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Infection : Action virus infection bactérienne
Ø Dysfonction physiologie pulmonaire

Ø Exposition des récepteurs

Ø Inflammation systémique

4McCullers Nat Rev Microbiol 2014

Influenza 
(Streptocoque pneumoniae, Staphylococcus 

aureus, Pseudomonas aeruginosa)

VRS 
(Streptocoque pneumoniae)

Rhinovirus 
(Streptocoque pneumoniae)
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Infection : Action bactérie sur infection virale
• Interaction directe
• Interférence avec l’immunité antivirale
• Synergie des facteurs de virulence

5McCullers Nat Rev Microbiol 2014
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Colonisation : Action virus sur colonisation bactérienne

6Miellet et al. Clin Infect Dis 2021

Multicentrique, prospective, Pays-Bas, 2014-2015
232 adultes > 60 ans avec Syndrome Grippal vs 194 contrôles asymptomatiques

PCR pneumocoque et virus sur échantillons salivaires
Début Syndrome grippal, S2 et S9

Virus respiratoires chez 76% des SG et 15% des contrôles

ILI Exacerbates Pneumococcal Carriage • CID 2021:73 (1 November) • e2685

in the first weeks after ILI onset (second sampling in the ILI 
group compared with first sampling of controls; P = .05) or be-
came significant (all remaining comparisons between ILI group 
vs controls; P < .05). After exclusion of virus-infected controls, 
all differences in pneumococcal absolute abundances between 
groups became significant (P < .05; Supplementary Figure 2A).

Pneumococcal relative abundances were calculated to de-
termine whether ILI was associated with an outgrowth of 
pneumococci within the URT microbiota of carriers. Relative 
abundance of pneumococci was indeed signi!cantly elevated 
at ILI onset compared with controls (P < .05; Figure 3C). A#er 
exclusion of controls positive for respiratory viruses, pneumo-
coccal relative abundances were signi!cantly elevated also at re-
covery from ILI (Supplementary Figure 2B).

Longitudinal Impact of ILI on Pneumococcal Abundances

In persistent carriers the relative and absolute abundances were 
3-fold higher in individuals in the ILI group compared with con-
trols. New carriage events 2–3 weeks after acute ILI displayed a 
10-fold higher absolute pneumococcal abundance (Figure 4A) 
and 8-fold higher pneumococcal relative abundance (Figure 4B) 
when compared to new carriage events among controls (P < .01 
and P < .05 for difference in absolute and relative abundance, 
respectively). Modeling the effects of pneumococcal carriage 
acquisition and ILI sampling events on pneumococcal abun-
dances in a linear mixed-effects model showed that carriage ac-
quisition after ILI onset was indeed significantly associated with 
elevated pneumococcal relative abundances 2–3 weeks after 
ILI onset (Figure 4C and 4D and Supplementary Table 4; geo-
metric mean, 1.21 × 10−5 [95% CI, 2.48 × 10−7 to 2.41 × 10−5]), 
amounting to an 8-fold increase when compared to carriage  
acquisition prior to ILI onset (geometric mean, 1.55  × 10−6 

[95% CI, −3.81× 10−1 to 3.81× 10−1] after ILI onset). Compared 
with controls, new carriage acquisitions after ILI onset were 
associated with significantly elevated pneumococcal relative 
abundances (Supplementary Figure 3 and Supplementary Table 
5). Taken together, carriage densities remained elevated after 
ILI onset irrespective of prior colonization, yet both relative 
and absolute abundances of pneumococci were highest in newly 
identified carriers 2–3 weeks after ILI onset.

Associations Between Viruses and Pneumococcal Carriage Density

Pneumococcal absolute and relative abundances at ILI onset 
were compared to virus-free controls to determine the contri-
bution of individual respiratory viruses on pneumococcal car-
riage density. Acute ILI individuals infected with rhinovirus 
displayed elevated absolute and relative abundances of pneu-
mococcus (P < .01 and P < .05, respectively) when compared to 
virus-free controls (Supplementary Figure 4A and 4B). A sim-
ilar observation was noted for pneumococcal absolute and rel-
ative abundance of ILI-onset individuals with influenza virus 
infection when compared with virus-free controls of second 
sampling event (P < .05) and as a trend for the first sampling 
event (P = .06; Supplementary Figure 4C and 4D). When the 
effect of individual respiratory viruses on pneumococcal abun-
dance was assessed among carriers in the ILI group and within 
a given sampling time-point, none of the tested respiratory vir-
uses significantly contributed to pneumococcal abundances.

DISCUSSION

In this prospective observational study, we showed that ILI 
had a significant impact on pneumococcal abundances of con-
current and subsequent pneumococcal colonization in older 

Figure 3. Bacterial absolute and relative abundances in raw saliva samples positive for pneumococcus. A, Concentrations of overall bacterial DNA in femtograms of bacte-
rial DNA per mL (fg/mL) quantified by quantitative polymerase chain reaction (qPCR) of bacterial ribosomal 16S and normalized for human CRP, representing overall bacterial 
abundance. B, Concentrations of pneumococcal DNA quantified with piaB and normalized for CRP, and representing pneumococcal absolute abundance. C, Pneumococcal 
relative abundances reported as a fraction of pneumococcal DNA within overall bacterial DNA. Overall bacterial abundance analysis is based on 16S-specific qPCR quantifica-
tion and pneumococcal abundance analysis on piaB qPCR quantification. Light gray dots indicate the controls and dark gray the individuals with influenza-like illness. Medians 
are indicated by dashed lines. The permutation test for Wilcoxon-Mann-Whitney was used to determine statistical significance between medians. *P < .05; **P < .01.
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Colonisation : Action colonisation bactérienne sur infection virale

7Howard Emerg Infect Dis 2019

Etude RESPIRA-Peru, Prospective, Pérou, 2009-2011
849 échantillons de 480 enfants asymptomatiques

PCR pneumocoque et virales sur écouvillon NP tous les mois
Surveillance apparition Infections respiratoires aigues (ARI)

Portage pneumocoque 67% des échantillons
Portage virus respiratoires 42% des échantillons Nasopharyngeal Pneumococcal Density

3,9�� LQÀXHQ]D�� 039�� DQG� SQHXPRFRFFDO� GHQVLWLHV� �$S-
SHQGL[�7DEOH�����$V� LQ� WKH�PDLQ�DQDO\VLV�� WKH�DGGLWLRQ�RI�
UKLQRUUKHD� WR� WKH� PRGHO� VOLJKWO\� DWWHQXDWHG�� EXW� GLG� QRW�
HOLPLQDWH�� WKH� REVHUYHG� DVVRFLDWLRQV�� :H� FRPSLOHG� SUH-
GLFWHG�GHQVLWLHV�DVVRFLDWHG�ZLWK�VSHFL¿F�YLUDO�LQIHFWLRQV�DV�
HVWLPDWHG�IURP�WKH�PXOWLYDULDEOH�OLQHDU�TXDQWLOH�PL[HG�HI-
IHFWV�PRGHO��)LJXUH����

Exploration of Asymptomatic Pneumococcal  
Densities and Risk for Subsequent ARI
:H�H[SORUHG�WKH�DVVRFLDWLRQ�RI�SQHXPRFRFFDO�GHQVLW\�GXU-
LQJ�DV\PSWRPDWLF�SHULRGV�DQG�WKH�WLPH�WR�QH[W�$5,�E\�XV-
LQJ�ORJ�WUDQVIRUPHG�SQHXPRFRFFDO�GHQVLW\�DV�WKH�H[SRVXUH�
RI�LQWHUHVW�DQG�$5,�DV�WKH�RXWFRPH�LQ�D�IUDLOW\�PRGHO��&RP-
SDUHG�ZLWK�WKH�ORZHVW�SQHXPRFRFFDO�GHQVLW\��LQFUHDVHV�LQ�
SQHXPRFRFFDO� GHQVLW\� ZHUH� VLJQL¿FDQWO\� DVVRFLDWHG� ZLWK�
LQFUHDVHG�LQFLGHQFH�RI�VXEVHTXHQW�$5,��)LJXUH����$SSHQ-
GL[�7DEOH�����S���������<RXQJHU�DJH��UHFHLSW�RI�>��3&9��
GRVH��DQG�GHWHFWLRQ�RI�>��UHVSLUDWRU\�YLUXV�GXULQJ�DV\PS-
WRPDWLF� SHULRGV� ZHUH� VLJQL¿FDQWO\� DVVRFLDWHG� ZLWK� ORZHU�
LQFLGHQFH� RI� $5,�� ,Q� DGGLWLRQ�� VDPSOH� FROOHFWLRQ� GXULQJ�
WKH�PLGGOH�PRQWKV�RI�VSULQJ��2FWREHU�DQG�1RYHPEHU��ZDV�
DVVRFLDWHG�ZLWK�ORZHU�LQFLGHQFH�RI�VXEVHTXHQW�$5,��6LPL-
ODU�¿QGLQJV�ZHUH�REVHUYHG�ZKHQ�UKLQRUUKHD�ZDV�LQFOXGHG�
LQ� WKH�PRGHO� LQVWHDG� RI� YLUDO� GHWHFWLRQ� �$SSHQGL[� 7DEOH�
��� )LJXUH� ���� VXJJHVWLQJ� WKDW� WKH� DVVRFLDWLRQ� EHWZHHQ� YL-
UDO�GHWHFWLRQ�DQG�$5,�PLJKW�EH�DW�OHDVW�SDUWLDOO\�PHGLDWHG� 
E\�UKLQRUUKHD�

Discussion
2XU�¿QGLQJV� GHPRQVWUDWH� WKDW� YLUDO� GHWHFWLRQV� GXULQJ� DV-
\PSWRPDWLF�SHULRGV�DUH�DVVRFLDWHG�ZLWK�LQFUHDVHV�LQ�QDVR-
SKDU\QJHDO�SQHXPRFRFFDO�FRORQL]DWLRQ�GHQVLW\��DQG�IXUWKHU��
WKDW�KLJKHU�SQHXPRFRFFDO�GHQVLW\�GXULQJ�DV\PSWRPDWLF�SH-
ULRGV�LV�DVVRFLDWHG�ZLWK�VXEVHTXHQW�RQVHW�RI�DQ�$5,��7KHVH�
¿QGLQJV�H[SDQG�XSRQ�HDUOLHU�REVHUYDWLRQV�IURP�RXU�JURXS�
DQG� RWKHUV� WKDW� LQFUHDVHV� LQ� QDVRSKDU\QJHDO� SQHXPRFRF-
FDO� FRORQL]DWLRQ�GHQVLW\� DUH� DVVRFLDWHG�ZLWK� V\PSWRPDWLF�
UHVSLUDWRU\� LOOQHVV� DQG�SQHXPRQLD� DQG�ZLWK� WKH� GHWHFWLRQ�
RI�UHVSLUDWRU\�YLUXVHV�GXULQJ�$5,�SHULRGV��6,7,14,15���:H�
QRZ�UHSRUW�WKDW�WKRVH�DVVRFLDWLRQV�DUH�QRW�UHVWULFWHG�WR�SHUL-
RGV�RI�V\PSWRPDWLF�GLVHDVH�DQG�GHPRQVWUDWH�DQ�LQFUHDVHG�
ULVN�IRU�$5,�ZLWK�LQFUHDVLQJ�SQHXPRFRFFDO�GHQVLW\�GXULQJ�
DV\PSWRPDWLF�SHULRGV�DV�ZHOO��2I�LQWHUHVW��LQFUHDVHG�SQHX-
PRFRFFDO�GHQVLW\�ZDV�DVVRFLDWHG�ZLWK� WKH� ULVN� IRU� VXEVH-
TXHQW�$5,�LQ�D�QRQOLQHDU�PDQQHU�DQG�DSSHDUHG�SDUWLFXODUO\�
HYLGHQW� DW� KLJKHU� SQHXPRFRFFDO� GHQVLWLHV� �!��4��� 7KHVH�
¿QGLQJV� VXJJHVW� WKDW� DV\PSWRPDWLF�YLUDO� LQIHFWLRQ�GXULQJ�
DV\PSWRPDWLF� SHULRGV�PLJKW� SUHVHQW� FRORQL]LQJ� SQHXPR-
FRFFL�ZLWK�DQ�RSSRUWXQLW\�WR�H[SDQG�

0RVW�$5,�HSLVRGHV�LQ�RXU�VWXG\�ZHUH�PLOG��VHOI�OLPLWHG�
ZLWKRXW�DQWLELRWLF�XVH��DQG�DVVRFLDWHG�ZLWK�UHVSLUDWRU\�YLUXV�
GHWHFWLRQ��28���2XU�¿QGLQJ�WKDW�LQFUHDVHV�LQ�SQHXPRFRFFDO�

GHQVLW\�GXULQJ�DV\PSWRPDWLF�HSLVRGHV�ZHUH�DVVRFLDWHG�ZLWK�
LQFUHDVHG� OLNHOLKRRG� RI� VXEVHTXHQW� RQVHW� RI� WKHVH�PRVWO\�
PLOG��YLUDO�$5,�PLJKW�VXJJHVW�D�FRQWULEXWLQJ�UROH�RI�FROR-
QL]LQJ�SQHXPRFRFFL�LQ�WKHVH�LOOQHVVHV��2I�QRWH��WKLV�DVVRFLD-
WLRQ�RQO\�EHFDPH�VLJQL¿FDQW�DW�WKH�KLJKHVW�OHYHOV�RI�SQHX-
PRFRFFDO�GHQVLW\��$�SUHYLRXV�VWXG\�RI�\RXQJ�FKLOGUHQ�ZLWK�
QDVRSKDU\QJHDO� SQHXPRFRFFDO� FRORQL]DWLRQ� LQGLFDWHG� WKDW�
KLJKHU�FRORQL]DWLRQ�GHQVLW\�ZDV�DVVRFLDWHG�ZLWK�KLJK�OHYHOV�
RI�PDUNHUV�RI�QDVRSKDU\QJHDO�LQÀDPPDWLRQ�FRPSDUHG�ZLWK�
FKLOGUHQ�ZLWK�ORZHU�GHQVLW\�FRORQL]DWLRQ��44���:H�SRVWXODWH�
WKDW�LQFUHDVHG�QDVRSKDU\QJHDO�LQÀDPPDWLRQ�IURP�LQFUHDVHG�
SQHXPRFRFFDO�GHQVLW\�PLJKW�IDFLOLWDWH�YLUDO�LQIHFWLRQ�RI�DQ�
H[SRVHG�VXVFHSWLEOH�SHUVRQ��7KH�K\SRWKHVLV�WKDW�QDVRSKDU\Q-
JHDO�SQHXPRFRFFDO�FRORQL]DWLRQ�SDWWHUQV�DQG�GHQVLW\�PLJKW�
LQÀXHQFH�VXEVHTXHQW�RQVHW�RI�QRQSQHXPRFRFFDO�$5,�LV�DOVR� 
FRQVLVWHQW�ZLWK�RXU�REVHUYDWLRQ� WKDW�FKLOGUHQ�ZKR�KDG�UH-
FHLYHG�>��3&9�YDFFLQDWLRQ�KDG�D�UHGXFHG�ULVN�IRU�$5,�IRO-
ORZLQJ�DV\PSWRPDWLF�YLUDO�GHWHFWLRQ�FRPSDUHG�ZLWK�XQYDF-
FLQDWHG�FKLOGUHQ�

$�UHFHQW�VWXG\�E\�'H0XUL�HW�DO���27��H[DPLQHG�FROR-
QL]DWLRQ� GHQVLW\� ZLWK� SQHXPRFRFFL� DQG� RWKHU� UHVSLUDWRU\�
EDFWHULD�GXULQJ�DV\PSWRPDWLF�SHULRGV�LQ�FKLOGUHQ��±��\HDUV�
RI� DJH�� 7KH\� IRXQG� WKDW� WKH� GHQVLWLHV� RI� SQHXPRFRFFXV��
Moraxella catarrhalis��DQG�+DHPRSKLOXV�LQÀXHQ]DH�DOO�LQ-
FUHDVHG�ZKHQ� UHVSLUDWRU\�YLUXVHV�ZHUH�GHWHFWHG��DOWKRXJK�
WKH�VWXG\�GHVLJQ�GLG�QRW�DOORZ�GHWHUPLQDWLRQ�RI�VXEVHTXHQW�
$5,�ULVN��27���,Q�WKDW�VWXG\��WKH�DVVRFLDWLRQ�RI�YLUDO�GHWHF-
WLRQ� DQG� QDVRSKDU\QJHDO� EDFWHULDO� GHQVLW\� ZDV� VWURQJHVW�
ZLWK� SQHXPRFRFFXV�� SQHXPRFRFFDO� GHQVLWLHV� DSSURDFKHG�
WKRVH� REVHUYHG� GXULQJ� SHULRGV� RI� YLUDO� XSSHU� UHVSLUDWRU\�
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Figure 1. Violin plots of predicted log
10

-transformed pneumococcal 

colonization densities by any viral detection among children 

<3 years of age, Respiratory Infections in Andean Peruvian 

Children study, May 2009–September 2011. Predicted densities 

ZHUH�HVWLPDWHG�IURP�WKH�¿QDO�PXOWLYDULDEOH�OLQHDU�TXDQWLOH�PL[HG�
HႇHFWV�PRGHO��&LUFOHV�LQGLFDWH�PHGLDQ�GHQVLWLHV��ER[HV�UHSUHVHQW�
LQWHUTXDUWLOH�UDQJH��OLQHV�H[WHQG�WKURXJK�WKH�XSSHU�DQG�ORZHU�
adjacent values, and the density plot width indicates the predicted 

IUHTXHQF\�RI�REVHUYDWLRQV��


S�������

Quantité de pneumocoque plus élevée en 
présence virus respiratoire

Quantité de pneumocoque associée à 
survenue ARI

Nasopharyngeal Pneumococcal Density

note that several factors might play a role in increases in 
pneumococcal colonization density. A recent study from 
Kenya found that increases in density associated with viral 
detection were modest relative to the baseline variation in 
density in individual patients (50) and postulated that other 
factors, such as the host immune response to previous viral 
infections (6,7,27), also play an important role in the asso-
ciation between high levels of pneumococcal density and 
ULVN�IRU�VXEVHTXHQW�$5,��+RZHYHU��WKH�SRWHQWLDO�LQÀXHQFH�
of immune, genetic, or other environmental factors on sub-
sequent ARI risk was not measured in our study. Also, the 
associations observed with pneumococcal density might be 
VHURW\SH�VSHFL¿F��EXW�VHURW\SH�LQIRUPDWLRQ�ZDV�QRW�DYDLO-
able for those samples from patients with subsequent ARI. 
Furthermore, interactions between pneumococcus and 
other colonizing nasopharyngeal bacteria might play an 
important role in the host response to pneumococcal acqui-
sition as well as the dynamics of pneumococcal density and 
pathogenesis (29), but associated changes in the nasopha-
ryngeal microbiome were not assessed in this study. The 
presence of an asymptomatic viral infection was associated 
with a lower risk for subsequent symptomatic ARI in this 
study. Although we postulate that such a relationship might 
have a time-limited impact, our study was set up with a 
short follow-up time and was not designed to determine 

the duration of this association. Additional studies that 
KDYH�D�ORQJHU�IROORZ�XS�WLPH�DQG�DUH�VSHFL¿FDOO\�GHVLJQHG�
to determine the temporality of the observed association 
would be useful. Future studies will assess the relationship 
between viral detection and serotype and density patterns 
over time in individual patients, along with associated 
changes in the respiratory microbiome during both asymp-
tomatic and ARI periods. Finally, our study did not assess 
transmission patterns of colonizing pneumococci. Whether 
the increase in densities associated with viral detection 
have an impact on transmission is unclear.

In summary, we found that viral detections during 
asymptomatic periods are associated with increases in na-
sopharyngeal pneumococcal colonization density. Further-
more, we found that pneumococcal density, especially at 
high levels, is associated with subsequent development of 
$5,�LQ�\RXQJ�FKLOGUHQ�LQ�3HUX��7KHVH�¿QGLQJV�VXJJHVW�WKDW�
interactions between viruses and pneumococci in the naso-
pharynx during asymptomatic periods might have a role in 
onset of subsequent ARI.
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Figure 3. Association between asymptomatic pneumococcal 
densities and risk of subsequent acute respiratory illness 
among children <3 years of age, Respiratory Infections in 
Andean Peruvian Children study, May 2009–September 2011. 
Estimated hazard ratios correspond to comparisons of increasing 
log

10
-transformed pneumococcal density relative to the lowest 

detectable densities (p = 0.013). Solid lines represent the point 
estimates for the hazard ratio by log-transformed pneumococcal 
density; dashed lines represent 95% CIs. Estimates were 
obtained from a frailty model that adjusted for age, sex, month, 
prior antibiotic exposure, viral detection, and pneumococcal 
conjugate vaccination status. Pneumococcal densities were 
modeled by using restricted cubic splines to allow examination of 
nonlinear associations.
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Impact de la colonisation à Pneumocoque sur infection VRS

8Nguyen et al. Plos One 2015

In vitro
Épithélium bronchique humain

In vivo
rat

Augmentation nombre cellules infectées par VRS lorsque 
présence certaines souches Pneumocoque
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Prévalence de la co-infection dans les IRB

10Ieven et al. Clin Microbiol Infect 2018

Multicentrique, prospective
3104 adultes avec IRB confirmée dans 11 pays européens

Soins primaires
2007 - 2010

N=3104
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Prévalence de la co-infection dans les IRB

11Liu et al. EClinicalMedicine 2021

Multicentrique, rétrospective
19 361 adultes avec infection respiratoire dans 4 hôpitaux Hong-Kong 

2013-2017

5%
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Prévalence de la co-infection dans les PAC

Etude EPIC

12

Multicentrique, prospective
2259 adultes avec PAC confirmée dans 5 hôpitaux régions de 

Chicago et Nashville 
janvier 2010 et juin 2012 
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Viral–viral co-detection (2%) 

Bacterial–viral co-detection (3%) 

Bacterial pathogen only (11%) 

Fungal or mycobacterial detection (1%) 

No pathogen
detected
(62%) 

Influenza A or B
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Monocentrique, rétrospective
PAC admises en Réanimation médicale 

Hôpital Bichat – Claude Bernard
2011-2015
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Monocentrique, rétrospective
95 PAH acquises ou admises en Réanimation médicale 

Hôpital Bichat – Claude Bernard
2014-2016
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(n=17, 18%)

Virus/Bactérie
(n=13, 14%)

Bactérie seule
(n=60, 63%)

Pas pathogène
(n=5, 5%)
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Co-infection associée à mortalité et admission en réanimation

15Liu et al. EClinicalMedicine 2021

with laboratory-confirmed viral-bacterial co-infection and bacterial
infection alone had higher neutrophil count, neutrophil-to-lympho-
cyte ratio, C-reactive protein, and platelet count than viral infection
alone and clinical suspected viral-bacterial co-infection (Table 1; p
values of the post-hoc analysis ranged from <0.001 to 0.005).

3.2. Clinical outcomes of different infection groups

Overall, 30-day mortality in the entire cohort was 6.0% (1160/
19,361) with 3.9% (760/19,361) of patients admitted to ICU. Propen-
sity matching for the baseline variables minimized the difference in
covariates among different infection groups (Tables S3!5). After pro-
pensity matching, laboratory-confirmed viral-bacterial co-infection
was significantly higher in 30-day mortality and ICU admission com-
pared with reference group (either viral infection alone, bacterial
infection alone, or clinical suspected viral-bacterial co-infection
group) (Table 2, Fig. 2). A subgroup analysis among the propensity
matched patients requiring ICU admission suggested that laboratory-
confirmed co-infection had a significantly higher 30-day mortality
than viral infection alone [hazard ratio (HR) = 1.9, 95% confidence
level (CI): 1.0!3.5, p = 0.041, N = 98], but not significantly higher than
patients with clinically suspected viral-bacterial co-infection
(HR = 1.4, 95%CI: 0.8!2.6, p = 0.232, N = 98) or bacterial infection
alone (HR = 1.4, 95%CI: 0.8!2.5, p = 0.237, N = 97) (Table S6).

In general, the distribution of viruses was: influenza A 10,192
(64.1%), influenza B 1968 (12.4%), parainfluenza 2065 (13.0%) and
RSV 1681 (10.6%). And patients with parainfluenza (8.0%, 95%CI:
6.9!9.3%) or RSV (8.0%, 95%CI: 6.8!9.4%) infection had higher 30-day
mortality than those with influenza A (4.7%, 95%CI: 4.3!5.1%) or
influenza B (4.2%, 95%CI: 3.3!5.1%). Regarding ICU admission,

patients with parainfluenza (5.0%, 95%CI: 4.1!6.0%) or RSV (3.5%,
95%CI: 2.6!4.4%) also had higher frequency than those from influ-
enza A (3.3%, 95%CI: 3.0!3.8%) or influenza B (3.2%, 95%CI: 2.5!4.1%).
The difference in 30-day mortality and ICU admission amongst differ-
ent viruses remained statistically significant in the viral infection
alone group (p < 0.001). The clinically suspected co-infection group
also showed the significantly difference for 30-day mortality among
different viruses (p < 0.001) but not in the laboratory-confirmed co-
infection group (p = 0.752).

Subgroup analysis on patients without chronic pulmonary disease
or heart failure showed that patients infected with parainfluenza
(8.3%, 95%CI: 6.9!9.9%) or RSV (8.1%, 95%CI: 6.5!9.9%) had higher
mortality compared to patients with influenza A (3.8%, 95%CI:
3.4!4.3%) or influenza B (3.3%, 95%CI: 2.5!4.3%) (p< 0.001) (Table 3).

3.3. Prevalence and outcomes of different co-infections

The prevalence of specific pathogen combinations in patients with
laboratory-confirmed co-infection and their associated 30-day mor-
tality, ICU admission are shown in Fig. 3. Non-pneumococcal strepto-
cocci species, methicillin-resistant S. aureus (MRSA), and Klebsiella
species were associated with high mortality ranging from 18.9% to
30.0% in influenza infection group (Fig. 3A) and 22.0% to 30.0% for all
viruses (Fig. 3B) but were less common. The prevalence of influenza
A and H. influenza co-infection combination was the highest, but mor-
tality was relatively low (4/123, 3.3% of all cases with laboratory-con-
firmed co-infection) (Fig. 3A). Overall, H. influenzae (226/1087,
20.8%), P. aeruginosa (180/1087,16.6%) and S. pneumoniae (123/1087,
11.3%) were the three most common bacterial pathogens within the

Fig. 2. Kaplan!Meier curves for the 30-day mortality of the four types of infection groups. The figure presents the trend of the 30-day survival rate in each group. The log-rank test
for reference groups versus laboratory-confirmed co-infection group was done and shown in the figure. Data after propensity score matching were used for the comparison, and
the matching result of the laboratory-confirmed viral-bacterial co-infection group versus bacterial infection alone group was used as the co-infection group in this plot.

6 Y. Liu et al. / EClinicalMedicine 37 (2021) 100955
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Risque de décès augmenté dans les co-infections
(OR 2.1, 95% CI 1.32–3.31)

16Burk et al. Eur Respir Rev 2016

(95% CI 35.1–53.3%; I2=0%), compared with 23.5% (95% CI 20.5–26.6%; I2=93%) in the other studies. The
proportion was 29% (95% CI 14.5–43.4%; I2=96%) in studies that included only patients requiring ICU
admission [2, 11, 18, 28], compared with 24.1% (95% CI 21.1–27.1%; I2=91.9%) in other studies.

Data from 25 studies revealed a pooled proportion of dual bacterial and viral infection of 10% (95% CI 8–11%;
I2=93.1%) [2, 3, 5–9, 12, 17, 19–21, 23–29, 31–36].

Individual viruses
The number of viruses tested across all studies ranged from four to 11 (median=7). The most commonly
identified viruses were influenza in 18 studies [3, 6, 7, 10, 11, 17–19, 21, 23, 26, 27, 29, 31, 32, 34–36],
rhinovirus in eight studies [1, 5, 8, 12, 22, 24, 25, 28], respiratory syncytial virus in three studies [2, 9, 33]
and coronavirus in two studies [20, 30]. Meta-analyses revealed that the proportion of infection by
influenza (31 studies) was 8% (95% CI 6.3–9.6%; I2=91.9%), by rhinovirus (25 studies) was 5.7% (95% CI
4.3–7.1%; I2=90.3%), by respiratory syncytial virus (29 studies) was 2.2% (95% CI 1.6–2.8%; I2=80%) and
by coronavirus (18 studies) was 3.3% (95% CI 2.3–4.2%; I2=80.2%).

Short-term mortality
For the outcome short-term mortality, we pooled data from 13 studies [2, 3, 6, 7, 24, 26, 28, 29, 31–35].
The odds of death were higher in patients with viral infection, but there was no statistical significance
(OR 1.3, 95% CI 0.8–2.16; p=0.283; I2=44.1%) (figure 3). In patients with dual bacterial and viral infection
(10 studies), the odds of death were significantly higher compared with patients without dual infection
(OR 2.1, 95% CI 1.32–3.31; p=0.002; I2=0%) [2, 3, 24, 26, 28, 31–35].
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mécanique > 7 jours)
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on respiratory tract specimens. Elsewhere, the rate of
viral documentation reported in adult ICU patients with
CAP was slightly lesser, from 23 to 49 % [3–5].
Respiratory tract specimens for bacterial test were

recovered in a high proportion of patients (87.9 %),

including a LRT specimen in 68.4 % of patients. Bacterial
documentation was obtained in 52.3 % of patients, in
the range of other studies on ICU patients with CAP
(36–82 %) [3, 4]. Interestingly, the rate of bacteremia,
6.3 %, was markedly lower than usually observed [17, 18];
it might be attributable to a high pre-referral exposure to
antibiotics (44.3 %). Overall, 82.8 % of patients had a

Table 2 Microbiological findings of 174 patients with severe CAP
Patients All patients

(n = 174)
Bacterial group
(n = 46)

Viral group
(n = 53)

Mixed group
(n = 45)

No etiology group
(n = 30)

S. pneumoniae 40 (23) 19 (41.3) - 21 (46.7) -

Other streptococci 6 (3.4) 2 (4.3) - 4 (8.9) -

S. aureus 12 (6.9) 6 (13) - 6 (13.3) -

L. pneumophila 8 (4.6) 7 (15.2) - 1 (2.2) -

C. pneumoniae – M. pneumoniae 6 (3.4) 5 (10.9) - 1 (2.2) -

H. influenzae 13 (7.5) 5 (10.9) - 8 (17.8) -

Enterobacteriaceae species 11 (6.3) 7 (15.2) - 4 (8.9) -

P. aeruginosa 7 (4) 2 (4.3) - 5 (11.1) -

Other bacteria 3 (1.7) 1 (2.2) - 2 (4.4) -

Mixed flora 10 (5.7) 6 (13) - 4 (8.9) -

Picornavirus (rhinovirus)a 22 (12.6) - 7 (13.2) 15 (33.3) -

Influenza A 32 (18.4) - 19 (35.8) 13 (28.9) -

Influenza B 6 (3.4) - 4 (7.5) 2 (4.4) -

Parainfluenza 3 (1.7) - 2 (3.8) 1 (2.2) -

Respiratory syncytial virus 9 (5.2) - 5 (9.4) 4 (8.9) -

Human metapneumovirus 12 (6.9) - 6 (11.3) 6 (13.3) -

Coronavirus 14 (8) - 7 (13.2) 7 (15.6) -

Adenovirus 3 (1.7) - 2 (3.8) 1 (2.2) -

Bocavirus 1 (0.6) - 1 (1.9) 0 (0) -

Cytomegalovirus 1 (0.6) - 1 (1.9) 0 (0) -

Herpes simplex virus 3 (1.7) - 1 (1.9) 2 (4.4) -

Varicella zoster virus 1 (0.6) - 1 (1.9) 0 (0) -

Data are presented as number (%)
CAP community-acquired pneumonia
aPicornavirus included rhinovirus and enterovirus

Table 3 Multivariate analysis of the risk factors for complicated
course in 174 patients with severe CAP
Variables OR 95 % CI p value

Microbiological diagnosis

Bacterial pneumonia Ref …

Viral pneumonia 0.69 0.24–1.95 0.48

Mixed pneumonia 3.15 1.12–8.83 0.03

No etiology pneumonia 1.29 0.40–4.21 0.67

Coronary artery disease 3.52 1.22–10.15 0.02

Shock on ICU admission 4.63 1.56–13.74 0.006

Lactate dehydrogenase > 245 U/L 4.27 1.55–11.78 0.005

PSI class IV-V at hospital referral 4.67 1.96–11.12 0.0005

CAP community-acquired pneumonia, ICU intensive care unit, OR odds ratio,
PSI Pneumonia Severity Index, Ref reference, 95 % CI = 95 %
confidence interval

Table 4 Risk factors for complicated course in patients with
severe CAP: multivariate analysis exploring the 91 patients with
either bacterial or mixed viral-bacterial infection
Variables OR 95 % CI p value

Microbiological diagnosis

Bacterial pneumonia Ref …

Mixed pneumonia 3.56 1.24–10.18 0.02

Coronary artery disease 2.59 0.60–11.19 0.20

Shock on ICU admission 5.63 1.53–20.73 0.009

Lactate dehydrogenase > 245 U/L 5.16 1.49–17.90 0.01

PSI class IV-V at hospital referral 2.69 0.76–9.51 0.13

CAP community-acquired pneumonia, ICU intensive care unit, Ref reference, OR
odds ratio, PSI Pneumonia Severity Index, 95 % CI 95 % confidence interval

Voiriot et al. Critical Care  (2016) 20:375 Page 6 of 9

Voiriot et al. Crit Care 2016
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PCV9 et pneumonies virales chez l’enfant

Diagnostic Vaccin
(n=18 245)

Placebo
(n= 18 245)

Efficacité
(IC95%) p-value

Pneumonie virale 
toute cause 160 231 31% (15-43) 0.0004

Grippe A 31 56 45% (14-64) 0.01

VRS 90 115 22% (-3-41) 0.08

Para Influenza 24 43 44% (8-66) 0.02

Adenovirus 14 15 7% (-94-55) 0.9

Coronavirus 
(hors SARS-CoV-2)

41 62 34%  (2-55) 0.038

21

RCT, Afrique du Sud
38 900 enfants VIH+/-

PCV9 vs Placebo

Madhi et al. Nature Med 2004 ; Nunes M et al. mBIO. 2021
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Diagnostic Efficacité vaccinale (IC95%)
Hospitalisées -

IIP sérotype vaccinal 76 % (48-89)

PAC sérotype vaccinal 38% (14-55)

PAC clinique 8% (-1-16)

Ambulatoires + Hospitalisées -

PAC clinique 7% (0-14)

IRB 4% (0-9)

22van Werkhoven et al. Clin Microbiol Infect 2020

EtioCAP = Sous étude, Essai CAPiTA, Pays-Bas
RCT PCV13 vs Placebo
Données soins primaires

doxycycline antibiotics (49%), followed by penicillins (18%) and b-
lactam/b-lactamase inhibitor combinations (17%; see Supplemen-
tary material, Table S3). There was a trend towards fewer LRTI-
related antibiotic prescriptions in PCV13 recipients, albeit not sta-
tistically significant, and there was no difference in total antibiotic
prescriptions between study groups (Table 3). Both of these effects
were consistent among subgroups (see Supplementary material,
Tables S4, S5).

Discussion

In this randomized controlled trial of PCV13 in Dutch adults
>65 years of age, PCV13 had a non-significant 5.5% and 3.4% VE in
preventing CAP and non-CAP LRTI in primary care, respectively.
Furthermore, PCV13 was associated with a non-significant 4.2%
decline in antibiotic courses prescribed for LRTI. The confidence
intervals of these estimates included the effect sizes of 11% for CAP
and 6% for LRTI on which the sample size was based. Therefore, a
clinically relevant effect seems unlikely but cannot be fully
excluded. For comparison, the VE of PCV13 for all-cause CAP from
the main trial was 5.1% (95% CI e5.1 to 14.2) [7], in line with what
we found in the current study. However, confidence intervals for all
end points crossed zero, so absence of an effect should also be
considered plausible. Hence, our study provides at best weak
supportive evidence of a modest reduction of CAP, LRTI and LRTI-
related antibiotic consumption in primary care. The effect esti-
mates are in line with what can be expected from vaccination
against 13 pneumococcal serotypes given the current knowledge of
vaccine serotype prevalence and vaccine efficacy against episodes

identified in secondary care. In primary care, a recent European
study identified S. pneumoniae in only 9.2% of CAP and 5.4% of LRTI
episodes, which was substantially lower than our assumed preva-
lence [17].

The number of all-cause antibiotic prescriptions in primary care
did not differ between PCV13 and placebo recipients. As LRTI-
related antibiotic prescriptions comprised only 21% of total anti-
biotic prescriptions, any effect, if present, would be largely diluted
for the end point total antibiotic use. The maximum plausible re-
ductions of antibiotic prescriptions, given by the upper limit of the
95% CI, were 9.1% for LRTI-related antibiotics and 3.9% for total
antibiotic prescriptions. Hence, in the Netherlands pneumococcal
vaccination is unlikely to contribute to a relevant reduction in
overall antibiotic use. The most prescribed antibiotics for LRTI were
doxycycline (48%) and penicillins (18%), in line with recommen-
dations from the Dutch General Practice Guideline Acute Cough, in
which doxycyclinewas recommended as first choice until 2011, and
amoxicillin thereafter [18]. The remaining 34% were hence not
guideline-adherent, with amoxicillin/clavulanic acid, fluo-
roquinolones and cephalosporins being most prescribed. This
leaves room for optimization of antibiotic treatment and reduction
in antibiotic selective pressure, whichmaywell be larger thanwhat
can be maximally achieved with pneumococcal vaccination, based
on the current study.

Population benefits from PCV13 through prevention of pneu-
mococcal pneumonia and invasive pneumococcal disease in the
elderly have clearly been demonstrated [19]. Although the re-
ductions of CAP and LRTI, if at all present, are likely to be small, the
high incidence of these infections in primary care results in a much
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Fig. 1. Study flowchart. In the PCV13 group, eight individuals had incomplete follow up at the start of the study and died at the end of follow up, so they are counted twice in this
figure. In the placebo group, this was the case for seven individuals. Abbreviations: GP, general practitioner; PCV13, 13-valent pneumococcal conjugate vaccine; PY, person-years.
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Cohorte rétrospective, USA
Kaiser Permanente South California

42 700 adultes > 65 ans 
Incidence IRB toute cause avant/après PCV13

2016-2019

71. Lewnard, J. A. et al. Effectiveness of 13-valent pneumococcal conjugate vaccine against medically-attended lower respiratory tract infection and pneumonia among older adults. medRxiv, 2021.2006.2030.21259721, 
doi:10.1101/2021.06.30.21259721 (2021). 

• Pneumococcal vaccine naïve Kaiser Permanente members ≥65 years of age vaccinated with either a single dose 
PCV13 between 09/2016 and 08/2019

• Adjusted hazards ratio (aHR) for first LRTI and pneumonia episodes during each respiratory season were estimated, 
comparing PCV13-exposed and PCV13-unexposed time at risk for each participant using a self-matched inference 
framework

• aHR estimates were calculated using Cox proportional hazards models and VE was defined as (1–aHR)×100%. 
Estimated PCV13-attributable absolute reductions in incidence of LRTI and pneumonia were calculated

Study Methods

PCV13 Vx

30 days

Patient A
Control period: 12 mo. prior to PCV13 Exposed period: 12 mo. after PCV13

8

Results and Conclusions of the PCV13 Vaccine Effectiveness on all-cause CAP 
and LRTI Analysis in Older Adults in the US

1. Lewnard, J. A. et al. Effectiveness of 13-valent pneumococcal conjugate vaccine against medically-attended lower respiratory tract infection and pneumonia among older adults. medRxiv, 2021.2006.2030.21259721, 
doi:10.1101/2021.06.30.21259721 (2021). 

In this rigorously controlled observational study, PCV13 vaccination among older adults reduced the burden of
medically-attended respiratory illness with very favorable NNV. The data confirm that PCV13 effectiveness and impact 

are larger than accounted for by the prevalence of PCV13-type CAP detected by the UAD. 

Outcome Exposure
Vaccine Effectiveness 

(95% CI)

Rate Difference 
per 100,000 PY

(VPDI)

Number needed to 
vaccinate 

(NNV)

Medically-attended
all-cause CAP

PCV13 8.8% (–0.2, 17.0) 500 (0 to 1100) 40 (-91 to 252)

PPV23 3.9 (–9.4, 15.6)

Zoster Vx –2.6 (–19.8, 12.1)

Medically-attended LRTI
PCV13 9.9% (1.1, 17.9) 800 (200 to 1400) 26 (14 to 113)

PPV23 1.0 (–18.0, 17.0)

Zoster Vx –1.7 (–15.3, 10.3)

VPDI – vaccine-preventable disease incidence
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Sous-analyse, Essai CAPiTA, Pays-Bas
RCT PCV13 vs Placebo

800 PAC confirmées et 1500 PAC suspectées
Prélèvements bactério-viro

7% co-infection bactéries-virus

vaccination and a lowoverall incidence of IA-CAP. The proportion of
IA-CAP fluctuated by year and by season.

The impact of PCV13 vaccination on virus-associated CAP in
adults has not been determined before. In children, vaccination
with nine-valent PCV reduced the occurrence of IA-CAP [9].
Absence of a significant reduction in the current study may have
resulted from the low incidence of detected influenza infections.
Given the observed incidence in the placebo group, the minimal
detectable effect size for IA-CAP and IA-‘suspected pneumonia’ (i.e.
the effect size that would have been statistically significant) was a
vaccine efficacy of 42% and 30%, respectively. Influenza virus and
S. pneumoniae co-infection is more common among children than
in adults [16] and there was a high uptake of seasonal influenza
vaccination in the study population.

The observed prevalence of IA-CAP of 3.5% in the current study
is similar to the reported 3.1% in a large study detecting viruses by

PCR in adults hospitalized with CAP [17]. In other studies, preva-
lences of influenza virus among adult CAP patients varied between
0.4% [18] and 13% [19].

In the Netherlands, consultations for influenza-like illness at the
general practitioner are monitored on a weekly basis during the
influenza season and incidences fluctuate per year [20]. The
observed Dutch influenza-like illness incidence patterns between
2008 and 2013, though, did not resemble the observed incidence
patterns in our study cohort. On a national level influenza-like
illness incidences were highest in 2012/13 and lowest in 2011/12.
In our cohort the proportion of IA-CAP was highest in 2008/09 and
lowest in 2009/10 (Fig. 3). This probably results from the different
measures used (incidence versus proportion), also different patient
populations are studied (individuals visiting their general practi-
tioner versus patients hospitalizedwith CAP), and different severity
and dominance of certain influenza strains might also play a role.

Table 1
Five most frequent pathogens in patients with confirmed CAP (n ¼ 1653), stratified by aetiological category and treatment arm

Aetiological category Pathogen PCV13 (n) Placebo (n) Total (n) % of total (n ¼ 1653)

Bacterial Streptococcus pneumoniae 107 137 244 14.8%
Haemophilus (para)influenzae 25 24 49 3.3%
Staphylococcus aureus 8 14 22 1.3%
Pseudomonas aeruginosa and Pseudomonas spp. 6 14 20 1.2%
Escherichia coli 4 7 11 0.7%
Polymicrobial 8 3 11 0.7%
Other 21 21 42 2.5%
Total 179 220 399 24.1%

Viral Human rhinovirus 43 35 78 4.7%
Influenza virus A or Ba 14 24 38 2.3%
Human coronavirus 13 17 30 1.8%
Human metapneumovirus 8 16 24 1.5%
RSV 16 7 23 1.4%
Two viral pathogens 3 5 8 4.8%
Other 11 9 20 1.2%
Total 108 113 221 13.4%

Bacterialeviral co-infection S. pneumoniae & human rhinovirus 12 15 27 1.6%
S. pneumoniae & human coronavirus 6 10 16 1.0%
S. pneumoniae & influenza virus A or Ba 5 7 12 0.7%
S. pneumoniae & RSV 4 7 11 0.7%
H. influenzae & human rhinovirus 3 8 11 0.7%
Other bacteria & influenza virus A or Ba 4 2 6 0.4%
Other bacteria & other virus 27 11 38 2.3%
Total 61 60 121 7.3%

No pathogen 458 454 912 55.2%
Overall total 1154 1240 1653 100%

Abbreviations: CAP, community-acquired pneumonia; PCV13, 13-valent pneumococcal conjugate vaccine; RSV, respiratory syncytial virus.
a Note that 18 episodes of influenza virus A or B were diagnosed together with a bacterial pathogen and in two episodes two viral pathogens were detected (i.e. influenza

virus could not be considered as the only causative pathogen).

Table 2
First episode of virus-associated ‘confirmed CAP’ and ‘suspected pneumonia’

First episode Confirmed CAP (n ¼ 1653) Suspected pneumonia (n ¼ 2917)

PCV13 Placebo VE 99.3%CI p-value VEa PCV13 Placebo VE 99.3% CI p-value VEa

Influenza virus (either A or B) 23 35 34.4% e35.4% 68.2% 0.117 61c 71c 14.2% e37.4% 46.4% 0.381
Influenza virus A 18b 28b 35.8% e45.0% 71.6% 0.143 48c 57c 15.9% e42.7% 50.4% 0.377
Influenza virus B 4b 3b e33.2% e100.0% 83.0% 0.707 10 9 e11.0% e283.2% 67.9% 0.821

Detection of any virus 163 169 3.6% e29.6% 28.3% 0.736 313 324 3.5% e19.5% 22.0% 0.656
Para-influenza virus (1, 2, 3 or 4) 18 8 e124.8% e607.2% 28.5% 0.057 34 22 e54.5% e223.1% 26.1% 0.112
Human adenovirus 4 2 e99.9% e1966% 80.7% 0.424 6 6 0.1% e374.0% 78.9% 0.999
Human bocavirus 2 2 0.0% e1383% 93.3% 1.000 2 3 33.4% e681.6% 94.3% 0.657
Human coronavirus 26 34 23.6% e54.3% 62.2% 0.302 50 72 30.6% e14.0% 57.8% 0.047
Human metapneumovirus 17 19 10.6% e120.0% 63.7% 0.737 37 36 e2.7% e93.1% 45.4% 0.910
Respiratory syncytial virus 20 15 e33.2% e234.6% 47.0% 0.401 51 40 e27.4% e125.2% 27.9% 0.251
Human rhinovirus 63 62 e1.5% e64.5% 37.3% 0.932 98 101 3.1% e42.1% 33.9% 0.827

Abbreviations: CAP, community-acquired pneumonia; PCV13, 13-valent pneumococcal conjugate vaccine; VE, vaccine efficacy.
a Bonferroni cut-off level for multiple testing does apply for all parameters at a level of 0.00714. Resulting in non-significant differences for all values.
b Numbers do not sum to the total of influenza viruses, because in five cases the result for either influenza virus A or B was indeterminate.
c Numbers do not sum to the total of influenza viruses, because in eight cases the result for either influenza virus A or B was indeterminate.

S.M. Huijts et al. / Clinical Microbiology and Infection 24 (2018) 764e770768
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Kaiser Permanente South California

13 856 cas = IRB avec virus +
227 887 témoins

Exposition = Atcd vaccination PCV 13
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Table 4. Effectiveness of 13-Valent Pneumococcal Conjugate Vaccine Against Pneumonia and Nonpneumonia Lower Respiratory Tract Infection

Respiratory Virus Detected 

Nonpneumonia LRTIa Pneumonia

PCV13 Receipt Matched, Adjusted VE 
(95% CI), %b 

PCV13 Receipt

Matched, Adjusted 
VE (95% CI), %b 

Case Patients Controls Case Patients Controls

% No./Total No. % No./Total No. % No./Total No. % No./Total No. 

Any virus detected 56.6 2434/4297 58.5 51 315/87 726 21.5 (10.9–30.9) 72.1 6890/9559 73.6 103 094/140 161 24.9 (18.4–30.9)
Any virus detected, by specific virus identified
  Influenza A 56.5 1115/1974 57.8 25 171/43 530 13.3 (−5.3 to 28.7) 70.6 1400/1982 71.0 18 920/26 648 17.9 (2.3–31.1)
  Influenza B 47.1 286/607 58.1 5331/9173 52.6 (34.6–65.6) 67.2 359/534 70.9 3034/4282 22.3 (−13.0 to 46.6)
  RSV 70.6 226/320 72.2 4549/6297 11.9 (−38.0 to 43.8) 77.9 890/1142 80.1 13 875/17 325 −1.8 (−30.7 to 20.7)
  HCoVs (229E, HKU1, OC43, NL63) 45.1 92/204 47.2 1684/3571 51.4 (6.0–74.9) 73.9 570/771 77.4 7999/10 331 23.5 (−4.1 to 43.8)
  Parainfluenza viruses (1–4) 70.4 231/328 66.0 5251/7958 −1.5 (−65.9 to 37.8) 77.7 723/931 78.9 13 145/16 658 24.2 (−.6 to 42.9)
  Adenovirusesc 48.6 18/37 29.9 254/850 … 48.1 65/135 43.5 841/1935 6.0 (−114.6 to 58.8)
  HMPV 65.2 120/184 59.4 2013/3389 −25.2 (−131.6 to 32.3) 69.7 890/1276 70.6 13 027/18 445 28.1 (9.8–42.7)
  Enteroviruses 53.8 346/643 54.5 7062/12958 31.8 (3.2–52.0) 71.5 1993/2788 72.4 32 253/44 537 28.6 (16.7–38.8)
Single virus detected
  Influenza A 56.1 1043/1859 57.6 23 582/40 962 13.8 (−5.6 to 29.5) 70.0 1284/1834 70.9 17 589/24 792 21.0 (5.4–34.1)
  Influenza B 45.8 255/557 57.3 4814/8400 52.1 (33.3–65.6) 67.4 319/473 71.8 2585/3598 17.7 (−23.1 to 45.0)
  RSV 70.1 199/284 73.2 3887/5313 29.1 (−14.0 to 55.9) 77.8 777/999 79.7 11 885/14 917 5.5 (−23.3 to 27.6)
  HCoVs (229E, HKU1, OC43, NL63) 44.0 55/125 45.9 906/1975 55.3 (−12.9 to 82.3) 73.8 456/618 78.7 6571/8350 32.7 (4.8–52.5)
  Parainfluenza viruses (1–4) 68.9 210/305 66.9 4859/7258 22.0 (−27.7 to 52.4) 77.8 676/869 79.3 12 404/15 635 27.5 (2.8–45.9)
  Adenovirusesc 33.3 8/24 22.3 143/642 … 48.1 50/104 42.4 639/1506 …
  HMPV 65.6 112/171 61.5 1962/3189 −19.6 (−123.5 to 35.9) 69.5 821/1182 70.1 12 163/17 347 26.5 (6.8–42.1)
  Enteroviruses 53.1 304/572 53.8 6186/11 489 41.6 (15.4–59.7) 71.1 1832/2577 72.1 29 734/41 243 30.4 (18.3–40.7)
No virus detected (negative for all)d 47.6 165/347 44.5 2468/5544 −18.0 (−106.0 to 32.4) 69.3 2226/3213 71.1 32 935/46 341 31.8 (21.7–40.7)

Abbreviations: CI, confidence interval; HCoVs, human coronaviruses; HMPV, human metapneumovirus; LRTI, lower respiratory tract infection; PCV13, 13-valent pneumococcal conjugate vaccine; RSV, respiratory syncytial virus; VE, vaccine effectiveness.
aFor LRTIs, diagnosis codes from the International Classification of Diseases, Tenth Revision, Clinical Modification, are provided in Supplementary Table 1).
bVE is calculated for an end point of any medically attended LRTI/pneumonia for which viral respiratory polymerase chain reaction panel testing was conducted and the indicated results (pathogen detections) were obtained. We present results aggregated 
across LRTI/pneumonia end points in Table 3, while Table 5 presents results for hospitalized and nonhospitalized case patients. Estimates are obtained via the adjusted odds ratio of prior PCV13 receipt in case patients versus matched controls, for each 
end point designated according to diagnosis, hospitalization status, and respiratory virus detection, estimated using logistic regression with covariate adjustment for all measured confounders. Estimates without adjustment for confounders that were not 
included in match assignment are presented in Supplementary Table 22.
cInsufficient sample size for model convergence.
dWe analyzed data from a randomly sampled subset of all virus-negative case patients.

Downloaded from https://academic.oup.com/jid/advance-article/doi/10.1093/infdis/jiac098/6552253 by INSERM user on 11 May 2022

Efficacité significative tous 
virus confondus PAC et IRB
Pas sur VRS ni Adenovirus
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virus-associated symptoms among children receiving PCVs 
despite serotype replacement in carriage [13, 26, 28, 29], fur-
ther suggesting that nonvaccine serotypes may di"er in their 
propensity for viral interaction. It remains unclear to what ex-
tent our #ndings could be explained by lower pneumococcal 
carriage prevalence among adults receiving PCV13, if serotype 
replacement is minimal, or by serotype-speci#c virus interac-
tion, if serotype replacement is substantial.

Our study has limitations. Laboratory con#rmation was 
recorded for 81.2% of COVID-19 diagnoses; clinically con-
#rmed cases may have been tested by other providers. While 
nonrandomized PCV13 exposure was a limitation, use of in-
verse propensity weighting helped to mitigate confounding 
in our analyses. Moreover, accounting for other adult vac-
cine exposures reduces risk that unmeasured confounding 

pathways—such as an association between vaccine access and 
compliance with social distancing—would explain our #nd-
ings. As PCV13 receipt was more common among older in-
dividuals and those with high-risk conditions, bias would 
be expected to suggest greater risk among PCV13 recipients 
than nonrecipients, contrary to our results. Our #ndings that 
PPSV23 did not prevent COVID-19 outcomes, and that PCV13 
e"ects were not evident following antibiotic receipt, are con-
sistent with the hypothesis that protection was mediated by 
prevention of pneumococcal carriage. Hospitalizations and 
death within the speci#ed time window surrounding COVID-
19 diagnosis may have been due to other causes. Such outcome 
misclassi#cation, however, would be expected to obscure vac-
cine e"ects against COVID-19 hospitalization and fatality 
endpoints, biasing outcomes in favor of the null hypothesis. 

0.3 0.5 0.7 1

Antibiotics  1–30 days previously

No antibiotics in study period
aOR (95% CI)
0.62 (.54–.70)

1.12 (.87–1.41)
1.14 (.71–1.75)
1.06 (.66–1.60)
0.65 (.50–.84)

Antibiotics  31–60 days previously
Antibiotics  61–90 days previously

Antibiotics  >90 days previously

1.5 2

Figure 3. We present estimates of the effectiveness of any 13-valent pneumococcal vaccine (PCV13) receipt for risk periods defined by recent antibiotic exposure: no anti-
biotics received in the preceding 30 days (top), antibiotics received within the preceding 1–30 days (middle), and antibiotics received >60 days previously (and not within the 
ensuing 60 days; bottom). We obtain estimates using doubly robust Cox proportional hazards models applying inverse weights for the propensity of PCV13 receipt, correcting 
for the association of coronavirus disease 2019 diagnosis with prior zoster vaccination as a negative control exposure. Lines (and numbers in parentheses) signify 95% con-
fidence intervals around maximum likelihood estimates (points). Abbreviations: aOR, odds ratio; CI, confidence interval.

Any COVID–19 diagnosisA.

PCV13
PCV13 and PPSV23

aHR (95% CI)
0.65 (.59–.72)
0.66 (.56–.76)

PCV13
PCV13 and PPSV23

aHR (95% CI)
0.68 (.57–.83)
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Negative control–corrected aHR

0.1 0.2 0.4 0.5 0.6 0.8 1 1.2
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0.54 (.41–.73)
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PCV13 and PPSV23

aHR (95% CI)
0.68 (.49–.95)
0.57 (.33–.97)

COVID–19 hospitalizationB.

Fatal COVID–19 hospitalizationC.

Figure 2. We present estimates of the effectiveness of any 13-valent pneumococcal vaccine (PCV13) receipt, and receipt of PCV13 and 23-valent pneumococcal poly-
saccharide vaccine (relative to no pneumococcal vaccination) according to 2015 guidelines of the Advisory Committee on Immunization Practices [30], against outcomes of 
any coronavirus disease 2019 (COVID-19) diagnosis (A), COVID-19 hospitalization (B), and fatal COVID-19 hospitalization (C). We obtain estimates using doubly robust Cox 
proportional hazards models applying inverse weights for the propensity of PCV13 receipt, correcting for the association of each endpoint with prior zoster vaccination as a 
negative control exposure. Lines (and numbers in parentheses) signify 95% confidence intervals around maximum likelihood estimates (points). Abbreviations: aHR, adjusted 
hazard ratio; CI, confidence interval; COVID-19, coronavirus disease 2019; PCV13, 13-valent pneumococcal vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.
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Efficacité PCV13 sur Covid, 
hospitalisation et décès

Pas efficacité du PPSV23

4

Outcome Exposure
Adjusted HR 

(95% CI)
Vx Effectiveness

(95% CI) Negative Control* Corrected aHR

Any COVID-19 
diagnosis

PCV13 0.65 (0.59 – 0.72) 35% (28%, 41%)

PCV13 + PPV23 0.66 (0.56 – 0.76) 34% (24%, 44%)

COVID-19 
hospitalization

PCV13 0.68 (0.57 - 0.83) 32% (17%, 43%)

PCV13 + PPV23 0.54 (0.41 – 0.73) 46% (27%, 59%)

Fatal COVID-19 
hospitalization

PCV13 0.68 (0.49 – 0.95 32% (5%, 51%)

PCV13 + PPV23 0.57 (0.33 – 0.97) 43% (3%, 67%)

Any COVID-19 
diagnosis PPV23 1.19 (1.05 – 1.36) -19% (-36%, -5%)

COVID-19 
hospitalization PPV23 1.02 (0.78 – 1.29) -2% (-29, 22%)

Vaccination with PCV13 has been associated with fewer COVID-19 cases and less-
severe outcomes

* Herpes zoster vaccine was used as negative control or sham exposure to control for unmeasured confounding.
Lewnard, J. A. et al. Prevention of COVID-19 among older adults receiving pneumococcal conjugate vaccine suggests interactions between Streptococcus pneumoniae and SARS-CoV-2 in the respiratory tract. The 

Journal of Infectious Diseases, doi:10.1093/infdis/jiab128 (2021).

Association between of PCV13 and PPV23 vaccination with COVID-19 Outcomes

Disparition efficacité PCV13 si 
utilisation ATB récente

-> argument action probable sur le 
portage pneumocoque
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Hypothèse : action sur le portage ?
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Plus bas niveau d’IgA chez les PS  
avec portage Pneumocoque que chez ceux sans portage Pneumocoque
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Conclusions
• Synergie virus/bactéries :

§ Colonisation
§ Infection

• Co/super infections virus-bactéries peu fréquentes mais plus graves

• Possible effet préventif des vaccins anti-pneumocociques conjugués sur 
les infections à certains virus respiratoires (action sur portage)

• Intérêt de la vaccination grippe + pneumocoque 
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