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ABSTRACT 
A prospective survey of 96 consecutive adult patients with community acquired pneumonia requiring hospitalisation was carried 
out at National University Hospital, Singapore. Causative pathogens were identified in 58% of patients. Mycobacterium tubercu- 
losis was the most common pathogen (21%n), followed by Streptococcus pneumoniae (12%), Haemophilus influenzae (5.2%), 
Mycoplasma pneumoniae (5.2%) and Staphylococcus aureus (4.2%). Gram-negative organisms (apart from Haemophilus 
influenzae) were found in 10% of pneumonia patients. More than half of the patient had pre-existing illness, the most common 
was diabetes mellitus (21%). 
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INTRODUCTION 
Pneumonia acquired in the community remains a common 
cause for hospital admissions in both developed and third world 
countries. Despite the advent of potent antibiotics over the last 
3 decades, significant mortality is still associated with com- 
munity acquired pneumonia requiring hospitalisation. The pat- 
tern of microbiological organisms causing pneumonia in the 
community of the developed countries have been well stud- 
ied('s'. In Singapore, there is no previous report of the pattern 
of organisms causing pneumonia in the community. A knowl- 
edge of the local pattern of pathogens is essential to provide a 

guide to empirical antibiotics therapy. 
We therefore carried out a prospective survey on the pat- 

tern of causative microbial organisms of community acquired 
pneumonia needing hospitalisation. In addition, we analysed 
the clinico -pathological features that might differentiate be- 
tween the different causative organisms. 
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Table I - Diagnostic criteria of community acquired 
pneumonia 

Pneumonia was defined as requiring 
pneumonic consolidation on chest radiograph (on admission) 
with al least 2 of the following 

cough 
fever (>38°) within 24 hours of admission 
leucocytoses (white cell count > 12 000 / ml) 
response to antibiotics 

Exclusion criteria 
other causes of the pneumonic consolidation 
isolated pleural effusion 
hospital admission within the preceding 2 weeks 

'fable II - Investigations of patient with pneumonia 

Microbiology Sputum 
culture for pyogenic organism 
smear and culture for acid -fast bacilli 
pneumococcal antigen assay 

Blood 

culture 
serology for Mycoplasma pneumoniae 
and Legionella pneumophilla 

Haematology White cell count with differential 
Haemoglobin 
Platelet 

Biochemistry 

ammase, 

Urea and creatinine 
Sodium and potassium 
Liver function tests : alanine trans - 

alkaline phosphatase, total bilirubin 
Glucose 
Protein and albumin 

METHOD 
All patients admitted to National University Hospital from I 

March to 31 August 1991 with community acquired pneumo- 
nia were recruited into the survey. Definition of community 
acquired pneumonia was as outlined in Table I. Patients who 
had symptoms of cough with sputum production, but without 
radiological features of pneumonic consolidation were not con- 
sidered to have pneumonia. Pneumonia that developed distal 
to airway obstruction in patients who had known carcinoma of 
the lung were also excluded. Patients with severe immuno- 
suppression (such as immuno-suppressive chemotherapy, 
haematological malignancies, neutropcnia) were excluded. 
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Fig 1 - Demographic data of patients with community acquired pneumonia needing hospitalisation : 

(a) Age distribution, and (b) sex and race distribution. 
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On admission, clinical variables of the patients that were 

collected included age, sex, racial group, history of smoking, 
past medical history, systolic blood pressure and heart rate on 

admission, and maximum temperature within 24 hours of ad- 
mission. Microbiological, haematological and biochemical in- 
vestigations were as in Table II. Sputum was sent for routine 
bacterial culture as well as Mycobacterium tuberculosis smear 

and culture. For a routine bacterial culture, sputum specimens 
were inoculated onto both chocolate and blood agar plates. A 
semi -quantitative count was made as heavy, moderate, or light 
growth when the pathogenic organisms were isolated from the 

primary, secondary, and tertiary streaking arcas. An organism 
grown in pure culture or predominant among a scanty mixed 
growth was considered to be the primary pathogen. In addi- 

tion, only specimens with greater than 25 white blood cells 

and less than 25 epithelial cells per low power field seen with 
Gram -stain were selected for the study'6t. Pneumococcal anti- 
gen assay were performed on sputum using the Wellcogen 
assay kit (Welcome, ZL 22). Sputum samples were prepared 

by autoclaving at 120°C 15 lb/in2 for 15 minutes, then centri- 
fuged at 10,000 rpm for 5 minutes. The supernatant was re- 

moved and latex agglutination performed. A definite aggluti- 
nation after 3 minutes was considered positive for S pneumoniae 
antigen. For Mycobacterium tuberculosis, a Ziehl-Neelsen stain 
was performed, and followed by culture. Blood samples were 

taken for aerobic and anaerobic cultures, and organisms grown 
were considered to be significant pathogens of pneumonia in 

the absence of any other source of infection. Mycoplasma 
pneumoniae and Legionella pneumophilia serology were tested 

in paired samples 2 weeks apart. Mycoplasma pneumoniae 
serology was tested with passive particle agglutination quanti- 
tative test (Serodia-Myco II) providing 2 -fold dilution from 1/ 

40. A four -fold increase in titre or an initial titre of >1/160 
with compatible clinical signs was considered positive for re- 

cent Mycoplasma pneumoniae infection. Legionella 
pneumophilia serology was tested with indirect fluorescent 
antibody test (antigen obtained from PILLS, Colindale, UK) 
from dilution of 1/16, and diagnosis of infection was made 

when there was at least a 4 -fold rise in titre. Results of routine 
haematological (white cell count with differential, haemoglobin 

eit Chinese 

® Malay 

M Indian 

and platelet count) and biochemical (serum urea and electro- 
lytes, blood glucose, serum protein and albumin levels, liver 
function tests) investigations were also noted. 

Statistical analysis 
Values were presented as mean ± standard errors of mean 

(sem). Differences between any 2 groups were analysed by 

Student's unpaired t -test, whereas differences between groups 
were analysed with analysis of variance (ANOVA). In view of 
multiple tests, a statistical significance was considered when p 

< 0.002 (Bonferroni's correction). Proportions were analysed 

by chi-square test with Yates continuous correction. 

RESULTS 
During the period, 96 patients were admitted with community 
acquired pneumonia. The demographical characteristics of age, 

sex and racial distributions were as in Fig 1. More than half of 
the patients had significant pre-existing medical Illness (Fig 
2), and diabetes mellitus was the single most common illness 
(21%). 

Microbiological investigations identified no pathogens in 

slightly less than half (42%) of the patients (Fig 3). Of the 

identified pathogens, Mycobacterium tuberculosis was the most 

common micro-organism causing pneumonia requiring hospi- 
tal admission from the community (21%). One patient under- 
went fibreoptic bronchoscopy, and culture from the broncho- 
alveolar lavage showed Mycobacterium tuberculosis. For pa- 

tients with non -tuberculosis pneumonia, the most common mi- 
cro-organism identified was Streptococcus pneumonia (12%), 
of which 33% were culture positive. The other major groups 
of pathogens were Haemophilus influenzae (5.2%), Mycoplasma 
pneumoniae (5.2%) and Staphylococcus aureus (4.2%). Gram- 

negative organisms (excluding Haemophilus influenzae) caused 

9.5% of the cases. A number of features were found to be 

useful in differentiating the various groups of pathogens (Fig 
4 and 5). Patients with tuberculosis had higher platelet count 
than non -tuberculosis patients (ANOVA, pr 0.001), but there 

was no significant difference in serum sodium levels or other 
laboratory investigations. Patients with Mycoplasma 
pneumoniae infection were much younger than the other groups 

(22.8 ± 2.4 years). Patient who were infected with Streptococcus 
pneumoniae tended to have higher total white cell count and 

330 



Fig 2 - Distribution of (a) pre-existing illness and (b) smoking history. The most common pre-existing illness was diabetes, 
and slightly more than half of the patients were non-smokers. Others included ischaemic heart disease, 

hypertension, epilepsy, thyrotoxicosis, hypothyroidism, etc. 
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absolute neutrophil count, though this was not statistically sig- 
nificant (ANOVA, p=0.02). Patients with Staphylococcus 
aureus pneumonia had higher urea levels (ANOVA, p=0.0004), 
but creatinine levels were not elevated. No other features were 

found to be significantly different amongst the different groups 
of pathogens. There were no associations between any group 
of medical illness and causative organisms. 

DISCUSSION 
This is the first prospective survey of community acquired 
pneumonia needing hospitalisation in Singapore, and provides 
important information on the pattern of causative organisms 
and differentiating features on routine investigations. The es- 

sential feature for the diagnosis of pneumonia in our study is 

the presence of new radiographic pneumonic consolidation. 
This criterion excluded exacerbation of chronic obstructive 
pulmonary disease due to bronchitis, rather than pneumonia. 

In common with nearly all the other described series, the 

largest group of patients had no identifiable organisms ac- 

counting for pneumonia. This may in part be due to pre -hospi- 
talisation treatment with antibiotics prescribed by general prac- 
titioners and lack of sensitivity of conventional laboratory in- 
vestigations. The proportion of undiagnosed pneumonia is com- 
parable to other studies, showing undiagnosed proportion be- 

tween 33 to 51%0-5). 

In our survey, Mycobacterium tuberculosis was the most 
commonly identified causative organism causing pneumonia 
acquired in the community. This is in contrast to the United 
Kingdom, where Mycobacterium tuberculosis was only found 
in 1% of a recent survey of pneumonia in the community'71. 
This suggests that tuberculosis is still wide -spread in the Sin- 
gapore community. This is supported by a recent report that 
the 1987 incidence rate of pulmonary tuberculosis in Singa- 
pore was 57 per 100,000 population'91, which is about six times 
the incidence rate in the USA in 1985 of 9.4 per 100,00091. 

We found that patients with tuberculosis had significantly 
higher platelet counts than non -tuberculosis patients. Although 
disseminated tuberculosis had been well-known to be associ - 
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ated with various blood disturbances, localised pulmonary tu- 
berculosis had not been consistently found to be associated 
with changes in haematological profile0°). At times, it may be 

difficult to distinguish tuberculosis from other bacterial pneu- 
monia, the presence of relative thrombocythaemia may serve 
as a useful differential diagnosis feature. No other laboratory 
investigations were found to be helpful in differentiating tu- 
berculosis and non -tuberculosis pneumoniae. In particular, sc- 

rum sodium level was not significantly lower in tuberculosis 
despite the well -described association of inappropriate anti- 
diuretic hormone secretion". 

Amongst the non -tuberculosis patients, Streptococcus 
pneumoniae was the organism identified most commonly, as 

in accordance with the observations in other parts of the world. 
Sputum culture detected less than half of the cases of 
pneumococcal pneumonia, confirming that it is an insensitive 
test, as had been observed in previous studies('." ). Even with 
increased diagnostic yield with the pneumococcal antigen as- 

say, it is likely that the true incidence of Streptococcus 
pneumoniae infection was higher as the sensitivity of the as- 

say has been reported to be about 80%U2). Patients with 
pneumococcal pneumonia tended to have higher total while 
cell and neutrophil counts compared to the other groups, al- 
though this was not statistically significant. Gram-negative 
organisms (excluding Haemophilus inJluenzae) accounted for 
about 10% of all the cases, a frequency that appeared higher 
than most other reported series. The British Thoracic Society 
survey of 25 British hospitals reported an incidence of only 
3%'2). Another multi -centre study in Spain found less than 5% 

of community acquired pneumonia were due to gram -negative 
organisms. Studies in the USA found incidence ranging from 
2.4%O31 to I1.4%(3). The higher incidence seen in our study 
may truly represent the pattern of local flora, not surprisingly, 
as some of the gram -negative bacilli (such as Pseudommnas 

pseudomallei) arc endemic in South -East Asia. Should this 
higher prevalence of gram -negative organisms be confirmed 
by subsequent studies, there would be important implications, 
in the choice of antibiotics therapy. Antibiotics resistance in 
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Fig 3 - Distribution of causative micro-organisms in patients with community acquired pneumonia. 
Total number of patients = 96 
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gram -negative organisms can develop rapidlyt1°t, such that the 
emergence of multi -resistant strains have been seen in many 
other parts of the world. Chlamydia pneumoniae, the TWAR 
agent, was recently recognised to be an important cause of 
pneumonia in adults". Serology for TWAR antibody was not 
performed in our study as there are still controversies about 
the reliability, specificity and interpretation of the commer- 
cially available assay kits. No cases of Legionella pneumophilia 
was found, as with a recent study from Hong Kong06t. Perhaps 
Legionella pneumophilia infection is uncommon in Singapore, 
except in outbreaks in the community that was not within the 
time span of our study. 

More than half of the patients had pre-existing illnesses, 
with diabetes mellitus being most common. The prevalence of 
diabetes mellitus in Singapore was less than 5% in a recent 
population -based survey". The four -fold increase in preva- 
lence of diabetes in our study population suggests that diabetic 

patients are predisposed towards pneumonia in the commu- 
nity. Increased susceptibility to pneumonia may be related to 
impaired granulocyte phagocytic functions found in diabetic 
patients08t. In diabetic patients, the frequency of tuberculosis 
was no more than the other organisms. 

As this survey was only carried out in the National Uni- 
versity Hospital, it may still not he truly representative of the 

pattern throughout the whole island of Singapore. Neverthe- 
less, there was no evidence that the local geographical fea- 
tures and admission pattern should bias the selection of causa- 
tive pathogens. This was reflected in the even distribution of 
patients in the age and sex groups, and the racial distribution 
that was similar to that seen in the multi -ethnic population of 
Singapore. The survey was only over the period of 6 months, 
and thus some pathogens may be under -represented due to 

seasonal variations. 
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Fig 4 - Comparison of haematological and biochemical variables between tuberculosis and non -tuberculosis patients. 
Units c White cell count, platelet(x1000/ml);sodium, potassium, creatinine, urea, glucose and bilirubin 

levels (mmoI/L);protein and albumin levels(g/dL) *p<0.001 
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Fig 5 - Comparison of different groups of organisms for (a) age, (b) urea level and (c)neutrophil count. 
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In summary, our survey has found that pulmonary tuber- 
culosis remains common and is the most common cause for 
pneumonia requiring hospitalisation in Singapore. The pattern 
of pyogenic pathogens was similar to those observed in other 
parts of the world, although gram -negative organisms appeared 
to be more prevalent. 
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