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ABSTRACT Ventilator-associated pneumonia (VAP) is the most common hospital-acquired infection among mechanically 
ventilated patients. Our objectives were to determine the incidence of VAP, isolate multidrug-resistant bacteria, identify the most 
prevalent resistant strains and identify their antibiotic susceptibility pattern. The VAP rate was calculated. The isolated microbes 
were identified and tested for antibiotic susceptibilities. The minimum inhibitory concentrations were determined of imipenem, 
meropenem and ertapenem for Klebsiella isolates. Klebsiella isolates resistant to carbapenems were tested for the presence of 
the blaKPC gene. The VAP incidence density rate was 48.8 incidences/1 000 ventilator days. The most common Gram-positive 
organism was Staphylococcus aureus, of which 86.6% of isolates were resistant to cefoxitin , but 100% were sensitive to teicoplanin, 
linezolid and tigecycline. The most common Gram-negative bacillus was Klebsiella, of which 94.6% of isolates were resistant 
to cefotaxime, 70.2% to imipenem, and 64.9% to ertapenem, but 100% were sensitive to colistin and 94.6% were sensitive to 
tigecycline. Of the carbapenem-resistant Klebsiella strains, 23.1% had the blaKPC gene. The high rates of VAP and the high rates of 
resistance among isolated organisms point to improper implementation of infection control programmes.

الجراثيــم المقاومــة للمضــادات الحيويــة عنــد المــرضى المصابــن بالتهــاب رئــوي المصاحــب لجهــاز التنفــس الصناعــي في إحــدى وحــدات العناية 
ــعافية، مصر ــزة الإس المرك

ماجدة عزب، رحاب السكري، محمد توفيق، منار جبريل

الخلاصــة: يعتــبر الالتهــاب الرئــوي المصاحــب لجهــاز التنفــس الصناعــي أكثــر أنــواع العــداوى المكتســبة من المستشــفيات شــيوعاً بــين المــرضى الموضوعين عــى  الجهاز 
التنفــس الصناعــي. وقــد كانــت أهدافنا تحديــد معدل الالتهــاب الرئــوي المصاحب لجهاز التنفــس الصناعي، وعــزل الجراثيــم المقاومة للمضــادات الحيويــة، والتعرف عى 
الســالات المقاومــة الأكثــر انتشــاراً، والتعرف عى طراز حساســيتها للمضــادات الحيوية. فحُســب معدل حــدوث الالتهاب الرئــوي المصاحب لجهاز التنفــس الصناعي، 
دت التراكيــز المثبِّطة الدنيا للإيميبينيــم والميروبينيم والإيرتابينيم بالنســبة لجراثيم  وجــرى التعــرف عى الجراثيــم المعزولة، واختُبرت حساســيتها للمضــادات الحيوية. وحُــدِّ
الكليبســيا المعزولــة. واختُبر وجــود الجين blaKPC في مســتفردات الكليبســيا المقاوِمة للكاربابينيــات. فكان معدل الإصابــة بالالتهاب الرئــوي المصاحب لجهاز التنفس 
الصناعــي 48.8 حالــة/1000 يــوم مــن أيــام اســتعال جهــاز التنفــس الصناعــي. وكان أكثــر البكتريــا إيجابيــة الجــرام شــيوعاً العنقودية الذهبيــة، والتــي كانــت %86.6 من 
معزولاتهــا مقاومــة للسيفوكســيتين، لكن حساســيتها للتيكوبانين واللينيزوليد التيجاســيكلين كانــت %100. وكانت أكثر العصويات ســالبة الجرام شــيوعاً الكليبســيا، 
والتــي كانــت %94.6 مــن معزولاتهــا مقاومة للسيفوتاكســيم، و%70.2 للإيميبينيــم، و%64.9 للإيرتابينيم، ولكن حساســيتها للكوليســتين كانت %100 وللتيجاســيكلين 
%94.6. وكان جــين blaKPC موجــوداً في %23.1 مــن ســالات الكليبســيا المقاومــة للكاربابينيــات. إن ارتفــاع معــدلات الإصابــة بالالتهــاب الرئــوي المصاحــب لجهــاز 

التنفــس الصناعــي وارتفــاع معــدلات المقاومــة في أوســاط البكتريــا المعزولة يشــير إلى عــدم التطبيق الصحيــح لبرامج مكافحــة العدوى.

Bactéries multirésistantes parmi les patients atteints de pneumonie associée à la ventilation dans une unité de 
soins intensifs d’urgence, Égypte

RÉSUMÉ La pneumonie sous ventilation assistée (PVA) est la forme la plus courante d’infections nosocomiales 
contractées par les patients sous ventilation artificielle. L’objectif de la présente étude consistait à déterminer l’incidence de la PVA, 
à isoler les bactéries multirésistantes, et à identifier les souches résistantes les plus prévalentes ainsi que leur profil de sensibilité 
aux antibiotiques. Le taux de PVA a été calculé. Les microbes isolés ont été identifiés et leur sensibilité aux antibiotiques a été 
testée. Les concentrations minimales inhibitrices ont été déterminées pour l’imipénème, le méropénème et l’ertapénem pour 
les isolats de Klebsiella. Les isolats de Klebsiella résistants aux carbapénèmes ont été testés afin de déterminer la présence du gène 
blaKPC. Le taux de PVA était de 48,8 cas/1000 jours de ventilation. L’organisme à Gram positif le plus courant était Staphylococcus 
aureus, dont 86,6 % des isolats étaient résistants à la céfoxitine, mais 100 % étaient sensibles à la teicoplanine, au linézolide et à la 
tigécycline. Le bacille à Gram négatif le plus courant était Klebsiella, dont 94,6 % des isolats étaient résistants à la céfotaxime, 70,2 
% à l’imipénème, et 64,9 % à l’ertapénem, mais 100 % étaient sensibles à la colistine et 94,6 % à la tigécycline. Parmi les souches 
de Klebsiella résistantes aux carbapénèmes, 23,1 % contenaient le gène blaKPC. Les taux élevés de PVA et de résistance parmi les 
organismes isolés indiquent une mise en œuvre inadéquate des programmes de lutte contre les infections.
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Introduction

Ventilator-associated pneumonia 
(VAP) has been reported to be the 
most serious healthcare-associated 
infection in intensive care units (ICUs) 
(1). VAP is defined as pneumonia 
developing more than 48 hours after 
endotracheal intubation and initiation 
of mechanical ventilation. It also in-
cludes pneumonia developing after 
extubation (2). Early-onset VAP is usu-
ally less severe, is associated with better 
prognosis and is likely to be caused by 
antibiotic-sensitive bacteria. Late-onset 
VAP is caused by multidrug-resistant 
(MDR) pathogens and is associated 
with increased morbidity and mortality. 
The types of MDR strains that cause 
VAP vary from one hospital to another, 
by patient population and by comorbid 
condition (2).

E n t e r o b a c t e r i a c e a e  p r o d u c i n g 
Klebsiella pneumoniae carbapenemase 
(KPC) are rapidly disseminating in sev-
eral countries and geographical areas. 
This spread of KPC enzymes makes 
the organisms a potential threat to cur-
rent antibiotic-based treatment pro-
tocols (3). Deficient infection-control 
procedures and improper antibiotic 
administration are the main causes for 
the emergence of MDR strains. Thus, 
the implementation of an antibiotic 
stewardship programme has become a 
vital necessity (4).

This study was conducted as part 
of a comprehensive educational pro-
gramme and antibiotic stewardship 
programme in an ICU to determine 
the incidence of VAP, to isolate MDR 
organisms from VAP patients, and to 
identify the most prevalent resistant 
strains, as well as their patterns of antibi-
otic susceptibility.

Methods

A prospective surveillance study was 
conducted in the Infection Control 
Laboratory of the Microbiology 

Department at the Faculty of Medicine, 
Zagazig University, Egypt. It was carried 
out during 12 months (March 2014 to 
February 2015).

Participants
Enrolled cases were selected from pa-
tients admitted to the emergency ICU. 
Patients were included if they were 
mechanically ventilated for more than 
48 hours. Patients were excluded if there 
was evidence of chest infection prior 
to intubation, if they were intubated 
patients who had been admitted from 
another hospital, or if they were im-
munocompromised.

Using Epi Info 6 (US Centers for 
Disease Control and Prevention, At-
lanta, GA, USA), the sample size was 
calculated assuming a statistical power 
of 80%, 95% confidence intervals, the at-
tendance rate of mechanically ventilat-
ed patients at the investigated unit was 
500, and a prevalence of VAP of 57.14% 
(5). We investigated 83 cases owing to 
the assumed 20% non-response rate.  
Patients were selected by systematic 
random sampling; every sixth admitted 
patient fulfilling the inclusion criteria 
was enrolled.

VAP was suspected using clinical 
or radiological criteria, or a combina-
tion of these, and confirmed by micro-
biological examination of endotracheal 
aspirate (6). The study was approved 
by the Institutional Review Board of the 
hospital,  and informed written consent 
was obtained from enrolled patients or 
their relatives.

Setting
The setting was a 15-bed emergency 
ICU; it is the only emergency ICU 
in the Zagazig University Hospital. It 
serves trauma patients and surgical 
emergency patients. The ICU is man-
aged by qualified critical care doctors, 
24 hours a day and 7 days a week, with 
a nurse to patient ratio of 1:2 during 
both the day and night shifts, and 1 
clinical pharmacist. The ICU has an 

active infection prevention and control 
programme, managed by one infection 
control specialist, four infection control 
nurses and one infection control link 
nurse.

Antibiotics are initially prescribed 
empirically and then de-escalation takes 
place according to results from culture 
and sensitivity testing (7). Before the 
study, the most frequently administered 
antibiotics were glycopeptide antibi-
otics, third-generation cephalosporins 
and carbapenems. 

Microbiological tests
Once VAP was clinically suspected, 
specimen collection was ordered by 
the critical care doctor on duty. The 
specimen was then sent to the infection 
control laboratory for microbiological 
confirmation. Endotracheal aspirate 
was collected using aseptic technique 
(8). Gram-stained smears were exam-
ined microscopically. A neutrophil 
count of > 25 pus cells/low-power field 
and > 1 bacterium per oil-immersion 
field were considered as diagnostic for 
the presence of infection (2).

Endotracheal aspirate was me-
chanically liquefied and homogenized 
by vortexing for 1 minute with sterile 
glass beads, followed by centrifuga-
tion at 3 000 rpm for 10 minutes (9). 
Each sample was cultured on blood 
agar, MacConkey agar and chocolate 
agar, then incubated at 37ºC for 48 
hours at 10% CO2. Semiquantitative 
culture analysis was done according 
to the methods of Joseph et al. (10), 
using the four-quadrant technique and 
a calibrated 10 µL loop. Based on the 
number of colonies in each quadrant, 
grades of 3+ and 4+ were considered as 
diagnostic growth thresholds and rep-
resented a colony count > 106 colony 
forming units (or CFUs). The isolated 
bacteria were identified using standard 
microbiological techniques (11).

Calculating VAP rates
The rates of VAP were calculated as 
follows.
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• The incidence was calculated as the 
total number of cases of VAP among 
the population studied.

• The incidence density rate was the  
number of cases with VAP/ the num-
ber of ventilator days) x 1000, which 
gave the VAP rate per 1 000 ventila-
tor days.

Testing for antibiotic 
susceptibility
Isolates were tested for antimicro-
bial susceptibility by the modified 

Kirby–Bauer disc diffusion method 
(12). Multidrug resistance was defined 
as bacteria that were not susceptible 
to at least one agent in three or more 
antimicrobial categories (13). Staphylo-
coccus aureus ATCC 25923, Escherichia 
coli ATCC 25922 and Pseudomonas 
aeruginosa ATCC 27853 were used as 
quality control strains (American Type 
Culture Collection Global Bioresource 
Center, Manassas, VA, USA). Screen-
ing for carbapenemase production was 

done using the disc diffusion method 
and by determining the minimum 
inhibitory concentrations (MICs) for 
carbapenem. Confirmation was done 
using the modified Hodge test (12). The 
MICs of carbapenems for all Klebsiella 
isolates were determined using the tube 
dilution method (12). The antibiotics 
tested were imipenem, meropenem and 
ertapenem (El Nasr Co., Cairo, Egypt). 
Escherichia coli ATCC 25922 was used 
as the quality control strain.

Table 1 Demographic data for patients who had ventilator-associated pneumonia (VAP) and those who were mechanically 
ventilated but did not develop pneumonia (non-VAP)

Parameters No. (%) VAP cases
(N = 55)

No. (%) non-VAP
(N = 28)

X 2 P

Sex

Male 40 (72.7) 14 (50) 4.21 0.04

Female 15 (27.3) 14 (50)

Age group

0–10 4 (7.3) 4 (14.3) 2.24 0.69

11–20 10 (18.2) 4 (14.3)

21–40 16 (29.1) 5 (17.8)

41–60 14 (25.4) 8 (28.6)

> 60 11 (20) 7 (25)

Reasons for admission

Polytrauma 40 (72.7) 5 (17.9) 115.99 < 0.0001

Surgical emergency 5 (9.1) 11 (39.3)

Respiratory failure 4 (7.4) 6 (21.4)

Obstetric emergency 3 (5.4) 2 (7.1)

Other 3 (5.4) 4 (14.3)

Associated comorbidities

Hypertension 16 (29.1) 7 (25) 0.15 0.69

Diabetes mellitus 18 (32.7) 8 (28.5) 0.15 0.69

Chronic liver disease 15 (27.3) 6 (21.4) 0.33 0.56

Renal disease 5 (9.1) 2 (7.1) 0.09 0.76

Cardiac disease 9 (16.4) 4 (14.2) 0.06 0.80

Duration of ventilation

< 5 days (early-onset VAP) 5 (9.1) NA NA NA

≥ 5 days (late-onset VAP) 50 (90.9) NA

Mortality rate 20 (36.4) 9 (32.1) 0.14 0.70

No. of ventilator days: Mean (SD)
(total No. ventilator days = 1 125)

17.25 (13.00) 6.28 (3.1) MW 0.001

No. days in intensive care unit : Mean (SD)
(total No. days in intensive care unit  = 1 268)

18.8 (13.55) 8.35 (3.96) MW 0.001

Total No. of ventilator days before VAP 350 NA NA NA

Mean (SD) APACHE II score 21.5 (2.93) 18.75 (3.9) 3.28a 0.002

NA = not applicable; MW: Mann–Whitney test.  
a The Student’s t test was used to determine statistical significance.
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For the modified Hodge test, the 
surface of a Mueller–Hinton agar plate 
was inoculated with a culture suspen-
sion of E. coli ATCC 25922. A disc of 
meropenem was placed in the centre of 
the plate. Three to five colonies of test 
organisms and quality control organ-
isms were inoculated in a straight line 
from the edge of the disc to the edge 
of the plate. The streak was at least 20 
mm to 25 mm in length. After overnight 
incubation, the plates were examined 
for enhanced growth around the streaks 
of the test organism and the quality con-
trol organism at the intersection of the 
streak and the zone of inhibition. The 
presence of enhanced growth indicated 
carbapenemase production and the ab-
sence of enhanced growth meant there 
was no carbapenemase production. K. 
pneumoniae ATCC BAA-1705 was used 
as the positive control for the test (12).

Detecting the blaKPC gene in 
Klebsiella isolates
DNA was extracted from isolated 
colonies using the QIAamp® DNA Mini 
Kit (Qiagen, Hilden, Germany). Poly-
merase chain reaction (PCR) was per-
formed to detect  blaKPC genes (blaKPC-1 
through blaKPC-7) in Klebsiella isolates. 
PCR-GOLD Master Mix beads (Bi-
oron Life Science,  Ludwigshafen, Ger-
many) were used for amplification. E. 
coli ATCC 25922 was used as a negative 
control and blaKPC-carrying K. pneumo-
niae ATCC BAA-1705 was used as a 
positive control. The amplification was 
done as described elsewhere (14).

Results

A total of 83 mechanically ventilated 
patients were included in the study. 
Only 55 (66.3%) patients fulfilled the 
diagnostic criteria for VAP (Table 1). 
All included cases with VAP presented 
with fever, leukocytosis, rales or bron-
chial breath sounds and recent-onset 
purulent sputum with an increase in 
respiratory secretions that required 

suctioning. The incidence of VAP was 
55/83´ 100 = 66.3%. The incidence 
density rate was  55/1 125´ 1000 = 
48.8/1000 ventilator days.
Of the 55 patients diagnosed as having 
VAP, 31 patients (56.4%) had pol-
ymicrobial infection (all of them were 
polytrauma patients) and the remaining 
24 patients (43.6%) had monomicro-
bial infection. Thus, the total number of 
isolates was 86 (Table 2). Five bacteria 
were isolated from five patients with 
early-onset VAP : two were Streptococ-
cus pneumoniae, two were coagulase-
negative staphylococci and one was 
Staphylococcus aureus. A total of 81 
isolates were obtained from 50 patients 
with late-onset VAP.

The results of antibiotic susceptibil-
ity testing (Tables 3 and 4) were re-
ported to the ICU team so the patients’ 
treatment could be monitored. The data 
were included in the ICU database to 
inform the local antibiogram, which is 
an important adjunct for implementing 
the antibiotic stewardship programme. 
An infection control consultant expe-
rienced in clinical microbiology and 
infection prevention and control strate-
gies assessed the patients’ outcomes. 

The mortality rate among the VAP pa-
tients was 36.4% (20/55). The remain-
ing 63.6% (35/55) of patients were 
transferred to inpatient wards or the 
high dependency unit; in 10 patients, 
the infection was cured.

The MICs of carbapenems for Kleb-
siella isolates (37 isolates) are shown 
in Table 5. PCR identified the blaKPC 
gene in 6/26 (23.1%) imipenem-resist-
ant Klebsiella isolates. All isolates that 
were positive by PCR were resistant to 
carbapenem, when tested by both the 
disc diffusion and MIC methods.

Discussion

VAP is a form of hospital-acquired 
pneumonia that has a high mortality 
rate. The overall incidence of VAP in 
ICUs ranged from 10% to 70% during 
2013 (2). The incidence of VAP in our 
ICU was 66.3% and the rate of VAP was 
48.8 /1000 ventilator days. This was 
lower than the previous rates recorded 
from a respiratory ICU at Ain Shams 
University Hospital in Egypt; there, the 
VAP rate was 70.25 /1000 ventilator 
days,  with a higher incidence of late-on-
set VAP (49.45 /1000 ventilator days) 

Table 2 Bacteria isolated from 55 patients with ventilator-associated pneumoniaa

Bacterial speciesb Number (%) of isolates

Gram-positive

Staphylococcus aureus 15 (17.4)

Coagulase-negative Staphylococcus 5 (5.8)

Streptococcus pneumoniae 2 (2.3)

Enterococcus 1 (1.2)

Total 23 (26.7)

Gram-negative

Klebsiella 37 (43)

Pseudomonas 13 (15.1)

Acinetobacter 8 (9.3)

Escherichia coli 4 (4.7)

Proteus 1 (1.2)

Total 63 (73.3)
a The total number of bacterial isolates was 86. 
b Mixed bacterial isolates from 31 patients included 12 with Klebsiella plus Staphylococcus aureus, 7 with 
Klebsiella plus Acinetobacter, 5 with Klebsiella plus Pseudomonas, 2 with Pseudomonas plus Staphylococcus 
aureus, 2 with Escherichia coli plus Pseudomonas, 1 with Klebsiella plus Proteus, 1 with Klebsiella plus 
coagulase-negative Staphylococcus, and 1 with Pseudomonas plus Enterococcus.
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than early-onset VAP (20.82 /1000 
ventilator days) (15). However, the re-
corded VAP rate in the current study is 
higher than a previous study performed 
in Egypt at the Nasser Institute’s ICU 
(16); there, the VAP rate was 20.77 
/1000 ventilator days, with a higher 
incidence of early-onset VAP than 
late-onset VAP. Moreover, the VAP 
rate in our study was higher than that 
reported from an ICU in Saudi Arabia 

where it was 15.9 /1000 ventilator days 
(17), and it is also higher than the rate 
reported from 7 Indian ICUs, where it 
was 10.46 /1000 ventilator days (18).

A study conducted in 55 ICUs in 
46 hospitals in 8 developing countries 
(Argentina, Brazil, Colombia, India, 
Mexico, Peru, Morocco and Turkey) 
found the overall VAP rate  of  24.1 
/1 000 ventilator days (19); however, 

this was lower than the rates recorded 
in the present study. In developed 
countries, the median number of cases 
ranged from 1.3 to 2.0/1000 ventilator 
days in hospitals participating in the 
National Healthcare Safety Network 
(NHSN) system (20).

The lower rates recorded in devel-
oped countries could be due to strict 
implementation of infection control 

Table 3 Antibiotic susceptibility pattern of Gram-positive isolates a,b

Antibiotic No. (%) isolates

Staphylococcus aureus
(N = 15)

Coagulase-negative 
Staphylococcus 

(N = 5)

Streptococcus 
pneumoniae

(N = 2)

Enterococcus
(N = 1)

S I R S I R S I R S I R
Penicillins 

Penicillin (10 units) 0 0 15 (100) 0 0 5 (100) – – – 0 0 1 (100)

Cephamycins

Cefoxitin (30 m) 2 (13.4) 0 13 (86.6) 2 (40) 0 3 (60) – – – – – –

Glycopeptides

Teicoplanin (30 m) 15 (100) 0 0 5 (100 0 0 – – – 1 (100) 0 0

Vancomycin 15 (100) 0 0 5 (100) 0 0 2 (100) 0 0 1 (100) 0 0

Aminoglycosides

Gentamicin (10 m) 2 (13.3) 1 (6.7) 12 (80) 1 (20) 1 (20) 3 (60) – – – – – –

Tobramycin (10 m) 2 (13.3) 0 13 (86.7) 2 (40) 1 (20) 2 (40) – – – – – –

Amikacin (30 m) 2 (13.3) 0 13 (86.7) 3 (60) 0 2 (40) – – – – – –

Macrolides
Erythromycin (15 m) 2 (13.3) 1 (6.7) 12 (80) 2 (40) 1 (20) 2 (40) 1 (50) 0 1 (50) 0 1 (100) 0

Glycylcycline
Tigecycline (15 m) 15 (100) 0 0 5 (100) 0 0 2 (100) 0 0 1 (100) 0 0

Fluoroquinolones
Ciprofloxacin (5 m) 2 (13.3) 1 (6.7) 12 (80) 2 (40) 0 3 (60) – – – 0 1 (100) 0

Levofloxacin (5 m) 7 (46.7) 0 8 (53.3) 4 (80) 1 (20) 0 2 (100) 0 0 1 (100) 0 0

Lincosamides
Clindamycin (2 m) 6 (40) 0 9 (60) 4 (80) 0 1 (20) 2 (100) 0 0 – – –

Folate pathway inhibitors

Trimethoprim/
sulfamethoxazole 
(1.25/23.75 m) 6 (40) 0 9 (60) 4 (80) 1 (20) 0 1 (50) 1 (50) 0 – – –

Ansamycins
Rifampicin (5 m) 7 (46.7) 0 8 (53.3) 4 (80) 1 (20) 0 2 (100) 0 0 1 (100) 0 0

Oxazolidinones

Linezolid (30 m) 15 (100) 0 0 5 (100) 0 0 2 (100) 0 0 1 (100) 0 0

I = intermediate; R = resistant. S = sensitive 
a Values are numbers (percentages) of isolates.  
b Multidrug-resistance rates for each type of bacteria are:  Staphylococcus aureus – 12/15 (80%);  coagulase-negative Staphylococcus  3/5  (60%);  Streptococcus 
pneumoniae – 0; Enterococcus – 0; Gram-positive isolates – 15/23 (65.2)%. 
c The test for the minimum inhibitory concentration for vancomycin was performed according to the recommendations of the Clinical and Laboratory Standards 
Institute (12).
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measures and continual annual surveil-
lance at all hospitals that is aimed at 
decreasing infection rates, as well as 
to the better availability of resources 
and the increased awareness among all 
healthcare workers of measures to pre-
vent and control infection (16). Thus, 
the high incidence of VAP and MDR 
in this study could be attributed to a 
lack of good infection control practices 
and the non-rational use of antibiotics; 
this highlights the importance of strictly 
following the protocols of antibiotic 
stewardship programmes.

The current study showed that the 
mean durations of mechanical ventila-
tion and hospital stay, and mortality 
rates were higher in patients with VAP 
than in mechanically ventilated patients 
who did not develop pneumonia. These 
differences may be due to inappropri-
ate treatment, bacteraemia associated 
with a virulent organism or the presence 
of an underlying medical condition. 
These findings confirm the importance 
of diagnosing VAP early and initiating 
appropriate antibiotic treatment as vital 
tools for preventing adverse outcomes.

The pathogens responsible for VAP 
vary according to the duration of me-
chanical ventilation, a patient’s prior 
antibiotic exposure and the length of 
hospital stay. In this study, Gram-neg-
ative bacilli were found to be the most 
prevalent pathogens associated with 
VAP (63/86 [73.3%] of isolates); Kleb-
siella was associated with 43% (37/86); 
P. aeruginosa with 15.1% (13/86); Aci-
netobacter baumannii with 9.3% (8/86); 
and E. coli with 4.7% (4/86). Some stud-
ies have found that A. baumannii is the 
most common organism causing VAP 
(2), but others found P. aeruginosa to be 
the most common organism causing 
VAP (4,21). 

Klebsiella has also been recognized 
as an important cause of infections, 
and various environmental reservoirs 
have been identified. Irrespective of the 
primary source, it seems that the most 
significant reservoir for the microorgan-
ism is the digestive tract of colonized 

patients, and that transmission occurs 
mostly via the hands of nursing staff 
(22). Low rates of compliance with 
hand hygiene practices have been re-
corded among healthcare workers in 
the ICU investigated in this study (RH 
El-Sokkary, R Elsaid Tash, unpublished 
data, 2014). This could explain the high 
prevalence of Klebsiella revealed in the 
current study.

Out of 86 culture-positive sam-
ples, 71 isolates (82.6%) were found 
to be MDR. Among Gram-positive 
isolates, 15/23 (65.2%) were found to 
be MDR; for Gram-negative isolates, 
56/63 (88.8%) were found to be MDR. 
Similar results were reported in a ter-
tiary care hospital in Nepal where 66.7% 
of bacteria isolated in postoperative 
wound infections was MDR: 83.33% 
of Gram-negative bacteria and 47.5% of 
Gram-positive isolates were MDR (23).

The antibiotic susceptibility patterns 
of organisms isolated in this study are 
being used to provide guidelines for 
empirically prescribing antibiotics in the 
ICU studied. Penicillin is not  recom-
mended. For Staphylococcus  aureus, ce-
foxitin, erythromycin and ciprofloxacin 
are no longer recommended as first-line 
therapy due to the high incidence of  
resistance. Vancomycin, teicoplanin, 
linezolid and tigecycline were most ef-
fective against Gram-positive cocci 
causing VAP, so they should be saved 
for life-threatening infections.

Antibiotic resistance is high among 
Gram-negative bacilli; most of the 
tested antibiotics are not recommended 
for use. This highlights the urgent need 
for  a local antibiogram  to guide the  
prescription of antibiotics. Tigecycline 
and colistin have been found to be the 
most effective agents against Gram-
negative isolates, so they should be 
reserved for life-threatening infections 
(24), although a risk assessment of the 
patient's general condition is highly rec-
ommended for colistin.

The high rates of antibiotic resist-
ance reported for Klebsiella isolates may 

be explained by the rapid transmission 
of determinants of antibiotic resist-
ance between different species of en-
teric Gram-negative bacilli, a condition 
enhanced by the lack of adherence to 
infection control standards (25). The 
extensive use of β-lactam antibiotics, 
including third-generation cephalo-
sporins, for treating infections is another 
factor that helps increase the prevalence 
of resistant isolates.

The high rates of resistance reported 
in this study are similar to those previ-
ously reported for device-associated 
infection at Cairo University Hospital, 
with 70% of tested E. coli and K. pneumo-
niae isolates found to produce extended-
spectrum β-lactamases (26). In contrast, 
in the United States, only 20% of the E. 
coli and K. pneumoniae isolates reported 
to the NHSN have extended-spectrum 
cephalosporin resistance. Resistance 
rates for other organisms are also sub-
stantially higher in Egypt. For instance, 
100% of Acinetobacter spp. isolates from 
hospital-acquired infections in Egypt 
are MDR versus approximately 70% of 
isolates in the NHSN; 93% of Staphy-
lococcus aureus isolates tested in Egypt 
were methicillin resistant compared 
with 50% in the NHSN (27).

In the current study, the most com-
mon organisms isolated from VAP 
cases were Gram-negative bacilli. Simi-
lar results have been reported from an 
Egyptian study (16) and a study con-
ducted in Saudi Arabia (17). In a study 
performed in ICUs in different hospitals 
in an urban town in India (2), the anti-
biogram of the isolated Gram-negative 
bacilli showed A. baumannii (46.22% 
of isolates) and P. aeruginosa (18.68%) 
to be MDR. All (100%) A. baumannii 
isolates were resistant to ampicillin; and 
88.6% were resistant to cefotaxime,  78% 
to ceftazidime, 48% to amikacin, 42.4% 
to imipenem, and 42.4% to meropenem. 
P. aeruginosa isolates also had a 100% 
resistance rate to ampicillin, 47.2% re-
sistance to cefotaxime, 47.2% resistance 
to ceftazidime  and 18.6% to imipenem 
and meropenem. Staphylococcus aureus 
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used for screening for carbapenamase 
production due to the unavailability of 
the antibiotic discs. The second limita-
tion is that a history of taking antimi-
crobials during the preceding 3 months 
should have been an exclusion criterion, 
yet we could not apply this due to the 
lack of medical records. Data reported 
by patients about their use of antibiotics 
could be inacurate.

Conclusions

Although the recorded rates of VAP in 
this study are lower than those found in 
some previous studies, VAP is still a chal-
lenge in the ICU. The high prevalence of 
Gram-negative bacilli and the increased 
rates of carbapenem resistance among 
Klebsiella isolates highlight the urgent 
need for the proper implementation of 
antibiotic stewardship programmes.

Recommendation

Str ict  implementat ion of  VAP-
prevention strategies are needed with 
continuous monitoring of the spread of 
antibiotic-resistant strains.
Funding: None.
Competing interests: None declared.
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