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Abstract

Background: Ventilator-associated pneumonia (VAP) is a major health problem for people intubated in intensive
care units (ICUs), leading to increased mortality rates, hospital stay, and treatment costs. In the present study, the
core pathogens causing VAP in Beni-Suef University's Hospital, Egypt, was investigated over a study period of 2
years (2017–2019).

Results: Of a total of 213 patients subjected to mechanical ventilation, 60 have developed VAP during their stay in
the ICU. The mortality rate reached 41.7% among VAP patients. Sixty bacteria were isolated from an endotracheal
aspirate of hospitalized patients. The different isolates were cultured followed by running biochemical tests,
sensitivity assays, and automated VITEK®2 System analysis. Unexpectedly, all the isolates were Gram-negative
bacteria. Klebsiella pneumoniae were the main pathogen encountered (27/60 isolates) followed by Acientobacter
baumannnii (7/60) and other microorganisms belonging to the genera Moraxella, Escherichia, and Pseudomonas (11/
60). Antibiotic sensitivity testing was performed via the VITEK®2 System using up to 16 different antibiotics
representing 8 different antibiotic classes and subclasses (aminoglycosides, carbapenems, fluoroquinolones,
penicillin/β-lactamase inhibitor, extended-spectrum cephalosporins, aminopenicillins, aminopenicillins/β-lactamase
inhibitor, folic acid synthesis inhibitor). Majority of the isolates (28/60) showed a remarkable extensive drug
resistance (XDR) pattern, while 15 isolates were multi-drug resistant (MDR) and only 6 were pan-drug resistant (PDR)
with regard to antibiotics under evaluation.

Conclusion: The association of VAP with multi-drug-resistant bacteria is alarming, and rapid management is crucial.
Identification of core pathogens is essential for identifying the most appropriate technique for infection control.

Keywords: Ventilator-associated pneumonia, VAP, Intensive care unit, Pathogens, Klebsiella pneumoniae,
Acinetobacter baumanii, Antibiotic sensitivity testing

1 Background
Ventilator-associated pneumonia (VAP) is a complica-
tion of nosocomial infection that occurs in patients re-
ceiving mechanical ventilation for more than 48 h,
mainly in intensive care units [1, 2]. It is associated with
an increased incidence of morbidity and mortality, long-
time admission to hospitals, and increased treatment

costs [3]. The mortality rate attributable to VAP was re-
ported as 27% and can reach as high as 43% with
antibiotic-resistant organisms [4]. Two different forms of
VAP have been reported [5], the early-onset VAP that
occurs 48–96 h after intubation and the late-onset VAP
that occurs more than 96 h after intubation. The former
is associated with antibiotic-susceptible microorganisms
including Staphylococcus aureus, Streptococcus pneumo-
niae, and Haemophilus influenzae, as well as Gram-
negative enteric bacilli. While the latter occurs with
antibiotic-resistant organisms including methicillin-
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resistant S. aureus (MRSA), Pseudomonas aeruginosa,
Acinetobacter baumannii, and Stenotrophomonas malto-
philia [3, 6].
Different reasons stand behind the development of

VAP. Initially, the ventilator tracheal tube bypasses the
upper airway and facilitates the entry of the bacteria to
the lower airway and hence reduces the body’s ability to
filter and humidify the air [7]. Additionally, the signifi-
cant reduction of the cough reflex and impairment of
muco-ciliary clearance caused by mucosal injury during
intubation increases the chances of microbial infection.
The endotracheal tubes also make it easier for the at-
tachment of bacteria to the trachea and hence increases
mucus production [8].
The association of VAP with the multi-drug-resistant

bacteria in intensive care units (ICUs) has further com-
plicated the situation worldwide [9]. Hence, the develop-
ment of novel antimicrobials for preventing and/or
treating the resulting infections is a necessity. For
achieving this, the first step is always the identification
of the main causative agents and their resistance pattern.
This will facilitate the choice of the proper technique for
infection control among the available antimicrobial strat-
egies including antimicrobial peptides (bacteriocins) and
enzymes (enzybiotics), predatory bacteria, bacterio-
phages, and bacteriophage-derived proteins that are con-
sidered potential alternatives to conventional antibiotics
in the post-antibiotic era, called by the WHO [10, 11].
Therefore, the objective of the current study is to iden-

tify the core pathogens causing VAP at Beni-Suef Uni-
versity's (BSU) Hospital which is a public, free hospital
operated by the Faculty of Medicine, BSU. The different
isolates will be examined for drug resistance pattern
against a panel of different antibiotics representing dif-
ferent classes.

2 Methods
2.1 Materials and culture media
Blood agar and chocolate agar were procured from
HiMedia Laboratories Pvt. Ltd. (Mumbai, India), Mac-
Conkey agar from Condalab (Madrid, Spain), and Triple
Sugar Iron (TSI) Agar from MAST group Ltd. (Mersey-
side, UK), and Simmon’s Citrate Agar was obtained from
Ltd. (Lancashire, UK). LB agar was prepared in the lab
using peptone (Oxford, India), yeast extract (Lab M Lim-
ited, UK), NaCl (Biotech, Egypt), and Agar-Agar (B&V
Ltd., Italy).

2.2 Study design
This observational, prospective incidence study was
undertaken for a 2-year period from mid-2017 to 2019
in the General ICUs of the BSU Hospital, Egypt. En-
rolled cases were selected from patients admitted to the
emergency ICU with different causes of admission, and

the number of days of ventilation and ICU stay was re-
corded. Only patients that were mechanically ventilated
for more than 48 h were considered, excluding the ones
having previous evidence of chest infection prior to
intubation.
The choice of VAP cases was based on 6 clinical and

laboratory criteria: temperature, leukocyte count, volume
and purulence of tracheal secretions, oxygen level, chest
radiographic findings, and the presence or absence of
positive endotracheal aspiration cultures as described
earlier for the diagnosis of VAP [12]. Once VAP was
clinically diagnosed using clinical or radiological criteria
or a combination of both, the specimen was collected by
the critical care physician on duty using an aseptic tech-
nique. Overall, 60 samples were collected from the endo-
tracheal aspirate.

2.3 Isolation of VAP pathogens
The different isolates were examined microscopically
using the Gram-staining technique, then samples were
transferred to blood agar, chocolate agar as enriched
media, and MacConkey agar as selective and differential
media, and the plates were incubated at 37 °C for 48 h.

2.4 Bacterial identification and antibiotic susceptibility
testing using the VITEK®2 system
The VITEK®2 compact system (bioMérieux, Marcy
l’Etoile, France) at Beni Suef, Egypt, was used for the
identification of the different isolates. VITEK®2 compact
is an automated microbiology system for the identifica-
tion of different microorganisms using colorimetric re-
agent cards. Each card has 64 wells, and each contains a
substrate that measures a specific metabolic activity [13].
Sample preparation and operating conditions were ac-
cording to the manufacturer’s recommendations. The
identity of some isolates was further re-confirmed by
running a number of biochemical tests including the
Triple Sugar Iron (TSI) test and citrate utilization.
The antibiotic susceptibility of the different isolates

was determined for 16 different antibiotics belonging to
8 classes and subclasses including aminoglycosides, car-
bapenems, fluoroquinolones, extended-spectrum cepha-
losporins, aminopenicillins, aminopenicillins/β-lactamase
inhibitors, folic acid synthesis inhibitors, and glycylcy-
clines. The analyses were performed by the VITEK®2 sys-
tem using Antibiotic Susceptibility Test (AST) cards,
inoculated according to the manufacturer’s guidelines.

3 Results
3.1 Antibiotic-resistant VAP in BSU Hospital
The ICU of BSU Hospital has 16 beds. During the study
period, 585 patients were admitted to the ICU for differ-
ent reasons; when cases get worse, they were subjected
to mechanical ventilation. Overall, 213 patients were
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ventilated for more than 5 days, and 60 eligible patients
have developed VAP during the study period. Table 1
presents the demographic data (age, sex), cause of entry
to the ICU, days of hospital stay, days of mechanical
ventilation, and VAP-causing bacteria. Unfortunately, 25
VAP patients died during the 2 years of the study. VAP
incidence rate was about 28% (60 patients of a total of
213 patients subjected to mechanical ventilation have
developed VAP), and the mortality rate reached 41.6%
among VAP cases.
Most of the VAP cases were males (n = 37; 61.6%)

having a mean age of 54.83 ± 8.40 years (range 30–80
years). Trauma was the main cause for ICU admission
among VAP male cases, followed by liver cell failure and
urinary tract infection (UTI) (Tables 1 and 2). The re-
sidual 23 patients were females having a mean age of
23.26 ± 6.52 years (range 25–80 years). Eclampsia and
diabetic ketoacidosis were the main causes of ICU ad-
mission among female VAP cases (Tables 1 and 2).

3.2 Identification and confirmation of bacterial isolates
A total of 60 VAP-associated bacterial pathogens were
collected during the study period. All the isolates were
obtained from tracheal aspirates. The core pathogens of
the VAP were isolated on different culture media: blood
agar and chocolate agar as enriched media and MacCon-
key agar as a selective, differential medium. Most of the
isolates appeared as pink colonies on MacConkey agar
showing mucoid surface; however, few were black col-
onies expressing grape-like odor (sweet, fruity smell).
The isolates obtained from all the samples were Gram-
negative bacteria.
The identification of the isolates was done by the

VITEK®2 system. Figure 1 presents the distribution of
the infectious agents among VAP cases. Klebsiella spe-
cies (n = 28; 46.7%) were the main responsible for VAP;
27 were identified as K. pneumoniae while 1 was K. oxy-
toca. Acinetobacter species (n = 10; 16.7%) came second
including A. baumannii (7 cases), A. lwoffii (2 cases),
and A. haemolyticus (1 case). The remaining cases were
as follows: Moraxella group (5), Pseudomonas aerugi-
nosa (2), Pseudomonas luteola (2), Pseudomonas putida
(1), Serratia odorifera (1), Sphinogobacterium thalpophi-
lum (2), Sphinogobacterium paucimobilis (1), Brevundi-
monas diminyta/vesicularis (1), Escherichia coli (1), and
Enterobacter aerogenes (1).
A number of biochemical tests were conducted for

confirming the identity of some isolates using the TSI
test which gave acid slant and acid butt accompanied
with gas production with K. pneumoniae while was
negative with Acinetobacter being a non-fermentative
microorganism. On the other hand, E. coli had similar
results to K. pneumoniae accompanied with more gas
production, however was negative to citrate test [14].

3.3 Antibiotic susceptibility testing of VAP isolates
Isolates were tested for antimicrobial susceptibility using
the VITEK®2 system and partly using the modified
Kirby-Bauer disc diffusion method [15]. The sensitivity
of the different isolates was recorded as sensitive,
medium, or resistant. Based on this evaluation, the iso-
lates were categorized as follows: multi-drug resistance
(MDR) was designated for isolates non-susceptible to at
least one agent in at least three different antimicrobial
categories, extensive drug resistance (XDR) for isolates
non-susceptible to at least one agent in all but at max-
imum 2 categories, and pan-drug resistance (PDR) was
used for isolates non-susceptible to all listed antimicro-
bial agents. This categorization was employed according
to the classification made by the European Centre for
Disease Prevention and Control (ECDC) and the Centre
for Disease Control and Prevention (CDC) and other ex-
pert opinions [16, 17].
The antimicrobial susceptibility of K. pneumoniae iso-

lates was tested against 8 different classes of antibiotics/
antibiotic combinations. These included aminoglycosides
(gentamicin, tobramycin, amikacin), carbapenems (mer-
openem, imipenem), fluoroquinolones (levofloxacine,
ciprofloxacin), penicillin/β-lactamase inhibitor combin-
ation (piperacillin/tazobactam), extended-spectrum
cephalosporins (cefepime, cefazolin, cefoxitin, ceftazi-
dime, ceftriaxone), aminopenicillins (ampicillin), amino-
penicillins/β-lactamase inhibitor combination
(ampicillin/sulbactam), and folic acid synthesis inhibitor
(trimethoprim/sulfamethoxazole). The percentage anti-
microbial resistance of K. pneumoniae isolates ranged
between 67 and 96% towards tested antibiotics. Most of
the isolates showed multi-drug and extensive drug resist-
ance patterns except for only one isolate which showed
a pan-resistance pattern (considering only the examined
groups) (Table 3). The isolates were more sensitive to
aminoglycoside, fluoroquinolones, and aminopenicillins/
β-lactamase inhibitor combination.
On the other hand, the Acinetobacter isolates had a

remarkable resistance with most of them showing
pan- and extensively drug resistance patterns (Table
4). Acinetobacter spp. had about 71–100% resistance
rates to all tested antimicrobials, including carbapen-
ems (100%), extended-spectrum cephalosporins (86–
100%), fluoroquinolones (100%), aminoglycosides (86–
100%), folic acid synthesis inhibitor (86%), glycylcy-
clines (100%), and aminopenicillins/beta-lactamase in-
hibitor (71%) (Table 4).
Table 5 presents the resistance pattern of all the

remaining isolates which showed different degrees of re-
sistance. Sample numbers 3 and 14 representing Pseudo-
monas luteola were shown as pan-drug resistant;
however, all the remaining samples vary between multi-
and extensive drug-resistant (XDR).
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Table 1 Demographic data of VAP patients admitted to ICU of BSU Hospital

Age Sex Days of hospital stay Days of ventilation Cause of admission VAP causative bacteria

1 63 M 25 10 Liver cell failure Klebsiella pneumonia

2 52 M 17 8 Rupture spleen Klebsiella pneumonia

3 55 M 20 13 Urinary tract infection (UTI) Acinetobacter lwoffii

4 48 M 30 17 Heart disease Klebsiella pneumonia

5 33 M 13 5 Trauma Klebsiella pneumonia

6 68 M 24 12 Trauma Klebsiella pneumonia

7 42 M 10 4 UTI Moraxella group

8 70 M 15 8 Diabetic ketoacidosis Klebsiella pneumonia

9 38 M 26 14 Liver cell failure Klebsiella pneumonia

10 61 M 9 6 Hypovolemic shock Pseudomonas aeruginosa

11 46 F 25 14 Cardiogenic shock Serratia odorifera

12 31 M 23 9 Trauma Klebsiella pneumonia

13 54 F 30 15 Brain disease Klebsiella pneumonia

14 28 F 17 7 Trauma Klebsiella pneumonia

15 70 M 18 10 Liver cell failure Sphinogobacterium thalpophilum

16 65 M 30 14 UTI Pseudomonas luteola

17 34 M 14 8 Hyperkalemia Moraxella group

18 80 F 28 10 Heart disease Acinetobacter baumannii

19 66 M 22 14 UTI Escherichia coli

20 34 M 12 5 Trauma Klebsiella pneumonia

21 50 M 25 15 Trauma Acinetobacter baumannii

22 62 F 20 8 Eclampsia Klebsiella pneumonia

23 58 M 28 15 Hypertensive shock Klebsiella pneumonia

24 69 M 30 14 Cardiogenic shock Acinetobacter lwoffii

25 48 M 28 10 Liver cell failure Klebsiella pneumonia

26 60 M 16 7 UTI Enterobacter aerogenes

27 72 F 24 10 Diabetic ketoacidosis Acinetobacter baumannii

28 68 M 33 17 Brain disease Klebsiella pneumonia

29 40 M 10 4 Trauma Klebsiella pneumonia

30 29 F 19 6 Eclampsia Klebsiella pneumonia

31 64 M 17 10 Heart disease Acinetobacter haemolyticus

32 40 M 14 8 Trauma Klebsiella pneumonia

33 70 F 20 9 UTI Pseudomonas aeruginosa

34 54 M 10 6 Epilepsy Acinetobacter baumannii

35 80 M 30 15 Liver cell failure Klebsiella pneumonia

36 26 F 13 8 Eclampsia Enterobacter aerogenes

37 55 M 20 9 Diabetic ketoacidosis Klebsiella pneumonia

38 35 M 10 6 Trauma Klebsiella pneumonia

39 44 M 7 5 UTI Pseudomonas putida

40 74 M 30 18 Liver cell failure Moraxella group

41 67 M 15 8 Kidney disease Sphinogobacterium paucimobilis

42 65 M 35 14 Brain disease Klebsiella pneumonia

43 71 M 10 4 UTI Sphinogobacterium thalpophilum

44 60 M 30 17 Kidney failure Acinetobacter baumannii
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4 Discussion
Oxygen which our cells need to operate comes from the
outside environment and is exchanged with carbon diox-
ide in our respiratory system. The lungs are the place
where gas exchange takes place. The lungs are especially
helpless to disease since they are associated with the ex-
terior environment that contains irresistible or poison-
ous species. When the lung alveoli are inflamed or
infected, pneumonia occurs, which is known as the “cap-
tain of the men of death” as described by Dr. William
Osler, the founder of modern medicine [18].
Despite extensive strategies for managing and decreas-

ing VAP incidence, it remains to be the main cause of
most deaths in patients with nosocomial infections [19].
This is in agreement with other studies reporting that
lower respiratory tract infection is the major cause of
death among different nosocomial infections [20, 21].
The overall incidence rate of VAP in ICUs ranged from
10 to 70% as reported in a review article by Krishna-
murthy et al. [22], indicating that different factors might
contribute to the development of VAP. In the present
study, the incidence rate of VAP was around 28% (60
patients of a total of 213 patients).
Different factors were reported to increase the prob-

ability of VAP. Intubation is considered the most com-
mon cause for developing nosocomial pneumonia [23],

Table 1 Demographic data of VAP patients admitted to ICU of BSU Hospital (Continued)

Age Sex Days of hospital stay Days of ventilation Cause of admission VAP causative bacteria

45 51 M 20 13 Diabetic ketoacidosis Klebsiella pneumonia

46 46 M 36 21 Rupture spleen Moraxella group

47 57 F 18 7 Diabetic ketoacidosis Klebsiella pneumonia

48 35 F 30 10 Eclampsia Klebsiella pneumonia

49 78 F 16 9 Liver cell failure Pasteurella canis

50 62 F 12 5 Kidney disease Klebsiella oxytoca

51 54 F 30 20 Liver cell failure Brevundimonas diminyta/vesicularis

52 42 F 28 10 Pulmonary disease Klebsiella pneumonia

53 49 F 20 8 Rupture spleen Pasteurella canis

54 65 F 20 9 Diabetic ketoacidosis Pseudomonas luteola

55 80 F 21 7 UTI Moraxella group

56 71 F 26 12 Eclampsia Enterobacter aerogenes

57 66 F 24 8 Brain disease Klebsiella pneumonia

58 57 F 30 16 Diabetic ketoacidosis Acinetobacter baumannii

59 56 F 24 13 Cardiogenic shock Klebsiella pneumonia

60 43 F 40 17 Trauma Acinetobacter baumannii

Table 2 Gender distribution among BSU Hospital VAP cases

Factor Male Female

No. of cases 37 (61.6%) 23 (38.3%)

Age range 30–80 25–80

Mean age of the patients 54.83 23.26

SD of age of patient 8.404 6.524

Mean of duration of ventilation/days 10 9

Cause of admission Liver cell failure 16.2% 8.6%

Rupture spleen 5.4% 4.3%

Diabetic ketoacidosis 8.1% 13%

Eclampsia 0% 21.7%

Trauma 18.9% 8.6%

Brain disease 5.4% 8.6%

Kidney disease/failure 8.1% 4.3%

Cardiogenic shock 2.7% 8.6%

Heart disease 10.8% 4.3%

Pulmonary disease 0% 4.3%

Urinary tract infection 16.2% 8.6%

Hypovolemic shock 2.7% 0%

Died 25 (41.7%)

Survived 35 (58.3%)
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Fig. 1 Distribution of infectious agents in patients with ventilator-associated pneumonia in the ICU of BSU Hospital

Table 3 Antibiotic resistance pattern among the different Klebsiella isolates

Resistant, dark gray; intermediate, medium gray; sensitive, light gray
aAntibiotic classes: class 1, aminoglycosides; class 2, carbapenems; class 3, fluoroquinolones; class 4, penicillin/beta-lactamase inhibitor; class 5, extended-spectrum
cephalosporins; class 6, aminopenicillins; class 7, aminopenicillins/beta-lactamase inhibitor; and class 8, folic acid synthesis inhibitor
bR number of resistant isolates
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besides the aspiration of infected secretions from the
oropharynx [24]. In the present study, most VAP cases
were males probably due to smoking habits which is cul-
turally predominant between males than females. This
comes in agreement with previous studies which re-
ported that smoker patients and those with underlying
lung diseases, including chronic obstructive pulmonary
disease (COPD), cystic fibrosis, congestive heart failure,
and lung cancer, are more vulnerable to VAP owing to
abnormalities in the lung structure and function [25].
The organisms causing VAP vary according to case

mix, prior antibiotic exposure, the length of stay in the
ICU, length of mechanical ventilation, patient character-
istics, clinical circumstances, and geographic location
(even between units in the same hospital) which
emphasize the need for local epidemiological and micro-
biological evaluation [26]. Regarding the results of the
present study, the most common microorganisms iso-
lated from VAP cases were Gram-negative bacilli.

Surprisingly, no infections were recorded based on
Gram-positive isolates, indicating that probably, the anti-
biotic regime used as a rule of thumb in the ICU and
the cleaning protocols diminishes the possibility of their
growth. Similar results were recently reported in the
pediatric intensive care unit of King Abdulaziz Medical
City, Saudi Arabia, during the evaluation of the VAP
prevention bundle [27]. The prevention bundle included
elevating the bed’s head to avoid aspiration of orophar-
ynx secretions, providing mouth hygiene to reduce oro-
pharynx colonization, keeping ventilator circuits clean
and dry to reduce device contamination, hand washing
before and after touching the patients, using a cuffed
endotracheal tube to avoid aspiration of oropharynx se-
cretions, sedation holiday for deeply sedated patients
every morning, and using anti-reflex prophylaxis. This
resulted in the omission of Gram-positive bacteria-
mediated VAP [27]. Other studies at Egyptian Nasser In-
stitute’s ICU [28], Saudi Arabian King Abdul-Aziz

Table 4 Antibiotic resistance pattern among the different Acinetobacter isolates

Resistant, dark gray; intermediate, medium gray; sensitive, light gray
aAntibiotic classes: class 1, aminoglycosides; class 2, carbapenems; class 3, fluoroquinolones; class 4, extended-spectrum cephalosporins; class 5, aminopenicillins/
beta-lactamase inhibitor; class 6, glycylcyclines; and class 7, folic acid synthesis inhibitor
bR number of resistant isolates
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Medical City in Riyadh [29], and ICUs of different hospi-
tals in an urban town in India [22] showed a higher rate
of Gram-negative bacteria than Gram-positive ones.
Among the isolated Gram-negative bacilli, Klebsiella

were the most common, followed by Acinetobacter and
Pseudomonas. This agrees with a previous study con-
ducted by Kanafani et al. [30] who have reported similar
results for the VAP pathogen. Klebsiella spp., especially
Klebsiella pneumoniae, are among the most common
opportunistic nosocomial pathogens, ranked third with
regard to drug-resistant infections in hospitals [31]. The
digestive tract of ICU patients, the hands of the nursing
staff, and the unclean endotracheal tube are considered
the most significant reservoir of VAP pathogens [32].
On the other hand, core pathogens of VAP were dif-

ferent in several studies. K. pneumoniae was responsible
for only a small fraction of VAP infections among ICU
patients in Pakistani Clinic representing only 6.6%, while
MRSA was the main pathogen (40% of VAP cases) [33].
In a different study conducted to correlate the VAP
cases and causative organisms, Rello (2004) [34] re-
ported that H. influenza and M. catarrhalis were the

main findings in COPD patients, and P. aeruginosa and
S. aureus were predominant in patients with cystic fibro-
sis, while S. aureus was the core pathogen in the case of
trauma and neurologic patients. Acinetobacter also re-
mains to be one of the core pathogens causing deadly
VAP. It was responsible for most of the VAP cases in
King Abdelaziz Medical City (KAMC) in Riyadh, Saudi
Arabia [35].
Moreover, the antibiotic resistance aggravates the situ-

ation. The high rates of microbial resistance reported in
the different studies are terrifying. Klebsiella pneumo-
niae, the causative agent of VAP in this study, was re-
sistant to multiple antibiotics the same as the results of
the study of Hudson et al. [36]. Klebsiella species with
the ability to produce extended-spectrum β-lactamases
(ESBL) are resistant to virtually all β-lactam antibiotics,
except carbapenems. Other frequent resistance targets
include aminoglycosides, fluoroquinolones, tetracyclines,
chloramphenicol, and trimethoprim/sulfamethoxazole
also similar to the study of Nathisuwan et al. [37].
A study conducted to evaluate the device-associated

infection at Cairo University Hospital reported that

Table 5 Antibiotic resistance pattern among the different other different isolates

Resistant, dark gray; intermediate, medium gray; sensitive, light gray
Isolate number: 1, 5, 8, 11, and 15—Moraxella group; 2 and 6—Pseudomonas aeruginosa; 3 and 10—Sphinogobacterium thalpophilum; 4 and 13—Pseudomonas
luteola; 7 and 14—Enterobacter aerogenes; 9—Sphinogobacterium Paucimobilis; 12—Brevundimonas diminyta/vesicularis
R number of resistant isolates
aAntibiotic classes: class 1, aminoglycosides; class 2, carbapenems; class 3, fluoroquinolones; class 4, penicillin/beta-lactamase inhibitor; class 5, extended-spectrum
cephalosporins; and class 6, folic acid synthesis inhibitor
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around 70% of tested E. coli and K. pneumoniae isolates
produced extended-spectrum β-lactamases [38]. In the
USA, around 20% of E. coli and K. pneumoniae VAP iso-
lates had extended-spectrum cephalosporin resistance.
Resistance rates for other organisms are also substan-
tially higher in Egypt. For instance, 100% of Acinetobac-
ter spp. isolates from hospital-acquired infections in
Egypt are MDR versus approximately 70% of isolates in
the NHSN; 93% of S. aureus isolates tested in Egypt
were methicillin-resistant compared with 50% in the
NHSN [39].

5 Conclusions
VAP is an extreme infection that has to be managed as
early as possible. The association of VAP with the multi-
, extensive-, and pan-drug-resistant bacteria specially for
patients admitted to the ICUs is alarming and resulting
in a considerable medical problem worldwide. As a re-
sult, the World Health Organization (WHO) has re-
leased an alarming infographic in 2014 motivating the
researchers and companies to develop novel antimicro-
bials preparing for the post-antibiotic era. Different
strategies are under investigation worldwide including
bacteriophages, phage-derived proteins, bacteriocins, and
metabolomics-based antibiotic mining, among others.
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