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RESUMO

Background: Alguns trabalhos propuseram o uso da tomografia computadorizada
(TC) de torax para rastreio de paciente com suspeita de COVID-19. No entanto, os
achados de imagem sao inespecificos e podem corresponder a qualquer outra
etiologia de pneumonia viral. O objetivo desse trabalho foi de realizar uma revisao
sistematica e meta-analise para comparar os achados da TC de COVID-19 a outras
pneumonias virais.

Métodos: A Cochrane, EMBASE, MEDLINE foram pesquisados até 04 de abril de
2020 para estudos elegiveis. Critérios de elegibilidade incluiram estudos em
pacientes imunocompetentes com pneumonia viral e amostra respiratoria positiva
para coronavirus ou outros tipos de pneumonia viral (ndo-COVID). Critérios de
exclusao foram estudos ndo publicados em inglés ou com menos de 10 pacientes,
inclusdo de pacientes <16 anos de idade, e falta de confirmacdo laboratorial do
diagnaostico para o agente etiologico. As prevaléncias combinadas dos achados foram
calculadas e descritas com intervalos de confianga de 95% (IC 95%).

Resultados: Um total de 2263 estudos foram identificados, mas apenas 33 foram
incluidos. Os principais achados de imagem para tanto COVID-19 quanto pneumonia
nao-COVID foram padrdo predominante de vidro fosco (COVID-19, 0.42, IC 95%
0.28-0.55; ndo-COVID, 0.25; IC 95% 0.17-0.32) ou um padrao misto vidro fosco e
consolidagdo (COVID-19, 0.37, IC 95% 0.17-0.56; ndo-COVID 0.46, 95% CI 0.35-
0.58). A distribuicdo dos achados pulmonares foi predominantemente bilateral e
envolvendo os lobos inferiores para ambas as etiologias. A COVID-19 teve uma maior
prevaléncia de distribuicdo periférica e envolvimento dos lobos superiores e médios
comparado a pneumonia n&do-COVID.

Conclusao: Apesar de uma maior prevaléncia de distribuicdo periférica e
envolvimento de lobos médios e superiores, as pneumonias por coronavirus e outros

virus tém achados de imagem muito similares.

Palavras-chave: Coronavirus; tomografia computadorizada; TC; COVID-19;

pneumonia viral.



ABSTRACT

Background: Some authors have proposed the use of chest computed tomography
(CT) to screen patients with suspected COVID-19; however, the imaging findings are
nonspecific and could correspond to any other etiologic agent of viral pneumonia. The
goal of this study was to carry out a systematic review and meta-analysis to compare
the CT findings of COVID-19 compared to other viral pneumonia.

Methods: The Cochrane, EMBASE, and MEDLINE databases were searched through
April 04, 2020 for eligible studies. Eligibility criteria included studies with
immunocompetent patients presenting with viral pneumonia and a positive respiratory
tract sample for coronavirus or other viral etiology (non-COVID). Exclusion criteria
included studies not published in English or with less than 10 subjects, inclusion of
patients <16 years of age, and lack of confirmatory laboratory diagnosis for viral
etiology. Pooled prevalence of findings were calculated and described with 95%
confidence intervals.

Results: A total of 2263 studies were identified, but only 33 met the inclusion criteria.
The main CT finding for both COVID-19 and non-COVID viral pneumonia were a
predominantly ground-glass opacity (GGO) pattern (COVID-19, 0.42, 95% CI 0.28-
0.55; non-COVID, 0.25; 95% CI 0.17-0.32) or a mixed pattern of GGO and
consolidation (COVID-19, 0.37, 95% CI 0.17-0.56; non-COVID 0.46, 95% CI 0.35-
0.58). Distribution of lung opacities were predominantly bilateral and involved the
lower lungs for both etiologies. COVID-19 had a higher prevalence of peripheral
distribution, upper and middle lobe involvement compared to other viral pneumonia.
Conclusion: Despite the higher prevalence of peripheral distribution, involvement of
upper and middle lobes, COVID-19 and non-COVID viral pneumonia had overlapping
CT findings.

Keywords: Coronavirus; computed tomography; CT; COVID-19; viral pneumonia.
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1 INTRODUGAO

No final de 2019, o aumento no numero de casos de pneumonia na cidade de
Wuhan na China levou a identificacdo de uma nova variante de coronavirus, que foi
nomeado “severe acute respiratory syndrome coronavirus 2" (SARS-CoV-2) (1). A
doenga causada pelo SARS-CoV-2 foi nomeada como COVID-19 (“coronavirus
disease 2019”) pela Organizagcdo Mundial da Saude (OMS) em fevereiro de 2020 (2).
Apo6s mais de 118 mil casos no mundo, a disseminagao rapida do virus levou a OMS
a declarar oficialmente a COVID-19 uma pandemia (3). Em abril de 2021, mais de
140 milhdes de casos de COVID-19 ja foram diagnosticados globalmente, com mais
de 3 milhées de mortes registradas (4). No mesmo periodo, o Brasil possui mais de
14 milhdes de casos registrados e o numero de fatalidades € de aproximadamente
380 mil (4).

Um dos maiores desafios da pandemia foi o de diagnosticar os casos
suspeitos, ja que o correto diagnostico e isolamento sdo uma das principais
estratégias para evitar a transmissao do virus na comunidade. No entanto, o principal
diagndstico laboratorial para o coronavirus, a amplificagdo do RNA viral por reagao
em cadeia de polimerase em tempo real (RT-PCR), tem uma sensibilidade que varia
de acordo com a qualidade da coleta e cronologia de sintomas (5). Considerando
essa limitagdo do RT-PCR, alguns autores sugeriram o uso da tomografia
computadorizada (TC) de térax para rastreio de COVID-19 em paciente sintomaticos
em uma tentativa de otimizar a capacidade de profissionais diagnosticarem (6).
Entretanto, os achados de imagem de COVID-19 sdo muito similares as pneumonias
por outros virus. Nesse sentido, fica evidente a necessidade de se comparar os
achados de imagem de pneumonias virais por coronavirus aquelas por outros virus
para determinar se o uso de TC de térax como método diagnostico de COVID-19 é

plausivel.

2 REVISAO DA LITERATURA
2.1. Infeccao e manifestagoes clinicas do SARS-CoV-2

Coronaviridae € uma familia de virus de RNA envelopados frequentemente
associados a sintomas respiratorios, gastrointestinais e neurologicos (7). Os

coronavirus mais comuns na pratica clinica estdo associados a infec¢ao respiratoria
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leve em pacientes imunocompetentes. No entanto, o SARS-CoV-2 & o terceiro
coronavirus associado a doenga viral grave que tomou proporgdes globais nas
ultimas duas décadas (8). Os dois primeiros foram o SARS-CoV, que também se
originou na China e resultou em uma pandemia em 2002-2003, e o coronavirus da
sindrome respiratéria do Oriente Médio (MERS) originado na peninsula arabe em
2012 (9,10).

Acredita-se que os morcegos séo os hospedeiros naturais do SARS-CoV-2, ja
que seu genoma demonstrou compatibilidade em 96% a um coronavirus identificado
nos morcegos Rhinolophus affinis (11). Também se acreditou inicialmente que os
pangolins (mamiferos que vivem em zonas tropicais da Asia) poderiam ter sido o
hospedeiro intermediario na transmissdo do SARS-CoV-2 para humanos. No entanto,
essa hipotese tem sido questionada na literatura (12), e a nossa compreensao da
origem dos primeiros casos de SARS-CoV-2 ainda precisa ser melhor esclarecida.
Independente da origem do virus, a transmissao direta humano-humano se tornou o
principal modo de infecgdo com a progressao do numero de infectados. A transmissao
ocorre principalmente pelo contato de goticulas respiratorias durante exposi¢cao
préxima (menos de 2 metros) com pacientes infectados, por meio de tosse, secregao
nasal ou saliva (7). Porém, transmissdo por meio de contato com superficies
infectadas ou por meio de aerossois (pequenas particulas respiratérias suspensas no
ar) também pode ocorrer (13-15).

O periodo de maior transmissibilidade € nas fases iniciais da doenca,
especialmente nos dois primeiros dias antes do desenvolvimento de sintomas,
quando a carga viral nas vias aéreas superiores esta no seu maximo (16-18). A
transmissibilidade diminui consideravelmente apds 7 dias de sintomas (17,19,20). O
periodo de incubacgao apds infecgao pelo virus € de aproximadamente 5 dias, sendo
que mais de 97% dos pacientes irdo desenvolver sintomas em até 11 dias (21,22). A
mediana (intervalo interquartil) de tempo entre desenvolvimento de sintomas e
hospitalizagdo é de 7 dias (3-9 dias) (23).

A infecgao pelo SARS-CoV-2 pode ser assintomatica ou causar uma variedade
de sintomas de diferente gravidade, tal como sintomas leves de via aérea superior
até pneumonia viral grave levando a morte (22,24). A proporgao de pacientes
assintomaticos € de aproximadamente 30-40% em estudos de testagem
populacional, sendo que 80% destes acabam nao desenvolvendo sintomas durante
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um periodo de observagao apos testagem (25,26). Entre os pacientes sintomaticos,
80% desenvolvem sintomas leves, 15% desenvolvem sintomas graves (dispneia,
hipoxemia, acometimento pulmonar >50% em exame de imagem), e 5% evoluem com
insuficiéncia respiratoria ou choque (27). Segundo um estudo de vigilancia sanitaria
dos Estados Unidos com informacéao de 373.000 pacientes, os sintomas mais comuns
séo tosse (50.3%), febre (43.1%), cefaleia (34.4%), mialgia (36.1%), e falta de ar
(28.5%) (28). No mesmo estudo, a perda de olfato ou paladar foi reportada em apenas
8.3% dos pacientes, enquanto uma revisao sistematica aponta um numero de
aproximadamente 50% (29). A prevaléncia de sintomas gastrointestinais (diarreia, dor

abdominal, ou nausea) é de aproximadamente 18% em revisdes sistematicas (30).

2.2 Métodos diagnésticos para COVID-19

O método mais utilizado para o diagnéstico de COVID-19 é por meio do RT-
PCR de amostras de swab nasal e orofaringeo (5). O RNA viral pode ser detectado
na via aérea superior até mesmo antes do desenvolvimento de sintomas, mas o pico
de RNA em via aérea superior ocorre dentro da primeira semana apds inicio dos
sintomas e comeca a decair com o tempo, especialmente apds a terceira semana de
inicio de sintomas (Figura 1)(5). Em alguns casos, o RNA viral pode ser detectado por
RT-PCR mesmo apds 3 semanas do primeiro teste positivo, o que nao significa que
0 virus ainda esta ativo ou que o paciente é transmissor da doencga (19). Uma revisao
e meta-analise demonstrou a importancia do tempo de sintomas para a sensibilidade
do RT-PCR. A taxa de falso negativo no primeiro dia de sintomas encontrada foi de
38%, enquanto a mesma taxa no terceiro e quarto dia de sintomas foi de
aproximadamente 20% (31). Com o passar dos dias essa taxa tende a aumentar,
atingindo mais de 60% ap0és a segunda semana de sintomas (31). A acuracia do teste
depende nao apenas da temporalidade dos sintomas, como também do local que a
amostra € coletada. Em um estudo com 205 casos de infec¢do por COVID-19
confirmados, a taxa de detec¢cao com RT-PCR foi de 93% no lavado broncoalveolar,
72% no escarro, 63% no swab nasal, e 32% no swab orofaringeo (32). Dado que o
RT-PCR é o “padrdo-ouro” para o diagnéstico de COVID-19, a mensuragédo de

sensibilidade e especificidade em estudos € complicada, ja que para isso um
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referencial de verdadeiro positivo precisa ser determinado. De um modo geral, a
sensibilidade do RT-PCR na pratica clinica quando utilizados multiplos testes
sucessivos como referencial gira em torno de 70-80% (31,33). A especificidade do
teste realizado em condi¢des de laboratério € de 100% (34), sendo raros os casos de
falso positivos reportados, que provavelmente estao relacionados a contaminacgao de
amostra (35,36).

Tabela 1. Resumo dos testes diagnosticos para SARS-CoV-2.

Teste Uso clinico Material Performance e vantagens

RT-PCR Diagnéstico Swab nasal ou | - Alta sensibilidade de
primeira semana | orofaringeo especificidade se bem
de sintomas coletado na fase inicial

- Sensibilidade aproximada de
70-80%

- Falso positivo raros

Sorologia | Diagndstico apds 7 | Sangue - Sensibilidade altamente

(IgM, 1gG) | dias de sintomas; sensivel ao tempo de sintomas
rastreio de (melhor apos 5-7 dias)
imunidade na - Especificidade >95%
populagao

Antigeno Diagnastico Swab nasal ou | - Sensibilidade menor que RT-
primeira semana | orofaringeo PCR
de sintomas - Alta especificidade

- Baixo custo, resultado rapido

A detecgao de antigenos virais € uma alternativa ao RT-PCR na fase inicial da
doenga em que a replicagéo viral € maxima. A principal vantagem € que sé&o testes
rapidos (“point-of-care”), sendo especialmente recomendados quando o tempo para
o resultado do RT-PCR é muito longo ou para rastreio em populagdes de risco (37,38).
A sensibilidade dos testes antigénicos atualmente aprovados pelo Federal Drug
Administration (FDA) €& de 84-100% (comparado ao RT-PCR), sendo que a
especificidade é compativel com a do RT-PCR (37). No entanto, uma revisao

sistematica recente incluindo estudos clinicos demonstrou uma sensibilidade média
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de 56.2% (IC 95% 29.5 — 79.8%), mas a variabilidade entre os estudos foi muito
grande (39). Portanto, quando a probabilidade pré-teste € grande e o teste antigénico
é negativo, o RT-PCR se torna indispensavel.

O teste sorologico com a deteccdo de anticorpos contra o SARS-CoV-2
também é utilizado na pratica clinica. Esse método € especialmente utilizado em
pacientes com sintomas leves ou moderados que se apresentam apds as primeiras 2
semanas de sintomas (5). Apesar de relatos de detecc¢do de IgM e IgG ocorrer tao
cedo quanto o quarto dia de sintomas, os niveis de anticorpos se aproximam de seu
pico proximo da segunda e terceira semana de sintomas (40). A detecgédo de
anticorpos também pode ser utilizada em conjunto com PCR para otimizar a taxa de
deteccdo em pacientes testados apds 5-7 dias de sintomas (41). Assim como os
testes antigénicos, muitos testes rapidos “point-of-care” foram desenvolvidos e
aprovados para uso de emergéncia pelo FDA.

2.3 Valor da tomografia computadorizada de térax em COVID-19

Considerando que nenhum teste laboratorial de COVID-19 é capaz de detectar
100% dos casos de infecgcdo por SARS-CoV-2, nem mesmo o RT-PCR que é o
padrao-ouro, alguns autores comegaram a sugerir que a tomografia computadorizada
(TC) de torax fosse utilizada como meétodo de rastreio para COVID-19 (6). A
recomendagao mais antiga nesse sentido surgiu com um dos primeiros trabalhos
correlacionando TC de torax e RT-PCR para COVID-19 por Ai et al (6). O racional
dessa recomendacéo era o fato que a TC de torax foi capaz de demonstrar alteracdes
no parénquima pulmonar em pacientes com sindrome viral mais vezes (88%) que o
RT-PCR foi positivo (59%). No entanto, a metodologia desse estudo pode ser
questionada. Os autores incluiram um total de 1014 pacientes com sindrome viral
aguda internados em Wuhan, China. Eles consideraram que todos estes pacientes
eram “verdadeiros positivos”, mesmo que o RT-PCR (o teste padrdo-ouro) fosse
negativo. Apenas 601 dos 1014 (59%) pacientes incluidos tiveram RT-PCR positivo,
enquanto 888 dos 1014 tiveram TC positiva (88%). No entanto, sabemos que o SARS-
CoV-2 é apenas um entre uma diversidade de virus capaz de gerar os sintomas

classicos de uma sindrome gripal, sendo que a pandemia ocorreu simultaneamente
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a sazonalidade do Influenza H1N1. Os autores nao realizaram painel viral em
pacientes com o RT-PCR negativo para ter certeza de que eles ndo estavam
infectados com outro virus (Influenza H1N1, adenovirus, etc.). Portanto, a referéncia
‘padrao-ouro” na analise dos autores foi uma apresentagao de sindrome gripal aguda
na cidade de Wuhan. Os pacientes com esse padrdao, RT-PCR negativo, e TC de
torax “positiva” foram considerados verdadeiros positivos.

Além da limitagdo metodolégica na definicdo do que seria a referéncia de
“verdadeiro positivo”, o segundo problema esta na definicdo do que € uma TC
positiva. No estudo de Ai e colaboradores, os achados mais comuns foram a presenga
de opacidades em vidro fosco (409/888, 46%), consolidagcdo (447/888, 50%),
espessamento de septos interlobulares (8/888, 1%) e lesdes nodulares (24/888, 3%)
(6). Outros trabalhos reportaram os mesmos achados, geralmente acometendo os
pulmbdes de modo preferencialmente bilateral, periférico, e com predominancia de
envolvimento de lobos inferiores (Figura 1) (42-51). Sabe-se que estes achados sao
comuns em pneumonias virais, até mesmo bacterianas, de qualquer etiologia. Tais
achados também sdo encontrados em pneumonia virais por Influenza H1N1 (Figura
2), adenovirus, e até mesmo doengas pulmonares n&o-infecciosas (52—75)(76).

Dado, portanto, que nenhum achado positivo ou negativo na tomografia de
torax pode diagnosticar ou descartar a possibilidade de COVID-19, a American
College of Radiology e a British Society of Thoracic Imaging ndo recomendam 0 uso
de TC de térax para o rastreio ou confirmagcdo diagndstica (77,78). Essa
recomendacao € apoiada pelo presente trabalho que demonstrou que os achados
tomograficos mais comuns encontrados em COVID-19 se sobrepdem aqueles de
outras pneumonias ndo-COVID. Além disso, uma recente meta-analise da acuracia
diagnodstica pela Cochrane apontou uma sensibilidade de 89.9% (IC 95%, 85.7 -
92.9%) e especificidade de 61.1% (IC 95%, 42.3 — 77.1%) da TC de térax em COVID-
19 (79).

Figura 1. Mulher de 50 anos com achados de TC tipicas para COVID-19, diagndstico
confirmado por RT-PCR.
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4

(A, B) Tomografia de térax em corte axial demonstrando opacidades em vidro-fosco

bilaterais e periféricas com espessamento de septos interlobulares (pavimentagdo em

mosaico), predominando em lobos inferiores.

Figura 2. Homem de 42 anos com diagnosticos confirmado de H1N1.

"A

(A, B) Tomografia de térax em corte axial demonstrando multiplas opacidades em
vidro-fosco periféricas e bilaterais, associadas a espessamento de septos

interlobulares.

2.4. Achados da tomografia computadorizada térax em pneumonias virais nao-
COoVvID

Os achados de imagem de pneumonias virais por outros virus sao bem
heterogéneos e alguns entre os mais comuns em adultos estdo demonstrados na
Tabela 2 (80,81). Influenza A € um dos principais diagnésticos diferenciais de COVID-

19, ndo s6 porque é a etiologia viral de pneumonia mais comum em adultos
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imunocompetentes, mas também porque os achados de imagem sdo muito parecidos
com o do coronavirus (opacidades em vidro fosco e/ou consolidagbes multifocais,
bilateral, predominantemente periféricas) (81). Portanto, Influenza A acaba sendo um
dos principais diagnosticos diferenciais em pacientes adultos imunocompetentes que
se apresentam com sindrome gripal. Os achados de imagem dos outros virus aqui
descritos também envolvem uma parcela de pacientes imunocomprometidos, pois
sao raros os estudos de outros virus — com a exceg¢ao de Adenovirus e Influenza —
gue envolveram apenas pacientes sem imunossupressao.

Os achados de Parainfluenza e Virus Sincicial Respiratorio sdo parecidos,
consistindo em opacidades em vidro fosco e/ou consolidagées multifocais e também
(80-83).

frequentemente encontrado em humanos com imunossupressao ou idade avangada,

nodulos centrolobulares O Metapneumovirus humano €& mais
apresentando-se com opacidades multifocais em vidro fosco e/ou consolidagcdes
bilaterais, além de nédulos centrolobulares (84,85). Infegdes por adenovirus causam
opacidades multifocais em vidro fosco frequentemente com consolidacdes
associadas. Além disso, presenca de nodulos centrolobulares e espessamento de
paredes brénquicas também sao reportados (67,72). Por ultimo, as pneumonias virais
por herpes simples e citomegalovirus, que sdo muito mais frequentes em pacientes
imunossuprimidos, podem se apresentar com opacidades em vidro fosco e
nodulos centrolobulares, e

consolidagbes multifocais, opacidades reticulares,

também opacidades com sinal do halo (86—88).

Tabela 2. Resumo dos achados de imagem das pneumonias virais por coronavirus e

outros virus.

Etiologia Vidro fosco | Opacidades | Espessamento | Espessamento
e/ou nodulares septo de paredes
consolidagao interlobular brénquicas
Coronavirus +++ + +++
Influenza A +++ + +
Parainfluenza +++ ++ +
VSR +++ ++ +
MPVh +++ +++
Adenovirus +++ + ++
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CMV ++ ++

++

HSV ++ +

+

VSR, Virus Sincicial Respiratério; MPVh, Metapneumovirus humano; CMV,

Citomegalovirus; HSV, Herpes simples virus.

Sinal de “+” indica a frequéncia dos achados, sendo “+” menos frequente e “+++”

mais frequente.

“...” indica que os achados nao sdo muito descritos para a etiologia viral especifica
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3 QUESTIONAMENTO

Os achados da TC de térax em pacientes com COVID-19 sao diferentes de

pneumonias virais por outros virus? 4 JUSTIFICATIVA

Alguns estudos na literatura e muitos profissionais na pratica clinica estao
usando os achados tipicos de COVID-19 na TC de térax, isto €, padrao de opacidades
em vidro-fosco, bilateral, periférico, acometendo especialmente lobos inferiores, como
um achado patognomonico de pneumonia viral por COVID-19. No entanto, a literatura
demonstra que pneumonias virais por outros virus (e.g., H1N1, adenovirus) podem
apresentar os mesmos achados de imagem. Portanto, os achados considerados
“tipicos” de COVID-19 n&o sao especificos. Esse estudo tem como objetivo comparar
os achados de TC de COVID-19 e outras pneumonias virais para sanar essa confusao

observada tanto na literatura, quanto na pratica clinica.
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5 HIPOTESE

Os achados tomograficos de COVID-19 n&o sao diferentes das pneumonias

virais por outros virus.
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6 OBJETIVOS

6.1 Objetivo Geral
Realizar uma revis&o sistematica e meta-analise dos achados tomograficos de
COVID-19 em pacientes imunocompetentes e comparar com aqueles de outras

pneumonias virais.

6.2 Objetivos Especificos

- Realizar uma revisao sistematica dos artigos que avaliaram achados da TC de torax
em COVID-19 e de pneumonias virais de outra etiologia;

- Determinar a prevaléncia dos padrdes de imagem (predominancia opacidades vidro-
fosco vs. consolidagdo) mais comum na TC de térax de COVID-19 e outras
pneumonias virais;

- Determinar a prevaléncia das caracteristicas dos achados de imagem (bilateral vs.
unilateral, periférico vs. central, etc.) em COVID-19 e outras pneumonias virais;

- Determinar a prevaléncia dos demais achados da TC de térax (em COVID-19 e

outras pneumonias virais.
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7 MATERIAIS E METODOS

7.1 Desenho do estudo
Revisdo sistematica e meta-analise de estudos que avaliaram os achados
tomograficos de pacientes imunocompetentes com COVID-19 e com outras

pneumonias virais.

7.2 Critérios de elegibilidade

7.2.1 Critérios de incluséo

- Infeccédo de trato respiratério confirmado por RT-PCR para algum dos seguintes
virus: SARS-CoV-2, adenovirus, influenza A H1N1, rinovirus, parainfluenza, virus
sincicial respiratorio

- Idade = 16 anos.

- Informacéo sobre os achados da TC de térax.

- Casos de infecgédo aguda até 14 dias do inicio dos sintomas.

7.2.2 Critérios de excluséo

- Relatos de caso com <10 pacientes.

- Estudos que incluiram pacientes imunocomprometidos ou que nao separaram 0s
imunocomprometidos da amostra total para analise estratificada.

- Auséncia de informacdo em relacdo a idade dos pacientes e status
imunocompeténcia.

- Outros virus que n&o os descritos nos critérios de inclusdo acima, que representam
0s patdgenos mais prevalentes em pneumonias virais (REFs).

- Estudos né&o publicados em inglés.

7.3 Estratégia de revisao sistematica e extragcado de dados

O estudo sera descrito conforme as orientagdes do Preferred Reporting ltems
for Systematic Reviews (PRISMA) e Meta-Analysis of Observational Studies in
Epidemiology (MOOSE). A busca sera realizada em todas as bases de literatura,
incluindo PubMed-MEDLINE, EMBASE, e base de dados Cochrane até dia 04 de abril
2020. Sera realizado uma pesquisa compreensiva com 0s seguintes termos para os
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artigos de COVID-19: “COVID-19” ou “Coronavirus” ou “SARS-CoV-2", “imaging” ou
‘computed tomography”. Para as outras pneumonias virais, sera realizado a seguinte
busca: “pneumonia”, “viral”, e “imaging” ou “computed tomography”.

Dois revisores independentes irdo revisar todos os artigos individualmente
para extracdo de dados. Os dados de cada revisor serdao comparados e divergéncias
serdo resolvidas por consenso ou com a ajuda de um terceiro revisor com mais de 10

anos de experiéncia em radiologia toracica.

7.4 Variaveis de desfecho incluidas no estudo

Serdo extraidos de cada estudo as seguintes informac¢des na forma de
prevaléncias: (1) Padrdo tomografico predominante (predominante vidro-fosco,
predominante consolidagdo, misto, nenhum achado de imagem); (2) Caracteristicas
dos achados de imagem (e.g., predominantemente bilateral vs. unilateral, periférico
vs. central, etc); (3) Lobos pulmonares envolvidos pelas alteragbes de imagem; (4)
Outros achados tomograficos menos prevalentes.

7.5 Analise estatistica

A analise de dados sera realizada com software Stata versédo 15.0 (StataCorp
LP, College Station, Texas, USA). Sera utilizado o comando “Metaprop” para o calculo
das prevaléncias combinadas para cada achado, além do intervalo de confianca de
95%. O indice I? sera utilizado para quantificar a heterogeneidade entre os estudos.
A anadlise sera feita utilizando a modelo de efeitos randémicos dada a alta
heterogeneidade esperada na combinagdo dos dados devido as diferengas de

populagdo e desenho dos estudos.

7.6. Orgamento e financiamento
Dada a natureza do estudo e seu desenho retrospectivo, ndo serao
necessarios recursos institucionais ou préprios para a execug¢ao do projeto. A analise

sera realizada pelo proprio autor e os arquivos serdo armazenados de forma digital.

7.7 Aspectos éticos
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Essa revisdo sistematica e meta-analise ndo envolve pesquisa direta com
seres humanos, portanto n&o ha risco de exposi¢cdo de dados de pacientes, ja que
foram utilizados apenas dados publicos ndo identificados.

7.8 Limitagoes do estudo

As limitagdes desse estudo incluem todas aquelas associadas a natureza do
desenho do estudo (revisdo sistematica) e aquelas associados a combinagdo dos
dados (meta-analise). Essas limitagdes incluem, mas ndo s&o limitadas a: viés de
selecdo, viés de publicagdo, inclusdo apenas de estudos em inglés, n&o inclusdo de
estudos que nao tinham toda a informacgao necessaria disponivel, entre outras. Alta
heterogeneidade € esperada na analise e também é um fator limitador, especialmente
pois serdo meta-analisados estudos de populagdes muito distintas (Asia vs. América;
H1N1 vs. adenovirus) e com diferengas subjetivas na mensuragao das variaveis por

cada autor.
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8 RESULTADOS

Resultados do estudo submetidos e aceitos para publicagdo como artigo

original na European Radiology (APENDICE 1).



10.

11.

12.

28

REFERENCIAS

Coronaviridae Study Group of the International Committee on Taxonomy of
Viruses. The species Severe acute respiratory syndrome-related coronavirus:
classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol.
2020;5(4):536-544

World Health Organization. Director-General's remarks at the media briefing
2019-nCoV 11 Febr. 2020. Disponivel em: https://www.who.int/director-
general/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-
on-2019-ncov-on-11-february-2020

World Health Organization. Coronavirus Disease outbreak. Disponivel em
https//www.who.int/emergencies/diseases/novel-coronavirus-2019).
Worldometers.info. Disponivel em: https://www.worldometers.info/coronavirus/.
Sethuraman N, Jeremiah SS, Ryo A. Interpreting Diagnostic Tests for SARS-
CoV-2. JAMA. 2020;323(22):2249

Ai T, Yang Z, Hou H, et al. Correlation of Chest CT and RT-PCR Testing in
Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases.
Radiology. 2020;200642

Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC.
Pathophysiology, Transmission, Diagnosis, and Treatment of Coronavirus
Disease 2019 (COVID-19). JAMA. 2020;324(8):782

Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from Patients with
Pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-733

Drosten C, Gunther S, Preiser W, et al. Identification of a Novel Coronavirus in
Patients with Severe Acute Respiratory Syndrome. N Engl J Med.
2003;348(20):1967-1976

Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME, Fouchier RAM.
Isolation of a Novel Coronavirus from a Man with Pneumonia in Saudi Arabia.
N Engl J Med. 2012;367(19):1814-1820

Zhou P, Yang X-L, Wang X-G, et al. A pneumonia outbreak associated with a
new coronavirus of probable bat origin. Nature. 2020;579(7798):270-273
Frutos R, Serra-Cobo J, Chen T, Devaux CA. COVID-19: Time to exonerate
the pangolin from the transmission of SARS-CoV-2 to humans. Infect Genet



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

29

Evol. 2020;84:104493

Bourouiba L. Turbulent Gas Clouds and Respiratory Pathogen Emissions.
JAMA. 2020.

Lewis D. Is the coronavirus airborne? Experts can’t agree. Nature.
2020;580(7802):175-175.

van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and Surface
Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med.
2020;NEJMc2004973

Zou L, Ruan F, Huang M, et al. SARS-CoV-2 Viral Load in Upper Respiratory
Specimens of Infected Patients. N Engl J Med. 2020;382(12):1177-1179

He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shedding and
transmissibility of COVID-19. Nat Med. 2020;26(5):672-675

Wei WE, Li Z, Chiew CJ, Yong SE, Toh MP, Lee VJ. Presymptomatic
Transmission of SARS-CoV-2 — Singapore, January 23—March 16, 2020.
MMWR Morb Mortal Wkly Rep. 2020;69(14):411-415

Wolfel R, Corman VM, Guggemos W, et al. Virological assessment of
hospitalized patients with COVID-2019. Nature. 2020;581(7809):465-469
Cheng H-Y, Jian S-W, Liu D-P, Ng T-C, Huang W-T, Lin H-H. Contact Tracing
Assessment of COVID-19 Transmission Dynamics in Taiwan and Risk at
Different Exposure Periods Before and After Symptom Onset. JAMA Intern
Med. 2020;180(9):1156

Lauer SA, Grantz KH, Bi Q, et al. The Incubation Period of Coronavirus
Disease 2019 (COVID-19) From Publicly Reported Confirmed Cases:
Estimation and Application. Ann Intern Med. 2020;172(9):577-582

Guan W, Ni Z, Hu Y, et al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl J Med. 2020;NEJM0a2002032

Garg S, Kim L, Whitaker M, et al. Hospitalization Rates and Characteristics of
Patients Hospitalized with Laboratory-Confirmed Coronavirus Disease 2019 —
COVID-NET, 14 States, March 1-30, 2020. MMWR Morb Mortal Wkly Rep.
2020;69(15):458—-464

Mao R, Qiu Y, He J-S, et al. Manifestations and prognosis of gastrointestinal
and liver involvement in patients with COVID-19: a systematic review and
meta-analysis. Lancet Gastroenterol Hepatol. 2020;5(7):667-678



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30

Oran DP, Topol EJ. Prevalence of Asymptomatic SARS-CoV-2 Infection: A
Narrative Review. Ann Intern Med. 2020;173(5):362-367

Sakurai A, Sasaki T, Kato S, et al. Natural History of Asymptomatic SARS-
CoV-2 Infection. N Engl J Med. 2020;383(9):885—-886

Wu Z, McGoogan JM. Characteristics of and Important Lessons From the
Coronavirus Disease 2019 (COVID-19) Outbreak in China. JAMA.
2020;323(13):1239

Stokes EK, Zambrano LD, Anderson KN, et al. Coronavirus Disease 2019
Case Surveillance - United States, January 22-May 30, 2020. MMWR Morb
Mortal Wkly Rep. 2020;69(24):759-765

Tong JY, Wong A, Zhu D, Fastenberg JH, Tham T. The Prevalence of
Olfactory and Gustatory Dysfunction in COVID-19 Patients: A Systematic
Review and Meta-analysis. Otolaryngol Head Neck Surg. 2020;163(1):3—11
Cheung KS, Hung IFN, Chan PPY, et al. Gastrointestinal Manifestations of
SARS-CoV-2 Infection and Virus Load in Fecal Samples From a Hong Kong
Cohort: Systematic Review and Meta-analysis. Gastroenterology.
2020;159(1):81-95

Kucirka LM, Lauer SA, Laeyendecker O, Boon D, Lessler J. Variation in False-
Negative Rate of Reverse Transcriptase Polymerase Chain Reaction-Based
SARS-CoV-2 Tests by Time Since Exposure. Ann Intern Med.
2020;173(4):262-267

Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in Different Types of
Clinical Specimens. JAMA. 2020;

Woloshin S, Patel N, Kesselheim AS. False Negative Tests for SARS-CoV-2
Infection — Challenges and Implications. N Engl J Med. 2020;383(6):€38
Lieberman JA, Pepper G, Naccache SN, Huang M-L, Jerome KR, Greninger
AL. Comparison of Commercially Available and Laboratory-Developed Assays
for In Vitro Detection of SARS-CoV-2 in Clinical Laboratories. McAdam AJ,
editor. J Clin Microbiol. 2020;58(8)

Katz AP, Civantos FJ, Sargi Z, et al. False-positive reverse transcriptase
polymerase chain reaction screening for SARS-CoV-2 in the setting of urgent
head and neck surgery and otolaryngologic emergencies during the pandemic:
Clinical implications. Head Neck. 2020;42(7):1621-1628



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

31

Tahamtan A, Ardebili A. Real-time RT-PCR in COVID-19 detection: issues
affecting the results. Expert Rev Mol Diagn. 2020;20(5):453—-454

Center for Disease Control and Prevention. Interim Guidance for Antigen
Testing for SARS-CoV-2. Disponivel em:
https//www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-
guidelines.html

Paltiel AD, Zheng A, Walensky RP. Assessment of SARS-CoV-2 Screening
Strategies to Permit the Safe Reopening of College Campuses in the United
States. JAMA Netw open. 2020;3(7):e2016818

Dinnes J, Deeks JJ, Adriano A, et al. Rapid, point-of-care antigen and
molecular-based tests for diagnosis of SARS-CoV-2 infection. Cochrane
database Syst Rev. 2020;8:CD013705

Lou B, Li T-D, Zheng S-F, et al. Serology characteristics of SARS-CoV-2
infection after exposure and post-symptom onset. Eur Respir J.
2020;56(2):2000763

Guo L, Ren L, Yang S, et al. Profiling Early Humoral Response to Diagnose
Novel Coronavirus Disease (COVID-19). Clin Infect Dis. 2020;71(15):778-785
Bai HX, Hsieh B, Xiong Z, et al. Performance of radiologists in differentiating
COVID-19 from viral pneumonia on chest CT. Radiology. 2020;200823
Bernheim A, Mei X, Huang M, et al. Chest CT Findings in Coronavirus
Disease-19 (COVID-19): Relationship to Duration of Infection. Radiology.
2020;200463

Caruso D, Zerunian M, Polici M, et al. Chest CT Features of COVID-19 in
Rome, Italy. Radiology. 2020;201237

Inui S, Fujikawa A, Jitsu M, et al. Chest CT Findings in Cases from the Cruise
Ship “Diamond Princess” with Coronavirus Disease 2019 (COVID-19). Radiol
Cardiothorac Imaging. 2020;2(2):e200110

Li Y, Xia L. Coronavirus Disease 2019 (COVID-19): Role of Chest CT in
Diagnosis and Management. Am J Roentgenol. 2020;1-7

Liu K-C, Xu P, Lv W-F, et al. CT manifestations of coronavirus disease-2019:
A retrospective analysis of 73 cases by disease severity. Eur J Radiol.
2020;126:108941

Ng M-Y, Lee EY, Yang J, et al. Imaging Profile of the COVID-19 Infection:



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

32

Radiologic Findings and Literature Review. Radiol Cardiothorac Imaging.
2020;2(1):e200034

Pan Y, Guan H, Zhou S, et al. Initial CT findings and temporal changes in
patients with the novel coronavirus pneumonia (2019-nCoV): a study of 63
patients in Wuhan, China. Eur Radiol. 2020

Song F, Shi N, Shan F, et al. Emerging 2019 Novel Coronavirus (2019-nCoV)
Pneumonia. Radiology. 2020;295(1):210-217

Shi H, Han X, Jiang N, et al. Radiological findings from 81 patients with
COVID-19 pneumonia in Wuhan, China: a descriptive study. Lancet Infect Dis.
2020;20(4):425-434

Amorim VB, Rodrigues RS, Barreto MM, Zanetti G, Hochhegger B, Marchiori
E. Influenza A (H1N1) pneumonia: HRCT findings. J Bras Pneumol.
2013;39(3):323-329

Cho WH, Kim YS, Jeon DS, et al. Outcome of Pandemic H1N1 Pneumonia:
Clinical and Radiological Findings for Severity Assessment. Korean J Intern
Med. 2011;26(2):160

Son JS, Kim YH, Lee YK, et al. Pandemic Influenza A/H1N1 Viral Pneumonia
without Co-Infection in Korea: Chest CT Findings. Tuberc Respir Dis (Seoul).
2011;70(5):397

Song JY, Cheong HJ, Heo JY, et al. Clinical, laboratory and radiologic
characteristics of 2009 pandemic influenza A/H1N1 pneumonia: primary
influenza pneumonia versus concomitant/secondary bacterial pneumonia.
Influenza Other Respi Viruses. 2011;5(6):e535-e543

Grieser C, Goldmann A, Steffen IG, et al. Computed tomography findings from
patients with ARDS due to Influenza A (H1N1) virus-associated pneumonia.
Eur J Radiol. 2012;81(2):389-394

Tanaka N, Emoto T, Suda H, et al. High-resolution computed tomography
findings of influenza virus pneumonia: a comparative study between seasonal
and novel (H1N1) influenza virus pneumonia. Jpn J Radiol. 2012;30(2):154—
161

Valente T, Lassandro F, Marino M, Squillante F, Aliperta M, Muto R. H1N1
pneumonia: our experience in 50 patients with a severe clinical course of novel
swine-origin influenza A (H1N1) virus (S-OIV). Radiol Med. 2012;117(2):165—



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

33

184

Henzler T, Meyer M, Kalenka A, et al. Image Findings of Patients with H1N1
Virus Pneumonia and Acute Respiratory Failure. Acad Radiol.
2010;17(6):681-685

Hwang S-M, Park D-E, Yang Y-I, et al. Outbreak of Febrile Respiratory lliness
Caused by Adenovirus at a South Korean Military Training Facility: Clinical and
Radiological Characteristics of Adenovirus Pneumonia. Jpn J Infect Dis.
2013;66(5):359-365

Kang H, Lee KS, Jeong YJ, Lee HY, Kim K |, Nam KJ. Computed
Tomography Findings of Influenza A (H1N1) Pneumonia in Adults. J Comput
Assist Tomogr. 2012;36(3):285-290

Karadeli E, Koc Z, Ulusan S, Erbay G, Demiroglu YZ, Sen N. Chest
radiography and CT findings of patients with the 2009 pandemic (h1n1)
influenza. Diagnostic Interv Radiol. 2010

Kim SY, Kim JS, Park CS. Various computed tomography findings of 2009
H1N1 influenza in 17 patients with relatively mild illness. Jpn J Radiol.
2011;29(5):301-306

Li P, Su D-J, Zhang J-F, Xia X-D, Sui H, Zhao D-H. Pneumonia in novel swine-
origin influenza A (H1N1) virus infection: High-resolution CT findings. Eur J
Radiol. 2011;80(2):e146—e152

Ishiguro T, Takayanagi N, Kanauchi T, et al. Clinical and Radiographic
Comparison of Influenza Virus-associated Pneumonia among Three Viral
Subtypes. Intern Med. 2016;55(7):731-737

Lee JE, Choe K-W, Lee SW. Clinical and Radiological Characteristics of 2009
H1N1 Influenza Associated Pneumonia in Young Male Adults. Yonsei Med J.
2013;54(4):927

Yoon H, Jhun BW, Kim H, Yoo H, Park SB. Characteristics of Adenovirus
Pneumonia in Korean Military Personnel, 2012-2016. J Korean Med Sci.
2017;32(2):287

Winter DH, Manzini M, Salge JM, et al. Aging of the Lungs in Asymptomatic
Lifelong Nonsmokers: Findings on HRCT. Lung. 2015;193(2):283-290

Li H, Weng H, Lan C, et al. Comparison of patients with avian influenza A
(H7N9) and influenza A (H1N1) complicated by acute respiratory distress



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

34

syndrome. Medicine (Baltimore). 2018;97(12):e0194

Marchiori E, Zanetti G, Hochhegger B, et al. High-resolution computed
tomography findings from adult patients with Influenza A (H1N1) virus-
associated pneumonia. Eur J Radiol. 2010;74(1):93-98

Nicolini A, Ferrera L, Rao F, Senarega R, Ferrari-Bravo M. Chest radiological
findings of influenza A H1N1 pneumonia. Rev Port Pneumol (English Ed.
2012;18(3):120-127

Park CK, Kwon H, Park JY. Thin-section computed tomography findings in 104
immunocompetent patients with adenovirus pneumonia. Acta radiol.
2017;58(8):937-943

Qi W, Gao S, Liu C, Shinong P, Guo Q. Computed tomographic features of
pregnant women with pandemic H1N1 virus infection. Radiol Infect Dis.
2014;1(1):23-27

Shiley KT, Van Deerlin VM, Miller WT. Chest CT Features of Community-
acquired Respiratory Viral Infections in Adult Inpatients With Lower
Respiratory Tract Infections. J Thorac Imaging. 2010;25(1):68-75

Sohn CH, Ryoo SM, Yoon JY, et al. Comparison of Clinical Features and
Outcomes of Hospitalized Adult Patients With Novel Influenza A (H1N1)
Pneumonia and Other Pneumonia. Lang E, editor. Acad Emerg Med.
2013;20(1):46-53

Copley SJ, Wells AU, Hawtin KE, et al. Lung Morphology in the Elderly:
Comparative CT Study of Subjects over 75 Years Old versus Those under 55
Years Old. Radiology. 2009;251(2):566-573

American College of Radiology. ACR Recommendations for the use of Chest
Radiography and Computed Tomography (CT) for Suspected COVID-19
infection. Disponivel em: https://www.acr.org/Advocacy-and-Economics/ACR-
Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-
Suspected-COVID19-Infection

Nair A, Rodrigues JCL, Hare S, et al. A British Society of Thoracic Imaging
statement: considerations in designing local imaging diagnostic algorithms for
the COVID-19 pandemic. Clin Radiol. 2020;75(5):329-334

Islam N, Salameh J-P, Leeflang MM, et al. Thoracic imaging tests for the
diagnosis of COVID-19. Cochrane Database Syst Rev. 2020



80.

81.

82.

83.

84.

85.

86.

87.

88.

35

Koo HJ, Lim S, Choe J, Choi S-H, Sung H, Do K-H. Radiographic and CT
Features of Viral Pneumonia. RadioGraphics. 2018;38(3):719-739

Franquet T. Imaging of Pulmonary Viral Pneumonia. Radiology.
2011;260(1):18-39

Kim M-C, Kim MY, Lee HJ, et al. CT findings in viral lower respiratory tract
infections caused by parainfluenza virus, influenza virus and respiratory
syncytial virus. Medicine (Baltimore). 2016;95(26):e4003

Herbst T, Van Deerlin VM, Miller WT. The CT Appearance of Lower
Respiratory Infection Due to Parainfluenza Virus in Adults. Am J Roentgenol.
2013;201(3):550-554

Franquet T, Rodriguez S, Martino R, Salinas T, Giménez A, Hidalgo A. Human
Metapneumovirus Infection in Hematopoietic Stem Cell Transplant Recipients.
J Comput Assist Tomogr. 2005;29(2):223-227

Godet C, Le Goff J, Beby-Defaux A, et al. Human metapneumovirus
pneumonia in patients with hematological malignancies. J Clin Virol.
2014;61(4):593-596

McGuinness G, Scholes J V, Garay SM, Leitman BS, McCauley DI, Naidich
DP. Cytomegalovirus pneumonitis: spectrum of parenchymal CT findings with
pathologic correlation in 21 AIDS patients. Radiology. 1994;192(2):451-459
Umans U, Golding R, Duraku S, Manoliu R. Herpes simplex virus 1
pneumonia: conventional chest radiograph pattern. Eur Radiol.
2001;11(6):990-994

Kim EA, Lee KS, Primack SL, et al. Viral Pneumonias in Adults: Radiologic
and Pathologic Findings. RadioGraphics. 2002;22(suppl_1):S137-S149



APENDICE | — Artigo original publicado na revista European Radiology

European Radiology (2020) 30:6485-6496
https/doi.org/10.1007/500330-020-07018-x

COMPUTED TOMOGRAPHY @

Check for
updates

Comparison of the computed tomography findings in COVID-19
and other viral pneumonia in immunocompetent adults: a systematic
review and meta-analysis

Stephan Altmayer ' - Matheus Zanon '3 . Gabriel Sartori Pacini® - Guilherme Watte ""** - Marcelo Cardoso Barros ' -

Tan-Lucien Mohammed* - Nupur Verma® « Edson Marchiori® - Bruno Hochhegger >3

Received: 16 April 2020 /Revised: 25 May 2020 /Accepted: 5 June 2020 / Published online: 27 June 2020
© European Society of Radiology 2020

Abstract

Objectives To compare the chest computed tomography (CT) findings of coronavirus disease 2019 (COVID-19) to other non-
COVID viral pneumonia.

Methods MEDLINE, EMBASE, and Cochrane databases were searched through April 04, 2020, for published English language
studies. Studies were eligible if they included immunocompetent patients with up to 14 days of viral pneumonia. Subjects had a
respiratory tract sample test positive for COVID-19, adenovirus, influenza A, rhinovirus, parainfluenza, or respiratory syncytial
virus. We only included observational studies and case series with more than ten patients. The pooled prevalence of each chest
CT pattern or finding was calculated with 95% confidence intervals (95% CI).

Results From 2263 studies identified, 33 were eligible for inclusion, with a total of 1911 patients (COVID-19, n = 934; non-
COVID, n =977). Frequent CT features for both COVID-19 and non-COVID viral pneumonia were a mixed pattern of ground-
glass opacity (GGO) and consolidation (COVID-19, 0.37; 0.17-0.56; non-COVID, 0.46; 0.35-0.58) or predominantly GGO
pattern (COVID-19, 0.42; 0.28-0.55; non-COVID 0.25; 0.17-0.32), bilateral distribution (COVID-19, 0.81; 0.77-0.85; non-
COVID, 0.69; 0.54-0.84), and involvement of lower lobes (COVID-19, 0.88; 0.80-0.95; non-COVID, 0.61; 0.50-0.82).
COVID-19 pneumonia presented a higher prevalence of peripheral distribution (COVID-19 0.77; 0.67—0.87; non-COVID
0.34; 0.18-0.49), and involvement of upper (COVID-19, 0.77; 0.65-0.88; non-COVID 0.18; 0.10-0.27) and middle lobes
(COVID-19, 0.61; 0.47-0.76; non-COVID 0.24; 0.11-0.38).

Conclusion Except for a higher prevalence of peripheral distribution, involvement of upper and middle lobes, COVID-19, and
non-COVID viral pneumonia had overlapping chest CT findings.
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Key Points

* Most common CT findings of coronavirus disease 2019 (COVID-19) were a predominant pattern of ground-glass opacity
(GGO), followed by a mixed pattern of GGO and consolidation, bilateral disease, peripheral distribution, and lower lobe

involvement.

* Most frequent CT findings of non-COVID viral pneumonia were a predominantly mixed pattern of GGO and consolidation,
Jfollowed by a predominant pattern of GGO, bilateral disease, random or diffuse distribution, and lower lobe involvement.
» COVID-19 pneumonia presented a higher prevalence of peripheral distribution, and involvement of upper and middle lobes

compared with non-COVID viral pneumonia

Keywords Computed tomography - X-ray - Coronavirus - COVID-19 - Viral pneumonia

Abbreviations

ACR American College of Radiology

AdV Adenovirus

COVID-19  Coronavirus disease 2019

CT Chest tomography

EQUATOR Enhancing the Quality and Transparency
of Health Research

GGO Ground-glass opacity

MOOSE Meta-analysis Of Observational Studies
in Epidemiology

PIV Parainfluenza virus

PRISMA Preferred Reporting Items for
Systematic Reviews

RNV Rhinovirus

RSV Respiratory syncytial virus

RT-PCR Reverse transcriptase polymerase
chain reaction

Introduction

The emergence of the novel coronavirus 2019 disease
(COVID-19) has caused an international outbreak of respira-
tory illness that ranges from mild, self-limited disease to se-
vere pneumonia and death [1, 2]. The rapid spread of the virus
outside China despite local and global attempts to restrain
dissemination has garnered international attention, and the
WHO declared this outbreak a global pandemic in early
March 2020 [3]. Thus far, over one million cumulative cases
have been reported worldwide, with a mortality rate of around
five percent of cases [3].

Most patients present with fever, dry cough, and dyspnea in
reported cohorts [4, 5]. Nearly 90% of hospitalized patients
have abnormal findings on chest CT [5, 6], with bilateral
ground-glass opacities (GGO) as one of the most common
results reported on CT scans of patients with COVID-2019
[5, 6]. Other manifestations, such as consolidations, lower
lobe predilection, and predominantly peripheral distribution
of disease, are often reported in CT studies of patients with
COVID-2019 [7-16]. In light of these common imaging man-
ifestations, some authors have suggested considering chest CT

@ Springer

as a primary tool for detection of COVID-2019 in epidemic
areas as many patients have negative reverse transcriptase
polymerase chain reaction (RT-PCR) for coronavirus on the
initial presentation [6]. Nonetheless, these imaging findings
are not specific to COVID-2019 and could be also be found
in other viral pneumonia (e.g., influenza, adenovirus) and
non-infectious diseases [17-39]. Furthermore, 6 to 25% of
healthy asymptomatic patients can present GGO on chest
CT scans, finding which has been described as one of the
hallmarks of COVID-2019 [40, 41].

The aim of this manuscript was to perform a systematic
review and meta-analysis of the chest CT findings of
COVID-2019 and other viral pneumonia in immunocompe-
tent adults to evaluate if any discriminatory imaging features
may help to distinguish COVID-19 from other respiratory
viruses.

Methods
Search strategy

This study was reported following Enhancing the Quality and
Transparency of Health Research (EQUATOR) Reporting
Guidelines, including the Preferred Reporting Items for
Systematic Reviews (PRISMA) and Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) guidelines.
We searched all available literature published in the PubMed-
MEDLINE, EMBASE, and Cochrane databases through
April 04, 2020. The databases were comprehensibly searched
using the terms “pneumonia,” “viral,” and “imaging” OR
“computed tomography.” Equivalent terms for each database
and detailed search strategy are included in Supplementary
File 1.

Inclusion and exclusion criteria

Studies were eligible for inclusion if the following criteria
were present: (1) subjects had a positive RT-PCR assay in a
respiratory tract sample for one of the following viruses: 2019
Download avirus (2019-nCoV), adenovirus (AdV), influenza
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A HINTI; rhinovirus (RNV); parainfluenza virus (PIV); respi-
ratory syncytial virus (RSV); (2) report of chest computed
tomography (CT) findings of viral pneumonia, including at
least one of the following imaging features: predominant CT
pattern or CT findings; (3) cases of acute infections up to 14
days of onset of symptoms; (4) immunocompetent patients
> 16 years; (5) design of the study as randomized and non-
randomized controlled trials, observational studies, or case
series.

To limit heterogeneity, we only included AdV, HINI,
RNV, RSV, and PIV as these were the most prevalent patho-
gens of viral pneumonia in immunocompetent hosts in previ-
ous studies [42—45]. We did not include other influenza A
strains, such as H7N9, H5N1, HIN2, and H3N2.

Exclusion criteria were the following: (1) study population
that included immunocompromised and did not stratify the
analysis from immunocompetent patients; (2) lack of data
regarding age and/or immunocompetency status; (3) case re-
ports or series with less than ten subjects, letters to the editor,
reviews, or meta-analysis; (4) studies not published in
English; (5) studies with animals or in vitro.

Data extraction

Two reviewers independently reviewed all included articles to
extract data. Disagreements were solved by consensus or with
the assistant of a third reviewer with more than 10 years of
experience in thoracic radiology. Imaging features were de-
fined following the Fleischner Society’s glossary of terms in
thoracic radiology [46].

From each study, we extracted the number of patients pre-
senting the following imaging features: main CT pattern (pre-
dominantly or purely GGO; predominantly or purely consol-
idation; mixed GGO and consolidation; absence of GGO or
consolidation), bilateral distribution; axial predominance
(central; peripheral; random or diffuse); lobar predominance
(upper lobes; middle lobes; lower lobes; random or diffuse (>
3 lobes).

Additionally, we also obtained the number of patients pre-
senting the following chest CT findings: GGO, consolidation,
nodules (tree-in-bud or centrilobular nodules), interstitial
changes (interlobular septal thickening, reticulation, fibrosis),
“crazy-paving” pattern, linear opacities, air bronchograms,
bronchial wall thickening, vascular enlargement, reverse halo
sign, pleural effusion, and mediastinal lymphadenopathy.

‘We only included data when studies described a per-patient
report of the CT findings. As per-lesion analyses could be
misleading, we considered the data as “not available” when
the authors only described the absolute number of lesions,
e.g., the number of GGO lesions. In studies which not all
participating patients underwent a chest CT, we considered
as the number of patients with a chest CT scan as the study
sample size. When multiple publications including the same

population was identified from an author group, we only in-
cluded the most comprehensive study to avoid duplication of
data.

Study quality assessment

Two reviewers independently rated the quality of included
studies using the National Institutes of Health Quality
Assessment Tool for Case Series Studies [47]. Studies were
not excluded due to their quality score to increase transparen-
cy and ensure all available evidence in this area was reported.

Statistical analysis

All statistical analyses were performed using Stata version
15.0 (StataCorp LP). We used the Metaprop command to
calculate the pooled prevalences of the included variables
and their corresponding 95% confidence intervals (95% CI).
The P index was used to quantify the extent of heterogeneity.
Due to limitations of the meta-analysis of variables with ex-
treme proportions, i.e., zero (0%) or one (100%), the variable
was added “n + 1” (in case 0f 0%) or subtracted “n-1 (in cases
of 100%) when appropriate. Random-effects models were
used as elevated levels of heterogeneity were expected due
to differences in the population and methodology of the arti-
cles. We assessed the heterogeneity in main characteristics,
including date of publication and study quality.

Results
Study characteristics

The initial search yielded 2263 studies, from which 96 were
reviewed, and 33 met the inclusion criteria. A total of 10
studies on COVID-19 [7-16], and 23 studies on non-
COVID viral pneumonias were included (Fig. 1) [17-39].
Although the article by Ng et al included a 10-year-old child,
this patient had a normal chest CT and was removed from this
analysis [13]. A total of 1911 patients were included, of which
934 (48.9%) were in the COVID group and 977 (51.1%) were
in the non-COVID group. Summary findings of the studies
included in this meta-analysis were presented in Tables 1 and
2. Methodologic quality was considered fair in all the included
studies [7—39]. Publication bias was not able to be assessed
due to the heterogeneity in the means of reporting data among
different studies. In the non-COVID studies, HIN1 was the
main pathogen in 19, AdV in 4, and in one study, there were
multiple pathogens in the sample (AdV, HIN1, RSV, and
PIV).
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Table 1 Main characteristics of COVID pneumonia studies (n = 934 patients)
Study Pathogen Sample size Male, no. (%) Age, mean, (SD) [IQR], years
Bai et al (2020), China COVID-19 219 119 (54.3) 44.8 (14.5)
Bernheim et al (2020), China COVID-19 121 61 (50.4) 45.3 (16)
Caruso et al (2020), Italy COVID-19 158 83 (52.4) 57 [18-80]
Inui et al (2020), Japan COVID-19 112 59 (52.7) 60 (17)
Li et al (2020), China COVID-19 51 28 (54.9) 58 [26-83]
Liu et al (2020), China COVID-19 73 41 (56.2) 41.6 (14.5)
Ng et al (2020), China COVID-19 20 13 (61.9) 56 [37-65]
Pan et al (2020), China COVID-19 63 33 (52.4) 449 (15.2)
Shi et al (2020), China COVID-19 66 35(53.0) 49.5 (11)
Song et al (2020), China COVID-19 51 25 (49.0) 49 (16)

ClI, confidence intervals; COVID, coronavirus disease; JOR, interquartile range; SD, standard deviation
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Table 2 Main characteristics of non-COVID pneumonia studies (n = 977 patients)

Study Pathogen Sample size Male, no. (%) Age, mean, (SD) [IQR], years
Amorim et al (2013), Brazil HIN1 71 33 (46.5) 41.3[16-92]
Cho et al (2011), South Korea HIN1 37 21 (56.8) 46.1 (17.3)
Grieser et al (2012), Germany HIN1 23 16 (69.6) 422 (16)
Henzler et al (2010), Germany HIN1 10 6 (60.0) 45.3 [27-65]
Hwang et al (2013), South Korea AdV 11 11 (100) NA

Kang et al (2012), South Korea HIN1 76 42 (55.3) 52 [18-86]
Karadeli et al (2011), Turkey HIN1 52 21 (40.4) 41(1.3)
Kim et al (2011), South Korea HIN1 11 NA 30.7 [18-79]
Ishiguro et al (2016), Japan HIN1 20 16 (80.0) 59.9 (16.4)
Lee et al (2012), South Korea HIN1 45 45 (100) 20 [19-24]
Li et al (2011), China HIN1 106 54 (50.9) 31.7 (15.7)
Li et al (2011), China HIN1 26 16 (61.5) 53 [40-62]
Marchiori et al (2010), Brazil HIN1 20 11 (55.0) 42.7 [24-62]
Nicolini et al (2012), Italy HIN1 28 15 (53.6) 31.7 [26-78]
Park et al (2016), South Korea AdV 104 98 (94.2) 20.1 [19-24]
Qi et al (2014), China HIN1 16 0 27 [22-41]
Shiley et al (2010), USA HIN1, AdV, RSV, PIV 18 5(27.8) 55

Sohn et al (2013), South Korea HIN1 41 21 (51.2) 46 [24-63]
Son et al (2011), South Korea HIN1 20 13 (65.0) 46.5 [18-69]
Song et al (2011), South Korea HIN1 30 6 (20.0) 36.6 (16.3)
Tanaka et al (2011), Japan HIN1 10 6 (60.0) 61.3 [26-85]
Valente et al (2011), Italy HIN1 50 NA 40.9 [21-76]
Yoon et al (2017), South Korea AdV 152 152 (100) 21(2.1)

AdV, adenovirus; CI, confidence intervals; HINI, influenza A HIN1; IQR, interquartile range; NA, not available; PIV, parainfluenza virus; RSV,

respiratory syncytial virus; SD, standard deviation
Pooled prevalence of CT findings

Main CT features of COVID-19 and other viral pneumonia are
summarized in Table 3. COVID-19 most commonly manifest-
ed with either a predominantly GGO pattemn (0.42; 95% CI
0.28-0.55) (Fig. 2a), or a mixed pattern of GGO and consoli-
dation (0.37; 95% CI 0.17-0.56) (Fig. 3a). Non-COVID viral
pneumonia most often presented a mixed pattern of GGO and
consolidation (0.46; 95% CI 0.35-0.58) (Fig. 3b) that was more
commonly seen compared with a predominantly GGO pattern
(0.25; 95% CI 0.17-0.32) (Fig. 2b). The predominant consoli-
dation pattern was the least common of both groups (COVID-
19, 0.04; 95% CI 0.01-0.07; vs non-COVID, 0.17; 95% CI
0.11-0.23) (Fig. 4). Heterogeneity was high and significant
for all analyses on predominant CT patterns in both groups.

In both COVID-19 and non-COVID viral pneumonia, chest
CT findings were bilateral (COVID-19, 0.81; 95% CI 0.77—
0.85; non-COVID, 0.69; 0.54-0.84) (Supplementary Fig. 1)
and most often involved the lower lobes (COVID-19, 0.88;
95% CI 0.80-0.95; non-COVID, 0.61; 0.44-0.78)
(Supplementary Fig. 2). However, COVID-19 pneumonia pre-
sented a higher prevalence of peripheral distribution (COVID-
19, 0.77; 95% CI 0.67-0.87; non-COVID, 0.34; 95% CI 0.18—

0.49) (Supplementary Fig. 3), and involvement of upper lobes
(COVID-19, 0.77; 95% C1 0.65-0.88; non-COVID, 0.18; 95%
CI 0.10-0.27) (Supplementary Fig. 4) and middle lobe
(COVID-19, 0.61; 95% CI 0.47-0.76; non-COVID, 0.24;
95% CI0.11-0.38) (Supplementary Fig. 5). The most prevalent
axial distribution of lesions in non-COVID was a diffuse or
random distribution (0.50; 95% CI 0.35-0.65).

GGO was the most common CT finding, found in up to
0.92 (95% CI, 0.90-0.97) of COVID-19 and 0.80 (95% CI,
0.74-0.85) of non-COVID (Supplementary Fig. 6), followed
by consolidation (COVID-19, 0.50; 95% CI 0.33-0.66; non-
COVID, 0.69, 95% CI 0.61-0.77) (Supplementary Fig. 7).
Pleural effusion was rare in COVID-19 (0.03; 95% CI 0.01—
0.04), but more common in other viral pneumonia (0.25; 95%
CI 0.18-0.32) (Supplementary Fig. 8). A case of COVID-19
presenting the most prevalent CT findings is shown in Fig. 5.
We also present a patient diagnosed with HIN1 and typical
images features of COVID-19 (Fig. 6).

Discussion

The most prevalent chest CT findings in patients with
COVID-19 were a predominantly GGO pattern (0.42;
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Table3 Main CT features of COVID-19 pneumonia compared with other viral pneumonia
Imaging features COVID-19 Non-COVID
Pooled prevalence (95% CI) Pooled prevalence (95% CI)

Predominant CT pattern

Predominantly GGO 0.42 (0.28-0.55) 0.25 (0.17-0.32)

Predominantly consolidation 0.04 (0.01-0.07) 0.17 (0.11-0.23)

Mixed GGO and consolidation 0.37 (0.17-0.56) 0.46 (0.35-0.58)

Absence of GGO or consolidation 0.09 (0.04-0.14) 0.05 (0.03-0.07)
Location

Bilateral 0.81 (0.77-0.85) 0.69 (0.54-0.84)
Axial distribution

Peripheral 0.77 (0.67-0.87) 0.34 (0.18-0.49)

Random or diffuse 0.21 (0.09-0.34) 0.50 (0.35-0.65)

Lobe involvement (craniocaudal)

Upper lobes 0.77 (0.65-0.88) 0.18 (0.10-0.27)
Middle lobes 0.61 (0.47-0.76) 0.24 (0.11-0.38)
Lower lobes 0.88 (0.80-0.95) 0.61 (0.44-0.78)
Findings
GGO 0.92 (0.89-0.96) 0.80 (0.74-0.85)
Consolidation 0.47 (0.32-0.63) 0.69 (0.61-0.77)
Nodules 0.14 (0.04-0.24) 0.30 (0.19-0.40)
Interstitial changes* 0.27 (0.11-0.43) 0.27 (0.19-0.35)
Pleural effusion 0.03 (0.01-0.04) 0.25 (0.18-0.32)

CI, confidence intervals; COVID, coronavirus disease; CT, computed tomography; GGO, ground-glass opacity

*Interlobular septal thickening, reticulation, fibrosis

95% CI 0.28-0-55), followed by a mixed pattern of GGO
and consolidation (0.37; 95% CI 0.17-0.56), bilateral dis-
ease (0.81; 95% CI 0.77-0.85), and involvement of the
lower lobes (0.88; 95% CI 0.80—0.95). The most prevalent
findings in non-COVID viral pneumonia were a mixed
pattern of GGO and consolidation (0.49; 95% CI 0.39—
0.62), followed by a predominantly GGO pattern (0.25;
95% CI 0.17-0.32), bilateral disease (0.69; 95% CI 0.53—
0.85), and involvement of the lower lobes (0.61; 95% CI
0.44-0.78). Compared with other viral pneumonia,
COVID-19 demonstrated a higher prevalence of peripher-
al distribution (0.77; 95% CI 0.67-0.87), and involvement
of upper (0.77; 95% CI 0.65-0.88) and middle lobes
(0.61; 95% CI 0.47-0.76).

The prevalence of upper and middle zone disease observed
in the non-COVID population is likely underestimated. Many
authors in this group used the terms “random zone predomi-
nance” or “diffuse involvement” referring to patients with
involvement of multiple or all lobes, instead of describing
which individual lobes were affected [17, 18, 23, 34]. Thus,
patients in these two categories were not included in the anal-
ysis of individual lobar distribution, even though some of
them possibly had upper and middle zone involvement. All
the COVID-19 studies individually described which lobes
were affected in their population.
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The use of chest CT scan as a primary tool for screen-
ing of patients under investigation for COVID-19 is
fraught with significant issues [48, 49]. This approach
will result in an increased number of CTs in stable pa-
tients that otherwise would not be scanned, leading to
increased costs and reduced access to imaging suites, as
the entire room would have to be extensively sanitized
after every case with suspicion for COVID-19 [49, 50].
Moreover, the CT scanner may act as a fomite of COVID-
19 transmission. Therefore, the American College of
Radiology (ACR) urges caution on such approach as a
standard CT (especially in the early phases of COVID-
19) should not dissuade a patient from viral testing, quar-
antine, and appropriate treatment [51]. Also, an abnormal
CT should not be seen as diagnostic, as the same pattern
may be seen in other viral pneumonia, as demonstrated in
this study. Such resemblance should be acknowledged as
the COVID-19 emerged simultaneously to the current sea-
sonal influenza in the Northern Hemisphere.

There are two systematic reviews on CT findings on
COVID-19 available in the literature with similar results to
our study regarding the most common imaging findings in
COVID-19 [52, 53]. Nonetheless, our review differs from
those two by not including case series of less than 10 patients,
population with pediatric or immunocompromised patients,
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and studies in which a percentage of the population did not
have the diagnosis of COVID-19 confirmed by PCR, such as
Ai et al [6]. We still had high heterogeneity between studies,
which could be attributed to several factors. First, chest CT
features, such as the predominant imaging pattern, depending
on the time course of the infection when the patient is scanned
[8, 14, 54]. A predominant pattern of GGOs is expected in the

early course of COVID-19, whereas a mixed pattern often
peaks between the second and third week of infection [54].
To limit this temporal variation of findings, we only in-
cluded cases of acute infection with up to 14 days of evo-
lution. Another possible cause of inter-study heterogeneity
was a non-standard description of the CT findings through-
out the studies, which lead to a significant number of
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Fig. 3 Forest plot of the pooled a *
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missing data. By including only immunocompetent pa-
tients, we tried to reduce such heterogeneity of CT find-
ings. Differences in CT scanners and protocols can also be
accounted for the high inter-study heterogeneity. Also, the
higher prevalence of pleural effusion in non-COVID stud-
ies, especially in the studies by Henzler et al and Grieser
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et al, could be attributed to pulmonary congestion of crit-
ically ill patients rather than a common manifestation of
viral pneumonia [29, 32].

Several studies herein discussed have attempted to de-
termine the diagnostic accuracy of chest CT to diagnose
COVID-19. However, many are at risk of bias due to
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methodology limitations, such as lack of a control popu-
lation and questionable reference tests. As a result, CT
estimates of sensitivity and specificity could be flawed
[55]. For instance, Ai et al reported a sensitivity of 97%
and suggested chest CT as a primary tool for the detection
of COVID-19 in epidemic areas [6]. Bai et al also found
that CT was abnormal in more than 90% of RT-PCR

confirmed cases of COVID-19 [7]. On the other hand,
Inui and colleagues described that only 61% of positive
cases from Diamond Princess cruise ship had lung opac-
ities on chest CT [10]. We believe the statistics of the
latter comes closer to what would be expected in the gen-
eral population, especially considering patients who are
not very symptomatic and undergo chest CT scanning.
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Fig. 5 60-year-old man presenting with typical CT findings of COVID-
19 confirmed by RT-PCR. a Axial chest CT demonstrates bilateral
subpleural ground-glass opacities with superimposed smooth interlobular
septal thickening (crazy-paving). b Coronal reformatted CT shows bilat-
eral upper to mid lung gradient, though the lower lobes were involved to a
lesser extent

Bai et al investigated the performance of radiologists in
differentiating COVID-19 from other viral pneumonia [7].
The authors found that American radiologists had a surpris-
ingly high accuracy in distinguishing COVID-19 from other
viral pneumonia. However, the reproducibility of these find-
ings is questionable, as authors considered as references in the
control group patients that had word “pneumonia” in their
radiology CT reports and a positive result from respiratory
pathogen panel. Also, bilateral GGOs have a much broader
differential, present in atypical infections, non-infectious pro-
cesses, and even in healthy individuals [40, 41]. Also, some
patients with COVID-19 pneumonia may have a normal chest
CT scan [50].

This study has some limitations. First, there were limita-
tions common to any meta-analyses of diagnostic tests (e.g.,
selection bias, publication bias, missing information).
Virtually all studies herein included had a retrospective

@ Springer

Fig.6 31-year-old man with a diagnosis of HIN1. a, b, ¢ Axial chest CT
shows multiple subpleural ground-glass opacities and consolidations
bilaterally
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design, which is also a limitation. The exclusion of studies not
available in English could have increased the probability of
publication bias. Regarding selection bias, the etiological
agents of non-COVID studies were not entirely comprehensi-
ble for all viruses associated with community-acquired viral
pneumonia (e.g., thinovirus). Few studies using chest CT in
immunocompetent adults are available, as CT imaging is con-
sidered “usually not appropriate” by the ACR in this scenario
[51]. Also, the heterogeneity in the results was high due to the
reasons discussed above. Finally, the methodology for mea-
suring variables (e.g., axial distribution, predominant CT pat-
tern) was not standardized among manuscripts.

Conclusion

Except for a higher prevalence of peripheral distribution, in-
volvement of upper and middle lobes, COVID-19, and non-
COVID viral pneumonia has overlapping chest CT findings.
As such, caution should be exercised when interpreting chest
CT for COVID-19 and the use of this imaging modality as a
first-line test for COVID-19 diagnosis.
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