
Introduction
Patients admitted to the intensive care units (ICU) are 
susceptible to various infections including multidrug re-
sistant bacteria because of intubation and connection 
to ventilator, NG tubes, urinary, vascular, and central 
catheters, use of antibiotics and other drugs, critical sit-
uation, contact with healthcare workers, and nosocomial 
infection conditions (1). Gram-negative bacilli are among 
the important etiologic factors and cause a wide range of 
problems in managing the disease due to their resistance 
patterns as well as emergence of broad spectrum b-lact-
amase-producing enzyme (ESBL) strains (1-8).
Hospital-acquired pneumonia (HAP) and ventilator-asso-
ciated pneumonia (VAP) are the main syndromes in the 
ICU and refer to the occurrence of respiratory tract infec-
tion in patients 48 hours after hospitalization and infec-
tion in the ICU 48 hours after intubation and mechanical 
ventilation, respectively. These syndromes are the major 

cause of morbidity and mortality and high cost of ther-
apy (1). Bacteria originating from the endogenous flora 
of patients, hospital staff, equipment, and environmental 
factors are often the cause of these syndromes (1).
Bacterial pathogens in the ICU have a dynamic range and 
vary according to time, hospital, type of ICU, and specific 
community of patients (1). HAP and VAP are caused by 
gram-negative bacilli in 60% of the cases and by Staphy-
lococcus aureus in 20%-40%. The prevalence of Acineto-
bacter baumannii has increased as a source of infection in 
the ICU in the last decade and its control and eradication 
is difficult because of its resistance to most antibiotics (1).
Urinary Tract Infection (UTI) rising from urinary cathe-
terization is another common syndrome which occurs as a 
hospital-acquired infection in the ICU. Most gram-nega-
tive bacilli are multiresistant making it difficult to treat and 
manage (1). Infection of wound (bedsore, surgical wound) 
in the ICU can result from gram-negative, gram-positive 
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and anaerobic bacteria and drug resistance may compli-
cate the problem (1).
Given the importance of this issue, the morbidity and 
mortality and high diagnostic and therapeutic costs im-
posed by aerobic gram-negative bacilli in ICUs, the pres-
ent study aimed at evaluating the prevalence of infectious 
gram-negative bacilli as well as the susceptibility pattern 
of bacteria isolated in the ICUs of Sina hospital of Tabriz 
(surgical, burns, internal, and infectious) in order to re-
duce morbidity and morbidity and overall costs of diag-
nosis and treatment through using these information for 
selecting appropriate antibiotics.

Materials and Methods
In this retrospective study, medical records of all patients 
admitted to different ICUs of Sina hospital (burns, inter-
nal, infectious, and surgical) were randomly evaluated 
from 2011 to 2015. The internal ICU was newly estab-
lished and included the least studied cases.
The questionnaire consisted of demographic information 
including age, gender, occupation, type of ICU, socioeco-
nomic situation, primary diagnosis of disease, severity 
(based on vital and clinical signs), chronic underlying 
diseases, organ infection, prescribed antibiotics, previous 
use of antibiotics, recent hospitalization, intubation, NG 
tube, urinary and central catheterization, laboratory test 
results (WBC count, ESR, CRP, U/A, U/C, B/C), respira-
tory secretions culture, wound and sterile areas culture, 
stool exam), antibiotic resistance and sensitivity pattern 
based on antibiogram, changing of antibiotics based on 
culture and antibiogram, radiological findings, results of 
arterial blood (ABG), duration of ICU stay, and patient 
outcome. The results are expressed as mean ± standard 
deviation and frequency percent using SPSS version 16. 
The quantitative variables were analyzed with t test and 
Pearson correlation coefficient, and qualitative variables 
with chi-square and if necessary, Fisher exact test. In all 
cases, P < .05 was considered statistically significant.

Results
In this retrospective study, among 332 patients admitted 
to the ICUs of Sina hospital including surgical, internal 
medicine, infectious diseases, and burns, 101 patients 
(30.42%) had positive cultures for gram-negative bac-
teria and 41 patients (12.34%) had positive cultures for 
gram-positive bacteria and fungi.
Minimum and maximum age was 12 and 96 years, respec-
tively, with a mean of 61.98 ± 21.85 years. The age range of 
patients with gram-negative bacilli was 16 to 95 years with 
a mean of 59.11 ± 24.20 years. Among 101 patients with 
gram-negative infections, 46.53% were female. No sig-
nificant difference existed between the gender qualitative 
variable and aerobic gram-negative bacilli isolated from 
patients hospitalized in ICUs of Sina hospital (P > .005). 
The primary cause of hospitalization in ICUs included 
malignancies, infections, fractures, surgery, renal failure, 
poisoning, and seizures, which were the primary causes of 
hospitalization of patients in the ward and patients with 

Table 1. Prevalence of Gram Negative Bacteria in Nosocomial 
Infection in ICU Patients

Gram Negative Bacteria Number Percent

Klebsiella pneumoniae 25 24.75

Escherichia coli 36 35.64

Pseudomonas aeruginosa 12 11.88

Acinetobacter baumannii 10 9.9

Enterobacter aerogenes 7 6.9

Proteus mirabilis 6 5.94

Serratia marcescens 2 1.98

Citrobacter freundii 2 1.98

Alcaligenes 1 0.99

Total 101 100

Table 2. Type of ICUs and Etiologic Agents

Type of ICU Gram Negative Bacteria 

Surgical E. coli, P. aeruginosa, K. pneumoniae

Internal K. pneumoniae, E. coli, P. aeruginosa

Infection P. aeruginosa, E. coli,  K. pneumoniae

Burns E. coli, P. aeruginosa, K. pneumonia 

hospital-acquired infections with a frequency of 28.82% 
and 29.2%, respectively; and a significant relationship 
existed between the primary cause of hospitalization and 
nosocomial infection (P < .05).
There was a history of surgery in 101 patients admitted to 
the ICU and 23 patients (22.77%) admitted to the general 
ward. A history of antibiotics consumption existed in 234 
hospitalized patients (45.9%) and in 53 patients (47.52%) 
with nosocomial infections. No statistically significant 
correlation was found in this study between the underly-
ing risk factors of surgery and antibiotic use with nosoco-
mial infection (P > .05). The mean length of stay (LOS) of 
332 patients admitted to ICUs was 8.05 ± 7.3 days and the 
mean LOS of patients with positive cultures for gram-neg-
ative bacteria was 13.04 ± 9.82 days.
Age distribution, LOS, and days of implant use accord-
ing to Kolmogorov-Smirnov test was not normal, and the 
difference of means using Mann-Whitney test between 
the two groups of patients with and without nosocomi-
al infections (231 patients without nosocomial infection 
symptoms) was assessed and statistical analysis showed 
significant differences in the mentioned three variables in 
the 2 groups.
In this study, 312 patients hospitalized in ICUs (61.2%) 
and 63 patients with nosocomial infections (62.72%) hos-
pitalized in ICUs had an underlying disease such as diabe-
tes, renal failure, and alcoholism. There was no significant 
difference between the underlying disease and affection 
with nosocomial infection (P > .05).
In this study, aerobic gram-negative bacteria which are the 
most important cause of nosocomial infection were iso-
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lated from 101 patients (30.42%; Table 1). The most com-
mon etiologic agents of gram-negative bacilli were studied 
according to the types of ICUs (Table 2). Various hospi-
tal-acquired infections caused by gram-negative bacte-
ria were UTI (76.23%), pneumonia (18.81%), and sepsis 
(4.9%) (Table 3). The results of antibiogram were assessed 
based on sensitivity and resistance (Tables 4 and 5).

Discussion
ICU includes all critical cares related to patient’s outcome; 
to be more precise, it refers to care of patients with chronic 
and life threatening illnesses, with a wide range of clinical 
conditions and somehow dysfunction of a single or mul-
tiple organs, in particular respiratory and cardiovascular 
systems. These units are the reservoirs of especially vir-
ulent and resistant bacteria which can easily disseminate 
through personnel’s hands and equipment to the patients. 
On appreciated antibacterial therapy can also lead to col-
onization of resistant organisms. Among the organisms, 
aerobic gram-negative species and Staphylococcus species 

are the most prevalent agents for this type of infections (9).
In this study, among 332 patients admitted to the ICUs of 
Sina hospital of Tabriz, 101 patients (30.42%) were infect-
ed with gram-negative bacilli. E. coli which was the most 
common species among of isolated gram-negative bacilli, 
and urinary tract was the most common source of infec-
tion. Antibiotic resistance was observed in the maximum 
isolates.
Most studies show that the high prevalence of gram-neg-
ative bacteria isolated from patients in ICUs is associated 
with a high rate of mortality (10).
The incidence of nosocomial infections with gram-nega-
tive bacteria was 30.42% which is almost consistent with 
the prevalence of nosocomial infections in the ICU men-
tioned in other references (11). Other studies reported a 
prevalence of 17.1% and 15.6% (12,13).
No significant relationship was found between age and 
gender and nosocomial infection; this is consistent with 
studies carried out in Brazil (3). In other studies (12,14), 
a significant relationship was reported between age and 

Table 3. Prevalence of Gram Negative Bacterial Infection in ICU Patients

Bacteria
Site of Infection

Urinary tract Pneumonia Hematogen

Klebsiella pneumoniae 12.98 73.68 20

Escherichia coli 45.45 5.26 0

Pseudomonas aeruginosa 12.98 10.52 0

Acinetobacter baumannii 10.38 0 40

Enterobacter aerogenes 6.49 0 40

Proteus mirabilis 9.09 0 0

Serratia marcescens 1.29 0 0

Citrobacter freundii 1.29 5.26 0

Alcaligenes 0 5.26 0

Total 100 100 100

Table 4. Antibiotic; Resistance Pattern of Gram Negative Bacteria in ICU Patients

Antibiotic E. coli K. pneumoniae P. aeruginosa A. baumannii E. aerogenes P. mirabilis

Gentamicin 10 (27.77%) 12 (48%) 3 (25%) 10 (100%) 4 (57.1%) 3 (50%)

Pipracillin-Tazobactam 13 (36.11%) 16 (64%) 4 (33.33%) 4 (40%) 2 (28.6%) 1 (16.7%)

Ampicillin 29 (80.55%) 24 (96%) 11 (91.66%) 10 (100%) 7 (100%) 6 (100%)
Trimethoprim-
sulfamethoxazole (TMP/
SMX)

17 (47.22%) 18 (72%) 10 (83.33%) 9 (90%) 3 (57.1%) 4 (83.3%)

Nitrofurantoin 5 (13.88%) 13 (52%) 12 (100%) 9 (90%) 3 (42.9%) 4 (66.7%)

Ciprofloxacin 21 (58.33%) 17 (68%) 4 (33.33%) 6 (60%) 3 (42.9%) 1 (16.7%)

Cefotaxime 22 (61.11%) 22 (88%) 11 (91.66%) 22 (88%) 5 (71.4%) 4 (66.7%)

Ceftazidime 23 (63.89%) 23 (92%) 6 (50%) 9 (90%) 5 (71.4%) 1 (16.7%)

Cefepime 24 (66.66%) 22 (88%) 7 (58.33%) 10 (100%) 4 (57.1%) 4 (66.7%)

Amikacin 29 (80.55%) 24 (96%) 5 (41.66%) 10 (100%) 7 (100%) 6 (100%)

Imipenem 3 (8.33%) 2 (88%) 3 (25%) 5 (50%) 0 (0%) 1 (16.7%)

Piperacillin 24 (66.66%) 22 (88%) 6 (50%) 8 (80%) 5 (71.4%) 4 (66.7%)

Ceftriaxone 23 (63.88%) 23 (92%) 8 (66.66%) 10 (100%) 4 (57.1%) 2 (33.3%)
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nosocomial infections.
A significant relationship existed in this study between 
the primary cause of hospitalization, the number of days 
of implant use, the number of days of hospital stay, and 
nosocomial infection which was consistent with other 
studies (15,16).
In our study, no significant association was found between 
the use of antibiotics, history of surgery, and underlying 
disease with hospital-acquired infections; this was differ-
ent from other studies (17,18).
The most common isolated gram-negative bacteria was E. 
coli and the most common nosocomial infection was UTI 
(76.23%); these findings were consistent with the study 
by Sava et al (19) reporting E. coli as the most important 
pathogen of UTI. This study was also consistent with oth-
er studies (20-22), all of which had E. coli as the most com-
mon organism. UTI was also highly frequent in a study by 
Duque et al (3).
In the present study, Acinetobacter baumannii strains had 
high resistance to most antibiotic discs that was consis-
tent with other studies (23-26). The highest resistance was 
seen in amikacin, ampicillin, piperacillin discs and imipe-
nem was the most effective antibiotic against all isolated 
gram-negative strains responsible for nosocomial infec-
tions except Acinetobacter baumannii which is consistent 
with other studies (27-30).
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