A study on adult community-acquired pneumonia and its drug-resistance pattern from a tertiary care hospital of Northeast India.
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Abstract:
Community-acquired pneumonia (CAP) remains a common illness with significant mortality & morbidity all over the world. Nearly half of the cases of CAP pathogen cannot be identified and the empiric management of CAP has been complicated by the emergence of high rates of antimicrobial resistance in many major pathogens worldwide
This study was carried out as a pilot study (prelude to a Govt. of India funded bigger study) to find out bacteriological profile and antimicrobial resistant pattern of adult CAP cases attending a tertiary care hospital of Northeast India. Sputum from clinically and radiologically diagnosed adult CAP patients of our tertiary care teaching hospital were processed according to standard bacteriological techniques. 
Out of 94 samples 55 (58.5%) yielded significant isolates including Streptococcus pneumoniae (42.1%) and Klebsiella pneumoniae (28.1%). There was one case of Mycoplasma pneumoniae isolation as well.  S.pneumoniae was predominant in outdoor and mild cases while Gram negatives (e.g. Klebsiella) were more in indoor and in association with risk factors (diabetes, old age etc). Only 25% of S. pneumoniae isolates were sensitive to betalactam antibioitic. As all isolates are gaining moderate to high level drug resistance the need of an appropriate infection control measures and antibiotic policy is essential
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Introduction:
Community-acquired pneumonia (CAP) remains a common but a serious illness with significant mortality and morbidity globally. Pneumonia is the sixth leading cause of death, and the number one cause of death from infectious diseases in the United States.1 There, every year, about 5-10 million cases of CAP are reported, leading to as many as 1.1 million hospitalization and 45,000 deaths.2 The problem is much worse in developing countries where pneumonia is the most common cause of hospital attendance in adults. Though the definite statistics is lacking in India, it can be easily said that CAP is a leading cause of death here.3The etiology of CAP has been under constant study in different local settings from the last decade. But it appears that no two studies of the aetiology of CAP are same. These studies showed appreciable differences in the frequencies of causative agents, which seem related to seasonal, geographical, and racial factors. 4, 5 Despite considerable improvement and extensive use of variety of diagnostic testing procedures, responsible pathogens remain uncertain in as many as 50% of CAP cases.1,5 even, in those where pathogens are identifiable, few days delay is inevitable in the process of identification of the causative microbes. Due to this the antibiotic treatment for CAP empirically relies on epidemiological data regarding the causative pathogen in a particular geographic area.6 This is more so as the relative frequency of aetiological agents varies among different geographical area.3 Thus it appears crucial that large tertiary care centers determine the peculiar microbial pattern prevalent in their own CAP patients.7 Common CAP agents include Streptococcus pneumoniae (30-40% overall), Haemophilus influenzae, Staphylococcus aureus, Moraxella catarrhalis, Gram negative enteric bacilli (GNEB) like Klebsiella, E coli etc, atypical agents like Mycoplasma pneumoniae, Chlamydia pneumoniae, Chlamydia psittaci, Coxiella burnetti, Legionella, viruses etc. 1, 4
The empiric management of community-acquired respiratory tract infections such as community-acquired pneumonia 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, only S. pneumoniae has been the focus of numerous recent studies, perhaps because of its greater virulence and extraordinary rise in antibiotic resistance level in relatively short period.9 Although several factors have been proposed to explain the increase in DRSP (Drug resistance streptococci pneumoniae) worldwide, antibiotic consumption is increasingly recognized as the leading force. Certain observation like high prevalence of DRSP (>50%) in regions known for liberal use of antibiotics (Spain, USA, Hong Kong), similarity of antibiotic resistance profile with locally used common antibiotics (selection of resistant subpopulation).14 Observation of resistance reduction, on decreasing concerned antibiotic use, make this theory more probable.15
Aim:
This study was carried out to study the bacteriological profile and antimicrobial resistant profile of adult CAP cases attending a tertiary care hospital of Northeast India
Method:
The study lasted from October 2005 to September 2006 at Gauhati Medical College.  A total of 94 adult CAP patients (Clinically and Rediologically proven) from Medicine, Respiratory medicine, and Intensive Care Units were taken
 Inclusion criteria were - New or progressive pulmonary infiltrate on a chest radiograph obtained within 24 hours of presentation and/ or Clinical finding of a) at least one of the major criteria: cough, sputum production, or temperature > 37.8°C, or b) at least two of the minor criteria: pleuritic chest pain, dyspnea, altered mental status, pulmonary consolidation by physical examination and WBC count of > 12,000 cells/ μl.6, 39, 175 Adopted exclusion criteria were- Earlier 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 tuberculosis or post obstructive pneumonia due to lung cancer; Presence of severe immunosuppression including severe neutropenia, HIV infection, etc. 
Subjects were categorized as per ATS/IDSA guidelines to mild (Outdoor patients), moderate (indoor admitted) and severe (ICU admitted) CAP cases. Subjects were instructed and proper sample were collected and sent to bacteriology lab as early as possible. In the lab, Gram stain smear was prepared and checked to assess suitability of sputum sample for culture. Sample were homogenized with dithiothreitol (Mucasol) and inoculated on Blood Agar, MacConkey Agar Chocolate agar media and CVNG (Crystal violet, Nalidixic acid and Gentamicin) agar. A portion of sputum sample was also inoculated onto PPLO (pleuro-pneumonia like organism) biphasic media initially and then onto Mycoplasma agar for identification of Mycoplasma pneumoniae. Isolation and identification was performed using standard microbiological techniques with special attention to quality control aspects. For Mycoplasma, isolates from local Veterinary Institute was put to use for quality control. Identified pathogens were further tested for antibiotic susceptibility by Kirby-bauer disc diffusion method strictly adhering to guide lines laid down by NCCLS/CLSI.13 Reference strains (ATCC strains) available in Microbiology Department of our Institute were put to use for quality control purpose 
All results (profile of pathogens, antibiotic susceptibility/resistance pattern etc.) were analyzed in the back drop of relevant epidemiological information already collected e.g. Risk factor, co-morbid illness, antibiotic use, previous hospital admission etc. Standard statistical package were put into use for the purpose. 
Results: 
Out of 94 total cases, 70 (74.47%) were males while 24 (25.53%) were females (Table1), female ratio was 2.9: 1 The overall mean age of the cases was 46.23 years with standard deviation (SD) 13.55. 
Table 1.
	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



Clinical presentation is shown in table 2
Table 2: 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%



Severity of illness is shown in table 3
Table 3: 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

	[bookmark: _Hlk153869470]Total
	64 (68.09%)
	24(25.53%)
	6 (6.38%)
	94 (100%)


* As per ATS guidelines.1
Culture results: 
56 isolates could be identified with profile as depicted in table 4. Out of the total of 56 organisms isolated, Streptococcus pneumoniae (see fig 1) was the most common organism numbering 24 (42.9%). Klebsiella pneumoniae with 16 (28.6%) isolates was the next common organism followed by Staphylococcus aureus with 8 (14.3%) isolates and Moraxella catarrhalis (see fig 2 and fig 3) with 5 (8.93%). β-hemolytic Streptococcus, Escherichia coli and Mycoplasma pneumoniae were isolated once (1.79%) each.
Table 4: Profile of isolates in adult CAP subjects
	Organism isolated
	Number of isolate 
	Percentage 

	Streptococcus pneumoniae
	24
	42.9

	Klebsiella
pneumoniae
	16
	28.6

	Staphylococcus aureus
	8
	14.3

	Moraxella catarrhalis
	5
	8.93

	β-hemolytic Streptococcus
	1
	1.79

	Escherichia coli 
	1
	1.79

	Mycoplasma pneumoniae
	1
	1.79

	Total
	56
	100



Fig: Streptococcus pneumoniae isolate showing clear Optochin sensitivity
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Fig 2. PPLO Biphasic media showing growth of Mycoplasma
[image: MP g positive]

Fig 3. RBC overlay on growth in PPLO agar, showing hemolysis around the colonies of Mycoplasma pneumoniae (under transmitted light) 
[image: MP ovrlayy]

SEVERITY OF ILLNESS AND ISOLATED PATHOGENS
Table 5 shows isolation of pathogens in relation to the severity of illness. In outdoor treated mild CAP cases, Streptococcus pneumoniae was isolated in the highest number of 18 (52.9%) followed by 8 (23.5%) Klebsiella pneumoniae, 4 (11.8%) Moraxella catarrhalis, 2 (5.88%) Staphylococcus aureus etc. 
In Inpatient treated moderate CAP cases Klebsiella pneumoniae was predominant with 7(41.2%) isolates, followed by Streptococcus pneumoniae and Staphylococcus aureus with 4 (23.5%) isolates each.  
In ICU treated severe CAP cases 2 (40%) each of S pneumoniae and Staph aureus, and 1 (20%) Klebsiella pneumoniae were isolated
Table 5. Isolation of pathogens in 3 different grades of illness severity
	Organism


Severity
	S P (%)
	Kleb (%)

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

	Outdoor cases (mild CAP)
	18
(52.9)

	8
(23.5)
	2
(5.88)
	4
(11.8)
	1
(2.94)
	0
	1
(2.94)
	34
(100)

	Indoor cases (moderate CAP)
	4
(23.5)

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

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

	Total
	24
 (42.9)
	16
 (28.6)
	8 
(14.3)
	5
(8.93)
	1
(1.79)
	1
(1.79)
	1
(1.79)
	56
(100)


(Abbreviation used: - SP=Streptococcus pneumoniae, Kleb=Klebsiella pneumoniae, SA=Staphylococcus aureus, MC=Moraxella catarrhalis,  β-HS=β-hemolytic streptococcus, EC=E coli, MPn= Mycoplasma pneumoniae)
Relation with co-morbid illness
Table 6
	                Organisms

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

	S A 
(%, p value)

	M C
(%, 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)
	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)
	1
(5.6)
	1
(5.6)

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

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

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

	Previous hospitalization
	14
 (50,
0.2276)
	7
(25, 0.6118)
	2 
(7.1, 0.1520)
	3 
(10.1, 0.6088)
	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)
	1
(2)
	1
(2)
	0

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

	CVS disorder
	0
	0
	0
	0
	0
	0
	0

	Renal disease
	0
	0
	0
	0
	0
	0
	0

	IVDU
	0
	0
	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, IVDU=Intravenous drug users) 

Radioloical finding
Table 7: Pathogen in relation to radiologic findings in 94 CAP patients
	               Organism
Chest X-ray 
Finding
	S P
	Kleb

	S A
	M C

	No abnormality
	1
	1
	0
	1

	X-ray not available
	2
	2
	1
	0

	Alveolar infiltrate
	11
	5
	2
	1

	Interstitial infiltrate
	0
	0
	0
	0

	Mixed infiltrate
	9
	7
	3
	3

	Bilateral lesion
	7
	7
	3
	1

	Right sided lesion 
	8
	4
	1
	1

	Left sided lesion
	6
	1
	1
	2

	Lobar lesion
	13
	2
	2
	0

	Patchy lesion
	8
	10
	3
	4


(Abbreviation used: - SP=Streptococcus pneumoniae, Kleb= Klebsiella pneumoniae, SA=Staphylococcus aureus, MC=Moraxella catarrhalis,)

NITROCEFIN DISC TEST FOR β-LACTAMASE PRODUCTION
All Staphylococcus aureus and Moraxella catarrhalis strains, isolated in this study, were β-lactamase producing. ( see Table 8)
Table 8: Results of Nitrocefin disc test for β-lactamase enzyme
	Organism
	Positive result (%)
	Negative result (%)

	Staphylococcus aureus
	8 (100)
	0 (0)

	Moraxella catarrhalis
	5 (100)
	0 (0)
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Antibiotic susceptibility testing
S pneumoniae
Table9: 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)
	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

	Ciprofloxacin
	8    (33.33)
	10   (41.67)
	6      (25)


	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)

	Vancomycin

	24 (100)
	0
	0
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β-LACTAM ANTIBIOTIC RESISTANT STREPTOCOCCUS PNEUMONIAE AND FACTORS THAT INCREASES ITS RISK OF INFECTION 1 
Table 10
	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
	



Klebsiella 
Table 11
	Klebsiella pneumoniae

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

	Ciprofloxacin
	4     (25)
	8       (50)
	4     (25)

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

	Cefotaxime
	9     (56.25)
	4       (25)
	3     (18.75)

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

	Cefoxitin
	8     (50)
	3       (18.75)
	5     (31.25)

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

	Ticarcillin-clavulanate
	3     (18.75)
	4       (25)
	9     (56.25)

	Amikacin
	15   (93.75)
	0
	1       (6.25)

	Gentamicin
	5     (31.25)
	3       (18.75)
	8     (50)

	Imipenem
	16 (100)
	0
	0

	Cefepime
	14   (87.5)
	0
	2      (12.5)



Staphylococcus aureus
Table 12: Antibiogram of Staphylococcus aureus isolates
	Staphylococcus aureus

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

	Oxacillin 1
	7 (87.5)  
	
	1   (12.5)

	Penicillin
	0
	0
	8 (100.0)

	Tetracycline

	4     (50)
	1         (12.5)
	3   (37.5)

	Erythromycin

	4   (50)
	3         (37.5)
	1   (12.5)

	Clindamycin

	7     (87.5)
	1         (12.5)
	0

	Linezolid
	8   (100.0)
	0
	0

	Ciprofloxacin
	7   (87.5)
	0
	1   (12.5)

	Levofloxacin
	6     (75)
	1        (12.5)
	1   (12.5)

	Moxifloxacin
	8   (100)
	0
	0

	Amoxy-clav
	4     (50)
	2        (25)
	2   (25)

	Co-trimoxazole

	0
	0
	8 (100)

	Vancomycin

	8    (100)
	0
	0

	Amikacin
	6     (75)
	2        (25)
	0



Moraxella catarrhalis 
Table 13: Antibiogram of Moraxella catarrhalis isolates
	Moraxella catarrhalis

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

	Penicillin
	        0
	1 (20)
	4 (80)

	Tetracycline

	3 (60)
	1 (20)
	1 (20)

	Cefotaxime
	3 (60)
	2 (40)
	       0

	Ceftriaxone
	3 (60)
	2 (40)
	       0

	Ciprofloxacin
	3 (60)
	2 (40)
	       0

	Levofloxacin
	3 (60)
	2 (40)
	       0

	Moxifloxacin
	5 (100)
	          0
	       0

	Amoxy-clav
	1 (20)
	2 (40)
	2 (40)

	Co-trimoxazole

	        0
	          0
	5 (100)

	Cefuroxime
	        0
	2 (40)
	3 (60)

	Amikacin
	3 (60)
	1 (20)
	1 (20)

	Azithromycin
	5 (100)
	          0
	       0




Discussion
74.47% (70/94) of subjects were male and 25.53 (24/94) were female with male: female ratio being 2.92: 1. Similar observation was made by Kurashi et al (1992) with a ratio of 3:1.5 Other studies with approximately similar male: female ratio includes Ishida et al (1998) (2.6:1) Madhu et al (1990) (2.6:1) and Bansal et al (2004) (2.5:1).3, 91, The overall mean age of the cases was 46.23 years with standard deviation (SD) 13.55. Similar observation was noted down by Jokinen et al (2000), Bansal et al (2004) etc.
Cough was observed in 100% of patients in this study while it associated with expectoration in 94.68% of cases. Fever was observed in 86.17%. Other frequent complains include clinical consolidation in 60.62%, chest pain 55.32%, difficulty in respiration in 25.53%, altered mental status in 7.45% and hemoptysis in 4.26%. (Table 3) These were in conformity with findings by many others e.g. Bansal et al (2004), Dey et al (1997) etc.
Of the total 94 samples, 55 (58.51%) samples showed growth of pathogenic bacteria, while from 39 (41.49%) samples no pathogen could be detected. From 53 (96.36%) samples single pathogen was isolated, and 2 (3.64%) samples yielded multiple pathogen (2 each) (Table 5). Sopena et al (1999) could detect pathogen from 58% samples.86 Ozyilmaz et al (2005) found significant growth 59.4% of sputum samples.79 Jokinen et al (2000) were successful in detecting pathogen from 60% of their patients.84 
Peñafiel et al (2003) had an isolation rate of only 25%.80 For Venkatesan et al (1990) the isolation rate was 43%. 95 Bansal et al (2004) detected pathogen in 75% samples .3 Lieberman et al had a detection rate of 80.6 %( 1996).59
The present study showed the dominance of Streptococcus pneumoniae (42.1%) in sputum of patients with Community-acquired pneumonia (Table 6). This finding corroborates closely with the following studies carried out on CAP patients. (Table 14)
Table14: Similar isolation rate of Streptococcus pneumoniae in various studies
	Study
	Isolation rate of S pneumoniae

	Bansal et al (2004).3
	35.8%

	Lim et al (2001).82
	48.0%

	Jokinen et al (2000).84
	41.0%

	Lieberman et al (1996).59
	42.8%

	Berntsson et al (1995).87
	54.3%

	Present study (2005-2006)
	42.1%


Some other studies reported a lower isolation rate of S pneumoniae (Table 15)
Table 15: Studies with lower isolation rate of S pneumoniae 
	Study
	Isolation rate of S pneumoniae

	Peñafiel et al (2003)80
	10.5%

	Ishida et al (1998)5
	23.0%

	Ruiz et al (1998)7
	29.0%

	Dahmash et al (1994)69
	12.0%

	Chan et al (1992)92
	12.0%

	Kurashi et al (1992) 91
	25.6%



Klebsiella pneumoniae emerged as the second most common pathogen isolated in the present study with isolation rate of 28.1% (16 isolates) (Table 6). This rate approximately tallies with study by Bansal et al (2004) where Klebsiella isolation rate was 22%.3 Fieldman et al (1995) also found it in a rate of 30.9%.67  But in various other studies this finding in CAP patients was low or nil. Ishida et al (1998) found it only at 4.3%.5  Karalus et al (1991) had this rate at 2%.93  Wattanathum et al (2002) and Lim et al (2001) did not find any in their study populations. 6, 82 Similary Jokinen et al (2000) and Sopena et al (1999) also had 0% isolation rate each. 84, 86 
Staphylococcus aureus was detected in 6 (10.5%) cases in our study. (Table 6).This was closely similar to study by Dahmash and Choudhury (1994) who had an isolation rate of 9%.69 Fieldman et al (1995) found this rate at 7.13%.67  But in some other studies, isolation rate of S aureus was less or nil. Peñafiel et al (2003) had this in a rate of 4.2%.80 Berntsson et al (1995) had a rate less than 1%.87.Wattanathum et al (2002) could not isolate any Staphylococcus aureus.6 Ishida et al (1998) also did not find any S aureus.5 
Moraxella catarrhalis was detected from 5 (8.77%) cases in the present study. (Table 6). This rate was close to the study by Ozyilmaz et al (2005) who had a rate of 12.2%.79 But Lim et al (2001) had this rate at 2% only. 82 Jokinen et al (2000) could find it in less than 3%.84 Bansal et al (2004) did not find any Moraxella catarrhalis in their study.3 
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 (2004) and Almirall et al (2000) also did not find any Haemophilus influenzae in their subjects.3, 85 Other studies on CAP had Haemophilus influenzae isolation in significant proportion ranging from 2.3% to 44.9% — Sopena et al (1999) documented an isolation rate of 2.3%.86 Lieberman et al (1996) the rate was 5.5%.59 Isolation rate for study by Lim et al (2001) was 7%.82 Ruiz et al (1998) could isolate this in 11% cases.7 Ostergaard et al (1993) isolated it in 17.5% patients.82 Ozyilmaz et al (2005) had an isolation rate of 44.9%.79  Overall the reason for non isolation of Haemophilus influenzae could be multiple. In studies like Ostergaard et al (1993), this bacterium was isolated from tracheal aspirate only and it could not be grown from sputum samples.88 Being a fragile organism, the delay during the processing of sputum could be a valid reason of its non isolation in many instances. A sustained carbon dioxide supply in consistent strength (10-15%) during incubation is very vital for H influenzae growth.174 As we could use only candle jar and not standard CO2 incubator, chance of isolation of this pathogen was substantially reduced.   Also Blood agar prepared from sheep blood is considered very restricting for Haemophilus influenzae growth, as sheep blood contain NADase (Nicotinamide adenine dinucleotidease) which can be detrimental to its growth by breaking down scanty NAD present in sheep blood.174 This could be another reason why no Haemophilus influenzae was isolated in the present study, where we used sheep blood in preparing blood agar and chocolate agar media..
Mycoplasma pneumoniae was isolated only once (1.75%) using PPLO biphasic and PPLO agar media. (Table 6).Our finding was similar to findings by Sopena et al (1999) with a rate of 1.3%.86 and Dahmash and Choudhury (1994) with a detection rate of 1.6%.69 But the observation of the present study was in sharp contrast with various other studies on CAP. Bansal et al (2004) found this in 15% cases.3 Other examples include — Luna et al (2000) had this at 13%.83 Jokinen et al (2000) detected it in 9% cases.84  Lieberman et al (1996) had a rate of 29.2%.59 Berntsson et al (1995) detected M pneumoniae in14% cases.87 Overall almost all these studies utilized serological method for Mycoplasma pneumoniae antibody detection, which has got a proven much higher sensitivity, compared to attempting culture in PPLO agar (as was done in the present study).11 
It is evident from of the present study that diabetes is significantly associated as a risk factor/comorbidity with isolation of Klebsiella pneumoniae (55.6%, p-value=0.0092) in CAP patients. (Table 8). Klebsiella pneumoniae isolation is also statistically significant in elderly people. (80%, p-value= 0.01).  Moraxella catarrhalis isolation in chronic lung diseased cases were found to related significantly (37.5%, p-value=0.0024). Also Staphylococcus aureus CAP is significantly associated with precedent/ concurrent viral fever (80%, p value=0.0001). Other factors like Smoking, Alcoholism, previous hospitalization and antibiotic exposure were not associated with type of organism isolated in statistically significant manner. (Table 8). But it is worth mentioning that the number of cases for p value estimation was too less and hence these conclusion from the present study needs confirmation with a study on higher number of cases. Ruiz et al (1999) found that presence of comorbidities like, cardiac illness, chronic lung disease, renal insufficiency, toxic liver disease, chronic neurologic illness, diabetes, and malignancy active within the last year, was associated with an increased risk of infection (odds ratio 4.4) with GNEB in CAP patients.  American Thoracic Society Guidelines for initial management of adults with CAP and Feldman et al (1989) advocates an association of GNEB causing CAP and advanced age.1, 71Verduin et al (2002) states that, in more than 70% cases predisposing factors like respiratory impairment (mainly COPD), malignancy, neutropenia etc are present in pneumonia by M catarrhalis.38The BTS guidelines for the management of CAP in adults states that S aureus induced CAP patients, coincident influenza type symptoms are reported in 39% cases and evidence of coincident influenza virus infection is found in 39% of those admitted to hospital, and 50%  of those admitted to an ICU.4
Due to increased and indiscriminate use of antibiotics, there has been an emergence of antibiotic resistance. This equally holds good for both community-acquired and nosocomial infections. This phenomenon of drug resistance varies from microorganism to microorganism and from one place to another.  In this study, in vitro susceptibility of isolates were tested against a battery of antibiotics, both new and old generation, using Kirby Bauer disc diffusion technique as per guide lines laid down by NCCLS.13 
75% of the pneumococci isolates were found to be resistant to β-lactam antibiotics while only 25% came out to be susceptible. (Table 11) This high level resistance was corroborated by following studies on respiratory infection. Song et al (2004) found 52.4% pneumococcus isolates with reduced susceptibly to penicillin.15 Mendes et al (2003) found a reduced susceptibility rate of 42.1% in pneumococcus isolates from CAP cases.15 Ho et al (2001) documented a resistance rate of 60.6%.18 Doern et al (2001) found it to be 55.7%.19 In study by Felmingham et al (2000) on CAP patients resistance rates were >50%.14 For Hsueh et al (1999) 61% of the isolates were non susceptible to penicillin. 17 Ewig et al (1999) in a study on CAP patients found 49% of pneumococci resistant to penicillin.98  On the other hand, low level of resistance was recorded by many studies. Jacobs et al (2003) had this rate at 18.2%.15 Kanungo et al (2002) found non-susceptibility at 11.6%.12 Another study Kanungo et al (2001) found 7.3% of isolates to be intermediately resistant to penicillin. 17 Benbachir et al (2001) 30.4% of the isolates were nonsusceptible to penicillin G.17 Lalitha et al (1999) documented 4.6% of isolates to be of intermediately resistant to penicillin.14 Zhanel et al (1999) in a study on CAP patients found Penicillin-intermediate and resistant isolates at rates of 14.8 and 6.4% respectively. 17  It is worth mentioning that, the high level of resistance to β-lactam antibiotic in this study needs further confirmation by estimation of MIC level for proper comparison with other studies. 

Conclusion:
The findings in this study revealed that Streptococcus pneumoniae and Klebsiella pneumoniae are the principal pathogen of Community-acquired pneumonia. Other agents like Staphylococcus aureus (especially with history of precedent viral infection) and Moraxella catarrhalis (more in patients with chronic lung disease) may cause CAP at times. 
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. Indiscriminate use of antibiotic in our setup could be one of the principal reasons for this scenario. 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. Detection of viral pathogens also needs to be emphasized, especially in the background of the current threat of impending influenza pandemic. This will go a long way in understanding proper nature of CAP as well as its causative agents. This type of study will also help in formulating management guidelines and antibiotic policy for effective management and proper antibiotic therapy in our CAP patients, as in the advanced countries like the USA and the UK.  
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