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Abstract
BACKGROUND
[bookmark: _Hlk128062928]Ventilator-associated pneumonia (VAP) is defined as pneumonia that occurs two calendar days following endotracheal intubation or after that. It is the most common infection encountered among intubated patients. VAP incidence showed wide variability between countries. 

AIM
To define the VAP incidence in the intensive care unit (ICU) in the central government hospital in Bahrain and review the risk factors and the predominant bacterial pathogens with their antimicrobial susceptibility pattern. 

METHODS
The research was a prospective cross-sectional observational study over six months from November 2019 to June 2020. It included adult and adolescent patients (> 14 years old) admitted to the ICU and required intubation and mechanical ventilation. VAP was diagnosed when it occurred after 48 h after endotracheal intubation using the clinical pulmonary infection score, which considers the clinical, laboratory, microbiological, and radiographic evidence.

RESULTS
The total number of adult patients admitted to the ICU who required intubation and mechanical ventilation during the study period was 155. Forty-six patients developed VAP during their ICU stay (29.7%). The calculated VAP rate was 22.14 events per 1000 ventilator days during the study period, with a mean age of 52 years ± 20. Most VAP cases had late-onset VAP with a mean number of ICU days before the development of VAP of 9.96 ± 6.55. Gram-negative contributed to most VAP cases in our unit, with multidrug-resistant Acinetobacter being the most identified pathogen. 

CONCLUSION
The reported VAP rate in our ICU was relatively high compared to the international benchmark, which should trigger a vital action plan for reinforcing the implementation of the VAP prevention bundle.
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Core Tip: Ventilator-associated pneumonia (VAP) is the most common infection among intubated patients. Early-onset VAP is usually caused by sensitive pathogens, while multidrug-resistant bacteria usually cause late-onset. Early, appropriate, and empirical antibiotics therapy for VAP is crucial to decreasing mortality risk. The VAP rate in Bahrain is relatively high compared to the international rates, which should trigger a vital action plan for reinforcing the implementation of the VAP prevention bundle. Gram-negative bacteria were the most common organisms that cause VAP in the current study, where Acinetobacter baumannii was the most common organism, followed by Klebsiella pneumoniae and Pseudomonas aeruginosa. Knowing the prevalent organisms helps choose the appropriate antibiotics until culture and sensitivity become available.

INTRODUCTION
Ventilator-associated pneumonia (VAP) is defined as pneumonia that occurs two calendar days following endotracheal intubation or after that. It is the most common infection encountered among intubated patients[1]. It occurs in 10%-30% of mechanically ventilated patients[2-4]. The VAP incidence showed wide variability, ranging from 10 to 41.7 per 1000 ventilator days in developing countries[5], while the rate is much lower in developed countries ranging between 1.2 and 8.5 per 1000 ventilator days[6].
Early-onset VAP is defined as pneumonia that occurs within four days of endotracheal intubation. It is usually attributed to sensitive pathogens such as Streptococcus pneumoniae, Haemophilus influenzae, and methicillin-sensitive Staphylococcus aureus. In contrast, late-onset VAP emerges after four days of intubation. It is caused by multidrug-resistant (MDR) bacteria such as methicillin-resistant S. aureus (MRSA), Acinetobacter, Pseudomonas aeruginosa, and extended-spectrum beta-lactamase-producing bacteria. VAP caused by fungal and viral pathogens has a low contribution and tend to occur among immunocompromised host[5].
The risk for VAP is most significant during the first five days after intubation (3%), with the mean duration between intubation and development of VAP being 3.3 d. This risk declines to 2%/d between days 5 to 10 of ventilation and 1%/d after that[7]. Many previous studies showed that the related mortality for VAP ranges between 33%–50%, but this rate fluctuates and depends heavily on the underlying medical illness[5]. The diagnosis of VAP in the intensive care unit (ICU) remains challenging due to the absence of universally accepted gold-standard diagnostic criteria for VAP[8]. The clinical pulmonary infection score (CPIS) is one of the best diagnostic tools considering the clinical, physiological, microbiological, and radiographic evidence to allow a numerical value to predict the presence or absence of VAP[9,10].
Early, appropriate, and empirical antibiotics therapy for VAP is crucial as any delay in initiating proper antibiotics may increase the mortality risk with VAP. Consequently, selecting the appropriate regimen should be guided by the updated local antibiogram for each hospital and ICU. This study aimed to define VAP incidence in the ICU at Salmaniya Medical Complex, Bahrain's leading tertiary care government hospital. The study also reviewed the risk factors and the predominant pathogens that cause VAP, which helps choose the appropriate empiric antimicrobial therapy for VAP-related sepsis in adult ICU.

MATERIALS AND METHODS
The study was a prospective, observational, cross-sectional study conducted at the adult ICU in Salmaniya Medical Complex from November 2019 to June 2020 to determine the microbiological profile of adult patients with VAP and evaluate the magnitude of MDR microbes among those patients. We used patients who needed mechanical ventilation and did not develop VAP as a control group. The Research and Ethics Committee at Salmaniya Medical Complex, Ministry of Health, Kingdom of Bahrain, approved the study. We did not collect consent, as the study was observational, without exposure to any personal data.

Sample size and inclusion criteria 
We did not determine a preset sample size as we included all the patients admitted to the adult ICU during the study periods (November 2019-June 2020) when they met the inclusion criteria. We included adult and adolescent patients (> 14 years old) who were admitted to the ICU and required intubation and mechanical ventilation.

Diagnostic criteria of VAP
VAP was diagnosed when it occurs after 48 h after endotracheal intubation and mechanical ventilation based on the scoring system by using the CPIS, considering the clinical, laboratory, microbiological, and radiographic evidence to allow a numerical value to predict the presence or absence of VAP[7,11-13] as summarized in Table 1. We considered the VAP as early-onset when it occurred in the first four days following intubation and late-onset after the fourth day of intubation.
The laboratory parameters (leukocyte count and microbial profile) were obtained daily from the patient's laboratory data and documented in the study datasheets. The treating clinical teams assessed the radiological finding and oxygenation status. Temperature documentation and assessment of tracheal secretions were obtained from the assigned nurses' notes, which are part of their daily assessment of intubated patients. All culture reports were reviewed by the medical microbiologist and infectious diseases (ID) consultant. A summative score was calculated for each patient enrolled in the study. The scores range between 0 and 12, with a score of ≥ 6 showing a good correlation with the presence of VAP. 

Microbiology
The microbial profile of endotracheal specimens isolated from the enrolled patients was identified as part of CPIS diagnostic criteria. Positive cultures (aerobic, anaerobic, and/or fungal) were further analyzed by full antibiotics sensitivity pattern with identification of MDR according to the standard definition of the Clinical Laboratory Standards Institute[14]. The medical microbiologist and the ID consultants reviewed all microbial data.

Calculation of VAP rate
VAP rate was calculated as a percentage of patients who developed VAP out of all intubated patients in the ICU during the study period. 
VAP rate per 1000 ventilator days was also calculated according to the centers for disease control and prevention surveillance formula[15] by dividing the VAP cases (defined by CPIS ≥ 6) over the patient-ventilator days during the same period and multiplying by 1000. 

Risk factors and complications
To analyze the predisposing factors for VAP and the risk of complications, we evaluated the following variables among all enrolled patients and compared between the two groups: The VAP patients (case group) and non-VAP patients (control group) such as age, gender, presence of comorbidities, source of admission, and the number of ICU days before intubation, the outcome including the mortality, development of complication and the need for tracheostomy.

Statistical analysis
[bookmark: _Hlk128063622]We performed a descriptive analysis, expressing the categorical variables in numbers and percentages and the quantitative variables in means and standard deviations. We compared the categorical variables as appropriate, using the χ2 test or Fisher's exact test (when the expected n is less than 5). In addition, we used the t-test or Mann-Whitney U test to compare continuous variables. Statistical significance was established at 95% (P < 0.05). All statistical analyses were performed using Statistical Package for the Social Sciences (IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY).

Ethical clearance
The investigation followed the latest version of the Declaration of Helsinki and was approved by the Secondary Research Committee of Salmaniya Medical Complex, Ministry of Health, Kingdom of Bahrain. We did not get consent from the patients as it was a descriptive non-interventional study without disclosure of any patients' data. 

RESULTS
Figure 1 shows the flow chart of the study. The total number of adult patients admitted to the ICU who required intubation and mechanical ventilation during the study period was 155. Forty-six patients developed VAP during their ICU stay (29.7%), with a VAP rate of 22.14 events per 1000 ventilator days. The mean age of patients who developed VAP was 52 ± 20 (range 27–88 years.), and 32 were male (69.6%). The mean number of ICU days before VAP development was 9.96 ± 6.55 d. Most VAP cases were late-onset, with a mean time interval between intubation and VAP diagnosis of 11.37 ± 6.67 d.
Thirty-seven cases (80.4%) were late-onset VAP that was developed after 96 h from intubation, while 9 cases (19.6%) were early-onset VAP (developed within initial 96 d post-intubation). The most common comorbidities among VAP cases were diabetes mellitus and hypertension (19 patients, 41.3 % of VAP cases). Other identified comorbid conditions include chronic kidney disease (7, 15.2%), ischemic heart disease (6, 13%), and neurological disorder (5, 10.9%). Less identified comorbidities included malignancy (4, 8.7%), chronic liver disease (3, 6.5%), and sickle cell disease (3, 6.5%). 
Table 2 showed no statistically significant difference between VAP and non-VAP groups regarding age, sex, and the number of hospital or ICU stays before intubation. Hypertension was the only significant risk factor for VAP acquisition among ICU intubated patients regarding the underlying comorbidities. Complications differ significantly among the VAP and non-VAP groups, where the duration of mechanical ventilation and the length of ICU stay were significantly higher in the VAP group (P = 0.009, < 0.001, respectively).
The rate of septic shock, acute respiratory distress syndrome (ARDS), and acute kidney injury was significantly higher in the VAP group than in the non-VAP group. On the other hand, the rate of pneumothorax did not show a significant difference between both groups. Notably, the extubation failure and the rate of tracheostomy and reintubation among extubated patients were significantly higher among the VAP group than in non-VAP groups. The overall ICU mortality rate was 22.6% (35/155) in all mechanically ventilated patients. However, there was no significant difference in mortality between both groups.
Table 3 shows the most common organisms isolated from patients with VAP. The total number of isolates was 46. Twenty percent of the isolates were from early-onset VAP, while 80% were from late-onset VAP. About 58.7% of the total isolates showed MDR. In early-onset VAP, gram-negative bacteria formed 89% of the total isolates (75% were MDR), followed by candida (11%). No gram-positive isolates were detected. Acinetobacter baumannii was the most common isolated gram-negative bacteria (50%); all were MDR. Klebsiella pneumoniae was the second most common gram-negative bacteria (37.5%) isolated; two-thirds were MDR. In late-onset VAP, gram-negative bacteria formed 81% of the total isolates (70% were MDR), followed by gram-positive (13.5%) and candida (5.4%). Acinetobacter baumannii was the most common isolated gram-negative bacteria (50%); 93% were MDR. Klebsiella pneumoniae was the second most common gram-negative bacteria (16.6%) isolated; all were MDR. Pseudonomas aeruginosa was detected in 8% of late-VAP, 33% of them were MDR. We detected only one MRSA isolate in the samples collected from VAP (20% of all five gram-positive isolates). We also detected candida in 2 cases with late-onset VAP (5.4%).
Tables 4 and 5 showed the antibiotic susceptibility among the bacterial isolates from patients with VAP. Acinetobacter baumannii, which was the most common organism isolated from VAP, had 100% susceptibility to Colistin, 37% susceptibility to Trimethoprim/sulfamethoxazole, Gentamicin, and Amikacin, 21% susceptibility to Tigecycline, low susceptibility (5%) to Ciprofloxacin, Piperacillin-Tazobactam, Cefepime, Meropenem, Imipenem, and Ertapenem, and resistance to Levofloxacin. Klebsiella pneumonia, which was the second most common organism isolated from VAP, had 87.5% susceptibility to Tigecycline, 62.5% susceptibility to Colistin, 50% susceptibility to Trimethoprim/sulfamethoxazole, 37% susceptibility to Gentamicin, and Amikacin, 12.5% susceptibility to Levofloxacin, Cefepime, Meropenem, Imipenem, Ertapenem, Amoxiclav, Cefuroxime, and Ceftriaxone. However, it showed complete resistance to Ceftazidime and Piperacillin-Tazobactam. Stenotrophomonas maltophilia had 100% susceptibility to Trimethoprim/sulfamethoxazole, Levofloxacin, and Minocycline. It had 20% susceptibility to Ceftazidime. At the same time, Pseudomonas aeruginosa had 100% susceptibility to Ceftazidime, Piperacillin-Tazobactam, Cefepime, Colistin, Gentamicin, Amikacin, and Ciprofloxacin, 66.6% susceptibility to Meropenem, Imipenem, and Ertapenem. MRSA was 100% susceptible to Erythromycin, Clindamycin, Tetracycline, and Vancomycin.

DISCUSSION
The Incidence of VAP among intubated patients in the current study was 29.7%; this figure is comparable to the incidence reported by other investigators in the developing region (15%–58%)[16,17]. The calculated VAP rate was 22.14 events per 1000 ventilator days which is high compared to the international standards[18] and to the rate reported by neighboring countries of the Gulf Cooperation Council, which reported a VAP rate of 4.8 per 1000 ventilator days[19]; but our rate was comparable to most data reported by other developing countries[20,21]. 
Such high incidence should trigger a vital action plan to reinforce healthcare workers' adherence to the recommended preventive VAP bundle.
The current study showed that age and gender were not essential risk factors for VAP development. This agrees with a recently published study by Zubair et al[22] in 2018, which demonstrated that age or gender was not a significant risk factor in developing VAP[22]. However, this finding contradicts many previous studies that defined age and gender as important independent risk factors in developing VAP[23-26]. 
The current study agrees with other previously published studies that VAP development significantly increases the need for re-intubation and tracheostomy and the risk of systemic complications such as septic shock, ARDS, and acute kidney injury, in addition to increasing the duration of mechanical ventilation and length of ICU stay in patients admitted to ICU[27]. Nevertheless, VAP was not a significant risk factor for the increased mortality rate among intubated patients. This finding agreed with other previously published studies, which noted that the mortality risk was not significantly high in VAP presence[27,28]. In the current study, gram-negative bacteria were the most common organisms that cause VAP, whereas Acinetobacter baumannii was the most common organism (50% of all VAP cases). This finding agrees with Ben Lakhal et al29], who had 53% of their cases caused by Acinetobacter baumannii[29]. Staph aureus was the causative organism in 11% of all recorded VAP cases in our study, all isolated from late-onset VAP. However, this rate is much lower than in previous studies such as Jones[30] and Chi et al[31], who found that Staphylococcus aureus was the most common VAP-causing organism, followed by the gram-negative organism[30,31]. The increased prevalence of gram-negative over gram-positive organisms may indicate the changing pattern of the nosocomial infection's microbial profile, including VAP in our region. Unfortunately, we did not have previous studies in our country to compare. 
In the current study, Acinetobacter baumannii was the most common organism isolated from patients with VAP, with a rate of 44.4% in patients with early-onset VAP (93% MDR) and 40.5% in patients with late-onset VAP (100% MDR). Acinetobacter baumannii is an opportunistic pathogen with a high incidence among immunocompromised individuals, particularly those who have experienced a prolonged hospital stay. It is commonly associated with high humidity, colonizing the skin, and isolated in high numbers from infected individuals' respiratory and oropharynx secretions[32]. Previous studies showed that Acinetobacter baumannii is prevalent and even endemic in many Middle East and North African countries. A study from Tunisia showed that Acinetobacter baumannii caused 45% of ICU-related infections with an MDR-resistance rate of 39% during an epidemic from 2004 to 2005[33]. Another study from Saudi Arabia showed that Acinetobacter baumannii was the most common organism isolated from late-onset VAP, causing 26.65% of cases[34]. In our Acinetobacter baumannii isolates, the overall MDR rate was 95% (100% and 93% in early-onset and late-onset VAP, respectively). Our institute considers Acinetobacter baumannii a "red alert" human pathogen due to the high rate of MDR with almost resistance to all antibiotics except for Colistin. It becomes a cause for serious concern regarding nosocomially acquired infections[35]. 
Klebsiella pneumoniae was the second most common organism isolated from our patients, with a rate of 17.4% throughout the study with an MDR rate of 87.5%. We detected Klebsiella pneumoniae in 33.3% of patients with early-onset VAP (66.6% MDR) and 13.5 % in patients with late-onset VAP (100% MDR). Our results agree with the work from Iran by Bozorgmehr et al[36], which showed that Klebsiella pneumoniae was the second most common organism isolated from 29.82% of the patients with VAP after Acinetobacter baumannii[36]. Our results also agree with the finding observed from a Thailand study that found that Klebsiella pneumoniae was the second most common organism isolated from 17.3% of the patients with VAP after Acinetobacter baumannii[37]. However, a study from Egypt in 2020 showed that Klebsiella spp was the most frequently isolated microorganism, followed by Pseudomonas aeruginosa and Acinetobacter baumannii[38]. 
The guidelines for initial empiric antimicrobial therapy for VAP are highly dependent on the type of causative pathogen and the time of diagnosis. Knowing the prevalent organisms helps choose the appropriate antibiotics until culture and sensitivity are available. However, the development of rapid identification technologies and phenotypic methods would significantly help the proper choice to improve the treatment outcomes for VAP. As many hospitals may lack rapid identification technologies, knowing the most common bacterial types causing VAP and their antibiogram may help physicians make quick decisions in VAP management. 

Limitations of the study
As the study was a single center-based study in the adult population, this may hinder us from generalizing the data to other public or private hospital settings and the pediatric population. However, despite the study's limitation, it can provide valuable data concerning the incidence rates and the prevalence of VAP in Bahrain, reflecting the rest of the Arabian Gulf region's status.

CONCLUSION
VAP is a common serious complication among intubated patients in our ICU; our VAP rate is relatively high compared to the international benchmark, which should trigger a vital action plan for reinforcing the implementation of the VAP prevention bundle. Gram-negative bacteria were the most common organisms that cause VAP in the current study, where Acinetobacter baumannii was the most common organism, followed by Klebsiella pneumoniae and Pseudomonas aeruginosa. Knowing the prevalent organisms helps choose the appropriate antibiotics until culture and sensitivity become available.

ARTICLE HIGHLIGHTS
Research background
Ventilator-associated pneumonia (VAP) is the most common infection encountered among intubated patients, occurring in 10%-30% of mechanically ventilated patients. 

Research motivations
The lack of data from the Kingdom of Bahrain stimulated us to investigate VAP incidence, risk factors, and microbial profiles in the central hospital in the kingdom.

Research objectives
We aimed to define VAP incidence in the intensive care unit (ICU) at Salmaniya Medical Complex and review the risk factors and the predominant pathogens that cause VAP to choose the appropriate empiric antimicrobial therapy for VAP-related sepsis in adult ICU.

Research methods
The study was a prospective, observational, cross-sectional study done between November 2019 to June 2020 to determine the microbiological profile in adult patients with VAP and evaluate the magnitude of multidrug-resistant (MDR) microbes among those patients. We used patients who needed mechanical ventilation and did not develop VAP as a control group. We included adult and adolescent patients (> 14 years old) who were admitted to the ICU and required intubation and mechanical ventilation.

Research results
The incidence of VAP was 29.7% during the study period, with a calculated VAP rate of 22.14 events per 1000 ventilator days and a mean age of 52 years ± 20. Most VAP cases had late-onset VAP with a mean number of ICU days before the development of VAP of 9.96 ± 6.55. Gram-negative contributed to most VAP cases in our unit, with MDR Acinetobacter being the most identified pathogen. 

Research conclusions
The VAP rate in our ICU was relatively high compared to the international benchmark. 

Research perspectives
The high VAP rate in our hospital triggered us to initiate a vital action plan to reinforce the implementation of the VAP prevention bundle.
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Figure Legends
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Figure 1 The flow chart of the study. VAP: Ventilator-associated pneumonia.


[bookmark: _Hlk117865653]Table 1 The clinical pulmonary infection score
	Assessed parameter 
	Result 
	Score

	Temperature (°Celsius) 
	36.5–38.4 °C
	0

	
	38.5–38.9 °C
	1

	
	≤ 36 or ≥ 39 °C
	2

	Leukocytes in blood (cells/mm3)
	4000–11000/mm3
	0

	
	< 4000 or > 11000/mm3
	1

	
	≥ 500 Band cells
	2

	Tracheal secretions (subjective visual scale)
	None
	0

	
	Mild/non-purulent
	1

	
	Purulent
	2

	Radiographic findings (on chest radiography, excluding CHF and ARDS)
	No infiltrate 
	0

	
	Diff use/patchy infiltrate
	1

	
	Localized infiltrate
	2

	Culture results (endotracheal aspirate)
	No or mild growth 
	0

	
	Moderate or florid growth
	1

	
	Moderate or florid growth and pathogen consistent with Gram stain
	2

	Oxygenation status 
	> 240 or ARDS 
	1

	
	≤ 240 and absence of ARDS 
	2


CHF: Congestive heart failure; ARDS: Acute respiratory distress syndrome.

[bookmark: _Hlk128063905]Table 2 Comparison between ventilator-associated pneumonia and non-ventilator-associated pneumonia groups for risk factors and complications, n (%)
	Risk factors and complications 
	VAP group, n = 46
	Non-VAP group, n = 109
	P value

	[bookmark: _Hlk128063433]Age, mean ± SD
	52.74 ± 20.42
	61.45 ± 65.05
	> 0.5

	Sex, males%
	32 (69.57)
	73 (66.97)
	> 0.5

	Number of hospital days before intubation, mean ± SD
	5.39 ± 8.11
	3.38 ± 6.37
	> 0.5

	[bookmark: _Hlk128063445]Number of ICU days before intubation, mean ± SD
	0.52 ± 1.94
	0.47 ± 2.78
	> 0.5

	Presence of comorbidities 
	Diabetes mellitus
	19 (41.30)
	54 (49.54)
	> 0.5

	
	Hypertension 
	19 (41.30)
	67 (61.47)
	> 0.5

	
	Chronic kidney disease
	7 (15.22)
	28 (25.69)
	> 0.5

	
	Ischemic heart disease
	6 (13.04)
	25 (22.94)
	> 0.5

	
	Neurological disorder
	5 (10.87)
	9 (8.26)
	> 0.5

	
	Malignancy
	4 (8.70)
	3 (2.75)
	> 0.5

	
	Liver disease
	3 (6.52)
	8 (7.34)
	> 0.5

	
	Sickle cell disease
	3 (6.52)
	3 (2.75)
	> 0.5

	Hospital Course
	Length of ICU stay, mean ± SD
	21.41 ± 11.89
	11.01 ± 10.38
	< 0.001a

	
	Duration of mechanical ventilation, mean ± SD
	16.67 ± 8.70
	12.03 ± 10.53
	0.009a

	
	Extubation 
	18 (39.13)
	79 (72.48)
	< 0.001a

	
	Need of re-intubation 
	12 (26.09)
	11 (10.09)
	0.014a

	
	Tracheostomy 
	14 (30.43)
	9 (8.26)
	< 0.001a

	Potential complication
	Septic shock
	28 (60.87)
	31 (28.44)
	< 0.001a

	
	ARDS
	15 (32.61)
	12 (11.01)
	0.002a

	
	Acute kidney injury
	24 (52.17)
	36 (33.03)
	0.031a

	
	Pneumothorax
	1 (2.17)
	2 (1.83)
	> 0.5

	
	Mortality, deaths
	14 (30.43)
	21 (19.27)
	> 0.5


aMeans significant.
ARDS: Acute respiratory distress syndrome; VAP: Ventilator-associated pneumonia; ICU: Intensive care unit.

Table 3 Most common organisms isolated among patients with ventilator-associated pneumonia, n (%)
	Organism
	Total
	Early-onset VAP (Number 9)
	Late-onset VAP (Number 37)

	
	
	Number (of total) 
	MDR
	Number (of total) 
	MDR

	Total gram negative
	38 (82.6)
	8 (21)
	6 (75)
	30 (79)
	21 (70)

	Acinetobacter baumannii
	19 (50)
	4 (21)
	4 (100)
	15 (79)
	14 (93) 

	Klebsiella pneumoniae
	8 (21.1)
	3 (37.5)
	2 (66.6)
	5 (62.5)
	5 (100)

	Pseudomonas aeruginosa
	3 (9)
	0
	0
	3 (100)
	1 (33.3)

	Stenotrophomonas maltophilia
	5 (13.1)
	0
	0
	5 (100)
	0

	Enterobacter asburiae
	1 (2.6)
	1 (100)
	0
	0
	0

	E coli
	1 (2.6)
	0
	0
	1
	1 ESBL (100) 

	Hemophilus influenzae
	1 (2.6)
	0
	0
	1 (100)
	0

	Total gram positive
	5 (11)
	0
	0
	5 (100)
	 

	Staph aureus
	4 (80)
	0
	0
	4 (100)
	0

	MRSA
	1 (20)
	0
	0
	1 (100)
	0

	
	0
	0
	0
	0
	0

	
	0
	0
	0
	0
	0

	Fungal infection
	
	
	
	
	

	Candida species
	3 (100)
	1 (33.3)
	0
	2 (66.6)
	0

	Total microorganisms
	46 (100)
	 9 (19.6)
	6 (13)
	37 (80.4)
	 


VAP: Ventilator-associated pneumonia; MDR: Multidrug-resistant; ESBL: Extended spectrum beta-lactamase; MRSA: Methicillin-resistant staphylococcus aureus. 

Table 4 Antibiotics sensitivity percentage of the common gram-positive causative organisms for patients with ventilator-associated pneumonia in our study, n (%)
	Antimicrobial agent 
	MSSA, n = 4
	MRSA, n = 1

	Penicillin
	0/4 = 0 (0)
	0/1 = 0 (0)

	Oxacillin
	4 (100)
	0/1 = 0 (0)

	Erythromycin
	4 (100)
	1 (100)

	Clindamycin
	4 (100)
	1 (100)

	Tetracycline
	4 (100)
	1 (100)

	Vancomycin
	4 (100)
	1 (100)


MSSA: Methicillin-sensitive staphylococcus aureus, MRSA: Methicillin-resistant staphylococcus aureus. 


[bookmark: _Hlk122651031]Table 5 Antibiotics sensitivity percentage of the common gram-negative causative organisms for ventilator-associated pneumonia in our study, n (%)
	Antimicrobial agent
	Acinetobacter baumannii
	Klebsiella pneumoniae
	Stenotrophomonas maltophilia
	Pseudomonas aeruginosa

	Number of organisms
	19 (50)
	8 (42)
	5 (26)
	3 (16) 

	Ceftazidime
	1 (5.2)
	0
	1 (20)
	3 (100)

	Trimethoprim/sulfamethoxazole
	7 (37)
	4 (50)
	5 (100)
	-

	Levofloxacin
	0
	1 (12.5)
	5 (100)
	-

	Minocycline
	-
	-
	5 (100)
	-

	Piperacillin-tazobactam
	1 (5.2)
	0
	-
	3 (100)

	Cefepime
	1 (5.2)
	1 (12.5)
	-
	3 (100)

	Meropenem
	1 (5.2)
	1 (12.5)
	-
	2 (66.6)

	Imipenem
	1 (5.2)
	1 (12.5)
	-
	2 (66.6)

	Ertapenem
	1 (5.2)
	1 (12.5)
	-
	2 (66.6)

	Colistin
	19 (100)
	5 (62.5)
	-
	3 (100)

	Gentamicin
	7 (37)
	3 (37.5)
	-
	3 (100)

	Amikacin
	7 (37)
	3 (37.5)
	-
	3 (100)

	Ciprofloxacin
	1 (5.2)
	1 (12.5)
	-
	3 (100)

	Tigecycline
	4 (21)
	7 (87.5)
	-
	-

	Ampicillin 
	-
	-
	-
	-

	Amoxiclav 
	-
	1 (12.5)
	-
	-

	Cefuroxime 
	-
	1 (12.5)
	-
	-

	Ceftriaxone 
	-
	1 (12.5)
	-
	-
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