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ABSTRACT This study aimed to estimate the rate of and risk factors for nosocomial pneumonia of pa-
tients admitted to hospitals in Taif, Saudi Arabia. A case–control study was conducted of 211 discharged 
patients with confirmed pneumonia and 633 controls without pneumonia and a review was made of 
hospital records during 1999–2003. Multiple logistic regression showed that duration of hospital stay, 
unit of admission, chronic obstructive pulmonary diseases, coma, nasogastric tube, endotracheal tube, 
debilitating diseases and mechanical ventilation were independently associated with increased risk of 
pneumonia. The mean incidence of overall nosocomial infection in the period 1999–2003 was 3 per 100 
discharged patients, while the mean incidence of nosocomial pneumonia was 0.88. 
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Pneumonie nosocomiale : facteurs de risque, taux et tendances
RÉSUMÉ Cette étude visait à estimer le taux et les facteurs de risque de pneumonie nosocomiale chez 
les patients admis dans les hôpitaux de Ta’if (Arabie saoudite). Une étude cas-témoins a été menée 
sur 211 malades sortants présentant une pneumonie confirmée et sur 633 témoins ne présentant pas 
de pneumonie, et l’on a examiné les dossiers hospitaliers sur la période comprise entre 1999 et 2003. 
Une analyse de régression logistique multiple a montré que la durée de l’hospitalisation, le service 
dans lequel le patient a été admis, les bronchopneumopathies chroniques obstructives, le coma, les 
sondes gastriques (mises en place par le nez), les sondes endotrachéales, les maladies débilitantes et 
la ventilation artificielle étaient indépendamment associés à l’augmentation du risque de pneumonie. 
L’incidence moyenne de l’infection nosocomiale en général pendant la période comprise entre 1999 
et 2003 était de 3, alors que l’incidence moyenne de la pneumonie nosocomiale était de 0,88 pour 
100 malades sortants. 
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Introduction

Nosocomial infection is becoming recog-
nized as a major problem in developing 
countries. As well as its contribution to 
the morbidity and mortality of hospital-
ized patients, nosocomial infection is an 
economic burden due to the extra days of 
hospitalization and the more expensive 
therapy that is required [1,2]. Up to 10% 
of all hospital patients develop nosocomial 
infections [3,4]. Nosocomial pneumonia 
(NP) is a significant cause of morbidity and 
mortality among hospitalized patients [5]. 
It is defined as pneumonia that was neither 
present nor incubating when the patient was 
admitted to the hospital [6]. NP is the 2nd 
most common nosocomial infection in the 
United States and worldwide [6] and is the 
most frequent nosocomial infection in in-
tensive care units (ICUs). In recent studies, 
the incidence was reported to range from 
6.8% to 27% [7–11]. Patients with NP tend 
to stay 1 to 2 weeks longer in hospital than 
those without NP and result in higher costs 
[12]. Prevention and management of such 
infections require an intimate knowledge of 
the epidemiology of the infection, includ-
ing risk factors [13,14]. Hospital infection 
control programmes can prevent 33% of 
nosocomial infections including pneumonia 
[15]. 

Studies on NP have mainly been re-
ported from the United States and European 
countries, and studies from around the world 
are scarce. This study aimed to estimate the 
rates of overall nosocomial and pneumonia 
and their linear trends over the last 5 years 
(1999–2003) and to determine the potential 
risk factors for NP of patients admitted to 
hospitals in Taif, Saudi Arabia, in order to 
establish a plan for reducing the incidence 
of NP in these hospitals.

Methods

To fulfil the objectives of this study, 2 strat-
egies were adopted: a case–control study 
to determine the risk factors for NP and a 
record review to calculate NP rates.

Case–control study
The case–control study was carried out 
between April 2003 and March 2005 at Al-
Hada (351 beds), Al-Rehab (100 beds) and 
Prince Sultan (50 beds) military hospitals, 
Taif, Saudi Arabia. These 3 hospitals are 
under the same administrative programme 
and serve military people and their families. 
All patients hospitalized at these hospitals 
for at least 72 hours throughout the study pe-
riod were considered eligible for the study. 
Among these, patients proven to have pneu-
monia were considered cases. Nosocomial 
pneumonia was considered when new and 
persistent (more than 48 hours) pulmonary 
infiltrates not otherwise explained appeared 
on chest radiographs. Moreover, at least 2 
of the following criteria were also required: 
(1) fever > 38 ºC; (2) peripheral leukocyte 
count > 10 000/mm3; (3) purulent endotra-
cheal secretions with a Gram stain showing 
1 or more types of bacteria [6]. Ventilator-
associated pneumonia was considered when 
the onset of pneumonia was after 48 hours 
of mechanical ventilation [16]. 

After exclusion of patients who did not 
fulfil the eligibility criteria, 3 controls for 
each case were enrolled by simple random 
selection from a list of patients hospitalized 
for more than 72 hours who did not develop 
any type of nosocomial infections. Nosoco-
mial infections were diagnosed based on the 
Centers for Disease Control and Prevention 
criteria for diagnosis of nosocomial infec-
tions [17]. For all participants (cases and 
controls), the following information was col-
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lected: age, sex, unit of admission, smoking 
history, nasogastric tube, endotracheal tube, 
mechanical ventilation, history of surgery 
(head, neck, or thoracoabdominal), chronic 
obstructive pulmonary diseases (COPD), 
coma, diabetes mellitus, history of immu-
nosuppressive drug intake, inappropriate 
use of antibiotics, history of debilitating 
diseases (cancer, liver failure, uraemia) as 
well as duration of hospital stay.

Appropriate antibiotic therapy included 
the administration of at least 1 empirical an-
tibiotic with in vitro activity against the bac-
terial pathogens isolated from the patient’s 
respiratory secretions, as well as from blood 
and pleural fluid when applicable [18]. 

The data from the patients’ records were 
collected during the hospital stay of the 
patients by a trained nosocomial infection 
surveillance team from the Department of 
Preventive Medicine. 

Record review 
Hospital records, providing the number 
of hospitalized patients and the numbers 
of nosocomial infections (crude and site-
specific) per month were reviewed. The 
overall annual nosocomial infection rate 
and NP rates were calculated during the 
period 1999–2003 by dividing the total 
number of nosocomial infections (crude and 
pneumonia) pooled throughout all months 
by the total number of hospital patients dis-
charged including hospital deaths (× 100). 
Critically ill patients (those admitted to the 
medical, surgical, neonatal or burns ICUs), 
were treated as a separate group. Overall 
nosocomial infection and NP rates were 
calculated for this particular group. 

Statistical analysis
Statistical analysis was carried out with 
SPSS, version 11.0. A linear trend was ap-
plied to search for evidence of change in the 
incidence rate of overall nosocomial and 

pneumonia over time. Age, sex, duration of 
stay in hospitals, unit of admission, smok-
ing, nasogastric tube, endotracheal tube, 
mechanical ventilation, surgery, COPD, 
coma, diabetes mellitus, underlying debili-
tating diseases and history of immunosup-
pressive drugs were treated as categorical 
variables. The crude measure of association 
between single putative risk factors and NP 
was expressed as the odds ratio (OR) with 
95% confidence interval (95% CI). Multi-
ple associations were evaluated in multiple 
logistic regression models based on the 
backward stepwise selection. This process 
allowed the estimation of the strength of the 
association between each independent vari-
able and the dependent variable, taking into 
account the potential confounding effects 
of the other independent variables. The 
covariates were removed from the model if 
the likelihood estimates had a probability 
> 0.10. Each category of the predictor varia-
bles was contrasted with the initial category 
(reference category). An adjusted odds ratio 
with 95% CI that did not include 1.0 was 
considered significant. The significance 
level of the P value was set at 0.05.

Results 

A total of 211 discharged patients with 
NP and 633 controls without NP were re-
cruited. Their baseline characteristics (age 
and sex) are reported in Table 1. The age 
of cases ranged from 2 days to 91 years 
[mean 42.8 (standard deviation 29.3) years; 
median 47.0 years], while for controls it 
ranged from 2 days to 87 years [mean 40.7 
(SD 29.4) years; median 46.0 years]. The 
difference between the 2 groups was not 
statistically significant (P = 0.27). Females 
represented 49.3% and 45.2% of cases and 
controls, with no significant difference (P 
> 0.05). 
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The results of univariate analysis of risk 
factors for NP are summarized in Table 2. 
Patients aged > 65 years were more liable 
to develop NP compared with those aged ≤ 
15 years (OR = 1.80; 95% CI: 1.13–2.88). 
Nosocomial pneumonia was significantly 
associated with stay in hospital > 3 weeks 
as opposed to < 1 week (OR = 5.44; 95% 
CI: 3.14–9.42). Patients admitted to surgi-
cal, ICU or burns units were more liable to 
develop NP than those admitted to medi-
cal units (OR = 2.15; 95% CI: 1.39–3.32; 
OR = 3.96; 95% CI: 2.38–6.59; and OR 
= 3.09; 95% CI: 1.77–5.36 respectively). 
Presence of nasogastric tube and insertion 
of endotracheal tube were also associated 
with NP. Patients with a history of presence 
of nasogastric tube had an increased risk 
of NP as compared with patients with no 
history of nasogastric tube (OR = 2.35; 95% 
CI: 1.45–3.80). Patients with a history of 
insertion of endotracheal tube had a 3-fold 
risk as opposed to those with no history 
of endotracheal tube (OR = 3.14; 95% CI: 
1.71–5.77). Mechanical ventilation history 

was strongly and positively related to NP 
(OR = 6.69; 95% CI: 4.40–10.19). The 
presence of underlying debilitating disease 
and COPD were also significantly associ-
ated with an increased NP risk (OR = 3.08; 
95% CI: 1.91–4.97 and OR = 3.52; 95% 
CI: 1.15–10.93 respectively). Comatose 
patients had a 4-fold increased risk of NP 
(OR = 4.60; 95% CI: 1.14–19.59). History 
of inappropriate use of antibiotics was asso-
ciated with a higher risk of NP (OR = 1.75; 
95% CI: 1.02–2.99). Patient’s sex, history 
of smoking, history of immunosuppressive 
drugs, presence of diabetes mellitus, as well 
as history of surgery were not independ-
ently associated with NP. 

The results of multivariate logistic re-
gression analysis of the studied risk factors 
for NP are summarized in Table 3. Nosoco-
mial pneumonia was significantly associ-
ated with stay in hospital for > 3 weeks as 
opposed to < 1 week (OR = 2.18; 95% CI: 
1.24–3.29). Regarding unit of admission, 
patients admitted to the ICU or burns unit 
were more liable to develop NP than those 

Table 1 Baseline characteristics of participants in the case–control 
study of risk factors for nosocomial pneumonia 

Baseline  Cases  Controls  Total
characteristics (n = 211) (n = 633) (n = 844)
  No. % No. % No. %

Age (years)a      
 ≤ 15 38 18.0 156 24.6 194 23.0
 > 16–45 53 25.1 162 25.6 215 25.5
 > 46–65  40 19.0 133 21.0 173 20.5
 > 65  80 37.9 182 28.8 262 31.0
 Mean (SD)              42.8 (29.3)                 40.7 (29.4)           41.8 (29.1)
 Median                       47.0                            46.0                      46.0   
  Range                 2 days–91 years     2 days–87 years    2 days–91 years

Sexa      
 Male 107 50.7 347 54.8 454 53.8
 Female 104 49.3 286 45.2 390 46.2
aP > 0.05.
SD = standard deviation.
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Table 2 Risk factors for nosocomial pneumonia from the 
univariate analysis (211 cases and 633 controls) 

Risk factors No. of cases/ Crude  95% CI
  controls OR

Age (years)   
 ≤ 15a 38/156 1.0 
 16–45 53/162 1.34 0.82–2.21
 46–65 40/133 1.23  0.73–2.10
 > 65 80/182 1.80   1.13–2.88*

Sex   
 Malea 107/347 1.0 
 Female 104/286 1.18  0.85–1.63

Duration of stay in hospitals 
(weeks)   
 < 1a 125/453 1.0 
 1–3  44/152 1.05  0.70–1.58
 > 3  42/28 5.44   3.14–9.42*

Unit of admission   
 Medicala 78/369 1.0 
 Surgical 50/110 2.15   1.39–3.32*
 Intensive care unit 41/49 3.96   2.38–6.59*
 Burns 30/46 3.09  1.77–5.36*
 Other 12/59 0.96 0.47–1.95

Smoking   
 Noa 166/515 1.0 
 Yes 45/118 1.18  0.79–1.77

Inappropriate use of antibiotics   
 Noa 185/586 1.0 
 yes 26/47 1.75   1.02–2.99*

Nasogastric tube   
 Noa 175/582 1.0 
 Yes 36/51 2.35   1.45–3.80*

Endotracheal tube   
 Noa 186/607 1.0 
 Yes 25/26 3.14   1.71–5.77*

Mechanical ventilation   
 Noa 133/582 1.0 
 Yes 78/51 6.69     4.40–10.19*

Surgery b   
 Noa 204/617 1.0 
 Yes 7/16 1.32  0.49–3.48

Coma   
 Noa 205/629 1.0 
 Yes 6/4 4.60     1.14–19.59*
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admitted to medical units (OR = 2.73; 95% 
CI: 1.68–4.01 and OR = 3.05; 95% CI: 
1.74–4.13 respectively). Presence of na-
sogastric tube and insertion of endotracheal 
tube were associated with NP. Patients with 
history of presence of NG tube had an 
increased risk of NP as compared to patients 
with no history of NG tube (OR = 2.18; 
95% CI: 1.22–5.14). Patients with history of 
insertion of endotracheal tube had a 3-fold 
risk as opposed to those with no history of 
insertion of endotracheal tube (OR = 3.01; 
95% CI: 1.87–6.21). Mechanical ventilation 
history was strongly and positively related 
to NP (OR = 6.27; 95% CI: 2.22–9.52). The 
presence of underlying debilitating disease 
and COPD were also significantly associ-
ated with an increased NP risk (OR = 3.11; 
95% CI: 1.29–8.18 and OR = 2.96; 95% 
CI: 1.98–14.13 respectively). Comatose 
patients had a 3-fold increased risk of NP 

(OR = 3.99; 95% CI: 2.87–17.03). Age, 
sex, history of smoking, history of immu-
nosuppressive drugs and inappropriate use 
of antibiotics, diabetes mellitus, as well as 
history of surgery were not independently 
associated with NP.

The incidence of overall nosocomial in-
fection during the study period (1999–2003) 
ranged from 2.1 to 3.5 per 100 discharged 
patients with a mean of 3.0, while the in-
cidence of NP ranged from 0.6 to 1.1 per 
100 discharged patients with a mean of 0.88 
with no significant trend (P > 0.05) (Table 
4). NP represented approximately 30.9% 
of overall nosocomial infection during the 
study period. 

Regarding critically ill patients as a 
separate group, the mean overall nosoco-
mial infection and NP rates were 15.42 and 
8.0 per 100 patients respectively throughout 
the study period (Table 4). There was an 

Table 2 Risk factors for nosocomial pneumonia from the 
univariate analysis (211 cases and 633 controls) (concluded) 

Risk factors No. of cases/ Crude  95% CI
  controls OR

Chronic obstructive pulmonary 
disease   
 Noa 203/626 1.0 
 Yes 8/7 3.52     1.15–10.93*

Diabetes mellitus   
 Noa 147/470 1.0 
 Yes 64/163 1.26  0.88–1.79

Underlying debilitating diseasec   
 Noa 170/587 1.0 
 Yes 41/46 3.08 1.91–4.97*

Immunosuppressive drugs   
 Noa 198/612 1.0 
 Yes 13/21 1.91 0.89–4.09
aReference category. 
bHead, neck, thoracoabdominal.
cCancer, liver failure, uraemia.
*P < 0.05. 
OR = odds ratio; CI = confidence interval.



552 La Revue de Santé de la Méditerranée orientale, Vol. 14, No 3, 2008

املجلة الصحية لشرق املتوسط، منظمة الصحة العاملية، املجلد الرابع عشر، العدد ٣، ٢٠٠٨ 

0.05). NP represented around half of overall 
nosocomial infections (51.7%).

Discussion

Hospital-acquired pneumonia represents 
a significant impairment in the quality of 
health care. The reported incidence of NP 
in ICUs varies across different studies, 
which may be explained by the presence 
of different populations with variable ages, 
underlying diseases and other associated 
risk factors. Incidence ranges from 6.8% 
to 27% [7–11,19]. In this study it was 8%. 
Independent risk factors associated with NP 
included prolonged hospital stay, endotra-
cheal tube, nasogastric tube, mechanical 
ventilation, underlying debilitating diseas-
es, coma and COPD. Those risk factors 
could prove useful in identifying patients 
at high risk for NP, as well as in develop-
ing preventive measures such as avoiding 
unnecessary nasogastric feeding or endotra-
cheal intubations.

Mechanical ventilation increases the 
risk of NP 3- to 10-fold [7,20–22]. Gener-
ally, the duration of mechanical ventilation 
increases the risk: Cook et al. reported that 
the rate of ventilator-associated pneumonia 
increased 3% per day in the 1st week of 
ventilation, 2% per day in the 2nd week, 
and 1% per day in the 3rd week [23]. In our 
study, patients on mechanical ventilation 
had a 6-fold higher risk for developing NP 
than the non-ventilated patients. Conse-
quently, the use of noninvasive mechanical 
ventilation should be preferred whenever 
possible since it has lower rates of nosoco-
mial infections [24]. 

Coma was described as another impor-
tant risk factor for NP. In these patients, 
local defence mechanisms of the respiratory 
airway are altered, allowing microorgan-
isms to better attach to and colonize the 

Table 3 Risk factors for nosocomial 
pneumonia from the multivariate analysis  

Risk factor Adjusted  95% CI
  OR

Duration of stay in 
hospitals (weeks)  
 < 1a 1.0 
 1–3  1.06 0.68–2.14
 > 3  2.18 1.24–3.29*

Unit of admission  
 Medicala 1.0 
 Surgical 1.91 0.96–4.01
 Intensive care unit 2.73 1.68–4.01*
 Burns 3.05 1.74–4.13*
 Others 1.16 0.71–1.52

Nasogastric tube  
 Noa 1.0 
 Yes 2.18 1.22–5.14*

Endotracheal tube  
 Noa 1.0 
 Yes 3.01 1.87–6.21*

Mechanical ventilation  
 Noa 1.0 
 Yes 6.27 2.22–9.52*

Underlying debilitating 
diseaseb  
 Noa 1.0 
 Yes 3.11 1.29–8.18*

Coma  
 Noa 1.0 
 Yes 3.99 2.87–17.03*

Chronic obstructive 
pulmonary disease  
 Noa 1.0 
 Yes 2.96 1.98–14.13*
*P < 0.05.
aReference category.
 bCancer, liver failure, uraemia.
OR = odds ratio; CI = confidence interval.
Age and history of prolonged inappropriate use of 
antibiotics were removed from the final model.

increasing trend in the incidence of NP and 
in the ratio of NP to total nosocomial infec-
tions during the entire study period (P < 
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mucosal surface. Furthermore, depression 
of the level of consciousness significantly 
increases the chance of aspiration and can 
result in development of NP [19]. In the cur-
rent study, comatose patients had a 4-fold 
increased risk of NP. 

As Gram-negative bacteria are docu-
mented to be the most common causative 
agents of NP [25], prior antibiotic therapy 
and COPD (leading to colonization with 
Gram-negative aerobic pathogens) were re-
ported to be risk factors for the development 
of NP [26,27]. In our patient population, 
univariate analysis suggested that previous 
prolonged antibiotic treatment and COPD 
increased the risk of pneumonia, but only 
COPD was an independent risk factor in 
the multivariate analysis. Furthermore, the 
presence of a nasogastric tube was found 
to be a risk factor in our study popula-
tion. NG tubes impair the function of the 
gastroesophageal sphincter and increase the 
risk of maxillary sinusitis, oropharyngeal 
colonization and reflux, all of which may 
lead to migration of bacteria [28]. However, 
to reduce the risk of NP, it is important to 
avoid unnecessary enteral nutrition [29]. 
The highest rates of NP were observed in 
ICUs, which are also the units in which 
the most severely ill patients are treated 
and in which the highest mortality rates 
are observed. Similar findings were found 
in another study [30]. In the literature, the 
insertion of an endotracheal tube is de-
scribed as a significant risk factor for NP. 
Bronchial colonization during the proce-
dure and prolonged continuation of sedation 
after the procedure will further increase 
the occurrence of NP [27], which is what 
was seen in the current study. Patients with 
endotracheal tube had a 3-fold increased 
risk of NP. In accordance with our find-
ings, numerous studies have demonstrated 
that severe underlying illness predisposes 
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patients in the ICU to the development of 
pneumonia [22,31].

In conclusion, pneumonia comprises 
approximately one-third of nosocomial in-
fections in our hospitals in Saudi Arabia. To 
reduce the incidence of NP, it is important 
to take into consideration the risk factors 
for NP that can be managed, and all those 
involved in hospital management need to 
set practical and effective guidelines for 
prevention of nosocomial infection. 

Acknowledgements

The author would like to extend his thanks 
and appreciation of help to the Programme 
Director, Al-Hada and Taif Armed Forces 
Hospital, Kingdom of Saudi Arabia. I would 
also like to thank all members of the infec-
tion control team at Al-Hada Armed Forces 
Hospital for their support and advice.

References

1. Eapen CE et al. Predictors of mortality in 
a medical ICU. National medical journal of 
India, 1997, 10:270–2.

2. Daschner F. Cost-effectiveness in hos-
pital infection control—lessons for the 
1990s. Journal of hospital infection, 1989, 
13:325–36.

3. Emmerson AM et al. The second national 
prevalence survey of infection in hospi-
tals—overview of the results. Journal of 
hospital infection, 1996, 32:175–90.

4. Ayliffe GAJ et al. The importance of hos-
pital infection. In: Control of hospital in-
fection: a practical handbook, 4th ed. 
London, Arnold, 2000:2–3.

5. File TM Jr, Tan JS. Nosocomial infection. 
In: Pankey GA, ed. Ochsner clinic reports 
on serious hospital infections, Volume 13, 
Number 6. Newtown, Pennsylvania, As-
sociates in Medical Marketing, 2001.

6. Centers for Disease Control and Preven-
tion. Guidelines for prevention of nosoco-
mial pneumonia. Morbidity and mortality 
weekly report, 1997, 46(RR–1):1–79.

7. Fagon JY et al. Nosocomial pneumonia in 
ventilated patients: a cohort study evalu-
ating attributable mortality and hospital 
stay. American journal of medicine, 1993, 
94:281–8.

8. Vanhems P et al. Nosocomial pulmonary 
infection by antimicrobial-resistant bac-
teria of patients hospitalized in intensive 
care units: risk factors and survival. Jour-
nal of hospital infection, 2000, 45:98–
106.

9. Richards MJ et al. Nosocomial infections 
in medical intensive care units in the 
United States. National Nosocomial Infec-
tions Surveillance System. Critical care 
medicine, 1999, 27:887–93.

10. Rello J et al. Incidence, etiology, and out-
come of nosocomial pneumonia in ICU 
patients requiring percutaneous trache-
ostomy for mechanical ventilation. Chest, 
2003, 124:2239–43.

11. Aposolopoulou E et al. Incidence and risk 
factors for ventilator-associated pneumo-
nia in 4 multidisciplinary intensive care 
units in Athens, Greece. Respiratory care, 
2003, 48(7):681–8.

12. Strausbaugh LJ. Nosocomial respiratory 
infections. In: Mandell GL, Bennett JE, 
Dolin R, eds. Principles and practice of in-
fectious diseases. Philadelphia, Churchill 
Livingstone, 2000:3020–8.

13. Stamm WE. Catheter-associated urinary 
tract infections: epidemiology, pathogen-
esis, and prevention. American journal of 
medicine, 1991, 91(Suppl. 3B):65S–71S.



Eastern Mediterranean Health Journal, Vol. 14, No. 3, 2008 555

املجلة الصحية لشرق املتوسط، منظمة الصحة العاملية، املجلد الرابع عشر، العدد ٣، ٢٠٠٨ 

14. Mayhall G, Mayhall CG, eds. Hospital 
epidemiology and infection control, 2nd 
ed. Baltimore, Lippincott Williams and 
Wilkins, 1999.

15. Haley RW et al. The efficacy of infection 
surveillance and control programs in pre-
venting nosocomial infections in US hos-
pitals. American journal of epidemiology, 
1985, 121:182–205.

16. Bonten MJM. Controversies on the diag-
nosis and prevention of ventilator-associ-
ated pneumonia. Diagnostic microbiology 
and infectious disease, 1999, 34:199–
204.

17. Garner JS et al. CDC definitions for no-
socomial infections. In: Olmsted RN, ed. 
APIC infection control and applied epide-
miology: principles and practice. St Louis, 
Mosby, 1996:A1–A20.

18. Blot S, Vandewoude K, Colardyn F. No-
socomial bacteremia involving Acineto-
bacter baumannii in critically ill patients: 
a matched cohort study. Intensive care 
medicine, 2003, 29:471–5.

19. Rello J et al. Nosocomial respiratory tract 
infections in multiple trauma patients. 
Influence of level of consciousness with 
implications for therapy. Chest, 1992, 
102:525–9.

20. Celis R et al. Nosocomial pneumonia: a 
multivariate analysis of risk and progno-
sis. Chest, 1988, 93:318–24.

21. Cross AS, Roup B. Role of respiratory as-
sistance devices in endemic nosocomial 
pneumonia. American journal of medi-
cine, 1981, 70:681–5. 

22. Chastre J, Fagon JY. Ventilator-associ-
ated pneumonia. American journal of 
respiratory critical care medicine, 2002, 
165:867–903.

23. Cook DJ et al. Incidence of and risk fac-
tors for ventilator associated pneumonia 
in critically ill patients. Annals of internal 
medicine, 1998, 129:433–40.

24. Girou E et al. Association of noninvasive 
ventilation with nosocomial infections and 
survival in critically ill patients. Journal of 
the American Medical Association, 2000, 
284:2361–7.

25. Abdel-Fattah M. Surveillance of nosoco-
mial infections at a Saudi Arabian military 
hospital for a one-year period. German 
medical science, 2005, 3:Doc06.

26. Kollef MH. Ventilator-associated pneu-
monia. A multivariate analysis. Journal of 
the American Medical Association, 1993, 
270:1965–70.

27. Ewig S et al. Bacterial colonization pat-
terns in mechanically ventilated patients 
with traumatic and medical head injury. 
American journal of respiratory critical 
care medicine, 1999, 159:188–98.

28. Leal-Noval SR et al. Nosocomial pneumo-
nia in patients undergoing heart surgery. 
Critical care medicine, 2000, 28:935–40.

29. Memish ZA et al. The incidence and risk 
factors of ventilator-associated pneumo-
nia in a Riyadh Hospital. Infection control 
and hospital epidemiology, 2000, 21:271–
3.

30. Alp E et al. Incidence, risk factors and 
mortality of nosocomial pneumonia in 
intensive care units: a prospective study. 
Annals of clinical microbiology and antimi-
crobials, 2004, 3:17–27.

31. Rello J, Diaz E. Pneumonia in the in-
tensive care unit. Critical care medicine, 
2003, 31:2544–51.


