Indian J Microbiol (Apr—June 2020) 60(2):196-205
https://doi.org/10.1007/s12088-019-00850-w

®

Check for
updates

ORIGINAL RESEARCH ARTICLE

Respiratory Bacterial Microbiota and Individual Bacterial
Variability in Lung Cancer and Bronchiectasis Patients

Anuradha Ekanayake1 * Dushantha Madegedara2
Dhammika Magana-Arachchi’

- Vishvanath Chandrasekharan® -

Received: 17 August 2019/ Accepted: 6 December 2019 /Published online: 11 December 2019

© Association of Microbiologists of India 2019

Abstract Respiratory bacterial microbiota plays a key role
in human health. Lung cancer microbiome is a significant
yet an understudied area while bronchiectasis microbiome
is often studied. We assessed the bacterial microbiota in the
upper and lower respiratory tract of the patients with lung
cancer and bronchiectasis against a healthy group and their
variations in individuality. 16S rRNA gene based
metagenomic sequencing was used to detect entire bacte-
rial community along with conventional aerobic bacterial
culturing. In comparison to healthy, increased bacterial
diversity was observed in diseased population. Abundance
of more than 1% was considered and bacteria were iden-
tified in 97% similarity. Only lung cancer patients exhib-
ited bacteria specific to the disease: Corynebacterium
tuberculostearicum and Keratinibaculum paraultunense.
However, Enterococcus faecalis and Delftia tsuruhatensis
were also observed limited to lung cancer and bronchiec-
tasis respectively, in less than 1% but supported with
bacterial culturing. In conclusion the disease condition and
intra-group variability should be considered in future with
larger cohorts to understand individual patient variability
highlighting the social habits and gender of the individual.
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Introduction

Microbial population in certain environment is known as
its microbiota [1]. The microbiota assumed to play a sig-
nificant role not only in disease causation, but also in
immune mediation and disease progression. The respira-
tory tract is the main portal of influx of the microorganisms
into the human body, thus plays a key role in inhabiting
microbiota.

Both developed and developing countries have observed
similarity in respiratory diseases where number of cases
had been on the rise. Lung cancer and bronchiectasis are
two major chronic respiratory diseases where the
microorganism management is disturbed. Though, smoking
is labelled as the main risk factor for lung cancer, previous
history with chronic lung diseases like chronic obstructive
pulmonary disease (COPD) or history of an infection with
tuberculosis have shown a positive association with lung
cancer [2, 3]. Haemophilus sp., Pseudomonas sp. and
Staphylococcus aureus had been observed in lower airways
of lung cancer patients whereas relative abundance of the
phyla Spirochaetae and Synergistetes was reduced in spu-
tum samples [4, 5]. Most recently, Geller et al. [6] dis-
covered that the bacteria inside malignant cells have the
potential to inactivate cancer chemotherapeutic drug,
gemcitabine specially against class Gammaproteobacteria.
This revelation brings a new light into cancer therapy
highlighting the necessity of the study of microbiome.

Bronchiectasis, where permanent widening of the air-
ways occurs is another non-communicable, chronic
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respiratory disease in which the microbial colonisation is
increased [7] Here, microbial elimination is disturbed due
to impaired mucociliary clearance [8]. Pathogens like
Haemophilus influenzae, Pseudomonas aeruginosa, Mo-
raxella catarrhalis and Prevotella sp. had been identified in
bronchiectasis lung [9]. Reduced microbial diversity and P.
aeruginosa and Veillonella sp. predominance is observed
to be associated with increased exacerbation risk [10].

Respiratory microbiome has been evaluated with both
culture dependent and culture independent techniques like
16S rRNA gene-based metagenomics sequencing for the
bacterial identification. Molecular techniques in identifying
respiratory microbiome might be extensively significant,
but simultaneously basic laboratory culture is still required
to determine the viable pathogens.

In this study, we intended to identify the differences of
the bacterial presence in the lungs of the two disease
groups of lung cancer and bronchiectasis against a healthy
population using 16S rRNA gene-based metagenomics and
basic bacterial culturing. The attention was drawn to
individuals’ disease condition, sex, recent use of antibi-
otics, and consumption of alcohol and smoking habits.
According to our findings, we have observed certain bac-
terial species restricted to lung cancer and for bronchiec-
tasis and have witnessed variability where individual
statuses are concerned. Currently, there is a lack of studies
focusing individual variabilities affecting lung micro-
biome. The findings suggest that it is compulsory to study
patients’ microbiota of these two chronic respiratory dis-
eases, considering every aspect of the individual preferably
with larger cohorts.

Methodology
Ethical Approval

The study was approved by the ethical review committee of
teaching hospital, Kandy, Sri Lanka. The written informed
consent was obtained from the study population prior to
sample collection.

Study Group Selection

Sample collection was carried out from October, 2016 to
April, 2018, from patients with lung cancer confirmed
(LCC) (n = 10), suspected of lung cancer (LCS) (n = 10)
and bronchiectasis confirmed (BRC) (n = 07), suspected of
bronchiectasis (BRS) (n = 13) attending respiratory unit,
Teaching Hospital, Kandy, Sri Lanka. The patients and the
healthy population who were confirmed with healthy lung
function were selected by the consultant respiratory
physician. Healthy population (n = 20) consisted of traffic

policemen (HT) (n = 10) and volunteers (HV) (n = 10). A
detailed questionnaire which included social habits, medi-
cal history and current medical status and use of antibiotics
within past 6 months was presented to each participant.

Sample Collection

A total of 120 samples were collected. Oropharyngeal (OP)
swab and bronchoalveolar lavage (BAL) respectively rep-
resenting upper and lower airway was obtained from the
patient groups. OP swab and sputum representing the LRT
were obtained from the healthy population due to the eth-
ical limitations. The confirmation as to the patients’ disease
status was made by the physician considering the symp-
toms presented, radiological, haematological and cytolog-
ical data.

16S rRNA Based Metagenomic Sequencing

DNA from the original samples with confirmed disease
statuses were isolated from Boom’s method [11] and using
QIAamp DNA microbiome kit (QIAGEN, USA). DNA
was quantified using Quantifluor Single Tube Fluorometer
(Promega Inc.). The sequencing facility was provided by
Macrogen Incorporation (Seoul, Korea) (n = 10; LC =4,
BR =3, HV = 3). Briefly, the quality control and the
sequencing procedure were as follows. Samples with a
genomic DNA concentration of > 0.1 ng/uL. were contin-
ued further with library preparation. The sequencing was
performed according to the Illumina 16S Metagenomic
Sequencing Library preparation guide using recommended
primers for V3-V4 (forward primer 5 TCGTCGGCAGCG
TCAGATGTGTATAAGAGACAGCCTACGGGNGGC
WGCAG 3’ and reverse primer-5° GTCTCGTGGGCTCG
GAGATGTGTATAAGAGACAGGACTACHVGGGTAT
CTAATCC 3'). The bio samples of this study and the
sequenced data are deposited under NCBI BioProject
PRINA477678.

Data Analysis for the Bacterial Community

High quality data were obtained based on Phred scores
> 30. The average nucleotide length was 438 bp for the
bacterial libraries. Mothur programme was used for iden-
tification of chimeric and ambiguous reads and trimming of
the sequences. Scythe (v0.994) and Sickle programs are
used to remove adapter sequences. Taxonomy assignment
and diversity statistics were analysed with QIIME. Oper-
ational taxonomy units (OTU) analysis was carried out
with a cut-off similarity of 97%. Shannon and Simpson
alpha diversity matrices were also analysed with QIIME.
The bio samples and the sequenced data were deposited in
NCBI database.
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Sample Processing and Culture

Part of the collected samples were used for routine bacte-
rial culturing within 24 h of sample collection. One part of
the sample was treated according to the modified Petroff’s
method [12] for culturing on Lowenstein—Jensen (LJ)
medium for isolation of Mycobacterium sp. Briefly, 4%
NaOH was added to the sample, vortexed for 10 s and was
incubated at room temperature for 15 min. 2 ml of sterile
distilled water was added to the tube and centrifuged at
3000 g for 15 min. The supernatants were discarded and
the pellets were re-suspended in sterile distilled water. The
untreated portion was used to culture on Luria—Bertani
(LB) medium for the isolation of bacteria.

Molecular Identification of Isolated Bacteria

Genomic DNA was extracted from isolated organisms
using standard CTAB (N-Cetyl-N, N, Ntrimethyl ammo-
nium bromide) method [13]. 16S rRNA gene of 1.5 Kb was
amplified with universal bacterial primers [14]. Purified
amplified DNA were sequenced from Macrogen, Inc.
(Korea). The sequences were analysed (BioEdit v7.6.2.1.)
and deposited in NCBI GenBank nucleotide database (ac-
cession numbers MF498492.1-MF498510.1, MG733159.1-
MG733173.1, MG738354.1).

Rectangular maximum likelihood phylogenetic tree was
constructed for identified bacteria using phylogeny.fr plat-
form [15, 16]. Sequences were aligned with MUSCLE
(v3.8.31) configured for highest accuracy. Ambiguous
regions were removed with Gblocks (v0.91b) [17].
Graphical representation and edition of the phylogenetic
tree were performed with TreeDyn (v198.3) [18] The tree
was modified with the heatmap and colour coded in
iTOL(v3) [19].

Results and Discussion

We intended to identify bacteria in URT and LRT of
patients suspected of lung cancer and bronchiectasis, with
the aid of culturing and by molecular techniques.

Patient Demographic Data

Demographic details containing status of smoking, alco-
holic consumption and antibiotic usage of the study pop-
ulation are as Table 1. The patient demographic data shows
that majority of patients are or were smokers and con-
sumers of alcohol and the majority of the bronchiectasis
suspected patients had used antibiotics within past
6 months from the time of sample collection.
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16S rRNA Based Metagenomic Sequencing

DNA concentrations of the samples subjected to 16S rRNA
based metagenomics sequencing is presented in Table S1.
The Illumina MiSeq platform was used for sequencing and
the adapter trimmed sequencing data statuses are available
in Table S2. Trimmed reads were deposited into the NCBI
Sequence Read Archive (SRA) database under the
BioProject ID PRINA477678.

Shannon and Simpson diversity indexes for the three
groups are shown in Fig. 1. Shannon diversity acts both as
a guide to diversity and evenness of a community. Two
samples of healthy group had similar number of OTUs
(n = 151), but owned different Shannon indexes as 3.6 and
4.1 (Fig. 1a). The Simpson diversity ranged between 0.79
and 0.88 among the three healthy samples. A wide varia-
tion was observed for the diversity among the lung cancer
samples as the lowest number of OTUs were recorded as
20 and the highest was 328 (Fig. 1b). Three of the samples
exhibited a Shannon diversity ranging 1.15-2.3 while the
sample with 127 OTUs had a Shannon diversity of 5.5,
which scored 0.95 in Simpson index showing highest
diversity (Fig. 1c). BR5-B of bronchiectasis group showed
the lowest Shannon diversity and Simpson diversity.
According to Simpson’s index BR19-B proved to be most
diverse with OTU count of 141. The detected bacterial taxa
summary in phylum level are shown in Fig. 2.

Total bacterial species identified in the 16S metage-
nomics approach is presented in Fig. SI. In the 16S
metagenomical approach, the bacterial community among
the three healthy samples approximately had similar
diversity when considering on phyla. The species with
highest abundance ratio was Streptococcus dentisani
(31.3%) followed by Rothia mucilaginosa (12%) and S.
salivarius (8.1%). Fig. Sl.a shows total bacterial species
detected in the lungs of the healthy volunteers.

The bacterial OTUs of BAL samples of patients were
assessed. Instead of pooling the DNA of patient groups, we
sequenced samples individually to get a better insight.
Fig. S1.b shows bacteria detected in the lungs of the lung
cancer patients. Phylum Proteobacteria and Firmicutes
dominated the bacterial composition in BAL samples
(Fig. 2b). The three most abundant bacterial species were
Achromobacter xylosoxidans, S. sinensis and Staphylo-
coccus sciuri with abundances of 35.30%, 20.50%, and
11.00%, respectively. As Liu et al. [20] observed in their
study, genus Streptococcus was seen abundantly in lung
cancer patients. Individual group data analysis revealed
two bacteria that were limited in lung cancer group: C.
tuberculostearicum and K. paraultunense. C. tubercu-
lostearicum has been previously observed in small cell
lung cancer [21].



Indian J Microbiol (Apr-June 2020) 60(2):196-205 199
dT:rE:)egrlapi?fL;;t;m Population HC LCs BRS
N 20 20 20
Average age 46.1 £ 8.8 63.5 £ 9.8 66.5 + 11.1
Gender (male:female) 3:1 19:1 11:9
Smoking
Current smoker 5% 50% 0%
Ex-smoker 5% 35% 35%
Alcoholic consumption
Current user 30% 20% 0%
Ex-user 5% 50% 25%
Antibiotic usage (within 6 months) 10% 30% 55%

N number, HC healthy population, LCS lung cancer suspect, BRS bronchiectasis suspect

Lung bacterial population in bronchiectasis patients is
led by phylum Proteobacteria. Fig. S2.c shows bacteria
detected in the lungs of the bronchiectasis patients. P.
aeruginosa was observed as the highest abundant species
accompanied with Burkholderia lata and S. dentisani as the
second and the third. When both disease groups were
considered, majority of the OTUs of the two groups
belonged to phylum Proteobacteria. The most abundant
three species in lung cancer group were not capable of
producing colonies in vitro, whereas in bronchiectasis
group, P. aeruginosa was proved by the yield of culture
isolates too. Interestingly, M. tuberculosis was only evi-
denced in patient groups but not in healthy population.

Organism Identification by Sanger Sequencing

In culture dependant techniques, no Mycobacterium
tuberculosis (MTB) or Non-tuberculous Mycobacteria
(NTM) isolates were obtained but a total of sixty bacterial
isolates were obtained. Sanger dideoxy sequencing resulted
in identifying 19 different organisms, most frequently
found bacteria belonging to Enterobacter cloacae (n = 13),
P. aeruginosa (n = 9), and Klebsiella pneumoniae (n = 9)
among the three populations and the isolated bacteria
belonged to two phyla; Proteobacteria and Firmicutes. A
complete list of identified culture isolates with NCBI
GenBank accession numbers can be found in Table S3.

Bacteria identified by culturing as per the disease con-
dition was studied (Table 2). P. aeruginosa and E. cloacae
were common for both disease groups as well as the
healthy group, though Enterococcus faecalis was limited to
LCC whereas Enterococcus hirae and Delftia tsuruhatensis
were limited to BRC. In metagenomic results, while En-
terococcus faecalis was limited to lung cancer group and
D. tsuruhatensis was limited to bronchiectasis group sup-
porting culturing result, Enterococcus hirae was observed
in lung cancer patients.

The culturable bacterial respiratory microbiota com-
posed of eleven bacterial genera (Fig. 3). Individually,
genera Enterobacter, Klebsiella, Pseudomonas, Entero-
coccus, Bacillus, Neisseria, and Morganella were isolated
from lung cancer suspects, while genera Enterobacter,
Klebsiella, Pseudomonas, Enterococcus, Bacillus, Delftia,
Paenibacillus, Staphylococcus and Citobacter were present
in bronchiectasis suspects. The bacteria in healthy lungs
belonged to only four genera, Enterobacter, Klebsiella,
Staphylococcus and Bacillus.

In our study, it was possible to isolate most of the
reported bacterial species in lung microbiome of lung
cancer patients. In this study, five bacterial species were
isolated from lung cancer suspected patients; Enterococcus
faecalis, B. subtilis, B. kochii, Neisseria sp. and M. mor-
ganii which had also been previously recorded in lung
cancer patients [22]. Enterococcus faecalis, a bacterium we
observed in URT of lung cancer confirmed patient, has
demonstrated the ability to induce cellular proliferation in
oral cancer cells [23]. As in our study, in confirmed lung
cancer cases, E. cloacae and P. aeruginosa are commonly
observed pathogens. E. cloacae have shown the ability to
destroy phagocytes along with epithelial cells leading to
metastasis [24] while Bacillus sp. is suspected of favouring
toxin penetration to the cells by their toxin production [25].
B. subtilis is commonly observed in gut microbiome. It is a
possibility that this could be via the lung-gut axis as
described by Marsland et al. [26].

In bronchiectasis confirmed cases, we isolated D. tsu-
ruhatensis and Enterococcus hirae along with previously
reported commonly identified bacteria such as P. aerugi-
nosa and E. cloacae. Delftia sp. of Comamonadaceae has
not reported to be isolated in bronchiectasis lung micro-
biome previously. Although Staphylococcus species are
commonly observed as commensals, species like Staphy-
lococcus aureus have been observed with bronchiectasis
cases [27].
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Fig. 1 Shannon and Simpson diversity variation of the bacterial diversity in the three groups. a Healthy population. b Lung cancer population.

¢ Bronchiectasis population

In healthy population, we were able to isolate K.
pneumoniae, E. cloacae, Staphylococcus saprophyticus, K.
oxytoca, Staphylococcus aureus, S. pastueri and Bacillus
sp. It is hypothesised that airway microbiota is subjected to
the effect of immunological homeostasis as macrophages
and neutrophils phagocytose bacteria in the airways
[28, 29].

Bacterial Diversity in Patients

Patient samples with confirmed disease statuses were the
only subjects to metagenomics sequencing. The healthy

@ Springer

group consisted of a female and two males. Among these,
13 species had more than 1% abundance. Porphyromonas
gingivalis, Streptococcus gordonii, N. bacilliformis and N.
oralis were observed as limited to male participants with
less than 1% abundance. We observed 13 bacterial species
that were only seen in the female sample all of which failed
to acquire at least 1% abundance. When considering the
two males, one was neither a smoker nor an alcoholic and
the other also was never a smoker yet presumed consuming
alcohol randomly, for 20 years. The profile of the latter
observed with higher diversity of bacteria than the former.
The effect of alcohol consumption on an individual’s
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«Fig. 2 Bacterial taxa summary according to the phylum. a Healthy
population. b Lung cancer population. ¢ Bronchiectasis population.
HYV healthy volunteers, LC lung cancer, BR bronchiectasis

sputum microbiota has not previously studied and from our
results an idea is drawn as to whether alcohol consumption
might alter the microbial composition of one’s lung. This
sample showed some visible deviations of abundance in
mutual bacterial species such as R. mucilaginosa (~ 30-
fold increase than other two samples), a bacterium known
to be associated with pneumonia [30] and S. salivarius, a
commonly known commensal.

The lung cancer group was all-males, consisted of an
invasive adenocarcinoma patient, a NSCLC patient and
two malignant patients. Only three species were found to
be common in all samples: Staphylococcus sciuri, A.
xylosoxidans and Luteimonas terrae. The invasive adeno-
carcinoma sample exhibited the most diverse bacterial
composition with 67 bacterial species limited to itself.
Nocardia pneumoniae, A. israelii, F. periodonticum, L.
hackeliae and Treponema socranskii were only observed in
non-small cell lung cancer sample. C. jeikeium,

Nesterenkonia lacusekhoensis, Propionibacterium acnes,
Brevundimonas albigilva and Comamonas denitrificans
species were observed in both invasive adenocarcinoma
and NSCLC samples but were not present in malignant
samples. The most diverse profile was obtained from
LC11-B, a sample of an invasive adenocarcinoma patient
and the least diversity was seen in LC 15-B, a sample of a
patient with primary malignant condition. As per our data,
we have observed that as the cancer get more defined, the
bacterial diversity increases, which shows the decreasing
immunity levels in patients. This can be interpreted since
the patient is being immunocompromised, his immune
mechanisms in eliminating bacterial influx is impaired.

Bronchiectasis group consisted of one female and two
males. The three samples had more than 40 bacterial spe-
cies in common, of which P. aeruginosa, S. dentisani,
Staphylococcus aureus, B. thermoamylovorans, R. xyla-
nophilus and M. aloeverae presented with more than 1%
total abundance. The female patient’s sample showed 80
bacterial species confined to the sample whereas among
male samples, no specifically limited bacteria were
observed.

Table 2 Organism characterisation of the three groups with confirmed diseases

Study Disease status Number

Identified organisms

population of cases

Upper respiratory tract

Lower respiratory tract

Lung cancer Lung cancer confirmed 10

suspects Malignancy 3
(n = 20) aeruginosa
Primary adenocarcinoma 1
Invasive adenocarcinoma 1
Moderately differentiated 1
adenocarcinoma
Non-small cell lung 2 E. cloacae
cancer
Moderately differentiated 2 E. cloacae
squamous cell
carcinoma
Non-malignancy n=10
K. pneumoniae
Bronchiectasis ~ Bronchiectasis confirmed n =7
suspects Bronchiectasis
(n =20)
Cystic Bronchiectasis 2 P. aeruginosa
Non-bronchiectasis n=13

P. aeruginosa, P. stutzeri, B. cereus,
Paenibacillus glucanolyticus, K.
pneumoniae

Healthy group
(n =20)

Enterococcus faecalis, Pseudomonas

K. pneumoniae, E. cloacae, S.
saprophyticus

Enterobacter cloacae

E. cloacae
E. cloacae

E. cloacae
P. aeruginosa

Klebsiella pneumoniae

E. cloacae, Bacillus subtilis, B. kochii,
Neisseria sp., Morganella morganii

P. aeruginosa, Enterococcus hirae, Delftia
tsuruhatensis

E. cloacae, Staphylococcus saprophyticus

P. aeruginosa, K. pneumoniae, E. cloacae,
Citobacter koseri

K. pneumoniae, Bacillus sp., K. oxytoca, S.
aureus, S. pasteuri, E. cloacae complex

sp.
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Fig. 3 Phylogenetic tree of the bacterial species identified by culture
method using the maximum likelihood method. Reliability for
internal branch was assessed using the aLRT test (SH-Like). Leaves

Immune responses are deemed to alter with sex differ-
ences, though mechanisms and reasons for this is not
completely understood. Sex difference with microbiota is
rather discussed focusing on intestinal microbiome than
other body sites. Studies using mice have shown that dif-
ferences in microbiota may cause in sexually dimorphic
immunity [31]. Felagas et al. [32] reviewed immune
infection severity and incidents with sex difference in
respiratory infections where they concluded that while
females are commonly affected with URT infections, males
are more susceptible to LRT infections. Though lung
microbiome is not discussed with alcohol consumption,
Fan et al. [33] observed variations in oral microbiota with
the consumption of different alcohols. Thus, gender and
social habits of a person may have a significant effect on
his/her lung microbiota.

This study is an observational study. The study group
involves participants ranging ~ 40 to ~ 60 years and also
exhibits high variability in different habits. In order for the
results to be more conclusive, future studies will be con-
ducted with subjects with identical socio-demographic
criteria.

Conclusion
Specific bacteria that is limited to the lung cancer and

bronchiectasis was observed in our results in both routine
culturing and in the molecular approach. The results

Bacillus sp.

Bacillus cereus
Enterococcus faecalis
Enterococcus hirae

are colour coded representing different organism. Heatmap gradient
represent the identified number of strains

suggest a potentially positive relationship between the
bacterial microbiome and these respiratory diseases. This
study on two different major non communicable respira-
tory diseases shows that the necessity of lung microbiome
assessment concerning individual profiles is crucial to have
a better understanding of the condition. Aside we have
observed confirmatory results supporting other research
findings. To obtain conclusive results on individual varia-
tions are relationship of bacterial microbiota with the dis-
eases, it is important to use molecular methods; 16S rRNA
based metagenomics, along with culture dependent meth-
ods while recruiting larger cohorts.
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