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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Ventilator-associated pneumonia is one of the most common 

nosocomial infections in patients receiving mechanical 
ventilation for more than 48 hours. This study aimed to 
characterize the antimicrobial susceptibility profile of 
microorganisms isolated from patients with Ventilator-
associated pneumonia in a hospital in Ecuador. A descriptive, 
retrospective, cross-sectional study was conducted between 
April 2020 and April 2021. A total of 132 positive bronchial 
secretion samples obtained from patients diagnosed with VAP 
were analyzed. Bacterial identification was performed using the 
Phoenix M50 automated system, and antimicrobial susceptibility 
testing was carried out according to Clinical and Laboratory 
Standards Institute guidelines. Isolates resistant to meropenem 
were further evaluated by phenotypic methods and molecular 
confirmation of the blaKPC gene. The study period coincided 
with the COVID-19 pandemic, during which a substantial 
proportion of ICU admissions were related to severe SARS-
CoV-2 pneumonia requiring prolonged mechanical ventilation. 
Klebsiella pneumoniae was the predominant pathogen (61.4%), 
including 33 extended-spectrum β-lactamase producing strains 
and 42 KPC-producing isolates. In Escherichia coli, the ESBL 
phenotype predominated, and one KPC-producing isolate 
was identified. KPC-producing strains were also detected in 
Enterobacter cloacae and Klebsiella aerogenes, with molecular 
confirmation of the blaKPC gene. The high prevalence of 
multidrug-resistant pathogens, together with the pandemic 
context and the associated high mortality, highlights the urgent 
need to strengthen microbiological surveillance, infection 
control measures, and therapeutic strategies in intensive care 
units.

Key words. Pneumonia, mechanical ventilation, Klebsiella 
pneumoniae, mortality, resistance, antibiotics.
Introduction.

Ventilator-associated pneumonia (VAP) is a significant form 
of hospital-acquired pneumonia. This condition develops as 
an infection of the lung parenchyma after patients have been 
intubated and receiving mechanical ventilation for more than 48 
hours or have undergone tracheostomy [1,2].

VAP is classified into two groups according to the duration 
of mechanical ventilation: early-onset VAP typically appears 
within the first four days after orotracheal intubation, with the 
most common pathogens being Streptococcus pneumoniae, 
Haemophilus influenzae, methicillin-susceptible Staphylococcus 

aureus, and occasionally Enterobacterales [3]. Conversely, late-
onset VAP is acquired in intensive care units five days after 
the initiation of mechanical ventilation. Patients with late-onset 
VAP are at increased risk because the pathogens associated with 
this infection are primarily multidrug-resistant microorganisms 
such as Pseudomonas aeruginosa, Acinetobacter baumannii, 
and methicillin-resistant S. aureus (MRSA) [4].

Patients admitted to the ICU undergoing ventilation have 
various conditions, such as critical illness, comorbidities, 
and malnutrition, which affect their immune system. In non-
intubated, healthy patients, defense mechanisms such as 
mucociliary clearance, coughing, and cellular and humoral 
immune responses prevent bacterial colonization by reacting 
when bacteria reach the airway [5].

In mechanically ventilated patients, unconsciousness prevents 
the clearance of oropharyngeal secretions, leading to increased 
oral colonization. Bacteria present in these secretions, passing 
through the tracheal tube, form a biofilm that reaches the distal 
airways and can cause pneumonia. Endotracheal intubation 
suppresses the cough reflex, hinders mucociliary clearance, 
damages the tracheal epithelial surface, and facilitates the 
passage of pathogenic bacteria from the upper to the lower 
respiratory tract [5].

The treatment of VAP heavily relies on antibiotics. The 
correct choice of these drugs and the duration of treatment 
are crucial to combat the infection, avoid complications, and 
prevent bacterial resistance. Factors influencing this decision 
include the duration of ventilation, the onset of pneumonia, and 
culture results. Additionally, patient characteristics, such as 
prior illnesses or previous treatments, also guide the selection 
of the most appropriate antibiotics [6].

Antimicrobial resistance, particularly in Gram-negative 
bacilli such as Enterobacterales and non-fermenters (mainly P. 
aeruginosa, A. baumannii, and Stenotrophomonas maltophilia), 
constitutes a growing challenge in the hospital setting. These 
multidrug-resistant (MDR) pathogens, often producers of 
enzymes such as ESBL, AmpC, or MBL, are responsible for a 
significant proportion of nosocomial infections, particularly in 
patients with VAP [7]. Studies have shown that the prevalence 
of these microorganisms is higher in late-onset infections, which 
is attributed to factors such as prolonged hospital stays and prior 
antibiotic use. The variability in etiological agents depends on 
the hospital environment and the characteristics of the patient 
population [5].
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Given the high morbidity and mortality associated with VAP, 
and considering the growing global problem of antimicrobial 
resistance, this study aimed to characterize the antimicrobial 
susceptibility profile of microorganisms isolated from patients 
with VAP in an Ecuadorian hospital.
Materials and Methods.
Study design:

A non-experimental, descriptive, retrospective, cross-sectional 
study was conducted.
Population and Sample: 

The initial population consisted of 237 medical records of 
patients diagnosed with VAP, all of whom had undergone 
microbiological culture at the IESS Hospital Microbiology 
Service between April 2020 and April 2021. The final sample 
included 132 cases with positive bronchial or tracheal secretion 
cultures (i.e., with documented microbial growth). Negative 
cultures, as well as samples reported as contaminated or 
insufficient, were excluded from the analysis.

The study period coincided with the global COVID-19 
pandemic. Therefore, SARS-CoV-2 infection status was 
recorded whenever available from clinical records. A 
substantial proportion of patients admitted to the intensive care 
unit presented with severe COVID-19-associated pneumonia 
requiring invasive mechanical ventilation. This epidemiological 
context was considered when interpreting the incidence of VAP 
and the distribution of isolated microorganisms. Nevertheless, it 
should be noted that, due to the limited availability of RT-PCR 
testing during the early phase of the pandemic in Ecuador, not 
all patients had laboratory-confirmed SARS-CoV-2 infection.
Variables:

To assess the association between the antimicrobial 
susceptibility profile and various clinical factors in patients 
with ventilator-associated pneumonia, variables such as isolated 
bacterial species, type of antibiotics, duration of ventilation, 
prior antibiotic treatments, clinical status, age, gender, and 
intensive care unit were analyzed. Clinical outcomes such as 
mortality and length of stay were also evaluated.
Microbiological Processing at the Hospital:

Bronchial secretion samples were obtained by endotracheal 
aspiration and processed in the microbiology laboratory. 
Following Gram staining to assess sample quality, quantitative 
culture was performed on blood, chocolate, MacConkey, 
and mannitol salt agar. Plates were incubated under aerobic 
and microaerophilic conditions at 37°C for 48 hours. 
Isolated colonies were identified by their macroscopic and 
microscopic characteristics and confirmed using the automated 
Phoenix M50 system. Subsequently, their susceptibility to 
different antimicrobials was determined following CLSI 
recommendations [8].

Isolates with resistance to meropenem (inhibition zone 
diameter ≤ established breakpoint) were considered suspected 
carbapenemase producers and selected for confirmatory testing. 
Phenotypic detection of KPC producers was performed using 
the combined disk method with phenylboronic acid (PBA), as 
well as by molecular identification of the blaKPC gene [9].

Confirmatory Phenotypic Test for KPC:
Meropenem-resistant Enterobacterales isolates were evaluated 

using meropenem disks with and without PBA. A bacterial 
suspension adjusted to the 0.5 McFarland standard was prepared 
and plated on Mueller-Hinton agar. One meropenem disk was 
impregnated with 20 μl of PBA (20 mg/ml in dimethylsulfoxide) 
and allowed to dry before placement. Both disks (with and 
without PBA) were placed 30 mm apart and incubated at 37 °C 
for 18–24 hours [9].

A positive result for KPC production was considered when 
the inhibition zone diameter of the disk with PBA was ≥ 5 mm 
larger compared to the disk without PBA [10].
Molecular Detection of the blaKPC Gene:

The blaKPC gene was amplified from DNA extracted from the 
Enterobacterales isolates using the alkaline hydrolysis method 
[11]. The PCR reaction (final volume of 25 μl) included 3 μl of 
template DNA, 0.5 μl of each primer (forward and reverse), and 
21 μl of master mix.

The primers used were:
Forward: 5′-ACGACGGCATAGTCATTTGC-3′
Reverse: 5′-CATTCAAGGGCTTTCTTGCTGC-3′
The expected amplicon size was 538 bp. Amplification 

conditions consisted of initial denaturation at 95 °C for 15 
minutes, followed by 32 cycles of 94 °C for 30 seconds, 
annealing at 58 °C for 90 seconds, and extension at 72 °C, with 
a final extension of 10 minutes at 72 °C.

PCR products were visualized by electrophoresis on a 1.2% 
agarose gel stained with ethidium bromide.
Processing and Analysis Techniques:

Data were analyzed using descriptive statistics, including 
absolute and relative frequencies. Subsequently, inferential 
analysis was performed to assess associations between 
categorical variables. The chi-square (χ²) test was applied to 
evaluate the relationship between age groups and mortality in 
patients with ventilator-associated pneumonia, as well as to 
compare mortality rates between infections caused by KPC-
producing and non–KPC-producing strains. A p-value < 0.05 
was considered statistically significant.
Ethical Considerations:

The hospital administration authorized access to archived data, 
contingent upon the strict protection of the confidentiality of 
information contained in medical records. These data were used 
exclusively for scientific and academic purposes. Furthermore, 
the study was conducted in accordance with ethical principles 
for research involving human subjects, ensuring participants’ 
autonomy and the confidential handling of information. In 
this regard, the study adheres to the fundamental principles of 
bioethics established in the Declaration of Helsinki.
Results.

Table 1. The clinical manifestations presented correspond 
to symptoms observed at the time of ICU admission and are 
related to the underlying condition that required mechanical 
ventilation. These manifestations do not represent symptoms of 
VAP, which developed later during hospitalization.

It is important to note that the study period coincided with the 
global COVID-19 pandemic. In this context, 90.9% of patients 
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presented respiratory symptoms compatible with this infection, 
including dry cough, fever, malaise, and respiratory distress. 
Therefore, the SARS-CoV-2 infection status was recorded 
whenever this information was available in the medical records. 
However, due to the limited availability of RT-PCR testing 
during the first wave of the pandemic in Ecuador, not all patients 
had a laboratory-confirmed diagnosis of COVID-19.

Table 2 presents the demographic characteristics of patients 
who developed VAP, stratified by age group and sex. Of the 132 
VAP patients, the largest number was among males, with 94 
patients (71.2%), while females accounted for 38 cases (28.8%). 
However, no statistically significant association was observed 
between sex and mortality (p = 0.842).

Regarding age distribution, statistically significant differences 
were observed among age groups (p = 0.024). The age group 
with the highest proportion of deaths was 64–73 years, 
representing 26 cases (28.6%), followed by the 34–53 age group 
with 24 cases (26.4%). Patients aged ≥74 years also showed a 
considerable proportion of deaths (20.9%), whereas the 54–63 
age group accounted for 22 deaths (24.2%).

Of the 81 clinical isolates of K. pneumoniae analyzed in 
patients with VAP, an overall mortality rate of 70.4% was 
observed (n = 57). When the cohort was stratified based on 
the pathogen’s resistance profile, mortality was higher in the 
group of patients infected with KPC-producing strains, reaching 
78.6%. In contrast, infections associated with non-KPC-
producing variants had a mortality rate of 61.5%.

Although there was a difference in mortality between KPC-

producing and non-KPC-producing isolates, it did not reach 
statistical significance (p = 0.093). However, the frequency of 
fatal outcomes approaching 80% in the KPC-positive group 
underscores the high intrinsic risk posed by these pathogens in 
the hospital setting (Table 3).

In the 132 patients with VAP, 13 microorganisms were 
isolated. The most frequently found were K. pneumoniae with 
61.4% (81/132), followed by E. coli with 9.1% (12/132) and E. 
cloacae with 6.1% (8/132). Other microorganisms occurred in 
very low percentages (Figure 1).

Table 4 summarizes the antimicrobial susceptibility profiles 
and resistance mechanisms of the isolated microorganisms. 
Microbiological analysis identified K. pneumoniae as the 
predominant pathogen, exhibiting a concerning multidrug-
resistant profile. Among the isolates, 33 were ESBL producers, 
demonstrating resistance to broad-spectrum cephalosporins and 
fluoroquinolones while retaining susceptibility to carbapenems. 
In contrast, 42 isolates were KPC producers, displaying 
extensive resistance that included carbapenems such as 
meropenem, ertapenem, and imipenem.

In E. coli, the ESBL phenotype predominated (9 cases), with 
preserved susceptibility to carbapenems; however, the detection 
of a KPC-producing isolate confirms the dissemination of this 
resistance mechanism to other Enterobacterales. Likewise, 
KPC-producing strains of E. cloacae and K. aerogenes were 
identified, indicating the circulation of carbapenemases across 
multiple genera within the Enterobacterales order.

Among non-fermenting bacilli, P. aeruginosa retained good 

Table 1. Clinical manifestations at ICU admission in patients who subsequently developed VAP.

 Clinical Presentation N (%)
Asthenia, hyporexia, dyspnea 9 (6.8)
Odynophagia 1 (0.7)
Excessive sweating, precordial pain, liquid stools 1 (0.7)
Excessive sweating, precordial pain, liquid stools 1 (0.7)
Dry cough, fever, malaise, and respiratory difficulty 120 (90.9)
Total 132 (100)

Table 2. Demographic characteristics of patients with VAP.

 Variable Survivor (n=41) Deceased (n=91) Total (n=132) p-value
Sex 0.842
Females 12 (31.6%) 26 (68.4%) 38 (28.8%)
Males 29 (30.8%) 65 (69.2%) 94 (71.2%)
Age Groups 0.024*
34-53 18 (43.9%) 24 (26.4%) 42 (31.8%)
54-63 13 (31.7%) 22 (24.2%) 35 (26.5%)
64-73 7 (17.1%) 26 (28.6%) 33 (25.0%)
>74 3 (7.3%) 19 (20.9%) 22 (16.7%)
*p < 0.05 indicates statistical significance using Pearson's chi-square test.

Table 3. Association between KPC-producing K. pneumoniae and mortality in patients with VAP.
Pathogen Type Total Patients (n) Deaths (n) Mortality (%) p-value

KPC-producing K. pneumoniae 42 33 78.6% 0.093
Non-KPC-producing K. pneumoniae 39 24 61.5%
Total K. pneumoniae isolates 81 57 70.4%
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Microorganism N° Antimicrobial Sensitivity Pattern Antimicrobial Resistance Pattern Resistance Mechanisms

K. pneumoniae 33 GEN, MER, AMK, ETP, IMP AMP, CTX, CRO, CAZ, CIP, TMS, AMS, 
CXM, CTN, FEP ESBL

K. pneumoniae 42  AMK
AMP, CTX, CRO, CAZ, CIP, TMS, AMS, 
GEN, MER, CTN, FEP, CXM, ETP, IMP, 
NOR

 KPC

K. pneumoniae 6
CRO, CIP, AMS, GEN, CTN, 
AMK, ETP, CTX, CAZ, TMS, 
CXM, MER, FEP

AMP –

E. coli 9 FOX, GEN, MER, IMI, TGC, 
AMK, ETP, DOR PTZ, CRO, CAZ, CIP, AMS, FEP ESBL

E. coli 2 CRO, CAZ, FOX, GEN, MER, 
IMI, FEP, TGC, AMK, ETP, DOR AMS, PTZ, CIP –

E. coli 1 AMK, TGC CRO, CAZ, CIP, AMS, GEN, MER, DOR, IMI KPC

E. cloacae 6 CTX, CRO, CAZ, CIP, TMS, 
GEN, MER, FEP, AMK, ETP CXM, CTN –

E. cloacae 2 CIP, TMS, AMK FEP, CTX, CRO, CAZ, CXM, CTN, ETP, 
MER KPC

K. aerogenes 4 GEN, AMK ETP, MER, CTX, CRO, CAZ, CIP, TMS, 
CXM, CTN KPC

K. aerogenes 3 CAZ, GEN, MER, IMI, PTZ, FEP, 
TGC, AMK, ETP, DOR CXM, CIP –

P. aeruginosa 6 AMK, MER FEP, CAZ, PTZ, CIP –
S. epidermidis 6 GEN, RIF, VA, LZN, DA CIP, TMS, TET, P, E, LEV, MFX –
S. marcescens 4 ETP, DOR, MER AMK, CRO, CAZ, CIP, GEN, FEP –

S. aureus 2
CIP, TMS, TET, GEN, RIF, OXA, 
E, VA, LEV, DA, TGC, LNZ, 
FOX, MFX

P –

S. aureus 1 CIP, TMS, RIF, VA, LEV, LNZ, 
MFX FOX, GEN, TET, P, OXA, E, DA

Inducible clindamycin 
resistance: Positive; 
Methicillin-resistant 
(mecA +)

B. cepacia 1 MEM, AMK CAZ, TMS, LEV –

E. faecalis 1 LEV, LNZ CIP, AMP, TET, PEN, E, VA Penicillin and vancomycin 
resistant

K. oxytoca 1 TMS, MEM, AMK, ETP AMP, CTX, CRO, CAZ, CIP, SAM, CXM, 
GEN ESBL

S. hominis 1 CIP, TMS, GEN, VA, LEV, DA, 
LNZ, FOX RIF, PEN, E, LNZ –

S. sciuri 1 CIP, TMS, GEN, RIF, VA, LEV, 
LNZ, MFX, DA FOX, OXA, P, E Methicillin-resistant 

(mecA +)

Table 4. Antimicrobial susceptibility pattern and resistance mechanisms in microorganisms isolated from patients with VAP.

GEN: gentamicin, AMK: amikacin, AMP: ampicillin, CTX: cefotaxime, CRO: ceftriaxone, CAZ: ceftazidime, CIP: ciprofloxacin, TMS: trimethoprim-
sulfamethoxazole, AMS: ampicillin- sulbactam, CXM: cefuroxime, CTN: cephalothin, FEP: cefepime, NOR: norfloxacin, TGC: tigecycline, FOX: 
cefoxitin, IMI: imipenem, MER: meropenem, DOR: doripenem, ETP: ertapenem, PTZ: piperacillin. tazobactam, RIF: rifampicin, VA: vancomycin, 
LNZ: linezolid, DA: clindamycin, TET: tetracycline, P: penicillin, E: erythromycin, LEV: levofloxacin, MFX: moxifloxacin, OXA: oxacillin.

susceptibility to amikacin and meropenem. Regarding Gram-
positive cocci, one methicillin-resistant S. aureus (mecA-
positive) isolate with inducible clindamycin resistance was 
confirmed, as well as methicillin resistance in S. sciuri. 
Additionally, an E. faecalis isolate exhibiting concurrent 
resistance to penicillin and vancomycin was identified, 
representing a significant therapeutic challenge.

Of the 49 isolates phenotypically consistent with KPC 
production, 100% (n = 49) were positive for the blaKPC gene, 
demonstrating complete concordance between the resistance 
phenotype and the corresponding genotype.

Specific primers targeting the blaKPC gene enabled the 
successful amplification of a 538-bp fragment in K. pneumoniae 

isolates exhibiting a phenotype consistent with KPC production 
by polymerase chain reaction (PCR). Figure 2 presents the 
results obtained from the amplification process.
Discussion.

VAP is one of the most frequent acquired infections in the 
ICU. Reported incidences vary widely, ranging from 5% to 
40%, depending on the setting and diagnostic criteria. The 
estimated attributable mortality of VAP is around 10%, with 
even higher mortality rates in surgical ICU patients [13].

Céspedes et al. [14] report that VAP develops in patients who 
have been receiving mechanical ventilation for more than 48 
hours, with clinical manifestations that may vary depending on 
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Figure 1. Microorganisms isolated in VAP in hospitalized patients.

 

Figure 1. Microorganisms isolated in VAP in hospitalized patients. 

 

 

 

 

 

 

 

 

 

Figure 2. Agarose gel electrophoresis analysis of PCR products amplified using 
primers specific for the blaKPC gene from the isolated samples. Lane M: 1 kb 
DNA size marker (100–1000 bp); Lane C−: negative control; Lane C+: positive 
control; Lanes 1, 2, 4, 5, 6, 7, 8, and 9: K. pneumoniae isolates positive for the 
blaKPC gene; Lane 3: empty well (no sample loaded). 
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Figure 2. Agarose gel electrophoresis analysis of PCR products amplified using primers specific for the blaKPC gene from the isolated samples. Lane 
M: 1 kb DNA size marker (100–1000 bp); Lane C−: negative control; Lane C+: positive control; Lanes 1, 2, 4, 5, 6, 7, 8, and 9: K. pneumoniae 
isolates positive for the blaKPC gene; Lane 3: empty well (no sample loaded).

the underlying etiology and severity of the infection. Similarly, 
Karunarathna et al. [15] describe that symptoms such as 
cough, sputum production, fever, and chest pain are commonly 
associated with pneumonia. In the specific context of VAP, 
additional clinical findings—including leukocytosis, purulent 
respiratory secretions, abnormalities in blood gas parameters, 
and persistent fever—are considered key indicators supporting 
the diagnosis of nosocomial pneumonia.

In our study, 90.9% of patients were admitted to the ICU 
presenting respiratory symptoms such as dry cough, fever, 
malaise, and respiratory distress. However, these manifestations 
correspond to the clinical condition present at the time of 
ICU admission and are related to the underlying disease that 
required mechanical ventilation. Therefore, they should not 
be interpreted as symptoms of VAP, which was diagnosed 
subsequently during the course of hospitalization.

The study period coincided with the COVID-19 pandemic, a 
context that significantly influenced the characteristics of the 
analyzed population. During this time, a high proportion of ICU 
admissions corresponded to severe SARS-CoV-2 pneumonia 
requiring prolonged mechanical ventilation. As shown in 
Table 1, 90.9% of patients presented with symptoms consistent 
with SARS-CoV-2 infection (dry cough, fever, malaise, and 
respiratory difficulty), suggesting that many were intubated 
due to COVID-19-associated pneumonia. This epidemiological 
scenario likely contributed to the high prevalence of multidrug-
resistant Gram-negative pathogens, given that critically 
ill COVID-19 patients are at increased risk of developing 
secondary bacterial infections and VAP [16,17]. Although not 
all cases had laboratory-confirmed SARS-CoV-2 infection due 
to limited RT-PCR testing availability during the early phase of 
the pandemic, the clinical presentation supports this association. 
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Future studies should incorporate systematic SARS-CoV-2 
screening to better delineate its contribution to VAP risk and 
microbial etiology.

Durán et al. [18] report that  VAP is one of the leading nosocomial 
infections in ICUs, largely due to the continuous exposure of 
the respiratory tract to potentially pathogenic microorganisms. 
This condition promotes colonization of the upper respiratory 
tract and impairment of host defense mechanisms, facilitating 
the aspiration of contaminated secretions into the lungs or 
their hematogenous dissemination, which may result in acute 
bacterial pneumonia. Furthermore, bacteria adhering to the 
endotracheal tube can form biofilms that protect them from 
host immune responses and may subsequently dislodge into the 
lower respiratory tract [19]. 

Although mechanical ventilation is essential for the support of 
critically ill patients, it also compromises pulmonary clearance 
mechanisms, thereby increasing the risk of VAP [20] For 
etiological diagnosis, the most commonly used specimens are 
endotracheal aspirates and bronchoalveolar lavage fluid [21]. 
In addition, antibiotic prophylaxis and routine antimicrobial 
susceptibility testing influence the resistance patterns of the 
pathogens involved [22].

In the present study, K. pneumoniae was the most frequently 
isolated microorganism (61.4%), followed by E. coli (9.1%) 
and E. cloacae (6.1%). These findings are consistent with 
previous reports indicating that 38% to 50% of VAP cases are 
attributable to Gram-negative bacteria [23-25].

In addition to K. pneumoniae, other VAP-associated pathogens 
were identified, including E. coli, E. cloacae, K. oxytoca, non-
fermenting bacilli, and S. aureus, many of which exhibited 
multidrug-resistant profiles, particularly against β-lactams. The 
production of ESBLs and carbapenemases, together with the 
presence of resistance genes such as mecA, confers a substantial 
capacity for therapeutic evasion. In this setting, VAP caused 
by multidrug-resistant organisms represents a major clinical 
challenge due to its high morbidity and mortality, despite 
available therapeutic strategies [26,27] 

Similarly, Mohapatra et al. [28] reported K. pneumoniae, 
A. baumannii, P. aeruginosa, E. coli, and S. aureus as the 
predominant pathogens and additionally documented cases of 
Elizabethkingia meningoseptica. In their study, Enterobacterales 
exhibited high susceptibility to tigecycline, whereas A. 
baumannii and E. meningoseptica showed greater susceptibility 
to minocycline; all S. aureus isolates were susceptible to 
vancomycin and linezolid.

Carbapenemase-producing Enterobacterales, particularly 
KPC-producing K. pneumoniae, are spreading rapidly 
worldwide. In the present study, 42 KPC-producing isolates 
were identified. In E. coli, the ESBL phenotype predominated 
(9 cases), with preserved susceptibility to carbapenems; 
however, the detection of a KPC-producing isolate confirms 
the dissemination of this resistance mechanism to other 
enterobacterial species. Furthermore, the identification of KPC 
in E. cloacae and K. aerogenes underscores the circulation of 
carbapenemases across multiple genera.

The high prevalence of carbapenem-resistant Gram-negative 
bacilli represents a serious public health concern, given its 

association with elevated in-hospital mortality rates that 
may reach up to 70% [29]. In this context, early diagnosis of 
pneumonia caused by these pathogens is critical to ensure the 
timely initiation of targeted antimicrobial therapy, improve 
clinical outcomes, and support efforts to contain antimicrobial 
resistance and healthcare costs [30].

The mortality of carbapenemase-producing K. pneumoniae 
infections varies between 22% and 72%, depending on variables 
such as patient age and comorbidities. The differentiation 
between colonized and infected patients is one of the factors that 
complicates a more accurate estimate of mortality. The largest 
multicenter study to date on carbapenemase-producing K. 
pneumoniae infections found that the highest mortality occurs 
in VAP and bacteremia, with a mortality rate around 40% [31].

The analysis of the demographic characteristics of the cohort 
of patients with VAP reveals relevant trends that align with 
the literature and provide insights into factors associated with 
mortality. It is important to consider that the study period 
coincided with the COVID-19 pandemic, a context that 
substantially modified the clinical profile of patients admitted 
to ICUs. During this stage, a high proportion of admissions 
were related to severe pneumonia caused by SARS-CoV-2, 
a condition that frequently required prolonged mechanical 
ventilation and increased the risk of developing nosocomial 
infections, particularly VAP.

In the series analyzed, a clear predominance of the male sex 
was observed, accounting for 71.2% (94/132) of cases, a finding 
consistent with that reported by García et al. [32]. However, no 
statistically significant association was evidenced between sex 
and mortality (p = 0.842), suggesting that although men have 
a higher incidence of VAP, biological sex does not constitute 
a determining factor in fatal outcomes once the infection is 
established.

In contrast, age was identified as a determining prognostic 
factor, with a statistically significant association observed with 
mortality (p = 0.024). The highest proportion of deaths was 
concentrated in patients aged 64 to 73 years (28.6%), followed 
by the 34 to 53 years group (26.4%) and the 54 to 63 years 
group (24.2%). The elevated mortality in the age group over 
60 years coincides with that described by Zamora et al. [33] 
and Velasco et al. [34], who attribute this susceptibility to 
immunosenescence and associated comorbidities. Likewise, the 
mortality recorded in the ≥74 years group (20.9%) confirms the 
vulnerability of older adult patients, in agreement with reports 
by Aquino et al. [35], Fernández et al. [36], and Garay et al. 
[37].

In the pandemic context, these findings acquire special 
relevance, as patients with severe COVID-19 undergoing 
prolonged mechanical ventilation presented a higher risk of 
developing VAP. The combination of prior lung damage due 
to SARS-CoV-2, immunosuppression associated with critical 
illness, and prolonged ICU stays created a conducive scenario 
for the development of secondary bacterial infections, which 
could have contributed both to the increased incidence and to 
the elevated mortality observed in the older age groups.

This study identified K. pneumoniae as the primary etiological 
agent of VAP, with a high prevalence of KPC-producing 
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strains, particularly among hospitalized older adult males. The 
predominance of this resistance mechanism, together with 
the high observed lethality, underscores the clinical severity 
of these infections and the challenges they pose for effective 
management. In this context, these findings are of significant 
public health concern, as they reflect the growing burden of 
multidrug-resistant pathogens in the hospital setting. Consistent 
with these observations, the overall mortality rate reached 70.4% 
among patients with K. pneumoniae-associated VAP. Although 
infections caused by KPC-producing strains showed higher 
mortality (78.6%) compared to non-KPC-producing isolates 
(61.5%), the difference did not achieve statistical significance 
(p = 0.093), possibly due to the sample size or the influence of 
concomitant clinical factors. Nevertheless, this trend suggests 
a clinically meaningful impact, likely related to the limited 
availability of effective therapeutic options and the increased 
complexity of patient management, highlighting the importance 
of early detection and optimization of treatment strategies.

Additionally, the data collection period coincided with the 
COVID-19 pandemic, which may have influenced the clinical 
characteristics of the study population. During this time, 
a substantial proportion of intensive care unit admissions 
involved patients with severe SARS-CoV-2 pneumonia, often 
complicated by acute respiratory failure requiring prolonged 
mechanical ventilation. This scenario has been associated 
with an increased risk of VAP and secondary bacterial 
infections caused by multidrug-resistant organisms. Therefore, 
this epidemiological context should be considered when 
interpreting the high prevalence of resistant Gram-negative 
bacteria observed in this study and reinforces the urgent need to 
strengthen infection prevention and control strategies, as well as 
to optimize therapeutic approaches to reduce mortality and limit 
the spread of these pathogens in critical care settings.
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