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Editorial

O 1° nimero de 2022, volume 6, da Edigao de artigos das Revistas Thorax e Archives of Disease in Childhood, dedicados
aos Socios das Sociedades Cientificas de Pneumologia, Alergologia e Imunologia Clinica, Medicina Geral e Familiar e
Pediatria, mantém o foco na pandemia, mas gradualmente afasta-se concentrando-se nas doengas nao transmissiveis e
nas influéncias do meio ambiente na saude respiratoria.

O Editorial “Redefinir a linha temporal da tuberculose na perspetiva da BCG” remete para o artigo “O tempo de exposi¢do
a Mycobacterium tuberculosis explica a variagdo da eficacia da BCG: uma revisao sistematica e meta-analise”, em que Trauer
e colaboradores analisam a dindmica da histéria natural da tuberculose, em interagao com a protegao conferida pela vacina
BCG, potencialmente transitdria.

O 2° Editorial deste niimero “Uma pandemia respiratéria deve focar-se no controlo tabagico” analisa o acréscimo de risco
para contrair e maior gravidade da covid19 nos fumadores, para avaliar a oportunidade de determinar medidas mais efica-
zes do controlo de tabagismo para a sua redu¢do em convergéncia com a meta de extingdo completa de consumo até 2030!

O artigo “Agregados familiares com criangas e risco de COVID-19: um estudo com mais de 300 000 adultos que vivem em
agregados familiares com profissionais de satde na Escicia” é de leitura interessante. E um estudo que decorre entre de 1
de marco e 12 de outubro de 2020. Seria interessante perceber se este estudo poderia replicar-se e que resultados obteria
nesta altura, em 2021-22...

Cecilie Skaarup Uldbjerg et al, descrevem a associagao entre exposi¢do a antibidticos durante a gravidez e asma infantil:
neste estudo descreve-se diferentes associagdes com o trimestre da gravidez da exposi¢ao bem como o tipo de parto.
Embora especulativo a associagao a alteracdo do microbioma é uma explicacdo plausivel e apetecivel.

E por fim 2 estudos que relatam as influéncias do ambiente na fungdo pulmonar. Estes estudos embora com objetivos e
metodologias distintas demonstram a influencia na satide pulmonar do ar que respiramos.

Boas leituras!

Teresa Bandeira
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Redefinir a linha temporal da tuberculose na

perspetiva da BCG

David Dowdy

Estima-se que 1,7 mil milhdes de pessoas -
23% da populagdo mundial - tenham sido in-
fetadas pela Mycobacterium tuberculosis.! Ha
mais de cinco décadas que se sabe que, uma
vez que alguém tenha sido infetado pela M.
tuberculosis durante um periodo de 2-5 anos,
o risco de desenvolver tuberculose (TB), salvo
uma segunda infecdo ou condi¢do imuno-
ssupressora, € reduzido.? No entanto, varias
publicagdes e manuais continuam a citar uma
“regra de ouro” segundo a qual 5% das pessoas
com infe¢do latente por TB desenvolverao TB
reativada apos este periodo inicial de alto ris-
co. Varias andlises recentes reafirmaram que
este niimero de 5% ¢ uma estimativa substan-
cialmente exagerada.’* Nesta edi¢cdo da Tho-
rax com artigos do ADC, Trauer et al. reanali-
sam dados de 21 ensaios clinicos de vacina¢ao
contra o bacilo Calmette-Guérin (BCG).
A sua andlise abrangente fornece mais uma
prova de que a tradicional conceptualizagio
da infecdo por TB latente - como um estado
estatico em que as pessoas experimentam um
risco de reativagdo constante e razoavelmente
elevado durante muitos anos, se nao mesmo
décadas, deve ser abandonada.

Anilises anteriores estimaram que a
protecdo derivada da BCG contra a doenga
da tuberculose podera diminuir ap6s cerca
de 10 anos,* embora sejam escassos os dados
de seguimento. Trauer ef al. atualizaram uma
meta-andlise anterior dos ensaios da vaci-
na BCG’ para explorar se esta diminuicdo
da protecgdo reflete muito provavelmente o
tempo de exposigdo a M. tuberculosis ou o
tempo de reativagdo da doenca. Alcancaram
este objetivo separando os ensaios em duas
categorias de carga subjacente a tuberculose
(carga decrescente vs. carga elevada con-
tinua) e de duragdo do seguimento (precoce
vs. tardio). Com esta classificagdo, os resul-
tados sugerem que a BCG pode ter propor-
cionado niveis elevados de protecdo durante
0 seguimento precoce em todos os ensaios -
protecdo que pode ter persistido em cendrios
de diminui¢do da carga de TB (ou seja, onde
o risco de exposi¢io repetida foi reduzido).
Mas, em cendrios de elevada transmissiao
continua de tuberculose - onde o risco de in-
fe¢do continua superou o risco de reativagao
tardia - a BCG pode ter oferecido pouca (ou
mesmo nenhuma) prote¢do a longo prazo.
Esta descoberta é consistente com a hipotese
de que a diminuigdo observada da protegao
BCQG reflete o tempo de exposi¢ao e ndo o
tempo de reativagao.

Embora represente apenas uma das
muitas explicagdes razodveis para os dados
observados, esta hipotese é bela na sua sim-
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plicidade; ndo precisa de invocar relagoes
mais complexas, como com a latitude ou
micobactérias ndo tuberculosas.” Conforme
observado pelos proprios autores, esta des-
coberta nao ¢ surpreendente, dada a baixa
taxa de reativacdo ‘tardia’ (ou seja, pro-
gressdo para a doenga da tuberculose para
além do periodo de alto risco inicial de 2-5
anos apds a infe¢do inicial). Em cenarios
de elevada carga continua de tuberculose,
a incidéncia de tuberculose doenca durante
periodos de seguimento mais longos reflete
largamente eventos de infegdo repetidos,
em vez de reativagdo tardia. Por exemplo, o
risco anual de infecio por TB na India na
altura do maior ensaio BCG (1,4%-1,7%1) é
semelhante ao risco remanescente de tuber-
culose ao longo da vida (1,2%-2,2%3) para
um adulto normal infetado com TB que
vive num ambiente de exposi¢do reduzida,
como ¢ o caso dos EUA atualmente.

Mas as descobertas de Trauer et al. sdo
dificeis de conciliar com o pensamento
tradicional de que, uma vez que alguém é
infetado com M. tuberculosis, essa pessoa ira
experimentar umrisco persistentemente ele-
vado de reativacio da doenca. Se este fosse o
caso (assumindo que uma elevada fragao de
pessoas nos ensaios BCG foram expostas a
TB nos anos que se seguiram a vacina¢éo), a
prote¢do a longo prazo proporcionada pela
BCG nio dependeria fortemente da carga
de TB na comunidade envolvente. E im-
portante interpretar estas conclusoes a luz
de duas importantes ressalvas. Em primeiro
lugar, nos ensaios realizados principalmente
com adultos, o resumo da previsiao de Trau-
er et al. sobre o efeito da BCG ao longo de
um seguimento mais longo ndo variou mui-
to entre cendrios de carga continua (taxa
de incidéncia 1,05, 95% IC 0,87 a 1,24) e
cendrios de carga decrescente (0,86, 95% IC
0,57 a 1,15). Em segundo lugar, nos ensaios
realizados maioritariamente com criangas,
apenas um foi categorizado pelos autores
como ‘carga continua, seguimento mais
prolongado”.

Este ensaio foi realizado em Porto Rico
por volta de 1950 - numa altura em que a
mortalidade por TB decaiu mais de 90% nas
duas décadas seguintes.® Se este estudo fosse
reclassificado como estando numa regido de
‘declinio’ de carga, o peso das evidéncias que
apoiam a principal conclusdo dos autores se-
ria correspondentemente mais leve. Apesar
destas ressalvas - e independentemente das
conclusdes finais - esta nova analise propor-
ciona um enorme valor cientifico acrescido,
sob a forma de (1) descrigoes detalhadas de
cada ensaio que contribuem para a andlise;
(2) reavaliagdo rigorosa (e, em alguns casos,
revisdo) de resultados anteriormente publi-
cados; (3) inclusdo de novos dados desagre-
gados do ensaio de maior contribuigdo para
a andlise e (4) publicagdo aberta de todos os

dados e cddigos, incluindo para a criagao de
importantes indicadores. Estas descrigoes,
andlises e dados adicionais servirdo como
um recurso inestimavel para uma comuni-
dade cientifica que continuard, sem duvida,
a debater o mecanismo de agao da BCG du-
rante décadas.

Nos altimos 5 anos, concentramo-nos na
linha temporal da infegdo por tuberculose.
A histéria natural da tuberculose é agora
reconhecida como uma entidade dinamica
que é melhor caracterizada ndo como um
risco de “reativacdo” elevado e persistente,
mas como um equilibrio temporal variavel
entre a atividade do patogénio (que diminui
rapidamente nos primeiros anos apos a in-
fecdo inicial) e a resposta do hospedeiro (que
pode ser enfraquecida a qualquer momento)
- um equilibrio em que tanto a intensidade
como a frequéncia da infe¢do também de-
sempenham um papel importante. Trauer
et al. acrescentam a esta compreensdo da
histdria natural da tuberculose, observando
as evidéncias de uma perspetiva diferente: a
da protegao induzida pela BCG ao longo do
tempo. As suas descobertas tém implicagdes
importantes para o desenvolvimento de no-
vas vacinas contra a tuberculose, que tam-
bém podem necessitar de uma protecdo a
longo prazo contra a infegdo (e a progressao
para a doenga) para que possam ter um im-
pacto sustentado a nivel populacional. Tam-
bém sublinham a centralidade da redugio do
peso da transmissdo da tuberculose no caso
de querermos por fim a esta epidemia que
rouba a vida a mais de um milhao de pessoas
todos os anos.
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Uma pandemia respiratoria deve focar-se no

controlo tabagico
Anthony A Laverty, Christopher Millett

A ideia de que o tabaco pode proteger contra a
COVID-19 foi sempre uma ideia improvavel. Am-
bos causaram perdas terriveis de vidas humanas. Até
13 de julho de 2021, a COVID-19 matou cerca de 4
milhdes de pessoas, enquanto que o tabaco mata 8
milhoes de pessoas todos os anos.'*No entanto, al-
gumas evidéncias recentes sugerem que 0 consumo
de tabaco esteja associado a um risco reduzido de in-
fe¢ao e morte por COVID-19. Esta descoberta gerou,
sem surpresa, um interesse substancial entre os in-
vestigadores, na classe médica e no publico.”

O artigo de Clift et al* editado na edigdo origi-
nal da Thorax apresenta o nosso entendimento das
ligagoes entre o tabagismo e a COVID-19 ao com-
binar uma série de dados relevantes para empregar
duas abordagens analiticas distintas. No seu conjunto,
estas analises sugerem um papel causal do tabagismo
nagravidade da COVID-19. Os autores ligaram dados
do UK Biobank com registos de cuidados primarios,
dados de testes de COVID-19, internamentos hospi-
talares e certidoes de Obito para realizar analises de
observacio e de aleatorizagio mendeliana. Os dados
de testes de COVID-19 s6 estiveram disponiveis até
agosto de 2020, o que significa que os dados sobre
infecdes confirmadas se concentraram nos estabe-
lecimentos hospitalares. As analises observacionais
ndo concluiram que os atuais fumadores tivessem
maior probabilidade de ter infe¢ao por COVID-19
confirmada, mas que tinham maior probabilidade
de ser hospitalizados e de morrer da doenga. Por
exemplo, nos modelos ajustados por idade e sexo, os
atuais fumadores apresentaram maior probabilidade
de hospitalizagdo comparativamente aos nao fuma-
dores (OR 2,19,95% IC 1,63 a 2,92) e de morrerem de
COVID-19 (OR 5,93 (95% IC 4,22 a 8,33). As anlises
de aleatorizagao mendeliana s6 foram possiveis entre
os participantes britanicos brancos, mas estas desco-
briram que o aumento da propensdo genética para
comegar a fumar esteve associado a uma maior proba-
bilidade de infegdo e hospitalizagdo por COVID-19.
Foram encontrados riscos acrescidos de infecio, hos-
pitalizado e morte com o aumento do peso do taba-
gismo geneticamente previsto.

O estudo Clift confirma estudos anteriores do
Reino Unido de base populacional, incluindo o UCL
COVID-19 Social Study, o ZOE COVID-19 Symp-
tom Study e os dados OpenSAFELY.*” A analise dos
dados da aplicagdo ZOE até abril de 2020 avaliou a
relagdo do tabagismo com a COVID-19, utilizando
sintomas autorreportados para classificar as pes-
soas como casos suspeitos.® Nos modelos ajustados
a idade e sexo, os atuais fumadores apresentaram
maior probabilidade de revelar os sintomas classicos
da COVID-19 de febre, tosse de novo e persistente
e falta de ar. As associagdes para reportar um maior
nimero de sintomas, um marcador da gravidade da
doenga, foram ainda superiores. As andlises dos da-
dos OpenSAFELY, que cobrem os registos de cuida-
dos primarios de 40% da populagio do Reino Unido
ligados a mais de 10 000 mortes por COVID-19,
constataram igualmente que tanto os antigos como
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os atuais fumadores eram mais suscetiveis de mor-
rer de COVID-19.” O que estes dois estudos tém em
comum ¢é que os resultados e as interpretagdes dife-
rem entre modelos estatisticos ajustados apenas para
idade e sexo e aqueles que sdo ajustados para um
conjunto mais amplo de fatores, como as condigoes
pré-existentes. As andlises ajustadas a fatores que
incluem doengas diagnosticadas revelaram que
os fumadores se encontravam em menor risco de
COVID-19 do que os nunca fumadores, reforgando
a ideia de que fumar poderia ter um efeito protetor.
Contudo, a equipa OpenSAFELY realizou andli-
ses post hoc da sua descoberta de que os fumadores
pareciam ter menos probabilidade de morrer de
COVID-19, 0 que deu confianga de que esta aparente
diminuigdo do risco é incorreta. Esta aparente asso-
ciagdo foi motivada pelo viés de colisao, onde o ajuste
excessivo em modelos totalmente ajustados produz
resultados falsos. Mais concretamente, as analises
post hoc constataram que o efeito protetor do fumo
era impulsionado principalmente pelo ajustamento
para doengas respiratorias cronicas, significando que
estas analises estavam a ajustar uma das principais
vias pelas quais o tabagismo aumenta os riscos. O
estudo Clift aumenta a nossa confianga na afirmacio
de que o tabagismo nao protege contraa COVID-19,
uma vez que as andlises de aleatorizagdo mendeliana
sd0 menos suscetiveis de confundir do que os estu-
dos observacionais anteriores. Adicionalmente, uma
Living Review das atuais evidéncias favorece uma
associagao entre o tabagismo atual e a gravidade da
COVID-19, enquanto evidéncias recentes do estudo
REACT (Real Time Assessment of Community Trans-
mission) concluem que o tabagismo estd associado
a uma maior probabilidade de sintomas persistentes
12 semanas ap6s infe¢ao por COVID-19 (a chamado
COVID-19 prolongada)®®. Em conjunto, todas estas
evidéncias reforgam a existéncia de impactos negati-
vos do tabagismo nos resultados de COVID-19.
Uma pandemia respiratoria deve ser o mo-
mento ideal para centrar o pensamento coletivo no
controlo do tabagismo. Um novo Plano de Controlo
Tabagico em Inglaterra devera ser publicado ainda
este ano, o que representa uma oportunidade para
redobrar os nossos esfor¢os. Em abril, o Royal College
of Physicians (RCP) assinalou quase 60 anos desde o
influente relatério Smoking and Health com um novo
conjunto de recomendagdes para combater o flagelo
do tabagismo."” Embora o declinio do tabagismo nos
ltimos 60 anos seja uma prova dos esforgos anteri-
ores, o relatorio de 1962 observou que “tanto os cos-
tumes sociais como a pressio comercial ultrapassam
a voz da precaugao” e isto continua a ser verdade até
aos dias de hoje."* O ultimo relatério do RCP constata
que o Reino Unido ndo estd no bom caminho para
atingir os objetivos de manter o tabagismo a uma
taxa inferior a 5% até 2030 e que o tabagismo conti-
nua a ser uma das principais causas de desigualdade
na saude. O relatdrio oferece 10 recomendagdes para
corrigir esta situagdo. Estas incluem novas medidas
como o aumento da idade legal de venda para 21 anos
e aumentos anuais na tributagdo, bem como acoes
para reduzir a diferenca de pregos entre os cigarros
e o tabaco de enrolar. Sdo necessarios mais esforgos
para apoiar a cessagdo do tabagismo, combinando o
tratamento ndo obrigatorio da dependéncia tabagica
no Servico Nacional de Saude com apoio persona-

lizado para alguns grupos. Os grupos destacados para
uma atengdo especifica incluem os que se encontram
em condigdes socioecondmicas mais carenciadas, in-
dividuos LGBT e individuos que sofram de doencas
mentais graves. Finalmente, o RCP recomenda limi-
tar as oportunidades para a industria tabaqueira
explorar as lacunas na regulamentagdo. A industria
tabaqueira tem uma longa histdria na realizagao de
tais esfor¢os, que continuam até aos dias de hoje, in-
cluindo recentemente, utilizar a inovagio de produ-
tos para contornar a proibi¢ao dos cigarros de mentol
de 2020. Estes esforgos devem ser impedidos € a in-
dustria tabaqueira deve ser excluida de toda a criagdo
de politicas se se pretende que o Reino Unido extinga
completamente o consumo de tabaco até 2030.

No seu conjunto, as medidas recomendadas no
relatério do RCP oferecem uma oportunidade de
fazer histdria no tabagismo e uma pandemia respi-
ratéria é 0 momento perfeito para o fazer.
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Agregados familiares com criancas e risco de COVID-19: um
estudo com mais de 300 000 adultos que vivem em agrega-
dos familiares com profissionais de satide na Escdcia
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Bishop,> Martin Reid," Anoop S V Shah,® Kate Templeton,” David Goldberg,> Chris Robertson,®
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RESUMO

Objetivo As criancas estdo relativamente protegidas
da COVID-19 devido a uma série de mecanismos poten-
ciais. Investigamos se o contacto com criangas também
proporciona aos adultos um grau de protecdo contra a
CovID-19.

Desenho Estudo de coorte baseado em dados adminis-
trativos relacionados.

Local Escocia.

Populacao do estudo Todos os profissionais de saude
do Servico Nacional de Salde Escocés e seus agregados
familiares até marco de 2020.

Principal exposicdo Numero de criangas (0—11 anos) a
residir no agregado familiar do participante.

Principais resultados Infecdo por COVID-19 com
necessidade de hospitalizacao e qualquer infecdo por
COVID-19 (qualquer teste positivo para SARS-CoV-2) em
adultos com =18 anos entre 1 de marco e 12 de outubro
de 2020.

Resultados 241266, 41198, 23783 e 3850 adultos par-
tilharam um agregado familiar com 0, 1, 2 e 3 ou mais
criancas, respetivamente. Ao longo do periodo de estudo,
o risco de COVID-19 com hospitalizacdo foi progressiva-
mente reduzido com um nimero crescente de criancas -
HR totalmente ajustado (aHR) 0,93 por crianca (95% IC
0,79a 1,10). O risco de qualquer infecdo por COVID-19 foi
reduzido de forma semelhante, sendo a associacao estatis-
ticamente significativa (aHR por crianga 0,93; 95% I1C 0,88
a 0,98). Apds a reabertura das escolas a todas as criancas
em agosto de 2020, ndo foi observada qualquer associagao
entre a exposicao a criancas e o risco de qualquer infecdo
por COVID-19 (aHR por crianca 1,03; 95% 1C 0,92 a 1,14).
Conclusao Entre marco e outubro de 2020, residir com
criancas esteve associado a um risco atenuado de qual-
quer infecdo por COVID-19 e COVID-19 com hospitaliza-
¢do entre adultos a residir em agregados familiares com
profissionais de satide. N&o se observaram evidéncias de
que residir com criancas aumentasse o risco de infecdo
por COVID-19 em adultos, inclusivamente durante o
periodo apos a reabertura das escolas.

INTRODUCTION

To date, children seem to be relatively protected
from SARS-CoV-2, being substantially less likely
to develop symptomatic infection (COVID-19)
or serious illness.! > Zimmermann and Curtis®
recently provided a wide-ranging review of
the proposed mechanisms for this difference,
including factors such as concurrent infections
competing with SARS-CoV-2 in vivo, differences
in microbiota, higher melatonin levels and lower
intensity of exposure to SARS-CoV-2. Differences
in innate and/or acquired immune mechanisms
may play a part,”"' as might increased innate
immune responsiveness following vaccinations
and high exposure to respiratory viruses.*'? Alter-
natively, pre-exposure to antigenically similar

What is already known on this topic?

» Young children are less likely to develop
COVID-19 and severe COVID-19 than
adults, due to a range of potential mecha-
nisms, among which is the possibility
of cross-protective immunity to SARS-
CoV-2.

» Whether contact with young children
offers adults a degree of protection from
COVID-19 or not is unknown.

» Two studies have suggested that contact
with children may be inversely associated
with COVID-19 risk (risk of infection,
hospitalisation or death from COVID-19).

What this study adds?

»In our large cohort, adults with young
children were at lower risk of testing posi-
tive for SARS-CoV-2 and possibly also of
developing COVID-19 requiring hospita-
lisation.

» Adults living with young children were
not at increased risk of COVID-19, inclu-
ding during August-October 2020 when
nurseries and schools were open for all
children.

» Verification of this finding is warranted in
other populations and settings.

infectious agents (providing subsequent specific
cross-protection against SARS-CoV-2) may also be
relevant. Children have higher levels of exposure
to endemic coronaviruses than adults.”*'* Evidence
exists for B cell and T cell cross-reactivity between
SARS-CoV-2 and endemic coronaviruses,*'* and
SARS-CoV-2 responsive T cells have been shown
to provide protection against COVID-19."

Given this latter possibility, we reasoned that
adults who are close contacts of children might also
be protected from SARS-CoV-2 due to a degree of
immune cross-protection. This could be relevant to
decisions to close nurseries and schools in response
to SARS-CoV-2' and teachers’ perceptions of work-
place safety.'® Since few relevant studies exist,” we
used a recently reported cohort of around 160 000
healthcare workers and 250 000 household members
in Scotland”® to test the hypothesis that risk of
COVID-19 in adults is attenuated among those living
with young children.
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Table 1

Characteristics of adult household contacts by number of young children

0 children aged 0-11 years 1 child aged 0-11 years 2 children aged 0-11 years 3+ children aged 0-11 years

Number of adults 241 266 41198 23783 3850
Adults who are healthcare workers 121 004 (50.15) 22 025 (53.46) 13179 (55.41) 2237 (58.10)
Age, mean (SD) 44.53 (15.04) 39.82 (10.58) 39.01 (8.08) 38.47 (6.62)

Male 105 116 (43.57) 17 639 (42.82) 10 803 (45.42) 1783 (46.31)

Scottish index of multiple deprivation

1 — most deprived 37 242 (15.44)

2 46 147 (19.13)
3 48659 (20.17)
4 52 847 (21.90)
5 — least deprived 56 371 (23.36)
Race/ethnicity — non-white 7768 (3.22)

Comorbidity count

None 207 796 (86.13)
One 24 897 (10.32)
Two or more 8573 (3.55)

Occupation of healthcare worker in household

Nursing and midwifery 102 514 (42.49)
Administrative services 44929 (18.62)
Support services 27294 (11.31)
Medical and dental 20 836 (8.64)
Allied health profession 20007 (8.29)
Other 25686 (10.65)

Occupational role of healthcare worker in household
50 441 (20.91)
137 697 (57.07)
53128 (22.02)

Non-patient facing
Patient facing
Undetermined

Part time working in healthcare worker in household

Whole time 147 608 (61.18)
Part time 88 351 (36.62)
Not recorded 5307 (2.20)
Tested for SARS-CoV-2 14736 (6.11)

5655 (13.73) 2447 (10.29) 373 (9.69)
7700 (18.69) 3599 (15.13) 582 (15.12)
7491 (18.18) 4280 (18.00) 706 (18.34)
9701 (23.55) 6102 (25.66) 999 (25.95)
10 651 (25.85) 7355 (30.93) 1190 (30.91)
2088 (5.07) 1162 (4.89) 259 (6.73)
37315 (90.57) 21924 (92.18) 3564 (92.57)
3231 (7.84) 1579 (6.64) 252 (6.55)
652 (1.58) 280 (1.18) 34(0.88)
18 688 (45.36) 10 085 (42.40) 1530 (39.74)
6710 (16.29) 3236 (13.61) 404 (10.49)
3232 (7.85) 1386 (5.83) 236 (6.13)
4326 (10.50) 3586 (15.08) 849 (22.05)
3798 (9.22) 2974 (12.50) 442 (11.48)
4444 (10.79) 2516 (10.58) 389 (10.10)
7453 (18.09) 3667 (15.42) 471 (12.23)
25 461 (61.80) 15 485 (65.11) 2627 (68.23)
8284 (20.11) 4631 (19.47) 752 (19.53)

19 482 (47.29) 8296 (34.88) 1206 (31.32)
20 329 (49.34) 14183 (59.64) 2281 (59.25)
1387 (3.37) 1304 (5.48) 363 (9.43)
2835 (6.88) 1823 (7.67) 354 (9.19)

Statistics are the number (percentage) of adults with each characteristic except for age, which is given as the mean and SD.

METHODS

Population, data sources and record linkage

Full details of the population studied are reported elsewhere.' In brief,
we identified healthcare workers in Scotland (aged 18-65 years) using
databases including all individuals directly employed by the National
Health Service (NHS) and all general practitioners providing services
to the NHS, as of March 2020. We identified other members of the
healthcare workers” households (all ages) using the NHS Scotland
master patient index and exact address matching. We linked these
data to multiple Scotland-wide databases indicating virology testing
for SARS-CoV-2, hospitalisation, critical care admission and death.
Exposure, covariate and outcome data were examined for all adults
aged >18 years living in a healthcare worker household. All data from
1 March to 12 October 2020 were included.

Outcome

The primary outcome was COVID-19 requiring hospitalisation,
defined as a first positive PCR test" for SARS-CoV-2 up to 28 days
prior to, or during, a hospital admission. Secondary outcomes were
any COVID-19 (defined as any positive test for SARS-CoV-2) and
severe COVID-19 (defined as a positive test for SARS-CoV-2 up to
28 days prior to admission for critical care or death).

Exposure

The primary exposure was the number of young children (aged
0-11 years) in each household. Additional analyses examined risk
by the number of preschool children (aged 0-4 years), primary
school children (aged 5-11 years), older children (aged 12-17
years) and other adults (aged >18 years).

Covariates

Data on age, sex and deprivation (Scottish Index of Multiple Depri-
vation quintile) were obtained from the linked databases. Prespeci-
fied comorbidities (see online supplemental table S1) were defined
using previous hospitalisation and prescribing data. Ethnicity
was imputed from forename and surname using the ONOMAP
algorithm.”

Occupational covariates were defined at the household level
based on the characteristics of the member who was a healthcare
worker. These included the healthcare worker’s occupation (eg,
medical and nursing), potential exposure to SARS-CoV-2 (eg,
patient-facing role or not), seniority, length of service, immigra-
tion status and full/part-time working status. In households with
more than one healthcare worker, the highest risk category was
applied. A causal diagram showing the assumed relation between
these covariates is provided in online supplemental figure S1.

Statistical analysis

We plotted the cumulative incidence of hospitalisation for
COVID-19 among adults according to the number of young
children in each household. We modelled COVID-19 requiring
hospitalisation, any COVID-19 and severe COVID-19 using Cox
regression, calculating robust SEs to allow for clustering due to
shared household membership and stratifying on groups of health
board areas to allow for differences in baseline hazard. We present
effect estimates for minimal models adjusting for age, full models
including all covariates and intermediate models. We conducted
a range of sensitivity analyses incorporating additional covariates
and/or restricting the population examined.
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Figure 1

Risk of any COVID-19 and of COVID-19 requiring hospitalisation in adults living in healthcare worker households by number of young

children (aged 0—11 years) cumulative incidence (risk) plots of any COVID-19 and of COVID-19 requiring hospitalisation by number of young children
(aged 011 years) in household. Vertical dotted lines indicate dates when schools closed and reopened.

RESULTS

Of the 310 097 adults living in a healthcare worker household, 241
266 (78%), 41 198 (13%), 23 783 (7.8%) and 3850 (1.2%) shared
their household with 0, 1, 2 and 3 or more young children, respec-
tively. Compared with adults living with no young children, those
living with children were on average 5 years younger; were less
likely to live in the most deprived areas; were more likely to be
of non-white ethnicity; and were less likely to have comorbidi-
ties (table 1 and online supplemental table S1). Adults living with
young children were slightly more likely to be tested for SARS-
CoV-2 (table 1).

Household composition differed according to the number of
young children. Households with more children were more likely
to include two or more adults. More than a quarter of adults who
shared a household with a single child under 11 ears also shared
a household with a child aged 12-17 years (online supplemental
table S2).

COVID-19 requiring hospitalisation

Compared with adults living with no young children, the risk of
COVID-19 requiring hospitalisation was reduced in those living
with children (figure 1). The unadjusted HR for COVID-19
requiring hospitalisation was 0.77 per each additional young child
in the household (95% CI 0.65 to 0.90, table 2). On adjusting for
adults’ age, this association was attenuated (HR per child 0.88; 95%
CI 0.75 to 1.04). Further smaller changes were seen after adjusting
for other potential confounders (sex, deprivation, occupation,
professional role, staff/non-staff status, length of service, number
of adolescents and adults in household, comorbidity count plus
selected comorbidities (see online supplemental table S1) and full-
time/part-time working status), with the fully adjusted HR (aHR)
being 0.93 per child (95% CI 0.79 to 1.10).

Similar associations were found when analysis was restricted
to households where at least one adult was a patient-facing
healthcare worker (aHR per child 0.89; 95% CI 0.74 to 1.08,
online supplemental table S3). In a stratified analysis, the aHR
per child was 1.11 (95% CI 0.92 to 1.35) for adults living in
households containing a full-time healthcare worker and 0.65
(95% CI0.46 to 0.91) for those in households containing a part-
time healthcare worker (p interaction=0.002). A further strati-
fied analysis found similar results for adults with (aHR 0.91;
95% CI 0.75 to 1.10) and without (aHR 0.90; 95% CI 0.65 to
1.25) any comorbidities.

Any COVID-19

Compared with adults living with no young children, the risk of
any COVID-19 was reduced in those living with children (figure 1).
In the full study population, the fully aHR for any COVID-19
was similar to that seen for COVID-19 requiring hospitalisation
but with narrower CIs (aHR per child 0.93 95% CI 0.88 to 0.98,
table 3). The inverse association between number of young chil-
dren in the household and risk of any COVID-19 was similar in
adults with (aHR per child 0.84; 95% CI 0.72 to 0.99) and without
(aHR 0.93; 95% CI 0.88 to 0.97) comorbidities and in adults living
in households containing a full-time (aHR 0.95; 95% CI 0.88 to
1.02) and part-time (aHR 0.88; 95% CI 0.81 to 0.94) healthcare
worker (p interaction=0.44).

Further analysis of the risk of any COVID-19 revealed stronger
inverse associations for adults living with preschool children,
compared with those living with primary school children, adoles-
cents or other adults (table 4). Similar differences between the age
groups, but with wider 95% Cls reflecting the smaller numbers of
events, were also found for the primary outcome of COVID-19
requiring hospitalisation (online supplemental table $4).

Table 2 Risk and HRs for COVID-19 requiring hospitalisation for adults living in healthcare worker households by number of young children

No children aged 0-11 years 1 child aged 0-11 years

N adults with COVID-19 requiring 390 59
hospitalisation

Total N adults 241 266 41198

Risk per 10 000 16.2 143

Unadjusted 1 0.89(0.67-1.17)
Model 1 1 1.09 (0.82-1.46)
Model 2 1 1.11 (0.83-1.49)
Model 3 1 1.13 (0.84-1.52)
Model 4 1 1.17 (0.87-1.57)

2 children aged 0-11 years 3+ children aged 0-11 years  Per child
20 2 -
23783 3850 -
8.4 5.2 -
0.53 (0.34-0.83) 0.33(0.08-1.32) 0.77 (0.65-0.90)

0.69 (0.44-1.10)
0.72 (0.45-1.15)
0.73 (0.46-1.16) 0.45 (0.11-1.81) 0.90 (0.77-1.06)
0.78 (0.49-1.26) 0.49 (0.12-1.97) 0.93 (0.79-1.10)

0.44 (0.11-1.79)
0.44 (0.11-1.78)

0.88 (0.75-1.04)
0.90 (0.76-1.05)

HRs obtained from Cox proportional hazard models. Model 1 adjusts for adults’ age using a penalised spline function. Model 2 additionally adjusts for sex, Scottish Index of Multiple Deprivation quintile, occupation (eg,
nursing and medical), occupational role (patient facing, non-patient facing and undetermined), healthcare worker (yes/no), length of service, number of children aged 12-17 years in household and number of adults in
household. Model 3 additionally adjusts for the comorbidity count and specific conditions (ischaemic heart disease, other heart disease, other circulatory system diseases, advanced chronic kidney disease, asthma and
chronic lower respiratory disease, neurological disorders, decompensated liver disease, any immunological condition, malignant neoplasms, disorders of oesophagus, stomach and duodenum, type 1 diabetes and type 2
diabetes). Model 4 additionally adjusts for part-time status (additional model not prespecified).
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Table 3 Risk and HRs for any COVID-19 for adults living in healthcare worker households by number of young children

No children aged 0-11

3+ children aged 0-11

years 1 child aged 0-11 years 2 children aged 0-11 years  years Per child
N adults with any COVID-19 4324 717 345 65 -
Total N adults 241 266 41198 23783 3850 -
Risk per 10 000 179.2 174.0 145.1 168.8 -
Unadjusted 1 0.97 (0.89-1.06) 0.81(0.72-0.92) 0.96 (0.73-1.26) 0.93 (0.89-0.98)
Model 1 1 0.93 (0.85-1.02) 0.78 (0.69-0.88) 0.91 (0.69-1.21) 0.91 (0.87-0.96)
Model 2 1 0.93 (0.85-1.02) 0.79 (0.70-0.90) 0.90 (0.68-1.18) 0.92 (0.87-0.96)
Model 3 1 0.93 (0.85-1.02) 0.79 (0.70-0.90) 0.90 (0.68-1.18) 0.92 (0.87-0.96)
Model 4 1 0.94 (0.86-1.03) 0.82 (0.72-0.93) 0.92 (0.70-1.22) 0.93 (0.88-0.98)

Model fitting and covariates as per footnote of table 2.

School reopening

Nurseries and schools in Scotland were closed from 23 March 2020
until the end of the school year in late June 2020. They reopened
to all children on 12 August 2020 and remained open until the
Christmas holiday. Some childcare or school provision was avail-
able for children of key workers, including healthcare workers,
between March and August. Between 12 August and 12 October
2020 (the end date of our study period), there were an additional
1337 cases of any COVID-19 and 20 cases of COVID-19 requiring
hospitalisation among the adults in our study population (figure 1),
and the aHR for any COVID-19 was 1.03 (95% CI 0.92 to 1.14) per
each additional young child in the household.

Additional analyses

Results for the much less common outcome, severe COVID-19, are
shown in online supplemental tables S5 and S6). Restricting the
analysis to individuals identified via the ONOMAP algorithm as
white did not modify the associations for any of the outcomes. The
full set of regression coeflicients and SEs for all fitted models are
provided at https://github.com/ChronicDiseaseEpi/hcw.

DISCUSSION

We examined the hypothesis that the risk of COVID-19 in
adults is attenuated for those with high exposure to young chil-
dren (0-11 years) due to presumed cross-protective immunity.
Among a cohort of over 300 000 adults living in a household with
a healthcare worker in Scotland, the risk of testing positive for
SARS-CoV-2 over the period March-October 2020 was slightly
lower for individuals living with young children, and this reduc-
tion persisted after adjusting for potential confounders. The risk of
COVID-19 requiring hospitalisation (primary outcome specified)
was also lower for those living with young children, although this
finding did not reach statistical significance.

Very few studies have directly examined whether contact with
children affords adults protection from SARS-CoV-2. Prior to our
recent preprint,! only one study touching on this question was
identified."” In this German study, 1186 of 4010 patients who had
recovered from COVID-19 responded to a survey. The proportion
of individuals reporting regular contact with children aged <11
years was lower than expected based on general population rates.
More recently a preprint has been published by the OpenSAFELY
group.” In this general population sample of 12 million people in
England, between February and July 2020, adults sharing a house-
hold with children aged 0-11 years were not at increased risk of
any COVID-19 or COVID-19 requiring hospitalisation or critical
care admission and were at a lower risk of death from COVID-19.

These studies are congruent with our findings and together suggest
that, to date, exposure to young children is not associated with
increased risk of COVID-19 in adults but with a small reduction
in risk.

The risk to adults of COVID-19 will presumably reflect a
dynamic balance between the risk that children may directly
transmit SARS-CoV-2 to their adult contacts, and the possibility
that they may enhance cross-protective immunity through prior
transmission of other respiratory viruses. In this context, our
current study provides reassurance that adults sharing a household
with young children remained at no increased risk of COVID-19
during August-October 2020 when schools were reopened and
community transmission of SARS-CoV-2 was occurring.

This study has some limitations. The observed inverse asso-
ciation between living with young children and adults’ risk of
COVID-19 was not strong and could be a chance finding. Our
primary outcome, COVID-19 requiring hospitalisation, was
uncommon; hence, HR ClIs were wide. Although we suspected
that statistical power would be limited, we prespecified this as the
primary outcome as we were concerned that high rates of (non-
SARS-CoV-2) acute respiratory infection in households with small
children might have led to higher levels of testing for SARS-CoV-2
and hence biased ascertainment of any COVID-19. The level of
testing was indeed higher among those adults who shared a house-
hold with young children. However, point estimates for COVID-19
requiring hospitalisation and any COVID-19 were similar, and for
the latter, they were statistically significant.

Another possibility is that, despite extensive adjustment for
potential confounders, the observed inverse association may be the
result of residual confounding. On stratified analyses, the inverse
association was evident for adults living in part-time healthcare
worker households but less obvious for those living in full-time
healthcare worker households. Since part-time workers with
increasing numbers of children likely work fewer hours (and there-
fore have lower occupational exposure to SARS-CoV-2), and since
we lacked accurate data on hours worked during the pandemic,
we cannot exclude the possibility of unmeasured confounding as a
cause of the observed associations.

It has been suggested that the inverse association between
living with young children and risk of COVID-19 may result from
adults living with children spending less time outside the home in
settings in which SARS-CoV-2 may be transmitted. While plau-
sible, we are unable to find any empirical evidence in support of
this view. For much of the pandemic across much of Scotland,
many social venues have been closed. In addition, evidence from
the 2018 Scottish Household Survey (online supplemental tables

Table 4 HRs for any COVID-19 for adults living in healthcare worker households by number of persons of different ages

Per child aged 0-4 years Per child aged 5-11 years

Per child aged 12-17 years Per adult aged 18 years or above

Unadjusted 0.88 (0.81-0.96) 1.07 (1.01-1.13)
Model 1 0.87 (0.80-0.95) 1.03 (0.97-1.09)
Model 2 0.86 (0.78-0.94) 1.05 (0.99-1.12)
Model 3 0.86 (0.78-0.94) 1.05 (0.99-1.12)
Model 4 0.87 (0.80-0.95) 1.06 (1.00-1.12)

0.87 (0.84-0.89) 0.97 (0.91-1.02)
0.88 (0.85-0.90) 0.94 (0.88-0.99)
1.04 (1.02-1.07) 0.95 (0.89-1.01)
1.04 (1.02-1.07) 0.95 (0.89-1.01)

1.04 (1.01-1.07) 0.96 (0.90-1.02)

Model specification and covariates as per footnote of table 2. The unadjusted models and model 1 were fitted separately for each exposure (eg, aged 0-5 years and aged 6-11 years), but all exposures were included in
models 2, 3 and 4. The effect estimates corresponds to ‘per child’ column in tables 2-3, where the counts of children and adults were treated as continuous variables, which assumes that any association between the

number of children (or adults) and the hazard rate is log-linear.
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S7-10) suggests that adults who live with young children are as
likely to visit restaurants and gyms as other adults of the same age
and indeed more likely to visit places of worship and cinemas.

Ifa protective effect of children on COVID-19 rate and severity in
their adult contacts is confirmed, this could involve cross-reactive
immunity to endemic COVID-19 infections acquired outside the
home, for example, at nursery or school. First, evidence of anti-
genic similarity between N proteins of SARS-CoV-2 and those of
endemic beta coronaviruses (strains Cov-OC43 and Cov-NL63)
has now been shown in studies of cell-mediated immunity. There is
also evidence of cross-reactivity in antibody-mediated immunity,
although it is uncertain how well this protects against COVID-
19.471% Second, respiratory samples obtained from children during
investigation for respiratory tract infections show high levels of
seasonal, endemic coronaviruses."!* Third, as well as having higher
rates of exposure to such viruses, children may transmit seasonal
coronaviruses to their household contacts. Younger adults (aged
15-44 years) that include those most likely to live with young chil-
dren have higher levels of antibodies to N proteins of CoV-OC43
than do older adults,” although whether this reflects exposure at
home via contact with children, or elsewhere, is unknown. It would
be important to compare the prevalence of antibodies to SARS-
CoV-2, and to seasonal coronaviruses, in those with and without
substantive exposure to children of different age groups.

Moreover, it is important to note that differences in previous
exposure to other coronaviruses is only one of a range of potential
explanations for the difference in COVID-19 risk among adults
and children, for most of which—such as differences in melatonin
levels—there are no plausible mechanisms by which adult contacts
could share in the protection.’

Notwithstanding possible mechanisms, our findings provide
sufficient evidence of a potentially interesting protective effect
against COVID-19 for adults living with young children to
warrant further study in other populations (eg, adults working
in nurseries and primary schools) and settings. Ongoing work
to explore whether potential protective effects persist as commu-
nity transmission patterns evolve, in particular in response to the
emergence of new viral strains and the implementation of vaccina-
tion programmes, would also be beneficial.

CONCLUSION

In a large occupational cohort, household exposure to young
children was associated with a reduced risk of testing positive
for SARS-CoV-2 and COVID-19 requiring hospitalisation (non-
significant). Verification of this finding is needed in other popu-
lations and settings. Less equivocally, to date, increased household
exposure to young children has not been associated with an
increased risk of COVID-19, even during periods where schools
are open and there is active transmission of SARS-CoV2 in the
community. These findings have potential for informing policy on
nursery and school closure.
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Exposicao a antibioticos durante a gravidez e asma na
crian¢a : um estudo de coorte nacional de nascimentos
que investiga o tempo de exposicao e o tipo de parto

Cecilie Skaarup Uldbjerg,' Jessica E Miller,%* David Burgner,*# Lars Henning Pedersen,>® Bodil

Hammer Bech'

RESUMO

Objetivo Investigar se a exposicdo a antibioticos
durante a gravidez esta associada a asma infantil e se
esta relacdo foi condicionada pelo tempo de exposicao
e pelo modo de parto.

Desenho do estudo Um estudo de coorte com recurso
a modelos de regressao logistica multivariavel ajustados
para confundidores definidos a priori. Recrutaram-se
mulheres gravidas de 1996 a 2002.

Contexto Coorte de Nascimentos Nacional
Dinamarquesa.

Doentes Das 96 832 criancas da coorte, foram incluidas
32 651 criancas na populagéo do estudo.

Principal medida de resultados Asma infantil repor-
tada pelos pais de criancas com 11 anos.

Resultados Um total de 5522 (17%) criancas nasceu
de maes expostas a antibi6ticos durante a gravidez. Nas
analises ajustadas, as criancas nascidas de maes expos-
tas a antibiticos apresentaram maiores probabilidades
de asma (OR 1,14, 95% IC 1,05 a 1,24). N&o se verifi-
COU Uma associagao com a exposicao a antibidticos no
primeiro trimestre (OR 1,02, 95% IC 0,83 a 1,26), mas
foram observadas maiores probabilidades para exposicéo
a antibidticos entre o sequndo e o terceiro trimestres
(OR 1,17, 95% IC 1,06 a 1,28) em comparagao com
as criangas ndo expostas a antibioticos. A associacao
global entre antibi6ticos durante a gravidez e a asma
infantil apenas foi observada em criancas nascidas por
parto vaginal (OR 1,17, 95% IC 1,07 a 1,28), mas ndo
em criangas nascidas por cesariana (cesariana planeada:
OR 0,95, 95% IC 0,66 a 1,37; cesariana de emergéncia:
OR0,96,95% 1C0,73 a 1,28). Nas criancas nascidas por
parto vaginal expostas a antibioticos, as probabilidades
de asma infantil com necessidade de tratamento durante
0 ano anterior foram 34% mais elevadas (OR 1,34, 95%
IC 1,21 a 1,49) em comparacdo com as criangas nascidas
por parto vaginal ndo expostas a antibicticos.
Conclusdes A exposicao a antibiéticos no periodo entre
o meio e o final da gravidez esta associada a maiores
probabilidades de asma infantil em criancas nascidas por
parto vaginal. O modo de parto podera alterar a asso-
ciacao.

INTRODUCTION
In Denmark, as elsewhere, antibiotic use in
pregnancy is increasing.!? A large Danish study
estimated that 37% of all infants born in 2010
were exposed to systemic antibiotic use during
pregnancy.! While maternal antibiotics during
pregnancy treat and prevent infections in both
mother and fetus,’® potential adverse effects are
of considerable concern. Studies have reported
associations with adverse outcomes in the
offspring later in life,”"! including asthma.'*"*
These outcomes have been suggested to be
mediated in part by the effects of antibiotics on
the maternal microbiome, which largely deter-
mines the initial composition of the infant

What is already known on this topic?

» Antibiotic use during pregnancy has been
suggested to increase the risk of asthma in
the offspring, but findings remain incon-
sistent.

» Previous studies differ significantly in
research design, sample size, diagnostic
methods, timing of exposure in preg-
nancy and follow-up period.

What this study adds?

» Antibiotic exposure in second to third
trimester of pregnancy is associated with
higher odds of asthma in vaginally born
children but not those born by caesarean
section.

»No evidence of association is observed for
antibiotic exposure in the first trimester
of pregnancy.

»Mode of delivery appears to modify the
association between antibiotic exposure
during pregnancy and childhood asthma.

microbiome.” This initial infant microbiome
contributes to immune development and is increa-
singly recognised as a predictor of disease risk in
the offspring,'¢ but the specific mechanisms under-
lying prenatal antibiotics and long-term effects on
immune-related child health outcomes remains
uncertain. Mode of delivery may also determine
subsequent immune ontogeny in the offspring, as
caesarean section born infants acquire their initial
microbiome from maternal skin and the imme-
diate environment, rather than the enteric mater-
nally derived microbiome transferred to vaginally
born infants.'” !

The putative association between antibiotic
exposure in pregnancy and childhood asthma
has been supported by most' * ¥ but not all
studies.” #7 'The inconsistency in findings may
reflect differences in sample size, study design,
identified confounders, exposure/outcome defi-
nitions, timing of exposure and follow-up period.
We investigated whether antibiotic exposure
during pregnancy was associated with childhood
asthma and whether this was conditional on
timing of exposure and mode of delivery. We used
detailed data on a large population-based cohort
to address some of the previous methodological
shortcomings.?®
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Figure 1  Flow chart of the study population. DNBC, Danish National
Birth Cohort.

MATERIALS AND METHODOLOGY

Study design and data source

Participants were from the Danish National Birth Cohort (DNBC),
a longitudinal birth cohort established in 1996 to explore health
impacts of prenatal and early life exposures.” Pregnant women
were recruited to the DNBC by their general practitioner (GP) at
the first antenatal visit at gestational week 6-10. Approximately
60% of all Danish GPs participated in the recruitment between
1996 and 2002, and approximately 30% of all Danish pregnant
women were included at the time.*

Information about maternal characteristics, prenatal exposures
and child health was obtained by telephone and online question-
naires. Telephone interviews were performed at three time points:
twice during pregnancy (16 and 30 weeks' gestation) and once
postnatally with retrospective pregnancy information (6 months
postpartum). Follow-up information at 11 years was obtained
through online questionnaires completed by mothers.?

Study population

The sample population was 96 832 live births from the DNBC. We
excluded multiple births (n=4165) and pregnancies where mothers
did not complete all baseline interviews (n=64 338). A total of 34
258 (37% of singleton live births) mothers completed the follow-up
questionnaire. The final study population included 32 651 singleton
children with complete data on covariates (figure 1).

Antibiotic exposure during pregnancy

Information on antibiotic exposure during pregnancy was
obtained at second and third interview covering before and after
30 weeks’ gestation, respectively (‘Have you taken any medication
against infection or inflammation during pregnancy? E.g. peni-
cillin, sulfa drug, other antibiotics or medicine against fungus?’).
Antifungal medication was coded separately. Information on
specific gestational week of antibiotic exposure was recorded.
Pregnant women were classified as exposed if they indicated
taking antibiotics at any time during pregnancy. To investigate
potential impact of timing of exposure and to account for poten-
tial latency in antibiotic induced changes to the maternal micro-
biome, antibiotic use was analysed as early pregnancy (during
first trimester), mid-to-late pregnancy (during second to third
trimester) and by specific trimester. Pregnant women reporting
antibiotics in more than one exposure period in pregnancy were
excluded. Pregnant women were classified as unexposed if they
had not reported any antibiotics during pregnancy.

Childhood asthma
Information on childhood asthma was obtained from a ques-
tionnaire completed by mothers when the child was 11 years old

Artigo original

(‘Has your child ever had asthma?’). Child’s age at the most recent
asthma exacerbation and whether they received antiasthma medi-
cation in the preceding year was recorded. In sensitivity analyses,
two supplementary asthma definitions were included. To diffe-
rentiate asthma from other respiratory diseases in early child-
hood with similar symptoms, asthma was defined as ‘latest asthma
attack at age 5 years or later, and to investigate severity, asthma
was defined as ‘asthma medication received in the past year.

Covariates

Potential confounders were identified a priori with data from the
DNBC: maternal smoking in pregnancy (yes or no); prepregnancy
maternal body mass index (BMI; <18.5, 18.5-24.9, 25-30 and >30
kg/m?); maternal history of asthma (yes or no); paternal history of
asthma (yes or no); parity (0, 1 and >1); and socio-occupational
status (high, middle and low).”! Additional information on sex
(male or female), maternal age at delivery (<20, 20-24, 25-29,
30-34 and >34 years), gestational age (<34, 34-36, 37-42 and
>42 completed weeks gestation) and mode of delivery (vaginal,
planned caesarean section and emergency caesarean section) was
obtained from the Danish Medical Birth Registry.

Statistical analyses

Descriptive analyses identified characteristics of the study popula-
tion. Pearson’s x* test compared exposed and unexposed children.
Multivariable logistic regression models estimated associations
between antibiotic exposure during pregnancy and childhood
asthma, including timing of exposure. To assess the impact of
gestational age and mode of delivery on the overall association,
the main analyses were run in three models with and without
further adjustments for gestational age and/or mode of delivery.
Stratified analyses and effect modifier analyses evaluated possible
effect modification by mode of delivery. Sensitivity analyses
explored the effect of different asthma definitions. All associations
were estimated using Stata V.13.1.

Ethics statements

Written informed consent was obtained from all DNBC parti-
cipants prior to data collection. Children born into the cohort
participated on their mother’s consent until age 18 years. Parti-
cipants could withdraw their data from the cohort at any time
(currently <20 mothers and children).”

RESULTS

Of the 32 651 studied children, 5522 (17%) were born to mothers
who reported antibiotic use during pregnancy (table 1). Compared
with unexposed mothers, mothers exposed to antibiotics during
pregnancy reported more maternal asthma, smoking during
pregnancy, overweight/obesity, were less likely to be primigra-
vidae, but were similar age. During follow-up, 4238 (13%) children
had reported asthma. Of these, 804 (15%) had mothers who were
exposed to antibiotics during pregnancy. A total of 4568 (14%)
children were delivered by caesarean section.

Overall, antibiotic exposure during pregnancy was associ-
ated with higher odds of childhood asthma after adjusting for
confounders (model 1: OR 1.14, 95% CI 1.05 to 1.24) (table 2).
Results were similar with additional adjustment for gestational
age and mode of delivery (model 3: OR 1.13, 95% CI 1.04 to
1.23). The overall absolute risk difference was 1.9% and number
needed to harm (NNH) was 53. The higher odds of childhood
asthma were only observed for antibiotic exposure in second to
third trimester (OR 1.17, 95% CI 1.06 to 1.28), compared with
no exposure. This association persisted in the trimester-specific
analysis although with wider Cls (second trimester: OR 1.12, 95%
CI 0.98 to 1.28; third trimester: OR 1.12, 95% CI 0.98 to 1.28). No
association was observed for exposure in the first trimester (OR
1.02, 95% CI 0.83 to 1.26).

The higher odds of asthma after antibiotic exposure was
observed in vaginally born children (OR 1.17, 95% CI 1.07 to
1.28) but not in those born by caesarean section (planned: OR
0.95, 95% CI 0.66 to 1.37; emergency: OR 0.96, 95% CI 0.73 to

BM)
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Table 1 Characteristics of the study population

Antibiotic exposure during pregnancy

Total Unexposed Exposed P value*
n (%) n (%) n (%)

All mothers 32 651 (100.0) 27129 (83.1) 5522 (16.9)

Sex of child
Female 16 389 (50.2) 13 634 (50.3) 2755 (49.9) 0.621
Male 16 262 (49.8) 13495 (49.7) 2767 (50.1)

Maternal age at birth
<19 71(0.2) 58(0.2) 13(0.2) 0.619
20-24 2184 (6.7) 1834 (6.8) 350 (6.3)
25-29 12535 (38.4) 10 441 (38.5) 2094 (37.9)
30-34 12 652 (38.8) 10490 (38.7) 2162 (39.2)
=35 5209 (16.0) 4306 (15.9) 903 (16.4)

Maternal smoking in pregnancy
No 25 485 (78.1) 21250 (78.3) 4235 (76.7) 0.007
Yes 7166 (22.0) 5879 (21.7) 1287 (23.3)

Maternal BMI before pregnancy
Underweight (<18.5) 1357 (4.2) 1113 (4.1) 244 (4.4) <0.001
Normal (18.5-24.9) 23126 (70.8) 19363 (71.4) 3763 (68.2)
Overweight (25-30) 5961 (18.3) 4918 (18.1) 1043 (18.9)
Obese (>30) 2207 (6.8) 1735 (6.4) 472 (8.6)

Maternal asthma history
No 29984 (91.8) 24999 (92.2) 4985 (90.3) <0.001
Yes 2667 (8.2) 2130 (7.9) 537 (9.7)

Paternal asthma history
No 30073 (92.1) 24999 (92.2) 5074 (91.9) 0.511
Yes 2578 (7.9) 2130 (7.9) 448 (8.1)

Socio-occupational statust
High 23490 (71.9) 19460 (71.7) 4030 (73.0) 0.020
Middle 8311 (25.5) 6979 (25.7) 1332 (24.1)
Low 850 (2.6) 690 (2.5) 160 (2.9)

Parity
0 15337 (47.0) 12 961 (47.8) 2376 (43.0) <0.001
1 12 020 (36.8) 9777 (36.0) 2243 (40.6)
=2 5294 (16.2) 4391 (16.2) 903 (16.4)

Gestational age
Early preterm birth (<34 weeks) 114 (0.4) 112 (0.4) 29 (0.5) 0.015
Late preterm birth (34—36 weeks) 924 (2.8) 734 (2.7) 190 (3.4)
Normal birth (37-42 weeks) 31460 (96.4) 26 177 (96.5) 5283 (95.7)
Postterm birth (>42 weeks) 126 (0.4) 106 (0.4) 20(0.4)

Mode of delivery
Vaginally born 28 083 (86.0) 23 400 (86.3) 4683 (84.8) 0.018
Planned caesarean section born 1819 (5.6) 1485 (5.5) 334 (6.1)
Emergency caesarean section born 2749 (8.4) 2244 (8.3) 505 (9.2)

Childhood asthma
No 28413 (87.0) 23695 (87.3) 4718 (85.4) <0.001
Yes 4238 (13.0) 3434 (12.7) 804 (14.6)

*P value calculated using y? test.

t'High'=persons with higher education (4 years beyond high school) or in management; ‘middle’=skilled workers and persons with middle-range training; ‘low’=unskilled
workers and the unemployed.

BMI, body mass index.

1.28) (table 3). Among vaginal births, the absolute risk difference  odds of asthma following antibiotics in the first trimester were
was 2.2% and NNH was 45. There was a weak modifying effect  not evident in vaginally born children nor in caesarean section-
on a multiplicative scale with the joint effect of antibiotic expo-  born children (OR 1.05, 95% CI 0.84 to 1.31; and OR 0.89, 95%
sure and caesarean section differing from the product of the CI 0.52 to 1.52, respectively). For antibiotics in second to third
independent effects (OR 1.09, 95% CI 0.89 to 1.33) (table 4). The  trimester, the odds of asthma were evident in vaginally born
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Table 2 Crude and adjusted ORs for childhood asthma according to antibiotic exposure during pregnancy
Unadjusted OR Model 1* Model 2t
OR (95% CI) OR (95% CI) OR (95% CI)

Model 3%
OR (95% CI)

Total
n (%)

Antibiotic exposure

No exposure 27 129 (83.1) 1 (reference) 1 (reference)

Any exposure 5522 (16.9) 1.18 (1.08 to 1.28) 1.14 (1.05 to 1.24) 1.13 (1.04 t0 1.23) 1.13 (1.04 t0 1.23)
1. Trimester 853 (2.6) 1.05 (0.86 to 1.29) 1.02 (0.83 t0 1.26) 1.02 (0.83 t0 1.25) 1.02 (0.83 t0 1.25)
2. Trimester 1972 (6.0) 1.14 (1.00 to 1.30) 1.12 (0.98 to 1.28) 1.11(0.97 to 1.27) 1.11(0.97 t0 1.27)
3. Trimester 2035 (6.2) 1.14 (1.00 to 1.30) 1.12(0.98 to 1.28) 1.11 (0.98 t0 1.27) 1.11 (0.98 t0 1.27)
2-3. Trimester 4526 (13.9) 1.20(1.10 to 1.31) 1.17 (1.06 to 1.28) 1.16 (1.06 to 1.27) 1.16 (1.06 to 1.27)

*Adjusted for sex, maternal age, maternal smoking, maternal BMI, maternal asthma, paternal asthma, socio-occupational status and parity.
tAdditionally adjusted for gestational age.

tAdditionally adjusted for gestational age and mode of delivery.

BMI, body mass index.

Table 3 Associations between antibiotics during pregnancy and childhood asthma in all, vaginally born and caesarean section born children

Caesarean section born

Planned
OR (95% CI)

All children
OR (95% CI)

Vaginally born
OR (95% ClI)

Emergency
OR (95% CI)

Antibiotic exposure
1 (reference)

0.96 (0.73 to 1.28)

1 (reference)

0.95 (0.66 to 1.37)

1 (reference)

1.17 (1.07 to 1.28)

1 (reference)

1.14 (1.05 to 1.24)

No exposure

Any exposure

ORs were adjusted for sex, maternal age, maternal smoking, maternal BMI, maternal asthma, paternal asthma, socio-occupational status and parity.

BMI, body mass index.

children (OR 1.22, 95% CI 1.10 to 1.34), but not in caesarean
section born children (OR 0.91, 95% CI 0.71 to 1.16).

Higher odds of childhood asthma were observed regardless of
asthma definition (figure 2). The corresponding odds when defining
asthma by use of asthma medication in the preceding year were OR
1.30 (95% CI 1.18 to 1.43) and by most recent exacerbation >5 years
were OR 1.21 (95% CI 1.07 to 1.35). Stratified by mode of delivery,
significantly higher odds of asthma requiring medication within
the preceding year were observed in vaginally born children (OR
1.34, 95% CI 1.21 to 1.49) but essentially unchanged in caesarean
section born children (OR 1.06, 95% CI 0.82 to 1.36). Higher odds
of asthma attack at age 5 years were evident in vaginally born chil-
dren (OR 1.22, 95% CI 1.08 to 1.38) but not in caesarean section
born children (OR 1.11, 95% CI 0.83 to 1.49).

DISCUSSION
Antibiotic exposure in mid-to-late pregnancy was consistently
associated with childhood asthma in vaginally born children and
the association appeared to be modified by mode of delivery. The
highest odds were observed in exposed vaginally born children
with asthma that required treatment during the preceding year.
Antibiotic exposure closer to delivery (mid-to-late pregnancy), but
not in first trimester, was associated with childhood asthma. Expo-
sure in late first trimester may, however, have similar effects to that of
early second trimester. We previously reported a similar relationship
between timing of antibiotics in pregnancy and risk of infection in

Table 4 Effect modifier analysis of antibiotic exposure during
pregnancy and mode of delivery on childhood asthma

Antibiotic exposure during pregnancy

No exposure Any exposure :o‘:aelrf(:ct
OR (95% ClI) OR (95% CI) modification*
Mode of delivery 0.115

1.17(1.07 to 1.28)
1.09 (0.89 to 1.33)

1 (reference)
1.12 (1.01 to 1.25)

Vaginally born

Caesarean section
born

ORs were adjusted for sex, maternal age, maternal smoking, maternal BMI, maternal
asthma, paternal asthma, socio-occupational status and parity.

*Measure of effect modification on multiplicative scale

BMI, body mass index.

offspring, with a more evident association when exposure was closer
to delivery.'® In other studies, a trimester-specific association has also
been suggested, with more significant impact of antibiotics on asthma
later in pregnancy.'?'*? In a recent meta-analysis of prenatal antibi-
otic use in each trimester, a positive association was proposed in all
trimesters.” Our findings suggest that the relationship between anti-
biotics in pregnancy and childhood asthma may be causal, although
confounding by indication remains a possibility.

Our results are in keeping with the hypothesis that effects of
antibiotics impact the maternally derived microbiome in vagi-
nally born children and that this may increase the odds of child-
hood asthma. However, this observational study did not address
underlying mechanisms, and this interpretation, while plausible,
remains speculative. The effect modifier analysis suggested a
modest modifying effect by mode of delivery. The observed asso-
ciation only in vaginally, but not caesarean section, born chil-
dren may also be attributed in part to a relative small number
of exposed women delivering by caesarean section in our study
population. Future prospective studies should address specific

Amy paseii-repostad asthing | —
Acue asthma exacerbalson = age 5 viears il
Anli-asthma medication in preceding year 1 i
i} ! 1.5
s Ratio

Figure 2  Adjusted ORs for associations between antibiotic exposure
during pregnancy and childhood asthma using different asthma
definitions. Data points are ORs with 95% Cls adjusted for sex of child,
maternal age at delivery, maternal smoking in pregnancy, maternal BMI,
maternal asthma, paternal asthma, socio-occupational status and parity.
Reference is no exposure of antibiotics during pregnancy. BMI, body
mass index.

BM)
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Table 5 Characteristics of loss to follow-up at 11 years of age

Total Status of loss to follow-up
Completed baseline Lost to follow-up Completed follow-up P value*
n (%) n (%) n (%)
Total 64 338 (100.0) 30 080 (46.8) 34258 (53.3)
Antibiotic exposure
No 52 430 (81.5) 24132 (80.2) 28298 (82.6) <0.001
Yes 11536 (17.9) 5745 (19.1) 5791 (16.9)
Missing 372 (0.6) 203 (0.7) 169 (0.5)
Sex of child
Female 31501 (49.0) 14 283 (47.5) 17 218 (50.3) <0.001
Male 32 837 (51.0) 15797 (52.5) 17 040 (49.7)
Maternal age at birth
<19 276 (0.4) 196 (0.7) 80(0.2) <0.001
20-24 5390 (8.4) 3085 (10.3) 2305 (6.7)
25-29 24911 (38.7) 11832 (39.3) 13079 (38.2)
30-34 23989 (37.3) 10 698 (35.6) 13291 (38.8)
=35 772 (15.2) 4269 (14.2) 5503 (16.1)
Maternal smoking
No 47 266 (73.5) 20807 (69.2) 26 459 (77.2) <0.001
Yes 16 516 (25.7) 8988 (29.9) 7528 (22.0)
Missing 556 (0.9) 285(1.0) 271(0.8)
Maternal BMI
Underweight 2723 (4.2) 1311 (4.4) 1412 (4.1) <0.001
Normal 42 701 (66.4) 18 807 (62.5) 23 894 (69.8)
Overweight 12510 (19.4) 6334 (21.1) 6176 (18.0)
Obese 5378 (8.4) 3103 (10.3) 2275 (6.6)
Missing 1026 (1.6) 525(1.8) 501 (1.5)
Maternal asthma history
No 58530 (91.0) 27120 (90.2) 31410(91.7) <0.001
Yes 5745 (8.9) 2929 (9.7) 2816 (8.2)
Missing 63(0.1) 31(0.1) 32(0.1)
Paternal asthma history
No 58731 (91.3) 27376 (91.0) 31355 (91.5) 0.006
Yes 5189 (8.1) 2481 (8.3) 2708 (7.9)
Missing 418 (0.7) 223(0.7) 195 (0.6)
Socio-occupational statust
High 43 008 (66.9) 18 488 (61.5) 24520 (71.6) <0.001
Middle 18757 (29.2) 10003 (33.3) 8754 (25.6)
Low 2351 (3.7) 1452 (4.8) 899 (2.6)
Missing 222 (0.4) 137 (0.5) 85(0.3)
Parity
0 29 857 (46.4) 13712 (45.6) 16 145 (47.1) <0.001
1 23791 (37.0) 11216 (37.3) 12 575 (36.7)
>2 10653 (16.6) 5130 (17.1) 5523 (16.1)
Missing 37(0.1) 22 (0.1) 15 (0.1)
Gestational age
Early preterm birth (<34 weeks) 493 (0.8) 256 (0.9) 237 (0.7) 1.112
Late preterm birth (34-36 weeks) 1954 (3.0) 935 (3.1) 1019 (3.0)
Normal birth (37-42 weeks) 61447 (95.5) 28 687 (96.4) 32 760 (95.6)
Postterm birth (>42 weeks) 251 (0.4) 119 (0.4) 132 (0.4)
Missing 193 (0.3) 83(0.3) 110 (0.3)
Mode of delivery
Vaginally born 54 690 (85.0) 25308 (84.1) 29 382 (85.8) <0.001
Planned caesarean section born 3783 (5.9) 1859 (6.2) 1924 (5.6)
Emergency caesarean section born 5865 (9.1) 2913 (9.7) 2952 (8.6)

*P value calculated using y? test.

t'High’=persons with higher education (4 years beyond high school) or in management; ‘middle’=skilled workers and persons with middle-range training; ‘low’=unskilled workers and the
unemployed.

BMI, body mass index.

underlying mechanisms, particularly the role of the microbiome  in follow-up period, study design, sample size and exposure and
in immune ontogeny. outcome definitions, particularly in asthma definitions.? Mulder

Most,* =% but not all,"* #%?” previous studies of antibiotics in et al”’ reported no association between the overall use of antibiotics
pregnancy and childhood asthma report similar results. Discre-  in pregnancy and preschool asthma, performing a prescription-
pancies may reflect methodological heterogeneity, with variations ~ based case-sibling analysis. Ortqvist et al** performed both a
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case-sibling analysis and a cohort analysis with no association
in the case-sibling analysis, suggesting that associations in the
cohort study may reflect confounding by shared familial factors.
We attempted to account for shared inherited and environmental
factors by adjusting for parental asthma and maternal smoking,
but we cannot exclude residual unmeasured confounding, such as
paternal/household smoking that we were not able to adjust for.

Several studies have investigated asthma in children <5
years.? 1221 224 Among young children, diagnosis of asthma is
challenging, and similar symptoms from viral-induced wheeze*
increase the risk of misclassification. Despite these limitations,
Lapin et al? reported a higher risk of doctor-diagnosed asthma
in children <3 years of age following prenatal antibiotic exposure.
In our study, the sensitivity analysis using alternative definitions
to differentiate asthma from early life respiratory infections did
not affect the overall findings, and the estimated association was
unlikely to reflect misclassification.

We did not adjust for early life antibiotic exposure because
childhood antibiotics lie on the causal pathway rather than acting
as a confounder. Viral respiratory infections are common in child-
hood, are often treated (inappropriately) with antibiotics® and are
associated with subsequent asthma.*® Adjusting for antibiotics in
early life may underestimate the true effect. For analogous reasons,
we did not adjust for breast feeding.

We recognise that maternal infections in pregnancy—rather
than or in addition to antibiotics—could affect the association.
Studies, including a meta-analysis, indicate that maternal infec-
tions in pregnancy increases the risk of childhood asthma®* but
acknowledge the inherent difficulties in differentiating infections
from their treatment.

Strengths and limitations

The DNBC enables a large study population with extensive cova-
riate data on child and mother. Unlike most studies, our cohort had
a relatively long follow-up, but increased evidence of association
in those with more severe asthma (recent medication or exacerba-
tion) gives confidence to the diagnosis of asthma at 11 years. Using
interviews to assess antibiotic exposure use may be a more robust
measure than prescription-based information, as many pregnant
women have poor drug compliance, even after purchasing medi-
cation.” A DNBC study estimated low compliance with prescrip-
tion drugs dispensed during pregnancy, especially those for local or
short-term treatments, such as antibiotics.*

We relied solely on maternal reporting for exposure and outcome
data. Pregnant women may not recall accurately if and when they
took antibiotics; an inherent limitation is the quality of exposure data
in the trimester-specific analyses. We attempted to reduce this limita-
tion using repeated standardised questionnaires. Women undergoing
caesarean section are given prophylactic antibiotics perinatally, but
during most of the study period, the Danish national guidelines were
to administer antibiotics after cord clamping® and therefore would
not affect the infant microbiome. Similarly, maternal recall of asthma
may be inconsistent, although the diagnosis of childhood asthma
at 11 years is usually unequivocal, so misclassification with viral-
induced wheeze is less likely than at younger ages.

A total of 30 080 children were excluded because of loss to
follow-up. In a separate analysis, characteristics of mothers who
were lost to follow-up were fairly similar to mothers in the study
population, although motherslost to follow-up reported higher anti-
biotic intake, more smoking, were more overweight/obese, younger
and more socially disadvantaged (table 5). These differences were
relatively small and key covariates were included in the analyses,
but generalisability of findings may be limited. In trimester-specific
analyses, the generalisability is affected by the exclusion of women
reporting antibiotics in more exposure periods.

We were unable to investigate a dose-response relationship of
pregnancy antibiotics and childhood asthma as granular data on
antibiotic doses were not available from maternal report. Further
studies should examine possible dose-response and aim to repro-
duce our findings in different settings.

Artigo original

CONCLUSIONS

Antibiotic exposure in mid-to-late pregnancy was associated
with childhood asthma by 11 years of age in vaginally but not
caesarean section born children. Further studies should address
the mechanisms underlying this epidemiological observation to
identify possible interventions. The profligate use of antibiotics
in pregnancy should be balanced against the increasing evidence
on adverse long-term health outcomes in the offspring, as well as
broader concerns regarding antimicrobial resistance.
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ARTIGO ORIGINAL

0 tempo de exposicao a Mycobacterium tuberculosis
explica a varia¢ao da eficacia da BCG: uma revisao

sistematica e meta-analise

James M Trauer," Andrew Kawai," Anna K Coussens,>** Manjula Datta,” Bridget M Williams,'

Emma S McBryde,® Romain Ragonnet'

RESUMO

Racional A heterogeneidade na eficacia observada em
estudos de vacinacdo com BCG ndo é totalmente explicada
pelas hipdteses atualmente aceites, tais como o gradiente
latitudinal na exposicdo a microbactérias ndo tuberculosas.
Métodos Atualizdmos revisdes sistematicas anterio-
res sobre a eficacia da vacinacdo com BCG até 31 de
dezembro de 2020. Utilizdmos uma estratégia de pes-
quisa e critérios de inclusdo/exclusdo idénticos a estas
revisGes anteriores, mas reclassificamos varios estudos,
desenvolvemos um sistema de classificacdo alternativo
e consideramos a demografia do estudo, a abordagem
diagndstica e o contexto epidemioldgico relacionado com
a tuberculose (TB).

Principais resultados Dos 21 ensaios incluidos, aque-
les que recrutaram recém-nascidos e criangas com menos
de 5 anos foram consistentes na demonstracdo de uma
protecdo significativa contra a tuberculose durante varios
anos. Os ensaios em cendrios de carga elevada com sequi-
mento mais curto também demonstraram uma protegao
significativa, tal como a maioria dos ensaios em cendrios
de diminuic&o da carga com acompanhamento mais longo.
Contudo, 0s poucos ensaios realizados em cenérios de
carga elevada com seguimento mais longo nao demons-
traram qualquer protecdo e, por vezes, apresentaram taxas
de casos mais elevadas nos vacinados comparativamente
aos controlos no periodo de seguimento posterior.
Conclusdes A hipbtese explicativa mais plausivel para
estes resultados é que a BCG protege contra a tuberculose
que resulta da exposicao pouco tempo depois da vacina-
cdo. No entanto, ndo encontramos provas de protecao
quando a exposicao ocorre mais tarde ap6s a vacinagao, o
que seria de maior importancia em ensaios com cenarios
de carga elevada com um acompanhamento mais longo.
Em cendrios de diminuicdo da carga, a maior parte da
exposicao ocorre pouco depois da vacinagao e a protecao
sustentada observada durante muitos anos depois repre-
senta uma protecao continua contra esta exposicao ini-
cial. Contrariamente, em cendrios de transmissao intensa
e continua, a protecdo inicial diminui subsequentemente
com a exposicdo repetida a Mycobacterium tuberculosis
ou a outros agentes patogénicos.

INTRODUCTION

Tuberculosis (TB) is the world’s leading infec-
tious disease killer,' and BCG is the only approved
vaccine for its control. Global BCG coverage was
88% in 2019, close to the highest coverage of any
vaccination.” The substantial heterogeneity in
the efficacy of BCG vaccination between studies
has long been recognised, with study-level varia-
bles such as age, latitude and BCG strain able to
explain some of this variation in meta-analyses
unrestricted by age.’

Past attempts to understand this heteroge-
neity have often started from the assumption that
protection wanes with time from vaccination.®”
However, time since vaccination parallels immu-
nological maturation and changing TB pheno-
type,*!® which may lead to confounding. While
retrospective national health data have shown

Key messages

What is the key question?

»What is the reason for the extreme varia-
tion in efficacy estimates between trials of
BCG vaccination?

What is the bottom line?

» Variation in background intensity of
Mycobacterium tuberculosis transmission
is able to explain the considerable heteroge-
neity in the results of trials of BCG vaccina-
tion, with sustained protection more evident
in settings of declining transmission.

Why read on?

» We propose a new framework for unders-
tanding the substantial variation in BCG
vaccination trial results, with profound
implications for understanding BCG’s
effects on the global tuberculosis epide-
mic.

that vaccine effectiveness can be sustained for
>15 years," > multiple observational studies in
low-burden settings have found that past history
of BCG vaccination significantly increases subse-
quent disease risk in TB contacts.”*'*

These observations suggest that intensity or
timing of M. tuberculosis (Mtb) exposure relative to
age and time since vaccination may be important
in determining vaccine effectiveness. However, no
coherent theoretical framework has been proposed
to explain the diversity of results and the adverse
effects of BCG sometimes observed. Because of the
markedly different disease phenotypes and onset
timing relative to age of exposure,' !> we reviewed
evidence for the efficacy of BCG vaccination with
a focus on TB-related epidemiology, diagnostic
approach, time from vaccination and age.

METHODS

Reference management

We performed a systematic review of studies of the
effect of BCG vaccination on TB disease, including
subcategories of TB disease, with search strategy and
inclusion/exclusion criteria identical to Abubakar et
aP and consistent with our PROSPERO-registered
protocol (CRD42019119676), but with search dates
extended to 31 December 2020 (section 2, online
supplemental appendix). Details of our search
strategy are presented in section 13 of online supple-
mental appendix. We focused on clinical trials as the
highest form of evidence, but also reviewed cohort
studies as a secondary level of evidence, as presented
in the study profile (figure 1). We considered studies
comparing participants receiving their first BCG
vaccination against unvaccinated controls, excluding
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Figure 1

.

Modified PRISMA flow diagram. 2Includes two reports of one revaccination trial which observed zero cases of TB during follow-up. ®Trials

in Chicago medical students, Chicago nursing students and New York infants were not included in Mangtani review. PRISMA, Preferred Reporting

Items for Systematic Reviews and Meta-Analyses; TB, tuberculosis.

trials of BCG revaccination, consistent with previous reviews. No
further eligible trials were identified that had not been included in
the earlier review, with the recent trial of placebo, H4:IC31 vaccine
and BCG (which observed no TB cases) excluded as a revaccination
trial.’® All data extracted from studies published from 2009 to 2020
were reviewed by two authors.

Data extraction

We describe all trials in detail in our extended narrative review
(sections 3-11, online supplemental appendix). Unlike previous
reviews,* > 7 we considered how age-specific reactivation profiles
may be influenced by the background intensity of Mtb transmission
and formulated a new classification for included trials and concep-
tual framework for integrating their results. Specifically, we consi-
dered participant age, local background TB burden and duration
of follow-up as the main factors in classifying included trials. Trials
not exclusively recruiting neonates have previously been grouped
according to study-level factors, including: stringency of latent TB
infection (LTBI) testing, as either single or multiple tests; and age
group, as either school aged or other age. However, previous reviews
classified several studies as ‘other age, even though most participants
were children, which we believe is misleading.*> We also identified

errors in the previous reviews (section 2.3, online supplemental
appendix), including two major trials incorrectly assigned according
to the authors’ classification system, with the differences between our
results and those of the previous reviews confirmed by three authors
blinded to each other’s assessment (JMT, AK and RR).

Because the Chengalpattu trial was the largest ever trial of BCG
vaccination, was performed in a high-burden setting and was rela-
tively recent, we also obtained unpublished estimates from this study
disaggregated by age and time from vaccination. To illustrate the
interacting effects of age and time from vaccination, we extracted
data from reports of trials for which data could be disaggregated by
both age at TB diagnosis and time from vaccination, in combination
with the previously unpublished data from the Chengalpattu trial.

Data synthesis and analysis

We used a hierarchical approach to estimating effect sizes, given
the diverse approaches to presenting outcomes. Where possible
we estimated effect sizes from information on person-years
of follow-up and number of cases occurring in the vaccinated
and unvaccinated groups. If this was unavailable, we estimated
follow-up periods from the information provided (section 2.2,
online supplemental appendix).
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Figure 2 Age distribution (in years) of participants in studies for which these data were provided. Studies with very narrow age inclusion criteria
not presented (ie, five neonatal trials and English cities trial of children aged 14-15% years). All age distributions normalised to the same maximum

vertical height.

In our classification, we first grouped all trials in neonates and young
children into a single category. Next, we divided the remaining trials
into those recruiting predominantly older children and adolescents
or those recruiting predominantly adults, and considered the studies
with follow-up periods of no more than 5 years separately from those
with longer follow-up. Of the remaining trials with longer follow-up,
we classified according to whether transmission remained substantial
or declined to low levels during the follow-up period. This required
some subjective judgement, given that burden indicators were inva-
riably not reported at the exact level that the study was undertaken.
However, there were important differences between these studies with
regard to TB burden. For the paediatric studies, we considered that
burden was likely to have been higher in Puerto Rico by the end of the
1960s (around 12 deaths per 100 000 per year)'® than it was in the UK
in the early 1970s (<2 deaths per 100 000 per year), the USA in the late
1960s (2-3 deaths per 100 000 per year) and the USA in the late 1990s
(<0.5 deaths per 100 000 per year). For the adult studies, burden was
likely to have been considerably lower in the general population in
1970 than in psychiatric inpatient care in 1960 in the USA, and while
India had substantial TB transmission throughout the duration of the
Chengalpattu trial, mortality fell approximately ten-fold in Madana-
palle due to the highly effective active case finding campaign linked
to this BCG trial.”®

Meta-analysis was performed under our new classification with
Stata V.16.1. The forest plot was generated using the random effects
model of DerSimonian and Laird with the Mantel-Haenszel assess-
ment of heterogeneity from the metan package. Pooled effect size
estimates and confidence limits are also presented using REML with
Knapp-Hartung adjustment provided by Stata’s meta function.

Stata code for meta-analysis and the data and Python 3.6 code
for generating figures 2 and 3 are available at https://github.com/
jtrauer/bcg_tb_context_review.

RESULTS

Included studies are described in our narrative review (sections
3-11, online supplemental appendix) and summarised as follows
and in table 1. Assessment of study quality according to standard
criteria for the assessment of clinical trials has been undertaken in
previous systematic reviews (online supplemental appendix),” and
our assessments did not deviate from these findings.

Neonatal vaccination trials

Of 21 included trials we identified, six recruited neonates only.*-**
A small minority of the participants in the Saskatchewan native
infants and New York infants trials received oral vaccination, but
most infants in these trials received parenteral vaccination. The trial
in New York infants reported on TB-related mortality but not TB
incidence, finding eight deaths in each of the vaccinated and control
groups during its alternate assignment period.® Although the trial
undertaken in the lowest resource and likely highest transmission
setting reported the lowest efficacy, estimates of protection were
homogeneous, with most trials consistent with the pooled estimate
of protection for trials in neonates and young children. Follow-up
duration varied, although none followed participants into or beyond
adolescence in a setting of continued intense transmission.

Trials recruiting young children

Although the Agra trial was previously included with school-aged
vaccination and is only reported very briefly, participants were up
to 5 years of age at entry.”” The efficacy in this trial was 60% (95%
CI 17% to 81%) protection, consistent with estimates for neonates.
The other trial recruiting the youngest children (previously classi-
fied as school aged) observed three cases of TB, all among control
participants, also consistent with high childhood efficacy.®®

Reclassification of trials not restricted to young children
The categorisation of these studies as ‘school’ or ‘other’ age fails
to convey that many studies previously categorised as ‘other’” age
predominantly recruited children. This often occurred because of
an expansive population age pyramid and/or inclusion criteria that
typically included negative LTBI testing, the prevalence of which
declines with age, particularly in high-burden settings. A prime
example is the population-wide Haiti trial, in which tuberculin
skin test (TST)-negativity in adults was so rare that the protocol
was modified to exclude participants aged over 20, resulting in a
predominantly paediatric cohort (figure 2).

Trials recruiting broadly across paediatric age ranges

Three trials recruited across most or all paediatric age ranges to
approximately 20 years.”-*! The Haitian trial observed participants
for 3 years, with one case occurring in the vaccinated and five in the
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controls, suggesting good short-term protection in a high trans-
mission setting.” The large Puerto Rico trial (previously misclassi-
fied as non-stringent TST) was undertaken in a setting of rapidly
declining but substantial burden and showed modest efficacy.’ *
The trial in native Americans was undertaken in a setting in which
rates of disease rapidly declined to very low levels throughout most
of follow-up, with sustained efficacy for >60 years.?

Paediatric/adolescent trials

The trial in Georgia schools recruited ages 6-17, with the small
number of cases that occurred all accruing after 6 years of
follow-up.”> ** The large MRC-funded trial was undertaken in
school children in large English cities and found high efficacy in a
setting of rapidly declining burden (figure 3).%*

Trials in young adults with shorter follow-up

Three trials from Chicago of participants at high risk because of
occupational or residential exposure risk were included in this
category, along with one trial of participants at high occupational
risk from a high-burden setting. The trial of mental health patients
observed only one case of ‘bilateral minimal arrested TB’ in 35
participants, providing little information. Two reports from Chicago
describe BCG vaccination trials in students of nursing and medi-
cine followed for the duration of their studies. Both were small and
excluded from previous reviews for methodological limitations,
with only 11 cases occurring across both trials.* 7”3 The trial in
South African mine workers was also excluded from past reviews
for including some participants who were TST-positive at baseline,®
but found fewer cases in the vaccinated over 3.6 years of follow-up.*

Trials recruiting across all ages with extended follow-up
The trial in Muscogee and Russell counties, USA, achieved broad
community participation in those aged over five in a setting of low and

declining transmission, finding slightly fewer cases in the vaccinated.**
The trial in Lincoln State School describes an adult cohort followed in a
high transmission setting and suggested a trend towards more cases in
the vaccinated, particularly after 5 years of follow-up (figure 3).%

The Chengalpattu trial was the largest BCG vaccination trial
ever undertaken and was among the best reported, although it
employed one-stage TST screening.*! It enrolled participants aged
1 month and above, followed for 15 years in a very high trans-
mission setting and found slightly higher TB rates in the BCG
vaccinated, although protection was suggested in children.** The
Madanapalle trial** followed participants for 21 years in an initially
high transmission setting and focused on the end point of smear-
positive TB, which likely explains the low number of paediatric
cases (figure 3).” Although previously classified as employing strin-
gent TST testing, one-stage testing with a cut-off of <5 mm was
used in around 95% of participants.

Meta-analysis

Heterogeneity was not observed when studies were grouped
according to our classification (figure 4). The pooled estimate for
the incidence rate ratio of BCG vaccination in trials of neonates
and young children was 0.26 (95% CI 0.17 to 0.35). For other
paediatric studies in high-burden settings, we refer readers to
the descriptions of the original trials. For paediatric studies with
longer follow-up in settings of declining burden, the incidence
rate ratio was 0.25 (95% CI 0.20 to 0.30). Trials of adults in high-
burden settings with short follow-up durations were methodolo-
gically heterogeneous, but the pooled estimate suggested benefit,
with an incidence rate ratio of 0.59 (95% CI 0.31 to 0.87). Trials
of adults with longer follow-up duration were all consistent with a
null overall effect, with marginal protection suggested in settings
of declining burden and the Chengalpattu trial dominating the
effect estimate in high-burden settings.

Tuberculose
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Effiect size Waight (%)
All necnatal and young children .
Saskatchewan native infants, Canada —_—— 0.19 (0.08, 0.46) 2280
Native infants, USA -4 041 (0,13, 1.28) 2.1
Chicago hospital-delivered infants, LSA —— 0.22 (013, 037) 5722
Chicago household contact infants, USA + 0.30(0.08,1.07) 336
Murrical infants, India 4 053(0.36,1.11) 5.82
Agra pre-schoal children, India —— 0.40(0,19, 0.83) 801
Chicago housing project, USA £ » 017 (0.01,3.32) 0.30
Subtotal (l-squared = 0.0%, p = 0.445) - 0.26 (0.17, 0.35) 100,00
Paediatric, short follow-up
Jeremia community, Haiti —% 0.11 (001, 0.81) 100,00
Paadiatric, declining burden, longer follow-up
Mative Americans in four states, LISA 0.27 (0.21, 0.34) 5045
Georgla schools, USA + 156 (037, 6.54) 002
English cities, UK —— 0.23(0.18,0.31) 4953
Subbotal (ksquared = 0.0%, p = 0.567) < 0.25 (0.20, 0.30)  100.00
Paediatric, sustained burden, longer follow-up
Puerty Rico children, USA —— 0.71 (0.57. 0.88) 100,00
Adult, short follow-up
Chicago mental health patients, USA * @ 0.37(0.01, 10.84) 027
Chicago nursing students, USA -~  045(0.08,234) 638
Chicago medical students, USA -+ » 0.15(0.01,3.00) 3.60
Rand Mines, Soulh Africa —_————— 0.62(0.39,0.99) 89.75
Sublotal (-squared = 0.0%, p = 0.934) —_ 0.59{0.31,0.87) 100.00
Adult, declining burden, longer follow-up
Muscoges and Russell Counties community, LISA + 0.5 (0.58, 1.51) 39.36
Madanapalle community, India + 0.81(0.52,1.27) 60.64
Subtolal (l-squared = 0.0%, p = 0.579) e — 0.86 (0.57,1.15) 100,00
Adult, sustained burden, longer follow-up
Lincoln Stale School, USA + # 1.38(0.56,3.38) 1.73
Changalpatiu community, India —— 1.05(0.88,1.25) 9827
Sublolal (-squared = 0.0%, p = 0.843) —_— 1,06 (0,87, 1.24) 100.00
1 1 I I 1
o ] 1 1.5 2
Favaurs BCG Favours conftrol

Figure 4 Forest plot of TB incidence rate ratios from trials of BCG vaccination by participant demographics and background epidemiology. Pooled
effects are from random effects meta-analysis. Pooled estimates with confidence limits when using a restricted maximum likelihood model with

Stata 16.1 and Knapp-Hartung adjustments were: all neonatal and young children: 0.27 (0.15, 0.40); Paediatric/adolescent, declining burden, longer
follow-up: 0.25 (0.17, 0.33); adult, short follow-up: 0.59 (0.42, 0.77); adult, declining burden, longer follow-up: 0.86 (0.08, 1.64), adult, high-burden,
longer follow-up: 1.05 (0.50, 1.61). New York infants trial not included because only the outcome of TB-related deaths was reported from this trial. TB,

tuberculosis.

5-14 years represent an epidemiological paradox of low TB risk
despite high Mtb exposure in high-burden settings, during which
vaccination may be less important.* However, ‘trained’ immunity,
which refers to epigenetic modulation of innate immune cells
(monocyte, NK and y8T-cells in the case of BCG) may become
increasingly important into adulthood, as TB rates increase and
the classic pulmonary cavitary disease phenotype emerges.*” If by
15-20 years post-vaccination acquired T cell protection wanes, but
trained immunity persists, then the host will have lost the bene-
ficial T cell-mediated effects of BCG, but acquired a persistent

hyper-reactive innate response, which is consistent with tran-
scriptomic evidence.* Therefore, because TB disease is immuno-
logically mediated, it is plausible that inducing T cell sensitisation
to a broad range of Mtb antigens could protect against the first
encounter with the organism during an age of suboptimal immu-
nity, but have a reduced or adverse effect with repeated exposure
in adulthood, when the immunological response is vastly different.

Past reviews have proposed that between-trial heterogeneity may
be partially explained by latitudinal gradient in non-tuberculous
mycobacteria (NTMs) exposure, particularly in studies employing

Table 2 Proposed conceptual framework for understanding the effect of BCG vaccination

Setting Follow-up period* Predominant reactivation profile BCG effectiveness
Declining burden Early Early progression from early infection/exposure High
Declining burden Late Late progression from early infection/exposure High
Sustained high burden Early Early progression from early infection/exposure High
Sustained high burden Late Early progression from late infection/exposure Nilt
*Early: approximately the first 3 to 5 years following vaccination; late: greater than 5 years following vaccination.
tAdverse effect not excluded.
BM) Trauer JM, et al. Thorax 2021;76:1131-1141. doi: 10.1136/thoraxjnl-2020-216794 (% ] 29
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one—stage TST testing.“ These arguments require that: (1) NTM sensi- (F::Pdwl?fzejgg) is a recipient of an Early Career Fellowship from the Australian National Health and Medical Research Council

tisation decreases with latitude, (2) TST pOSlthlty detectable only Disclaimer The authors acknowledge that the article title for reference Bettag et al, 1964 may cause offence and would like

. . e . to note that ‘mentally retarded’ is not table terminology but i that d during the ti f the publication.
with two-stage testing frequently represents sensitisation to NTMS  comting interests None decmeet oo e e wsed uing feime e publetion

rather than Mtb, (3) NTM sensitisation confers immunity to Mtb and  Patient consent for publication Not required. _
. . . . Provenance and peer review Not commissioned; externally peer reviewed.
(4) because of NTM-conferred 1mmun1ty to Mtb, BCG vaccination Data availability statement Data are available in a public, open access repository. Stata code for meta-analysis, and the
3 3 : : o data and Python V.3.6 code for generating figures 2 and 3 are available at https:/github.com/jtrauer/bcg_tb_context_review.
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Exposicdo ambiental

Associacao entre a funcao pulmonar de criancas em
idade escolar e a exposi¢ao a curto prazo a poluicao e
poélenes na atmosfera: A coorte PARIS

Hélene Amazouz,' Nicolas Bougas,' Michel Thibaudon,? Guillaume Lezmi,® Nicole Beydon,*
Mélisande Bourgoin-Heck,” Jocelyne Just,® Isabelle Momas, "®” Fanny Ranciére'®

RESUMO

Contexto Os niveis diarios de poluicao e polenes na
atmosfera poderdo afetar a funcéo pulmonar e raramente
foram estudadas juntas. Investigamos a exposicdo a curto
prazo aos polenes e poluicdo na atmosfera em criancas
em idade escolar numa coorte de nascimento de base
populacional francesa.

Métodos Este estudo incluiu 1063 criancas da coorte
PARIS (do inglés Pollution and Asthma Risk: an Infant
Study) cuja fungdo pulmonar e medicdes FeNO foram
realizadas aos 8 anos de idade. Os dados da exposicao
foram recolhidos 4 dias antes da realizacdo dos testes.
Estimdmos uma concentracao de pélenes total didria, 0s
indices de risco alergénico didrio para nove taxones de
polen, assim como concentracdes didrias de trés poluentes
atmosféricos (material particulado inferior a 10pm (PM.),
diéxido de azoto (NO,), ozono (0,)). As criancas com uma
exposicdo a polenes e poluicdo na atmosfera semelhante
foram agrupadas com recurso a uma anélise de cluster
longitudinal multidimensional. As associacbes entre os
clusters de polenes e poluicdo na atmosfera e os indices
respiratorios (FEV,, FVC, FeNO) foram estudados usando
modelos de regressao logistica e linear multivaridveis ajus-
tados para potenciais confundidores.

Resultados Foram identificados quatro clusters de expo-
sicdo: sem polenes e poluicdo atmosférica baixa (Cluster
1), polenes de gramineas (Cluster 2), PM, (Cluster 3) e
pdlenes de bétula/platano com contagem de pélenes
elevada (Cluster 4). Comparativamente as criangas no
Cluster 1, as criancas no Cluster 2 apresentaram niveis
FEV e FVC baixos e as criancas do Cluster 3 apresentaram
niveis FeNO mais elevados. Relativamente ao FEV e FVC,
as associacdes aparentaram ser mais fortes nas criangas
que padecem atualmente de asma. Andlises adicionais
sugeriram um efeito conjunto dos pélenes de gramineas
e poluicdo na atmosfera na funcéo pulmonar.
Conclusdo A qualidade bioldgica e quimica da ar
ambiente diario poder4 influenciar negativamente a fun-
¢do pulmonar em criancas.

INTRODUCTION

Lung function may be influenced by current
ambient air quality. Most epidemiological studies
have focussed on the effects of short-term expo-
sure to ambient air pollutants such as ozone (O,),
nitrogen dioxide (NO,), particulate matter with
aerodynamic diameter <10um (PM,),<2.5um
(PM,,) and particularly traffic-related air pollu-
tion.'? Concerning biological contaminants in
ambient air, short-term exposure to pollen signi-
ficantly increases the risk of allergic and asthmatic
symptoms.* Pollen exposure has been little inves-
tigated in relation to lung function, especially in
population-based studies, although exposure to
pollen is a major public health concern, notably
in the context of climate change.” ¢ Epidemiolo-
gical studies have seldom examined the association
of both chemical and biological contaminants on
lung function simultaneously, although synergistic
effects were suggested in experimental studies.”®

What is the key question?

» Could lung function and FeNO measured
in a school-age population-based birth
cohort be influenced by both air pollution
and pollen levels, in the days leading up
to testing?

What is the bottom line?

» We found that children recently exposed to
grass pollen had significantly lower FEV
and FVC levels, and children recently
exposed to PM, | (particulate matter less
than 10 um) had higher FeNO levels, with
a possible synergy between grass pollen
and air pollution regarding lung function.

Why read on?

» Using an unsupervised approach to identify
exposure profiles, we showed that, in a gene-
ral population setting, children’s lung func-
tion could be affected by recent air quality in
terms of air pollutants and pollens.

Indeed, particulate and chemical pollutants can
modulate pollen allergenic potency. Either airborne
particles agglomerate onto pollen surfaces in heavy
traffic areas’ or exposure to different chemical
pollutants such as O, or NO, induces the release
of cytoplasmic granules by breaking the outer
membrane of the pollen grain® In their review,
Sénéchal et al’ showed how air pollution can affect
the physical, chemical and biological properties
of pollen grains. The authors used the concept of
‘polluen’ to describe the combination of pollen and
air pollutants which constitutes a greater risk to
respiratory health than pollen or air pollution sepa-
rately.’**!

Associations between pollen, air pollution and
lung function in children have been little studied,
and results are heterogeneous and remains uncer-
tain. As part of the BAMSE birth cohort a recent
Swedish study suggested a deleterious effect of grass
pollen exposure on lung function in children aged
8 after adjusting for air pollution."? Previously, Just
et al found a significant interaction between O,
and pollen count for asthma attacks in asthmatic
children.” During the pollen season, Steerenberg
et al reported higher levels of fractions of exhaled
nitric oxide (FeNO) in pollen-sensitised children
than in non-sensitised children, but no additional
pro-inflammatory effects of air pollution were ob-
served.” Multi-exposure to chemical and biolo-
gical environmental pollutants can be difficult to
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Figure 1  Clusters of recent exposure to air pollution and pollen
identified in the 4 days preceding the health check-up at 8 years old

in the PARIS birth cohort (n=1063). The x-axis indicates the four time
points corresponding to the 4 days (lag4, lag3, lag2, lag1) preceding the
health check-up, and the y-axis is the mean value at each time point

in each cluster. The variables were coded as follows: PM, , NO, and O,
ATMO subindices from 1 (very good) to 10 (very bad), allergenic risk
for each pollen species from 0 (nil) to 5 (very high) and total pollen
concentration including 19 pollen taxa in grain/m®. NO,, nitrogen
dioxide; O,, ozone; PM, , particulate matter with aerodynamic diameter
<10pm.

10"

study because of their correlation. These few studies suggest expo-
sure to certain types of pollen have an effect on certain respiratory/
allergic morbidities.

In this context, as part of the PARIS (Pollution and Asthma Risk:
an Infant Study) birth cohort follow-up, our aims were (1) to iden-
tify groups of children based on their recent exposure to pollen and
air pollution before attending a health check-up at 8 years old, and
(2) to investigate the short-term association between these groups
and lung function, taking into account potential effect modification
by current asthma, pollen-induced rhinitis, sex, history of allergy
and sensitisation to pollen.

METHODS

Study design and population

The present study was based on the PARIS birth cohort follow-up.
Between February 2003 and June 2006, 3840 healthy new-borns
were recruited in five Parisian maternity hospitals.”” Children were
followed up using repeated self-administered questionnaires, and
two health check-ups were offered at 18 months and 8 years old.
Written informed consent was obtained from all parents and chil-
dren. The present study deals with children who attended the health
check-up at 8 years old.

Health data

Health check-ups of the 8 years olds took place in two reference
asthma/allergy medical centres in Paris (Necker and Trousseau
hospitals) in 2010 to 2015, and included spirometry and FeNO
measurements, blood sampling and skin prick test (SPT). In
addition, a paediatrician completed a standardised questionnaire
including questions about respiratory and allergic symptoms, diag-
noses and medications.

Table 1 Characteristics of the 1063 children of the PARIS cohort
included in the pollen and air pollution cluster analysis, compared with
those not included

Non included Included
n=27717 n=1063 P value*
Sex 0.29
Male 1410 (50.8) 560 (52.7)
Female 1367 (49.2) 503 (47.3)
Family socioeconomic status <0.001
High 1681 (60.5) 713 (67.1)
Medium 799 (28.8) 281 (26.4)
Low 297 (10.7) 69 (6.5)
Older siblings 0.05
None 1604 (57.8) 575 (54.1)
One 911 (32.8) 365 (34.3)
Two or more 262 (9.4) 123 (11.6)
Place of residence at birth 0.34
Paris city 1772 (63.8) 661 (62.2)
Paris suburbs 1005 (36.2) 402 (37.8)
Maternal age at birth >35 years 637 (22.9) 308 (29.0) <0.001
Parental history of asthma 553 (20.0) 211 (19.9) 0.96
Parental history of asthma, allergic 1452 (52.3) 576 (54.2) 0.29
rhinitis or eczema
Maternal smoking during pregnancy 331(11.9) 102 (9.6) 0.04
Exposure to ETS at home at birth 573 (21.5) 224 (21.4) 0.89

All data are n (%). Bold p values were used to highlight significant associations
(p<0.05).

*x? test.

ETS, environmental tobacco smoke.

If applicable, parents were asked to stop any medication inhaled
by the child 24 hours before spirometry tests. After checking that the
children did not have any respiratory infections during the previous
4 weeks, FeNO measurement was performed using a NIOX MINO
electrochemical analyser (Circassia Pharmaceuticals Inc, Chicago,
USA). Following this, the best forced expiratory volume in 1s (FEV )
and forced vital capacity (FVC) among three reproducible spiro-
metry tests were performed by trained technicians and recorded.'®
From these two indices, the FEV /FVC ratio was calculated.

Current asthma at 8 years old was defined according to the
definition of the MeDALL (Mechanisms of the Development of
ALLergy) consortium, by the presence of two of the following three
criteria: ever doctor-diagnosed asthma, use of asthma medication
in the last 12 months and wheezing in the last 12 months.

IgE sensitisation to a mixture of inhalant allergens was assessed
using ImmunoCAP Phadiatop (Phadia, Thermo Fisher Scientific,
Uppsala, Sweden). A positive result (>0.35kUi/L) led to the measu-
rement of specific IgE towards seven inhalant allergens including
birch and timothy pollen.”” In addition, SPTs were performed
including birch, grass and mugwort pollen allergens. We consi-
dered children sensitised to pollen if birch or timothy specific
IgE concentrations were >0.35kUi/L or SPT with birch, grass or
mugwort was positive (mean weal diameter >3 mm).

Environmental exposures

Data on pollen and air pollution were collected for the 4 days prior to
the health check-up. Pollen exposure estimates were assessed using
data from the French aerobiological monitoring network (RNSA),
which is located in central Paris on the roof of Institut Pasteur and
was the only monitoring station available at the time of the study. We
considered the daily allergenic risk (AR) indices (expressed from 0 to
5) based on the pollen grain count and allergenicity,'® for each of the
following nine taxa: Alnus, Betula, Corylus, Cupressaceae-Taxaceae,
Fraxinus, Platanus, Poaceae, Populus, Quercus. In addition, we
considered the daily total pollen concentration (expressed in pollen
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Table 2 Characteristics of clusters of recent exposure to pollen and air pollution identified at 8 years of age in the PARIS cohort: distribution of

exposure levels in the previous 4 days and season of health check-up

Cluster 1 Cluster 2 Cluster 3 Cluster 4
(‘'low exposure’) (‘grass pollen’) ('PM,;) (‘tree pollen’)
n (%) 550 (51.7) 327 (30.8) 104 (9.8) 82 (7.7)
Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75
Average lag1-lag4 daily air pollution ATMO subindices (from 1 to 10)*
PM,, 4 3-5 3 3-3 6 4-7 4 3-6
NO, 3 3= 2 2-3 3 3-3 3 3-3
0, 3 2-3 4 3-5 3 3-3 4 4-4
Average lag1-lag4 daily pollen concentration (in grain/m?)
Alder 0 0-0 0 0-0 23.4 16.8-41.1 1.6 0.8-2.5
Ash 0 0-0 0 0-1.0 1.6 0.4-2.8 33.9 26.7-126.6
Birch 0 0-0 0.2 0-1.6 0.2 0-1.0 174.5 36.1-269.1
Cypress 0 0-0 49 3.1-7.6 70.6 34.9-131.4 15.2 8.4-32.9
Grasses 0 0-0 19.9 6.8-38.6 0 0-0.2 0.8 0.4-1
Hazel 0 0-0 0 0-0 12.1 4.5-20.5 0 0-0.4
Oak 0 0-0 2.7 0-17.2 0 0-0 2.1 0.6-48.7
Plane-tree 0 0-0 0.2 0-3.7 0 0-0 153.9 1.0-252.3
Poplar 0 0-0 0 0-0.4 5.6 0.8-14.5 6.6 4.3-13.7
Daily total concentration 0 0-1.4 113.5 60.6-176.1 154.4 92.5-250.2 509.5 428.2-666.4
Season of health check-up, n (%)
Spring 29 (5.3) 233(71.3) 15 (14.4) 82 (100.0)
Summer 41 (7.4) 94 (28.7) 0(0.0) 0(0.0)
Autumn 287 (52.2) 0(0.0) 0(0.0) 0(0.0)
Winter 193 (35.1) 0(0.0) 89 (85.6) 0(0.0)

P25: 25" percentile, P75: 75™ percentile.
*1:no or low level of pollution, 10: very high level of pollution.

NO,, nitrogen dioxide; 0,, ozone; PM, ,

grains/m®) based on the following taxa: Ambroisia, Artemisia, Alnus,
Betula, Carpinus, Castanea, Quercus, Cupressacee-Taxacece, Fra-
xinus, Poaceae, Corylus, Olea, Rumex, Populus, Plantaginacce, Pla-
tanus, Salix, Tilia, Urticacce.

Exposure to air pollution was assessed using an aggregated index
created by the air quality monitoring network for the Paris region
(AIRPARIF). This ATMO index is based on daily ambient air concen-
trations of four pollutants subject to regulation (PM,, NO,, O, and
sulphur dioxide (SO,)), which are measured by all background stations
located in central Paris and suburbs (n=28). The daily ATMO index
representative of both Paris and suburbs is calculated as the highest
score among the four ATMO subindices for PM, , NO,, O, and SO,,
expressed from 1 (no or low level of pollution) to 10 (very high level
of pollution). The PM,  subindex is based on the average of daily mean
concentration while the NO,, O, and SO, subindices are based on
average of maximum hourly concentrations.”

In addition, the average ambient temperature and relative
humidity were obtained from the French national meteorological
service (Météo France) for the Paris-Montsouris station.

Covariates

Information such as sex, maternal smoking during pregnancy, place
of residence (Paris, suburbs), and parental history of allergy, occu-
pation and geographical origin was collected at maternity hospital
during an interview with the mother. Family socioeconomic status
(SES) was based on the highest position among both parents and
divided into three categories. Exposure to environmental tobacco
smoke (ETS) at home at 8 years old was documented using a
parental questionnaire.

Statistical analysis

In order to group children with regards to their pollen and air
pollution exposure in the 4days before spirometry and FeNO
testing, we used multidimensional, longitudinal cluster analysis
including 3 variables for air pollution (daily PM,, NO, and O,

10°

particulate matter with aerodynamic diameter <10 um.

ATMO subindices) and 10 variables for pollen (daily total pollen
count and AR indices for nine types of pollen). All 13 variables were
standardised and considered at four time points corresponding to
the previous 4 days (lag4, lag3, lag2, lagl). SO, was not considered
in the analysis because it is no longer a major pollutant in the Paris
region. Cluster analysis was performed using a version of K-means
clustering adapted to the analysis of joint trajectories.?” The optimal
number of clusters was determined based on the Calinski-Harabasz
criterion and the clusters considered relevant by experts in aero-
biology and pollen monitoring. The analysis was performed on
children with data available for >2 days for each variable (n=1063)
and sensitivity analysis was conducted on children with complete
data (n=1055). Each cluster was described by the distribution of
average lagl-lag4 for pollen concentration and ATMO subindices.

In addition to the unsupervised analysis described above, and in
order to test the possible joint effect of exposure to grass pollen and
air pollution on lung function, four groups were created based on the
maximum daily ATMO index and grass pollen concentration in the
previous 4 days. Thresholds were chosen using a level of 6 for ATMO
index (corresponding to poor air quality) and 10 grains/m? for grass
pollen (corresponding to an intermediate AR index).

Associations between clusters of recent exposure or groups of
joint exposure and respiratory indices were studied using multi-
variable, linear regression models for FEV, (mL), FVC (mL) and
FEV /FVC ratio (%), and logistic regression model for FeNO >20
ppb?! adjusted for potential confounders identified in the lite-
rature and using a directed acyclic graph (DAG).*> All models
were adjusted for sex, ethnicity, family SES (based on the highest
SES position among parents), age and height at health check-up,
exposure to environmental tobacco smoke at home at 8 years old,
current asthma and average ambient temperature and relative
humidity to the day before the health check-up. FeNO was consi-
dered with a threshold as the distribution was not normal. Results
were expressed as adjusted regression coefficients (af) or adjusted
ORs (aORs) with their 95% CIs. When possible, potential effect
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Table 3  Associations between clusters of recent exposure to pollen
and air pollution and respiratory indices in children aged 8 years in the
PARIS birth cohort: multivariable analysis

FEV, (mL) n=973 FVC (mL) n=973

Exposure
clusters ap (95% CI) ap (95% CI)
Cluster 1 Reference Reference
Cluster 2 —-40.3 (-75.2 to -5.4) -57.2(-99.2 to -15.2)
Cluster 3 —-13.8 (-55.9 t0 28.3) —-31.5(-82.1t0 19.1)
Cluster 4 -21.5(-7431031.3) -32.7 (-96.2 t0 30.8)
FEV /FVC (%) n=973 FeNO>20 ppb n=866
ap (95% Cl) n/N aOR (95% Cl)
Cluster 1 Reference 84/449 Reference
Cluster 2 0.5(-0.5t01.5) 52/260 0.91 (0.53 t0 1.55)
Cluster 3 0.6 (-0.610 1.8) 24/84 1.85 (1.01 to 3.37)
Cluster 4 03(-1.2t01.9) 15/73 0.83 (0.38 to 1.83)

Cluster 1:'low exposure’, Cluster 2: ‘grass pollen exposure’, Cluster 3: 'PM, |
exposure’, Cluster 4: 'tree pollen exposure’.

All models were adjusted for sex, age and height at the health check-up, ethnicity,
family socioeconomic status, exposure to environmental tobacco smoke at

home at 8 years of age, current asthma and average ambient temperature and
relative humidity the day before the health check-up. The estimates in bold differ
significantly from the reference (p<0.05). Total N for each model may vary due to
missing information.

ap, adjusted regression coefficient; aOR, adjusted OR; FeNO, fraction of exhaled
nitric oxide; FEV,, forced expiratory volume in 1's; FVC, forced vital capacity.

modification by current asthma, pollen-induced rhinitis, sex and
sensitisation to pollen at 8 years old was explored by testing multi-
plicative interaction terms using a significance level of 0.10.

Cluster analyses were conducted using R software (V.3.5.2, R
foundation for Statistical Computing, Vienna, Austria). Regression
analyses were performed using Stata/SE 15.1 (StataCorp, College
Station, Texas, USA). We followed the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology recommenda-
tions for reporting observational cohort studies.”

RESULTS

Participants

Compared with children from the original PARIS cohort not
included in the present study, children participating (n=1063) were
more likely to live in a family with high SES, to have older siblings, a

P for interaction
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FVC T
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Figure 2 Associations between clusters of recent exposure to air
pollution and pollen and respiratory indices at 8 years old according to
current asthma status: multivariable analysis in the PARIS birth cohort.
Squares represent the adjusted B regression coefficients, and horizontal
lines the 95% Cls. Models were adjusted for the same variables as in
table 3.

mother aged >35 years at birth and less likely to have a mother who
smoked during pregnancy (table 1). However, the participants did
not differ regarding sex, place of residence at birth, parental history
of asthma or allergy and exposure to ETS at birth (table 1). The selec-
tion of study participants is shown in flowchart (online supplemental
figure S1). Of the children, 47.3% were a women, 8.8% of children
suffered from asthma, 6.8% suffered from pollen-induced rhinitis
and 18.0% were sensitised to pollen. The description of pollen and
air pollution for participants is given in online supplemental table S1.

Clusters of recent exposure to pollen and air pollution

The four-cluster classification provided the second best Calinski-

Harabasz criterion (online supplemental table S2) and optimal rele-

vance according to pollen experts, leading to the following clusters

(figure 1 and online supplemental figure S2):

» Cluster 1 (‘low exposure’) showed no pollen exposure and
low exposure to air pollution and was considered as reference
(51.7% of children).

» Cluster 2 (‘grass pollen’) was characterised by moderate expo-
sure to grass pollen and low exposure to air pollution (30.8%
of children).

» Cluster 3 ('PM,") experienced the highest exposure to PM,
and low exposure to pollen (9.8% of children).

» Cluster 4 (‘tree pollen’) showed the highest total pollen count,
high exposure to birch pollen, moderate exposure to plane-
tree pollen and low exposure to other pollens and air pollution
(7.7% of children).

These clusters clearly depended on the season of the health
check-up (table 2). Indeed, the health check-ups of Cluster 1 were
mainly carried out in autumn, Cluster 2 at the end of spring/begin-
ning of summer, Cluster 3 in winter and children from Cluster 4
attended the health check-up at the beginning of spring. The sensi-
tivity analyses performed in children without any missing data led
to similar clusters (online supplemental figure S3 and table S3).

Clusters of recent exposure and lung function in children aged
8 years

Associations between the exposure clusters previously identified
and respiratory indices are shown in table 3. Lower FEV, and FVC
values were observed in Clusters 2, 3 and 4 when compared with
the reference group. Compared with children in the ‘low expo-
sure’ cluster, children in the ‘grass pollen’ cluster had significant
lower FEV, and FVC (ap=-40.3mL, 95%CI: -75.2 to -5.4 and
ap=-57.2mL, 95% CI: -99.2 to -15.2, respectively). Children in the
PM, " cluster were more likely to have a FeNO >20 ppb (aOR=1.85,
95% CI: 1.01 to 3.37). No significant association was found in the
‘tree pollen’ cluster.

Effect modification

Significant interactions between clusters of recent exposure and
those who had current asthma were found for FEV, and FVC. The
deleterious association between the ‘grass pollen’ and ‘PM,  clusters
and lung function was stronger in children suffering from current
asthma (figure 2).

Among children who had current asthma, compared with chil-
dren in the ‘low exposure’ cluster, those in the ‘grass pollen’ cluster
had a significant lower FEV, (ap=-163.0mL, 95%CI: -292.9 to
-33.1) and FVC (aP=-165.4mL, 95% CI: -325.1 to -5.6). Those in
the ‘PM,  cluster had a lower FVC (aB=-247.8 mL, 95% CI: -445.4
to -50.1). Lung function indices did not differ according to clus-
ters of recent exposure among children who did not have current
asthma. No effect modification was found with pollen-induced
rhinitis, sex and sensitisation to pollen.

Joint exposure to air pollution and grass pollen and lung
function

Half of the children (51%) had low exposure to both grass pollen
and air pollution in the previous 4 days before health check-ups
(Group 1), 25% had low exposure to grass pollen and high exposure
to air pollution (Group 2), 19% had high exposure to grass pollen
and low exposure to air pollution (Group 3) and 5% (Group 4) had
high exposure to both grass pollen and air pollution.
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Table 4 Associations between groups of combined exposure based on maximum daily levels of grass pollen and air pollution exposure in the
previous 4 days and respiratory indices in the PARIS birth cohort: multivariable analysis

FEV, (mL) n=973

FVC (mL) n=973

Grass pollen >10 grains/m? Poor air quality* ap (95% CI) ap (95% CI)
Group 1 No No Reference Reference
Group 2 No Yes 7.7 (-20.9 t0 36.3) 8.3 (~26.1 10 42.6)
Group 3 Yes No —19.9 (-55.7 to 15.9) —41.0 (-84.1 t0 2.1)
Group 4 Yes Yes —70.2 (-129.7 to -10.7) -92.5 (-164.1 to —20.9)

FEV,/FVC (%) n=973

FeNO>20 ppb n=866

Grass pollen >10 grains/m? Poor air quality* ap (95% CI) n/N aO0R (95% ClI)
Group 1 No No Reference 86/446 Reference
Group 2 No Yes —-0.1(-1.0t00.7) 55/227 1.38(0.90 to 2.11)
Group 3 Yes No 0.8 (-0.3t01.8) 26/153 0.70 (0.40 to 1.24)
Group 4 Yes Yes 0.9(-0.91t0 2.6) 8/40 0.81 (0.33 t0 2.03)

All models were adjusted for sex, age and height at the health check-up, ethnicity, family SES, exposure to environmental tobacco smoke at home at 8 years of age, current
asthma and average ambient temperature and relative humidity the day before the health check-up. The estimates in bold differ significantly from the reference (p<0.05). Total N

for each model may vary due to missing information.

*Poor air quality was defined as an air quality index ATMO =6 (on a scale of 1 to 10) based on the daily average air concentrations of PM

1o NO,, 0, and SO,.

aP, adjusted regression coefficient; aOR, adjusted OR; FeNO, fraction of exhaled nitric oxide; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; NO,, nitrogen

dioxide; 0,, ozone; PM, ,

Associations between these groups and respiratory indices are
shown in table 4. Groups 3 and 4 had alower FEV and FVC. Compared
with Group 1, children from Group 4 had a significant lower FEV|
(ap=-70.2mL, 95%CIL: -129.7 to -10.7) and FVC (ap=-92.5mL,
95%CI: -164.1 to -20.9). Group 3 tended to have a lower FVC
(ap=-41.0mL, 95%CI: —84.1 to 2.1). No significant association was
observed for Groups 2 and 3. No effect modification was found with
pollen-induced rhinitis, sex and sensitisation to pollen. Due to small
numbers, effect modification by current asthma was not tested.

DISCUSSION

Key results

In the population-based PARIS birth cohort, we applied an unsu-
pervised approach to identify the exposure of school aged children
to pollen and air pollution a few days before spirometry and FeNO
measurements. We showed that recent exposure to grass pollen with
low air pollution levels was associated with lower lung function,
compared with children exposed to low air pollution and pollen
levels. This effect appeared higher in children with current asthma.
In addition, the group with high PM,  levels and low pollen exposure
was associated with increased bronchial inflammation as assessed by
FeNO. Additional analyses suggested a synergy between exposure to
grass pollen and poor air quality regarding lung function indices.

Strengths and limitations
One of the strengths of this study is its reliance on a prospective
birth cohort, whose population is well documented from a health,
sociodemographic, behavioural and environmental point of view.
The objective measurements of lung function were performed
during a standardised medical examination in two specialised
paediatric pulmonology departments, ensuring the quality of cli-
nical data, thereby reducing measurement and classification bias.

Exposure during the 4 days before the health check-up precisely
measured by two French networks specialising in air pollution and
pollen monitoring. Other studies have dealt with exposure to pollen
using various indicators, mostly surrogate variables such as pollen
season'* 2% or pollen concentration for a single type'?*% or total
count.”** The interest of the indices we used to describe children’s
exposure to pollen relies on their integrative nature. These indices
which combined concentrations (pollen counts) and potential
health risk (allergenicity differing according to pollen type) were
used for the first time in an epidemiological study on children’s
lung function. Similarly, the ATMO indices allowed us to assess
exposure to air pollution according to pollutant concentration and
the potential health risks associated with air quality.

Another strength is the identification of multi-pollutant exposure
clusters, jointly considering exposure to air pollution and pollen using
a multidimensional classification method. This method better reflects

particulate matter with aerodynamic diameter <10 pm; SO,, sulphur dioxide.

the reality of multiple exposures and avoids possible correlations
between air pollution and pollen exposure, whereas most previous
studies of lung function focussed on a single exposure, either to pollen
or air pollution.®?**! Moreover, regression models were adjusted for
ambient air temperature and relative humidity, which could be asso-
ciated with both exposure to pollen/air pollution and lung function
indices.”? Meteorological parameters are not always considered as
possible confounding factors of the relations between pollution and
respiratory health in individual observational studies,'?** limiting the
interpretation of the results. In addition, our models were not adjusted
for season: it was not necessary to do so because season reflects meteo-
rological parameters and respiratory infectious diseases and these va-
riables are controlled in the multivariable models.

As frequently observed in cohort follow-up, our study sample
shows an over-representation of high SES families but adjusting for
family SES should avoid confounding bias regarding the association
between exposure and lung function. Although based on a prospec-
tive cohort study, the present research is limited in its cross-sectional
approach as it was not possible to study the temporal co-variations
between exposure and lung function indices. A panel study or cohort
study with repeated measures could explore lung function in rela-
tion to daily variation in pollen and air pollution levels. We were not
able to investigate the risk of having lung function below a clinical
threshold due to the small number of children with such outcomes
in our study sample from the general population.

Lastly, pollen exposure was assessed using the only monitoring
station thought the children from the PARIS cohort lived in central
Paris or its suburbs. In the same way, in the Swedish BAMSE cohort
composed of children living in the Stockholm region, pollen exposure
was derived from a roof-level urban background monitoring station
within central Stockholm."”? Concerning air pollution exposure, we
used air quality indices which were less sophisticated than concen-
trations measured from the closest background monitoring station
but which are relevant in distinguishing days with ‘good’ and ‘poor’ air
quality. This can lead to non-differential misclassification bias which
would underestimate the real associations. However, the use of these
indices could allow to include the possible mobility of children within
the Paris region in the few days before health check-up.

Interpretation

The present study suggests a deleterious effect of grass pollen on
FEV, and FVC. In the literature, few studies have examined asso-
ciations between grass pollen and lung function and results are
inconsistent. Two previous studies found no significant association
between grass pollen season and FEV, in children with asthma®
and in children with seasonal allergic asthma.?® Conversely, in chil-
dren with seasonal allergic rhinitis, FEV, was lower than in the
control group during the pollen season (including grass season).”
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Our results are consistent with findings from the BAMSE birth
cohort,'? where exposure to grass pollen up to 6days before lung
function testing was associated with a lower FEV | in children of 8
years old (ap=-32.4mL, 95% CI: —50.6 to —14.2) with an increase
in 3 counts/m’. Similar associations were shown with FVC. We
did not find any association between grass pollen exposure and
FeNO. In allergic children, Steerenberg et al'* showed significant
positive associations between levels of grass pollen in the 4 days
before testing and FeNO. Similarly, in asthmatic children, two
studies®*” showed an increased level of FeNO during grass pollen
season. However, contrary to our study conducted on the general
population, these two studies included children more susceptible to
suffering adverse health effects from pollen exposure.

In our study, the association between grass pollen exposure and
lung function appeared stronger in children with current asthma.
No evidence of an effect modification by sensitisation to pollen was
found but the number of children sensitised to pollen in the ‘grass
pollen’ cluster was very small. In the BAMSE study, associations
between grass pollen and lung function in children were modified
by sensitisation to pollen allergens.'? A recent meta-analysis of panel
studies concluded that pollen exposure during the same day increases
respiratory symptoms on the same day, as well as specifically upper
respiratory and ocular symptoms among allergic and asthmatic
participants but there was no detected effect on lung function.*

As with the BAMSE study, we did not find any association
between tree pollen and children’s respiratory indices.'> This might
be explained because children from the ‘grass pollen’ cluster, who
were exposed in late spring-summer, spent more time outside than
children from the ‘tree pollen’ cluster, who were exposed in early
spring at the beginning of the pollen season.

In our study, the cluster represented by PM, ' exposure was associ-
ated with higher levels of FeNO, a marker for airway inflammation.
Interestingly, this association was observed in all children and was
not modified by sex, sensitisation or current asthma. In the litera-
ture, Berhane et al found that short-term increase in PM;, was asso-
ciated with FeNO independently of asthma and allergy status in a
Southern California cohort.*® Similarly, Carlsen et al?® found that
PM___ (2.5-10um in aerodynamic diameter) was associated with
increased FeNO in non-asthmatic children aged 11 years.

Experimental studies showed that particles aggregate on the
surface of pollen grains in urban areas.” Moreover, Motta et al®
suggested an effect of traffic-related pollutants on pollen cyto-
plasmic granules (PCG), which contain allergens. After exposure
to NO, or O, the grass pollen grain is damaged and emits PCG. In
the present epidemiological study, the issue of the combined effect
of air pollution and pollen was not resolved in the cluster analysis.
Consequently, we performed additional analyses which showed a
joint deleterious effect of poor air quality and grass pollen level >10
grains/m’ during the previous days on the lung function (FEV, and
FVC) of school-age children.

Very few epidemiological studies have investigated the combined
effect of air pollution and pollen on lung function, especially
in children. In these studies, exposure to pollen and pollution is
most often accounted for by mutual adjustment in the statistical
models," or by testing the interaction between two exposure vari-
ables.!* 12830 In the study by Scarlett et al,* pollen exposure did
not modify the association of PM, levels with lung function. In
Just et al,”® interactions were demonstrated between O, and pollen
count for asthma attacks. Previous epidemiological studies have
suggested an interaction between air pollution and pollen expo-
sure, regarding respiratory and allergic morbidity. Recently, Bédard
et al** showed that associations between uncontrolled rhinitis and
pollutants were stronger during grass pollen season, but not during
birch pollen season.

Lastly, in our study, significant but slightly lower respiratory para-
meters were observed in association with grass pollen and air pollu-
tion, which may have little or no impact on respiratory health at the
individual level, especially in non-asthmatic children. Nevertheless,
from a comprehensive perspective, small and clinically unimportant
changes in lung function at the individual level may have a substantial
impact at the population level, by increasing the proportion of chil-
dren with clinically low lung function.

CONCLUSION

This study showed a deleterious effect of short-term exposure to both
grass pollen and air pollution on the lung function of children from
the general population and suggested a synergy between chemical
and biological air contaminants.
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Os espacos verdes podem melhorar a satide pulmo-
nar em zonas de poluicao atmosférica baixa a mode-
rada mas nao alta: Estudo Seven Northeastern Cities

Yang Zhou®, " Dinh S Bui,? Jennifer L Perret,?* Adrian J Lowe,? Caroline J Lodge,’ lana Markevych,®
Joachim Heinrich,*® Michael S Bloom,”® Luke D Knibbs,? Bin Jalaludin, "2 Bo-Yi Yang,? Hong-
Yao Yu,? Xiao-Wen Zeng,? Yunjiang Yu,' Shyamali C Dharmage,® Guang-Hui Dong?

RESUMO

Introdugdo Ha um interesse crescente no impacto da exposi-
¢d0 a espacos verdes nas doencas das vias respiratdrias, mas o
impacto dos espacos verdes na funcdo pulmonar das criancas é
limitado. O nosso objetivo foi investigar as associaces entre os
espacos verdes envolventes das escolas e a fungdo pulmonar em
criangas e se estas associagdes variam em funcao da exposicdo a
poluicdo atmosférica.

Métodos Entre 2012 e 2013, realizou-se um inquérito trans-
versal e uma espirometria a 6740 criancas em idade escolar. Os
padrdes de funcao pulmonar foram determinados como volume
expiratério forcado em 1 segundo / capacidade vital forcada
((FEV /FVC <0.8) ou restritiva (FEV /FVC 0,8, mas FVC <80%
do previsto). Os espagos verdes escolares, conforme definido pelo
indice de vegetacdo da diferenca normalizada (NDVI) e indice
de vegetacdo ajustada ao solo. O dioxido de azoto, diéxido de
enxofre e concentracdes de matéria particulada foram avaliados
utilizando um modelo espaciotemporal e dados de monitorizagao
nacionais. Foram utilizados modelos lineares generalizados a dois
niveis para investigar associagdes e interagdes.

Resultados Em termos gerais, um IQR em NDVI dentro de 500 m
foi associado a um FEV, mais elevado (+57 ml 95% IC 44 a 70) e
FVC (+58 ml 95% IC 43 a 73). O NDVI foi igualmente associado
a 25% de redugdo das probabilidades de restrico espirométrica
(OR: 0,75, 95% IC 0,65 a 0,86). Contudo, relativamente as crian-
¢as expostas ao quartil mais elevado face ao quartil mais baixo
de material particulado, o aumento do NDVI foi paradoxalmente
associado ao mais baixo -40 ml de FVC (95% IC -47 a-33, p de
interacdo <0,05).

Discussdo Os nossos achados sugerem que, neste estudo, a
criacdo de espacos verdes em zonas urbanas podera promover
a salde pulmonar em zonas de poluicdo moderada a baixa, mas
nao em zonas de alta poluicdo atmosférica. Se os resultados
forem replicados noutros contextos de poluicdo moderada a ele-
vada, isto evidencia a necessidade de se adotar uma politica de
espacos verdes flexivel.

INTRODUCTION

Given that over half of the world’s population now live
in urban environments,' exposure to air pollution has
become an increasingly important public health problem.
The WHO estimated that over 80% of people live in areas
that exceed WHO air pollution guidelines.* This is espe-
cially relevant for children and adolescents are given their
developing lungs. On the other hand, ‘greening’ of cities has
become an important part of making urban areas livable,
but its impact on health is not yet fully explored, especially
in the context of increasing levels of air pollution-related to
rapid urbanisation.

Despite the widespread belief that greater greenness is
better for general health, the current evidence on associa-
tions between greenness and respiratory health is limited.*”
A few studies have investigated the link between exposure
to greenness and childhood lung function, but the results
are not consistent.*® Furthermore, there is limited data on
the link between school greenness and spirometry measu-
res that are objective indicators of respiratory health and
morbidity:*”

One reason for conflicting results between exposure
to greenness and health may be explained by inaccurate
capture of exposure to greenness as residential greenness
does not capture school exposure where children spend

What is the key question?

»Is there any association between greenness
surrounding schools and lung function in
children, and whether these associations
are modified by air pollution exposure?

What is the bottom line?

» Our study of children and adolescents
provides evidence suggesting benefi-
cial effects of school greenness on lung
function in children in areas with low or
moderate levels of particulate matter and
sulphur dioxide. These associations rever-
sed in very high-pollution areas.

Why read on?

» Our findings suggest that greening urban
areas may promote lung health in low-
moderate-pollution areas but not in high air
pollution areas. These findings open a new
paradigm of having flexible green policies
based on the air pollution levels.

most of their day time.* Chinese students are enrolled based
on the proximity-based school admission policy, which
means that greenness surrounding schools are representa-
tive of both school exposure and residential exposure.’ This
provides an ideal setting to capture the green exposure for
children more accurately. Greenness surrounding schools
also provide important psychological and social benefits for
children. Accessibility to green space surrounding schools,
such as active commute, would influence school children’s
physical activities and time and reduce obesity prevalence,'*"!
while their influence on lung function was still unclear."?

Another issue that needs to be considered in the context
of greenness exposure is the interaction between air pollu-
tion and greenness. Some studies have reported diffe-
rential associations between residential greenness and
respiratory health for different pollutant concentrations; *
however, such research has been mostly conducted in low-
to-moderately polluted areas such as Europe and North
America. More evidence is needed to determine and
explore interactions between the effects of greenness and air
pollutants across a wider range of pollutant concentrations,
including higher concentrations observed in countries like
China, such evidence can lead environmental policies.

Given these knowledge gaps, we sought to investigate the
associations between greenness and lung function in 6740
school children and to identify whether these associations
were modified by air pollution exposure.

METHODS

Study population

We undertook a population-based cross-sectional study
between 2012 and 2013, in seven Chinese cities. Study sites
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and participant recruitment details were reported previously."* Twenty-four
urban districts, including 48 elementary and middle schools, were selected
to maximise the range of greenness and air pollutants (online supplemental
figure S1 and S2). A four-stage stratified cluster sampling strategy was applied
to generate random samples in elementary and middle schools (online supple-
mental methods 1). Participants who had lived for less than 2 years at their
residential address were excluded. Finally, 6740 children who completed the
lung function tests and questionnaires were included in this analysis.

All study procedures and protocols were reviewed and approved by the
Human Studies Committee of Sun Yat-sen University. Informed consent was
given by every childrens parent or guardian.

Spirometry

Forced expiratory volume in 1 s (FEV,) and forced vital capacity (FVC) were
measured using portable electronic spirometers (Spirolab, MIR, Italy). All
testing protocols were standardised and undertaken by suitably trained staff
in accordance with American Thoracic Society and European Respiratory
Society guidelines (online supplemental methods 2)."*

As Global Lung Initiative reference values were not a good fit for our study;'®
we used the predicted values from our previously published Chinese reference
equations to define pulmonary dysfunction.”” Airway obstructive respiratory
pattern was defined as FEV /FVC <0.8; spirometric restriction by FEV ,/FVC
>0.8 but FVC <80% was predicted. Normal pattern was defined as FEV./FVC
>0.8 and FVC >80% was predicted."”

Greenness surrounding schools

Two satellite-based vegetation indices, normalized difference vegetation index
(NDVI)*® and soil-adjusted vegetation index (SAVI),"” were used to define
greenness surrounding each school’s boundaries. NDVI and SAVI are measu-
res of greenness that are based on the ratio of visible and near-infrared light
reflection. The NDVI and SAVI values range from —1 to +1, corresponding to
water (—1), to barren rock (0) and to vegetated areas (+1). SAVI additionally
includes a correction factor to suppress soil pixels. Our greenness estimates
were derived using two cloud-free Landsat 5 Thematic Mapper satellite images
at 30 m resolution (http://earthexplorer.usgs.gov) in August 2010. We not only
used greenness within a 500 m buffer around a school as our main exposure
variable but also assessed 300 m and 1000 m buffer sizes in sensitivity ana-
lyses. All calculations were performed using ArcGIS V.10.4 (ESRI, Redlands,
California, USA).

Air pollution

We focused on particulate matter (PM, and PM, ), nitrogen dioxide (NO,)
and sulphur dioxide (SO,) as the main air pollutants in this study, and our
methods have been published previously* Briefly, air pollution concentra-
tions were measured at the municipal air monitoring station closest to each
school’s location (<1.5 km). Uniform measurement methods for each pollutant
were used, which followed standards from the State Environment Protection
Administration of China.”? Daily air pollution concentrations were calculated
by averaging hourly observations. In addition to pollutant measurements,
we also used satellite-derived exposure estimates for PM,, PM,, and NO,,
Concentrations were estimated using a spatiotemporal model fitted to link
ground-level measurements with aerosol optical depth data and other predic-
tors such as land cover, meteorological variable and calendar month (online
supplemental methods 3). The R* and root mean squared error for daily PM,
and PM, predictions was 83% and 18.1 pg/m’, and 59% and 22.5 ug/m’, respec-
tively.” The average annual concentrations from 2009 to 2012 were used as
surrogates of long-term air pollutant exposures.”* With the exception of SO,,
we used spatiotemporal model estimates for all air pollution exposure analysis.

Confounders

Potential confounders were selected a priori and included: age (year), sex,
height (cm), weight (kg), household annual income (<5 000¥, 5 001-10 000¥,
10 001-30 000¥%, 230 001¥), parental highest educational attainment (no
school, primary school, middle school, junior college or higher), environmental
tobacco exposure (yes/no), home coal use (yes/no), pet keeping (yes/no), home
renovation in 2 years (yes/no), family history of atopy (yes/no), premature birth
(yes/no), season of lung function test (spring/summer/autumn/winter). We
analysed body mass index (BMI) and physical activity as mediators (Directed
Acyclic Graph (DAG) in online supplemental figure S3).

Statistical analysis

To assess the relationship between lung function outcomes and greenness,
accounting for district-level effects as random effects, we used two-level
generalised linear regression models with fully adjusted variables (online

Table 1 Characteristics of the study participants from the Seven
Northeastern Cities study (n=6740)

Value (mean=SD, n (%), or median

Characteristic (Q1,Q3))
Age (years) 11.56+2.07
Height (cm) 154.80+12.69
Weight (kg) 47.74+£14.93
Sex
Boys 3382 (50.18%)
Girls 3358 (49.82%)

Parent Education =High school 4211 (62.48%)

Family income per year

<10 000 Yuan 1634 (24.24%)
10 001-30 000 Yuan 2394 (35.52%)
30 000-100 000 Yuan 2437 (36.16%)
>100 000 Yuan 275 (4.08%)
Season

Spring 2969 (44.05%)
Summer 2258 (33.50%)
Autumn 838 (12.43%)
Winter 675 (10.01%)

3281 (48.68%)
676 (10.03%)

Environment tobacco exposure

Home coal use

Home renovation 2416 (35.85%)
Pet keeping 1435 (21.29%)
Family history of atopy 1390 (20.62%)
Preterm birth 338 (5.01%)

Exercise time (hours/per week) 7.00 (2.00, 10.00)

supplemental methods 4). Briefly, all models included children as the first level
and district as the second level. The linearity of the associations between green-
ness and lung function was graphically tested through smoothing curves and
statistically tested using restricted cubic spline functions. In the main analysis,
we hypothesised a linear relationship between greenness measurements and
lung function in the main model. Additional adjusted models included vari-
ables in the main model as well as individual adjustment for PM,,, PM,,NO,
and SO, level, to check whether air pollution confounded the associations with
greenness.

To investigate potential effect modification by specific air pollutants (PM,
NO, and SO,), we categorised pollution levels into three groups: low (0%-25%),
medium (25%-75%) and high (75%-100%) based on quartiles. Stratified and
interaction analyses were used to explore the relationships between greenness
and lung function in subgroups.

Mediation analysis was used to test the contribution of BMI and physical
activity as mediators between school greenness and lung function. The propor-
tion of the mediated effect and its 95% CI were obtained by the mediation
package in STATA for causal mediation.”* In brief, we assessed the mediating
effects of BMI and physical activity by calculating the bias-corrected 95% Cls
of indirect paths.”” The proportion of the mediated effect was calculated as:
(B indirect effect/p total effect) x100%. This is the proportion of increase in
lung function explained by higher school greenness that can be attributed to
physical activity and BML

We performed several sensitivity analyses. First, the main analysis was
repeated for both 300 m and 1000 m green buffers around each school. Second,
we restricted the analysis to 4032 children who reported walking to school and
thus lived nearby.

All statistical analyses were performed using STATA 15.0 (Stata Corp LP,
College Station, Texas, USA). A two-tailed p value of less than 0.05 was selected
as a criterion of statistical significance.

RESULTS

A total of 6740 participants were included, and the average age was 11.6 years
(table 1). Half were girls and 78% were surveyed in spring/summer. Almost
half of the participants (49%) were exposed to environmental tobacco smoke
and 21% had a family history of atopy. Of the total, n=228 (3.38%) and n=459
(6.81%) participants fulfilled the criteria for an obstructive or restrictive spiro-
metric pattern, respectively (table 2).

38 [5]

Zhou Y, et al. Thorax 2021,76:880-886. doi: 10.1136/thoraxjnl-2020-214767

BM)



Table 2 Characteristics of greenness, air pollution and lung function
from the Seven Northeastern Cities study (n=6740)

Value (mean=SD, n (%), or median (Q1, Q3))

Characteristic

Greenness

NDVI,,, . 0.295 (0.214,0.377)
NDVIg, . 0.312 (0.256, 0.362)
NDVI. . 0.283 (0.231,0.362)
SAVL, 0.177(0.123,0.214)
SAVI,, 0.178(0.141,0.218)
SAVL oo 0.163 (0.130, 0.220)
Air pollution

PM, ; (ug/m?) 56.58 (48.86, 59.60)
PM, (ug/m?) 49.67 (41.74, 54.92)
NO, (ng/m?) 35.25 (31.75, 45.00)
SO, (ug/m?’) 51.00 (38.50, 57.75)
Lung function

Obstructive 228 (3.38%)
Restrictive 459 (6.81%)

FEV,(mL) 2464+699

FEV, predicted (mL) 2275+570

FVC (mL) 2626+775

FVC predicted (mL) 2497+592

Obstructive: FEV, <0.8; restrictive: FEV,/FVC =0.8 but FVC <80% of predicted.
FEV.,, forced expiratory volume 1 s; FVC, forced vital capacity; NDVI, normalised
difference vegetation index; SAVI, soil-adjusted vegetation index.

The greenness values estimated by two satellite indices—NDVI and SAVI—
were highly positively correlated (correlations ranged from 0.75 to 0.99, online
supplemental table S1). Thus, NDVT values were used in our main analysis. In
contrast, the correlations between air pollutants and greenness were negative,
particularly with PM, (online supplemental table S1). Greenness levels were
slightly higher in the lowest pollution areas while similar in middle-high pollu-
tion categories (online supplemental table S2). No regional clustering effect of
greenness, air pollutants and lung function were observed in online supple-
mental table S3 and figure S4.

Compared with the lower value of NDVI, greater greenness exposure was
consistently associated with lower odds for spirometric restriction in both
crude and fully adjusted models (table 3). Increasing exposure to greenness
was also significantly associated with a higher FEV, and FVC (table 3). The
observed associations remained similar before and after adjustments for air
pollutants, except for PM, (table 3). This was related to cancelling out of the
opposing observed associations between greenness and spirometric restriction
and FEV, and FVC outcomes across different levels of PM,, an interaction that
was found to be significant (figures 1 and 2).

We found that air pollutant exposures modified the effects of greenness on
lung function outcomes. While greater greenness exposure was associated with
higher lung function in areas of low-moderate air pollution, this association
was reversed in areas with the highest quartile of PM, and SO, (figures 1 and
2). Specifically, for those exposed to the lowest quartile of PM , an IQR increase
inNDVI_  was associated with an increase of 45 mL (95% CI 2 to 89) in FVC.

500m
In contrast, for those exposed to the highest quartile of PM,, an increase in IQR

Exposicdo ambiental

inNDVI, , wasassociated with a decrease of 40 mL (95% CI 47 to 33) in FVC
(p interaction <0.001). A similar pattern was found for SO, exposure. Addi-
tionally, the associations between school greenness and spirometric restriction
were modified in a similar way. Greater greenness was associated with reduced
odds for spirometric restriction among those exposed to the lowest quartile
of PM, while there was a trend for increased odds among those in the highest
quartile of PM, exposure (figure 1). In contrast, we did not detect interactions
for PM, , or NO, (p interaction=0.214 and 0.073, respectively). Similar results
were also found in SAVI (data in online supplemental table S4 and figure S5).

In our mediation analysis, the mediated proportion of the association for
physical activity and BMI was less than 2% of the total effect (online supple-
mental table S5). In the sensitivity analysis, findings for 300 m and 1000 m
buffers were consistent with those for the 500 m buffer (online supple-
mental table S6). Among 4032 children who reported walking to school, the
average travelling time was 12 min. Though the relationship between green-
ness and lung function was similar to main results (online supplemental table
S7), the newly observed interactions in this restricted population need to be
interpreted cautiously as they were not consistent (online supplemental table
S8).

DISCUSSION

To our knowledge, this is the first study to estimate the impact of the inter-
action between exposure to greenness and air pollution on lung function in a
highly polluted area. We observed that higher greenness surrounding schools
were associated with higher FEV , higher FVC and lower odds for spiro-
metric restriction. These associations were not explained by mediating effects
of BMI or physical activity. Interestingly, in this setting, with relatively high
levels of pollution, we detected significant interactions between the associa-
tion of greenness and PM, and SO, on lung function. While greater greenness
remained beneficial in areas with low-to-moderate levels of PM, and SO,, it
was associated with lower lung function in areas with high levels of PM, and
SO.,.

A few previous studies have provided evidence on the impact of greenness
onasthma, COPD and spirometry, but the results were inconsistent. Some have
reported benefits,"** but others have reported null or even harmful effects of
greenness on childhood respiratory health.”** These conflicting results might
relate to different definitions of respiratory outcomes, geographical variation
in the constituents of greenness and inconsistent adjustments for potential
confounders.

Our novel finding of an interaction between the associations of air pollution
levels and greenness is supported by a study of asthma in 22 645 participants
in England’® This study reported that greater urban tree density was associ-
ated with reduced rates of asthma hospitalisation, and this protective effect
appeared to be stronger in areas with: PM, , above 13.52 ug/m’, SO, above 4.23
ug/m’ and NO, above 28.23 ug/m’. It is worth noting that these cut-offs for
PM, , and SO, fall within our reference group, the lowest quartile exposure,
in which we also found that more greenness was associated with better lung
function, whereas for the highest quartile, we found that more greenness was
associated with poorer lung function. For most children in our study, exposure
to NO, was below WHO guidelines, whereas some children were exposed to
SO, almost two to five times higher than WHO guidelines. Similarly, Sarkar ef
al reported that increasing greenness was associated with a higher FEV /FVC
ratio below the threshold (close to NDVI 75th percentile), while this associa-
tion was attenuated over in the highest quartile of NDVI. The author explained
that highly green areas might increase susceptibility to allergic reactions
to pollens. Our findings are also consistent with the study by Tischer et alP
who found greater greenness to have a stronger protective effect for a number
of respiratory symptoms in rural areas compared with urban areas, likely

Table 3  Two-level generalised linear models for association of NDVI around 500 m buffer of school address (per IQR increase) with respiratory

outcomes in 6740 children

Airflow obstruction Spirometric restriction FEV, FvC
Model (n=228) (n=459) (mL) (mL)
Minimal adjusted 0.96 (0.83-1.12) 0.75 (0.65-0.86) 55 (41-68) 61 (45-76)
Full adjusted 0.97 (0.84-1.13) 0.63 (0.53-0.76) 57 (44-70) 58 (43-73)
Full adjusted+PM, ; 0.93 (0.79-1.11) 0.75 (0.61-0.92) 38 (22-54) 35 (17-54)
Full adjusted+PM, 0.96 (0.82-1.12) 0.92 (0.72-1.17) 11 (-7-30) 9(-13-32)
Full adjusted+NO, 0.94(0.79-1.12) 0.75 (0.62-0.93) 34 (18-50) 30 (12-50)
Full adjusted+S0, 0.96 (0.83-1.11) 0.64 (0.54-0.77) 56 (43-69) 58 (43-73)

Minimal adjusted model was adjusted for age, sex and height. Full adjusted model added weight, parent education level, family income, environment tobacco exposure, home coal use, pet

keeping, home renovation, family history of atopy, prematurity and season.

FEV,, forced expiratory volume 1 s; FVC, forced vital capacity; NDVI, normalised difference vegetation index.
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Figure 1 The associations between restrictive lung disease and
NDVI in a 500 m buffer around children’s school address, stratified by
low (0%—25%), medium (25%—75%) and high (75%—100%) ambient
PM, .(A), PM, (B), NO,(C) and SO, (D) concentrations. All models were
adjusted for age, sex, height, weight, parent education level, family in-
come, environment tobacco exposure, home coal use, pet keeping, home
remodel, family history of atopy, prematurity and season. NDVI,norma-
lied difference vegetation index.
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Figure 2  The associations between respiratory parameters and NDVI in a
500 m buffer around children'’s school address, stratified by low (0%-25%),
medium (25%—75%) and high (75%~100%) ambient PM, ., PM,, NO, and SO,
concentrations. All models were adjusted for age, sex, height, weight, parental
education level, family income, environmental tobacco exposure, home coal
use, pet keeping, home remodelling, family history of atopy, prematurity and
season. FEV,, forced expiratory volume 1 s; FVC, forced vitalcapacity; NDVI,
normalied difference vegetation index.

surrogates for low and high ambient air pollution levels, respectively. Together,
our findings suggest that greenness may be beneficial when air pollutant levels
are moderate, but this association can reverse in the presence of high levels of
air pollution. One possible implication of these findings is that planning green
spaces in cities should be considered in the context of levels of air pollution and
that tree canopy planting policy may be particularly important in countries
with high air pollution levels.

We propose several mechanisms that might help explain the positive asso-
ciations between greenness on lung function for the majority of children
schooling in areas with low-to-moderate outdoor air pollution. We found air
pollution to be negatively associated with school greenness exposure, consistent
with known patterns of increasing urbanisation and decreasing greenness. Our
data also provide cross-sectional evidence to support the current hypothesis
that greenness can ameliorate the adverse impact of air pollution on children’s
respiratory health, as we found both consistent and dose-response associ-
ations.’ This potential pathway is supported by previous observations that
greenness, especially from deciduous trees, can capture particles on their leaves
and absorb NO,*'

Green spaces can also encourage physical activity” or/and reduce obesity*
although these factors did not explain the link between greenness and better
lung function in our study. Increased physical activity related to green space may
also be a plausible explanation for the observed adverse impact of greenness on
lung function through inhalation of air pollutants in areas with high levels of
PM, and SO, however, our mediation analysis did not support this hypothesis.
Another potential mechanism is that air pollutants are likely to induce higher
pollen production and increase pollen allergens RNA and protein expres-
sion,”* which in turn can have an impact on lung function. Finally, there is
also evidence to suggest that anthropogenic pollutants combined with biogenic
volatile organic compounds emitted from trees may produce ozone and PM
that are harmful to respiratory health.”” Unfortunately, we did not collect these
data and, therefore, were unable to explore these associations.

This study has several strengths. To our knowledge, this is the first study
to examine the link between greenness and air pollutions on lung function
in school children. The large population representative sample and study
setting allowed investigation into effect modification by air pollution levels.
Additionally, the results were consistent using two alternative vegetation
indices (NDVIand SAVI). Furthermore, we were able to adjust for important
confounders although a degree of residual confounding cannot be excluded.

Our study also has some limitations. First, our mediation analysis is limited
due to the cross-sectional design, which does not allow for temporality. Second,
we used only the school addresses to calculate the pollutant levels and green-
ness, which might have misclassified the exposure levels for some partici-
pants. Limited numbers in some exposure groups also lead to limited power
to imprecise estimates of interaction associations. However, Chinese children
were reported to spend an average of 8 hours and 11 hours per day in primary
and junior high school, respectively® It is reasonable to hypothesise that
greenspace surrounding schools could be a good proxy for childrens expo-
sure. Additionally, our sensitivity analysis including only children who lived
near their schools did not change the association trend, and so the impact was
likely to have been modest. Third, although we have used two satellite images
to provide consistent information on vegetation measurement, these data did
not distinguish on vegetation types (eg, trees vs grass and allergenic vs hypoal-
lergenic), structures (parks vs gardens) and quality (lush meadow vs sparse
forest) to better classify exposure. However, these errors are likely to be random
and shift the associations towards null, and the small numbers in our subgroup
analysis may affect the ability to detect positive associations. Another limitation
is the lack of separation of the greenspace from bluespace (eg, water), which
is represented as negative NDVI values and will underestimate the effect of
green space.”** Given these limitations, our findings should be interpreted as
preliminary and longitudinal research is needed to confirm the findings. time
that SARS-CoV-2 might be associated with bronchiolitis.

Further studies are needed to explore the association between SARS-
CoV-2 and bronchiolitis.

CONCLUSION

Our study of Chinese children and adolescents provides evidence suggesting a
positive association between school greenness and lung function in children in
areas with low or moderate levels of PM, and SO,. These associations reversed
in very high-pollution areas. While the mechanisms behind this paradoxical
observation are speculative, if the finding is replicated in other moderate-to-
high pollution settings, this highlights a need to have a flexible green space
policy, such as a variety of patterns of tree canopies and low pollen producing
trees, depending on the background air pollution levels, particularly in settings
with high pollution levels.
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Doenca do virus sincicial respiratorio grave em bebés
prematuros: um caso de imaturidade inata

Jeremy Anderson, Lien Anh Ha Do, Danielle Wurzel,*3 Zheng Quan Toh,"? Kim Mulholland, "%

Daniel G Pellicci,"? Paul V Licciardi'?

RESUMO

0 virus sincicial respiratorio (VSR) é o patogénio viral mais
comum associado a infecdo aguda do trato respiratério infe-
rior em criangas com menos de 5 anos de idade. A doenca
grave de VSR estd associada ao desenvolvimento de compli-
cacoes respiratdrias cronicas, tais como pieira recorrente e
asma. Um fator de risco comum para o desenvolvimento de
doenca grave de VSR é a gestacdo prematura e isto deve-se,
em grande parte, a um sistema imunitario inato imaturo. Isto
aumenta a suscetibilidade ao VSR, uma vez que o sistema
imunitario inato tem menos capacidade de protecdo con-
tra agentes patogénicos numa altura em que a imunidade
adaptativa ainda ndo se desenvolveu completamente. Esta
revisao centra-se na comparacao de diferentes aspetos da
imunidade inata entre bebés prematuros e nascidos a termo
para compreender melhor porque é que os bebés prematuros
s&0 mais suscetiveis a doenca grave do VSR. A identificacdo
de biomarcadores imunitarios inatos associados ao desen-
volvimento de doenca grave do VSR e a compreensao de
como estes se comparam entre bebés prematuros e nascidos
a termo continua a ser uma questao de importancia critica
que ajudaria ao desenvolvimento de intervengdes para a
reducdo do fardo da doenca nesta populacéo vulneravel.

INTRODUCTION

Respiratory syncytial virus (RSV) is the most
common viral pathogen associated with acute lower
respiratory tract infection (LRTI) in children.'
Globally, RSV affects 33.1 million and causes 60000
in-hospital deaths in children under 5 each year.’
Despite advancements in medical technology and
in-hospital care, morbidity and mortality from
RSV remains high, particularly in low-income and
middle-income countries.® Initiatives have been put
forward by WHO to develop an RSV vaccine and
while several RSV vaccines are in late phase trials, the
only licensed RSV therapy currently available, pali-
vizumab, is very expensive and only recommended in
infants with high-risk comorbidities.*

Severe RSV disease has been associated with
chronic respiratory complications such as wheezing,
decreased lung function and development of asthma
even in the absence of indicators of atopic predis-
position.® ¢ Preterm birth (<37 weeks gestation)
has been associated with increased susceptibility to
severe RSV infection, with preterms over-represented
in terms of hospitalisation.! While it is difficult to
unravel the relative contributions of innate immune
system immaturity, variations in cardiopulmonary
physiology related to prematurity and structural lung
disease (eg, bronchopulmonary dysplasia), innate
immune factors are likely to play an important role in
determining susceptibility to severe disease.

Primary infection with respiratory pathogens
occurs in infancy. As adaptive immunity has not fully
matured, the innate immune system plays a crucial
role in immune defence in young children and its role
in susceptibility to severe disease is a current focus
of much research. As preterm infants are at a higher
risk of severe RSV disease, development of targeted
preventative interventions and therapeutic strategies
are urgently needed. This review will focus on how
immaturity of the innate immune system in preterm
infants predisposes them to more severe RSV disease
and aims to guide the development of strategies that
may target innate immunity to alleviate disease.

RESPIRATORY SYNCYTIAL VIRUS: VIROLOGY AND
IMMUNE RESPONSE

A complex assortment of proteins are required for
RSV attachment, the G and fusion (F) proteins and
replication, the matrix, nucleoprotein, phosphoprotein
and large polymerase protein.” RSV also encodes two
non-structural (NS) proteins, NS1 and NS2, which
block type 1 interferons (IFN) and prevent the initi-
ation of pro-inflammatory responses to promote viral
replication.” The contribution of viral load to disease
severity is unclear. While no studies have directly
compared viral loads between preterm and term
infants, in infants hospitalised with RSV bronchi-
olitis, increased viral loads have been associated with
increased disease severity.® However, in neonatal mice,
viral load has been shown to be unrelated to disease
severity, instead absence of functional CX3CR1 was
the primary factor.’

Detection of RSV occurs through host pattern
recognition receptors expressed on antigen-pre-
senting cells and epithelial cells.”” The toll-like recep-
tors (TLRs) 2, 3, 4, 6, 7 and 8 are important during
RSV recognition." Mouse studies have shown TLR4
can also detect the RSV F-protein, upregulating
CCL2 and CCL5 production by macrophages.'? ¥
TLR3 and TLR7/8 detect double-stranded RNA and
single-stranded RNA, respectively, and in mice these
have been shown to collectively control inflammation
within the lungs to reduce mucus production, eosino-
philia and hyperplasia of the lung epithelium during
RSV infection." !

The immune response following RSV infection is
crucial to the outcome of disease severity. Primary
infection is reliant on early cytokine responses and
innate immune cells to control infection and promote
appropriate adaptive responses. While the exact causes
of pathology during RSV infection are still contested,
the data suggest that pulmonary pathology may
be mediated through a lack of T-helper cell 1 (Thl)
pro-inflammatory responses brought on by innate
immaturity.’® As innate immaturity may be more
pronounced in preterm infants, this could further
promote immunological phenotypes that allow for
severe disease to manifest.

PRETERM INFANTS ARE MORE SUSCEPTIBLE TO
SEVERE RSV DISEASE

Preterm infants are born earlier than 37 weeks gesta-
tional age (WGA). These infants are further catego-
rised into extreme preterm (<28 WGA), very preterm
(28-32 wGA) or moderate-to-late preterm (32-36
wGA). Prematurity, across all gestational ages, is an
important risk factor for severe RSV disease. Among
preterm infants, intensive care unit admission, length
of hospital stay and requirement for mechanical
ventilation are highest in extreme preterms, with
risk decreasing as gestational age increases.”” Other
risk factors such as chronic lung disease and conge-
nital heart disease are also more prevalent in preterm
infants, further contributing to their susceptibility to
severe RSV disease.

Chronic lung disease in premature infants is clas-
sified as any pulmonary disease that results from
a neonatal respiratory disorder.® Most commonly,
chronic lung disease is the result of bronchopulmo-
nary dysplasia due to immature lung development.”
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This leads to disruption of alveolar development, gas exchange and
reduced capacity for supplemental oxygenation. These factors are exac-
erbated during RSV infection as airway diameters are further decreased
through mucous production, bronchospasm and necrosis of the respira-
tory epithelium." This can result in long-term wheezing, decreased lung
function and asthma when no atopic predisposition is evident.’ ¢ In
infants with congenital heart disease and evidence of pulmonary hyper-
tension, mortality and severe disease rates are increased. Progressive
inflammation within the lungs resulting in hypoxia and reduced ability
to compensate, results in this group being particularly susceptible to
severe RSV disease and mortality.”” RSV-related mortality rates from
2003 to 2013 in Canada showed 33.8% were born preterm, 28.2% had
congenital heart disease and 18.4% had chronic lung disease.”’ Addi-
tionally, the global RSV-associated mortality in young children (RSV
Global Online Mortality Database or GOLD) study, found prematurity
and congenital heart disease to be more prevalent in children whose
infection resulted in mortality.”

An immature innate immune system coupled with chronic pulmonary
and/or cardiac disease increases susceptibility to severe and life-threatening
RSV disease among preterm infants. Thus, strategies to mitigate severe RSV
disease should be targeted to this vulnerable population.

WHY IS THE INNATE IMMUNE SYSTEM CRUCIAL IN RSV DISEASE?
Infants rely on maternal antibodies for protection against primary infec-
tion due to alack of adaptive immune responses, however, in RSV disease
this is not always effective. Maternal transfer of RSV F-protein specific
IgG neutralising antibodies is thought to contribute to preventing infec-
tion. These are highest during the first 3 months of life; however, RSV
infection is most prominent during this period suggesting an inade-
quacy of maternal antibody to confer protection alone.”*** Studies have
demonstrated that levels of maternal neutralising antibodies to RSV are
comparable or lower in preterm infants compared with term infants.”>2
In one study, preterm infants born at 29-36 wGA had similar maternal
neutralising antibodies to term infants, however, these were lower in
those born <28 wGA.* This supports the idea that for preterm infants,
innate immune responses may also be a critical factor in their ability to
control and clear primary RSV infection.

During primary infection, innate immunity ultimately drives the
subsequent adaptive response. A Thl-focused pro-inflammatory
response is thought to be important for RSV clearance and
disease resolution. However, in infants, innate cells have a dimi-
nished capacity to present antigen and initiate appropriate pro-
inflammatory responses. Historically, these have suggested skewing
towards a Th2 response, which is associated with a reduced ability
to clear RSV leading to the development of severe disease.’*® This is
evident from studies in infants with severe RSV-induced bronchi-
olitis having a higher interleukin-4 (IL-4)/IFN-y ratio and reduced
Thl-associated cytokine release.”” * However, more recently, suscep-
tibility to severe RSV disease is thought to be associated with reduced
Th1 pro-inflammatory responses rather than Th2 skewing, although
both aspects are important® (figure 1).

Notably, genetic predisposition to severe RSV disease primarily
involves the innate immune system. Approximately 16% of the suscepti-
bility could be attributed to a group of single nucleotide polymorphisms
(SNPs) in STAT2, IFNA5, IFNA13 and IFNAR2.*°* These IFN-a SNPs
strongly suggest the importance of innate immunity in the disease patho-
genesis given that RSV inhibits type-1 IFN responses through its NS
proteins. Additionally, the NS1 protein has been shown to suppress CD8+
and Th17 cells, while promoting the proliferation and activation of Th2
cells.”> Other genetic associations include a SNP in the promoter region
of IL-8, important for neutrophil recruitment and polymorphisms in
IL-4Ra which promotes the differentiation of Th2 cells and may suppress
pro-inflammatory responses.”® * It has also been found that two SNPs
encoding Asp299Gly and Thr3991Ile substitutions in the TLR4 ectodo-
main are associated with severe RSV disease in preterm infants.*

Together, these data suggest that innate immune system immaturity,
especially in preterm infants, is critical in the susceptibility to severe
RSV disease.

PULMONARY INNATE IMMUNITY AND RSV DISEASE IN PRETERM
INFANTS

The pulmonary environment plays a significant role in controlling RSV
infection.” Many mucosal factors including IgA secretion, the micro-
biome, surfactant and the production of antimicrobial peptides (AMPs)
and cytokines by airway epithelial cells (AECs) contribute to this (figure 2).
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Infants rely primarily on nasal breathing during the first year of
life. This indicates that mucosal responses in the nasopharynx are the
first line of defence against invading respiratory pathogens to prevent
transgression to the lower respiratory tract. Studies in preterm and
term infants with RSV have shown similar levels of IFN-y, IL-10 and
RANTES (Regulated upon Activation, Normal T Cell Expressed and
Presumably Secreted) from nasal swabs, suggesting the upper airway
cytokine secretions may not contribute much to the development of
severe disease in preterms.” Mucosal IgA is another key component in
protection against RSV. While no studies have compared IgA responses
with RSV in preterm and term infants, it has been shown that 56%
of preterms (mean 33 wGA) have detectable levels of IgA in saliva at
birth compared with 69% of term infants.*® Additionally, during RSV
infection, IgA secretion from B-cells is activated through IFN-a, which
is decreased in preterm infants suggesting that IgA responses may be
diminished, increasing susceptibility to develop severe disease.*

The microbiota is known to play a key role in the innate immune
response through the production of AMPs and MyD88 activation.*
While microbiota differences between preterm and term infants have
not been explored in the context of RSV infection, in children hospi-
talised with RSV disease there is an enrichment of Haemophilus influ-
enzae and Staphylococcus aureus in the nasopharynx. This is associated
with increased expression of TLR, neutrophil and macrophage activa-
tion genes.*! It has also been shown that prebiotic and probiotic supple-
mentation reduced the risk of viral respiratory tract infections due to
rhinovirus, which may be relevant to RSV.*? Given the importance of the
microbiota in infection, early medical intervention such as antibiotics
used to reduce morbidity in preterm infants may play a role in contri-
buting to RSV susceptibility through microbiota dysregulation.

Surfactant proteins A and D (SP-A, SP-D) opsonise viruses to
enhance phagocytosis and has been shown to increase RSV clearance
in mice.” In addition, genetic alterations to SP-A has been associated
with severe RSV disease.** While no studies have directly compared
SP-A and SP-D between preterm and term infants during RSV infec-
tion, SP-A and SP-D are decreased in preterms with respiratory
distress syndrome compared with term infants.*

AMPs produced by AECs have been associated with protec-
tion against RSV through inhibiting viral replication and spread.*
However, correlations between AMPs and gestational age suggest that
concentrations of lactoferrin, calprotectin and cathelicidin are similar
between preterm (24-36 wGA) and term infants during respiratory
infection.”” ** This suggests AMPs alone may not be crucial to reduce
RSV disease susceptibility in preterm infants. Production of IFN-A by
AECs is important in regulating mucosal responses to viral infection
and has been shown to suppress RSV infection of epithelial cells.®
Although no studies have compared IFN-X between preterm and term
infants, it has been shown that increased levels of IFN-A in infants is
associated with severe RSV disease.” Given the importance of IFN-\
in respiratory infection, the contribution of this to severe disease in
preterm infants requires further exploration.

INCREASED SUSCEPTIBILITY TO RSV IN PRETERM INFANTS IS DUE
TO ENHANCED INNATE IMMATURITY

Innate immunity is a multifaceted defence mechanism requiring
appropriate functionality to control infection. Pathogen recognition,
antigen presentation, pro-inflammatory cytokine production and
cytotoxic responses are equally important in the shaping of adap-
tive immune responses and the resolution of RSV infection. As such,
collective deficits in different components of innate immunity may
be associated with the development of severe RSV disease in preterm
infants (table 1).

Pathogen recognition

Numerous studies have compared TLR expression and function
in cord blood mononuclear cells (CBMC) of preterm and term
infants. Cell surface expression of TLR2 and TLR4 and their ability
to produce TNF-a and IL-8 have been shown to increase with gesta-
tional age, suggesting extreme preterms would exhibit the weakest pro-
inflammatory responses to pathogens.” However, this is still debated as
similar levels of TLR2 and TLR4 expression in preterm (32-34 wGA)
compared with term infants has also been reported.* Stimulation with
the TLR2 agonist, lipoteichoic acid, and the TLR4 agonist, lipopo-
lysaccharide, resulted in reduced IL-6, IL-8 and TNF-a production in
CBMC from preterm infants (24-36 wGA) compared with those from
term infants.” ** Given the importance of TLR4 in detecting the RSV-F
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Figure 1

toll-like receptor.

protein, reduced overall TLR4 functionality may limit the ability to
initiate early pro-inflammatory responses during infection. Stimulation
with resiquimod (R848), a TLR7/8 agonist and nuclear factor kappa B
(NF-xB) activator, led to reduced pro-inflammatory cytokines (IL-1p,
IL-6, IL-12 and TNF-a) in preterm infants (<30 wGA) compared with
term infants.>* Taken together, these studies suggest a compromised
ability to detect viral ligands as well as a reduced antiviral response to
control infection through NF-kB signalling pathway.

Antigen presentation

Monocytes are recruited early during RSV infection to limit viral repli-
cation through phagocytosis and are the major producers of IL-6 and
TNF-a.>® Monocytes have been reported to be either similar or fewer in
numbers in preterm infants compared with term infants.***” Reduced
median fluorescence intensity of key antigen presentation markers,
HLA-DR, CD80 and CD86 on monocytes was reported in preterm
infants® and has been shown to impact the ability of monocytes to
present exogenous peptides and activate antiviral CD4+ and CD8+
T-cells.” Monocytes from infants suffering from severe RSV disease
have been shown to express less HLA-DR, suggesting a reduced
antigen presentation capacity to control viral replication.®® Expression
of CD14 on monocytes is lower in preterm infants, increasing with
gestational age, which is critical because CD14-TLR4 interactions with
the F-protein of RSV are essential for innate immune cell activation
and chemokine production.’?*** Such deficits may facilitate the viral
escape, further contributing to severe disease susceptibility.

During RSV infection, myeloid dendritic cells (mDCs) can be
pathogenic, promoting Th2 responses leading to sustained inflam-
mation and increased epithelial tissue damage.®' These cells can also
be directly infected by RSV leading to increased IL-10 production in
addition to enhanced CD80 and PD-L1 expression, thereby reducing
T-cell proliferation.®> However, the antigen presentation capacity of
DCs is largely unaffected by gestational age. Limited data suggest that
CD80, CD86 and HLA-DR expression on mDCs is similar between
preterms (<33wGA) and term infants,® while blood DCs antigen
BDCA-1 and BDCA-3 expression on mDCs is also similar.** This is
important as BDCA-1/BDCA-3+mDCs express TLR3 and can present
viral antigen via MHC class I to promote Thl responses, activate
CD8+ T-cells and natural killer (NK) cells through IL-12 secretion.®®
Therefore, prematurity appears to effect DCs through their cytokine
secretion, influencing subsequent adaptive immunity.

Innate immune response to respiratory syncytial virus (RSV) in preterm infants. Exposure to RSV by
preterm infants leads to distinct innate immune responses associated with impaired activation and function of
important cell types including monocytes, neutrophils and natural killer (NK) cells as well as potential effects on
innate-like unconventional T-cells (eg, mucosal-associated invariant T-cell (MAIT) cells). This leads to reduced T-
helper cell 1 (Th1) pro-inflammatory responses contributing to the development of severe RSV disease. This often
requires hospitalisation due to the need for respiratory support in the form of supplemental oxygen. Severe RSV
disease is also associated with the long-term lung sequelae such as wheezing and asthma. IL, interleukin; TLR,

Pro-inflammatory cytokine
responses

Production of IFN-a by plasma-
cytoid dendritic cells (pDCs) is an
important mediator of RSV clea-
rance, since host genetic suscep-
tibility to infection and survival
of RSV itself all involve attenu-
ated IFN-a levels.* In preterm
infants (<32wGA), secretion of
IFN-a in response to viral ligands
and CpG-A, a TLRY agonist, is
largely decreased, despite similar
frequencies of pDC populations
to term infants.* ¢ This implies
a functional deficit in the ability
of pDCs to produce IFN-a in
preterm infants. In RSV-infected
mice, reduced IFN-a responses
are associated with reduced pro-
inflammatory cytokines (TNF-a,
IL-1p, IL-6 and IL-12) and
chemokines (CCL3 and CXCL9
production) while pulmonary
viral load is increased and disease
severity is augmented.®® ¢ Simi-
larly, in mice, RSV infection of
bone marrow-derived DCs upre-
gulated Kdm5b H3K4 demethy-
lase which represses type 1 IFNs
and increases production of Th2-
related cytokines, IL-4, IL-5 and
IL-137° Bronchoalveolar lavage
(BAL) samples from preterm
infants (24-36 wGA) intubated for severe RSV disease have reduced pDC
numbers compared with term infants, leading to reduced production of
type 1 IFNs and induction of pro-inflammatory Thl responses.”! These
responses are essential to viral clearance and resolution of infection, there-
fore, their reduction may allow severe disease to manifest.

Neutrophils are the predominant pulmonary cell type in RSV-
induced bronchiolitis, however their role in contributing to disease
severity is unclear.”” Excessive neutrophil responses are associated with
pulmonary pathology and associated with severe RSV disease.””* The
release of elastase, reactive oxygen species and promotion of mucous
production leading to pulmonary injury may be more pronounced in
preterm infants whose lungs have not fully matured.” The contribution
of neutrophil extracellular traps (NETs) to pathology is unclear. NETs
are web-like networks of DNA released by neutrophils to trap and elimi-
nate pathogens. They have been shown to contribute to airway obstruc-
tion by increasing mucous viscosity during RSV disease’ and are often
located in areas of alveolar damage,” which may further impact preterm
infants suffering from chronic lung disease. A recent RSV human chal-
lenge study in adults has shown neutrophil activation prior to infec-
tion is associated with symptomatic disease by suppressing mucosal
pro-inflammatory responses, especially IL-17A.” This is in contrast to
findings from preterms, primarily those born 24-29 wGA, and very low
birth weight infants who exhibit fewer neutrophils than term infants.” A
potential explanation for this may be in neutrophil activation. Preterm
infants (34 weeks median GA) with severe RSV disease had increased
neutrophil TLR4 expression compared with term infants, while TLRs
2,7, 8 and 9 were similar® suggesting heightened ability to detect the
RSV-F protein. In bronchoalveolar lavage samples from infants with
RSV bronchiolitis, preterm infants exhibit fewer neutrophil numbers
than term infants, with numbers comparable to uninfected controls.®*
Nasal washes from preterm infants (33 weeks mean GA) with severe
RSV LRTT have lower leucocyte counts and IL-8, a key chemoattractant
for neutrophils.®* Neutrophils stimulate NK and CD8+ T-cell antiviral
responses through antigen presentation and the production of IFN-y
and IL-18.%% These also promote IL-12 secretion from DCs through
CD18/intercellular adhesion molecule 1 interactions to support NK
cell maturation and IFN-y production.* Therefore, preterm neutro-
penia during RSV infection may lead to weaker activation of key anti-
viral responses. When combined with the impaired ability of pDCs to
produce type 1 IFNs, it may explain why preterm infants are highly
susceptible to severe RSV disease.
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and airway inflammation.® In
contrast, following RSV infection
in children, there was decreased yd
T-cell-specific IFN-y production
accompanied by increased Th2
cytokine profiles during the acute
phase.” While notsignificant, IFN-y
secretion in preterm yd T-cells was
reduced following PMA/ionomycin
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stimulation compared with term
infants,” which might help to ex-
plain the susceptibility of preterm
infants to severe RSV infections.
Similar to y§ T-cells, MAIT cells
are also in low abundance in cord
blood. These cells are typically acti-
vated through the MHC class I like
protein, MRI1, presenting vitamin
B metabolites derived from bacte-
ria and yeast” However, their
role in respiratory viral clearance
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Figure 2 Factors involved in mucosal innate immunity to respiratory syncytial virus (RSV). Nasal-associated
lymphoid tissue secrete cytokines and IgA as the first line of defence to invading RSV. The microbiome of the
nasopharynx leads to increased toll-like receptor (TLR) expression, neutrophil and macrophage activation. Airway
epithelial cells secrete antimicrobial peptides and interferon (IFN)-A in the lungs to aid clearance of RSV. Secretion of
surfactant in the alveoli improves phagocytosis of RSV by macrophages through opsonisation. IL, interleukin.

Cytotoxicity

During early stages of RSV infection, clearance is mediated through
NK cells. This occurs through cytotoxic lysis of virus-infected cells
through granzyme B and perforin and IFN-y production directly
inhibiting viral replication.® The release of IFN-y also supports acti-
vation and maturation of macrophages, DCs and T-cells. NK cells are
less abundant in preterm infants, increasing with gestational age.*’
CD56" NK cells which are the major producers of IFN-y are similar
in frequency between adult blood and cord blood.® Additionally,
both adults and infants have similar capacity to upregulate IFN-y
production in RSV-infected NK cells, which may suggest this would
be similar in preterm infants. The production of cytolytic proteins,
perforin and granzyme B are reduced in CD56%™ cord blood NK cells
compared with adults. These data strongly suggest that the cytotoxic
capacity of NK cells may be more important to the outcome of RSV
severity as RSV-infected NK cells fail to upregulate perforin.* In addi-
tion, expression of NK cell activation markers including killer-cell
immunoglobulin-like receptors, NKp46 and DNAM-1 (DNAX acces-
sory molecule-1) were lower in infants while the inhibitory marker
NKG2A was higher when compared with adults.* Whether or not
these differences are more pronounced in preterm infants is unknown.
An increased risk of developing RSV-related LRTIs was associated
with increased DNA methylation of the enhancer region of perforin-1
in cord blood suppressing its production.®” Given its importance in the
cytotoxic capacity of NK cells towards virally infected cells it is likely
that immaturity of NK cells contributes to severe RSV disease suscep-
tibility, which may be exacerbated in preterm infants.

CONTRIBUTION OF NOVEL INNATE IMMUNE CELL POPULATIONS TO
RSV DISEASE SUSCEPTIBILITY
Research regarding the contribution of innate-like immune cells such as
y6 T-cells, MAIT cells and type 2 innate lymphoid cells (ILC2s) to RSV
infection is relatively new. While their properties have not been directly
compared between preterm and term infants, these cells may represent
unique avenues to explore considering their capacity to present antigen,
clear virus and influence the balance of Th1 and Th2 immunity.

v8 T-cells recognise RSV through TLR3 expression and play a role in
limiting viral replication and pulmonary pathology.” During influenza
infection, y§ T-cells have been shown to be protective through their
cytolytic and antiviral capabilities.”” This suggests that these cells may
also play a similarly important role in RSV disease. yd T-cell functional
responses in cord blood are diminished compared with adults, demon-
strated by reduced IL-17A and IFN-y levels following stimulation with
RIG-1 agonists, however reduced cytokine levels might be due to their
lower frequency in early life.”® In mice studies, y§ T-cells from adult
mice but not neonatal mice were able to produce IL-17A and IFN-y in
response to RSV, and this was associated with lower pulmonary pathology

has not been explored in large
detail. The secretion of IL-12 and
IL-18 have been shown to acti-
vate MAIT cells regardless of MR1
presentation.”” These cytokines are
produced by monocytes, DCs, neu-
trophils and macrophages during
RSV infection, which indicates that there may be a role of MAIT cells
in the control of RSV infection.”® Whether MAIT cells can protect
against RSV infection is unknown, although they potently produce pro-
inflammatory and cytolytic proteins including IFN-y, TNF-a, IL-17A,
perforin and granzyme B.” Increased circulation of MAIT cells have
been associated with improved recovery following influenza A-induced
pneumonia.”® Infants with low levels of IL-12 suffer increased severity
from RSV infection and monocytes from preterms produce less IL-12
following R848 stimulation, suggesting reduced ability to activate MAIT
cells during viral infection.?**

ILC2s have also been linked with severe RSV disease in infants and
are considered the innate counterpart to Th2 cells. They are primarily
located in tissue and rapidly secrete IL-4, IL-13 and IL-33 in the lungs
following airway inflammation and promote Th2 responses.” In mice,
RSV induces IL-13 secretion from ILC2s, increasing airway mucus
production and reactivity.”” RSV infection also induced rapid IL-33
secretion, which is critical for ILC2 proliferation in neonatal mice but
not in adult mice.'™ A recent study in infants with RSV disease found
that IL-4 derived from ILC2s in nasal aspirates was a major risk factor for
severe disease in preterm infants.!”! Extreme preterm infants expressed
more IL-4 and this was associated with reduced IFN-y production,
suggesting that ILC2s inhibit Th1 responses to promote Th2-mediated
pathology.!” Overall, it appears preterm infants might be more prone
to Th2 skewing due to excessive ILC2 proliferation during RSV infec-
tion. Coupled with the increased rate of chronic lung disease in preterm
infants, the obstruction of airways through Th2-related pathology may
contribute to enhanced susceptibility to severe disease.

DEFINING BIOMARKERS FOR SEVERE RSV DISEASE

Identification of biomarkers that could predict the development
of severe RSV disease would be extremely valuable (table 2). While
current clinical risk factors are informative, inclusion of additional
immunological biomarkers may improve clinical management of
high-risk patients. This would be particularly true for those infants
with no clinical risk factors who develop severe RSV disease and
where the clinical signs at presentation may not accurately predict
disease trajectory.!

In children under 2 years with severe RSV disease, it has been found
that IL-6, IL-8 and CXCL4 were elevated in their plasma while CCL5
was decreased.!® ! In nasopharyngeal aspirates (NPAs) from infants
with RSV, increased IL-10, IL-33 and ILC2s frequencies and decreased
IFN-y has been identified as a contributor to the development of bron-
chiolitis.'** * Increased IL-1, IL-4, IL-13 and IL-33 in NPAs were
also found in infants with severe disease compared with those with
moderate disease.'”" In NPAs from children under 5 years of age with
severe RSV disease, elevated levels of IL-6, IL-8, TNF-a, IFN-a, CCL2,
CCL3 and CCL4 were reported.' Additionally in NPAs, increased
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Table 1 Comparing innate immune cells in preterm and term infants and the overall effect in RSV disease

Differences in preterm

Cell type Role in RSV infection

compared with term infants

Overall effect in RSV disease Study

Monocytes Major producers of IL-6 and TNF-o.
Detect the fusion protein of RSV to
initiate innate immunity

Antigen presentation to CD4+ and CD8+

T-cells

Dendritic cells MHC class | and class Il antigen
presentation to promote Th1 responses,
activate CD8+ T-cells and NK cells
Produce IFN-a. to initiate innate

immunity and antiviral responses

in numbers

Neutrophil Phagocytosis and antigen presentation
to stimulate NK cells and CD8+ T-cells  IL-8
Produce reactivate oxygen species,

cytokines and antimicrobial granules

Natural killer cell Cytotoxic lysis of RSV-infected cells Fewer in numbers

Major producers of IFN-y to inhibit viral

Reduced MFI of HLA-DR, CD80,
CD86 and less CD14 expression

Similar mDC phenotype pDCs
produce less IFN-o. and are fewer

Fewer in numbers and reduced

Reduced antigen presentation capacity Kurt-Jones, et al'
Reduced ability to activate antiviral CD4+ and CD8+ Pérez, et al*®
responses Bertram, et al*®
Reduced ability to detect RSV fusion protein leading Ahout, et a/®®

to reduced chemokine production

Schefold, et a/®
Schuller, et al®*
Kerrin, et al”!

Cormier, et al'?

Reduced antiviral capacity and ability to initiate
innate immune responses

Decreased pro-inflammatory cytokine and
chemokine production

Promotion of Th2 skewing, leading to increased
pulmonary pathology and viral load

Reduced activation of NK and CD8+ T-cells
Reduced IL-12 secretion from dendritic cells
Contribution to disease severity is unclear

Hosakote, et al
Yasui, et al”
Assefa, et al*?
Sporri, et al**
Costantini, et a/®

Pérez, et al*’
Luevano, et af®

Reduced cytotoxic lysis of infected cells and
inhibition of viral replication

Reduced maturation of macrophages, dendritic cells
and T-cells

Reduced IFN-y production associated with increased Dimova, et al''®
Th2 cytokine profiles Gibbons, et al*
Aoyagi, et al**

Unknown Marchant, et a/**

Pérez, et al*®

replication

v T-cell Produce IFN-y and IL-17A during early ~ Fewer in numbers and reduced
RSV infection TLR3/7

MAIT cell Unknown role in RSV however, has Unknown differences however,
potential for antiviral activity through ~ preterms produce less IL-12 which
cytokine production and cytotoxic lysis is key for MAIT cell activation

ILC2s Secrete IL-4, IL-13 and IL-33 to promote Increased in frequency and IL-4

Th2 responses production

Stier, et al*®
Mjosberg, et al''*
Saravia, et af'®
Vu, et al'™

Inhibition of Th1 and promotion of Th2 responses
Major risk factor for development of severe RSV
disease

IFN, interferon; IL, interleukin; ILC, innate-lymphoid cell; MAIT, mucosal-associated invariant T-cell; mDC, myeloid dendritic cell; MFI, mean fluorescence intensity; NK, natural
killer; pDC, plasmacytoid dendritic cell; RSV, respiratory syncytial virus; Th, T helper cell; TNF, tumour necrosis factor.

IL-4/TFN-y and IL-10/IL-12 ratios were found in infants with severe
RSV disease.* In BAL samples the frequency of pDCs in infants with
severe RSV disease was similar to the controls.”" In peripheral blood,
reduced NK cell and CD4 T-cell numbers have also been associated

Table 2 Summary of potential biomarkers for severe RSV disease in
all infants

Level during severe

Biomarker Source RSV infection Study

Cytokines

IL-1B NPA Increased Vu, et al'™

IL-4 NPA Increased Legg, et al'®
Vu. et al'"™

IL-6 Plasma, NPA Increased Brand, et a/'®
Tabarani, et al'®

IL-8 Plasma, NPA Increased Brand, et a/'®
Tabarani, et a'%®

IL-10 NPA Increased Garcia-Garcia et al'*

IL-33 NPA Increased Vu, et al'”

IFN-ou NPA Increased Tabarani, et al'®

IFN-y NPA Decreased Legg, et al'®
Garcia-Garcia et af'*

TNF-o NPA Increased Tabarani, et al'®

Cell type

ILC2s NPA Increased Vu, et al'™™

pDCs BAL Unchanged Kerrin, et al"

NK cells PB Decreased Brand et a/'®

BAL, bronchoalveolar lavage fluid; IFN, interferon; IL, interleukin; ILC, innate-
lymphoid cell; NK, natural killer cell; NPA, nasopharyngeal aspirate; PB, peripheral
blood; pDC, plasmacytoid dendritic cell; RSV, respiratory syncytial virus; TNF, tumour
necrosis factor.

with the need for mechanical ventilation during RSV infection. This
is important as these cells are reduced in preterm infants compared
with term infants.'” Neutrophil abundance in peripheral blood from
infants <1lyear of age correlates with disease severity during RSV-
induced bronchiolitis.”* This is related to increased levels of IL-8 found
in infants with severe RSV bronchiolitis.!”” However, the contribution
of neutrophils to pathogenesis is still debated.'®®

Changes in gene expression could be a useful biomarker to predict
disease progression, however, the practicality of this is debatable.
Genes related to neutrophil activity, inflammation and IFN produc-
tion are overexpressed in infants with severe RSV disease while genes
related to T-cells, B-cells and cytotoxicity were suppressed.'” Overex-
pression of prolactin signalling and suppression of cytokine signal-
ling (SOCS) genes, SOCS2, SOCS3 and SOCS5, have been found in
infants hospitalised with severe RSV disease. This collectively reduced
Th1 and promoted Th2 immunity.'"* Downregulation of TNFRSF25 in
infants with RSV bronchiolitis also supports the development of Th2
immunity by reducing NF-xB and IFN-y production."

Studies to identify biomarkers that can distinguish preterm and term
infants with severe RSV disease are urgently needed. While we provide
comprehensive data on biomarkers associated with severe RSV disease
in infants generally, these may not necessarily reflect biomarkers in
infants born prematurely. While no differences were observed between
pDCs in infants with or without severe RSV disease, those born prema-
turely exhibited less pDCs.” Similarly, preterms with severe RSV disease
exhibited less neutrophils and IL-8 which have both been associated
with severe disease in infants generally.®' # Highlighting potential diffe-
rences in biomarkers for comparative studies of biomarkers between
preterm and term infants will go a long way towards answering key
questions about their increased susceptibility to severe RSV disease.

CONCLUSION

Preterm infants are more susceptible to severe RSV disease. Immuno-
logical, transcriptomic and genetic data suggest that susceptibility to
severe disease manifests as a decrease in pro-inflammatory responses
as a result of innate immune system immaturity that reduces viral
clearance and mediates pathology. Immunomodulatory interventions
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targeting the innate immune system to promote Thl responses or
vaccines designed to elicit key Thl immune responses are likely to
be effective strategies to reduce preterm susceptibility to severe RSV
disease. These interventions may be aided by the identification of
accurate biomarkers that predict severity, however further research is
required to fully elucidate the contributions of innate immune cells
and their utility as predictive tools to combat severe RSV disease.
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attpica, em adultos, a proporcdo de doentes que descontinuaram o tratamento devido a acontecimentos adversos foi de 1,9% no grupo de placebo, de}9%nugrupodedupl\umablOqu QZWedel5%nngrupodedupllumahlo[)mq QW.No estudo com (ST em adultos, a proporcdo de doentes qu tratamento devido a acontecimentos adversos foi e 7,6% no grupo de placebo + CST, de 1,8% no grupo
de dupilumab 300 mg Q2W -+ (ST e de 2,9% no grupo de dupiumab 300 mg QW+ CST. Nos estudos de asma DRIT2544 e QUEST, a proporcdo de doenes qu to devidoa acontecimentos adversos foi e 4,3% no grupo de placebo, de 3,2% no grupo de dupilumab 200 mg QW e e, %nnqrupodedupllumahiODmgQZW Nos estudos SINUS-24 ¢ SINUS- Elde(RSWNPapmporgandednemesquedexmntmuaram
otratamento devido a acontecimentos adversos foi de 2,0% no grupo de dupilumab 300 mg Q2W e de 4,6% no grupo de placebo. UXMTﬂb?/ﬂdﬂdf!fﬂ(af&aﬂv@lsﬂ (0 dupilumab fofestudado em 12 ensaios clnicos aleatorizados e controlados por placebo, incluindo dermatie atdpica, axmaedoemestom CRSWHP. Os principais s udox[omro\adnsenvn\veram“ﬂéduemesque‘ beram dupilumab ZSZédoemesque b

durante o periodo controlado. Listadas na Tabela 3 estao as reagdes adversas observadas em estudos clinicos na dermatite atdpica, asma e CRSWHP efou apds o inico da comercilizacdo, apresemadas pnrdasxe de sistema de drgdos e frequéndia, unhzandnaxxegumtex categorias: muito frequentes (> 1/10);frequentes (> 1/100, < 110); pouco frequentes (> 11,000, < 1/100); rares (> 1/10(}00 < 141.000); muito raras (< 1/10.000).
Tabela 3 Lista de reacdes adversas. Classe de sistemas de drgaos MedDRA: nfegges e infestages. Frequen(la Frequentes. Reagdo adversa: (omumwne* Herpes oral*. Classe d gaos MedDRA: Doencas do sangue e do sisterna infitico. Frequéndia: Frequentes. Reagao adversa: Eosinafiia. Classe de sistemas de drgaos MedDRA: Doengas do sistema imunitirio. Frequéndia: Raros. Reagdo adversa
Reagdo da doenga do soro; Reagaodn ipodoenca do soro; Reagdo anafiéfica. Frequéncia: Pouco frequentes. Reagdo adversa: Angioedema. Classe d de 6rgdos MedDRA: Afegoexu(u\arex Frequéncia: Frequentes. Reagao adversa: Conjuntivite alérgica*. Frequéndia: Pouco requentes. Reagdo adversa: Prurido ocular*t; Blefaritet; Queratte*; Olho seco” . Frequéncia: Raros. Reagdo adversa: Queretite uiceraive™f.
Classe de sistemas de drgaos MedDRA: Afecdes dos tecidos cuténeos e subcuténeos. Frequéncia: Pouco frequentes, Reagdo adversa: Erupgio cutinea facil. Classe de sistemas de Grgaos MedDRA: Afegdes musculosquelétcas e dos tecidos conjuntivas. Frequéncia: Frequentes. Reagdo adversa: Artralgia, lasse de sistemas de drgaos MedDRA: Perturbagges gerais e alteragies no local de administragio. Frequéncia
Frequentes. Reagao adversa: Reagdes no local de wegao (incluindo eitema, edema, prurido, dor e inchago). Afegoex otu\arex e herpex oral ocorreram predommamememe emestudos de dermame atdpica. T A frequéncia de prurdo oculr, blefare e olho seco era frequeme  da queraite ulcerativa era pouco frequente em estudos de dermatite atdpica. Dupivent 200 mg e 300 mg: Desmgan de reagnesadversas se\eaonadas nas indicacdes

de dermatite atdpica, asma e CRSWHP. dos casos de reagdo anafildica, angioedema e de doenca do soro‘reagdes do tipo doenca do soro apds a adrinistraggo de dupilumab (ver seccdo 4.4 do RCM completo). A o iite e queratite Conjuntiite e queratte ocorreram ma m doentes com dermatite atdica parado com placebo
em estudos de dermatite atdpica. A maioria dos doentes com conjunti ratite recuperou ou estava a recuperar durante o periodo de tratamento Noestudodedermameatop\(aa\nngoprazoOLHAD 1225) aos trés anos, as respetivas taxas de conjunt Mteequeralnepermanetemmxeme\hamesaxdogmpo’ tado com dupilumab nos estudos de dermatite atd trolados com placebo. Noxdoemestomasmaafrequenuade

conjuntivite e queratite foi baixa e semelhante entre ndup\\umab eo p\ateho an doentes com CRSWNP, a frequéncia de conjuntivitefoi superio no dupilumab do que no placebo, embora menor do que 3 observada nos doentes com dermatite atdpica. Nao existiram casos de queratite notificados no programa de desenvolvimento de CRSWNP (ver seccdo 4.4 do RCM (omp\eto) Eczema herpético Foi comunicado eczema herpético em < 1%
dos grupos de dupilumab e em < 1% do grupo de placebo nos estudos de monoterapia, em adu\tns (omdermameatop\(a e 16 semanas. No estudo em aduttos de dupilumab + (ST de 52 semanas, foi comunicado eczema herpético em 0,2% do grupo de dupilumab + (ST e em 1,9% do yupo de placebo -+ CST. As taxas permaneceram estaveis no exludoa\ungn prazo OLE (AD-1225) aos trés anos. Fosinafiia Os doentes tratados com

eram um aumento médio inig doque ovalorbasal na contagem d tratados com placebo. A contagem de eosindfilos ciminuiu para perto dos iveis basais d tratamento do estudo e voltou aos valores basais d ensdo aberto d a da asma (TRAVERSE). Os niveis médi '*eoxmoﬁ\oxsanqumeoxmmmwamaha\xodusmve\xhaxa\s na semang
0, emaniern- e, até a0s 3 anos, no estudo a longo prazo OLE (AD-1225) anouﬁ(adotrammemuemerqemepamensmnﬁha (>5000(e\u\ax ) em <2% dos doentes tratados com dupilumab e < 0,5% nos doentes tratados com placebo (ver secgdo 4.4 do RCM completo). n/egmNoxeﬂudoxd\mms em adutos, de dermatite atdpica de 16.semanas, cadas infeges graves em 1,0% dos doentes ratados
com placebo e em 0,5% dos doentes tratados com dupilumab. No estudo CHRONOS, em adultos, de dermatte atdpica de 52 semanas,foram reportadas infegGes graves em 0,6% dos doentes tratados com placebo e em 0,2% dos doentes dupilurnab. As taxas de ifeqBes graves tavelsaté aos 3 anos no estudo a longo prazo OLE (AD-1225). Nao se obsenvou aumento na incidéncia geral de infecdes com dupilumab

e comparagao com placebo no grupo de sequranga dos estudos clinicos de asma. No grupo de seguranga de 24 semanas, foram nofificadas infeces graves em 1,0% dos doentes tratados com dupilumab e em 1,1% dos doentes tratados com placebo. No estudo QUEST de 52 semanas,foram notificadas infegdes graves em 1,3% dos doentes tratados com dupilumab e em 1,4% dos doentes ratados com placebo. Nao se observou aumento na
incidéncia geral de infedes com dupilumab em comparagdo com placebo no grupo de sequranga dos estudos dlinicos de CRSWNP. No estudo SINUS-52 de 52 sermanas, foram notificadas infeges graves em 1,3% dos doentes tratados com dupilumab e em 1,3% dos doentes tatados com placebo. Imunogenicidade Como todas as proteinas terapéuicas, eiste um potencial para imunogenicidade com dupilumab. As respostas de Anticorpos
Anifdrmacos (AAF) no foram, de forma geral, associads a um impacto na exposicdo, na sequranga o na eficica de dupilumab. Aproximadamente S% dos doentes com dermatite atdpica, asma ou CRSWNP que receberam dupilumab 300 mg Q2W durante 52 semanas desenvolveram AAF ao dupilumaby aproximadamente 2% exibiram respostas persistentes de AAF e aproximadamente 2% apresentaram anticorpos neutralizantes. Foram
observados resultados semelhantes em doentes pedidtricos (6 aos 11 anos de idade) com dermatite atdpica que receberam dupilumab 200 mg QZW ou 300 mg Q4W durante 16 semanas. Foram observadas respostas de AAF semelhantes em doentes adultos com dermatite atdpica tratados com dupilumab até aos 3 anos no estudo a ongo prazo OLE (AD-1225). Aproximadamente 16% dos doentes ado\es(emes com dermatite atdpica que
receberam dupilumab 300 mg ou 200 mg Q2W durante 16 semanas anticorpos ao dupilumaby % exib persistentes de AAF e 5% apresentaram anticorpos neutralizante mdosdoemextomu..m beram dupilumab 200 mg Q2W durante 52 semanas anticorpos ao dupilumaby persistentes
deAAFe 4% apresentaram anti daidads [ i 2a4% dos doentes nos grupos placebo foram positivos para anticorpos ao dupilumab; aproi % apresentaram resposta persistente de AAF e 9% apresentaram anticorpos neutralizantes. Mencs 6 1% dos doentes beram dupilumab em regime de d aprovada
apresentaram respostas de AAF comtitulacdo dlevada asocadssa exposicdo e eficdcia reduzidas. Além d\ssn huuve um doente com doenga do soro e um com reaggo do tipo doenga do soro (<0 1%) asociasa mu\agoes elevadas de AAF (ver seccdo 4.4 do RCM completo). Populacdo pedidtrica Dermatite atdpica. Adolescentes dos 12 aos 17 anos de idade. A sequranga do dupilumab foi avahada um etudo d 250 doentes s 12205 17
anos de idade com dermaite atdpica moderada a grave (AD-1526). 0 perfl de sequranga do dupilumab nestes doentes, que foram acompanhados até 3 semana 16, foi semelhante ao perfil de sequranga dos estudos em adultos com dermetit atdpica. Asma. U total e 107 adolescentes dos 12 aos 17 anos com asma foram incluidos no estudo QUEST de 52 semanas. O prfil de sequranca observado foisemelhante ao observado em adultos.
Foi avaliada a sequranga a longo prazo de dupilumab em 89 doentes adolescentes que foram inscritos num estudo de extenséo aberto na asma moderada a grave (TRAVERSE). Neste estudo, os doentes foram acompanhados durame 96 semanas. O perfil de sequranca de dup\\umab o TRAVERSE foi consistente com o perfl de sequranga observado nos estudos principais da asma até as 52 semanas de tratamento. Sequranga a longo prazo.

Dermatite atdpica. 0 perfi de sequranga de dupilumab + TCS (CHRONOS) em doentes adultos com dermatite atdpica até  semana 52 foi consistente com o perfl de bservado na semana 16.A sequranga de dupilumab fof avaliada num estudo de ext aherloemdnemexdoséaox17an05de|dade(umdermamealop\tamoderadaagrave[AD1434]Operﬁ\desequrangadedup\\umabemdoenesa(ompanhadox
até a semana 52 foi semelhante ao perfil de sequranga observado na semana 16 nos estudos AD-1526 e AD-165.2. 0 perfil de sequranca a longo prazo dedup\\umahobsewadoem criangas e adolescentes fo tommememmoobxervadnem adultos com dermatite atdpica. Num est udodefaxe} multicéntrico, e extensdo aberta (OLE) (AD-1225), foi avahadaaseguran(aa\ongoprazodedoxes repetidas de dupilumab em 2677 adultos com
DA moderada a grave expostos a uma dose semanal de 300 mg (99,79, incuindo 347 que completaram, pelo menas, 148 semanas do estudo. O perfi e sequranga  longo prazo observado neste estudo, até aos 3 anos,foi em geral consistente com o perfl de sequranga de dupilumab do em estudos controlados. Asma. O perfil de sequranca do dupilumab no estudo de sequranga a longo prazo de 96 semanas (TRAVERSE) foi consistente

com o perfil de seguranga observado nos estudos principas da asma até 52 semanas de tratamento. CRSWAIP. O perfl de sequranga de dupilumab em adultos com CRSWNP até & semana 52 foi consstente com o perfil de sequranga observado na semana 24. Notificacdo de susge\m de reacges adversas A notificagdo de suspeitas de reages adversas apnsa autorizagdo do medicamento é importante, uma vez que permite uma monitorizagéo
continua da relago beneficio-risco do medicamento. Pede-se aos profssionais de sadde que notfiquem qualsquer suspeitas de reagdes adversas diretamente ao INFARMED, P Sitio a intemet: hitp/wwwws infarmed.pt/webinfarmed submissaoram (preferencialmente) ou atraves dos sequintes contactos: Diregéo de Gestao do Risco de Medicamentos, Parque da Satde de Lisboa, Av. Brasi 33, 1749-004 Lisboa, Tel: +35121 798 73 73.Linha
do Medicamento: 800222444 (qratuita)E-mail: farmacovigiancia@infarmed.pt Data da revisao do texto: Novembro de 2021. Medicamento Sujeito a Receita Medica estrita. Para mais informagdes contactar o representante local do Titular da Autorizago de Introdugdo no Mercado.
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