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Association between mortality 
and highly antimicrobial‑resistant 
bacteria in intensive care 
unit‑acquired pneumonia
Ines Lakbar1,2,26, Sophie Medam1,26, Romain Ronflé1, Nadim Cassir3, Louis Delamarre1,2, 
Emmanuelle Hammad1, Alexandre Lopez1,3, Alain Lepape4,5,8, Anaïs Machut5,7, 
Mohamed Boucekine6, Laurent Zieleskiewicz1, Karine Baumstarck6, Anne Savey5,7,8, 
Marc Leone1,3,9* & REA RAISIN Study Group*

Data on the relationship between antimicrobial resistance and mortality remain scarce, and this 
relationship needs to be investigated in intensive care units (ICUs). The aim of this study was to 
compare the ICU mortality rates between patients with ICU-acquired pneumonia due to highly 
antimicrobial-resistant (HAMR) bacteria and those with ICU-acquired pneumonia due to non-
HAMR bacteria. We conducted a multicenter, retrospective cohort study using the French National 
Surveillance Network for Healthcare Associated Infection in ICUs (“REA-Raisin”) database, gathering 
data from 200 ICUs from January 2007 to December 2016. We assessed all adult patients who were 
hospitalized for at least 48 h and presented with ICU-acquired pneumonia caused by S. aureus, 
Enterobacteriaceae, P. aeruginosa, or A. baumannii. The association between pneumonia caused by 
HAMR bacteria and ICU mortality was analyzed using the whole sample and using a 1:2 matched 
sample. Among the 18,497 patients with at least one documented case of ICU-acquired pneumonia 
caused by S. aureus, Enterobacteriaceae, P. aeruginosa, or A. baumannii, 3081 (16.4%) had HAMR 
bacteria. The HAMR group was associated with increased ICU mortality (40.3% vs. 30%, odds ratio 
(OR) 95%, CI 1.57 [1.45–1.70], P < 0.001). This association was confirmed in the matched sample 
(3006 HAMR and 5640 non-HAMR, OR 95%, CI 1.39 [1.27–1.52], P < 0.001) and after adjusting for 
confounding factors (OR ranged from 1.34 to 1.39, all P < 0.001). Our findings suggest that ICU-
acquired pneumonia due to HAMR bacteria is associated with an increased ICU mortality rate, ICU 
length of stay, and mechanical ventilation duration.

Hospital-acquired pneumonia (HAP) is a common condition that is responsible for a large proportion of hospital-
acquired infections, reaching 22% of cases in the United States and 15.6% of cases in France1,2. In intensive care 
units (ICUs), HAP refers to both healthcare-associated pneumonia and ventilator-associated pneumonia3. The 
attributable mortality of ventilator-associated pneumonia has been extensively evaluated in recent studies4–6, 
although this has led to conflicting results because of confounding biases7. Likewise, the attributable mortal-
ity of ICU-acquired pneumonia—that is, healthcare-associated pneumonia diagnosed after a 48 h stay in the 
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ICU—remains difficult to accurately assess. However, these infections most likely have a detrimental effect on 
the outcomes of patients in the ICU1,8–10.

In ICU-acquired pneumonia, the resistance level of the causative microorganism may also affect outcome11–13. 
Investigating the relationship between antibiotic resistance and clinical outcome is challenging, as it is difficult 
to discriminate the confounders and determinants of this relationship. In addition, patients at the highest risk 
of death are also likely to be those at the highest risk of infection by highly antimicrobial-resistant (HAMR) 
bacteria14. Therefore, this study aimed to compare ICU mortality rates between patients who developed ICU-
acquired pneumonia caused by HAMR bacteria and those who developed ICU-acquired pneumonia caused 
by non-HAMR bacteria among the following causative pathogens: S. aureus, Enterobacteriaceae, P. aeruginosa, 
and A. baumannii.

The first aim of our study was to compare the ICU mortality rates in patients who developed ICU-acquired 
pneumonia due to HAMR and non-HAMR bacteria. The secondary aims were to compare the durations of ICU 
stay and mechanical ventilation between these two groups.

Material and Methods
We performed a retrospective, observational 9-year study using the REA-RAISIN database (from January 2007 
to December 2016), a French national surveillance network for healthcare-associated infections in ICUs (the 
surveillance period was of 6 months from 2007 to 2014 and then surveillance became continuous as of 2015)15. 
The number of ICUs contributing to the database increased between 2007 and 2016, varying from 165 to 200. All 
the patients or their relatives were informed that their data would be used anonymously unless they disagreed 
with being included. This study was approved by the French Commission Nationale Informatique et Liberté 
(CNIL No. 588909) and Institutional Review Board (IRB No. 00009118). All included patients were followed up 
until death or discharge from the ICU.

The inclusion criteria were admission to an ICU for at least 48 h and diagnosis of ICU-acquired pneumonia. 
The diagnosis criteria for pneumonia, following the European Centre for Disease Prevention and Control (ECDC) 
definition, were one (if the patient had no past medical history of cardiac or pulmonary disease) or two chest 
radiographs showing pulmonary infiltrates and (1) at least one of the following clinical signs: hyperthermia 
(> 38 °C) or a leukocyte count less than 4,000 cells/mm3 or greater than 12,000 cells/mm3; (2) at least one of the 
following clinical criteria: onset of purulent secretions or changes in characteristics; suggestive auscultation, 
cough, dyspnea, or tachypnea; low oxyhemoglobin saturation; or increased pulmonary oxygen consumption; 
and (3) microbiological confirmation by a positive culture from directed bronchoalveolar lavage or from tracheal 
secretions or by an alternative method16. Probable cases of ICU-acquired pneumonia defined as positive accord-
ing to the radiological, biological, and clinical criteria but with no positive microbiology were excluded. For each 
patient, we considered only the first episode of ICU-acquired pneumonia. The minimum delay between ICU 
admission and the onset of ICU-acquired pneumonia was 48 h. The REA-Raisin database allowed the registra-
tion of up to two causative pathogens per infection, and resistance profiles were reported only if the causative 
pathogens were one of the following: S. aureus, Enterobacteriaceae, P. aeruginosa, or A. baumannii.

Data collection.  Demographic and clinical data, including clinical and microbiological assessments from 
the electronic medical charts were analyzed. We extracted age, gender, Simplified Acute Physiology Score (SAPS) 
2 at ICU admission, administration of antibiotic treatment within 48 h before or after ICU admission, length 
of ICU stay, patient’s provenance before ICU admission (in-hospital patient or out-hospital patient, hospitaliza-
tions occurring before the stay of interest were not recorded), immunodeficiency according to Acute Physiology 
and Chronic Health Evaluation II score, medical or surgical origin of patients, use of mechanical ventilation, 
and trauma diagnosis.

Definition of HAMR status.  Each episode of ICU-acquired pneumonia was microbiologically confirmed 
to identify the causal pathogens. ICU-acquired pneumonia due to HAMR bacteria was defined as the identifica-
tion of at least one antimicrobial-resistant bacterium in a clinical sample, as reported in Table 115.

Statistical methods.  To assess the association between HAMR bacteria and ICU mortality, analyses were 
conducted in two steps: (1) on the whole sample and (2) on a 1:2 matched sample (at least one control). Matching 
was based on seven factors: sex, age (within 5 years), SAPS 2 (within 10 points), antibiotic treatment at admis-
sion (yes–no), category of patient (medical vs. surgical), mechanical ventilation and type of pathogen. The last 
factor was determined as follows: when pneumonia was caused by a single pathogen (n = 15,717) or two identi-
cal pathogens (n = 991), patients were matched based on the same causative pathogen; for pneumonia caused 
by two different pathogens (n = 2096), a Delphi review was performed by the authors and a panel of experts to 
determine on which pathogens the matching should be based. The results of the Delphi review are provided 
in the Supplementary Material. Patients were matched using the %match SAS macro17, which implements an 
optimal matching algorithm18. The optimal algorithm sorts cases and controls, identifies all pairs that satisfy the 
specified distance measures, and then selects the set of pairs that minimizes the total distance between all pairs.

For each sample, patients with pneumonia due to HAMR bacteria were compared to patients with pneumonia 
due to non-HAMR according to the main characteristics. To assess the link between HAMR status and ICU 
mortality, comparisons based on socio-demographic, clinical, and hospital data between survivors and non-
survivors were performed (1) on the whole sample using chi2 tests or Student’s t tests according to the nature 
of the variable and (2) on the matched sample using conditional logistic regression19, taking into account the 
matched procedure. Odds ratios (OR) with a 95% confidence interval (CI) were estimated. Multivariate models 
were assessed to confirm the effect of HAMR status on ICU mortality after adjusting for the main confounding 
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factors (1) with the whole sample using logistic regression (adjustment for sex, age, SAPS 2, antibiotic at admis-
sion, immunodeficiency status, mechanical ventilation, traumatic situation, provenance, category of patients, 
delay of pneumonia) and (2) with the matched sample using a generalized linear model, PROC GLIMMIX SAS 
(adjustment for provenance, immunodeficiency, trauma, delay of pneumonia). The link between HAMR status 
and ICU mortality was also assessed in predefined subgroups: men and women, younger (< 65 years) and older 
(≥ 65 years) patients, medical and surgical patients, mechanical ventilation and no mechanical ventilation, and 
patients with or without antibiotics at ICU admission. A two-sided p-value of less than 0.05 was considered to 
indicate statistical significance. All statistical analyses were conducted using IBM SPSS Statistics for Windows 
(Version 21.0. Armonk, NY: IBM Corp) and SAS 9.4 (SAS Institute).

Results
For the study period of 9 years, the database contained 355,116 patients, of which 30,561 (8.6%) developed at 
least one episode of ICU-acquired pneumonia. A total of 25,096 patients had a documented infection, and for 
18,529, a bacteria profile of the isolated strains corresponding to S. aureus, Enterobacteriaceae, P. aeruginosa, or A. 
baumannii was available. Of these 18,529 patients, the vital status of 18,497 was available at the time of discharge 
from the ICU. A flowchart of the study is displayed in Fig. 1, and the patient features are presented in Table 2.

Of the 18,497 included cases of infection, 3081 (17%) were infected with HAMR bacteria and 15,416 (83%) 
with non-HAMR bacteria (details about the pathogens are provided in the Supplemental Material). The ICU 
mortality rate was 32%, representing 5872 patients aged 68 ± 13 years with an average SAPS 2 of 55 ± 18. The aver-
age ICU length of stay was 33 ± 26 days. Invasive mechanical ventilation was required in 18,109 (98%) patients 
for a duration of 28 ± 25 days. Of note, 11,512 (62%) patients received antibiotics within 48 h of admission. The 
reasons for ICU admission were medical (67%) and surgical (33%).

Table 1.   Evolution of the classification of the antimicrobial resistance by year and by micro-organisms in the 
REA-RAISIN database. NS = Non-susceptible S = susceptible OXA: oxacillin (or methicillin), AMP: ampicillin (or 
amoxicillin), GLY: glycopeptide (vancomycin or teicoplanin), AMC: amoxicillin-clavulanic acid, ticar: ticarcillin, 
C3G: 3rd generation cephalosporins = cefotaxime (or ceftriaxone) PTZ: piperacillin-tazobactam, CAZ: 
ceftazidime, CAR: carbapenem = imipenem or doripenem or meropenem, IMP: imipenem, VAN: vancomycin, 
COL: colistin, ESBL: extended-spectrum beta-lactamase-producing, PANR:non susceptible to all tested agents, 
HAMR: highly antimicrobial-resistant.

Resistance classification 2007-2010: the profile considered to be HAMR in our analysis is framed 
in a box

0 1 2 3

Staphylococcus aureus OXA-S OXA-NS OXA-NS,

genta-NS

GLY-NS

Enterobacteriæ AMP-S AMP-NS, CTX-S CTX-NS 

(ESBL)

CTX-NS 

(no ESBL)

Acinetobacter baumannii - CAZ-S CAZ-NS -

Pseudomonas aeruginosa
Burkholderia cepacia
Stenotrophomonas maltophilia

ticar-S ticar-NS, CAZ-S CAZ-NS -

Resistance classification 2011-2015: the profile considered to be HAMR in our analysis is framed 
in a box
Staphylococcus aureus OXA-S, VAN-S OXA-NS VAN-NS -

Enterobacteria CTX-S, IMP-S CTX-NS non ESBL CTX-NS 

ESBL,

IMP-S

IMP-NS

Acinetobacter baumannii
CAZ-S, IMP-S CAZ-NS, IMP-S 

CAZ-S,

IMP-NS

CAZ- NS,

IMP- NS

Pseudomonas aeruginosa
CAZ-S, IMP-S CAZ- NS, IMP-S 

CAZ-S,

IMP- NS

CAZ- NS, 

IMP- NS

Resistance classification 2016: the profile considered to be HAMR in our analysis is framed in a 
box

OXA AMP GLY AMC C3G PTZ CAZ CAR COL ESBL PanR

Staphylococcus aureus X X X

Enterobacteria X X X X X

Pseudomonas aeruginosa X X X X X

Acinetobacter baumannii X X X X
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For several sociodemographic and clinical variables, there were significant differences between patients with 
ICU-acquired pneumonia due to HAMR bacteria and those with ICU-acquired pneumonia due to non-HAMR 
bacteria (Table 2). Therefore, 5640 non-HAMR ICU-acquired pneumonia cases were matched with 3006 ICU-
acquired cases of pneumonia caused by HAMR bacteria. Details are provided in Table 2.

In the whole sample, HAMR group and non-HAMR group were associated with 40.3% and 30.0% ICU 
mortality rates, respectively (differential 10, odds ratio (OR) and 95% confidence interval (CI) 1.57[1.45–1.70], 
P < 0.001). Age, sex, provenance, immunosuppression, ICU length of stay, and HAMR status were associated 
with ICU mortality (Table 3). HAMR status was still associated with ICU mortality (1) in the matched sample 
(OR 95%, CI 1.39 [1.27–1.52], P < 0.001) (Table 3); (2) after adjusting for the main confounding factors (ORs 
ranged from 1.34 to 1.39, all p-values < 0.001) (Table 4); and (3) in prespecified subgroups: females versus males, 
age below 65 years versus above (or equal) 65 years, antibiotic at ICU admission versus no-antibiotic at ICU 
admission, medical patient versus surgical patient, mechanical ventilation versus no mechanical ventilation, and 
in-hospital patient versus out-hospital patient (Fig. 2).

The mean durations of ICU length of stay (37 ± 26 days versus 33 ± 26 days, P < 0.001) and mechanical ventila-
tion (31 ± 26 days versus 27 ± 24 days, P < 0.001) were higher in the HAMR group than in the non-HAMR group. 
The delay between ICU admission and the pneumonia onset differed between HAMR group and non-HAMR 
group from 16.0 days ± 12.4 to 14.1 days ± 14.4, respectively (P < 0.001).

Discussion
According to our results, developing ICU-acquired pneumonia due to HAMR bacteria was an independent risk 
factor for ICU mortality. To our knowledge, our study included one of the largest cohorts to assess the associa-
tion between infection due to HAMR bacteria and ICU mortality.

Lambert et al. published the largest prospective European study (n = 119,699 patients, of whom 8525 were 
diagnosed with HAP)20. They concluded that the effect of antimicrobial resistance on mortality was modest. In the 
same line, Paramythiotou et al. concluded that a direct association between infections caused by Gram-negative 

*This population is described in Table 2. 

ICU: intensive care unit 

HAMR: Highly antimicrobial resistant

355,116 patients admitted ≥48 h to 

an ICU participating in the national 

network 

324,555 patients excluded because 

inclusion criteria were not met  

18,497 patients included in the 

study 

11,789 patients excluded  

   5,476 undocumented pneumonia  

   6,556 documented pneumonia but 

missing antibiotic susceptibility testing or 

AM resistance profile not required 

32 patients excluded because of the lack of 

information regarding their vital status at 

the end of their ICU stay 

30,561 patients with pneumonia 

assessed for eligibility 

3081 HAMR bacteria ICU-acquired 

pneumonia*  

15,416 non-HAMR bacteria ICU-acquired 

pneumonia* 

5640 non-HAMR bacteria ICU-acquired pneumonia 

included as controls in the matched sample 
3006 drug HAMR bacteria ICU-acquired 

pneumonia included in the matched sample  

Figure 1.   Selection of the final study group (n = 18,772) from 355,116 patients hospitalized ≥ 48 h in French 
ICUs, 2007–2016.
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resistant bacteria and ICU mortality was not confirmed21. However, most studies were performed in single centers 
and included small numbers of patients. In addition, most were characterized by a high degree of heterogeneity 
that prevented definitive conclusions from being made21. Three studies have suggested that antibiotic resistance 
led to an increase in crude mortality, even after adjusting for two of them12,14,22. Here, we found an association 
between ICU mortality and the occurrence of an infection due to HAMR bacteria.

The effect of bacterial resistance on patient outcomes can be explained by three determinants. First, patients 
infected by HAMR bacteria are more likely to receive an inadequate empirical antimicrobial therapy23. As there is 

Table 2.   Patient characteristics and comparison according to the HAMR status. ICU intensive care unit, 
HAMR high antimicrobial resistance, SAPS2 simplified acute physiology score. M ± SD: mean ± standard 
deviation; m [IQR]: median [interquartile range]. *with vital status not missing.

Patients with vital status at discharge

Whole sample

P-value

Matched sample

P-value

Non HAMR HAMR Non HAMR HAMR

n = 15,416 n = 3081 n = 5640 n = 3,006

Age (years)

M ± SD 62.2 ± 16.4 64.0 ± 14.9  < 0.001 64.7 ± 13.6 64.2 ± 14.7 _

m [IQR] 65 [53–75] 66 [56–75] 67 [58–75] 66 [56–75]

Sex

Female 4318 (28.0) 842 (27.3) 0.442 1506 (26.7) 807 (26.8) _

Male 11,098 (72.0) 2239 (72.7) 4134 (73.3) 2199 (73.2)

Provenance

Inpatient 6897 (44.9) 1677 (54.5)  < 0.001 2735 (48.6) 1642 (54.7)  < 0.001

Outpatient 8474 (55.1) 1398 (45.5) 2897(51.4) 1361 (45.3)

Type

Medical 10,170 (66.1) 2216 (72.2)  < 0.001 4083 (72.4) 2174 (72.3) _

Surgery 5216 (33.9) 854 (27.8) 1556 (27.6) 831 (27.7)

SAPS 2 at admission

M ± SD 50.5 ± 18.2 52.4 ± 18.2  < 0.001 51.3 ± 15.4 52.2 ± 17.6 _

m [IQR] 49 [37–62] 50 [39–64] 50 [40–60] 50 [39–64]

Immunosuppression

No 12,816 (86.2) 2357 (78.4)  < 0.001 4673 (85.0) 2310 (78.5)  < 0.001

Yes 2058 (13.8) 650 (21.6) 821 (14.9) 632 (21.5)

Mechanical ventilation

No 319 (2.1) 58 (1.9) 0.505 62 (1.1) 38 (1.3) _

Yes 15,089 (97.9) 3020 (98.1) 5578 (98.9) 2968 (98.7)

Mechanical ventilation (days)

M ± SD 27.3 ± 24.5 31.5 ± 25.9  < 0.001 29.2 ± 25.1 31.5 ± 25.8  < 0.001

m [IQR] 21 [12–35] 24 [15–41] 22 [13–37] 24 [15–41]

Trauma patients

No 12,967 (84.3) 2881(93.6)  < 0.001 4990 (88.5) 2818 (93.7)  < 0.001

Yes 2416 (15.7) 197 (6.4) 646 (11.5) 188 (6.3)

Antibiotic treatment at admission

No 6137 (40.2) 683 (22.3)  < 0.001 1283 (22.8) 668 (22.3) _

Yes 9131 (59.8) 2381 (77.7) 4345 (77.2) 2331 (77.7)

ICU duration (days)

M ± SD 32.9 ± 26.2 37.2 ± 26.7  < 0.001 35.1 ± 27.6 37.3 ± 26.6  < 0.001

m [IQR] 26 [16–41] 30 [19–48] 28 [18–43] 30 [19–48]

Delay between ICU admission and event

M ± SD 12.8 ± 12.3 15.9 ± 12.3  < 0.001 14.1 ± 14.4 16.0 ± 12.4  < 0.001

m [IQR] 10 [6–16] 13 [8–19] 11 [7–17] 13 [8–19]

Delay between pneumonia and ICU discharge (days)

M ± SD 21.1 ± 21.7 22.3 ± 22.1  < 0.001 22.0 ± 22.3 22.3 ± 22.1 0.391

m [IQR] 15 [8–26] 16 [8–29] 15 [9–27] 16 [8–29]

ICU mortality

Survivors 10,785 (70.0) 1840 (59.7)  < 0.001 3799 (67.4) 1794 (59.7)  < 0.001

Non-survivors 4631 (30.0) 1241 (40.3) 1841 (32.6) 1212 (40.3)
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Table 3.   Factors associated with ICU mortality on the whole sample and the matched sample (univariate 
analysis). ICU intensive care unit, HAMR highly antimicrobial resistant SAPS2 simplified acute physiology 
score. M ± SD: mean ± SD; m [IQR]: median [interquartile range]; OR [95%CI]: odd ratio [95% confidence 
interval]. *with vital status not missing; **OR is provided for the modality (1).

Whole sample*

Survivors Non-survivors

OR [95%CI]** P-valuen = 12,625 n = 5872

Age (years)

M ± SD 60.0 ± 16.8 67.8 ± 13.4 1.03 [1.03–1.04]  < 0.001

m [IQR] 62 [51–73] 70 [60–78]

Sex

Female 3507 (27.8) 1653 (28.2) 0.98 [0.91–1.05] 0.599

Male (1) 9118 (72.2) 4219 (71.8)

Provenance

Inpatient 5537 (44.0) 3037 (51.9) 0.72 [0.68–0.77]  < 0.001

Outpatient (1) 7055 (56.0) 2817 (48.1)

Type

Medical 8012 (63.6) 4374 (74.8) 0.58 [0.55–0.63]  < 0.001

Surgery (1) 4592 (36.4) 1477 (25.2)

SAPS 2 at admission

M ± SD 48.7 ± 18.0 55.2 ± 18.1 1.02 [1.01–1.02]

m [IQR] 47 [36–60] 54 [42–67]

Immunosuppression

No 10,655 (87.3) 4518 (79.6) 1.79 [1.62–1.92]  < 0.001

Yes (1) 1547 (12.7) 1161 (20.4)

ICU duration (days)

M ± SD 34.5 ± 25.9 31.7 ± 27.3 1.00 [0.99–1.00]  < 0.001

m [IQR] 28 [18–43] 25 [15–40]

Delay between ICU admission and event

M ± SD 12.8 ± 10.9 14.4 ± 14.8 1.01 [1.00–1.01]  < 0.001

m [IQR] 10 [6–16] 11 [7–18]

Delay between event and ICU discharge

M ± SD 22.7 ± 21.8 18.3 ± 21.5 0.99 [0.98–0.99]  < 0.001

m [IQR] 16 [9–29] 12 [6–23]

Mechanical ventilation

No 317 (2.5) 60 (1.0) 2.49 [1.88–3.29]  < 0.001

Yes (1) 12,301 (97.5) 5808 (99.0)

Mechanical ventilation duration (days)

M ± SD 27.9 ± 24.9 28.3 ± 24.8 1.00 [1.00–1.00] 0.344

m [IQR] 21 [12–35] 22 [13–36]

Trauma patients

No 10,436 (82.8) 5412 (92.4) 0.39 [0.35–0.43]  < 0.001

Yes (1) 2169 (17.2) 444 (7.6)

Antibiotic treatment at ICU admission

No 4912 (39.2) 1908 (32.9) 1.31 [1.23–1.40]  < 0.001

Yes (1) 7612 (60.8) 3900 (67.1)

Bacteria feature

Non HAMR 10,785 (85.4) 4631 (78.9) 1.57 [1.45–1.70]  < 0.001

HAMR (1) 1840 (14.6) 1241 (21.1)

Matched sample*

Survivors Non-survivors

OR [95%CI]** P-valuen = 5593 n = 3053

Bacteria feature

Non HAMR 3799 (67.4) 1794 (59.7) 1.39 [1.27–1.52]  < 0.001

HAMR (1) 1841 (32.6) 1212 (40.3)
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an association between the adequateness of the empirical antimicrobial therapy and survival, this hypothesis may 
explain the increased ICU mortality that we reported here24. Second, an increased virulence has been suspected in 
some resistant bacteria25, as suggested by a murine model of infection due to P. aeruginosa26. The authors found 
that the acquisition of antibiotic resistance improved the fitness of the bacteria and thus promoted its survival 
and virulence. However, the higher virulence of HAMR bacteria remains unlikely as conversely, other studies 
described a loss of potency and virulence in specific bacteria-antibiotic pairs27,28. The third determinant relates 
to host factors and co-morbidities. A frail patient has a higher risk of recurrent hospitalizations, exposure to 
antibiotics, and thus colonization and infection by HAMR bacteria29. Moreover, the effects of antibiotics them-
selves could be deleterious, as suggested previously30.

Our study has several limitations. First, this was a retrospective analysis of a large database. Hence, our 
choices for the statistical approach could be a matter of debate. However, our results were confirmed using several 
statistical approaches. Second, the definition of ICU-acquired pneumonia relies on each on-site physician, with 
different sampling techniques, without external confirmation, while the diagnosis of HAP remains challenging31. 
Third, only S. aureus, Enterobacteriaceae, P. aeruginosa, and A. baumannii pneumonia were included in the 
analysis, thus excluding, notably, streptococci and other gram-negative bacteria. Finally, there was no mention 
in the database of the antimicrobial therapy, specifically the adequacy and delay of the empirical treatment. As 
discussed above, this is a major determinant of mortality in these patients23,24. However, in our study, the ICU-
acquired pneumonia due to HAMR bacteria occurred later than those due to non-HAMR bacteria, suggesting an 
increased number of late-onset pneumonia in the HAMR group. Following international guidelines, the patients 
with late-onset pneumonia are more prone to receive broad-spectrum antibiotics than those with early-onset 
pneumonia31. Notably, 62.2% of the patients included in our study received antibiotics at admission in the ICU. 
This finding is in line with the rates recently reported in an international observational 24-h point prevalence 
among 15,202 patients32. The selection of our population was based on voluntary participation in the network 
and a duration of ICU stay of at least 48 h (for a reduced surveillance workload). Thus, our findings may not be 
reflective of the entire ICU patient population, as they may pertain specifically to patients exposed to infections 
acquired in the ICU. Finally, the definition of antimicrobial-resistant bacteria evolved during the study period, 
which could have affected our findings, despite efforts to ensure comparability across the nine years. As ecology 

Table 4.   Highly antimicrobial resistant status and ICU mortality (variate analysis). SAPS2 simplified acute 
physiology score.

Whole sample Matched sample

Model adjusted for… OR [95%CI] P-value Model adjusted for… OR [95%CI] P-value

1 Sex, age, SAPS2 1.48 [1.36–1.61]  < 0.001 1 Provenance 1.39 [1.27–1.53]  < 0.001

2 Sex, age, SAPS2, antibiotic at admission, 1.45 [1.34–1.58]  < 0.001 2 Immunosuppression 1.37 [1.24–1.51]  < 0.001

3 Sex, age, SAPS2, antibiotic at admission, immunodefi-
ciency, mechanical ventilation 1.41 [1.29–1.53]  < 0.001 3 Provenance, immunosuppression 1.36 [1.23–1.50]  < 0.001

4
Sex, age, SAPS2, antibiotic at admission, immunode-
ficiency, mechanical ventilation, traumatic situation, 
provenance, category of patient

1.36 [1.25–1.48]  < 0.001 4 Provenance, immunosuppression, trauma 1.34 [1.21–1.48]  < 0.001

5
Sex, age, SAPS2, antibiotic at admission, immunode-
ficiency, mechanical ventilation,traumatic situation, 
provenance, delay of pneumonia

1.35 [1.24–1.47]  < 0.001 5 Provenance, immunosuppression, trauma, delay of 
pneumonia 1.33 [1.20–1.46]  < 0.001

Figure 2.   Risk of mortality associated with HAMR status by subgroup.
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and therapies have evolved over the years with the arrival of new molecules in our therapeutic arsenal, the clas-
sification of resistances, established prospectively by the designers of the database, has also evolved towards a 
more recent and precise definition in 2016 which is more consistent with recent guidelines1,31.

Conclusion
In conclusion, the findings of our study suggest that ICU-acquired pneumonia due to HAMR bacteria was associ-
ated with an increased ICU mortality rate, duration of ICU stay, and mechanical ventilation duration. However, 
the reasons behind this association remain to be elucidated.

Data availability
This study was approved by the French Commission Nationale Informatique et Liberté (CNIL No. 588909) and 
Institutional Review Board (IRB No. 00009118). Our study has no attached data.
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