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ABSTRACT

Introduction: Ventilator-associated pneumonia is the most frequent nosocomial infection in
patients undergoing respiratory assistance, representing a significant cause of morbidity and
mortality in critical care units. Its occurrence is related to multiple clinical and microbiological
factors, including oropharyngeal colonization, biofilm formation on respiratory devices, and the
selection of highly resistant pathogens within the hospital environment. Objective: To describe
the etiological agents and their antimicrobial resistance patterns in an adult intensive care
unit at the Hospital Nacional de Itaugud, Paraguay, during the 2022-2024 period. Materials
and Methods: An observational, descriptive, cross-sectional, and retrospective study was
conducted. Itincluded 244 adult patients with a confirmed diagnosis through tracheal aspirate or
bronchoalveolarlavage cultures. Demographic variables, type of pneumonia, and microbiological
profiles were analyzed. Results: The mean age was 53 years, with a predominance of males
(72%). Late-onset pneumonia was the most frequent form (58%). The predominant isolated
agents were the Acinetobacter baumannii complex (29.5%), Pseudomonas aeruginosa (16.8%),
and Klebsiella pneumoniae (9.0%). Polymicrobial etiology was observed in 27.9% of cases.
Additionally, 25% of the isolates showed multidrug resistance, while 12.7% exhibited special
resistance mechanisms, notably metallo-B-lactamases and carbapenemases. Conclusion:
Gram-negative bacilli remain the primary causative agents and show a high prevalence of
resistance. This highlights the need to optimize empirical treatment, reinforce microbiological
surveillance, and strengthen institutional programs for the rational use of antimicrobials.
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RESUMEN

Introduccién: La neumonia asociada a la ventilacién mecdnica es la infeccion intrahospitalaria
mas frecuente en pacientes sometidos a asistencia respiratoria, representando una causa
significativa de morbimortalidad en unidades de cuidados criticos. Su aparicién se relaciona con
multiples factores clinicos y microbiolégicos, entre ellos la colonizacion orofaringea, la formacién
de biopeliculas en los dispositivos respiratorios y la seleccion de patégenos altamente resistentes
dentro del ambiente hospitalario. Objetivo: Describir los agentes etiolégicos y sus patrones
de resistencia antimicrobiana en una unidad de cuidados intensivos de adultos del Hospital
Nacional de Itaugud, Paraguay, durante el periodo 2022-2024. Materiales y métodos: Estudio
observacional, descriptivo, transversal y retrospectivo. Se incluyeron 244 pacientes adultos
con diagnéstico confirmado mediante cultivo de aspirado traqueal o lavado broncoalveolar. Se
analizaron variables demogréficas, tipo de neumonia y perfil microbioldgico. Resultados: La edad
media fue de 53 afos, con predominio del sexo masculino (72%). La forma de inicio tardio fue
la mas frecuente (58%). Los agentes aislados predominantes fueron el complejo Acinetobacter
baumannii (29,5%), Pseudomonas aeruginosa (16,8%) y Klebsiella pneumoniae (9,0%). Se observé
etiologia polimicrobiana en el 27,9% de los casos. Ademas, el 25% de los aislados presento
multirresistencia, mientras que un 12,7% exhibié mecanismos especiales, destacandose metalo-
B-lactamasas y carbapenemasas. Conclusién: Los bacilos gramnegativos contintan siendo los
principales agentes causales y muestran una elevada prevalencia de resistencia, lo que subraya la
necesidad de optimizar el tratamiento empirico, reforzar la vigilancia microbioldgica y fortalecer
los programas institucionales de uso racional de antimicrobianos.

Palabras clave: Neumonia asociada al ventilador, Farmacorresistencia Bacteriana Multiple, Bac-

terias Gramnegativas.

Introduction

Ventilator-associated ~ pneumonia  (VAP)
remains the most prevalent and severe
infectious complication in intensive care units
(ICUs) worldwide, specifically defined as an
infection of the pulmonary parenchyma that
develops after a minimum period of 48 to
72 hours of endotracheal intubation M. The
magnitude of this problem is reflected in a
persistent incidence affecting approximately
20% of patients receiving invasive ventilatory
support, positioning this condition as the main
driver of broad-spectrum antibiotic use in the
critical care setting ?®. Despite the systematic
implementation of prevention protocols and
optimization of supportive care, VAP continues
to exert a devastating impact on health
indicators,beingassociatedwithmortalityrates
that can reach significant levels, particularly in
contexts where multidrug-resistant pathogens
predominate ®. Beyond the life-threatening
risk, this infection markedly prolongs hospital

stay, adding an average of 7 to 9 additional
days of mechanical ventilation, resulting in an
exponential increase in healthcare costs and a
higher risk of secondary complications for the
patient @,

Current challenges for its control are
multiple and complex, beginning with the
pathophysiology of the infection itself, where
the endotracheal tube acts as a bridge that
bypasses the natural defenses of the upper
airway, facilitating the formation of bacterial
biofilms and the continuous microaspiration
of contaminated oropharyngeal secretions
into the bronchial tree. From a diagnostic
perspective, the scenario is equally critical due
tothe absence of an unequivocal gold standard;
the classic triad of fever, leukocytosis, and
radiological infiltrates has limited specificity
in critically ill patients, as these signs often
overlap with other common conditions such
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as pulmonary edema, atelectasis, or acute
respiratory distress syndrome. This diagnostic
ambiguity makes it difficult to accurately
distinguish  between  simple  bacterial
colonization and active invasive infection,
highlighting an urgent need to improve current
tools through the integration of more sensitive
biomarkers or rapid molecular techniques that
enable accurate and timely diagnosis ©.

Materials and Methods

An observational, descriptive, and
retrospective study was conducted in the
adult ICU of Hospital Nacional de ltaugua.
All patients aged =18 years with a confirmed
diagnosis of VAP between January 1, 2022,
and December 31, 2024, were consecutively
included. The diagnosis of VAP was based on
compatible clinical and imaging criteria (new
pulmonary infiltrate after 248 h of mechanical
ventilation) ©7, together with significant
bacterial isolation in tracheal aspirate culture
®. Patients with pneumonia at admission
(community-acquired or hospital-acquired not
associated with the ventilator), those under
18 years of age, or with incomplete clinical
records were excluded. No a priori sample size
calculation was performed; all available cases
were included (N=244).

Demographic and clinical data were
retrospectively extracted from medical records
using a standardized form. Recorded variables
included sociodemographic characteristics
(age, sex), clinical variables (reason for ICU
admission, comorbidities, severity scores
APACHE 1l ® and SOFA (9 at admission),
type of VAP (early or late according to time
of onset) (', isolated microorganisms,
and their resistance mechanisms/patterns.
Data sources included clinical records and
microbiology reports. No intervention was
applied; selection bias was minimized by
including all consecutive patients meeting the
criteria. As this is a retrospective study, there
is a possibility of information or confounding
biases inherent to the design.

Statistical analysis  was  descriptive.
Frequencies and percentages were calculated
for qualitative variables, and mean + standard
deviation for quantitative variables. IBM SPSS
v.25 (IBM Corp., Armonk, NY) was used. No
inferential or comparative analyses were
performed, as this was a descriptive study. This
study was approved by the institutional Ethics
Committee, ensuring data confidentiality.

Results

During the study period, 244 patients with
confirmed diagnosis of VAP were included.
Seventy-two percent were male, with a mean
age of 53 years (SD 16). The most frequent
reason for admission was postoperative
mechanical ventilation (76% of cases),
followed by acute respiratory failure from other
causes. The most common comorbidities
were arterial hypertension (74% of patients)
and diabetes (36%). The mean severity scores
at admission were APACHE Il =11 (SD 4) and
SOFA = 2 (SD 1). Late-onset VAP (occurring
=96 hours after intubation) was observed in
58% of cases. Polymicrobial infection (two
or more organisms in tracheal culture) was
identified in 27.9% of patients.

The isolated microorganisms (n = 244 positive
cultures) are presented in Table 1. Gram-
negative bacilli predominated widely; the
main ones were the Acinetobacter baumannii
complex (29.5% of isolates), Pseudomonas
aeruginosa(16.8%),andKlebsiellapneumoniae
(9.0%). Staphylococcus aureus was isolated in
a single case. These findings are consistent
with recent reports identifying K. pneumoniae
and A. baumannii as predominant agents in
VAP (12,13).

Regarding antimicrobial resistance, 12.7% of
isolates presented some specific resistance
mechanism. Among these, the most frequent
was the production of metallo-B-lactamases
(MBL), detected in 58.1% of resistant isolates.
The most common resistance pattern
consisted of multidrug resistance to multiple
classes of antibiotics; specifically, combined
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resistance to ampicillin-sulbactam, amikacin,
ciprofloxacin, cefepime, meropenem,
imipenem, ceftazidime, and piperacillin/
tazobactam was found in 25% of isolates.
Additionally, carbapenemases were detected
in 14% of isolates (mainly KPC-producing
K. pneumoniae). No isolates were found to
be pan-resistant to all tested antibiotics.
Details of resistance patterns by species

are summarized in Table 2. In general, non-
fermenting bacilli (P. aeruginosa, A. baumannii)
showed high resistance to fluoroquinolones
and pB-lactams, while enterobacteria (K.
pneumoniae, Escherichia coli) presented
significant resistance to third- and fourth-
generation cephalosporins, aminoglycosides,
and carbapenems in the cases mentioned.

( Causal agent ‘

Acinetobacter baumannii complex
2 or more microorganisms
Pseudomonas aeruginosa
Klebsiella pneumoniae
Stenotrophomonas maltophilia
Staphylococcus aureus
Enterobacter cloacae complex
Serratia marcescens
Escherichia coli

Proteus mirabilis

Burkholderia cepacia
Pandoraea spp

\Sphingomonas paucimobilis

4
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Figure 1. Causative microorganisms of VAP in patients admitted to the AICU of Hospi-
tal Nacional de Itauguéa from 2022-2024 (n: 244).

In 27.9% of cases, the isolation of two or more
microorganisms was observed, indicating
a polymicrobial etiology of the respiratory
infectious condition. The most frequent
associations of causative microorganisms
are detailed in Figure 2, highlighting the
predominance of the Acinetobacter baumannii
complex associated with Pseudomonas
aeruginosa (3.28%) and with Klebsiella
pneumoniae  (2.87%). A  considerable
proportion of Pseudomonas aeruginosa
associated with Serratia marcescens (2.46%)
was also observed.

In 31 (12.7%) of the samples collected,
resistance mechanisms were identified. As
illustrated in Table 1, more than half of these
corresponded to metallo-beta-lactamases
(MBL) at 58.1%. Other identified mechanisms
were AmpC-type beta-lactamases (19.4%),
extended-spectrum beta-lactamases (ESBL)
(12.9%), and, to a lesser extent, Klebsiella
pneumoniae carbapenemase (KPC) at 3.2%.

Combinations of mechanisms were also
observed, such as metallo-beta-lactamases +
Klebsiella pneumoniae carbapenemase and
metallo-beta-lactamases + AmpC-type beta-
lactamases, both at 3.2% each. Additionally,
several microorganisms showed resistance to
two or more antibiotics.

The predominant mechanism was metallo-
beta-lactamases (MBL), present in 58.1%
of cases. This was followed by AmpC-type
beta-lactamases (19.4%) and extended-
spectrum beta-lactamases (ESBL) (12.9%).
To a lesser extent, Klebsiella pneumoniae
carbapenemase (KPC) was detected (3.2%),
as well as combinations of mechanisms such
as MBL+KPC and MBL+AmpC (3.2% each).
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( Mas de 1 microorganismo aislado | Frecuencia | Porcentaje (%)
Acinetobacter baumannii complex + Pseudomona aeruginosa ] 8 3.28
Klebsiella preumnoniae + Acinetobacter baumannii complex | . 7 2.87
i aeruginosa + ia marcescens | . [ 2.46
Klebsiella preumoniae + Pseudomona aeruginosa | 5 2.05
Klebsiella pneumoniae + Serralia marcescens | 5 2.05
Klebsiella preumoniae + Escherichia coli E 4 1.64
Pseudomona aeruginosa + Stenofrophomonas maltophilia | 3 1.23
Acinetobacter b i complex + Citrobacter koseri E 2 0.82
Acinetobacter baumannii complex + Stenclrophomonas maltophiia E 2 0.82
Klebsiella p g + M I gani F 2 0.82
Klebsiella pneumnoniae + Stenotrephomonas malfophilia E 2 0.82
Pseudomona aeruginosa + Providencia stuartii E 2 0.82
Pseudomona aeruginosa + Slaphylococcus aureus [ 2 0.82
Acinetobacter baumannii complex + Escherichia coli I 1 0.41
Acinetobacter baumannil complex + Morganella morganii I 1 0.41
Acinstobacter baumannii complex + Serratia marcescens I 1 0.41
Burkholderia cepacia + Citrobacter koseri I 1 0.41
Escherichia coli + Citrobacter kosen I 1 0.41
Escherichia coli + Pseud, aeruginosa K 1 0.41
Elizabethkingia meningoseptica + Stenofrophomonas malfophilia I 1 0.41
Klebsiella aerogenes + Pseudomona aeruginosa I 1 0.41
Klebsiella pneumoniae + Citrobacter koseri ] 1 0.41
Klebsiella pneumnoniae + Enterobacter aerogenes I 1 0.41
Klebsiella p iae + Pseud fluorescens K 1 0.41
Klebsiella p iae + Proteus mirabili I 1 0.41
Pseudomona aenuginosa + Klebsiella oxytoca I 1 0.41
Proteus mirabilis + Providencia stuartii K 1 0.41
Stenotroph mailtophilia + Acinelobacter iwoffi [ 1 0.41
Stenofrophomonas mailtophilia + Enferobacter cloacae complex I 1 0.41
Stenotrophomonas maltophilia + Haemophilus influenzse E 1 0.41
Stenol as maltophilia + alla m i I 1 &41 /

Figure 2. Association of causative microorganisms of VAP in patients admitted to the
adult ICU of Hospital Nacional de Itaugud from 2022-2024 (n: 244).

(" Mechanism Antimicrobial resistance pattern Microorganisms N )
of
resistance
MBL CARBAPENEMASE K_pneumoniae 1
K_pneumoniae/M.morganii
AMS AMK,CIP FEP,.CAZ PTZ MER,IMI K.pneumoniae/S. maltophilia 8
AMS,CIP,FEP,MER, IMI,CAZ PTZ K. pneumoniae/A baumannii
AMS AMK,CIP.MER, IMI,CAZ PTZ,GEN complex
A baumanni
complex/C koserni
K.pneumaniae/P.aeruginosa
Abaumannd
complex/P.aeruginosa
S.marcescens
AmpC THIRD-GENERATION CEPHALOSPORIN S.marcescens ]
AMS AMK,CIPFEP,CAZ FTZ MER,IMI K pneumoniae/S.marcescens
Abaumarnii
K_preumoniae/M.morgani
BLEE AMS AMK.CIP FEP.MER, IMI.CAZ PTZ Abaumanni 4
ERI complex/K_preumoniag
AMS,CIPFEP.CAZ S.aureus
AMS AME CIF,FEP.ERT MER IMI.CAZ PTZ TGC K.pneumoniae/E coli
KPC CARBAPENEMASE §.marcescens 1
MBL+AmpC CARBAPENEMASE P.aeruginosa/s.marcescens i
MBL + KPC CARBAPENEMASE K.pneumoniae/P fluonescens 1
MBL: metallo-beta-lactamases, AmpC: serine-beta-lactamases class C, BLEE: extended-spectrum beta-lsctamases,
KPC: carbapenemase-producing Kiebsiells prneumonise GEN: gentamicin, MER: mercpenem, AMK: amikacin,
AMP; ampicillin, CXM: cefoxitin, CAZ: ceftazidime, CIP: ciprofloxacin, TMS: trimethoprim-sulfamethoxazole,
AMS: ampicilin-sulbactam, FEP: cefepime, TGC: tigecycline, IMI: imipenem, PTZ: piperacillin-tarobactam,
CLD: clindamycin, ERI: erythromycin, OXA: axacillin, LVX: levofloxscin.

- J

Table 1. Resistance mechanisms in microorganisms isolated from patients with VAP admitted to the adult ICU of
Hospital Nacional de Itaugua from 2022-2024 (n: 31)
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Discussion

Attributable mortality of VAP has been the
subject of intense academic debate due to the
complexity of isolating the direct impact of the
infection from the intrinsic confounding factors
of critically ill patients. However, the most
recent scientific evidence has begun to clarify
this scenario, suggesting that VAP contributes
substantially and directly to fatal outcomes.
A contemporary multicenter study of great
relevance demonstrated that the presence of
VAP is associated with a significantly higher
risk of death at 60 days, with an adjusted
hazard ratio of approximately 1.8 compared
to patients with similar characteristics who
did not develop the infection (4. This finding
is fundamental, as it reinforces the notion
that VAP is not merely a coincidental event
in patients with poorer baseline prognosis,
but rather adds its own specific mortality
burden. Consequently, the implementation of
strategies aimed at reducing its incidence and
ensuring optimal treatment directly represents
a critical opportunity to improve overall survival
rates in ICUs.

With regard to therapeutic management,
the current trend is clearly oriented toward
optimization and prudent use of antimicrobial
resources. The REGARD-VAP clinical trial
has marked a milestone in this transition by
demonstrating that an individualized short-
course antibiotic treatment strategy, ranging
from 3to 7 days and guided by clinical response
and culture results, is not inferior to longer
conventional regimens in terms of mortality
or recurrence (9. This paradigm shift allows
for a significant reduction in unnecessary
antibiotic exposure without compromising
patient safety, which is essential to mitigate
the selection of multidrug-resistant pathogens
and minimize systemic adverse effects. Thus,
modern therapy for VAP is evolving toward
personalized management based on dynamic
patient assessment and judicious use of broad-
spectrum agents, prioritizing clinical efficacy
over predetermined treatment duration.

Complementarily, success in the management
of VAP relies on robust prevention based
on the rigorous implementation of critical
care “bundles.” These preventive strategies
integrate key interventions such as maintaining
the head of the bed elevated, oral hygiene with
specific antiseptics, continuous subglottic
suctioning, and daily interruption of sedation
to facilitate weaning and early mobilization (-
20). The consistent and disciplined application
of these multifactorial protocols has proven
to be extraordinarily effective, achieving
marked reductions in infection rates. In fact,
the literature currently reports units that have
achieved rates close to zero, validating the
premise that minimal incidence is an attainable
clinical goal when sustained preventive efforts
are maintained (9.

In summary, the integration of evidence-
based prevention, accurate diagnosis, and
optimized antibiotic treatment constitutes
the fundamental pillar for addressing the
persistent challenge of VAP and improving the
prognosis of critically ill patients.

Conclusion

In the present study, the mean severity scores
at admission were APACHE Il = 11 (SD 4) and
SOFA = 2 (SD 1). VAP was predominantly of
late onset. The most common resistance
pattern consisted of simultaneous multidrug
resistance to multiple antibiotic classes;
specifically, combined resistance to ampicillin-
sulbactam, amikacin, ciprofloxacin, cefepime,
meropenem, imipenem, ceftazidime, and
piperacillin/tazobactam was found in one third
of the isolates. Additionally, carbapenemases
were detected in 14% of isolates (mainly KPC-
producing K. pneumoniae). The most recent
clinical guidelines on VAP provide an updated
framework for its management and prevention,
integrating the evidence discussed.

These guidelines emphasize the importance
of individualizing initial empirical treatment
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according to local bacterial resistance
patterns and patient-specific risk factors.
Both main guidelines agree in recommending
short courses of antibiotics (=7 days) for
most patients with VAP who show good
clinical evolution, in order to limit unnecessary
antimicrobial exposure. Likewise, a pragmatic
diagnostic approach is promoted: one
guideline discourages the routine use of
invasive techniques with quantitative cultures,
favoring non-invasive methods to identify the
causative pathogen, while the other considers
both approaches valid. On the other hand,
although neither guideline recommends the
routine use of biomolecular markers such as
procalcitonin to establish the diagnosis of
VAP, there is some discrepancy regarding its
serial use to shorten the duration of antibiotic
therapy.

In conclusion, the integration of these
updated recommendations and evidence-
based therapeutic and preventive strategies
is essential to improve clinical outcomes in
VAP. A multidisciplinary approach, aligned with
guidelines and adapted to the local context, will
allow optimization of care for these critically ill
patients and more effective management of
the challenges posed by this condition.
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