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ABSTRACT 
 

Background and objectives: According to WHO (World Health Organization), Hospital 

Acquired Infection (HAI) is an infection that is not typically present at the time of admission, 

and acquired after hospitalization then manifests after more than 48 hours. Patients in ICU 

(Intensive Care Unit) are at high risk of getting hospital acquired infections at a rate of 3-5 

times compared to general ward. The antimicrobial resistance is high in both low- and middle-

income countries. The mortality rate of HAI in ICU exceeds 40% word wide. Data is still low 

in Rwanda especially ICUs and This is the reason of our study. Our aim is to evaluate the 

incidence of ICU hospital acquired infection, the common types, the common isolated 

organisms and related antibiogram.  

Methods: We conducted a retrospective observational descriptive study of patients admitted 

to the adult ICU-HDU (High dependency Unit) at CHUK (Kigali University Teaching 

Hospital) for a duration of 12 months. Data were collected on patients’ characteristics and 

demographic profile, primary diagnosis of admission, isolated microorganism, the sample 

source and antimicrobial resistance pattern. All were recorded from ICU logistic book, 

patients ‘s medical files and open clinic to data collection sheet. Data were analyzed using 

Microsoft excel. Pediatric patients and those with active HAI at the time of ICU-HDU 

admission were excluded.  

Results: Total patients found were 309, female 51.9% and male 48.1%, 15% were above 65 

years. Most primary admitting diagnosis was trauma at 24%.  98% of patients had urinary 

catheter, 75% were intubated, 66% were surgical patients, and 36% had a central line placed. 

The incidence of adult ICU HAI was 21.68% with VAP (Ventilation Associated Pneumonia) 

as the most common type (63.85%) followed by CAUTI (Catheter Associated Urinary Tract 

Infection) (15.66%), PBSI (Primary Blood Stream Infection) (13.85%). The incidence density 

of VAP was 19.0 per 1000 patient-days and that of CAUTI was 2.7 per 1000 patient-days. In 

general, the most causative organism of HAI was Klebsiella pneumonia followed by 

Pseudomonas aeruginosa and Acinetobacter. Other identified organisms were Escherichia 

coli, Proteus mirabilis, Staphylococcus aureus, Providencia, Citrobacter and Enterococcus. 

The most common cause of VAP was K. pneumonia followed by P. aeruginosa then 

Acinetobacter. The most common cause of CAUTI was K. pneumonia followed by 

Acinetobacter. The most common cause of PBSI was K. pneumonia followed by S. aureus 
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then E. coli and Acinetobacter. Generally, the antimicrobial resistance rate was more than 

50% in all tested antibiotics except carbapenem, nitrofurantoin, amikacin, and 

chloramphenicol.  

Conclusion: The incidence of HAI and antimicrobial resistance in ICU of CHUK is high 

compared to the population in general wards as well as ICU patients of developed countries. 

The most common type is VAP. K. pneumonia is the most isolated microorganism. We 

recommend to strengthen the implementation of the existing infection prevention and control 

(IPC) guidelines in order to reduce the rate of HAI in ICU of CHUK. This implementation 

can be achieved by regular training of the staff about IPC, increasing the critical care 

specialized staff and decreasing their workload. Lastly, we suggest further studies with larger 

sample size and prospective method to be conducted in the future. 

Key words: Intensive care unit, hospital acquired infection, incidence, types, microbial 

organism, antimicrobial resistance., Kigali university teaching hospital.

 

 

 

 

 

 

 

 



 

vi 
 

 

TABLE OF CONTENTS 

 

DECLARATION ................................................................................................................................... i 

DEDICATION ...................................................................................................................................... ii 

ACKNOWLEDGEMENTS ................................................................................................................. iii 

ABSTRACT ......................................................................................................................................... iv 

TABLE OF CONTENTS ..................................................................................................................... vi 

LIST OF ABREVIATIONS ............................................................................................................... viii 

LIST OF TABLES ................................................................................................................................ x 

LIST OF FIGURES .............................................................................................................................. xi 

CHAPTER ONE: INTRODUCTION ................................................................................................... 1 

1. 1.  BACKGROUND/PROBLEM ............................................................................................. 1 

1. 2. LITERATURE REVIEW. .................................................................................................... 2 

1. 2. 1. INTRODUCTION ......................................................................................................... 2 

1. 2. 2. EXISTING THEORY ................................................................................................... 4 

1. 2.  3. COMMON SOURCES AND ORGANISMS INVOLVED IN HAI. .......................... 5 

1. 2. 4. EMPIRICAL REVIEW ................................................................................................. 7 

1. 2. 5. PROBLEM STATEMENT. ........................................................................................ 10 

1. 3. AIM AND OBJECTIVES. ................................................................................................. 10 

1. 3. 1. PRIMARY OBJECTIVE. ........................................................................................... 10 

1. 3. 2. SPECIFIC OBJECTIVES. .......................................................................................... 10 

1. 4. RESEARCH QUESTIONS ................................................................................................ 10 

1. 5.  HYPOTHESIS .................................................................................................................. 10 

CHAPTER TWO.  METHODOLOGY ............................................................................................... 11 

2. 1. STUDY DESIGN ............................................................................................................... 11 

2. 3. PATIENT POPULATION ................................................................................................. 11 

2. 4. INCLUSION CRITERIA .................................................................................................... 11 

2. 5. EXCLUSION CRITERIA ................................................................................................... 11 

2. 6. SAMPLE SIZE .................................................................................................................. 12 

2. 7. DATA VARIABLES, SOURCE OF DATA AND DATA COLLECTION ...................... 12 

2. 8. ANALYSIS AND STATISTICS ....................................................................................... 14 

 



 

vii 
 

2. 9.  ETHICAL APPROVAL .................................................................................................... 14 

2. 10. STUDY LIMITATION .................................................................................................... 15 

CHAPTER THREE.  RESULTS ........................................................................................................ 16 

CHAPTER FOUR.  DISCUSSION .................................................................................................... 22 

CHAPTER FIVE. CONCLUSION, LIMITATIONS AND RECOMMENDATIONS ...................... 27 

REFERENCES. ................................................................................................................................... 28 

APPENDIX. ........................................................................................................................................ 34 

DATA COLLECTION TOOL ....................................................................................................... 34 

IRB ETHICS COMMITTEE APPROVAL AND CHUK ETHICS COMMITTEE APPROVAL 37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

viii 
 

LIST OF ABREVIATIONS 
 

BUTH: Butare University Teaching Hospital 

CAI: Community Acquired Infection 

CAUTI: Catheter Associated Urinary Tract Infection 

CDC: Center for Diseases Control 

CDI: Clostridium Difficile Infections  

CLABSI: Central Line-Associated Bloodstream Infections  

GCS: Glasgow Coma Scale 

GIT: Gastrointestinal Tract 

HAI: Hospital Acquired Infection 

HAP: Hospital Acquired Pneumonia  

HDU: High Dependent Unit 

HIV: Human Immunodeficiency Virus 

LCBI: Laboratory Confirmed Bloodstream Infection  

LOS: Length of Stay 

ENT: Ear, Nose and Throat 

CHUK: University Teaching Hospital of Kigali  

KFH: King Faisal Hospital 

ICU: Intensive Care Unit 

IV: Intra Venous 

IPC: Infection Prevention and Control 

MOH: Ministry of Health 



 

ix 
 

RMH: Rwanda Military Hospital 

SBP: Systolic Blood Pressure 

PBSI: Primary Blood Stream Infection 

UK: United Kingdom 

USA: United State of America 

UTI: Urinary Tract Infection 

VAP: Ventilation Associated Pneumonia 

WHO: World Health Organization 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



 

x 
 

LIST OF TABLES 
 

TABLE 1.1. Major microbial causes of Hospital-Acquired Infections…… ………………  8 

TABLE 3.1. Key demographic and clinical characteristics of 

patients………………………………………………………………………………………18 

TABLE 3.2. Incidence and the most common types of infections found in CHUK ……….19  

TABLE 3.3. Pathogens isolated across culture sources …………………………………... 20      

TABLE 3.4. Resistance profile of pathogens in relationship to antibiotics tested…………21 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 



 

xi 
 

LIST OF FIGURES 
 

Fig 1.1. Incidence of healthcare-associated infection in low- and middle-income 
countries……………………………………………………………… ……………… 4 

Fig 1. 2. Sites of the most common nosocomial infections………………… …………7 

Fig 3. 1. Flow diagram illustrating how patients were selected in the 

study……………………………………………………………………………………17



 

1 
 

CHAPTER ONE: INTRODUCTION 
 

1. 1.  BACKGROUND/PROBLEM 

A Hospital Acquired Infection (HAI) is an infection that is not typically present at the time 

of admission, is acquired after hospitalization, and manifests after more than 48 hours(1) . 

The most important nosocomial infections in the Intensive Care Unit (ICU) are Central 

Line Bloodstream Infections(CLBSI), ventilator-associated pneumonia (VAP) and 

catheter-associated urinary tract infections (CAUTI) (2). Patients in ICU are at high risk of 

getting hospital acquired infections at a rate of 3-5 times compared to general ward (2) and 

the prevalence of ICU HAI worldwide exceeds 25%(3). This is due to many reasons 

including the criticality and resulting immunosuppression of the patient’s illness, increased 

antimicrobial agent use, prolonged hospital stays, and exposure to invasive therapeutic 

procedures such as endotracheal intubation, peripheral and central line cannulation, and 

urinary catheterization (2).  In addition, poor hand hygiene due to work overload, poor 

education and training, and low staffing levels enhances the transmission of 

microorganisms from patient to patient (4). Hospital acquired infections lead to increases 

in cost of care and hospital period stay, as well as an increased mortality rate especially if 

the identified microorganism is multi-drug resistant (5).  

The ICU incidence of HAI from an international multicenter study was 18.9% for patients 

admitted for more than 24 hours(6). Although the overall incidence in European and high 

income countries  is low(3.7 patients per 100 admission),the ICU prevalence rate is still 

estimated at a higher values (19.2%) (7); In India, the incidence of ICU’s HAI was 

estimated at 15.7%. Globally, according to WHO, the incidence of ICU-acquired infection 

among adult patients in low and middle income countries ranged from 4.4% up to 88.9% 

and pooled cumulative incidence density was 42.7 episodes per 1000 patient-days; while 

in developed countries this rate is 17 episodes per 1000 patient-days(8). 

The most commonly identified type of infections is ventilation associated pneumonia 

(VAP) followed by catheter associated urinary tract infection (CAUTI), surgical site 

infection and then blood stream infections. The most common organism was Klebsiella 

(29%), followed by Acinetobacter (24%), Pseudomonas (9%), Candida (9%), 
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Staphylococcus (9%). The drug resistance to various antimicrobials was seen to a large 

extent among the pathogens that were isolated(9).   

The morbidity and mortality rate of HAI in Asia ,Australia and the Middle even globally is 

30%(10)(8). HAI is the one of the leading causes of death and it has a negative impact on 

both the health system and patient. These negative impacts include: Increased social 

economic burden due to direct medical costs and indirect medical costs related to 

diminished quality of life; prolonged ICU stay; hematological, biochemical, 

microbiological and radiological tests; medications;  extra surgical procedures; increased 

duration of stay in hospital; additional morbidity and mortality rates; and physical and 

psychological suffering to the patient(11). 

Studies and surveys have been conducted in Rwanda about HAI and were done in other 

settings than the ICU (pediatric wards, surgical ward or in general the whole hospital). 

These were not focused on ICU patients and again they have not shown the common 

sources and antimicrobial resistance demonstrated in the ICU(12) (13) . This is the principal 

reason for the following study: “Hospital acquired infection in the intensive care unit at 

CHUK, a retrospective study” and it will provide general information about the incidence 

of hospital acquired infections and common types and its antimicrobial resistance in 

Rwanda especially in ICU patients. 

1. 2. LITERATURE REVIEW. 

1. 2. 1. INTRODUCTION 

According to WHO definition, HAI is an infection acquired in hospital by a patient who 

was admitted for a reason other than that infection, or an infection occurring in a patient in 

a hospital or other health care facility in whom the infection was not present or incubating 

at the time of admission (14). 

It is a common condition among hospitalized patients and is associated with increased 

mortality (2). The prevalence of HAI in ICU in a study which has analyzed 88 countries 

was 22% and the mortality rate was 30% (10). In Rwanda the general mortality rate of in 

hospital sepsis is 51.4%(15). In some developing countries, the report from WHO of 2010  

based on national surveillance showed the following general prevalence  for HAI: 17.9% 

in Tunisia, 14.8% in Tanzania, and 13.9% in Malaysia(8).  

The word wide prevalence of HAI by the WHO is estimated at 8.7%, with the most 

frequently cited locations being the ICU, acute surgical ward, and orthopedic wards (1). 

The most common source location was documented as surgical wounds, urinary tract 
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infections, and lower respiratory tract infections(1). Another analysis by the WHO from 

1995 to 2010 showed that the incidence of ICU-acquired infections among adult patients 

in low- and middle-income countries ranged from 4.4% up to 88.9% and pooled cumulative 

incidence was 42.7 episodes per 1000 patient-days(8). Based on large studies from USA 

and Europe, HAI incidence density ranged from 13.0 to 20.3 episodes per 1000 patient-

days and pooled cumulative incidence was 17.0 episodes per 1000 patient-days in adult 

high-risk patients in industrialized countries(8). A study conducted in Moroccan University 

Hospital in 2007 revealed a prevalence of HAI of 17.8% with the highest number in the 

ICU (50%), the most frequent source being urine(16).  

There has not been enough research conducted on the incidence of HAI in middle and low 

income countries and, in general, the figure below illustrates this(8)(17). 

 
Fig 1.1. incidence of healthcare-associated infection in low- and middle-income 

countries(17). 

 

The prevalence of HAI in CHUK  in 2016 was estimated as  15.1% with the highest rate 

found in ICU at 50% and the lowest in  general ward at 12.1% (18). 

One study conducted in Rwanda in 2018 at CHUK revealed the most isolated the microbes 

from blood as Klebsiella followed by Escherichia coli then Staphylococcus aureus; Each 

of those microbes was resistant to at least one of the 3rd generations cephalosporins; 8% of 

the E. coli present was resistant to imipenem; 82% and 6% of Staphylococcus aureus were 

resistant to oxacillin and vancomycin respectively(19). 
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1. 2. 2. EXISTING THEORY  

Ø Hospital Acquired Pneumonia 

Hospital acquired pneumonia is a pneumonia which is developed after 48 hours  and did 

not appear to be incubating at the time of hospital admission(20) and  90% of this is 

ventilation associated pneumonia (VAP)(17). VAP is a hospital acquired pneumonia which 

is developed usually 48h-72hours after endotracheal intubation(17). VAP is most 

commonly seen in ICU patients at an incidence of 9 to 27%(17), and it is associated with a 

high mortality rate. The cause is often endogenous microorganisms from the digestive 

system or nose and throat, but also can be exogenous like those from contaminated 

respiratory equipment(1). The definition of pneumonia is based on radiological changes, 

purulent septum, new onset of fevers, and more specifically by microbiological analysis 

with a positive culture(17). VAP is  defined by radiologic changes with systemic 

inflammation (temperature ≥ 38 °C, or leukocyte count > 12,000 or < 4000 cells/ mL), 

clinical pulmonary signs (i.e. purulent tracheal secretions, bronchial sounds), an increase 

in ventilation settings from baseline(like PEEP, FiO2) (21), or simply by oxygenation 

deterioration, clinical signs/symptoms of infection and antibiotic use, and microbiology 

results(17). The most isolated organisms are Staphylococcus aureus (44%), Acinetobacter 

baumanii (30%), Pseudomonas aeruginosa (12%), Stenotrophomonas maltophilia (7%), 

Klebsiella pneumoniae (6%), and Serratia marcescens (2%)(22). 

 

Ø Catheter Associated Urinary Tract Infection (CAUTI) 

Urinary Tract Infection (UTI) is the most prevalent HAI  worldwide and it accounts more 

than 30%(23). 

The cause of CAUTI is due to the use of indwelling urinary catheter and  is usually defined 

by microbiological criteria consisting of a positive, quantitative urine culture (more than 

105 microorganisms/ml, with a maximum of two isolated microbial species)(20).The 

bacteria responsible usually arise from the gut flora, either normal (Escherichia coli) or 

acquired in hospital (multi-resistant Klebsiella)(1). The incidence is estimated at 3.1% to 

6.4% of UTIs are associated urinary catheter(CAUTI) in ICU (24) and the development of 

an ICU-acquired UTI was more common in women (25). 
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Ø Blood Stream Related Infection 

They are two main types of blood stream related infections: Primary bloodstream 

infection(Laboratory Confirmed Bloodstream Infection (LCBI) that is not secondary to an 

infection at another body site) and Catheter-associated bloodstream infections( central line 

catheters, peripheral lines catheter)(26). About 40% of nosocomial infections in ICUs are 

catheter related (27). It is a small proportion of HAI (approximately 5%) but case fatality 

rates are high with the most common identified organism being  multi drug resistant 

coagulase-negative Staphylococcus and Candida species(1). Infection may occur at the 

skin entry site of the intravascular device, or in the subcutaneous path of the catheter. 

Colonization of a catheter infection may not exclusively manifest at the catheter insertion 

site(1). The common risk factors are the duration of catheterization, aseptic technique 

insertion level, and the frequency of catheter care(1). 

 

Ø Surgical Site Infection (SSI) 

The incidence of SSI varies from 0.5% to 15% depending on the type of surgery performed 

and the clinical status of the patient(1).  SSI is clinically defined by purulent discharge 

around a wound or spreading cellulitis from a wound. It is acquired either during the 

operation from an exogenous source (e.g. from the air, medical equipment, surgeons and 

other staff) or endogenously from the flora on the skin, operative site, or, rarely, from blood 

used in surgery(1).The most identified pathogen is E.coli(20). 

 

Ø Clostridium Difficile Infections (CDIs) 

Clostridium difficile infection is a leading cause of nosocomial infection in adult associated 

diarrhea at a rate of 12.1%(28)(29).  This is due to the clostridium difficile which is found 

in intestinal tract of human and animals, but its spores are also ubiquitous in the 

environment. It can remain infective on contaminated surfaces for a long period of time, as 

well as being the most resistant to disinfection(1). It is found in 1 of every 30 healthy 

adults(1). 

 

1. 2.  3. COMMON SOURCES AND ORGANISMS INVOLVED IN HAI. 

Common sources of HAI are from urinary tract infection, respiratory tract infection, blood 

stream related infection, surgical site infection and others like soft tissue skin, ENT, GIT, 

and endometritis as it is illustrated on the below diagram from WHO report(1). 
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Fig1.2. Sites of the most common nosocomial infections 

 

Microorganisms involved are mainly commensal bacteria (normal flora like cutaneous 

coagulase negative staphylococci and E coli) and pathogenic bacteria: anaerobic gram-

positive rod (clostridium), gram positive bacteria like staphylococcus aureus, gram 

negative bacteria like Enterobacteriaceae (Escherichia coli, Proteus, Klebsiella, 

Enterobacter, Serratia marcescens); gram negative bacteria like Pseudomonas spp. Other 

uncommon microbes are parasites (Giardia lamblia), fungi (Candida albicans, Aspergillus 

spp., Cryptococcus neoformans, Cryptosporidium) and viruses (hepatitis B and C viruses 

respiratory syncytial virus (RSV), rotavirus; HIV, Cytomegalovirus, Ebola, influenza 

viruses, herpes simplex virus, and varicella-zoster virus(1). 
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Table1.1. Major microbial causes of hospital-acquired infections (30) 

 

1. 2. 4. EMPIRICAL REVIEW 
In general, HAI are major challenging infections in high, middle and low income countries 

especially in intensive care units(31). Sugata Dasgupta et al (2015) finds that in the ICU of 

a tertiary teaching hospital in Eastern India the overall incidence of HAI was 11.9% with 

pneumonia as the top cause, followed by UTI and blood stream infections related central 

venous catheters(32).The time series data from the WHO conducted from 1995 to 2009 and 

published in 2010 revealed the incidence of ICU acquired infection to range from 4.4% to 

88.9%(8). 
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Similar results were found by İlhami ÇELİK et al in their 2005 prospective study in the 

ICU of Firat Tip Merkezi (Turkey). It shows an incidence of 72% with VAP (41.2%) most 

common, followed by UTI (28.2%)(33). In 2019, study done at CHUK by Tori Sutherland 

et al on antimicrobial resistance among bacterial infection in Rwanda revealed that 43.4% 

of infection were from wound, 23.2% from urine, 17.9% from  blood, and 15.4% from 

sputum(34). 

According to İlhami ÇELİK et al, the microbial organisms prevalence isolated in HAI was 

Pseudomonas aeruginosa (31.3%) followed by Staphylococcus aureus (11.5%). 

Referring to the study of Edhem Unver et all done in 2019 in Turkey on microbial 

organisms causing VAP, the most isolated pathogens in VAP was Acinetobacter(62.2%) 

followed by Pseudomonas(17.9%)(35). In the study conducted by Umer Ul Haq et al in 

Pakistan in 2016 on microbial organism and antimicrobial sensitivity in VAP  found that 

the most isolated microorganism was Pseudomonas aeruginosa (25%) followed by 

Methicillin staphylococcus aureus( MRSA) (18.9%), Klebsiella (15.6% , Actinobacter 

(13.3%)(36). Similar study done by Maebed et al in United Kingdom 2019 showed the 

most prevalent isolated microorganism in VAP as Klebsiella(45%) followed by 

Acinetobacter(11.6%)(37). Aarti Sangale et al in 2021 did the similar study and found the 

most isolated pathogen from VAP as Acinetobacter baumannii (38.7%) followed by  

Pseudomonas aeruginosa (17.5%) and Klebsiella pneumoniae (16.6%)(38). 

According to Mahabubul et al in 2019, Escherichia coli was the commonest isolated 

pathogen in CAUTI followed by Proteus, Pseudomonas, Klebsiella(39);The almost similar 

results were found by Sunzida Arina et al in their study conducted in 2017 in Bangladesh 

where they found the most common isolated organism as Escherichia coli (38.93%) by 

Pseudomonas (15.98%), Klebsiella (8.61%), Proteus (7.38%) Enterobacter(6.56%) and 

Acinitobacter (1.22%)(40). Mohd Saleem et al in their study conducted in Soud arabia in 

2021 and Reham Ramadan et al in their study conducted in Egypt in year 2018 on catheter 

associated urinary tract infection in ICU  showed that the  predominant microorganism in 

CAUTI was Klebsiella pneumoniae (20%)(41)(42). 

Referring to Ambroselli et al in their study conducted  in Argentina in 2018, the most 

isolated causative pathogen of blood stream infection was E. coli followed Pseudomonas 

aeruginosa, Klebsiella  and Acinetobacter baumanni(43). Kumar et al in ICU of Indian 

tertial hospital in 2017 showed that Escherichia coli, Acinetobacter spp., Klebsiella 

pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus and Enterococcus spp. were 

most commonly encountered in blood stream infection(44). Cortes et al in their study 



 

9 
 

conducted in different hospital of Colombia in 2008 showed that Staphylococcus 

aureus(12.3%), Klebsiella pneumoniae(8.2%), Escherichia coli (5.7%), Acinetobacter 

baumannii, (4.0%) and Pseudomonas aeruginosa (3.8%) were the most isolated 

microorganisms from bacteremia(45). In Rwanda tertiary hospital precisely CHUK, 

Habyarimana et al in their study called bacteriological profile and antimicrobial 

susceptibility patterns of bloodstream infection found that the most prevalent pathogens 

were Klebsiella pneumoniae (31.7%) and Staphylococcus aureus(29.3%)(19). 

According to the study done by Ambroselli et al in Argentina for surgical patients  in 2018, 

the most isolated microorganism as cause of SSI was Staphylococcus aureus (82.35%)(43). 

In the study done by Begum et al in Bangradesh surgical wards in 2015 found that the most 

isolated microorganism was  E.coli(29.41%) followed by S. aureus(27.45%),P. aeruginosa 

(29.85%), and Acinetobacter(11.94%)(46).  In the study conducted by Negi et al in India 

2013 showed the most isolated microorganism from SSI as Staphylococcus aureus (50.4%) 

was the commonest organism followed by E.coli (23.02%), P. aeruginosa (7.9%) and 

Citrobacter species (7.9%)(47).In 2019 , Mukagendaneza et al conducted the study on SSI 

in surgical ward patients of CHUK and  the most isolated microorganism in this study was 

Klebsiella (55%), followed by Escherichia coli (15%),Proteus (12%), Acinetobacter (9%) 

and Staphylococcus aureus (6%)(48). 

 According to İlhami ÇELİK et al, Methicillin resistance was 96% within staphylococci 

populations(33). Afroz at al in Bangradesh (2017) showed that Colistin has sensitivity to 

Klebsiella pneumonia, Acinetobacter baumanii and Escherichia coli range from  76 to 

100% while almost all other isolates were observed multi drug resistant(49).  In 2015, 

Ntirenganya et al conducted a study on antimicrobial resistance among tertiary  hospital of 

Rwanda from medical wards of CHUK and found that 31.4% were E coli and 58.7% were 

Klebsiella and  respectively were resistant to at least one of the third generation 

cephalosporins, while 8% of E coli were resistance to imipenem, 82% and 6% of 

Staphylococcus aureus strains were oxacillin and vancomycin resistant respectively(50). In 

2019, the study done at CHUK by Tori Sutherland et al showed that Gram-negative bacteria 

comprised 88.7% of all isolates  and 75.9%  of them were resistant to ceftriaxone(34). 

Another study conducted in Rwanda in 2020 by Muvunyi et al in surgical patients showed 

that the most common isolated microorganisms were Escherichia coli (42%), 

Staphylococcus aureus (18%), and Klebsiella pneumonia (15%) and 74% of HAI were 

resistant to third generation cephalosporins(20). 
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1. 2. 5. PROBLEM STATEMENT. 

Many similar studies have been conducted in different countries relating to HAI incidence, 

sources, and antimicrobial in ICU settings. In Rwanda, we found many studies conducted 

on antimicrobial agents and incidences, but neither of these studies was focused on ICU 

patients. This study aims to reveal the incidence, common types of infections, most isolated 

microbial organisms and antimicrobial resistance specifically present in the ICU at CHUK 

in Rwanda. 

 

1. 3. AIM AND OBJECTIVES. 
1. 3. 1. PRIMARY OBJECTIVE. 

To determine the incidence of hospital acquired infection among patients admitted to the 

intensive care unit (ICU) in CHUK. 

 

1. 3. 2. SPECIFIC OBJECTIVES. 

i. Identify the common types of hospital acquired infections 

ii. Identify the most isolated microbial organisms and related antibiogram. 

 

1. 4. RESEARCH QUESTIONS. 
i. What is the most common type of HAI? 

ii. What is the most isolated microorganism among patients admitted to the ICU at 

CHUK? 

 

1. 5.  HYPOTHESIS. 
i. The most common hospital acquired infection in ICU of CHUK is VAP. 

ii. The most isolated microorganism among patients admitted to the ICU of CHUK 

with HAI is Klebsiella pneumonia. 
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CHAPTER TWO.  METHODOLOGY 
 

2. 1. STUDY DESIGN 
This is an observational, descriptive, retrospective study of patients admitted to the ICU 

and HDU at CHUK for at least 48 hours without any active hospital acquired infection at 

the time of ICU or HDU admission. 

 

2. 2. STUDY SETTING AND LOCATION 

Study was conducted in Rwanda, specifically in the intensive care unit of Kigali University 

Teaching Hospital for a period of one year (12months), from 1st October 2020 to 30th 

September 2021. 

The ICU of CHUK has 8 beds and 4 beds of HDU and the patient turnover is estimated 

between 23 to 30 patients per month. The ICU receives patients from the Emergency 

Department, Obstetrics and Gynecology, Surgery, Trauma, Medical, and sometimes 

Pediatrics. 

 

2. 3. PATIENT POPULATION  
All patients admitted in ICU and HDU /CHUK during the mentioned period of study. 

 

2. 4. INCLUSION CRITERIA 

Patient admitted to adult ICU or HDU for at least 48 hours and 72 hours post discharge 

from ICU or HDU who do not have any HAI during the current hospitalization before ICU 

or HDU admission.  

 

2. 5. EXCLUSION CRITERIA  
ü All patients admitted in ICU or HDU with suspicion or documented HAI or CAI prior to 

ICU/HDU admission  

ü All patient below 16 years of age 
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2. 6. SAMPLE SIZE 
All patients admitted in ICU CHUK during the period of the study for at least 48 hours and 

who are admitted for reasons other than HAI. The duration of the study will be 12 months 

(from 1st October 2020- 30th September 2021) 

 

2. 7. DATA VARIABLES, SOURCE OF DATA AND DATA COLLECTION 
v Patient characteristics: 

ü Hospital identification number and initials 

ü Age  

ü Sex  

ü Admitting primary diagnosis 

v Outcome variables: 

ü Distribution of microbes isolated across clinical specimens: 

• Presence of central line and duration, urinary catheter and duration, being intubated and 

duration, undergone surgery and type of surgery. 

• Documented infection (from culture or clinically documented by treating physician.  

• Any culture done. 

• Type of sample (urine, sputum or trachea aspirate, blood, tip of central line, others) 

• Isolated bacteria/ microbial agents  

• Results of antibiogram (antimicrobial resistance or sensitive drug) 

 

Our primary outcome is incidence of HAI. We defined HAI as an infection that is not 

present at the time of hospital admission and manifest 48 hours after admission to the 

hospital, confirmed clinically by treating physician or by laboratory investigations(1).  

The primary admitting diagnosis was recorded from the file on the admitting sheet as the 

reason of ICU or HDU written by treating physician. Sepsis and septic shock were defined 

separately based on sepsis 3 campaign definitions. Shock was defined as one of the 

following groups: Septic shock, Hemorrhagic shock, Hypovolemic shock, Cardiogenic 

shock, Neurogenic shock. Trauma was defined as one of the following: blunt abdominal 

trauma, blunt chest trauma, traumatic brain injury and other related trauma as the reason of 

ICU admission. Respiratory failure was defined simply as the respiratory fatigue with the 

need of mechanical ventilation. Obstetrics and gynecology group of diagnosis was defined 



 

13 
 

as any diagnosis to a peripartum woman other than the one listed, e.g.: preeclampsia, 

eclampsia, post-partum hemorrhage. 

We collected the incidence of specific HAI including HAP, VAP, UTI, CAUTI, PBSI, SSI, 

Central Line Associated Blood Stream Infection (CLABSI), Clostridium difficile infection. 

We have defined hospital acquired pneumonia as pneumonia that occurs 48 hours or more 

after admission to the hospital and did not appear to be incubating at the time of 

admission(51). 

We have defined VAP as a pneumonia that develops more than 48 to 72 hours after 

endotracheal intubation. Incidence of VAP was the rate of VAP per number of patient-days 

on a ventilator machine(51). 

We have defined hospital acquired UTI as those developed to patient not catheterized or 

where the urinary catheter remain not more than 2 consecutive days; and we have defined 

CAUTI as UTI associated with indwelling urinary catheters for more than 2 consecutive 

days(48hours)(52). Incidence of CAUTI was the rate of UTI per number of patient-days 

with a catheter. 

We have defined Primary BSI (PBSI) as a laboratory confirmed blood stream infection to 

the patient who doesn’t have any central line before 2 consecutive days ago since the time 

of sampling. CLABSI was defined as a laboratory confirmed bloodstream infection where 

an  organism is identified from blood of patient who had a central line  2 or more 

consecutive days from the day of sampling(52)(53). Incidence of CLABSI was the rate of 

BSI per number of patient-days with a central catheter. 

We have defined SSI as that reported clinically by a treating physician or microbiologically 

confirmed with the day of ICU admission up to 30days from the day of surgery to the 

patient received prophylactic antibiotics before surgery(54). We have classified SSI as 

superficial, deep or organ-space according to CDC definitions. Incidence of SSI was the 

number of SSI per patients undergoing surgical operation.  HAI incidence was defined as 

a number of new infection episodes or new patients acquiring an infection per 100 patients 

followed up for a defined time period Periods and HAI incidence density was defined as a 

number of infection episodes per 1000 patient-days or device-days. Data collection sheet 

is attached in the Appendix. 

Data collection was done by myself and a trained researcher medical student. I have trained 

her for a duration of 2 weeks on how our methodology and data collection style. We have 

worked together for the first 20 patients to ensure that she is comfortable and confident to 

collect accurate information. Data were recorded from ICU logistic book, patients ‘s 
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medical files and open clinic to data collection tool; as you can see it on the appendix; and 

analyzed using Microsoft excel. 

 

2. 8. ANALYSIS AND STATISTICS 

Sources of data have recorded from patients’ files and open clinic. Data have recorded on 

the questionnaire and entered and analyzed by Microsoft excel. The overall incidence was 

calculated by taking the total number of patients who acquired at least one HAI as 

numerator and divided by the total number of patients enrolled in the study. The analysis 

was done using tables.  

 

2. 9.  ETHICAL APPROVAL 

• Ethical issues: Permission to conduct a study has gotten from the IRB of the University of 

Rwanda. Local ethics approval was given by CHUK ethical committee. 

• Data confidentiality:  Data were entered in a designated format from registers and patient 

files. Names were used to trace patients from one file to another. Only initials of the patient 

with the hospital ID number file appeared on the questionnaire. Confidentiality was 

maintained by keeping questionnaires in a lockable private room, and electronic data were 

kept in a password protected computer. 

• Specific patient benefit: The results will help providers and health systems be aware of 

the incidence of HAIs, know the common sources of infection, once there is a suspicion of 

HAI. It will also help to know the antimicrobial resistance and sensitivities of the causative 

microorganism, which will resolve the issue of using unnecessary antibiotics and it will 

remind the policy makers as well as leaders to strengthen the IPC measures. The results 

will be the improved patients care and the early prevention and management of patients 

with a HAI. 

• Community participation and benefit: The results of this study will shed light on the 

incidence of HAIs and associated common sources. 

• Feedback and dissemination of results: The results will be disseminated to health care 

workers of CHUK-ICU, CHUK Ethical committee and the University of Rwanda research 

board as the final thesis in completion of a Master’s Degree. The results will also be 
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presented in national and international conferences and submitted in a peer reviewed 

journal. 

2. 10. STUDY LIMITATION 
§ Missing some important data in files: cultures, poor clinical documentation like; clinical 

diagnosis of HAI, central line insertion and intubation protocol, loss of files in archive. 

§ Limited time for research, unfunded study as well as small sample size. 

§ Retrospective study  

§ Inability to assess the risks factors, HAI from other microorganisms than bacterial, 

means Viruses, parasites and fungi. 

 

 

 

 

 

 

 

 

 
 

 

 



 

16 
 

CHAPTER THREE.  RESULTS 
 

The total ICU and HDU admission during the duration of 12 months period was 468 

patients. There were 30 patients under 16 years old (pediatrics), 60 files were missed, and 

58 files were of patients less than 48hours ,11 patients had an active HAI at admission 

period and we remained with 309 (66%) patients with complete files for research. 

 

 

 

 

 

 

 

 

 

Fig 3. 1. Flow diagram illustrating how patients were selected in the study 
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30 pediatrics 60 files 
missed in 
archive 

58 patients were 
admitted in less 
than 48hours 

11 patients 
had active 
HAI 

Remained 309 patients for research 
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 Table 3.1. Key demographic and clinical characteristics of patients. 

Demographic and clinical characteristics Total patients  

admitted in ICU [N-309 (%)] 

Age (16-65 Years 262(84.79) 

Age > 65 Years 47(15.21) 

Males 151(48.87) 

Females 158(51.13) 

Intubated patients 218(70.55) 

Urinary catheterized patients 305(98.70) 

Central line placement  36(11.65) 

Undergone Surgery  205(66.34) 

The mean duration of stays in ICU  3,391/309= 10.9 days 

Admitting primary diagnosis   

Shock (Septic, Hemorrhagic, Hypovolemic, 
Cardiogenic, Neurogenic) 

28(9.06) 

Sepsis  55(17.79) 

Trauma 75(24.27) 

Respiratory failure  24(7.76) 

Obstetrics/Gynecology 24(7.76) 

Stroke 30(9.70) 

Data ICU of CHUK from October 2020 to September 2021. 

Among the patients with complete files for research, 262 patients (84.78%) were between 

16-65 years old and 47 patients (15.22%) were above 65 years. 158 patients (51.13%) were 

female and 151 patients (48.87%) were male. The most common primary diagnosis of ICU 

admission was trauma (75 patients=24.27%) followed by sepsis (55 patients= 17.79%) and 

brain tumor (35 patients=11.32%). 

 The average ICU/HDU stay was 10.9 days. During the study period ,305 (98.7%) had a 

urinary catheter.  218 patients (70.55%) were intubated and mechanically ventilated. 205 

patients (66.34%) underwent a surgical procedure.  47 patients (15.21%) were old and the 

central line placement was done on 36 patients (11.65%). 
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Table 3.2. Incidence and the most common types of infections found in CHUK   

 
 

 

Type of 
HAI 

No of HAI 

     N-83 

No of 
patients 
at risks 
of a 
specific 
HAI 

Individual 
incidence 

N (%) 

Total 
days 
durations 
(ETT, 
Central 
line, 
urinary 
catheter) 

The mean 
indwelling 
device 
duration in 
days 

 Rate of 
HAI per 
1,000 
patients’ 
days 

VAP 53(63.85%) 218 24.3 2780 12.7 19.0 

CAUTI 13(15.66%) 305 4.26 4734 15.5 2.7 

PBSI  11(13.25%) 309 3.55 --   

SSI 3(3.61%) 205 1.46 --   

HAP 3(3.61%) 309 0.97 --   

CLABSI 0 36 0.00 427 11.8 0.0 

UTI 0 309 0.00 --   

 Total incidence*(%) ᴝ 67/309*100 = 21.68 

 Overall rate density: 67/3391 patients-days=0.01975 patient-days=19.75 per 1000 patient-days 

-- Represent not applicable, no means number, *Percentage (%) represents the total patients with HAI /Total 

patients in ICU 

Table 3.1.  Incidence and the most common types of infections found in CHUK   

The overall patients who had the ICU hospital acquired infection were 67 patients with 

the incidence of 21.68% (67/309) and at least each patient had one or more HAI with the 

total number of HAI in ICU of 83: 57 patients had respiratory HAI (detailed 53 has VAP 

and 3 had ICU HAP only), 13 patients had.   

The overall incidence density was 67/3391 patients-days =19.75 per 1000 patient-days. 53 of 218 

(24.3%) mechanically ventilated patients developed VAP at a proportion of 63.8% of all 

ICU HAI. This is a rate of 19.75 VAP per 1000 ventilated patient-days.13 of 305(4.26%) 

who had urinary catheter developed UTI at a proportion of 15.66% of all ICU HAI. This 

is a rate of 2.7 CAUTI per 1000 patient-days. 11 of 309 (3.55%) patients develop PBSI at 

a proportion of 13.25% of all ICU HAI. 3 of 309 (1.46%) operated patients develop SSI 

at the proportion of 3.61% of all ICU HAI. 
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The total duration of urinary catheterization was 4734 days with the mean of 15.5days, 

thus the incidence density of CAUTI, as defined by the number of patients with CAUTI-

days related, is 13 patients over 4734 days=2.7 per 1000 catheter-days. 

The total duration of endotracheal tube was 2780days with the mean of 12.7days, thus the 

incidence density of VAP, as defined by the number of patients with VAP -days related, 

is 53 patients over 2780 days= 19.0 per 1000 ventilated patient-days. 

Table 3.3. Pathogens isolated across culture sources      

                   

 

 

 

Pathogens  

 Type of HAI 

Total organisms 

 

[(N-100) ;(%-100]  

VAP    

 

(N-75)       

   CAUTI 

 

 (N-12) 

         PBSI 

 

        (N-11) 

     SSI* 

 

       (N-3) 

Klebsiella 39(39.00) 30(40.00) 5(41.66) 4(36.36) 0(0.00) 

Pseudomonas  23(23.00) 22(29.33) 1(8.33) 0(0.00) 1(33.33) 

Acinetobacter 16(16.00) 11(14.66) 2(16.66) 2(18.18) 1(33.33) 

E-coli 9(9.00) 5(6.66) 1(8.33) 2(18.18) 1(33.33) 

Proteus 6(6.00) 5(6.66) 1(8.33) 0(0.00) 0(0.00) 

Staph Aureus  4(4.00) 0(0.00) 1(8.33) 3(27.27) 0(0.00) 

Citrobacter 1(1.00) (0.00) 0(0.00) 0(0.00) 0(0.00) 

Providencia 1(1.00) 1(1.33) 0(0.00) 0(0.00) 0(0.00) 

Enterococcus 1(1.00) 0(0.00) 1(8.33) 0(0.00) 0(0.00) 

*Number and proportion of pathogens from a specified sample N (%). 

 

There were 100 organisms isolated with 39 of Klebsiella, 23 Pseudomonas, 16 

Acinetobacter, 9 E. coli, 6 Proteus, 4 Staphylococcus aureus, and 1 for Citrobacter, 

Enterococcus and Providencia.  

There were 75 isolates from patients with VAP. The most common organisms isolated 

from patients with VAP were Klebsiella (N=30, 40%) followed by Pseudomonas (N=22, 

29%).  

They were 12 isolates from CAUTI. The most common organisms isolated from patients 

with CAUTI were Klebsiella (N=5, 42%) followed by Acinetobacter (N=2, 17%). 
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They were 11 isolates from PBSI. The most common organisms isolated from patients 

with PBSI were Klebsiella (n=4, 36%) followed by Staphylococcus aureus (n=3, 27%). 

They were 3 isolates from SSI which included Pseudomonas, Acinetobacter and E coli. 

Table 3.4. Resistance profile of pathogens in relationship to antibiotics tested 

 

*Antibiotics not tested for resistance to pathogens are indicated by (–), * Represent (%) of 
the number of pathogens resistant to antibiotics /total number of pathogens tested. Group 
of antibiotics tested: Cephalosporins (ceftriaxone, cefotaxime, Cephalothin, cefuroxime, 
Cefoxitin, Ceftazidime/clavulanate, cefotaxime/clavulanate, ceftazidime); 
Fluoroquinolones (ciprofloxacin, levofloxacin); Carbapenem (meropenem, imipenem), 
Penicillin (amoxicillin, amoxicillin-Clavulanic Acid, penicillin, ampicillin, Piperacillin), 
Macrolides (clindamycin, erythromycin), Glycopeptides(vancomycin), Tetracyclines 
(tetracycline, oxycline), Sulfonamide (Bactrim, Sulfamethoxazole) 

The resistance rates of >50% were seen in all tested antibiotics except carbapenem 
(36.14%), nitrofurantoin (33.33%), amikacin (17.28%), and chloramphenicol (12.5%). 
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Klebsiella had the highest sensitivity to amikacin (97.29%) followed by carbapenem 

(79.48%) and the highest resistance have seen for gentamycin, macrolides, glycopeptides 

and tetracyclines at a rate of 100%. Pseudomonas aeruginosa had the highest sensitivity to 

polymyxin B at85.71% followed by amikacin at 60% and the highest resistance have seen 

for gentamycin, glycopeptides and sulfonamides at a rate of 100%. 

Acinetobacter had a highest sensitivity to polymyxin B, chloramphenicol and 

nitrofurantoin at a rate of 100% where the highest resistance has seen for cephalosporine, 

gentamycin and sulfonamide at a rate of 100%. E. coli had a high sensitivity to carbapenem, 

amikacin and chloramphenicol at a rate of 100% where the highest resistance was seen for 

cephalosporine, gentamycin, glycopeptides, sulfonamides, nitrofurantoin and oxacillin at a 

rate of 100%. 

Proteus had the highest sensitivity to carbapenem at a rate of 100% followed by amikacin 

at a rate of 83.33%, where the highest resistance was seen for gentamycin, sulfonamides 

and polymyxin B at a rate of 100%.  

Staphylococcus aureus had the highest sensitivity for glycopeptides, polymyxin and 

oxacillin at a rate of 100%, where the highest resistance has seen for fluoroquinolones and 

penicillin at a rate of 100%.  
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CHAPTER FOUR.  DISCUSSION 
 

In this study conducted in ICU of CHUK, we evaluated 309 patients who were fulfilling 

the criteria of the study. Backing on our research question and hypothesis, we accept our 

hypothesis saying that the most common type of HAI in ICU of CHUK is VAP (63.85%) 

and the common microbial organism isolated is Klebsiella pneumonia (39%). We have 

found again the incidence of HAI as 21.68% and the microbial resistance more than 50% 

to all tested antibiotics (as they are listed in the results), a part of carbapenem, 

nitrofurantoin, amikacin and chloramphenicol. 

The primary objective of our study was to determine the incidence of HAI in ICU of CHUK 

which can reflect the recent overall in ICUs of Rwanda as the other similar study done in 

Rwanda revealed only the prevalence. The rate of HAI in ICU was 21.68%. This rate is 

higher to the general ward rate in CHUK- Rwanda which was 15.1% (18). There is a big 

decline in rate of HAI in ICU of CHUK comparing our results to those of 2016 where  the 

rate of HAI was 50%(18).  Globally, the rate of ICU HAI exceed 25%(3). This reflect the 

low rate of this infection in ICU of CHUK as well as low rate to that of Ethiopian ICU 

which was 25.8%. Our results are in accordance to the one isolated in ICUs of sub-Saharan 

African countries ranging from 21.2-35.6% (55). The similar results were seen in studies 

done in middle and low income countries (ranging4 4% up to 88 9%)(8). By looking in 

ICU’s  of developed countries it looks higher: European countries 18.9%(6) and Indian’s 

ICUs (15.7%) (9). The LOS in ICU of CHUK was 10.9 days. This results is high compared 

to the one from high income countries which was 4 days according to Agrawal et al in their 

study done in India in 2014 (56).The This may be due to an advanced skills of health 

providers(good number of critical care nurses, intensivists), decreased work load(few hours 

of work: 8 hours compared to 12 hours in Rwanda) and  sufficient resources and means for 

both patient and hospital (3). The low length of ICU stays seen in developed countries 

might have a great effect on the decreased rate of HAI compared to our settings. 

The overall rate density of HAI in ICU was 19.75 per 1000 patients-days. This rate is low 

compared to the results found by Robby Markwart et al in their systemic and metanalysis 

study conducted in 2020;  They found this rate at 56.5 per 1000 patients(57). Our result is 

almost similar to the one reported globally in 2008 which showed the rate between 13 to 

20.3 per 1000 patients-days(8). By looking the rate found in  middle and low income 
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countries (42.7 episodes per 1000 patient-days)(8) .This last one reflect the low rate of HAI 

in ICU-CHUK. The overall rate of HAI is higher compared to the rate of HAI per patient 

days. This might be explained by the higher average ICU LOS compared to developed 

countries. The reduction of the length of ICU stay to our patients by fighting against the 

modifiable risks factors such as; malnutrition, mechanical ventilation, delirium, 

hypomagnesemia, infection (58), can lead to a reduced rate of HAI. 

The most common type of HAI was VAP (63.85%) followed by CAUTI (15.66%) PBSI 

(13.25%) and lastly HAP and SSI at the same proportion (3.61%). Similar results have 

found by Santosh Gunasekaran et al in their recent study done in 2020 in India, where they 

found that the most common HAI was VAP (49%) followed by CAUTI(13%), blood stream 

infection and SSI were at equal proportion(12%)(9). This means that strategies to reduce 

the risks factors of VAP, as they are listed in the coming paragraphs, are needed. 

The rate of VAP was 19.0 per 1000 ventilated days. This rate is lower compared to that 

found in Indian’s ICUs in the study done by Santosh Gunasekaran et al where it was 39.3 

per 1000 ventilated days (9). It is also low compared to low and middle income countries 

where the rate was 23.9 per 1000 patient-days(8). On the other side, this rate is very high 

compared to the global VAP rate which is 7.9 per 1000 ventilator-days according to WHO 

report(8).The mean of ventilated days was 12.7days and this value is higher than the one 

resulted from developed countries where it was found to range between 2.6 to 7.9 days 

according to Seneff et al(63). The following strategies can be used in order to reduce the 

rate of VAP  in CHUK as well as in Rwandan ICU’s hospitals: Head of the bed elevation 

at 30 degrees, oral care every 12 hours, daily sedation vacation, use of continuous subglottic 

suction, deep venous thrombosis prophylaxis, stress ulcer, early extubating and 

tracheostomy (64). 

The rate of CAUTI was 2.74 per 1,000 urinary catheter days. This is results is higher 

compared to the one reported by CDC National Healthcare Safety Network in 2012. This 

last one has showed the rate of 1.4 to 1.7 per 1,000 catheter days(53). By contrary this rate 

is low compared to that of developed Indian’s ICUs where it is 16.17 per 1000 catheter 

days(59). On other hand this rate is lower compared to low and middle income countries 

where it showed a rate of 8.8 per 1000 patient-days(8). The mean of urinary catheter 

duration was 15.5 days(60). This mean duration is higher to the one reported by developed 

countries like ICUs of US where it was 8.7 days according to Kanjet al (61).This rate is 
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low compared to the studies done by Maha et al in Egypt where the mean was 19.8 days. 

The following strategies can reduce the rate of CAUTI in Rwanda: Reduction of the 

utilization of indwelling urinary catheter and unnecessary catheter use, aggressive 

implementation of the nurse directed catheter removal protocol (indications of physician’s 

catheter insertion order, catheter insertion criteria, biweekly unit-specific feedback on 

catheter use rates and CAUTI rates),urinary catheter care, prevention of catheter kinking, 

improvement in sterility of catheterization, removal of urinary catheter as soon as possible 

it is no longer indicated, education of nurses about CAUTI prevention strategies(62). 

Although we have found patients have central line for long time, the CLABSI was not 

found in any patients. The mean duration for central line was 11.8 days. The explanations 

can be categorized into two possibilities: Firstly, no sample of central line taken during the 

period of the study; Secondly there was no clinical suspicion of CAUTI which reflect the 

absence of this infection in ICU of CHUK. Note that in other ICUs settings and globally, 

the rate of CLABSI is still significant(65)(8). For these reasons, we recommend the ICU 

clinical staff to assess clinical signs of central line infection, sampling once there is a 

suspicion of CLABSI and keep bundles of central line catheter care. These are : hand 

washing by the operator; putting sterile gloves, gowns, caps and mask by a physician who 

is doing central line insertion before the procedure; proper skin cleaning using 2% 

chlorhexidine and 70% isopropyl alcohol, proper draping from head to toe ,choice of 

insertion site with reduced rate of infection (femoral area to be chosen at the last), daily 

evaluation of central line need and early removal once it is no longer needed, proper nursing 

daily hygiene(66). 

 During our study, they were no hospital-acquired Clostridium difficile infection identified. 

On the other hand, other settings like adult ICUs of Serbia, were seen at the high rate 

(18.1%)(67). We recommend to keep hand and food hygiene in order to keep this rate at 

zero in the ICU of CHUK. 

The most common isolated organism in our study was Klebsiella pneumonia (39%) 

followed by Pseudomonas aeruginosa (23%) Acinetobacter baumani (16%) and E. coli 

(9%). Klebsiella was primarily from VAP, CAUTI and PBSI. Almost similar results have 

found by Santosh Gunasekaran et al in their study conducted Indian ICUs in 2020 in the 

similar settings. They have showed that Klebsiella (29%) was the most common followed 

by Acinetobacter (24%) then Pseudomonas (9%) and Klebsiella was primarily isolated in 
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CAUTI and blood then being secondarily in VAP after Acinetobacter(9). Klebsiella was 

again primarily isolated in SSI followed by Pseudomonas  and E.coli(9). Other large studies 

globally  done in similar settings showed  the different  results as the most isolated organism 

was E. coli (20.1%) and S. aureus (17.8%) and were primarily isolated in UTI and SSI (8). 

Different results were also seen in the other two studies combining both HAI and 

Community acquired infection (CAI). They were conducted in CHUK adults surgical and 

medical wards where both found E. coli as the most common isolated germ at a rate of  

42% in the study of Muvunyi et al(20) and 56.4% from the study of Ntirenganya et al(13). 

The antimicrobial resistance rates were more than 50% in all tested antibiotics except 

carbapenem (36.14%), nitrofurantoin (33.33%), amikacin (17.28%), and chloramphenicol 

(12.5%). The highest resistance was seen to gentamycin (100%), sulfonamide (96.8%) and 

cephalosporin (94.4%).  This reflects the high rate of polymicrobial resistance. In others 

previously done studies at CHUK revealed the microbial resistance  of HAI of 74% to third 

generation cephalosporin  according to Muvunyi et al (20); and  the resistance to penicillin, 

trimethoprim sulfamethoxazole, and Ampicillin was 91.8%, 83.3%, and 81.8% 

respectively according to Habyarimana et al(19). This is not too far to the results of our 

study. The almost similar results to ours were found by Aleksa Despotovic et al in India in 

year 2020 where the  resistance rate to all antibiotics were more than 50% except 

tigecycline (14%), colistin (9%), and linezolid(0.0%)(67). The CHUK IPC team has 

developed differently guidelines in order to fight against HAI. These are like: Prevention 

of health care associated respiratory tract infection guidelines; Prevention of catheter 

associated urinary tract infection guidelines; Prevention of intravascular associated 

infection guideline; Prevention of surgical site infection guideline; Cleaning, disinfection 

and sterilization guideline; Management of healthcare waste guideline; Environmental 

hygiene guideline; Hand Hygiene guideline; Management of infectious patients’ 

guidelines, clothes changing, visitors management and others.  These guidelines have to be 

revised and implemented in order to reduce the rate of HAI in ICU of CHUK. We can also 

encourage to do a de-escalation of antibiotics and other strategies such us early controlling 

source of infection, use of high initial antibiotic dose, doing culture before new antibiotics, 

previous knowledge about individual, unit or hospital colonizing flora, may help to reduce 

the rate of antimicrobial resistance in ICU of CHUK. Note that CHUK laboratory is not 

testing some antibiotics like Colistin, 4th generation cephalosporin and sometimes 

polymyxin B. For this reason, if the laboratory of CHUK increases its capacity of testing 
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all antibiotics, we might have the whole picture of antimicrobial resistance as well as 

widening the antimicrobial treatments options for clinicians.   
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CHAPTER FIVE. CONCLUSION, LIMITATIONS AND 
RECOMMENDATIONS 
 

The incidence of HAI and antimicrobial resistance in ICU of CHUK is high. The most 

common type of HAI is VAP and Klebsiella is the most isolated microorganism. The 

revision and implementation of the existing IPC measures and guidelines is needed in order 

to reduce the infection rate. The proper use of antibiotics with its de-escalation and other 

strategies regarding antibiotics use are needed in order to reduce the resistance as well as 

reduction of the risks of polymicrobial resistance. The recruitment of a good number of 

specialized staffing (enough number of critical care nurses and intensivists) as well as 

reduction of working hours is paramount in reduction of HAI in ICU of CHUK. The 

augmentation of the CHUK laboratory capacity to test all available antibiotics demonstrate 

the whole picture of microbial resistance as well as improved clinical outcome to patients 

with HAI.  However, in our study we had some limitations such as assessments of the 

hospital acquired infection caused by nonbacterial microorganisms like fungi, viruses, 

parasites; Evaluation of the additional predisposing factors to HAI other than listed in our 

study such as comorbidities, criticability and others; retrospective study, all due to limited 

time and unfunded study. For these reasons we recommend further studies with larger 

sample size and prospective method to be conducted in order to fill these gaps mentioned 

above.  

 

 

 

 

 

 

 

 



 

28 
 

REFERENCES. 
 

1. Girard R, Perraud M, Herriot HE, Prüss A, Savey A, Tikhomirov E, et al. WORLD 
HEALTH ORGANIZATION. :72.  

2. Maki DG, Crnich CJ, Safdar N. Nosocomial Infection in the Intensive Care Unit. In: 
Critical Care Medicine [Internet]. Elsevier; 2008 [cited 2022 Aug 2]. p. 1003–69. 
Available from: https://linkinghub.elsevier.com/retrieve/pii/B9780323048415500534 

3. Landelle C, Pittet D. Definition, epidemiology, and general management of 
nosocomial infection [Internet]. Vol. 1. Oxford University Press; 2016 [cited 2022 Jul 
20]. Available from: 
http://oxfordmedicine.com/view/10.1093/med/9780199600830.001.0001/med-
9780199600830-chapter-283 

4. Alp E, Damani N. Healthcare-associated infections in Intensive Care Units: 
epidemiology and infection control in low-to-middle income countries. J Infect Dev 
Ctries. 2015 Oct 29;9(10):1040–5.  

5. Despotovic et al. - 2020 - Hospital-acquired infections in the adult intensiv.pdf.  

6. Alberti C, Brun-Buisson C, Burchardi H, Martin C, Goodman S, Artigas A, et al. 
Epidemiology of sepsis and infection in ICU patients from an international 
multicenter cohort study. Intensive Care Med. 2002 Feb;28(2):108–21.  

7. Suetens C, Latour K, Kärki T, Ricchizzi E, Kinross P, Moro ML, et al. Prevalence of 
healthcare-associated infections, estimated incidence and composite antimicrobial 
resistance index in acute care hospitals and long-term care facilities: results from two 
European point prevalence surveys, 2016 to 2017. Intensive Care. :18.  

8. World Health Organization. Global report on the epidemiology and burden of sepsis: 
current evidence, identifying gaps and future directions [Internet]. Geneva: World 
Health Organization; 2020 [cited 2022 Jul 17]. Available from: 
https://apps.who.int/iris/handle/10665/334216 

9. Gunasekaran S, Mahadevaiah S. Healthcare-associated Infection in Intensive Care 
Units: Overall Analysis of Patient Criticality by Acute Physiology and Chronic 
Health Evaluation IV Scoring and Pathogenic Characteristics. Indian J Crit Care Med. 
2020 Apr 1;24(4):252–7.  

10. Vincent JL, Sakr Y, Singer M, Martin-Loeches I, Machado FR, Marshall JC, et al. 
Prevalence and Outcomes of Infection Among Patients in Intensive Care Units in 
2017. 2020;10.  

11. Stewart S, Robertson C, Pan J, Kennedy S, Haahr L, Manoukian S, et al. Impact of 
healthcare-associated infection on length of stay. J Hosp Infect. 2021 Aug; 114:23–
31.  

12. Bayingana C, Sendegeya A, Habarugira F, Mukumpunga C, Lyumugabe F, Ndoli J. 
Hospital acquired infections in pediatrics unit at Butare University Teaching Hospital 
(CHUB). Rwanda J Med Health Sci. 2020 Feb 4;2(3):272.  



 

29 
 

13. Ntirenganya C, Muvunyi CM, Manzi O, Ogbuagu O. High Prevalence of 
Antimicrobial Resistance Among Common Bacterial Isolates in a Tertiary Healthcare 
Facility in Rwanda. Am J Trop Med Hyg. 2015 Apr 1;92(4):865–70.  

14. Vincent JL, Sakr Y, Singer M, Martin-Loeches I, Machado FR, Marshall JC, et al. 
Prevalence and Outcomes of Infection Among Patients in Intensive Care Units in 
2017. JAMA. 2020 Apr 21;323(15):1478.  

15. Hopkinson DA, Mvukiyehe JP, Jayaraman SP, Syed AA, Dworkin MS, Mucyo W, et 
al. Sepsis in two hospitals in Rwanda: A retrospective cohort study of presentation, 
management, outcomes, and predictors of mortality. Ehrman R, editor. PLOS ONE. 
2021 May 26;16(5): e0251321.  

16. Jroundi I, Khoudri I, Azzouzi A, Zeggwagh AA, Benbrahim NF, Hassouni F, et al. 
Prevalence of hospital-acquired infection in a Moroccan university hospital. Am J 
Infect Control. 2007 Aug;35(6):412–6.  

17. Phu VD. BURDEN, ETIOLOGY, AND CONTROL OF HOSPITAL ACQUIRED 
INFECTION IN INTENSIVE CARE UNITS IN VIETNAM. :209.  

18. Lukas S, Hogan U, Muhirwa V, Davis C, Nyiligira J, Ogbuagu O, et al. 
Establishment of a hospital-acquired infection surveillance system in a teaching 
hospital in Rwanda. Int J Infect Control [Internet]. 2016 Sep 2 [cited 2022 Jul 
21];12(3). Available from: http://www.ijic.info/article/view/16200 

19. Habyarimana T, Murenzi D, Musoni E, Yadufashije C, Niyonzima FN. 
Bacteriological Profile and Antimicrobial Susceptibility Patterns of Bloodstream 
Infection at Kigali University Teaching Hospital. Infect Drug Resist. 2021 Feb; 
Volume 14:699–707.  

20. Muvunyi V, Mpirimbanyi C, Katabogama JB, Cyuzuzo T, Nkubana T, Mugema JB, 
et al. Community- and Hospital-Acquired Infections in Surgical patients at a Tertiary 
Referral Hospital in Rwanda. World J Surg. 2020 Oct;44(10):3290–8.  

21. Members, Bouza E, Brun-Buisson C, Chastre J, Ewig S, Fagon JY, et al. Ventilator-
associated pneumonia. European Task Force on ventilator-associated pneumonia 
Chairmen of the Task Force: A. Torres and J. Carlet. Eur Respir J. 2001 May 
1;17(5):1034–45.  

22. Chi SY, Kim TO, Park CW, Yu JY, Lee B, Lee HS, et al. Bacterial Pathogens of 
Ventilator Associated Pneumonia in a Tertiary Referral Hospital. Tuberc Respir Dis. 
2012;73(1):32.  

23. Gould CV, Umscheid CA, Agarwal RK, Kuntz G, Pegues DA. Guideline for 
Prevention of Catheter-Associated Urinary Tract Infections (2009). 2019;61.  

24. Liu Y, Xiao D, Shi X hui. Urinary tract infection control in intensive care patients. 
Medicine (Baltimore). 2018 Sep;97(38): e12195.  

25. Laupland KB, Bagshaw SM, Gregson DB, Kirkpatrick AW, Ross T, Church DL. [No 
title found]. Crit Care. 2005;9(2): R60.  



 

30 
 

26. Wenzel R. The Impact of Hospital-Acquired Bloodstream Infections. Emerg Infect 
Dis. 2001 Apr;7(2):174–7.  

27. Maki DG, Crnich CJ, Safdar N. Nosocomial Infection in the Intensive Care Unit. In: 
Critical Care Medicine [Internet]. Elsevier; 2008 [cited 2021 Sep 23]. p. 1003–69. 
Available from: https://linkinghub.elsevier.com/retrieve/pii/B9780323048415500534 

28. Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC, et al. Clinical 
Practice Guidelines for Clostridium difficile Infection in Adults: 2010 Update by the 
Society for Healthcare Epidemiology of America (SHEA) and the Infectious Diseases 
Society of America (IDSA). Infect Control Hosp Epidemiol. 2010 May;31(05):431–
55.  

29. Polage CR, Solnick JV, Cohen SH. Nosocomial Diarrhea: Evaluation and Treatment 
of Causes Other Than Clostridium difficile. Clin Infect Dis. 2012 Oct 1;55(7):982–9.  

30. Parker MT, editor. Hospital-acquired infections: guidelines to laboratory methods. 
Copenhagen: [Albany, N.Y: World Health Organization, Regional Office for Europe; 
obtainable from WHO Publications Centre]; 1978. 63 p. (WHO regional publications: 
European series; no. 4).  

31. Shahida SM, Islam A, Dey BR, Islam F, Venkatesh K, Goodman A. Hospital 
Acquired Infections in Low- and Middle-Income Countries: Root Cause Analysis and 
the Development of Infection Control Practices in Bangladesh. Open J Obstet 
Gynecol. 2016;06(01):28–39.  

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. :9.  

33. Çelı̇K İ, Denk A, Akif M. Prevalence of Hospital Acquired Infections in 
Anesthesiology Intensive Care Unit. :4.  

34. Sutherland T, Mpirimbanyi C, Nziyomaze E, Niyomugabo JP, Niyonsenga Z, 
Muvunyi CM, et al. Widespread antimicrobial resistance among bacterial infections 
in a Rwandan referral hospital. Yahav D, editor. PLOS ONE. 2019 Aug 23;14(8): 
e0221121.  

35. Unver E. Microorganisms Causing Ventilator-Associated Pneumonia and Their 
Antibiotic Susceptibility. Eurasian J Med Investing [Internet]. 2019 [cited 2022 Aug 
12]; Available from: https://www.ejmi.org/10.14744/ejmi.2019.14976/ 

36. Haq UU, Awan HN, Raja W, Wali W, Sultan N. MICROBIOLOGICAL 
ORGANISMS AND THEIR ANTIMICROBIAL SENSITIVITY CAUSING 
VENTILATOR ASSOCIATED PNEUMONIA (VAP). :7.  

37. Maebed AZM, Gaber Y, Bakeer W, Dishisha T. Microbial etiologies of ventilator-
associated pneumonia (VAP) in intensive care unit of Beni-Suef University’s 
Hospital. Beni-Suef Univ J Basic Appl Sci. 2021 Dec;10(1):41.  



 

31 
 

38. Kelkar R, Sangale A, Bhat V, Biswas S. Microbiology of Ventilator-associated 
Pneumonia in a Tertiary Care Cancer Hospital. Indian J Crit Care Med. 2021 Apr 
1;25(4):421–8.  

39. Mahabubul Islam Majumder Md, Ahmed T, Ahmed S, Rahman Khan A. 
Microbiology of Catheter Associated Urinary Tract Infection. In: Behzadi P, editor. 
Microbiology of Urinary Tract Infections - Microbial Agents and Predisposing 
Factors [Internet]. IntechOpen; 2019 [cited 2022 Aug 12]. Available from: 
https://www.intechopen.com/books/microbiology-of-urinary-tract-infections-
microbial-agents-and-predisposing-factors/microbiology-of-catheter-associated-
urinary-tract-infection 

40. Arina S, Shamsuzzaman S. Antibiotic sensitivity patterns of uropathogens isolated 
from catheterized patients in a tertiary care hospital in Dhaka, Bangladesh. Urol 
Nephrol Open Access J. 2021 Aug 23;9(3):61–6.  

41. Saleem M, Syed Khaja AS, Hossain A, Alenazi F, Said KB, Moursi SA, et al. 
Catheter-Associated Urinary Tract Infection in Intensive Care Unit Patients at a 
Tertiary Care Hospital, Hail, Kingdom of Saudi Arabia. Diagnostics. 2022 Jul 
12;12(7):1695.  

42. Ramadan R, Omar N, Dawaba M, Moemen D. Bacterial biofilm dependent catheter 
associated urinary tract infections: Characterization, antibiotic resistance pattern and 
risk factors. Egypt J Basic Appl Sci. 2021 Jan 1;8(1):64–74.  

43. Chevel J, Nicola F, Moreno N, Torres D, Rearte AN, Herrera F, et al. Bloodstream 
Polymicrobial Infections: Do they have any impact on mortality? Int J Infect Dis. 
2018 Aug; 73:290–1.  

44. Kumar V, Bhatnagar S, Gupta N, Garg VK, Mishra S, Sachidanand B, et al. 
Microbial and Antibiotic Susceptibility Profile among Isolates of Clinical Samples of 
Cancer Patients admitted in the Intensive-care Unit at Regional Tertiary Care Cancer 
Center: A Retrospective Observational Study. Indian J Crit Care Med. 2019 
Feb;23(2):67–72.  

45. Cortes JA, Leal AL, Montañez AM, Buitrago G, Castillo JS, Guzman L. Frequency 
of microorganisms isolated in patients with bacteremia in intensive care units in 
Colombia and their resistance profiles. Braz J Infect Dis. 2013 May;17(3):346–52.  

46. Begum SA, Afreen S, Rashid A, Farhana N. Isolation of Aerobic Bacteria from 
Surgical Site Infection and their Antibiotic Susceptibility Pattern. Bangladesh J Infect 
Dis. 2017 Apr 23;2(2):28–32.  

47. Negi V. Bacteriological Profile of Surgical Site Infections and Their Antibiogram: A 
Study from Resource Constrained Rural Setting of Uttarakhand State, India. J Clin 
Diagn Res [Internet]. 2015 [cited 2022 Aug 12]; Available from: 
http://jcdr.net/article_fulltext.asp?issn=0973-
709x&year=2015&volume=9&issue=10&page=DC17&issn=0973-709x&id=6698 

48. Mukagendaneza MJ, Munyaneza E, Muhawenayo E, Nyirasebura D, Abahuje E, 
Nyirigira J, et al. Incidence, root causes, and outcomes of surgical site infections in a 



 

32 
 

tertiary care hospital in Rwanda: a prospective observational cohort study. Patient Saf 
Surg. 2019 Dec;13(1):10.  

49. Afroz H, Fakruddin M, Masud MR, Islam K. Incidence of and risk factors for 
Hospital Acquired Infection in a Tertiary Care Hospital of Dhaka, Bangladesh. 
Bangladesh J Med Sci. 2017 Jun 9;16(3):358–69.  

50. Ntirenganya C, Muvunyi CM, Manzi O, Ogbuagu O. High Prevalence of 
Antimicrobial Resistance Among Common Bacterial Isolates in a Tertiary Healthcare 
Facility in Rwanda. Am J Trop Med Hyg. 2015 Apr 1;92(4):865–70.  

51. Khan HA, Baig FK, Mehboob R. Nosocomial infections: Epidemiology, prevention, 
control and surveillance. Asian Pac J Trop Biomed. 2017 May;7(5):478–82.  

52. European Centre for Disease Prevention and Control. Surveillance of healthcare-
associated infections in intensive care units: HAI Net ICU protocol, version 2.2. 
[Internet]. LU: Publications Office; 2017 [cited 2022 Aug 2]. Available from: 
https://data.europa.eu/doi/10.2900/833186 

53. Dudeck MA, Weiner LM, Allen-Bridson K, Malpiedi PJ, Peterson KD, Pollock DA, 
et al. National Healthcare Safety Network (NHSN) Report, Data Summary for 2012, 
Device-associated Module. 2015;50.  

54. 2021 NHSN Patient Safety Component Manual. 2021;428.  

55. Muturi SM, Wachira FN, Karanja LS, Njeru LK, Samant P, J. O Okechukwu, et al. 
Recent Advances in Biological Research Vol. 3 [Internet]. Iriti DrM, editor. Book 
Publisher International (a part of SCIENCEDOMAIN International); 2019 [cited 
2022 Aug 2]. Available from: http://bp.bookpi.org/index.php/bpi/catalog/book/50 

56. Agrawal A, Gandhe M, Gandhe S, Agrawal N. Study of length of stay and average 
cost of treatment in Medicine Intensive Care Unit at tertiary care center. J Health Res 
Rev. 2017;4(1):24.  

57. Markwart R, Saito H, Harder T, Tomczyk S, Cassini A, Fleischmann-Struzek C, et al. 
Epidemiology and burden of sepsis acquired in hospitals and intensive care units: a 
systematic review and meta-analysis. Intensive Care Med. 2020 Aug;46(8):1536–51.  

58. Peres IT, Hamacher S, Oliveira FLC, Thomé AMT, Bozza FA. What factors predict 
length of stay in the intensive care unit? Systematic review and meta-analysis. J Crit 
Care. 2020 Dec; 60:183–94.  

59. Job M, Monachan M, Scaria R, Babu M. COMPARATIVE STUDY OF 
INCIDENCE RATES AND ANTIBIOGRAM OF CATHETER-ASSOCIATED 
URINARY TRACT INFECTIONS IN INTENSIVE CARE UNIT VERSUS NON-
INTENSIVE CARE UNIT AT A TERTIARY CARE TEACHING HOSPITAL. 
Asian J Pharm Clin Res. 2021 May 7;167–72.  

60. Talaat M, Hafez S, Saied T, Elfeky R, El-Shoubary W, Pimentel G. Surveillance of 
catheter-associated urinary tract infection in 4 intensive care units at Alexandria 
university hospitals in Egypt. Am J Infect Control. 2010 Apr;38(3):222–8.  



 

33 
 

61. Kanj SS, Zahreddine N, Rosenthal VD, Alamuddin L, Kanafani Z, Molaeb B. Impact 
of a multidimensional infection control approach on catheter-associated urinary tract 
infection rates in an adult intensive care unit in Lebanon: International Nosocomial 
Infection Control Consortium (INICC) findings. Int J Infect Dis. 2013 Sep;17(9): 
e686–90.  

62. Mukakamanzi J. KNOWLEDGE, ATTITUDE AND PRACTICE OF NURSES 
TOWARDS THE PREVENTION OF CATHETER ASSOCIATED URINARY 
TRACT INFECTION IN SELECTED REFERRAL HOSPITALS IN RWANDA. :90.  

63. Seneff MG, Zimmerman JE, Knaus WA, Wagner DP, Draper EA. Predicting the 
Duration of Mechanical Ventilation. Chest. 1996 Aug;110(2):469–79.  

64. Sundar KM, Nielsen D, Sperry P. Comparison of ventilator-associated pneumonia 
(VAP) rates between different ICUs: Implications of a zero VAP rate. J Crit Care. 
2012 Feb;27(1):26–32.  

65. Balkhy HH, El-Saed A, Al-Abri SS, Alsalman J, Alansari H, AL Maskari Z, et al. 
Rates of central line–associated bloodstream infection in tertiary care hospitals in 3 
Arabian gulf countries: 6-year surveillance study. Am J Infect Control. 2017 
May;45(5): e49–51.  

66. Salama MF, Jamal W, Al Mousa H, Rotimi V. Implementation of central venous 
catheter bundle in an intensive care unit in Kuwait: Effect on central line-associated 
bloodstream infections. J Infect Public Health. 2016 Jan;9(1):34–41.  

67. Despotovic A, Milosevic B, Milosevic I, Mitrovic N, Cirkovic A, Jovanovic S, et al. 
Hospital-acquired infections in the adult intensive care unit—Epidemiology, 
antimicrobial resistance patterns, and risk factors for acquisition and mortality. Am J 
Infect Control. 2020 Oct;48(10):1211–5.  

68. Mvukiyehe JP, Tuyishime E, Ndindwanimana A, Rickard J, Manzi O, Madden GR, et 
al. Improving hand hygiene measures in low-resourced intensive care units: 
experience at the Kigali University Teaching Hospital in Rwanda. Int J Infect Control 
[Internet]. 2021 [cited 2022 Aug 24]; Available from: 
https://www.ijic.info/article/view/20585 

69. Timsit JF, Harbarth S, Carlet J. De-escalation as a potential way of reducing 
antibiotic use and antimicrobial resistance in ICU. Intensive Care Med. 2014 
Oct;40(10):1580–2.  

  

 

 

 

 

 



 

34 
 

APPENDIX. 

DATA COLLECTION TOOL 
1. Hospital ID, initials 

2. Date of hospital admission 

3. Date of ICU admission 

4. Duration of ICU stay (days 

5. Duration of hospital stay (days) 

6. Age 

7. Sex M/F 

8. Admitting Diagnosis 

9. Intubated? Y/N 

10. Duration of ETT 

11. Urinary catheter? Y/N 

12. Duration of catheter 

13. Central line? Y/N 

14. Duration of central line 

15. Surgery? Y/N 

16. What surgery? 

17. Admitted in ICU with HAI? Y/N 

18. HAI during the time of ICU stay? 

Y/N 

19. What HAI? (Can be more than one: 

HAP, VAP, UTI, CAUTI, 

CLABSI, PBSI, Clostidium 

difficile infection). 

v HAP? Y/N 

ü Was a sample 

collected?                                   

ü What 

pathogen? 

ü Antibiogram 

v VAP? Y/N:
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v  

ü Was a sample 

collected?                                   

ü What 

pathogen? 

ü Antibiogram 

v CAUTI? Y/N 

ü Was a sample 

collected?                                   

ü What 

pathogen? 

ü Antibiogram 

v CLABSI? Y/N 

ü Was a sample 

collected?                                   

ü What 

pathogen? 

ü Antibiogram 

v PBSI? Y/N 

ü Was a sample 

collected?                                   

ü What 

pathogen? 

ü Antibiogram 

v CLOSTRIDIUM 

DIFFICILE? Y/N 

ü Was a sample 

collected?                                   

ü What 

pathogen? 

ü Antibiogram 

v SSI? Y/N 

ü What type of SSI? superficial, 

deep, organ space 

ü Was a sample collected? 

ü What pathogen? 

ü Antibiogram  

Antibiotic  Sens

it               

Resi

s 

Not 

tes  

Cephalothin 

  

   

Cefuroxime 

  

   

Ceftriaxone    

Cefoxitin 

  

   

Cefotaxime 

  

   

Ceftazidime/clavulan

ate 

   

Cefotaxime/clavulana

te 

   

Clindamycin    

TMP/SMX (Bactrim)

  

   

Amikacin 

  

   

Amoxicillin/clavulana

te 

   

Erythromycin 
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Gentamicin 

  

   

Imipenem 

  

   

Pipercillin 

  

   

Vancomycin 

  

   

Tetracycline 

  

   

Penicillin 

  

   

Ampicillin 

  

   

Ciprofloxacin 

  

   

Polymixin B    

Others    
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