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OPERATIONAL DEFINITION 

Lower respiratory tract infection:-An acute illness (present for 21 days or less) of lower 

respiratory tract organ / organs, usually with cough as the main symptom, with at least one other 

lower respiratory tract symptom (sputum production, dyspnoea, wheeze or chest 

discomfort/pain).  

Pneumonia: – an inflammatory condition of the lung affecting primarily the microscopic air sac 

known as alveoli. 

Community-acquired pneumonia (CAP):- pneumonia that is acquired outside or from the 

community.  

Hospital acquired pneumonia: –pneumonia that develops 48 hours or more after hospital 

admission. 

Multi drug resistance: - condition shown by organism to resist distinct drugs or chemicals of a 

wide variety of structure and function targeted at eradicating the organism.  
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ABSTRACT  

Background: Lower respiratory tract infections are the commonest health problem demanding 

frequent consultation and hospitalization. Moreover, in recent years, there has been dramatic rise 

in antibiotic resistance among respiratory pathogens. There are limited information concerning 

Lower respiratory tract infections burden and Antimicrobial resistance pattern in Ethiopia.  

Objective: To determine bacteriologically confirmed burden, profile and antibiotic susceptibility 

pattern of bacteria causing lower respiratory tract infections. 

Methodology: Using  a cross-sectional study design  a total of 240 samples were recruited from 

selected health centers’ of Kolfe Keraniyo sub city ,Addis Ababa, Ethiopia from May - July, 

2016. Sputum samples were collected by using convenient sampling technique and inoculated on 

to MacConkey agar, Chocolate agar and blood agar and then incubated for 24 hrs at 37
o
c. 

Biochemical tests were performed and antimicrobial susceptibility testing was done using disk 

diffusion method. Data were entered and analyzed using Stastical Package for Social Sciences 

version 20. P values <0.05 was considered statistically significant. 

Results: From a total of 240 samples processed 77 (32.1%) showed growth of various species of 

bacteria. Among the isolates, K. pneumoniae 28 (36.4%) was the most isolated organism, S. 

pneumoniae 15 (19.5%) was next, followed by E. coli 10 (12.9 %).Gram-negative bacilli were 

highly sensitive to Meropenem (98%), Tobramycin (93 %), Amikacin (90%), ceftazidime (90%) 

and Ceforoxime (90%) while highly  resistance to Ampicilin (83%), Tetracyclin (53%), 

Ciprofloxacilin (34%) and Trimethoprim-sulfamethoxazole (31%).  

Conclusion: Even though, the results obtained in this study indicated that some of the antibiotics 

used to treat respiratory tract infections in this community are effective, but still there is danger 

of drug resistance which need to be tackled. Hence regular monitoring of LRTI etiologies and 

antimicrobial drug resistance testing is essential to maximize the shelf life of effective drugs. 

Key words:  Lower Respiratory Tract Infection, Bacterial Agents, Antimicrobial susceptibility 

patterns. 
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1. INTRODUCTION  

    1.1. BACK GROUND INFORMATION  

Respiratory tract is the part of the human system that plays a vital role in breathing processes. 

The respiratory system can be subdivided into an Upper respiratory tract and a Lower respiratory 

tract based on anatomical features. The respiratory tract is constantly exposed to microbes due to 

the extensive surface area. Respiratory tract infections are the most frequently reported of all 

human infections [1]. Respiratory tract infection is one of the most important infectious diseases 

worldwide. This infection is the leading cause of morbidity and mortality in critically ill patients 

especially in developing countries. Respiratory tract infections are usually contracted through air 

and by direct contact [2].  

Lower respiratory tract infection is a broad description of a group of disease entities, 

encompassing acute bronchitis, pneumonia and exacerbations of chronic lung disease, and it may 

be defined as those infections presenting with symptoms including cough, expectoration, 

dyspnoea, wheeze and /or chest pain/discomfort usually for a period ranging from 1-3 weeks. 

Acute manifestations of lower respiratory tract infections that may or may not involve lungs 

include acute bronchitis, bronchiolitis, influenza, community –acquired pneumonia either with or 

without radiological evidence, acute exacerbation of chronic obstructive pulmonary disease 

(COPD) and acute exacerbation of broncheictasis [3].  

Lower respiratory tract infections are among the most predominant causes of severe morbidity 

and mortality arising from infectious diseases both in developed and developing nations [4]. 

Raise in the antibiotic resistant strains of bacteria, mainly in hospitals and also in community is 

one of the major problems worldwide [5]. Elaborating on possible predisposing factors will be 

critical to health care workers in the better management of patients suffering with Lower 

Respiratory Tract Infections (LRTI’s) [4]. 

Earlier studies have shown that increasing age, institutionalization, smoking, alcoholism, 

pulmonary disease, heart disease, neurological disease and immunosuppressive therapy may be 

contributing factors in the susceptibility of individuals to lower respiratory tract infections [6]. 
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Factors contributing to adult LRTI’s include smoking, chronic obstructive pulmonary disease 

(COPD), cystic fibrosis, major surgical intervention (transplantation), cancer patients and 

geriatric age group. Acute viral respiratory tract infections may also lead to inflammation, 

compromise of the air way and results in bacterial colonization and infection [4]. 

In 2010, 120 million episodes of pneumonia were reported in children younger than5 years of 

age and 1.4 million children died from acute LRTIs; pneumonia and bronchiolitis. LRTIs are 

considered the fourth most common cause of death globally [7]. The incidence and associated 

mortality due to LRTI can be influenced by several factors including characteristics of the 

population at risk, standard of the health-care facilities available, immunosuppressive drugs, 

inappropriate antibiotic therapy, distribution of causative agents and prevalence of antimicrobial 

resistance [8].   

The most common bacteria that causes lower respiratory tract infection are Streptococcus spp, 

Klebsiella spp, Pseudomonas spp, Staphylococcus spp, Enterobacter spp, Acinetobacter spp and 

H. influenza [7]. 

 Use of antibacterial drugs has become widespread over several decades (although equitable 

access to antibacterial drugs is far from being available worldwide), and these drugs have been 

extensively misused in humans in ways that favor the selection and spread of resistant bacteria. 

Consequently, antibacterial drugs have become less effective or even ineffective, resulting in an 

accelerating global health security emergency that is rapidly outpacing available treatment 

options [9-12]. 
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       1.2. STATEMENT OF THE PROBLEMS  

Lower respiratory tract infections are among the most common infectious diseases affecting 

humans worldwide. They are important causes of morbidity and mortality for all age groups, and 

each year approximately 7 million people die as a direct consequence of acute and chronic 

respiratory infections [13]. Infections of the Lower respiratory tract are responsible for 4.4% of 

all hospital admissions and 6% of all general practitioner consultations .They account for 3 to 5% 

of deaths in adults [14, 15].  

Pneumonia is considered the first cause of death among infectious diseases in the United States 

and Europe with approximately 90% of deaths due to pneumonia occurring in people aged more 

than 65 years. Besides, it places a considerable burden on healthcare resources and society [7]. In 

the United States in 2010, the total cost of pneumonia was approximately $20 billion; $14 billion 

were the costs of the health care expenditure and $6 billion were the costs of lost productivity [7]. 

In the United Kingdom, about 8 million persons are infected by some forms of chronic lung 

diseases which now kill one in every five persons [16]. In Canada, respiratory disease is 

accountable for over 16% of deaths and 10% of hospitalizations. As study conducted in Turky 

indicates as COPD was 23% of respiratory diseases and caused mortality in 3.3% of all 

hospitalizations and as pneumonia was the fourth leading cause of death with 4.3% in developed 

countries; and pneumonia was the second with 10.8% rate in developing countries [16]. 

The problem is much greater in developing countries where pneumonia is the most common 

cause of hospital attendance in adults. Since the etiological agents of Lower respiratory tract 

infections (LRTI) cannot be determined clinically and frequently confounded by the presence of 

commensal flora of oropharynx, many microbiological investigations are required for treatment 

and management of individual case and epidemiological purposes (base line guidance) [14, 15]. 

In developing countries, the situation is more complicated, and management is often difficult due 

to the problem associated with the identification of the etiological agents and the administration 

of an appropriate treatment in cases requiring antibiotic therapy [17]. 
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Antimicrobial resistance has become a serious public health problem worldwide. Infections 

caused by resistant bacteria are associated with increased morbidity and mortality than those 

caused by susceptible pathogens. Infections caused by resistant bacteria led to prolonged hospital 

stays, increased health care costs and in many cases to untreatable infections [9, 11]. 

The development of antimicrobial resistance is a natural phenomenon in microorganisms, and is 

accelerated by the selective pressure exerted by use and misuse of antimicrobial agents in 

humans and animals [11].  

In Ethiopia as study conducted in Arbaminch indicates as prevalence of bacterial pathogens of 

lower respiratory tract infection was 42.9%. Majority of tested bacterial isolates (> 86%) were 

sensitive to Ceftriaxone and Ciprofloxacin. Most S. pneumoniae isolates (60%) were resistant to 

Oxacillin. Most of S. aureus and gram negative bacterial isolates were resistance to Tetracycline 

(100%), Penicillin (83.3%), Ampicillin (50-100%), Doxycycline (50-100%), and Trimethoprim-

sulfamethoxazole (83.3-100%). Multidrug resistances (MDR) were also observed to most 

(60.3%) bacterial isolates [18]. 

In Ethiopia there are very few studies conducted to investigate etiology and susceptibility 

patterns of lower respiratory tract infections as well as associated risk factors in regular bases to 

understand the pattern of bacterial agents and antimicrobial susceptibility patterns. Hence this 

study would like to address this gap in selected health centers of Addis Ababa, Ethiopia.  

 

 

 

 



5 | P a g e  

 

1.3. SIGNIFICANCE OF THE STUDY  

Lower respiratory tract infections are quite common in the general population, occurring with 

increased frequency in older individuals and those with chronic diseases or compromised 

immune function [19]. Etiologic diagnosis of the responsible pathogens is necessary because 

inappropriate initial antibiotic therapy is a potentially modifiable factor that has been associated 

with increased mortality in patients with serious infections and increased drug resistances. For 

the clinician to select empirical antibiotics based on gram stain findings of specimens collected 

from lower respiratory tract, studies are critical to identify the microorganisms causing LRTI in 

the local context and to determine their susceptibility to various antimicrobials. Then the initial 

empirical broad-spectrum therapy can be narrowed based on the culture results. 

But, to our knowledge there was no previous data or study showing pattern or etiology of lower 

respiratory tract infections in the study area.  

Therefore, this study attempts to identify the burden, profile and antimicrobial susceptibility 

patterns of bacterial pathogens of the lower respiratory tract infections, which will Provide 

relevant information about bacterial pathogens and their susceptibility patterns of LRTI, enable 

the clinician to select empirical antibiotics based on gram stain findings and will be used as 

source of information for policy makers and other Researchers. 
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2. LITERATURE REVIEW 

2.1. Prevalence and etiology of lower respiratory tract infection 

Lower respiratory tract infection is not a single disease but a group of specific infection with 

different epidemiology, pathogeneses, clinical presentations, and outcomes.  The etiology and 

symptomatology of lower respiratory diseases vary with age, gender, season, the type of 

population at risk, and other factors [20, 21]. LRTI are the most common bacterial infections 

among patients in intensive care units (ICUs), occurring in 10-25% of all ICU patients and 

resulting in high overall mortality, which may range from 22% to 71% [21].  

As study conducted in Spain indicates as pneumonia is the first cause of mortality due to 

infectious diseases and the sixth cause of death in developed countries. AECB presents high 

morbidity, decreases the quality of life of patients with chronic obstructive pulmonary disease 

(COPD), and represents the principal cause of death in these patients and a frequent cause of 

consultation in hospital [22]. 

In Nepal, lower Respiratory Infection was found prevalent in 75 cases (41.4%).Males (61.3%) 

were found more at risk to LRTI than females (38.7%). LRTI was found most prevalent in 50-59 

year age groups (21.3%). Altogether 15 different types of bacteria were identified majority of 

which were gram-negative bacteria (72.4%). H. influenzae was the commonest isolate at 

23.0%followed by Klebsiella pneumoniae (18.3%). Among gram- positive isolates 

S.pneumoniae was predominant (12.7%) followed by S. aureus (9.3%) [23]. 

Similarly a study from mid and far western region of Nepal between September 2011 and July 

2014 indicates as P. aeruginosa was the most predominant organism, followed by H. influenzae, 

K. pneumoniae, S. pneumoniae, S. aureus, and E. coli. In addition, among the isolated gram 

positive organisms, S. pneumoniae (30, 51.7%) was the most predominant pathogen, followed by 

S. aureus (28, 48.3%), and among the isolated gram-negative organisms, P. aeruginosa (71, 

35.32%) was the predominant pathogen, followed by H. influenzae (68, 33.83%), K. pneumoniae 

(36, 17.91%), and E. coli (26, 12.94%) [17]. 
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As study conducted in China on a title, different microbiological and clinical aspects of lower 

respiratory tract infections between China and European/American countries on 2014 indicates 

as, S. pneumoniae and H. influenzae are the most common CAP pathogens. A high proportion of 

adult cases of CAP are derived from mixed infection with bacteria and atypical pathogens [21].  

On the other hand study from India on bacterial cause of LRTI on patients attending central 

referral hospital, gangtok with reference to antibiotic resistance pattern on 2013, indicates as 

most positive cases were in patients belonging to 22 – 27 years age group among males and 58 – 

63 years among females. There is also an increase in the number of positive cases with increase 

in age in the females.  S.pneumoniae was a common isolate among the age group 16 -21 years 

where as K. pneumoniae & P. pneumoniae were common in age group, 22 – 27 years. S. aureus 

was equally distributed in the age group 16 -21 years & middle age group (28 – 39) years [24]. 

The study also indicates as K. pneumoniae (33.3%) was the predominant isolate followed by S. 

pneumoniae (20%), S.aureus (17.7%), P. aeruginosa (13.3), Acinetobacter (4.4%), Moraxella 

and Citrobacter each by (2.2%). Out of the 137 patients, 91 (66.6%) were inpatients. The 

predominant isolate among the inpatients was K. pneumoniae (15.3%) followed by S. aureus, P. 

aeruginosa, S. pneumoniae, Moraxella, Acinetobacter and Citrobacter. Out of the 46 (33.5%) 

outpatients S. pneumoniae was the predominant isolate [24].  

Study from Nigeria, on Lower respiratory tract infections among children attending a tertiary 

hospital in Benin City, Nigeria on 2015 indicates as K. pneumoniae (44.4%) was the most 

prevalent isolate in males followed by S.aureus (16.7%) [25]. 

As study conducted on Aetiology of Bacterial Pathogens from Adult Patients with Community-

Acquired Pneumonia in Arbaminch Hospital South Ethiopia, from a total of 170 adult patients 

with typical symptoms of the disease reveled 68 (40%) samples were positive for bacterial 

growth and the common isolates were S. pneumoniae 20 (11.8%), S. aureus 15 (8.8%), P. 

aeruginosa 10 (5.8%), K. pneumoniae 8 (4.7%), E. coli 4 (2.4%), H. influenzae 4 (2.4%), P. 

mirabilis 1 (0.6%), and P. vulgaris 1 (0.6%). The commonest mixed bacterial isolate were K. 

pneumoniae and P. aeruginosa 2(1.2%) [26]. 
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Similarly study in Jimma University Specialized Hospital on a title Antimicrobial susceptibility 

pattern of bacterial isolates from community -acquired pneumonia patients in Jimma University 

Specialized Hospital, Jimma, Ethiopia reveals as most common bacterial isolates from gram-

positive bacteria were S. pneumoniae (12.8%) and S.aureus (10.5%) and from gram-negative 

bacteria were, P. aeruginosa (6.8%), K. pneumoniae (5.3%), and E. coli 3.8% [27]. 

2.2. Antimicrobial susceptibility pattern of lower respiratory tract infection 

One of the major problems world-wide is the increase in antibiotic resistant strains of bacteria, 

mainly in hospitals and also in the community, which has proved difficult to control without 

considerable resources and expenditure. Highly resistant strains of Gram-negative bacilli (GNB) 

continue to spread in hospitals causing therapeutic problems in many parts of the world, 

particularly in developing countries and where isolation facilities for patients with resistant 

organisms are often inadequate [8,28]. 

As a study conducted from mid and far western region of Nepal between September 2011 and 

July 2014 indicates increased resistance for penicillin in S. aureus (92.86%), H. influenzae 

(91.18%), S. pneumoniae(90%), K. pneumoniae (88.89%), and E. coli (84.62%). These 

organisms also showed high resistance to cotrimoxazole (82.14%) in S. aureus, gentamicin 

(69.44%) in K. pneumoniae, erythromycin (69.23%) in E. coli, co-trimoxazole (63.33%) in S. 

pneumonia, and ampicillin (54.41%) in H. influenzae. In P. aeruginosa, the overall increased 

resistance was observed for cefepime (56.34%), cefoperazone-sulbactam (52.11%), and 

gentamicin (47.89%) [17].  

Similarly other study from India shows as 75% of S.aureus were sensitive to gentamicin, 

cefazolin, ciprofloxacin and clindamycin whereas 37.5% strains were MRSA. K. pneumoniae 

was found to show 80.8% resistance to cefuroxime & 53.3% & 66.6% resistance to gentamicin 

& amikacin. Acinetobacter was found to show 100% sensitivity to co-trimoxazole & 

ciprofloxacin but at the same time was 100% resistance to ampicillin, gentamicin, cefuroxime & 

cefotaxime P. aeruginosa showed 83.3% sensitivity to netilimicin, Tobramycin,ceftazidime & 

ciprofloxacin. S. pneumoniae was found to be sensitive to all the antibiotics used [24]. 
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Study from Egypt indicates as 62 isolates (26.4%) were resistant to 6 or more antimicrobial 

agents; 53 isolates were gram-negative (85.5%) while 9 isolates were Gram-positive (14.5%). 

Out of these 62 MDR isolates; 23 isolates were K .pneumoniae (37.1%), 15 isolates were 

Escherichia coli (24.2%), 10 isolates were P. aeruginosa (16.1%), 9 isolates were S.aureus 

(14.5%), 3 isolates were Enterobacter (4.8%) and 2 isolates were Acinetobacter (3.2%). Most 

MDR organisms showed resistance to tested penicillin derivatives, cephalosporins as well as co-

trimoxazole and macrolide antibiotics, with the exception of azithromycin [7]. 

As Antibiotic susceptibility profile of bacteria done in Abeokuta, Nigeria, revealed that 

Augmentin was the most broadly active with 75.0% sensitivity to S. pneumoniae, 100% 

sensitivity to Streptococcus viridians , 100% sensitivity to S. aureus, Gentamycin was also fairly 

active particularly among gram positive bacilli with a sensitivity of 26.7% for K. pneumoniae, 

75.0% sensitivity to P. aeruginosa, and 100.0% to Proteus spp. Quinolone activity against tested 

isolates was also fair with Ofloxacin having a sensitivity rate of 73.3% to K.pneumonia, 75% 

sensitivity to P. aeruginosa and 75.0% resistance to E. coli. The Cephalosporins performed 

poorly with Cefuroxime recording a sensitivity of 33.3% against S. pneumoniae and resistance of 

73.3% against K. pneumoniae, while 100.0% resistance was recorded by P. aeruginosa. Absolute 

resistance was recorded by Ampicillin (100.0%) and Tetracycline (100.0%) to all isolates tested 

while very high resistance was recorded against Amoxicillin with S. pneumoniae recording 

87.5% resistance [29].  

The study also revealed a MDR patterns, all isolates were resistant to ampicillin and tetracycline. 

K. pneumoniae, E. coli, P. aeruginosa and Proteus spp were resistant to amoxicillin, ampicillin 

and tetracycline. P. aeruginosa and Proteus spp were resistant to amoxicillin, ampicillin, 

erythromycin, tetracycline, Cefuroxime and Ceftazidime [29]. 

Study from Jima specialized Hospital indicates as S. pneumoniae (16) isolates, overall resistance 

rate was high to oxacillin 11 (55%) and low resistance were observed for tetracycline 7 (35%), 

erythromycin 1 (5%), and chloramphenicol 1 (5%); while none of them were resistant to 

trimethoprim‑sulfamethoxazole. Of 16 S.aureus isolates subjected to antimicrobial susceptibility 

testing, overall resistance rate were high to tetracycline 16 (100%), oxacillin 13 (81.3%), 



10 | P a g e  

 

ampicillin 13 (81.3%), penicillin 13 (81.3%), trimethoprim‑sulfamethoxazole 13 (81.3%), 

erythromycin 12 (75%), and doxycycline 8 (50%). Low resistance were observed for ceftriaxone 

5 (31.3%), ciprofloxacin 5 (31.3%), chloramphenicol 5 (31.3%), and gentamycin 5 (31.5%). P. 

aeruginosa isolates showed relatively high resistance to gentamycin 5 (50%). Low resistances 

were observed for ceftriaxone 2 (20%) and ciprofloxacin 2 (20%). The antimicrobial testing of 

K. pneumonia, P. mirabilis, P. vulgaris, E. coli, and H. influenza isolates showed that all (100%) 

isolates had high resistance to tetracycline, ampicillin, and trimethoprim‑sulfamethoxazole. But 

low or no resistance was observed to ciprofloxacin and ceftriaxone [27]. 
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3. OBJECTIVES 

3.1. GENERAL OBJECTIVE: 

 To determine bacteriologically confirmed burden, bacterial profile and antimicrobial 

susceptibility patterns of Lower respiratory tract infection (LRTI) in selected health 

centers of Kolfe Keraniyo sub city, Addis Ababa, Ethiopia. 

3.2. SPECIFIC OBJECTIVES 

 To determine bacteriologicaly confirmed burden of LRTI in selected health centers of 

Kolfe Keraniyo sub city, Addis Ababa, Ethiopia. 

 To assess the bacterial profile of Lower respiratory tract infection in the study population. 

 To describe drug susceptibility patterns of the bacterial isolates from Lower respiratory 

tract infection. 

3.3. HYPOTHESIS 

There is no difference on the burden and susceptibility patterns of bacterial pathogens that cause 

LRTI with study conducted in Arbaminch and this study. 
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4. METHODS AND MATERIALS 

 4.1. STUDY AREA 

The study was conducted on Lomimeda, Kolfe and philipos health centers of Kolfe Keraniyo sub 

city of Addis Ababa, Ethiopia. Kolfe Keraniyo is one of the ten sub city of Addis Ababa (capital 

of Ethiopia), it is the eighth largest populous sub city. The land area of the sub city is 6348.09 

hectar. According to Addis Ababa Bureau of Finance and Economics report (2007/08) the 

populations of the sub city were 415,647 (201026 Male and 214621 Female). In this sub city 

there are 5 Hospitals (1 governmental and 4 private), 11 Health centers and 135 private and 

government clinics. The average daily flow rate of patient due to lower respiratory tract infection 

in the three (Lomimeda, Kolfe and Philipos) health centers was ten, so a total of 660 patients 

during the study period were expected. 

4.2. STUDY DESIGN AND PERIOD 

A cross-sectional study was conducted on Lomimeda, Kolfe and Philipos heath centers of Kolfe 

Keraniyo sub city to determine the magnitude, Profile and drug susceptibility patterns of 

bacterial pathogens of lower respiratory tract infections from May – July, 2016. 

4.3. SOURCE POPULATION 

Patients who have lower respiratory tract infections and have access to come Lomimeda, Kolfe 

and Philipos health centers for medical services. 

  4.4. STUDY POPULATION 

Patients visiting Lomimeda, Kolfe and Philipos health centers of Kolfe Keraniyo sub city and 

suspected of having clinical features of Lower respiratory tract infection who fulfill inclusion 

criteria. 
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4.5. STUDY SUBJECTS 

 Adult patients suspected of lower respiratory infection, were included based on inclusion criteria 

and voluntary to participate, and gave written informed consent to take part in the study. 

4.6. PARTICIPANT INCLUSION AND EXCLUSION CRITERIA 

4. 6. 1. INCLUSION CRITERIA  

 Individuals with symptoms of lower respiratory tract infection, in particular cough for < 

21days. 

4.6.2. EXCLUSION CRITERIA 

 Patient who had treatment with antibiotics in the last 14 days 

 Individuals who, unable or unwilling to provide informed consent. 

  Individuals with pulmonary tuberculosis (smear positive patients). 

 Individuals (patients) with age of < 18 years. 
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4.7. STUDY VARIABLES 

4.7.1. DEPENDENT VARIABLES 

 Bacterial pathogens of lower respiratory tract infection  

 Antimicrobial susceptibility patterns of bacterial pathogens of LRTI 

4.7.2. INDEPENDENT VARIABLES 

 Age, Sex, Occupation, Residence and Cigarette smoking.  

4.8. SAMPLE SIZE DETERMINATION AND SAMPLING TECHNIQUE 

The sample size was determined using single proportion formula considering the 95% 

confidence level taking the proportion as 40% from previous study conducted in Arbaminch [26] 

and tolerable error of 0.05, the formula used to calculate the sample size was as follow: 

 

 

The average daily flow rate of patient due to lower respiratory tract infection in the selected 

health centers was 10. The study period took 3 months with 22 working days of a month. 

Therefore a total 660 patients were expected to visit the selected health centers during the study 

period. Since expected numbers of patients coming health centers were less than 10,000, 

correction formula was used to get the final sample size. 
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 When 10% non response rate is considered, the final sample size becomes 261.  

Convenient sampling technique was used. Hence, to get 261 samples size, consecutive sputum 

sample collection from LRTI suspected patients’ of the three (Lomimeda, Kolfe and philipos) 

health centers was continued after consent from participants was gotten. 

 

 

 

 

 

 

 

 



16 | P a g e  

 

4.9. DATA COLLECTION AND LABORATORY PROCESSING 

4.9.1. ENROLLMENT AND PROCEDURE  

Prior to data collection a one day training was given to selected data collectors ( three 

supervisors, three Nurses, three  Health officers and three Laboratory technologists) .The aim of 

the study was explained to individuals with clinically suspected cases of lower respiratory tract 

infection who visits the health centers during the study period by those data collectors. 

Individuals who full fill the inclusion criteria and volunteer to take part in study were enrolled as 

study subjects and a written informed consent was gained. Socio-demographic characters and 

other risk factors were collected by using a structured questionnaire that was prepared in English 

and translated to Amharic. 

By using a structured questionnaire face to face interview on the socio-demographic variables 

like sex, age, occupation and other risk factors and clinical presentations were collected by 

trained data collectors during the patients visit. Laboratory examinations like sputum smear 

microscopy to screen out MTb and to check the quality of sputum sample were conducted by an 

experienced senior laboratory technologist. 

4.9.2. SAMPLE COLLECTION AND PROCESSING  

Sputum samples of patients presenting with symptoms of LRTI (productive cough and dyspnea) 

were collected in wide - mouthed sterile containers by standard collection procedures after 

informing them to rinse their mouth with water. Quality of expectorated sputum samples were 

assessed by Bartlett’s scoring method (table 1) and checked for pulmonary tuberculosis by using 

the Ziehl-Neelsen (ZN) staining technique in the laboratory of Lomimeda, Kolfe and Philipos 

health centers by senior Laboratory technologists [20].  

Then only suitable and pulmonary tuberculosis negative sputum samples were transported 

immediately to Bacteriology Laboratory of EPHI by using triple package transportation system 

and inoculated on to MacConkey agar and incubated at 37°C for 18-24 hours, Blood agar (BAP) 

and Chocolate agar (CAP) incubated in a humid, 5% CO2 atmosphere for 18–24 hours at 35°C-
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37°C.All the plates were initially examined for growth after 24 hrs, the plates without the growth 

were further incubated for up to 48 hrs. Bacterial colonies differing in size, shape and color were 

selected from the different plates and further sub cultured. After obtaining pure colonies, further 

identification was done by using the standard microbiological technique like gram stain, colony 

morphology and biochemical tests. Preliminary identification of bacteria were based on Gram 

reaction, colony characteristics of the bacteria like hemolysis on blood agar and enzyme 

activities of the bacteria on different substrates [30].  

Biochemical tests: Biochemical tests were performed on colonies from pure cultures for final 

identification of the isolates.  

Gram-negative rods were identified by performing a series of biochemical tests which include 

triple sugar iron agar, indole, Simon’s citrate agar, lysine iron agar, urea, mannitol and motility. 

Gram-positive cocci were identified based on their gram reaction, catalase, coagulase, bacitracin 

and optochin test results [30]. 

Antimicrobial susceptibility testing: Antimicrobial susceptibility testing was carried out to 

each identified organism for antibiotics as mentioned on CLSI, 2014 by disc diffusion method on 

Muller Hinton agar (MHA) and Muller Hinton agar supplemented with 5% sheep blood. 

The suspensions of a young culture growth of the bacteria were prepared by picking parts of 

similar colonies with a sterile wire loop. And suspended in sterile broth and incubated up to two 

hours to allow the bacteria to reach their log-phase in growth. The turbidity of suspension was 

determined in comparison  with 0.5 MacFarland standard [30]. A sterile swab was dipped in the 

broth suspension and excess suspension was removed by pressing the swab against the wall of 

the tube. The entire surface of MHA plate was uniformly flooded with suspensions and allowed 

to dry for about 15-30 minutes.  

The antimicrobial impregnated disks were placed by using sterile forceps at least 24 mm away 

from each other to avoid the overlapping zone of inhibition [30]. The susceptible patterns of  

gram negative isolates were performed for antibiotics like Tobramycine (TOB) 10µg, 

Trimethoprim-sulfamethoxazole (SXT) 1.25/ 23.75 μg, Ceftazidime (CAZ) 30 μg, 
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Tetracycline(TTC) 30 μg, Amoxicillin-clavulanate (AMC) 20/10 μg, Cefuroxime (CXM) 30 

μg,Ceftraxone (CTX) 30 μg, Norfloxacilin (Nor)10 μg, Gentamycin (CN) 10 μg, 

Ciprofloxacin(CRO) 5 μg, Cefoxitin (FOX) 30 μg, Cefepime (CFP) 30 μg, Amikacin (AK)30 

μg, Meropenem (Mem) 10 μg and Ampicilin (Amp)10 μg. Similarly gram positive isolates were 

tested for Tobramycine (TOB) 10µg, Trimethoprim-sulfamethoxazole (SXT) 1.25/ 23.75 μg, 

Gentamycin (CN) 10 μg, Ciprofloxacin(CRO) 5 μg, Clindamycin (CLM) 2 μg, Erytromycin 2 μg 

Tetracyclin (TTC)30 μg, Penicilin (pen) 10 units, Chloraphinicole (CAF) 30 μg, Oxacilin (OXA) 

1 μg and Vancomycine (VAN)30 μg and interpreted according to CLSI M100-S24,2014 [31]. 

The disks were placed on agar plates and allowed to stand for 30 minutes to dissolve the 

antibiotics in the media. The plates were inverted and incubated at 37
o
c for 24 hours and then 

inhibition zone were measured  

Interpretation: Grades of susceptibility pattern was recognized as sensitive, intermediate and 

resistant by comparison of zone of inhibition as indicated in the manufacturer’s guidance [20, 30, 

31].   

Table.1.1. Bartlett’s criteria for sputum culture [32] 

Number of Neutrophils/10 X LPF Grade 

<10 0 

10-25 +1 

>25 +2 

Presence of mucus   

Number of Epithelial Cells /10 X LPF   

<10 +1 

10-25 -1 

>25 -2 

Average number of epithelial cells and neutrophils in 20-30 low power fields were calculated 

and the total score of 0 or less were considered as upper respiratory tract contamination or lack 
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of active inflammation (non-acceptable sample), while a score of 1 and above were considered as 

acceptable sample [32]. 

4.9.3. QUALITY CONTROL 

All specimens were collected according to the standard operating procedure of specimen 

collection and the quality of the specimens were checked based on Bartlett’s acceptance and 

rejection criteria. To ensure the accuracy of data, double data entry method was used. The 

sterility of culture Medias were ensured by incubating 5% of each batch of the prepared media at 

37
o
c for 24 hours. Performances of all prepared media were  checked by inoculating international 

standard-strains such as E.coli (ATCC 25922), S.aureus (ATCC 25923) and P.aeruginosa 

(ATCC 27853).To standardize the inoculums density of bacterial suspension for the 

susceptibility test, 0.5 MacFarland standard was used [30]. 

 4.9.4. DATA ANALYSIS 

Data’s were entered and analyzed using SPSS version 20. Simple frequencies were applied to see 

the distribution of the socio demographic variables. Proportions of categorical variables were 

compared by Chi square. P values< 0.05 was considered statistically significant and results were 

presented by words and tables. 

4.10. ETHICAL CONSIDERATION 

Ethical clearance was obtained from the Ethical Committee of Addis Ababa University, College 

of Health Science, School of Allied Health Sciences, Department of Medical Laboratory 

Sciences. Official permission and written informed consent was obtained from Kolfe Keraniyo 

sub city Health Office, Lomimeda, Kolfe and Philipos health centers and study participants 

respectively. Data were collected after obtaining informed consent from study participants. All 

the information obtained from study participants were kept confidential. The laboratory results of 

the study participant were contacted to their physicians or Nurses for appropriate treatment. 
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5. RESULTS 

5.1. Socio-demographic characteristics of study participants   

A total of 270 LRTIs suspects were involved in this study and 240 of them fulfilled all the 

criteria for this study resulting a response rate of 92.3 %. Thirty sputum samples, which did not 

fulfill acceptance criteria, sputum samples with bartlet’s scoring of ≤ 0, were discarded and 

communicated with their physicians. The mean age of them was 38 +/- 14years. The majority 

(53.3 %) of enrolled participants were females. The highest proportion of the participants were in 

the age range of 18-27 years (31.1%) followed by the age range 28-37 (22.1%). 15 % of the 

participants were Cigarette smokers (Table 5.1). 

.  
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Table.5.1. Socio-demographic characteristics of study participants (n =240) among patients 

attending selected health centers’ of Kolfe Keraniyo sub city, Addis Ababa, Ethiopia, 2016 

   Characteristics  Frequency No  Percent  

Sex Male 112 46.7 

Female 128 53.3 

Residence Urban  180 75 

Rural 60 25 

 

Age group 

18-27 75 31.3 

28-37 53 22.1 

38-47 42 17.5 

48-57 39 16.3 

>58 31 12.9 

Occupation      

 

Civil servant 27 11.3 

Merchant 46 19.2 

Housewife 68 28.3 

Farmer 14 5.8 

Student  24 10 

Daily labor 36 15 

Other 25 10.4 

Cigarette  smoker 36 15 

Non smoker  204 85 

 

5.2. Burden and Bacterial profiles of study participants  

Of 240 samples processed , 77  sputum samples had bacterial growth of different species. 

Making a burden of 32.1%. Out of 112 males enrolled in this study, 50 (44.6%) were positive for 

Pathogenic bacteria. The result shows that LRTI were more prevalent in males than in females. 

Among 36 smokers 21 (58.3) were positive for bacterial pathogens of LRTI. 
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Table.5.2.Burden of Lower Respiratory Tract Infection in Relation to different socio-

demographic characters among patients attending Selected Health Centers’ of Kolfe 

Keraniyo sub city, Addis Ababa, Ethiopia, 2016. 

  

 

 

   Characteristics Frequency   Negative 

(%) 

Positive (%)  X
2
 P.value 

Sex Male 112 65(55.4) 50 (44.6) 14.6  0.00 

Female 128 101(78.9) 27 (21.1) 

Residence Urban  180 124(68.9) 56 (31.1) 0.31 0.57 

Rural 60 39 (65) 21 (35) 

 

Age group 

18-27 75 56(74.7) 19 (25.3)  

1.11 

 

 

0.29 

 

28-37 53 38 (71.7) 15 (28.3) 

38-47 42 21(50) 21 (50) 

48-57 39 26 (66.7) 13 (33.3) 

>58 31 22 (71) 9 (29) 

Occupation      

 

Civil servant 27 16 (58.3) 11 (40.7)  

 

0.01 

 

 

0.92 

Merchant 46 30 (65.2) 16 (34.8) 

Housewife 68 51 (75) 17 (25) 

Farmer 14 8 (57.1) 6 (42.9) 

Student  24 18 (75) 6 (25) 

Daily labor 36 24 (66.7) 12 (33.3) 

Other 25 16 (64) 9 (36) 

Cigarette  smoker 36 15 (41.7) 21 (58.3) 12.3 0.00 

Non smoker  204 148 (72.5) 56 (27.5) 
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Among the isolates, K. pneumoniae 28(36.4%) was the most isolated organism, S. pneumoniae 

15(19.5%) was next, followed by E. coli 10 (12.9%) and Citrobacter 7(9.1%) (5.3).  

Table.5.3. Frequency of bacteria isolates among patients attending selected health centers’ 

of kolfe keraniyo sub city, Addis Ababa, Ethiopia, 2016.  

 Bacterial Isolates  Frequency (n) Percent (%) 

K. pneumoniae 28 36.4 

S. pneumoniae 15 19.5 

E.coli 10 12.9 

Citrobacter spp 7 9.1 

P. aeruginosa 6 7.8 

K. pneumoniae and E.coli 3 3.9 

S. aureus 3 3.9 

P. vulgaris 2 2.6 

Acinetobacter spp 1 1.3 

K. pneumoniae and P. aeruginosa 1 1.3 

Seratia spp 1 1.3 

Total 77 100 

5.3. Antibiotic susceptibility patterns  

The most effective antibiotic for K. pneumoniae was Meropenim with  100 % sensitivity (28/28), 

followed by Amikacin 27 (96%), Ceftazidime 26(93%)  and Tobramicin 26 (93%), while high 

resistance rate was recorded for Ampicillin with resistance patterns of 86 % ( 24 isolates).  
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The most effective antibiotic for E. coli was Amikacin with 100 % sensitivity, followed by Tobramycin ,  Amoxicillin-clavulanate , 

Cefuroxime, cefpime and Meropenim 90 % for each. While high level of resistance was noted for Ampicillin (80%) and Gentamicin 

40 % (Tables 5.4).  Vancomycin and clindamycin were the most effective antibiotic for S. pneumoniae with sensitivity of 93% (14 

isolates)  and 87% ( 13isolates ) respectively while 9 isolates (60%) were resistance to trimethoprim- sulfa metoxazole (table 5. 4). 

 Table.5.4. Antibiotics Susceptibility patterns of Gram Positive Isolates of LRTI among patients attending selected health 

centers’ of kolfe keraniyo sub city, Addis Ababa, Ethiopia, 2016                                                                                                      

 

Key: TOB – Tobramycine, SXT- Trimethoprim-sulfamethoxazole, CN- Gentamycin ,CRO –Ciprofloxacin, CLM -  Clindamycin, E -

Erytromicin, TTC-Tetracyclin, Pen – Penicilin, CAF -  Chloraphinicole,OXA- Oxacilin and VAN – Vancomycine. 

Isolates No                                          Antibiotic pattern (%) 

  TOB 

(%) 

SXT 

(%) 

CN 

(%) 

CRO 

(%) 

CLM 

(%) 

E (%) TE 

(%) 

Pen 

(%)  

CAF 

(%) 

OXA 

(%) 

VA 

(%) 

S. pneumoniae 15 S NA 6(40) NA NA 13(87) 9(60) 8(53) 7(47) 11(73) 15(100) 14(93) 

R NA 9(60) NA NA 2(13) 6(40) 7(47) 8(53) 4(27) 0 1(7) 

S. aureus 3 S 2(67) 2(67) 2(67) 2(67) 2(67) 1(33) 0 2(67) 0 2(67) NA 

R 1(33) 1(33) 1(33) 1(33 1(33) 2(67) 3(100) 1(33) 3(100) 1(33) NA 

Over all S 2(67) 8(44) 2(67) 2(67) 15(83) 10(56) 8(44) 9(50) 11(61) 19(95) 14(93) 

R 1(33) 10(56) 1(33) 1(33) 3(17) 8(44) 10(56) 9(50) 7(39) 1(5) 1(7) 
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Table.5.5. Antibiotics Susceptibility patterns of gram negative Isolates of LRTI among patients attending selected health 

centers’ of kolfe keraniyo sub city, Addis Ababa, Ethiopia, 2016 

Isolates N

o 

                                          Antibiotic pattern (%) 

 TOB 

(%) 

SXT 

(%) 

CAZ 

(%) 

TTC 

(%) 

CXM 

(%) 

CTX 

(%) 

AMC 

(%) 

Nor 

(%) 

 CN 

(%) 

CRO 

(%) 

Fox 

(%) 

CFP 

(%) 

 Ak 

(%) 

Mem 

(%) 

Amp 

(%) 

K.pneu

moniae      

28 S 26(93) 23(82) 26(93) 15(54) 24(86) 22(79) 23(82) 21(75) 23(82) 17(61) 25(89) 26(93) 27(96) 28(100) 4(4) 

R 2 (7) 5(18) 2(7) 13(46) 4(14) 6(21) 5(18) 7(25) 5(18) 11(39) 3(11) 2(7) 1(4) 0 24(86) 

E.coli              10 S 9(90) 7(70) 7(70) 4(40) 7(70) 8(80) 9(90) 7(70) 6(60) 7(70) 9(90) 9(90) 10(100) 9(90) 2(20) 

R 1(10) 3(30) 3(30) 6(60) 3(30) 2(20) 1(10) 3(30) 4(40) 3(30) 1(10) 1(10) 0 1(10) 8(80) 

P.aerugi

nosa    

6 S 5(83) 2(33) 4(67) 2(33) 3(50) 4(67) 1(17) 3(50) 3(50) 4(67) 5(83) 5(83) 4(67) 6(100) 1(17) 

R 1(17) 4(67) 2(33) 4(67) 3(50) 2(33) 5(83) 3(50) 3(500 2(33) 1(17) 1(17) 2(33) 0 5(83) 

Citrobac

ter   

7 S 7(100) 4(57) 5(71) 4(57) 5(71) 4(57) 4(57) 6(86) 4(57) 5(71) 6(86) 5(71) 7(100) 7(100) 1(14) 

R 0 3(43) 2(29) 3(43) 2(29) 3(43) 3(43) 1(14) 3(43) 2(29) 1(14) 2(29) 0 0 6(86) 

P.vulgar

is 

2 S 2(100) 1(50) 2(100) 1(50) 1(50) 1(50) 2(100) 2(100) 1(50) 1(50) 2(100) 2(100) 2(100) 2(100) 1(50) 

R 0 1(50) 0 1(50) 1(50) 1(50) 0 0 1(50) 1(50) 0 0 0 0 1(50) 

Acineto

bacter 

1 S 1(100) 1(100) 1(100) 0 1(100) 1(100) 0 1(100) 1(100) 0 1(100) 1(100) 1(100) 1(100) 0 

R 0 0 0 1(100) 0 0 1(100) 0 0 1(100) 0 0 0 0 1(100) 

Seratia 

spp 

1 S 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 1(100) 0 

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1(100) 

Over all S 55(93) 41(69) 50(85) 28(47) 46(78) 45(76) 44(75) 45(76) 43(73) 39(66) 53(90) 53(90) 53(90) 58(98) 10(17) 

R 4(7) 18(31) 9(15) 31(53) 13(22) 14(24) 15(25) 14(24) 16(27) 20(34) 6(10) 6(10) 6(10) 1(2) 49(83) 

Key: TOB-Tobramycin, SXT-Trimethoprim-sulfamethoxazole, CAZ-Ceftazidime, TTC-Tetracycline, AMC-Amoxicillin-clavulanate, CXM- 

Cefuroxime, CTX - Ceftraxone, Nor - Norfloxacilin, CN - Gentamycin, CRO - Ciprofloxacin, FOX - Cefoxitin, CFP -Cefepime, AK- Amikacin, Mem - 

Meropenem and Amp- Ampicilin. 
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From a total (73) isolates only 3 (4.1%) were sensitivity to all tested antibiotics, 9 (12.3%) were 

resistance to one antibiotics and 61(83.6%) were resistance to two or more antibiotics  

Table5.6. Multidrug resistance patterns of bacterial isolates among patients attending 

selected health centers’ of kolfe keraniyo sub city, Addis Ababa, Ethiopia, 2016 

Isolates  Frequency 

(N) 

                 Antimicrobial pattern 

R0 R1 R2 R3 R4 ≥ R5 

K. pnemoniae 28 1 4 4 7 8 4 

S. pnemoniae 15 2 3 4 3 2 1 

E.coli 10 0 1 2 2 1 4 

Citrobacter spp 7 0 0 0 3 2 2 

P. aeruginosa 6 0 0 0 0 2 4 

S. aureus 3 0 0 0 0 1 2 

P. vulgaris 2 0 0 0 1 1 0 

Acinetobacter spp 1 0 0 0 1 0 0 

Seratia spp 1 0 1 0 0 0 0 

Total 73                 

(100 %) 

3    

(4.1%) 

9 

(12.3%)  

10 

(13.7%) 

17 

(23.3%) 

17 

(23.3%) 

17 

(23.3%) 

 

Key: R0- No antibiotic resistance, R1- Resistance to one, R2-Resistance to two, R3-Resistance to 

three, R4-Resistance to four, ≥ R5-resistance to five and more antibiotics. 
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5.4. DISCUSSION 

Lower respiratory tract infections are among the most commonly encountered infectious diseases 

causing significant morbidity and mortality. An expanded variety of emerging pathogens 

likewise provides challenges for the microbiology laboratory. Moreover, in recent years, there 

has been dramatic rise in antibiotic resistance among pathogens. The consequences of increased 

drug resistance are far reaching since bacterial infection of lower respiratory tract is a major 

cause of death. Current trend of microbial spectrum causing LRTIs and their antibiotic 

susceptibility profiles are therefore necessary for the prescription of appropriate therapy [20]. 

In the present study, Out of 240 sputum samples analyzed 77 (32%) were positive for cultures 

leaving a greater negative result of 163 (68%). This finding is similar to studies who reported 

high negative result in India (71.5%) [24], Nigeria (76 %) [29] and Ethiopia (60%) [27]. this 

negative result may be attributed to viral or other etiological agents [29]. 

In this study, 50 (44.6%) of 112 males were positive for Bacterial pathogens of LRTI, while 27 

(21.1%) of 128 females were positive for bacterial pathogens of LRTI.  The result shows that 

LRTI were more prevalent in males than in females (P. value = 0.00). Similarly study from 

Nigeria, on study Prevalence and Antibiotic Susceptibility Pattern of Bacterial Agents Involved 

in Lower Respiratory Tract Infections in Abeokuta, Ogun State, Nigeria, reported a high 

prevalence in males (28.6%) than females (28.4%) [29]. our finding also agrees with study 

conducted in India [2] and Tribhuvan University, Nepal [23] that states the possible reasons for 

having high prevalence of LRTI in males than In females is due to different habits of males like 

cigarette smoking (P. value = 0.00) and also could be females enrolled in the study comprised 

largely of housewives, who being less exposed to respiratory tract risk factors.    

Out of the 77 bacterial isolates, gram-negative organisms were the highest of the isolates, 

accounting for 59 (77%), while gram-positive were 18 (23%). This findings correlates well with 

earlier study that reported gram-negative bacteria isolates to be higher than gram positive 

bacterial isolates, in India 70.9% gram negative and 29.1% gram positive [3], Nigeria 58%gram 

negative and 42% gram positive [29].  
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In this study, 28 (36.4%) K. pneumoniae were isolated, which is comparable with findings in 

India that showed as prevalence of K. pneumoniae was 31.5% - 42% [3, 9, 20, 24]. But the 

prevalence of K. pneumoniae, in our finding is low when compared with the finding in Nigeria 

(70%)  [29] and high compared with findings in Ethiopia (4.7%) [27]. 

The second dominant isolate in this study is S. pneumoniae which accounts 15(19.5%). This is 

comparable with studies, in India (20%) [24], Nigeria (17.5%) [29] and Ethiopia (11.8%) [27].  

The third dominant isolate in this study is E.coli and it accounts 10 (12.9%). This is comparable 

with other studies, in India (8.3% - 11.5%) [9, 20], Nigeria (7.1% - 7.5%) [29, 32]. But higher 

prevalence when compared with studies in Ethiopia (2.4%) [27]. 

Although, many similar works does not report Citrobacter as a common cause of lower 

respiratory tract infection, it is the fourth dominant isolate in this study accounting 9.1% .This is 

comparable with study conducted in Nigeria (5.7%) [32], India (2 - 2.6%) [3, 20]. 

Six (7.8%) P. aeruginosa were isolated, which is comparable with the study in Nigeria (5 - 

7.1%) [29, 32], Ethiopia (5.8%) [27]. But lower than the findings in India (25%) [9], (17%) [20] 

and (13.3%) [24].  

Three (3.9%) S.aureus were isolated from this study, which is comparable with studies in India 

who reported as prevalence of S.aureus in lower respiratory tract infection is 5% and  2.6% [3, 

5]. But the finding in this study is lower when compared with studies in Nigeria (10%) [32] and 

Ethiopia (8.8%) [27].The difference in study period, sample size and geographical variation 

could contribute for this difference. 

Two (2.6%) of P.vulgaris were isolated and this is almost similar with the finding in Ethiopia 

(0.6%) [27].Similarly one (1.3%) Acinetobacter and one (1.3%) Seratia spp were isolated, this is 

comparable with others works done in India 2.6% Acinetobacter [3] and Nigeria 4.28% 

Acinetobacter and 2.85% Seratia spp [32]. 
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S. pneumoniae and S.aureus were the two gram positive isolates observed on this work which 

contrast to the study from Nigeria [29] who reported as S. pneumoniae was the only Gram 

positive isolate. 

The most predominant isolate in our study is K. pneumoniae followed by S.pneumoniae. 

Similarly study carried out in India on etiology and Antimicrobial Susceptibility Patterns of 

Lower Respiratory Tract Infections in a Rural Tertiary Care Teaching Hospital at Karimnagar, 

South India, showed as K. pneumoniae was the predominant pathogen isolated from sputum 

(31.5%) and S.pneumoniae (7.8%) was the most common gram positive bacterial isolate from 

sputum samples [3]. But other studies from India revealed as S.pneumoniae was the predominant 

isolates of Lower respiratory tract infection [2,14].  

But other study from Nigeria on Bacterial isolates of the respiratory tract infection and their 

current sensitivity pattern revealed as S. pneumoniae (25.6%) was the most predominant 

followed by K. pneumoniae (20.9%), E.coli (20.9%) and S. aureus (16.3%) respectively [1]. 

Also Study from India revealed as p. aeruginosa (11%) was the mos predominant Gram negative 

pathogen followed by K. pneumoniae (10.5%) and Acinetobacter (4.5%) [5]. 

The difference observed in the prevalence of bacterial isolates in studies elsewhere is may be due 

to difference on socio demographic characteristics of study participants and geographic region 

variation. 

Mixed infection was observed in 4(5.2%) participants from these 3 (75%) were mixed infection 

of K. pneumoniae and E.coli and 1(25%) were K. pneumoniae and P. aeruginosa. This finding 

was comparable with study conducted in Ethiopia on Etiology of Bacterial Pathogens from Adult 

Patients with Community-Acquired Pneumonia in Arbaminch Hospital, South Ethiopia, reported 

as mixed bacterial infection was 2.9% [26]. Similar study from Ethiopia by the same outer in 

2015 on Antimicrobial susceptibility pattern of bacterial isolates from community-acquired 

pneumonia patients in Jimma University Specialized Hospital, Jimma, Ethiopia, reported a 

mixed infection of 4.5% [27]. 
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The susceptibility patterns of  gram negative isolates were performed for antibiotics like 

Tobramycine (TOB) 10µg, Trimethoprim-sulfamethoxazole (SXT) 1.25/ 23.75 μg ,Cefazidime 

(CAZ) 30 μg,Tetracycline(TTC) 30 μg, Amoxicillin-clavulanate (AMC) 20/10 μg, Cefuroxime 

(CXM) 30 μg,Ceftraxone (CTX) 30 μg, Norfloxacilin (Nor)10 μg, Gentamycin (CN) 10 μg, 

Ciprofloxacin(CRO) 5 μg, Cefoxitin (FOX) 30 μg, Cefepime (CFP) 30 μg, Amikacin (AK)30 

μg, Meropenem (Mem) 10 μg and Ampicilin (Amp)10 μg. Similarly gram positive isolates were 

tested for Tobramycine (TOB) 10µg, Trimethoprim-sulfamethoxazole (SXT) 1.25/ 23.75 μg, 

Gentamycin (CN) 10 μg, Ciprofloxacin(CRO) 5 μg,Clindamycin (CLM) 2 μg, Erytromicin 2 μg 

Tetracyclin (TTC)30 μg,Penicilin (pen) 10 units, Chloraphinicole (CAF) 30 μg, Oxacilin (OXA) 

1 μg and Vancomycine (VAN)30 μg  according to CLSI 2014 guideline    

The result of the sensitivity test indicated as gram-negative bacilli shows high sensitive to 

Meropenem (98%), Tobramycin (93 %), Amikacin (90%), ceftazidime (90%) and Ceforoxime 

(90%) while high resistance level was observed to Ampicilin (83%), Ciprofloxacilin (34%), 

Tetracyclin (53%) and Trimethoprim-sulfamethoxazole (31%). Similarly study from India 

revealed as Amikacin was the most effective antibiotics for Gram negative bacilli causing LRTI 

[14] and also study from the same country indicates as all the gram negative isolates were 

resistance to antibiotics such as ampicillin, amoxycillin-clavulinic acid and trimethoprim-

sulphamethoxazole [20].  

The most common causative agent among gram-negative bacilli, K.pneumonia, was showed   

high sensitivity to Meropenem (100%) and  Amikacin (96%), And high resistance to Ampiciline 

(86%), Tetracycline (46%) and ciprofloxacilin(39%), which is comparable with the study 

conducted in India that sowed as susceptibility pattern of K. pneumoniae was 94% and 90.5%, to 

Meropenem and Amikacin respectively  [15] and also  by  other auteur from same country 

showed susceptibility pattern of 85.7% to Amikacin[3]. But very low sensitivity pattern was 

reported from India to Amoxicillin-clavulanate (45%), Ceftazidime (15%) and Ciprofloxacin 

(25%). The use of Meropenem in Ethiopia is very recently introduced and mainly applicable for 

critically ill patients admitted in hospital. As a result we expect very high level of sensitivity to 

meropenem. 
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In this study, 90% E.coli, that  showed susceptibility to Tobramycin,  Amoxicillin-clavulanate, 

Cefrotoxin, Cefpime and Meropenem was also 100% susceptible to Amikacin and 80% resistant 

to Ampiciline, 30% resistant to Trimethoprim-sulfamethoxazole and 40% resistant to 

Gentamicin, similarly study from India showed 100% sensitivity to Amikacin,  Ciprofloxacin, 

Ceftazidime, Cefepime and Ceftriaxone [2]. 

P.arogenesa, which was 83% resistant to Ampiciline and Amoxicillin-clavulanate, 67% to 

Trimethoprim-sulfamethoxazole, 50% to ceftriaxozone, Gentamycine and Norfloxaciline, was 

100% sensitive to Meropenem and 83 % to Tobramycine, Cefuroxime and cefpime. Comparably 

Study from Nigeria indicates susceptibility pattern of P.arogenesa 100% to Cefuroxime and 

Ceftazidime. But higher resistance pattern was reported from Nigeria to Ampiciline and 

Gentamycin(100) [29]. 

Although, citrobacter showed 100% sensitivity to Amikacine and Tobramycine, 86% sensitivity 

to Norfloxacine and Cefroxime; it was the second isolates that showed high resistance to two or 

more antibiotics (86% to Ampiciline, 43% to Trimethoprim-sulfamethoxazole, Tetracycline, 

Ceftraxozone,  Amoxicillin-clavulanate and gentamycine ) next to P.arogenesa. Similarly study 

from India on Multidrug resistant Gram-negative bacilli in lower respiratory tract infections 

showed comparable susceptible pattern of citrobacter (100% to Amikacin and Merpenem) [15]. 

And also study in India indicates high resistance of citrobacter to ceftazidime(75%), Ceftraxone 

(75%) and Amoxicillin-clavulanat  (85%) [3]. 

In present study gram positive organisms showed 95% susceptibility to Oxaciline and 93% to 

vancomycin while high resistance was to Tetracycline (56%), Trimethoprim-sulfamethoxazole 

(56%) and Peniciline (50%). Similar study from India reported as 100% of gram positive 

organism was susceptible to Vancomycin [3]. But the resistance pattern to tetracycline in our 

study is less than the finding from Nigeria who reported 100 % resistance patterns of gram 

positive isolates to Tetracycline [29]. 

S. pneumoniae, which was the second dominant isolate in this study, showed 100% susceptible 

to oxacilin and 40 % to trimethoprim‑sulfamethoxazole; while highly resistance to peniciline 
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53%, Tetracycline 47% and Eretromycine 40%. This is comparable with study conducted in 

Nigeria who revealed as sensitivity pattern of S. pneumoniae was 37.5% and 0% to Eretromycine 

and Tetracycline respectively [29]. In contrast in Ethiopia study revealed as S. pneumoniae was 

55% resistant to Oxacilin and 100% susceptible to trimethoprim‑sulfamethoxazole [27]. And 

also study in India concluded high susceptibility of S. pneumoniae to Eretromycine [89%] [14]. 

In this study, 67% S.aureus, that showed susceptibility to Tobramycin, trimethoprim-

sulfamethoxazole, Gentamycine, Ciprofloxacin, Clindamycine and Peniciline, also showed 100 

% resistance to Tetracycline and Cloramphinicole; and 60 % resistance to Erytromycine. 

Similarly study on Bacteriological Review of Multi-Drug Resistance (MDR) Pathogens involved 

in Respiratory Tract Infections in Abeokuta, Nigeria, reported as S. aureus was 50% susceptible 

to Erytromycine and Gentamycine and 100 % resistance to Tetracycline [29]. Although, high 

(81%) resistance was reported for Oxacilin and penicillin, which was 33% in this study and Low 

(31.3%) resistance for chloramphenicol, other findings from Ethiopia was comparable with this 

findings, that reported as 100%, 81%,75%, 32% and 31% of  S. aureus were  resistance  to 

tetracycline, trimethoprim-sulfamethoxazole, erythromycin, Gentamycin and Ciprofloxacin 

respectively[27].   

The majority 61(83.6%) of the pathogens showed multi-drug resistant (MDR) pattern to most of 

the antibiotics used. This finding is comparable with study conducted in Ethiopia , that showed 

as multi-drug resistance pattern was 60.3% on 2014 and 62.7% on 2015[18,27].  

The difference in susceptibility pattern of isolates to different antibiotics is may be due to 

different antibiotic usage habit of study participant and different antibiotic using policy of each 

country. 

5.5. STRENGTH AND LIMITATION  

  5.5.1. Strength 

This study excludes patients who took antibiotic within the last 14 days of sample collection and 

tried to evaluate quality of collected sample before further processing. 
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5.5.2. Limitation 

Due to resource limitation some common pathogens of Lower respiratory tract infection like 

Chlamydia, Mycoplasma , Legionella species and fungal antilogies  were not attempted. 

We have also considered smear positive PTB cases, there might be smear negative PTB cases 

which could be ruled out with sputum culture.  

5.6. CONCLUSION 

In the present study the most predominant organism isolated from patients with LRTI was 

Klebsiella pneumonia (36.4%) both as single pathogen & in mixed infection. The most effective 

antibiotics for gram negative bacilli causing LRTI was Amikacin and Meropenim while for gram 

positive cocci was Vancomycine and Oxaciline. Even though, the results obtained in this study 

indicated that some of the antibiotics used to treat respiratory tract infections in this community 

are still effective, but still there is danger of drug (especially for Ampicilin and Tetracycline) 

resistance which need to be tackled. 

5.7. RECOMMENDATIONS 

 Antimicrobial susceptibility test should be encouraged on routine basis so as to figure out the 

best antibiotic for treatment of respiratory infections. 

 Since bacterial aetiology may vary in different geographical regions and even over time in 

the same location and population, routine surveillance of microbial etiology of LRTI is 

important 

 Large scale studies are needed by considering viral, fungal, Tuberculosis culture and all other 

potential bacteria to further explore the potential etiologies of LRTI in Addis Ababa. 

. 
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7. ANNEXES  

ANNEX I: INFORMATION SHEET AND CONSENT FORM 

Title: Bacterial profile and Antimicrobial susceptibility patterns of Lower Respiratory Tract 

Infection among patients attending selected health centers’ of Kolfe Keraniyo sub city, Addis 

Ababa, Ethiopia, 2016. 

Name of Investigator: Negash Nurahmed  

Name of the Organization: Addis Ababa University 

Introduction: You are invited to participate as a study participant in this study voluntarily. The 

research team includes principal investigator, data collector and supervisor. 

Purpose: - The main objective of the study is to determine bacterial profile of lower respiratory 

tract infection and their antimicrobial susceptibility patterns. 

Procedure to be carried out: In order to perform the indicated study 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 you are requested to give your consent. The required clinical sample (sputum) will be 

collected by trained (selected) data collectors (nurses/ health officers and medical laboratory 

professionals). 

Risk associated with the study - You will not be at any physical or psychological risk and 

should experience no discomfort resulting from the research procedures.  

Benefits of the study - Based on the diagnosed result you will be treated accordingly. Moreover, 

this study will have a great value on preventive measures in health institutes and in the 

community. The results of this study have importance to treat the patients and to use as a 

baseline for effective treatment in the absences of laboratory investigation.  
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Compensation for participation: You will not receive any payment for your participation in 

this research study.  

Confidentiality of your information- All information gathered from the study participant will 

remain confidential. Your participation in this study is strictly anonymous. Personal information 

will be treated confidentially and under no circumstances will it be transmitted to any person or 

organization. The results of this study will be evaluated and summarized, and a feedback of the 

results to the study participants will be given by principal investigator. 

Voluntary participation - Your participation in the study is absolutely voluntary; no one is 

obliged to take part. Refusal to participate will involve no penalty. Each study participant is free 

to withdraw consent and discontinue participation in this study at any time.  

Person to contact: If you have any question you can contact the principal investigator and you 

may ask at any time you want. 

Principal investigator: Negash Nurahmed , Cell phone +251913 30 29 03 

E-mail: nurahmednegash@gmail.com 
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Consent form 

Serial no------------ Name of health institution   ------------------    Card no    ----------------         

Date-------------- 

I the undersigned study participant with lower respiratory tract infection have been well 

informed about the objective of the study entitled ―Bacterial profile and Antimicrobial 

susceptibility patterns of lower respiratory tract infection among patients attending selected 

health centers’ of Kolfe Keraniyo sub city, Addis Ababa: Ethiopia. 

I am 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 

medical access. 

I agreed voluntarily to provide the requested samples. 

Name and signature of study participant _______________________Date_____________ 

Name and signature of data collector _____________________________Date_____________ 
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ANNEX II:  INFORMATION SHEET (AMHARIC) 

የጥናቱ  ርእስ፡ በኮልፌ ቀራኒዮ ክፍሇ ከተማ በተመረጡ ጤና ጣቢያዎች ከሚታከሙ ታካሚዎች ውስጥ ሇታችኛው  

የመተንፈሻ  አካላት በሽታ  ምክንያት  የሆኑት  ባክቴሪያዎችና የጸረባክቴሪያ  መዴሀኒት  የመቋቋም ባህሪያቸዉ ፡፡ 

ጥናቱን የሚያካሂዯዉ ሰዉ - ነጋሽ ኑርአህመዴ 

ሇጥናቱ ተሳታፊዎች የሚሰጥ ማብራሪያ 

መግቢያ:-በመጀመሪያ እርስዎ በዚህ ጥናት ዉስጥ ተሳታፊ እንዴሆኑ ሲጠየቁ ተሳታፊ የሚሆኑት ፈቃዯኛ ከሆኑ ብቻ ነዉ፡፡ 

ይህንን ጥናት የሚያካሂደት ሰዎች የተዋቀሩት በዋና ተመራማሪ፣ በጥናቱ ተቆጣጣሪዎች እና ናሙና ሰብሳቢዎች ነዉ፡፡ 

ዓላማ፡- የዚህ ጥናት ዋና አላማ ሇታችኛው  የመተንፈሻ  አካላት በሽታ  ምክንያት  የሆኑት  ባክቴሪያዎችና የጸረባክቴሪያ  

መዴሀኒት  የመቋቋም ባህሪያቸዉ  ሇማወቅ  ነዉ፡፡ 

ሇጥናቱ የሚያስፈልግ ናሙና አወሳሰዴ፡- ይህን ጥናት በኮልፌ ቀራኒዮ ክፍሇ ከተማ ከሚገኙ በተመረጡ ጤና ጣቢያዎች 

ሇማካሄዴ የእርስዎን ግሇ-ታሪክ መጠየቅና ፈቃዯኛነትዎን ማግኘት አስፈላጊነዉ፡፡የጥናቱን አላማና ጥቅም  በሚገባተረዴተዉ 

ሇመሳተፍ ፍላጎት  ካሎት፣ 

ሀ. ናሙና ሇሚወስዴ  ሰዉ ወይም ዋና ተመራማሪ ሇሚጠይቀዎት ጥያቄ ተገቢውን መልስ ይሰጣለ :: 

ሇ.ሇምርመራ  የሚያስፈልገውን  የአክታ ናሙና  ይሰጣለ፡፡ 

ከጥናቱ ጋር ተያይዞ የሚመጣ ጉዲት - በዚህ ጥናት ዝርዝር አሰራር ሂዯት ውስጥ ምንም አይነት አካላዊም ሆነ አእምራዊ ጉዲት 

አይኖርም ፡፡ 

ሇተሳትፎ የሚሰጥ ማካከሻ : ምንም አይነት የካሳ ወይም የማስማሚያ ክፍያ የሇውም ፡፡ 

የጥናቱ ጥቅም፡ የጥናቱ  ዉጤት ሇታችኛው  የመተንፈሻ  አካላት በሽታ  ምክንያት  የሆኑት  ባክቴሪያዎችና የጸረባክቴሪያ 

መዴሀኒት የመቋቋም ባህሪያቸዉ ሇማወቅ ያስችላል፡፡እንዯዚሁም በርሶ በታችኛው የመተንፈሻ አካላት ውስጥ እነዚህ አዯገኛ 

ባክቴሪያዎች ከተገኙ አስፈላጊውን መዴሀኒት እንዴያገኙ ሇሀኪሞ ወይም ሇሚከታተሎት ጤና ባሇሙያ ይነገርሎታል፡፡ 

በተጨማሪም ይህ ጥናት የመከላከል ስራ በባሇሙያዎችና በህብረተሰቡ ዘንዴ እንዱኖር ያግዛል፡፡ እንዱሁም የተሇያዩ 

የላቦራቶሪ አገልገሎት በሌሇበት ጤና ተቋማት ወይም ሁኔታ ላይ ትክክሇኛ መዴሀኒት ሇመምረጥ ወይም ሇመስጠት አማላካች 

ሆኖ ያገሇግላል፡፡  
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የመረጃ ሚ ስጥራዊነት -ከሳታፊዎች የሚሰበሰቡ መረጃዎች በሙለ በሚስጥር የሚያዙና የሚጠበቁ ይሆናለ፡፡ በማንኛውም 

ምክንያት ተሳታፊዎች እነማን መሆናቸውን የሚያሰይ በመጠይቁም ይሁን በሌላ ነገር አይኖርም፡፡ የተሰበሰቡ መረጃዎች 

ሇሶስተኛ ወገን ተላልፎ አይሰጥም፡፡ በተጨማሪም ውጤቱ ሚሇካውም ተሰብስቦ ሚያዘው በዋና አጥኚ ነው፡፡  

በፍቃዯኝነት ላይ የተመሰረተ ተሳትፎ -  በጥናቱ ሇመሳተፍ ሙለ በሙለ በታሳታፊዎች ፍቃዯኝነት የተመሰረተ ነው፡፡ከዚህ 

በተጨማሪ በጥናቱ ላይ መሳተፍ እና አሇመሳተፍ በራሳቸው ብቻ የሚወሰን እንጂ የማንም ጣልቃገቢነት 

አይኖረውም፡፡እንዯዚሁም ዯግሞ ተሳታፊዎች በማንኛውም ጊዜ ያሇ ምንም ቅጣት ተሳትፎን ማቋረጥ ይችላለ፡፡  

ተጠሪ - በማንኛውም ጊዜ መጠየቅ የሚፈልጉት ጥያቄ ካሇ መጠየቅ ይችላለ፡፡ 

የተመራማሪ አዴራሻ :  

ስልክ: +251913 30 29 03 

ኢ-ሜል:  nurahmednegash@gmail.com 

የስምምነት ውል 

ቀን---------------- 

ተራቁጥር---------------------የሚታከምበት ክፍል-------------------------- የካርዴ ቁጥር--------------እኔ ከዚህ 

በታች በፊርማዬ ያረጋገጥኩት የጥናቱ ተሳታፊ በታችኛው የመተንፈሻ አካላት ውስጥ ሇበሽታ ምክንያት የሚሆኑ ባክቴሪያዎች 

እና የጸረ ባክቴሪያ መዴሀኒት የመቋቋም ባህሪያቸውን ከኮልፌ ቀራኒዮ ክፍሇ ከተማ በተመረጡ ጤና ጣቢያዎች ከሚታከሙ 

ታካሚዎች ውስጥ በሚል ርእስ የሚዯረገው ጥናት አላማውና ጥቅሙን በሚገባ ተረዴቻሇሁ፡፡ ጥናቱ ላይ መሳተፍም ሆነ 

አሇመሳተፍም በራሴ ፍቃዴ የሚወሰን መሆኑንም  ተገልጾልኛል፡፡በተጨማሪም ከጥናቱ ባልሳተፍም ሆነ አቋርጬ  ብወጣ 

ከጤና ተቋሟቱ  በማገኘው የህክምና አገልገሎት ምንም አይነት ችግር ወይም እንግልት እንዯማይዯርስብኝ ተነግሮኛል፡፡ ፡ 

በመሆኑም  እኔ ሇጥናቱ የሚሆን ናሙና (አክታ) መስጠቱ አስፈላጊ መሆኑን ስሇተስማማሁበት ሇመስጠት ሙለ ፈቃዯኛ 

መሆኔ በፊርማዬን አረጋግጣሇሁ፡፡ 

የተሳታፊ  ፊርማ ________________             ቀን ____________________ 

የተመራማሪ/የመረጃ ሰብሳቢ ሥም ና ፊርማ       ________________     ቀን ________________ 

mailto:nurahmednegash@gmail.com
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ANNEX III: QUESTIONNAIRE (ENGLISH) 

Questionnaire to determine Bacterial Profile of lower respiratory tract Infections and their 

Antimicrobial Susceptibility Patterns in Patients Attending selected health centers’ of kolfe 

keraniyo sub city, Addis Ababa, Ethiopia. 

Questionnaire code #  

Card #  

Date of data collection  

Name of health institution   

Diagnosis  

Socio-demographic information 

Instruction: Read/ listen the questions and select the appropriate response; for question 1, enter 

age in years. 

SN QUESTIONS CODING CATEGORIES 

1 Age( in years) 

2  Sex 1.Male        2.Female 

3 Residence?  1. Urban              2. Rural 

4 Occupation? 1. Civil servant   2. Farmer       3.Merchant         4.House 

wife     5. Daily labor        6. Other (specify)_______ 

5 Do you smoke cigarettes? 1. Yes                          2. No 

                                                                  THANK YOU!! 
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ANNEX IV: QUESTIONNAIRE (AMHARIC)  

በታቸኛው የመተንፈሻ  አካላት  ዉስጥ የሚገኙ  ባክቴሪያዎችን መሇየትና የጸረባክቴሪያ  መዴሀኒት የመቋቋም ባህሪያቸዉን 

ሇማጥናት የተዘጋጀ መጠይቅ 

የኮዴ ቁጥር   

የመታከሚያ ካርዴ ቁጥር  

ናሙናዉ የተወሰዯበት ቀን  

የጤናዴርጅቱ ስም  

ምርመራ  

ሀ. ማህበራዊ ና ኢኮኖማዊ  መረጃ 

መመሪያ:- እያንዲንደን ጥያቄ ካነበባችሁ</ካዯመጣችሁ በኋላ ከአማራጮቹ ውስጥ ትክክሇኛውን  መልስ ምረጡ::ሇጥያቄ 

ቁጥር አንዴ መልሱን በቁጥር ጻፉ:: 

ተራቁጥር ጥያቄ ኮዴ 

1 እዴሜ ?  

2 ጾታ 1.ወ          2.ሴ 

3 መኖሪያ ቦታ 1. ገጠር            2. ከተማ 

4 ስራ 1.የመንግስትሰራተ 2.ገበሬ   3. ነጋዳ                      

4.የቤትእመቤት 

5. የቀንስራ                  6.ሌላ ካለ ይግሇፁ 

5 ሲጋራ  ታጨሳሇህ/ሇሽ?      1.አዎ                2. አላጨስም 

                                 ሇተሳትፍዎ  እጅግ  አዴርገን  እናመሰገናሇን!! 
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ANNEX V: PROCEDURES 

A. To prepare the culture media 

 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. Calculate the amount needed for 1/2 

liter and weigh out this quantity. 

 Place 500 ml of distilled water in an Erlenmeyer flask. Add the weighed, dehydrated agar 

while stirring with a glass rod to prevent lumping. 

 Set the flask on a tripod over an asbestos mat.  

 When the agar mixture is completely dissolved, remove the flask from the flame or hot plate, 

close it with the cotton plug or cap, and it has to be sterilized in the autoclave. 

 When the flask of sterilized agar is returned to you, allow it to cool to about 50°C (the agar 

should be warm and melted, but not too hot to handle in its flask). Remove the plug or cap 

with the little finger of your right hand and continue to hold it until you are sure it won’t have 

to be returned to the flask. Quickly pour the melted, sterile agar into a series of Petri dishes. 

The Petri dish tops are lifted with the left hand and the bottoms are filled to about one-third 

capacity with melted agar. 

 Replace each Petri dish top as the plate is poured. When the plates are cool (agar solidified), 

invert them to prevent condensing moisture from accumulating on the agar surfaces. 

 Place inverted agar plates in the 35°C incubator. They should be incubated for at least 24 

hours to ensure they are sterile (free of contaminating bacteria) before you use. 

B. Collection and processing of sputum sample 

Sputum is a secretion formed by the lungs and the lower airways (below the larynx, or voice-

box). Examining sputum can reveal the cause of a respiratory tract infection (chest infection). 

This test requires you to collect a sample of sputum. Sputum is usually thick in consistency, 

opaque, and varies in colour from white to yellow to green. Saliva, unlike sputum, is clear and 

colorless, and examining it will not reveal the cause of a chest infection. Please ensure that you 

collect sputum and not saliva. 
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                                 Collection procedures  

 Label and write appropriate information’s (patient Card No, serial No, health center name, 

time of sample collected) before giving a large mouthed sterile container to your patient .The 

best time for you to collect sputum is when the patient wakes up in the morning. However, if 

patient is coughing up sputum all day, you may collect it at any time. 

 Order the patient to rinse his/her mouth with water, to not use toothpaste or mouth wash and 

Cough vigorously until he/she feel sputum collect in the back of his/her  throat, and then to 

spit this into the plastic container provided. 

 Check that sputum is present in the container —it should be thick, opaque, and colored. If 

only saliva (a watery, clear, and colorless liquid) is present, the sample is not suitable. Give 

another collection jar and order your patient as above. 

 Check the quality of sample for culture by using Bartlets’s criteria (by gram stain), and also 

pulmonary tuberculosis (by Ziehl-Neelsen (ZN) staining). If the sample quality does not full 

fill the criteria and PTb positive discard and register   

 Transport suitable sputum sample as soon as possible to the nearest Collection Centre.  

NB: - The above five sample collection procedures are for data collectors and the rest 

mentioned below are for principal investigators. 

 Check the labeling, quality and volume of the sample macroscopically  

 Transport suitable sputum sample to EPHI bacteriology laboratory as soon as possible by 

using triple package transportation system. If there is delay store the sample in refrigerator 

not more than 24 hrs 

 Inoculate on to MacConkey agar and incubate at 37°Cfor 18-24 hours, Blood agar (BAP) and 

Chocolate agar (CAP) incubate in a humid, 5% CO2 atmosphere for 18–22 hours at 35°C-

37°C. 

 Examine for growth after 24 hrs, the one without the growth re incubate for up to 48 hrs. 

 Select and subculture bacterial colonies differing in size, shape and color.  

 After obtaining pure colonies, identify by using the standard microbiological technique like 

Gram stain, colony morphology and biochemical tests.  
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                       C. Gram stain procedures 

o Prepare a thin smear of the culture or specimen will be observed. 

o Allow to air-dry and fix the smear. 

o Cover the fixed smear with crystal violet for 1 min. 

o Rinse with clean water and tip off all the water. 

o Cover the smear with Lugol’s iodine for 1 min. 

o Wash off the iodine with clean water 

o Add acetone-alcohol for 30 sec.  

o Wash the smear immediately with clean water. 

o Cover the smear with saffranin for 1-2 minutes. 

o Rinse with clean water. 

o Wipe the back of the slide and place in a draying rack for the smear to air-dry. 

o Examine microscopically, first with the 40x objective and then with the oil immersion 

objective for white cells, epithelial cells, bacteria and other structures. 

              - Gram- positive bacteria -------------Dark purple 

              - Gram- negative bacteria ------------Pale to dark red. 

                        D. Ziehl-Neelsen technique procedures 

 Prepare a thin smear of the culture or specimen will be observed. 

 Allow air-drying and Heat-fix the dried smear. 

 Cover the smear with carbolfuchsin stain. 

 Heat the stain until vapor just begins to rise (i.e. about 60 
o
c). Do not overheat. Allow the 

heated stain to remain on the slide for 5 minutes. 

 Wash off the stain with clean water. 

 Cover the smear with 3% v/v acid alcohol for 5 minutes or until the smear is sufficiently 

decolorized, 

Caution: Acid alcohol is flammable; therefore use it with care well away from an open 

flame. 
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 Wash well with clean water. 

 Cover the smear with malachite green stain for 1–2 minutes, using the longer time when the 

smear is thin. 

 Wash off the stain with clean water. 

 Wipe the back of the slide clean, and place it in a draining rack 

 Examine the smear microscopically, using the 100x oil immersion objective. When available, 

use 7x eyepieces because these will give a brighter image. 

           Results 

 AFB . . . . . . . . . . . . ….Red, straight or slightly curved rods, occurring singly or in       

small groups, may appear beaded. 

 Cells . . . . . . . . . . . . . . ……..Green 

 Background material . . . . . . . .Green 

                           E. Biochemical testing procedures 

Identification of gram positive bacteria: gram-positive cocci were identified based on their 

gram reaction, catalase and coagulase test results. 

Catalase test: This test will be used to differentiate staphylococci (+ve) from streptococci (-ve) 

Procedure 

 Pour 2-3 ml of 3% hydrogen peroxide to a test tube 

 Using a sterile wooden stick take the test organism and immerse into the hydrogen peroxide 

solution 

 Look for immediate bubbling      

Interpretation:                  

       Active bubbling------------------------- Positive test  

       No release of bubbles--------------------Negative test 
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Coagulase test: This test is used to differentiate Staphylococcus aureus from other 

Staphylococcus spp. 

Procedure 

 Place a drop of physiological saline on two separate slides 

 Emulsify the test organism in each of the drop to make thick suspension 

 Add one drop of plasma to one of the suspensions and mix gently. Look for clumping of the 

organism within 10 seconds 

Interpretation 

Clumping within 10 seconds ------------------S.aureus 

No clumping within 10 seconds -------------other staphylococcus species 

Identification of Gram negative bacteria: will be based on their test result with a series of 

Biochemical tests. 

Procedure 

 Prepare a suspension of the test organism with nutrient broth. 3- 4 colony of test organism in 

5 ml nutrient broth. 

 A loop full of the bacterial suspension is inoculated in to indole, citrate agar, triple sugar iron 

agar, lysine decarboxylase agar, manitol, urea agar and motility medium. 

 Incubate at 35-37 
O 

c for 18-24 hours. 

 Look for color change (turbidity for motility) of the medium 

 Identify the test organism by considering the result of the six biochemical tests 

                                



49 | P a g e  

 

F. Antimicrobial susceptibility testing 

Procedure 

 Prepare a suspension of the test organism by emulsifying several colony of the organism in a 

small volume of nutrient broth 

 Mach the turbidity of suspension with turbidity standard 

 With a sterile swab take sample from the suspension (squeeze the swab against the side of the 

test tube to remove the excess fluid). 

 Spread the inoculums evenly over the Muller-Hinton agar plate with the swab 

 Using a sterile forceps or needle place the antimicrobial disc on the inoculated plate 

 Incubate the plate aerobically at 35-37
o
C for 18-24 hours 

 Read the test after checking that the bacterial growth is neither heavy nor light. Measure the 

radius of the inhibition zone. 

 Interpret the reaction of the test organism to each antibiotics used as sensitive, intermediate 

or resistance as per the standard 

Sensitive – zone of radius is wider or equal to the control 

Intermediate –zone of radius is more than three mm smaller than the control 

Resistance – no zone of inhibition. 
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