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Abstract

Objective: We aimed to describe the pattern of nosocomial
infections in an adult medical-surgical intensive care unit
(ICU). Subjects and Methods: A 2-year prospective cohort
study of nosocomial infection surveillance in a 15-bed adult
combined medical and surgical ICU of Farwaniya Hospital,
Kuwait, was carried out. Data were collected between Janu-
ary 2004 and December 2005 using the standard surveil-
lance protocols and nosocomial infection site definitions of
the National Nosocomial Infections Surveillance System’s
ICU surveillance component. Results: Of 1,173 patients hos-
pitalized in the ICU for an aggregate duration of 6,855 days,
89 patients acquired a total of 140 nosocomial infections; 46
(33%) ventilator-associated pneumonia (VAP), 33 (24%) cen-
tral-line-associated bloodstream infection and 15 (11%) cath-
eter-associated urinary tract infection, 22 (16%) cutaneous
infection and 24 (17%) other infections. The overall patient
day rate was 20.6/1,000 patient days. The patient infection
rate was 10.6/100 patients at risk. The mean VAP rate was
9.1/1,000 ventilator days (95% Cl, 5-13.2), the central-line-as-
sociated bloodstream infection rate 5.5/1,000 central line
days (95% Cl, 3.2-7.8) and the catheter-associated urinary
tract infection rate 2.3/1,000 catheter days (95% Cl, 1.2-3.4).
Of all nosocomial infections, 119 (85%) were culture-con-

firmed and 21 (15%) were clinically defined culture-negative
infections. Of the culture-confirmed nosocomial infections,
81 (68%) were Gram-negative, 32 (27%) Gram-positive and 6
(5%) fungal. The most frequent organism was Pseudomonas
aeruginosa (20, 17%), followed by Acinetobacter baumannii
(15, 13%), Klebsiella spp. (13, 11%) and Escherichia coli (10, 8%).
The crude mortality was 27% among ICU-infected patients.
Conclusion: VAP was the most common nosocomial infec-
tion in our ICU. Gram-negative organisms were more com-
monly reported as etiologic agents of ICU infections.
Copyright © 2008 S. Karger AG, Basel

Introduction

Nosocomial infections have been recognized for over
a century as a critical problem affecting the quality of
health care and a principal source of adverse health care
outcomes [1]. Intensive-care-unit (ICU)-acquired infec-
tion rates are 5-10 times higher than hospital-acquired
infection rates in general ward patients [2]. This increased
risk of nosocomial infection results from 3 major factors:
(a) intrinsic risk factors related to the need for intensive
care; (b) invasive medical devices, and (c) crowding and
animate reservoirs that increase the risk of cross infec-
tion in the ICU [3]. Such infections continue to compli-
cate the clinical course of critically ill patients and con-
sequently to create substantial economic and human
costs. ICUs are an area of considerable antibiotic use in
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which antibiotic-resistant organisms are prevalent [4]
and patients are prone to secondary infections after ex-
posure to broad-spectrum antimicrobials [5].

Surveillance for nosocomial infections is the corner-
stone of prevention and control of these infections [6].
Furthermore, one of the purposes of surveillance is to
benchmark with other units or to determine the impact
of eventual interventions targeted at the prevention of
nosocomial infections. Among many nation-wide sur-
veillance systems (KISS in Germany, CLIN in France or
NIH in the UK), the National Nosocomial Infections Sur-
veillance System (NNIS) remains the most representative
data source on nosocomial infection rates. Risk adjust-
ment is provided by stratifying the data by type of ICU
and type of invasive medical device and by presenting the
infection rate as infections per 1,000 device days [7]. The
objective of this study was to conduct nosocomial infec-
tion surveillance and measure device-associated infection
rates, crude mortality, and the microbiological and anti-
biotic resistance profiles of infecting pathogens in the
main ICU of Farwaniya Hospital, Kuwait.

Subjects and Methods

A 2-year prospective cohort study of nosocomial infection
surveillance was carried out in a 15-bed adult combined medical
and surgical ICU of Farwaniya Hospital, Kuwait. Neither medical
nor surgical patients represented more than 80% of the total sub-
jects in the unit. The hospital is a 650-bed multispecialty acute
care facility. It serves an area with a total population of about
750,000.

Infection surveillance was implemented for all patients admit-
ted to the ICU with a stay longer than 48 h during the period
January 1, 2004, to December 31, 2005. The Center for Disease
Control definitions of nosocomial infections [8] and the standard
surveillance methods of NNIS were used, as previously described
[9]. The overall patient infection rate was calculated as the num-
ber of all infections per 100 patients at risk, the overall patient day
rate as the number of all infections per 1,000 patient days and the
device-associated infection rates as the number of infections per
1,000 device days. The average length of stay (ALOS) was a proxy
for infection risk and was calculated using the equation below:

d
ALOS:ﬁ
ct+———
2 2

where a is the number of patients in the ICU on the first day of the
month, b indicates the number of patients in the ICU on the first
day of the next month, ¢ is the number of patients admitted to the
ICU during the month and d the number of days spent by all pa-
tients in the ICU during that month. The adjusted rate by ALOS
is the quotient of dividing the patient infection rate by ALOS.
Bacteria were cultured using standard microbiological meth-
ods [10]. They were identified by conventional methods according
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Table 1. Demographic characteristics of ICU-infected patients

Demographic characteristics Patients
Age
<20 years 9 (10)
20-40 years 21 (24)
40-60 years 40 (45)
>60 years 19 (21)
Gender
Male 66 (74)
Female 23 (26)
Nationality
Kuwaiti 33 (37)
Non-Kuwaiti 56 (63)
Admission diagnosis
RTA/multiple trauma 34 (38.2)
Acute cerebrovascular accidents 18 (20.2)
Acute myocardial infarction 8(9)
Acute abdominal emergency 7(7.9)
Acute pulmonary edema 5(5.6)
Respiratory failure 4 (4.5)
Status epilepticus 3(3.4)
Sepsis 3(3.4)
Upper gastrointestinal hemorrhage 2(2.2)
Tetanus 2(2.2)
Drug overdose 2(2.2)
Acute pylonephritis 1(1.1)
Outcome
Survived 65 (73)
Expired 24 (27)
Total 89 (100)

Figures in parentheses are percentages. RTA = Road traffic
accident.

to the Kirby-Bauer disc diffusion technique [11] and the VITEK
2 system (bioMérieux, France).

Statistical analysis was performed with the x? test, odds ratio
and, where appropriate, bivariate correlation using the Pearson
correlation coefficient. The p value was set at 0.05%. Summary
statistics for continuous or ordinal variables were expressed as
means and standard deviations and medians with percentiles and
discrete variables as percentages. The data were analyzed using
SPSS for Windows version 11 (SPSS Inc., Chicago, Ill., USA).

Results

Of 1,173 patients, 89 developed 140 nosocomial infec-
tions. The overall patient day rate was 20.6/1,000 patient
days. The overall patient infection rate was 10.6/100 pa-
tients at risk. The mean age was 45 * 19 years. Thirty-
three patients (37%) were Kuwaiti and 56 (63%) were of
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Table 2. Means and percentiles of device-associated infection
rates and device utilization ratios compared to NNIS figures

Table 3. Microbial etiology of culture-confirmed infections in
the ICU

Mean Percentile

10 25 50 75 90
(median)
Device-associated infection rate
CA-UTI KNNIS 2.3 0 0 1.3 39 6.7
NNIS 3.9 1.3 21 33 52 75
CLA-BSI KNNIS 5.5 0 0 4.1 8.6 154
NNIS 4 1.7 26 34 5.1 7.6
VAP KNNIS 9.1 0 098 5.1 125 289
NNIS 5.4 1.2 26 4.6 72 99
Device utilization ratio
Urinary KNNIS 095 091 093 0.96 0.97 0.98
catheter NNIS 0.78 0.65 0.74 0.82 0.87 0.90
Central line KNNIS 0.88 0.78 0.83 0.88 093 0.96
NNIS 0.57 036 047 0.56 0.66 0.74
Ventilator KNNIS 0.78 0.68 0.75 0.79 0.82 0.87
NNIS 043 023 032 043 0.55 0.62

KNNIS = Kuwait NNIS in the studied ICU.

other nationalities. The main admission diagnoses were
multiple trauma/road traffic accident: 34 (38.2%) and
acute cerebrovascular accidents: 18 (20.2%). The demo-
graphic characteristics of ICU-infected patients are given
in table 1.

The distribution of infections was as follows: ventila-
tor-associated pneumonia (VAP): 46, central-line-asso-
ciated bloodstream infection (CLA-BSI): 33 and cathe-
ter-associated urinary tract infection (CA-UTI): 15. The
remaining infections were cutaneous/subcutaneous in-
fections: 22, lower respiratory tract other than pneumo-
nia: 10, surgical site infections: 6, upper respiratory tract
infections: 3, eye: 3, and ear: 2.

The mean CA-UTI rate was 2.3/1,000 catheter days,
the CLA-BSI rate 5.5/1,000 central line days and the VAP
rate 9.1/1,000 ventilator days. Of 6,855 patient days, the
device utilization ratio was 0.95 for urinary catheters,
0.88 for central line and 0.78 for ventilator utilization (ta-
ble 2). The ALOS was 7.8 days and the adjusted patient
infection rate by ALOS was 1.4.

The mean overall patient infection rate was strongly
correlated with the length of stay (r = 0.549, p = 0.006) and
ventilator use (r = 0.497, p = 0.013). The CLA-BSI, VAP and
CA-UTI did not correlate with length of stay (r = -0.217,
-0.093, 0.068; p = 0.308, 0.667, 0.752, respectively) or with
device-associated utilization (r = -0.298, 0.219, 0.033; p =
0.157, 0.304, 0.878, respectively, for each device).

Nosocomial Infections in an Intensive
Care Unit

Organism Cases

Gram-negative (n = 81)
Pseudomonas aeruginosa 20
Acinetobacter baumannii 15
Klebsiella pneumoniae 12
Escherichia coli 10
Haemophilus influenzae 6
Enterobacter cloacae
Stenotrophomonas maltophilia
Morganella morganii
Klebsiella oxytoca
Moraxella catarrhalis
Proteus mirabilis
Providencia stuartii
Pseudomonas fluorescens
Serratia marcescens

Gram-positive (n = 32)

Enterococcus fecalis
Staphylococcus aureus
Coagulase-negative staphylococci
MRSA

Listeria monocytogenes
Streptococcus pneumoniae
Streptococcus pyogenes
Streptococcus viridans
Diphtheroids

Fungal (n = 6)

Candida albicans

T = = N I = SN NS, |

— == NN R NN o

(o)}

Total 119

Coagulase-negative staphylococci: Staphylococcus epidermi-
dis (n = 3); Staphylococcus hominis (n = 2) and other coagulase-
negative staphylococci (n = 1). MRSA = Methicillin-resistant
Staphylococcus aureus.

Of all nosocomial infections, 119 (85%) were culture-
confirmed and 21 (15%) were clinically defined culture-
negative infections. Of the culture-confirmed nosocomi-
al infections, 81 (68%) were Gram-negative, 32 (27%)
Gram-positive and 6 (5%) fungal. Among the 119 organ-
ism shown in table 3, the most frequently isolated was
Pseudomonas aeruginosa: 20 (17%); Acinetobacter bau-
mannii: 15 (13%); Klebsiella spp.: 13 (11%) and Esche-
richia coli: 10 (8%). Interestingly, 2/10 (20%) of the E. coli
isolates and 2/13 (15%) Klebsiella spp. tested positive for
extended-spectrum (3-lactamase.

Overall, 70% of the Gram-negative isolates were sus-
ceptible to ciprofloxacin, 96% to meropenem, 70% to cef-
tazidime, 83% to cefotaxime, 45% to piperacillin, 83% to
amikacin and 68% to gentamycin. With regard to Gram-

Med Princ Pract 2008;17:373-377 375



positives, all Staphylococcus aureus isolates were sensitive
to oxacillin and gentamycin. Methicillin-resistant S. au-
reus, S. epidermidis and enterococci were all sensitive to
vancomycin.

Of all 1,173 patients admitted to the ICU, 268 (23%)
died. Of the 1,084 without nosocomial infections, 244
(23%) died compared to 24 of 89 (27%) with nosocomial
infections. There was no association between nosocomi-
al infection and overall mortality in the ICU (p = 0.405).
Notably, mortality among patients with ICU-acquired
infections was related to an ICU stay =6 days (odds ra-
tio =2.7, CI = 1.2-5.9).

Discussion

Patients in ICUs are at high risk for nosocomial infec-
tions and since 1987 have been monitored in the NNIS by
site-specific, risk-adjusted infection rates according to
ICU type [12]. The risk-adjusted benchmark infection
rates and device utilization ratios are published annually
for use by both NNIS and non-NNIS hospitals [12].

The predominant types of infection and the ecology of
potential pathogens vary between different ICU types
and among similar types. This may be a result of factors
such as patient case mix, device utilization rates, teaching
affiliation and empirical antibiotic usage patterns. Dif-
ferent groups such as trauma patients have unique predis-
positions to different infections. There is a wide distribu-
tion of device utilization rates and thus infection rates
among these patient groups [13]. Device-associated infec-
tion rates are the best available rates for comparisons be-
cause they are not confounded by length of stay, total
number of hospital beds or differences in the associated
device utilization [14].

A lower rate of CA-UTI was noted in our ICU than in
any type of NNIS-participating ICUs. Our median CA-
UTI rate (50th percentile) corresponded to the 10th per-
centile of NNIS. Interestingly, our rate did not reflect
lower rates of urinary catheter use. On the contrary, we
found that the urinary catheter utilization ratio in our
ICU was a ‘high outlier’. This finding could be related to
adequate antibiotic coverage, diversity in microbial etiol-
ogy and differences in susceptibility to antibiotic between
our ICU and NNIS-participating ICUs. Variations in the
severity of illness among catheterized patients and in the
duration of catheterization might have in part contrib-
uted to this discrepant result [15].

On the other hand, the median for CLA-BSI lies be-
tween the 50th and 75th percentile and the median cen-
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tralline utilization was above the 90th percentile of NNIS
[7]. A similar observation was recorded for VAP and ven-
tilator utilization. This value denotes that between 50 and
75% of similar NNIS ICUs had lower rates than ours. Fur-
thermore, the 2 device utilization ratios were ‘high outli-
ers’. Since central lines and ventilators are significant risk
factors for BSI and VAP, efforts should be targeted to re-
duce their use or limit the duration of their use.

Gram-negative bacilli are frequently associated with
nosocomial infections in ICU patients, particularly VAP
and CA-UTI [16]. The results of this study are in accord
with that finding and showed that of all Gram-negative
organisms (n = 81), P. aeruginosa accounts for (25%), A.
baumannii for 19%, Klebsiella spp. for 16% and E. coli for
12%. In a previous survey of the prevalence and antibi-
otic susceptibility pattern of consecutive Gram-negative
bacterial isolates in 2 ICUs in Saudi Arabia (Jeddah) and
Kuwait, the most common bacterial isolates in the Ku-
wait ICU were P. aeruginosa (26%), Acinetobacter spp.
(33%) Klebsiella pneumoniae (17%) and E. coli (3%) com-
pared to 26, 9, 20 and 23% of the same organisms in Jed-
dah ICUs [17].

The emergence of antimicrobial-resistant pathogens
in ICUs has made treating ICU-acquired infections very
difficult and, in some cases, impossible. A summary of
the rates of resistance for the most common pathogens
associated with nosocomial infections among ICU pa-
tients has been previously reviewed [18]. The observed
percentage of isolates positive for extended-spectrum -
lactamase in our ICU reflects one of the emerging resis-
tance patterns.

Compared with an earlier report from Kuwait [17],
our results of antibiotic susceptibility patterns show
increased resistance to ciprofloxacin and piperacillin
among Gram-negative bacteria, possibly due to their
widespread use, but a similar sensitivity pattern to car-
bapenem antibiotics.

Previous reports from Western countries indicate that
extensive use of the B-lactam and fluoroquinolone drugs
has contributed to the rapid emergence of multidrug-re-
sistant Gram-negative bacteria, particularly Klebsiella
spp., Enterobacter spp., Pseudomonas spp. and Acineto-
bacter spp. [19, 20]. The crude mortality among our pa-
tients (27%) was similar to that reported by Bueno-Cava-
nillas et al. [21] (28%) and Ylipalosaari et al. [22] (25.7%)
but lower than that reported by Girou et al. [23] (58.5%).
In general, the differences reported between studies may
be related to some confusion between the associated and
attributable parts. The impact of ICU infections on hos-
pital mortality is controversial. However, recent reports
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support the conclusion that nosocomial infections in-
crease the risk of death in critically ill patients [21, 22]. In
this study, there was no difference in mortality between
nosocomially infected and noninfected patients (p <
0.05). It seems likely that mortality was judged by the se-
verity of the underlying disease or condition, which was
often complicated and life-threatening.

The surveillance data have some limitations. The
study included major infection sites, device utilization,
and types of organisms and their susceptibility to com-
monly used antibacterial agents but did not attempt to
investigate the underlying disease conditions of patients
or the role of nosocomial infection. Viral infections may
be underreported because appropriate cultures were not
always performed. The study was a single-center investi-
gation, which limits its generalizability. Nevertheless, it

Conclusion

Gram-negative organisms were the most commonly
reported etiologic agents of ICU infections. The median
CA-UTTIrate in the ICU of this study was lower than that
of similar US ICUs of the NNIS. However, the median
VAP and CLA-BSI rates, though somewhat higher, were
still comparable to NNIS figures. Infection control mea-
sures should be targeted at these infections.
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establishes a benchmark for future studies.
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