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Abstract

Introduction: Lower respiratory tract infections (LRTIs) remain the deadliest communicable disease 
around the world. This study was conducted to identify the bacterial etiology of LRTIs among patients who 
attended the Central Chest Clinic in city of Colombo, Sri Lanka and their antibiotic susceptibility profile 
to enable clinicians to take decisions on effective empirical antibiotics. 
Methods: Sputum samples were collected from 1,372 patients over the age of 18 years with suspected 
LRTIs during the year 2015. The samples were collected and processed according to standard laboratory 
procedures at the microbiology laboratory of the Medical Research Institute of Sri Lanka.
Results: Most of reports (58%) were from patients diagnosed with infective exacerbations of chronic 
lung diseases. Out of all sputum cultures processed, 404 (29.4%) resulted positive for pathogenic bacterial 
organisms. Coliforms (n = 176, 43.6%), and Pseudomonas aeruginosa (n = 117, 29%) were the most common 
isolated bacteria, followed by Moraxella (n = 47, 11.6%), Haemophilus influenzae (n = 23, 5.7%), and 
Streptococcus pneumoniae (n = 18, 4.4%). The two most common bacteria isolated showed a high sensitivity 
for co-amoxyclav, quinolones, 3rd generation cephalosporins, carbapenems and aminoglycosides, while 
coliforms were highly resistant (98%) to ampicillin. S. pneumoniae showed a high resistance for penicillin 
(67%) and erythromycin (61%), while Haemophilus showed a good sensitivity to co-amoxyclav (96%). There 
was no significant correlation between rainfall and proportions of coliforms (r = - 0.152, P = 0.638) and 
Pseudomonas (r = 0.271, P = 0.395) during the year.
Discussion and Conclusion: In our study, the most predominant pathogens recovered from LRTIs were P. 
aeruginosa and coliforms (Klebsiella spp.) as Gram negative, and S. pneumoniae as Gram positive bacteria. 
Co-amoxyclav, 3rd generation cephalosporins, quinolones and all second line antibiotics tested were the 
most efficient antibiotics in treatment of LRTIs, differently from ampicillin, erythromycin and penicillin 
that were not efficient antibiotics in treating this disease in our locality.
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Riassunto

Introduzione: Le infezioni delle basse vie respiratorie restano le malattie trasmissibili più letali nel mondo. 
Questo studio è stato condotto per identificare l’eziologia batterica delle infezioni delle basse vie respirato-
rie tra i pazienti del Central Chest Clinic, nella città di Colombo, Sri Lanka ed il profilo di sensibilità agli 
antibiotici per dare ai clinici la possibilità di prendere decisioni per un efficace antibiotico-terapia su base 
empirica.
Metodi: Colture di espettorato sono state raccolte da 1.372 pazienti con più di 18 anni e con un sospetto di 
infezione delle basse vie respiratorie durante l’anno 2015. I campioni sono stati raccolti e processati secondo 
le procedure di laboratorio standard presso il laboratorio microbiologico del Medical Research Institute 
dello Sri Lanka.
Risultati: La maggior parte dei referti (58%) proveniva da pazienti con una diagnosi di riacutizzazione acuta 
di malattie polmonari croniche. Di tutte le colture di espettorato esaminate, 404 (29.4%) sono risultate posi-
tive per batteri patogeni. I coliformi (n = 176, 43.6%), e lo Pseudomonas aeruginosa (n = 117, 29%) sono stati 
i batteri più frequentemente isolati, seguiti da Moraxella (n = 47, 11.6%), Haemophilus influenzae (n = 23, 
5.7%) e da Streptococcus pneumoniae (n = 18, 4.4%). I due batteri più frequentemente isolati hanno evidenzia-
to un elevata sensibilità per co-amoxicillina, chinolonici, cefalosporine di terza generazione, carbapenemi ed 
aminoglicosidi, mentre i coliformi sono risultati altamente resistenti (98%) all’ampicillina. Lo S. pneumoniae 
ha mostrato un’elevata resistenza alla penicillina (67%) ed all’eritromicina (61%), mentre l’Haemophilus ha 
mostrato una buona sensibilità alla co-Amoxicillina (96%). Non è stata evidenziata una significativa corre-
lazione tra la piovosità e la proporzione di coliformi (r = -0.152, P = 0.638) e di Pseudomonas (r = 0.271, P 
= 0.395) durante l’anno.
Discussione e Conclusioni: Nel nostro studio i patogeni predominanti nelle infezioni delle basse vie aeree 
respiratorie sono stati P. aeruginosa ed i coliformi (Klebsiella spp.) come Gram negativi, e lo S. pneumoniae 
tra i batteri Gram positivi. Co-amoxicillina, le cefalosporine di terza generazione, i chinolonici e tutti gli 
antibiotici di seconda linea testati sono stati i più efficienti nel trattamento di queste infezioni, a differenza 
dell’ampicillina, dell’eritromicina e della penicillina che non sono risultati efficaci nel trattamento di questa 
malattia nella nostra località.
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TAKE-HOME MESSAGE
Empirical antibiotic regimens should be revised with novel data on etiological agents and the 

susceptibility patterns. Continuous surveillance is essential as pathogens and susceptibility patterns 
change over time. 

Received: 16/01/2018 Accepted: 03/02/2018 Published: 15/03/2018

DOI 10.19204/2018/bctr3



Journal of Health and Social Sciences 2018; 3,1:27-36

29

INTRODUCTION
Lower respiratory tract infections (LRTIs) 
remain the deadliest communicable disease 
and the 3rd leading cause of death around the 
world, after ischaemic heart and cerebrova-
scular diseases [1]. In developing countries 
management of LRTIs is difficult in both 
children [2] and adults [3], especially due to 
the issues associated with identification of the 
etiological agents and selection of appropria-
te antibiotics. LRTIs in adults include lower 
respiratory tract infections, acute bronchitis, 
influenza, suspected or definite communi-
ty-acquired pneumonia, acute exacerbation 
of chronic obstructive pulmonary disease 
(COPD) and bronchiectasis [4]. 
The etiology of LRTIs cannot be determined 
clinically; moreover, it can vary based on age, 
gender and season. Moreover, many variations 
in bacterial profiles and antibiotic susceptibi-
lity patterns were identified geographically 
depending upon the antibiotic pressure on 
that locality [3, 5, 6]. 
Bacterial resistance to the effects of antibioti-
cs is an increasing problem around the world. 
Multiresistant microorganisms, which in de-
veloped countries would result in the selection 
of an alternative treatment, in poor countries 
may cause infections that are untreatable [7]. 
Moreover, resistance surveillance data from 
parts of the developing world remain poor. 
Relatively few surveillance data are available 
for countries in South-East Asia [8]. 
The ANSORP study revealed high levels 
of penicillin resistance in S. pneumoniae in 
Vietnam and Thailand, intermediate rates in 
Singapore and lower rates in Indonesia and 
Malaysia. Low rates of penicillin nonsuscep-
tibilty have been reported in India, Banglade-
sh and Pakistan. In contrast, 41% of isolates 
from Sri Lanka were reported to be penicillin 
intermediate [9]. Furthermore, Cotrimoxazo-
le resistance is common in the Indian subcon-
tinent and has been reported in over 50% of 
isolates in India and Bangladesh [10].
The majority of patients attending the Cen-
tral Chest Clinic in Colombo City, Sri Lanka 
are adults (> 18 yrs), already diagnosed with 
pre-existing chronic lung diseases such as 

bronchiectasis, COPD, interstitial lung dise-
ase (ILD) and bronchial asthma (BA) and are 
frequently affected by infective exacerbations 
leading to LRTIs. Offending pathogens and 
the susceptibility pattern recovered in LRTIs 
of such patients is probably different to the 
general population. 
Monitoring and identifying antibiotic resi-
stance mechanisms in bacteria causing LRTIs 
is important to determine the most appro-
priate agents for initial empirical antimicro-
bial therapy and to target efforts to reduce 
inappropriate antibiotic use. In developing 
countries, mortality from LRTIs is high and 
limited therapeutic options and poorly regu-
lated prescribing practices are likely to fuel 
the spread of resistance [8]. To our knowled-
ge, there are little data available about bacteria 
etiological agents causing lower respiratory 
tract infections and their resistance patterns in 
Sri Lanka. Therefore, our study was aimed at 
describing the pathogenic bacteria profile and 
related antibiotic susceptibility pattern of pa-
tients affected by LRTIs, to enable clinicians 
to decide which is the most appropriate em-
pirical antibiotics before the sputum cultures, 
serologies and antibiotic susceptibility reports 
are available.

METHODS
A descriptive study was carried out at Central 
Chest Clinic (CCC) with the collaboration 
of the microbiology laboratory of Medical 
Research Institute of Sri Lanka, at Colom-
bo City. All sputum cultures and antimicro-
bial sensitivity tests reports of adult patients 
(aged >18 years) with signs and symptoms of 
LRTIs, during the year 2015, were recorded. 
Clinical records of the patients were cross 
checked by physicians of CCC to confirm the 
clinical presentation and record the coexisting 
chronic lung diseases [11].  

Processing of samples
Sputum samples collected from the patients 
suspected with LRTIs were sent to the mi-
crobiology laboratory of the Medical Resear-
ch Institute to be processed. Gram staining 
was performed initially to purulent or mu-
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co-purulent portion of the samples to identify 
the predominant intracellular microorgani-
sms. The epithelial cell to pus cell ratio was 
calculated to decide on quality of the sample. 
Samples were inoculated in Blood, Chocola-
te and McConkey agar culture plates (Oxoid 
UK) and incubated at 37° C for 24 - 48 hours 
[12]. Bacitracin discs (10 units) and Opto-
chin discs (5 µg) (Oxoid UK) were placed on 
primary and secondary inoculations to scre-
en Haemophilus influenzae and Streptococcus 
pneumoniae, respectively. Emergent colonies 
were identified by the morphology of colo-
nies, gram staining, and a panel of bioche-
mical tests according to standard laboratory 
procedures. API kits were used for final con-
firmation of the isolates [13‒15]. 

Antibiotic susceptibility testing
Antibiotic susceptibility testing was done by 
disc diffusion method on Mueller Hinton 
Agar (MHA), and Mueller Hinton Blood 
Agar plates. Ampicillin, co-amoxyclav, pe-
nicillin, cefuroxime, ceftriaxone, cefotaxime, 
ceftazidime, erythromycin, gentamycin, ci-
profloxacin, levofloxacin, tetracycline and 
co-trimoxazole were tested as first line anti-
biotics. Meropenem, imipenem, cefoperazone 
sulbactam, ticarcillin, piperacillin tazobactam, 
netilmycin, amikacin, chloramphenicol, van-
comycin and clindamycin were tested as se-
cond line antibiotics for relevant pathogens. 
Plates were incubated at 37° C for 16-18 
hours (overnight). Diameters of the zones 
of inhibition were measured and interpre-
ted according to the Clinical and Laboratory 
Standards Institute (CLSI) guidelines. Refe-
rence isolates Haemophilus influenzae ATCC 
49247, 49766, Escherichia coli ATCC 25922, 
35218, Pseudomonas aeruginosa ATCC27853, 
Staphylococcus aureus ATCC BAA 977, En-
terococcus faecalis ATCC29212, Streptococ-
cus pneumoniae ATCC 49619, and Klebsiella 
pneumoniae ATCC 700603 were used for 
quality control testing.  

Statistical analysis
Statistical analysis was carried out using the 
statistical software for social sciences (SPSS) 

version 22.0. Frequency of isolated pathogens 
and the susceptibility rates were determined. 
Frequency of isolation of predominant patho-
gens in each month was compared with the 
temperature and rainfall pattern of the Co-
lombo district during the year [16] and the 
correlation was assessed by using Spearman’s 
correlation coefficient. The statistical signifi-
cance cut-off was set at P < 0.05. 

Ethical approval
Our study was conducted after obtaining pa-
tients’ informed consent and ethical clearance 
from the ethical committee of the Medical 
Research Institute, Sri Lanka.

RESULTS
As shown in Table 1, 404 (29.4%) out of 
1,372 samples processed yielded positive cul-
tures for pathogens, of which mono-micro-
bial growth was found in 99.5% (n = 402) and 
mixed pathogens were revealed in 0.5% (n = 
2) of them. Mean age of the studied popu-
lation was 58.7 (SD = 13) years. Out of all 
positive reports, 235 (58%) were of patients 
diagnosed with chronic lung diseases inclu-
ding bronchiectasis (n = 163), bronchial asth-
ma (n = 28), COPD (n = 21), lung fibrosis 
following tuberculosis (n = 16) and interstitial 
lung diseases (n = 7). There were 225 (55.6%) 
male patients and 179 (44.3%) female patien-
ts with growth of pathogens. Pseudomonas 
aeruginosa was the most common (n = 117, 
29%) gram negative pathogen isolated, al-
though coliforms accounted for the highest 
total score as a group (n = 176, 43.6%). Out 
of 176 coliforms, 75 (42.6%) isolates had the 
colony morphology of Klebsiella spp. Howe-
ver, complete speciation of the coliform group 
was not carried out due to limited facilities 
in the laboratory. Five coliform isolates pro-
duced extended-spectrum beta-lactamases 
(ESBL). Among gram-positive isolates, S. 
pneumoniae was the predominant pathogen 
(n = 18, 4.4%). Antibiotic susceptibility profi-
les of bacterial isolates as first line and second 
line antibiotic panels are illustrated in Tables 
2 and 3, respectively. Pseudomonas aeruginosa 
showed a high susceptibility for quinolones, 
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Bacteria-Gram stain Bacterial species/group Number (n) Percentage (%)

Gram-negative
n = 376 (93.1%)

Coliforms (n = 176, 43.6%)
Klebsiella spp
Other coliforms

176
75
101

43.6
18.6
25

P. aeruginoasa 117 29.0

Moraxella spp 47 11.6

H. influenzae 23 5.7

Acinetobacter spp 14 3.4

Burkholderia cepacia 1 0.2

Gram–positive
n = 28 (6.9%)

S. pneumoniae 18 4.4

Groups A/C Streptococci 8 2.0

S. aureus 2 0.5

Table 1. Distribution of total bacterial isolates.

Antibiotic
Antibiotic susceptibility -Percentage (%)

Coliforms
(n = 176)

P. aeruginosa
(n = 117)

Moraxella
(n = 47)

H. influenzae
(n = 23)

S. pneumoniae
(n = 18)

Ampicillin 1.5 - - 73.9 -

Co-amoxyclav 73.2 - 95.7 95.6 -

Penicillin - - - - 33.3

Cefuroxime 56.8 - - - 100

Ceftriaxone - - - 94.7 -

Cefotaxime 76.3 - - 100 100

Ceftazidime 80.4 89 - - -

Erythromycin - - 40.0 - 38.9

Gentamycin - 84.5 - - -

Ciprofloxacin 80.1 82 83 100 -

Levofloxacin 68 - - -

Tetracycline - - 57.4 - -

Co-trimoxazole - 20.9 50 27.3

Table 2. Antibiotic susceptibility pattern of coliforms, P. aeruginosa, Moraxella spp, H. influenzae and S. pneumoniae to 
first line antibiotic panels.

Antibiotic
Antibiotic susceptibility -Percentage (%)

Coliforms
(n = 176)

P. aeruginosa
(n = 117)

Moraxella
(n = 47)

H. influenzae
(n = 23)

S. pneumoniae
(n = 18)

Meropenem 95 93.7 - 100 -

Imipenem 99 92.7 - -

Cefoperazone s.* - 83.3 -

Ticarcillin c.* 84.8 80.7 - -

Piperacillin t.* 83.3 - - - -

Netilmicin 93.8 88.5

Amikacin 95 87.1 - - -

Chloramphenicol - - - 100 -

Vancomycin - - - - 100

Clindamycin - - - - -

*s-sulbactam     *c-clavulanate     * t-tazobactam

Table 3. Antibiotic susceptibility pattern of Coliforms, P. aeruginosa, Moraxella spp, H. influenzae, and S. pneumoniae 
to second line antibiotic panels.
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Figure 1. Rainfall pattern and isolation of coliforms and Pseudomonas during the year.

carbapenems and aminoglycosides, while all 
pathogens demonstrated high susceptibility 
rates (> 80%) for second line antibiotic pa-
nels tested. As shown in Figure 1, frequen-
cy of isolation of main pathogens during the 
months of the year was compared with the 
temperature and rainfall pattern of Colombo 
district during the year. There was no signifi-
cant association between the rainfall and pro-
portions of coliforms (r = -0.152, P = 0.638) 
and Pseudomonas (r = 0.271, P = 0.395). 

DISCUSSION AND  
CONCLUSIONS
The primary objective of this study was to 
ascertain the current prevalence of bacteria 
causing LRTIs among patients who attended 
the Central Chest Clinic in Colombo City, 
Sri Lanka and to identify their antibiotic su-
sceptibility pattern. Pathogens were recovered 
from 29% of the total specimens and this fi-
gure is within the range (18.9% - 59.4%) of 
previous reports [5, 17‒19]. Assumption of 
antibiotics before obtaining culture samples 
by our clinic may probably explain this fin-
ding. In our research, a high percentage of 

monomicrobial growths were identified com-
pared to previous studies [3]. Gram negative 
bacterial pathogens including P. aeruginosa 
and coliforms (Klebsiella spp.) played a signi-
ficant role in causing LRTIs among patients 
attending our center, in agreement with pre-
vious studies [3, 17, 18, 20]. Presence of chro-
nic lung diseases in the majority of patients 
and recurrent exposures to antibiotics during 
infective exacerbations, which produce altera-
tions in the normal flora may have facilitated 
infections from such opportunistic pathogens 
[3]. However, S. pneumoniae remains the pre-
dominant pathogen among gram positives, 
which is in agreement with past research 
showing that it is a predominant pathogen in 
community-acquired LRTIs [21-24].
In our study, we also observed a higher pre-
valence of resistance of S. pneumoniae to 
erythromycin (macrolide) than that reported 
in 2001 in Sri Lanka [9]. Over the past ye-
ars, antimicrobial resistance among  S. pneu-
moniae  has raised dramatically worldwide. 
By the early 1990s, penicillin-resistant clones 
of  S. pneumoniae  spread rapidly across the 
world [21]. Recently, it was reported that 
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15 to 30% of  S. pneumoniae  worldwide are 
multidrug-resistant (MDR) [25]. 
Amoxicillin differs from ampicillin only by 
the presence of a hydroxyl group in the ben-
zene side chain, while its in vitro activity is 
identical to that of ampicillin [26]. As coli-
form group revealed a very high resistance 
for ampicillin, use of both amoxicillin and 
ampicillin as empirical antibiotics would not 
be a good choice for this cohort of patien-
ts. Pseudomonas isolates demonstrated good 
susceptibility rates against tested antibiotics 
compared to the susceptibility rates demon-
strated by Khan et al. in 2015 [3]. Edirisin-
ghe et al. (2009) have revealed high frequen-
cy rates of isolation of coliforms during the 
period May-August, which are the months 
of South West Monsoon season in Sri Lanka 
[20]. Conversely, in our study common isola-
tes did not show a such association with rainy 
seasons. 
In conclusion, the most predominant patho-
gens recovered from LRTIs in patients atten-
ding Central Chest Clinic, in Colombo City, 
capital of Sri Lanka, were P. aeruginosa and 
coliforms (Klebsiella spp.) as Gram negative, 

and S. pneumoniae as Gram positive bacteria. 
Co-amoxyclav, 3rd generation cephalospo-
rins, quinolones and all second line antibio-
tics tested were the most efficient antibiotics 
in treatment of lower bacterial respiratory 
tract infections, differently from ampicillin, 
erythromycin and penicillin that were not ef-
ficient antibiotics in treating this disease in 
our locality.
Our research has some implications for future 
research. Data from our study could be useful 
to revise empirical antibiotic regimens, which 
should be focused by physicians on etiological 
agents and antibiotic susceptibility patterns, 
to prevent the emergence of resistant and/or 
multidrug resistant bacteria in LRTIs. Con-
tinuous surveillance based on local data is 
essential as pathogens and susceptibility pat-
terns change over time [21]. 
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