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Adult community-acquired pneumonia in a tertiary care teaching hospital of Assam: a hospital based study.
[ABSTRACT]
Adult Community-acquired pneumonia is a common problem-afflicting world over. Delay in isolation of pathogens (especially bacterial), emergence of newer agent and rapidly evolving drug resistance globally are making the scenario, especially in effective management, complicated more so in developing countries. Empirical therapy is still relied on, based on knowledge of local pathogen profile and drug resistance pattern. This study was a preliminary work in that direction.
Aim of the study was to profile a pathogen list as well as to study the pattern of resistance in important pathogens.
Sputum sample was collected and a semi quantitative culture method employing standard bacteriological culture media (including selective media for Pneumococcus and PPLO media for mycoplasma) were employed for isolation of pathogens. Identification was performed by standard biochemical tests and identified isolates were checked for drug resistance by disc-diffusion techniques. Epidemiological data were analysed in the backdrop of lab data generated.
Adult CAP was more common in middle-aged to elderly male with Strpetococcus pneumoniae and Klebsiella pneumoniae being the major pathogens followed by other agents like  Staph aureus, Moraxella, beta-hemolytic streptococci, Mycoplasma etc. There were no Haemophilus influenzae isolate. Penicillin resistance in Pneumococci was high and drug resistance in other agents were found to be of moderate to high level. 
A larger study with more intensive experimental component will throw better light on the finding of this study. However fast evolving drug resistance is a area of concern and needs immediate attention. 
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[bookmark: _GoBack] [INTRODUCTION]
Despite considerable improvement and extensive use of variety of diagnostic testing procedures, responsible pathogens remain uncertain in as many as 50% of Community-acquired pneumonia (CAP) cases.1, 2 Even in identifiable cases, few days are consumed before identification of agents from sputum or blood samples. Due to this uncertainty and delay in results, the antibiotic treatment for CAP empirically relies on epidemiological data on causative pathogens in a particular geographic area.3 Also the relative frequency of aetiological agents varies among different geographical area.4 Thus it is crucial and necessary that large tertiary care centres determine the peculiar microbial pattern prevalent in their own CAP patients.5
Although in nearly half of the cases of CAP pathogen can-not be identified, the identifiable isolates can vary with factors like geographical locations, age of the patients, clinical profile of the patients, co-morbid conditions etc. Common agents include Streptococcus pneumoniae (30-40% overall), Haemophilus influenzae, Staphylococcus aureus, Moraxella catarrhalis, Pseudomonas species, Gram negative enteric bacilli (GNEB) like Klebsiella, E coli etc, atypical agents like Mycoplasma pneumoniae, Chlamydia pneumoniae, Coxiella burnetti, Legionella, viruses etc. There are also reports of mixed infections.1, 6
The empiric management of community-acquired respiratory tract infections has been complicated by the emergence of high rates of antimicrobial resistance in three major pathogens: Streptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis. Of these S. pneumoniae has been the focus of numerous recent studies, due to its high virulence and extraordinary rise in antibiotic resistance level in relatively short period.7
Some studies carried out in India indicate existence and increasing threat of drug resistant strains of Pneumococci, especially in respiratory tract infections.8,9,10 With the situation like absence of antibiotic policy or evidence based clinical practice guidelines (for CAP) or adherence to these, Injudicious use/ overuse of antibiotics, over the counter availability of all kinds of antibiotics, lack of awareness amongst the physician as well as public in general about the consequence of rampant antibiotic misuse etc., one can predict that level of drug resistant isolate in this community condition could be high. Unfortunately, to the best of our knowledge, so far there is no published study on CAP or CAP associated DRSP or other drug resistance from North Eastern part of India. Hence, this study was undertaken with objectives of identifying the common agents of our CAP subjects (attending Gauhati Medical College, Guwahati) and also to study the pattern of drug resistance in the main isolates. 
[METHOD]
About 94 clinically and/or radiologically diagnosed (as per definition of ATS)1 subjects of Community-acquired pneumonia visiting Pulmonary Medicine (then called Chest & TB) dept. and Medicine department during October 2005 to September 2006 were included in this study.  Inclusion criteria were – age > 15 years, New or progressive pulmonary infiltrate on a chest radiograph obtained within 24 hours of presentation and/ or Clinical finding of at least one of the major criteria namely cough/ sputum production/temperature > 37.8°C;  or, at least two of the minor criteria namely, pleuritic chest pain/dyspnea/altered mental status/pulmonary consolidation/ WBC count of > 12,000 cells/ μl.3,11,12 Exclusion criteria selected were - previous hospitalization within the previous 3 weeks/Presence of an emerging alternative diagnosis (e.g., pulmonary or septic emboli, pulmonary edema, or malignancy) during follow-up/Presence of pneumonia caused by tuberculosis or post obstructive pneumonia due to lung cancer/ Presence of severe immunosuppression including severe neutropenia (i.e., < 1.0 x109 cells/L)/HIV infection/solid-organ or bone marrow transplantation/Receiving corticosteroid treatment with a dosage of >20 mg prednisolone-equivalent per day for >2 weeks.3,11,12
Subjects were categorized into 3 categories – Mild (outdoor treated CAP), Moderate (Indoor admitted diagnosed cases) and Severe (ICU admitted CAP patients), as per ATS guidelines.1
Sputum samples for culture were collected as per standard guidelines, preferably before antibiotic administration (if feasible).13 A semiquantitative culture method was planned.13  Direct microscopy was performed to check the suitability of samples for culture  by observing the relative no of pus cell vis-à-vis squamous epithelial cells as per Murray-washington criteria.14, 15 Sputum samples were further homogenized by use of dithiothreitol (Mucasol from himedia suppliers) and mechanical method (for Mycoplasma).16,17 Gram stain was also performed for initial screening.
Dithiothreitol homogenized samples were subjected to bacterial culture by standard semi quantitative culture method as discussed elsewhere.13,18 0.005 ml of this mixture (representing 0.000025 ml of original unhomogenized sputum sample) was inoculated to each of the selected culture media {Blood agar, MacConkey agar, Chocolate agar and CVNG agar (Crystal violet, Nalidixic acid, gentamicin blood agar – selective for pneumococci)}.  Blood agar and MacConkey agar plates were incubated aerobically at 37o C overnight while CVNG agar (with Optochin disc) and Chocolate agar were incubated under 5-10% CO2 with similar temperature and duration.19,13,20,21 If the colonies were still indistinct and small then the plates were reincubated. After incubation, presence of 25 or more colonies of the same potential pathogen indicated that 106 or more of these bacteria were present per ml sputum, suggesting a pathogenic role. The finding of smaller numbers of any throat-carried species was generally regarded as insignificant. 13
For Mycoplasma media, immediately after collection of specimen, it was homogenized with needle & syringe and about 0.1ml was inoculated into the biphasic media with the help of a calibrated loop.22
Two mycoplasma media were used i.e. Mycoplasma biphasic PPLO /pleuro-pneumonia like organism media (PPLO agar & PPLO broth together) for primary isolation and Mycoplasma agar for identification of Mycoplasma pneumoniae.22-28 Detection of mycoplasma growth was carried out by methods described elsewhere.22-28 Help from local veterinary Institute was very forthcoming in this endeavour.
Identification and antibiotic susceptibility of the isolates were performed as per standard guidelines 29-31 ATCC STRAINS were used as per guidelines for the purposes of antibiotic susceptibility testing.
[RESULT]
Table outlined below shows the general clinic-epidemiological features of 94 subjects included in the study. 
Table 1.1 : Age and sex distribution of 94 cases
	Age group in years 
	Male
	Female
	Total
	Percentage

	20-29
	8
	3
	11
	11.70

	30-39
	13
	5
	18
	19.15

	40-49
	20
	7
	27
	28.72

	50-59
	14
	5
	19
	20.21

	60-69
	10
	2
	12
	12.77

	70-79
	5
	2
	7
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	[bookmark: _Hlk153860218]Total: (%)
	        70(74.47)
	    24 (25.53)
	94(100)
	100



      		 Table 1.2: Mean ages in different groups in 94 cases of adult CAP 
	Group
	Mean age in years
	Standard deviation

	Male (n=70)
	46.53
	13.67

	Female (n=24)
	45.49
	13.46

	Outdoor patients (n=64)
	44.03
	13.49

	Indoor patients (n=24)
	52.08
	12.42

	ICU patients (n=6)
	46.67
	13.68

	Over all (n=94)
	46.23
	13.55



Table 1.1, 1.2 and Figure 1.1 clearly shows Majority subjects belong to age group 40-60 years (nearly half of the cases) and only 30% were below 40 years age. Mostly subjects were male and predominantly outdoor type (i.e. Mild CAP).
                Table 1.3: Clinical presentations of 94 cases of adult CAP
	[bookmark: _Hlk153888451]Clinical Findings
	Number of subjects
	Percentage

	Cough 

	94
	100%

	Expectoration

	89
	94.68%

	Fever (> 37.8°C)

	81
	86.17%

	Chest pain

	52
	55.32%

	Difficulty in respiration

	24
	25.53%

	Alt. mental status

	7
	7.45%

	Clinical consolidation

	57
	60.62%

	Hemoptysis
	4
	4.26%



   	 Table 1.4: Severity of illness in 94 cases of adult CAP *
	Age group in years 
	Mild CAP
 (Outdoor treated)
	Moderate CAP 
(Indoor treated)
	Severe CAP 
(ICU treated)
	Total

	[bookmark: _Hlk154010158]20-29
	9
	1
	1
	11

	30-39
	16
	2
	0
	18

	40-49
	18
	7
	2
	27

	50-59
	11
	6
	2
	19

	60-69
	6
	5
	1
	12

	70-79
	4
	3
	0
	7
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	64 (68.09%)
	24(25.53%)
	6 (6.38%)
	94 (100%)



Table 1.3 and 1.4 shows that cough, fever and expectorations are the major clinical presentation while mild CAP is predominant form (68.09%). Mild CAP may be feature more in younger subjects but severe could be seen in elderly (though no of subjects is not sufficient for any statistical evaluation)

Table 1.5: Culture result, growth pattern and isolates in 94 CAP cases
	Culture results & growth pattern
	Samples: culture positive
	Samples: culture negative:
no (%)
	Total

	
	Monomicrobial: no (%)
	Polymicrobial: no (%)
	Total (%)
	
	

	
	53 (56.38)
	2(2.13)
	55(58.51)

	39(41.49)
	94(100)

	Organism isolated
	53 (92.98)
	4 (7.02)
	57 (100)
	
	



Table 1.5 shows that out of 94 cases 55 (58.51%) samples yielded significant growth with 53 samples monomicrobial (one type of bacterial isolate) while 2 samples giving two type of bacterial isolates. Total isolates recovered were 57 (53 & 4).

Table 1.6: Organisms isolated in culture positive samples
	Organism isolated
	Number of isolate from monomicrobial growth
	Number of isolate from polymicrobial growth
	Total


	
	
	
	Number
	Percentage

	Streptococcus pneumoniae
	24
	0
	24
	42.1

	Klebsiella
pneumoniae
	14
	2
	16
	28.1

	Staphylococcus aureus
	4
	2
	6
	10.5

	Moraxella catarrhalis
	5
	0
	5
	8.77

	Pseudomonas aeruginosa
	3
	0
	3
	5.26

	β-hemolytic Streptococcus
	1
	0
	1
	1.75

	Escherichia coli 
	1
	0
	1
	1.75

	Mycoplasma pneumoniae
	1
	0
	1
	1.75

	Total
	53
	4
	57
	100



Table 1.6 clearly shows Streptococcus pneumoniae to be the predominant isolate (42.1%), followed by Klebsiella pneumoniae (28.1%), Staphylococcus aureus (10.5%) and Moraxella catarrhalis (8.8%) . There were other isolates including 1 strain of Mycoplasma pneumoniae (after a very laborious culture procedure). Significantly, no Haemophilus influenzae isolate (a major agent world-wide) could be isolated despite best efforts (Columbia agar based Chocolate agar supplemented with NAD, Bacitracin etc.)
Table 1.7: Isolation of pathogens in 3 different grades of illness severity
	Organism


Severity
	S P (%)
	Kleb (%)

	S A (%)
	M C (%)
	P A (%)
	β-HS (%)
	EC (%)
	MPn (%)
	Total organism (%)

	Outdoor cases (mild CAP)
	18
(51.4)

	8
(22.9)
	2
(5.7)
	4
(11.4)
	1
(2.9)
	1
(2.9)
	0
	1
(2.9)
	35
(100)

	Indoor cases (moderate CAP)
	4
(23.5)

	7
(41.2)
	4
(23.5)
	1
(5.9)
	0
	0
	1
(5.9)
	0
	17
(100)

	ICU cases (Severe CAP)
	2
(40)
	1
(20)
	0
	0
	2
(40)
	0
	0
	0
	5
(100)

	Total
	24
 (42.1)
	16
 (28.1)
	6 
(10.5)
	5
(8.77)
	3 
(5.26)
	1
(1.75)
	1
(1.75)
	1
(1.75)
	57
(100)


(Abbreviation used: - SP=Streptococcus pneumoniae, Kleb=Klebsiella pneumoniae, SA=Staphylococcus aureus, MC=Moraxella catarrhalis, PA=Pseudomonas aeruginosa, β-HS=β-hemolytic streptococcus, EC=E coli, MPn= Mycoplasma pneumoniae)
Table 1.7 shows Pneumococci to be predominant agent in outdoor setting (51.4%) followed by Klebsiella (22.9%)  and Moraxella (11.4%). In Indoor setting, Klebsiella is more common (41.2%) while in ICU cases Gram negative agents could be more prevalent along with Pneumococci (though number is not sufficient for a conclusive analysis). 
Table 1.8: Showing pathogen isolation with reference to comorbid illness/ risk factors 
	                Organisms

Risk factors
	S P
(%, p value)
	Kleb
 (%, p value)

	S A 
(%, p value)

	M C
(%, p value)

	P A
(%, p value)

	β-HS (%)
	EC (%)
	MPn (%)

	Smoking
	16
(43.2, 0.8679 )
	13 
(35.1, 0.1145)
	2 
(5.4, 0.795)
	2 
(5.4, 0.2092)
	1
(2.7,
0.4684)
	1
(2.7)
	1
(2.7)
	1
(2.7)

	Alcoholism
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]6
 (33.3, 0.4040)
	6 
(33.3, 0.498)
	2
(11.1, 0.6956)
	0
	1
(5.6, 0.9255)
	1
(5.6)
	1
(5.6)
	1
(5.6)

	Diabetes
	0
	5 
(55.6, 0.0092)
	2 
(22.2, 0.1666)
	0
	1
(11.1, 0.3424)
	1
(11.1)
	0
	0

	Old age	
	0
	4 
(80, 0.01)
	1
(20, 0.3478)
	0
	0
	0
	0
	0

	Chronic lung disease 
	2
 (25, 0.2502)
	2
(25, 0.7828)
	0
	3 
(37.5, 0.0024)
	1
 (12.5, 0.3424)
	0
	0
	0

	Previous hospitalization
	14
 (50,
0.2276)
	7
(25, 0.6118)
	2 
(7.1, 0.1520)
	3 
(10.1, 0.6088)
	2 
(7.1, 0.5311)
	0
	0
	0

	Prior antibiotic exposure
	19 (38.8, 0.2444)
	16 (32.7, 0.499)
	6
 (12.20,
2842)
	3 
(6.1,
0.901)
	3 
(6.1, 0.4623)
	1
(2)
	1
(2)
	0

	Precedent viral fever
	0
	0
	2 
(100, 0.0001)
	0
	0
	0
	0
	0


(Abbreviation used: - SP=Streptococcus pneumoniae, Kleb= Klebsiella pneumoniae, SA=Staphylococcus aureus, MC=Moraxella catarrhalis, PA=Pseudomonas aeruginosa, β-HS=β-hemolytic streptococcus, EC=E coli, MPn= Mycoplasma pneumoniae) 
Table 1.8 shows the association of various risk factors and co-morbidities in relation to the nature of pathogens isolated. In the present study, only isolation of Klebsiella pneumoniae in diabetics and old age, Moraxella catarrhalis in chronic lung disease and S aureus in precedent viral disease were statistically significant. Other factors had no significance with organism isolated. 

Table 1.10: Results of Nitrocefin disc test for β-lactamase enzyme production
	Organism
	Positive result (%)
	Negative result (%)

	Staphylococcus aureus
	6 (100%)
	0 (0%)

	Moraxella catarrhalis
	5 (100%)
	0 (0%)



Table 1.10 clearly shows that all Staphylococcus aureus and Moraxella catarrhalis isolates were β-lactamase enzyme producers

Table 1.11: Antibiogram of Streptococcus pneumoniae
	Streptococcus pneumoniae

	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Antibiotic
	Sensitive (%)
	Intermediate (%)
	Resistant (%)

	Oxacillin 1 μg
	6      (25.0%)
18.75

18.75

18.75

	
	18    (75.0%)

	Chloramphenicol

	14   (58.33%)
	1       (4.17%)
	9      (37.55%)

	Tetracycline

	5     (20.83%)
	12   (50.0%)
	7      (29.17%)

	Erythromycin

	15   (62.5%)
	2       (8.33%
	7      (29.17%)

	Clindamycin

	20   (83.33 %)
	1       (4.17%)
)
	3      (12.5%)

	Linezolid
	24 (100.0%)
	0 
	0

	Ciprofloxacin
	8    (33.33%)
	10   (41.67%)
	6      (25.0%)


	Gatifloxacin

	15  (62.5%)
	6     (25.0%)
	3      (12.5%)

	Levofloxacin
	10  (41.67%)
	10   (41.67%)
	4      (16.67%)

	Moxifloxacin
	23  (95.83%)
	1       (4.17%)

	0

	Ofloxacin
	8    (33.33%)
	7     (29.17%)
	9       (37.5%)

	Amoxyclav
	13  (54.17%)
	3     (12.5%)
	8       (33.33%)

	Co-trimoxazole

	0
	0
	24   (100.0%)

	Vancomycin

	24 (100%)
	0
	0



Table 1.11 shows that all the 24 (100%) isolates of Streptococcus pneumoniae were sensitive to Linezolid and Vancomycin, followed by Moxifloxacin (95.84%), Clindamycin (83.33%) and Erythromycin (62.5%). Most importantly 75% isolates yielded Oxacillin (1mcg disc) resistance – indicating a probable PBP2a related resistance with epidemiological significance (needs confirmation by MIC and molecular testing).

      Table 4.12: Risk factors for β-lactam resistant S pneumoniae causing CAP
	Risk factors
	β-lactam resistant Streptococcus pneumoniae (n=18)
	Percentage
	p value

	β-lactam therapy in last 3 months
	10
	55.56
	0.0097

	Old age
	4
	22.22
	0.2058

	Alcoholism
	4
	22.22
	0.7716

	Multiple medical comorbidities
	0
	0
	



β-lactam therapy in last 3 months was significantly associated with 10 (55.56%) of the β-lactam resistant Streptococcus pneumoniae isolates. Old age and Alcoholism was associated with 4 (22.22%) isolates each but no statistical significance was observed. (Table 1.12)
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	Klebsiella pneumoniae

	Antibiotic
	Sensitive (%)
	Intermediate (%)
	Resistant (%)

	Chloramphenicol

	6     (37.5%)
37.
	4      (25.0%)
	6     (37.5%)


	Tetracycline

	5     (31.25%)
	0
	11   (68.75%)

	Ciprofloxacin
	4     (25.0%)
	8       (50.0%)
	4     (25.0%)

	Levofloxacin
	10   (62.5%)
	3       (18.75%)
	3     (18.75%)

	Amoxy-clav
	3     (18.75%)
	5       (31.25%)
	8     (50.0%)

	Co-trimoxazole

	2     (12.5%)
	2       (12.5%)
	12   (75.0%)

	Cefotaxime
	9     (56.25%)
	4       (25.0%)
	3     (18.75%)

	Ceftriaxone
	6     (37.5%)
	5       (31.25%)
	5     (31.25%)

	Ceftazidime
	13   (81.25%)
	1         (6.25%)
	2     (12.5%)

	Cefoxitin
	8     (50.0%)
	3       (18.75%)
	5     (31.25%)

	Piperacillin-tazobactam
	5     (31.25%)
	6       (37.5%)
	5     (31.25%)

	Ticarcillin-clavulanate
	3     (18.75%)
	4       (25.0%)
	9     (56.25%)

	Amikacin
	15   (93.75%)
	0
	1       (6.25%)

	Gentamicin
	5     (31.25%)
	3       (18.75%)
	8     (50.0%)

	Imipenem
	16 (100.0%)
	0
	0

	Cefepime
	14   (87.5%)
	0
	2      (12.5%)



For Klebsiella pneumoniae isolates (Table 1.13) All the strains (100%) were sensitive to Imipenem, followed by Amikacin (93.75%) and Cefepime (87.5%). Also 13 (81.25%) strains were sensitive to Ceftazidime. 
Table 1.14: Antibiogram of Staphylococcus aureus isolates
	Staphylococcus aureus

	Antibiotic
	Sensitive (%)
	Intermediate (%)
	Resistant (%)

	Oxacillin 1
	5     (83.33%)
	
	1   (16.67%)

	Penicillin
	0
	0
	6 (100.0%)

	Chloramphenicol

	0
	2         (33.33%)
	4   (66.67%)

	Tetracycline

	2     (33.33%)
	1         (16.67%)
	3   (50.0%)

	Erythromycin

	2     (33.33%)
	3         (50.0%)
	1   (16.67%)

	Clindamycin

	5     (83.33%)
	1         (16.67%)
	0

	Linezolid
	6   (100.0%)
	0
	0

	Ciprofloxacin
	5     (83.33%)
	0
	1   (16.67%)

	Levofloxacin
	4     (66.67%)
	1        (16.67%)
	1   (16.67%)

	Moxifloxacin
	6   (100.0%)
	0
	0

	Ofloxacin
	3     (50.0%)
	2        (33.33%)
	1   (16.67%)

	Amoxy-clav
	2     (33.33%)
	2        (33.33%)
	2   (33.33%)

	Co-trimoxazole

	0
	0
	6 (100.0%)

	Vancomycin

	6    (100.0%)
	0
	0

	Amikacin
	4      (66.67%)
	2        (33.33%)
	0

	Gentamicin
	1      (16.67%)
	2        (33.33%)
	3   (50.0%)



All the 6 (100%) isolates of Staphylococcus aureus  (Table 1.14) were found to be sensitive to Linezolid, Moxifloxacin and Vancomycin, followed by Oxacillin (83.33%) , Clindamycin (83.33%) and Ciprofloxacin (83.33%). All isolates (100%) were resistant to Co-trimoxazole and Penicillin. 
[DISCUSSION]
CAP is easily one of the leading causes of disability and hospital attendance globally, and this is especially true in developing countries where health care system is not well equipped unlike in some developed countries.32 Even in advanced countries like the USA pneumonia is the 6th leading cause of death and number one cause of death from infectious diseases.1 Both the epidemiology and treatment of pneumonia have undergone changes. Pneumonia is increasingly being recognized among older patients and those with comorbidity (coexisting illness).1,6,2 The situation has become more complicated with identification of some new, previously unrecognized, pathogens. At the same time a number of new antibiotics are available now to contain this ailment. Paralleling the improvement in our antibiotic armamentarium has been the evolution of bacterial resistance mechanism. Many of the common respiratory pathogens are now known to have become resistant, in vitro, to widely used antimicrobials. Resistance, by a variety of mechanisms, is being identified with increasing frequency among pathogens like Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis and a number of enteric Gram-negative bacteria.1
The subjects in this study were between 20 to 75 years with a highest prevalence 40-49 year age group (28.72%). This observation was similar to study by Bansal et al. patient older than 40 years found to be more predisposed to development of CAP.32 Luna et al. observed a positive correlation between the age and the incidence of pneumonia starting from 40 years of age.33
Cough, expectoration & fever were observed to be main features in this study. Bansal et al. observed cough in 97%, expectoration in 87%, while fever was present 90% cases.32  Dey et al. also observed incidence of 98% cough, 92% expectoration and 96% fever in their study on adult CAP cases.34
58.51% samples showed growth of isolates,  which was similar to isolation rate of Sopena et al. could at  58%.35 Ozyilmaz et al. found similar rate at 59.4% of sputum samples.36 Jokinen et al. were successful in detecting pathogen from 60% of their patients.37 Ishida et al. in Japan were successful in isolating pathogen from 61% of CAP samples. 2  But Peñafiel et al. had an isolation rate of only 25%.80 Venkatesan et al. also had a lower isolation rate at 43%.38 On the other hand Bansal et al. detected pathogen in 75% samples .32 Lieberman et al had a detection rate of 80.6 %.39 Higher isolation rate was associated with more intensive effort (e.g. inclusion of multiple samples viz. Blood for culture, invasive samples like BAL, Serology and molecular tests etc.)
The present study showed the dominance of Streptococcus pneumoniae (42.1%). Table 2.1 shows some other studies with similar isolation rate while table 2.2 is with studies having lower isolation rates.
Table 2.1: Similar isolation rate of Streptococcus pneumoniae in various studies
	Study
	Isolation rate of S pneumoniae

	Bansal et al.32
	35.8%

	Lim et al.40
	48.0%

	Jokinen et al.37
	41.0%

	Lieberman et al.39
	42.8%

	Berntsson et al.41
	54.3%



Table 2.2: Studies with lower isolation rate of S pneumoniae 
	Study
	Isolation rate of S pneumoniae

	Peñafiel et al42
	10.5%

	Ishida et al2
	23.0%

	Ruiz et al5
	29.0%

	Dahmash et al43
	12.0%

	Chan et al 44
	12.0%



There was no Haemophilus influenzae isolation in the present study, though it is known to be one of the principal pathogens for CAP world wide. Bansal et al and Almirall et al also did not find any Haemophilus influenzae in their subjects.32, 45 
75% of the pneumococci isolates were found to be resistant to β-lactam antibiotics. Song et al. found 52.4% pneumococcus isolates with reduced susceptibly to penicillin.46 Mendes et al. found a reduced susceptibility rate of 42.1%.47 Ho et al. documented a resistance rate of 60.6%.48 Kanungo et al. found non-susceptibility at 11.6%.8 Another study Kanungo et al found 7.3% of isolates to be intermediately resistant to penicillin. 10 Benbachir et al. documented 30.4% of the isolates to be nonsusceptible to penicillin G.49 It is worth mentioning that, the high level of resistance to β-lactam antibiotic in the current  study needs further confirmation by estimation of MIC level for proper comparison with other studies. Of the various factors responsible for increase susceptibility to CAP by penicillin resistant Pneumococcus (as per American thoracic society guidelines), only β-lactam therapy during last 3 months was found to be statistically significant (p value 0.0097). 
 62.5% of Streptococcus pneumoniae isolates were sensitive to Erythromycin and 29.17% being resistant. This finding was somewhat similar to study by Jacobs et al. who found a resistance rate of 24.6% in their study on CAP patients. 50 Doern et al. also found macrolide resistance rate of 25.2% to 25.7% in Streptococcus pneumoniae isolates.51 Similarly Benbachir et al. documented a resistance rate of 28%.49 Ewig et al. found Erythromycin resistance rate to be 27% in pneumococci from CAP patients.52
Amongst the fluoroquinolones Moxifloxacin came out as the best drug with 95.83% of isolates showing sensitivity. Only 41.67% isolates were sensitive to Levofloxacin. Similarly with Ciprofloxacin 33.33% isolates were sensitive, 41.67% moderately sensitive and 25% were resistant. This resistance was  high compared to other studies world wide. Song et al in a multicentric study found (Hong Kong) ciprofloxacin resistance rate at 11.8%, same for isolates from Sri Lanka were at 9.5%, the Philippines at 9.1%, and Korea at 6.5%.46 Jacobs et al found fluoroquinolone-resistant S pneumoniae rate to be 1%.50  Rate for Doern et al was 1.4%.51 Increasing and indiscriminate use as a result of easy availability (over the counter without prescription) of drugs like Ciprofloxacin could be an explanation of such high rate of resistance observed in this study. 51 Never the less confirmation of resistance with MIC estimation is essential to compare this result with other studies.   
[SUMMARY]
Current study on adult CAP subjects attending Gauhtai Medical College yielded predominantly male (74.47%) patients and more in middle aged and elderly subjects (>40 years age group). Cough and expectoration followed by fever was observed to be the principal clinical presentation.  Out of 94 samples 57 isolates were detected from 55 positive ( isolation rate 58.51%) samples (53 mono and 2 poly-isolates). Major isolates included Streptococcus pneumoniae (42.1%), Klebsiella pneumoniae (28.1%), Staphylococcus aureus (10.5%), Moraxella catarrhalis 5 (8.77%) isolates as well as some other isolates. One isolate of Mycoplasma pneumoniae was also detected (presumptively) after a tedious culture based lab procedure (which has a world wide isolation rate of 1% with conventional technique)
Majority of Streptococcus pneumoniae isolates (75%) were found to be resistant to β-lactam antibiotics. The association between resistance to β-lactam antibiotics with intake of this form of drugs within last 3 months was found to be statistically significant (p=0.0097). Macrolide resistance was observed in 29.17%, while majority strains (62.5%) were susceptible to Erythromycin.  Newer fluoroquinolones like Moxifloxacin and Gatifloxacin were found to be highly effective (sensitivity in 95.83% and 62.5% of isolates respectively). Development of resistance in Ciprofloxacin (25%) and Ofloxacin (37.5%) was very much evident. 
Antibiotic susceptibility testing of Klebsiella pneumoniae isolates revealed that Ciprofloxacin was not very effective (only 25% sensitivity). Ceftazidime was best amongst the 3rd generation cephalosporins with sensitivity in 81.25% of isolates. This was better than the 4th generation Cefepime which showed sensitivity in 78.5% of isolates. Imipenem was effective in 100%. All Staphylococcus aureus strains were β-lactamase positive and resistant to penicillin. One strain (out of total 6) showed resistance to oxacillin 1μg disc, raising the possibility of being an MRSA strain. Fluoroquinolones were effective in most of the isolates, with 100% sensitivity to Moxifloxacin, 83.33% to Ciprofloxacin, and 66.67% to Levofloxacin. All Moraxella catarrhalis strains were positive in Nitrocefin test for β-lactamase production.
[CONCLUSION]
The findings in this study revealed that Streptococcus pneumoniae and Klebsiella pneumoniae are the principal pathogen of Community-acquired pneumonia, especially the former in mild cases where hospitalization is not required, while the latter may be predominant in moderate to severe cases where patient needs hospitalization. An important aspect of this study finding is the absence of Haemophilus influenzae. Antibiotic susceptibility patterns of the isolates clearly suggest existence of drug resistant pathogen of CAP in our setup. The findings, of large proportion of β-lactam antibiotic resistant Streptococcus pneumoniae as well as a possible MRSA in a community infection such as CAP, are alarming. Antibiotic resistance in Gram negative isolates were also in high proportion. Overall drugs like Moxifloxacin, Levofloxacin, 3rd generation cephalosporins, Cefepime, Imipenem etc only came out effective against most of the pathogens. Rational and proper use of antibiotics would definitely contribute in controlling infections. Given these findings and the fact that study on CAP in our setup is limited, much more studies in this area inclusive of techniques like MIC determination, serology for atypical agents, along with conventional culture and sensitivity, need to be carried out. Detection of viral pathogens also needs to be emphasized, 
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