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ABSTRACT

Article history:

Introduction: In mechanically ventilated patients, ventilator-associated pneumonia (VAP) is a
major cause of prolonged hospitalization with increased morbidity and mortality. There is a lack of
studies on the relationship between bacterial colonization of the ventilator circuit (VC) and VAP.
This study aimed to investigate the role of bacterial colonization of VC in the development of VAP
and identify antibiotic susceptibility trends for isolated strains.
Methods: A prospective study of the bacterial culture has been performed between February 2021
to March 2021 on a total of 100 mechanically ventilated patients, (n =50) samples have been
obtained from patient's lower respiratory tract (LRT) and (n =50) were taken from mechanical
ventilator equipment VC. Paired samples of bacteria isolated from VC and LRT, where VC was
colonized before LRT.
Results: A total of 58 samples were cultured positively, while 42 specimens showed negative
bacterial growth. However, there was no substantial difference in comparing between the
bacterial colonization of the ventilator system and the patient samples. Most isolated organisms
were gram-negative bacteria which were found in the ventilator circuit with 26 (68.4%), and 14
(70%) in patient’s LRT. Gram-positive was detected in 12 (31.6%) and 6 (30%) of the ventilator
circuit, and patient's LRT, respectively. The predominant bacterial type was Acinetobacter
baumannii organism at the VC with 10 (26.3%) and LRT at 4 (20%) followed by Klebsiella
pneumoniae (8 (21.1%) in VC and 4 (20%) in LRT). Moreover, A. baumannii showed a full
resistance to amoxicillin and the first generation of cephalosporins, while the other bacterial types
were resistant to the most antibiotics used in this research.
Conclusions: Bacterial colonization of ventilator circuit VC is a significant cause of VAP
development in mechanically ventilated patients. Preventive strategies for the early detection and
decontamination of contaminated VC can play a crucial role in ventilator-associated pneumonia
prevention.
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1. INTRODUCTION
The infections acquired by the intensive care unit are a
major cause of worldwide morbidity and death. [1].
Patients of the intensive care units (ICUs) are more
defenseless against different nosocomial diseases because
of their basic diseases and introduction to different invasive
medical devices [2]. Critical patients admitted to ICUs are
always at increased risk of developing different antibioticresistant organism infections [3]. The incidence of
ICU‑acquired infections is notably greater in developing
countries than in industrialized countries, various between
4.4% and 88.9% [2]. In fact, in developing countries, the
rate of device-related infections, especially ventilatorassociated pneumonia accompanied by central venous
catheter-related infections of the bloodstream occurs at a
higher level than in the nations of Europe and the United
States [4].
In clinical practice, patients with acute respiratory failure
or severe diseases must use ventilators for life support [2,
4]. The American Association for Respiratory care clinical

practice guidelines states that the ventilator system used for
critically ill patients does not need to be changed daily for
infection control [5]. Furthermore, pneumonia may develop
following contamination of respiratory therapy equipment,
such as the ventilator circuit (VC). However, the maximum
time until which a system can be continually used safely
remains unknown. The correlation between ventilatorassociated pneumonia (VAP) and heated or unheated
humidifiers, the type of humidifier, humidifier water refill
method, and removal of condensate water from the system
is still uncertain. Currently, research into ventilator system
contamination is limited in Libya.
VC contamination frequently occurs after ventilation and
may raise the risk of pneumonia in mechanically ventilated
patients [6]. After ventilation, different parts of both reused
and disposable VCs have been reported to be colonized [7].
Besides, VC-isolated bacteria are highly similar to those of
lower respiratory tract (LRT) patients [11]. Hospitalacquired pneumonia (HAP), Nosocomial pneumonia (NP),
and VAP are significant causes of morbidity and mortality
in hospitalized patients despite advances in antimicrobial
therapy and better supportive care modalities [8, 9].
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Aerobic, gram-negative bacilli, such as Pseudomonas
aeruginosa, Klebsiella pneumoniae, and Acinetobacter
species, are common pathogens causing NP [7]. Thus, VC
is an essential pathogens source that can cause infection if
aspirated by patients [10]. The selection of antimicrobial
agents active against the microorganisms associated with
NP seemed to be an important determinant of hospital
mortality [11, 12] Appropriate antimicrobial therapy when
initiated early, was shown to reduce mortality among
critically ill patients with NP [11, 13-15]. More rapid
identification of infected patients and accurate selection of
antimicrobial agents represent important goals. This study
aims to determine the distribution of common
microorganisms that are involved in the contamination of
ventilator systems, and its association with development of
VAP in addition to antibiotic susceptibility patterns of
isolated strains.
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agar plates, and were incubated at 37°C for 24 hours, and
then gram staining of bacterial colonies was performed.
Isolation and identification of different bacterial strains of
positive cultures were performed using API20E and
conventional biochemical tests including (Catalase,
Coagulase, oxidase, indole, urease). Furthermore, after
identifying the type of bacteria, the resistance and
sensitivity pattern of bacterial types were identified and
screened by using anti-microbial susceptibility testing [17,
18]. Muller–Hinton agar was used to investigate the
susceptibility of studied isolated by using the following
antibiotics Amikacin )AN(, Amoxicillin )AMC(,
Aztreonam )ATM), Cephalexin (CEP), Ciprofloxacin
(CIP), Ceftriaxone (CRO), Gentamycin (GN), Cefoxitin
(FOX), Imipenem (IPM), Levofloxacin (LVX),
Meropenem
(MEM),
Sulfamethoxazole
(SMZ),
Tobramycin (TM), Vancomycin (VA). Once the data was
collected, it was entered into an Excel sheet for statistical
analysis.

2. MATERIALS AND METHODS
This prospective study was performed from February 2021
to March 2021. Mechanically ventilated adult patients
admitted to the Intensive Care Unit of Medical Center
Hospital in Tripoli city Libya were enrolled. The major
diagnoses of the patients on admission were hospitalized at
general medical wards. Patients were excluded if ventilated
more than 48 hours at admission to the ICU. In the study
we recruited 50 swabs from ventilator machines were taken
on day 2 after receiving mechanical ventilation (MV) and
the other 50 samples of the patient's LRT were collected at
day 5 after MV. Furthermore, Endotracheal Aspiration
(ETA) was used to obtain LRT samples which is a
common procedure within intensive care units is the
suctioning of respiratory secretions in patients for bacterial
culture. Clinical characteristics liked radiography was
taken to verify that selected patients are non-VAP patients.
Approval for the study was given by the appropriate ethics
committees. A definite diagnosis of VAP was confirmed
by positive culture of ETA (>105 CFU/mL) [16]. Cultures
with lower colony count were considered as colonization or
contamination.
The strains were isolated and cultured according to the
operating rules of clinical examination in the Tripoli
Medical Hospitals.
Specimens were analyzed at microbiology facilities of
infection control laboratory and Al-Farabi private
laboratory in Tripoli. The samples were immediately
inoculated under aseptic conditions into nutrient agar plates
and aseptically subculture on the specific medium
including MacConkey agar, mannitol salt agar, and blood

3. RESULTS
Out of the 100 specimens divided equally between
ventilator circuits and lower respiratory tract patients were
analyzed. Only 58 samples were culture positively. This
number of isolated strains was detected among VC after 1
day of MV and patient’s LRT after 5 days from MV (38
(65.5%), 20 (34.5%)) respectively, whereas the remaining
samples showed no microbial growth after the incubation
period. The most common organism isolated was gramnegative from the ventilators (26, 68.4%) and mechanically
ventilated patient's LRT were 14 (70%). Other isolates
were Gram-positive from the patient’s LRT were 6 (30%)
and from Ventilator circuits were 12 (31.6%) as shown in
Table 1.
Table 1. Distribution of bacteria types of isolates
Ventilator
Patients (Lower
machine
Type of isolates
Respiratory tract)
(Circuit-Suction)
n= 20 (34.5%)
n=38 (65.5%)
12(31.6%)
6(30%)
Gram positive
26 (68.4%)
14 (70%)
Gram negative

Moreover, bacteria isolated from VC are at high level of
similarity with those from patient's LRT. Amongst the
bacterial isolates Acinetobacter baumannii was the most
frequent organism at the VC and LRT with 10 (26.3%) and
4 (20%) respectively, followed by Klebsiella pneumonia (8
(21.1%)) in ventilator machine and patients’ samples 4
(20%). Staphylococcus aureus accounting was 6 (15.9%)
in VC and 4 (20%) in patient's LRT, whereas the last
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Table 2. Organisms isolated from ventilator circuits and patients’ lowe respiratory tracts
Ventilator machine (CircuitPatients (Lower respiratory
Number of total isolated
Species of isolates
Suction)
tract)
n=58
n=38 (65.5%)
n=20 (34.5%)
14 (24.1%)
10 (26.3%)
4 (20%)
A. Baumannii
12 (20.7%)
8 (21.1%)
4 (20%)
K. pneumoniae
10 (17.2%)
6 (15.9%)
4 (20%)
S. aureus
8 (13.8%)
6 (15.8%)
2 (10%)
S. epidermidis
6 (10.4%)
4 (10.5%)
2 (10%)
P. aeruginosa
6 (10.4%)
4 (10.5%)
2 (10%)
S. marcescens
2 (3.4%)
0 (0%)
2 (10%)
E. coli

isolated species recorded with the lowest percentage, were
Staphylococcus epidermidis, Pseudomonas aeruginosa,
and Serratia marcescens. Escherichia coli were only found
with a small percentage with patient’s LRT as illustrated in
Table 2.
Most bacterial types that isolated in this research were
resistant to the most antibiotic types, Acinetobacter
baumannii showed a full resistance to AMC, GN, and the
first generation of cephalosporins (CEP), and it was
intermediated to the third generation of cephalosporins
(CRO), On the other hand, Klebsiella pneumoniae was also
a fully resistant to GN and most other types of antibiotics,
Staphylococcus epidermidis was sensitive to GN,
Staphylococcus aureus was a fully resistant to FOX, GN
and susceptible to VA. Pseudomona aeruginosa was also
resistant to all types of antibiotics except GN which it was
slightly sensitive to these types of antibiotic disk, E. coli
and Serratia marcescens were sensitive to most antibiotic
disks except AMC which were resistant to this type of
antibiotic as indicated in Table 3.

4. DISCUSSION
A few studies have to date assessed bacterial contamination
of ventilator systems for critical patients. In this research,
the most common organisms isolated from VC were gramnegative bacteria meanwhile A. baumannii organism was
higher in VC than LRT in patients. This finding is similar
to other previous studies, which mentioned that gramnegative bacteria have also been reported to mainly
colonize VC [19]. These results may suggest that gramnegative bacteria from VC may contribute meaningfully to
the formation of VAP. Gramm negative bacteria, which are
frequently isolated from vital healthcare environments and
patients, could play a significant role in VC contamination
[20, 21]. Health-care worker's hands are frequently
contaminated with gram-negative bacteria and possibly
lead to VC contamination during manipulation [22]. S.
aureus, one of the most common VAP pathogens, was also
frequently isolated from VC [8, 23] whereas E. coli was the
lowest isolated bacteria. However, this result was

Table 3. Antibiotic resistance pattern of isolated bacteria from ventilator circuits and patients
Bacterial isolates
n (%)
Antibiotic
A.
K.
S.
P.
S.
MRSA
baumannii
pneumoniae
epidermidis
aeruginosa
marcescens
(n=10)
(n=14)
(n=12)
(n=8)
(n=8)
(n=6)
10 (71.4%)
8 (66.7%)
10 (100%)
8 (100%)
6 (100%)
2 (33.3%)
Amikacin
14 (100%)
12 (100%)
6 (60%)
8 (100%)
6 (100%)
4 (66.7%)
Amoxicillin
14 (100%)
12 (100%)
10 (100%)
6 (75%)
4 (66.7%)
0 (0%)
Aztreonam
12 (85.7%)
10 (83.3%)
10 (100%)
6 (75%)
4 (66.7%)
2 (33.3%)
Cephalexin
14 (100%)
12 (100%)
10 (100%)
8 (100%)
0 (0%)
4 (66.7%)
Ciprofloxacin
4 (28.6%)
12 (100%)
10 (100%)
8 (100%)
0 (0%)
6 (100%)
Ceftriaxone
14 (100%)
12 (100%)
4 (40%)
4 (50%)
2 (33.3%)
2 (33.3%)
Gentamycin
12 (85.7%)
10 (83.3%)
10 (100%)
8 (100%)
4 (66.7%)
2 (33.3%)
Cefoxitin
14 (100%)
8 (66.7%)
10 (100%)
8 (100%)
6 (100%)
4 (66.7%)
Imipenem
14 (100%)
12 (100%)
10 (100%)
8 (100%)
6 (100%)
2 (33.3%)
Levofloxacin
10 (71.4%)
12 (100%)
10 (100%)
8 (100%)
4 (66.7%)
2 (33.3%)
Meropenem
10 (71.4%)
12 (100%)
10 (100%)
8 (100%)
4 (66.7%)
2 (33.3%)
Sulfamethoxazole
12 (85.7%)
12 (100%)
10 (100%)
8 (100%)
2 (33.3%)
0 (0%)
Tobramycin
14 (100%)
12 (100%)
6 (60%)
8 (100%)
2 (33.3%)
0 (0%)
Vancomycin
MRSA: Methicillin-resistant Staphylococcus aureus.

E. coli
(n=2)
2 (100%)
2 (100%)
0 (0%)
0 (0%)
2 (100%)
2 (100%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
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completely different in a report from Iran 2016, E. coli was
the most common pathogen found in respiratory tracts of
ICU patients [7].
However, bacterial colonization of VC was detected at day
1, while LRT was detected until day 5, which made VC
contaminated by patient's secretion less likely in this case.
Clinical characteristics of patients included in this study
demonstrated the patients were not hospitalized at the same
time. This indicated that organism may survive for a period
of time in ICU environment and disseminated to other
patients through VC. Several studies have also reported
outbreaks of VAP caused by pathogens from VC [26, 27].
The purpose of all intensive care units was to minimize
antimicrobial resistance inside the ICUs since the result
was improved and the overall cost and the time of ICU stay
decreased. Severe use of antibiotics contributes to the
appearance of multi-resistant microorganisms in the
environment of the ICU. The current study showed a high
prevalence of antibiotic-resistant organisms. P. aeruginosa
was fully resistant to amikacin (100%), imipenem (100%),
levofloxacin (100%), and cephalexin (66%). while
Ceftriaxone was the most effective antibiotic against P.
aeruginosa in Tripoli hospitals. This result was quite
similar to another study that represented that P. aeruginosa
was also a multidrug-resistant bacteria type [24]. Their P.
aeruginosa isolates showed high resistance to cephalexin
(95.3%), levofloxacin (63.9%), and ceftriaxone (60.9%).
but Amikacin was the most effective antibiotic against P.
aeruginosa followed by imipenem. Our finding showed
that S. epidermidis were fully resist nt to vancomycin
unlike, previous work in Iran, which reported that all cases
of 90% S. epidermidis were sensitive to vancomycin [25].
From this study, we concluded that gram-negative bacteria
had a multi-drug resistant complication as well as grampositive. This finding is most consistent with many of the
previous studies which determined a multi-drug resistant
bacterium to most antibiotic types and that probably related
to misuse of antibiotics.
There are many limitations to our research as well. First,
the sample size is relatively small and the time is short.
Second, local ICU conditions and infection management
strategies may have a direct effect on the outcomes of VC
bacterial colonization.

5. CONCLUSIONS
This study concluded that bacterial colonization of VC is a
major source of causing VAP pathogens in mechanically
ventilated patients. However, the incidence of VAP can be
reduced by infection management strategies to reduce VC
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bacterial colonization and transmission. Further studies are
needed to reduce VC contamination to decrease VAP in
mechanically ventilated patients.

114

IBEROAMERICAN JOURNAL OF MEDICINE 02 (2021) 109-114

6. REFERENCES
1. Vincent JL, Bihari DJ, Suter PM, Bruining HA, White J, Nicolas-Chanoin
MH, et al. The prevalence of nosocomial infection in intensive care units in
Europe. Results of the European Prevalence of Infection in Intensive Care
(EPIC) Study. EPIC International Advisory Committee. JAMA.
1995;274(8):639-44.
2. Esteban A, Anzueto A, Alía I, Gordo F, Apezteguía C, Pálizas F, et al. How
is mechanical ventilation employed in the intensive care unit? An international
utilization review. Am J Respir Crit Care Med. 2000;161(5):1450-8. doi:
10.1164/ajrccm.161.5.9902018.
3. Levin PD, Shatz O, Sviri S, Moriah D, Or-Barbash A, Sprung CL, et al.
Contamination of portable radiograph equipment with resistant bacteria in the
ICU. Chest. 2009;136(2):426-32. doi: 10.1378/chest.09-0049.
4. Esteban A, Anzueto A, Frutos F, Alía I, Brochard L, Stewart TE, et al.
Characteristics and outcomes in adult patients receiving mechanical
ventilation: a 28-day international study. JAMA. 2002;287(3):345-55. doi:
10.1001/jama.287.3.345.
5. Hess DR, Kallstrom TJ, Mottram CD, Myers TR, Sorenson HM, Vines DL, et
al. Care of the ventilator circuit and its relation to ventilator-associated
pneumonia. Respir Care. 2003;48(9):869-79.
6. Craven DE, Goularte TA, Make BJ. Contaminated condensate in
mechanical ventilator circuits. A risk factor for nosocomial pneumonia? Am
Rev Respir Dis. 1984;129(4):625-8.
7. Li YC, Lin HL, Liao FC, Wang SS, Chang HC, Hsu HF, et al. Potential risk
for bacterial contamination in conventional reused ventilator systems and
disposable closed ventilator-suction systems. PLoS One. 2018;13(3):e0194246.
doi: 10.1371/journal.pone.0194246.
8. Hospital-acquired pneumonia in adults: diagnosis, assessment of severity,
initial antimicrobial therapy, and preventive strategies. A consensus statement,
American Thoracic Society, November 1995. Am J Respir Crit Care Med.
1996;153(5):1711-25. doi: 10.1164/ajrccm.153.5.8630626.
9. Porzecanski I, Bowton DL. Diagnosis and treatment of ventilator-associated
pneumonia. Chest. 2006;130(2):597-604. doi: 10.1378/chest.130.2.597.
10. Kalanuria AA, Ziai W, Mirski M. Ventilator-associated pneumonia in the
ICU. Crit Care. 2014;18(2):208. doi: 10.1186/cc13775.
11. Wroblewska MM, Swoboda-Kopec E, Rokosz A, Krawczyk E, Marchel H,
Luczak M. Epidemiology of clinical isolates of Candida albicans and their
susceptibility to triazoles. Int J Antimicrob Agents. 2002;20(6):472-5. doi:
10.1016/s0924-8579(02)00246-7.
12. Geffers C, Zuschneid I, Sohr D, Rüden H, Gastmeier P. [Microbiological
isolates associated with nosocomial infections in intensive care units: data of
274 intensive care units participating in the German Nosocomial Infections
Surveillance System (KISS)]. Anasthesiol Intensivmed Notfallmed Schmerzther.
2004;39(1):15-9. doi: 10.1055/s-2004-815713.
13. Namias N, Samiian L, Nino D, Shirazi E, O'Neill K, Kett DH, et al.
Incidence and susceptibility of pathogenic bacteria vary between intensive care
units within a single hospital: implications for empiric antibiotic strategies. J

Trauma. 2000;49(4):638-45; discussion 645-6. doi: 10.1097/00005373200010000-00010.
14. Winarto W. Prevalence of Extended-Spectrum β-lactamases (ESBL)bacteria of Blood Isolates in Dr. Kariadi Hospital Semarang 2004-2005. M
Med Indones. 2009;43(5):260-8.
15. Tan R, Liu J, Li M, Huang J, Sun J, Qu H. Epidemiology and antimicrobial
resistance among commonly encountered bacteria associated with infections
and colonization in intensive care units in a university-affiliated hospital in
Shanghai. J Microbiol Immunol Infect. 2014;47(2):87-94. doi:
10.1016/j.jmii.2012.11.006.
16. Srinivasan R, Asselin J, Gildengorin G, Wiener-Kronish J, Flori HR. A
prospective study of ventilator-associated pneumonia in children. Pediatrics.
2009;123(4):1108-15. doi: 10.1542/peds.2008-1211.
17. Forbes BA, Sahm DF, Weissfeld AS. Bailey & Scott’s Diagnostic
Microbiology - Text and Study Guide Package. 12th ed. New York: Elsevier;
2007.
18. Mahon C, Lehman D. Textbook of Diagnostic Microbiology. 6th ed. New
York: USA; 2019.
19. Munoz-Price LS, Weinstein RA. Acinetobacter infection. N Engl J Med.
2008;358(12):1271-81. doi: 10.1056/NEJMra070741.
20. Siani H, Maillard JY. Best practice in healthcare environment
decontamination. Eur J Clin Microbiol Infect Dis. 2015;34(1):1-11. doi:
10.1007/s10096-014-2205-9.
21. Kanamori H, Weber DJ, Rutala WA. Healthcare Outbreaks Associated
With a Water Reservoir and Infection Prevention Strategies. Clin Infect Dis.
2016;62(11):1423-35. doi: 10.1093/cid/ciw122.
22. Morgan DJ, Liang SY, Smith CL, Johnson JK, Harris AD, Furuno JP, et al.
Frequent multidrug-resistant Acinetobacter baumannii contamination of
gloves, gowns, and hands of healthcare workers. Infect Control Hosp
Epidemiol. 2010;31(7):716-21. doi: 10.1086/653201.
23. Craven DE, Connolly MG Jr, Lichtenberg DA, Primeau PJ, McCabe WR.
Contamination of mechanical ventilators with tubing changes every 24 or 48
hours. N Engl J Med. 1982;306(25):1505-9. doi:
10.1056/NEJM198206243062501.
24. Radji M, Fauziah S, Aribinuko N. Antibiotic sensitivity pattern of bacterial
pathogens in the intensive care unit of Fatmawati Hospital, Indonesia. Asian
Pac J Trop Biomed. 2011;1(1):39-42. doi: 10.1016/S2221-1691(11)60065-8.
25. Werarak P, Kiratisin P, Thamlikitkul V. Hospital-acquired pneumonia and
ventilator-associated pneumonia in adults at Siriraj Hospital: etiology, clinical
outcomes, and impact of antimicrobial resistance. J Med Assoc Thai. 2010;93
Suppl 1:S126-38.
26. Yoo JH, Choi JH, Shin WS, Huh DH, Cho YK, Kim KM, et al. Application
of infrequent-restriction-site PCR to clinical isolates of Acinetobacter
baumannii and Serratia marcescens. J Clin Microbiol. 1999;37(10):3108-12.
doi: 10.1128/JCM.37.10.3108-3112.1999.
27. Schulz-Stübner S, Schmidt-Warnecke A, Hwang JH. VRE transmission via
the reusable breathing circuit of a transport ventilator: outbreak analysis and
experimental study of surface disinfection. Intensive Care Med.
2013;39(5):975-6. doi: 10.1007/s00134-013-2842-y.

