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ABSTRACT
Background: Patients admitted into the intensive care unit (ICU) usually have
impaired immunity and are therefore at high risk of acquiring hospital associated
infections. Infections caused by multidrug resistant organisms now constitute a
major problem, limiting the choice of  antimicrobial therapy.
Objectives: This study was aimed at determining the antimicrobial resistance pattern
of pathogens causing ICU infections in University College Hospital (UCH), Ibadan,
Nigeria. The aetiological agents, prevalence and types ICU infections were also
determined.
Methods: One year hospital associated infections surveillance was conducted in the
ICU of UCH, Ibadan. Blood, urine, tracheal aspirate and wound biopsies specimens
were collected under strict asepsis and sent to the Medical Microbiology laboratory
of  the same institution for immediate processing. All pathogens were isolated and
identified by standard microbiological methods. Disk diffusion antibiotic
susceptibility testing was performed and interpreted according to Clinical and
Laboratory Standards Institute (CLSI) guidelines.
Results: The overall prevalence of ICU infections was 30.9% out of which 12.9%
were bloodstream infections, 31.5% urinary tract infections, 38.9% pneumonia, and
16.7% skin and soft tissue infections. Klebsiella species and Escherichia coli were
the predominant pathogens. Multidrug resistant organisms constituted 59.3% of
the pathogens, MDR Klebsiella spp and MDR E. coli were 70.8% and 71.4%
respectively. Resistance to Cefuroxime was the highest (92.9%) while Meropenem
had the least resistance (21.4%).
Conclusion: There is a high prevalence of multidrug resistant bacteria causing ICU
infections. Application of more stringent infection control procedures and institution
of functional antimicrobial stewardship are recommended to combat this problem.
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INTRODUCTION
Nosocomial infections, which are now known as
hospital-acquired or healthcare-associated infections
rank high among important public health problems
globally, and developing countries in particular.1,2

Patients who are admitted into the intensive care unit
(ICU) usually have impaired immunity either due to
their underlying disease conditions or exposure to
invasive procedures which adversely affect their
immune mechanisms. They are therefore at high risk
of  acquiring nosocomial infections. In addition, they
are susceptible to secondary infections such as
candidiasis and pseudomembranous colitis arising from
destruction of protective microbiota by administration
of  broad spectrum antimicrobials.3,4,5

Hospital-associated infection, a serious problem for
patients admitted into the ICU, is associated with

appreciable cost of  care, length of  hospital stay,
morbidity and mortality.6,7 It has been documented
that acquiring ICU infection is an independent factor
associated with hospital mortality and that ICU patients
with infections have two times the death rate of those
not infected.7,8 About 40% of the total expenditure in
the ICU is related to infections.7 ICU infections and
indeed all healthcare associated infections have also been
noted to be much higher in low and middle income
countries compared with high income countries.9

Bloodstream infections, pneumonia, surgical site
infections, and other nosocomial infections affect ICU
patients more than patients in other areas of the health
care setting.10 Globally, 12 - 49% ICU infection rate
has been reported with a median time to infection
being 4 days and most patients develop an infection
within 6 days of admission.11,12,13
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Nosocomial infections are often due to resistant
organisms which exhibit intrinsic and/or acquired
resistance to antimicrobial agents.14 Multidrug resistant
(MDR) organisms are those with acquired non-
susceptibility to one or more agents in at least three
antimicrobial categories.15 This antimicrobial resistance
is on the rise and multidrug drug resistant organisms
are now widespread. However, therapeutic options
for these resistant infections are limited thus threatening
optimal antibiotic coverage of patients with such
infections.16,17 In addition to therapeutic challenges,
multidrug resistant pathogens also have a high potential
for acquiring additional resistance and being widely
disseminated within the hospital, posing a higher threat
to the control of infection.18 Antibiotic resistance has
been reported to be higher among those on prolonged
hospitalization which is a frequent finding in ICU
patients.19 There are also reports that patients with
MDR pathogens have a higher ICU-mortality than
those with non-MDR.20

One study reported an overall almost 4-fold increase
in MDR gram negative bacteria over their study period
with the highest individual increases of 73-fold seen in
Enterococci and 14.6-fold in Klebsiella pneumoniae.21 The
resistance rates for Gram negative bacteria was 36%
while for Gram positive cocci was 51.7%.21

The causes of antibiotic resistance and MDR organisms
though multifactorial are related to selective pressure
that result from inappropriate antibiotic use. 17

Although a general increase in the number of resistant
microorganisms is being reported worldwide, there is
considerable variation in the specific patterns and rates
of MDR across the countries and geographical
regions.17,21 This reiterates the need for locally relevant
data which can be used to predict the resistance type
and also guide choice of antibiotics when infections
occur.17 The development of  proper strategies for
combating multidrug resistant pathogens require
adequate knowledge of the prevalent pathogens, types
of infections and the antimicrobial susceptibility
pattern.22 This study was conducted to determine the
resistance pattern of  ICU pathogens to antibiotics. We
also determined the prevalence of  ICU infections,
types and pathogens associated with such infections.

MATERIALS AND METHODS
All patients admitted into the ICU of the University
College Hospital (UCH), Ibadan, from January 1 to
December 31, 2014 were included in the study.
University College Hospital, Ibadan, is an 850 bed
tertiary care facility in Southwestern Nigeria with a
combined medical and surgical ICU. Socio-
demographic and clinical data related to these patients
were retrieved from the infection control surveillance

records using a structured proforma. Ethical approval
was obtained from the UI/UCH Ethics Committee.

All patients who developed infections after at least 48
hours of hospitalization were considered to have ICU
acquired infections. Appropriate specimens were
collected under strict asepsis and sent to the Medical
Microbiology laboratory of  UCH, Ibadan for
immediate processing. The specimens included blood,
urine, wound swabs, biopsies and tracheal aspirates.
All pathogens were isolated and identified by standard
microbiological methods for aerobic bacteria.23

Antibiotic susceptibility testing was performed using
the disk diffusion technique with antibiotics discs
containing Augmentin 20+10µg, Cefuroxime 30µg,
Ceftazidime 30µg, Ceftriaxone 30µg, Gentamycin
30µg, Amikacin 30µg, Ciprofloxacin 5µg, Pefloxacin
5µg, Levofloxacin 5µg and Meropenem 10µg. It was
interpreted according to Clinical and Laboratory
Standards Institute (CLSI) guidelines.24

Data analysis was done using the Statistical Package
for the Social Sciences (SPSS), version 22 software.
Data was categorized into appropriate groups and
summarized using means, range and proportions and
then presented using frequency tables. Differences in
proportions were compared using the one sample t-
test. Level of significance was set at p<0.05

RESULTS
Prevalence of ICU infections
A total of 152 patients were admitted into the ICU
during the study period. Of these, 47 developed
infections giving a prevalence rate of 30.9%. Seven of

Characteristic Frequency
(n= 47)

Percentage
(%)

p-value

Age group1
(years)
0-9
10-19
20-29
30-39
40-49
50-59
60-69
>70

1
3
12
4
10
9
5
3

2.1
6.4
25.5
8.5
21.3
19.2
10.6
6.4

Age group2
(years)
<40
≥40

20
27

42.6
57.4

0.381

Sex
Male
Female

27
20

57.4
42.6

0.381

Table 1: Distribution of  age groups and sex of
patients
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these patients had more than one infection therefore
there was a total of  54 infections.

Demographic characteristics of patients with
infections
The age range of patients was 8 - 85 years with a mean
age of  42 (±19) years. Table 1 shows the distribution
by age group. The highest number of  patients was in
the 20-29 age group followed by 40-49 years age group.
There was no significant difference in the proportion

of the young (<40 years) and the older age group
p=0.381. Among the 47 patients with ICU infections,
27 (57.4%) were males while 20 (42.6%) were females)
p=0.381.

Types of ICU infections
Table 2 shows the distribution of  the types of
infections acquired in the ICU. The most common
site was the lungs, accounting for about 39% of
infections, followed by the urinary tract. Blood stream
infections had the lowest prevalence of 12.9%.

Organisms isolated and prevalence of multidrug
resistant pathogens
The distribution of  isolates is as shown in Table 3. The
frequency of Gram-negative organisms was
significantly higher than that of Gram-positive (79.7%
vs 20.3%, p=0.001). There were 24 isolates of Klebsiella
spp (Klebsiella pneumoniae-21, Klebsiella oxytoca-2 and
Klebsiella aerogenes-1) which was the predominant Gram-
negative organism while Staphylococcus aureus was the
only Gram-positive pathogen isolated. The overall
prevalence of MDR organisms was 59.3%. MDR
Klebsiella spp, E. coli and Proteus spp constituted 70.8,
71.4 and 20% of  the pathogens respectively.

Antibiotic resistance profile of pathogens isolated
Table 4 shows the resistance pattern of  the Gram-
negative isolates to the tested antibiotics. Antibiotics
classes tested included Penicillins (Augmentin 20+10µg),
Cephalosporins (Cefuroxime 30µg, Ceftazidime 30µg
and Ceftriaxone 30µg), Aminogly-cosides (Gentamycin
30µg and Amikacin 30µg), Fluoroquinolones

Site of infection Frequency
(n=54)

Percentage
(%)

Blood stream infections
Skin and Soft tissue infection
Pneumonia
Urinary tract infection

7
9
21
17

12.9
16.7
38.9
31.5

Table 2: Types of  ICU-acquired infections

Organism isolated MDR
(%)

Non-MDR
(%)

Total (%)

Klebsiella spp 17 (70.8) 7 (29.2) 24 (44.4)
Escherichia coli 5 (71.4) 2 (28.6) 7 (12.9)
Pseudomonas aeruginosa 3 (60) 2 (40) 5 (9.3)
Hafnia alvei 0 (0) 1 (0) 1 (1.9)
Proteus spp 1 (20) 4 (80) 5 (9.3)
Acinetobacter baumannii 1 (100) 0 (0) 1 (1.9)
Staphylococcus aureus 4 (50) 4 (50) 8 (14.8)
Enterobacter cloacae 1 (33.3) 2 (66.7) 3 (5.5)
Total 32 (59.3) 22 (40.7) 54 (100)

MDR- Multidrug resistant organisms

Table 3: Distribution of  pathogens isolated in ICU
infections

Antibiotic resistance (%)

Organisms
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Klebsiella spp 72.7 100 66.7 92.3 69.2 71.4 0.0 83.3 38.5 16.3
Escherichia coli 80.0 100 83.3 80.0 75.0 75.0 NT 100 0.0 0.0
Enterobacter spp 50.0 100 100 NT 100 100 50 100 0.0 100
Hafnia alvei 100 0.0 0.0 NT 100 NT NT NT NT NT
Acinetobacter baumannii 100 100 0.0 NT 100 NT NT 0.0 NT NT
Proteus spp 25.0 80.0 50.0 0.0 33.3 100 NT 33.3 0.0 0.0
Pseudomonas aeruginosa NT 100 100 66.7 100 0.0 100 50.0 25.0 50.0
Overall resistance to
antibiotic (%)

66.7 92.9 67.7 81.8 68.0 70.0 50.0 71.4 28.6 21.4

Table 4: Antibiotic resistance profile of  isolated organisms

* NT- Antibiotic was not test
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(Ciprofloxacin 5µg, Pefloxacin 5µg and Levofloxacin
5µg) and Carbapenem (Meropenem 10µg). There was
high level of resistance to most of the antibiotics
especially the Cephalosporins. Resistance to Amikacin
and Meropenem was low except among Pseudomonas
and Enterobacter isolates.

DISCUSSION
ICU-acquired infections result in increased cost of
hospitalization among patients who develop these
infections and has been reported to account for close
to half  of  total expenditure of  the hospital stay.7 It is
a predictor of mortality and is associated with high
mortality rate in the range of  10-60%.7,13,25 We found
a prevalence of  31% of  ICU acquired infections. This
is a high rate signifying that one out of every three
patients developed infections during the study period.
This value is much higher than 15% reported by a
study done a few years earlier in the same setting,
implying an increasing rate of infection. That study
however did not include the antibiotic profile of
isolated pathogens.26 Our result is comparable to
findings of other studies where high rates of 26-39%
were recorded in Turkey, Brazil, Argentina and other
environments.6,22,27,28 Our finding is not surprising as
this is a resource-limited setting where it has been
reported that high infection rates may be related to
inadequate funding, limited manpower, suboptimal
application of infection control procedures and non-
availability of  guidelines and policies.9,29,30 As with other
studies, despite the higher proportion of men with
ICU infections and the higher number of infections in
the age group 20-29, we did not find a significant
difference in the incidence of infections when the
gender and age groups were compared.22,31

In general, urinary tract infections, pneumonia and
blood stream infections appear to be the most
common ICU infections.13,27,32 Our study found the
lungs to be the most affected site in the ICU patients.
Similar findings have been reported by Erbay et al and
Meric et al and also corroborated by large multicenter
studies.7,22,27,33 Pneumonia secondary to mechanical
ventilation is one of the most common causes of
nosocomial infections.3 Our study population consisted
of patients on mechanical ventilation and the foreign
device employed in the process could therefore have
predisposed them to infection. Although blood stream
infections are reported to be common in many ICU
infections constituting either the most common or
second most common infection, it was however
noticed to be low in our cohort as it was reported in
less than 15% of those with ICU acquired infections;
and was the infection with the lowest prevalence.6,27,28

We observed that there was no similarity in the
distribution of infections seen in a study carried out in

the northern part of the country where skin and soft
tissue infections were the most common infections.34

One reason for this disparity may be because most of
the patients in that study were admitted on account of
road traffic accidents.

More than half of the infections occurring in the ICU
are noted to be caused by Gram-negative bacteria and
our data was consistent with these findings.22,35,36

Although there is a wide variation in the distribution
of these Gram-negative organisms, Pseudomonas spp
appears to predominate globally.7,27,36 We found a
preponderance of Klebsiella spp, especially Klebsiella
pneumoniae, which accounted for close to half of the
isolated organisms. Klebsiella is a common nosocomial
pathogen whose rates of colonization and therefore
likelihood of infection rises dramatically with
hospitalization.37 Acinetobacter baumannii has emerged as
a cause of nosocomial infection and is increasingly
being reported as a cause of ICU infection especially
in immunocompromised patients.38 It has even been
reported as the most common isolate in some studies
on ICU infections.36,39 In this study however, only one
isolate of Acinetobacter was identified during the period
accounting for about 2% of  infections. Acinetobacter
infection is often reported as outbreaks and non-
occurrence of outbreaks may explain the low
prevalence we found in the study period.14 In spite of
the widespread predominance of Gram-negative
pathogens in ICU infections, a contrasting higher
prevalence of Gram-positive organisms was found
in a local study where over 40% of the pathogens
were Staphylococcus aureus.39 Staphylococcus aureus was the
second most common organism identified, and the
only Gram-positive organism found in this study. Our
result is comparable to findings from most studies on
nosocomial infections where Staphylococcus aureus is
usually the predominant Gram-positive pathogen
recovered in healthcare associated infections.27,39,40

The prevalence of antibiotic resistant organisms in our
study population was high. These multidrug resistant
organisms pose a serious concern in the hospital
environment.14 The emergence of resistant pathogens
in the hospital environment has resulted in part from
extensive and also inappropriate use of antibiotics and
options for treating infections caused by these
organisms are becoming limited.17,41 These resistant
pathogens have emerged in the last two decades as a
major infection control issue.36 The scenario is worse
in the ICU where there is extensive antibiotic use and
such resistance affects the outcome for hospitalized
patients.11,13,41 A study carried out in a similar low middle
income country found that 25% of their isolates were
MDR and the risk for infection with these MDR
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organisms was related to inappropriate antibiotic use,
mechanical ventilation and long ICU stay.42

Pathogens recovered from ICU have been noted to
be more resistant to antibiotics when compared to
isolates from other areas of the hospital.43 A study
comparing developing countries to developed ones
noted a striking higher prevalence of ICU infections
and also of resistant pathogens in developing countries
despite similar device utilization rates.44 According to
our results, there was a very high level of resistance to
antibiotics as virtually most isolated pathogens exhibited
resistance to multiple antibiotics. Only Proteus species
was susceptible to a wide range of  antibiotics. There
is an apparent global trend of increasing MDR Gram
negative bacteria in the ICU when compared to the
gram positive pathogens. These organisms, Escherichia
coli and Klebsiella pneumoniae in particular, have their
resistance genes on plasmids which are easily
transferable allowing strains such as Extended
Spectrum Beta Lactamase (ESBL) producers to spread
rapidly.45

More than 70% of  the Klebsiella spp, the most prevalent
isolate, in our study were multidrug resistant. Although
the frequency of isolation of this organism differs in
various studies, the high prevalence of multidrug
resistance is a common occurrence.36,39,43, It is however
interesting to note that despite the level of resistance
of the Klebsiella isolates, all were susceptible to
levofloxacin. This might be due to the relative
infrequent use of Levofloxacin in this setting, sparing
it of selective pressure compared to the more
commonly used fluoroquinolone- Ciprofloxacin.

Antimicrobial resistance has been noted to be very
common in non-fermenting gram negative bacilli such
as Pseudomonas and Acinetobacter in the ICUs in particular.
A recent report from the United States found a third
of their Pseudomonas isolates were resistant to
fluoroquinolones, 13-19% were resistant to ceftazidime,
resistance to amikacin was 6% and the overall MDR
rate was 10%.14 A contrasting much higher picture of
100%, 100% and 25% resistance to fluoroquinolones,
ceftazidime and amikacin respectively were observed
in Pseudomonas isolates in our study while the MDR
rate was 60%. This indicates a high burden of resistance
which requires urgent intervention. A similar high
burden of MDR Pseudomonas in developing countries
has been reported.44 In comparison to other gram
negative bacilli, a remarkably low prevalence of 20%
MDR Proteus spp was found in this study. A similar
pattern of  antibiogram was observed in a study carried
out elsewhere in the country where the isolates were
generally susceptible to fluoroquinolones, cephalos-

porins, aminoglycosides and carbapenems.34 Proteus spp
is not commonly implicated in ICU infections hence
data on its resistance pattern is scarce. However, a few
studies have demonstrated its potential to exhibit
multidrug resistance.46,47

With the exception of Hafnia alvei and a few Proteus
spp, all isolates were resistant to cefuroxime, and the
pattern was similar for ceftazidime. Only Amikacin
and Meropenem exhibited generally good activity
against these Gram-negative organisms which is similar
to other recent reports by Sader et al.43 Aggressive
efforts however need to be instituted to retain the
relevance of these antibiotics as the level of resistance
of over 20% to both antibiotics is worrisome and
may escalate to high level of resistance as recently
reported by Qadeer et al. 36

CONCLUSION AND RECOMMENDATION
The prevalence of ICU acquired infections is high with
pneumonia predominating. Our study shows a high
prevalence of multidrug resistant bacteria associated
with these infections and may adversely affect patient
outcome. This reiterates the importance of a continuous
collaboration between ICU care specialists, medical
microbiologists and the infection control team in the
care of  these patients.14  Improved health care funding
coupled with better adherence to infection control
procedures are strategies to improve the current
healthcare preventive measures.14,29 A functional
antimicrobial stewardship programme will ensure
optimal use of antimicrobials and limit development
of  resistance. Evaluation of  surveillance data should
also be carried out regularly to monitor the trends and
institute appropriate actions.16

LIMITATIONS OF THE STUDY
The study was limited by small sample size which
resulted from the short duration of data collection. A
larger sample size spanning several years would have
been more robust for more statistical conclusions to
be made.

ACKNOWLEDGMENTS
The authors wish to appreciate all members of the
infection control team, Resident doctors and Medical
laboratory Scientists of the Department of Medical
Microbiology and Parasitology for their contributions
to data collection.

REFERENCES
1. Rothe C, Schlaich C, Thompson S. Healthcare-

associated infections in sub-Saharan Africa. J Hosp
Infect. 2013;85(4):257-267. doi:10.1016/
j.jhin.2013. 09.008.



                                                    Annals of Ibadan Postgraduate Medicine. Vol. 16 No. 2, December 2018 167

2. Khan HA, Ahmad A, Mehboob R. Nosocomial
infections and their control strategies. Asian Pac J
Trop Biomed. 2015;5(7):509-514. doi:10.1016/
j.apjtb.2015.05.001.

3. Eggimann P, Pittet D. Infection control in the
ICU. Chest. 2001;120. doi:10.1378/chest.120.6.
2059.

4. Hani U, Shivakumar HG, Vaghela R et al.
Candidiasis: a fungal infection current challenges
and progress in prevention and treatment. Infect
Disord Drug Targets. 2015;15(1):42-52. http://
www.ncbi.nlm.nih.gov/pubmed/25809621.
Accessed April 17, 2018.

5. Bartlett JG, Gerding DN. Clinical Recognition
and Diagnosis of Clostridium difficile Infection. Clin
Infect Dis. 2008;46(s1):S12-S18. doi:10.1086/
521863.

6. Rosenthal VD,  Guzman S, Orellano PW.
Nosocomial infections in medical-surgical intensive
care units in Argentina: attributable mortality and
length of  stay. Am J Infect Control.
2003;31(5):291-295. doi:10.1067/mic.2003.1.

7. Vincent JL, Rello J, Marshall J et al. International
Study of the Prevalence and Outcomes of
Infection in Intensive Care Units. JAMA .
2009;302(21):2323. doi:10.1001/jama.2009.1754.

8. Ylipalosaari P, Ala-Kokko TI, Laurila J et al.
Intensive care acquired infection is an independent
risk factor for hospital mortality: a prospective
cohort study. Crit Care. 2006;10(2):R66. doi:10.
1186/cc4902.

9. World Health Organization. Health care-associated
infections fact sheet. Available at: http://
www.who. int/gpsc/country_work/gpsc_ccisc_
fact_sheet_en.pdf, 2016. Accessed May 4, 2017.

10. Cairns S, Reilly J, Booth M. Prevalence of
healthcare-associated infection in Scottish intensive
care units. J Hosp Infect. 2010;76(4):308-310.
doi:10.1016/j.jhin.2010.05.010.

11. Esen S, Leblebicioglu H. Prevalence of
nosocomial infections at intensive care units in
Turkey: a multicentre 1-day point prevalence study.
Scand J Infect Dis. 2004;36(2):144-148.

12. Ylipalosaari P, Ala-Kokko TI, Laurila J et al.
Epidemiology of  intensive care unit (ICU)-
acquired infections in a 14-month prospective
cohort study in a single mixed Scandinavian
university hospital ICU. Acta Anaesthesiol Scand.
2006;50(10):1192-1197. doi:10.1111/j.1399-
6576.2006.01135.x.

13. Hassanzadeh P, Motamedifar M, Hadi N.
Prevalent Bacterial Infections in Intensive Care Units
of  Shiraz University of  Medical Sciences Teaching
Hospitals, Shiraz, Iran. Jpn J Infect Dis. 2009;62:
249-253. http://www0.nih.go.jp/JJID/62/
249.pdf. Accessed April 17, 2017.

14. Fraimow HS, Tsigrelis C. Antimicrobial
Resistance in the Intensive Care Unit: Mechanisms,
Epidemiology, and Management of  Specific
Resistant Pathogens. Crit Care Clin. 2011;27:163-
205. doi:10.1016/j.ccc.2010.11.002.

15. Magiorakos AP, Srinivasan A, Carey RB, et al.
Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert
proposal for interim standard definitions for
acquired resistance. Clin Microbiol Infect. 2012;
18(3): 268-281. doi:10.1111/j.1469-0691. 2011.03
570.x.

16. Doron S, Davidson LE. Antimicrobial
stewardship. Mayo Clin Proc. 2011;86(11):1113-
1123. doi:10.1016/j.amjmed.2006.04.003.

17. Karam G, Chastre J, Wilcox MH, Vincent JL.
Antibiotic strategies in the era of multidrug
resistance. Crit Care. 2016;20(1):136. doi:10.1186/
s13054-016-1320-7.

18. Sievert DM,  Ricks P, Edwards JR, et al.
Antimicrobial-resistant pathogens associated with
healthcare-associated infections summary of data
reported to the national healthcare safety network
at the Centers for Disease Control and Prevention,
2009?2010. Infect Control Hosp Epidemiol.
2013;34(1):1-14. doi:10.1086/668770.

19. Matos EC, Matos HJ, Conceicao ML et al. Clinical
and microbiological features of infections caused
by Pseudomonas aeruginosa in patients hospitalized in
intensive care units. Rev Soc Bras Med Trop.
2016;49(3):305-311. doi:10.1590/0037-8682-
0446-2015.

20. Martin-Loeches I, Torres A, Rinaudo M, et al.
Resistance patterns and outcomes in intensive care
unit (ICU)-acquired pneumonia. Validation of
European centre for Disease Prevention and
Control (ECDC) and the Centers for Disease
Control and Prevention (CDC) classification of
multidrug resistant organisms. J Infect. 2015;
70(3):213-222. doi:10.1016/j.jinf.2014.10. 004.

21. Rubio FG, Oliveira VDC, Rangel RMC et al.
Trends in bacterial resistance in a tertiary university
hospital over one decade. Brazilian J Infect Dis.
2013;17(4):480-482. doi:10.1016/j.bjid.2012.
12.004.

22. Meric M, Willke A, Caglayan C, Toker K.
Intensive care unit-acquired infections: incidence,
risk factors and associated mortality in a Turkish
university hospital. Jpn J Infect Dis. 2005;58(5):297-
302.

23. Cowan, Steel. Cowan and Steel’s Manual for the
Identification of Medical Bacteria. Third Edit. (G
I Barrow, R K A Feltham, ed.). Cambridge:
Cambridge University Press; 2003.

24. Clinical and Laboratory Standards Institute. M100-



                                                    Annals of Ibadan Postgraduate Medicine. Vol. 16 No. 2, December 2018 168

S24. Performance Standards for Antimicrobial
Susceptibility Testing. 2014;(January):1-230.

25. Osmon S, Warren D, Seiler SM et al. The influence
of infection on hospital mortality for patients
requiring >48 h of intensive care. Chest.
2003;124(3):1021-1029. doi:10.1378/chest.124.3.
1021.

26. Sanusi AA, Osinaike BB, Fayemiwo SA, et al.
Epidemiology of  bacteria colonization and ICU-
acquired infection in a Nigerian tertiary hospital.
African J Infect Dis. 2015;9(2):61-66. doi:10.4314/
ajid.v9i2.9.

27. Erbay H, Yalcin AN, Serin S, et al. Nosocomial
infections in intensive care unit in a Turkish university
hospital: a 2-year survey. Intensive Care Med.
2003;29(9):1482-1488. doi:10.1007/s00134-003-
1788-x.

28. Magnason S, Kristinsson KG, Stefansson T, et
al. Risk factors and outcome in ICU-acquired
infections. Acta Anaesthesiol Scand. 2008;52(9):
1238-1245. doi:10.1111/j.1399-6576.2008.
01763.x.

29. Dusé A. Infection control in developing countries
with particular emphasis on South Africa. South
African J Epidemiol Infect. 2005;20(202):37-41.
doi:10.1080/10158782.2005.11441230.

30. Okafor U V. Challenges in critical care services in
Sub-Saharan Africa: perspectives from Nigeria.
Indian J Crit Care Med. 2009;13(1):25-27.
doi:10.4103/0972-5229.53112.

31. de Leon-Rosales SP,  Molinar-Ramos F,
Dominguez-Cherit G et al. Prevalence of infections
in intensive care units in Mexico: A multicenter
study. Crit Care Med. 2000;28. doi:10.1097/
00003246-200005000-00010.

32. Dasgupta S, Das S, Chawan NS, Hazra A.
Nosocomial infections in the intensive care unit:
Incidence, risk factors, outcome and associated
pathogens in a public tertiary teaching hospital of
Eastern India. Indian J Crit Care Med.
2015;19(1):14-20. doi:10.4103/0972-5229.148
633.

33. Peng H, Tao XB, Li Y, et al. Health care-associated
infections surveillance in an intensive care unit of
a university hospital in China, 2010-2014: Findings
of International Nosocomial Infection Control
Consortium. Am J Infect Control. 2015;43(12)
:e83-5. doi:10.1016/j.ajic.2015.07.023.

34. Iliyasu G, Daiyab FM, Tiamiyu AB, et al.
Nosocomial infections and resistance pattern of
common bacterial isolates in an intensive care unit
of  a tertiary hospital in Nigeria: A 4-year review. J
Crit Care. 2016;34:116-120. doi:10.1016/
j.jcrc.2016.04.018.

35. Richards MJ, Edwards JR, Culver DH, Gaynes

RP. Nosocomial Infections in Combined Medical-
Surgical Intensive Care Units in the United States.
Infect Control Hosp Epidemiol. 2000;21(8):510-
515.

36. Qadeer A, Akhtar A, Ain QU, et al. Antibiogram
of  Medical Intensive Care Unit at Tertiary Care
Hospital Setting of  Pakistan. Cureus. 2016;8(9):
e809. doi:10.7759/cureus.809.

37. Podschun R, Ullmann U. Klebsiella spp. as
nosocomial pathogens: epidemiology, taxonomy,
typing methods, and pathogenicity factors. Clin
Microbiol Rev. 1998;11(4):589-603. http://www.
ncbi.nlm.nih.gov/pubmed/9767057. Accessed
May 9, 2017.

38. Bergogne-Bérézin E. The Increasing Role of
Acinetobacter Species As Nosocomial Pathogens.
Curr Infect Dis Rep. 2001;3(5):440-444. http://
www.ncbi.nlm.nih.gov/pubmed/11559464.
Accessed April 23, 2017.

39. Tan R, Liu J, Li M et al. Epidemiology and
antimicrobial resistance among commonly
encountered bacteria associated with infections and
colonization in intensive care units in a university-
affiliated hospital in Shanghai. J Microbiol
Immunol Infect. 2014;47(2):87-94. doi:10.1016/
j.jmii.2012. 11.006.

40. Ak O, Batirel A, Ozer S, Çolakoðlu S. Nosocomial
infections and risk factors in the intensive care unit
of a teaching and research hospital: a prospective
cohort study. Med Sci Monit. 2011;17(5):PH29-
34. doi:10.12659/msm.881750.

41. Kollef  MH, Fraser VJ. Antibiotic resistance in
the intensive care unit. Ann Intern Med. 2001;134
(4):298-314.

42. Bataar O, Khuderchuluun C, Lundeg G, et al.
Rate and pattern of antibiotic resistance in
microbiological cultures of sepsis patients in a low-
middle-income country’s ICU. Middle East J
Anaesthesiol. 2013;22(3):293-300. http://
www.ncbi. nlm.nih.gov/pubmed/24649786.
Accessed April 15, 2018.

43. Sader HS, Farrell DJ, Flamm RK, Jones RN.
Antimicrobial susceptibility of Gram-negative
organisms isolated from patients hospitalized in
intensive care units in United States and European
hospitals (2009–2011). Diagn Microbiol Infect Dis.
2014;78(4):443-448. doi:10.1016/j.diagmicrobio.
2013.11.025.

44. Rosenthal VD, Maki DG, Jamulitrat S, et al.
International Nosocomial Infection Control
Consortium (INICC) report, data summary for
2003-2008, issued June 2009. Am J Infect Control.
2010;38(2). doi:10.1016/j.ajic.2009.12.004.

45.  van Duijn PJ, Dautzenberg MJD, Oostdijk EAN.



                                                    Annals of Ibadan Postgraduate Medicine. Vol. 16 No. 2, December 2018 169

Recent trends in antibiotic resistance in European
ICUs. Curr Opin Crit Care. 2011;17(6):658-665.
doi: 10.1097/MCC.0b013e32834c9d87.

46. Feglo PK, Yao Gbedema S, Nii S et al. Occurrence,
species distribution and antibiotic resistance of
Proteus isolates: A case study at the Komfo Anokye
Teaching Hospital (KATH) in Ghana. Int J Pharma
Sci Res. 2010;1(9):347-352. https://pdfs.semantic

scholar.org/6e00/4da9e6b5d5cc6d0221edef0e
600588f43e78.pdf. Accessed April 25, 2018.

47. Kaistha N, Bansal N, Chander J. Proteus penneri
lurking in the intensive care unit: An important often
ignored nosocomial pathogen. Indian J Anaesth.
2011;55(4):411-413. doi:10.4103/0019-5049.
84842


