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) . Abstract: Introduction: Ventilator-associated pneumonia (VAP) is one of the most
I‘:‘;Ct:\l;g_hls;"gi 5026 common nosocomial infections in intensive care units. Non-fermenting Gram-
Accepted: 03.06.2026 negative bacilli (NGNB), particularly Pseudomonas aeruginosa, are frequently
Published: 11.06.2026 implicated in late-onset and recurrent cases. These infections are associated with
repeated antibiotic exposure, the emergence of bacterial resistance, and high
mortality. The objective of this study was to describe the bacterial ecology, the
appropriateness of probabilistic antibiotic therapy, and the outcomes of patients with
Quick Response Code recurrent VAP caused by GNNB. Methods: A multicenter retrospective study was
conducted in the intensive care units at the Meaux, Jossigny, and Coulommiers sites
of the Grand Hopital de I’Est Francilien. Adult patients with at least three documented
episodes of BGNNF-associated PAVM between January 2021 and December 2025
were included. Clinical, microbiological, therapeutic, and clinical course

:U"l characteristics were analyzed. Results: Among 293 recorded episodes of PAVM with
BGNNF, 166 episodes involved 51 patients with at least three infectious episodes.
The mean age was 64.5 years, and 67.5% of patients were male. The mean IGS 11
score was 64 and the mean Charlson score was 7.1. Most PAVMs were late-onset
(87.3%). Pseudomonas aeruginosa accounted for 89.1% of isolates. Probabilistic
antibiotic therapy was based primarily on piperacillin-tazobactam. It was appropriate
in only 50.6% of cases. The 28-day mortality rate was 35.5%. Conclusion: Recurrent
BGNNF-associated PAVM occurs in patients who are particularly critically ill and
have significant comorbidities. The predominance of Pseudomonas aeruginosa and
the low rate of appropriate probabilistic antibiotic therapy underscore the need to
better account for the local epidemiology in order to optimize initial management.
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Therapy.
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INTRODUCTION Acinetobacter baumannii, and Stenotrophomonas
maltophilia, play a major role in the epidemiology of
late-onset VAP [3, 4]. Their ability to form biofilms,
persist in the hospital environment, and rapidly develop
antibiotic resistance makes them particularly feared
pathogens in intensive care [5].

Ventilator-associated pneumonia (VAP) is one
of the most common healthcare-associated infections in
intensive care units. Despite advances in prevention and
management strategies, it remains associated with a
significant increase in the duration of mechanical
ventilation, hospital stay, healthcare costs, and mortality

[1.2] Patients requiring prolonged mechanical

ventilation constitute a high-risk population for recurrent
infection. In these patients, persistent bronchial

Non-fermenting Gram-negative bacilli colonization, impaired respiratory defense mechanisms,

(NGNB), primarily = Pseudomonas  aeruginosa,
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and repeated exposure to antibiotics promote the
occurrence of multiple episodes of VAP [6, 7]. These
recurrences represent a major therapeutic challenge due
to the gradual emergence of multidrug-resistant bacteria
and the decreasing efficacy of probabilistic treatments

(8].

The early initiation of appropriate probabilistic
antibiotic therapy is one of the main determinants.
Several recent studies have shown that inappropriate
initial treatment is associated with a significant increase
in mortality, duration of mechanical ventilation, and
length of stay in the intensive care unit [9—11]. In this
context, understanding the local bacterial ecology
appears essential for optimizing empirical treatment
strategies.

While numerous studies have assessed the
general epidemiology of VAP, few data are available
regarding patients with multiple recurrent episodes in the
BGNNF. A better understanding of this population could
enable the adaptation of treatment protocols and the
strengthening of preventive measures.

The primary objective of this study was to
describe the bacterial ecology of recurrent PAVMs
caused by BGNNF in the intensive care units of the
Grand Hopital de I’Est Francilien. The secondary
objectives were to evaluate the appropriateness of
probabilistic antibiotic therapy, to analyze appropriate
therapeutic strategies, and to study the prognosis of these
patients.

PATIENTS AND METHODS

This was a retrospective, descriptive, and
analytical study conducted in the intensive care units at
the Meaux, Jossigny, and Coulommiers sites of the
Grand Hopital de I’Est Francilien (GHEF). Data were
collected over a five-year period from January 1, 2021,
to December 31, 2025.

All adult patients hospitalized in the ICU who
had at least three documented episodes of non-
fermenting Gram-negative bacterial VAP during their
stay were included.

The following were included:
e Patients aged 18 years or older;
e Patients on invasive mechanical ventilation;
e Patients with at least three microbiologically
documented episodes of non-fermenting Gram-
negative bacterial VAP;

e  Medical records that were usable.

Definition of Recurrences

Recurrent VAP was defined as the occurrence
of at least three documented episodes of VAP in the same
patient. Episodes were considered distinct when they
occurred after initial clinical improvement and were
associated with new microbiological evidence.

Variables Studied

The variables collected included demographic
data (age, sex, body mass index), severity data (IGS II,
Charlson Comorbidity Index), infectious data (number of
episodes, interval between episodes, early or late onset
of VAP, isolated microorganisms, antibiotic
susceptibility profiles), therapeutic variables
(probabilistic antibiotic therapy, appropriateness of
antibiotic therapy (probabilistic antibiotic therapy,
appropriateness of probabilistic antibiotic therapy,
antibiotic therapy adjusted based on microbiological
results), and outcome-related (duration of mechanical
ventilation, length of stay in the ICU, clinical course, 28-
day mortality)

Statistical Analysis

Quantitative variables were expressed as mean
+ standard deviation or median with interquartile range,
depending on their distribution. Qualitative variables
were expressed as counts and percentages. Statistical
analysis was performed using R software version 4.3.

RESULTS

General Characteristics of the Population

During the study period, 293 episodes of
ventilator-associated pneumonia (VAP) caused by non-
fermenting Gram-negative Dbacilli (NGNB) were
identified in the intensive care units of the Grand Hopital
de 1'Est Francilien. Of these, 166 episodes (56.7%)
involved 51 patients who had at least three documented
episodes of VAP during their hospitalization.

The mean age of the patients was 64.5 years.
Men accounted for 67.5% of the population, representing
a sex ratio of 2.1. The mean body mass index was 28.4
kg/m?. The patients’ initial severity was high, with a
mean ISCS 1II score of 64. The mean Charlson
comorbidity index was 7.1. The mean duration of
mechanical ventilation was 24.6 days, while the mean
length of stay in the ICU was 24 days.

Table I: General characteristics of the patients (n = 51)

Variable

Valeur

Average age (years)

64,5

Men

67,5 %

Average BMI (kg/m?)

28.4

Average IGS 11

64
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Variable

Valeur

Average Charlson score

7.1

Average duration of mechanical ventilation (days)

24,6

Average length of stay (days)

24

28-day mortality

35,5%

Distribution of Recurrent Episodes

Among the 51 patients included: 39 patients
(76.5%) experienced three episodes of PAVM; 11
patients (21.6%) experienced four episodes; 1 patient
(1.9%) experienced five episodes.

The average interval between two successive
episodes was approximately one week.

Microbiological characteristics
Most cases of PAVM were
accounting for 87.3% of episodes.

late-onset,

The bacterial profile was largely dominated by
Pseudomonas aeruginosa, which was responsible for
89.1% of documented episodes. The other
microorganisms isolated were Stenotrophomonas
maltophilia (5.4%), Acinetobacter baumannii (4.2%),
and Burkholderia spp. (1.2%).

Bacterial Susceptibility Profiles
For Pseudomonas aeruginosa, the observed

susceptibility rates were:

e piperacillin: 58%;
piperacillin-tazobactam: 59%;
ceftazidime: 63%;
imipenem: 72%;
meropenem: 70%.

The new B-lactam/B-lactamase inhibitor
combinations showed the best profiles:
e ceftolozane-tazobactam: 95%;

e ceftazidime-avibactam: 100%.

Stenotrophomonas maltophilia remained highly
susceptible to cotrimoxazole and levofloxacin.
Acinetobacter baumannii strains remained primarily
susceptible to amikacin.

Table I1: Bacterial Susceptibility Profiles

Pseudomonas | Stenotrophonomas | Burkholderia Acinetobacter

S SFP | R | S | SFP R S SFP | R S SFP | R
piperacilline_30mg 58 |6 36|10 |0 100 0 0 0 0 0 100
piperacilline 100mg 0 0 0 |0 |0 100 [0 0 100 | 44 | 28 28
piperacilline tazobactam 30 6mg 59 |6 35/0 |0 100 0 0 0 0 0 100
piperacilline tazobactam 100 10mg | 0 0 0 |0 |0 100 0 0 100 | 72 | 22 6
ceftazidime 10mg 63 |7 30/0 |0 100 |0 0 100 | O 0 100
ceftazidime 30mg 0 |0 100 100 | O 0 89 |11 0
imipeneme 10mg 72 16 2210 |0 100 0 100 | 100 | O 0
meropenéme 10mg 70 |7 2310 |0 100 100 | O 94 |6 0
ceftolozane tazobactam 30 10mg 95 10 5 10 |0 100 0 0 100 | O 0 100
ceftazidime avibactam 10 4mg 100 | O 0 |0 |0 100 0 0 0 0 0 0
amikacine 30mg 94 |2 0 |0 100 |0 0 100 194 |6 0
ciprofloxacine Smg 81 |6 13/]0 |0 100 0 0 100 | 6 94 0

Probabilistic Antibiotic Therapy
Probabilistic antibiotic therapy initiated upon

Appropriate Antibiotic Therapy
After receiving microbiological results and

suspicion of VAP was based primarily on: antibiotic  susceptibility testing, treatments were
e piperacillin-tazobactam: 52.9%; reevaluated and adjusted.
e  Third-generation cephalosporins: 11.6%;
e Fourth-generation cephalosporins: 8.5%; The most frequently used antibiotics were:
e carbapenems: 3.4%; e piperacillin-tazobactam: 33.1%;
e  Other treatment regimens: 23.6%. e meropenem: 24.1%;
o ceftazidime: 20.5%;
The effectiveness of probabilistic antibiotic e cefepime: 10.2%;
therapy was observed in only 50.6% of episodes, e Other agents: 12.1%.
reflecting an initial treatment inadequacy rate of 49.4%.
© East African Scholars Publisher, Kenya 177
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® Probabilistic Antibiotic Therapy

m Tailored Antibiotic Therapy

Figure 1: Probabilistic Antibiotic Therapy and Tailored Antibiotic Therapy

Clinical Course and Prognosis

The clinical course was favorable in 74.1% of
episodes following therapeutic adjustment. The 28-day
mortality rate was 35.5%. Deaths occurred primarily

among patients requiring prolonged mechanical
ventilation, with a high GCS score, and multiple
comorbidities.

Courbe de Kaplan-Meier a 28 jours (n = 51)
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Figure 2: 28-day survival curve

DiSCcUSSION

Our study focused on patients with recurrent
ventilator-associated pneumonia (VAP) caused by non-
fermenting Gram-negative bacilli (NGNB) in the
intensive care units of the Grand Hopital de I’Est
Francilien. Of the 293 episodes of VAP caused by
NGMB recorded during the study period, 166 episodes
involved only 51 patients who had experienced at least

three infectious episodes. This finding indicates that a
small number of patients account for a significant portion
of the infectious burden in the ICU. Data from the
literature suggest that patients with repeated episodes of
VAP constitute a distinct population characterized by
prolonged exposure to mechanical ventilation, a high
burden of comorbidities, and significant antibiotic
pressure, all of which promote recurrent infections [1-3].
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In our series, patients presented a marked
severity profile with a mean age of 64.5 years, a mean
ISC 1II of 64, and a mean Charlson score of 7.1. These
results are consistent with the observations of Schmidt et
al., and Gragueb-Chatti ef al., who report that recurrent
VAP occurs predominantly in elderly, frail patients with
multiple comorbidities [3, 4]. The association between
initial severity, acquired immunosuppression in critically
ill patients, and the occurrence of recurrent respiratory
infections is now well established [5]. The high burden
of comorbidities observed in our cohort could also partly
explain the high mortality rate found.

The mean duration of mechanical ventilation
was 24.6 days. This finding confirms the major role of
prolonged ventilation in the development of recurrent
PAVM. The prolonged presence of an endotracheal
device promotes bacterial colonization of the lower
airways, biofilm formation, and repeated microaspiration
of oropharyngeal secretions [1-6]. Several studies have
shown that the risk of VAP increases significantly after
the fifth day of ventilation and remains high as long as
invasive ventilation is maintained [1-7]. The
predominance of late-onset VAP in our series (87.3%) is
consistent with this finding.

From a  microbiological  perspective,
Pseudomonas aeruginosa accounted for 89.1% of
documented episodes. This proportion is higher than that
generally reported in large European cohorts, where P.
aeruginosa accounts for between 20% and 40% of
documented VAP cases [8, 9]. This difference is likely
due to the highly specific nature of our population, which
consisted exclusively of patients with multiple
recurrences. P. aeruginosa’s ability to form biofilms,
persist in the respiratory tract, and rapidly acquire
resistance mechanisms contributes to its role in recurrent
infections [10]. The low prevalence of Acinetobacter
baumannii,  Stenotrophomonas  maltophilia, and
Burkholderia spp. is also consistent with recent European
data [8-11].

One of the key findings of our study concerns
probabilistic antibiotic therapy. This was primarily based
on piperacillin-tazobactam (52.9%), in accordance with
current recommendations for critically ill patients at risk
of NAB [12, 13]. However, the efficacy of probabilistic
treatment was observed in only 50.6% of episodes. Thus,
nearly one in two episodes initially received inadequate
antibiotic therapy. This low rate of adequacy confirms
the difficulty of effectively covering BGNNF in patients
exposed to repeated infectious episodes and multiple
prior courses of antibiotic therapy. Several recent studies
have demonstrated that initial inadequacy of antibiotic
therapy constitutes an independent risk factor for
mortality in severe intensive care unit infections [ 14—16].

Secondary therapeutic adjustment relied
primarily on  piperacillin-tazobactam  (33.1%),
meropenem (24.1%), and ceftazidime (20.5%). This

microbiological reevaluation improved the management
of many patients and underscores the importance of
antibiotic susceptibility testing in the therapeutic
strategy. Nevertheless, the increased use of meropenem
following microbiological confirmation likely reflects
the frequency of the resistance profiles observed. This
situation raises the issue of the risk of selecting for new
resistance, particularly in Pseudomonas aeruginosa,
where repeated exposure to carbapenems promotes the
emergence of complex resistance mechanisms [17]. The
susceptibility profiles observed in our study are
particularly interesting. While susceptibility rates for
piperacillin (58%), piperacillin-tazobactam (59%), and
ceftazidime (63%) appeared relatively low, the new B-
lactam/fB-lactamase inhibitor combinations maintained
excellent activity, with susceptibility rates of 95% for
ceftolozane-tazobactam and 100% for ceftazidime-
avibactam. These results are consistent with those of
several recent European studies reporting remarkable
efficacy of these new compounds against multidrug-
resistant P. acruginosa strains [18-20]. However, current
guidelines emphasize the need for prudent use of these
antibiotics to preserve their long-term efficacy [13-18].

The clinical course was favorable in 74.1% of
episodes following therapeutic adjustment, underscoring
the importance of early microbiological testing and
systematic reevaluation of treatment. The 28-day
mortality rate observed in our study (35.3%) confirms
the severity of patients with recurrent BGNNF-
associated PAVM. The concentration of deaths during
the first week suggests that the prognosis is largely
determined by the patients’ initial severity, as evidenced
by the high mean IGS II score and the high burden of
comorbidities—observations also reported in recent
series on recurrent PAVM [3, 4]. This mortality rate is
comparable to those reported in severe respiratory
infections caused by multidrug-resistant NMPB, where it
generally ranges from 25% to 45% depending on patient
severity, Dbacterial resistance profiles, and the
appropriateness of the initial antibiotic therapy [8-15].
The late deaths observed after the second week may
reflect the persistence of organ failure, the frailty of
critically ill patients, and the impact of repeated
infectious episodes on hospital outcomes [6-15].

Our study has several limitations. Its
retrospective nature poses a risk of selection bias and
missing data. The small sample size does not allow for a
robust multivariate analysis of factors associated with
mortality or recurrence. Finally, the study was conducted
within a single hospital group, which may limit the
generalizability of the results to other centers with
different bacterial profiles.

Despite these limitations, this study provides
original data on a poorly studied population of patients
with recurrent BGNNF-associated VAP. Our results
underscore the importance of close microbiological
monitoring, regular updating of probabilistic antibiotic
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therapy protocols based on local bacterial ecology, and
the development of stewardship strategies to improve the
appropriateness of initial therapy and limit the
emergence of bacterial resistance.

CONCLUSION

Recurrent PAVM in BGNNF affects critically
ill patients who are at risk of prolonged mechanical
ventilation and have numerous comorbidities. These
cases are predominantly caused by Pseudomonas
aeruginosa and are characterized by a low rate of
appropriate probabilistic antibiotic therapy. Although
secondary treatment adjustments are effective in the
majority of cases, mortality remains high. Improving
knowledge of the local microbial ecology and optimizing
probabilistic treatment strategies appear to be key
challenges for improving the prognosis of these patients.
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