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ABSTRACT

Background: Device-associated hospital-acquired infections (DA-HAIs) are a threat to 
patient safety, particularly in intensive care units (ICUs).
Methods: A prospective observational study was carried out for 12 months from January 
2017 to December 2017 in five ICUs, including general ICU, cardiology care unit, neona-
tal ICU, pediatric ICU, and neurosurgery ICU of Mansoura New General Hospital. Data 
were collected from patient’s file and laboratory results according to definitions of CDC. 
DA-HAIs were calculated by dividing the total number of device associated infections by 
the total number of device days and multiplying the result by 1,000.
Results: In the current study, 1,666 patients hospitalized for 11.280 days in different ICUs. 
These patients acquired 91 DA-HAIs. The most frequent DA-HAIs (per 1,000 device-days) 
were ventilator-associated pneumonia (VAP) (10.9), central line-associated bloodstream 
infection (CLA-BSI) (5.9), and catheter-associated urinary tract infections (CA-UTI) (5.6). 
The urinary catheter utilization ratio was 0.54, central line utilization ratio was 0.33, 
and ventilator utilization ratio was 0.28. The most frequently isolated organisms were  
Klebsiella spp. (34%) and E. coli (20.9%). The most frequent bacteria causing VAP,  
CLA-BSI, and CA-UTI were Klebsiella spp. (60%), Staphylococcus aureus and Enterococcus 
spp. (27.3% for each), and E. coli (41.2%), respectively.
Conclusions: Surveillance of DA-HAIs is the first step to improve infection control activity 
and to implement preventive bundles measures in the ICU.
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Introduction

Hospital-acquired infections (HAIs) are infections 
which develop 48 hours after hospital admission 
or 48 hours after discharge that was not incubat-
ing at the time of admission at the hospital [1]. The 
intensive care units provide vital support to criti-
cally ill patients. HAIs are one of the most serious 
complications in ICUs patients because they lead 
to high morbidity, mortality, length of stay, and  
cost [2].

HAIs and mortality in ICUs are 5–10 times more 
prevalent than in other wards of the hospital [3]. 
Patients admitted to ICUs are at risk of acquir-
ing DA-HAIs because of their debilitated immune  

systems and exposure to invasive devices, such as 
ventilators, urinary catheters, and central lines [4].

In Egypt, a previous study estimated that 
DA-HAIs were 24.5% per 1,000 ICU-days [5]. How-
ever, the International Nosocomial Infection Control 
Consortium (INICC) reported ventilator-associated 
pneumonia (VAP) rate was 15.8/1,000 ventilator 
days, central line-associated bloodstream infec-
tion (CLABSI) rate was 6.8/1,000 central line days, 
and catheter-associated urinary tract infections 
(CAUTI) rate was 6.3/1,000 urinary catheter days 
in different developing countries [6].

There are few studies of DA-HAIs in ICUs of 
university hospitals; however, there is a dearth of 
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information about DA-HAIs rates in ICUs of general 
hospitals in Egypt. This study aimed to assess the 
DA-HAIs and device utilization ratios in different 
ICUs in Mansoura New General Hospital (MNGH) 
in Egypt and to assess the most common organisms 
causing them.

Methods

The study was conducted for 1 year from January 
2017 to December 2017 with all patients admitted 
to the different ICUs of MNGH, including general ICU, 
cardiac care unit (CCU), neonatal ICU (NICU), pediat-
rics ICU (PICU), and neurosurgery ICU. The patients 
admitted to the ICUs were observed prospectively by 
the unit-directed active surveillance method based 
on patient clinical data and the laboratory results.

Infections that developed 48 hours after admission 
into the ICU were considered ICU acquired. Patients 
who stayed in ICU less than 2 days were excluded. The 
presence and criteria of infection were assessed daily 
on the ward round. Microbiological samples of blood, 
urine, and bronchoalveolar lavage were obtained 
when a new infection was suspected. These samples 
were cultured on different media as blood, chocolate, 
MacConkey, and nutrient agar and identification of 
organisms was done by morphology, gram stain, and 
biochemical reactions. The definitions of infections 
were based on the definitions proposed by centers 
for disease control and prevention (CDC).

VAP diagnosed after 48 hours of mechanically 
ventilated patient with a chest radiograph that 
shows new or progressive infiltrates, consolida-
tion, cavitation, or pleural effusion. The patient 
must also have at least one of the following symp-
toms and signs: fever (>38.0°C), leukopenia [≤4,000  
WBC (white blood cells)/mm3] or leukocytosis 
(>12,000 WBC/mm3), and at least one of the fol-
lowing: new onset of purulent sputum, or change in 
character of sputum, or increased respiratory secre-
tions, or increased suctioning requirements, new 
onset or worsening cough, dyspnea or tachypnea, 
rales or bronchial breath sounds, or worsening gas 
exchange. The patient must also have organism cul-
tured from blood; a specimen obtained by tracheal 
aspirate, bronchoalveolar lavage, or biopsy [7].

For the diagnosis of CLABSI, a patient with a CVC 
has a recognized pathogen that is isolated from 
one or more percutaneous blood cultures after 48 
hours of vascular catheterization and is not related 
to an infection at another site. The patient also has 
at least one of the following: fever (temperature > 
38°C), chills, or hypotension [8].

For the diagnosis of CAUTI, a patient with a 
urinary catheter has one or more of the following 
symptoms with no other recognized cause: fever 
(temperature > 38°C), urgency, or suprapubic ten-
derness when the urine culture is positive for 105 
colony-forming units per milliliter or more, with no 
more than two microorganisms isolated [1].

Denominator data (i.e., patient-days, central 
line-days, urinary catheter-days, and ventila-
tor-days) were recorded daily by hospital staff on 
a denominator reporting form. Device-days are 
the total number of days of exposure to the device 
(ventilator, urinary catheter, or central line) by all 
of the patients in the selected population during 
the selected time period. Patient-days are the total 
number of days that patients are in an ICU during 
the specified time period. 

Statistical analysis

Qualitative variables were presented as number 
and %. Device-associated infections (DAIs) rates 
per 1,000 device-days were calculated by dividing 
the total number of DAIs by the total number of 
device days and multiplying the result by 1,000 [9].

= ×VAP
Number of ventilator - associated pneumonias

Number of ventilator - days
1,000

= ×CLABSI
Number of central line - associated BSIs

Number of central line - days
1,000

= ×CAUTI
Number of urinary catheter - associated UTIs

Number of urinary catheter - days
1,000

Device utilization ratios were calculated by 
dividing the total number of device days by the total 
number of patient-days [9].

=Ventilation utilization ratio
Number of ventilator - days

Number of patient - days

=Central line utilization ratio
Number of central line - days

Number of patient - days

=Urinary catheter utilization ratio
Number of urinary catheter - days

Number of patient - days

Results

In the current study, 1,666 patients hospitalized 
for 11.280 days in different ICUs. These patients 
acquired 91 DA-HAIs. The most frequent DA-HAIs 
per 1,000 device-days were VAP (10.9), followed by 
CLA-BSI (5.9) and CA-UTI (5.6). CLA-BSI was pres-
ent mainly in NICU (7.2), followed by neurosurgery 
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ICU (7.2), PICU (6.4), and general ICU (5.3). CA-UTI 
was present mainly in NICU (41.7), followed by gen-
eral ICU (8.5), CCU (8.4), neurosurgery ICU (4.3), 
and PICU (1.7). VAP was present mainly in NICU 
(17.7), followed by neurosurgery ICU (10), general 
ICU (9.2), and PICU (6.2) (Table 1).

The highest device utilization ratio was urinary 
catheter (0.54), followed by central line (0.33) 
and ventilator (0.28). Central line-utilization was 
present mainly in general ICU (0.512), followed 
by PICU (0.355), NICU (0.253), neurosurgery ICU 
(0.233), and less present in CCU (0.066). Urinary 
catheter utilization was present mainly in General 
ICU (0.917), followed by neurosurgery ICU (0.789), 
PICU (0.458), CCU (0.255), and less present in NICU 
(0.009). Ventilator utilization was present mainly in 
general ICU (0.405), followed by NICU (0.29), PICU 
(0.245), neurosurgery ICU (0.224), and less present 
in CCU (0.043) (Table 2).

In this study, the most common DA-HAIs in gen-
eral ICU were CA-UTI, followed by VAP. In CCU, the 
only infection present was CA-UTI. The most com-
mon DA-HAIs in NICU were VAP, followed by CLA-BSI. 
The most common DA-HAIs in PICU were CLA-BSI, 
followed by VAP. The most common DA-HAIs in neu-
rosurgery ICU were CA-UTI, followed by VAP (Fig. 1).

In the current study, the most frequently isolated 
organisms were Klebsiella spp. (34%), followed by 

E. coli (20.9%), Enterococcus spp. (14.3%), Pseudo-
monas spp. (9.9%), Staphylococcus aureus (8.8%), 
and the least frequent were Acinetobacter spp. 
(5.5%), coagulase-negative staphylococci (CoNS) 
(4.4%), and B hemolytic Streptococci (2.2%). The 
most frequent bacteria causing VAP were Klebsi-
ella spp. (60%). The most frequent bacteria causing 
CLA-BSI were Staphylococcus aureus and Entero-
coccus spp. (27.3% for each). The most frequent  
bacteria causing CA-UTI were E. coli (41.2%) and 
Pseudomonas spp. (17.6%) (Table 3).

Discussion

Invasive medical devices, as mechanical ventilation, 
intravascular catheters, and urinary catheters may 
increase the risk of development of DA-HAIs in ICUs 
patients [10].

The VAP rate in this study was 10.9/1,000 ven-
tilator-days, which is lower than the overall rate 
in the three ICUs in Egypt (59.0/1,000 ventila-
tor-days) [5], an adult ICU in Kuwait (9.1/1,000 
ventilator days) [11], in Turkey (21.4/1,000 venti-
lator-days) [12], and in a study in five ICUs of three 
hospitals in Brazil (20.9/1,000 ventilator-days) 
[13]. This rate was higher than a previous study in 
Egypt (7.47/1,000 ventilator-days) [14] and study 
in Germany (6.53/1,000 ventilator-days) [15].

Table 1.  Device-associated hospital-acquired infections rates per 1,000 device days in different ICUs.

CA-UTI 
RATE

No of  
patient with 

CA-UTI

Urinary 
Catheter 

days

CLA-BSI 
rate

No of  
patient with 

CLA-BSI

Central 
Line days

VAP rateNo of 
patient 

with VAP

Ventilator 
days

Type of ICU

8.5233.6955.3112.0649.2151.631General ICU
8.43356--92--60CCU

41.71247.2569717.714789NICU
1.716056.434696.22323PICU
4.361.4067.23415104398Neurosurgery 

ICU
5.6346.0865.9223.73710.9353.201Total

Table 2.  Device utilization ratios in different ICUs.

Type of ICU Patient days Ventilator 
days

Ventilator 
utilization  

ratios

Central line 
days

Central  
line-utilization 

ratio

Urinary  
catheter days

Urinary catheter 
utilization ratios

General ICU 4.029 1.631 0.405 2,064 0.512 3.695 0.917
CCU 1.397 60 0.043 92 0.066 356 0.255
NICU 2.754 789 0.29 697 0.253 24 0.009
PICU 1.320 323 0.245 469 0.355 605 0.458
Neurosurgery 
ICU

1.780 398 0.224 415 0.233 1.406 0.789

Total 11.280 3.201 0.28 3.737 0.33 6.086 0.54
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The CLABSI rate in the current study was 
5.9/1,000 central line-days, which was lower than 
the rate identified in 11 ICUs in Columbian hospi-
tals (11.3 per 1,000 central line-days) [16], and in 
a pediatric ICU in Saudi Arabia (20.06/1,000 cen-
tral line-days), similar to overall rate in US hospitals 
(5.3 per 1,000 central line-days) [17], and higher 
than National Healthcare Safety Network (NHSN) 
rate (3.1/1,000 central line-days [18].

The CAUTI rate was 5.6/1,000 catheter days, 
which was lower than study performed in Egypt 
(15.7/1,000 catheter-days) [19] and study in 
Morocco (11.74/1,000 catheter days) [20]. This 
rate was higher than a study at Cairo University hos-
pitals in which CAUTI rate was 2.9/1,000 catheter  

days [21] and in Turkey in which CAUTI rate was 
5.1/1,000 catheter days [22].

The relative lower incidence of DA-HAIs, in this 
study, may be explained by that infection control 
activities enrolled in the hospital for more than 8 
years and surveillance system was implemented in 
the hospital for more than 3 years and ever since 
there are efforts to decrease the infection rates by 
applying different preventive measures and educa-
tion of hospital stuff about them, especially hand 
hygiene practice. However, VAP rate is higher which 
can be explained by inadequate nursing manpower 
and defect in the implantation of preventive bun-
dles, especially for the frequency of suctions and 
mouth care of patients.

Table 3.  Distribution of causative bacteria of device-associated hospital-acquired infections by site.

VAP CLA-BSI CA-UTI Total

Staphylococcus aureus 1 (2.9%) 6 (27.3%) 1 (2.9%) 8 (8.8%)
Coagulase −ve Staphylococcus 1(2.9%) 1 (4.5%) 2 (5.9%) 4 (4.4%)
Enterococcus spp. 3 (8.5%) 6 (27.3%) 4 (11.8%) 13 (14.3%)
B hemolytic Streptococci - - 2 (5.9%) 2 (2.2%)
Klebsiella spp. 21 (60%) 5 (22.7%) 5 (14.7%) 31 (34%)
Pseudomonas spp. 3 (8.6%) - 6 (17.6%) 9 (9.9%)
E. coli 2 (5.7%) 3 (13.7%) 14 (41.2%) 19 (20.9%)
Acinetobacter spp. 4 (11.4%) 1 (4.5%) - 5 (5.5%)
Total 35 22 34 91

Percentage value denotes column percentage.
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Figure 1. Distribution of device-associated hospital-acquired infections in different ICUs.  
VAP = ventilator-associated pneumonia; CLA-BSI = central line-associated bloodstream infection; 
CAUTI = catheter-associated urinary tract infections; General ICU = general intensive care unit;  
CCU = cardiology care unit; NICU = neonatal intensive care unit; PICU = pediatric intensive care unit; 
Neurosurgery ICU = neurosurgery intensive care unit.
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Device utilization ratios reflect the state of com-
mitment of medical staff by preventive measures 
as insertion of the device only when indicated and 
removal of it as soon as the indication ended. In 
this study, the ventilator utilization ratio was much 
lower (0.28) than that reported by the NHSN (0.45) 
[23] and INICC (0.51) [24]. The central line uti-
lization ratio was 0.33, which was lower than the 
study in Brazil (0.92) [12], and NHSN report (0.59) 
[25]. The urinary catheter utilization ratio was 
0.56, which was in the same range in the study in 
Morocco (0.60) [19], and higher than study in Egypt 
(0.09) [20]. These relative lower utilization ratios 
indicate that there are efforts done by the medical 
staff to control the infection rates.

In this study, the most frequently isolated organ-
isms were Klebsiella spp. (34%), E. coli (20.9%), 
and Enterococcus spp. (14.3%). Similarly to study 
in Egypt [26] in which Klebsiella spp. were the 
most frequently isolated organism (42%), followed 
by CoNS (31%), and to study in Cameroon [27] in 
which Klebsiella spp. was the most frequently iso-
lated organism (27.6%). In contrast to study in Tur-
key [28] in which Acinetobacter baumannii (48%) 
and Pseudomonas aeruginosa (31%) were the most 
frequent isolated microorganisms and study in 
India [29] in which also Acinetobacter baumannii 
(83.2%) and Pseudomonas aeruginosa (73.5%) 
were the most frequent isolated microorganisms.

The most frequent bacteria causing VAP was 
Klebsiella spp. (60%). Similarly, to study in Egypt 
in which the most frequent bacteria causing VAP 
were Klebsiella spp (33.3%) [30]. In contrast to 
study in University Hospital in Turkey in which 
Staphylococcus aureus (33%) and Pseudomonas 
aeruginosa (23.8%) were the predominant patho-
gens causing VAP [2]. The most frequent bacteria 
causing CLA-BSI were Staphylococcus aureus and 
Enterococcus spp (27.3% for each). Similarly to 
study at Assiut University Hospital, Egypt, in which 
the most organisms were coagulase-negative 
staphylococci (30.3%) and Staphylococcus aureus 
(29.2%) [31]. In contrast to study in India, the pre-
dominant microorganisms in CLA-BSI were Klebsi-
ella spp. (32%) and Acinetobacter spp (18%) [32]. 
The most frequent bacteria causing CA-UTI were E. 
coli (41.2%) and Pseudomonas spp. (17.6%). Sim-
ilarly to study in a tertiary care hospital in India 
[33], in which the main isolated organisms from 
CA-UTI were E. coli (26%) and to study in Turkey 
[34], in which the main isolated organisms from 
CA-UTI were E. coli (40%) and Pseudomonas SPP. 
(28%).

This could be explained by that the spectrum of 
organisms causing DA-HAIs is changing from time 
to time, from region to region, and even from hos-
pital to hospital according to the state of develop-
ment of countries and according to infection con-
trol practice [35].

In conclusion, surveillance of DA-HAIs is the first 
step to improve infection control activity and to 
implement preventive bundles measures in the ICU.

Recommendations

Application of preventive bundles measures for 
controlling of DA-HAIs and continuous education 
and training about infection control practice help in 
the reduction of infection rates.

Study Limitation

Single hospital study over a single year and its 
results cannot be generalized to the national level. 
HAIs are ascertained only during the period of  
hospital stay as there is no system of follow-up after 
discharge from the hospital.
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