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Catheter-Associated Urinary Tract Infections at a Hospital in Zinvie, Benin
(West Africa)
1,2,*

1

2

Tamegnon Victorien Dougnon, Honore Sourou Bankole, Roch Christian Johnson, Gildas
1
1
1
2
Hounmanou, Idarath Moussa Toure, Christelle Houessou, Michel Boko, and Lamine
3
Baba-Moussa

1Department of Human Biology, Research Laboratory in Applied Biology, Polytechnic School of Abomey-Calavi, University of Abomey-Calavi, Cotonou, Benin
2Department of Environmental Studies, Interfacultary Centre for Training and Research in Environment for Sustainable Development, University of Abomey-Calavi, Cotonou,
Benin
3Department of Biochemistry and Cellular Biology, Laboratory of Biology and Molecular Typing in Microbiology, Faculty of Sciences and Techniques, University of Abomey-Calavi,
Cotonou, Benin
*Corresponding author: Tamegnon Victorien Dougnon, Department of Human Biology, Research Laboratory in Applied Biology, Polytechnic School of Abomey-Calavi, University of
Abomey-Calavi, Cotonou, Benin. Tel: +229-97736446, E-mail: victorien88@hotmail.com

Received 2015 November 1; Revised 2015 November 21; Accepted 2015 November 21.

Abstract

Background: Urinary tract infections are one of the most common nosocomial infections. They are progressively becoming a serious and
very recurrent public health problem in Africa. With respect to the limited data available on this situation in Benin, the present study was
conducted.
Objectives: Its objective was to determine the prevalence of the urinary tract infections among catheterized patients at a hospital in Zinvie
(Benin).
Patients and Methods: This prospective cross-sectional study was conducted on 60 inpatients from the Services of Emergencies,
Medicine and Surgery of the hospital. Urine was collected twice per patient: 10 minutes and 48 hours after the insertion of the catheter. All
urine samples were subjected to bacteriological analyses. The sensitivity of bacteria isolates was tested with prescribed antibiotics in the
hospital. Hygiene practices during catheterization were recorded by direct observation using a checklist.
Results: Two days later, (48 hours after the catheterization), 14 patients out of 60 (23.33%) presented with a urinary infection, of which
1 patient (1.66%) was already infected before the process. Gram-negative bacteria were the most isolated bacteria (79%), with Escherichia
coli as the most identified species (63%) followed by Pseudomonas spp. (11%) and Acinetobacter spp. (5%). Gram-positive cocci isolates were
essentially Staphylococcus aureus (21%). All bacteria isolates were multidrug resistant.
Conclusions: Only a few number of health workers do respect hygiene rules before and after catheterization. Therefore, it is necessary to
train health workers involved in such activities on good hygiene practices during catheterization.
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1. Background

Urinary tract infections (UTIs) remain the most common bacterial infection among human. They are also one
of the most frequently occurring nosocomial infections.
They represent about 40% of all nosocomial bacterial infections worldwide (1). They are one of the leading causes
of morbidity and mortality in the first 2 years of human
life, in women and mostly in elderly with huge financial
implications associated (2, 3). UTIs are acquired by various
mechanisms. However, 70 to 80% of these infections are
attributable to the use of an indwelling urethral catheter
(4). Moreover, catheter-acquired urinary infection is the
source of about 20% of episodes of health-care acquired
bacteremia in acute care facilities. It is over 50% in longterm care facilities (4). Additionally, the use of indwelling
urethral catheters increases the risk of UTI occurrence in
health-care settings 14-fold (5). Recent prevalence stud-

ies around the world have reported that a urinary catheter is the most common indwelling device, with 17.5%
of patients in 66 European hospitals having a catheter
and 23.6% in 183 US hospitals (6, 7). These figures show
that urethral catheters are commonly used in healthcare
facilities and therefore the control of infections attributable to these devices should be an important goal of
healthcare infection prevention programs. Furthermore,
a huge variety of microorganisms are involved in UTIs (8).
However, the high prevalence of multidrug resistant bacteria worldwide could complicate the therapeutic process
against these infections. Therefore, a periodical surveillance study is needed at national and regional levels to
address the effectiveness of antibiotics being used and update the antibiogram of the associated microorganisms.
In Benin, limited statistics are available on catheter-associated UTIs. This paradox is surprising, as these are real

Copyright © 2016, Infectious Diseases and Tropical Medicine Research Center. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.

Dougnon TV et al.
phenomena affecting patients admitted at the hospital
or taken care of at home. The aim of the present study is
to provide scientific information about this important
health challenge and to improve the care of catheterized
patients at a hospital in Zinvie.

2. Objectives

This study aimed to: 1) Determine the prevalence of UTIs
among catheterized patients, 2) Assess the sensitivity of
isolated bacteria to the antibiotics, 3) Investigate the hygiene practices of the staff toward the risks of the occurrence of UTIs in the catheterized patients at the hospital.

3. Patients and Methods
3.1. Study Area and Design

The study was designed as a descriptive prospective crosssectional study conducted within a hospital in Zinvie on
catheterized patients. The services of the Emergencies,
Medicine, and Surgery Departments of the hospital served
as sampling areas. The bacteriological analyses were carried out at in the Bacteriology Laboratory of the hospital.

3.2. Material

Apart from the checklist used in direct observation to
investigate the hygiene practices during catheterization,
various other materials were used. Sterile syringes were
used to collect urine samples, and conventional bacteriological culture media were used for the identification of
bacteria according to Meite et al. (9).

3.3. Reagents

Many reagents were used: latex agglutination tests for
the identification of S. aureus, oxidase, Gram-staining
reagents (crystal violet, Gram’s iodine, alcohol and the
fuchsine), oxygenated water for the catalase test, the Api
20E gallery for the identification of enteric bacteria, and
antibiotic disks (Table 1) for the sensitivity test.
Table 1. List of Antibiotics Used
Bacteria/Antibiotics Used

Symbols

Content, µg

Ampicillin

AMP

30

Amoxicillin

AMX

30

Cefotaxime

CTX

30

Ceftriaxone

CRO

30

Ciprofloxacin

CIP

05

Gentamicin

CN

30

Cefoxitin

FOX

30

Erythromycin

E

30

Pristinamycin

PT

30

Tetracycline

TE

30

Vancomycin

VA

30

Bacilli

Cocci

2

3.4. Methods
Based on the preliminary study by Konan (1995), which
focused on 30 patients surveyed, the theoretical sample
size was increased to 60. Thus, the examination of urine
and susceptibility testing were carried out on 60 urine
samples. These samples were collected from patients
with urinary catheters. They were hospitalized in the department of emergency, medicine and surgery.

3.5. Inclusion Criteria

Cytobacteriological analyses of urine were carried out
in patients with the following criteria:
- Be a hospitalized patient at the Hospital during the
study period and scheduled for a catheterization
- Give clear oral consent or obtain consent from of the
patients’ relatives in cases of comatose patients.

3.6. Culture Media Preparation

Culture media were prepared according to the manufacturer’s instructions.

3.7. Samples Collection

Urine samples were taken from catheterized patients as
follows:
The catheter was clamped for 10 minutes to let urine
accumulate upstream. Using alcohol, the clamp was
disinfected to collect the intra-luminal urine of the
catheter with a sterile syringe of 10 cc. Urine samples
were aseptically collected 10 minutes following catheterization on day D1 and 48 hours later on day D3.
Each sample was followed by the hygiene observation
checklist and patients’ information, including names,
sex, and age.

3.8. Laboratory Manipulations

The isolation of bacteria was performed on common bacteriological culture media, such as EMB, MacConkey, Chapman, Mueller Hinton, and CLED agars. Bacteria were identified according to conventional biochemical techniques
(9). The gallery Api 20E was used to identify Gram-negative
bacilli, while catalase, oxidase, and latex tests were used
for the identification of the Gram-positive cocci. The resistance profile of the bacteria was established through
the realization of their antibiogram. The disk diffusion
method was used. The interpretation of inhibition zone
diameters was made according to the recommendations
of the antibiogram committee of French microbiology society (10).

3.9. Statistical Analyses

Data were stored in Microsoft Excel 2013, whereby various proportions were calculated. Using the Chi2 or Fisher’s test (depending on the sample size) in EPI-INFO 7, proportions of UTI-positive patients were compared based
on sex, reasons for hospitalization and hospital section.
Different species of bacteria isolated during the study period were sorted out and proportions of isolation of each
bacterium were compared to assess the most predominant species involved in UTIs.
Int J Infect. 2016;3(2):e34141
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The results were considered statistically significant at
95% and presented as tables and graphs.
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4. Results

4.1. Characteristics of the Studied Population
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Figure 2. Distribution of Catheterized Patients According to Sex
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The patients were hospitalized in three different services. Surgery provided the highest proportion of catheterized patients (75%), followed by Emergencies (16.67%) and
Medicine (8.33%) (P < 0.05, Figure 1).
Regarding sex, 75% of the studied population are women and 25% are men (Figure 2). A significant difference
was observed between these proportions (P = 0.000001),
meaning that there are more catheterized women than
men in the studied population.
The mean age of the studied population was 56 ± 2 years
with extremes going from 14 to 90 years. Patients less
than 30 years of age represent 35% of the studied population (Figure 3).
Six pathologies were the causes for the catheterization
of patients in the study population. These include cesarean delivery (C-sections) (41.67%), myomectomy (18.34%),
peritonitis (11.67%), urinary retention (15%), paraplegia
(10%), and splenomegaly (3.33%). However, caesarean delivery represent the first pathology leading to catheterization in the studied population (P < 0.05), followed
by myomectomy and urinary retention. The proportion
of catheterized patients due to splenomegaly is significantly lower than those of caesarean delivery and myomectomy (P < 0.05). Furthermore, caesarean delivery,
myomectomy, and urinary retention represent 75% of all
pathologies that required catheterization in the study
population (Figure 4).
The most frequent pathologies leading to catheterization in women were caesarean delivery and myomectomy while urinary retention was the leading pathology in
men (Table 2).
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Figure 3. Distribution of Catheterized Patients According to Age
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Figure 1. Distribution of Catheterized Patients per Services
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Figure 4. Distribution of Catheterized Patients According to Pathologies
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4.2. Hygiene Practices Among Health Personnel

4.3. Bacteriological Risks

Overall, there is a uniformity in the catheterization technique used in the three departments. The same hygiene
practices were observed in all these services, apart from
surgery, in which patients washing is practiced before
the insertion of the catheter. The sole common hygiene
measure of the three services is wearing gloves before the
operation (Table 3).

Out of the 60 patients sampled the first day, only one
presented with bacteriuria (1.6%). Two days after catheterization, 13 non-affected patients on the first day presented
with an infection in addition to the first initially infected
patient. The prevalence of catheter-associated UTIs is 1.6%
on the first day and 23.33% on the third day, with 14 positive cases (Figure 5).

Table 2. Distribution of Catheterized Patients According to Sex and Pathologies
Pathology Leading to Catheterization/Gender

Number

Proportions, %

M

0

0

F

25

41.66

M

0

0

F

11

18.34

M

4

6.66

F

3

5.00

M

7

1.66

F

2

3.34

M

4

6.66

F

2

3.34

M

0

0.00

F

2

3.34

M

15

25.00

F

45

75.00

Caesarean delivery

Myomectomy

Peritonitis

Urinary retention

Paraplegia with AVC

Splenomegaly

Total

Table 3. Distribution of the Services According to Hygiene Practices
Departments

Emergencies
Medicine
Surgery

4

Observed Parameters

Hands Washed
Before
Catheterization

Wearing
Gloves Before
Catheterization, %

Patient
Washing Before
Operation, %

Disinfection of
the Operation
Surface, %

Asepsis of the
Catheter, %

0

100

0

0

0

0

100

0

0

0

0

100

100

0

0
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Among the infected patients two days after the operation, there were six men and eight women (Table 4).
A total of 16.67% samples revealed significant leucocyturia (Table 5).
After culturing, the infected urines presented four different bacteria, including Acinetobacter spp. (5%), Pseudomonas spp. (11%), S. aureus (21%), and E. coli (63%). The latter
represents the most isolated bacterium among the catheterized patients with significant superiority (P < 0.05)
(Figure 6).
Most of the isolated bacteria were from patients in the
age group of 50 - 69 years (53%). This proportion is significantly higher than those of the other age groups (P <
0.05) (Table 6).
Out of all the pathologies that required patients’ catheterization and lead to an UTI after operation, urinary retention is the one in which more bacteria were isolated

Table 4. Catheter-Associated UTI-Positive Patients According to
Sex
Culture

Positive

Negative
Total

Men

Sex

Total

Female

6

8

14

9

36

45

15

44

59

Table 5. Distribution of Samples According to Leucocyturia Status
Leucocyturia ≥ 10/
microscopic field

Number

Proportions, %

10

16.67

50

83.33

60

100

Leucocyturia < 10/
microscopic field
Total

(57.89%, P < 0.05), as shown in Table 7.

Figure 6. Proportions of Isolated Bacteria
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Figure 5. Evolution of the Proportion of Catheter-Associated UTI-Positive
Patients

Isolates

Staphylococcus aureus
Pseudomonas spp.
Acinetobacter spp.
Total, %

Acinetobacter spp

Proportions with the same letters are not statistically different at 5%.

Table 6. Distribution of Isolated Bacteria According to Age Group

Escherichia coli

Staphylococcus aureus

Age, y

< 30

30 - 49

50 - 69

> 70

3

1

6

2

0

1

2

1

0

1

1

0

0

0

1

0

15.76a

15.76a

53

15.76a

aNo statistically difference at 0.05.
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Table 7. Distribution of Bacteria Isolates According to Pathologies That Required Catheterization
Causes

C-section

Myomectomy
Peritonitis

Urinary retention

Paraplegia with AVC
Splenomegaly

aNo statistically difference at 0.05.

S. aureus

Pseudomonas spp.

Acinetobacter spp.

Proportions

2

0

0

0

10.53a

2

1

1

0

1

0

0

0

5.26a

6

3

1

1

57.89

1

0

0

0

0

0

0

0

Table 8. Resistance Profile of Gram-Negative Bacilli
Bacteria/Phenotypes

Number of Isolates

Escherichia coli

AMPI AMXII CROI CTXR CNS CIPS

2

AMPR AMXR CROS CTXR CNS CIPS

3

AMPS AMXS CROS CTXR CNS CIPS

2

AMPR AMXS CROI CTXR CNS CIPS

2

AMPR AMXR CROS CTXR CNS CIPR

3

AMPR AMXR CROS CTXR CNS CIPS

2

AMPR AMXI CROI CTXR CNS CIPS

1

Pseudomonas spp.
Acinetobacter spp.

Abbreviations: I, intermediate; R, resistant; S, susceptible.

Table 9. Resistance Profile of Gram-Positive Cocci
Bacteria

Staphylococcus aureus

Phenotypes

Number
of Strains

ES PTS FOXR TES VAR

4

Abbreviations: I, intermediate; R, resistant; S, susceptible.

All four bacteria species identified were multidrug resistant. The Gram-negative bacilli presented a resistance
to cefotaxime and a high sensitivity to ceftriazone, which
are commonly prescribed in the hospital (Table 8).
Gram-positive cocci were resistant to cefoxitine and
vancomycin, which are commonly used at the hospital
(Table 9).

5. Discussion

The high prevalence of UTIs revealed by the present
study reflects the role of catheters in the contamination of the urinary system. Through the biofilms that
are formed around catheters, bacteria can find their
way into the urinary tract, leading to infection (4). The
role of contamination of the urinary tract by the catheter is revealed in the present study that demonstrates
6

Bacteria

E. coli

21.05a

5.26a
0a

an increase in the proportion of infected patients two
days following catheterization (1.6% on Day 1 against
23.33% on Day 3). Furthermore, the hygiene practices
observed during the operation being poor, these bacteria can easily colonize the urinary tract from thorough
cross-contaminations from various sources, including
staff members’ hands, the non-disinfected surfaces of
patients, and the environment of the working place.
The exacerbating role of the inappropriate conditions
of catheterization on the prevalence of UTIs was previously reported by Hooton et al. (11).
Zarb et al. (6) reported a prevalence of 17.2%, lower than
23.33% found in the current study. This difference can be
explained by the fact that in Europe, where the lower
prevalence was reported, hygiene practices are more rigorous than in developing countries.
The current study reveal that sex is an important risk
factor for catheter-associated UTIs. Catheterization in
women is affected by higher risks of bacteriuria than
in men. This could be explained by anatomical reasons,
namely the proximity of the urethral meatus, the vagina,
and the anus in women (12).
The fact that the minimal age of UTI-positive patients in
this study was 14 years and the maximal 90 years shows
that catheter UTIs can affect any category of age in society.
However, patients older than 65 seem to have greater exposure to the risk of catheter-associated UTIs. This might
be explained by the weak immune status of this cluster
of patients due to their age. Moreover, it is reported that,
even in the absence of a catheter, being older is one of
the factors encouraging the apparition of bacteriuria, although the reasons are not clear (12).
The predominance of E. coli among the Gram-negative
bacilli confirms the works of Kocak et al. who showed
that this bacterium was the most implicated in catheterassociated UTIs (13).
In addition, the high prevalence of the Gram-negative
bacteria like E. coli is in agreement with previous studies
(8, 13, 14) This report is related to the physiopathology of
UTIs often associated with a strong colonization of the
perineum by enteric bacteria of the gastro-intestinal
tract or from the environment through catheters. Sekhsokh et al. suggested that specific factors of the pathogeInt J Infect. 2016;3(2):e34141
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nicity of E. coli play an important role, as this bacterium
possesses some pili capable of binding to the urinary
epithelium and preventing their elimination by urine
(8). Moreover, Gram-negative bacterial species that cause
catheter-associated UTIs express a number of virulence
factors associated with adhesion, motility, biofilm formation, immunoavoidance, and nutrient acquisition as well
as factors that cause damage to the host (15). To mitigate
the risk of UTIs and other bloodstream infections during
catheterization, it might be efficient to use antibiotic impregnated catheters, as recommended by Lorente (16),
although such an approach may contribute to increased
antibiotic resistance in patients.
S. aureus was the most isolated among the Gram-positive cocci. According to Gaynes and Edwards, the predominance of this bacterium is due to the lipoteichoic acid
contained in its cell wall and used as an adherence factor
to survive in the urinary tract (17).
E. coli and A. spp. are two unhygienic bacteria, and their
isolation in this study shows the presence of one or more
contamination sources either from a patient's unwashed
body or from the dirty hands (even gloved) of medical
personnel, or even from the lack of maintenance of the
closed catheter system. There is therefore a necessity to
suggest a disinfection of the site before catheterization,
an aseptic manipulation of the catheter before its introduction into the urinary tract, and proper maintenance
of the whole system of urine compilation. It is important
to emphasize that from the moment a catheter is inserted, the risks of bacteriuria and of catheter-associated
UTIs increase every day (18).
All bacterial species showed resistance to several antibiotics, particularly those prescribed to catheterized patients. They are multidrug resistant. Therefore, this poses
a serious public health problem that needs to be communicated very earlier to health professionals to encourage
appropriate measures toward antibiotics prescription to
patients in need of anti-biotherapy. Furthermore, this situation suggests that the treatment of UTI should be guided by susceptibility test results when possible or empirical evidence of antibiotics that are known to be sensitive
in specific situations. Furthermore, although most of the
germs recovered in this study are commensals, it is critical to emphasize their threatening antibiotic sensitivity
profile. It has been reported that commensals can serve
as reservoirs of multidrug-resistant genes for pathogenic ones to whom they may transmit the resistant
genes through various mechanisms (19). Furthermore,
the increasing incidence of multi- and extensively drugresistant Acinetobacter spp. emphasizes the importance
of administering an adequate antibiotic strategy and the
need for new and effective treatment options, as well as
the implementation of strict monitoring of the measures
to control all nosocomial infections (20).
The assessment of hygiene practices before patients’
catheterization as well as the maintenance of catheters in
the different concerned services revealed that most health
Int J Infect. 2016;3(2):e34141

workers do not observe good hygiene practices. The practice of patient systematic washing was done in the Surgery department before the catheterization was actually
carried out at the operating block and not directly in the
Surgery service. It is therefore a routine and mandatory
practice that is observed in the Surgery section. Without
this specificity, the Department of Surgery would have presented the same situation as the others in which catheterization is achieved without prior patient washing. There is
thus a serious ignorance or carelessness of the elementary
hygiene rules concerning catheterization in this hospital.

5.1. Conclusion
The present research demonstrated a poor level of respect for hygiene rules during the catheterization of patients in the hospital in Zinvie. The prevalence of catheter-associated UTIs in the study population is 23.33% and
caused mostly by E. coli, P. spp, A. spp, and S. aureus. These
bacteria showed resistance to several antibiotics. As with
all foreign devices introduced in the body, urinary catheters are responsible of a number of nosocomial urinary
infections. It is therefore essential to promote rigorous
hygiene practices to limit UTIs during all stages of catheterization. It is also important to assess with precision
the indications and to limit the duration of catheterization. This is primordial for improving the health in patient populations, particularly in hospital settings.

References
1.

2.
3.

4.
5.

6.

7.

8.

Mahamat A, Lavigne JP, Bouziges N, Daures JP, Sotto A. [Antimicrobial susceptibility of Proteus mirabilis urinary tract isolates
from 1999 to 2005 at Nimes University Hospital]. Pathol Biol
(Paris). 2006;54(8-9):456–61. doi: 10.1016/j.patbio.2006.07.015.
[PubMed: 17030456]
Foxman B. Epidemiology of urinary tract infections: incidence,
morbidity, and economic costs. Dis Mon. 2003;49(2):53–70. doi:
10.1067/mda.2003.7. [PubMed: 12601337]
Lemort ML, Neuville S, Medus M, Gueudet P, Saada M, Aumaitre
H, et al. [Comparative susceptibility evolution in Escherichia
coli from urinary tract infections in outpatients and inpatients
at Perpignan hospital in 2002 and 2004]. Pathol Biol (Paris).
2006;54(8-9):427–30. doi: 10.1016/j.patbio.2006.07.007. [PubMed:
17027183]
Nicolle LE. Catheter associated urinary tract infections. Antimicrob Resist Infect Control. 2014;3:23. doi: 10.1186/2047-2994-3-23.
[PubMed: 25075308]
Institut Pasteur. Consensus Conference Co-organized by the Society
of Infectious Pathology French Language (SPLIF). Paris: Association
Française d'Urologie; 2002. Available from: http://www.infectiologie.com/site/medias/_documents/consensus/iun-02.pdf.
Zarb P, Coignard B, Griskeviciene J, Muller A, Vankerckhoven V,
Weist K, et al. The European Centre for Disease Prevention and
Control (ECDC) pilot point prevalence survey of healthcareassociated infections and antimicrobial use. Euro Surveill.
2012;17(46):1–16. [PubMed: 23171822]
Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer
MA, et al. Multistate point-prevalence survey of health care-associated infections. N Engl J Med. 2014;370(13):1198–208. doi: 10.1056/
NEJMoa1306801. [PubMed: 24670166]
Sekhsokh Y, Chadli M, El Hamzaoui SA. [Frequency and antibiotic susceptibility of bacteria identified in urine]. Med Mal Infect.
2008;38(6):324–7. doi: 10.1016/j.medmal.2008.02.003. [PubMed:
18395378]

7

Dougnon TV et al.
9.

10.
11.

12.

13.

14.

8

Meite S, Boni-Cisse C, Guéi MC, Houédanon C, Faye-Ketté H. Assessment of the infectious risk in clinical laboratory: Example of
Bacteriology-Virology Laboratory of the University Hospital of Yopougon. Revue Bioafrica; 2007. Available from: http://www.revuebioafrica.net/files/bioafrica%20n%C2%B04,%202007/http://www.
revue-bioafrica.net/files/bioafrica%20n%C2%B04.
French Society of Microbiology. Recommendations Antibiogram
2014 the Board of the French Society of Microbiology. 2014.
Hooton TM, Bradley SF, Cardenas DD, Colgan R, Geerlings SE,
Rice JC, et al. Diagnosis, prevention, and treatment of catheterassociated urinary tract infection in adults: 2009 International
Clinical Practice Guidelines from the Infectious Diseases Society
of America. Clin Infect Dis. 2010;50(5):625–63. [PubMed: 20175247]
Flores-Mireles AL, Pinkner JS, Caparon MG, Hultgren SJ. EbpA
vaccine antibodies block binding of Enterococcus faecalis to
fibrinogen to prevent catheter-associated bladder infection in
mice. Sci Transl Med. 2014;6(254):254ra127. doi: 10.1126/scitranslmed.3009384. [PubMed: 25232179]
Kocak M, Buyukkaragoz B, Celebi Tayfur A, Calt KA, Koksoy AY,
Cizmeci Z, et al. Causatve pathogens and antibiotic resstances in
children hosptalized for urinary tract infectons. Pediatr Int. 2015.
doi: 10.1111/ped.12842. [PubMed: 26513232]
Adjei O, Opoku C. Urinary tract infections in African infants. Int
J Antimicrob Agents. 2004;24 Suppl 1:S32–4. doi: 10.1016/j.ijantimi-

15.

16.
17.

18.

19.

20.

cag.2004.02.007. [PubMed: 15364303]
Jacobsen SM, Stickler DJ, Mobley HL, Shirtliff ME. Complicated
catheter-associated urinary tract infections due to Escherichia
coli and Proteus mirabilis. Clin Microbiol Rev. 2008;21(1):26–59.
doi: 10.1128/CMR.00019-07. [PubMed: 18202436]
Lorente L. The Role of Antimicrobial-Impregnated Catheters on
Catheter-Related Bloodstream Infection Prevention. Int J Infect.
2015;2(4):32568. doi: 10.17795/iji-32568.
Gaynes R, Edwards JR, National Nosocomial Infections Surveillance S. Overview of nosocomial infections caused by gram-negative bacilli. Clin Infect Dis. 2005;41(6):848–54. doi: 10.1086/432803.
[PubMed: 16107985]
Jones K, Sibai J, Battjes R, Fakih MG. How and when nurses collect
urine cultures on catheterized patients: A survey of 5 hospitals.
Am J Infect Control. 2015. doi: 10.1016/j.ajic.2015.09.003. [PubMed:
26492819]
Ravi A, Avershina E, Foley SL, Ludvigsen J, Storro O, Oien T, et al.
The commensal infant gut meta-mobilome as a potential reservoir for persistent multidrug resistance integrons. Sci Rep.
2015;5:15317. doi: 10.1038/srep15317. [PubMed: 26507767]
Custovic A, Smajlovic J, Tihic N, Hadzic S, Ahmetagic S, Hadzagic
H. Epidemiological monitoring of nosocomial infections caused
by acinetobacter baumannii. Med Arch. 2014;68(6):402–6. doi:
10.5455/medarh.2014.68.402-406. [PubMed: 25648217]

Int J Infect. 2016;3(2):e34141

