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ABSTRACT 
 

 

This research aimed to investigate the microbial spectrum of microorganisms that cause ventilator-

associated pneumonia (VAP) among ICU patients in the selected hospital, antimicrobial susceptibility, 

genetic diversity of common isolates, and the monitoring effect of microbial culture on cleaning and 

sanitizing of external ventilator circuits in order to reduce the occurrence of hospital infections. For this 

purpose, endotracheal aspirate (ETA) specimens were sampled from ICU patients with clinically 

suspected VAP in the hospital between August 2020 and August 2021 and then investigated for 

microbiological content. This was followed by Kirby-Bauer testing for determining drug sensitivity and 

ERIC-PCR for genotyping. Afterward, microbial culture was performed on cleaned, sanitized and dried 

ventilator external ventilator pipelines and those stored aseptically for 4 weeks to evaluate the cleaning 

and disinfection effect and measure the bacterial content. Results showed that in the 64 confirmed VAP 

cases, Klebsiella was the most frequently isolated organism, followed by P. aeruginosa and 

Acinetobacter baumannii, while Candida is the most widely isolated fungus. The antimicrobial 

susceptibility spectrum revealed that 40% of the isolates were multidrug-resistant (MDR). ERIC-PCR 

showed no genetic relationship between pneumococcal isolates. Through microbial culture, no 

pathogenic bacteria were detected among cleaned and sanitized ventilator external ventilator pipelines 

and those stored aseptically for 4 weeks, indicating a 100% pass rate. It was concluded that ventilators 

in intensive care units (ICU) are susceptible to contamination, exposing patients to bacterial 

contamination and other comorbidities. Gram-negative bacteria are the main pathogens of VAP, which 

are mostly multidrug-resistant. Clinical care measures for ventilators should be strengthened to reduce 

the incidence of ventilator microbial contamination and to improve accurate clinical diagnosis and 

correct antimicrobial therapy. 
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Introduction 

Ventilators are common first-aid and life-support 

equipment in modern clinics to maintain a normal 

respiratory process, reduce symptoms and prolong 

survival through assisted mechanical ventilation. 

However, ventilator-associated pneumonia (VAP) has 

seen an increasing incidence year by year due to its 

wider clinical application (1). Mechanical ventilation 

creates a closed loop between the ventilator circuit 

and the respiratory tract, and bacteria that colonize the 

lungs contaminate the ventilator circuit as the patient 

breathes and coughs. Such contamination is the main 

factor underlying VAP, so conducting strengthened 

management of ventilator circuit cleaning & 

disinfection and doing regular testing is of great 

significance to control VAP (1,2). 

VAP denotes inflammation of lung parenchyma 

caused by a microbial pathogen(2) and represents a 

significant subset of hospital-acquired pneumonia 

(HAP). It is defined as pneumonia that occurs 48 

hours or more after mechanical ventilation, causing a 

healthcare cost burden and severely affecting 

prognosis (3). VAP is mainly characterized by new 

pulmonary infiltrates, signs of systemic infection, 

altered sputum appearance, leukocytosis and 

decreased oxygenation (4,5). 

Aetiology detection is crucial in the diagnosis of 

VAP. Specifically, lower respiratory tract samples 

were pooled by either invasive (protected specimen 

brush [PSB] or bronchoalveolar lavage [BAL]) or 

non-invasive (endotracheal aspiration [ETA]) 

techniques and cultured quantitatively or semi-

quantitatively. As recommended in the American 

Thoracic Society (ATS) guidelines, quantitative 

https://creativecommons.org/licenses/by/4.0/
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culture may be performed on ETA or 

transbronchoscopically or non-bronchoscopically 

collected (6) specimens. Thus, microbial 

differentiation between VAPs is relevant to broad-

spectrum antimicrobial coverage of MDR pathogens. 

As an appropriate antimicrobial therapy significantly 

improves the prognosis of VAP patients, more rapid 

identification of infected patients and accurate 

antimicrobial drug selection are important clinical 

goals (7). 

In this study, the cleaning and disinfection effect of 

external ventilator circuits was quantitatively 

evaluated by measuring bacterial residues in the 

circuits and analyzing endotracheal aspirates of 

patients with clinically suspected VAP, providing a 

scientific basis for rapid clinical diagnosis and 

antimicrobial treatment of VAP. 

 

Materials and methods 

Microbiological monitoring in external ventilator 

circuits after cleaning and storage for 4 weeks  

The external circuit of the ventilator was 

disassembled to the smallest unit for cleaning and 

disinfection using a double door washer-disinfector. 

After the circuit was dried, a sterile cotton swab 

soaked with stroke-physiological saline solution was 

applied in a circular pattern at the open end of the 

threaded pipe towards the distal end, and then 

repeatedly smeared on the inner and outer surfaces of 

the threaded pipe, the tee pipe, the connecting pipe, 

the humidification tank and the inner surface of the 

water collector to collect samples for a total bacterial 

count test. As per the updated hygiene industry 

standards, the total bacterial count was <20 cfu/cm2 

after disinfection, and no pathogenic bacteria could be 

detected (8). 

 

Microbiological & drug sensitivity testing of ETA 

specimens and genotyping of common isolates 

Study population and inclusion & exclusion 

criteria 

The study population consisted of patients with 

clinically suspected VAP admitted to the ICU from 

August 2020 to August 2021. Inclusion criteria: (i) the 

patients developed symptoms after more than 48 

hours of mechanical ventilation; (ii) the chest X-ray 

showed infiltrative shadows or new inflammatory 

lesions in the lungs after mechanical ventilation; (iii) 

signs of pulmonary consolidation and/or breath 

sounds and moist rale heard during auscultation of the 

lungs. Additionally, one of the following three 

conditions were satisfied: white blood cells (WBC) 

>10.0 x 109/L or <4 x 109/L with or without nuclear 

metastases; fever with temperature >37.5°C and 

copious purulent secretions from the respiratory tract; 

new pathogenic organisms were cultured on post-

onset sputum specimens. Exclusion criteria: those 

with clinical and radiological signs suggestive of 

pneumonia upon admission; those with pulmonary 

conditions such as tuberculosis, pulmonary tumors 

and pulmonary atelectasis. 

 

Collection and processing of ETA specimens 

A total of 64 endotracheal aspirate (ETA) 

specimens were collected from the subjects using 

bronchoalveolar lavage in the following manner:(9) 

ETAs were pooled from each patient with a 22-inch 

suction catheter that was gently introduced through 

the endotracheal airway at a distance of approximately 

25 - 26 cm. Gentle suctioning was then performed 

without injecting saline, and the catheter was removed 

from the endotracheal tube. Afterward, the portion of 

the catheter containing the aspirate was cut open, 

placed in a sterile container and immediately 

transported to the microbiology laboratory. 

 

Determination of antimicrobial susceptibility 

The susceptibility of microbial isolates to different 

antimicrobial agents was determined by the Kirby-

Bauer disc diffusion method (10) on Mueller-Hinton 

(MH) agar. Antimicrobial discs were stored at 4°C 

and used after reaching room temperature. The 

antimicrobial agents used in this study, targeting 

different bacterial and fungal species, represented 

different classes of antibacterial and antifungal drugs. 

The antibacterial tablets included amikacin (30 μg), 

amoxicillin (30 μg), amoxicillin/clavulanic acid 

(20/10 μg), azithromycin (15 μg), aztreonam (30 μg), 

cefazolin (30 μg), cefepime (30 μg), ceftazidime (30 

μg), cefuroxime (30 μg), cefoxitin (30 μg), ceftriaxone 

(30 μg), ciprofloxacin (5 μg), chloramphenicol (30 

μg), clarithromycin (15 μg), clindamycin (2 μg), 

colistin (10 μg), doxycycline (30 μg), gentamicin (10 

μg), levofloxacin (5 μg), novobiocin (30 μg), oxacillin 

(1 μg), piperacillin (100 μg), tobramycin (10 μg), 

trimethoprim (25 μg) and vancomycin (30 μg). The 
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antifungal tablets used in this study included 

amphotericin B (100 µg), nystatin (100 µg), 

clotrimazole (50 µg), ketoconazole (50 µg), 

fluconazole (25 µg), griseofulvin (10 µg), itraconazole 

(50 µg) and terbinafine (30 µg). Isolates showing 

resistance to at least three different antimicrobial 

drugs were considered multidrug-resistant. 

 

Identification of pneumococcal isolates by ERIC-

PCR to determine genetic diversity 

To perform ERIC-PCR amplification, genomic 

DNA was extracted from the examined pneumococcal 

isolates using the GeneJet Genomic DNA Purification 

Kit as indicated by the manufacturer (Thermo 

Scientific, Waltham, Massachusetts, USA-K0721). 

The total volume of the PCR reaction was 25 μL, 

containing approximately 10 ng of template DNA, 10 

pmol of ERIC-1 primer (5´-

ATGTAAGCTCCTGGGGATTCAC-3´), 12.5 μL of 

PCR masterbatch (2X) (Promega, Madison, 

Wisconsin, USA) that was added with nuclease-free 

water to a volume of 25 μL. PCR amplification was 

performed on a 96-well thermal cycler (Applied 

Biosystems, Foster City, California, USA), 

programmed for initial denaturation at 95°C for 5 

minutes. This was followed by 40 cycles of 1-minute 

denaturation at 95 ºC, primer annealing at 45°C for 1 

minute, extension at 72 °C for 8 minutes, and a final 

extension at 72°C for 10 minutes (11). PCR products 

were examined by Tris, acetate and EDTA (TAE) 

agarose gel electrophoresis. 

 

Results and discussion 

Pass rate after cleaning, disinfection, drying and 

aseptic storage for 4 weeks   

The cleaned and dried ventilator circuits and those 

stored aseptically for 4 weeks were microbially 

cultured. It was found that the total bacterial count 

<20 cfu/cm2, and no pathogenic bacteria were 

detected, with a pass rate of 100%. Sampling values 

showed high-efficiency disinfection levels, which 

conformed to the Ministry of Health's Regulation of 

Disinfection Technique in Healthcare Settings for 

external ventilator circuits (Table 1). 

 

Microbiological test results of ETA specimens  

Most VAP patients tested positive for a variety of 

aerobic bacteria (Gram-positive and Gram-negative) 

and predominantly Gram-negative fungi. K. 

pneumoniae was the predominant pathogenic species 

among all isolates (25%) (Table 2). 

 

Table 1. Pass rate (%) after cleaning, disinfection and 

drying 

Items Testing time 
CFU 

(cfu/cm 2) 

Pass 

rate 

Water collection cups 
After cleaning & disinfection; 
storage for 4 weeks 

0 
1 

100% 
100% 

Y-shaped pipe 
After cleaning & disinfection; 

storage for 4 weeks 

0 

0 

100% 

100% 

U-shaped pipe 
After cleaning & disinfection; 

storage for 4 weeks 

0 

0 

100% 

100% 

Circuit 
After cleaning & disinfection; 
storage for 4 weeks 

0 
0 

100% 
100% 

Humidification tank 
After cleaning & disinfection; 

storage for 4 weeks 

0 

0 

100% 

100% 

Filtration paper 
After cleaning & disinfection; 

storage for 4 weeks 

0 

0 

100% 

100% 

Threaded pipe 
After cleaning & disinfection; 
storage for 4 weeks 

1 
1 

100% 
100% 

 

Table 2. Bacteria and fungi detected in ETA specimens 

Microbial species Early-onset 

VAP 

Late-onset 

VAP 

Isolate count 

Gram-negative bacteria    

K. pneumoniae 10 6 16 (25) 

P. aeruginosa 5 7 12 (18.75) 

Acinetobacter baumannii 4 3 7 (10.93) 

E. coli 1 2 3 (4.68) 

Burkholderia cepacia 0 3 3 (4.68) 

Stenotrophomonas maltophilia 3 1 4 (6.25) 

Salmonella pneumoniae 1 1 2 (3.12) 

Bacillus thuringiensis 0 3 3 (4.68) 

Gram-positive bacteria    

Staphylococcus aureus 2 3 5 (7.81) 

Enterococcus faecalis 2 2 4 (6.25) 

Fungi    

Candida tropicalis 1 2 3 (4.68) 

Candida albicans 1 1 2 (3.12) 

Total 30 (46.88) 34 (53.12) 64 (100) 

 

Drug resistance of microbial species in VAP 

patients 

The isolated bacterial and fungal species showed 

high resistance to the examined antimicrobial classes. 

Gram-negative bacteria, with the exception of 

Salmonella and Borrelia, had all isolates sensitive to 

clonidine. Klebsiella spp. isolates were sensitive to 

amikacin, meropenem and azithromycin. P. 

aeruginosa isolates were sensitive to azithromycin and 

clarithromycin. Gram-positive isolates were sensitive 

to teicoplanin, doxycycline and sulfamethoxazole. 

Antifungal sensitivities suggested that all isolates 

were resistant to the tested antifungal drugs, while 

Candida spp. were sensitive to itraconazole (Table 3). 
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Table 3. Drug resistance of VAP microorganisms 

Microbial species Antimicrobial resistance 

Gram-negative 
bacteria 

 

Klebsiella AK (25)1, AM (100), AMC (68), AZM (22), ATM 

(62), CZ (100), FEP (68), CTX (70), CAZ (70), CXM 

(78), FOX (86), CRO (87), CIP (67), CLR (80), DA 
(92), CT (0), DO (65), CN (60), LEV (65), MEM (25), 

PRL  

(100), TPZ (65), TOB (62), SXT (75) 

P. aeruginosa AK (45), AM (100), AMC (100), AZM (0), ATM 
(85), CZ (100), FEP(100), CTX(100), CAZ (100), 

CXM (100), FOX (100), CRO (100), CIP (56), CLR 
(74), DA (85), CT (0), DO (16), CN (72), LEV (65), 

MEM (56), PRL (100), TPZ (75), TOB (75), SXT (72) 

Acinetobacter 

baumannii 

AK (35), AM (100), AMC (100), AZM (19), ATM 

(100), CZ (100), FEP(100), CTX(100), CAZ (100), 
CXM (100), FOX (100), CRO (100), CIP (68), CLR 

(87), DA (100), CT (0), DO (43), LEV (73), MEM 

(93), PRL (100), TPZ (93), TOB (87), SXT (63) 

E. coli  AK (53), AM (100), AMC (100), AZM (63), ATM 
(100), CZ (100), FEP(100), CTX (100), CAZ (100), 

CXM (100), FOX (100), CRO (100), CIP (87), CLR 

(57), DA (100), CT (0), DO (43), LEV (57), MEM 
(56), PRL (100), TPZ (58), TOB (62), SXT (100) 

Maltophilia  AK (0), AM (100), AMC (60), ATM (100), CZ (100), 

FEP (100), CAZ (100), FOX (100), CRO (100), CIP 

(60), CT (0), DO (0), LEV (0), MEM (0), PRL (100), 
TOB (0), SXT (0) 

Salmonella AK (0), AM (100), AMC (100), AZM (100), ATM 

(0), CZ (100), CXM (100), FOX (100), CRO (72), 

CIP (100), CLR (100), DA (83), CT (100), DO (0), 
CN (100), LEV (100), MEM (100), PRL (100), TOB 

(100), SXT (100) 

Gram-positive 

bacteria 

 

Staphylococcus 
aureus 

AM (100), AMC (57), AK (46), AZM (68), CRO 
(100), CRT(82), FOX (65), FEP (77), CIP (68), CLR 

(67), DA (59), DO (0), LEV (64), LNZ (38), NV (0), 

OX (67), PRL (100), TPZ (67), TEC (0), SXT (32), 
VA (46) 

Enterococcus 

faecalis 

AM (0), AMC (0), AK (100), AZM (100), CRO (0), 

CIP (100), DO (0), LEV (100), LNZ (100), TPZ (0), 

TEC (0), TOB (100), SXT (0), VA (0) 

Fungi  

Candida AB (100), NY (100), CTR (100), KET (50), FCA 
(100), GRS (100), ITR (0), TER (100) 

Note: 1. The percentage of resistant isolates correlates with the number of 

isolates within each species. AK, amikacin; AM, amoxicillin; AMC, 

amoxicillin-clavulanate; AZM, azithromycin; ATM, aztreonam; CZ, 
cefazolin; FEB, cefepime; CAZ, ceftazidime; CTX, cefotaxime; CXM, 

cefuroxime; FOX, cefoxitin; CRO, ceftriaxone, IP, ciprofloxacin; C, 

chloramphenicol; CLR, clarithromycin; DA, clindamycin; CT, colistin; 

DO, doxycycline; CN, gentamicin; LNZ, linezolid; LEV, levofloxacin; 

MEM, meropenem; NV, novobiocin; OX, oxacillin; PRL, piperacillin; 

TPZ, piperacillin/tazobactam; TEC, teicoplanin; TOB, tobramycin; SXT, 
trimethoprim-sulfamethoxazole; VA, vancomycin; AB, amphotericin B; 

NY, dicentrine; CTR, clotrimazole; KET, ketoconazole; FCA, 

fluconazole; GRS, griseofulvin; ITR, itraconazole; TER, terbinafine. 

 

ERIC-PCR results of K. pneumoniae   

Genotyping of 16 pneumoniae isolates detected by 

ERIC-PCR revealed significant molecular 

heterogeneity in diplococcus pneumoniae isolates, 

exhibiting 16 different base ERICs (Figure 1). 

 

Figure 1. ERIC-PCR spectrum of K. pneumoniae 

 

The application of mechanical ventilation has 

modernized the management of critically ill patients 

with respiratory failure. The use of ventilators has 

increased several times since they were first described 

in the 1950s(12). It has become an essential feature of 

modern critical patient care but is accompanied by 

complications across airway injury, ventilator-induced 

lung injury, pulmonary atelectasis, and especially 

VAP(13). Tracheal intubation compromised the 

natural barrier between the oropharynx and the 

trachea, helping bacteria to enter the lungs through 

aspiration and exudation of contaminated secretions 

around the tracheal catheter cuff. A systematic review 

by Sanjeev Kharel et al (14) indicated that VAP rates 

in Southeast Asia ranged from 2.13 to 116 per 1,000, 

with variation between countries. Significant mortality 

rates ranging from 16.2% to 74.1% were observed in 

13 studies. Therefore, there is an urgent need for cost-

effective control and prevention measures such as 

intervention studies and staff training, hand hygiene, 

awareness of antibiotic resistance and improved 

management of ventilator cleaning and disinfection. 

The most common pathogens reported for VAP 

were aerobic Gram-negative bacteria including P. 

aeruginosa, E. coli, K. pneumoniae and Acinetobacter, 

and Gram-positive bacteria such as S. aureus (15-17). 

In agreement with the above data, Gram-negative 

bacteria accounted for 78.12% (50/64) of the 

microorganisms isolated from ETA specimens in this 

study, followed by Gram-positive bacteria (14.06% 

(9/64)) and fungal isolates (7.81% (5/64)). The most 

common gram-negative bacterial species were 

Klebsiella (25%), P. aeruginosa (18.75%) and 

Acinetobacter baumannii (10.93%). 

VAP triggered by MDR pathogens was 

significantly associated with high mortality (18-20). 

In the present study, the high resistance profile of 

Gram-negative strains to cefazolin, piperacillin, 

cefoxitin, ceftriaxone and clindamycin suggested that 

these antimicrobials were not suitable for early 

empirical treatment of VAP cases. In contrast, the 
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susceptibility of meropenem, amikacin and 

doxycycline make their possible alternatives. In 

addition, mucomycin and azithromycin among other 

drugs presenting better efficacy against Klebsiella, P. 

aeruginosa, and Pseudomonas baumannii may be 

given to patients with severe complications. 

Therefore, these drugs may be considered when 

determining empirical treatment. Teicoplanin, 

doxycycline and vancomycin may be used as possible 

options for the treatment of Gram-positive bacteria. 

Of the fungal isolates, itraconazole is the most 

effective drug. 

As K. pneumoniae was the most common organism 

isolated from confirmed VAP cases, ERIC-PCR was 

performed on 16 K. pneumoniae strains to investigate 

their genetic correlation and further determine disease 

acquisition and transmission of VAP. ERIC data 

showed that 16 K. pneumoniae strains had 16 different 

banding patterns and these bacteria were not 

transmitted between ICU patients because there was 

no similarity in the bands of strains isolated from 

different patients. This suggested that VAP cases may 

be of endogenous origin. These findings were 

consistent with the study by Heo et al.(21) in which 

each patient in the ICU had a unique banding pattern. 

As a commonly used device in clinical intensive 

care, the respiratory circuit is a multi-use apparatus, 

whose cleaning and disinfection effectiveness is 

directly associated with its sterilization quality and in 

turn, affects the anti-infection treatment. At present, 

monitoring the cleaning and disinfection effect is a 

key part of the medical device quality control process 

(22-25). Microbial culture is now a highly accurate, 

common and simple clinical method for evaluating the 

effectiveness of cleaning and disinfection. Gao et al. 

(26) found that microbial culture can be used to 

evaluate the cleaning and disinfection effect of 

external ventilator circuits, producing highly 

consistent results with the ATP method. Consistent 

with these research results, no pathogenic bacteria 

were detected in the external ventilator circuits that 

were disinfected or aseptically stored for 4 weeks in 

this study, with a 100.0% pass rate by microbial 

culture. It indicated that this microbial approach was 

effective in monitoring the cleaning and disinfection 

effect of the external ventilator circuits. 

To put together, Gram-negative bacteria are the 

main pathogens of VAP, which are mostly multidrug-

resistant. Clinical awareness of antibiotic resistance 

and management of ventilator cleaning and 

disinfection should be strengthened, regular 

monitoring of VAP pathogens and their drug 

sensitivity patterns should be performed, and 

appropriate antimicrobial therapy should be initiated 

rapidly. 

 

Acknowledgments 

None. 

 

Conflict interest 

    The authors declare no conflict of interest.  

 

References 

1. Itov I, Wunderink RG, Roquilly A, Rodríguez 

Gonzalez D, David-Wang A, Boucher HW, Kaye KS, 

Losada MC, Du J, Tipping R, Rizk ML, Patel M, 

Brown ML, Young K, Kartsonis NA, Butterton JR, 

Paschke A, Chen LF. A Randomized, Double-blind, 

Multicenter Trial Comparing Efficacy and Safety of 

Imipenem/Cilastatin/Relebactam Versus 

Piperacillin/Tazobactam in Adults With Hospital-

acquired or Ventilator-associated Bacterial Pneumonia 

(RESTORE-IMI 2 Study). Clin Infect Dis. 

2021;73(11):e4539-e4548. doi: 10.1093/cid/ciaa803. 

PMID: 32785589; PMCID: PMC8662781. 

2. Djordjevic ZM, Folic MM, Jankovic SM. Distribution 

and antibiotic susceptibility of pathogens isolated from 

adults with hospital-acquired and ventilator-associated 

pneumonia in intensive care unit. J Infect Public 

Health. 2017;10(6):740-744. doi: 

10.1016/j.jiph.2016.11.016. Epub 2017 Feb 8. PMID: 

28189513.  

3. Goel V, Hogade SA, Karadesai S. Ventilator 

associated pneumonia in a medical intensive care unit: 

Microbial aetiology, susceptibility patterns of isolated 

microorganisms and outcome. Indian J Anaesth. 2012 

Nov;56(6):558-62. doi: 10.4103/0019-5049.104575. 

PMID: 23325941; PMCID: PMC3546243. 

4. Kumari M, Verma S, Venkatesh V, Gupta P, Tripathi 

P, Agarwal A, Siddiqui SS, Arshad Z, Prakash V. 

Emergence of blaNDM-1 and blaVIM producing 

Gram-negative bacilli in ventilator-associated 

pneumonia at AMR Surveillance Regional Reference 

Laboratory in India. PLoS One. 2021 Sep 

8;16(9):e0256308. doi: 10.1371/journal.pone.0256308. 

PMID: 34495985; PMCID: PMC8425556.  

5. Sajja A, Park J, Sathiyakumar V, Varghese B, 

Pallazola VA, Marvel FA, Kulkarni K, Muthukumar 

A, Joshi PH, Gianos E, Hirsh B, Mintz G, Goldberg A, 

Morris PB, Sharma G, Blumenthal RS, Michos ED, 

Post WS, Elshazly MB, Jones SR, Martin SS. 

Comparison of Methods to Estimate Low-Density 

Lipoprotein Cholesterol in Patients With High 

Triglyceride Levels. JAMA Netw Open. 



 Yu et al./ Effect of microbial culture on external ventilator circuit, 2022, 68(2): 42-47  

 

Cell Mol Biol  47 

 

2021;4(10):e2128817. doi: 

10.1001/jamanetworkopen.2021.28817. PMID: 

34709388; PMCID: PMC8554644.  

6. Farag AM, Tawfick MM, Abozeed MY, Shaban EA, 

Abo-Shadi MA. Microbiological profile of ventilator-

associated pneumonia among intensive care unit 

patients in tertiary Egyptian hospitals. J Infect Dev 

Ctries. 2020 Feb 29;14(2):153-161. doi: 

10.3855/jidc.12012. PMID: 32146449. 

7. Ali S, Waheed K, Iqbal ZH (2015) Microbiological 

pattern of ventilator-associated pneumonia. J Ayub 

Med Coll Abbottabad 27: 117–119. 

8. Zhu Minghua, Bi Yanhua, Liu Hua, et al. Correlation 

between bacterial contamination in ventilator tubing 

and ventilator-associated pneumonia. Chinese Journal 

of Hospital Infectious Diseases, 2017, 27(i0): 2233-

2236. 

9. Aravind  M,  Navaneeth  BV, Motagi  A.  A  study on 

device associated infections in the adult intensive care 

unit at a tertiary care hospital. Int J Sci Res 2014;3: 

2319–7064.   

10. Bauer  A,  Kirby  W,  Sherris  J,  Turck  M.  Antibiotic 

susceptibility testing by a standardized single disk 

method. Am J Clin Pathol 1996;45: 493–496. 

11. Abdulall  A,  Tawfick  MM,  El  Manakhly  AR,  

ELKholy  A. Carbapenem-resistant  Gram-negative 

bacteria associated with catheter-related bloodstream 

infections in three intensive care units in Egypt. Eur J 

Clin Microbiol Infect Dis 2018; 37: 1647–1652.   

12. Lassen HCA. The epidemic of poliomyelitis in 

Copenhagen, 1952; Proc R Soc Med 1954;47(1):67–

71. 

13. Sangale A, Vivek B, Kelkar R, Biswas S. 

Microbiology of Ventilator-associated Pneumonia in a 

Tertiary Care Cancer Hospital. Indian J Crit Care Med. 

2021;25(4):421-428. doi: 10.5005/jp-journals-10071-

23790. PMID: 34045810; PMCID: PMC8138642. 

14. Kharel S, Bist A, Mishra SK. Ventilator-associated 

pneumonia among ICU patients in WHO Southeast 

Asian region: A systematic review. PLoS One. 

2021;16(3):e0247832. doi: 

10.1371/journal.pone.0247832. PMID: 33690663; 

PMCID: PMC7942996. 

15. Fromentin M, Ricard JD, Roux D. Respiratory 

microbiome in mechanically ventilated patients: a 

narrative review. Intensive Care Med. 2021 

Mar;47(3):292-306. doi: 10.1007/s00134-020-06338-

2. Epub 2021 Feb 9. PMID: 33559707; PMCID: 

PMC7871139. 

16. Wu N, Ranjan P, Tao C, Liu C, Yang E, He B, Erb-

Downward JR, Bo S, Zheng J, Guo C, Liu B, Sun L, 

Yan W, Wang M, Wang W, Wen J, Yang P, Yang L, 

Tian Q, Dickson RP, Shen N. Rapid identification of 

pathogens associated with ventilator-associated 

pneumonia by Nanopore sequencing. Respir Res. 

2021;22(1):310. doi: 10.1186/s12931-021-01909-3. 

PMID: 34893078; PMCID: PMC8665642. 

17. Ahmadinejad M, Mohammadzadeh S, Pak H, 

Hashemiyazdi S, Soltanian A, Rahimi M, 

Ahmadinejad I. Bronchoalveolar lavage of ventilator-

associated pneumonia patients for antibiotic resistance 

and susceptibility test. Health Sci Rep. 

2022;5(1):e472. doi: 10.1002/hsr2.472. PMID: 

35024459; PMCID: PMC8733848. 

18. Kumar S, Anwer R, Azzi A. Virulence Potential and 

Treatment Options of Multidrug-Resistant 

(MDR) Acinetobacter baumannii. Microorganisms. 

2021 Oct 6;9(10):2104. doi: 

10.3390/microorganisms9102104. PMID: 34683425; 

PMCID: PMC8541637. 

19. Mohamed A, Daef E, Nafie A, Shaban L, Ibrahim M. 

Characteristics of Carbapenem-Resistant Gram-

Negative Bacilli in Patients with Ventilator-Associated 

Pneumonia. Antibiotics (Basel). 2021;10(11):1325. 

doi: 10.3390/antibiotics10111325. PMID: 34827263; 

PMCID: PMC8615042. 

20. Baidya S, Sharma S, Mishra SK, Kattel HP, Parajuli 

K, Sherchand JB. Biofilm Formation by Pathogens 

Causing Ventilator-Associated Pneumonia at Intensive 

Care Units in a Tertiary Care Hospital: An Armor for 

Refuge. Biomed Res Int. 2021;2021:8817700. doi: 

10.1155/2021/8817700. PMID: 34136573; PMCID: 

PMC8179767. 

21. Heo  SM,  Haase  EM,  Lesse  AJ,  Gill  SR,  

Scannapieco  FA Genetic relationships between 

respiratory pathogens isolated from dental plaque and 

bronchoalveolar lavage fluid from patients in the 

intensive care unit undergoing mechanical ventilation. 

Clin Infect Dis 2008;47: 1562–1570.   

22. Behzadmehr R, Rezaie-Keikhaie K. Evaluation of 

active pulmonary tuberculosis 

among women with diabetes. Cellular, Molecular and 

Biomedical Reports, 2022, 2(1):56-63. 

doi:10.55705/cmbr.2022.336572.1036. 

23. Muhammad I, Sale PM, Salisu MK, Muhammad TM, 

Abubakar B, Maidala AL, Nuwanyada E. Molecular 

analysis of bio-makers of chloroquine resistance in 

Plasmodium falciparum isolate from Gombe local 

government area, Gombe State, Nigeria. Cellular, 

Molecular and Biomedical Reports, 2022, 2(1):42-55. 

doi:10.55705/cmbr.2022.335753.1033. 

24. Rahbar-Karbasdehi E, Rahbar-Karbasdehi F. Clinical 

challenges of stress 

cardiomyopathy during coronavirus 2019 epidemic. 

Cellular, Molecular and Biomedical 

Reports, 2021, 1(2):88-90. 

doi:10.55705/cmbr.2021.145790.1018. 

25. Almasian-Tehrani N, Alebouyeh M, Armin S, 

Soleimani N, Azimi L, Shaker-Darabad R. Overview 

of typing techniques as molecular epidemiology tools 

for bacterial 

characterization. Cellular, Molecular and Biomedical 

Reports, 2021, 1(2):69-77. 

doi:10.55705/cmbr.2021.143413.1016. 

26. Gao Yuhua, Huang Zhaohui, Qiu Suhong. Application 

of two detection methods to monitor the effect of 

cleaning and disinfection of ventilator external 

pipeline. Chinese Journal of Hospital Infectious 

Diseases, 2013, 23(01): 124-125. 


