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Abstract 44 

Background: The Lebanese Society of Infectious Diseases and Clinical Microbiology 45 

(LSIDCM), the Lebanese Society of Critical Care Medicine (LSCCM), and the Lebanese 46 
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Pulmonary Society (LPS) play a major role in guiding clinicians across Lebanon in prescribing 47 

antibiotics for the management of hospital-acquired pneumonia (HAP) and ventilator-associated 48 

pneumonia (VAP). Members of these societies have tailored the international recommendations 49 

for the management of HAP/VAP to local epidemiological and microbiological data. The aims of 50 

these local guidelines are to guide clinicians in the prevention of VAP, selection of appropriate 51 

empiric and targeted antimicrobial regimens for VAP/HAP and to contribute to improving 52 

patient outcomes. 53 

Methods: Recommendations in these guidelines are adapted from international guidelines and 54 

are modeled based on locally-derived epidemiological and microbiological data, as well as the 55 

availability of antimicrobial agents and other resources. 56 

Results: These guidelines aim to combine both clinical and bacteriological strategies to 57 

appropriately diagnose and manage HAP/VAP. They recommend implementing evidence-based 58 

preventive measures to lower the rate of VAP and improve patient outcomes. The recommended 59 

duration of treatment with antibiotics in general should not exceed 7 days in patients with HAP 60 

whereas it should be 7–8 days in patients with VAP. Imunnosuppressed patients with 61 

Pseudomonas aeruginosa infection might require longer courses. Ceftolozane/tazobactam 62 

(CFT/TAZ) and ceftazidime/avibactam (CAZ/AVI) are considered good options in patients with 63 

HAP/VAP caused by extended spectrum beta-lactamase-producing Enterobacterales and 64 

multidrug-resistant Pseudomonas aeruginosa. They also play a key role in the implementation of 65 

a carbapenem-sparing strategy in an antimicrobial stewardship program. 66 

Conclusion: These guidelines represent a major step towards establishing Lebanese national 67 

guidelines for the management of HAP/VAP. They also emphasize on timeliness and 68 

appropriateness of antibiotic therapy for the management of HAP/VAP. 69 
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 74 

 Background  75 

Nosocomial pneumonia (NP) is the most common nosocomial infection observed among patients 76 

in the intensive care unit (ICU). NP includes hospital-acquired pneumonia (HAP) and ventilator-77 

associated pneumonia (VAP) which are associated with life-threatening complications and 78 

increased morbidity and mortality (1). 79 

Different rates of HAP/VAP have been reported from varying regions around the world. In 2013, 80 

the National Healthcare Safety Network (NHSN) reported that the average rate of VAP in the 81 

United States of America (USA) was 1–2.5 cases/1000 days of mechanical ventilation (MV) (2). 82 

A recent study from the USA revealed a rate of HAP of 1.6% in hospitalized patients (3). The 83 

European Center for Disease Prevention and Control (ECDC) described that the rate of VAP was 84 

8.9 episodes/1000 days of MV (4), and the prevalence of HAP was 1.3% (5). In the Middle East, 85 

a multicenter study by the Gulf Cooperation Council reported a VAP rate of 4.8 per 1000 ventilator 86 

days according to data collected from Oman, Bahrain, and Saudi Arabia (6). Recently, a study 87 

from a tertiary care center in Lebanon over a 10-year period reported a VAP rate of 7.9 per 1000 88 

ventilator-days and examined the causative bacterial pathogens (7). 89 

Mortality has been reported to be significantly increased in patients with HAP. Micek et al. (8) 90 

reported that patients with HAP have an 8.4-fold increased risk of death, an 8-fold increase in need 91 

for MV, and a longer duration of hospitalization compared with patients without HAP. Among 92 



 

ICU patients, crude mortality of HAP and VAP was the same (9). Recently, an analysis of seven 93 

clinical trial datasets showed that ICU patients with ventilated-HAP (vHAP) had the highest all-94 

cause mortality rate at day 28 (27.8%), followed by VAP (18%) and non-ventilated HAP (NV-95 

HAP) (14.5%) (10). 96 

HAP has been associated with serious complications including respiratory failure, pleural 97 

effusions, septic shock, renal failure, and empyema (1). In addition, studies estimated that VAP 98 

prolongs the length of MV by 7.6 to 11.5 days and hospitalization by 11.5 to 13.1 days compared 99 

to similar patients without VAP (11,12). Moreover, HAP/VAP cause an increased cost of care and 100 

considerable financial burden where the excess cost was estimated to be approximately $40,000 101 

per patient (3,12). 102 

The NHSN data reports from 2016 showed that Staphylococcus aureus (24.7%) was the most 103 

prevalent pathogen causing VAP in the USA followed by Pseudomonas aeruginosa (16.5%) (13). 104 

A study that assessed the microbiological etiologies of HAP/VAP in USA, Europe, and Latin 105 

America found that the incidence of pathogens causing HAP/VAP was consistent over more than 106 

10 years with the 6 most prevalent pathogens being S. aureus (28%), P. aeruginosa (21.8%), 107 

Klebsiella species (9.8%), Escherichia coli (6.9%), Acinetobacter species (6.3%), and 108 

Enterobacter species (6.8%). These pathogens were responsible for around 80% of HAP or VAP 109 

episodes; P. aeruginosa and Acinetobacter species were more common in VAP cases (14). 110 

Data on HAP/VAP epidemiology, microbiology, and susceptibility of causative organisms from 111 

the Arab countries in the Middle East are scarce. Table 1 summarizes the findings of 3 studies 112 

from Lebanon. In a 10-year study from Lebanon, S. aureus, P. aeruginosa, Klebsiella species, E. 113 

coli, Acinetobacter species, and Enterobacter species were the most common pathogens 114 

associated with VAP (7). Despite being comparable to data from western countries, such data 115 



 

might not be representative on the national level and variation from one institution to another is 116 

possible. A recent report proposed a VAP treatment algorithm based on international guidelines 117 

and tailored to local hospital microbiology (15). 118 

HAP/VAP are associated with multidrug-resistant organisms (MDROs) leading to poor outcomes. 119 

Susceptibility data in pathogens isolated from VAP cases showed extensively and multidrug-120 

resistant (MDR) pathogens, including Acinetobacter species and P. aeruginosa, to be prevalent 121 

(7,16). 122 

 123 

Table 1. Distribution of bacteria causing VAP according to local studies 124 

Organism 

Kanafani et al. 

2003 (16) 

Awad et al. 

2018 (15) 

Kanafani et al. 

2019 (7) 

Acinetobacter baumannii - 37.33% 32.6% 

Acinetobacter anitratus 24% - - 

Pseudomonas aeruginosa 17.4% 30.67% 16.5% 

Enterobacterales - 14.67% - 

Klebsiella species 13% - 8.3% * 

Escherichia coli 10.9% - 12.4% 

Enterobacter species 4.3% - 5% 

Stenotrophomonas maltophilia 6.5% 12% 6% 

Coagulase-negative staphylococci 10.9% - - 

Staphylococcus aureus 6.5% 4% 4.6% 

Others 6.5% 1.33% 3.7% 

Serratia marcescens - - 3.7% 



 

Proteus mirabilis - - 3.7% 

Citrobacter species - - 2.3% 

Burkholderia cepacia - - 1.4% 

* Klebsiella pneumoniae 125 

 126 

The extensive and random use of antibiotics, particularly broad-spectrum agents, imposes a 127 

substantial financial burden on hospitals and national healthcare systems, and increases the risk of 128 

emergence of MDROs. International recommendations for the management of HAP/VAP have to 129 

be tailored to local epidemiological and microbiological data. Thus, establishing national 130 

guidelines is essential to guide clinicians in the selection of appropriate empiric and targeted 131 

antimicrobial regimens. In addition to implementing preventive bundles, these guidelines would 132 

contribute to improving patient outcomes. These present guidelines were developed by a panel 133 

including presidents and president elects of the 3 societies: the Lebanese Society of Infectious 134 

Diseases and Clinical Microbiology (LSIDCM) (6 members), Lebanese Society of Critical Care 135 

Medicine (LSCCM) (6 members), and the Lebanese Pulmonary Society (LPS) (5 members). 136 

 137 

 138 

 Methods 139 

We reviewed the epidemiology of HAP/VAP worldwide and in Lebanon. Our recommendations 140 

are adapted from international guidelines and are modeled based on locally-derived susceptibility 141 

data and on the availability of various antimicrobial agents and other resources. These guidelines 142 

describe detailed recommendations about diagnosis, prevention, and assessment of these 143 

infections, identification of risk factors, and antimicrobial management in adults with HAP/VAP. 144 



 

Moreover, these guidelines describe the experience of two major Lebanese medical centers with 145 

antimicrobial stewardship and the impact of COVID-19 and influenza viruses pandemics on the 146 

clinical presentation and management of bacterial pneumonia. The international guidelines 147 

reviewed herein are: 148 

 The 2016 clinical practice guidelines of the Infectious Diseases Society of America and 149 

the American Thoracic Society for the management of adults with hospital-acquired and 150 

ventilator-associated pneumonia (1). 151 

 The 2017 international guidelines of the European Respiratory Society (ERS), European 152 

Society of Intensive Care Medicine (ESICM), European Society of Clinical Microbiology 153 

and Infectious Diseases (ESCMID) and Asociación Latinoamericana del Tórax (ALAT) 154 

for the management of HAP/VAP (20). 155 

 The ESCMID guidelines for the management of the infection control measures to reduce 156 

transmission of multidrug-resistant Gram-negative bacteria in hospitalized patients (57). 157 

 The clinical practice guidelines of the Association of Medical Microbiology and 158 

Infectious Disease Canada and the Canadian Thoracic Society for HAP/VAP in adults 159 

(21). 160 

 The joint guidelines of the Indian Chest Society (ICS) and the National College of Chest 161 

Physicians (NCCP) of India for diagnosis and management of community-acquired 162 

pneumonia (CAP) and HAP in adults (22). 163 

 The guidelines of the Spanish Society of Pulmonology and Thoracic Surgery (SEPAR) for 164 

NP (33). 165 



 

 The guidelines of the American Thoracic Society and Infectious Diseases Society of 166 

America for the management of adults with HAP/VAP, and healthcare-associated 167 

pneumonia (63). 168 

 The guidelines of the Spanish Society of Chemotherapy for antibiotic selection in the 169 

treatment of acute invasive infections by P. aeruginosa (79). 170 

 171 

 172 

 173 

 Results 174 

3.1. Definition of HAP/VAP 175 

HAP is a pneumonia that occurs 48 hours or more after admission which was not incubating at the 176 

time of admission and not associated with MV. VAP is a pneumonia that arises after more than 48 177 

hours of MV. vHAP is a pneumonia that occurs 48 hours or more after admission which was not 178 

incubating at the time of admission and not associated with MV. It occurs in patients with severe 179 

HAP who require MV. ICU HAP is defined as a pneumonia that occurs 48 hours or more after 180 

ICU admission. Besides being associated with MDROs, vHAP has the highest mortality rate 181 

compared to VAP and non-ventilated HAP, a poor clinical prognosis, and the poorest clinical 182 

outcome (17,18). Therefore, optimal antibiotic therapy should be selected and guided by local 183 

susceptibility rates and MDROs risk factors. 184 

 185 

 186 

3.2. Assessment and Diagnosis 187 

The clinical criteria for the diagnosis of VAP have a high sensitivity but a low specificity; critically 188 

ill ventilated patients can develop complications such as atelectasis, pulmonary edema, pulmonary 189 



 

embolism, and pulmonary trauma that may closely resemble VAP (19) and that need to be 190 

considered in the differential diagnosis. 191 

In addition to the clinical signs of respiratory infections (cough, sputum production, chest pain, 192 

fever), the assessment of the patient should include: 193 

 Radiological tests,  194 

 Respiratory sample cultures,  195 

 Analytical determinations, 196 

 Scores from various rating scales such as the Clinical Pulmonary Infection Scale (CPIS) 197 

(20). 198 

 199 

3.2.1 Clinical assessment 200 

The diagnosis is usually made when a patient develops symptoms including fever, purulent 201 

tracheobronchial secretions, and a new or changing pulmonary infiltrate or a new onset of 202 

leukocytosis (21). Patients with a strong suspicion of VAP/HAP but insufficient evidence for 203 

infection must be re-evaluated periodically (22). Risk stratification regarding the acquisition of 204 

MDROs should be assessed to guide decisions on empiric antibiotic treatment (22). 205 

A good practice in patients receiving antibiotherapy for VAP/HAP consists of doing a routine 206 

bedside clinical assessment (20). This assessment consists of measuring body temperature, 207 

performing a culture of the tracheobronchial secretion and assessing its purulence and volume, 208 

evaluating the resolution of the chest radiograph infiltrate, evaluating white blood cell count and 209 

arterial oxygen pressure/inspiratory oxygen fraction (PaO2/FiO2), and calculating at least 1 of the 210 

following scores: Acute Physiology and Chronic Health Evaluation II (APACHE II), CPIS, Organ 211 



 

Dysfunction and Infection System (ODIN), Simplified Acute Physiological Score II (SAPS II), 212 

and Sequential Organ Failure Assessment (SOFA) (20). 213 

Treatment is considered successful or the bacteria are eradicated in case of negative findings. 214 

Negative findings can also suggest that the lung infection was not present initially, so antimicrobial 215 

therapy should be adjusted or discontinued. 216 

Several clinical factors of pneumonia can be evaluated semi-objectively using the CPIS (Table 2). 217 

The clinical course of VAP can be described using serial CPIS measurements which allows the 218 

identification of patients with a good therapeutic response 3 days after the diagnosis (23). A CPIS 219 

of 0 to 6 is a low predictor of pneumonia whereas diagnosis is more certain when the score ranges 220 

from 7 to 12. SOFA score is also used to assess HAP/VAP patients, wherein a decreased SOFA 221 

score is associated with a decreased survival (24). 222 

 223 

Table 2. Clinical Pulmonary Infection Scale 224 

CPIS 0 1 2 

Tracheal secretions Rare  Abundant  Abundant and 

purulent 

Chest X-ray 

infiltrates 

No infiltrate  Diffused Localized 

Temperature (˚C) ≥ 36.5 and ≤ 38.4 ≥ 38.5 and ≤ 38.9 ≥ 39 and ≤ 36 

Leukocytes count 

(/mm3) 

≥ 4,000 and ≤ 11,000 < 4,000 and > 11,000 < 4,000 and > 11,000 

and band forms ≥ 500 

PaO2/FiO2 (mmHg) ≥ 240 or ARDS  ≤ 240 and no 

evidence of ARDS 



 

Microbiology  Negative  Positive  

ARDS: acute respiratory distress syndrome; PaO2/FiO2: arterial oxygen pressure/inspiratory 225 

oxygen fraction. Adapted from Fartoukh M, et al., 2003 (25). 226 

 227 

3.2.2 Microbiological assessment 228 

In stable patients with suspected VAP/HAP, one or more lower respiratory tract samples should 229 

be sent for Gram stain and culture before the initiation of antibiotics (22,26), and a blood sample 230 

should be sent for culture as well. A good quality sputum should be sent to the microbiology 231 

laboratory in all patients suspected of having HAP (> 25 leucocytes and < 10 squamous cells per 232 

low-power field). Semi-quantitative cultures of lower respiratory tract secretions can be performed 233 

instead of qualitative cultures. They can be easier to interpret and equally discriminatory for the 234 

presence of pneumonia as compared to quantitative cultures (22). In unstable patients, the 235 

appropriate management should not be delayed to perform diagnostic sampling (22). 236 

Lower respiratory tract samples (distal quantitative, proximal quantitative, qualitative) are 237 

obtained to de-escalate and narrow the initial empiric antibiotic therapy (20). 238 

 239 

3.2.3 Radiological assessment 240 

Chest X-rays are done routinely but are neither sensitive nor specific. CT scan should not be 241 

routinely obtained for diagnosing HAP/VAP. 242 

 243 



 

3.2.4 Biological assessment 244 

No ideal biomarker for evaluating the therapeutic response is yet available. Theoretically, the main 245 

characteristics of the ideal biomarker are affordability, easy access, timely manner results, and 246 

contribution to decreasing the consumption of antibiotics (19). 247 

The mid-regional pro-atrial natriuretic peptide, procalcitonin (PCT), C-reactive protein (CRP), and 248 

copeptin have been suggested as biomarkers for NP (19,20). However, treatment outcomes have 249 

not yet been compared in HAP/VAP patients managed based on either the clinical assessment or 250 

biomarker measurement (20). 251 

PCT and CRP can help in monitoring and assessing prognosis where the measurement of PCT and 252 

CRP at the beginning of VAP infection and on day 3-4 can predict mortality, and the decrease in 253 

either one of these markers is a predictor of survival (24). The value of PCT particularly on day 3 254 

highly predicts mortality risks (27). 255 

An elevated level of PCT was found to be associated with an increased risk of mortality in critically 256 

ill patients (28). The same meta-analysis showed that the prognostic performance of this biomarker 257 

was almost the same in patients with VAP and those with CAP (28). Whether patients are to be 258 

admitted to the ICU or treated as outpatients, the decision can be based on the additional 259 

information provided by PCT for risk scores (28). Conversely, PCT has a limited role in cases of 260 

hemodialysis, renal failure, and resuscitated cardiac arrest (29). The diagnosis of HAP/VAP (22), 261 

or the decision to initiate or reduce the duration of treatment with antibiotics (30) cannot be made 262 

based on PCT and CRP alone. 263 

Since serial measurements of PCT levels have a marginal impact on shortening the duration of 264 

antibiotic treatment in patients with a good response to initial treatment (20), relying on clinical 265 

criteria is recommended to decide whether or not to initiate antibiotic treatment or follow-up 266 



 

(1,20). The duration of antibiotic treatment can be shortened based on both the serial serum PCT 267 

levels and clinical assessment in specific clinical circumstances. However, this practice is not 268 

endorsed for decision-making upon initiation of treatment (20). 269 

Bacterial HAP/VAP can be differentiated from other non-infective etiologies, and deciding 270 

whether antibiotic treatment can be stopped are possible in case of a serum PCT levels < 0.5 ng/mL 271 

(22). 272 

 273 

3.2.5 Microbiological diagnosis 274 

It may not be always feasible to collect a bacteriological sample and modify the antibiotic therapy 275 

accordingly. In addition , the yield of cultures from respiratory samples is not very high. In 276 

practice, both qualitative and quantitative samples lose their sensitivity and specificity when 277 

antibiotics have recently been started or modified (26). So, both clinical and bacteriological 278 

assessments have to be combined to appropriately diagnose and manage HAP/VAP (22).  279 

 280 

Definite Diagnosis: 281 

The criteria for a definite diagnosis are: 282 

 Positive blood culture in the absence of extrapulmonary infections, 283 

 Positive pleural fluid culture, transthoracic biopsy, tracheobronchial aspirates (TBAS ≥ 105 284 

CFU/ml), protected specimen brushing (PSB) (≥ 103 CFU/ml), or bronchoalveolar lavage 285 

(BAL) (≥ 104 CFU/ml), 286 

 Seroconversion (4-fold increase of immunoglobulin G titer) for Chlamydia pneumoniae or 287 

Legionella pneumophila > 1:128, Coxiella burnetii > 1:80, and respiratory viruses (influenza 288 

virus A and B, parainfluenza virus 1–3, respiratory syncytial virus, adenovirus). 289 



 

 Positive reverse transcription polymerase chain reaction (RT-PCR) for respiratory viruses 290 

(influenza viruses A and B, parainfluenza virus 1-3, respiratory syncytial virus, adenovirus).  291 

 292 

Presumptive Diagnosis:  293 

Predominant microorganism in a sputum sample compatible with Gram stain result. 294 

 295 

3.2.6 Lower respiratory tract sampling techniques 296 

To identify the causative agent of NP in intubated patients, it is recommended to perform a 297 

qualitative or quantitative or semi-quantitative (preferred) analysis of the respiratory secretions 298 

taking into consideration the quality of the respiratory samples (20). The European guidelines 299 

recommend to obtain the distal quantitative samples before antibiotic treatment, since negative 300 

results may be observed if samples are obtained within 48 hours of starting antibiotic therapy (20). 301 

Using distal quantitative cultures may reduce antibiotic overuse and consequently decrease the risk 302 

of bacterial resistance and reduce health expenditure (20). 303 

Samples of respiratory secretions can be obtained using non-invasive or invasive techniques 304 

(Table 3; 20). Also, the diagnosis of HAP/VAP is established using various sampling techniques 305 

like bronchoscopic or non-bronchoscopic BAL, endotracheal aspirate (ETA), and PSB (22). If a 306 

diagnosis of VAP is suspected, individual preferences, local expertise, and cost will guide the 307 

choice of the preferred method for lower respiratory tract sample collection (bronchoscopic or 308 

non-bronchoscopic, blind or targeted); nevertheless, blind ETA sampling is the easiest and is 309 

equally useful (22). Routine ETA culture is not recommended. Whenever feasible, an antibiogram 310 

should be requested (Figure 1; 22). 311 

 312 



 

 313 

Table 3. Advantages and disadvantages of invasive and non-invasive sampling techniques 314 

 315 

 Advantages Disadvantages 

Non-invasive 

qualitative cultures 

 Detect the presence or absence of 

pathogens (31) 

 Simple and non-invasive 

techniques (32) 

 Samples are often contaminated 

by the flora colonizing the upper 

tracts and are therefore less 

specific (32) 

 May overestimate the presence of 

bacteria in the initial examination 

of the samples, which can lead to 

excessive antibiotic use (20) 

Invasive quantitative 

cultures 

 Differentiate between infection 

and colonization (31) 

 Achieve reliable identification of 

the causative pathogen (32) 

 Can guide antimicrobial 

treatment (20) 

 Need qualified personnel  

 There is potential associated risks 

on the patient, in addition to  the 

associated costs (20,33) 



 

 316 

Figure 1. Algorithm for managing suspected HAP  317 

ATB: antibiotic; BA: bronchial aspirate; BAL: bronchoalveolar lavage; CFU: colony-forming 318 

unit; CT: computer tomography; HAP: hospital-acquired pneumonia; PDA: protective distal 319 

aspirate; PSB: protected specimen brushing. 320 

 321 

Recommendations 322 

 We recommend assessing patients clinically through temperature charting, tracheobronchial 323 

secretion culture and volume and purulence assessment, evaluation for chest radiograph 324 

abnormality resolution, determination of white blood cell count and PaO2 /FiO2, and 325 

calculation of a relevant score. 326 



 

 We suggest performing a routine bedside clinical assessment in patients receiving antibiotic 327 

treatment for VAP/HAP. 328 

 We recommend performing a qualitative or quantitative (preferred) or semi-quantitative 329 

analysis of the respiratory secretions to identify the causative agent of NP in intubated patients. 330 

 In a patient suspected of having VAP, the preferred method for lower respiratory tract sample 331 

collection (blind or targeted, bronchoscopic or non-bronchoscopic) depends upon individual 332 

preferences, local expertise, and associated cost. 333 

 We recommend obtaining lower respiratory tract samples (distal quantitative, proximal 334 

quantitative, qualitative) to de-escalate and narrow the initial empiric antibiotic therapy. 335 

 We do not recommend using PCT and CRP alone to diagnose HAP/VAP, or to initiate or 336 

reduce the duration of antimicrobial therapy. 337 

 We suggest combining both clinical and bacteriological strategies to appropriately diagnose 338 

and manage HAP/VAP. 339 

 340 

 341 

3.3. MDROs Risk Factors 342 

MDR P. aeruginosa, extended spectrum beta-lactamase-producing Enterobacterales (ESBL-E), 343 

methicillin-resistant S. aureus (MRSA), Acinetobacter baumannii and carbapenem-resistant 344 

Enterobacterales (CRE) are the MDROs most commonly involved in NP (Table 4). Knowledge 345 

of the local epidemiology is essential since there are significant differences in the local prevalence 346 

of each MDRO (34). MDR Pseudomonas is defined as a pathogen which is resistant to at least one 347 

agent in three or more antibiotic classes (35). 348 

 349 



 

 350 

3.4. VAP Prevention ( level of evidence) 351 

Various organizations have proposed recommendations for VAP prevention. The ones established 352 

by the Society for Healthcare Epidemiology of America (SHEA) and the Infectious Diseases 353 

Society of America (IDSA) are evidence-based and include the following (based on level of 354 

evidence) (36): 355 

1. Basic practices to decrease average duration of MV, length of stay, morality and/or costs: 356 

a. Use non-invasive positive pressure ventilation in selected populations (high) 357 

b. Manage patients without sedation whenever possible (moderate) 358 

c. Interrupt sedation daily (high) 359 

d. Assess readiness to extubate daily (high) 360 

e. Perform spontaneous breathing trials with sedatives turned off (high) 361 

f. Facilitate early mobility (moderate) 362 

g. Utilize endotracheal tubes with subglottic secretion drainage ports for patients expected 363 

to require greater than 48 or 72 hours of MV (moderate) 364 

h. Change the ventilator circuit only if visibly soiled or malfunctioning (high) 365 

i. Elevate the head of the bed to 30 to 45° (low, but low cost and simple) 366 

 367 

2. Special approaches 368 

a. Improve outcomes but not enough evidence on possible risks: 369 

i. Selective oral or digestive decontamination (high, but insufficient data on long-370 

term impact on antimicrobial resistance) 371 



 

b. May lower VAP but insufficient data on impact on MV duration, length of stay or 372 

mortality: 373 

i. Regular oral care with chlorhexidine (moderate) 374 

ii. Prophylactic probiotics (moderate)  375 

iii. Ultrathin polyurethane endotracheal tube cuffs (low) 376 

iv. Automated control of endotracheal tube cuff pressure (low) 377 

v. Saline instillation before tracheal suctioning (low) 378 

vi. Mechanical tooth brushing (low) 379 

In addition, the Institute for Healthcare Improvement (IHI) has proposed a bundle which 380 

hypothetically provides synergy between different components including (37,38): elevation of the 381 

head of the bed, daily sedation interruption and assessment of readiness to extubate, peptic ulcer 382 

disease prophylaxis, deep venous thrombosis prophylaxis, and daily oral care with chlorhexidine. 383 

Other organizations have proposed recommendations that are summarized in Table 5. 384 

Since Acinetobacter is of concern in the Levant region (7), the ESCMID recommendations to 385 

reduce the transmission of MDR-A. baumannii include (39): 386 

a. Hand hygiene 387 

b. Contact precautions for all colonized patients 388 

c. Alert code for previously colonized patients and pre-emptive contact precautions 389 

d. Education on MDR-A. baumannii 390 

e. Environmental cleaning 391 

f. Antimicrobial stewardship 392 

g. Active surveillance as an additional measure, but bathing with chlorhexidine was not 393 

supported. 394 



 

Recommendations 395 

 We prefer to implement evidence-based preventive measures to lower the rate of VAP and 396 

improve patient outcomes. 397 

 398 

 399 

3.5. Treatment of HAP/VAP 400 

Inappropriate antibiotic treatment is an important modifiable prognostic factor that may increase 401 

mortality in severe infections (40,41). Timeliness and appropriateness of antibiotic therapy is an 402 

important consideration in NP. 403 

 404 

3.5.1 HAP risk factors 405 

The risk factors of HAP are (8,42–46): 406 

1. Patient-related factors: acute or chronic severe disease, coma, hypotension, malnutrition, 407 

prolonged hospitalization, metabolic acidosis, smoking and comorbidities (such as disorders 408 

of the central nervous system, chronic obstructive pulmonary disease (COPD), respiratory 409 

insufficiency diabetes mellitus, alcoholism, and chronic renal failure). 410 

2. Management-related factors: extended/inappropriate antibiotic treatment, administration of 411 

sedatives, gastric acid suppressive therapy, corticosteroids and other immunosuppressants, and 412 

prolonged surgical procedures (especially at the thoracic or abdominal levels). 413 

3. Infection prevention-related factors: hand hygiene compliance failure or inappropriate care 414 

of respiratory support equipment. 415 

 416 



 

3.5.2 Treatment options and duration 417 

The selection of appropriate antibiotic regimen and treatment duration are key elements to avoid 418 

the emergence of bacterial resistance and achieve the best outcomes. While the duration of therapy 419 

for MDROs is not clearly defined, the European guidelines recommend a duration of antibiotic 420 

treatment for HAP of maximum 7 days. To avoid multidrug resistance, antibiotic treatment is 421 

recommended for 7–8 days in patients with VAP without other respiratory comorbidities (such as 422 

lung abscess, lung cavitation, pulmonary empyema, or necrotizing pneumonia), and who present 423 

a good therapeutic response. Patients with inappropriate initial empiric therapy may need longer 424 

courses of treatment which should be individualized to the patient’s clinical response and 425 

microbiological findings (20). In patients with P. aeruginosa  pneumonia who have no significant 426 

comorbidities, who defervesce and improve clinically within the first week of therapy, and who 427 

have infection with a susceptible P. aeruginosa isolate can be treated with regimens of 7 to 10 428 

days. However, based on expert opinion, longer treatment durations (e.g., from 10 to 21 days) may 429 

be warranted for patients with serious underlying conditions (e.g., neutropenia), concurrent 430 

bloodstream infection, a poor or slow response to therapy, and/or a partially susceptible or 431 

multidrug-resistant strain (47). Short duration of treatment could lead to decreased antibiotic 432 

exposure during hospitalization in the ICU and increased risk of MDROs. Empirical antimicrobial 433 

therapy is selected based on risk factors, previous colonization, and local microbiology. Then, de-434 

escalation is done depending on the type of isolated pathogens and the possible advantages of one 435 

antimicrobial over others.  436 

Clinical scores, such as CPIS or CarbaSCORE (48), and non-specific biomarkers, such as PCT 437 

and CRP, are tools that can guide therapy and clinical decision-making to appropriately begin or 438 

stop antibiotic treatment (49). 439 



 

New treatment options are currently available in Lebanon with the approval of two beta-440 

lactam/beta-lactamase inhibitor antibiotics namely CFT/TAZ and CAZ/AVI for patients with 441 

suspected MDRO infection. These agents demonstrated an appropriate activity and clinical 442 

efficacy against ESBL-Enterobacterales and MDR P. aeruginosa in clinical trials (50,51) with less 443 

risk for emergence of resistance. They are considered good options in the armamentarium 444 

particularly for carbapenem-sparing strategies in an antimicrobial stewardship policy (52,53). 445 

For infections with MDR Acinetobacter, inhaled colistin has been found to be of benefit. In one 446 

study, a response rate of 80% was observed when using inhaled colistin as adjunctive therapy to 447 

intravenous antibiotics for VAP caused by drug-resistant Gram-negative bacilli, predominantly A. 448 

baumannii (54). Unless other options are available, it is preferred to use inhaled colistin for patients 449 

with severe pneumonia due to A. baumannii that is resistant to beta-lactams and carbapenems (i.e., 450 

sensitive to colistin only) since lung concentration attained intravenously is low. Other studies 451 

have showed that tigecycline was associated with a good response rate when used in patients with 452 

VAP due to MDR A. baumannii (55,56). 453 

Ceftobiprole, a fifth-generation broad-spectrum cephalosporin, showed a limited activity against 454 

A. baumannii (57–59). 455 

Studies have shown that CFT/TAZ is a good choice to treat P. aeruginosa (60,61) infections, and 456 

ESBL-producing Enterobacterales infections (62). CFT/TAZ presents potent in-vitro activity 457 

against P. aeruginosa including the MDR strains, with less resistance than the current anti-458 

pseudomonal agents (63). CFT/TAZ also exhibits the lowest mutant prevention concentration 459 

(MPC) against P. aeruginosa, as well as colistin and quinolones (2 mg/L) (61). The ASPECT-NP 460 

clinical trial demonstrated that CFT/TAZ was non-inferior to meropenem regarding 28-day all-461 

cause mortality, showed a trend toward reduced mortality in the subset of patients with HAP who 462 



 

required invasive MV (mortality at 28 days, 24.2% vs 37%) and in patients who failed their initial 463 

antibiotic treatment (mortality at 28 days, 22.6% vs 45%), and achieved higher levels of 464 

microbiological cure in pneumonia caused by P. aeruginosa (51). 465 

A retrospective study evaluated real-world clinical experiences with CFT/TAZ to treat severe 466 

ESBL-producing Enterobacterales infections. Around 84% of total cases and 78% of patients with 467 

HAP showed a successful clinical outcome. Interestingly, no clinical failure was reported among 468 

patients with CFT/TAZ administered as an empiric therapy compared to patients who had received 469 

CFT/TAZ as a targeted or rescue therapy (64). 470 

A study assessing the antimicrobial susceptibility of Gram-negative respiratory isolates from ICU 471 

patients in hospitals in USA and Europe (SMART 2018) showed that co-resistance existed in 472 

commonly prescribed first-line beta-lactam antibiotics; a pathogen that was non-susceptible to one 473 

agent had a susceptibility rate of < 35% to other beta-lactams. For instance, when the Pseudomonas 474 

isolates were non-susceptible to ceftazidime, susceptibility rate to piperacillin/tazobactam or 475 

meropenem was very low, 7% and 27.2% respectively (65). These data can guide empiric therapy 476 

in patients who fail initial antibiotic therapy.  477 

CAZ/AVI is a good choice for patients with bacteremia who required rescue treatment in infections 478 

caused by KPC-producing Enterobacterales (66), and infections caused by a CAZ/AVI-susceptible 479 

OXA-48 strains (67), as well as infections caused by metallo-β-lactamase-producing 480 

Enterobacterales when combined with aztreonam (68). It is associated with improved survival rates 481 

in case of infections caused by KPC-producing Enterobacterales (66). The panel recommends the 482 

following algorithm for the management of HAP/VAP based on risks for MDROs (Figure 2). 483 

 484 



 

Recommendations 485 

 We recommend antibiotic treatment for no longer than 7 days in patients with HAP. 486 

 We recommend a duration of antibiotic treatment of 7–8 days in patients with VAP (except in 487 

those caused by P. aeruginosa where, as discussed above, treatment can be prolonged in certain 488 

cases). 489 

 CFT/TAZ and CAZ/AVI are considered good options in patients with HAP/VAP caused by 490 

ESBL-Enterobacterales and MDR P. aeruginosa. 491 

 CFT/TAZ and CAZ/AVI are considered good options in the implementation of a carbapenem-492 

sparing strategy in an antibiotic stewardship program. 493 

 We suggest using inhaled colistin for patients with severe pneumonia due to A. baumannii that 494 

is resistant to beta-lactams and carbapenems. 495 

 496 



 

 497 

Figure 2. Treatment algorithm for VAP/HAP in ICU 498 

AMG: aminoglycoside; AT: antimicrobial therapy; AZT: aztreonam; CAZ/AVI: ceftazidime/avibactam; CFT/TAZ: 499 

ceftolozane/tazobactam; EAT: empirical antimicrobial treatment; KPC: Klebsiella pneumoniae carbapenemase; MDR: multidrug-500 
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resistant; NP: nosocomial pneumonia; OXA-48: OXA-48 carbapenemase; PCR: polymerase chain reaction; PIP/TAZ, 501 

piperacillin/tazobactam; R: resistance; spp.: species plural; TAT: targeted antimicrobial treatment; VAP: ventilator-associated 502 

pneumonia; vHAP: ventilated hospital-acquired pneumonia. †Diabetes, COPD, moderate/severe renal/liver disease, 503 

immunosuppression/neutropenia, elderly patients, solid tumor, structural lung disease, organ transplantation, hemodialysis *If Oxa-48 504 

susceptible to CAZ/AVI. Adapted from Montravers P. et al, 2018 (17) and Zaragoza R et al., 2020 (17,53). 505 

 506 



 

3.6. Antimicrobial Stewardship: Experience from Two Hospitals in Lebanon 507 

An antimicrobial stewardship strategy for carbapenems did not impair clinical outcomes, and it 508 

was associated with a lower rate of adverse drug reactions, lower incidence of carbapenem-509 

resistant A. baumannii infections, and a lower incidence of Clostridium difficile-associated 510 

diarrhea (69). Considering the aforementioned results, implementing a carbapenem-sparing 511 

strategy through an AMS program would be beneficial in terms of clinical outcomes and bacterial 512 

resistance. 513 

Experience from the Saint George Hospital University Medical Center (70) and the American 514 

University of Beirut Medical Center (Infection Control and Prevention Program [ICPP], two major 515 

hospitals in Lebanon, has shown that carbapenem-sparing strategies in managing ICU infections 516 

were successful in improving carbapenem consumption and eliminating MDROs including A. 517 

baumannii. 518 

 519 

 520 

3.7. COVID-19 and Influenza Virus Pandemics  521 

Secondary bacterial pneumonia is a complication of coronavirus disease 2019 (COVID-19) which 522 

can be associated with worse outcomes (71). A meta-analysis showed that around 7% of COVID-523 

19 patients had a bacterial infection, out of which 14.3% were secondary infections (72). Bacterial 524 

co-infection in patients with influenza virus infections was significantly associated with higher 525 

morbidity and mortality (73). 526 

The hallmark of the clinical presentation in patients with secondary bacterial pneumonia is the 527 

exacerbation of fever and respiratory symptoms after initial improvement in the symptoms of acute 528 

viral infection. Fever may abate for one or more days of viral infection, but instead of continuing 529 



 

to improve, the patient with secondary bacterial pneumonia relapses with higher fever, cough, 530 

production of purulent sputum, and radiographic evidence of new pulmonary infiltrates. The most 531 

common bacterial pathogens found in bacterial superinfections after influenza virus pneumonia 532 

are Gram-positive bacteria such as Streptococcus pneumonia and S. aureus including MRSA (73). 533 

Conversely, bacterial superinfections after COVID-19 infection are mostly caused by Gram-534 

negative bacteria such as A. baumannii, P. aeruginosa, and Klebsiella pneumonia, and fungi such 535 

as Aspergillus (74). A recent study showed that patients with COVID-19 who required MV were 536 

significantly more likely to develop VAP than patients who required MV for other reasons with 537 

an incidence density of 28/1000 ventilator days versus 13/1000 (p value=0,009) respectively and 538 

the mortality rate for COVID-19 VAP was higher than for VAP in non COVID-19 infected patients 539 

(75). 540 

In the context of reduced routine invasive microbiological investigation (bronchoscopy), the 541 

extensive use of broad-spectrum empirical antibiotics should be avoided. 542 

 543 

 Conclusion 544 

These guidelines represent a major step towards establishing Lebanese national guidelines for the 545 

management of HAP/VAP. They also emphasize on implementing evidence-based preventive 546 

measures to lower the rate of VAP and improve patient outcomes, and on timeliness and 547 

appropriateness of antibiotic therapy for the management of HAP/VAP. 548 

 549 
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 Tables 929 

Table 4. Risk factors of MDRO causing NP 930 

MDRO Risk factors 

MRSA (76–78) 

o Age 

o NP appearance > 6 days after admission 

o NP development excluding summers 

o Respiratory diseases 

o Multilobe involvement 

o Respiratory infection/colonization caused by MRSA in the previous year 

o Hospitalization in the previous 90 days 

o Recent nursing home or hospital stay 



 

MDRO Risk factors 

o Recent exposure to fluoroquinolones or antibiotics treating Gram-

positive organisms 

Pseudomonas 

aeruginosa (79–

84) 

o Increased age 

o Length of MV 

o Antibiotics at admission 

o Transfer from a medical unit or ICU 

o Admission in a ward with higher incidence of patients with P. 

aeruginosa infections 

o ICU stay 

o Bedridden status 

o Presence of invasive devices 

o Prior use of certain antibiotics (broad-spectrum cephalosporins, 

aminoglycosides, carbapenems, fluoroquinolones) 

o Diabetes mellitus 

o Surgery 

Enterobacterales 

(producing 

ESBL, CRE) 

(85–87) 

o Admission to ICU and antimicrobial use 

o Invasive operation 

o Duration of previous antibiotic therapy 

o Male gender 

o Admission from another healthcare facility 

o Ventilation at any point before culture during the index hospitalization 

o Receipt of any carbapenem in the prior 30 days 



 

MDRO Risk factors 

Acinetobacter 

baumannii 

(52,88–92) 

o Prior colonization with MRSA 

o Prior beta-lactam use, particularly carbapenems 

o Prior fluoroquinolone use 

o Bedridden status 

o Debilitated status of patients in ICU 

o Current or prior intensive care unit admission 

o Presence of a central venous catheter 

o Recent surgery 

o MV 

o Hemodialysis 

o Malignancy 

CRE: carbapenem-resistant Enterobacterales; ESBL: extended spectrum beta-lactamase; ICU: 931 

intensive care unit; MDRO: multidrug-resistant organism; MRSA: methicillin-resistant 932 

Staphylococcus aureus; MV: mechanical ventilation; NP: nosocomial pneumonia. 933 

 934 

Table 5. Different VAP prevention bundles 935 

 Intervention 

SHE

A/ID

SA 

(36) 

IHI 

bundle 

(37,38) 

Spanis

h 

bundle 

(93) 

Frenc

h 

bundle 

(94) 

Johns 

Hopkin

s 

bundle 

(95)  

Level of 

recommendati

on 

(SHEA/IDSA) 

1 Head of bed elevation B X X X X Low 



 

 Intervention 

SHE

A/ID

SA 

(36) 

IHI 

bundle 

(37,38) 

Spanis

h 

bundle 

(93) 

Frenc

h 

bundle 

(94) 

Johns 

Hopkin

s 

bundle 

(95)  

Level of 

recommendati

on 

(SHEA/IDSA) 

2 

Non-invasive positive 

pressure ventilation in 

selected populations 

B     High 

3 

Minimize sedation or 

manage without 

sedation whenever 

possible 

B  X  X Moderate 

4 
Daily sedation 

interruption 
B X    High 

5 
Daily assessment of 

readiness to extubate 
B X   X High 

6 

Perform spontaneous 

breathing trials with 

sedatives turned off 

B     High 

7 
Facilitate early 

mobility 
B     Moderate 

8 
Utilize endotracheal 

tubes with subglottic 
B     Moderate 



 

 Intervention 

SHE

A/ID

SA 

(36) 

IHI 

bundle 

(37,38) 

Spanis

h 

bundle 

(93) 

Frenc

h 

bundle 

(94) 

Johns 

Hopkin

s 

bundle 

(95)  

Level of 

recommendati

on 

(SHEA/IDSA) 

secretion drainage 

ports for patients 

expected to require > 

48 or 72 hours of MV 

9 

Avoiding elective 

changes of ventilator 

circuits, humidifiers, 

and endotracheal 

tubes (only when 

visibly soiled) 

B  X   High 

10 
Daily oral care with 

chlorhexidine 
S X X X  Moderate 

11 

Selective oral or 

digestive 

decontamination 

S     High* 

12 
Prophylactic 

probiotics 
S     Moderate 



 

 Intervention 

SHE

A/ID

SA 

(36) 

IHI 

bundle 

(37,38) 

Spanis

h 

bundle 

(93) 

Frenc

h 

bundle 

(94) 

Johns 

Hopkin

s 

bundle 

(95)  

Level of 

recommendati

on 

(SHEA/IDSA) 

13 

Ultrathin polyurethane 

endotracheal tube 

cuffs 

S     Low 

14 

Automated control of 

endotracheal tube 

cuffs 

S     Low 

15 

Saline instillation 

before tracheal 

suctioning 

S     Low 

16 
Mechanical 

toothbrushing 
S     Low 

17 
Peptic ulcer disease 

prophylaxis 
NR X   X Moderate 

18 

Deep venous 

thrombosis 

prophylaxis 

 X   X N/A 

19 
Education and training 

in airway management 
  X   N/A 



 

 Intervention 

SHE

A/ID

SA 

(36) 

IHI 

bundle 

(37,38) 

Spanis

h 

bundle 

(93) 

Frenc

h 

bundle 

(94) 

Johns 

Hopkin

s 

bundle 

(95)  

Level of 

recommendati

on 

(SHEA/IDSA) 

20 

Strict hand hygiene 

before airway 

management and 

glove and gown 

compliance 

  X X  N/A 

21 

Control and 

maintenance of cuff 

pressure  

(French: > 20 cm 

H2O) 

  X X  N/A 

22 

Orogastric rather than 

nasogastric feeding 

tubes 

   X  N/A 

23 
Avoiding gastric 

overdistention 
   X  N/A 

24 

Eliminating non-

essential tracheal 

suctioning 

   X  N/A 



 

B: basic practices; IDSA: Infectious Diseases Society of America; MV: mechanical ventilation; 936 

N/A: not available; NR: not recommended; S: special approaches; SHEA: Society for Healthcare 937 

Epidemiology of America. *Improves outcomes but not enough evidence on possible risks 938 

(insufficient data on long-term impact on antimicrobial resistance). 939 

 940 



Figures

Figure 1

Algorithm for managing suspected HAP ATB: antibiotic; BA: bronchial aspirate; BAL: bronchoalveolar
lavage; CFU: colony-forming unit; CT: computer tomography; HAP: hospital-acquired pneumonia; PDA:
protective distal aspirate; PSB: protected specimen brushing.



Figure 2

Treatment algorithm for VAP/HAP in ICU. AMG: aminoglycoside; AT: antimicrobial therapy; AZT:
aztreonam; CAZ/AVI: ceftazidime/avibactam; CFT/TAZ: ceftolozane/tazobactam; EAT: empirical
antimicrobial treatment; KPC: Klebsiella pneumoniae carbapenemase; MDR: multidrug-resistant; NP:
nosocomial pneumonia; OXA-48: OXA-48 carbapenemase; PCR: polymerase chain reaction; PIP/TAZ,
piperacillin/tazobactam; R: resistance; spp.: species plural; TAT: targeted antimicrobial treatment; VAP:
ventilator-associated pneumonia; vHAP: ventilated hospital-acquired pneumonia. †Diabetes, COPD,
moderate/severe renal/liver disease, immunosuppression/neutropenia, elderly patients, solid tumor,
structural lung disease, organ transplantation, hemodialysis *If Oxa-48 susceptible to CAZ/AVI. Adapted
from Montravers P. et al, 2018 (17) and Zaragoza R et al., 2020 (17,53).


