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INTRODUCTION 

Respiratory tract infections (RTIs) are among the most 

common infectious diseases affecting humans 

worldwide.1 Respiratory tract infection (RTI) is 

considered as one of the major public health problems 

and a leading cause of morbidity and mortality in many 

developing countries.2-4 Acute respiratory infections 

(ARI) and Tuberculosis were two of the six leading 

causes of death across all ages.5 

It is notable that respiratory tract infections cause more 

disease and death than other infections in the United 

States.6 Age, gender, and season are factors that have 

been implicated to affect the prevalence of RTIs .The 

most infections are limited to the upper respiratory tract 

and only 5% involve the lower respiratory tract, 

respectively. Upper Respiratory Tract infections (URTIs) 

involve the nasal passages, pharynx, tonsils and 

epiglottis. Lower respiratory tract infections (LRTIs) 

involve the bronchi and alveoli. They include two serious 
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conditions-acute bronchitis and pneumonia. Respiratory 

diseases have a significant economic impact on the sick 

individuals in terms of loss of productivity and also on 

physicians who most of the time have to give antibiotics 

even if the causative agents are not bacteria. 

A better understanding of the pathogens that cause these 

infections is recognized as a requirement which should 

allow a logical approach to treatment. There is a need, 

particularly in developing countries like India, for timely 

diagnosis of the major microbial causes of the respiratory 

infections in the community, and the administration of 

appropriate therapy based on the antibiotic susceptibility 

test of the causative agent in order to prevent further 

spread of the pathogen, which might otherwise lead to 

complications.7 In the last three decades, there have been 

a lot of reports in the scientific literature on the 

inappropriate use of antimicrobial agents and the spread 

of bacterial resistance among microorganisms causing 

respiratory tract infections.8-11 The consequences of 

increased drug resistance are far reaching since bacterial 

infection of respiratory tract is a major cause of death due 

to infectious disease.12 Nevertheless, the choice for 

antimicrobial therapy is usually straight forward when the 

etiologic agents and their susceptibility patterns are 

known.13 Current knowledge of the organisms that cause 

RTIs and their antibiotic susceptibility profiles are 

therefore necessary for the prescription of appropriate 

therapy. 

The most common bacteria implicated as causative 

agents of RTIs were included but not limited to 

Pseudomonas spp., Streptococcus spp., Proteus spp., 

Klebsiella spp., Staphylococcus spp., Enterobacter spp., 

Acinetobacter spp., and Haemophilus influenza.14,15 

In India, just as in the other parts of the developing 

world, most RTIs are treated empirically, possibly 

because of higher cost of laboratory services where 

available and time factor. The emergence of antibiotic 

resistance in the management of RTIs is a serious public 

health issue, particularly in the developing world apart 

from high level of poverty, ignorance and poor hygienic 

practices; there is also high prevalence of fake and 

spurious drugs of questionable quality in circulation. 

Antibiotic resistance often leads to therapeutic failures of 

empirical therapy, which is why knowledge of etiological 

agents of RTIs and their sensitivities to available drugs is 

of immense value to the selection and use of 

antimicrobial agents and to the development of 

appropriate prescribing policies.16 To our knowledge, 

there is limited information on the prevalence of various 

bacterial pathogens and their antibiotic resistance patterns 

in South India. This study was conducted to determine 

the etiological agents of RTIs in the tertiary health care 

facility, Narayana Medical College, Nellore, India and 

their antimicrobial susceptibility pattern to some 

commonly prescribed antibiotics at the hospital. It is 

hoped that the results will provide useful information 

which would be used in the formulation of policies for 

the rational and effective use of the antimicrobial agents 

in view of their reported effectiveness against a wide 

range of pathogens and propensity of bacteria to develop 

resistance to the drugs. 

METHODS 

Study population 

The study population, were patients who attended the 

Hospital of Narayana Medical College of Nellore in 

Andhra Pradesh of India either as inpatient or out patient 

with symptoms suggestive of RTIs. All patients had 

clinical evidence of respiratory tract infections, as 

determined by the treating doctors. Only a single positive 

culture per patient was included in the analysis. Patients 

who have not been taking antibiotics of any kind at least 

for one week preceding the study were included. 

Institutional ethical committee clearance was obtained. 

Specimen collection 

The specimens were collected aseptically from 550 

(Sputum 396 and Throat swab 154 samples) patients. All 

patients were instructed on how to collect the sputum 

samples aseptically and taken to the laboratory 

immediately for analysis. The sputum samples were 

collected into well-labeled sterile, wide mouthed glass 

bottles with screw cap tops as described by Kolawale et 

al.17 Using a sterile cotton wool swab moistened in 

peptone water, the surface of the infected throat was 

swabbed gently and then the swabs were transported to 

the laboratory. The study was carried out after taking 

informed consent of each patient from January 2011 to 

November 2011. 

Bacteriological analysis 

In the laboratory, each sample was inoculated on 

McConkey agar, Chocolate agar and Blood agar. The 

inoculum on the plate was streaked out for discrete 

colonies with a sterile wire loop, following standard 

procedures.18 The culture plates were incubated at 35 - 

37°C for 24 h and observed for growth through formation 

of colonies. All the bacteria were isolated and identified 

using morphological, microscopy and biochemical tests 

following standard procedures described by Sharma.19 

Standardization of microorganisms 

Culture was standardized according to the methods 

described by Baker and Thornsberg (1983) and the 

Clinical and Laboratory Standard Institute.20 

Antibiotic susceptibility testing 

The antibacterial susceptibility testing of the isolates was 

done using the Kirby-Bauer disk diffusion method21 

following the definition of the Clinical and Laboratory 
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Standards Institute.20 A sterile cotton swab was dipped 

into the standardized solution of bacterial cultures and 

used for evenly inoculating Mueller-Hinton plates 

(Himedia, Mumbai) and allowed to dry. Then, the 

commercial antibiotic discs were gently and firmly 

placed on the agar plates, which were then left at room 

temperature for 1 h to allow diffusion of the antibiotics 

into the agar medium. The plates were then incubated at 

35 - 37°C for 24h. 

Zones of growth inhibition (zone diameter) were then 

measured to the nearest millimeter and recorded. Isolates 

were classified as either resistant (≤13mm) or 

intermediate (14-18mm) sensitive or sensitive (≥19mm) 

based on the standard intermediate chart updated 

according to the standard of the Clinical and Laboratory 

Standard Institute (2006). Sensitive and intermediately 

sensitive isolates were grouped together for analysis in 

this study. 

Some laboratory strains of known sensitivity of 

Staphylococcus aureus, Enterococcus faecalis, 

Escherichia coli and Pseudomonas aeruginosa were used 

as quality control strains for the antimicrobial discs. 

RESULTS 

The bacteria isolated from the samples included 

klebsiella spp (51.1%), pseudomonas (19.1%), E. coli 

(8.6%), Acenobacter spp (7.3%), Staphylococcal aureus 

(6.9%), streptococcal pneumonia (5.8%) and enterococci 

(1.3%) in order of ranking (Table 1). 

The susceptibility pattern of isolates to various routinely 

prescribed antibiotics is shown in Table 2. Klebsiella was 

the most prevalent bacteria with a susceptibility of 88.5 

%to Cefoperazone with Sulbactam, 88.3 % Imipenem, 87 

% Piperacillin + Tazobactum, 81.7% Meropenem, 72.5% 

Amikacin, 68 % Levofloxacin, 64.5 % Ciprofloxacin and 

59.4 % Gentamicin. Pseudomonas was highly susceptible 

to Piperacillin + Tazobactum (91.2%), Meropenem 

(90.0%), Cefoperazone + Sulbactam (89.1%), Amikacin 

(82.6%), Imipenem (82.5%), Levofloxacin (76.9%), 

Ciprofloxacin (73.4%), Gentamicin (58.3%). The least 

prevalent bacteria were Enterococci (1.3%) and were 

susceptible to Amoxycillin + Clavulanic acid (80%). 

They were totally resistant to Ciprofloxacin, Penicillin G 

and Tetracycline. 

 

Table 1: Prevalence of bacterial isolates in respiratory tract infections. 

Bacteria No. of isolates % Males % Females % 

Klebsiella spp. 238 51.1 137 53.5 101 48.1 

Pseudomonas 89 19.1 47 18.4 42 20.0 

E. coli 40 8.6 16 6.3 24 11.4 

Acenobacter spp. 34 7.3 18 7.0 6.6 7.6 

Staph. aureus 32 6.9 17 11 15 7.2 

Strep. pneumoniae 27 5.8 16 6.3 11 5.2 

Enterococci 6 1.3 2.0 5 1 0.5 

Total 466 100 256 100 210 100 

 

DISCUSSION 

Out of 550 samples analyzed, in 466 samples various 

bacteria were isolated giving a prevalence rate of 

84.7%. This consisted of 54.9% from male patients and 

45.1% from females (Table 1). The results show that 

RTIs were more prevalent in males than in females. 

According to Doddann-navar (1985) as reported by 

Gauchan et al.7, the reason for the high risk in males of 

RTI is attributable to decreased local immunity in the 

respiratory tract due to smoking, use of tobacco, alcohol 

consumption etc.  

Among the bacterial isolates, Klebsiella spp. (51.1%) was 

the most common isolate followed by Pseudomonas 

(19.1%), E. coli (8.6%), Acenobacter spp (7.3%), 

Staphylococcal aureus (6.9%), streptococcal pneumonia 

(5.8%) and enterococci (1.3%) respectively. Similar to 

Akingbade OA et al (2012)22, Staph. aureus and Strep. 

pneumonia are the only two Gram positive isolates 

obtained in this study whereas K. pneumoniae was 

predominant of Gram negative isolate. The finding in this 

work was in contrast to the study of Gauchan et al7 and 

Jafari et al23 who reported klebsiella spp. as the second 

predominant Gram negative bacterial isolates. 



CM Siddalingappa et al. Int J Basic Clin Pharmacol. 2013 Oct;2(5):590-595 

                                      International Journal of Basic & Clinical Pharmacology | September-October 2013 | Vol 2 | Issue 5    Page 593 

 

Table 2: Antimicrobial susceptibility among community acquired respiratory pathogens. 

Pathogens 

Antimicrobials Klebsiella Pseudomonas E. coli Acenobacter Stre. pneumonia Staph. aureus Enterococci 

 T S(%) R(%) T S(%) R(%) T S(%) R(%) T S(%) R(%) T S(%) R(%) T S(%)  R(%) T S(%) R(%) 

Penicillin G 5 20.0  80.0 - - - - - - - - - 26 11.5  88.5 25 32.0 68.0 8 - 100 

Ampicillin 143 6.3 93.7 35 - 100 31 12.9 87.1 19 5.3 94.7  16 56.3 43.7 6 66.7 33.3  8 12.5 87.5 

Cefotaxime 214  27.6 72.4 63 35.0 65.0 34 14.7 85.3 27 11.1 88.9 4 75.0 25.0 10 40.0 60.0 - -  - 

Cefepime 199 31.7 68.3 57 40.4 59.6 37 32.4 67.6 26 15.4 84.6 6 33.3 66.7 33 42.4 57.6 - - - 

Cotrimoxazole 129 32.5 67.5 39 7.7 92.3 24 29.2 70.8 21 14.3 85.7 27 33.3 66.7 23 56.5 43.5 6 16.7 83.3 

Ciprofloxacin 200 64.5 35.5 75 73.4 26.6 41 43.9 56.1 28 42.8  57.2  18 88.9 11.1 18 66.7 33.3 1 - 100 

Levofloxacin  50 68.0 32.0 13 76.9 23.1 6 50.0 50.0 9 22.2 77.8 - -  - 5 60.0 40.0 -  - - 

Gentamicin 59  59.4 40.6 24 58.3 41.7 14 57.1 42.9 9 44.4 55.6 2 50.0  50.0 11 63.6 36.4 2 - 100 

Amikacin 193  72.5 27.5 69 82.6 17.4 34 79.4 20.6 30 40.0 60.0 4 25.0 75.0 28 82.1 11.9 - - - 

Tetracycline 31 45.1 54.9 8 50.0 50.0 7 57.1 42.9 11 72.8 27.2 20 75.0 25.0 22 77.3 22.7 1 - 100 

Amox + Clau. 164 20.2 79.8 23 13.0 87.0 34 26.5 73.5 22 9.0 91.0 24 87.5 12.5  24 83.3 16.7 8 75.0  25.0 

Cef. + Sulb. 166 88.5 11.5 46 89.1 10.9 31 93.6 6.4 20 60.0 40.0 - - - - - -  - - - 

Pipe. + Tazo. 115 87.0 13.0 68 91.2 8.8 22 90.9 9.1 14 92.8  7.2  - - - - - - - - - 

Imipenem 162 88.3 11.7 57 82.5 17.5 34 94.1 5.9 22 54.5 45.5 3 100 - - - - - - - 

Meropenem 142 81.7 18.3 30 90.0 10.0 25 76.0 24.0 24 75.0 25.0 2 100 - - - - - -  

T – Number of isolates tested against each antimicrobial agent, S (%) – Percent of isolates susceptible to antimicrobial agents, R (%)–Percent of isolates 

resistance to antimicrobial agents. Amox. + Clau. : Amoxycillin + Clavulanic acid, Cef. + Sulb. : Cefoperazone + Sulbactam, Pipe. + Tazo. : Piperacillin 

+ Tazobactam 

 

In a study carried out by K. Kousalya et al24 on the 

antimicrobial resistance of bacterial agents of the upper 

respiratory tract in South Indian population, S. aureus 

(45.6%) was the most prevalent isolate followed by β 

haemolytic Streptococci (22.8%), K. pneumonia (14.9%) 

and P. aeruginosa (8.33%). 

All the isolates displayed variable sensitivity to different 

antibiotics tested as detailed in Table 2. The most 

effective antimicrobials for K. pneumonia was 

Cefoperazone with Sulbactam (88.5%), Imipenem 

(88.3%), Piperacillin + Tazobactum (87 %), Meropenem 

(81.7%), Amikacin (72.5%), Levofloxacin (68%), 

Ciprofloxacin (64.5%) and Gentamicin (59.4%). Least 

effective drug was Ampicillin (6.3%). 

Susceptibility pattern of Pseudomonas, E. coli, Strep. 

pneumoniae and Acenobacter is somewhat similar to K. 

pneumoniae. Tetracycline was more effective (92.8%) 

against Acenobacter. 

Staph. aureus was more sensitive to Amikacin, 

Tetracycline, Amoxycillin + Clavulanic acid, 

Gentamicin, Cotrimoxazole and Cefepime. Only 6 

Enterococci were isolated and sensitive to Amoxycillin + 

Clavulanic acid (80%). They were totally resistant to 

Penicillin G, Ciprofloxacin, Gentamicin and Tetracycline. 

The results of the sensitivity tests indicate that isolates 

showed highest sensitivity to Meropenem, Imipenem, 

Piperacillin + Tazobactum, Cefoperazone with 

Sulbactam, Amoxycillin + Clavulanic acid, Amikacin, 

Gentamicin, Levofloxacin, and Ciprofloxacin. High 

resistance was recorded for antimicrobials such as 

Penicillin G, Ampicillin, Cefotaxime, Cotrimoxazole and 

Cefepime. 

The pattern of antibiotic sensitivity recorded in this study 

among Klebsiella spp., Pseudomonas aeruginosa, E. coli 

isolates is consistent with results obtained from other 

developing countries.7,22 Compared to most of the earlier 

studies the prevalence of Klebsiella is more in this study. 

The incidence of bacterial resistance mediated by β- 

lactamase has been reported in several countries 

including Nigeria, South Africa.25-27 The clinical 

relevance of these enzymes is due to their ability of 

causing therapeutic failures. In our study combination of 

antibiotics with β- lactamase inhibitors have been 

included, all of which are showing high sensitivity. 

Resistance to Penicillin G and Ampicillin by respiratory 

tract pathogens in this study is of concern. High microbial 

resistance to ampicillin and penicillin have also been 

reported in Iran by Imani et al.,8 Korea by Song et al.,28 

France, Germany and Japan by Schito et al.29 

Data presented in this study indicate that some of the 

antibiotics commonly used to treat RTIs in the referral 

hospitals are still effective. The results show that 

antibiotic resistance in this locality is relatively low 

compared with other countries and regions throughout the 

world as determined by the global surveillance studies 

conducted by Morrissey et al.30 But, it is still important to 

periodically monitor the prevalence and antimicrobial 
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sensitivity pattern before empirical therapy is initiated in 

hospitals. 

In summary, most of the bacterial isolates remain 

susceptible to Cephalosporins and Fluoroquinolones, 

particularly more susceptible when given with β- lactamase 

inhibitors. 

The study provides important data, which can help to 

guide physicians in Nellore of Andhra Pradesh in India, 

to choose the appropriate treatment regimen for RTI. This 

study does not represent a surveillance study for other 

parts of India, since antibiotic sensitivity and resistance 

of bacterial pathogens may vary from place to place and 

time to time.  

Accurate information on local epidemiology and 

antimicrobial resistance patterns of pathogens is essential 

to select a clinically effective antibiotic therapy for the 

infections. 

CONCLUSION 

The level of antibiotic resistance observed in this study is 

a serious public health problem and hence, brings to light 

the need for timely and proper diagnosis of the major 

microbial causes of the respiratory infections, in order to 

administer the appropriate therapy based on antibiotic 

susceptibility test of the causative agent. 

The reason for the resistance may be due to 

indiscriminate and inappropriate use and abuse of drugs, 

adulteration of drugs and mutation of microorganisms 

and lack of appropriate infection control strategies. 

Surveillance of bacterial infections and monitoring their 

antimicrobial susceptibility pattern must be carried out, 

from time to time, not only in tertiary hospitals, but also 

in small hospital settings. 

There is also the need for further studies on antibiotic 

resistance using different antibiotic with a view to 

identifying one with which RTI pathogens are almost 100 

% susceptible to. These types of data will help in 

designing and validating the accuracy of guidelines for 

empirical treatment of RTIs. 
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