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chronic obstructive pulmonary disease (COPD), diabetes 
mellitus, renal failure, congestive heart failure, coronary 
artery disease, malignancy, chronic neurological disease, 
and chronic liver disease have increased incidence of 
CAP with increased mortality.[3] The list of potential 
etiologic agents in CAP is extensive and includes bacteria, 
fungi, viruses, and protozoa. Although Pneumococcus 
remains the most commonly identified cause of CAP, the 
frequency with which it is implicated has declined,[5] and 

INTRODUCTION

Community-acquired pneumonia (CAP) is a common 
disease with significant morbidity and mortality 
worldwide.[1,2] The annual incidence of CAP varies from 
5 to 11/1000 population, the rates being higher in the 
elderly.[3] The mortality rate for CAP is <5% for outpatient 
cases; it rises to 10% in admitted ward patients and 
can exceed 30% in patients admitted to Intensive Care 
Unit (ICU).[4] Patients with coexisting illnesses such as 
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it is now detected in only about 10%–15% of inpatient 
cases in the United States[6,7] and thus other organisms 
must also be considered in light of the patient’s risk 
factors and severity of illness.[8] It is considered useful to 
think of the etiological agent as a typical or an atypical 
organism. The former category includes Streptococcus 
pneumoniae, Haemophilus influenzae, and (in selected 
patients) Staphylococcus aureus and Gram-negative 
bacilli such as Klebsiella pneumoniae and Pseudomonas 
aeruginosa.[9-11] The “atypical” organisms include 
Mycoplasma pneumoniae, Chlamydia pneumoniae (mostly 
in outpatients), and Legionella spp. (mostly in inpatients) 
as well as respiratory viruses such as influenza viruses, 
adenoviruses, and respiratory syncytial viruses The 
frequency and importance of atypical pathogens have 
significant implications for therapy. These organisms 
are intrinsically resistant to all beta-lactam agents and 
must be treated with a macrolide, a fluoroquinolone, or 
a tetracycline. In the ~10%–15% of CAP cases that are 
polymicrobial, the etiology often includes a combination 
of typical and atypical pathogens.[12,13]

Differences in epidemiology of the pathogens causing CAP 
are crucial for decision about empiric antibiotic therapy 
which has a major influence on the prognosis of such 
patients. Data about the microbiological causes of CAP in 
developing countries, like India, are scant and hampered 
by the available data being old and limited by a small 
sample size and the detection methods having stayed  
confined to bacterial cultures. While some have reported 
Pneumococcus spp. as the dominant etiological agent,[8] 
others have reported Gram-negative bacilli as the most 
frequent pathogens.[11] Most of the studies conducted in 
India to look for etiological agents of pneumonia have been 
limited to find typical pathogens, and very scanty data are 
available for atypical pathogens. In the last few years, there 
have been further advances in the medical management 
of CAP with the development of novel immunoassays 
to detect S. pneumoniae and Legionella pneumophila 
antigens in urine. Use of the pneumococcal urinary antigen 
test (UAT) improves diagnostic yield by 23%–39%.[14,15] 
In a meta-analysis, the pooled sensitivity and specificity 
of Pneumococcal UAT was 74% (95% confidence 
interval [CI]: 72%–77%) and 94% (95% CI: 93%–95%), 
respectively, compared to traditional microbiology.[14] 
The Legionella UAT for the diagnosis of Legionnaire’s 
disease has a sensitivity of around 70%–80% (generally 
higher than culture), a specificity of >99%, and will 
usually remain positive for days to weeks after effective 
treatment is initiated.[16] The availability of these rapid 
and sensitive techniques has facilitated the microbial 
diagnosis of pneumonia and provided new tools that 
may improve our epidemiological understanding of CAP. 
Hence, etiology of CAP can be looked at with wider array 
of diagnostic tools. Updated data about the incidence 
of pneumonia may be important to recognize changes 
in disease patterns, to assess the new etiological profile 
according to the new diagnostic technologies, to evaluate 
preventive interventions, and to allocate health care and 

research resources.[17-20] We herewith present our data of 
hospitalized patients with CAP seen over a 2-year period 
in Northern India.

METHODS

The study was conducted in Sher-i-Kashmir Institute of 
Medical Sciences (SKIMS), Kashmir, a 700-bedded tertiary 
care cum referral facility in North India. Adults (≥18 years, 
n = 225) clinically diagnosed to have CAP were selected 
using purposive sampling technique during a 24-month 
period, from November 1, 2013 to October 31, 2015. 
The exclusion criteria included patients’ age below 
18 years of age or those who satisfied the criteria for 
a healthcare-associated pneumonia. CAP was defined 
as an acute illness associated with at least one of the 
following signs or symptoms: fever, new cough with or 
without sputum production, pleuritic chest pain, dyspnea, 
or altered breath sound on auscultation, plus a chest 
radiograph showing a new pulmonary infiltrate compatible 
with the presence of acute pneumonia appearing within 
48 h of hospitalization.[1,2] Demographic data were 
recorded from all participants along with a history of any 
underlying comorbid illnesses such as diabetes mellitus, 
arterial hypertension, chronic lung disease, congestive 
heart failure, cerebrovascular disease, and any treatment 
received before the reporting to the hospital.

Severity of pneumonia at presentation was assessed 
by confusion, urea nitrogen, respiratory rate, blood 
pressure, age ≥ 65 years (CURB‑65) score, and Pneumonia 
Severity Index (PSI)[9] was determined within the first 
24 h after admission. All the patients underwent routine 
investigations in the form of complete blood count, 
routine serum biochemistry, radiography of the chest, 
electrocardiogram, and computed tomography of the 
chest when indicated. At least two blood cultures and 
one sputum culture were obtained at admission before 
the start of antimicrobial therapy. Induced sputum was 
obtained in patients in whom it was difficult to obtain 
routine sputum. Nasopharyngeal secretion samples for 
viral detection and urine samples for pneumococcal and 
L. pneumophila antigen detection were obtained in 24 h 
of admission. Blood samples were obtained for serological 
analysis of Mycoplasma pneumoniae and Chlamydophila 
pneumoniae.

Microbiologically adequate sputum (containing more than 
25 polymorphonuclear cells and <10 epithelial cells per 
low power field) was subjected to Gram’s staining and 
Ziehl–Neelson staining for acid-fast bacilli.[21] Quantitative 
cultures of sputum samples and qualitative cultures of 
nasopharyngeal samples as well as blood samples were 
performed in accordance with accepted methods and 
criteria.

Immunochromatographic membrane tests (Diagnostic 
Automation, Cortez diagnostics Inc., CA, USA) were 
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performed on urine samples, for detection of pneumococcal 
antigens. ICT detects the S. pneumoniae C-polysaccharide 
which is found in the cell wall and is common to all 
serotypes.[20] Commercially available enzyme-linked 
immunosorbent assays (ELISA) were used according to the 
manufacturer’s instructions for the detection of Legionella 
urinary antigen (Diagnostic Automation, Inc., Calabasas, 
CA, USA). Antibodies to M. pneumoniae and C. pneumoniae 
were detected by ELISA. Twin nasopharyngeal swabs were 
obtained and collected in viral transport medium, and 
detection of influenza viruses A and B was performed 
by real-time reverse transcriptase polymerase chain 
reaction (RT-PCR) using the CDC protocol.[14-16,22] Influenza 
A positive samples were further tested for A/H1N1 and A/
H3N2 subtypes whereas Influenza B samples were tested 
for B/Victoria and B/Yamagata lineages.

Diagnostic criteria
An etiologic diagnosis were considered to be definitive if 
one of the following criteria were met:
1. Isolation of respiratory pathogen in a sterile 

specimen (blood and pleural fluid)
2. A single increased IgM titer for M. pneumoniae (≥1:16) 

or C. pneumoniae (≥1:10)
3. Positive urinary antigen for L. pneumophila type 1 or 

S. pneumoniae
4. A positive result for one respiratory virus by RT-PCR.

The results were analyzed with SPSS statistical software 
version 17.00 (IBM Analytics, USA). Appropriate 
statistical methods were employed which included 
t-tests for continuous variables and nonparametric tests 
for categorical variables. Univariate and multivariate 
analyses was employed to determine the factors associated 
with mortality among the patients. Values have been 
expressed as mean + standard deviation and P < 0.05 was 
considered statistically significant. All patients provided 
written informed consent. The study was approved by 
the Postgraduate Committee and the Institute Ethics 
Committee of the SKIMS.

RESULTS

Patient characteristics
The study population consisted of 119 (52.9%) males; 
age ranged from 18 to 93 years (median 59 years), 
98 (43.6%) were current smokers and 32 (14.2%) were 
past smokers. Seventeen (7.6%) and 19 (8.4%) patients 
had previously been vaccinated against pneumococcus 
and influenza, respectively. At hospital admission, 
152 patients (67.5%) had received antibiotic therapy 
prior to hospitalization. The comorbidities included 
hypertension (n = 92), COPD (n = 84), diabetes (n = 36), 
chronic kidney disease (n = 27), heart failure (n = 24), 
and chronic liver disease (n = 3). The patients presented 
with symptoms consisting in cough (89.8%), fever (86.2%), 
breathlessness (69.3%), chest pain (17.8%), and altered 
sensorium (19.1%). On physical examination, 33.8% 

had cyanosis and 18 (8%) patients had hypotension at 
presentation. Chest radiography revealed bilateral lung 
involvement in 12 (5.3%). The most common finding was 
consolidation in 108 (48%) followed by interstitial infiltrates 
in 93 (41%) patients and pleural effusion in 24 (10.6%). Out 
of 225 patients, 24 (10.6%) were admitted in ICU whereas 
101 patients were managed in general pulmonary ward.

Microbiological profile
The frequency of various pathogens among the samples 
was tested is depicted in Table 1. S. pneumoniae was 
the most common detected pathogen (30.5%), among 
the tested patients followed by L. pneumophila (17.5%), 
influenza viruses (15.4%), M. pneumoniae (7.2%), 
C. pneumoniae (5.5%), Mycobacterium tuberculosis (4.8%), 
Klebsiella pneumonia (4.8%), methicillin-resistant 
S. aureus (MRSA) (3.5%), P. aeruginosa (3.1%), 
methicillin-sensitive S. aureus (1.7), and Acinetobacter 
baumannii (0.8%); 4% of patients had multiple 
pathogens. Table 2 summarizes the frequency of 
different etiological agents in different age groups. 
S. pneumoniae predominated in all the age groups. 
Polymicrobial etiology was found in nine patients. MRSA 
was found as co-pathogen in two patients who tested 
positive for influenza A. C. pneumoniae was identified 

Table 1: Etiological pathogens
Causative pathogen Number of 

samples tested
Positive 
results

Percentage 
positives

Streptococcus pneumoniae 200 61 30.5
Legionella pneumophila 192 33 17.5
Influenza	A/B 84 13 15.4
Mycoplasma pneumoniae 180 13 7.2
Chlamydia pneumoniae 180 10 5.5
Mycobacterium tuberculosis 225 11 4.8
Klebsiella pneumoniae 225 11 4.8
MRSA 225 8 3.5
Pseudomonas aeruginosa 225 7 3.1
MSSA 225 4 1.7
Acinetobacter baumannii 225 2 0.8
Polymicrobial 225 9 4

MRSA: Methicillin‑resistant Staphylococcus aureus, 
MSSA: Methicillin‑sensitive Staphylococcus aureus

Table 2: Etiology of pneumonia in relation to age
Etiology 18-44, n (%) 44-60, n (%) ≥60, n (%)
Streptococcus pneumoniae 5	(13.9) 20	(22.7) 36	(32.1)
Legionella pneumophila 1	(2.8) 17	(19.3) 15	(13.4)
Mycoplasma pneumonia 2	(5.6) 4	(4.5) 7	(6.3)
Chlamydia pneumoniae 2	(5.6) 5	(5.7) 3	(2.7)
Klebsiella	spp. 3	(8.3) 2	(2.3) 5	(4.5)
Pseudomonas	spp. 1	(2.8) 2	(2.3) 4	(3.6)
MSSA 3	(8.3) 1	(1.1) 0
MRSA 1	(2.8) 2	(2.3) 5	(4.5)
Mycobacterium tuberculosis 7	(19.4) 2	(2.3) 2	(1.8)
Influenza 1	(2.8) 6	(6.8) 6	(5.4)
Acinetobacter spp. 0 0 2	(1.8)
Staphylococcus haemolyticus 0 0 1	(0.9)
No	pathogen	found 10	(27.8) 27	(30.7) 26	(23.2)

MRSA: Methicillin‑resistant Staphylococcus aureus, 
MSSA: Methicillin‑sensitive Staphylococcus aureus
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as a co-pathogen in a patient detected positive for 
M. tuberculosis. Distribution of the pathogens with respect 
to the diagnostic methods used is shown in Table 3. No 
pathogen was detected in 63 patients. The characteristics 
of patients as per typical and atypical pathogens are 
shown in Table 4. Infections by typical pathogens were 
more severe with higher CURB-65 score at admission, 
more bilateral radiographic involvement, and had adverse 
clinical outcomes such as septic shock and need for 
mechanical ventilation as compared to atypical agents 
that were characterized by milder episodes.

The average length of hospital stay was 9.6 (±10.65) days with 
an average ICU and ward stay of 7 and 3 days, respectively. 
Eighteen (8%) patients expired during hospitalization, 
204 (90.6%) patients improved and were discharged, 
whereas three (1.3%) patients left against medical advice. 
On univariate analysis, the presence of hypotension at 
admission (P < 0.001), tachycardia ≥120 bpm (P = 0.002), 
use of mechanical ventilation (P < 0.001), CURB‑65 score ≥2, 
and PSI Class ≥III (P < 0.001) were significantly different 
between survivors and nonsurvivors. On multivariate 

analysis, COPD, ICU admission, septic shock, CURB-65 >2, 
and PSI Class >III were identified as independent risk factors 
for mortality.

DISCUSSION

Our data gives a novel insight into the pathogens responsible 
for CAP among hospitalized patients in India depicting the 
changed paradigm in light of a higher microbiological 
yield clearly related to the use of a wider array of detection 
methods. The study depicts a different microbiological 
spectrum among CAP patients when compared to an earlier 
study from the same institution involving routine bacterial 
cultures in 100 patients.[11] While the changed spectrum 
can be attributed to the use of a wide array of diagnostic 
tests, variation of epidemiology over time also needs to be 
kept in consideration. At least one pathogen was found in 
162 patients (72%), the yield  being high compared to other 
similarly conducted studies.[8,11,23-35] A comparison of the 
yield and etiological spectrum in comparison to various 
international and national studies[8,11,23-35] is shown in 
Tables 5 and 6, respectively. A higher yield of the pathogens 

Table 3: Distribution of pathogens and diagnostic tests
Pathogen identified Patients (n=225) Diagnostic tests

Blood 
culture

Sputum 
culture

Sputum 
microscopy

Pleural 
fluid

Urinary 
antigen

Serology RT-PCR

No	pathogen 63 - - - - - - -
One	pathogen 153 - - - - - - -
Combined	pathogens 9 - - - - - - -
Streptococcus pneumoniae 61 - 1 - - 61 - -
Legionella pneumophila 33 - - - - 33 - -
Mycoplasma 13 - - - - - 13 -
Chlamydia 10 - - - - - 10 -
Klebsiella	spp. 10 1 10 - - - - -
Pseudomonas 7 - 7 - - - - -
MRSA 8 4 2 - 2 - - -
MSSA 4 1 3 - - - - -
Mycobacterium tuberculosis 11 - - 8 3 - - -
Influenza 13 - - - - - - 13
Acinetobacter	spp. 2 - 2 - - - - -
Staphylococcus haemolyticus 1 1 - - - - - -

RT‑PCR: Reverse transcription polymerase chain reaction, MRSA: Methicillin‑resistant Staphylococcus aureus, MSSA: Methicillin‑sensitive 
Staphylococcus aureus

Table 4: Characteristics of patients with community‑acquired pneumonia according to etiologic categories
Characteristics Typical pathogens (n=104) Aypical pathogens (n=79) Mixed pathogens (n=9) P
Age,	mean	(median) 57.26	(17.3) 58.8	(14.6) 65.4	(22.9) 0.8
Immunized	against	influenza,	n	(%) 12	(11.5) 5	(6.3) 3 0.07
Immunized	against	pneumococcus,	n	(%) 8	(7.6) 7	(8.86) 0
CURB‑65	score,	n	(%)

0-1 38	(36.5) 48	(60.7) 3	(33.3) <0.001
2 50	(40.0) 22	(27.8) 4	(44.4)
>2 26	(25.0) 9	(11.3) 2	(22.2)

Septic	shock,	n	(%) 20	(19.23) 8	(10.12) 3	(33.3) 0.03
Mechanical	ventilation,	n	(%) 12	(11.5) 5	(6.32) 4	(44.4) 0.004
Mortality,	n	(%) 9	(8.6) 4	(5.06) 2	(22.2) 0.07
Infiltrates	on	radiography,	n	(%) 30	(28.8) 57	(72.15) 3	(33.3) <0.001
Lobar	consolidation	on	radiography,	n	(%) 55	(52.8) 9	(11.39) 5	(55.5)
Pleural	effusion,	n	(%) 10	(9.6) 4	(5.06) 2	(22.2) 0.07
Bilateral	radiographic	involvement,	n	(%) 32	(30.7) 9	(11.3) 1	(11.1) <0.001

CURB‑65: Confusion, urea nitrogen, respiratory rate, blood pressure, age ≥65 years
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in our study calls for more routine use of these diagnostic 
modalities for arriving at the etiological diagnosis of CAP.

S. pneumoniae was found to be the most common pathogen 
seen in about 30.5% of the tested patients. Such an yield is 
in conformity with studies earlier from Western countries 
where S. pneumoniae is reported in 24%–45% of the 
patients with CAP [Table 4]. Among the scant Indian studies 
that have addressed the etiological spectrum in adults have 
yielded varying results with S. pneumonia reported as the 
most common isolate in only one of the studies.[36] The 
high proportion of patients with L. pneumophila (17.5%), 
M. pneumoniae (7.2%), and Chlamydia (5.5%) in our 
patients emphasizes the role of atypical pathogens in the 
causation of pneumonia in our setting and is conformity 
with previous reports from Western countries [Table 4]. 
We found Legionella penumophila as the second most 
common pathogen. Legionella has been variously observed 
to be the causative organism among patients with CAP 
requiring hospitalization from developed countries to 
range from 2% to 9% [Tables 4 and 5]. The use of urinary 
antigen for the detection of Legionella increases the yield 
significantly.[24] Higher proportion of Legionella spp. 
remained unexplained. Pertinently Srinagar and adjacent 
areas are mostly supplied with water from treatment plants 
and an association has been seen between Legionella and 
Acanthamoeba that grow on biofilms of sand filters.[37,38]

Influenza viruses were detected in a 15.4% of the 
84 patients who were tested for influenza. Logistic issues 
precluded routine testing for influenza and all pathogens 
in all cases. Influenza was also found as a co-pathogen 
in 33% of patients where pneumonia was polymicrobial 
in etiology (n = 9). Data regarding the contribution of 
influenza causing adult CAP in India are very limited. We 
have recently demonstrated influenza and other viruses as 
a cause of respiratory tract infection and acute exacerbation 
of COPD[39-41] in our patients, especially during winter 
months when the activity of respiratory viruses is high. 
Other investigators also have reported viruses as an 
increasingly recognized pathogen in the causation of 
CAP. Recently, Jain et al. detected viruses as the most 
common etiological agent of CAP in the US population.[31] 
Shibli et al. reported viral etiology in about 20% of their 
patients,[24] whereas Lauderdale et al. incriminated them 
in 11% of patient.[32] While our data are insufficient to 
recommend routine testing for viruses in CAP where the 
etiology is generally bacterial, it may be prudent to look 
for a viral etiology during times of documented heightened 
activity of influenza in a particular geographical area. 
Such inquiry could be suggested by surveillance studies 
available for various parts of a large land mass country 
like India.

M. tuberculosis was found in 4.4% of patients of CAP. About 
19.4% cases of tuberculosis presenting as CAP belonged 
to the age group of 18–44 years indicating the burden of 
this disease on our young productive age group. Liam 
et al. isolated M. tuberculosis in 4.9% of CAP patients Ta
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in Malaysia,[42] and Oberoi and Agarwal reported the 
pathogen in 5% of their cases from India.[18] The endemic 
nature and the heaviest burden of tuberculosis in the 
world argue for consideration of M. tuberculosis in the 
differential diagnosis of all patients with CAP in India. 
This is especially important if a predictable response to 
antimicrobial therapy is not forthcoming during therapy.

K. pneumoniae was isolated from 4.8% of patients, mostly 
from sputum culture. Klebsiella was found in 13.8% of 
patients admitted in ICU and in 4.8% of nonsurvivors. 
Studies reported during the past two decades from India 
have also reported a higher prevalence of K. pneumoniae 
among culture-positive pneumonias.[43] K. pneumoniae 
pneumonia which is common in European countries has 
an association with alcoholism.[44] The lower prevalence 
in our setting may be related to a lower use of alcohol 
in the community in comparison to other communities. 
P. aeruginosa was detected in 3.1% of patients. Its frequency 
increased with increasing age and it was associated with 
moderate (PSI III) to severe (PSI IV-V) CAP. Charles et al. 
report P. aeruginosa from 2% of patients.[27] In most of the 
studies, P. aeruginosa has been found more commonly in 
severe CAP.[13,45]

Mortality rate in our study was 8% which is lower than 
the previous study from this place.[11] Mortality due to 
CAP in various hospital-based studies has been variable. 
While the British Thoracic Society multicentric study 
recorded a surprisingly low mortality of 5.7%,[46] higher 
mortality ranging from 21% to 25% has been reported in 
other studies.[47,48] According to the study conducted by 
British Thoracic Society and the Public Health Laboratory 
Services, patients had a 21-fold increased risk of mortality 
if they had respiratory rate 30 breaths/min or more and 
diastolic blood pressure ≤60 mmHg.[46] A high PSI class 
in our cases was predictably associated with a higher 
mortality and calls for aggressive management of such 
cases.

Despite the fact that a number of patients had associated 
comorbidities that would have mandated routine influenza 
and pneumococcal vaccination, the uptake of vaccinations 
was poor in our cases which reflect a poor prescription 
rate for vaccinations as well as possible patient factors. 
We have recently reported a poor uptake of influenza and 
pneumococcal vaccination in patients with diabetes,[49] 
COPD,[50] and heart failure,[51] and hence we emphasize the 
routine use of influenza and pneumococcal vaccinations 
in high-risk groups.

Our study is limited by the fact that only inpatients were 
recruited, patients of immunosuppressive therapy were not 
included, and testing for uncommon pathogens such as 
Coxiella burnetii, Moraxella catarrhalis, and noninfluenza 
respiratory viruses was not performed. Quality of sputum 
has been evaluated as per the old method[21] and not by new 
method, in which in the presence of >10 epithelial cells 
per low power field, sample can be straightforward rejected Ta
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unless pus cells are >100 and there is a single morphology 
on Gram staining.[52] However, the strengths of the study 
are its being the first study of its kind in Indian patients 
addressing a wide array of diagnostic tools for pathogen 
identification in cases of CAP. The study should serve as 
an impetus to further such studies in the developing world 
wherefrom data are scant and are desperately required to 
better understand the etiological spectrum of CAP so as 
to tailor appropriate antibiotic therapy and preventive 
strategies.

CONCLUSIONS

Streptococcus pneumoniae, Legionella, and influenza 
constitute the most common etiological agents  in north 
Indian adults hospitalized with CAP.  Further such studies 
need to be undertaken so that appropriate antibiotic 
ploicies based on local ecology of the etiological spectrum 
are devised as also appropriate vaccination strategies for 
the common vaccine preventable pathogens. 
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