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Abstract

Nosocomial infections are a serious health problem resulting in an enor-
mous burden of morbidity and mortality rates, and high health care costs.
The various microorganisms implicated in nosocomial infections were not
known for causing recalcitrant nosocomial infections, they are opportunistic
pathogens and hence pose a challenge to patients especially those with im-
munocompromised conditions. Patients ar the intensive care unit are the
most at risk of these hospital-acquired infections The infections usually en-
countered in intensive care unit (ICU) include urinary tract infection,
pneumonia, tuberculosis, gastroenteritis. The main risk factors for these
infections can be divided into three key groups: those related to patient
characteristics and underlying diseases, those related to the acute disease
process, and those related to the use of invasive diagnostic or therapeutic
procedures. Incidence of ICU-acquired infections vary between hospitals and
according to the type of population studied, being highest in burn units and
surgical and trauma ICUs and lowest in coronary care units.

The major preventive effort to reducing the risk of nosocomial infections
should be focused on hospitals and other health care facilities. The respon-
sible health authority should develop a national (or regional) programme to
support hospitals. Such programmes must assess and promote good health
care, appropriate isolation, sterilization, and other practices, staff training,

and epidemiological surveillance should be developed.

INTRODUCTION

osocomial infection, also known as hospital-based infection or

health care-associated infection, is a serious global public health
issue, causing the suffering of 1.4 million people across the world at any
given time (7). Studies have indicated that nosocomial infections oc-
curred in 5-10% of all hospitalized patients in Europe and North
America and in more than 40% in parts of Asia, Latin America, and
sub-Saharan Africa (2,3).

The various microorganisms implicated in nosocomial infections can
be classified as pathogenic or normal microbial flora of the human body.
Bacteria are the most common of these micro-organisms. Several species
of microorganisms have been isolated from different hospitals across the
world (4). Even though some of these organisms were not known for
causing recalcitrant nosocomial infections, they are opportunistic
pathogens and hence pose a challenge to patients especially those with
immunocompromised conditions. Nosocomial infections usually en-
countered include urinary tract infection, pneumonia, tuberculosis,
gastroenteritis and legionnaire’s disease (5). Microorganisms usually
implicated in these infections include among others Pseudomonas aeru-
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ginosa, Escherichia coli, Staphylococcus aureus, Klebsiella
species, Mycobacterium tuberculosis, and Clostridium dif*
ficile, which are rapidly gaining resistance because of the
broad-spectrum antibiotics used in an attempt to control
them. Most of these organisms are usually contaminants
on the surfaces of most materials such as doors, beds,
instruments and on care providers. They are therefore eas-
ily transmitted to patients when adequate hygienic prac-
tices are not followed regularly. Patients at the Intensive
Care Unit (ICU) are the most at risk of these hospital-
acquired infections (6,7). The prevalence of hospital-ac-
quired infections (HAI) in ICU has been reported to be
more than twofold compared to other wards (8,9), indi-
cating the considerable importance of hospital-acquired
infections in the ICU population. The proportion of in-
fected patients on ICU admission has varied from 21.1%
to 38.5%, depending on the country (10,11,12). Alberti
etal. (70) and Legras et al. (11) reported that 11.9%-21%
of patients had Community-acquired Infection (CAI)
and 8.3-9.2% HAI. In a French study, the proportion of
infected patients was 10% higher if only the patients who
had an ICU length of stay over 24 hours were taken into
account (10). Higher figures were also reported from the
large British National Prevalence Survey, where 21% of
ICU patients had CAI and 43% had HAI (8). Indeed,
nosocomial infection rates in adult and pediatric ICUs
are approximately three times higher than elsewhere in
hospitals. The sites of infection and the pathogens in-
volved are directly related to treatment in ICUs. In these
areas, patients with invasive vascular catheters and mon-
itoring devices have more bloodstream infections due to
coagulase-negative staphylococci. Studies have shown
that cases of occult bacteremia in ICU patients are prob-
ably due to vascular access-related infections (13).

The high rates of infection are not surprising in view of
the fact that the patients treated in the ICU are the sickest
patients in the hospital. Advanced medicine with its new
treatment modalities and organ replacement therapies has
allowed successful treatment of patients with more severe
illnesses in ICU. However, these patients are often suscep-
tible to infection because of the impairing effects of their
underlying diseases and therapies on the immune system
as well as the consequences of surgery (74). The purpose of
these study was to provides an literature review of infec-
tions acquired in intensive care with a particular focus on
microbiological aspects, and risk factors.

Microbiological aspects of infections
treated in ICU

Colonization of the host by potentially pathogenic
micro-organisms is the first step towards the further de-
velopment of most ICU-acquired infections, and it may
occur from exogenous or endogenous sources (14,15).
Bacterial colonization is associated with the hospital stay,
and critically ill patients are especially susceptible due to
treatments such as immunosuppressive medications or
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long-term or repeated courses of antimicrobials or the use
of invasive devices. Antimicrobials can cause selective
pressure on the patients” own bacterial flora, modifying
it to select potential pathogenic colonisers to the bacte-
rial flora of the skin or the oropharyngeal or gastrointes-
tinal tract, from which many ICU-acquired infections are
assumed to arise. Exogenous colonisation arises from
cross-contamination either via direct contact from the
hands of the medical staff or by transmission of exogenous
microbes via contaminated equipment (16,17). Colonisa-
tion is often difficult to differentiate from infection, but
it should also be noted that not all patients with clinical
infection have positive cultures: the earlier literature has
reported that, of the infected patients treated in ICU,
30% had no microbiological documentation.

Of all ICU-acquired infections, 85.8% were microbio-
logically documented, while only 54.8% of community-
acquired infection (CAls) had such documentation (10).
'The authors suggested that many instances of CAI could
not be documented because of the antimicrobial therapy
administered prior to ICU admission. Due to the many
events during the ICU stay, such as fever due to tissue
trauma or corticosteroids, which confound the infection
parameters, the clinical diagnosis of ICU infection may
be more difficult to ascertain than CAI, and microbio-
logical samples may therefore be more likely to be ob-
tained during the ICU stay.

The causal micro-organisms differ, depending on the
origin and source of infection. In a French study, gram-
negative rods predominated (49% of isolates), followed by
grampositive cocci (37%) and fungi (9.7%) in ICU-ac-
quired infections, while the corresponding results were
35, 39 and 9% in community-acquired infections and 48,
35 and 10.4% in hospital-acquired infections (70). In a
multicentre sepsis study, 62% of infections were micro-
biologically documented, while gram-positive cocci ac-
counted for 37% of CAls and 47% of ICU-acquired in-
fections and gram-negative rods for 34% and 53%,
respectively (18). The proportion of fungal infections
(179%) in their series was exceptionally high. A similar
predominance of gramnegative rods in ICU-acquired in-
fections has also been reported in other studies (77,12). In
one study, microbiological culture results were available
for 85% of the patients with ICU-acquired infections;
55% of the infections were polymicrobial. Gram-negative
rods (most often Pseudomonas aeruginosa, E.coli and Kleb-
siella) have been shown to predominate in respiratory and
urinary tract infections, while grampositive organisms
(most often coagulase-negative staphylococci (CNS),
Staphylococcus aureus and enterococci) mainly cause cath-
eter-related, bloodstream and surgical site infections
(12,19). The number of gram-positive infections has in-
creased, particularly those caused by coagulase-negative
staphylococci (20,21). Fungal infections by especially
candida species have become increasingly common (22).
A continuous shift towards more resistant strains has also
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been reported by NNIS: the proportion of methicillin-
resistant Staphylococcus aureus isolates is over 60% and
that of vancomycin-resistant Enterococci over 25%), and
there was also a nearly 50% increase in Klebsiella pneu-
moniae isolates nonsusceptible to 3rd generation cephalo-
sporins between 2002 and 2003 (23,24). However, the
proportions of isolates resistant to most pathogens have
been lower in Northern European countries than in US
ICUs (25). The favourable resistance situation was also
reported in the Finnsepsis study, where no multidrug-
resistant microbes causing infections were found (26). It
should be noted that the precise pattern of causative mi-
crobes varies between countries and ICUs, reflecting the
case mix, antibiotic protocols and local ecology and resis-
tance patterns (21).

Risk factors for ICU-acquired infections

The severity of illness on admission as assessed based
on the Acute Physiologic and Chronic Health Evaluation
(APACHE II) or some other score has been associated
with the development of ICU infections (27,28). Con-
trariwise, Appelgren et al. (29) reported that APACHE I1
did not correlate with infection, suggesting that patients
with high APACHE II scores may die from their underly-
ing disease before they have developed an infection. It has
further been found that more severe organ dysfunction
during the ICU stay and longer stay were more common
among the patients who acquired an ICU infection (12).
Similarly, in a case-control study, the severity of illness
scores (APACHEII, Simplified Acute Physiology (SAPS)
score) and the TISS, Therapeutic Intervention Scoring
System scores were significantly higher for cases than con-
trols at three days after ICU admission and at one day
before the onset of nosocomial infection. This result sug-
gesting that case patients required a higher level of thera-
peutic activity between their ICU admission and the day
of infection (30). It is often difficult to assess whether the
prolonged stay is due to infection, or the infection is due
to prolonged stay, and controversial results have therefore
been obtained on the importance of the length of ICU
stay (19,31,32). Neurologic failure on admission (19,32)
or certain diagnostic categories such as trauma (29,32)
have increased the infection risk. Infection rate has also
been reported to vary according to infection status on
admission, being 1.5-fold in patients infected on admis-
sion compared to noninfected patients (10).

Other studies, however, reported that the most risk
factors of ICU-acquired infection have been exogenous,
including central venous or urinary catheterisation and
mechanical ventilation (33). Results of Richards et al. (20)
indicate that the device-associated rates did not correlate
with the length of ICU stay, the size of the hospital or the
number of beds in the ICU. ICU-acquired infections at
the most frequent infection sites were usually associated
with the use of an invasive device: 86% of pneumonias
were ventilatorassociated, 87% of BSIs central catheter-
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associated and 95% of UTTs urinary catheterassociated.
De Leon-Rosales et al. (32) reported that the risk has been
increase when the total number of therapeutic or diagnos-
tic interventions increases. Medications or procedures
that promote gastric colonisation by potential VAP patho-
gens or increase the risk of aspiration have also been re-
ported as risk factors (19,28,32,33). Intensive treatment
of hyperglycemia has been found to reduce the BSI rate
(34). Early enteral nutrition has been shown to signifi-
cantly reduce the infection complication rates compared
to parenteral nutrition, although it has not been shown to
have impact on mortality (35).

Many outbreaks of nosocomial infections are often
linked to aseptic breaks or failure to follow infection con-
trol guidelines. Aseptic breaks are frequently associated
with overcrowded and understaffed units, and admission
during a period of low nurse-to-patient ratio has been
associated with an increased risk of infection (36,37) or
cross-transmission of nosocomial pathogens (38).

Although length of stay is relatively simple to measure
and often routinely collected in surveillance data bases,
several factors complicate these analyses. Study design,
study population, type of HAI, and approach to statistical
analysis can lead to wide variations in estimating excess
length of stay.

The study design, population under investigation, type
of HAI, and approach to statistical analysis can result in
large variations on estimates of excess LOS. The potential
for time-dependent bias, is not always accounted for in
studies estimating the additional LOS due to HAI (39).
Time-dependent bias occurs when a patient’s entire hos-
pital stay, or even the entire period after the patient devel-
ops HAL, is attributed as additional LOS due to the HAI,
and this may lead to inflated estimates in excess LOS
linked with HAI. Despite these issues being well docu-
mented there are still a wide range of analytical approach-
es used to estimate the excess attributable LOS due to

HALI that fail to address this issue (40,41,42,43,44,45).

The common analytical approaches compare LOS in
HAI and non-HAI groups, matching HAI and non-HAI
patients using characteristics that may affect LOS, with
and without accounting for time of infection, survival
analyses, and multi-state modelling (39). There is consider-
able heterogeneity in both study designs and analytical
approaches that prevent the use of meta-analysis or the use
of these data to inform IPC priorities and interventions.

Many observational reports have studied the impact of
NI on length of stay by using different statistical methods.
When evaluating the prolonged LOS of NI, the timing
of NI plays an important role to distinguish between pre-
infection time and consequence of NI. Several studies
showed the magnitude of the so-called time-dependent
(aka immortal-time) bias which occurs if the timing of
infection is not adequately addressed or rather ignored in
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the analysis (46,47). Multi-state models or time-depen-
dent matching techniques account for the timing of NI
to avoid the time-dependent bias (46,47,42). However,
there exist fundamentally different estimands to quantify

this prolonged LOS associated with NI.

Common infections treated in ICU

Most studies on infections necessitating ICU treat-
ment have concentrated on sepsis, severe sepsis or septic
shock (18,48,49,50,51). In sepsis studies, respiratory tract
infection has been the most common infection focus, fol-
lowed by urinary tract infections, intra-abdominal and
surgical site infections or primary bloodstream infections
(48). However, their distributions in patients with com-
munity- or hospital-acquired infections have not always
been reported separately. In Finland, severe sepsis was
diagnosed in only 10.5% of all ICU admissions and the
incidence of severe sepsis was 0.38/1000 adults per year
(26) while in a prospective study conducted in Australia
and New Zealand, severe sepsis was present in 11.8% of
ICU admissions, and the incidence was 0.77/1000 adults
(52). The lower percentage in Finland may be related to a
low proportion of resistant bacteria or early hospital ad-
mission. In the Finnsepsis study, infection was commu-
nity-acquired in 58% of cases and nosocomial in 38%.
Similar proportions of CAI and HAI were reported in a
French study, but 42% of the patients in this survey met
the criteria for severe sepsis on admission (53). This high-
er percentage may reflect a different case mix and the use
of a 48-hour or longer ICU stay as an inclusion criterion
in the latter study. In this study, the total ICU cost of
community-acquired severe sepsis was significantly lower
than that of hospital- or ICU-acquired severe sepsis. In a
large multicentre sepsis study, 37% of patients admitted
to ICU had sepsis, and 76.3% of them had sepsis present
on admission or developed it on the second day of admis-
sion, while only 23.7% of the cases of sepsis were really
ICU-acquired (18). In patients with ICU-acquired sepsis,
the site of infection was more commonly the respiratory
tract, catheter-related or the urinary tract and less com-
monly abdominal compared to patients with non-ICU
acquired sepsis. Septic infections necessitating ICU treat-
ment are associated with high mortality. In a Brazilian
sepsis study, the mortality rate of patients with systemic
inflammatory response syndrome (SIRS), sepsis, severe
sepsis and septic shock increased progressively from
24.3% to 34.7%, 47.3% and 52.2%, respectively. Patients
with SIRS without infection had a mortality rate of 11.3%
(54). In a large British study of intensive care unit admis-
sions that met the criteria for severe sepsis in the first 24
hours, 35% of patients died before discharge from inten-
sive care, and 47% died during their hospital stay (50).
Hospital mortality ranged from 17% in the age group of
1619 years to 64% in those aged > 85 years. In a Swiss
study, the 28-day fatality rate among bacteremic sepsis
patients was 37% and the two most powerful predictors
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of 28-day mortality in this study remained the APACHE
IT score and the number of evolving organ dysfunctions
(55). Similar results have been published in other sepsis
studies (18,49,52), while lower results were reported in the
Finnsepsis study (ICU mortality 15.5%, hospital mortal-
ity 28.3%) (26). According to results of Kumar et al. (56),
mortality from septic shock is dependent on the time be-
tween the administration of effective antimicrobials and
the identification of septic shock, being only 25% if anti-
microbial medication was initiated within the first hour
and 89% if it was initiated within six to nine hours.

Taking into account the high mortality rates, the in-
ternational Surviving Sepsis Campaign published in 2004
severe sepsis guidelines with the aim to improve the prog-
nosis of severe sepsis and to reduce the mortality from
severe sepsis by 25% in 5 years (57). The interventions
recommended included the maintenance of blood glucose
levels<8.3 mmol/l, stress-dose steroid therapy for septic
shock; administration of recombinant activated protein
C to patients with severe sepsis and high risk for death; a
semirecumbent bed position unless contraindicated; and
protocols for weaning.

Community and Hospital-acquired
pneumonia

Community-acquired pneumonia (CAP) is a common
illness, and up to 42% of these patients require hospital
admission (58). In a multicentre study, 12.7% of pneu-
monia inpatients were admitted into ICU, with the ICU
admission rates ranging from 8.8 to 26.1% across the
participating centres (59). In a British survey, admissions
into ICU due to CAP increased by 128% during the years
1994-2004 (60). Severe CAP is considered a distinct
clinical entity, which usually requires ICU management
and has a particular epidemiology and a somewhat differ-
ent distribution of etiological pathogens compared with
the less severe forms of communityacquired pneumonia
(61). Streptococcus pneumoniae has been reported to be the
most common bacterial aetiology for severe CAP (62).

The mortality rates were almost fourfold in ICU-treat-
ed patients compared to non-ICU patients (59). However,
in a multicentre study, there was no difference in ICU
mortality between patients with or without CAP requir-
ing mechanical ventilation (63). A similar mortality rate
(43%) was reported in a French study, where Klebsiella
pneumoniae as the bacterial etiology and a positive blood
culture as well as the initial severity of illness were inde-
pendent risk factors for death (64). The severity of illness
on admission and sepsis or septic shock have also been
associated with high mortality in other studies (63,65). In
the British survey, higher mortality was seen among those
who were admitted into ICU later during their hospital
stay (60). In addition to having high mortality, ICU
treated pneumonia patients had slower recovery and a
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lower proportion of the patients had resumed work or
their usual activities one month after admission (59).

However, Earlier literature on hospital-acquired pneu-
monias (HAP) necessitating ICU admission is rare. In a
French study, pneumonias accounted for 38% of the
hospital-acquired infections treated in ICU (70). Patients
with HAP admitted into ICU had high mortality (53%),
especially those with septic shock and chronic obstructive
pulmonary disease (COPD) (66). Gram-negative rods
predominated in the bacterial etiology of HAP (10); Pseu-
domonas aeruginosa being the most frequent pathogen

isolated (66).

Ventilator-associated pneumonia (VAP)

Studies of VAP have often provided contradictory re-
sults due to the absence of standardized criteria for its
diagnosis and the wide variation of the patient popula-
tions studied. The frequency of VAP varied from 4% to
48% even within the same study population, depending
on the selected definition criteria (67). VAP is generally
the most frequent nosocomial infection in the ICU, ac-
counting for 25-46.9% of ICU-acquired infections and
the VAP incidence varies from 6.8% to 22.3%
(68,69,70,71,72,73,74,75). Incidence densities per 1000
patient days have varied from 12 to 19 and those per 1000
ventilator days from 3.7 up to 50. The pooled cumulative
incidence of VAP in patients receiving mechanical venti-
lation was 9.7% in one analysis, which covered 38 pro-
spective cohort or nonrandomized studies with 48 112
patients, and 22.8% when 51 prospective randomized
trials with 4802 patients were pooled (76). VAP was di-
agnosed clinically almost twice as often as it was micro-
biologically confirmed. However, it has been shown that
microbiological confirmation of the diagnosis by invasive
techniques usually does not add any prognostic informa-
tion (77). There is only one randomised study where an
invasive strategy was associated with reduced mortality
(78). Otherwise, controversial opinions have been pub-
lished (79,80). In one recent survey, too, two diagnostic
strategies for VAP — bronchoalveolar lavage (BAL) with a
quantitative culture of the BAL fluid and endotracheal
aspiration with a nonquantitative culture of the aspirate
— were associated with similar clinical outcomes and
similar use of antibiotics (81), but there were method-
ological problems in, for example, the exclusion criteria
of that survey (82). It has been demonstrated that the
National Nosocomial Infections Surveillance (NNIS)
criteria introduced for epidemiological purposes are not
suitable for a bedside diagnosis of VAP and will lead to
less well targeted treatment of these patients, i.e., under-
treatment of some patients (up to 20% of patients) and
overtreatment of some others (83). To sum up, an invasive
diagnostic approach may be beneficial, but further studies
are needed. In the pathogenesis of VAP, bacterial coloni-
zation of the oral cavity and subsequent aspiration of oro-
pharyngeal fluids along the endotracheal tube are of ma-
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jor importance (84). Interventions that reduce the
concentrations of oral microbial flora, such as topical
chlorhexidine, have been beneficial in preventing VAP
(85,86). The role of the gastrointestinal tract as a source
of oropharyngeal and tracheal colonization is more con-
troversial (87). Nasal sinuses are also potential sources of
infected secretions (88). Most risk factors associated with
VAP, apart from mechanical ventilation, appeared to pre-
dispose the patient to either colonization of the acrodiges-
tive tract with pathogenic microbes (e.g., prior use of
antibiotics (72)) or aspiration (e.g., witnessed aspiration,
paralytic agents (70), supine positioning (72)). Male gen-
der, organ system failure (72), admission diagnosis of
burns, trauma, CNS disease and respiratory or cardiac
disease (72,89) have been reported to be other risk factors.
Cook etal. (69) found that, although the cumulative risk
of VAP increased over time, the daily hazard rate de-
creased after day five. It is noteworthy that the risk factors
were the same regardless of the pneumonia definition
used. The microbiological aetiology of VAP differs ac-
cording to the patient population studied, the lengths of
stay in hospital and ICU and the specific diagnostic meth-
ods used. In 24 studies with altogether 1689 VAP epi-
sodes, where the aetiology of VAP was investigated bron-
choscopically, gram-negative bacilli (GNB) accounted for
58% of the organisms recovered (90). The most common
GNB were Pseudomonas aeruginosa, Acinerobacter species
and Enterobacteriaceae. Staphylococcus aureus was the most
common gram-positive bacterium recovered, being pres-
ent in 20% of the cases. In VAP diagnosed during the first
days of admission, i.e., early-onset VAP, the causative
agents are usually the endogenous oropharyngeal flora
and high rates of Haemophilus influenzae, Streprococcus
pneumoniae, Staphylococcus aureus and antibiotic-sensitive
Enterobacteriaceae. In late-onset VAP, the causative organ-
isms are usually exogenous organisms such as Pseudomo-
nas aeruginosa, Acinetobacter species, Stenotrop/aomonax or

other antibiotic-resistant GNB or MRSA (88,91).

The current literature on the impact of VAP on out-
come is controversial. Prospective cohort studies have
reported attributable mortality rates from 21% to 34%
(29,92). Several interventional studies of selective diges-
tive decontamination or semirecumbent positioning have
shown reduced VAP rates, but the influence of that on
mortality has been controversial (93,94,95). In a small
case-control study of case patients who died and control
patients who were discharged from ICU, similar propor-
tions (36%) of both groups developed VAP, and VAP was
not an independent risk factor for death in multivariate
analysis (96). A similar finding was also reported in an
earlier cohort study (72). A study using data from a large
US inpatient database reported significantly longer ICU
and hospital stays for patients with VAP, while hospital
mortality did not differ significantly between cases and
matched controls (89). In a study where specific invasive
techniques were used to diagnose pneumonia, nosoco-
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mial pneumonia was independently associated with mor-
tality (70), and a similar finding was reported in a large
case-control study with a strict matching process (97).
Mortality associated with VAP also differs by bacterial
aetiology, being higher with resistant microbes such as
Pseudomonas aeruginosa or Acinetobacter species (90). The
treatment of VAP is also an important determinant of
outcome; inappropriate initial antibiotic treatment has
been associated with excessive hospital mortality (98,99).

Intra-abdominal infections.

In a French study, the digestive tract or peritoneum
was the infection focus in 17.5% of CAls and 32.7% of
HAIs in patients admitted into ICU. Over half of all
infections were polymicrobial (70). Among patients with
septic shock on ICU admission, intra-abdominal infec-
tion was the focal infection in 29.3%: bowel perforation
was the most common cause (8.3%), followed by isch-
aemic bowel (6.1%) (56). Reports on ICU-acquired intra-
abdominal infections are rare, while the incidence of these
infections has varied from 2% in surgical ICU patients
(27) to 8.5% in a french multicentre study (70). In a Brit-
ish study, 4.4% of patients admitted into ICU after ab-
dominal surgery underwent relaparotomy for suspected
intraperitoneal sepsis at a median of five days after the
initial procedure (100). In a prospective study from 1991-
2002, the incidence of intra-abdominal infection treated
in ICU was 5.75%, and de novo infection accounted for
71.8% of cases and nosocomial infection for 28.2% of
cases (101). In this study, 73.7% of patients developed
organ dysfunction, and mortality was 22.6%. Surpris-
ingly, many studies of ICU-acquired infections did not
report the proportion of these infections at all (19,28).

ICU-acquired bloodstream infections

Bloodstream infections (BSIs) account for 3.5-30% of
ICU-acquired infections, and their incidence density has
varied within 2.0—4.6 per 1000 central catheter days. The
intravascular device associated with the greatest risk if
BSIs is the central venous catheter (75), and infections
derive from the cutaneous bacterial flora at the insertion
site. The subclavian route of insertion has been recom-
mended (7102). However, the incidence of central venous
catheter infection and colonization was not different at
three sites (i.e., internal jugular, subclavian or femoral) in
a study where the optimal insertion sites were selected,
experienced operators inserted the catheters, a strictly
sterile technique was observed, and trained intensive care
unit nursing staff performed catheter care (103). Ultra-
sound-guided catheterisation was recently reported in a
randomised study to prevent CR-BSIs (704).

‘The most common microbial actiologies were Staphy-
lococcus aureus, viridans group streprococci and coagulase-
negative staphylococci in a survey where one third of in-
fections were secondary (105). The impact of BSIs on
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mortality and length of stay is controversial, with some
studies reporting 10-25% increased mortality and pro-
longation of hospital stay, while some other studies report
no attributable mortality (29,106,107,108). In a multicen-
tre study, the risk for death associated with primary infec-
tions and CR-BSIs appeared much lower than that due to
secondary BSIs (107). A casecontrol study of 57 patients
with catheter-related infection revealed no significant dif-
ference in hospital mortality between cases and controls,
while the length of hospital stay was increased by 19.6
days (109). It should be noted that the majority of infec-
tions in this series were caused by coagulase-negative
staphylococci. In contrast to that, there are three matched
studies with larger patient populations, where ICU-ac-
quired BSI was associated with significant attributable
mortality (105,110). It is noteworthy that BSIs were not
restricted to catheter-related ones in those studies. When
adjusted for risk exposure time and severity on admission
and during the ICU stay, BSI was associated with in-
creased mortality, but considerable variation occurred
across the BSI subgroups (710). The attributable mortal-
ity due to BSI was highest in patients with less severe
illness, while the impact of BSI on mortality was lower in
patients with higher initial severity (7/1). In another
study, CR-BSI was associated with increased mortality
even when adjusted for severity factors on ICU admission
(108). However, after adjustment for severity factors dur-
ing the ICU stay and before the infection, there was only
a trend toward CR-BSI attributable mortality. In addition
to attributable mortality, BSIs have also been associated
with increased health care costs (105,112).

Urinary tract infections

Urinary tract infection (UTI) is a common type of
infection: 14.2% of hospitalized patients have been re-
ported to have community-acquired UTI and 23.2%
hospital-acquired UTT (8). It is, however, rarely a cause
for ICU admission. In a French study, UTT represented
7.2% of CAls and 8.2% of HAIs treated in the ICU, and
in a European multicentre study, the urinary tract was the
infection focus in 12% of sepsis patients admitted into
ICU (10,18). UTTIs account for 7.8-23.6% of ICU-ac-
quired infections, and the incidence densities vary from
1.7 to 8.5 episodes per 1000 urinary catheter days. An
incidence density of 9.6 was reported in a survey with 111
ICU-acquired UTTs, where the most common etiologies
were Enterococcus species (24%), Candida albicans (31%)
and Escherichia coli (15%) (113).

In the ICU are usually related to urinary catheters or
invasive urinary tract procedures, and their pathophysiol-
ogy is characterized by colonization by microorganisms
from the colonic flora. Female sex, length of ICU stay,
prior use of antibiotics, severity score on admission and
duration of catheterization have been reported as inde-
pendent risk factors for catheter-associated bacteriuria

(114) and female sex and length of stay for UTT (113).
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Development of ICU-acquired UTT was associated with
significantly higher crude ICU-related mortality, but after
controlling for other significant variables, ICU-acquired
UTT was not independently associated with death (173).
Attributable mortality of 5.7% in patients with UTT was
reported in a cohort study which figure was much lower

than that for VAP or BSIs (92).

CONCLUSION

Nosocomial infections is difficult to address because it
is such a complex problem with diverse underlying causes.
Even though several measures have been put in place by
hospital officials to prevent these infections by ensuring
strict sanitation, hygienic principles and rational antibi-
otic use, the incidence of nosocomial infections still keep.
Howver, approximately one third of nosocomial infec-
tions are preventable. To achieve this level of prevention
the institutional policies and practices must be developed
and adhered to, especially in the developing nations where
nosocomial infections are a devastating problem that im-
pacts many vulnerable groups. A system must also be
developed for the surveillance of nosocomial infections
that occur outside the hospitals and other health care pro-
viding facilities after the patients are discharged.
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