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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 bla,,. 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 B-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 bla,,. 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
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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 bla, . gene [9].
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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 ul 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 bla,,. gene was amplified from DNA extracted from the
Enterobacterales isolates using the alkaline hydrolysis method
[11]. The PCR reaction (final volume of 25 pl) included 3 pl of
template DNA, 0.5 pl of each primer (forward and reverse), and
21 pl 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 (¥?) 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



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. preumoniae 39 24 61.5%

Total K. pneumoniae isolates 81 57 70.4%
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Table 4. Antimicrobial susceptibility pattern and resistance mechanisms in microorganisms isolated from patients with VAP,

Microorganism Ne Antimicrobial Sensitivity Pattern Antimicrobial Resistance Pattern Resistance Mechanisms
. AMP, CTX, CRO, CAZ, CIP, TMS, AMS,
K. pneumoniae 33 GEN, MER, AMK, ETP, IMP CXM. CTN, FEP ESBL
AMP, CTX, CRO, CAZ, CIP, TMS, AMS,
K. pneumoniae 42 AMK GEN, MER, CTN, FEP, CXM, ETP, IMP, KPC
NOR
CRO, CIP, AMS, GEN, CTN,
K. pneumoniae 6 AMK, ETP, CTX, CAZ, TMS, AMP -
CXM, MER, FEP
. FOX, GEN, MER, IMI, TGC,
E. coli 9 AMK, ETP. DOR PTZ, CRO, CAZ, CIP, AMS, FEP ESBL
. CRO, CAZ, FOX, GEN, MER,
E. coli 2 IMI, FEP, TGC, AMK, ETP, DOR MS, PTZ, CIP N
E. coli 1 AMK, TGC CRO, CAZ, CIP, AMS, GEN, MER, DOR, IMI KPC
CTX, CRO, CAZ, CIP, TMS,
E. cloacae 6 GEN. MER. FEP, AMK, ETP CXM, CTN -
E. cloacae 2 CIP, TMS, AMK i/ﬁ;’aCTX’ CRO, CAZ, CXM, CTN, ETP, KPC
ETP, MER, CTX, CRO, CAZ, CIP, TMS,
K. aerogenes 4 GEN, AMK CXM, CTN KPC
CAZ, GEN, MER, IMI, PTZ, FEP,
K. aerogenes 3 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 -
CIP, TMS, TET, GEN, RIF, OXA,
S. aureus 2 E, VA, LEV, DA, TGC, LNZ, P -
FOX, MFX
Inducible clindamycin
CIP, TMS, RIF, VA, LEV, LNZ, resistance: Positive;
S. aureus 1 MEX FOX, GEN, TET, P, OXA, E, DA 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 églﬁ’ CTX, CRO, CAZ, CIP, SAM, CXM, ESBL
. CIP, TMS, GEN, VA, LEV, DA,
S. hominis 1 LNZ. FOX RIF, PEN, E, LNZ -
Lo CIP, TMS, GEN, RIF, VA, LEV, Methicillin-resistant
S. sciuri 1 LNZ. MFX, DA FOX, OXA, P, E (mecA +)

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 bla,,. gene,
demonstrating complete concordance between the resistance
phenotype and the corresponding genotype.

Specific primers targeting the bla,,. gene enabled the
successful amplification of a 538-bp fragment in K. pneumoniae
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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.
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Figure 2. Agarose gel electrophoresis analysis of PCR products amplified using primers specific for the bla, . 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 bla,, . 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.
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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.



Future studies should incorporate systematic SARS-CoV-2
screening to better delineate its contribution to VAP risk and
microbial etiology.

Duranetal. [ 18] reportthat VAP isone 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 B-lactams. The
production of ESBLs and carbapenemases, together with the
presence of resistance genes such as mec4, 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
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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 Garcia 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], Fernandez 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



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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