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INTRODUCTION

Acute illness causes physical function decline and
mortality in older adults (age ≥ 65 years).1,2 Older adults
admitted or discharged from the emergency department
(ED)1,2 are particularly at risk for functional decline and
some never return to their pre-illness baseline.2 Func-
tional status determines whether a person can manage
their new illness or injury at home and therefore impacts
disposition decisions.

The Geriatric ED Guidelines,3 Geriatric ED Accred-
itation, and growth of geriatric EDs has placed a new

focus on identifying older adults at risk for functional
decline during ED visits. Although a recent umbrella
review demonstrated low evidence of benefit of ED
interventions to prevent or reduce functional decline
in older adults, these previous efforts focus on the
long-term trajectory of functional status after acute ill-
ness, trauma, or heterogenous patient groups prior to
Geriatric ED Accreditation. There is limited under-
standing of acute functional impairment due to medi-
cal illness in older adults at the point of ED
presentation since the advent of Geriatric ED Guide-
lines. The purpose of this study was to describe the
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For discharged patients, the ED visit may be the
only opportunity for intervention on acute functional
decline and many EDs have community resources that
should be leveraged (PT consults, meal delivery, etc.).
For admitted patients, early identification of functional
decline could expedite inpatient intervention. Due to this,
universal screening is recommended by the Geriatric
ED Guidelines,3 but this has proven challenging.9,10

Appropriately, identifying which older adults are most
likely to benefit from the screening is a research topic of
growing importance.

This study has limitations. Most importantly, that
the included population was ill with a high admission
rate; thus, the generalizability to all ED older adults
may be limited. And, the OARS score is aggregated,
which introduces complexity as determining the impact
of the decline requires consideration of individual
components.

CONCLUSION

Older adults with suspected pneumonia have signifi-
cant rates of acute functional decline at ED presenta-
tion. Emergency physicians should evaluate for acute
decline during their treatment and disposition
decisions.
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FIGURE 1 Prevalence of decrease in individual instrumental and physical activities of daily living (ADL) change among older adult
emergency department patients with suspected pneumonia. Total of 130 patients.
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1/3 des patients sont 
rentrés à la maison avec 

un déclin des ADL

Il n’y a pas que les 
antibiotiques qui sont 

importants dans la prise 
en charge !
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Pendant la crise COVID-
19, les SMR ont-ils été 
utiles ? Y-a-t-il un profil 
de patient qui en tire + 

bénéfice ?  

• Décrire les trajectoires fonctionnelles de 
Patients âgés COVID-19 H en SMR 
(admission à 6 mois)

• Déterminer si la fragilité initiale influence 
cette trajectoire

Objectifs
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• Déterminer si la fragilité initiale influence 
cette trajectoire

Objectifs

• Étude prospective multicentrique
• 10 pays, 59 SSR (Espagne, UK, Russie, 

Italie, Israel, Irlande, Pays Bas)
• Patients COVID-19 + H en SSR
• ADL et Index de Barthel (/20) – 5Q 5D 5L
• Clinical Frailty Scale

Design

Admission
SSR 6 semaines 6 moisBaseline (J-15)



Rockwood et al. CMAJ 2005

Fragile

Robuste

Pré-fragile

Clinical Frailty Scale



Rockwood et al. Can Geriatr J 2020

Clinical Frailty Scale Les meilleurs conseils pour utiliser 
l’échelle clinique de fragilité 

Une histoire complète est nécessaire 
L’ECF est un outil d’évaluation clinique 
objectif. La fragilité doit être perçue, décrite 
et mesurée; pas devinée.

C’est la condition de base qui importe 
Si la personne évaluée est atteinte d’une 
condition aigüe, il ne faut pas la classer 
selon son état actuel, mais plutôt en 
fonction de comment elle était deux 
semaines auparavant.

Avoir des problèmes médicaux ne signifie 
pas automatiquement un score de 3 à l’ECF 
Une personne qui n’est pas limitée par ses 
conditions ou ses symptômes peut toujours être 
classifiée comme ECF 1 ou 2 si elle demeure active 
et indépendante. 

Kenneth Rockwood,  Sherri Fay, Olga Theou & Linda Dykes ▪︎  v2.0  5 June 2020  ▪︎  Translated by Natalia Sánchez Garrido  
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        Clinical Frailty Scale*

1    Very Fit – People who are robust, active, energetic 
and motivated. These people commonly exercise 
regularly.  They are among the fittest for their age.

2    Well – People who have no active disease 
symptoms but are less fit than category 1. Often, they 
exercise or are very active occasionally, e.g. seasonally.

3    Managing Well – People whose medical problems 
are well controlled, but are not regularly active 
beyond routine walking.

4   Vulnerable – While not dependent on others for 
daily help, often symptoms limit activities. A common 
complaint is being “slowed up”, and/or being tired 
during the day.

5   Mildly Frail –  These people often have more 
evident slowing, and need help in high order IADLs 
(finances, transportation, heavy housework, medica-
tions).  Typically, mild frailty progressively impairs 
shopping and walking outside alone, meal preparation 
and housework. 

6   Moderately Frail – People need help with all 
outside activities and with keeping house. Inside, they 
often have problems with stairs and need help with 
bathing and might need minimal assistance (cuing, 
standby) with dressing. 

       

7   Severely Frail – Completely dependent for 
personal care, from whatever cause (physical or 
cognitive).  Even so, they seem stable and not at 
high risk of dying (within ~ 6 months). 
 
8    Very Severely Frail – Completely dependent, 
approaching the end of life. Typically, they could 
not recover even from a minor illness. 

9. Terminally Ill - Approaching the end of life. This 
category applies to people with a life expectancy  
<6 months, who are not otherwise evidently frail.

Scoring frailty in people with dementia

The degree of frailty corresponds to the degree of dementia.
Common symptoms in mild dementia include forgetting the 
details of a recent event, though still remembering the event itself, 
repeating the same question/story and social withdrawal.

In moderate dementia, recent memory is very impaired, even 
though they seemingly can remember their past life events well. 
They can do personal care with prompting.

In severe dementia, they cannot do personal care without help.

* 1. Canadian Study on Health & Aging, Revised 2008.
2. K. Rockwood et al. A global clinical measure of fitness and   
frailty in elderly people. CMAJ 2005;173:489-495.
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#4

#2

65 ans et plus seulement 
L’ECF n’est pas validée pour les personnes 
de moins de 65 ans ou bien celles avec des 
handicaps stables. Cependant, documenter la 
mobilité, le fonctionnement et la perception 
de la santé de la personne peut aider à 
individualiser l’évaluation de la fragilité.

#6

#7

#8

Personnes en fin de vie (ECF 9) 
Pour les personnes à proximité de la mort, 
l’état actuel surpasse l’état de base.

#5

N’oubliez pas «vulnérable» (ECF 4) 
Les gens dans cette catégorie ne sont pas 
dépendants (même s’ils peuvent avoir besoin 
d’aide avec les tâches ménagères lourdes). 
Néanmoins ils se plaignent d’une sensation de 
«ralentissement». Ils deviennent sédentaires avec 
peu de contrôle de leurs symptômes.

L’échelle clinique de fragilité (ECF) a été créée pour synthétiser les résultats d’une évaluation 
gériatrique globale. Elle est couramment utilisée comme outil de triage pour prendre des 
décisions cliniques importantes. Il est donc impératif de l’utiliser correctement.   
  

Faites confiance, mais vérifiez toujours 
L’information transmise par la personne est 
importante, mais il est nécessaire de 
toujours vérifier avec les proches ou bien 
le personnel soignant. L’ECF est un outil 
raisonné. Il faut donc intégrer l’information 
reçue et vos observations en utilisant votre 
expérience clinique personnelle auprès des 
personnes âgée. 

La démence ne limite pas l’usage de l’ECF 
Le déclin de la fonction des personnes qui vivent 
avec une démence suit un modèle similaire à celui 
de la fragilité. Si l’on connaît le stade de la 
démence (léger, modéré, sévère) on connaît donc 
aussi le niveau de fragilité (ECF 5, 6, 7). Au cas où 
l’on ne connaît pas le stade de la démence, il faut 
utiliser la notation usuelle de l’ECF.
 

#3

#9 Explorez en détail les changements dans 
le fonctionnement 
En considérant les activités de la vie domestique 
plus complexes (cuisiner, payer les factures et 
nettoyer la maison, par exemple), ce qui est 
impor tant est le changement dans le 
fonctionnement. Quelqu’un qui a toujours 
compté sur d’autres personnes pour réaliser une 
activité en particulier ne peut pas être considéré 
comme dépendant s’il ne l’a jamais fait. Il est 
même possible qu’il ne sache pas comment faire.

« The scale focuses on items that can be readily 
observed without specialist training, including 
mobility, balance, use of walking aids, and the 
abilities to eat, dress, shop, cook, and bank. 
For this reason, scoring should match the 
description, and should not be based solely on 
the pictures that accompany each level ».
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• N=793 75 ans (SD 10) - 52% hommes
• 93% vivaient domicile avant H
• 33% USI
• Pré H N=490 CSF médian  3 (2-4)
• Admission n = 493 CSF médian 6 (5-7)
• DMS 26 jours

Population

L.S. van Tol et al.

Table 1. Demographic characteristics, clinical characteristics and received treatment components and outcomes of post-
COVID-19 patients in geriatric rehabilitation 

Characteristic n (%) available Value 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Age, mean (SD) 719 (99.4) 75.49 (9.91) 
Sex, male, n (%) 723 (100) 379 (52.4) 
Country, n (%) 723 (100) 
Czech Republic 53 (7.3) 
Germany 50 (6.9) 
Ireland 50 (6.9) 
Israel 32 (4.4) 
Italy 30 (4.1) 
Malta 17 (2.4) 
Russia 50 (6.9) 
Spain 96 (13.3) 
The Netherlands 293 (40.6) 
UK 52 (7.2) 
Barthel Index at GR admission, mean (SD) 714 (98.8) 10.94 (5.40) 
EQ-5D-5L at GR admission, mean (SD) 471 (65.1) 0.52 (0.32) 
Clinical Frailty Scale (CFS) premorbid, median (IQR) 490 (67.8) 3.0 (2.0–4.0) 
Fit (CFS 1–3) 283 (39.1) 
Pre-frail (CFS 4–5) 149 (20.6) 
Frail (CFS 6–9) 58 (8.0) 
Clinical Frailty Scale (CFS) at GR admission, median (IQR) 493 (68.2) 6.0 (5.0–7.0) 
Fit (CFS 1–3) 51 (7.1) 
Pre-frail (CFS 4–6) 129 (17.8) 
Frail (CFS 7–9) 313 (43.3) 
Functional Comorbidity Index, median (IQR) 634 (87.7) 3.0 (2.0–4.0) 
Hospital stay preadmission, n (%) 720 (99.6) 653 (90.3) 
Hospital length of stay, days, median (IQR) 645 (89.2) 23.0 (13.0–46.5) 
ICU stay preadmission, yes, n (%) 711 (98.3) 240 (33.2) 
ICU length of stay, days, median (IQR) 232 (32.1) 23.0 (11.0–43.0) 
Living situation premorbid, n (%) 720 (99.6) 
Own home 675 (93.4) 
Nursing home/assisted living 42 (5.8) 
Other 3 (0.4) 
Treatment components of GR, n (%) 670 (92.7) 
Oxygen therapy 289 (40.0) 
Physiotherapy (total) 595 (82.3) 
Physiotherapy for sarcopenia 496 (74.0) 
Physiotherapy for lung function 408 (60.9) 
Occupational therapy (total) 467 (64.6) 
Occupational therapy for iADL 421 (62.8) 
Occupational therapy for house adaptations 273 (40.7) 
Speech/language therapy (total) 126 (17.4) 
Speech/language therapy for dysphagia 93 (13.9) 
Speech/language therapy for voice/speech 61 (9.1) 
Protein- or calorie-enriched diet 437 (60.4) 
Psychosocial support 170 (23.5) 
Cognitive training 82 (11.3) 
Length of stay in GR, days; median (IQR) 701 (97.0) 26.0 (15.0–41.0) 
Discharge destination, % (n) 703 (97.2) 
Own home 544 (75.2) 
Nursing home/assisted living 103 (14.3) 
Hospital 30 (4.1) 
Other 15 (2.1) 
Deceased during GR 11 (1.5) 
Post-traumatic stress disorder at 6 weeks and/or 6 months after GR discharge, % (n) 541 (74.8) 59 (8.16) 

daily functioning, a premorbid value was available, but not 
for QoL. Therefore, we were able to add a linear spline 
from premorbid to GR admission in the models for daily 
functioning. 

Subsequently, the effect of frailty at GR admission on 
recovery in daily functioning and QoL was examined in 
univariable models and in multivariable models adjusted 
for age, sex, premorbid daily functioning, comorbidities 
(Functional Comorbidity Index) [39], hospital length of 

stay (days) and ICU stay (yes/no). All independent variables 
were mean-centred to present the recovery trajectory in daily 
functioning and QoL for a sample mean participant. In the 
same way, the effect of premorbid frailty on trajectories of 
daily functioning and QoL was examined in a sensitivity 
analysis. In addition, we tested whether participants with 
missing values in the independent variables, who had to be 
excluded from complete case analysis, had similar recovery 
trajectories as the included participants. 
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• N=793 75 ans (SD 10) - 52% hommes
• 93% vivaient domicile avant H
• 33% USI
• Pré H N=490 CSF médian  3 (2-4)
• Admission n = 493 CSF médian 6 (5-7)
• DMS 26 jours

Population

L.S. van Tol et al.

Table 1. Demographic characteristics, clinical characteristics and received treatment components and outcomes of post-
COVID-19 patients in geriatric rehabilitation 

Characteristic n (%) available Value 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Age, mean (SD) 719 (99.4) 75.49 (9.91) 
Sex, male, n (%) 723 (100) 379 (52.4) 
Country, n (%) 723 (100) 
Czech Republic 53 (7.3) 
Germany 50 (6.9) 
Ireland 50 (6.9) 
Israel 32 (4.4) 
Italy 30 (4.1) 
Malta 17 (2.4) 
Russia 50 (6.9) 
Spain 96 (13.3) 
The Netherlands 293 (40.6) 
UK 52 (7.2) 
Barthel Index at GR admission, mean (SD) 714 (98.8) 10.94 (5.40) 
EQ-5D-5L at GR admission, mean (SD) 471 (65.1) 0.52 (0.32) 
Clinical Frailty Scale (CFS) premorbid, median (IQR) 490 (67.8) 3.0 (2.0–4.0) 
Fit (CFS 1–3) 283 (39.1) 
Pre-frail (CFS 4–5) 149 (20.6) 
Frail (CFS 6–9) 58 (8.0) 
Clinical Frailty Scale (CFS) at GR admission, median (IQR) 493 (68.2) 6.0 (5.0–7.0) 
Fit (CFS 1–3) 51 (7.1) 
Pre-frail (CFS 4–6) 129 (17.8) 
Frail (CFS 7–9) 313 (43.3) 
Functional Comorbidity Index, median (IQR) 634 (87.7) 3.0 (2.0–4.0) 
Hospital stay preadmission, n (%) 720 (99.6) 653 (90.3) 
Hospital length of stay, days, median (IQR) 645 (89.2) 23.0 (13.0–46.5) 
ICU stay preadmission, yes, n (%) 711 (98.3) 240 (33.2) 
ICU length of stay, days, median (IQR) 232 (32.1) 23.0 (11.0–43.0) 
Living situation premorbid, n (%) 720 (99.6) 
Own home 675 (93.4) 
Nursing home/assisted living 42 (5.8) 
Other 3 (0.4) 
Treatment components of GR, n (%) 670 (92.7) 
Oxygen therapy 289 (40.0) 
Physiotherapy (total) 595 (82.3) 
Physiotherapy for sarcopenia 496 (74.0) 
Physiotherapy for lung function 408 (60.9) 
Occupational therapy (total) 467 (64.6) 
Occupational therapy for iADL 421 (62.8) 
Occupational therapy for house adaptations 273 (40.7) 
Speech/language therapy (total) 126 (17.4) 
Speech/language therapy for dysphagia 93 (13.9) 
Speech/language therapy for voice/speech 61 (9.1) 
Protein- or calorie-enriched diet 437 (60.4) 
Psychosocial support 170 (23.5) 
Cognitive training 82 (11.3) 
Length of stay in GR, days; median (IQR) 701 (97.0) 26.0 (15.0–41.0) 
Discharge destination, % (n) 703 (97.2) 
Own home 544 (75.2) 
Nursing home/assisted living 103 (14.3) 
Hospital 30 (4.1) 
Other 15 (2.1) 
Deceased during GR 11 (1.5) 
Post-traumatic stress disorder at 6 weeks and/or 6 months after GR discharge, % (n) 541 (74.8) 59 (8.16) 

daily functioning, a premorbid value was available, but not 
for QoL. Therefore, we were able to add a linear spline 
from premorbid to GR admission in the models for daily 
functioning. 

Subsequently, the effect of frailty at GR admission on 
recovery in daily functioning and QoL was examined in 
univariable models and in multivariable models adjusted 
for age, sex, premorbid daily functioning, comorbidities 
(Functional Comorbidity Index) [39], hospital length of 

stay (days) and ICU stay (yes/no). All independent variables 
were mean-centred to present the recovery trajectory in daily 
functioning and QoL for a sample mean participant. In the 
same way, the effect of premorbid frailty on trajectories of 
daily functioning and QoL was examined in a sensitivity 
analysis. In addition, we tested whether participants with 
missing values in the independent variables, who had to be 
excluded from complete case analysis, had similar recovery 
trajectories as the included participants. 
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A European longitudinal cohort study

Figure 2. A, Unconditional trajectory of daily functioning (n = 388). B, Trajectory of daily functioning for fit (n = 34), pre-frail 
(n = 102) and frail (n = 252) participants at GR admission (n = 388). C, Unconditional trajectory of quality of life (n = 330). D, 
Trajectory of quality of life for fit (n = 33), pre-frail (n = 95) and frail (n = 202) participants at GR admission (n = 330). 

up to their premorbid status. Their QoL also substantially 
increased. The largest increases in QoL and daily functioning 
were observed within the first 2 or 3 months after GR 
admission. A large proportion of geriatric post-COVID-
19 patients were frail at GR admission. These frail patients 
recovered in daily functioning approximately as fast as more 
fit patients. Although QoL was lower at admission for 
patients who were frail (either at GR admission or prior 
to the infection), their recovery went faster compared to 
fitter patients, leading to equal levels of QoL after a couple 
of months. 

This study was performed during a period when health-
care systems were severely strained, and this likely reduced 
the quality of rehabilitation care. Patients were sometimes 

discharged early from the hospital [42]. Consequently, pos-
sibly patients were frailer than usual at GR admission. There-
fore, the observed recovery may be an underestimation of the 
potential recovery of post-COVID-19 patients. Moreover, 
post-COVID-19 GR patients in our cohort (mean age 75, 
SD 9.9) tend to be a little younger than pre-pandemic GR 
patients (mostly patients recovering from stroke, complex 
conditions, hip fracture or repeated falls), who have a mean 
age of 80 (SD 4.3) [43]. 

Literature about older COVID-19 patients who did not 
receive rehabilitation care after hospitalisation shows that the 
majority of them did not fully recover. In a French and in 
a Spanish cohort, one-third had a lower functional status 
at 3 months after hospitalisation than they had at hospital 
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Abstract 

Background: After an acute infection, older persons may benefit from geriatric rehabilitation (GR). 
Objectives: This study describes the recovery trajectories of post-COVID-19 patients undergoing GR and explores whether 
frailty is associated with recovery. 
Design: Multicentre prospective cohort study. 
Setting: 59 GR facilities in 10 European countries. 
Participants: Post-COVID-19 patients admitted to GR between October 2020 and October 2021. 
Methods: Patients’ characteristics, daily functioning (Barthel index; BI), quality of life (QoL; EQ-5D-5L) and frailty (Clinical 
Frailty Scale; CFS) were collected at admission, discharge, 6 weeks and 6 months after discharge. We used linear mixed models 
to examine the trajectories of daily functioning and QoL. 
Results: 723 participants were included with a mean age of 75 (SD: 9.91) years. Most participants were pre-frail to frail 
(median [interquartile range] CFS 6.0 [5.0–7.0]) at admission. After admission, the BI first steeply increased from 11.31 
with 2.51 (SE 0.15, P < 0.001) points per month and stabilised around 17.0 (quadratic slope: −0.26, SE 0.02, P < 0.001). 
Similarly, EQ-5D-5L first steeply increased from 0.569 with 0.126 points per month (SE 0.008, P < 0.001) and stabilised 
around 0.8 (quadratic slope: −0.014, SE 0.001, P < 0.001). Functional recovery rates were independent of frailty level at 
admission. QoL was lower at admission for frailer participants, but increased faster, stabilising at almost equal QoL values for 
frail, pre-frail and fit patients. 
Conclusions: Post-COVID-19 patients admitted to GR showed substantial recovery in daily functioning and QoL. Frailty 
at GR admission was not associated with recovery and should not be a reason to exclude patients from GR.

Keywords: geriatric rehabilitation, COVID-19, recovery, older people 

Key Points 

• Post-COVID-19 patients from geriatric rehabilitation (GR) centres across 10 European countries showed substantial 
recovery. 

• Recovery in daily functioning and quality of life was independent of frailty level at admission to GR following COVID-19. 
• Frailty should not be a reason to exclude patients from GR, as even frail people may considerably benefit from post-acute 

care. 

Introduction 
The COVID-19 pandemic was associated with millions of 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infections and deaths worldwide, but the highest 
infection rates and most severe infections were among 
older people [1–5]. Older people with SARS-CoV-2 
infection were more often admitted to hospital and to 
Intensive Care Unit (ICU), with periods of immobility as a 
consequence [6]. 

Under normal circumstances, older people experiencing 
acute deterioration in their health and functional status 
would be offered geriatric rehabilitation (GR) [7–9]. GR is 
aimed at people with complex health problems, including 
pre-existing multimorbidity, cognitive impairment, frailty 
or other geriatric syndromes [10]. GR can be provided in 
diverse care settings [11]. During the COVID-19 pandemic, 
the availability of GR care was diminished due to illness 
among staff, secondment to acute care wards, repurpos-
ing of GR facilities as isolation beds for SARS-CoV-2-
positive patients and reduced capacity due to pandemic-
related spacing requirements [12]. This reduction in rehabil-
itation supply at a time when demand increased due to many 
older people experiencing acute health deteriorations due to 
COVID-19 has been called the ‘COVID-19 rehabilitation 
paradox’ [12, 13]. 

Future pandemic planning should include more effective 
provision of rehabilitation. Therefore, we need to know 
whether GR is successful in this context, what type of reha-
bilitation care to deliver and what population sub-groups are 
likely to benefit [10, 14]. Evidence on recovery trajectories 
for people in GR post-COVID is still limited, but suggests 
that people participating in GR post-COVID experienced 
at least partial recovery [15–18]. Outside the context of 
COVID-19, frailty and functional decline are both fre-
quently used criteria in triage of acutely hospitalised patients 
for referral to GR [19]. Moreover, frailty in older people has 
been associated with lower functional status [20, 21] and  
quality of life (QoL) [22]. Against this background, in this 
study we aim to describe the recovery trajectories in daily 
functioning and QoL of geriatric patients after COVID-19 
in a multicentre, multinational European cohort during GR 
and up to 6 months after discharge; and explore whether 
the patient’s frailty level at GR admission is associated with 
recovery in daily functioning and QoL. 

Methods 
Design 
The European Cooperation in Geriatric Rehabilitation 
study after COVID-19 (EU-COGER) was an international 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Age, mean (SD) 719 (99.4) 75.49 (9.91) 
Sex, male, n (%) 723 (100) 379 (52.4) 
Country, n (%) 723 (100) 
Czech Republic 53 (7.3) 
Germany 50 (6.9) 
Ireland 50 (6.9) 
Israel 32 (4.4) 
Italy 30 (4.1) 
Malta 17 (2.4) 
Russia 50 (6.9) 
Spain 96 (13.3) 
The Netherlands 293 (40.6) 
UK 52 (7.2) 
Barthel Index at GR admission, mean (SD) 714 (98.8) 10.94 (5.40) 
EQ-5D-5L at GR admission, mean (SD) 471 (65.1) 0.52 (0.32) 
Clinical Frailty Scale (CFS) premorbid, median (IQR) 490 (67.8) 3.0 (2.0–4.0) 
Fit (CFS 1–3) 283 (39.1) 
Pre-frail (CFS 4–5) 149 (20.6) 
Frail (CFS 6–9) 58 (8.0) 
Clinical Frailty Scale (CFS) at GR admission, median (IQR) 493 (68.2) 6.0 (5.0–7.0) 
Fit (CFS 1–3) 51 (7.1) 
Pre-frail (CFS 4–6) 129 (17.8) 
Frail (CFS 7–9) 313 (43.3) 
Functional Comorbidity Index, median (IQR) 634 (87.7) 3.0 (2.0–4.0) 
Hospital stay preadmission, n (%) 720 (99.6) 653 (90.3) 
Hospital length of stay, days, median (IQR) 645 (89.2) 23.0 (13.0–46.5) 
ICU stay preadmission, yes, n (%) 711 (98.3) 240 (33.2) 
ICU length of stay, days, median (IQR) 232 (32.1) 23.0 (11.0–43.0) 
Living situation premorbid, n (%) 720 (99.6) 
Own home 675 (93.4) 
Nursing home/assisted living 42 (5.8) 
Other 3 (0.4) 
Treatment components of GR, n (%) 670 (92.7) 
Oxygen therapy 289 (40.0) 
Physiotherapy (total) 595 (82.3) 
Physiotherapy for sarcopenia 496 (74.0) 
Physiotherapy for lung function 408 (60.9) 
Occupational therapy (total) 467 (64.6) 
Occupational therapy for iADL 421 (62.8) 
Occupational therapy for house adaptations 273 (40.7) 
Speech/language therapy (total) 126 (17.4) 
Speech/language therapy for dysphagia 93 (13.9) 
Speech/language therapy for voice/speech 61 (9.1) 
Protein- or calorie-enriched diet 437 (60.4) 
Psychosocial support 170 (23.5) 
Cognitive training 82 (11.3) 
Length of stay in GR, days; median (IQR) 701 (97.0) 26.0 (15.0–41.0) 
Discharge destination, % (n) 703 (97.2) 
Own home 544 (75.2) 
Nursing home/assisted living 103 (14.3) 
Hospital 30 (4.1) 
Other 15 (2.1) 
Deceased during GR 11 (1.5) 
Post-traumatic stress disorder at 6 weeks and/or 6 months after GR discharge, % (n) 541 (74.8) 59 (8.16) 

daily functioning, a premorbid value was available, but not 
for QoL. Therefore, we were able to add a linear spline 
from premorbid to GR admission in the models for daily 
functioning. 

Subsequently, the effect of frailty at GR admission on 
recovery in daily functioning and QoL was examined in 
univariable models and in multivariable models adjusted 
for age, sex, premorbid daily functioning, comorbidities 
(Functional Comorbidity Index) [39], hospital length of 

stay (days) and ICU stay (yes/no). All independent variables 
were mean-centred to present the recovery trajectory in daily 
functioning and QoL for a sample mean participant. In the 
same way, the effect of premorbid frailty on trajectories of 
daily functioning and QoL was examined in a sensitivity 
analysis. In addition, we tested whether participants with 
missing values in the independent variables, who had to be 
excluded from complete case analysis, had similar recovery 
trajectories as the included participants. 
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A European longitudinal cohort study

Figure 2. A, Unconditional trajectory of daily functioning (n = 388). B, Trajectory of daily functioning for fit (n = 34), pre-frail 
(n = 102) and frail (n = 252) participants at GR admission (n = 388). C, Unconditional trajectory of quality of life (n = 330). D, 
Trajectory of quality of life for fit (n = 33), pre-frail (n = 95) and frail (n = 202) participants at GR admission (n = 330). 

up to their premorbid status. Their QoL also substantially 
increased. The largest increases in QoL and daily functioning 
were observed within the first 2 or 3 months after GR 
admission. A large proportion of geriatric post-COVID-
19 patients were frail at GR admission. These frail patients 
recovered in daily functioning approximately as fast as more 
fit patients. Although QoL was lower at admission for 
patients who were frail (either at GR admission or prior 
to the infection), their recovery went faster compared to 
fitter patients, leading to equal levels of QoL after a couple 
of months. 

This study was performed during a period when health-
care systems were severely strained, and this likely reduced 
the quality of rehabilitation care. Patients were sometimes 

discharged early from the hospital [42]. Consequently, pos-
sibly patients were frailer than usual at GR admission. There-
fore, the observed recovery may be an underestimation of the 
potential recovery of post-COVID-19 patients. Moreover, 
post-COVID-19 GR patients in our cohort (mean age 75, 
SD 9.9) tend to be a little younger than pre-pandemic GR 
patients (mostly patients recovering from stroke, complex 
conditions, hip fracture or repeated falls), who have a mean 
age of 80 (SD 4.3) [43]. 

Literature about older COVID-19 patients who did not 
receive rehabilitation care after hospitalisation shows that the 
majority of them did not fully recover. In a French and in 
a Spanish cohort, one-third had a lower functional status 
at 3 months after hospitalisation than they had at hospital 
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were observed within the first 2 or 3 months after GR 
admission. A large proportion of geriatric post-COVID-
19 patients were frail at GR admission. These frail patients 
recovered in daily functioning approximately as fast as more 
fit patients. Although QoL was lower at admission for 
patients who were frail (either at GR admission or prior 
to the infection), their recovery went faster compared to 
fitter patients, leading to equal levels of QoL after a couple 
of months. 
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discharged early from the hospital [42]. Consequently, pos-
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potential recovery of post-COVID-19 patients. Moreover, 
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increased. The largest increases in QoL and daily functioning 
were observed within the first 2 or 3 months after GR 
admission. A large proportion of geriatric post-COVID-
19 patients were frail at GR admission. These frail patients 
recovered in daily functioning approximately as fast as more 
fit patients. Although QoL was lower at admission for 
patients who were frail (either at GR admission or prior 
to the infection), their recovery went faster compared to 
fitter patients, leading to equal levels of QoL after a couple 
of months. 

This study was performed during a period when health-
care systems were severely strained, and this likely reduced 
the quality of rehabilitation care. Patients were sometimes 

discharged early from the hospital [42]. Consequently, pos-
sibly patients were frailer than usual at GR admission. There-
fore, the observed recovery may be an underestimation of the 
potential recovery of post-COVID-19 patients. Moreover, 
post-COVID-19 GR patients in our cohort (mean age 75, 
SD 9.9) tend to be a little younger than pre-pandemic GR 
patients (mostly patients recovering from stroke, complex 
conditions, hip fracture or repeated falls), who have a mean 
age of 80 (SD 4.3) [43]. 

Literature about older COVID-19 patients who did not 
receive rehabilitation care after hospitalisation shows that the 
majority of them did not fully recover. In a French and in 
a Spanish cohort, one-third had a lower functional status 
at 3 months after hospitalisation than they had at hospital 
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Table 1. Demographic and Clinical Characteristics of the Participants at Baseline (Safety Population).*

Characteristic
RSVpreF Vaccine 

(N = 17,215)
Placebo 

(N = 17,069)
Total 

(N = 34,284)

Age
Mean — yr 68.3±6.14 68.3±6.18 68.3±6.16
Median (range) — yr 67 (59–95) 67 (60–97) 67 (59–97)
Age group — no. (%)

60–69 yr† 10,757 (62.5) 10,680 (62.6) 21,437 (62.5)
70–79 yr 5,488 (31.9) 5,431 (31.8) 10,919 (31.8)
≥80 yr 970 (5.6) 958 (5.6) 1,928 (5.6)

Male sex — no. (%) 8,800 (51.1) 8,601 (50.4) 17,401 (50.8)
Race or ethnic group — no. (%)‡

White 13,475 (78.3) 13,360 (78.3) 26,835 (78.3)
Black 2,206 (12.8) 2,207 (12.9) 4,413 (12.9)
Asian 1,352 (7.9) 1,333 (7.8) 2,685 (7.8)
Multiracial 44 (0.3) 36 (0.2) 80 (0.2)
Race not reported 56 (0.3) 50 (0.3) 106 (0.3)
Unknown 28 (0.2) 32 (0.2) 60 (0.2)
Not Hispanic or Latinx 10,740 (62.4) 10,715 (62.8) 21,455 (62.6)
Hispanic or Latinx 6,384 (37.1) 6,260 (36.7) 12,644 (36.9)
American Indian or Alaska Native 44 (0.3) 36 (0.2) 80 (0.2)
Native Hawaiian or other Pacific Islander 10 (<0.1) 15 (<0.1) 25 (0.1)
Ethnic group not reported 91 (0.5) 94 (0.6) 185 (0.5)

Country — no. (%)
United States 10,319 (59.9) 10,182 (59.7) 20,501 (59.8)
Argentina 3,660 (21.3) 3,657 (21.4) 7,317 (21.3)
Japan 1,159 (6.7) 1,156 (6.8) 2,315 (6.8)
The Netherlands 687 (4.0) 681 (4.0) 1,368 (4.0)
Canada 509 (3.0) 506 (3.0) 1,015 (3.0)
South Africa 495 (2.9) 497 (2.9) 992 (2.9)
Finland 386 (2.2) 390 (2.3) 776 (2.3)

Prespecified high-risk condition — no. (%)
≥1 Prespecified high-risk condition 8,867 (51.5) 8,831 (51.7) 17,698 (51.6)

Current tobacco use 2,642 (15.3) 2,571 (15.1) 5,213 (15.2)
Diabetes 3,224 (18.7) 3,284 (19.2) 6,508 (19.0)
Lung disease§ 1,956 (11.4) 2,040 (12.0) 3,996 (11.7)
Heart disease¶ 2,221 (12.9) 2,233 (13.1) 4,454 (13.0)
Liver disease 335 (1.9) 329 (1.9) 664 (1.9)
Renal disease 502 (2.9) 459 (2.7) 961 (2.8)

≥1 Chronic cardiopulmonary condition 2,595 (15.1) 2,640 (15.5) 5,235 (15.3)
Asthma 1,541 (9.0) 1,508 (8.8) 3,049 (8.9)
COPD 1,012 (5.9) 1,080 (6.3) 2,092 (6.1)
Congestive heart failure 293 (1.7) 307 (1.8) 600 (1.8)

No prespecified high-risk condition — no. (%) 8,348 (48.5) 8,238 (48.3) 16,586 (48.4)

*  Plus–minus values are means ±SD. The safety population consisted of all enrolled participants who received respiratory syncytial virus 
prefusion F protein (RSVpreF) vaccine or placebo. Percentages may not total 100 because of rounding. COPD denotes chronic obstructive 
pulmonary disease.

†  This age group includes one 59-year-old participant.
‡  Race or ethnic group was reported by the participants.
§  This category includes COPD and other lung diseases.
¶  This category includes congestive heart failure and other heart diseases.
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Table 1. Characteristics of the Participants at Baseline (Exposed Population).*

Characteristic
RSVPreF3 OA Group 

(N = 12,467)
Placebo Group 

(N = 12,499)

Age

Mean — yr 69.5±6.5 69.6±6.4

Distribution — no. (%)

≥70 yr 5,504 (44.1) 5,519 (44.2)

≥80 yr 1,017 (8.2) 1,028 (8.2)

60–69 yr 6,963 (55.9) 6,980 (55.8)

70–79 yr 4,487 (36.0) 4,491 (35.9)

Female sex — no. (%) 6,488 (52.0) 6,427 (51.4)

Race — no. (%)†

Black 1,064 (8.5) 1,101 (8.8)

Asian 953 (7.6) 956 (7.6)

White 9,887 (79.3) 9,932 (79.5)

Other 563 (4.5) 510 (4.1)

Geographic region — no. (%)‡

Northern Hemisphere 11,496 (92.2) 11,522 (92.2)

Southern Hemisphere 971 (7.8) 977 (7.8)

Type of residence — no. (%)

Community 12,306 (98.7) 12,351 (98.8)

Long-term care facility 161 (1.3) 148 (1.2)

Frailty status — no. (%)§

Frail 189 (1.5) 177 (1.4)

Prefrail 4,793 (38.4) 4,781 (38.3)

Fit 7,464 (59.9) 7,521 (60.2)

Unknown 21 (0.2) 20 (0.2)

Charlson comorbidity index¶

Mean 3.2±1.2 3.2±1.2

Distribution — no. (%)

Low or medium risk 8,235 (66.1) 8,368 (66.9)

High risk 4,232 (33.9) 4,131 (33.1)

Coexisting conditions of interest — no. (%)∥

Any preexisting condition 4,937 (39.6) 4,864 (38.9)

Cardiorespiratory preexisting condition 2,496 (20.0) 2,422 (19.4)

Endocrine or metabolic preexisting condition 3,200 (25.7) 3,236 (25.9)

*  Plus–minus values are means ±SD. The exposed population included all the participants who received a single dose of 
an AS01

E-adjuvanted respiratory syncytial virus (RSV) prefusion F protein–based candidate vaccine (RSVPreF3 OA) or 
placebo. Percentages may not total 100 because of rounding.

†  Race was reported by the participant.
‡  Northern Hemisphere countries that were included in the trial were Belgium, Canada, Estonia, Finland, Germany, Italy, 

Japan, Mexico, Poland, Russia, Spain, South Korea, the United Kingdom, and the United States. Southern Hemisphere 
countries were Australia, New Zealand, and South Africa.

§  Frailty status was assessed with the use of a gait speed test. A walking speed of less than 0.4 m per second or an in-
ability to perform the test indicated frail status, a walking speed of 0.4 to 0.99 m per second indicated prefrail status, 
and a walking speed of 1 m per second or faster indicated fit status.

¶  This trial used an updated Charlson comorbidity index,19 which is calculated on the basis of 17 conditions, each of 
which is assigned a weighted score of 0, 1, 2, 4, or 6. Higher scores indicate more coexisting conditions and a higher 
risk of death; the maximum score is 24. The Charlson comorbidity index was also adjusted for age by the addition of 
1 point for each decade after 40 years of age. A baseline score of 3 or less indicated low or medium risk, and a score 
above 3 indicated high risk. The range of scores that was observed in this trial was 2 to 11.

∥  Coexisting conditions of interest included chronic obstructive pulmonary disease, asthma, any chronic respiratory or 
pulmonary disease, and chronic heart failure (cardiorespiratory condition) and diabetes mellitus type 1 or type 2 and 
advanced liver or renal disease (endocrine or metabolic condition).
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BACKGROUND
Respiratory syncytial virus (RSV) can cause substantial morbidity and mortality 
among older adults. An mRNA-based RSV vaccine, mRNA-1345, encoding the 
stabilized RSV prefusion F glycoprotein, is under clinical investigation.

METHODS
In this ongoing, randomized, double-blind, placebo-controlled, phase 2–3 trial, we 
randomly assigned, in a 1:1 ratio, adults 60 years of age or older to receive one 
dose of mRNA-1345 (50 µg) or placebo. The two primary efficacy end points were 
the prevention of RSV-associated lower respiratory tract disease with at least two 
signs or symptoms and with at least three signs or symptoms. A key secondary 
efficacy end point was the prevention of RSV-associated acute respiratory disease. 
Safety was also assessed.

RESULTS
Overall, 35,541 participants were assigned to receive the mRNA-1345 vaccine 
(17,793 participants) or placebo (17,748). The median follow-up was 112 days 
(range, 1 to 379). The primary analyses were conducted when at least 50% of the 
anticipated cases of RSV-associated lower respiratory tract disease had occurred. 
Vaccine efficacy was 83.7% (95.88% confidence interval [CI], 66.0 to 92.2) against 
RSV-associated lower respiratory tract disease with at least two signs or symptoms 
and 82.4% (96.36% CI, 34.8 to 95.3) against the disease with at least three signs 
or symptoms. Vaccine efficacy was 68.4% (95% CI, 50.9 to 79.7) against RSV-asso-
ciated acute respiratory disease. Protection was observed against both RSV sub-
types (A and B) and was generally consistent across subgroups defined according 
to age and coexisting conditions. Participants in the mRNA-1345 group had a 
higher incidence than those in the placebo group of solicited local adverse reac-
tions (58.7% vs. 16.2%) and of systemic adverse reactions (47.7% vs. 32.9%); most 
reactions were mild to moderate in severity and were transient. Serious adverse 
events occurred in 2.8% of the participants in each trial group.

CONCLUSIONS
A single dose of the mRNA-1345 vaccine resulted in no evident safety concerns and 
led to a lower incidence of RSV-associated lower respiratory tract disease and of RSV-
associated acute respiratory disease than placebo among adults 60 years of age or 
older. (Funded by Moderna; ConquerRSV ClinicalTrials.gov number, NCT05127434.)
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CONCLUSIONS
Among adults ≥60 years of age, a single dose of the mRNA-
1345 vaccine led to a lower incidence of RSV-associated 
lower respiratory tract disease than placebo and resulted  
in no apparent safety concerns.

Research Summary

Clinical Problem

Older adults are at increased risk for respiratory syncytial 
virus (RSV)–associated complications and death. An  
mRNA-based RSV vaccine, mRNA-1345, encoding the  
stabilized RSV prefusion F glycoprotein appeared to be 
safe and immunogenic in adults in a phase 1 clinical  
trial, but additional data are needed.

Clinical Trial

Design: An ongoing, phase 2–3, international, double- 
blind, randomized, placebo-controlled trial assessed  
the efficacy and safety of the mRNA-1345 vaccine in  
preventing RSV-associated lower respiratory tract disease 
in adults ≥60 years of age.

Intervention: 35,541 participants were assigned to receive 
a single intramuscular injection of mRNA-1345 or saline 
placebo. The two primary efficacy end points were the 
prevention of a first episode of RSV-associated lower re-
spiratory tract disease with ≥2 signs or symptoms and 
with ≥3 signs or symptoms within 14 days to 12 months 
after injection.

Results

Efficacy: During a median follow-up of 112 days, the 
mRNA-1345 vaccine showed efficacy against RSV-associ-
ated lower respiratory tract disease with ≥2 and with ≥3 
lower respiratory signs or symptoms.

Safety: Solicited local and systemic adverse reactions were 
reported more often with the mRNA-1345 vaccine than 
with placebo; most adverse reactions were mild to mod-
erate in severity and were transient. The incidence of se-
rious adverse events did not differ between the groups.

Limitations and Remaining Questions

∎ Participants with certain immunocompromising  
conditions were excluded from the trial.

∎ There were low case numbers in some subgroups,  
including participants ≥80 years of age and frail  
participants.

∎ Ongoing follow-up will assess the duration of protec-
tion from the vaccine, and the need for and appropri-
ate timing of a booster are under study.

Links: Full Article | NEJM Quick Take | Editorial

Efficacy and Safety of an mRNA-Based RSV PreF Vaccine in Older Adults
Wilson E et al. DOI: 10.1056/NEJMoa2307079
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Among adults ≥60 years of age, a single dose of the mRNA-
1345 vaccine led to a lower incidence of RSV-associated 
lower respiratory tract disease than placebo and resulted  
in no apparent safety concerns.
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Older adults are at increased risk for respiratory syncytial 
virus (RSV)–associated complications and death. An  
mRNA-based RSV vaccine, mRNA-1345, encoding the  
stabilized RSV prefusion F glycoprotein appeared to be 
safe and immunogenic in adults in a phase 1 clinical  
trial, but additional data are needed.

Clinical Trial

Design: An ongoing, phase 2–3, international, double- 
blind, randomized, placebo-controlled trial assessed  
the efficacy and safety of the mRNA-1345 vaccine in  
preventing RSV-associated lower respiratory tract disease 
in adults ≥60 years of age.

Intervention: 35,541 participants were assigned to receive 
a single intramuscular injection of mRNA-1345 or saline 
placebo. The two primary efficacy end points were the 
prevention of a first episode of RSV-associated lower re-
spiratory tract disease with ≥2 signs or symptoms and 
with ≥3 signs or symptoms within 14 days to 12 months 
after injection.

Results

Efficacy: During a median follow-up of 112 days, the 
mRNA-1345 vaccine showed efficacy against RSV-associ-
ated lower respiratory tract disease with ≥2 and with ≥3 
lower respiratory signs or symptoms.

Safety: Solicited local and systemic adverse reactions were 
reported more often with the mRNA-1345 vaccine than 
with placebo; most adverse reactions were mild to mod-
erate in severity and were transient. The incidence of se-
rious adverse events did not differ between the groups.

Limitations and Remaining Questions

∎ Participants with certain immunocompromising  
conditions were excluded from the trial.

∎ There were low case numbers in some subgroups,  
including participants ≥80 years of age and frail  
participants.

∎ Ongoing follow-up will assess the duration of protec-
tion from the vaccine, and the need for and appropri-
ate timing of a booster are under study.
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ization (randomization set; analysis of efficacy 
starting from day 1) (Table S8). The cumulative 
incidence of RSV-associated lower respiratory 

tract disease with at least two and at least three 
signs or symptoms and of RSV-associated acute 
respiratory disease showed a steady increase 

Table 2. Vaccine Efficacy against RSV-Associated Lower Respiratory Tract Disease with at Least Two or at Least Three Signs or Symptoms 
(Per-Protocol Efficacy Population).*

End Point mRNA-1345 Placebo Vaccine Efficacy (CI)†

no. of 
participants

no. of 
events

no. of 
participants

no. of 
events %

RSV-associated lower respiratory tract dis-
ease with ≥2 signs or symptoms‡

Overall 17,572 9 17,516 55 83.7 (66.0 to 92.2)

RSV subtype

RSV A 17,572 3 17,516 36 91.7 (73.0 to 97.4)

RSV B 17,572 6 17,516 19 68.5 (21.1 to 87.4)

Age group

60–69 yr 11,168 8 11,118 33 76.0 (48.0 to 88.9)

70–79 yr 5,440 1 5,416 22 95.4 (65.9 to 99.4)

≥80 yr 964 0 982 0 NE (NE to NE)

RSV-associated lower respiratory tract dis-
ease with ≥3 signs or symptoms§

Overall 17,572 3 17,516 17 82.4 (34.8 to 95.3)

RSV subtype

RSV A 17,572 1 17,516 10 90.0 (22.0 to 98.7)

RSV B 17,572 2 17,516 7 71.5 (−37.0 to 94.1)

Age group

60–69 yr 11,168 3 11,118 11 72.9 (2.8 to 92.4)

70–79 yr 5,440 0 5,416 6 100 (NE to 100)

≥80 yr 964 0 982 0 NE (NE to NE)

*  Respiratory syncytial virus (RSV)–associated lower respiratory tract disease with at least two signs or symptoms or at least three signs or 
symptoms was based on the onset of eligible symptoms within a window of 14 days before or after the date that a positive result for RSV 
was obtained by reverse transcription–polymerase chain reaction. The time to the first episode of RSV-associated lower respiratory tract dis-
ease with at least two or at least three signs or symptoms was calculated as the case date (see the statistical analysis plan) minus the date 
of randomization plus 1. Data are from the per-protocol efficacy analysis population, which included all the participants who had undergone 
randomization, received the vaccine or placebo, completed at least one visit or surveillance contact 14 days after injection, and had no ma-
jor protocol deviations affecting the efficacy outcomes as determined before database lock and unblinding. NE denotes not estimated.

†  Vaccine efficacy was defined as 1 − the hazard ratio (mRNA-1345 vs. placebo) × 100%. The confidence interval in the analysis of vaccine ef-
ficacy was based on a stratified Cox proportional-hazards model with Efron’s method of tie handling and with trial group as a fixed effect, 
with adjustment for stratification factors at randomization. In the overall analyses, the adjusted confidence interval was 95.88% for RSV-
associated lower respiratory tract disease with at least two signs or symptoms and 96.36% for RSV-associated lower respiratory tract dis-
ease with at least three signs or symptoms. In the subgroup analyses, the 95% confidence interval was calculated with the use of the exact 
method (Poisson distribution) and with adjustment for person-years. Person-years were defined as the total years from the randomization 
date to the date of the earliest of the following events: RSV-associated lower respiratory tract disease with at least two or at least three signs 
or symptoms, RSV-associated acute respiratory disease, 12 months after injection, early discontinuation, unrelated death, or early RSV-
associated acute respiratory disease or the data-cutoff date.

‡  Follow-up for RSV-associated lower respiratory tract disease with at least two symptoms was 6271.06 person-years in the mRNA-1345 group 
and 6253.55 person-years in the placebo group. The incidence rate (number of events ÷ 1000 person-years) was 1.44 events per 1000 person-
years in the mRNA-1345 group and 8.80 events per 1000 person-years in the placebo group. The incidence rate was defined as the number 
of participants with a case divided by the number of participants at risk, with adjustment for person-years (total time at risk) in each trial 
group.

§  Follow-up for RSV-associated lower respiratory tract disease with at least three symptoms was 6272.38 person-years in the mRNA-1345 
group and 6259.83 person-years in the placebo group. The incidence rate was 0.48 events per 1000 person-years in the mRNA-1345 group 
and 2.72 events per 1000 person-years in the placebo group.
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RSV B 17,572 6 17,516 19 68.5 (21.1 to 87.4)

Age group

60–69 yr 11,168 8 11,118 33 76.0 (48.0 to 88.9)

70–79 yr 5,440 1 5,416 22 95.4 (65.9 to 99.4)

≥80 yr 964 0 982 0 NE (NE to NE)
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RSV A 17,572 1 17,516 10 90.0 (22.0 to 98.7)
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Age group

60–69 yr 11,168 3 11,118 11 72.9 (2.8 to 92.4)
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*  Respiratory syncytial virus (RSV)–associated lower respiratory tract disease with at least two signs or symptoms or at least three signs or 
symptoms was based on the onset of eligible symptoms within a window of 14 days before or after the date that a positive result for RSV 
was obtained by reverse transcription–polymerase chain reaction. The time to the first episode of RSV-associated lower respiratory tract dis-
ease with at least two or at least three signs or symptoms was calculated as the case date (see the statistical analysis plan) minus the date 
of randomization plus 1. Data are from the per-protocol efficacy analysis population, which included all the participants who had undergone 
randomization, received the vaccine or placebo, completed at least one visit or surveillance contact 14 days after injection, and had no ma-
jor protocol deviations affecting the efficacy outcomes as determined before database lock and unblinding. NE denotes not estimated.

†  Vaccine efficacy was defined as 1 − the hazard ratio (mRNA-1345 vs. placebo) × 100%. The confidence interval in the analysis of vaccine ef-
ficacy was based on a stratified Cox proportional-hazards model with Efron’s method of tie handling and with trial group as a fixed effect, 
with adjustment for stratification factors at randomization. In the overall analyses, the adjusted confidence interval was 95.88% for RSV-
associated lower respiratory tract disease with at least two signs or symptoms and 96.36% for RSV-associated lower respiratory tract dis-
ease with at least three signs or symptoms. In the subgroup analyses, the 95% confidence interval was calculated with the use of the exact 
method (Poisson distribution) and with adjustment for person-years. Person-years were defined as the total years from the randomization 
date to the date of the earliest of the following events: RSV-associated lower respiratory tract disease with at least two or at least three signs 
or symptoms, RSV-associated acute respiratory disease, 12 months after injection, early discontinuation, unrelated death, or early RSV-
associated acute respiratory disease or the data-cutoff date.

‡  Follow-up for RSV-associated lower respiratory tract disease with at least two symptoms was 6271.06 person-years in the mRNA-1345 group 
and 6253.55 person-years in the placebo group. The incidence rate (number of events ÷ 1000 person-years) was 1.44 events per 1000 person-
years in the mRNA-1345 group and 8.80 events per 1000 person-years in the placebo group. The incidence rate was defined as the number 
of participants with a case divided by the number of participants at risk, with adjustment for person-years (total time at risk) in each trial 
group.

§  Follow-up for RSV-associated lower respiratory tract disease with at least three symptoms was 6272.38 person-years in the mRNA-1345 
group and 6259.83 person-years in the placebo group. The incidence rate was 0.48 events per 1000 person-years in the mRNA-1345 group 
and 2.72 events per 1000 person-years in the placebo group.
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CONCLUSIONS
Among adults ≥60 years of age, a single dose of the mRNA-
1345 vaccine led to a lower incidence of RSV-associated 
lower respiratory tract disease than placebo and resulted  
in no apparent safety concerns.

Research Summary

Clinical Problem

Older adults are at increased risk for respiratory syncytial 
virus (RSV)–associated complications and death. An  
mRNA-based RSV vaccine, mRNA-1345, encoding the  
stabilized RSV prefusion F glycoprotein appeared to be 
safe and immunogenic in adults in a phase 1 clinical  
trial, but additional data are needed.

Clinical Trial

Design: An ongoing, phase 2–3, international, double- 
blind, randomized, placebo-controlled trial assessed  
the efficacy and safety of the mRNA-1345 vaccine in  
preventing RSV-associated lower respiratory tract disease 
in adults ≥60 years of age.

Intervention: 35,541 participants were assigned to receive 
a single intramuscular injection of mRNA-1345 or saline 
placebo. The two primary efficacy end points were the 
prevention of a first episode of RSV-associated lower re-
spiratory tract disease with ≥2 signs or symptoms and 
with ≥3 signs or symptoms within 14 days to 12 months 
after injection.

Results

Efficacy: During a median follow-up of 112 days, the 
mRNA-1345 vaccine showed efficacy against RSV-associ-
ated lower respiratory tract disease with ≥2 and with ≥3 
lower respiratory signs or symptoms.

Safety: Solicited local and systemic adverse reactions were 
reported more often with the mRNA-1345 vaccine than 
with placebo; most adverse reactions were mild to mod-
erate in severity and were transient. The incidence of se-
rious adverse events did not differ between the groups.

Limitations and Remaining Questions

∎ Participants with certain immunocompromising  
conditions were excluded from the trial.

∎ There were low case numbers in some subgroups,  
including participants ≥80 years of age and frail  
participants.

∎ Ongoing follow-up will assess the duration of protec-
tion from the vaccine, and the need for and appropri-
ate timing of a booster are under study.
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Summary
Background Respiratory syncytial virus vaccines first recommended for use during 2023 were efficacious against 
lower respiratory tract disease in clinical trials. Limited real-world data regarding respiratory syncytial virus vaccine 
effectiveness are available. To inform vaccine policy and address gaps in evidence from the clinical trials, we aimed to 
assess the effectiveness against respiratory syncytial virus-associated hospitalisations and emergency department 
encounters among adults aged at least 60 years.

Methods We conducted a test-negative design analysis in an electronic health records-based network in eight states in 
the USA, including hospitalisations and emergency department encounters with respiratory syncytial virus-like 
illness among adults aged at least 60 years who underwent respiratory syncytial virus testing from Oct 1, 2023, 
to March 31, 2024. Respiratory syncytial virus vaccination status at the time of the encounter was derived from 
electronic health record documentation, state and city immunisation registries, and, for some sites, medical claims. 
Vaccine effectiveness was estimated by immunocompromise status, comparing the odds of vaccination among 
respiratory syncytial virus-positive case patients and respiratory syncytial virus-negative control patients, and adjusting 
for age, race and ethnicity, sex, calendar day, social vulnerability index, number of underlying non-respiratory medical 
conditions, presence of respiratory underlying medical conditions, and geographical region.

Findings Among 28 271 hospitalisations for respiratory syncytial virus-like illness among adults aged at least 60 years 
without immunocompromising conditions, vaccine effectiveness was 80% (95% CI 71–85) against respiratory syncytial 
virus-associated hospitalisations, and vaccine effectiveness was 81% (52–92) against respiratory syncytial virus-associated 
critical illness (ICU admission or death, or both). Among 8435 hospitalisations for respiratory syncytial virus-like illness 
among adults with immunocompromising conditions, vaccine effectiveness was 73% (48–85) against associated 
hospitalisation. Among 36 521 emergency department encounters for respiratory syncytial virus-like illness among 
adults aged at least 60 years without an immunocompromising condition, vaccine effectiveness was 77% (70–83) 
against respiratory syncytial virus-associated emergency department encounters. Vaccine effectiveness estimates were 
similar by age group and product type.

Interpretation Respiratory syncytial virus vaccination was effective in preventing respiratory syncytial virus-associated hos-
pitali sations and emergency department encounters among adults aged at least 60 years in the USA during the 2023–24 
respiratory syncytial virus season, which was the first season after respiratory syncytial virus vaccine was approved.
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Introduction
Respiratory syncytial virus causes substantial morbidity 
and mortality among older adults during seasonal 
epidemics, with an estimated 100 000–160 000 associated 
hospitalisations occurring annually during 2016–20 

among adults in the USA aged at least 60 years.1 On 
June 21, 2023, the Centers for Disease Control and 
Prevention’s (CDC’s) Advisory Committee on 
Immunization Practices recommended that adults aged at 
least 60 years may receive one dose of either the RSVPreF3 
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Statistical analysis
The effectiveness of the respiratory syncytial virus vaccine 
against respiratory syncytial virus-associated hospitalisa-
tion and emergency department encounters was assessed 
using a test-negative design, comparing odds of vaccina-
tion among encounters who were positive (case-patients) 
with encounters who were negative (control-patients). In 
the univariate comparisons of respiratory syncytial virus 
positive with negative encounters, and encounters among 
individuals who were vaccinated with individuals who 
were unvaccinated, a standardised mean or proportion 
difference of more than 0·2 was considered a non-negli-
gible difference between groups. Odds ratios (ORs) and 
95% CIs comparing patients who received a vaccine dose 

with those who did not among case-patients and control-
patients (stratified by immunocompromise status for 
hospitalisation [appendix p 12]) were estimated using 
multivariable logistic regression models adjusted for age, 
race and ethnicity, sex, calendar day (days since respira-
tory syncytial virus vaccine recommendation, which was 
on June 21, 2023), Social Vulnerability Index quartile, 
number of non-respiratory underlying medical condi-
tions, presence of respiratory underlying medical 
conditions, and Health and Human Services geographi-
cal region16 with separate models for each combination of 
setting (hospitalisation or emergency department) and 
immunocompromise status. Race and ethnicity, sex, 
Social Vulnerability Index quartile, and number of 

Figure 1: Encounters for respiratory syncytial virus-like illness, from the Virtual SARS-CoV-2, Influenza, and Other respiratory viruses Network (VISION) from 
Oct 1, 2023, to March 31, 2024
The figure shows the distribution of hospitalisations for respiratory syncytial virus-like illness among adults aged at least 60 years by vaccination and respiratory 
syncytial virus-positive status (A) and distribution of emergency department encounters for respiratory syncytial virus-like illness among adults aged at least 60 years 
by vaccination and respiratory syncytial virus-positive status (B).

Encounters by vaccination status and respiratory syncytial virus test result
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Size of shape corresponds to number of encounters or vaccination on a given date
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non-respiratory underlying medical conditions were cate-
gorised. Separate categories were defined for missing 
variables, if applicable. Age and calendar day were 
included as natural cubic splines with 4 degrees of 
freedom. Vaccine effectiveness was calculated as 
(1 − adjusted OR) × 100%. Vaccine effectiveness against 
respiratory syncytial virus-associated hospitalisation and 
emergency department encounters was estimated by 
setting and immunocompromise status, overall and by 
age group, time since vaccination, and vaccine type. 
Additional sensitivity analyses, such as including patients 

with missing or unknown immunisation type, limiting 
the analysis to acute respiratory illness encounters, 
excluding SARS-CoV-2-positive and influenza-positive 
cases and controls, excluding respiratory syncytial virus 
antigen-positive cases, excluding sites with low respira-
tory syncytial virus testing, adjusting the analytic period, 
varying the groupings of time from vaccine dose, and 
incorporating weights based on the inverse of the propen-
sity-for-vaccination scores in the statistical model, were 
conducted to explore the robustness of vaccine effective-
ness estimates (appendix pp 13–14).

All emergency 
department 
encounters

Assay for 
respiratory syncytial 
virus*—negative

Assay for 
respiratory 
syncytial virus*—
positive

Standardised 
mean 
difference†

Vaccination 
status‡—
unvaccinated

Vaccination 
status‡—
vaccinated 

Standardised 
mean 
difference§

All emergency department encounters 37 842 35 082 2760 ·· 34 676 3166 ··

Site ·· ·· ·· 0·27 ·· ·· 0·13

A 5193 (14%) 4962 (14%) 231 (8%) ·· 4656/5193 (90%) 537/5193 (10%) ··

B 5203 (14%) 4895 (14%) 308 (11%) ·· 4746/5203 (91%) 457/5203 (9%) ··

C 21 003 (56%) 19 362 (55%) 1641 (59%) ·· 19 405/21 003 (92%) 1598/21 003 (8%) ··

D 3067 (8%) 2877 (8%) 190 (7%) ·· 2778/3067 (91%) 289/3067 (9%) ··

E 3376 (9%) 2986 (9%) 390 (14%) ·· 3091/3376 (92%) 285/3376 (8%) ··

Age, years 75 (67–82) 75 (67–82) 75 (68–83) 0·03 74 (67–82) 77 (71–83) 0·27

Age, years ·· ·· ··  0·03 ·· ·· 0·35

60–64 6064 (16%) 5649 (16%) 415 (15%) ·· 5848/6064 (96%) 216/6064 (4%) ··

65–74 12 819 (34%) 11 874 (34%) 945 (34%) ·· 11 832/12 819 (92%) 987/12 819 (8%) ··

≥75 18 959 (50%) 17 559 (50%) 1400 (51%) ·· 16 996/18 959 
(90%)

1963/18 959 (10%) ··

Sex ·· ·· ·· 0·08 ·· ·· 0·02

 Male 17 072 (45%) 15 931 (45%) 1141 (41%) ·· 15 673/17 072 (92%) 1399/17 072 (8%) ··

 Female 20 770 (55%) 19 151 (55%) 1619 (59%) ·· 19 003/20 770 (91%) 1767/20 770 (9%) ··

Race and ethnicity ·· ·· ·· 0·07 ·· ··  0·33

Non-Hispanic White 24 832 (66%) 23 069 (66%) 1763 (64%) ·· 22 359/24 832 (90%) 2473/24 832 (10%) ··

Hispanic 4562 (12%) 4196 (12%) 366 (13%) ·· 4342/4562 (95%) 220/4562 (5%) ··

Non-Hispanic Black 3235 (9%) 3023 (9%) 212 (8%) ·· 3103/3235 (96%) 132/3235 (4%) ··

Non-Hispanic Other¶ 4810 (13%) 4421 (13%) 389 (14%) ·· 4484/4810 (93%) 326/4810 (7%) ··

Unknown|| 403 (1%) 373 (1%) 30 (1%) ·· 388/403 (96%) 15/403 (4%) ··

Social Vulnerability Index of census tract of 
residence**

·· ·· ·· 0·04 ·· ··  0·23

Quartile 1 10 166 (27%) 9449 (27%) 717 (26%) ·· 9118/10 166 (90%) 1048/10 166 (10%) ··

Quartile 2 9603 (25%) 8895 (25%) 708 (26%) ·· 8722/9603 (91%) 881/9603 (9%) ··

Quartile 3 8696 (23%) 8063 (23%) 633 (23%) ·· 8084/8696 (93%) 612/8696 (7%) ··

Quartile 4 4995 (13%) 4641 (13%) 354 (13%) ·· 4728/4995 (95%) 267/4995 (5%) ··

Unable to Geocode or missing 4382 (12%) 4034 (11%) 348 (13%) ·· 4024/4382 (92%) 358/4382 (8%) ··

Month of emergency department visit†† ·· ·· ·· 0·52 ·· ·· 0·51

October, 2023 1971 (5%) 1951 (6%) 20 (1%) ·· 1934/1971 (98%) 37/1971 (2%) ··

November, 2023 5576 (15%) 5222 (15%) 354 (13%) ·· 5404/5576 (97%) 172/5576 (3%) ··

December, 2023 9042 (24%) 8119 (23%) 923 (33%) ·· 8419/9042 (93%) 623/9042 (7%) ··

January, 2024 8546 (23%) 7657 (22%) 889 (32%) ·· 7774/8546 (91%) 772/8546 (9%) ··

February, 2024 6360 (17%) 5973 (17%) 387 (14%) ·· 5636/6360 (89%) 724/6360 (11%) ··

March, 2024 6287 (17%) 6100 (17%) 187 (7%) ·· 5455/6287 (87%) 832/6287 (13%) ··

April, 2024 60 (<1%) 60 (<1%) 0 ·· 54/60 (90%) 6/60 (10%) ··

Number of underlying medical condition 
categories‡‡

0 (0–1) 0 (0–1) 0 (0–1)  0·07 0 (0–1) 1 (0–1) 0·05

(Table 2 continues on next page)
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November, 2023 5576 (15%) 5222 (15%) 354 (13%) ·· 5404/5576 (97%) 172/5576 (3%) ··

December, 2023 9042 (24%) 8119 (23%) 923 (33%) ·· 8419/9042 (93%) 623/9042 (7%) ··

January, 2024 8546 (23%) 7657 (22%) 889 (32%) ·· 7774/8546 (91%) 772/8546 (9%) ··

February, 2024 6360 (17%) 5973 (17%) 387 (14%) ·· 5636/6360 (89%) 724/6360 (11%) ··

March, 2024 6287 (17%) 6100 (17%) 187 (7%) ·· 5455/6287 (87%) 832/6287 (13%) ··

April, 2024 60 (<1%) 60 (<1%) 0 ·· 54/60 (90%) 6/60 (10%) ··

Number of underlying medical condition 
categories‡‡

0 (0–1) 0 (0–1) 0 (0–1)  0·07 0 (0–1) 1 (0–1) 0·05

(Table 2 continues on next page)
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All hospitalisations Assay for respiratory 
syncytial virus*—
negative

Assay for 
respiratory 
syncytial 
virus*—positive

Standardised 
mean 
difference†

Vaccination 
status‡—
unvaccinated

Vaccination 
status‡—
vaccinated

Standardised 
mean 
difference§

All hospitalisations 36 706 34 780 1926 ·· 33 431 3275 ··

Site ·· ·· ·· 0·29 ·· ·· 0·24

A 3391 (9%) 3270 (9%) 121 (6%) ·· 3022/3391 (89%) 369/3391 (11%) ··

B 4954 (13%) 4755 (14%) 199 (10%) ·· 4486/4954 (91%) 468/4954 (9%) ··

C 13 686 (37%) 13 038 (37%) 648 (34%) ·· 12 642/13 686 
(92%)

1044/13 686 
(8%)

··

D 1728 (5%) 1632 (5%) 96 (5%) ·· 1571/1728 (91%) 157/1728 (9%) ··

E 9057 (25%) 8358 (24%) 699 (36%) ·· 8365/9057 (92%) 692/9057 (8%) ··

F 3890 (11%) 3727 (11%) 163 (8%) ·· 3345/3890 (86%) 545/3890 (14%) ··

Age, years 76 (69–84) 76 (69–83) 76 (69–84) 0·02 76 (69–83) 78 (72–84) 0·17

Age, years ·· ·· ·· 0·04 ·· ·· 0·24

60–64 4380 (12%) 4134 (12%) 246 (13%) ·· 4168/4380 (95%) 212/4380 (5%) ··

65–74 11 675 (32%) 11 091 (32%) 584 (30%) ·· 10 737/11 675 (92%) 938/11 675 (8%) ··

≥75 20 651 (56%) 19 555 (56%) 1096 (57%) ·· 18 526/20 651 
(90%)

2125/20 651 
(10%)

··

Sex ·· ·· ·· 0·10 ·· ·· 0·01

Male 17 424 (47%) 16 600 (48%) 824 (43%) ·· 15 889/17 424 
(91%)

1535/17 424 (9%) ··

Female 19 282 (53%) 18 180 (52%) 1102 (57%) ·· 17 542/19 282 (91%) 1740/19 282 (9%) ··

Race and ethnicity ·· ·· ·· 0·04 ·· ·· 0·30

Non-Hispanic White 27 057 (74%) 25 624 (74%) 1433 (74%) ·· 24 299/27 057 
(90%)

2758/27 057 
(10%)

··

Hispanic 3160 (9%) 2996 (9%) 164 (9%) ·· 3009/3160 (95%) 151/3160 (5%) ··

Non-Hispanic Black 2789 (8%) 2656 (8%) 133 (7%) ·· 2 664/2789 (96%) 125/2789 (4%) ··

Non-Hispanic Other¶ 3395 (9%) 3212 (9%) 183 (10%) ·· 3164/3395 (93%) 231/3395 (7%) ··

Unknown|| 305 (1%) 292 (1%) 13 (1%) ·· 295/305 (97%) 10/305 (3%) ··

Social Vulnerability Index of census tract of 
residence**

·· ·· ·· 0·04 ·· ·· 0·22

Quartile 1 7988 (22%) 7584 (22%) 404 (21%) ·· 7162/7988 (90%) 826/7988 (10%) ··

Quartile 2 7179 (20%) 6816 (20%) 363 (19%) ·· 6533/7179 (91%) 646/7179 (9%) ··

Quartile 3 6420 (17%) 6077 (17%) 343 (18%) ·· 5968/6420 (93%) 452/6420 (7%) ··

Quartile 4 3815 (10%) 3619 (10%) 196 (10%) ·· 3608/3815 (95%) 207/3815 (5%) ··

Unable to Geocode or missing 11 304 (31%) 10 684 (31%) 620 (32%) ·· 10 160/11 304 
(90%)

1144/11 304 
(10%)

··

Month of hospital admission†† ·· ·· ·· 0·48 ·· ·· 0·47

October, 2023 3005 (8%) 2959 (9%) 46 (2%) ·· 2938/3005 (98%) 67/3005 (2%) ··

November, 2023 5545 (15%) 5327 (15%) 218 (11%) ·· 5297/5545 (96%) 248/5545 (4%) ··

December, 2023 7841 (21%) 7281 (21%) 560 (29%) ·· 7221/7841 (92%) 620/7841 (8%) ··

January, 2024 7915 (22%) 7298 (21%) 617 (32%) ·· 7120/7915 (90%) 795/7915 (10%) ··

February, 2024 6291 (17%) 5969 (17%) 322 (17%) ·· 5542/6291 (88%) 749/6291 (12%) ··

March, 2024 6029 (16%) 5866 (17%) 163 (8%) ·· 5242/6029 (87%) 787/6029 (13%) ··

April, 2024 80 (<1%) 80 (<1%) 0 (0) ·· 71/80 (89%) 9/80 (11%) ··

ICU admission 7285 (20%) 7003 (20%) 282 (15%) 0·15 6713/7285 (92%) 572/7285 (8%) 0·07

In-hospital death 2888 (8%) 2794 (8%) 94 (5%) 0·13 2694/2888 (93%) 194/2888 (7%) 0·08

Number of underlying medical condition 
categories‡‡

3 (2–4) 3 (2–4) 3 (2–4) 0·18 3 (2–4) 3 (2–4) 0·08

Number of underlying medical condition 
categories

·· ·· ·· 0·19 ·· ·· 0·12

0 2111 (6%) 1948 (6%) 163 (8%) ·· 1985/2111 (94%) 126/2111 (6%) ··

1 3845 (10%) 3607 (10%) 238 (12%) ·· 3550/3845 (92%) 295/3845 (8%) ··

2–3 15 420 (42%) 14 552 (42%) 868 (45%) ·· 14 008/15 420 
(91%)

1412/15 420 (9%) ··

≥4 15 330 (42%) 14 673 (42%) 657 (34%) ·· 13 888/15 330 
(91%)

1442/15 330  
(9%)

··

(Table 1 continues on next page)
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All hospitalisations Assay for respiratory 
syncytial virus*—
negative

Assay for 
respiratory 
syncytial 
virus*—positive

Standardised 
mean 
difference†

Vaccination 
status‡—
unvaccinated

Vaccination 
status‡—
vaccinated

Standardised 
mean 
difference§
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(8%)

··
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E 9057 (25%) 8358 (24%) 699 (36%) ·· 8365/9057 (92%) 692/9057 (8%) ··

F 3890 (11%) 3727 (11%) 163 (8%) ·· 3345/3890 (86%) 545/3890 (14%) ··

Age, years 76 (69–84) 76 (69–83) 76 (69–84) 0·02 76 (69–83) 78 (72–84) 0·17

Age, years ·· ·· ·· 0·04 ·· ·· 0·24

60–64 4380 (12%) 4134 (12%) 246 (13%) ·· 4168/4380 (95%) 212/4380 (5%) ··

65–74 11 675 (32%) 11 091 (32%) 584 (30%) ·· 10 737/11 675 (92%) 938/11 675 (8%) ··

≥75 20 651 (56%) 19 555 (56%) 1096 (57%) ·· 18 526/20 651 
(90%)

2125/20 651 
(10%)

··

Sex ·· ·· ·· 0·10 ·· ·· 0·01

Male 17 424 (47%) 16 600 (48%) 824 (43%) ·· 15 889/17 424 
(91%)

1535/17 424 (9%) ··

Female 19 282 (53%) 18 180 (52%) 1102 (57%) ·· 17 542/19 282 (91%) 1740/19 282 (9%) ··

Race and ethnicity ·· ·· ·· 0·04 ·· ·· 0·30

Non-Hispanic White 27 057 (74%) 25 624 (74%) 1433 (74%) ·· 24 299/27 057 
(90%)

2758/27 057 
(10%)

··

Hispanic 3160 (9%) 2996 (9%) 164 (9%) ·· 3009/3160 (95%) 151/3160 (5%) ··

Non-Hispanic Black 2789 (8%) 2656 (8%) 133 (7%) ·· 2 664/2789 (96%) 125/2789 (4%) ··

Non-Hispanic Other¶ 3395 (9%) 3212 (9%) 183 (10%) ·· 3164/3395 (93%) 231/3395 (7%) ··

Unknown|| 305 (1%) 292 (1%) 13 (1%) ·· 295/305 (97%) 10/305 (3%) ··

Social Vulnerability Index of census tract of 
residence**

·· ·· ·· 0·04 ·· ·· 0·22

Quartile 1 7988 (22%) 7584 (22%) 404 (21%) ·· 7162/7988 (90%) 826/7988 (10%) ··

Quartile 2 7179 (20%) 6816 (20%) 363 (19%) ·· 6533/7179 (91%) 646/7179 (9%) ··

Quartile 3 6420 (17%) 6077 (17%) 343 (18%) ·· 5968/6420 (93%) 452/6420 (7%) ··

Quartile 4 3815 (10%) 3619 (10%) 196 (10%) ·· 3608/3815 (95%) 207/3815 (5%) ··

Unable to Geocode or missing 11 304 (31%) 10 684 (31%) 620 (32%) ·· 10 160/11 304 
(90%)

1144/11 304 
(10%)

··

Month of hospital admission†† ·· ·· ·· 0·48 ·· ·· 0·47

October, 2023 3005 (8%) 2959 (9%) 46 (2%) ·· 2938/3005 (98%) 67/3005 (2%) ··

November, 2023 5545 (15%) 5327 (15%) 218 (11%) ·· 5297/5545 (96%) 248/5545 (4%) ··

December, 2023 7841 (21%) 7281 (21%) 560 (29%) ·· 7221/7841 (92%) 620/7841 (8%) ··

January, 2024 7915 (22%) 7298 (21%) 617 (32%) ·· 7120/7915 (90%) 795/7915 (10%) ··

February, 2024 6291 (17%) 5969 (17%) 322 (17%) ·· 5542/6291 (88%) 749/6291 (12%) ··

March, 2024 6029 (16%) 5866 (17%) 163 (8%) ·· 5242/6029 (87%) 787/6029 (13%) ··

April, 2024 80 (<1%) 80 (<1%) 0 (0) ·· 71/80 (89%) 9/80 (11%) ··

ICU admission 7285 (20%) 7003 (20%) 282 (15%) 0·15 6713/7285 (92%) 572/7285 (8%) 0·07

In-hospital death 2888 (8%) 2794 (8%) 94 (5%) 0·13 2694/2888 (93%) 194/2888 (7%) 0·08

Number of underlying medical condition 
categories‡‡

3 (2–4) 3 (2–4) 3 (2–4) 0·18 3 (2–4) 3 (2–4) 0·08

Number of underlying medical condition 
categories

·· ·· ·· 0·19 ·· ·· 0·12

0 2111 (6%) 1948 (6%) 163 (8%) ·· 1985/2111 (94%) 126/2111 (6%) ··

1 3845 (10%) 3607 (10%) 238 (12%) ·· 3550/3845 (92%) 295/3845 (8%) ··

2–3 15 420 (42%) 14 552 (42%) 868 (45%) ·· 14 008/15 420 
(91%)

1412/15 420 (9%) ··

≥4 15 330 (42%) 14 673 (42%) 657 (34%) ·· 13 888/15 330 
(91%)

1442/15 330  
(9%)

··
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Among respiratory syncytial virus-like illness hospitalisa-
tions, 3230 (9%) of 34 780 respiratory syncytial 
virus-negative and 45 (2%) of 1926 of positive patients 
had received a vaccine dose at least 14 days before the 
index date. Similarly, among respiratory syncytial virus-
like illness emergency department encounters, 
3105 (9%) of 35 082 of respiratory syncytial virus-negative 
and 61 (2%) of 2760 of positive patients had received a 
vaccine dose at least 14 days before the index date. For 
both respiratory syncytial virus-like illness hospitalisa-
tions and emergency department encounters, the largest 
differences in patient characteristics between vaccinated 
and unvaccinated encounters were age and race and 
ethnicity. A larger proportion of vaccinated encounters 
were aged at least 75 years compared with unvaccinated 
encounters. Additionally, a larger proportion of vacci-
nated encounters were White, non-Hispanic compared 
with unvaccinated encounters. Among individuals who 
had received a respiratory syncytial virus vaccine dose, a 
majority received GSK Arexvy: 2409 (74%) of 3275 indi-
viduals hospitalised with respiratory syncytial virus-like 
illness and 2634 (83%) of 3166 individuals with a respira-
tory syncytial virus-like illness emergency department 
encounter.

Among immunocompetent adults aged at least 
60 years, the effectiveness of the respiratory syncytial 
virus vaccination (≥14 days after vaccination) was 
80% (95% CI 71–85) against respiratory syncytial virus-
associated hospitalisation (figure 2). Median time from 
the vaccination before the respiratory syncytial virus-like 
illness encounter was 74 days (IQR 44–109). Vaccine 
effectiveness against respiratory syncytial virus-associ-
ated hospitalisation was similar among adults aged 

60–74 years (81% [95% CI 66–90]) and adults aged at least 
75 years (79% [68–86]). Although the vaccine effective-
ness point estimate was lower at least 60 days after 
vaccination compared with 14–59 days after vaccination, 
confidence intervals overlapped (vaccine effective-
ness 90% [95% CI 79–95] for 14–59 days and 
73% [60–82] for ≥60 days after vaccination). A sensitivity 
analysis evaluating the effect on vaccine effectiveness 
estimates of changing the time-since-dose groupings 
similarly indicated similar estimates with overlapping 
confidence intervals, regardless of time-since-dose 
grouping (appendix pp 19–20). Vaccine effectiveness 
point estimates were similar between vaccine types: 
GSK Arexvy (83% [95% CI 73–89]) and Pfizer 
Abrysvo (73% [52–85]). Vaccine effectiveness against res-
piratory syncytial virus-associated critical illness was 81% 
(95% CI 52–92). Among adults aged at least 60 with 
immunocompromising conditions, vaccine effectiveness 
against respiratory syncytial virus-associated hospitalisa-
tion was 73% (95% CI 48–85). Sensitivity analyses did not 
meaningfully change results, with vaccine effectiveness 
estimates changing less than 10 percentage points for all 
but one analysis and confidence intervals all overlapping 
the primary analysis (appendix pp 21–22).

Among adults aged at least 60 years without docu-
mented immunocompromise the effectiveness of 
respiratory syncytial virus vaccination was 77% 
(95% CI 70–83) against respiratory syncytial virus-associ-
ated emergency department encounters (figure 3). 
Median time from vaccination before the respiratory 
syncytial virus-like illness encounter was 67 days 
(IQR 40–101). Similar to vaccine effectiveness against 
associated hospitalisation, vaccine effectiveness against 

Figure 3: Estimated vaccine effectiveness against respiratory syncytial virus-associated emergency department encounters among adults aged at least 
≥60 years without documented immunocompromise, from the Virtual SARS-CoV-2, Influenza, and Other respiratory viruses Network (VISION) from 
Oct 1, 2023, to March 31, 2024
Patients who were vaccinated received one dose of an approved respiratory syncytial virus vaccine at least 14 days before the index date for the emergency 
department encounter. NA=not applicable. *Excludes N=1321 encounters with documented immunocompromise. †Adjusted for age, race and ethnicity, sex, 
underlying medical conditions, Social Vulnerability Index, site, calendar day, and geographical region. ‡Vaccine effectiveness estimates by vaccine type excludes N=2 
with unknown vaccine type. 
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Among respiratory syncytial virus-like illness hospitalisa-
tions, 3230 (9%) of 34 780 respiratory syncytial 
virus-negative and 45 (2%) of 1926 of positive patients 
had received a vaccine dose at least 14 days before the 
index date. Similarly, among respiratory syncytial virus-
like illness emergency department encounters, 
3105 (9%) of 35 082 of respiratory syncytial virus-negative 
and 61 (2%) of 2760 of positive patients had received a 
vaccine dose at least 14 days before the index date. For 
both respiratory syncytial virus-like illness hospitalisa-
tions and emergency department encounters, the largest 
differences in patient characteristics between vaccinated 
and unvaccinated encounters were age and race and 
ethnicity. A larger proportion of vaccinated encounters 
were aged at least 75 years compared with unvaccinated 
encounters. Additionally, a larger proportion of vacci-
nated encounters were White, non-Hispanic compared 
with unvaccinated encounters. Among individuals who 
had received a respiratory syncytial virus vaccine dose, a 
majority received GSK Arexvy: 2409 (74%) of 3275 indi-
viduals hospitalised with respiratory syncytial virus-like 
illness and 2634 (83%) of 3166 individuals with a respira-
tory syncytial virus-like illness emergency department 
encounter.

Among immunocompetent adults aged at least 
60 years, the effectiveness of the respiratory syncytial 
virus vaccination (≥14 days after vaccination) was 
80% (95% CI 71–85) against respiratory syncytial virus-
associated hospitalisation (figure 2). Median time from 
the vaccination before the respiratory syncytial virus-like 
illness encounter was 74 days (IQR 44–109). Vaccine 
effectiveness against respiratory syncytial virus-associ-
ated hospitalisation was similar among adults aged 

60–74 years (81% [95% CI 66–90]) and adults aged at least 
75 years (79% [68–86]). Although the vaccine effective-
ness point estimate was lower at least 60 days after 
vaccination compared with 14–59 days after vaccination, 
confidence intervals overlapped (vaccine effective-
ness 90% [95% CI 79–95] for 14–59 days and 
73% [60–82] for ≥60 days after vaccination). A sensitivity 
analysis evaluating the effect on vaccine effectiveness 
estimates of changing the time-since-dose groupings 
similarly indicated similar estimates with overlapping 
confidence intervals, regardless of time-since-dose 
grouping (appendix pp 19–20). Vaccine effectiveness 
point estimates were similar between vaccine types: 
GSK Arexvy (83% [95% CI 73–89]) and Pfizer 
Abrysvo (73% [52–85]). Vaccine effectiveness against res-
piratory syncytial virus-associated critical illness was 81% 
(95% CI 52–92). Among adults aged at least 60 with 
immunocompromising conditions, vaccine effectiveness 
against respiratory syncytial virus-associated hospitalisa-
tion was 73% (95% CI 48–85). Sensitivity analyses did not 
meaningfully change results, with vaccine effectiveness 
estimates changing less than 10 percentage points for all 
but one analysis and confidence intervals all overlapping 
the primary analysis (appendix pp 21–22).

Among adults aged at least 60 years without docu-
mented immunocompromise the effectiveness of 
respiratory syncytial virus vaccination was 77% 
(95% CI 70–83) against respiratory syncytial virus-associ-
ated emergency department encounters (figure 3). 
Median time from vaccination before the respiratory 
syncytial virus-like illness encounter was 67 days 
(IQR 40–101). Similar to vaccine effectiveness against 
associated hospitalisation, vaccine effectiveness against 

Figure 3: Estimated vaccine effectiveness against respiratory syncytial virus-associated emergency department encounters among adults aged at least 
≥60 years without documented immunocompromise, from the Virtual SARS-CoV-2, Influenza, and Other respiratory viruses Network (VISION) from 
Oct 1, 2023, to March 31, 2024
Patients who were vaccinated received one dose of an approved respiratory syncytial virus vaccine at least 14 days before the index date for the emergency 
department encounter. NA=not applicable. *Excludes N=1321 encounters with documented immunocompromise. †Adjusted for age, race and ethnicity, sex, 
underlying medical conditions, Social Vulnerability Index, site, calendar day, and geographical region. ‡Vaccine effectiveness estimates by vaccine type excludes N=2 
with unknown vaccine type. 
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Évolution des endocardites au cours du temps

➚ Age
➚ Male

Selton-Suty et al. Clin Infect Dis 2012, Ursi et al. Drug & Ageing 2019

abscess, and of the 104 patients with a valve prosthesis, 19

(18.3%) had prosthesis dehiscence. The distribution of the

locations of IE is summarized in Table 1. In the 66 patients

with intracardiac stimulation devices, IE was located on leads

only in 26 (39.4%), on tricuspid valve and/or leads in 21

(31.8%), on leads and left heart valves in 2 (3.0%), and on left

heart valves only without evidence of lead involvement in 13

(19.7%); the location of IE remained uncertain in 4 patients

(6.1%).

Causative Microorganisms
Causative microorganisms were identified in blood cultures for

451 of 497 patients (90.7%). In patients with negative blood

culture results, the causative microorganism was identified by

valve culture for 5 patients, by lead culture for 3, by culture of

synovial fluid for 2, by PCR of valve material and/or blood for 8,

by serology for 1, and by both serology and PCR of valve material

for 1. Eventually, 26 patients (5.2%) had no microorganism

identified.

Figure 1. Incidence of infective endocarditis in the study population, by age and sex.

Figure 2. Incidence of infective endocarditis in the male population, by age and by mode of acquisition.

1-Year Population-Based Survey on Endocarditis d CID 2012:54 (1 May) d 1235

Downloaded from https://academic.oup.com/cid/article-abstract/54/9/1230/391583/Preeminence-of-Staphylococcus-aureus-in-Infective
by guest
on 18 September 2017
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\NYM� .*� OZXYṄJX� F� RZQYNINXHNUQNSFW^� FUUWTFHM���������������Ƀ���

+ZWYMJWRTWJ��YMJ�HQNSNHFQ�UWJXJSYFYNTS�RF^�[FW^�XNLSṄHFSYQ^�IJUJSINSL�
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TGXJW[FYNTSFQ�XYZINJX�IJRTSXYWFYJI�XYFGQJ�WFYJX�TK�.*��GZY�F�WJRFWPFGQJ�
NSHWJFXJ�NS�5;*�GJY\JJS������FSI�������� 7JHJSYQ^��F�KZWYMJW�NSHWJFXJ�
NS�5;*�HFXJX���
��\FX�TGXJW[JI�NS�YMJ�*:74�*3)4�WJLNXYW^�� 5;*�NX�
XYNQQ�FXXTHNFYJI�\NYM�INK̇HZQYNJX�NS�INFLSTXNX��IJYJWRNSFYNTS�TK�YMJ�TUYN�
RFQ�YMJWFUJZYNH�XYWFYJL^��FSI�UTTW�UWTLSTXNX�

��������)J̇SNYNTS�FSI�UFYMTUM^XNTQTL^
&�INXYNSHYNTS�NX�HTRRTSQ^�RFIJ�GJY\JJS�JFWQ^�5;*�FSI�QFYJ�5;*�GFXJI�
TS�YMJ�YNRJ�XNSHJ�[FQ[J�XZWLJW^��GJHFZXJ�TK�XNLSṄHFSY�INKKJWJSHJX�NS�YMJ�
RNHWTGNTQTLNHFQ�UWṪQJX�GJY\JJS�YMJXJ�Y\T�LWTZUX���� -T\J[JW��YMJ�
YNRJ�YT�.*�TSXJY�NX�UWTLSTXYNHFQQ^�QJXX�NRUTWYFSY�YMFS�YMJ�HTSSJHYNTS�
TK�.*�YT�YMJ�UJWN�TUJWFYN[J�UJWNTI�TW�YT�XUJHṄH�UFYMTLJSX��5WTXYMJYNH�
[FQ[J�JSITHFWINYNX�\NYM�FS�TSXJY�NS�YMJ�UJWN�TUJWFYN[J�UJWNTI�NS[TQ[JX�
RFNSQ^�8��FZWJZX��8YFUM^QTHTHHZX�JUNIJWRNINX��TW�STXTHTRNFQ�RNHWTTWLFS�
NXRX��XZHM�FX�,WFR�SJLFYN[J�UFYMTLJSX�TW�KZSLN��1FYJ�5;*�RTWJ�HTR�
RTSQ^� RNRNHX� YMJ� UFYYJWS� TK� 3;*�� \MNHM� NX� RTXYQ^� WJUWJXJSYJI� G^�
XYWJUYTHTHHFQ�FSI�XYFUM^QTHTHHFQ�NSKJHYNTSX���� 8��FZWJZX�NX�RTWJ�HTR�
RTSQ^� TGXJW[JI� NS� UFYNJSYX� \NYM� RJHMFSNHFQ� [FQ[JX�� \MNQJ� FQUMF��
MFJRTQ^YNH�XYWJUYTHTHHN��JSYJWTHTHHN��FSI�(T38�FWJ�RTWJ�HTRRTS�
NS�UFYNJSYX�\NYM�GNTUWTXYMJYNH�[FQ[JX���� 5;*�IZJ�YT�2^HTGFHYJWNZR�HMN�
RFJWF� NX�FS�ZSHTRRTS�KTWR�TK�STXTHTRNFQ�NSKJHYNTS�YMFY�HFS�WJXZQY�
KWTR�HTSYFRNSFYJI�(5'�MJFYJW�HTTQJW�X^XYJRX��8ZHM� NSKJHYNTSX�UWJ�
XJSY�RFS^�RTSYMX�FKYJW�YMJ�NSIJ]�TUJWFYNTS�FSI�HFS�YMJWJKTWJ�GJ�HMFQ�
QJSLNSL�YT�NIJSYNK^��FSI�FWJ�FXXTHNFYJI�\NYM�MNLM�RTWYFQNY^����

9MJ�UFYMTLJSJXNX�TK�5;*�INKKJWX�FHHTWINSL�YT�GTYM�YMJ�Y^UJ�TK�HTS�
YFRNSFYNTS�FSI�YMJ�Y^UJ�TK�UWTXYMJYNH�[FQ[J�XJJ�8ZUUQJRJSYFW^�IFYF�
TSQNSJ��8JHYNTS�8�����

��������)NFLSTXNX
)NFLSTXNX�NX�RTWJ�INK̇HZQY�NS�5;*�YMFS�NS�3;*��(QNSNHFQ�UWJXJSYFYNTS�NX�
KWJVZJSYQ^� FY^UNHFQ��UFWYNHZQFWQ^� NS� YMJ� JFWQ^� UTXY�TUJWFYN[J� UJWNTI�� NS�
\MNHM�KJ[JW�FSI�NS̈FRRFYTW^�X^SIWTRJX�FWJ�HTRRTS�NS�YMJ�FGXJSHJ�
TK� RFHWTXHTUNH� FQYJWFYNTSX� TK� YMJ� UWTXYMJXNX� TS� HFWINFH� NRFLNSL��
-T\J[JW��UJWXNXYJSY�KJ[JW�XMTZQI�YWNLLJW�YMJ�XZXUNHNTS�TK�5;*��&X�NS�
3;*��INFLSTXNX�TK�5;*�NX�GFXJI�RFNSQ^�TS�YMJ�WJXZQYX�TK�JHMTHFWINTL�
WFUM^�FSI�GQTTI�HZQYZWJX��-T\J[JW��GTYM�FWJ�FXXTHNFYJI�\NYM�F�XJSXNYN[�
NY^�TK�TSQ^���
�KTW�YMJ�IJ̇SNYJ�INFLSTXNX�TK�JSITHFWINYNX����

&QYMTZLM�94*�NX�RFSIFYTW^�NS�XZXUJHYJI�5;*�+NLZWJ�����NYX�INFLSTX�
YNH�[FQZJ�NX�QT\JW�YMFS�NS�3;*��.IJSYṄHFYNTS�TK�F�SJ\�UJWNUWTXYMJYNH�QJFP�
NX�F�RFOTW�HWNYJWNTS�TK�.*�FSI�ZWLJX�FIINYNTSFQ�NRFLNSL�RTIFQNY^�YT�HTS�
̇WR�YMJ�INFLSTXNX�XJJ�8JHYNTS����������� 7JHJSYQ^��SZHQJFW�YJHMSNVZJX��
UFWYNHZQFWQ^�@��+B+),�5*9�(9��MF[J�GJJS�XMT\S�YT�NRUWT[J�YMJ�INFL�
STXYNH� FHHZWFH^� TK� YMJ� )ZPJ� HWNYJWNF� FSI� NSHWJFXJ� XJSXNYN[NY^�������

(TRGNSFYNTSX�TK�INKKJWJSY�NRFLNSL�YJHMSNVZJX�XZHM�FX�HFWINFH�(9��SZ�
HQJFW�NRFLNSL��FSI�94*��NRUWT[J�INFLSTXYNH�FHHZWFH^�FSI�UWT[NIJ�WJQJ�
[FSY� NSKTWRFYNTS� NS� YJWRX� TK� UWTLSTXNX������� .S� XJQJHY� HFXJX� TK�
XZXUJHYJI�5;*��FSI�STS�INFLSTXYNH�WJXZQYX�KTW�YMJ�FGT[J�QNXYJI�J]FRX��
NSYWFHFWINFH�JHMTHFWINTLWFUM^�RF^�GJ�HTSXNIJWJI�

��������5WTLSTXNX�FSI�YWJFYRJSY
&� MNLM� NS�MTXUNYFQ� RTWYFQNY^� WFYJ� TK� ��Ƀ��
� MFX� GJJS� WJUTWYJI� NS�
5;*�������� (TRUFWJI�\NYM�3;*��5;*�NX�FXXTHNFYJI�\NYM�NSHWJFXJI�NS��
MTXUNYFQ� RTWYFQNY^� FSI� RTWGNINY^� FX� \JQQ� FX� WJIZHJI� QTSL�YJWR� XZW�
[N[FQ������� 8J[JWFQ� KFHYTWX� MF[J�GJJS�FXXTHNFYJI�\NYM�UTTW�UWTLSTXNX�
NS�5;*��NSHQZINSL�TQIJW�FLJ��INFGJYJX�RJQQNYZX��MJFQYMHFWJ�FXXTHNFYJI�NS�
KJHYNTSX��FSI�JFWQ^�5;*���� &RTSL�YMJ�INKKJWJSY�HFZXFYN[J�TWLFSNXRX��
XYFUM^QTHTHHFQ�TW�KZSLFQ�NSKJHYNTS�XJJR�YT�GJ�RTWJ�FLLWJXXN[J��\MJWJFX�
JSYJWTHTHHFQ�NSKJHYNTSX�FWJ�FXXTHNFYJI�\NYM�XNRNQFW�RTWYFQNY^�GZY�MNLMJW�
WJHZWWJSHJ� WFYJX���� -FJRTI^SFRNH� NSXYFGNQNY^�� RZQYN[FQ[ZQFW�

NS[TQ[JRJSY� FX� \JQQ� FX� NS[TQ[JRJSY� TK� YMJ� FTWYTRNYWFQ� ̇GWTXF� MF[J�
GJJS� FXXTHNFYJI� \NYM� \TWXJ� TZYHTRJX�� .Y� NX� STYJ\TWYM^� YMFY� YMJ�
RTXY�NRUTWYFSY�WNXP�KFHYTW�KTW�WJHZWWJSY�.*�FSI�RTWYFQNY^�NX�\NYMMTQINSL�
XZWLJW^�IJXUNYJ�FS�TG[NTZX�NSINHFYNTS��

9MJ�GJXY�YMJWFUJZYNH�TUYNTS�NS�5;*�NX�XYNQQ�IJGFYJI��&QYMTZLM�XZWLJW^�
NX�LJSJWFQQ^�HTSXNIJWJI�YMJ�GJXY�TUYNTS�\MJS�5;*�HFZXJX�XJ[JWJ�UWTX�
YMJYNH� I^XKZSHYNTS� TW� -+�� NS� YMJ� *:74�*3)4� WJLNXYW^� NY� \FX� UJW�
KTWRJI� NS� TSQ^� ��
� TK� UFYNJSYX� \NYM� 5;*� IJXUNYJ� F� HQJFW� NSINHFYNTS�
KTW� XZWLNHFQ� YWJFYRJSY�� .S� F� XNSLQJ�XJWNJX� XYZI^� TK� ���� 5;*� UFYNJSYX��
JFWQ^�XZWLJW^�\FX�F�QFWLJ�NSIJUJSIJSY�UWJINHYTW�TK�JFWQ^�FSI���^JFW�XZW�
[N[FQ���� (TS[JWXJQ^��FKYJW�FIOZXYRJSY�KTW�INKKJWJSHJX�NS�HQNSNHFQ�HMFWFH�
YJWNXYNHX�FSI�XZW[N[FQ�GNFX��JFWQ^�[FQ[J�WJUQFHJRJSY�\FX�STY�FXXTHNFYJI�
\NYM�QT\JW�RTWYFQNY^�HTRUFWJI�\NYM�RJINHFQ�YMJWFU^�NS�F�QFWLJ�NSYJW�
SFYNTSFQ� HTMTWY���� .S� YMNX� XJWNJX�� MT\J[JW�� XZWLJW^� \FX� GJSJ̇HNFQ� NS�
YMJ�XZGLWTZU�TK�UFYNJSYX�\NYM�YMJ�XYWTSLJXY�NSINHFYNTSX�KTW�XZWLJW^�NS�
HQZINSL�[FQ[J�WJLZWLNYFYNTS��[JLJYFYNTS��FSI�IJMNXHJSHJ�TW�UFWF[FQ[ZQFW�
FGXHJXX�̇XYZQF� KTWRFYNTS���� 9MJWJKTWJ�� F� XZWLNHFQ� XYWFYJL^� NX� WJHTR�
RJSIJI�KTW�5;*�NS�MNLM�WNXP�XZGLWTZUX�NIJSYṄJI�G^�UWTLSTXYNH�FXXJXX�
RJSY�� N�J�� 5;*� HTRUQNHFYJI� \NYM� -+�� XJ[JWJ� UWTXYMJYNH� I^XKZSHYNTS��
FGXHJXX��TW�UJWXNXYJSY�KJ[JW��(TS[JWXJQ^��UFYNJSYX�\NYM�ZSHTRUQNHFYJI�
STS�XYFUM^QTHTHHFQ� QFYJ� 5;*� HFS� GJ� RFSFLJI� HTSXJW[FYN[JQ^����Ƀ���

-T\J[JW�� UFYNJSYX� \MT� FWJ� NSNYNFQQ^� YWJFYJI� RJINHFQQ^� WJVZNWJ� HQTXJ�
KTQQT\�ZU�GJHFZXJ�TK�YMJ�WNXP�TK�QFYJ�J[JSYX�FSI�YMJ�MNLMJW�WNXP�TK�WJ�
QFUXJ�TW�[FQ[ZQFW�I^XKZSHYNTS�

8ZWLJW^� KTW� 5;*� KTQQT\X� YMJ� LJSJWFQ� UWNSHNUQJX� TZYQNSJI� KTW� 3;*��
-T\J[JW��YMJ�WJTUJWFYNTS�XJYYNSL�FSI�YMJ�MNLMJW�NSHNIJSHJ�TK�UJWNUWTX�
YMJYNH� YNXXZJ� IJXYWZHYNTS� NSHWJFXJ� YMJ� HTRUQJ]NY^� TK� YMJ� UWTHJIZWJ��
2JYNHZQTZX�FSI�WFINHFQ�IJGWNIJRJSY�TK�YMJ�NSKJHYJI�RFYJWNFQ��NSHQZINSL�
YMJ� TWNLNSFQ� UWTXYMJXNX�� XZYZWJ�� FSI� UQJILJYX�� NX� WJHTRRJSIJI�� 9MJ�
Y^UJ�TK�[FQ[J�XZGXYNYZYJ�ZXJI�KTW�5;*�KTQQT\X�YMJ�XFRJ�WJHTRRJSIF�
YNTSX�FX�KTW�3;*�XJJ�FQXT�8JHYNTS���������

*FWQ^�5;*�KTQQT\NSL�[FQ[J�WJUQFHJRJSY�XZWLJW^�NX�F�XJUFWFYJ�JSYNY^�FX�
XTHNFYJI�\NYM�F�MNLM�RTWYFQNY^�WFYJ��\MJWJ�HTSXJW[FYN[J�YWJFYRJSY�\NYM�
FSYNGNTYNHX�NX�ZSQNPJQ^�YT�QJFI�YT�F�HZWJ�FSI�WJUJFY�XZWLJW^�XMTZQI�GJ�UJW�
KTWRJI�������� 8YFUM^QTHTHHN�� (ZYNGFHYJWNF�� TW� XNRNQFW� XUJHNJX� FWJ� YMJ�
ZXZFQ�HFZXFYN[J�TWLFSNXRX��������

������*SITHFWINYNX�NS�YMJ�JQIJWQ^
(MFWFHYJWNXYNHX�TK�UFYNJSYX�\NYM�.*�MF[J�IWFRFYNHFQQ^�HMFSLJI�T[JW�WJ�
HJSY�IJHFIJX��\NYM�FS�NSHWJFXNSL�UWJ[FQJSHJ�FSI�XUJHṄH�KJFYZWJX�TK�.*�
NS� YMJ� JQIJWQ^� UTUZQFYNTS��������������� .S� YMNX� UTUZQFYNTS�� JSYJWTHTHHN�
FSI�8��FZWJZX�FWJ�WJUTWYJI�YT�GJ�YMJ�RTXY�KWJVZJSY�FJYNTQTLNHFQ�FLJSYX��
.S� FIINYNTS�� YMJ� MNLMJW� UWJXJSHJ� TK� NSYWFHFWINFH� UWTXYMJYNH� IJ[NHJX�
(.*)� FSI� [FQ[ZQFW� UWTXYMJXNX�WJUFNW� NSHQZINSL� 9&;.� IJ[NHJX�� FSI� NS�
HWJFXJI� NSHNIJSHJ� TK� MJFQYMHFWJ�FXXTHNFYJI� .*� JUNXTIJX� FWJ� TG�
XJW[JI������� +NSFQQ^�� F� QT\JW� WNXP� TK� JRGTQNH� JUNXTIJX� MFX� GJJS�
TGXJW[JI�NS�YMNX�XZGLWTZU��������Ƀ���

7JHTRRJSIFYNTS�9FGQJ����Ʉ� 7JHTRRJSIFYNTSX� KTW�
UWTXYMJYNH�[FQ[J�JSITHFWINYNX

7JHTRRJSIFYNTSX (QFXXF 1J[JQG

8ZWLJW^�NX�WJHTRRJSIJI�KTW�JFWQ^�5;*�\NYMNS���

RTSYMX�TK�[FQ[J�XZWLJW^��\NYM�SJ\�[FQ[J�WJUQFHJRJSY�

FSI�HTRUQJYJ�IJGWNIJRJSY���������

. (

m
*8

(
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5;*��UWTXYMJYNH�[FQ[J�JSITHFWINYNX��
F(QFXX�TK�WJHTRRJSIFYNTS��
G1J[JQ�TK�J[NIJSHJ�
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&�SZRGJW�TK�XYZINJX�MF[J�XMT\S�YMFY�HFWINFH�XZWLJW^�UTXNYN[JQ^�FK�
KJHYX� YMJ� HQNSNHFQ� TZYHTRJ� TK� .*� UFYNJSYX�� 3J[JWYMJQJXX�� TQI� FLJ�� HT��
RTWGNINYNJX��FSI�UWJ[NTZX�STS�HFWINFH�FSI�HFWINFH�UWTHJIZWJX�QJFI�YT�
XZWLNHFQ�MJXNYFSH^�G^�WJKJWWNSL�UM^XNHNFSX��XZWLJTSX��FSI�UFYNJSYX�YMJR�
XJQ[JX���� 2TWJT[JW��YMJXJ�HMFWFHYJWNXYNHX�FQXT�NS̈ZJSHJ�YMJ�TZYHTRJ�TK�
YMNX�KWFLNQJ�HTMTWY�������� &X�F�WJXZQY��QJXX�KWJVZJSY�UJWKTWRFSHJ�TK�HZWF�
YN[J�XZWLJW^�FSI�NSHWJFXJI�RTWYFQNY^�FWJ�Y^UNHFQ�MFQQRFWPX�TK�.*�JUNXTIJX�
NS�JQIJWQ^�FX�HTRUFWJI�\NYM�YMJ�^TZSLJW�UTUZQFYNTS���� .S�F�WJHJSYQ^�
UZGQNXMJI� 8\JINXM� UWTUJSXNY^� FSFQ^XNX� TK� .*� UFYNJSYX� KWTR� ����� YT�
������ YMJ� FZYMTWX� KTZSI� YMFY� XZWLJW^� \FX� ZSIJWZXJI� NS� YMJ� JQIJWQ^�
FSI� YMFY� ��^JFW� RTWYFQNY^� \FX� XNLSṄHFSYQ^� MNLMJW� NS� JQIJWQ^� UFYNJSYX�
\MT�INI�STY�ZSIJWLT�XZWLJW^���� .S�F�XZG�FSFQ^XNX�TK�YMJ�*8(�*475�
*:74�*3)4�WJLNXYW^��YMJ�NSINHFYNTS�KTW�XZWLJW^�\FX�QJXX�TKYJS�WJHTL�
SN_JI� ��
� [X�� ��
�� FSI� XZWLJW^� \FX� KFW� QJXX� KWJVZJSYQ^� UJWKTWRJI�
\MJS� NSINHFYJI� ��
� [X�� ��
�� NS� UFYNJSYX� >��� [X�� <��� ^JFWX��
-T\J[JW��RTWYFQNY^�TK�XZWLNHFQQ^�YWJFYJI�UFYNJSYX�\FX�WJRFWPFGQ^�XNRN�
QFW�NS�UFYNJSYX�<���FSI�>���^JFWX�FKYJW�UWTUJSXNY^�RFYHMNSL�����
�[X��
����
���&LJ�\FX�FQXT�STY�IJRTSXYWFYJI�YT�GJ�FS�NSIJUJSIJSY�UWJINHYTW�
TK�RTWYFQNY^�NS�YMNX�QFWLJ�UWTXUJHYN[J�XYZI^�������� 9MJXJ�̇ SINSLX�XZLLJXY�
YMFY�UJWKTWRFSHJ�TK�XZWLJW^�NS�\JQQ�XJQJHYJI�JQIJWQ^�UFYNJSYX�NX�ZSIJW�
ZYNQN_JI�FSI�RF^�NSHWJFXJ�YMJNW�HMFSHJ�TK�XZW[N[FQ�

.S�JQIJWQ^�.*�UFYNJSYX��KZSHYNTSFQ�FSI�SZYWNYNTSFQ�XYFYZX�FWJ�NRUTWYFSY�
UWJINHYTWX�TK�TZYHTRJX���� <MJS�HTSXNIJWNSL�HFWINFH�XZWLJW^�NS�JQIJWQ^�
UFYNJSYX�� KZSHYNTSFQ� FSI� SZYWNYNTSFQ� XYFYZX�� FSI� YMJNW� FXXTHNFYJI� WNXPX��
XMTZQI�GJ�FHHZWFYJQ^�J]UQTWJI�YMWTZLM�F�HTRUWJMJSXN[J�FXXJXXRJSY�
G^�LJWNFYWNHNFSX��.S�FIINYNTS��YMJ�JFWQNJXY�UTXXNGQJ�INXHMFWLJ�MTRJ�YT�KF�
HNQNYFYJ�YMJ�UFYNJSYɈX�KZSHYNTSFQ�WJHT[JW^�XMTZQI�GJ�HTSXNIJWJI�NS�YMNX�
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proportion of Enterococcus and S gallolyticus and less Staph-
ylococcus and S viridans were observed. These results were 
consistent with previous publications.8 11 12 14 Likewise, Olmos et 
al21 recently described a greater proportion of IE due to Entero-
coccus among diabetic patients, regardless of their age. Knowing 
the fact that in our cohort more than a quarter of the octoge-
narian patients suffered from diabetes, this could account for the 
greater proportion of Enterococcus.

Prognosis
Inhospital mortality rates were not significantly different among 
the age groups, although 1-year mortality rate was significantly 
higher in octogenarians. The first explanation may be the lower 
number of inhospital events (8 deaths) as compared with 1-year 
mortality (19 deaths), making statistical significance more diffi-
cult to reach. Another explanation could be the progressive left 
ventricular deterioration caused by valvular damage and not 
adequately treated by surgery. Of note, among the 11 additional 
deaths occurring after hospitalisation, 4 were caused by heart 
failure, and all of them had theoretical indication for surgery and 
were not operated on.

Overall mortality in our study was lower than in previous 
studies1 5 7 (table 4). As previously reported,6 this may be related 
to our multidisciplinary approach, a strict implementation of 
guidelines and a high rate of surgery.

López-Wolf et al8 recently reported a slightly higher mortality 
rate (20% vs 15.7%) than in our series, but 1-year mortality was 
not reported in this series.

In our study, 1-year mortality rate among octogenarians was 
considerably higher than among the younger patients, contrary 
to inhospital mortality rate. This finding of a very high late 
mortality rate, mostly caused by heart failure, may be related to 
WKH�ORZ�RSHUDWLYH�UDWH�LQ�RXU�SRSXODWLRQ��3DWLHQWV�DERYH����ZHUH�

frailer, present with more comorbidities and are facing higher 
risks of complications.

Surgical therapy and implementation of ESC guidelines
The very old patients had considerably more complications and 
poorer outcomes than others, and this may be related to the 
lower rate of surgical management in these patients, although 
theoretical indication rate was the same, confirming the poor 
implementation of ESC guidelines in old patients.5 7 14

Our data confirm that surgery is of major importance in 
IE.22 23 Operated patients showed an excellent 1-year survival 
rate: more than 90%, even in the oldest patients (93.6%). Other 
smaller series13 recently drew similar conclusions.

More than age, frailty—however hard to quantify—seems of 
utmost importance. Numerous scores have emerged over the 
past years to evaluate this geriatric concept.24 25 These scores 
most often include neurocognitive, thymic and nutritive evalua-
tions, dependence on daily life, social background, and comor-
bidities. Some of the studies have recently proven their utility 
for cardiovascular diseases management26 and prognosis evalu-
ation before cardiac surgery.27–29 We recommend a more global 
patient evaluation and a greater cooperation with geriatricians to 
improve IE management in the elderly population.

Limitations
Our study presents some limitations.

First of all, it is based on a monocentric cohort performed in 
the cardiological department of a referral care centre for cardiac 
surgery and IE, with possible selection bias.

The low mortality rate in our centre, already described in 
previous publications,6 make difficult the extrapolation of the 
results.

Figure 1 One-year survival rate (Kaplan-Meier curve).
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Figure S1. Kaplan-Meier estimates of overall survival for the three age groups (Group 1, 

<65 years; Group 2, 65-79 years; Group 3, 80 years and older). 
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Figure 3. Propensity score matching for long- term survival of in (A) patients aged <75 years and 
(B) patients ≥75 years.
 

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 26, 2021

Le poids de la chirurgie sur la mortalité est encore plus important chez les patients âgés 

37Ragersson et al. J Am Heart Assoc 2021

J Am Heart Assoc. 2021;10:e020221. DOI: 10.1161/JAHA.120.020221 9

Ragnarsson et al Infective Endocarditis in the Elderly

Figure 3. Propensity score matching for long- term survival of in (A) patients aged <75 years and 
(B) patients ≥75 years.
 

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 26, 2021

Rétrospectif, n= 2186 dont n=516 > 80ans

≥ 75 ans< 75 ans



Absence d’indication chirurgicale, 
n=58

EI > 80 ans (n=163)

Indication chirurgicale
n=105

n=38 n=67

Hémar et al. CID 2023

The Mortality of Infective endocarditis with and without 
Surgery in Elderly (MoISE) Study
Victor Hémar,1, Fabrice Camou,2 Claire Roubaud-Baudron,3,4 Julien Ternacle,5 Mathieu Pernot,6 Carine Greib,7 Marina Dijos,5 Gaetane Wirth,8

Hélène Chaussade,1 Olivia Peuchant,9 Fabrice Bonnet,1 and Nahéma Issa2; the MoISE Study Groupa

1Internal Medicine and Infectious Diseases Department, Bordeaux University Hospital–Saint-André Bordeaux, France; 2Intensive Care and Infectious Diseases Department, Bordeaux University 
Hospital–Saint-André Bordeaux, France; 3Pôle de Gérontologie Clinique, Bordeaux University Hospital Bordeaux, France; 4INSERM BRIC UMR 1312, University of Bordeaux, Bordeaux, France; 
5Cardiology Department, Bordeaux University Hospital–Haut-Lévêque, Pessac, France; 6Cardiac Surgery Department, Bordeaux University Hospital–Haut-Lévêque, Pessac, France; 7Internal Medicine 
and Infectious Diseases Department, Bordeaux University Hospital–Haut-Lévêque, Pessac, France; 8Infectious Diseases Department, Bordeaux University Hospital–Pellegrin, Bordeaux, France; 
and 9Bacteriology Department, Bordeaux University Hospital–Pellegrin, Bordeaux, France

Background. Infective endocarditis (IE) is increasingly affecting older patients. However, data on their management are sparse, 
and the benefits of surgery in this population are unclear.

Methods. We included patients with left-sided IE (LSIE) aged ≥ 80 years enrolled in a prospective endocarditis cohort managed 
in Aquitaine, France, from 2013 to 2020. Geriatric data were collected retrospectively to identify factors associated with the 1-year 
risk of death using Cox regression.

Results. We included 163 patients with LSIE (median age, 84 years; men, 59%; rate of prosthetic LSIE, 45%). Of the 105 (64%) 
patients with potential surgical indications, 38 (36%) underwent valve surgery: they were younger, more likely to be men with aortic 
involvement, and had a lower Charlson comorbidity index. Moreover, they had better functional status at admission (ie, the ability 
to walk unassisted and a higher median activities of daily living [ADL] score; n = 5/6 vs 3/6, P = .01). The 1-year mortality rate in 
LSIE patients without surgical indications was 28%; it was lower in those who were operated on compared with those who were not 
despite a surgical indication (16% vs 66%, P < .001). Impaired functional status at admission was strongly associated with mortality 
regardless of surgical status. In patients unable to walk unassisted or with an ADL score <4, there was no significant surgical benefit 
for 1-year mortality.

Conclusions. Surgery improves the prognosis of older patients with LSIE and good functional status. Surgical futility should be 
discussed in patients with altered autonomy. The endocarditis team should include a geriatric specialist.

Keywords. infective endocarditis; cardiac surgery; older patients; prognosis; functional status.
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Infective endocarditis (IE) is a rare and severe disease with a poor 
prognosis at any age [1]. With the population aging, patients 
aged ≥ 80 years are increasingly experiencing IE; currently, 
they account for 10%–20% of IE cases [1, 2]. These patients 
have specific epidemiological features, such as a higher likeli-
hood of healthcare-associated and prosthetic valve IE, predom-
inance of Enterococcus spp., and a wide range of clinical 
presentations [1, 3, 4]. IE causes a major decline in the general 
status of older patients, which makes diagnostic and therapeutic 
management more complex given the limited functional capac-
ity of this population [5]. In addition to medical treatment, valve 

surgery is often needed because of hemodynamic, infectious, or 
embolic complications [6], but surgical management decisions 
in older patients are particularly complex. According to the 
2015 European Society of Cardiology (ESC) guidelines for the 
management of IE, “age per se is not a contraindication to sur-
gery.” In practice, older patients with IE undergo surgery less fre-
quently than younger ones [2, 3, 7]. However, there are equivocal 
data on the surgical benefits in older patients, with some studies 
reporting survival similar to that for younger patients [3, 7, 8] 
and others poorer survival [2, 9]. Some authors also report 
a high mortality rate for IE in nonoperated older patients 
(40%–45% at 1 year) and suggest that this is due to the underuse 
of surgery in older patients [3, 7, 10–12]. Despite the crucial 
implications of the surgical decision, there is still no clear 
evidence on who should be operated on.

Given the lack of data for this population, the Mortality of 
Infective endocarditis with and without Surgery in Elderly 
(MoISE) study sought to describe the characteristics and 
prognosis of left-sided IE (LSIE) in patients aged ≥ 80 years. 
We hypothesized that functional status at admission and 
surgery are major prognostic factors in this population.
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Background. Infective endocarditis (IE) is increasingly affecting older patients. However, data on their management are sparse, 
and the benefits of surgery in this population are unclear.

Methods. We included patients with left-sided IE (LSIE) aged ≥ 80 years enrolled in a prospective endocarditis cohort managed 
in Aquitaine, France, from 2013 to 2020. Geriatric data were collected retrospectively to identify factors associated with the 1-year 
risk of death using Cox regression.

Results. We included 163 patients with LSIE (median age, 84 years; men, 59%; rate of prosthetic LSIE, 45%). Of the 105 (64%) 
patients with potential surgical indications, 38 (36%) underwent valve surgery: they were younger, more likely to be men with aortic 
involvement, and had a lower Charlson comorbidity index. Moreover, they had better functional status at admission (ie, the ability 
to walk unassisted and a higher median activities of daily living [ADL] score; n = 5/6 vs 3/6, P = .01). The 1-year mortality rate in 
LSIE patients without surgical indications was 28%; it was lower in those who were operated on compared with those who were not 
despite a surgical indication (16% vs 66%, P < .001). Impaired functional status at admission was strongly associated with mortality 
regardless of surgical status. In patients unable to walk unassisted or with an ADL score <4, there was no significant surgical benefit 
for 1-year mortality.

Conclusions. Surgery improves the prognosis of older patients with LSIE and good functional status. Surgical futility should be 
discussed in patients with altered autonomy. The endocarditis team should include a geriatric specialist.
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Infective endocarditis (IE) is a rare and severe disease with a poor 
prognosis at any age [1]. With the population aging, patients 
aged ≥ 80 years are increasingly experiencing IE; currently, 
they account for 10%–20% of IE cases [1, 2]. These patients 
have specific epidemiological features, such as a higher likeli-
hood of healthcare-associated and prosthetic valve IE, predom-
inance of Enterococcus spp., and a wide range of clinical 
presentations [1, 3, 4]. IE causes a major decline in the general 
status of older patients, which makes diagnostic and therapeutic 
management more complex given the limited functional capac-
ity of this population [5]. In addition to medical treatment, valve 

surgery is often needed because of hemodynamic, infectious, or 
embolic complications [6], but surgical management decisions 
in older patients are particularly complex. According to the 
2015 European Society of Cardiology (ESC) guidelines for the 
management of IE, “age per se is not a contraindication to sur-
gery.” In practice, older patients with IE undergo surgery less fre-
quently than younger ones [2, 3, 7]. However, there are equivocal 
data on the surgical benefits in older patients, with some studies 
reporting survival similar to that for younger patients [3, 7, 8] 
and others poorer survival [2, 9]. Some authors also report 
a high mortality rate for IE in nonoperated older patients 
(40%–45% at 1 year) and suggest that this is due to the underuse 
of surgery in older patients [3, 7, 10–12]. Despite the crucial 
implications of the surgical decision, there is still no clear 
evidence on who should be operated on.

Given the lack of data for this population, the Mortality of 
Infective endocarditis with and without Surgery in Elderly 
(MoISE) study sought to describe the characteristics and 
prognosis of left-sided IE (LSIE) in patients aged ≥ 80 years. 
We hypothesized that functional status at admission and 
surgery are major prognostic factors in this population.

1440 • CID 2023:77 (15 November) • Hémar et al

Clinical Infectious Diseases                                          

M A J O R  A R T I C L E

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/77/10/1440/7208964 by guest on 23 February 2024



Absence d’indication chirurgicale, 
n=58

EI > 80 ans (n=163)

Indication chirurgicale
n=105

n=38 n=67

• Plus jeunes
• Moins comorbides
• Plus autonomie
• ETO

M1 1/38 (2,6%) 30/67 (45%) 8/58 (14%) <0.001

M3 4/38 (11%) 37/67 (55%) 13/58 (22%) <0.001

M6 4/38 (11%) 40/67 (60%) 13/58 (22%) <0.001
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Résultats :

Parmi les 125 patients ≥ 80 ans non opérés, 67 avaient une indication chirurgicale théorique. Les patients ≥ 80 ans opérés (n=38) étaient plus souvent des hommes (76% vs. 46%,
p=0.004), étaient plus jeunes (83 vs. 84 ans en médiane, p=0.01), avaient moins de comorbidités (Charlson 3 vs. 2, p=0.01) et avaient plus souvent eu une ETO (95% vs. 71%,
p<0.001). Il n’y avait pas de différence significative en terme de valve prothétique, de germe identifié ou d’emboles cérébraux. Les patients ≥ 80 ans opérés avaient moins d’aide
infirmière à domicile avant leur admission (2.6% vs. 17%, p=0.003), étaient plus souvent capable de marcher sans aide à l’admission (74% vs. 35%, p<0.001), et avaient un score ADL
médian plus élevé (5/6 vs. 3/6, p=0.001) que ceux qui n’étaient pas opérés. Il n’y avait pas de différence significative en terme de polymédication et d’IMC à l’admission.

Introduction :
L’endocardite infectieuse (EI) affecte des sujets de plus en plus âgés du fait du vieillissement de la population. Le pronostic des patients âgés de plus de 80 ans semble moins bon
que celui des sujets plus jeunes, mais peu de données existent sur leur prise en charge. La décision concernant le recours à la chirurgie cardiaque est souvent complexe dans cette
population et nécessite l’identification de facteurs pronostiques spécifiques.
Notre objectif était donc de comparer les caractéristiques et le pronostic des EI des sujets âgés ≥ 80 ans et < 80 ans avec et sans chirurgie, et d’identifier les facteurs associés à la
mortalité à 1 an chez les sujets âgés ≥ 80 ans.

Matériels et méthodes :
Toutes les EI prises en charge au sein de la réunion de concertation pluridisciplinaire régionale Endocardite du CHU de Bordeaux de 2013 à 2020 étaient incluses prospectivement.
Les EI du cœur gauche étaient incluses dans notre étude, les EI isolées du cœur droit et/ou sur dispositif cardiaque implantable étaient exclues. Les données générales sur les EI
étaient recueillies prospectivement et les données gériatriques spécifiques recueillies rétrospectivement : support infirmier au domicile, nombre de médicaments, indice de masse
corporelle (IMC), autonomie (score Activities of Daily Living [ADL], allant de 0 à 6 avec 1 point pour l’indépendance à chaque activité parmi : hygiène corporelle, habillage, aller aux
toilettes, transfert, continence et alimentation)1. Le pronostic était évalué sur la mortalité toute cause à un an. La comparaison des caractéristiques EI des sujets âgés de ≥ 80 ans par
rapport aux sujets < 80 ans était réalisée à partir de tests du Chi2, Fisher et Wilcoxon, et la comparaison des risques de décès était réalisée à partir de modèles de Cox avec
pondération IPTW (inverse probability of treatment weighting). L’identification des facteurs associés au risque de décès chez les sujets âgés de ≥ 80 ans était réalisée à l’aide de
modèles de Cox bruts et ajustés.

Discussion :
La chirurgie dans les EI a un impact pronostique déterminant. Dans notre étude, les patients ≥ 80 ans non opérés décédaient deux fois plus à la phase initiale de l’EI que les < 80 ans
(IPTW HR 1.98 [1.22-3.22]). L’absence de chirurgie malgré une indication théorique explique en partie cette surmortalité chez les sujets âgés. Chez des patients âgés ≥ 80 ans
sélectionnés en bon état général (score ADL≥4, peu de comorbidités), la chirurgie offrait un pronostic similaire aux sujets < 80 ans avec respectivement 16 et 11% de mortalité à un an
(IPTW HR 1.35 [0.54-3.39]). Nous avons objectivé l’impact pronostique majeur de l’autonomie à l’admission, indépendamment des facteurs pronostiques usuels, qui doit donc être
intégrée dans la décision chirurgicale. Nos résultats concordent avec ceux de l’étude ELDERL-IE récemment publiée qui incluait 120 patients ≥75 ans dont seulement 20 opérés2.
L’échocardiographie trans-œsophagienne était moins fréquemment réalisée chez les ≥ 80 ans et certaines indications chirurgicales ont pu être manquées. Cela explique en partie le
faible taux de chirurgie par rapport aux < 80 ans (23% vs 61%). En effet, ce geste invasif indispensable pour évaluer l’indication chirurgicale de l’EI peut être difficile à réaliser chez des
patients dépendants, fragiles, confus et parfois d’emblée contre-indiqués à l’anesthésie générale3.
La survenue d’une confusion au cours de l’hospitalisation pour l’EI était associée à un pronostic péjoratif. La prévention multimodale de la confusion est donc un élément important à
intégrer dans la prise en charge des EI des sujets âgés.
Notre étude comportait un large effectif par rapport aux données existantes dans la littérature dans cette population âgée. Néanmoins, avec seulement 38 patients opérés, la
puissance de nos analyses était limitée. Le caractère rétrospectif du recueil des données gériatriques et notamment du score ADL constitue également une des limites de notre étude.
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Table 1. Caractéristiques des patients âgés de plus et 
moins de 80 ans inclus dans notre étude (2013-2020).
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< 80 ans
(N = 760)1

≥ 80 ans
(N = 163)1 p-valeur2

Age médian 67 (57 , 73) 84 (82 , 86) <0.001
Homme 610 (80%) 96 (59%) <0.001
Score de Charlson (sans l’âge) 0.001
0 182 (24%) 17 (10%)
1-2 279 (37%) 65 (40%)
3-4 172 (23%) 51 (31%)
≥5 127 (17%) 30 (18%)
Matériel de stimulation 71 (9.3%) 41 (25%) <0.001
Endocardite certaine* 645 (85%) 136 (83%) 0.6
Valve prothétique 289 (38%) 74 (45%) 0.08
Valve atteinte 0.3
Aortique 461 (61%) 98 (60%)
Mitrale 205 (27%) 51 (31%)
Multivalvulaire 94 (12%) 14 (8.6%)
ETO 713 (94%) 125 (77%) <0.001
Micro-organisme identifié 0.13
S.aureus 163 (21%) 25 (15%)
Enterococcus spp. 113 (15%) 36 (22%)
Streptococcus spp. 240 (32%) 51 (31%)
SCN 69 (9.1%) 18 (11%)
Autre 124 (16%) 21 (13%)
Non documenté 51 (6.7%) 12 (7.4%)
Emboles cérébraux 252 (33%) 50 (31%) 0.5
Chirurgie cardiaque 465 (61%) 38 (23%) <0.001
Mortalité à 1 an 151 (20%) 66 (41%) <0.001

1n (%), médiane (IQR) ; 2Test du Chi2, Fisher ou Wilcoxon ; * Selon les critères de Duke modifié ESC 2015
SCN : staphylococci coagulase negative ; ETO : échocardiographie transoesophagienne
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Figure 1. Courbes de survie et Hazard Ratios de mortalité toute cause chez les sujets âgés 
≥ 80 ans ans opérés (A) ou non (B) par rapport aux < 80 ans.
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Table 2. Facteurs associés à la mortalité à 1 an chez les 
sujets âgés de plus de 80 ans.

a ajusté sur l’âge, le sexe, le score de Charlson, la présence d’emboles cérébraux et le statut chirurgical
ADL : Activities of Daily Living ; EHPAD : établissement pour personne âgée dépendante ; IDE : infirmière diplômée d’état ; 
IMC : indice de masse corporelle; IC: intervalle de confiance ; HR: Hazard ratio

Figure 2. Courbes de survie selon le statut chirurgical chez les patients 
de plus de 80 ans avec un score ADL < (A) et ≥ 4 (B)

A: EI chez les patients ≥ 80 ans avec score ADL < 4 B: EI chez les patients ≥ 80 ans avec score ADL ≥ 4

Log-rank test p=0.1

Log-rank test p<0.01
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A: EI chez les patients ≥ 80 ans avec score ADL < 4 B: EI chez les patients ≥ 80 ans avec score ADL ≥ 4

Log-rank test p=0.1

Log-rank test p<0.01
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1IPTW basée sur un score de propension intégrant le sexe, le score de Charlson, le caractère communautaire, la localisation valvulaire, le caractère prothétique, 
la présence d’emboles cérébraux, la présence de végétation, le micro-organisme en cause, les antécédents d’EI. EI : endocardite infectieuse

EI : endocardite infectieuse ; ADL : Activities of Daily Living

Conclusion :
La chirurgie cardiaque améliore le pronostic des EI des sujets âgés avec une autonomie conservée. L’intégration des gériatres dans les Endocarditis Team est nécessaire pour
optimiser la décision chirurgicale et la prise en charge multidisciplinaire des EI chez les sujets âgés.
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Le niveau de dépendance fonctionnelle 
est un facteur pronostique majeur
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The Mortality of Infective endocarditis with and without 
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Background. Infective endocarditis (IE) is increasingly affecting older patients. However, data on their management are sparse, 
and the benefits of surgery in this population are unclear.

Methods. We included patients with left-sided IE (LSIE) aged ≥ 80 years enrolled in a prospective endocarditis cohort managed 
in Aquitaine, France, from 2013 to 2020. Geriatric data were collected retrospectively to identify factors associated with the 1-year 
risk of death using Cox regression.

Results. We included 163 patients with LSIE (median age, 84 years; men, 59%; rate of prosthetic LSIE, 45%). Of the 105 (64%) 
patients with potential surgical indications, 38 (36%) underwent valve surgery: they were younger, more likely to be men with aortic 
involvement, and had a lower Charlson comorbidity index. Moreover, they had better functional status at admission (ie, the ability 
to walk unassisted and a higher median activities of daily living [ADL] score; n = 5/6 vs 3/6, P = .01). The 1-year mortality rate in 
LSIE patients without surgical indications was 28%; it was lower in those who were operated on compared with those who were not 
despite a surgical indication (16% vs 66%, P < .001). Impaired functional status at admission was strongly associated with mortality 
regardless of surgical status. In patients unable to walk unassisted or with an ADL score <4, there was no significant surgical benefit 
for 1-year mortality.

Conclusions. Surgery improves the prognosis of older patients with LSIE and good functional status. Surgical futility should be 
discussed in patients with altered autonomy. The endocarditis team should include a geriatric specialist.

Keywords. infective endocarditis; cardiac surgery; older patients; prognosis; functional status.
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Infective endocarditis (IE) is a rare and severe disease with a poor 
prognosis at any age [1]. With the population aging, patients 
aged ≥ 80 years are increasingly experiencing IE; currently, 
they account for 10%–20% of IE cases [1, 2]. These patients 
have specific epidemiological features, such as a higher likeli-
hood of healthcare-associated and prosthetic valve IE, predom-
inance of Enterococcus spp., and a wide range of clinical 
presentations [1, 3, 4]. IE causes a major decline in the general 
status of older patients, which makes diagnostic and therapeutic 
management more complex given the limited functional capac-
ity of this population [5]. In addition to medical treatment, valve 

surgery is often needed because of hemodynamic, infectious, or 
embolic complications [6], but surgical management decisions 
in older patients are particularly complex. According to the 
2015 European Society of Cardiology (ESC) guidelines for the 
management of IE, “age per se is not a contraindication to sur-
gery.” In practice, older patients with IE undergo surgery less fre-
quently than younger ones [2, 3, 7]. However, there are equivocal 
data on the surgical benefits in older patients, with some studies 
reporting survival similar to that for younger patients [3, 7, 8] 
and others poorer survival [2, 9]. Some authors also report 
a high mortality rate for IE in nonoperated older patients 
(40%–45% at 1 year) and suggest that this is due to the underuse 
of surgery in older patients [3, 7, 10–12]. Despite the crucial 
implications of the surgical decision, there is still no clear 
evidence on who should be operated on.

Given the lack of data for this population, the Mortality of 
Infective endocarditis with and without Surgery in Elderly 
(MoISE) study sought to describe the characteristics and 
prognosis of left-sided IE (LSIE) in patients aged ≥ 80 years. 
We hypothesized that functional status at admission and 
surgery are major prognostic factors in this population.
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BACKGROUND
Nursing home residents are at high risk for infection, hospitalization, and coloni-
zation with multidrug-resistant organisms.

METHODS
We performed a cluster-randomized trial of universal decolonization as compared 
with routine-care bathing in nursing homes. The trial included an 18-month base-
line period and an 18-month intervention period. Decolonization entailed the use 
of chlorhexidine for all routine bathing and showering and administration of nasal 
povidone–iodine twice daily for the first 5 days after admission and then twice 
daily for 5 days every other week. The primary outcome was transfer to a hospital 
due to infection. The secondary outcome was transfer to a hospital for any reason. 
An intention-to-treat (as-assigned) difference-in-differences analysis was performed 
for each outcome with the use of generalized linear mixed models to compare the 
intervention period with the baseline period across trial groups.

RESULTS
Data were obtained from 28 nursing homes with a total of 28,956 residents. 
Among the transfers to a hospital in the routine-care group, 62.2% (the mean 
across facilities) were due to infection during the baseline period and 62.6% were 
due to infection during the intervention period (risk ratio, 1.00; 95% confidence 
interval [CI], 0.96 to 1.04). The corresponding values in the decolonization group 
were 62.9% and 52.2% (risk ratio, 0.83; 95% CI, 0.79 to 0.88), for a difference in 
risk ratio, as compared with routine care, of 16.6% (95% CI, 11.0 to 21.8; P<0.001). 
Among the discharges from the nursing home in the routine-care group, transfer 
to a hospital for any reason accounted for 36.6% during the baseline period and 
for 39.2% during the intervention period (risk ratio, 1.08; 95% CI, 1.04 to 1.12). 
The corresponding values in the decolonization group were 35.5% and 32.4% (risk 
ratio, 0.92; 95% CI, 0.88 to 0.96), for a difference in risk ratio, as compared with 
routine care, of 14.6% (95% CI, 9.7 to 19.2). The number needed to treat was 9.7 
to prevent one infection-related hospitalization and 8.9 to prevent one hospitaliza-
tion for any reason.

CONCLUSIONS
In nursing homes, universal decolonization with chlorhexidine and nasal iodophor 
led to a significantly lower risk of transfer to a hospital due to infection than 
routine care. (Funded by the Agency for Healthcare Research and Quality; Protect 
ClinicalTrials.gov number, NCT03118232.)
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due to infection during the intervention period (risk ratio, 1.00; 95% confidence 
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for 39.2% during the intervention period (risk ratio, 1.08; 95% CI, 1.04 to 1.12). 
The corresponding values in the decolonization group were 35.5% and 32.4% (risk 
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tion for any reason.

CONCLUSIONS
In nursing homes, universal decolonization with chlorhexidine and nasal iodophor 
led to a significantly lower risk of transfer to a hospital due to infection than 
routine care. (Funded by the Agency for Healthcare Research and Quality; Protect 
ClinicalTrials.gov number, NCT03118232.)

A BS TR AC T

Decolonization in Nursing Homes to 
Prevent Infection and Hospitalization

L.G. Miller, J.A. McKinnell, R.D. Singh, G.M. Gussin, K. Kleinman, R. Saavedra, 
J. Mendez, T.D. Catuna, J. Felix, J. Chang, L. Heim, R. Franco, T. Tjoa, N.D. Stone, 

K. Steinberg, N. Beecham, J. Montgomery, D.A. Walters, S. Park, S. Tam, 
S.K. Gohil, P.A. Robinson, M. Estevez, B. Lewis, J.A. Shimabukuro, G. Tchakalian, 
A. Miner, C. Torres, K.D. Evans, C.E. Bittencourt, J. He, E. Lee, C. Nedelcu, J. Lu, 

S. Agrawal, S.G. Sturdevant, E. Peterson, and S.S. Huang  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at BU PHARMACIE on October 16, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 

Résidents d’EHPAD
• Polypathologie
• Polymédication
• Prothèses (SU, articulaire…)
• Dénutrition
• Porteurs de BMR (40% SARM)
→ Risque infectieux +++

Décès Hospitalisation

Décontamination ?
RCT ICU, device…

Randomisation en cluster
> 28000 résidents

Pré-
intervention

MEP Intervention

18 mois 18 mois4 mois

28 EHPAD (14-14)

≈ 2 transferts évités par mois pour NH de 100 résidents



Effet de la décontamination sur le portage de BMR
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med   nejm.org 1

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Dr. Miller can be contacted at 
 lgmiller@  ucla . edu or at the Division of 
Infectious Diseases, Lundquist Institute 
for Biomedical Innovation at Harbor–
UCLA Medical Center, David Geffen 
School of Medicine at UCLA, 1124 W. 
Carson St., Box 466, Torrance, CA 90509.

This article was published on October 10, 
2023, at NEJM.org.

DOI: 10.1056/NEJMoa2215254
Copyright © 2023 Massachusetts Medical Society.

BACKGROUND
Nursing home residents are at high risk for infection, hospitalization, and coloni-
zation with multidrug-resistant organisms.

METHODS
We performed a cluster-randomized trial of universal decolonization as compared 
with routine-care bathing in nursing homes. The trial included an 18-month base-
line period and an 18-month intervention period. Decolonization entailed the use 
of chlorhexidine for all routine bathing and showering and administration of nasal 
povidone–iodine twice daily for the first 5 days after admission and then twice 
daily for 5 days every other week. The primary outcome was transfer to a hospital 
due to infection. The secondary outcome was transfer to a hospital for any reason. 
An intention-to-treat (as-assigned) difference-in-differences analysis was performed 
for each outcome with the use of generalized linear mixed models to compare the 
intervention period with the baseline period across trial groups.

RESULTS
Data were obtained from 28 nursing homes with a total of 28,956 residents. 
Among the transfers to a hospital in the routine-care group, 62.2% (the mean 
across facilities) were due to infection during the baseline period and 62.6% were 
due to infection during the intervention period (risk ratio, 1.00; 95% confidence 
interval [CI], 0.96 to 1.04). The corresponding values in the decolonization group 
were 62.9% and 52.2% (risk ratio, 0.83; 95% CI, 0.79 to 0.88), for a difference in 
risk ratio, as compared with routine care, of 16.6% (95% CI, 11.0 to 21.8; P<0.001). 
Among the discharges from the nursing home in the routine-care group, transfer 
to a hospital for any reason accounted for 36.6% during the baseline period and 
for 39.2% during the intervention period (risk ratio, 1.08; 95% CI, 1.04 to 1.12). 
The corresponding values in the decolonization group were 35.5% and 32.4% (risk 
ratio, 0.92; 95% CI, 0.88 to 0.96), for a difference in risk ratio, as compared with 
routine care, of 14.6% (95% CI, 9.7 to 19.2). The number needed to treat was 9.7 
to prevent one infection-related hospitalization and 8.9 to prevent one hospitaliza-
tion for any reason.

CONCLUSIONS
In nursing homes, universal decolonization with chlorhexidine and nasal iodophor 
led to a significantly lower risk of transfer to a hospital due to infection than 
routine care. (Funded by the Agency for Healthcare Research and Quality; Protect 
ClinicalTrials.gov number, NCT03118232.)
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domization would have helped in making poten-
tial coding errors more nondifferential between 
the trial groups.

This trial has several strengths. Participating 
sites were diverse with respect to processes, staff-

ing, resident populations, and corporate struc-
tures, a feature that reflects the heterogeneity of 
community-based nursing homes rather than a 
coordinated effort within a single health system. 
Second, the diverse facilities showed real-life 

Figure 2. Effect of Decolonization on the Risk of Transfer to a Hospital among Nursing Home Residents.

Shown are the risk ratios for transfer to a hospital due to infection (Panel A) and for any reason (Panel B) between 
the intervention period and the baseline period. Each nursing home is represented by an open circle, and the size of 
the open circle is proportional to the number of residents contributing data to the trial. Each open circle is plotted 
at the y axis value that represents the deviation of that nursing home from the overall risk ratio in the trial group 
(solid circle, with I bars indicating the 95% confidence interval). The size and location of the open circles are based 
on the results of the unadjusted model.
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Table 3. Prevalence of MDRO Carriage during the Baseline Period and near the End of the Intervention Period.*

MDRO or sample
Prevalence in the  

Routine-Care Group
Prevalence in the 

Decolonization Group
Risk Ratio 
(95% CI)†

Baseline Period 
(N = 700)

Intervention 
Period 

(N = 650)

Baseline 
Period 

(N = 700)

Intervention 
Period 

(N = 550)

percent (number of positive samples)

Any MDRO 48.3 (338) 47.2 (307) 48.9 (342) 32.0 (176) 0.70 (0.58–0.84)

Any MRSA 37.6 (263) 36.9 (240) 36.4 (255) 25.1 (138) 0.73 (0.59–0.92)

Nostril swab sample 29.1 (203) 27.1 (176) 29.9 (209) 22.0 (121) 0.81 (0.62–1.05)

Skin swab sample 26.1 (183) 25.4 (165) 22.6 (158) 11.6 (64) 0.58 (0.42–0.79)

VRE 5.9 (41) 5.1 (33) 8.3 (58) 2.2 (12) 0.29 (0.14–0.62)

ESBL producer 15.9 (111) 17.9 (116) 16.7 (117) 9.2 (51) 0.50 (0.34–0.75)

CRE 1.4 (10) 0.6 (4) 0.4 (3) 0.4 (3) 3.53 (0.44–28.52)

*  Prevalence is shown as the mean percentage of positive samples across the facilities in each trial group. CRE de-
notes carbapenem-resistant Enterobacterales, ESBL extended-spectrum beta-lactamase, MRSA methicillin-resistant 
Staphylococcus aureus, and VRE vancomycin-resistant enterococci.

†  We modeled the difference in differences between the changes observed in the decolonization group and those ob-
served in the routine-care group. Models were clustered at the facility level and controlled for trial phase (intervention 
period vs. baseline period), trial group (decolonization group vs. routine-care group), and the interaction term for trial 
phase by trial group. The results of unadjusted models were very similar to those of the adjusted models that account-
ed for bed-bound status, diabetes, and number of licensed beds in the nursing home. The results of the unadjusted 
models are reported here.
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ABSTRACT
OBJECTIVE
To evaluate whether antibiotic prescribing for 
suspected urinary tract infections in frail older adults 
can be reduced through a multifaceted antibiotic 
stewardship intervention.
DESIGN
Pragmatic, parallel, cluster randomised controlled 
trial, with a five month baseline period and a seven 
month follow-up period.
SETTING
38 clusters consisting of one or more general practices 
(n=43) and older adult care organisations (n=43) in 
Poland, the Netherlands, Norway, and Sweden, from 
September 2019 to June 2021.
PARTICIPANTS
1041 frail older adults aged 70 or older (Poland 325, 
the Netherlands 233, Norway 276, Sweden 207), 
contributing 411 person years to the follow-up period.
INTERVENTION
Healthcare professionals received a multifaceted 
antibiotic stewardship intervention consisting 
of a decision tool for appropriate antibiotic use, 
supported by a toolbox with educational materials. 
A participatory-action-research approach was used 
for implementation, with sessions for education, 
evaluation, and local tailoring of the intervention. The 
control group provided care as usual.

MAIN OUTCOME MEASURES
The primary outcome was the number of antibiotic 
prescriptions for suspected urinary tract infections 
per person year. Secondary outcomes included 
the incidence of complications, all cause hospital 
referrals, all cause hospital admissions, all cause 
mortality within 21 days after suspected urinary tract 
infections, and all cause mortality.
RESULTS
The numbers of antibiotic prescriptions for suspected 
urinary tract infections in the follow-up period were 
54 prescriptions in 202 person years (0.27 per person 
year) in the intervention group and 121 prescriptions 
in 209 person years (0.58 per person year) in the 
usual care group. Participants in the intervention 
group had a lower rate of receiving an antibiotic 
prescription for a suspected urinary tract infection 
compared with participants in the usual care group, 
with a rate ratio of 0.42 (95% confidence interval 
0.26 to 0.68). No differences between intervention 
and control group were observed in the incidence of 
complications (<0.01 v 0.05 per person year), hospital 
referrals (<0.01 v 0.05), admissions to hospital (0.01 
v 0.05), and mortality (0 v 0.01) within 21 days after 
suspected urinary tract infections, nor in all cause 
mortality (0.26 v 0.26).
CONCLUSIONS
Implementation of a multifaceted antibiotic 
stewardship intervention safely reduced antibiotic 
prescribing for suspected urinary tract infections in 
frail older adults.
TRIAL REGISTRATION
ClinicalTrials.gov NCT03970356.

Introduction
Antibiotic resistance is a major threat to global health.1 
Inappropriate antibiotic use is an important contributor 
to antibiotic resistance.2 Frequently, frail older adults 
inappropriately receive antibiotics for a suspected 
urinary tract infection for non-specific symptoms, such 
as a mental status change or smelly urine.3 4 In recent 
years, consensus has been reached that non-specific 
symptoms are not directly attributable to urinary tract 
infections and do not require antibiotic treatment.5 6 
Furthermore, although the prevalence of asymptomatic 
bacteriuria is high in frail older adults, positive urine 
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ABSTRACT
OBJECTIVE
To evaluate whether antibiotic prescribing for 
suspected urinary tract infections in frail older adults 
can be reduced through a multifaceted antibiotic 
stewardship intervention.
DESIGN
Pragmatic, parallel, cluster randomised controlled 
trial, with a five month baseline period and a seven 
month follow-up period.
SETTING
38 clusters consisting of one or more general practices 
(n=43) and older adult care organisations (n=43) in 
Poland, the Netherlands, Norway, and Sweden, from 
September 2019 to June 2021.
PARTICIPANTS
1041 frail older adults aged 70 or older (Poland 325, 
the Netherlands 233, Norway 276, Sweden 207), 
contributing 411 person years to the follow-up period.
INTERVENTION
Healthcare professionals received a multifaceted 
antibiotic stewardship intervention consisting 
of a decision tool for appropriate antibiotic use, 
supported by a toolbox with educational materials. 
A participatory-action-research approach was used 
for implementation, with sessions for education, 
evaluation, and local tailoring of the intervention. The 
control group provided care as usual.

MAIN OUTCOME MEASURES
The primary outcome was the number of antibiotic 
prescriptions for suspected urinary tract infections 
per person year. Secondary outcomes included 
the incidence of complications, all cause hospital 
referrals, all cause hospital admissions, all cause 
mortality within 21 days after suspected urinary tract 
infections, and all cause mortality.
RESULTS
The numbers of antibiotic prescriptions for suspected 
urinary tract infections in the follow-up period were 
54 prescriptions in 202 person years (0.27 per person 
year) in the intervention group and 121 prescriptions 
in 209 person years (0.58 per person year) in the 
usual care group. Participants in the intervention 
group had a lower rate of receiving an antibiotic 
prescription for a suspected urinary tract infection 
compared with participants in the usual care group, 
with a rate ratio of 0.42 (95% confidence interval 
0.26 to 0.68). No differences between intervention 
and control group were observed in the incidence of 
complications (<0.01 v 0.05 per person year), hospital 
referrals (<0.01 v 0.05), admissions to hospital (0.01 
v 0.05), and mortality (0 v 0.01) within 21 days after 
suspected urinary tract infections, nor in all cause 
mortality (0.26 v 0.26).
CONCLUSIONS
Implementation of a multifaceted antibiotic 
stewardship intervention safely reduced antibiotic 
prescribing for suspected urinary tract infections in 
frail older adults.
TRIAL REGISTRATION
ClinicalTrials.gov NCT03970356.

Introduction
Antibiotic resistance is a major threat to global health.1 
Inappropriate antibiotic use is an important contributor 
to antibiotic resistance.2 Frequently, frail older adults 
inappropriately receive antibiotics for a suspected 
urinary tract infection for non-specific symptoms, such 
as a mental status change or smelly urine.3 4 In recent 
years, consensus has been reached that non-specific 
symptoms are not directly attributable to urinary tract 
infections and do not require antibiotic treatment.5 6 
Furthermore, although the prevalence of asymptomatic 
bacteriuria is high in frail older adults, positive urine 
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test results are often misinterpreted as proof of a 
urinary tract infection.5 7 To increase appropriate 
antibiotic use, current guidance is to be restrictive 
with antibiotic prescribing when symptoms specific 
to the urinary tract are absent.8-11 Implementation 
in practice is, however, challenging because of the 
complexity of antibiotic prescribing decisions by 
general practitioners in older adult care settings.12 13

To date, multiple studies have evaluated antibiotic 
stewardship interventions in older adult care settings. 
While many show promising effects on reducing 
antibiotic use, the level of evidence is still limited 
because few studies use a randomised design.14-18 
Moreover, the applicability across different countries 
is uncertain owing to great variability in antibiotic 
use and heterogeneity in organisation of care between 
and within countries.19 20 This dearth of evidence 
indicates a need to evaluate an antibiotic stewardship 
intervention across the heterogeneous older adult care 
setting in multiple countries. Effective implementation 
might be possible through participatory action 
research, a method in which healthcare professionals 
are actively engaged and tailor the intervention to their 
own situation.21

We developed a multifaceted antibiotic stewardship 
intervention, including a decision tool for appropriate 
antibiotic prescribing for urinary tract infections that was 
previously developed by an international expert team.5 A 
previous qualitative study guided the development and 
tailoring of the antibiotic stewardship intervention.22 In 
the current study, we evaluated whether this multifaceted 
antibiotic stewardship intervention, implemented using 

a participatory-action-research approach,23 was effective 
in reducing antibiotic prescribing for suspected urinary 
tract infections in various older adult care settings 
in Poland, the Netherlands, Norway, and Sweden, 
compared with usual care.

Methods
We conducted a pragmatic cluster randomised 
controlled trial in general practices and older adult 
care organisations in Poland, the Netherlands, Norway, 
and Sweden, in which we compared the effectiveness 
of a multifaceted antibiotic stewardship intervention 
with usual care. A detailed protocol of the improving 
antibiotic prescribing for urinary tract infections in 
frail older adults (ImpresU) study was previously 
published.23 We followed the Consolidated Standards 
of Reporting Trials (CONSORT) reporting guidelines for 
cluster randomised trials.24

Clusters and setting
A cluster (the unit of randomisation) consisted of 
one or more general practices and older adult care 
organisations, together providing care for at least 
20 older adults. Nursing homes were included in 
Poland, Norway, and Sweden, and residential care 
homes and home care organisations were included 
in the Netherlands. Medical care was provided by 
general practitioners; except in Norway, where 
nursing homes themselves employ doctors who often 
have a background in general practice or geriatrics. 
Recruitment of clusters was performed through the 
networks of the research groups in each country.

Participants
For inclusion, participants had to be 70 years or 
older, have physical or mental disabilities, or both, 
and dependency in activities of daily living, not use 
prophylactic antibiotics, not receive hospice care, and 
not be estimated to have a very limited life expectancy 
(≤1 month). Participation ended when participants 
died, moved away from the cluster, started prophylactic 
antibiotics, received hospice care, or were estimated 
to have a very limited life expectancy (≤1 month). 
Participants were excluded from analysis if they 
participated for less than two months. At study start, 
the care organisations identified eligible participants 
and provided written study information. Enrolment 
was continued during the study for new patients in 
the care of the participating care organisations. A 
researcher or nurse obtained written informed consent 
from participants (or their representatives in case of 
legal incapacity).

Randomisation and blinding
In November 2019, an independent data manager 
performed block randomisation to assign clusters 
to intervention or usual care using SAS software 
(version 9.4; SAS Institute), stratified by country and 
cluster size (small ≤7%, medium 8-14%, large ≥15% 
of participants, see supplementary table S1). Owing 
to the nature of the intervention, blinding was not 

Outcomes
Adjusted rate ratio  % CI

Antibiotic prescriptions for suspected UTIs . .

Intervention v  control, per person year

.  . to .

Complications within  days aer suspected UTIs .<. No important difference

All cause mortality .. No important difference
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Comparison Control

Usual care

539

Intervention

Multifaceted antibiotic stewardship intervention

502

Improving antibiotic prescribing 
for UTIs in frail older adults

Implementation of the intervention resulted in a clinically relevant 
reduction in antibiotic prescribing for suspected urinary tract 
infections (UTIs) without evidence for increased adverse outcomes 

Summary

Study design 38 clusters consisting of 
general practices and older 
adult care organisations

Located in Poland, 
the Netherlands, 
Norway, and Sweden

Cluster 
randomised 
controlled trial

1041 frail older adults 
aged  years or older

Population Mean age:
86 years

Sex:
71% women

Dementia:
44% incidence
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OBJECTIVE
To evaluate whether antibiotic prescribing for 
suspected urinary tract infections in frail older adults 
can be reduced through a multifaceted antibiotic 
stewardship intervention.
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Pragmatic, parallel, cluster randomised controlled 
trial, with a five month baseline period and a seven 
month follow-up period.
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antibiotic stewardship intervention consisting 
of a decision tool for appropriate antibiotic use, 
supported by a toolbox with educational materials. 
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for implementation, with sessions for education, 
evaluation, and local tailoring of the intervention. The 
control group provided care as usual.

MAIN OUTCOME MEASURES
The primary outcome was the number of antibiotic 
prescriptions for suspected urinary tract infections 
per person year. Secondary outcomes included 
the incidence of complications, all cause hospital 
referrals, all cause hospital admissions, all cause 
mortality within 21 days after suspected urinary tract 
infections, and all cause mortality.
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The numbers of antibiotic prescriptions for suspected 
urinary tract infections in the follow-up period were 
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test results are often misinterpreted as proof of a 
urinary tract infection.5 7 To increase appropriate 
antibiotic use, current guidance is to be restrictive 
with antibiotic prescribing when symptoms specific 
to the urinary tract are absent.8-11 Implementation 
in practice is, however, challenging because of the 
complexity of antibiotic prescribing decisions by 
general practitioners in older adult care settings.12 13

To date, multiple studies have evaluated antibiotic 
stewardship interventions in older adult care settings. 
While many show promising effects on reducing 
antibiotic use, the level of evidence is still limited 
because few studies use a randomised design.14-18 
Moreover, the applicability across different countries 
is uncertain owing to great variability in antibiotic 
use and heterogeneity in organisation of care between 
and within countries.19 20 This dearth of evidence 
indicates a need to evaluate an antibiotic stewardship 
intervention across the heterogeneous older adult care 
setting in multiple countries. Effective implementation 
might be possible through participatory action 
research, a method in which healthcare professionals 
are actively engaged and tailor the intervention to their 
own situation.21

We developed a multifaceted antibiotic stewardship 
intervention, including a decision tool for appropriate 
antibiotic prescribing for urinary tract infections that was 
previously developed by an international expert team.5 A 
previous qualitative study guided the development and 
tailoring of the antibiotic stewardship intervention.22 In 
the current study, we evaluated whether this multifaceted 
antibiotic stewardship intervention, implemented using 

a participatory-action-research approach,23 was effective 
in reducing antibiotic prescribing for suspected urinary 
tract infections in various older adult care settings 
in Poland, the Netherlands, Norway, and Sweden, 
compared with usual care.

Methods
We conducted a pragmatic cluster randomised 
controlled trial in general practices and older adult 
care organisations in Poland, the Netherlands, Norway, 
and Sweden, in which we compared the effectiveness 
of a multifaceted antibiotic stewardship intervention 
with usual care. A detailed protocol of the improving 
antibiotic prescribing for urinary tract infections in 
frail older adults (ImpresU) study was previously 
published.23 We followed the Consolidated Standards 
of Reporting Trials (CONSORT) reporting guidelines for 
cluster randomised trials.24

Clusters and setting
A cluster (the unit of randomisation) consisted of 
one or more general practices and older adult care 
organisations, together providing care for at least 
20 older adults. Nursing homes were included in 
Poland, Norway, and Sweden, and residential care 
homes and home care organisations were included 
in the Netherlands. Medical care was provided by 
general practitioners; except in Norway, where 
nursing homes themselves employ doctors who often 
have a background in general practice or geriatrics. 
Recruitment of clusters was performed through the 
networks of the research groups in each country.

Participants
For inclusion, participants had to be 70 years or 
older, have physical or mental disabilities, or both, 
and dependency in activities of daily living, not use 
prophylactic antibiotics, not receive hospice care, and 
not be estimated to have a very limited life expectancy 
(≤1 month). Participation ended when participants 
died, moved away from the cluster, started prophylactic 
antibiotics, received hospice care, or were estimated 
to have a very limited life expectancy (≤1 month). 
Participants were excluded from analysis if they 
participated for less than two months. At study start, 
the care organisations identified eligible participants 
and provided written study information. Enrolment 
was continued during the study for new patients in 
the care of the participating care organisations. A 
researcher or nurse obtained written informed consent 
from participants (or their representatives in case of 
legal incapacity).

Randomisation and blinding
In November 2019, an independent data manager 
performed block randomisation to assign clusters 
to intervention or usual care using SAS software 
(version 9.4; SAS Institute), stratified by country and 
cluster size (small ≤7%, medium 8-14%, large ≥15% 
of participants, see supplementary table S1). Owing 
to the nature of the intervention, blinding was not 
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test results are often misinterpreted as proof of a 
urinary tract infection.5 7 To increase appropriate 
antibiotic use, current guidance is to be restrictive 
with antibiotic prescribing when symptoms specific 
to the urinary tract are absent.8-11 Implementation 
in practice is, however, challenging because of the 
complexity of antibiotic prescribing decisions by 
general practitioners in older adult care settings.12 13

To date, multiple studies have evaluated antibiotic 
stewardship interventions in older adult care settings. 
While many show promising effects on reducing 
antibiotic use, the level of evidence is still limited 
because few studies use a randomised design.14-18 
Moreover, the applicability across different countries 
is uncertain owing to great variability in antibiotic 
use and heterogeneity in organisation of care between 
and within countries.19 20 This dearth of evidence 
indicates a need to evaluate an antibiotic stewardship 
intervention across the heterogeneous older adult care 
setting in multiple countries. Effective implementation 
might be possible through participatory action 
research, a method in which healthcare professionals 
are actively engaged and tailor the intervention to their 
own situation.21

We developed a multifaceted antibiotic stewardship 
intervention, including a decision tool for appropriate 
antibiotic prescribing for urinary tract infections that was 
previously developed by an international expert team.5 A 
previous qualitative study guided the development and 
tailoring of the antibiotic stewardship intervention.22 In 
the current study, we evaluated whether this multifaceted 
antibiotic stewardship intervention, implemented using 

a participatory-action-research approach,23 was effective 
in reducing antibiotic prescribing for suspected urinary 
tract infections in various older adult care settings 
in Poland, the Netherlands, Norway, and Sweden, 
compared with usual care.

Methods
We conducted a pragmatic cluster randomised 
controlled trial in general practices and older adult 
care organisations in Poland, the Netherlands, Norway, 
and Sweden, in which we compared the effectiveness 
of a multifaceted antibiotic stewardship intervention 
with usual care. A detailed protocol of the improving 
antibiotic prescribing for urinary tract infections in 
frail older adults (ImpresU) study was previously 
published.23 We followed the Consolidated Standards 
of Reporting Trials (CONSORT) reporting guidelines for 
cluster randomised trials.24

Clusters and setting
A cluster (the unit of randomisation) consisted of 
one or more general practices and older adult care 
organisations, together providing care for at least 
20 older adults. Nursing homes were included in 
Poland, Norway, and Sweden, and residential care 
homes and home care organisations were included 
in the Netherlands. Medical care was provided by 
general practitioners; except in Norway, where 
nursing homes themselves employ doctors who often 
have a background in general practice or geriatrics. 
Recruitment of clusters was performed through the 
networks of the research groups in each country.

Participants
For inclusion, participants had to be 70 years or 
older, have physical or mental disabilities, or both, 
and dependency in activities of daily living, not use 
prophylactic antibiotics, not receive hospice care, and 
not be estimated to have a very limited life expectancy 
(≤1 month). Participation ended when participants 
died, moved away from the cluster, started prophylactic 
antibiotics, received hospice care, or were estimated 
to have a very limited life expectancy (≤1 month). 
Participants were excluded from analysis if they 
participated for less than two months. At study start, 
the care organisations identified eligible participants 
and provided written study information. Enrolment 
was continued during the study for new patients in 
the care of the participating care organisations. A 
researcher or nurse obtained written informed consent 
from participants (or their representatives in case of 
legal incapacity).

Randomisation and blinding
In November 2019, an independent data manager 
performed block randomisation to assign clusters 
to intervention or usual care using SAS software 
(version 9.4; SAS Institute), stratified by country and 
cluster size (small ≤7%, medium 8-14%, large ≥15% 
of participants, see supplementary table S1). Owing 
to the nature of the intervention, blinding was not 
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possible. To minimise the risk of contamination, the 
study aims were not explicitly stated to the control 
clusters; we invited them to participate in research 
on urinary tract infections in which they would be 
randomised to receive education either during the 
study or after study completion.

Intervention
The healthcare professionals in the intervention 
clusters received a multifaceted antibiotic stewardship 
intervention. Its development and tailoring were guided 
by our previous qualitative interview study; details on 
the design have been published previously.22 23 We report 
the intervention following the Template for Intervention 
Description and Replication (TIDieR) guidelines.25 The 
control clusters provided care as usual.

The intervention period was intended to last 
four months and began in February 2020. After a 
month, it was interrupted by the first wave of the 
covid-19 pandemic, resulting in a six month pause. In 
September 2020, the intervention period was resumed 
after a feasibility assessment of restarting the trial and 
intervention, considering the burden of the pandemic 
in clinical practice. It was restarted for two more 
months in Poland and the Netherlands (September to 
October 2020), and three more months in Norway and 
Sweden (September to November 2020).

Intervention design
Figure 1 provides a visual overview of the intervention. 
The antibiotic stewardship intervention consisted 
of a decision tool to guide appropriate antibiotic use 
for suspected urinary tract infections in frail older 
adults, which was developed by an international 
expert team and is congruent with the latest treatment 
guidelines.5  8-11 To support implementation, we 
composed a toolbox of educational materials, such as 
pocket cards, posters, and information leaflets. These 
materials targeted healthcare professionals as well 
as patients and informal caregivers. Supplementary 
material S1 includes the decision tool and examples of 
toolbox materials.23

We used a participatory-action-research approach for 
implementation, integrated in sessions for education 
and evaluation. In participatory action research, action 
researchers go through a cyclical process of reflection 
on the local situation, development and planning 
of interventions, and the action of implementation, 
followed by returning to reflection.26 27 We modified 
this approach through previous development of the 
decision tool and toolbox and providing education on 
its use.22

Intervention in practice
At the start of the intervention period, healthcare 
professionals received information about the decision 
tool and toolbox materials. In each cluster, one or 
more educational sessions were held with general 
practitioners and nursing staff, with a median duration 
of 60 minutes (range 40-120). During the educational 
sessions, attending healthcare professionals (median 
5, range 1-21) received training from the researchers 
on how to recognise urinary tract infections using 
the decision tool, followed by joint reflection on local 
practice and plans for implementation. If the session 
had taken place before the covid-19 pause, a refresher 
session was held on restart of the intervention period. 
Additionally, in 17 of 19 intervention clusters, at 
least one evaluation session took place with a median 
duration of 30 minutes (range 30-60). In these 
sessions, healthcare professionals (median 3, range 
1-16) and researchers reflected on the implementation 
process and planned additional actions. When 
possible, sessions were held at the workplace of the 
healthcare professionals; however, most took place 
online because of the covid-19 pandemic. Researchers 
and healthcare professionals had regular phone 
contact to monitor implementation progress. In one 
general practice and one residential care home (part 
of two separate Dutch clusters), no sessions took place 
as these facilities no longer wished to participate in the 
intervention after the covid-19 pause.

The antibiotic stewardship intervention and its 
implementation were tailored in each country by the 
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Fig 1 | Design and implementation of the antibiotic stewardship intervention
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possible. To minimise the risk of contamination, the 
study aims were not explicitly stated to the control 
clusters; we invited them to participate in research 
on urinary tract infections in which they would be 
randomised to receive education either during the 
study or after study completion.

Intervention
The healthcare professionals in the intervention 
clusters received a multifaceted antibiotic stewardship 
intervention. Its development and tailoring were guided 
by our previous qualitative interview study; details on 
the design have been published previously.22 23 We report 
the intervention following the Template for Intervention 
Description and Replication (TIDieR) guidelines.25 The 
control clusters provided care as usual.

The intervention period was intended to last 
four months and began in February 2020. After a 
month, it was interrupted by the first wave of the 
covid-19 pandemic, resulting in a six month pause. In 
September 2020, the intervention period was resumed 
after a feasibility assessment of restarting the trial and 
intervention, considering the burden of the pandemic 
in clinical practice. It was restarted for two more 
months in Poland and the Netherlands (September to 
October 2020), and three more months in Norway and 
Sweden (September to November 2020).

Intervention design
Figure 1 provides a visual overview of the intervention. 
The antibiotic stewardship intervention consisted 
of a decision tool to guide appropriate antibiotic use 
for suspected urinary tract infections in frail older 
adults, which was developed by an international 
expert team and is congruent with the latest treatment 
guidelines.5  8-11 To support implementation, we 
composed a toolbox of educational materials, such as 
pocket cards, posters, and information leaflets. These 
materials targeted healthcare professionals as well 
as patients and informal caregivers. Supplementary 
material S1 includes the decision tool and examples of 
toolbox materials.23

We used a participatory-action-research approach for 
implementation, integrated in sessions for education 
and evaluation. In participatory action research, action 
researchers go through a cyclical process of reflection 
on the local situation, development and planning 
of interventions, and the action of implementation, 
followed by returning to reflection.26 27 We modified 
this approach through previous development of the 
decision tool and toolbox and providing education on 
its use.22

Intervention in practice
At the start of the intervention period, healthcare 
professionals received information about the decision 
tool and toolbox materials. In each cluster, one or 
more educational sessions were held with general 
practitioners and nursing staff, with a median duration 
of 60 minutes (range 40-120). During the educational 
sessions, attending healthcare professionals (median 
5, range 1-21) received training from the researchers 
on how to recognise urinary tract infections using 
the decision tool, followed by joint reflection on local 
practice and plans for implementation. If the session 
had taken place before the covid-19 pause, a refresher 
session was held on restart of the intervention period. 
Additionally, in 17 of 19 intervention clusters, at 
least one evaluation session took place with a median 
duration of 30 minutes (range 30-60). In these 
sessions, healthcare professionals (median 3, range 
1-16) and researchers reflected on the implementation 
process and planned additional actions. When 
possible, sessions were held at the workplace of the 
healthcare professionals; however, most took place 
online because of the covid-19 pandemic. Researchers 
and healthcare professionals had regular phone 
contact to monitor implementation progress. In one 
general practice and one residential care home (part 
of two separate Dutch clusters), no sessions took place 
as these facilities no longer wished to participate in the 
intervention after the covid-19 pause.

The antibiotic stewardship intervention and its 
implementation were tailored in each country by the 
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possible. To minimise the risk of contamination, the 
study aims were not explicitly stated to the control 
clusters; we invited them to participate in research 
on urinary tract infections in which they would be 
randomised to receive education either during the 
study or after study completion.

Intervention
The healthcare professionals in the intervention 
clusters received a multifaceted antibiotic stewardship 
intervention. Its development and tailoring were guided 
by our previous qualitative interview study; details on 
the design have been published previously.22 23 We report 
the intervention following the Template for Intervention 
Description and Replication (TIDieR) guidelines.25 The 
control clusters provided care as usual.

The intervention period was intended to last 
four months and began in February 2020. After a 
month, it was interrupted by the first wave of the 
covid-19 pandemic, resulting in a six month pause. In 
September 2020, the intervention period was resumed 
after a feasibility assessment of restarting the trial and 
intervention, considering the burden of the pandemic 
in clinical practice. It was restarted for two more 
months in Poland and the Netherlands (September to 
October 2020), and three more months in Norway and 
Sweden (September to November 2020).

Intervention design
Figure 1 provides a visual overview of the intervention. 
The antibiotic stewardship intervention consisted 
of a decision tool to guide appropriate antibiotic use 
for suspected urinary tract infections in frail older 
adults, which was developed by an international 
expert team and is congruent with the latest treatment 
guidelines.5  8-11 To support implementation, we 
composed a toolbox of educational materials, such as 
pocket cards, posters, and information leaflets. These 
materials targeted healthcare professionals as well 
as patients and informal caregivers. Supplementary 
material S1 includes the decision tool and examples of 
toolbox materials.23

We used a participatory-action-research approach for 
implementation, integrated in sessions for education 
and evaluation. In participatory action research, action 
researchers go through a cyclical process of reflection 
on the local situation, development and planning 
of interventions, and the action of implementation, 
followed by returning to reflection.26 27 We modified 
this approach through previous development of the 
decision tool and toolbox and providing education on 
its use.22

Intervention in practice
At the start of the intervention period, healthcare 
professionals received information about the decision 
tool and toolbox materials. In each cluster, one or 
more educational sessions were held with general 
practitioners and nursing staff, with a median duration 
of 60 minutes (range 40-120). During the educational 
sessions, attending healthcare professionals (median 
5, range 1-21) received training from the researchers 
on how to recognise urinary tract infections using 
the decision tool, followed by joint reflection on local 
practice and plans for implementation. If the session 
had taken place before the covid-19 pause, a refresher 
session was held on restart of the intervention period. 
Additionally, in 17 of 19 intervention clusters, at 
least one evaluation session took place with a median 
duration of 30 minutes (range 30-60). In these 
sessions, healthcare professionals (median 3, range 
1-16) and researchers reflected on the implementation 
process and planned additional actions. When 
possible, sessions were held at the workplace of the 
healthcare professionals; however, most took place 
online because of the covid-19 pandemic. Researchers 
and healthcare professionals had regular phone 
contact to monitor implementation progress. In one 
general practice and one residential care home (part 
of two separate Dutch clusters), no sessions took place 
as these facilities no longer wished to participate in the 
intervention after the covid-19 pause.

The antibiotic stewardship intervention and its 
implementation were tailored in each country by the 
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loss to follow-up, we increased the cluster size to 20 
patients. In total, we aimed to include 680 participants 
in 34 clusters.23

Data analysis
For the primary outcome, we used a generalised linear 
mixed model for count outcomes with a negative 
binomial distribution. Two separate random intercepts 
were included to correct for clustering at the level of 
a cluster (general practice and corresponding care 
organisation) and to correct for repeated measurements 
within patients. The comparison between intervention 
and control group was estimated with the time by 
treatment interaction (period by intervention). In a 
second model, we adjusted for prespecified prognostic 
factors: age, sex, dependency in activities of daily living 
(Katz activities of daily living score),30 presence of an 
indwelling catheter, dementia, recurrent urinary tract 
infections, diabetes mellitus, and kidney disorders. 
For secondary analyses on the numbers of suspected 
urinary tract infections, antibiotic prescriptions in office 
hours, and inappropriate antibiotic prescriptions, we 
used the generalised linear mixed model for negative 
binomial distributions as described above. Because of 
the low incidence, we only present descriptive statistics 
for the number of complications, hospital referrals, 
hospital admissions, and mortality registered within 
21 days after each suspected urinary tract infection. 
For all cause mortality, we used a generalised linear 
mixed model for binary outcomes, with a random 
intercept to correct for clustering at the cluster level. 
In the second model we adjusted for two additional 

prespecified prognostic factors: cardiovascular disease 
and immunosuppression. All analyses were performed 
according to the intention-to-treat principle.

Subsequently, we performed planned subgroup 
analyses to assess the primary outcome in groups 
in each country, with different sex, age younger or 
older than 80 years, and the presence of dementia, 
urinary incontinence, and an indwelling catheter. We 
assessed whether effect modification was present by 
incorporating interaction terms in the adjusted model 
described above. This model was compared with the 
adjusted model using a likelihood ratio test.

In sensitivity analyses, we performed multiple 
imputation to assess the impact of missing values 
on variables selected as potential confounders. We 
imputed missing data using chained equations with 
predictive mean matching for continuous variables 
and regression models for dichotomous and count 
variables, and included corrections for clustering. 
The imputation model was performed stratified 
per trial arm and included the prognostic factors 
specified previously, urinary incontinence, faecal 
incontinence, mild cognitive impairment, pulmonary 
disease, country, site of residence, and study period.31 
We generated 40 imputed datasets. The primary and 
secondary analyses were repeated as described above, 
and the results were pooled using Rubin’s rules.32

To evaluate whether the covid-19 pandemic affected 
intervention and usual care clusters differently, 
we assessed the presence of covid-19 outbreaks in 
participating clusters in anonymised data. We defined 
an outbreak as three or more older adults with a 
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Fig 3 | Effect of the antibiotic stewardship intervention on the primary outcome (number of antibiotic prescriptions for suspected urinary tract 
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Figure 2. Standardised mean risk of in-hospital death 

Table 3. Association between CALS and outcomes after discharge 

CALS 0 CALS 1–2 CALS 3–4 CALS 5–6 CALS >6 
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[ 35]. There are also reports of increased risks of delirium, 
falls, constipation, urinary retention and dementia [5, 36]. 
Falls and delirium would be important outcomes to inves-
tigate in the future, as these are severely underestimated in 

Danish registries as with other registries, and we did not have 
sufficient data to assess these associations. In patients with 
higher CALS scores, these issues may have also complicated 
their course.
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Background: Subcutaneous (SC) administration of antibiotics represents an attractive alternative to the intra-
venous (IV) route. 

Methods: We performed a systematic electronic search of PubMed and the Cochrane Library for all articles pub-
lished prior to April 2022, using the key terms and MeSH terms ‘subcutaneous’, ‘antibiotic’ and the international 
non-proprietary name of antibiotics. 

Results: A total of 30 studies were selected including data on the efficacy and tolerability of antibiotics, and seven 
studies that were conducted in healthy subjects, for relevant information regarding the safety and tolerability 
of antibiotics. Comparative studies have shown that efficacy is similar for the SC and IV routes for ceftriaxone, 
teicoplanin and ertapenem. The SC use of other antibiotics such as ampicillin, ceftazidime, cefepime, piperacillin/ 
tazobactam, metronidazole and fosfomycin has also been described. These results have largely been corroborated 
by pharmacokinetic/pharmacodynamic analyses, especially for time-dependent antibiotics. Complications of SC 
treatment are rarely severe, with no reports of bacteraemia or other invasive infection related to this route of ad-
ministration. Therapeutic drug monitoring has been proposed to adapt the dose and avoid toxicity. 

Discussion: The rationale for using SC administration of ceftriaxone, ertapenem and teicoplanin is strong in pa-
tients with non-severe infections. It is already commonly practised in some countries, particularly in France. 
Other antibiotics could be administered subcutaneously, but further studies are needed to validate their use 
in clinical practice. Further research is needed to safely generalize and optimize this route of administration 
whenever possible. This would reduce the risk of catheter-related infections and their complications, together 
with the length of hospital stay.

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. All rights reserved. 
For permissions, please e-mail: journals.permissions@oup.com

Background
Parenteral administration of antibiotics is frequent, mainly due to 
the poor oral absorption of many commercialized formulations 
and for when the oral route cannot be used. Intravenous (IV) ad-
ministration is an invasive procedure exposing the patient to the 
risk of infectious and thrombotic complications, although these 
may result from confounding factors related to the severity of pa-
tients’ conditions. Peripheral venous catheters are associated 
with bloodstream infections (BSIs) and septic venous thrombosis 
with an incidence of 0.18%.1 When a central venous catheter or 
an implantable chamber is required, the rate of catheter-related 
BSIs increases to 2.7 per 1000 catheter-days.2 In a cohort of 
non-ICU patients, the BSI 30 day mortality was 13.9%.3 In a simi-
lar population, peripherally inserted central catheter (PICC) line- 
associated bacteraemia was reported with a prevalence of 
2.3% and an overall 30 day mortality of 22.1%.4

The subcutaneous (SC) route of administration represents an 
alternative to IV administration. It is largely used for geriatric 

and palliative care patients, mostly when venous access is diffi-
cult (due to a poor venous network) or difficult to maintain (cog-
nitive and behavioural disorders), or in order to facilitate hospital 
discharge.5 In these populations, the intramuscular (IM) route of 
administration may also be difficult, especially for long-term 
antibiotic therapies, due to the frequent co-administration of 
anticoagulant drugs.6 In one randomized trial comparing the 
SC and IV routes for rehydrating geriatric patients, the SC route 
was much better when IV puncture was difficult to perform 
and in confused patients.7 Moreover, a recent review of the litera-
ture concluded that, for patients, SC is the favourite route of 
administration.8

The use of SC antibiotic administration in France is frequent, 
especially among infectious diseases and geriatric practitioners, 
as reported in a recent survey.9 The most widely used antibiotic 
is ceftriaxone, followed by ertapenem and teicoplanin. There is, 
however, no marketing authorization in France for those antibio-
tics since the authorization for ceftriaxone was removed in 2014 
due to a lack of data, and the French National Agency for 
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necrosis. Ertapenem was the only carbapenem for which SC ad-
ministration was studied.

Teicoplanin is the only subcutaneously administered glyco-
peptide. Seven studies reported its use in a total of 195 pa-
tients,17,25–30 including 13 critically ill patients without 
vasopressors, and 2 children (Table S3).26,27 It has been used 
mainly to treat BJIs caused by MRSA, but has also been used 
for the treatment of two cases of endocarditis. Treatment failure 
reached 42.9%, as is expected for BJI. Indeed, when comparing 
the efficacy of SC and IV routes, this study did not find a signifi-
cant difference.28 This treatment requires a loading dose of 6 
to 12 mg/kg every 12 h. One retrospective study showed that a 
loading dose of >9 mg/kg every 12 h achieved a better plasmatic 
concentration of >15 mg/L, with no difference between the SC 
and IV routes.28 After a loading dosage, the treatment was admi-
nistered at 6 to 12 mg/kg/day, with adaptation to the renal func-
tion when needed. The product is associated with better 
tolerance when the dosage is <600 mg.30 The product was di-
luted in an isotonic saline solution and administered over 30 to 

60 min. In one study of the tolerance of SC antibiotic administra-
tion, teicoplanin was more frequently associated with local AEs 
than other antibiotics (70% of patients treated with teicoplanin 
versus 21.5% and 23.3% of patients treated with ceftriaxone 
and ertapenem, respectively).24 In other series, the number of lo-
cal AEs ranged from 7% to 26%. We found no cases of SC vanco-
mycin use. As vancomycin is very acidic (pH of 2.5–4.0) and 
hyperosmolar (316–348 mOsm/L),31 its SC infusion is not recom-
mended. Moreover, vancomycin extravasations during IV perfu-
sions have been associated with severe local complications.32,33

Regarding other antibiotics, the SC administration of ampicillin 
has been studied in 22 healthy subjects. This did not affect the 
amount of product available and tolerability was good.34 There 
are three case reports of patients treated with subcutaneously 
administered ceftazidime: one upper respiratory tract infection,35

one UTI6 and one chronic BJI.16 The tolerance to the treatment 
was good, and all treatments were considered effective 
(Table S4). There is one report of cefepime being administered 
subcutaneously.36 Eleven patients were treated for a mean of 

Table 1. Recommendations for SC administration of antibiotics

General recommendations
SC administration of some antibiotics is reasonable in patients with non-severe infections or patients in whom other routes are not feasible/desirable

Preferred sites: abdomen wall or thigh

Prolonged infusion >30 min

Rotate infusion site every 72–96 h (immediately if local inflammation), daily clinical surveillance of infusion site

Use non-rigid catheter from 20G to 27G

Dilution in 0.9% saline solution

Safe to use subcutaneously
Dosage Reported indications Surveillance

Ceftriaxone 1 g/24 h Respiratory infections, 
UTI, BJI, digestive 
infections

Neurological surveillance (focus on 
confused state and abnormal 
movements)

Teicoplanin 6–12 mg/kg/24 h 
After IV loading phase of 
48 h: 9–12 mg/kg/12 h

BJI, infective 
endocarditis, other 
infections caused by 
Staphylococcus spp.

Renal adaptation 
TDM weekly/every 2–4 days if 
malnutrition or renal insufficiency

Ertapenem 1 g/24 h Respiratory infections, 
UTI, BJI (including 
salvage therapy), 
digestive infections

Renal adaptation 
Neurological surveillance (focus on 
confused state and abnormal 
movements)

Probably safe to use subcutaneously
Dosage Reported indications Surveillance

Ceftazidime 1–2 g/8 h Respiratory infections, 
UTI, BJI UTI

Renal adaptation 
Neurological surveillance (focus on 
confused state and abnormal 
movements)

Further studies needed
Cefepime
Fosfomycin
Piperacillin/tazobactam
Ampicillin
Metronidazole

3

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/78/1/1/6827323 by M

ichel C
audry user on 06 M

arch 2024



Ceftriaxone sous cutanée - tolérance 

C L I N I C A L I N V E S T I G A T I ON

Safety of subcutaneous versus intravenous ceftriaxone
administration in older patients: A retrospective study

Inès Pardo MD1 | Morgane Pierre-Jean MSc2 | Guillaume Bouzillé MD3 |

Heloïse Fauchon MSc1 | Aline Corvol MD, PhD4 |

Joaquim Prud'homm MD, PhD1 | Dominique Somme MD, PhD4

1Univ Rennes, CHU Rennes, Service de
Gériatrie, Rennes, France
2Univ Rennes, CHU Rennes, Inserm, LTSI
– UMR 1099, Rennes, France
3Univ Rennes, Inserm – LTSI UMR 1099,
Rennes, France
4Univ Rennes, CHU Rennes, CNRS,
ARENES – UMR 6051, RSMS – U 1309,
Rennes, France

Correspondence
Dominique Somme, CHU Rennes Hôpital
Pontchaillou, Pole ASUR-MIG, 2 rue
Henri Le Guilloux 35033 Rennes cedex
9, France.
Email: dominique.somme@univ-rennes.fr

Abstract

Background: Antibiotics play a central role in infection management. In older

patients, antibiotics are frequently administered subcutaneously. Ceftriaxone

pharmacokinetics after subcutaneous administration is well documented, but

little data are available on its safety.

Methods: We compared the occurrence of adverse events associated with

ceftriaxone administered subcutaneously versus intravenously in ≥75-year-old
patients. We used data from a single-center, retrospective, clinical-administrative

database to compare the occurrence of adverse events at day 14 and outcome at

day 21 in older patients who received ceftriaxone via the subcutaneous route or

the intravenous route at Rennes University Hospital, France, from May 2020 to

February 2023.

Results: The subcutaneous and intravenous groups included 402 and 3387

patients, respectively. Patients in the subcutaneous group were older and more

likely to receive palliative care. At least one adverse event was reported for

18% and 40% of patients in the subcutaneous and intravenous group, respec-

tively (RR = 2.21). Mortality at day 21 was higher in the subcutaneous route

group, which could be linked to between-group differences in clinical and

demographic features.

Conclusions: In ≥75-year-old patients, ceftriaxone administered by the subcu-

taneous route is associated with less-adverse events than by the intravenous

route. The subcutaneous route, which is easier to use, has a place in infection

management in geriatric settings.

KEYWORD S

antibiotics, ceftriaxone, intravenous, safety, subcutaneous

INTRODUCTION

Aging is associated with changes in the immune system
and inflammatory response that increase the risk of
infections.1–4 Neurodegenerative diseases, cardiovascular

diseases, diabetes, and malnutrition also can increase the risk
of infection.5,6 Consequently, older adults are more vulnera-
ble and present higher morbidity and mortality rates.2,4,7,8

Antibiotic administration by the intravenous (IV) route
is usually recommended to treat infections. However, in
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• Comparaison tolérance ceftriaxone IV versus SC
• Patients > 75 ans
• Entrepôt de données, CHU Rennes 2020-2023
• EI dans les 15jlisted in the French National Authority for Health

recommendations,33 were identified using the following
keywords: erythema, redness, edema, local pain, urticaria,
pruritus, itching, skin rash, hematoma at the puncture/
injection site, lymphangitis, chills, anaphylactic shock,
anaphylaxis, angioedema, edema of the uvula, broncho-
spasm, dyspnea, necrolysis, necrosis, DRESS syndrome,
Stevens-Johnson syndrome, abdominal or epigastric pain,
nausea, vomiting, diarrhea, loose/watery stools, mouth
inflammation or pain, mucositis, glossitis, stomatitis,
thrush, mycosis, headache, dizziness, gallstones or renal
stones, pancreatitis, hepatitis, and seizures. These key-
words were used to screen clinical/nursing observations
and hospital reports. Acute kidney injury was considered
to be of iatrogenic origin if the serum creatinine increased
by more than 50% between D1 and D14 of treatment.34

Acute pancreatitis was diagnosed if lipase was >180 IU/L
(upper limit of the normal value = 60 IU/L) at least once
between D1 and D14.35 Drug-induced liver injury was con-
firmed in case of alanine transaminase and/or aspartate
transaminase concentrations 10 times above the normal
values between D1 and D14.36 Anemia was considered an
AE if more than 1 g per deciliter of hemoglobin was lost

between D1 and D14. Thrombocytopenia, leukopenia,
lymphopenia, and hypereosinophilia were considered iat-
rogenic if platelets decreased below 150 ! 109 cells/liter,
leukocytes below 4 ! 109 cells/liter, lymphocytes below
109 cells/liter, and eosinophils increased above 0.5 ! 109

cells/liter, in patients with normal values at D0.
The secondary endpoints were the occurrence of at

least one SAE between D0 and D14 of treatment with cef-
triaxone (IV or SC) and the frequency of each AE and
SAE. SAEs included anaphylactic shock, bronchospasm,
angioedema, seizure, DRESS/Stevens-Johnson syndrome,
necrosis, hepatitis, and corresponded to grade 3 or 4 AEs
according to the Common Terminology Criteria for
Adverse Events (CTCAE v5.0).37 The frequency of each
SAE was calculated to assess its effect on mortality at
D21. Vital status and outcome at D21 were recorded for
each group.

The explanatory variables were sex, hospital service,
patient receiving palliative care, daily ceftriaxone dosage
and total hospital treatment duration, infection type, ini-
tial prescribing service, associated anticoagulant, or
antithrombotic prescriptions. The infection for which the
prescription was made was identified in the D0 clinical

FIGURE 1 Study flowchart.
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Aging is associated with changes in the immune system
and inflammatory response that increase the risk of
infections.1–4 Neurodegenerative diseases, cardiovascular

diseases, diabetes, and malnutrition also can increase the risk
of infection.5,6 Consequently, older adults are more vulnera-
ble and present higher morbidity and mortality rates.2,4,7,8

Antibiotic administration by the intravenous (IV) route
is usually recommended to treat infections. However, in

Received: 22 September 2023 Revised: 7 January 2024 Accepted: 10 January 2024

DOI: 10.1111/jgs.18786

Journal of the 
American Geriatrics Society

J Am Geriatr Soc. 2024;1–10. wileyonlinelibrary.com/journal/jgs © 2024 The American Geriatrics Society. 1

• Comparaison tolérance ceftriaxone IV versus SC
• Patients > 75 ans
• Entrepôt de données, CHU Rennes 2020-2023
• EI dans les 15j

• IV n=3387 et SC n=402 -84 ans
• SC : + âgé, + S Pall

• EI + fréquents dans le groupe IV (RR 2,2)
• Mortalité + importante dans le groupe SC

listed in the French National Authority for Health
recommendations,33 were identified using the following
keywords: erythema, redness, edema, local pain, urticaria,
pruritus, itching, skin rash, hematoma at the puncture/
injection site, lymphangitis, chills, anaphylactic shock,
anaphylaxis, angioedema, edema of the uvula, broncho-
spasm, dyspnea, necrolysis, necrosis, DRESS syndrome,
Stevens-Johnson syndrome, abdominal or epigastric pain,
nausea, vomiting, diarrhea, loose/watery stools, mouth
inflammation or pain, mucositis, glossitis, stomatitis,
thrush, mycosis, headache, dizziness, gallstones or renal
stones, pancreatitis, hepatitis, and seizures. These key-
words were used to screen clinical/nursing observations
and hospital reports. Acute kidney injury was considered
to be of iatrogenic origin if the serum creatinine increased
by more than 50% between D1 and D14 of treatment.34

Acute pancreatitis was diagnosed if lipase was >180 IU/L
(upper limit of the normal value = 60 IU/L) at least once
between D1 and D14.35 Drug-induced liver injury was con-
firmed in case of alanine transaminase and/or aspartate
transaminase concentrations 10 times above the normal
values between D1 and D14.36 Anemia was considered an
AE if more than 1 g per deciliter of hemoglobin was lost

between D1 and D14. Thrombocytopenia, leukopenia,
lymphopenia, and hypereosinophilia were considered iat-
rogenic if platelets decreased below 150 ! 109 cells/liter,
leukocytes below 4 ! 109 cells/liter, lymphocytes below
109 cells/liter, and eosinophils increased above 0.5 ! 109

cells/liter, in patients with normal values at D0.
The secondary endpoints were the occurrence of at

least one SAE between D0 and D14 of treatment with cef-
triaxone (IV or SC) and the frequency of each AE and
SAE. SAEs included anaphylactic shock, bronchospasm,
angioedema, seizure, DRESS/Stevens-Johnson syndrome,
necrosis, hepatitis, and corresponded to grade 3 or 4 AEs
according to the Common Terminology Criteria for
Adverse Events (CTCAE v5.0).37 The frequency of each
SAE was calculated to assess its effect on mortality at
D21. Vital status and outcome at D21 were recorded for
each group.

The explanatory variables were sex, hospital service,
patient receiving palliative care, daily ceftriaxone dosage
and total hospital treatment duration, infection type, ini-
tial prescribing service, associated anticoagulant, or
antithrombotic prescriptions. The infection for which the
prescription was made was identified in the D0 clinical

FIGURE 1 Study flowchart.

CECUTO STUDY 3

 15325415, 0, D
ow

nloaded from
 https://agsjournals.onlinelibrary.w

iley.com
/doi/10.1111/jgs.18786 by C

H
U

 B
ordeaux, W

iley O
nline Library on [06/03/2024]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License

…

It met the French Research Regulatory Authority
criteria for retrospective non-interventional observa-
tional studies according to the reference methodology
MR-004 (declaration date: 20 August 2018; declaration
number: 2205295). The Rennes University Hospital
Ethics Committee approved the study (opinion
number: 23.04).

Statistical analyses

All patients who met the inclusion criteria were included.
The study statistical power was assessed using the 95%
confidence intervals (CI), as recommended.39

Quantitative variables were reported using means
(min-max) and categorical variables as numbers (per-
centages). Quantitative data were analyzed using Stu-
dent's t or the Wilcoxon-Mann–Whitney test. The
distribution normality of quantitative variables was ver-
ified using the Shapiro–Wilk test. Categorical variables
were compared using the Chi-squared or the Fischer's
exact test. Multivariate analyses, adjusted for sex, age,
and palliative care status, were performed using logistic
regression. For each non-inferiority analysis, a thresh-
old of 5% was set.

Microsoft® Excel version 16.72 (Microsoft, Redmond,
Washington, USA) was used for the descriptive analysis.
GraphPad® Prism version 8.0.2 (GraphPad Software, San
Diego, CA, USA) and R version 3.6.0 (R Foundation for
Statistical Computing, Vienna, Austria) were used for the
statistical analyses.

RESULTS

In the eHOP data warehouse, 4613 ≥ 75-year-old patients
were identified; 824 patients were excluded due to a
change of administration route during the treatment
(n = 720, 17.5%, in the IV group, and n = 104, 20.5%, in
the SC group). Therefore, the analysis concerned 3387
patients in the IV group and 402 patients in the SC group
(Figure 1).

Patients in the SC group were older (p < 0.001; mean
age: 86.5 years in the SC group and 83.9 years in the IV
group) and were more likely to receive palliative care
(Table 1). Women accounted for 57.5% of patients in the
SC group and 47.9% in the IV group (p = 0.003). The per-
centage of patients receiving 2 grams per day of ceftriax-
one was higher in the IV than SC group: 87.1% versus
12.2%. The other patients mostly received 1 gram per day.
In both groups, ceftriaxone was most frequently used for
urinary tract infections (39.5% in the SC group and 30.5%
in the IV group) and respiratory infections (23.6% in the
SC group and 17.4% in the IV group). Hospital services
with long-term care preferred the SC route. Indeed, the SC
route was used two times more than the IV route in the
long-term care unit, and almost exclusively in the Univer-
sity Hospital nursing home. Other services, such as follow-
up and rehabilitation care, acute geriatrics and palliative
care unit, used the SC route for 1/3 of patients. Treatment
duration and association with antithrombotic or anticoag-
ulant drugs did not differ between groups (Table 1).

In the SC group, <18% (95% CI: [14.16%; 21.66%]) of
patients had at least one clinical or laboratory AE from

(A)

(B) FIGURE 2 Percentages of
adverse events and types in the
3789 patients analyzed in this
study. (A) Distribution of
adverse events in the IV and SC
groups. (B) Percentage of
patients who experienced at
least one adverse event in the IV
and SC groups.
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Perfusion
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• Consentement écrit des pa_ents

Les concentrafons plasmafques de PIP/TAZ ont été
mesurées à l’état d’équilibre par chromatographie en phase 
liquide (HPLC) couplée à un détecteur Ultraviolet (UV). 

Analyse des données PK
• AUC0-24h IV et SC 
• Analyse de population (Monolix, Lixoft, 

France)
• Simulation de Monte Carlo (n=1000)

Probabilité [PIP] > CMI au moins 85% du
temps (fT>MIC>85%)

• Tolérance
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Population incluse

pSC, N = 22IV, N = 23
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Infections pulmonaires et urinaires (50%)
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• Accès veineux précaires (n=11, 50%)

• Agitation (n=6, 27%)

• ➚ confort, situations palliatives (n=3, 9%)

Voie SC en relai de la voie IV (n=17, 77%)

Documentation microbiologique (n=28, 62%) 
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Background: Subcutaneous delivery of antibiotics is a practical alternative to IV administration. Meropenem is 
commonly used to treat infections caused by resistant Gram-negative organisms. 

Methods: This was a prospective, crossover self-controlled study in 11 stable inpatients established on merope-
nem. Participants received a single dose of subcutaneous meropenem, in 50 mL normal saline via gravity feed. 
Venous blood sampling was performed at baseline, 0.5, 1, 2, 4 and 8 h following the subcutaneous and IV doses. 
Antibiotic concentrations were measured using UPLC-MS/MS. Pharmacokinetic data were analysed using a non- 
linear mixed-effects modelling approach. Pain scores and infusion site reactions (oedema/erythema) were 
assessed. 

Results: Subcutaneous meropenem was well tolerated. The bioavailability of subcutaneous administration was 
81.5% (95% CI 71.6%–93.2%). Increasing BMI was associated with slower absorption from subcutaneous tis-
sue. Compared with IV, subcutaneous administration resulted in lower peak and higher trough concentrations. 
Despite the lower bioavailability observed, the PTA for free drug concentrations greater than the MIC for more 
than 40% of the time between doses was higher for subcutaneous than IV administration at MIC values be-
tween 0.03 and 8 mg/L. Simulated subcutaneous doses of 1.5 g twice daily, or 3 g continuous 24 h infusion 
had improved PTA relative to standard IV dosing of 1 g three times daily. 

Conclusions: Subcutaneous meropenem appears to be well tolerated and has a favourable pharmacokinetic 
profile. Either 1.5 g twice daily or 3 g as a 24 h subcutaneous infusion could be considered for future evaluation.

© The Author(s) 2024. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. All rights reserved. For 
commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained 
through our RightsLink service via the Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.

Introduction
Meropenem is a carbapenem antibiotic active against many 
Gram-negative bacteria, including Pseudomonas aeruginosa. It 
is usually administered IV to treat infections caused by bacteria 
that are resistant to first-line antibiotics.

Subcutaneous (SC) administration offers an attractive alterna-
tive to other parenteral means of antibiotic administration such 
as the IV or intramuscular (IM) route. IV administration requires 
sustained vascular access, which in turn requires an adequate 
venous network, staff experience and patient compliance, with 
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• Douleur (EN 0 – 10)

• Érythème (0 – 4)

• Œdème (0 – 4)

Design
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Gram-negative bacteria, including Pseudomonas aeruginosa. It 
is usually administered IV to treat infections caused by bacteria 
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• 11 hommes, âge médian 51 ans (39-64)
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• BMI médian 29 (25 – 34)
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• Douleur = 0 (6 patients)  = 1-3 (5 patients)

•  Œdème = 0 (7 patients) = 1 (4 patients) -> 2h

• Érythème = 0 (11 patients)
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linear mixed-effects modelling approach. Pain scores and infusion site reactions (oedema/erythema) were 
assessed. 

Results: Subcutaneous meropenem was well tolerated. The bioavailability of subcutaneous administration was 
81.5% (95% CI 71.6%–93.2%). Increasing BMI was associated with slower absorption from subcutaneous tis-
sue. Compared with IV, subcutaneous administration resulted in lower peak and higher trough concentrations. 
Despite the lower bioavailability observed, the PTA for free drug concentrations greater than the MIC for more 
than 40% of the time between doses was higher for subcutaneous than IV administration at MIC values be-
tween 0.03 and 8 mg/L. Simulated subcutaneous doses of 1.5 g twice daily, or 3 g continuous 24 h infusion 
had improved PTA relative to standard IV dosing of 1 g three times daily. 

Conclusions: Subcutaneous meropenem appears to be well tolerated and has a favourable pharmacokinetic 
profile. Either 1.5 g twice daily or 3 g as a 24 h subcutaneous infusion could be considered for future evaluation.

© The Author(s) 2024. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. All rights reserved. For 
commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained 
through our RightsLink service via the Permissions link on the article page on our site—for further information please contact 
journals.permissions@oup.com.

Introduction
Meropenem is a carbapenem antibiotic active against many 
Gram-negative bacteria, including Pseudomonas aeruginosa. It 
is usually administered IV to treat infections caused by bacteria 
that are resistant to first-line antibiotics.

Subcutaneous (SC) administration offers an attractive alterna-
tive to other parenteral means of antibiotic administration such 
as the IV or intramuscular (IM) route. IV administration requires 
sustained vascular access, which in turn requires an adequate 
venous network, staff experience and patient compliance, with 
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Figure 2. Goodness-of-fit (GOF) plots for the IV (a) and SC (b) meropenem infusion final model. For (a) and (b): top left panel displays individual pre-
dicted concentration versus observed concentration; top right panel displays population-predicted concentration versus observed concentration; bot-
tom left panel displays conditional weighted residuals (CWRES) versus population-predicted concentration; and bottom right panel displays CWRES 
versus time. The red and black lines in the top panels show regression lines, and the line of identity, respectively. The red and black lines in the bottom 
panels show the zero reference line and a smooth non-parametric regression line, respectively. This figure appears in colour in the online version of JAC 
and in black and white in the print version of JAC.

Figure 3. VPCs for meropenem concentrations in plasma after IV and SC infusions. (a) Dosing via IV infusion; (b) dosing via SC infusion. Open circles 
represent the measured concentrations of meropenem. Solid lines depict the median values of the observed data. Dashed lines indicate the 5th and 
95th percentiles of the observed data. Shaded areas illustrate the 95% CIs for the simulated values from the PK model, with upper and lower shaded 
areas corresponding to the 95th and 5th percentiles, respectively, and the middle shaded area representing the 50th percentile. Concentration is ex-
pressed in mg/L. TSLD, time since last dose. This figure appears in colour in the online version of JAC and in black and white in the print version of JAC.

Subcutaneous meropenem                                                                                                                              
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Using the population PK model, we simulated several different 
dosing strategies, including higher and less frequent doses, which 
might be explored in future studies. For example, 1.5 g delivered 
via SC infusion twice daily had a better PTA than IV 1 g dosing 
three times daily. This could be a practical alternative, both for in-
patients, where dose frequency is likely to impact on nursing 
workloads, and in ambulatory care settings, where twice-daily 
dosing may make outpatient care feasible. Additionally, if toler-
able and feasible, continuous infusions of 3 g over 24 h might 
also be preferable in certain settings. In outpatient settings, SC 

could substitute for peripheral cannulation or PICC line insertion 
to enable more timely discharge from hospital. These simulations 
provide reassurance that the proposed new dosing regimens will 
not compromise antibiotic efficacy, though demonstration that 
they are safe and tolerable for patients should be evaluated in fu-
ture observational studies.

One of the main limitations of our study was that all partici-
pants were male, with the majority admitted for treatment of 
skin and soft tissue infections including DFIs and traumatic leg 
wounds.23 Generalizability of the PK findings to other non- 
critically ill hospital patients is enhanced with the inclusion of 
the effects of BMI and renal function in the model. However, 
these data are not applicable to patients with critical illness 
where PK/PD targets and absorption from the SC tissue may be 
different. Further work is required to demonstrate the safety 
and tolerability in other patient groups, such as women and chil-
dren, as well as for multiple doses of SC meropenem. Finally, the 
small sample size may have limited precision around our esti-
mates of the PK model components.

Conclusions
SC administration of meropenem appears to be well tolerated 
and demonstrates favourable PK parameters for clinical use. 
Dosing regimens of 1.5 g, given SC twice daily or 3 g as a 24 h 
SC infusion could be considered as possible regimens for future 
evaluation.
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Abstract

Background: It is unclear whether antibiotics impact delirium outcomes in

older adults with pyuria or bacteriuria in the absence of systemic signs of infec-

tion or genitourinary symptoms.

Methods: We registered our systematic review protocol with PROSPERO

(CRD42023418091). We searched the Medline and Embase databases from

inception until April 2023 for studies investigating the impact of antimicrobial

treatment on the duration and severity of delirium in older adults (≥60 years)

with pyuria (white blood cells detected on urinalysis or dipstick) or bacteriuria

(bacteria growing on urine culture) and without systemic signs of infection

(temperature > 37.9C [>100.2F] or 1.5C [2.4F] increase above baseline tempera-

ture, and/or hemodynamic instability) or genitourinary symptoms (acute dys-

uria or new/worsening urinary symptoms). Two reviewers independently

screened search results, abstracted data, and appraised the risk of bias. Full-text

randomized controlled trials (RCTs) and observational study designs were

included without restriction on study language, duration, or year of publication.

Results: We screened 984 citations and included 4 studies comprising

652 older adults (mean age was 84.6 years and 63.5% were women). The four

studies were published between 1996 and 2022, and included one RCT, two

prospective observational cohort studies, and one retrospective chart

review. None of the four studies demonstrated a significant effect of antibi-

otics on delirium outcomes, with two studies reported a worsening of out-

comes among adults who received antibiotics. The three observational

studies included had a moderate or serious overall risk of bias, while the

one RCT had a high overall risk of bias.

Conclusions: Our systematic review found no evidence that treatment with

antibiotics is associated with improved delirium outcomes in older adults with

pyuria or bacteriuria and without systemic signs of infection or genitourinary
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Instabilité hémodynamique
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incontinence. 
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• > 60 ans
• Intensité et durée de la confusion
• Absence de SFU/signes systémiques

PROSPERO (CRD42023418091) 

T°> 37,9°C ou décalage thermique > 1,5°C
Instabilité hémodynamique

Nouveau SFU: Dysurie, urgenturie, douleur 
suspubienne, hématurie, douleur lombaire, 
incontinence. 1 RCT et 3 études observationnelles

N=652 âge moyen 84,6 ans – 63,5% femmes

involved organizing findings from included studies to
describe patterns, exploring relationships in the data,
and assessing the strength of the evidence. Our narra-
tive synthesis was guided by the University of Lancas-
ter's Guidance on the Conduct of Narrative Synthesis
in Systematic Reviews and by resources from the
Cochrane Collaboration, and by the Synthesis Without
Meta-analysis (SWiM) guideline.16,21,22

RESULTS

Literature search

Overall, 984 citations were identified by the search criteria
with 982 undergoing title and abstract screening after dupli-
cates were removed. An additional 3 potential studies were
identified for full-text screening from the Google Scholar
search. In total, 40 full-text articles were screened
(Figure 1), and 4 articles were included.23–26

Study and participant characteristics

The four studies were published between 1996 and 2022,
and included one RCT, two prospective observational
cohort studies, and one retrospective chart review. Three
studies originated from Canada, with the fourth study
from the United Kingdom. The four studies included
involved 652 older adults with a mean age of 84.6 years,
and 63.5% of participants were women (see Tables 1
and 2).

Delirium outcome measures

Two studies measured functional status after delirium,
with Daley et al. assessing change in the activities of daily
living (ADL) score between baseline and follow-up
(between baseline and 48 h, or between 48 h and
5–7 days), and Dasgupta et al.assessing for death, new
residence in a long-term care home, or decreased ability

FIGURE 1 Preferred
reporting items for systematic
reviews and meta-analysis
(PRISMA) flow diagram.
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Abstract

Background: It is unclear whether antibiotics impact delirium outcomes in

older adults with pyuria or bacteriuria in the absence of systemic signs of infec-

tion or genitourinary symptoms.

Methods: We registered our systematic review protocol with PROSPERO

(CRD42023418091). We searched the Medline and Embase databases from

inception until April 2023 for studies investigating the impact of antimicrobial

treatment on the duration and severity of delirium in older adults (≥60 years)

with pyuria (white blood cells detected on urinalysis or dipstick) or bacteriuria

(bacteria growing on urine culture) and without systemic signs of infection

(temperature > 37.9C [>100.2F] or 1.5C [2.4F] increase above baseline tempera-

ture, and/or hemodynamic instability) or genitourinary symptoms (acute dys-

uria or new/worsening urinary symptoms). Two reviewers independently

screened search results, abstracted data, and appraised the risk of bias. Full-text

randomized controlled trials (RCTs) and observational study designs were

included without restriction on study language, duration, or year of publication.

Results: We screened 984 citations and included 4 studies comprising

652 older adults (mean age was 84.6 years and 63.5% were women). The four

studies were published between 1996 and 2022, and included one RCT, two

prospective observational cohort studies, and one retrospective chart

review. None of the four studies demonstrated a significant effect of antibi-

otics on delirium outcomes, with two studies reported a worsening of out-

comes among adults who received antibiotics. The three observational

studies included had a moderate or serious overall risk of bias, while the

one RCT had a high overall risk of bias.

Conclusions: Our systematic review found no evidence that treatment with

antibiotics is associated with improved delirium outcomes in older adults with

pyuria or bacteriuria and without systemic signs of infection or genitourinary
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1 RCT et 3 études observationnelles
N=652 âge moyen 84,6 ans – 63,5% femmes

involved organizing findings from included studies to
describe patterns, exploring relationships in the data,
and assessing the strength of the evidence. Our narra-
tive synthesis was guided by the University of Lancas-
ter's Guidance on the Conduct of Narrative Synthesis
in Systematic Reviews and by resources from the
Cochrane Collaboration, and by the Synthesis Without
Meta-analysis (SWiM) guideline.16,21,22

RESULTS

Literature search

Overall, 984 citations were identified by the search criteria
with 982 undergoing title and abstract screening after dupli-
cates were removed. An additional 3 potential studies were
identified for full-text screening from the Google Scholar
search. In total, 40 full-text articles were screened
(Figure 1), and 4 articles were included.23–26

Study and participant characteristics

The four studies were published between 1996 and 2022,
and included one RCT, two prospective observational
cohort studies, and one retrospective chart review. Three
studies originated from Canada, with the fourth study
from the United Kingdom. The four studies included
involved 652 older adults with a mean age of 84.6 years,
and 63.5% of participants were women (see Tables 1
and 2).

Delirium outcome measures

Two studies measured functional status after delirium,
with Daley et al. assessing change in the activities of daily
living (ADL) score between baseline and follow-up
(between baseline and 48 h, or between 48 h and
5–7 days), and Dasgupta et al.assessing for death, new
residence in a long-term care home, or decreased ability

FIGURE 1 Preferred
reporting items for systematic
reviews and meta-analysis
(PRISMA) flow diagram.
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BACKGROUND
Bloodstream infections are associated with substantial morbidity and mortality. 
Early, appropriate antibiotic therapy is important, but the duration of treatment is 
uncertain.

METHODS
In a multicenter, noninferiority trial, we randomly assigned hospitalized patients 
(including patients in the intensive care unit [ICU]) who had bloodstream infection 
to receive antibiotic treatment for 7 days or 14 days. Antibiotic selection, dosing, and 
route were at the discretion of the treating team. We excluded patients with severe 
immunosuppression, foci requiring prolonged treatment, single cultures with pos-
sible contaminants, or cultures yielding Staphylococcus aureus. The primary outcome 
was death from any cause by 90 days after diagnosis of the bloodstream infection, 
with a noninferiority margin of 4 percentage points.

RESULTS
Across 74 hospitals in seven countries, 3608 patients underwent randomization 
and were included in the intention-to-treat analysis; 1814 patients were assigned to 
7 days of antibiotic treatment, and 1794 to 14 days. At enrollment, 55.0% of pa-
tients were in the ICU and 45.0% were on hospital wards. Infections were acquired 
in the community (75.4%), hospital wards (13.4%) and ICUs (11.2%). Bacteremia most 
commonly originated from the urinary tract (42.2%), abdomen (18.8%), lung (13.0%), 
vascular catheters (6.3%), and skin or soft tissue (5.2%). By 90 days, 261 patients 
(14.5%) receiving antibiotics for 7 days had died and 286 patients (16.1%) receiving 
antibiotics for 14 days had died (difference, −1.6 percentage points [95.7% confidence 
interval {CI}, −4.0 to 0.8]), which showed the noninferiority of the shorter treat-
ment duration. Patients were treated for longer than the assigned duration in 
23.1% of the patients in the 7-day group and in 10.7% of the patients in the 14-day 
group. A per-protocol analysis also showed noninferiority (difference, −2.0 per-
centage points [95% CI, −4.5 to 0.6]). These findings were generally consistent 
across secondary clinical outcomes and across prespecified subgroups defined ac-
cording to patient, pathogen, and syndrome characteristics.

CONCLUSIONS
Among hospitalized patients with bloodstream infection, antibiotic treatment for 
7 days was noninferior to treatment for 14 days. (Funded by the Canadian Institutes 
of Health Research and others; BALANCE ClinicalTrials.gov number, NCT03005145.)
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23.1% of the patients in the 7-day group and in 10.7% of the patients in the 14-day 
group. A per-protocol analysis also showed noninferiority (difference, −2.0 per-
centage points [95% CI, −4.5 to 0.6]). These findings were generally consistent 
across secondary clinical outcomes and across prespecified subgroups defined ac-
cording to patient, pathogen, and syndrome characteristics.

CONCLUSIONS
Among hospitalized patients with bloodstream infection, antibiotic treatment for 
7 days was noninferior to treatment for 14 days. (Funded by the Canadian Institutes 
of Health Research and others; BALANCE ClinicalTrials.gov number, NCT03005145.)
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Table 1. Characteristics of the Patients, Infections, and Pathogens at Baseline (Primary Intention-to-Treat Analysis).*

Characteristic
Overall 

(N = 3608)
7-Day Group 

(N = 1814)
14-Day Group 

(N = 1794)

Male sex — no. (%) 1922 (53.3) 974 (53.7) 948 (52.8)

Median age (IQR) — yr 70 (59–80) 70 (58–80) 70 (59–80)

Median SOFA score on day 0 (IQR)† 4 (2–8) 4 (2–8) 5 (2–8)

Enrolled in ICU — no. (%) 1986 (55.0) 997 (55.0) 989 (55.1)

Enrolled in hospital ward — no. (%) 1622 (45.0) 817 (45.0) 805 (44.9)

Receiving mechanical ventilation — no. (%) 766 (21.2) 374 (20.6) 392 (21.9)

Coexisting conditions — no. (%)

Diabetes mellitus 1148 (31.8) 596 (32.9) 552 (30.8)

Solid-organ cancer 782 (21.7) 400 (22.1) 382 (21.3)

Obesity 655 (18.2) 331 (18.2) 324 (18.1)

Arrhythmia 540 (15.0) 264 (14.6) 276 (15.4)

Glucocorticoid use or immunosuppression‡ 440 (12.2) 230 (12.7) 210 (11.7)

Chronic obstructive pulmonary disease 393 (10.9) 198 (10.9) 195 (10.9)

Renal insufficiency 425 (11.8) 217 (12.0) 208 (11.6)

Coronary artery disease 393 (10.9) 193 (10.6) 200 (11.1)

Congestive heart failure 386 (10.7) 205 (11.3) 181 (10.1)

Liver disease 227 (6.3) 117 (6.4) 110 (6.1)

Peripheral vascular disease 223 (6.2) 107 (5.9) 116 (6.5)

Dialysis dependency 127 (3.5) 60 (3.3) 67 (3.7)

Leukemia or lymphoma 101 (2.8) 49 (2.7) 52 (2.9)

Median Clinical Frailty Scale score (IQR)§ 4 (3–5) 4 (3–5) 4 (3–5)

Any use of procedures to control the source of infection  
— no. (%)¶

1621 (44.9) 795 (43.8) 826 (46.1)

Source of acquisition of bacteremia — no. (%)

Community 2722 (75.4) 1380 (76.1) 1342 (74.8)

Hospital ward 483 (13.4) 231 (12.7) 252 (14.0)

ICU 403 (11.2) 203 (11.2) 200 (11.1)

Source of bacteremia — no. (%)

Urinary tract 1523 (42.2) 757 (41.7) 766 (42.7)

Intraabdominal or hepatobiliary 679 (18.8) 337 (18.6) 342 (19.1)

Lung 469 (13.0) 229 (12.6) 240 (13.4)

Vascular catheter 229 (6.3) 116 (6.4) 113 (6.3)

Skin, soft tissue, or both 187 (5.2) 104 (5.7) 83 (4.6)

Other 67 (1.9) 37 (2.0) 30 (1.7)

Undefined or unknown 454 (12.6) 234 (12.9) 220 (12.3)

Most commonly isolated pathogens in blood cultures  
— no. (%)∥

Escherichia coli 1582 (43.8) 805 (44.4) 777 (43.3)

Klebsiella species 552 (15.3) 273 (15.0) 279 (15.6)

Enterococcus species 250 (6.9) 119 (6.6) 131 (7.3)

Coagulase-negative staphylococci 174 (4.8) 81 (4.5) 93 (5.2)

Pseudomonas species 170 (4.7) 80 (4.4) 90 (5.0)
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BACKGROUND
Bloodstream infections are associated with substantial morbidity and mortality. 
Early, appropriate antibiotic therapy is important, but the duration of treatment is 
uncertain.
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In a multicenter, noninferiority trial, we randomly assigned hospitalized patients 
(including patients in the intensive care unit [ICU]) who had bloodstream infection 
to receive antibiotic treatment for 7 days or 14 days. Antibiotic selection, dosing, and 
route were at the discretion of the treating team. We excluded patients with severe 
immunosuppression, foci requiring prolonged treatment, single cultures with pos-
sible contaminants, or cultures yielding Staphylococcus aureus. The primary outcome 
was death from any cause by 90 days after diagnosis of the bloodstream infection, 
with a noninferiority margin of 4 percentage points.

RESULTS
Across 74 hospitals in seven countries, 3608 patients underwent randomization 
and were included in the intention-to-treat analysis; 1814 patients were assigned to 
7 days of antibiotic treatment, and 1794 to 14 days. At enrollment, 55.0% of pa-
tients were in the ICU and 45.0% were on hospital wards. Infections were acquired 
in the community (75.4%), hospital wards (13.4%) and ICUs (11.2%). Bacteremia most 
commonly originated from the urinary tract (42.2%), abdomen (18.8%), lung (13.0%), 
vascular catheters (6.3%), and skin or soft tissue (5.2%). By 90 days, 261 patients 
(14.5%) receiving antibiotics for 7 days had died and 286 patients (16.1%) receiving 
antibiotics for 14 days had died (difference, −1.6 percentage points [95.7% confidence 
interval {CI}, −4.0 to 0.8]), which showed the noninferiority of the shorter treat-
ment duration. Patients were treated for longer than the assigned duration in 
23.1% of the patients in the 7-day group and in 10.7% of the patients in the 14-day 
group. A per-protocol analysis also showed noninferiority (difference, −2.0 per-
centage points [95% CI, −4.5 to 0.6]). These findings were generally consistent 
across secondary clinical outcomes and across prespecified subgroups defined ac-
cording to patient, pathogen, and syndrome characteristics.

CONCLUSIONS
Among hospitalized patients with bloodstream infection, antibiotic treatment for 
7 days was noninferior to treatment for 14 days. (Funded by the Canadian Institutes 
of Health Research and others; BALANCE ClinicalTrials.gov number, NCT03005145.)
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ally showed that treating bacteremia with 7 days 
of antibiotics as compared with 14 days of anti-
biotics led to noninferior results with respect to 
death by 90 days (Fig. 3). However, confidence in-
tervals were wide around the estimate of the treat-
ment effect on death in a number of subgroups.

The secondary analysis accounting for clus-
tering by center (and specifying ICU vs. hospital 
ward within each center) with the use of a gen-
eralized linear mixed model yielded results that 
were consistent with the results of the primary 
analysis. Details are provided in the Supplemen-
tary Appendix.

Discussion

Among more than 3600 hospitalized patients who 
had bloodstream infections from various patho-
gens and underlying infectious syndromes, 7 days 
of antibiotic treatment was noninferior to 14 days 
of treatment with respect to death from any cause 
by 90 days (the primary outcome). Noninferiority 
of 7 days of treatment was established across the 
intention-to-treat, modified intention-to-treat, and 
per-protocol analyses and was consistent across a 
range of secondary clinical outcomes, as well as 
multiple prespecified subgroups defined accord-
ing to patient, pathogen, and syndrome charac-
teristics.

Since recruitment for the BALANCE trial be-
gan, three well-conducted, smaller, randomized, 
clinical trials have compared 7 days and 14 days 
of treatment in patients with bloodstream infec-
tion.13-15 All three trials showed noninferiority of 

the shorter, 7-day, duration of treatment, but 
they enrolled fewer patients (604 patients in the 
first trial,13 503 patients in the second trial,14 and 
248 patients in the third trial15), and therefore 
used larger noninferiority margins (10 percent-
age points), composite outcomes, or both. The 
sample size and much smaller noninferiority mar-
gin (4 percentage points) in the BALANCE trial 
provide a stronger inference about the noninfe-
riority of a 7-day treatment strategy (see Fig. S1 
for a meta-analysis). These previous trials either 
excluded patients who were treated in the ICU or 
enrolled very few patients in the ICU and in some 
cases required patients’ conditions to be improv-
ing before enrollment; thus, the BALANCE trial 
extends the evidence for shorter treatment dura-
tion to critically ill patients. More than half the 
patients were in the ICU when bacteremia was 
diagnosed, and this large subgroup had similar 
and noninferior results with respect to death by 
90 days in the 7-day and 14-day groups. We found 
no apparent differences in treatment effect among 
patients with differing severity of illness accord-
ing to the APACHE II score. The three previous 
trials were also focused only on gram-negative 
bloodstream infections, and the BALANCE trial 
extends findings to other pathogens.

We hypothesized that a shorter duration of 
antibiotic treatment would lead to fewer antimi-
crobial-related adverse outcomes, fewer episodes 
of C. difficile infection, and less infection or coloni-
zation with antibiotic-resistant organisms. C. dif-
ficile infections and infection or colonization 
with antimicrobial-resistant organisms were in-

Figure 2. Primary Outcome According to Analysis.

Shown are the differences between the groups in the primary outcome — death from any cause by 90 days after  
the date of diagnosis of a bloodstream infection — in the intention-to-treat, per-protocol, and modified intention-
to-treat analyses. The modified intention-to-treat analysis excluded patients who died before day 7 of treatment  
(i.e., before divergence in the treatment-duration assignment). A 95.7% confidence interval is shown for the inten-
tion-to-treat analysis (accounting for alpha spending in interim analyses), and 95% confidence intervals are shown 
for the other two analyses. The widths of the confidence intervals have not been adjusted for multiplicity. The 
dashed line indicates the noninferiority margin of 4 percentage points.
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Abstract
Purpose Enterobacteriaceae (EB) bloodstream infections (BSI) are frequent and serious in older patients. Physicians are 
faced with the dilemma of prescribing early appropriate empirical antibiotics to limit the risk of death, and sparing broad-
spectrum antibiotic prescription. The aim of the study was to assess the rate of appropriate empirical antibiotics prescription 
to treat EB BSI in older patients and its impact on survival.
Methods This study conducted in 49 centres enrolled retrospectively up to the 10 last consecutive patients aged 75 years 
and over and treated for EB BSI. Factors related to in-hospital death were investigated using logistic regression.
Results Among the 487 enrolled patients (mean age 86 ± 5.9 years), 70% had at least one risk factor of being infected by third-
generation cephalosporins (3GC)-resistant strain; however, only 13.8% of EB strains were resistant to 3GC. An empirical 
antimicrobial treatment was initiated for 418 patients (85.8%), and for 86% (n = 360/418) of them, it was considered appropri-
ate. In-hospital mortality was 12.7% (n = 62) and was related to the severity of infection (OR 3.17, CI 95% 1.75–5.75), while 
a urinary portal of entry was protective (OR 0.34, CI 95% 0.19–0.60). Neither the absence of nor inappropriate empirical 
antibiotics prescription was associated with increased mortality.
Conclusion While patients enrolled in this study were at risk of being infected by multidrug-resistant bacteria, yet mainly 
treated with 3GC, empirical antibiotics prescription was appropriate in most cases and did not influence mortality.
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Introduction

Incidence of bloodstream infections (BSI) is increasing in 
the older population [1, 2]. The high prevalence of multi-
morbidity, polypharmacy, invasive devices (pacemaker, 
urinary catheter, etc.), and malnutrition together with 

immunosenescence explain why older patients are more 
prone to develop infections [3, 4]. Consequently, antibiotics 
are frequently prescribed in these patients resulting in higher 
risk of being infected with multi-drug-resistant (MDR) bac-
teria [5–7].

Enterobacteriaceae (EB), mainly Escherichia coli, are the 
leading causative pathogens of BSI in the older population 
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Table 3  Empirical antibiotic treatments

3GC, third-generation cephalosporin; tmp-sfx, Trimethoprim/sulfamethoxazole
NB: four hundred and eighteen patients received an empirical treatment. For several patients, different antibiotics were successively tested as 
empiric (i.e. before receiving the susceptibility results). Thus, the sum of the empirical antibiotic treatments exceeds 418
*Aminoglycosides: Gentamicin, Amikacin
**Other broad-spectrum beta-lactams: Cefepime, Ceftazidime, Aztreonam

Monotherapy (n total) 296

3GC (ceftriaxone, cefotaxime) 217
Amoxicillin–clavulanic acid 46
Piperacillin–tazobactam 40
Carbapenems 12
Aminoglycosides * 12
Other broad-spectrum beta-lactams ** 8
Others 21
Dual therapy (n total) 115

Aminoglycosides
 With
  Piperacillin–tazobactam 19
  3GC 37
  Other 10

3GC
 With
  Metronidazole 38
  Other 13

Other dual therapies 8
Triple therapy (n total) 7

3GC
 With Aminoglycoside AND Metronidazole/Piperacillin–tazobactam/Rovamycin/Spiramycin  4
 with Tmp-sfx and Rovamycin/Spiramycin  1

Piperacillin–tazobactam with aminoglycosides AND vancomycin  2

Table 4  Multivariate analysis 
of determinants of in-hospital 
mortality (D14 and D30) 
among 487 older patients with 
Enterobacteriaceae bloodstream 
infections

AB, antibiotics; ADL, activities of daily living; CI, confidence interval; and OR, odds ratio

In-hospital mortality (D14) In-hospital mortality (D30)
p-value OR CI 95% OR p-value OR CI 95% OR

Inferior Superior Inferior Superior

Empirical treatment
No empirical AB (= ref)
Inappropriate empirical AB 0.88 0.91 0.26 3.09 0.84 1.12 0.34 3.69
Appropriate empirical AB 0.78 0.87 0.36 2.37 0.53 1.33 0.57 3.52
Age 0.06 1.06 0.99 1.12 0.01 1.08 1.02 1.14
ADL before admission 0.81 1.09 0.55 2.28 0.56 0.83 0.45 1.56
Chronic heart disease 0.75 1.11 0.57 2.15 0.70 0.89 0.49 1.60
Diabetes mellitus 0.42 0.73 0.32 1.54 0.63 0.85 0.42 1.64
Immunosuppression 0.18 1.75 0.74 3.91 0.01 2.62 1.29 5.21
Chronic renal failure 0.03 2.10 1.06 4.23 0.01 2.14 1.16 3.97
Urinary portal of entry 0.000 0.33 0.17 0.64 0.000 0.34 0.19 0.60
Severity 0.000 3.36 1.74 6.55 0.000 3.17 1.75 5.75
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Infection à C. difficile
Leffler, NEJM, 2015

abscess, and of the 104 patients with a valve prosthesis, 19

(18.3%) had prosthesis dehiscence. The distribution of the

locations of IE is summarized in Table 1. In the 66 patients

with intracardiac stimulation devices, IE was located on leads

only in 26 (39.4%), on tricuspid valve and/or leads in 21

(31.8%), on leads and left heart valves in 2 (3.0%), and on left

heart valves only without evidence of lead involvement in 13

(19.7%); the location of IE remained uncertain in 4 patients

(6.1%).

Causative Microorganisms
Causative microorganisms were identified in blood cultures for

451 of 497 patients (90.7%). In patients with negative blood

culture results, the causative microorganism was identified by

valve culture for 5 patients, by lead culture for 3, by culture of

synovial fluid for 2, by PCR of valve material and/or blood for 8,

by serology for 1, and by both serology and PCR of valve material

for 1. Eventually, 26 patients (5.2%) had no microorganism

identified.

Figure 1. Incidence of infective endocarditis in the study population, by age and sex.

Figure 2. Incidence of infective endocarditis in the male population, by age and by mode of acquisition.

1-Year Population-Based Survey on Endocarditis d CID 2012:54 (1 May) d 1235

Downloaded from https://academic.oup.com/cid/article-abstract/54/9/1230/391583/Preeminence-of-Staphylococcus-aureus-in-Infective
by guest
on 18 September 2017

Endocardite infectieuse
Selton-Suty et al. Clin Infect Dis 2012

…
Bactériémies

Lee et al. Medicine  2007

Infections à Streptococcus pneumoniae
Donées Epibac 2015

Le risque infectieux augmente avec l’âge



Facteurs de risque d’infecNon en gériatrie

Iatrogénie
Comorbidités 

Dénutrition 

Gavazzi et al. Lancet Infect Dis 2002 – Yoshikawa et al. J Am Geriatr Soc 2017

Immunosénescence 

Dépendance fonctionnelle 

Procédure invasive
Matériels étrangers

Institutionnalisation
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2050 : 200 000 centenaires / 20% > 75 ans
Diagnostics 
hospitalisation > 85 ans

1. Décompensation 
cardiaque

2. Pneumonie
3. Infection urinaire
4. Bactériémie
5. AVC

Vous avez bien fait de vous intéresser à la gériatrie

Infection x 13

Sepsis  x 7 
Mortalité x 3 

Gavazzi & Krause Lancet Infect Dis 2002, Yoshikawa Clin Infect Dis 2000, Martin Crit Care Med 2006
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