
For example, Prashant et al?' used frozen samples for RNA
analyses and specifies it in the limitations of their work.

One of the problems that hinder the application of transcrip-
tomics in clinical practice is the high cost and the need for
dedicated skills for the interpretation of results. The bed side use
of this technology is the key and fundamental point for the clinical
application, even if to date the transcripts to be analyzed for a
correct differential diagnosis are several and, in the context of the
creation of a device for the detection of signatures, evidence is
available only for some transcripts. However, incredible improve-
ments have been achieved in the last decade in the implementa-
tion of easier platforms that are now able to allow transcriptomic
analysis at a single-cell resolution, simultaneous analysis of host
and pathogen transcriptomes (dual RNA-seq), and sequencing of
full-length transcripts to allow detailed analysis of transcript
isoforms and direct analysis of RNA.*' In the future, techniques
such as laser capture microdissection may be coupled with RNA-
seq to allow host cells and their interacting pathogens to be
isolated and studied as defined cell groups or dual single-cell
analyses. Technical advances are also behind the corner.
Measurement of the release of hydrogen ions during the
nucleotide incorporation process with a pH semiconductor
system®? could facilitate in the future the creation of devices for
the analysis of nucleic acids in real time using portable and low-
cost devices. Moreover, studies are underway that attempt to
simplify the use of these methods, such as the one conducted by
Pennisi et al.;** they proved that EMR1-ADGRE (replacing FAM89A)
and [FI144L transcript signatures can be detected using an
inexpensive semiconductor-based sensing platform. Using this
device, host RNA signatures can be detected rapidly and cost-
effectively, at a lower cost than traditional diagnostic methods, in
a format suitable for development as a point-of-care diagnostic
test that might be applied to a range of different clinical settings.
Last, new and less invasive routes for host RNA signatures have
been tested, including the nasal environment. Jinsheng et al.**
found that gene expression signatures were as good or better for
discriminating between respiratory syncytial virus (RSV) infection,
symptomatic non-RSV respiratory virus infection, asymptomatic
rhinovirus infection, and virus-negative asymptomatic controls.
Although the authors did not include a control group of bacterial
or probable-bacterial infections, this is a promising area of
investigation.

Limitations

Our scoping review has some limitations. First of all, a formal
assessment of publication bias was not performed. We know also
that transcriptomics is a very recent topic, which is being studied
not only for infections but also for other pathologies such as
oncological ones; our systematic review includes all relevant
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publications up to February 2021 but it is likely that further works
about transcriptomic signatures and pediatric infection will be
published during these months. Additionally, it is always possible
in a systematic review that relevant publications were not
identified in the search; however, the search term was extensively
calibrated by authors. In addition, the available studies used
different gold standards to define sepsis and SBIs, and the lack of a
clinically relevant gold standard (children can have a SBI or sepsis
with negative blood cultures) further limits the generalization of
results of this review. Last, differences in the size of the datasets,
heterogeneity of included patients, and wide variation of
biosignatures analyzed between articles further limit the general-
izability of our studies, and should be taken into account for future
researches.

Future studies should target their biomarker research for a new
diagnostic test intended for use in children and should be
performed in diverse geographical places, involving different
populations, because the diagnostic test can be applied in
different settings.

CONCLUSIONS
Transcript host RNA signatures may have the potential role to
support clinicians in differentiating bacterial from viral infections
in febrile children and can be used with traditional diagnostic
methods to determine if and when to start antibiotic therapy. A
more accurate diagnosis of infectious diseases would improve
diagnosis of SBIs in febrile children and optimize the use of drugs,
reducing adverse effects such antibiotic resistance or dysregula-
tion of pediatric microbiota. While the summarized results are
promising, our review identified a wide variability of target
populations and gold standards used to define sepsis and SBIs,
limiting the generalization of our findings. Importantly, a new
classification of the spectrum of viral and bacterial infections in
children, which better reflects routine practice, seems necessary to
have more standardized and comparable outcome measures, and
should be considered in future studies that should address the
role of transcript host RNA signatures in defining this spectrum.
Given the importance of the topic, we hope that this systematic
review will contribute to provide targeted guidance for further
scientific explorations toward the eventual development of a new
diagnostic tool to differentiate bacterial and viral infections in
children.

DATA AVAILABILITY
The main results of studies included in the review are available in the main text and
Supplementary material.
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