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Abstract

Background: Nosocomial infections are public health issues that are associated with high mortality in intensive care units. This study
aimed to determine nosocomial infection-associated mortality in Tunisian intensive care units and identify its risk factors.

Methods: A prospective cohort study was carried out in intensive care units of a Tunisian University Hospital. The ICUs-wide active sur-
veillance of nosocomial infections has been performed between 1 July 2010 and 30 June 2011. Data collection was based on Rea-Raisin
protocol 2009 of “Institut National de Veille Sanitaire” (InVS, Saint Maurice - France). We used Kaplan Meier survival analysis and Cox
Proportional Hazard regression to identify independent risk factors of nosocomial infection-associated mortality.

Results: Sixty-seven patients presented nosocomial infection in the end of the surveillance. The mean age of patients was 44.71 +
21.2 years. Of them, 67.2% were male and 32.8% female. Nosocomial bacteremia was the most frequent infection (68.6%). Nosocomial
infection-associated mortality rate was 35.8% (24/67). Bacteremia (Hazard Ratio (HR)) = 3.03, 95% Confidential Interval (95% CI): [1.23 —
7.45], P =0.016) and trauma (HR = 3.6, 95% CI: [1.16 — 11.2], P = 0.026) were identified by Cox regression as independent risk factors for
Nl-associated mortality.

Conclusions: Our rate was relatively high. We need to improve the care of trauma patients and intensify the fight against nosocomial

infections especially bacteremia.
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Introduction

osocomial infections (NI) are common adverse events in
healthcare! and they are more severe in high technology
hospital units harboring critically ill patients needing
intensive life support.23 Patients in intensive care unit (ICU) are at
a higher risk of developing NI than other patients.* High frequen-
cy of NI in those units is associated with considerable morbidity,
mortality and significant excess costs.>” ICU mortality rate varies
between 9 and 38% of which 60% could be due to NI.2
Estimation of mortality in ICU and particularly among patients
with NI is an important indicator of care quality in these units.
Moreover, controlling NI prognosis factors is important to reduce
NI-associated mortality. However, according to World Health Or-
ganization (WHO), 66% (97/147) of developing countries have
no published data on the burden of NI at all.° The limited num-
ber of studies with a broad scope and the lack of national sur-
veillance systems hamper any attempts to estimate the burden of
NI at country or regional level in low-and middle-income coun-
tries® such as Tunisia. Thus, an epidemiological surveillance of
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NI was carried out in ICUs in our organization. Generated data
could explain ICU-NI mechanisms, identify risk factors, estimate
mortality and determine prognosis factors. This allows us to place
strategic planning in order to reduce morbidity and mortality in
our ICUs. In the present study, we were interested to examine NI-
associated mortality rate and determine prognosis factors among
patients with NI in ICUs.

Patients and Methods

Design and setting

This is prospective cohort study carried out between 1 July 2010
and 30 June 2011 in a 630-beds public tertiary care hospital of
Sahloul (Sousse) in Eastern Tunisia with 28079 admissions and
199497 hospitalization-days in 2010. This study was conducted in
the surgical ICU (SICU) with 26 beds and medical ICU (MICU)
with 5 beds. In 2010, the annual number of admissions was 545
and 83 respectively and the number of hospital days was 7741 and
1301 respectively.

Study patients

All patients hospitalized for more than 48 hours in the 1CUs
(Date of discharge from ICU > Entry date + 2 days) and develop-
ing a NI were included in this study. We excluded patients with
an ICU stay less than 48 hours and those who died following an
infection upon admission to ICU.

Definitions of Variables
NIs were diagnosed according to the definitions of « Comité
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Technique des Infections Nosocomiales et les Infections Liées
aux Soins” (CTINLIS, France). NI was defined as an infection not
present or incubating at admission to the ICU and occurred at least
48 h after admission to the ICU.* Nl-associated Mortality was
defined as crude mortality in patients with NI.*t We considered the
survival variable as the duration of post-infection following up in
days (Date of discharge from ICU — Date of infection).

Data collection

Data collection was based on Rea-Raisin protocol 2009 of “Insti-
tut National de Veille Sanitaire” (InVS, Saint Maurice - France).*
Collected data included patient risk related factors (age, gender,
Simplified Acute Physiology Score II (SAPS II), prior exposure to
antimicrobials (was defined as the administration of antibiotics for
more than 48 h within 60 days preceding NI), admission diagnosis
(trauma, surgical, medical), immunosuppression, infection upon
admission to ICU, type of ICU and length stay in ICU, use of
invasive devices (intubation and mechanical ventilation, central
venous catheterization (CVC), urinary catheterization (presence
or absence, start date, end date)) and infection (pneumonia, colo-
nization and/or infection of central venous catheters, bacteremia,
and urinary tract infection (date of onset, antibiotic therapy and
microorganisms)).

Ethical considerations

This study was approved by local Ethics Committee. Every
piece of information related to the identity of the patients stayed
confidential.

Statistical analysis

Data analysis was performed using SPSS for Windows 19.0.
Continuous variables were described as means + standard devia-
tions. Categorical variables were summarized with absolute and
relative frequencies. To compare Kaplan Meier curves, Log rank
test was used. Kaplan-Meier survival analysis and Cox regression
were used to calculate the Hazard Ratio (HR) of acquiring infec-
tion for patient characteristics with regard to the time at risk. Risk
factors with a P-value of 0.20 or less in the univariate regression
were initially included in the Cox regression models. The model
was reduced by means of manual backward elimination. Statisti-
cal significance was defined at P < 0.05.

Results

Overall, 91 NI were identified in 67 patients. Nosocomial bac-
teremia (NB) was the most frequent infection (68.6%). The mean
age of patients was 44.71 + 21.2 years. Of them, 67.2% were male
and 32.8% female. The mean SAPS Il on admission was 33.2 +
17.5. The use of devices was noticed in 95.5%, 76.1% and 71.6%
respectively for urinary catheter, endotracheal tube and central
venous catheter. Table 1 illustrates the characteristics of the study
population. During this study, 24 patients died. NI-associated mor-
tality rate was 35.8%. The median survival was 44.8 + 7.5 days
(95% CI: [30-59.5]) (Figure 1). Specific mortality rates, according
to the infectious site were 38.9%, 33.3% and 43.5% respectively
for nosocomial pneumonia (NP), urinary tract nosocomial infec-
tion (UTI) and NB (Table 2). In univariate analysis, no significant
associations between mortality and all studied factors were de-
tected (Table 2). However, bacteremia (adjusted HR = 3.03, 95%
IC:[1.23 - 7.45], P =0.016) and trauma (adjusted HR = 3.6, 95%
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Cl: [1.16 — 11.2], P = 0.026) were identified by Cox regression
as independent risk factors for NI-associated mortality (Table 3).

Discussion

The modern evidence-based approach to infection prevention
and control clearly emphasizes that no type of health-care facility
in any country can claim to be free from the risk of NI. However,
the risk of NI is significantly higher in ICUs, with approximately
30% of patients affected by at least one episode of NI with sub-
stantial associated morbidity and mortality.® Data on the mortality
indicator is difficult to retrieve as it requires complex evaluation,
particularly to confirm that death is directly linked to NI episodes
and not to other factors.® Estimating the excess mortality due to NI
is challenging, especially in high-risk patients who are at greater
risk of death because of severe underlying and intricate diseases
and they may be in terminal phase of their illness.!? In this context,
it is imperative to distinguish between Nl-associated mortality
and mortality attributable to NI. Any mortality associated with NI
will be in addition to the mortality associated with the underlying
disease process. Attributable mortality is defined as the total mor-
tality minus the mortality associated with the underlying disease
process and can be estimated by using specific models.™

In our study, mortality rate was 35.8% (24/67). The mortality
rate in patients with NI varies between studies. In studies mainly
conducted in high-income countries, crude mortality rates asso-
ciated with NI vary from 12% to 80%.5 However, the analysis
and the comparison of NI and its associated mortality rates are
complicated by the differences between the diagnostic techniques
used and the studied populations. The Nl-associated mortality
is largely influenced by the affected population, the diagnostic
strategy, time to diagnosis, time before initiation of antibiotic
therapy, the causal organism and effectiveness of initial antibiotic
therapy.** Our rate was significantly higher than those reported by
several studies in high income countries which were estimated
between 5.8% and 33.5%.11516 Nevertheless, it remains well be-
low those found in developing countries. Indeed, the rates vary
between 17.2% and 69%.51718 The different rates are illustrated
in Table 4. In this study, specific mortality rates, according to
the infectious site were 38.9%, 33.3% and 43.5% respectively for
NP, UTI and NB. As overall mortality rate, specific rates were
variable in the literature. In high income countries, mortality rates
vary between 8.9% and 47% in case of NP or ventilator associ-
ated pneumonia (VAP),*-2 between 10.9 and 51% for NB,**2
and between 2.3 and 42% for UTI.2%%22 However, they are much
higher in developing countries with a variation of 38.5 to 71.5%
for NP4 26.7% to 62.5% for NB,*? and 18.5 to 42.9% for
UTI.#% Table 5 reports this cross-countries variation of specific
mortality rate by site of infection in the ICU.

Prevention of the ICU-NI demands knowledge of the infection
rates, sources, types, and risk factors of infection, as well as as-
sociated mortality. In our study, an admission diagnosis of trauma
(vs. medical and surgical) was a predictor of mortality. Trauma-
tized were three times more likely to die than non-trauma patients.
This high risk was reported by Myny, et al.?” They studied pre-
dictors of mortality in patients with VVAP. However, most studies
showed no significant relationship between admission diagnosis
and death.+232628 Differences between studies may be related to
different patient recruitment which determines the nature of pa-
thologies. Certain ICUs support more the head injured patients



Table 1. Characteristics of patients with NI in ICUs
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Post-infection Follow-up duration (days)

Characteristic Number (n) Percentage (%)
Age
< 65 years 55 82
> 65 years 12 12
Gender
Male 45 67.2
Female 22 32.8
SAPS-II
<40 43 64.2
> 40 24 35.8
Immunosuppression
Yes 13 19.4
No 54 80.6
Infection upon admission to ICU
Yes 14 21
No 53 79
Prior exposure to antibiotics
Yes 13 194
No 54 80.6
Surgery
Yes 15 22.4
No 52 77.6
Trauma
Yes 32 475
No 35 52.5
Duration of endotracheal intubation
0 days 16 23.9
1-10 days 23 34.3
> 10 days 28 41.8
Tracheotomy
Yes 13 19.4
No 54 80.6
Re-intubation
Yes 7 10.4
No 60 89.6
Duration of urinary catheter
0 days B 45
1-6 days 11 16.4
> 6 days 53 79.1
Duration of central venous catheter
0 days 19 28.4
1-7 days 5 7.5
> 7 days 43 64.2
Pneumonia
Yes 36 53.7
No 31 46.3
Bacteremia
Yes 46 68.7
No 21 31.3
Urinary tract infection
Yes 9 13.4
No 58 86.6
ICU
Surgical 59 88.1
Medical 8 11.9
ICU: Intensive care unit; SAPS-II: Simplified Acute Physiology Score 1T
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Figure 1. Kaplan-Meier survival curve of patients with nosocomial infections in intensive care units of Sahloul hospital (Sousse, Tunisia) in 2010-2011.

Median survival: 44.8 + 7.5 days (95% Cl: [30 — 59.5]).
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Table 2. Univariate analysis of risk factors of mortality in patients with NI in ICUs

Factor Died (%), (n = 24) Survivors (%), (n = 43) HR [95%Cl] P
Age 1.56 [0.61-4] 0.35
> 65 years 6 (50) 6 (50)

< 65 years 18 (32.7) 37 (67.3)

Gender 0.74 [0.32-1.7] 0.48
Male 15 (33.3) 30 (66.7)

Female 9 (40.9) 13 (59.1)

SAPS-II 2.08[0.93-4.62] 0.08
> 40 12 (50) 12 (50)

<40 12 (27.9) 31 (72.1)

Immunosuppression 0.93 [0.3-2.75] 0.87
Yes 4(30.8) 9(69.2)

No 20 (37) 34 (63)

Infection upon admission to ICU 1.59 [0.65-3.87] 0.33
Yes 7 (50) 7 (50)

No 17 (32.1) 36 (67.9)

Prior exposure to antibiotics 0.88 [0.38-2] 0.77
Yes 5(38.5) 8(61.5)

No 19 (35.2) 35 (64.8)

Surgery 0.67 [0.25-1.8] 0.43
Yes 5(33.3) 10 (66.7)

No 19 (36.5) 33 (63.5)

Trauma 2.23[0.94-5.28] 0.07
Yes 15 (46.9) 17 (53.1)

No 9 (25.7) 26 (74.3)

Duration of endotracheal intubation

0 days 6 (37.5) 10 (62.5) 1 ---
1-10 days 7(30.4) 16 (69.6) 0.99 [0.33-3] 0.98
>10 days 11 (39.3) 17 (60.7) 0.75 [0.27-2] 0.57
Tracheotomy 0.69 [0.27-1.78] 0.69
Yes 6 (46.2) 7 (53.8)

No 18 (33.3) 36 (66.7)

Re-intubation 0.82 [0.24-2.8] 0.75
Yes 3(42.9) 4(57.1)

No 21 (35) 39 (65)

Duration of urinary catheter

0 days 1(33.3) 2 (66.7) 1 ---
1-6 days 4(36.4) 7 (63.6) 1.57 [0.17-14.4] 0.68
> 6 days 19 (35.8) 34 (64.2) 0.90 [0.12-6.9] 0.92
Duration of central venous catheter

0 days 6 (31.6) 13 (68.4) 1 ---
1-7 days 1 (20) 4(80) 1.08 [0.13-9.24] 0.94
> 7 days 17 (39.5) 26 (60.5) 0.99 [0.38-2.6] 0.99
Pneumonia 1.1[0.49-2.5] 0.8
Yes 14 (38.9) 22 (61.1)

No 10 (32.3) 21 (67.7)

Bacteremia 2.35[0.85-7.5] 0.09
Yes 20 (43.5) 26 (56.5)

No 4(19) 17 (81)

Urinary tract infection 0.39 [0.09-1.7]

Yes 3(33.3) 6 (66.7)

No 21(36.2) 37 (63.8)

ICU 1.18 [0.25-6.61] 0.65
Surgical 22 (37.3) 37 (62.7)

Medical 2 (25) 6 (75)

ICU: Intensive care unit; SAPS-II: Simplified Acute Physiology Score II; HR: Hazard Ratio; 95% CI: 95% Confidential interval

182 Archives of Iranian Medicine, Volume 19, Number 3, March 2016




M. B. Rejeb, J. Sahli, D. Chebil, et al.

Table 3. Multivariate analysis of risk factors of NI-associated mortality in ICUs

Factor Adjusted HR 95%Cl B
Trauma 3.03 [1.23-7.45] 0.016
Bacteremia 3.6 [1.16-11.2] 0.026
HR: Hazard Ratio; 95% CI: 95% Confidential Interval.
Table 4. Cross-countries variation of NI-associated Mortality rates in ICUs
Author Country ICU Years Infected patients (n) Mortality rate (%)
Klevens! USA Surgical and medical 1990-2002 1.7 millions 5.8
Ylipalosaar*® Finland Surgical and medical 2002-2003 80 25.7
Januel* France Surgical and medical 1995-2003 1677 335
Dasgupta!’ India Surgical and medical 2012 29 17.2
Chen® Taiwan Surgical and medical 1996-1997 86 33.3
Cevik?® Turkey Neurological 2001-2002 74 69
Our study Tunisia Surgical and medical 2010-2011 67 35.8
Table 5. Cross-countries variation of specific mortality rate by site of infection in the IC
Auteur Country ICU Years Infected patients (n) Mortality
VAP: 26%
Van der Kooi*® Germany Surgical and medical 1997-2000 --- UTI: 27%
NB : 31%
VAP: 14.4%
Umscheid® USA Surgical and medical Review --- UTI: 2.3%
NB : 12.3%
’ . . 8432 NP : 8.9%
21 —
Gastmeier’ Germany Surgical and medical 1997-2003 2759 NB : 10.9%
NB : 51%
Appelgren? Sweden Surgical and medical 1989-1993 364 NP : 47%
UTI : 42%
VAP: 38.5%
Cuellar® Peru Surgical and medical 2003-2007 --- UTI: 18.5%
NB: 29%
Jankovic® Serbia Surgical and medical 2010 65 VAP : 22%
VAP: 56.5%
Bhadade® India Surgical and medical 2002-2007 205 UTI : 27.8%
NB : 26.7%
Cagatay? Turkey Surgical 2001-2002 176 NB : 51.5%
38 NP: 38.5%
Our study Tunisia Surgical and medical 2010-2011 10 UTI : 33.3%
46 NB : 43.5%
NB: Nosocomial bacteremia; UTI: Urinary Tract Infection; NP: Nosocomial pneumonia; VVAP: Ventilator associated pneumonia.

than others. Those patients are characterized by long stay, use of
mechanical ventilation, and immunosuppression.

It has been evident for decades that injuries are the leading cause
of mortality in young subjects and most often without a medical
history.? Post-traumatic infectious complications are the major
cause of late mortality,® after neurological damages.®* Pejorative
effect of NI in patients with trauma is supported by physiological
hypotheses. In fact, injuries are the leading cause of the systemic
inflammatory response syndrome (SIRS).%2 SIRS is character-
ized by increased production of pro-inflammatory cytokines and
chemokines such as Tumor necrosis factor-alpha (TNF-a), inter-
leukin (IL)-1pB, IL-6, and IL8.* It predisposes to multiple organ
failure and immunosuppression.®* Both increase the risk of late
mortality in injured patients.

Furthermore, NB was significantly associated with mortality in
the present study. Certain studies demonstrated that patients with
NB have a significantly higher mortality than those without NB

and for similar severity scores.”® However, no association has
been reported in others.?% The positive association depends on
NB types and causal organisms. Renaud, et al.*” reported that
mortality was significantly higher in secondary bacteremia than
primary and related-catheter bacteremia. Moreover, several stud-
ies tested the effects of organisms on mortality. There is no differ-
ence in mortality between the Gram-negative bacilli resistant to
antibiotics and those susceptible.® However, mortality was higher
in infections with Pseudomonas aeruginosa or Methicillin resis-
tant Staphylococcus aureus.® Finally, several studies reported
similar results regarding NP,7:%36 UTI,% age,? gender,2.25-27:%
SAPS-I1,22 infection upon admission in ICU and the prior expo-
sure to antibiotics,?>?3¢ immunosuppression, 237 as well as use
Of deVices.21’22’27’28'36

According to the World Health Organization, in low-and mid-
dle-income countries, regular monitoring of NI occurrence may
be unfeasible at national level. Therefore, Ministries of Health are
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unable to report information on the burden of NI.° In Tunisia, there
is no national or regional monitoring system of NI in ICUs. Stud-
ies remain limited with different methodologies, making difficult
the comparison of different rates of NI incidence and associated
mortality. Therefore, we used the French protocol to collect data.

Our study has limitations. We did not include enough patients,
our study was mono-centric and the results should not be general-
ized to other settings. We have not considered the microbiological
profile of infections in the analysis of risk factors. Certainly, this
profile may influence the prognosis of patients with NI. Despite
limitations, our study presents strengths. The sound selection of
controls is from the appropriate population at risk. This study
presents the same potential sources of bias as reported in any vol-
untary surveillance system. Furthermore, the use of a common
protocol with standard definitions of NI and the prospective data
collection limit the possibility of systematic bias having affected
our clinical outcomes.

Our results contribute to support other studies on Nl-associated
mortality in ICUs and reaffirm the importance of infection control
with the involvement of all healthcare workers. They highlight
the importance of establishing an active surveillance program.
Surveillance activities, especially if prolonged, are the first step
to identify problems and priorities, help to raise awareness of the
problem and finally to decrease infection and mortality rates. Set-
ting up a national surveillance system of NI, developing a com-
prehensive education program on evidence-based approaches and
implementing multidisciplinary care pathways are priorities to
improve the quality of care and patient safety in Tunisian ICUs.
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