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Background: Hospital acquired infection is the most common cause of morbidity and mortality for hospitalized patients. Ninety percent of hospital acquired infections are due to bacterial infection. Assessing the rate of hospital acquired infection will be helpful for appropriate interventions that will reduce mortality, morbidity and higher treatment expenditure.
Objective: This study was aimed to assess the magnitude and antimicrobial resistance profile of hospital acquired bacterial infection among patients admitted in different wards of Debre Markos Referral hospital.
Methods: Hospital based cross-sectional study was conducted among patients admitted in different wards of DMRH from April, 2018 to July, 2018. Data was collected using a structured questionnaire via face to face interview and patient card review. A total of 365 patients with presumptive of HAI were included using convenient sampling technique. Clinical specimens were processed in to appropriate culture media and organism isolated using Gram staining and biochemical test. Antimicrobial susceptibility test was performed for isolates based on Kirby Bauer Disk diffusion technique. Data was coded, entered and analyzed with SPSS version 23.Odds Ratio (OR), p-value and their 95% Confidence Intervals (CI) were calculated and the result was considered statistically significant at P < 0. 05.
Result: The magnitude of hospital acquired bacterial infection at DMRH was 78(21.4%). Staphylococcus aureus 28(7.7%) and E. coli 12(3.3%) organism were the most common agents of hospital acquired infection. Multidrug resistance rate of isolates were 52.3% and Pseudomonas aeruginosa had 63.4% rate of multidrug resistance. Patients hospitalized for ≥5 days, admitted on unclean bed sheet, irregular implementation of aseptic procedure in patients care, urinary catheterization, and surgery  were significantly associated with hospital acquired bacterial infection.

Conclusions and Recommendations: The magnitude of HABI rate was high in the study area. The bacterial isolates from patients were also highly resistant for commonly prescribed antimicrobial drugs. Great effort should be carried out to minimize Hospital acquired infection and multi drug resistance.
Key words:  Hospital acquired infection, DMRH, MDR, Ethiopia.
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[bookmark: _Toc522005408][bookmark: _Toc528454755]1.1 Background
Hospital acquired infection (HAI) is the most cause of morbidity and mortality for hospitalized patients. It affects the quality care of 100 million of peoples every year in the globe (Allegranzi et al., 2011). It simply contracted in the course of hospital stay for some other reasons (WHO, 2016). Hospital-acquired infections (HAIs) defined as a localized or systemic condition that results from an adverse reaction to the presence of an infectious agent(s) or their toxin(s) and occurring after 48 hours or more hospital admission that was not incubating at the time of admission (CDC, 2016). It contracted from the environment or staff of a healthcare facility and can be transmitted to a susceptible patient in a clinical setting by a number of medium including contaminated equipment, bed linens, or air droplets (Khan et al., 2015).
The clinical spectrum caused by nosocomial pathogens depend on body site of colonization, the involving pathogen and the patient's underlying condition (Khan et al., 2015). Infection development of nosocomial pathogen dependent on two key patho-physiological factors: decreased host defenses and colonization by pathogenic, or potentially pathogenic, bacteria (Custovic et al., 2014). Structural and nonstructural virulence factors of bacteria are responsible for the observed clinical manifestation (Horan et al. 2008). Due to their underlying diseases conditions, patients admitted in intensive care unit (ICU) are at unusually high risk of infection & they tend to be more susceptible (Trubiano & Padiglione, 2015).The common types of HAIs are: Surgical site infection (SSI), soft tissue and wound infection, lower respiratory tract infection (LRTI), blood stream infection (BSI), urinary tract infection (UTI) (Custovic et al., 2014; Khan et al., 2015). Most HAIs are due to bacteria as the result of presence of endogenous microbial flora, increasing use of antimicrobial agents and advance in life saving medical practices which expose the patients for invasive procedures (Bereket et al., 2012). Pathogens commonly causes HAIs are: S. aureus, Cogulase Negative Staphylococci (CoNS), K. pnemoniea, Acinitobacter spp, P. aeroginosa, Enterococci spp. E. coli, Citrobacter spp. & Clostridium spp. (Custovic  et al., 2014). 
Hence, the types of bacteria and their resistance to antibiotics are different from bacteria outside of the hospital environments (Khan et al., 2015). Most of the high profile nosocomial organisms are multi-drug resistant (MDR) either with acquired or intrinsic resistance (Geffers & Gastmeier, 2011). Methicillin-resistant Staphylococcus aurous (MRSA) (Horan et al., 2008) and extended-spectrum -lactamase (ESBL) producing pathogens are frequently induced nosocomial infection (NI) (Bereket et al., 2012; Shaikh et al., 2015).
Despite improvements in operating room practices, better surgical technique and the best efforts of infection prevention strategies: surgical site infections and blood stream infections remain major types of hospital acquired infections. In developing countries where resources are limited, there is still high infection rates and mortality (Allegranzi  et al., 2011).
Study showed that, most of the hospitals in Africa have no effective infection control program (Najad et al., 2011). This can be attributed to a lack of awareness of the problem, lack of personnel, poor water supply, erratic supply of electricity, ineffective antibiotic policies resulting in the emergence of multiple antibiotic-resistant microbes, poor laboratory backup, poor funding, and poor adherence to safe practices by health care workers. Therefore, it is important to know the magnitude and drug resistance profiles of hospital acquired bacterial infection for appropriate intervention to be taken.
.










[bookmark: _Toc522005409][bookmark: _Toc528454756]1.2 Statement of the problem	
Hospitalized patients are susceptible to hospital acquired infection. The incidence rate of HAIs increased day to day (Breathnach, 2013). The factor that can account for the higher infection rate may be the availability of high number of patients, lack of knowledge of patients about the  burden as well as prevention, improper monitoring and setup of the hospital & its environmental complexity (Nejad et al., 2011;Saleem et al., 2014; WHO, 2016). About 20%–25% of hospital waste serves as potential source of nosocomial pathogens (Khan et al., 2015). However, many intrinsic and extrinsic factors predispose hospitalized patients for infections of nosocomial pathogens (Rosenthal et al., 2012). 
Hospital acquired bacterial infection affects the quality care of about 100 millions of people every year in the globe (Allegranzi et al., 2011). In Africa, it reported that cumulative incidence of nosocomial infection varies from 5.7% to 45.8% (Nejad et al., 2011). While in developed countries, it was 5 to 10% (Allegranzi et al., 2011). According to WHO estimates, approximately 15% of all hospitalized patients suffer from nosocomial infections (NI) (WHO, 2016).The prolonged and imprudent use of antibiotics lead to the emergence of resistant bacteria during hospitalization of which contributing to high morbidity and mortality (Khan et al., 2015). These antibiotics resistant pathogens are existed in hospital environment, health care personnel or inpatients (Amare et al., 2012; Khan et al., 2015; Solomon et al., 2017). Antibiotic resistance has been associated with multiple poor outcomes and increased health care costs (Thaden et al ., 2017). It has been estimated that by 2050 antibiotic resistance will be responsible for 300 million deaths and drain up to $100 trillion from the world’s gross domestic product(Thaden et al ., 2017 ). It has been reported that 90% of hospital acquired infections are associated with bacterial infection & most Gram-negative bacteria cause thousands of HAIs each year (Saleem et al., 2014). 
Hospital acquired bacterial infections are further complicated by increasing prevalence of multidrug resistant bacteria infection. Earlier findings  showed that, methicillin resistant S. aureus (MRSA) due  to acquisition of mecA gene which is resistance to all penicillin antibiotics, cephalosporins, and extended spectrum beta-lactamase producing Enterobacteriaceae, ceftazidime-resistant P. aeruginosa,, Imipenem-resistant A.baurmannii, oxacillin resistant coagulase negative Staphylococci (CoNS), and Vancomycin resistant Entrococci (VRE) are the most frequent nosocomial pathogen which are commonly encountered in the hospital environment (Bereket et al.,2012; Mehta et al., 2014;Blair et al.,2015;Solomon et al., 2017).
Post-surgical wound infections are global problem in the field of surgery associated with long hospital stay, higher treatment expenditure, morbidity and mortality (Rosenthal et al., 2012). Treatment of patients who had  hospital acquired infections is becoming difficult due to the increasing trend of antibiotics resistance & inducing prolonged hospitalization, incurring massive costs (Allegranzi et al., 2011:Bereket et al., 2012).  Advances in infection control have not completely eradicated these problems, because of the high prevalence of drug resistance pathogens (Khan et al., 2015).
Now a day, progressive increased of hospital acquired and multidrug resistant bacterial infection becoming major public health problem in health care settings. Therefore, it is important to notify the magnitude of HABI & identify antimicrobial resistant pathogens from patients admitted in hospital wards. 
Current knowledge on antibiotic resistance pattern is essential for appropriate therapy. Moreover, there were no adequate evidence that explains magnitude of hospital acquired bacterial infection, antimicrobial resistance profiles and revealing its predisposing factors in study area. Therefore, this study was aimed to determine the magnitude and antimicrobial resistance profile of hospital acquired bacterial infection.  
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Hospital acquired infection becoming major public health problem in the world (Allegranzi et al., 2011). National Healthcare Safety Network with Center for Disease Control (CDC) for surveillance has classified Hospital acquired infection sites into 13 types, with 50 infection sites, which are specific on the basis of biological and clinical criteria (WHO, 2016). Different Studies reported that, urinary tract infections (UTI), surgical site infection (SSI) wound and soft tissue infections, gastroenteritis, meningitis, blood stream infection (BSI) and respiratory infections are the  common types of HAIs in developing countries (Melaku et al., 2012; Bhatt et al., 2014;Yallew et al., 2016;Elis et al., 2015). However, SSI and BSI the most common sites of infection patient under gone operative surgery (Endalafer et al,, 2011; Mulu et al., 2012; Amenu et al., 2011). Here are different studies that showed types of HAIs, etiologic agent, source   and epidemiology of HAIs.
[bookmark: _Toc506361515][bookmark: _Toc522005412][bookmark: _Toc528454758]1.3.1 Etiologic agents of hospital acquired infections
Hospital acquired infections are caused by many microbes and each one can cause infection in health care settings (CDC, 2016). Bacteria are responsible for about 90% of infections (Saleem et al., 2014).  Earlier studies  showed that, Streptococcus spp., Acinetobacter spp., Enterococci spp., P. aeruginosa, CoNS, S. aureus , P. mirablis, K. pneumonia, E. coli, S. marcescens, and salmonella spp. are the most common pathogen of  HABI (Peleg & Hooper, 2010; Tabah  et al., 2012; Khan et al., 2015; Elis et al., 2015). Pseudomonas aeruginosa, S. aureus and E. coli have a major role in UTI & blood stream infection(BSI) (Tabah et al., 2012;Melaku et al., 2012; Bhatt et al., 2014; Elis et al., 2015; Yallew et al., 2016). Moreover, S. aureus is a leading cause of hospital-acquired lower respiratory tract and surgical site infections (Blair et al., 2015). 
[bookmark: _Toc506361516][bookmark: _Toc522005413][bookmark: _Toc528454759]1.3.2 Source of hospital acquired infection 
Study showed that, the preceding contamination, the personnel, the patients, or the inanimate environment has been the sources of HAIs (Khan et al., 2015; Solomon et al., 2017). Study conducted in Southern Ethiopia showed that indoor air is the source of HAI (Solomon et al., 2017). The source of an outbreak of hospital acquired infection may also be a health worker who is infected or colonized with typical microbes like Staphylococcus aureus, which may be carried in the nasal passages of 30-60% of personnel (Blair et al., 2015; Peterson & Schora, 2016 ; Solomon et al., 2017). 
[bookmark: _Toc506361519][bookmark: _Toc522005416][bookmark: _Toc528454760]1.3.3 Epidemiology of hospital acquired infection	
Studies showed the magnitude of hospital acquired infection and predisposing factors around the world. A cross-sectional study conducted in China showed an overall 3.6% prevalence of HABIs. Accordingly, respiratory tract infections were the most common type (64.7 %) of HAIs, followed by urinary tract infections (12.6 %) and bloodstream infections (5.4 %) (Yang et al., 2011). Similar study conducted in Poland showed 7.4 % of hospitalized patient acquire HABIs (Deptuła  et al., 2017). A study conducted in Auckland showed that, HABI rate was 17.1 %  and respiratory and blood stream infections were the commonest types of HAIs (Keshni  et al., 2016).
A cross-sectional study conducted in Brazil showed 13.0% prevalence rate of HABI. Hence, urinary tract infection was the most frequent type of HAIs which accounted 37.6% cases, followed by pneumonia 25.6%, Blood Stream infection 15.1%, and Surgical site infection 14.1 % (Marra et al., 2011). Study conducted in India showed 26.1% prevalence rates of HABI (Saleem et al., 2014). Another study conducted in Burkina Faso also showed that surgical site infection as being the most common type, followed by urinary tract infection and hospital-acquired pneumonia (Najed et al., 2011). Moreover, 17.05 % of hospitalized patients acquired bacterial infection (Ahoyo et al., 2014).). Of which urinary tract infection were most frequent infections (37.5%) followed by intravascular catheter-associated infection (27%), and surgical site infection (19.2%), followed by lower respiratory tract infection or pneumonia (11.7%), and bloodstream infection (1.5%) (Ahoyo et al., 2014).
Study conducted in Uganda showed that 32 (28.8%) patients developed HABI (Agaba et al., 2016). A study from Kenya also showed 12.03% prevalence rate of hospital acquired infection and the most common HAI was UTI (9.0%), followed by BSI (Mutuli et al., 2016). Similar study conducted in Sudan, 48.1 % of patients found HABI (Nurain et al., 2015).
Different studies have been conducted in Ethiopia. Study conducted in Jimma, prevalence rate of HAI was 19.41% (Ali et al., 2016), in tertiary hospitals of Addis Abeba, 35.8 % developed HABI. Surgical site, urinary tract and blood stream infections comprised 38 (49.4%), 23 (29.8%) and 16 (20.8%), respectively (Endalafer et al., 2011).
Hospital based cross-sectional study carried out in Mekelle showed that, 96(75%) were aerobic culture positive (Mengesha et al., 2014). Similar study conducted in two teaching hospitals of Amhara regional state showed mean prevalence of 14.9% patients acquired HAIs. The most common type of HAI observed in this study was SSI (51%) (Yallew et al., 2016).
Study conducted at Felege Hiwot Referral Hospital (FHRH) Bahir Dar showed that, 10.9% of patients acquired bacterial infections. Surgical site and blood stream infections were found the common types of hospital acquired infections (Mulu et al., 2012). A cross-sectional study conducted in China, Gram-negative bacteria were most predominantly isolated pathogens accounted 67.1 % of total HABIs (Yang et al., 2011). However, study conducted in Japan showed, S. aureus (20.4 %) and E. faecalis (19.5 %) were the most common isolates, followed by Pseudomonas aeruginosa (15.4%) (Takesue et al., 2012).
Cross-sectional study conducted in Auckland showed that, Gram negative bacteria especially;  K.pneumoniae, Acinetobacter, and Pseudomonas species were the most frequently isolated (Keshni et\al., 2016). In addition, study conducted in India, Gram negative bacteria was isolated from 72.8% of patients who developed HAI. The isolation rate of P. aeruginesa, E. faecalis, S. aureus and CoNS were 43.5%, 73.9%, 34.8% and 17.4% respectively (Saleem et al ., 2014). Similar study conducted in another Indian hospital revealed, Gram negative bacteria were accounted 85.25% of total isolates (Bhatt et al., 2014).
Cross-sectional study conducted in Benin showed; Gram-negative bacteria were the predominant bacterial infection yielding prevalence rate of 65% among patients had hospital acquired bacterial infection (Ahoyo et al., 2014). Moreover, study conducted in Uganda the most etiologic agent of HAI was gram negative bacteria. Klebsiella pneumoniae (30%), Acinetobacter species (22%) and S. aureus (14%) were the most frequently isolated bacteria (Agaba et al., 2017). Study conducted in Sudan, the main microorganisms isolated from HAIs were: Proteus spp. (23.5%), Escherichia coli (22.2%), Pseudomonas aeruginosa (21.0%) and Staphylococcus aureus (20.2%) (Nurain et al., 2015).
Studies conducted in Ethiopia that identifying the etiologic agent of HAIs was limited. The study conducted in tertiary hospitals of Addis Abeba, showed, the most frequently bacterial isolates were Gram negative 58 (69.0%). Pseudomanas aeruginosa (22.7%) and E. coli (45.8%) were the major causes of surgical site and UTI respectively. Staphylococcus aureus was isolated in 37.5% of the BSI (Endalafer et al., 2011).Study conducted in Mekelle showed, S. aureus 35.77%, Klebsiella spp 22.76% and Coagulase Negative Staphylococci (14.63%) were the predominant bacterial isolates (Mengesha et al., 2014). Study conducted in two teaching hospitals of Amhara regional state showed Klebsiella spp and S. aureus were the most commonly isolated pathogen accounting 22.44% &20.4% respectively (Yallew et al., 2016). Moreover, study conducted in Bahir Dar,the predominant isolated organism was S. aureus accounting 26.2% followed by E. coli and CoNS (Mulu et al., 2012). 
Different studies have been also conducted to show the drug resistance pattern of hospital acquired bacterial infection. Study conducted in Japan showed that, 72% & 9.7 % of S. aureus isolated was methiciline & vancomycin resistant respectively. Moreover, 8.4 % of E. coli was resistant to ceftazidime (CAZ) and 26.3 % to ciprofloxacin. Pseudomonas aeruginosa had 7.4 % resistant to piperacillin, 2.8 % to cefepime, and 0 % to gentamicin (Takesue et al., 2012). In India, 65.38% of the total isolates were multi drug resistance (Bhatt et al., 2014). The highest production of MDR was found in Acinetobacter spp. followed by P. aeruginosa, K. pneumoniae and E. coli. In Gram positive cocci, the highest production of MDR was found in S. aureus. Staphylococcus aureus showed 100% sensitive to clindamycin whereas penicillin showed 100% resistance followed by amoxicillin (93.75%) (Bhatt et al., 2014). A study showed that most hospitals in developing countries, especially Africa, have no effective infection control program (Allegranzi, et al. 2011).
Cross-sectional study conducted in Uganda, showed multi drug resistance rate was 58% (Agaba et al., 2017). Study carried out in Mekelle, Ethiopia, showed that 102 (82.92%) of MDR rate for the commonly prescribed antibiotics in the hospital. However, 83.1% of Gram negative and 100% of Gram positive isolates was sensitive to gentamicin and vancomycin, respectively (Mengesha et al., 2014). Another study conducted in Addis Abeba showed more than 58 (75%) of the Gram-negative isolates showed MDR (Dessie et al., 2016). Study conducted in Gondar, the overall MDR resistant rate was 152 (70.4%)( Feleke et al., 2018).

A study conducted in Poland patients that developed hospital acquired infection was attributed with invasive procedures. Mainly through patient’s intra venous catheterization (30.2%), intubation (41.6%) and urinary catheterization (17.5%) (Deptuła  et al., 2017). Brazil showed associated with prolonged hospitalization (more than four days), and the use of invasive devices (Marra et al., 2011). 
Studies showed that most hospitals in developing countries, especially Africa, have no effective infection control program which is attributed to a lack of awareness of the problem, poor water supply, erratic supply of electricity, ineffective antibiotic policies resulting in the emergence of multiple antibiotic-resistant microbes, poor laboratory backup, poor funding, and adherence to safe practices by health workers (Allegranzi et al. 2011).
Cross-sectional study conducted in Benin identified that intravascular catheterization was associated with development of HABI (Ahoyo et al., 2014). Study conducted in Uganda traumatic brain injury was highly associated with the development of HAIs (Agaba et al., 2016). Study conducted in Jimma showed that, the risk of HAI was found to be high in those with history of previous hospitalization, chest tube, on mechanical ventilation, with underlying disease and prolonged hospital stay (Ali et al., 2016).
[bookmark: _Toc506361520][bookmark: _Toc522005417]In general, several studies showed hospital acquired infection is becoming an important public health problem. Moreover, burden of infection is higher in developing countries; it requires intensive work to minimize the infection rate, therefore, it was important to assess the magnitude of hospital acquired bacterial infection & drug resistance of isolates among patients admitted in wards of DMRH.



[bookmark: _Toc528454761]1.4 Significance of the study	
Hospital acquired bacterial infection is the most predominant types of HAIs and which is major public health problem particularly in developing countries. Moreover, irrational use of antibiotic brought emergence of drug resistance organism which is a threat for physician to select antimicrobial agents. Now a day, HAI is becoming highly prevalent and threat in developing countries, including Ethiopia. Debre Markos Referral Hospital (DMRH) is one of the referral hospitals in Amhara National regional state providing health services for its catchment communities. However, currently no adequate information has so far been made available on the magnitude of HABI in the study area. Therefore, determining the magnitude of hospital acquired bacterial infections and drug resistance profiles of the isolates is helpful to preserve local knowledge and contribute to the national to have multi-centered data. Besides these, updated information on the burden of hospital acquired bacterial infections and drug resistance profiles are required to take corrective measures. Furthermore, the finding of the study will be used as an input for policy makers, programmers and health care workers to improve the clinical services. 
.
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[bookmark: _Toc506361522][bookmark: _Toc522005419][bookmark: _Toc528454763]2.1 General Objective
To assess the magnitude of hospital acquired bacterial infection and antimicrobial resistance profile of isolates among patients admitted in different wards of DMRH.
[bookmark: _Toc506361523][bookmark: _Toc522005420][bookmark: _Toc528454764]2.2 Specific Objectives
· To determine the magnitude of hospital acquired bacterial infection among patients admitted in different wards of DMRH
· To determine the drug resistance profile of bacterial isolates among patients admitted in different wards of DMRH
· To identify the factors associated with hospital acquired bacterial infection among patients admitted in different wards of DMRH
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[bookmark: _Toc528454765]3. MATERIALES AND METHODS 	
[bookmark: _Toc522005423][bookmark: _Toc528454766]3.1 Study area 
The study was conducted at Debere Markos Referral Hospital (DMRH), which is located in Amhara National Regional State, Debre Markos town, Northwest Ethiopia. Debre Markos is found 300 km far from Northwest of Addis Ababa and 265 km from Southeast of Bahir Dar.The hospital provides medical service for greater than four million nearby communities. It has 220 beds delivering different specialized services with nine admission wards. Intensive care units, Surgical, Gynecology & Obstetrics, and Medical wards are the main and high patient load delivering services. Moreover, the hospital also provides excellent service in surgeries and cesarean section by three surgeons and two gynecologists with five operation theatres. In regarding to human power, DMRH has more than five hundred human resources with different discipline including 12 senior specialist, 36 General practitioner, two integrated emergency officers, 13 anesthetist and 37 laboratory staffs upholding with two microbiologists. The Laboratory had five sections including Microbiology Laboratory. Microbiology laboratory was participated in accreditation process to strengthen its quality. Moreover, it also participates in external quality assurance blind sample coming from Ethiopian public health institute and it had 81% score which was recommended. According to 2016/2017 annual report, DMRH provides health care services for more than 170,000 out patients and 15,000 inpatients in a year.
[bookmark: _Toc528454767]3.2 Study design & periods
A hospital based cross-sectional study was conducted among patients admitted in different wards of Debre Markos Referral Hospital (DMRH) from April, 2018 to July 2018.
[bookmark: _Toc528454768]3.3 Source population
The source populations were all clients who are seeking to attend at DMRH for health care services. 
[bookmark: _Toc528454769]3.4 Study population
 The study population includes all patients hospitalized in different wards of DMRH during study period.
[bookmark: _Toc528454770]3.5 Study participants
All patients from selected wards of DMRH who were admitted for ≥48 hrs during the study period. 
[bookmark: _Toc528454771]3.6 Inclusion criteria 
Patients of either sex who had clean and clean-contaminated surgery and any medical illness were hospitalized for 48 hrs or more.
[bookmark: _Toc522005424][bookmark: _Toc528454772]3.7 Exclusion criteria
Patients who had reoperation, contaminated and dirty operations, neonates and enrolled patients presented with new signs and symptoms of bacterial infection within the first 48 hours of admission.
[bookmark: _Toc522005425][bookmark: _Toc528454773]3.8 Sample Size and Sampling techniques
The sample size was calculated based on single population proportion formula (n= z (α/2 )2 p (1-p)/d2)  where n= sample size, α = level of significance , z = at 95% confidence interval Z value (α = 0.05) =>Z α/2 = 1.96 , p = Proportion of occurrence of the event to be studied, d = Margin of error. By taking 0.358 proportion of  Hospital acquired bacterial infection from a previous study  in tertiary care hospital, Ethiopia (Endalafer  et al., 2011) and  considering 95% confidence interval, 5% margin of error  and then calculated as (n = (1.96)2 0 .358(1-0.358)/(0.05)2 ). The calculated sample size was 353. Moreover, 10% of non response rate was considered and the total sample size for the study was 388. However, only 365 patients were included in the actual study during the study periods.
Sampling techniques
Convenient sampling technique was employed. All patients admitted indifferent wards during the study periods that satisfy the inclusion criteria were studied until the required sample size achieved. A total 365 Clinical specimens: 174, 128, 32 & 31 from Medical, Surgical, Intensive Care Unit (ICU), and Gynecology & Obstetrics’ wards were collected respectively.
[bookmark: _Toc522005426][bookmark: _Toc528454774]3.9 Study variables  	
Dependent variable
Hospital acquired bacterial infection
Antimicrobial resistance profile
Independent variables
Socio-demographic variables (sex, age, residence, educational status, occupation), environmental factors (bed sheets, waste container and aseptic procedures) and clinical data such as: medical device insertion, patients underline disease condition, immune suppressive therapy, surgery, length of hospital stay, wards of admission, previous admission history & multiple antibiotic therapy).
[bookmark: _Toc522005427][bookmark: _Toc528454775]3.10 Operational definitions
Hospital acquired bacterial infection: is defined as hospitalized patient acquired bacterial infection after 48 hours or more time of admission which is not incubated at the time of admission. 
Antibiotic resistance: defined as resistant isolate are not inhibited by the usually achievable serum concentrations of the tested antibiotic with normal dosage schedules & the antibiotic has not been reliable for treatment of resistance isolate.
Multi drug resistance (MDR): defined as resistance of an isolate to three or more types of antibiotics from a different class with usually achievable serum concentrations of the agent in normal dosage schedules.
Clean Wound: defined as an uninfected operative wound in which no inflammation is encountered and operative wound not entered into the respiratory, alimentary, genital or uninfected urinary tracts. 
Clean contaminated wound: a type of operative wound in which the respiratory, alimentary or genitourinary tracts are entered but without significant spillage (without visible contamination).
 Contaminated wound: a type of operative wound where acute inflammation is encountered, or where there is visible contamination of the wound.
Clean bed sheet: is defined as patient’s examination bed sheet was clean, there is no any visible soil during patient admission and regular monitoring the neatness of bed sheet maintained.
[bookmark: _Toc522005428][bookmark: _Toc528454776][bookmark: _Toc433731777]3.11 Data collection Procedures
[bookmark: _Toc433731776] Socio-demographic and clinical data collection	
Clinical diagnosis of the patients for presumptive development of hospital acquired infection was made by physicians. Data was collected through face-to-face interview and patient card review using a structured questionnaire. 
Clinical sample collection 
Clinical samples were collected aseptically by strict following of standard operating procedures (SOP). It was collected from clinical suspicion of hospital acquired infection followed by standard microbiological technique. Appropriate clinical specimen was collected and transported to DMRH Microbiology laboratory as based on SOP (Baron et al., 2013).
Blood sample collection & processing
Sites selected for blood sampling was swabbed with 70% alcohol and cleansed with 5% iodine tincture and re-swabbed with 70% alcohol. Five to ten milliliter of venous blood was collected from each of two different anatomical sites during febrile condition in different time intervals. Blood sample was inoculated in to Brain Heart Infusion media (BHI) & incubated at 35 - 37oc aerobically for 5- 7days. Growth of organism was checked by observing turbidity of blood culture bottle and performing gram stain. After overnight incubation, blood culture bottle was opened aseptically and small amount of broth was removed with a sterile loop. Then Gram-stained smear was examined for the presence of microorganisms and sub-cultured by streaking a loop full in to appropriate media: Sheep Blood agar (SBA), chocolate agar (CA), & MacConkey agar (MAC),(Oxoid, Ltd., Basingstoke, Hampshire, England). After spread in to appropriate media, It were incubated by putting 5% CO2 in to candle jar for SBA & CA at 35 - 37oc aerobically for 48- 72 hours(hrs)  and MAC was incubated at 35 - 37oc aerobically for 24 hrs (Christner et al., 2010; Baron et al., 2013).
Urine specimen collection & processing
Clean catch midstream urine
For non-catheterized patients, they were instructed to void the first urine and 10 ml of mid stream urine was collected by sterile urine cup. From catheterized patient, urine was collected through the new catheter tube or catheterization not more than 30 minutes. Catheter was disconnected from the bag and 10 ml of urine was collected by sterile container. Both urine specimen types were delivered in to microbiology laboratory within 15 minutes of collection. Urine sample was pooled by sterile calibrated loop and was inoculated in to Cystien Lactose Electrolyte Deficient agar (CLED), SBA, MAC by first spreading across the diameter of culture media and next crossing over side to side continuously, and was incubated aerobically at 35-37oc for 24 hrs. When organism grown, the colony was counted and multiplied by factor of calibrated loop. The presence of UTI was evidenced by quantification of growth of a single bacteria >105 colony-forming units/ml (Cheesbrough, 2006; Baron et al., 2013).
Wound sample collection & processing
Dressed wounds were cleansed with non-bacteriostatic sterile normal saline after removing the dressing. Wound swab was taken from patients using sterile cotton swabs aseptically and immediately was suspended in nutrient broth within 15 minutes. It was inoculated in to Blood agar, Manitol Salt agar, and MacConkey agar. Sheep Blood agar plate was putted in to candle jar, finally incubated aerobically at 35-37oc for 48-72hrs. Growth & identifications of microorganisms was interpreted by: characterization of colony observed, type of hemolytic, & fermentation on MSA and was based on Gram reaction (Baron et al., 2013).
Sputum sample collection and processing
Patients were instructed to rinse their mouth and breathe out deeply.  Five milliliters of purulent specimen was collected by sterile screw cup container and delivered in to microbiology laboratory. Gram stain was performed to rule out quality of specimen. Up on examination of Gram reaction, sputum specimen that had less than 10 squamous epithelial cells per low power field and/or > 10 PMN per high power field was processed in Blood agar, Manitol Salt agar, and Mackonkey agar (Baron et al., 2013).
Identification of organism
Gram positive bacteria
Growth of Gram positive bacteria was primarily identified by description of colony morphology and identification of hemolytic types on sheep blood agar. Next, single colony was taken & Gram reaction was done. Fresh colony (colony not more than 24 hrs old) of Gram positive cocci was treated against 3% hydrogen per oxide on glass slide. The organism that was catalase positive (showed bubble up on reaction): Coagulase test performed by taking new single colony by treating with rabbit plasma using slide method. Single colony was taken from slide cogulase negative organism and suspended in to 1ml normal saline containing tube. Rabit plasma was added in to the tube and incubated at 37OC for 4 hrs. The tube that showed clumping was coagulase positive, which is considered as S. aureus. The organism that showed catalase positive and coagulase negative was considered as coagulase negative staphylococci. The organism that was catalase negative and showed alpha hemolytic on SBA, colony was sub cultured in to SBA and optochin disc was placed. After overnight incubation, zone of inhibition measured and interpreted as per the standard of CLSI (Wayne & CLSI, 2014). Finally, the organism that sensitive to optochin (≥22mm diameter) was Streptococcus pneumoniae.
Gram negative bacteria
A Gram negative bacterium was identified by Colony characteristics, Gram reaction and carbohydrate fermentation. Moreover, organism grown from Mackonkey agar, Cystien Lactose Electrolyte Deficient agar, and sheep Blood agar were sub cultured in to Nutrient agar and incubated aerobically at 35-37oc for 24hrs. Single isolated colony was picked and inoculated in to biochemical Media (Triple sugar iron agar, Urea, Citrate, Motility, & lysine decarboxilase) and incubated aerobically. After overnight incubation, Proteus spp., E.coli, K. pneumoniea) were identified by series of biochemical tests such as: Indole, hydrolysis of urea, gas production, hydrogen sulphide production, citrate utilization, sugar fermentation, motility characteristics, & lysine decarboxilase testing (Matuschek et al., 2014). Pseudomanas aeruginosa was identified by interpretation of triple sugar iron agar and oxidase test. After overnight incubation in triple sugar iron agar, there was no sugar fermentation (it is alkaline slant over alkaline butt). Single colony was placed in to oxidase test stripe and rapidly blue color was developed. Which means it is oxidase positive and organism is considered as Pseudomanas aeruginosa .
Antimicrobial susceptibility testing
The antimicrobial susceptibility test was performed using the Kirby Bauer disk diffusion technique (Wayne & CLSI, 2015).Mueller Hinton agar (MHA) & 5%blood enriched MHA was prepared with respective of non-fastidious & fastidious pathogens, and sterilized as instructed by the manufacturer. Sterilized MHA poured into 150ml diameter sterile petridishes to a depth of 4mm (Fernández-Mazarrasa et al., 2009).
Three to five well isolated colonies was taken from a pure culture to make a suspension of the test organism with sterile normal saline. The preparation was mixed thoroughly to make homogenous suspension and incubated at 37°C until the turbidity of the suspension compared to a 0.5 McFarland turbidity standard (Bacterial concentration of 1.5 × 108 colony forming unit/ml).The inoculums was collected using sterile cotton swab by careful rotation against the side of the tube and it was seeded evenly in to Muller Hinton agar & selected antibiotic discs were dispensed as  per CLSI guideline recommendation (Baron et al., 2013; Wayne & CLSI, 2014).
The antimicrobial impregnated disks were placed to the media using sterile forceps in such a way that each disk was placed at least 24 mm away from each other to avoid the over lapping of zone of inhibition. After the disk is placed on the inoculated media, the plate was allowed to stand for 30 minutes so that the antibiotic will diffuse into the media. The plates was inverted and incubated at 37 OC for 18-24 hrs and was observed for zone of inhibition. Grades of the susceptibility profiles were interpreted as sensitive, intermediate and resistant by comparison of zone of inhibition of pathogen was measured and analyzed with specified standards per CLSI guideline recommendation (Peleg & Hooper 2010; Wayne& CLSI, 2014)
The antibiotics frequently used in the study area with respective concentrations are; Nitrofrantoin (F, 10 ug), Gentamicin (GEN,10 𝜇g), Ciprofloxacin (CIP, 5 𝜇g), Tetracycline (TTC, 30 𝜇g), Penicillin  (P, 10 IU), Erythromycin (E, 15 𝜇g), Cefoxitin (FOX, 30 𝜇g), Trimethoprim-sulfamethoxazole(SXT, 30𝜇g) Ampicillin (AMP,30 𝜇g), Ceftazidime (CAZ, 30 𝜇g) Ceftaroline (CEF 5 ug), Pepraciline (PEP,10), Norfloxacine (NOR, 5 ug), Tobramycine(TOB), and Cefepime(CEF 30 𝜇g) discs. These antibiotic discs were used for Gram positive and Gram negative bacteria. Antibiotic selection was based on CLSI guidelines of respective of isolated organism & source of specimen (Wayne & CLSI, 2014).
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[bookmark: _Toc522005429][bookmark: _Toc528454777]3.12 Data Quality control
The quality of the data was maintained by implementing quality control measures throughout the whole process of the study work. All materials, equipment and procedures were adequately controlled. The English version of questionnaires was translated to Amharic version and again re-translated in to English version. The quality of data was assured by proper designing and pre-testing 5% of the questionnaire. Completeness of data was daily checked. 
Standard operating procedure of specimen collection was strictly followed. Appropriate clinical specimen was collected aseptically by trained laboratory technologist. Daily and regularly the incubator and refrigerator temperature was checked.
Prior to processing specimen, sterility of culture media was checked by incubating 5% of the batch at 35-37OC overnight. It was evaluated for possible contamination and maintained integrity. The quality of culture and susceptibility testing was controlled using the international standard control strains. Those are: American Type Culture Collection (ATCC) control strain of Escherichia coli (ATCCC 5922), Staphylococcus aureus(ATCC 25923), and Pseudomonas aeruginosa (ATCC 27853). The control strain was obtained from Ethiopian public health institute and inoculated in to appropriate media. After overnight incubation  at 35-37oc for 18-24hrs, supporting growth and  colonial characteristics of  control strains as CLSI recommended was checked (Wayne & CLSI, 2014).
The results were recorded with the patients’ identification number. The terminology and format used in reporting was standardized. All reports were concise and clearly presented. Before leaving the microbiology laboratory, all reports were double checked for correctness. Careful data entry, consistency, errors, and range to control the outlier during data entry were checked.
[bookmark: _Toc522005430][bookmark: _Toc528454778]3.13 Data entry and analysis		
[bookmark: _Toc522005431]All the questionnaires were checked visually, coded and the data entered into Statistical Package for the Social Sciences (SPSS) version 23.0. Descriptive statistics and chi-square were used to determine the rate of HABI. The data was analyzed using bivariate and multivariate logistic regression analysis to determine the effect of various factors on the outcome variable and to control confounding effect. The degree of association between independent and dependent variables was interpreted using odds ratio with 95% confidence interval and the level of significance was set at 0.05 in order to consider a p-value < 0.05 as indicator of a statistically significant. 
[bookmark: _Toc528454779]3.14 Ethical considerations
This research project was approved by Ethical Review Board of College of Medicine and Health Sciences, Bahir Dar University, Amhara public health institute and permission letter was obtained from Debre Markos referral hospital administrator. Informed written consent was also obtained from the study participants. Those participants who had under the age of 18 years assent form was obtained. The result of study participants who had positive for HABI was directly reported to physicians for the sake of proper management. Information obtained at any course of the study was kept confidential. 




















[bookmark: _Toc522005432][bookmark: _Toc528454780]4. RESULTS
Demographic characteristics 
A total of 365 patients hospitalized at DMRH with clinical evidence of hospital acquired infection participated in this study. The sex profile of study participant revealed 200(54.8%) male and 165 (46.2%) female resulting in an overall male to female ratio of 1.2:1.The median age of the patients were 42 years (range 16 – 70 years).The residence of 246(67.4%) study participants were from rural area. The demographic distribution of patients involved in this study is presented in table 1.
Table: 1 Demographic characteristic and proportion of hospital acquired bacterial infections among patients hospitalized at DMRH from April, 2018 to July, 2018
	Demographic characteristics
	HABI
	Total n=365
No. (%)
	P value

	
	Negative
No. (%)
	Positive
No. (%)
	
	

	Sex   
         Male
         Female
	
165(45.2)
122(33.4)
	
35(9.6)
43(11.8)
	
200(54.8)
165(45.2)
	

0.048

	Age  (in years)  
         16- 25
         26-35
         36-45
         46-55
         Greater than 55
	
49 (13.5)
77 (21.1)
50 (13.7)
51 (14)
60(16.4)
	
10 (2.7)
14 (3.8)
12(3.3)
12(3.3)
30(8.2)
	
59(16.2)
91(24.9)
62(17)
63(17.3)
90(24.7)
	




0.03

	Residence 
         Urban
         Rural
	
114( 31.2)
173(47.4)
	
15(4.1)
63(17.3)
	
129(35.3)
236(64.7)
	

0.001

	Educational status    
           Illiterate
          Only read and write 
          Elementary school
          Secondary high school 
          College degree/diploma
Total 
	
93(25.5)
61(16.7)
17(4.7)
49(13.4)
47(12.9)
287(78.6)
	
41(11.2)
16(4.4)
6(1.6)
8(2.2)
7(1.9)
78(21.4)

	
134(36.7)
77(21.1)
23(6.3)
57(15.6)
54(14.8)
365(100)
	
0.04



Key; HABI = hospital acquired bacterial infection

Magnitude of hospital acquired infection
Overall, 78(21.4%) of patients had culture confirmed aerobic bacterial infection. The infection rate was higher in females 43(11.8%) than males 35(9.8 %). The difference was statistically significant (P= 0.04). The highest proportion of hospital acquired infection was  found in the age group of greater than 55 years old, 30(8.2%) and it was statistically supported (P=0.003). Besides this, the proportion of HABI was higher among patients came from rural area, 63 (17.3%) than urban 15 (4.1%) (table 1).
Among the study participants, 174 (47.8%) were in medical ward and 138 (37.8%) in surgical ward. The majority of patients were admitted in clean bed sheet. Two hundred seventy eight (59.8%) of study participants were hospitalized for greater or equal to five days.  In terms of surgery, 128 (35.1%) of participants had operations and 194(53.2%) blood specimen were drawn from study participants.
Highest magnitude of HABI was found in patients from intensive care units 14(3.8%) (P < 0.001). Sixty two (17%) & 34(9.3%) of study participants who had greater than five days of hospitalization and history of urinary catheterization developed culture confirmed HABI respectively. Table 2 summarizes magnitude of HABI at DMRH.

Table 2: Magnitude of HABI at DMRH in relation to hospitalization, surgery and medical related variables from April, 2018 to July, 2018
	                                                                    Variables
	HABI
	Total 

	P-value

	
	Negative
No.(%)
	Positive
No.(%)
	
	

	Ward admission
               Medical 
               Surgical
               ICU
               Gynecology & Obstetrics
	
153(41.9)
91(24.9)
18(4.9)
25(6.8)
	
21(5.9)
37(12.9)
14(3.8)
6(1.7)
	
174(47.8)
128(37.8)
32(8.7)
31(8.5)
	



<0.001


	Bed shit 
             Clean
             Not Clean
	
257(70.4)
30(8.2)
	
27(7.4)
51(14)
	
284(77.8)
81(22.2)
	

<.001

	Follow Aseptic procedure
              No
              Yes
	
25(6.8)
262(71.8)
	
38(10.7)
40(10.7)
	
63(17.5)
302(82.5)
	
<0.001

	Previous Visit
              Yes
              No
	
54(14.8)
233(63.8)
	
21(5.7)
57(15.7)
	
75(20.5)
290(79.5)
	

0.117

	Duration of admition 
              Less than 5 days
              Greater or equal to 5 days
	
131(35.9)
156(42.7)
	
16(4.3)
62(17.1)
	
147(40.2)
278(59.8)
	

<0.001

	Immune debilitating disease 
              No
              Yes
	
257(70.4)
30(8.2)
	
46(16.9)
32(9.1)
	
303(82.7)
62(17.3)
	

<0.001

	Intravenous catheterization
              No
              Yes
	
49(13.4)
238(65.2)
	
2(.5)
76(20.9)
	
51(13.9)
324(86.1)
	
<0.001

	Urinary catheterization 
              No
              Yes
	
263(72.1)
24(6.8)
	
45(11.2)
33(9.9)
	
306(83.3)
59(16.7)
	

<0.001

	Duration of Urinary catheterization
              < 3 days
              Greater or equal to 3 days
	
19(73.1)
6(18.8)
	
7(18.9)
26(81.2)
	
26(44.1)
33(55.9)
	

 <0.001

	Had surgery
              No
              Yes

	
197(83.1)
90(70.3)
287(78.6)
	
40(16.9)
38(39.7)
78(21.4)
	
237(65.0)
128(35)
365(100)
	
<0.001

	Type of surgery
              Elective
              Emergency
	
87(68)
2(1.6)
	
35(27.3)
3(2.3)
	
123(96.1)
5(3.9)
	

 0.15

	Pre-operative hospital stay
              Less than 3 days
              Greater or equal to 3 days
	
86(67.3)
4(3.3)
	
18(14.1)
20(15.5)
	
104(81.3)
24(18.7)
	

 0.001

	Wound status
             Clean
             Clean contaminated
Total
	
89(74.4)
5(17.8)
94(73.4)
	
26(15.6)
13(72.2)
38(29.7)
	
115(86.5)
18(13.5)
128(100)
	

<0.001

	Specimen type
             Blood
             Wound swab
             Urine
             Sputum
	
179(92.3)
90(67.7)
16(47.1)
2(22.2)
	
15(7.7)
38(32.3)
18(52.9)
7(77.8)
	
194(53.2)
128(35.1)
34(9.2)
9(2.5)
	



<0.001

	Total
	287(78.6)
	78(21.4)
	365(100)
	


Key: HABI= hospital acquired bacterial infection 



Etiology of Hospital acquired bacterial infection 
The overall isolation rate of bacteria from different samples was 86(23.6%). The proportion of bacterial isolates from wound and urine specimen processed was 38(10.4%) and 18(4.9%) respectively. Staphylococcus aureus 28(7.7%) was the leading isolate followed by E. coli 12(3.3%) & 8(2.2%) of study participant had double infection. From blood samples processed, CoNs spp. was relatively the most frequent isolate. Staphylococcus aureus (21%) & E. coli (35.8%) were also the most frequent isolates from wound and urine samples respectively. Distribution of hospital acquired bacterial infection by source of specimen and bacterial profile demonstrated in table 3.
Table 3: Types of bacterial isolates by source of specimen from patients who had HABI at DMRH from April, 2018 to July, 2018
	Bacteria isolates
	Type of clinical specimen
	Total
(n=365)
(%)

	
	Blood (n= 194)
No. (%)
	Wound swab (n=128)
No. (%)
	Urine (n=34)
No.(%)
	Sputum (n=9)
No.(%)
	

	S.aureus
	4(2 )
	22(21)
	0 (0)
	2(22.2)
	28 (7.7)

	CoNS
	6(2)
	3(2.3)
	0(0)
	0(0)
	9 (2.5)

	S.pneumoniae
	3(0.8)
	0(0)
	0(0)
	1(0.3)
	4 (1.1)

	E.coli
	1(0.5)
	0(0)
	11(3.0)
	0(0)
	12 (3.3)

	P.aeruginosa
	0(0)
	3(0.8)
	1(0.3)
	2(0.6)
	6 (1.6)

	K.pneumoniae
	1 (0.3)
	4(3.1)
	3 (0.8)
	2 (22.2)
	10 (2.7)

	Proteus spp. 
	0(0)
	0(0)
	1 (0.3)
	0(0)
	1(0.3)

	S.aureus & P.aeruginosa
	0(0)
	4(0.8)
	1(0.3)
	0(0)
	5(1.4)

	S.aureus & E.coli
	0(0)
	2(0.6)
	1(0.3)
	0(0)
	3(0.8)

	Total n= 365
	15(4.1)
	38(10.4)
	18(4.9)
	7(1.9)
	78(21.4)


Key: CoNS= Coagulase negative Staphylococci




Figure 1 Depicts the magnitude of different types of hospital acquired bacterial infection. The proportion of BSI, wound infection and UTI were 15 (7.7%), 38 (29.7%) and 18 (52.9%), respectively.


Figure 1: Frequency and types of HAI among hospitalized patients at DMRH from April, 2018 to July 2018
Key: HAI= hospital acquired infection, UTI= Urinary tract infection, BSI= Blood stream infection, LRTI= Lower respiratory tract infection, SSI= surgical site infection






Antimicrobial resistance profile
The resistance profile of Gram positive bacteria isolated from patients had hospital acquired infections are presented in table 4. Staphylococcus aureus isolates had 97.2% resistant to penicillin G, 77.8% cefoxitin (surrogate marker of oxaciline) and had no resistance to ceftaroline only 5.5% & 11.1% resistance of clindamycine & gentamycine respectively. Coagulas negative staphylococci isolates were 77.8% resistant to penicillin G and 88.9% oxacilline. Streptococcus pneumoniae was 100 % and 0% resistant to penicillin G and vancomycine respectively.

Table 4: Antibiotic resistance profiles of Gram positive bacteria isolates among hospitalized patients at DMRH from April, 2018 to July, 2018
	Bacterial isolates (No.)
	Frequency of Antibiotic resisted to (%)

	
	P
	FOX
	VA
	CN
	CLM
	SXT
	CEF
	E
	CIP
	CAZ

	S.aureus(n=36)
	35(97.2)
	28(77.8)
	NA
	4(11.1)
	2(5.5)
	26(72.2)
	0(0)
	12(33.3)
	10(27.8)
	4(11.1)

	CoNS (n=09)
	7(77.8)
	8(88.9
	NA
	2(22.2)
	1(11.1)
	2(22.2)
	0(0)
	4(44.4)
	4(44.4)
	3(33.3)

	S.pneumoniae (n=04)
	4(100)
	 NA
	0(0)
	1(25)
	1(25)
	NA
	0(0)
	1(25)
	1(25)
	0(0)

	Total (n=49)
	46 (93.9)
	36 (80)
	0(0)
	7(14.3)
	4(8.2)
	28(62.2)
	0(0)
	17(34.7)
	16(32.3)
	7(14.3)


Key: CoNS= Coagulase Negative Staphylococci, NA = not aplicable P= Peniciline – G, FOX = Cefoxitine, VA= Vancomycine, CN= Gentamycine,  SXT = Trimethoprime – sulphomethoxazol, CEF= Ceftaroline CIP= Ciprofloxacine, CLM=Clindamycine, CAZ = Ceftazidime, E =Erytromycin
Gram negative bacterial isolates were resistant to amoxacillin (83.7%) trimethoprime - sulfomethoxazol (62.3%) and ciprofloxacine (35.5%). Escherchiaa coli showed highest resistance to ampicilin 12 (80%), amoxaciline 12 (80%) and trimethoprime - sulfomethoxazol 10 (66.7%). Pseudomanas aeruginosa showed the highest resistance to amoxicilline 10(90.9%),and pipracillin 10(90.9%). Cefepime is the most effective antibiotic with 4(10.8%) resistance to all isolated Gram negative bacteria. Nitrofurantoin is effective drug with only 2(9.5%) resistance antibiotic for urine isolates. The drug resistance profile of Gram negative bacteria is presented in table 5.

Table 5: Antibiotic resistance profile of Gram negative bacteria isolates among hospitalized patients at DMRH from April, 2018 to July, 2018
	Bacteria isolates(No.)
	Antibiotic resisted to (%)

	
	AMP
	AMC
	PEP
	CAZ
	CEP
	SXT
	CIP
	NOR
	CN
	F
	TOB

	E.coli  (n=15)
	12 (80)
	12 (80)
	NA
	7 (46.7)
	0(0)
	10 (66.7)
	1(33)
	5(41.7)
	7(46.7)
	1(10)
	NA

	P.aeruginosa (n=11)
	NA
	10 (90.9)
	10(90.9)
	6(54.4)
	1(9.1)
	7(63.6)
	7(87.5)
	1(33)
	NA
	1(20)
	4(36.6)

	K.pnemoniea (n=10)
	NA
	8(80)
	10(100)
	4(40)
	2(20)
	5(50)
	5(71.4)
	1(33)
	NA
	0(0)
	4(40)

	Proteus spp.(n=01)
	1(100)
	1(100)
	NA
	NA
	1(100)
	1(100)
	0(0)
	0(0)
	0(0)
	0(0)
	NA

	Total (n=37)
	13(81.3
	31(83.7)
	19(90.5)
	17(47.2)
	4(10.8)
	23(62.3)
	13(35.1)
	7(19)
	7(43.8)
	2(9.5)
	8(38.1)


Key: NA= not applicable AMP = Ampiciline AMC = Amoxaciline CN = Gentamycine SXT = Trimetoprime – Sulphomethoxazol CEP = Cefepim CIP= Ciprofloxacine CAZ = Ceftazidime F= Nitrofrantoin TOB = Tobramycine NOR= Norfloxaciline PEP = Pepraciline 

In this study the overall proportion of multi drug resistance (MDR) rate of bacteria isolates were 44(53.2).Pseudomonas aeruginosa had 7(63.4%) of MDR followed by K.pneumoniae 6(60%) & S.aureus 16(44.4%). The MDR profiles of isolated bacteria presented in table 6.
Table 6: Multidrug resistance profile of isolated bacteria among hospitalized patients at DMRH from April, 2018 to July, 2018 
	Bacteria isolates
	Antimicrobial resistance, No (%)
	Overall MDR (%)

	
	R1
	R2
	R3
	R4
	R5-11
	

	S.aureus (N=36)
	2(5.5)
	18(50)
	13(15.1)
	3(8.3)
	0(0)
	16(44.4)

	CoNS (N=09)
	0(0)
	6(66.7)
	3(33.3)
	 -
	0(0)
	5(55.5)

	S.pneumoniae  (N=04)
	0(0)
	2(50)
	1(25)
	1(25)
	0(0)
	2(50)

	E.coli  (N=15)
	1(6.7)
	7(46.7)
	6(40)
	1(6.7)
	0(0)
	7(46.7%)

	P.aeruginosa (N=11)
	0(0)
	5(45.5)
	5(45.5)
	1(9.1)
	1(9.1)
	6(63.4%)

	K.pneumoniae (N=10)
	0(0)
	4(40)
	2(20)
	3(30)
	1(10)
	6(60%)

	Proteus spp., (N= 01)
	0(0)
	0(0)
	1(100)
	0(0)
	0(0)
	1(100)

	Total  (N=86)
	3(3.4)
	42(48.6)
	33(38.4)
	9(9.3)
	2(2.3)
	44(53.2)


Key: CoNS = Coagulase negative staphylococci; R1= resistance to 1 antibiotic, R2= resistance to 2 antibiotics, R3=resistance to 3 antibiotics, R4 = resistance to 4 antibiotics, R5-11 = resistance to 5 -11 antibiotics
Factors associated to hospital acquired bacterial infection
In multivariate analysis, HABI was significantly associated with gender difference. Females were 3.2 times more likely to developed HABI (AOR= 3.2151 95% CI 4.08 - 7.340).  Patients admitted on unclean bed sheett were 19.2 times more likely to developed HABIs than with the counters (AOR= 19.18, CI 6.181 - 59.523). Patients hospitalized for greater and equal to 5 days were more likely to develop bacterial infection (AOR=3.546,   CI 1.387 - 9.065). Participants who had surgery were more likely to develop Hospital acquired infection than that had not surgery (AOR = 1.836, CI 1.08-3.07) and patients had urinary catheter were more likely to develop hospital acquired infection than that had not catheterizations (AOR=16.718, CI 5.872 - 47.599). Variable associated to HABI presented in table 7.
Table 7: Multivariate analysis of factors associated for HABI among hospitalized patients at DMRH from April, 2018 to July 2018
	Variables 
	HABI

	Total 
( n= 365)
	Crude OR
(95%CI)
	Adjusted OR
(95%CI)
	P-Value

	
	Negative (%)
	Positive (%) 
	
	
	
	

	Sex
     Male
      Female
	
165(45.2)
122(33.4)
	
35(9.6)
43(11.8)
	
200(54.8)
165(45.2)
	
1
11.7(1.004 - 2.750)⃰  ⃰
	
1
3.2 (1.408-7.340)
	

0.006

	Follow aseptic procedure 
       Yes
         No
	


25(6.8)
262(71.8)
	


38(10.4)
40(11)
	


63(17.2)
302(82.8)
	         
1
2.9(1.019-8.155)⃰ ⃰ ⃰
	   

1
3.684(1.135 -11.957)
	


0.030

	Duration of admission
   < 5 days
   ≥ 5 days
	


131(35.9)
156(42.8)
	


16(4.4)
62(17)
	


147(40.2)
278(59.8)
	

1
3.2(1.324 - 7.547)⃰ ⃰ ⃰
	

1
3.6(1.38- 9.06)
	


0.008

	Urinary catheter
       No
      Yes
	


263(61)
24(7.6)
	


45(12.3)
33(9.1)
	


306(83.3)
59(16.7)
	      

1
10.739(4.168 -27.675)⃰ ⃰ ⃰
	

1
16.718(5.872 - 47.599)
	


< 0.001

	Intravenous catheterization
         No
         Yes
	

49(96.1)
238(73.5)
	

2(3.9)
76(16.5
	

51(13.9)
324(86.1)
	

1
6.082(5.383 -17.362)⃰ ⃰
	
1
8.454(2.609 -27.395)
	

<0.001).

	Had surgery 
       No
       Yes
	

197(54)
90(24.6)
	

40(11)
38(10.4)
	

237(65.0)
128(35)
	     
1
6.081(2.490 -14.850)⃰⃰ 
	  
1
12.976(4.674 - 36.024)
	

<0.001

	Bed sheet 
      Clean
      Not clean
	

257(70.4)
30(8.2)
	

27(7.4)
51(14)
	

284(77.8)
81(22.2)
	
1
16.181(8.9 - 29.5)⃰⃰ ⃰
	
1
19.181(6.181 - 59.523)
	

<0.001

	Residence
     Urban
     Rural
	
114(31.2)
176(47.4)
	
15(4.1)
63(17.3)
	
129(35.3)
236(64.7)
	
1
2.768(1.503 - 5.097)⃰⃰
	
1
1.093(.425 -2.811)
	

0.854

	Total
	287(78.6)
	78(21.4
	365(100)
	
	
	


 Key: OR= Odd ratio, CI = Confidence Interval
         ⃰  ⃰  ⃰ = p value <0.001   ⃰⃰  ⃰ =  0.05 <    p value> 0.001 



5. DISCUSSION
This study was aimed to determine the magnitude, drug resistance profile of isolated bacteria and associated factor to hospital acquired bacterial infection.The magnitude of hospital acquired bacterial infection in our study 78(21.4%) was comparable with study conducted in Jimma 19.41% (Ali et al., 2016), Auckland 17.4% (Keshni et al., 2016) and Benin 17.05 % (Ahoyo et al., 2014). However, this finding was higher than the studies conducted in Bahir Dar, 10.9% (Mulu et al., 2012), 14.9% (Yallew et al., 2016), Kenya 12.03% (Mutuli et al., 2016), Poland 7.4 % (Deptuła  et al., 2017) and China 3.7% (Yang et al., 2011). In contrast, the magnitude observed in this study is lower than study conducted in tertiary hospital in Addis Abeba, Ethiopia, 35.6% (Endalafir et al., 2011), Uganda 28.8% (Agaba et al., 2017), Sudan 48.1% (Nurain et al., 2015) and India 26.1% (Saleem et al., 2014). 
Staphylococcus aureus (9.9%) was the most prevalent bacterial agents isolated in this study. It was supported with similar studies conducted in Bahir Dar (26.2%) (Mulu et al., 2012), Mekele (35.7%) (Mengesha et al., 2014), Adiss Abeba (35.7%) (Endalafer, Gebre-Selassie & Kotiso, 2011), Uganda (14%) (Agaba et al ., 2016) and Japan (20.4%) (Takesue et al., 2011). The possible reason for the highest frequency of S.aureus might be as a result of commonly found in the hospital environment and at skin & nasal area as a normal flora in healthy person. When they get breaks on skins and soft tissue they can easily disseminate resulting increase blood stream and wound infection rate (Khan et al., 2015).
Escherichia coli 15(4.1%) and P. aeruginosa 11(3%) were also the first and second most prevalent Gram negative bacteria isolated in this study (table 3). This finding was consistent with previous studies conducted at different places of: Bahir Dar E. coli 9(21.4%) (Mulu et al., 2012)  and India,21(45.7%)(Saleem et al., 2014).The possible reason for the high frequency of E. coli and P. aeruginosa might be due to being normal micro biota in the healthy persons & commonly found in the hospital environment respectively (Allegranzi et al., 2011). This might be cross contamination among admitted patients and increasing HAI rate. 
This study found that surgical site and urinary tract infection was the commonest type of hospital acquired infection. It was in agreement with different study done in Ethiopia (Endalafer et al., 2011; Mulu et al., 2012; Mengesha et al., 2014; Dessie et al., 2016). The presence of normal microbial flora in these anatomicTal sites and then breach of them will enhance the entrance of these microorganisms in to soft tissue and causes infection (Baron et al., 2013).
Antibiotic resistance is the main challenge of physician to treat patients effectively (CDC, 2016). In this study the anti microbial resistance of bacteria became existing problem. This study found that among Gram positive bacteria, Staphylococcus aureus had the highest resistant to commonly prescribed antibiotics. It had 97.2% resistance rate to penicillin G (table 4). This finding was in agreement with the previous study conducted at Bahir Dar (Mulu et al., 2012), Gondar (Yallew et al., 2016), Mekelle (Mengesha et al., 2014).This might be due to frequently prescribed antibiotics in the area.

The invitro drug resistance pattern of Gram negative bacteria isolates in this study also showed the highest rate of resistance to amoxicillin (83.7%), ampicillin (81.2%) and ceftazidime (47.2%) (Table 5).This was supported with studies conducted in Bahir Dar (Amare et al., 2011 ),Adiss Abeba (Dessie et al.,2016) and India (Saleem et al., 2014). The possible reasons might be, Gram negative bacteria pathogens are highly efficient for acquiring antibiotic resistance genes especially in the presence of antibiotic selection pressure in hospital settings (Peleg & Hooper, 2010). Moreover, in this study P. aeruginosa showed highest resistant rate to amoxicillin (90.9%) and Pepracilin (90.9%). This is consistent with previous study conducted in Japan Pepracilin (88 %)(Takesue et al., 2011).
Multi drug resistant bacteria is the main challenge of physician to treat patients effectively ( CDC, 2016). The total frequency of MDR rate among bacterial isolates in present study was 52.3% which is lower than the study done in Gondar, 70.4% (Feleke et al., 2018). Pseudomanas aeruginosa had overall 63.4% MDR rate (table 6). This finding was supported with previous studies conducted in Uganda (58%) (Agaba et al., 2016), India (65.38%) (Bhatt et al., 2014) and Japan (72%)  (Takesue et al., 2011).This might be prolonged and imprudent use of antibiotics that lead to the emergence of resistant bacteria pathogens during hospitalization (Khan, Ahmad & Mehboob, 2015).


Factors associated to hospital acquired bacterial infections are dynamic and complex phenomena. 
This study indicated that long hospitalization (patient waited for greater and equal to five days) of patients was identified as a risk factor for hospital acquired infection (AOR=3.54, 95% CI 1.4 - 9.1, p= 0.008). This finding was also supported by study conducted in Jimma (Ali et al., 2016). Mostly, HAIs are due to bacteria as result of presence of endogenous microbial flora and with increasing use of medical devices (Bereket, et al., 2012; Saleem et al., 2014)). This study found that, patients who had surgery were about 12.9 times more likely to develop hospital acquired bacterial infection than patients who had not (AOR= 12.976, 95% CI, 4.674 - 36.024, p< 0.001). The finding had in agreement with different studies conducted in Ethiopia (Endalafer et al., 2011; Yallew et al., 2016; Dessie et al., 2016).This might be advance in lifesaving medical practices which expose the patients for invasive procedures and will enhance entrance of pathogens that causing infection (Khan et al., 2015 ; CDC, 2016).
In this study, patients who had clean contaminated operations were more likely to acquired aerobic bacterial infection than clean operations (AOR=19.181, 95% CI 6.181-59.523, p<0.001).  Similar findings were reported with varies studies in developing countries including Ethiopia (Endalafer et al., 2011; Mulu et al., 2012;Mengesha et al., 2014; Ahoyo et al.,2014).
In this study, 59(16.7%) patients had urinary catheterization and 33(9%) developed nosocomial infection. Moreover, urinary catheterization was identified as an associated factor to aerobic bacterial infection (AOR=16.718, 95% CI, 5.872 - 37.599, p=0.001). This finding was supported by similar studies conducted in Bahir Dar (Melaku et al., 2012) and Poland (Deptula et al., 2017).  Patients who had central intravenous catheters were also more likely to develop hospital acquired bacterial infection compared to non intravenous catheterized patients (AOR =8.454, 95% CI 2.609 -27.395 p <0.001). This was in agreement with different studies (Marra et al., 2011; Ahoyo et al., 2014; Ali et al., 2016; Deptuła  et al., 2017). The high risk of intravenous catheterization might be due to low level of implementation of multidimensional infection control strategy in the study setting (Breathnach, 2013).	
	
[bookmark: _Toc528454781]6. LIMITATION 

Some of the limitations of this study are: Identification of anaerobic HABI was not possible as result of limitation in laboratory facility. Vancomycine was used as treatment option for infections caused by Staphylococci spp., in local area but it was not possible to determine antimicrobial susceptibility test due to limitation of minimum inhibitory concentration technique method in the study area.















[bookmark: _Toc528454782]7. CONCLUSION AND RECOMMENDATIONS 
[bookmark: _Toc528454783]7.1 Conclusions 
The magnitude of hospital acquired bacterial infection in this study was high. Staphylococcus aureus was the most frequently isolated bacteria followed by E.coli and P.aeruginosa. Moreover, the bacterial isolates detected from hospitalized patients were alarmingly resistant for commonly prescribed antimicrobial drugs such as; Penicillin, Amoxicillin, Ampicilline, Trimethoprime-Sulphomethoxazole and Erythromycin. This study also found that patients admitted in unclean bed shits, irregular follow up of aseptic procedure in patients care, intravenous catheter, urinary catheterization, surgery and prolonged hospitalization were at higher risk of acquiring nosocomial infection in the study area.
[bookmark: _Toc528454784]7.2 Recommendations
Based on our findings, we recommended using antibiotics like Clindamycine, Ceftaroline & Cefepime. Which was the most effective drug of choice to treat patients with hospital acquired bacterial infection in the study area. Debre Markos Referral Hospital should reduce patients hospitalization period  via treating patients with effective empirical treatment .It is also recommended to give great attention on cleanness of bed, aseptic procedure follow up in patients care practice, catheterization and surgical activities to minimize the hospital acquired bacterial infections in the study area. Hence, DMRH   should emphasize on the conceret recommendations to minimize rate of HAI.
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Hello!  My name is _______. I am Master of Science student in university of Bahir Dar. The purpose of the study to determine burden of Hospital acquired bacterial infection and antimicrobial resistance profile of isolates among patients admitted in different wards of Debre Markos Referral Hospital, North West Ethiopia.
In order to perform the indicated study at DMRH, you are invited to take part in this project. If you are willing to participate, you need to understand the purpose of the study and give your consent. I have few questions which I will like to ask you & if you are willing I will take Clinical specimen. The questionnaires include socio demographic factors & clinical data variable. All information that you provides was kept confidential. I will not include any identifiers, such as your name or exact address. Only honest answers would contribute to improvement of health planning. Your role in the success of the research is important and I appreciate your contribution to the research. Would this be okay with you?
1. Yes                                   B. No         If Respondent agrees     Sign  consent form
1. Consent form
Serial No.------------Name of health institution-------------------MRN ----------------------         Date--------------
I the undersigned study participant have been well informed about the objective of the study.
I also told that all the information obtained at any course of the study is to be kept confidential. Moreover, I have also been well informed of my right to keep hold of, decline to cooperate and drop out of the study if I want and none of my actions will have any bearing at all on my overall health care and hospital access.
I agreed voluntarily to provide the requested samples.
Name and signature of study participant   _________________ Date_____________ 
Name and signature of investigator            ________________   Date____________
[bookmark: _Toc522005437][bookmark: _Toc528454788]Annex II English questionnaire 
[bookmark: _Toc348454742]Investigation of hospital acquired bacterial infection & drug resistance profile of isolates among patients admitted at different wards of DMRH West Ethiopia, April, to May 2018
	Questionnaire code #
	

	Medical register number 
	

	Date of data collection
	

	Name of health institution 
	


	Part I questionnaire on socio-demographic characteristics
 

	
No
	Questionnaire of respondents
	Alternative choice for
Responses
	Skip
	Code

	Q1
	Sex	
	1. Male
1. Female
	
	

	Q2
	Age
	      ----year
	
	

	Q3
	Residence
	1. Urban   2. Rural
	
	

	Q4
	What is the highest level of educational status ever attended?
	1. Never attended
2. Only read & write
3. Elementary school
4. Secondary high School
5. College degree/diploma
6. Other Specify
	
	

	Q5
	What is your occupation? 
	1. House wife  2. Farmer
3. Civil servant
4. Merchant 5. Student
6. Other specify
	
	




	

	    Part II Environmental factors

	

	Q6
	Is patient bed shits clean?
(look for cleanses bed lines and make sure regularly changed)
	1. Yes         2. No
	
	

	Q7
	Did you touch any of waste containers?
	1. Yes     2. No
	
	

	Q8
	Did you wash your hands regularly during hospital stay?
	1. Yes     2. No
	
	

	Q9
	Did health professionals wear clean glove during handling you?
	1. Yes     2. No
	
	

	Q10
	Did health professional follow aseptic procedure during health care intervention?
	1. Yes     2. No
	
	

	part III Clinical data Categories

	Q11
	Did you have visited health institution for seek of medical care past one month?
	1. Yes
2. No
	
	

	Q12
	How long you have been admitted?
	
	
	

	Q13
	What causes of admission?
	1. AFI      2. Pneumonia
3. UTI      4.CHF
5.Menengitis 6.Gastro Enteritis   7 Others

	
	

	Q14
	Ward of admission?
	1.Internal Medicine 
2. Surgical
3.Gynycology& obstetric
4.ICU
	
	

	Q15
	Did you have any one of chronic infection that reduces immunological status?
	1. HIV/AIDS
2. Organ transplanted
3. MTB infection
4. Diabetes mellitus
5. Others--------------
6. 
	
	

	Q16
	Have you taking antibiotics?
	1. Yes     2. No
	
	

	Q17
	If yes, specify the antibiotics?
	
	
	

	Q18
	Did you have medical device inserted?
	1. Yes    2. No
	
	

	Q19
	If yes specify
	1.Tracheal intubation
2.NG tube
3.Mechanical ventilation
4.intravenous catheter
5. Others
5.Intravenous catheterization
	
	

	Q20
	Did you have respiratory distress?
	1. Yes      2. No
	
	

	Q21
	Did you have acquired urinary tract infection previously?
	1. Yes      2. No
	
	

	Q22
	Did you have inserted urinary catheter?
	1. Yes      2. No
	
	

	Q23
	Did you have bladder surgery?
	1. Yes      2. No
	
	

	Q24
	Did you have surgery?
	1. Yes      2. No
	
	

	Q25
	If yes, for What type of surgical procedure Scheduled?
	1. Elective
2. Emergency
	
	

	Q26
	For how long pre-operative hospital stayed?
	
	
	

	Q27
	When you did operation?
	
	
	

	Q28
	Which Site of surgery done? 
	
	
	

	Q29
	How long surgery taken? may be in hrs or minutes
	
	
	

	Q30
	Type of surgical procedure
	
	
	

	Q31
	How many persons present in the operating room at the time of surgery?
	
	
	

	Q32
	Wound status
	1. Clean
2. Clean contaminated
	
	

	Q33
	Types of clinical specimen
	1. Blood 2. Wound swab
3. Urine 4. Sputum
	
	

	Q34
	Laboratory result
	
	
	

	Q36
	Isolated pathogen
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Standard operating procedure for specimen processing of microbiological techniques.
A.  Culture media preparation
1. Read the label on a bottle of dehydrated agar media.  It specifies the amount of dehydrated powder required to make 1 liter (1,000 ml) of medium. Carefully follow manufacturer instructions. Calculate the amount needed for 1/2 liter and weigh out this quantity by analytical balance 
2. Place 500 ml of distilled water in an Erlenmeyer flask. Add the weighed, dehydrated agar powder and placing stirrer in to it.
3. Set the flask on a tripod over hot plate. Avoid excessive heating.
4. When the agar mixture is completely dissolved, remove the flask from the hot plate, remove the stir bar prior to sterilization. Close it with the cap, and it has to be sterilized in the autoclave. For quality control of autoclaving, place specialized tape or paper on the medium flask at the time of autoclaving.
5. Cool sterilized agar media to 45 to 50oC or recommended temperature before addition of heat labile supplements/additives (e.g., sheep blood). This can be done in a water bath.
6. Remove the plug or cap with the little finger of your right hand and Dispense correct volume of media into Petri dishes  with in Biosafety cabinate level two
· 18-20 ml for 15x100 mm plates
· 60-70 ml for 15x150 mm plates
7. After pouring media, leave lids ajar for 20 minutes to avoid excess moisture on surface of the agar.  After approximately 20 minutes, place the lids back on.
8. Slant tubed media (e.g. Triple Sugar Iron (TSI) agar/Kligler Iron Agar) to provide a deep butt (2 to 3 cm) and a short slant.
9. Place the prepared media at 35 -37°C incubators for 24 hours to ensure they are sterile (free of contaminating bacteria) before you use. Label with: Media name, Lot number, Date of preparation & Expiration date.
10. Store media in the dark at 2 to 8oC with sealed plastic bags. Tighten caps of tubed media before storage to avoid drying.

B. Collection and processing of wound swab 
1. Experienced Laboratory/Nurse professionals collect wound swab and special care was taken to avoid contaminating the specimen with normal microbial flora from the skin.
2. With sterile cotton tipped applicator stick moistened with normal saline collect sample from   the infected site.
3. Label the sample as soon as possible with the patient code number
4. Inoculate in to Manitol salt agar, MacConkey and blood agar aseptically
5. Incubate the plate aerobically at 35-37oc for 18-24 hours.
6. Examine and report the culture; look for colony characteristics, hemolytic characteristics on BA and perform Gram reaction & biochemical test.
7. Determine drug susceptibility pattern of the isolated organism
C. Gram stain procedures
1. Prepare a thin smear of the culture or specimen will be observed.
2. Allow to air-dry and fix the smear.
3. Cover the fixed smear with crystal violet for 1 min.
4. Rinse with clean water and tip off all the water.
5. Cover the smear with Lugol’s iodine for 1 min.
6. Wash off the iodine with clean water.
7. Add acetone-alcohol for 30 sec. 
8. Wash the smear immediately with clean water.
9. Cover the smear with safranin for 1-2 minutes.
10. Rinse with clean water.
11. Wipe the back of the slide and place in a draining rack for the smear to air-dry.
12. Examine microscopically, first with the 40x objective and then with the oil immersion objective for white cells, bacteria and other structures.
13. Result interpretation
- Gram- positive bacteria -------------Dark purple
- Gram- negative bacteria ------------Pale to dark red.

D. Biochemical testing procedures
Identification of Gram positive bacteria: Gram-positive cocci will be identified based on their Gram reaction, catalase and coagulase test results.
Catalase test: This test used to differentiate staphylococci (+ve) from streptococci (-ve)
Procedure
1. Pour 2-3 ml of 3% hydrogen peroxide to a test tube
2. Using a sterile wooden stick take the test organism and immerse into the hydrogen peroxide solution
3. Look for immediate bubbling
4. Interpretation :Active bubbling--positive test and No release of bubbles-negative test
Coagulase test: This test is used to differentiate S. aureus from other Staphylococcus spp
Procedure
1. Place a drop of physiological saline on two separate slides
2. Emulsify the test organism in each of the drop to make thick suspension
3. Add one drop of plasma to one of the suspensions and mix gently. Look for clumping of the organism within 10 seconds
4. Interpretation 
         Clumping within 10 seconds ------------------S.aureus
         No clumping within 10 seconds ------------- continuo tube coagulase test
5. If slide coagulase negative place 2 ml of physiological saline on test tubes &
6.  Emulsify the test organism & add one drop of plasma to suspensions and mix gently. 
7. Incubate at 35- 37 0c for 4 hours & look for clumping of the organism 
8. Interpretation 
         Clumping ------------------S.aureus
         No clumping -------------other staphylococcus species
Optochin Susceptibility Test (Optochin Disk)
1. Divide blood agar plate into two halves, and label appropriately.
2. Using a loop, touch a colony of the test organism; inoculate half the surface of SBA.
3. Streak the plate in at least two directions to obtain confluent growth.
4. Using sterile forceps, place an Optochin disk in the center of each inoculated area.
5. Press disk gently with the sterile forceps so that the disk adheres firmly to the agar surface.
6. Incubate the plate at 350C in 5 – 10% CO2 for 18-24 hours.
7. The next day, measure the zone of inhibition using a ruler. 
S. pneumoniae (+) and Viridans group streptococci (-) on SBA
Bile Solubility Test
1. Use a blood agar plate with suspicious colonies of S. pneumoniae.
2. Place one drop of bile reagent on an isolated colony and an area with a cluster of suspicious colonies.
3. Cover the plate and allow the plate to rest flat on a surface to prevent colonies from sliding in the reagent.
4. Keep the plate right side up and incubate at 35oC for 15 - 30 minutes or until the drop has evaporated.
5. Examine the area where the drop was placed for colony disappearance.
· Positive bile solubility = disintegration or flattening of the colony within 30 minutes, leaving an area of alpha-hemolysis where the colonies were located
· Negative bile solubility = no change in the integrity of the colony within 30 minutes
*QC organisms: S. pneumoniae (+) and Viridans group Streptococci (-) on SBA

Identification of Gram negative bacteria: will be based on their test result with a series of biochemical tests
Procedure
Spot Indole Test
1. Moisten a piece of Whatman No. 1 filter paper with a drop of indole reagent.
2. Using a sterile wooden stick or disposable loop, pick a colony from a pure culture of test organism on SBA.
3. Rub a portion of a colony onto a small area of the moistened filter paper OR
4. Touch the colony with a cotton swab and add a drop of the reagent onto the swab.
5. Observe for color change 
· Positive = Blue color (cinnamaldehyde reagent) OR brown-red to purple red color (benzaldehyde  reagent) within 20 seconds
· Negative = Colorless or slightly yellow
· *QC Organisms: E. coli (+) and P. aeruginosa (-) on SBA
Oxidase Test
1. Moisten a piece of Whatman No. 1 filter paper with a drop of the reagent.
2. Using a sterile wooden stick or disposable loop, pick a colony from a pure culture of test organism on BA.
3. Rub a portion of a colony onto a small area of the moistened filter paper  or
4. Touch the colony with a cotton swab and add a drop of the reagent onto the swab.
5. Observe for color change
· Positive = deep blue to purple color in 10 to 30 seconds
· Negative = no color change in 60 seconds
· Development of the color in 30 – 60 seconds is a weak positive reaction
· Do not read after 60 seconds 
 P. aeruginosa (+) and E. coli (-) on SBA
Tube biochemical tests
1. Take pure colony with straight wire loop from enrichment media  
2. Streak or stab in to, citrate agar, triple sugar iron agar, lysine decarboxylase agar, mannitol salt agar, urea agar, and sulphide Indol motility semisolid agar .Then incubate at 35-37 Oc for 18-24 hours.
3. Look for color change (turbidity for motility) , gas andH2S production of the medium
4. Identify the test organism by considering the result of the  all biochemical tests
E. Antimicrobial susceptibility testing
Procedure
1. Prepare a suspension of the test organism by emulsifying several colony of the organism in a small volume of nutrient broth
2. Much the turbidity of suspension with turbidity 0.5% McFarland standard
3. With a sterile swab take sample from the suspension (squeeze the swab against the side of the test tube to remove the excess fluid).
4. Spread the inoculums evenly over the Muller-Hinton agar plate with the swab
5. Using a sterile forceps or needle, place the antimicrobial disc on the inoculated plate
6. Incubate the plate aerobically at 35-37oC for 18-24 hours
7. Read the test after checking that the bacterial growth is neither heavy nor light. Measure the radius of the inhibition zone.
8. Interpret the reaction of the test organism to each antibiotics used as sensitive, intermediate, or resistance as per the standard
       Sensitive – zone of diameter is wider or equal to the control
       Intermediate –zone of diameter is more than three mm smaller than the control
       Resistance – no zone of inhibition.
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