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Risk factors; viral bronchiolitis (AVB) by respiratory syncytial virus (RSV).

Respiratory syncytial Data source: the key words ‘‘bronchiolitis’’, ‘‘risk factor’’, ‘‘genetics’’ and ‘‘respiratory syn-
cytial virus’’, and all combinations among them were used to perform a search in the PubMed,
SciELO, and Lilacs databases, of articles published after the year 2000 that included individuals
younger than 2 years of age.

Data synthesis: a total of 1,259 articles were found, and their respective summaries were read.
Of these, 81 were selected, which assessed risk factors for the severity of AVB, and were read in
full; the 60 most relevant studies were included. The epidemiologic factors associated with AVB
severity by RSV were prematurity, passive smoking, young age, lack of breastfeeding, chronic
lung disease, congenital heart disease, male gender, ethnicity, viral coinfection, low weight
at admission, maternal smoking during pregnancy, atopic dermatitis, mechanical ventilation
in the neonatal period, maternal history of atopy and/or asthma during pregnancy, season of
birth, low socioeconomic status, Down syndrome, environmental pollution, living at an altitude
> 2,500 meters above sea level, and cesarean section birth. Conversely, some children with
severe AVB did not present any of these risk factors. In this regard, recent studies have verified
the influence of genetic factors on the severity of AVB by RSV. Polymorphisms of the TLRs,
RANTES, JUN, IFNA5, NOS2, CX3CR1, ILs, and VDR genes have been shown to be associated with
more severe evolution of AVB by RSV.
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Conclusion: the severity of AVB by RSV is a phenomenon that depends on the varying degrees
of interaction among epidemiological, environmental, and genetic variables.
© 2013 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. All rights reserved.

Caracteristicas epidemiolégicas e genéticas associadas a gravidade da bronquiolite
viral aguda pelo virus sincicial respiratorio

Resumo

Objetivo: avaliar os fatores epidemioldgicos e genéticos associados a gravidade da Bronquiolite
Viral Aguda (BVA) pelo Virus Sincicial Respiratério (VSR).

Fonte dos dados: foram utilizados descritores ‘‘bronchiolitis’’, ‘‘risk factor’’, ‘‘genetics’’ e
“‘respiratory syncytial virus’’ e todas as combinacées entre eles, nas bases de dados PubMed,
SciELO e Lilacs publicados apos o ano de 2000 e que incluiram individuos menores de dois anos

Sintese dos dados: foram encontrados 1.259 artigos e lidos seus respectivos resumos. Destes
foram selecionados 81 que avaliaram fatores de risco para a gravidade da BVA para leitura na
integra, e foram incluidos os 60 estudos mais relevantes. Os fatores epidemioldgicos associados
com a gravidade da BVA pelo VSR foram: prematuridade, tabagismo passivo, baixa idade, ausén-
cia de aleitamento materno, doenca pulmonar cronica, cardiopatia congénita, sexo masculino,
etnia, coinfeccao viral, baixo peso na admissao hospitalar, tabagismo materno na gestacao,
dermatite atopica, ventilacdo mecanica no periodo neonatal, antecedente materno de atopia
e/ou asma na gestacao, estacao do nascimento, baixo nivel socioeconémico, sindrome de Down,
poluicdo ambiental, morar em altitude acima de 2.500 metros do nivel do mar e parto cesari-
ana. Em contrapartida, algumas criancas com BVA grave nao apresentam nenhum desses fatores
de risco. Neste sentido, estudos recentes tém verificado a influéncia de fatores genéticos rela-
cionados a gravidade da BVA pelo VSR. Polimorfismos dos genes TLRs, RANTES, JUN, IFNA5,
NOS2, CX3CR1, ILs e VDR tém-se mostrado associados com a evolucao mais grave da BVA pelo

Conclusdo: a gravidade da BVA pelo VSR é um fendmeno dependente da interacao entre var-
iaveis epidemiologicas, ambientais e genéticas em seus diferentes graus de interacao.
© 2013 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Todos os direitos

Genética
de idade.
VSR.
reservados.
Introduction

Acute viral bronchiolitis (AVB) caused by respiratory syn-
cytial virus (RSV) is the primary infection of the lower
airways in children under 2 years of age worldwide, and
it is the main cause of hospitalization in this age group
in developed countries.! Although all children are infected
with RSV by the age of three, most infections are mild
and have no sequelae. The mechanisms involved with the
severity of AVB caused by RSV are not yet fully understood.
Why does RSV infection present such variable evolution in
different patients? Why does one child with RSV remain
asymptomatic and another child dies? When assessing the
severity of AVB caused by RSV, which factors are more often
associated: genetic and/or epidemiological/environmental
factors? These questions have intrigued researchers and
remain without definitive answers.

There are 3,000 to 4,000 deaths annually in the United
States due to AVB caused by RSV.2 The prevalence of hospi-
talization due to RSV in the United States is 48.9 per 1,000
in children younger than 3 months, 26 per 1,000 in those
younger than 1 year, and 1.8 per 1,000 in children aged 1
to 5 years, with 132,000 to 172,000 hospitalizations/year
due to RSV in children under 5 years.? In the United States,
there are, on average, 22.8 visits to the emergency room

caused by RSV per 1,000 infants; 29% of whom are hospi-
talized. That represents an annual spending of 50.5 million
dollars on emergency room visits and 650 million dollars on
hospitalizations. In other regions, the rate of hospitaliza-
tion per 1,000 infants with RSV varies from 8.7 in Australia®
to 60 in Japan.® In Australia, the incidence of RSV is from
110.0 to 226.5 per 1,000 infants, and the annual cost is esti-
mated at $ 50 million dollars, which is more significant than
the costs of Influenza and Rotavirus infections.® In Europe,
RSV is responsible for 45% of hospitalizations for lower respi-
ratory infection in children younger than 2 years.®

In Brazil, a study of 5,304 children younger than 1 year
showed that 113 (2.1%) were hospitalized due to AVB.”
Among the children hospitalized for RSV, 2.7% were admit-
ted to the intensive care unit (ICU), 1.5% required assisted
ventilation, and 0.2% died.8

Infection by RSV has variable severity with clinical mani-
festations from mild symptoms in the upper respiratory tract
to bronchiolitis and pneumonia, and may develop into the
severe form, requiring ICU admission and mechanical venti-
lation, and at times leading to death. To date, the treatment
of AVB by RSV is supportive. It has been demonstrated that,
in the United States, of 1.1 million children younger than
two years hospitalized for RSV in a period of eight years, the
highest percentage of hospitalizations occurred between 3
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and 6 months of age, thus affecting a population range at risk
of mortality.® The first infections are usually symptomatic
and often affect the lower airways; subsequent infections
are usually milder.

RSV is the agent responsible for AVB in 41.7%'° to 83.6%
of cases." In Brazil, RSV was responsible for 31.9%'? to 64%
of hospitalized patients with AVB." Although other viruses
are detected in patients with AVB, such as adenovirus,
bocavirus, Influenza A, Influenza B, Parainfluenza virus 1,
Parainfluenza virus 2, Parainfluenza virus 3, rhinovirus, and
metapneumovirus,'®'! the establishment of codetection or
coinfection has been a critical aspect yet to be considered.'
The second most common virus in AVB is the rhinovirus,
corresponding to approximately 18% of cases.' In Brazil, it
was found that viral coinfection occurs in 40% of AVB cases
and that the most common virus after RSV is the rhinovirus,
occurring in 40% of cases.'®

Epidemiological factors associated with the severity of
AVB by RSV are known and have been reported in the liter-
ature; however, some children with severe AVB do not have
any of these risk factors (Table 1). In this regard, recent stud-
ies have assessed the influence of genetic factors related to
disease severity (Table 2).

Due to the possibility of AVB evolving into a more severe
form, it becomes important to identify genetic and envi-
ronmental risk factors that can contribute to its greater
severity.

Recently, several studies have led to the creation of
guidelines around the world, showing that children at high
risk of acquiring severe RSV infection should receive pas-
sive immunization with monoclonal antibody against RSV
(palivizumab), which promotes protection against severe
forms of the disease. After the introduction of palivizumab,
a 48% reduction in hospitalizations of infants with chronic
lung disease of prematurity was observed.'” A vaccine aimed
at preventing AVB by RSV has yet to be developed, despite
efforts in this regard since the 1960s."

The objective of this review was to evaluate the epidemi-
ological and genetic factors that contribute to the severity
of AVB by RSV, allowing for better patient management
and prediction of risk groups associated with the disease,
decreasing costs for the health system, and allowing for a
reduction in the number of hospitalizations and deaths.

Methods

’y ee ) ee

The key words *‘bronchiolitis’’, ‘‘risk factor’’, ‘‘genetics’’,
and ‘‘respiratory syncytial virus’’ and all their com-
binations were used in a search conducted at the
PubMed  (http://www.ncbi.nlm.nih.gov/pubmed), Sci-
ELO (http://www.scielo.org/php/index.php), and LILACS
(http://lilacs.bvsalud.org/en/) databases of articles pub-
lished after the year 2000 that included individuals younger
than 2 years old. The last search was performed in October
of 2012.

Atotal of 1,259 articles were found, of which all abstracts
were read. Of these, 81 that assessed risk factors for AVB
severity were selected to be read in full, and the 60 most
relevant studies were included in the analysis (Fig. 1).

Searched
databases

PubMed, SciELO and LILACS

Bronchiolitis, risk factor, genetics and
syncytial respiratory virus

Patients aged < 2 years

Key words

Inclusion criteria

Inclusion period

From January 2000 to December 2012

1259 articles

. Selected

Did not meet
the inclusion criteria

1198 articles

81 articles

Figure 1  Characterization of the analysis process for inclusion
of articles in the study on epidemiological and genetic factors
associated with acute viral bronchiolitis caused by respiratory
syncytial virus.

Met the
inclusion criteria

Results and discussion

Risk factors

The association of genetic and epidemiologi-
cal/environmental factors as precursors for severe AVB by
RSV has been reported in the literature. Certain risk factors
are better known and are associated with disease severity,
including prematurity,'® passive smoking,' younger age,'¢
absence of breastfeeding,?® chronic lung disease, and
congenital heart disease.?’ However, other factors, such
as genetic factors and other epidemiological data, show
no evident confirmatory associations, and require further
studies as markers of severity in AVB caused by RSV (Fig. 2).

Prematurity

Prematurity, without the presence of bronchopulmonary
dysplasia, has a seven-fold higher risk factor of AVB by RSV."8
A Brazilian study demonstrated that in 77 patients with AVB
prematurity was associated with a higher probability of ICU
admission, with an OR of 24.51 (95% Cl: 3.21 to 186.92)."¢ In
230 infants age < 24 months, prematurity (gestational age <
37 weeks) was a risk factor for hospitalization.?2 Among 284
patients admitted to the ICU for AVB, 30% were preterm.??
Another Brazilian cohort study of 5,301 children followed
for a year showed that 113 were hospitalized for AVB, and
the risk of hospitalization was 80% higher in children whose
mothers had pregnancies lasting less than 37 weeks.” Prema-
turity in patients with AVB by RSV was also associated with
increased risk of hypoxemia and respiratory failure requir-
ing mechanical ventilation.?* In a retrospective analysis of
4,800 infants hospitalized for AVB, it was concluded that



Alvarez AE et al.

534

sjualjed JO %G§ Jo) Sulaunodde

103108} ¥SLJ UlRW = SYI9M XIS URY] J9SUNOoA a8y dAV 104 ND| 3e paniwpe sjyuaned 87 00T ¢z'12 19 eauino zado1
JSTBETEN
1e2JLUL]D YILM P3IeLI0SSE J03DR) Ulew = 3Fe J9SUNOA dAV UM syjuow 7| uey) JasunoA syusiyed QL€ 1102 2’12 19 Jjodeq
(€8-1C
:D%G6 ‘1F = YO ‘%ES SNSIaA %97) NI Ul uoLyezijelidsoy
10} J03DB} YSLI B - SUUOW OM) Uey} J95UNoA a8y gAv Yam syualzed 964° L 800Z 1¢' 18 19 aloweq
140ddns A103R)13USA pue ARS
NDI 104 papaau awly ay3 03 jeuolyiodo.d A)asiaAul st a3y AV UM ND| 38 paniiwpe syualjed 677 L1OT og 1€ 32 010UQ
(9Y-G°T :12%G6 *¥"€ = YO) uolssiwpe NI Jo s
pasea.dut pue (L0000 0>d ‘sAep g snsiaA 9) uolyeunp Aels
Je1idsoy 1a5u0) pey syjuow om} uey) J3SunoA sjusalied gAV YIm pazijendsoy siuejul $8€7  Z10T oz 12 19 SeAIaH
uolyezijelldsoy Jo aduaplouL
19MO] YIM pajeldosse a5e 1ap|o - uoljezielidsoy
03 pa3eal (6£6°0-81L°0 :1D %G6) 8€8°0 = YO dAV 40} Y3 3yl Je pajeasy sjuejul £/ 0LOT ;1€ 33 OjuSWIdSeN a5e BunoA
sauo pasodxaun ul ueyjy Sujows jeulajew o3 pasodxa AV 10}
USJPILYD UL JBYBLY %/G - DAV 404 uotyezijeiidsoy Jo ysky pazijeydsoy | |- Jeah SUO 104 PaMO)104 UBIPIYD LOE'S  €00T £ 18 19 Zeuiaqyy
(10°0 = d ‘%776 SNSI9A %8 68) SOUO pasodxa-uou
33 uey) uorjeinies udsAxo ulqo)Soway JO S)9A) JOMO)
pey Supjows Jeutalew jeleuisod 03 pasodxa uaip\iyd ASYH AQ 9AV UM pazijendsoy sjuajed 907 G00Z gz’ 18 32 Aa)peug
dAV 10} J03De} Hsiy salpnis (9 Jo sisAjeue-ejay 1102 ,z’1@ 38 sauor
uolyeunp
Ae)s Je1idsoy 195u0) pue ALISASS JedLul)d J93ealn) gAV UM pazieiidsoy uaJpiiyd ok £00Z oz’ 18 33 19BYdLWIZIRY)
UOL3IRL1JUSA JedluRydaW
pue uagAxo jejuswajddns SuLpasu 404 03Dk} YSLy dAV Yam pazijejidsoy sjuayed §/¢€ 110Z o118 32 9)dwas Sujows aALssed
AJLI9ASS 9seasIp
Joj s1030ey YsL - ASY J0j AYiALdisod pue AjLinjewsid AV Ualm pazijeydsoy sjueyut 008y 010 gz'1e 138 eldlen
UOLIR)1JUSA Jedlueydaw guLiinbal
ainjre} Aiojeuidsal pue erwaxodAy Jo ySLI pasealdu| ASY AQ GAV Ym pazieildsoy sjuejut 917 Z00Z »z 18 39 ueyd
S)93M /€ UeU} SS3) paise) saldueuSald asoym gaAv 10}
SJ3Yjow JO UaJp)Lyd ut Jaysiy %08 uolyezieydsoy Jo ysky pazneydsoy g |- Jeak auo 10j PaMO)04 UBIPILUD LOS'S €007 ;1B 38 Zeulaqy
ainjewsaud a1am %0€ gAV 104 NDI 3Y3 e payyiwpe syuaned 87 00T ¢7'1@ 39 B3UIND Z3doT
uotjeziejidsoy jo Ayniqeqoud JaysiH sjuejul o€z 800¢ 7z’ 1® 38 POOMWLID
(z6'981-1T°€
21D %56) 1G'#Z MO - uolsstwpe nD] Jo Aiqeqoud 1aysiH AV Yim syuaized 7/ 0LOZ 9,18 39 OjuswidseN
ASYH AQ GAV JO Ysu JaySLy PloJ-UdAdS gAYV YIm pazijeidsoy syjuow 9 ueyl J3SunoA sjuejul 86y 10T g "12 19 uofnoo Anjewsald
sSulpuy uteyw u Jeap Joyny a)qeLiep
"M3LASJ 1NJe131L) 33 UL papn)duL SnULA 1elADUAS Alojedidsay 031 pale)al sLiLjoLyduolg JelIA 93Ny YIM pajeldosse sajqeLieA Jedtsojolwaptds jo salpnls | a)qel



535

epidemiology and genetics

Acute viral bronchiolitis

geSULISEINE) URy) 3SRSSIP S19A3S
910W dARY BYSBY WOJ) 9SOY3} pUe SURDLISWY SALIEN
uolIN0Ad

9SIOM DAY JUSISIP LIoeY JO sjualied - puejeaz MaN
suelsedne) 03 pajedwod usym

U3eap JO ¥su J9YSLY 9ARY JUISOP URDLIJY JO Sjuslied
suelseone) 03 paJjedwod

USYM UOIIN|OAS 19339q SARY JUSDSSP UBDLIJY JO SJUdLIed
uolyezijelidsoy Jo ysL 19ysLy - JIS9puds oew

UOLIR]1JUSA JedlurydawW pue ussAxo jejuswsaiddns
BULPa3U JO ¥SLI pasealdul - gAYV YILM Jopuas ajew
9seasip 1Jeay INoYIM

uaJpyd ut ueyy Aejs jeidsoy Jo Yyisua) 4195uU0) %05

UILM PJeLI0SSe 9SBISIP 1Jeay |e3Lus5u0d JO 9dUasaid
(L000°0>d ‘sAep G snsiaA 9) Aeis Jejrdsoy J95uo

AJLI9ASS gAY J91e3UD

gAV J0J U3eap JO ¥su 493eaIs
/"9 9Aey eise)dsAp Aseuowndoysuoiq Yiim sjueju|

gAY 9J9A3s 210w - eisedsAp

Areuow)ndoyduolq Ayerdadss ‘aseastp Sunj dtuoayd
Aeis 1edsoy J25U0) pue SW0DIN0 I9ASS 104 J03de)
Sl - SYjUOW Inoj ueyy ssa) Joj Sulpaajisealq jeulajew
gAv Jo) pazijeidsoy Sulaq Jo ysu 191eals

sawl} /°/ - 95k JO Yjuow U0 91049q pauBSIM UIPILYD
SInoy || paseatdap ashn USSAX0 Jo awly

93 ‘Bulpa9j3Isealq SALSNIOXS JO Yjuow ydes 1oy - Aels
40 Y38ua) pue asn uagAxo Jo awll ayy 03 jeuoryiodoud
A)9s19AUL SI Sulpaaj3Isealq SAISNIOXd JO uolelng

gAvV JoJ uoljezijeiidsoy o4 Joldey YsL J91eaUS e SeM
pJem Ajluiajew ay) ul Sulpasjisealq Suljeliiul ainjeq
(100°0 > d ‘syjuow

61 SNsJaA 8) 195unoA sem sjualled pazielidsoy Jo 38y
uolyeinyes

uaBAX0 UL %L°0 4O UOLIDNPaJ B SMOYS PIIYd 3y} ‘afe ul
J98UnoA yjuow yoes 104 °uolieinies usSAxo urqojsoway
J0O S19A9) 3Y3 ale 1aMO) 3yl ‘PILyd ay3 JasunoA ayl

S9Io11e LE UM ApNisS MILAY
ASY Aq gAY Joj pazienidsoy sjuaiyed ||
GAV 104 ¥3 33 Je pajealy sjuejul 87°0€E

ASY AQ gAY yam pazijeiidsoy sjuatyed 90z
pazijejidsoy 8gG° | - SIIOYDUOIG UILM USIPIIUD 424 T L

gAV 4o} pazijejdsoy syuejul g/ ¢

gAv Joy paznejidsoy syuatyed 9/

gAYV Jo4 pazijendsoy sjuejul y8€°7

SID1M. /7| YUM Apnis malASy

gAv 1o} pazijejidsoy Jeak | ueyy J98unoA sjuejul 005LZ
pazijejidsoyuou G| | pue pazieidsoy LG

‘gAV UMM pasougelp sieak g ueyl Jo5unoA uaip)iyd 99|
SID1ME. /7| YUM Apnis malasy

gAYV 104 pazijendsoy uaipilyd OFZ

gAv 10}
pazijeildsoy €| |- Jeak auo 104 PaMO)10) UIPILYD LOE‘S

GAV Yam pazijedidsoy uaipiiyd G/ |
pazijelrdsoy 88G ‘L — SIINOIYDUOIG YIM USIPIYD b/b T)

pazijeadsoyuou 71| pue pazieijidsoy
€7 ‘uondajul Auojelidsal ande yym syuatled /€

ASY AgQ gAYV Uam pazijeidsoy syuatied 90z

€00¢

800C

€007

G002
800¢

32014

¥00¢

10T

010t

10T

G00¢

010t

£00¢

€00¢

£00¢

800¢

1102

G00C

g¢ 1@ 19 JaUSSIaW
22" 1@ 19 pooMwILID
, 18 19 JopeaT

gz’ 1@ 18 Aa)peig
oz’ 18 19 UIo0ya0y|

¢ 12 32 9)dwag

46718 39 L9kl

PR =B EX-TNETH

1z 1@ 38 Jopeiugues eoysQ
9c 1B 39 3YD

ge 18 39 yays-ly

1z 1@ 38 Jopeigues eoysQ
9z 18 32 19eydlwiziey)

/1@ 19 Zeuwsaqyy

ye 1@ 19 S9)19UI0Q

oz 1€ 19 UJooy0y|

¢¢ 1B 19 BI2.LINEPIA

gz’ 1@ 32 Ao)prig

JSTRITVTRE

Japusn

aseasip
}Jeay |e3Luasuo)

aseasip

AJeuow)nd druoayd

Sulpaajisealq
Jeusarey



Alvarez AE et al.

536

19A9)
gAvV Jo} uolyezijelidsoy J1WOU0230120S
4O YSLI Y3 SISBAIDUL 19A3] JLIWOUODIOLI0S MOT] pazijeidsoy §8G¢|L — SIINOLYdUOI] YIUM UIPIIYD ¥/F‘7L 8007 oz 18 39 UI00y30y| MO
puejeaz
MaN UL gAY Jo} uotiezijejldsoy Jo ysid 9y saseadul
Anf pue Aienuga4 Jo syjuow ayj Usamiaq uioq sulag gAV 03 np paziejldsoy sjuejul 0€Z 8007 22’12 19 pooMWILID uoseas yiiig
Aoueugaid
AV JO s suLinp ewyjse
saseaJoul Aoueusaud Sulnp ewyjse jeutalew Jo AIo3siH dAY PeY 61707 YdLUM JO ‘sjuejul Gz Lol 2007 ¢ 1@ 19 11040e)  Jo Auo3sty jeurajew
Adoje
K3119A3s gAY saseauoul Adoje jo A1o3siy Jeularew aAV UM SjueluL 0€9  110Z g le 12 4aNW  Jo Auolsiy jeusajew
potsad
aAV UM sjuatied ul uotsstwpe Jeleuoau ayy
nol 40 Anqissod syl pue Aejs jeitdsoy Jo yisua) ul uoL}e)IUSA
S9SBaJDUL UOLIR)IJUSA JeDLURYDSW Jejeuoau Jo AI0lstH S3D1R /7L YIM APNIs MaIASY  0L0Z  ,7'1B 39 Jopeidues eoydQ Jestueyday
gAvV J0} uolyezijelidsoy pazijeidsoyuou G| | pue pazijeidsoy Lg
40 ¥l sasealdul siyizewuap didoje jo A103stH ‘GAV UM pasouSelp sieaA g uey) Ja8unoA uaipiys 991 GO0z ¢ 18 19 LIyays-1y si31yewlap oidoly
gAV JO Ysli sasealdul Adueusdald Surinp Sujows jeulalew dAv PeY 6707 YdLUM JO ‘sjuejul Gz Lol 200 ¢ 1@ 39 1j041eD
Aoueugaid
gAv J1oj uorjeziejidsoy suLnp
40 ¥su saseaudul Adueudald Surinp Sujows jeulalew pazijejrdsoy 886" | - SIINOLYDUOI] YIM UIPIYD #/°Z) 8007 oz’ 1@ 38 UI0oya0) supjows jeusalew
UoL1e)13USA |edLuRydaW Suliinbal uolsstupe
JO YSLJ J9YSLY Y3IM PaRLDOSSE SI UOLSSIWPE Je JYSIomM MO gAV Umm paziendsoy sjuaned §/€  110Z o1 12 39 31dwss e JySlom MO
Uo13094Ul0D JellA JO 32uasaid ay)
0} aNp 3seaIdUl 10U S0P ASY AQ GAV 40 AILIDASS 1eDLUL) syjuanned 9/ 110Z ¢ 18 39 slined a@
AV JO AILI9ASS BY) SSBaIDUL JOU SS0P UOLIDIJULOD BlIA aAvV UM sjueuL zyl 1102 z»'18 19 puelg
gAY 919A3S 2J0W 104 3)qIsuodsal SI UOLIID4UL0D RULA S3D1e /7L YIM APNIs MaIASy  0L0Z  7'1B 39 Jopeidues eoydQ
10U pPLp OYM Ss0y3 pue ASY Yiim
sjualzed Uaam1aq ALISASS UL 9DUDISJLP OU SBM D13y | pazijeudsoy syuaized 68  G00Z or 1@ 32 BNa.a
uol3da4ul
ASYH YILM pajeldosse sem uolldajul 1oely Aiojelidsal SuoL3DauL
19MO) J0} uolyezijelldsoy e %06 > A13dwixo as)nd Aiojeurdsal 1omo) ajnde Joy pazijeidsoy sjuejul zGL 9007 o 12 19 0133201y
(9°2-8°1 :1D %56 ‘T°T *¥0) Adesayy
USBAX0 JO paau JaysLy pue (6°€-/8°} :1D %G6 £°T “4O)
uolsstwpe N 40 ysk 13ysiy ‘(L000‘0>d ‘shkep g snsioA
9) uolyezijejidsoy pasuojo.id 0} spea) ASY Aq gAY 919ASS gAvV J0) pazijeudsoy sjuejul $8€7  Z10T 6z 12 19 SeAlsH
26,S9SNUIA 1310 01 pasedwod usym
AILI9ASS gAY JO 103DB} B SL ASY Jey] 3s985NS SaLpnls awos gAV UM syjuow 7| ueyy JasunoA sjualyed 0LE  110Z z¢'18 19 Jjodeq
uo13094Uul0d |eUlA
26,S9SNUIA 13410 01 pasedwod usym Jo dduasaud
AILI9ASS gAY JO 103DB} B SL ASY Iey] 3s985NS SaLpnls awos gAvV J0} pazieudsoy sjyuejul 008  010Z 111 19 eldJen pue ASojo113
sSulpuy utew u  Jeap Joyiny a)qeLiep

(panupuo)) | ajqel



Acute viral bronchiolitis: epidemiology and genetics

537

Down Syndrome increases AVB severity

764 patients hospitalized for AVB
395 patients with Down Syndrome

2004
2007

Fjaerli et al.3”

Down Syndrome

Down Syndrome increases the risk of hospitalization for

AVB

Bloemers et al.*

Environmental pollution increases the risk of

hospitalization for AVB

18,595 infants younger than 1 year hospitalized for AVB

and 169,472 controls
4,847 infants hospitalized for AVB by RSV

2007

Karr et al.#”

Environmental

pollution
Living at altitude >

Living at an altitude higher than 2500 meters above sea
level increases the risk of hospitalization for AVB

2006

Choudhuri et al.4®

2,500 m above

sea level
C-section delivery

C-section delivery increases the risk of hospitalization

212,068 infants of which 7,062 were hospitalized for AVB
for AVB

2012

Moore et al.¥

prematurity and positive RSV represented risk factors for
disease severity.?

Passive smoking

In the assessment of 378 hospitalized patients with AVB, pas-
sive smoking was a risk factor for need for supplemental
oxygen and mechanical ventilation,' and in another sam-
ple of 240 children hospitalized for AVB, it was observed
that passive smoking was associated with greater clinical
severity and longer hospitalization.2¢ In a meta-analysis that
included 60 studies, passive smoking was a significant risk
factor for AVB.? In a prospective analysis of 206 patients
hospitalized for AVB by RSV, children exposed to postnatal
maternal smoking had lower levels of hemoglobin oxygen
saturation than those not exposed (89.8% versus 92.2%,
p=0.01).2 In Brazil, it was demonstrated that the risk of
hospitalization for AVB was 57% higher in children exposed
to maternal smoking than those not exposed.’

Young age

It has been well established in the literature that the
younger the child, the greater the clinical severity of AVB
by RSV. In a Brazilian study, age had an OR of 0.838 (95%
Cl: 0.718-0.979) compared to hospitalization, indicating
that older age was associated with a lower incidence of
hospitalization.'® Patients younger than 2 months had a
longer length of hospital stay (6 versus 5 days, p <0.00001)
and increased risk of ICU admission (OR 3.4; 95% Cl: 2.5 to
4.6).2 In the evaluation of 229 patients admitted to the ICU
for AVB, age was found to be inversely proportional to the
time spent in the ICU and time in ventilatory support;3° the
same was observed in a prospective study of 1,456 patients
with AVB, which compared hospitalization in the ICU and
in the hospital ward and showed that age younger than 2
months was as a risk factor for ICU admission (26% ver-
sus 53%; OR=4.1; 95% Cl: 2.1 to 8.3).3" In the evaluation
of 310 patients younger than 12 months with AVB, it was
concluded that younger age was the main factor associated
with the severity of clinical manifestations,3? which was also
observed in the evaluation of 284 patients admitted to the
ICU for AVB, where age less than 6 weeks was the main risk
factor, accounting for 45% of the patients.?® The younger the
child, the lower the levels of hemoglobin oxygen saturation
in 206 patients hospitalized for AVB by RSV; it was shown that
for each month younger the child was, there was a reduction
in 0.41% in oxygen saturation.? The relationship of age and
presence of hospitalization for respiratory infection could be
observed in the evaluation of 347 patients with acute respi-
ratory infection, 234 inpatients and 112 outpatients, where
the age of hospitalized patients was younger (8 versus 19
months, p<0.001).33

Maternal breastfeeding

Breastfeeding is protective factor against severe AVB. A
study of 12,474 children with bronchiolitis, of whom 1,588
required hospitalization, demonstrated that breastfeeding
not starting in the maternity ward lead to a higher risk fac-
tor for hospitalization for AVB.2% A Brazilian study with 175
children hospitalized for AVB demonstrated that duration of
exclusive breastfeeding was inversely related to the dura-
tion of oxygen use and of hospitalization, indicating that for
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AVB-mild

Variability

AVB-severe

Environment

Gene interaction

Associated epidemiological factors
Prematurity

Passive smoking

Young age

Maternal breastfeeding

Chronic pulmonary disease

Congenital heart disease

Gender

Ethnicity

Etiology and presence of viral co-infection

Associated epidemiological factors that are
seldom studied

Low weight at admission

Maternal smoking during pregnancy

Atopic dermatitis

Mechanical ventilation during the neonatal period
Maternal atopy

Maternal asthma during pregnancy

Season of the year at birth

Low socioeconomic level

Down syndrome

Environmental pollution

Living at an altitude > 2,500 m above sea level
C-section delivery

Genes associated with AVB:

TLR4, TLR9, TLR10
RANTES

VDR

JUN

IFNA5

Figure 2

every month of exclusive breastfeeding there was a decrease
of 11hours in the time of oxygen use.** Children weaned
before one month of life had a 7.7-fold greater risk of being
hospitalized for AVB.” The importance of breastfeeding was
further demonstrated in a study with 240 children hospital-
ized for AVB that concluded that breastfeeding an infant for
less than four months was a risk factor for severe outcome
and longer hospitalization time.2¢

Chronic pulmonary disease

The presence of chronic pulmonary disease, mainly bron-
chopulmonary dysplasia, is related to the greater severity
of AVB.%"3 Infants with bronchopulmonary dysplasia have a
6.7-fold risk of death from AVB when compared to infants
without this condition.3

Congenital heart disease

The presence of congenital heart disease is associated with
increased severity of AVB.?' A recent study found that the
length of hospitalization was higher in children who had con-
genital heart disease (6 versus 5 days; p<0.0001),%° and a
retrospective study of 764 hospitalized patients with AVB
showed that the presence of congenital heart disease was
associated with a 50% longer length of hospital stay than in
children without heart disease.”

Gender
Male patients with AVB have a higher risk of requiring supple-
mental oxygen and mechanical ventilation when compared

NOS-2

CX3CR1

Genes encoding surfactant proteins
IL-4, IL-8, IL-10, IL-13, and IL-18

Epidemiological and genetic factors associated with acute viral bronchiolitis caused by respiratory syncytial virus.

to female patients. A study of 12,474 infants with AVB, of
whom 1,588 were hospitalized, demonstrated that the risk
of hospitalization was higher in male patients.?°

Ethnicity

The role of ethnicity as a risk factor remains unclear, with
controversial results in the literature. One study reported
that patients of African descent have better progress when
compared to Caucasians,?® while another study indicated the
opposite.* In some isolated populations, a few observations
have been made: in New Zealand, patients of Maori origin
had worse outcome;? the same was observed for Native
Americans and those originating in Alaska, who had more
severe disease when compared to Caucasian patients.3®

Etiology and presence of viral coinfection

There are controversial results in the literature regarding
the influence of the type of virus causing the disease on
a more severe evolution.™ Some studies suggest that RSV
is a factor of severity for AVB when compared to other
viruses.'"32 A recent study demonstrated that severe AVB
by RSV leads to prolonged hospital stay (6 versus 5 days,
p<0.0001), higher risk of ICU admission (OR 2.7; 95% ClI:
1.87 to 3.9), and increased need for oxygen therapy (OR
2.2; 95% Cl: 1.8-2.6).2° A Brazilian study showed that pulse
oximetry < 90% at hospital admission for lower respiratory
tract infection was associated with RSV infection.?® How-
ever, other studies have shown that RSV does not lead to
greater clinical severity when compared to other viruses,
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as in a Brazilian study of 89 hospitalized patients, which
did not show any difference in severity between patients
who had RSV and those who did not;* and another study
showed that positive RSV had no influence on the time of
hospitalization.*! Regarding presence of viral coinfection,
one study demonstrated that viral coinfection is responsible
for increased severity of AVB.2' Other studies suggest that
viral coinfection does not increase the severity of AVB,#
including a study in Brazil, which evaluated 176 patients
and concluded that the clinical severity of AVB by RSV did
not increase due to the presence of viral coinfection.®

Currently, through the development of quantitative PCR,
the importance of the viral load on AVB severity has been
studied, as well as the differentiation of coinfection and
viral codetection, aspects that were little known and often
disregarded in the literature.*

Other risk factors associated with AVB severity

(i) low weight at admission;' (ii) maternal smoking dur-
ing pregnancy;2%# (iii) atopic dermatitis;® (iv) mechanical
ventilation in the neonatal period;?' (v) maternal history of
atopy;' (vi) history of maternal asthma during pregnancy;*
(vii) season of birth;2? (viii) low socioeconomic status;”2° (ix)
Down syndrome;3”# (x) environmental pollution;* (xi) liv-
ing at an altitude higher than 2,500 meters above sea level;*
and (xii) C-section delivery.*

Genetic factors

Despite the knowledge of the aforementioned risk factors,
most infants hospitalized for AVB present no such factors.
This led the researchers to believe that the epidemiologi-
cal factors were not solely responsible for determining the
clinical severity of AVB by RSV. Thus, genetic characteristics
have been studied as an active risk factor in AVB severity.
It has been estimated that there are over 10 million varia-
tions in the human genome (polymorphisms), and these may
be associated with the clinical variability in diseases such
as AVB, which have recently been the object of population
studies. In this context, some studies addressing gene vari-
ations associated with immune response were performed in
severe AVB by RSV.

A recent study evaluated 12,346 twins born in Denmark
over a period of 10 years, and found an agreement between
them regarding hospitalization for RSV. The agreement was
0.66 in homozygous twins and 0.53 in dizygotic ones, esti-
mating a genetic contribution of 16% to 20% for disease
severity,”® which contributes to the hypothesis of a genetic
factor influencing AVB severity.

In AVB, infection is restricted to the surface cells of the
respiratory epithelium, especially the hair cells of the bron-
chioles and type 1 pneumocytes in alveoli, and is opposed by
the innate and adaptive immune response. RSV is recognized
by epithelial cells through receptors specialized in recogni-
tion of pathogen-associated molecular patterns, known as
pattern recognition receptors (PRRs) in the form of trans-
membrane molecules termed toll-like receptors (TLRs),
present in macrophages and dendritic cells, which occur in
the production of proinflammatory cytokines (Interleukin 6,
8, 10, and 13, tumor necrosis factor, RANTES, CX3CK1) and
surfactant proteins.

Some of the factors have direct antiviral properties,
while others stimulate the activation of natural killer cells,
granulocytes, monocytes, and macrophages, initiating the
adaptive immune response.

The main TLR responsible for the recognition of RSV
is TLR4. TLR4 polymorphisms were associated with risk of
severe AVB by RSV, but the results have been controver-
sial. A better understanding of this question is important
to more effectively identify those infants at risk for more
severe AVB evolution. The presence of TLR4, Asp299Gly
(rs4986790), and Thr399lle (rs4986791) polymorphisms was
verified in 99 infants hospitalized for severe AVB by RSV, 82
outpatients treated for this disease, and 90 healthy adults.
TLR4 polymorphisms were more frequent in the group with
severe AVB compared to the other two groups, leading
the authors to conclude that the presence of TLR4 poly-
morphisms was associated with higher disease severity.>'
Another study evaluated the influence of Asp299Gly and
Thr3991le polymorphisms in TLR4 gene on cytokine pro-
duction and demonstrated that there was no influence,
concluding that the determination of TLR4 gene polymor-
phisms does not have any benefit in clinical practice.>?
Another study with 312 patients and 356 controls evalu-
ated the influence of Asp299Gly polymorphism in TLR4 gene
regarding the susceptibility to severe AVB by RSV and demon-
strated that this polymorphism does not influence disease
severity. The authors concluded that the severity of AVB by
RSV appears to be associated with constitutional and envi-
ronmental factors.>

One study analyzed 52 children with AVB by RSV (26
outpatients, 21 hospitalized in the hospital ward, and
five admitted to the ICU), and found that the presence
of Asp299Gly and Thr399Ile polymorphisms in the TLR4
gene, and a dysfunction of peripheral blood mononu-
clear cells stimulated by phytohemagglutinins expressed
by hyper-responsiveness in response to lipopolysaccha-
rides, were associated with increased severity of AVB by
RSV.54

At the evaluation of D259G and T359I polymorphisms of
TLR4 in 131 infants with severe AVB by RSV compared with
270 controls, polymorphisms alone were not associated with
disease severity, but the presence of a gene haplotype with
both polymorphisms showed a significant association with
severity (p<0.001).5°

One study investigated whether polymorphisms in other
TLRs, in addition to TLR4, could be related to susceptibility
to AVB by RSV. Thus, 19 polymorphisms in TLRs 1, 2, 3, 5, 6,
9, and 10 were evaluated; an association was found between
polymorphisms in receptors 9 and 10.5

In the evaluation of 106 children hospitalized for AVB
by RSV and 120 controls (healthy adults with no history
of severe respiratory infection) to verify the association
of three polymorphisms (-28C/G, -403G/A, and In1.1T/C)
in the RANTES gene with disease severity, there was no
association between disease severity and polymorphisms in
isolation, but the combination of the three polymorphisms,
forming a gene haplotype, was more common in cases than
in controls, leading the authors to conclude that there was
an association between polymorphisms in the RANTES gene
and severity of AVB by RSV.*’

One study found that ThriMeth polymorphism
(rs10735810) in the vitamin D receptor was associated
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with AVB, with the T ‘‘'minor’’ allele showing a greater
propensity to AVB.%®

Another study analyzed 384 single nucleotide polymor-
phisms in 470 children hospitalized for AVB by RSV and 1,008
controls, and found that polymorphisms in the vitamin D
receptor (rs10735810), JUN (rs11688), IFNA5 (rs10757212),
and NOS-2 (rs1060826) genes showed association with
AVB. The authors concluded that polymorphisms in innate
immune response genes are important in determining sus-
ceptibility to the AVB.>

Researchers evaluated whether the presence of polymor-
phisms in the CX3CR1 receptor present in leukocytes, which
binds to G protein of RSV, could have a correlation with AVB
severity. They evaluated 82 children hospitalized for AVB
by RSV, comparing them with 120 adults with no history of
severe respiratory infection, and concluded that the T280 M
polymorphism was more frequent in cases than in controls
(37.8% vs. 20.8%; OR: 2.03; 95% Cl: 1.1 to 3.9) demonstrat-
ing an association between the polymorphism and severity
of infection.®®

Pulmonary surfactant proteins SP-A, B, C, and D, in
addition to maintaining the alveolar surface tension, also
participate in immune mechanisms regulating the release
of proinflammatory cytokines and participate in chemo-
taxis and tissue repair. A recent study investigated whether
polymorphisms in SP-A1, SP-A2, and SP-D genes were associ-
ated with the severity of RSV infection. A prospective study
with 118 children younger than 6 months with RSV infec-
tion and 104 controls with no history of severe respiratory
infection was conducted, and significant differences were
found for some polymorphisms. When analyzed for the pres-
ence of gene haplotypes, there was a significant association
between their occurrence and severity of RSV infection evo-
lution (p <0.001).%!

Interleukins (IL) have an important role in immune
response, and associations between different polymor-
phisms and genic haplotypes of IL-4, IL-8, IL-10, IL-13, and
IL-18 genes with increased severity of RSV infection have
been found. The studies are controversial; the association
usually has low OR and some studies have shown no asso-
ciation. In one study, the association was only significant
in patients older than 6 months for IL-4 or younger than
6 months for IL-10, suggesting an age-dependent effect on
Th1/Th2 balance.¢?

As polymorphisms in genes related to the presence
and increased severity of AVB are associated with immune
response, their identification will allow for a better under-
standing of which pathways are involved in the immune
response to the virus and thus collaborate with a more
complete understanding of the disease. Knowledge of poly-
morphisms associated more severe evolution illuminates the
possibility of introducing new therapies conditioned by phar-
macogenetics.

Conclusion

Severe AVB is the most frequent complication of RSV infec-
tion, accounting for a large number of hospitalizations and
high costs, and can lead to death.

Advances have occurred in recent years regarding the
understanding of of the severity variability of AVB by RSV.

The main epidemiological factors include prematurity, pas-
sive smoking, young age, lack of breastfeeding, chronic lung
disease, and congenital heart disease. Other factors, such
as gender and ethnicity, virus type, and presence of viral
coinfection, remain controversial.

There are reports of other factors that can also influence
severity, but these require further studies. They include low
weight at admission, maternal smoking during pregnancy,
atopic dermatitis, mechanical ventilation in the neona-
tal period, maternal history of atopy, maternal history of
asthma during pregnancy, birth season, low socioeconomic
status, Down syndrome, environmental pollution, living at
an altitude higher than 2,500 meters above sea level, and
cesarian section delivery. Regarding genetic factors, some
polymorphisms appear to be associated with more severe
evolution; the most often studied gene polymorphisms are
TLR4, TLRY, TLR10, RANTES, VDR, JUN, IFNA5, NOS-2, and
CX3CR1, as well as genes encoding surfactant proteins and
IL-4, IL-8, IL-10, IL-13, and IL-18.
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