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Growing evidence suggests that the airway microbiota might be involved in acute
exacerbation of chronic obstructive pulmonary disease (AECOPD). Understanding
this relationship requires examination of a large-scale population for a long duration
to accurately monitor changes in the microbiome. This type of longitudinal study
requires an appropriate sampling strategy; two options are the collection of sputum
or oropharyngeal swabs. Comparative analysis of the changes that occur in these
two specimen types has not been previously performed. This observational study was
conducted to explore oropharyngeal microbial community dynamics over time and to
examine the relationship between oropharyngeal swabs and sputum. A total of 114
samples were collected from four patients suffering from severe AECOPD. Bacterial
and fungal communities were evaluated using 16S rRNA and ITS sequencing. Inter-
individual differences were found in bacterial community structure, but the core genera
were shared by both sample types and included 32 lineages. Most of the core genera
were members of the phyla Proteobacteria, Firmicutes and Ascomycota. Although the
oropharyngeal samples showed higher bacterial alpha diversity, the two sample types
generated rather similar taxonomic profiles. These results suggest that the sputum
microbiome is remarkably similar to the oropharyngeal microbiome. Thus, oropharyngeal
swabs can potentially be used instead of sputum samples for patients with exacerbation
of COPD.

Keywords: microbiome, 16S rRNA, ITS, AECOPD, sputum, oropharyngeal swab

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common and slowly progressive disease
characterized by sustained and irreversible airflow limitations that lead to the gradual loss of
lung function (Einarsson et al., 2016). As symptoms progress, patients experience severe shortness
of breath and extreme dyspnea. This makes the collection of sputum samples challenging (Kim
et al., 2011), as sputum examination requires the use of a high-permeability 5% saltwater spray,
and patients often find it difficult to tolerate atomization, resulting in failure to induce sputum
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production for sampling. According to the World Health
Organization, COPD will become the third most common
cause of death globally by 2020 and will be the fifth most
economically burdensome disease. The acute exacerbation of
chronic obstructive pulmonary disease (AECOPD) is a major
cause of this burden (Montes de Oca and Perez-Padilla, 2017).

Airway microbial communities associated with COPD have
long been studied. AECOPD is mainly caused by infection with
bacteria, viruses, and fungi, with more than 50% of cases being
caused by bacterial infection (Sethi and Murphy, 2008). AECOPD
is typically associated with the overgrowth of pathogenic bacteria,
especially Pseudomonas aeruginosa, Haemophilus influenzae,
Streptococcus pneumoniae, and Moraxella catarrhalis. In the
airway, the presence of specific bacteria or fungi, such as
Moraxella or Aspergillus, can increase the levels of inflammatory
factors in the sputum and in turn exacerbate and increase the
mortality associated with COPD (Hill et al., 2000; Huerta et al.,
2014). Changes in airway microbial composition can also lead to
exacerbation of COPD (Dy and Sethi, 2016). Therefore, studies
of the changes that occur in the microbiome during AECOPD
are crucial. A sputum-based longitudinal survey examining the
function of the lung microbiome and its potential role in the
disease etiology of AECOPD provides good examples to help
understand the potential of the lung microbiome as a target
for future respiratory therapeutics to manage COPD (Huang
et al., 2014; Wang et al., 2016). Improved understanding of
the microbial underpinnings of AECOPD will allow for the
identification of therapeutic targets and the development of
improved treatment options (Mammen and Sethi, 2016).

The anatomical structure of the airway is composed of
a series of continuous channels: gas enters through the
oral cavity or nose, passes through the pharynx and larynx,
enters the trachea, and then gradually passes through the
dendritic bronchi and bronchioles to the terminal bronchioles,
respiratory bronchioles, and alveoli (Dmitrieva, 2013). Research
has shown that the composition of the microbial community
in the lower airways in healthy people is the same as that
in the upper airways (Charlson et al., 2011). Additional
research has further supported this opinion, showing similar
microbial compositions in the upper and lower airways and
also demonstrating that the lower airway possesses higher
relative abundances of Enterobacteriaceae and Haemophilus
(Morris et al., 2013). Prevotella, Sphingomonas, Pseudomonas,
Acinetobacter, Fusobacterium, Veillonella, Staphylococcus, and
Streptococcus are commonly detected bacteria in healthy
individuals, as well as in COPD airway microbiota (Zakharkina
et al., 2013). Further, a previous study has reported that the airway
microbiome of COPD patients harbors more Pseudomonas
spp. of Proteobacteria and Lactobacillus spp. of Firmicutes
than that of healthy individuals (Park et al., 2014). The
microbial community present in COPD patients has been
clearly described based on research using either oropharyngeal
swabs or sputum samples. This research has shown that the
oropharyngeal microbiota of COPD patients is mainly composed
of Proteobacteria, Bacteroidetes, Firmicutes, and Actinobacteria,
similar to the sputum microbiota (Park et al., 2014; Huang
and Boushey, 2015). In pulmonary fibrosis, tuberculosis, and

other diseases, oropharyngeal samples can be used in place
of sputum samples to determine the structure of the airway
microbial community (Botero et al., 2014; Zemanick et al.,
2015).

Growing evidence suggests that it is important to examine
large-scale populations for longitudinal studies attempting
to identify therapeutic targets (Huang et al., 2014; Wang
et al., 2016). This type of longitudinal study requires an
appropriate sampling strategy, and two optional strategies
include the collection of sputum and oropharyngeal
swabs. In many patients with extreme dyspnea, collecting
sputum samples is challenging; in contrast, obtaining
oropharyngeal swabs is a non-invasive and easy process.
Moreover, a comparative analysis of the changes that occur in
sputum and oropharyngeal samples has not been previously
performed. This observational study was conducted to explore
oropharyngeal microbial community dynamics over time and
to examine the relationship between oropharyngeal and sputum
samples.

MATERIALS AND METHODS

Sample Collection
This study was carried out in accordance with the
recommendations of the International Ethical Guidelines
for Biomedical Research Involving Human Subjects and the
ethics committee of Southern Medical University (Permit No.
2012-072), and all subjects provided written informed consent
in accordance with the Declaration of Helsinki. The protocol
was approved by the ethics committee of Southern Medical
University. A total of 114 samples were collected at Nanfang
Hospital, Southern Medical University (Guangzhou, China)
between June 2012 and December 2012. The samples were
collected from four patients with severe AECOPD during
hospitalization stays of 14–17 days. All patients were male, and
their age range was 68–83 years (Table 1). For sputum induction
and processing, we used the guidelines suggested by the Task
Force on Induced Sputum of the European Respiratory Society
(Paggiaro et al., 2002; Vignola et al., 2002). The samples were
immediately stored at −80◦C for subsequent DNA extraction.
Swabs were taken from the oropharyngeal wall.

Pulmonary Function (PF) Tests
Spirometry was performed using a Jaeger Masterscope
spirometry system (Jaeger, Wuerzburg, Germany) according to

TABLE 1 | Clinical information for the four study subjects.

Subject Age Gender FEV1% Sputum
culture results

Hospitalized
days

A 83 Male 47.5 Acinetobacter
baumannii

17

B 68 Male 23.3 None 15

C 80 Male None None 14

D 79 Male 31.2 NA 14
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the American Thoracic Society (ATS) guidelines (Miller et al.,
2005). The forced expiratory volume in 1 s as a percentage
of predicted (FEV1%) is considered an important diagnostic
measurement of COPD. Commonly, FEV1% is used to measure
the grade of COPD as follows: mild: FEV1% ≥ 80; moderate:
50 ≤ FEV1% < 80; severe: 30 ≤ FEV1% < 50; and very severe:
FEV1% < 30. However, FEV1% alone may not adequately reflect
a patient’s overall health status (van der Molen and Cazzola,
2012).

Culture Method
Sputum culturing included homogenization with dithiothreitol
and the plating of aliquots of serial dilutions on blood, chocolate,
and MacConkey culture agars.

DNA Extraction and PCR
Genomic DNA was extracted from each sample using a Total
Nucleic Acid Extraction Kit (Bioeasy Technology, Inc., China)
according to the manufacturer’s instructions. The 16S rRNA
gene was amplified using barcoded V4 primers. The ITS
gene was amplified using barcoded ITS1 primers and then
purified and pooled as described in our earlier studies (He
et al., 2013; Su et al., 2015). The 16S rRNA and ITS PCR
products were sequenced at the Beijing Genomics Institute using
paired-end sequencing on an Illumina HiSeq 2000 platform.
For bacteria, PCR was performed with the bacterial-specific
primers 514F-5′ GTGCCAGGMGCCGCGGTAA 3′ and 805R-
5′ GGACTACHVGGGTWTCTAAT 3′. The reaction conditions
were as follows: initialization at 94◦C for 2 min, followed by 30
cycles of denaturation at 94◦C for 30 s, annealing at 52◦C for 30 s,
and elongation at 72◦C for 45 s, and a final elongation step at
72◦C for 5 min. For fungi, PCR was performed with the fungal-
specific primers ITSF 5′ CTTGGTCATTTAGAGGAAGTAA 3′
and ITSR 5′ GCTGCGTTCTTCATCGATGC 3′. The reaction
conditions were as follows: initialization at 94◦C for 15 min,
followed by 5 cycles of denaturation at 95◦C for 30 s,
annealing at 50◦C for 30 s, and elongation at 72◦C for
60 s, and subsequently, 35 cycles of denaturation at 95◦C for
30 s, annealing at 65◦C for 30 s, and elongation at 72◦C
for 60 s, followed by a final elongation step at 72◦C for
5 min.

Sequence Processing and Analysis
The sequences were demultiplexed and quality filtered using the
QIIME (Quantitative Insights Into Microbial Ecology) platform
(1.9.1) (Caporaso et al., 2010). Sequencing was conducted to
generate 100-bp paired-end reads using an Illumina HiSeq 2000
sequencer according to the manufacturer’s instructions. The
Illumina sequencing quality report revealed that the sequence
quality was relatively high for fragment sizes of up to 80 bp, with a
sharp decrease in quality for larger fragments. Thus, we trimmed
the raw sequences to 80 bp for each read pair. The sequences
were then de-multiplexed, trimmed of barcodes and primers and
filtered if they contained ambiguous bases or mismatches in the
primer regions, according to the BIPES protocol (Zhou et al.,
2011). The detailed protocol was as follows: first, we deleted
the sequences with barcoded primers that contained ambiguous

reads or mismatches in the primer region; then, we removed
the primers and kept the remaining clean sequences of the
16S and ITS genes. Second, we removed any sequences with
more than one mismatch within the 40–70 bp region at each
end. Next, we used 30Ns to concatenate adjacent single-ended
sequences for the subsequent sequence analyses, as our paired-
end sequences did not extend to the V4 regions of the 16S
rRNA gene (He et al., 2013). All the tools used in this study
have been validated for use with gapped sequences. We screened
for and removed chimeras using UCHIME in de novo mode
(Edgar et al., 2011). The final high-quality sequence reads for
the 16S and ITS genes were generated after the sequences were
screened with UCHIME. The sequences were deposited in the
European Nucleotide Archive (ENA), and the accession number
was ERS1659093.

Subsequent analyses were implemented using the QIIME.
The sequences were then clustered into operational taxonomic
units (OTUs) using USEARCH with the default parameters
and with the threshold distance set to 0.03 for 16S genes and 0
for the ITS genes. QIIME-derived reference-based alignments
of representative sequences were performed using PyNAST
with the Greengenes 13_8 database as the template file (Al-
Hebshi et al., 2015). The Ribosome Database Project (RDP)
algorithm was applied to classify representative 16S sequences
into specific taxa using the default database (Wang et al., 2007).
Representative ITS DNA gene sequences were classified using
QIIME_ITS database as a reference (version information:
sh_qiime_release_01.08.2015) (Caporaso et al., 2010). The
biome data were filtered using the filter_otus_from_otu_table.py
script with the parameter (-s 3) to remove low-abundance
OTUs. Next, each 16S rRNA and ITS DNA gene sample was
normalized to 1,000 sequences to avoid biases resulting from
uneven sequencing depth among samples. All samples with
less than 1,000 sequences and their paired (oropharyngeal
swab/sputum) samples were not included in the later
analysis.

To determine which sampling routine provided higher alpha
diversity while controlling for patient and day effects, we used a
simple up/down scoring system whereby on each subject-day, we
recorded which sample had higher diversity. The overall results
were then aggregated into a distribution and assessed using the
Chi-square test. Adonis was used to estimate the dissimilarity of
the microbial compositions between groups. Procrustes analysis
was performed to determine whether the beta diversity results
were similar between the oropharyngeal swabs and sputum
samples. Weighted uniFrac distances based on the phylogenetic
metric were used for these two analyses. Correlations of the
core genera (representing >10% of the sequences in any sample)
between the two sample types were assessed by Spearman
correlation analysis. We identified differential features between
the two groups using a linear discriminant analysis (LDA)
effect size (LEfSe) method. The threshold cutoff values of the
logarithmic LDA scores for identifying taxa that differed in
abundance between the comparison groups were 3.5 for bacteria
and 2.0 for fungi. To obtain OTU data for LEfSe analysis, we
selected OTUs with a relative abundance of over 10% in any
sample.
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RESULTS

Associations between Sample Sites,
Individuals and Microbial Communities
Alpha diversity measurements were used to assess variations
in community structure among the microbiota collected in the
oropharyngeal and sputum samples. Specifically, phylogenetic
(PD_whole_tree), richness (Observed_OTUs), and evenness
and richness metrics (Shannon) were employed to analyze
community alpha diversity (Figure 1). We detected significant
differences in the bacterial alpha diversity between the sputum
and oropharyngeal samples for the PD_whole_tree and Shannon
indices (P < 0.01). However, the comparisons did not reveal any
significant differences in the fungal community compositions.
These results indicated that the oropharyngeal samples had
higher alpha diversity for bacterial communities.

Adonis analysis of the weighted_uniFrac distances performed
using phylogenetic information revealed significant differences
in the bacterial communities among individuals, indicating the
presence of inter-individual differences in microbial composition
(weighted_uniFrac distances, P < 0.01). In addition, the results
revealed that the samples of the two specimen types had
significantly different beta diversity results (weighted_uniFrac
distances, P < 0.01), and greater inter-individual differences
than inter-specimen differences were detected (Figure 2). In
contrast, the results revealed non-significant differences in the
fungal beta diversity results both between specimen types and

among individuals. To visualize the microbial similarity and
dissimilarity among the individuals and between the two sample
types, PCoA was performed in the QIIME pipeline using the
weighted_uniFrac distance. The results revealed broad overlap
between the oropharyngeal and sputum samples, suggesting that
both sample types shared similar bacterial/fungal communities.
The samples from the four individuals were divided into four
distinct clusters in terms of bacterial community composition.

Microbial Composition Dynamics in
Sputum and Oropharyngeal Samples
Large inter-individual differences in bacterial community
structure were observed under different dynamic conditions.
In Subject A, Proteobacteria (68.59%) and Firmicutes (20.52)
were the predominant phyla, with Psychrobacter (43.76%) and
Lactobacillus (13.77%) as the most prevalent genera. With regard
to the dynamics in Subject A, the abundance of Haemophilus
was high on the first 2 days and decreased starting on the 3rd
day. In contrast, Psychrobacter sharply increased starting on
the 3rd day, subsequently decreased on the 14th day and then
increased again starting on the 16th day. The abundance of
Enterobacteriaceae peaked on days 14 and 15. In addition, the
abundance of Psychrobacter decreased quickly after piperacillin
and sulbactam were added (Figure 3B).

In Subject B, Firmicutes (34.40%), Proteobacteria (27.71%),
Bacteroidetes (14.50%), and Actinobacteria (13.47%) were the
main phyla, and Psychrobacter (12.25%), Lactobacillus (11.21%),

FIGURE 1 | Scatter plot showing the alpha diversity measurements of the microbiota collected from the oropharyngeal and sputum samples. (A) PD_whole_tree, (B)
Shannon and (C) Observed_OTUs indices of bacterial community. (D) PD_whole_tree, (E) Shannon and (F) Observed_OTUs indices of fungal community. For each
patient, swab samples are compared to sputum samples from different days. Each point represents a difference between the oropharyngeal swab and sputum
sample, as determined using a simple up/down scoring system whereby on each subject-day, the sample with the higher diversity was recorded (obtained using the
Chi-square test). PD_whole_tree, Observed_OTUs, and Shannon indices were used as phylogenetic, richness, and evenness and richness metrics, respectively, to
determine the diversities of the bacterial and fungal communities.
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FIGURE 2 | Beta diversity of sputum and oropharyngeal samples. (A) PCoA based on weighted_uniFrac distances for bacterial sequences obtained from Subjects A
(green), B (orange), C (purple), and D (blue). (B) PCoA based on weighted_uniFrac distances for fungal sequences obtained from Subjects A (green), C (purple), and
D (blue). The different sample types are indicated by the different shades (Adonis test, ∗∗P < 0.01).

FIGURE 3 | Bacterial community composition dynamics of the daily samples. (A) Procrustes analysis based on weighted_uniFrac distances was performed, which
revealed the same beta diversity results for the oropharyngeal swabs and sputum samples for each subject-day. The points linked with bars represent data obtained
on the same day but from two different species, red represents the oropharyngeal samples, and black represents the sputum samples in the edge-color pairs.
(B) Relative abundances of the core bacterial genera in the daily samples. For the four subjects, the single-day paired bars are separated, with the oropharyngeal
samples on the left and the sputum samples on the right. The rectangular bars show which classes of antibiotic each patient received during their hospital stay.

and Prevotella (10.00%) were the most common genera. The
abundance of Prevotella was high on the 1st day, after which
it decreased quickly and subsequently increased again starting
on the 6th day. Actinomyces increased starting on the 2nd day,
decreased on the 6th day, and then increased again on day
12. The abundance of Psychrobacter peaked on days 9 and
10, and it was only found to have a high abundance in the
sputum samples. The abundances of Psychrobacter, Actinomyces,
Enterobacteriaceae, and Streptophyta were decreased following
the addition of piperacillin and sulbactam (Figure 3B).

In Subject C, Firmicutes (42.46%), Actinobacteria (35.88%)
and Proteobacteria (13.90%) were the most common phyla,

and Rothia (28.67%) and Lactobacillus (24.63%) were the
predominant genera. In addition, the abundance of Streptococcus
decreased whereas that of Actinomyces increased starting on the
10th day. In Subject D, Firmicutes (25.53%) and Proteobacteria
(14.84%) constituted the majority of sequences, and Prevotella
(34.77%) and Streptococcus (12.18%) were the most common
genera (Figure 3B). In addition, we observed that the sputum and
oropharyngeal sample dynamics were similar.

Procrustes analysis based on the bacterial weighted_uniFrac
distances of the time series data revealed that the beta diversity
results were the same for both sample types (Figure 3A). These
findings further demonstrated that the oropharyngeal swab and
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sputum sample dynamics were similar, indicating that they had
similar bacterial community structures.

In terms of fungal composition, the inter-individual and
inter-specimen differences were small (Figure 2B). Meanwhile,
Procrustes analysis based on the fungal weighted_uniFrac
distances of the time series data did not revealed a same beta
diversity for both sample types (Figure 4A). Ascomycota was
the most predominant phylum among all the samples (72.59%),
followed by Glomeromycota (19.89%) and Basidiomycota
(9.66%). These three phyla represented over 99% of all the fungi
sequences. At the genus level, Eurotiales|unidentified (27.91%),
Glomeraceae|unidentified (18.33%), Aspergillus (10.25%),
Candida (9.14%), and Trichocomaceae|Other (9.13%) were
the most frequently identified fungi for the three individuals.
In addition, the microbial compositions of the sputum and
oropharyngeal samples collected on the same day and from
the same subject were found to be very similar on most of the
observation days (Figure 4B).

We further demonstrated that most sequences were shared
between the two specimen types and that the unique taxonomic
units and OTUs found in the sputum and oropharyngeal samples
had relative abundances of less than 0.001. Among the 32 core
genera (defined as the taxa representing more than 10% of the

relative abundance in any sample), 16 were successfully assigned
to a specific genus, including: Psychrobacter, Stenotrophomonas,
Haemophilus, and Neisseria from Proteobacteria; Streptococcus,
Granulicatella, and Lactobacillus from Firmicutes; Actinomyces
and Rothia from Actinobacteria; Leptotrichia from Fusobacteria;
Prevotella from Bacteroidetes; Streptophyta from Cyanobacteria;
Aspergillus, Acremonium, and Candida from Ascomycota; and
Sterigmatomyces from Basidiomycota. We further examined the
correlations between the core genera in the paired samples. The
results showed that 12 out of 17 of the core bacterial genera were
significantly correlated between the two specimens (Table 2).
Furthermore, we found no significant correlations between the
sample types in terms of the core fungal genera.

Differences in Microbiota Composition
between the Oropharyngeal and Sputum
Samples
We performed LEfSe analysis for each individual and
identified several similar discriminating features among
the different individuals. For bacteria, the oropharyngeal
samples were enriched with Bacteroidetes, i.e., Prevotella and
Dysgonomonas; Firmicutes, i.e., Lactobacillus, Coprococcus,

FIGURE 4 | Fungal community composition dynamics of the daily samples. (A) Procrustes analysis based on weighted_uniFrac distances was performed, which
revealed the same beta diversity results for the oropharyngeal swabs and sputum samples for each subject-day. The points linked with bars represent data obtained
on the same day but from two different species, red represents the oropharyngeal samples, and green represents the sputum samples in the edge-color pairs.
(B) Relative abundances of the core fungal genera in the daily samples. For the three subjects, the single-day paired bars are separated, with the oropharyngeal
samples on the left and the sputum samples on the right.
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TABLE 2 | Correlations between the core genera in the paired samples (>10%
sequences in any sample).

Genus Spearman’s rank
correlation

coefficient (rs)

Significance
(p)

Proteobacteria| Psychrobacter 0.782 0.000

Proteobacteria| Stenotrophomonas 0.360 0.012

Proteobacteria| Haemophilus 0.536 0.000

Bacteroidetes| Prevotella 0.822 0.000

Proteobacteria| Enterobacteriaceae;g_ 0.698 0.000

Firmicutes| Exiguobacteraceae;g_ 0.321 0.026

Actinobacteria| Rothia 0.446 0.001

Proteobacteria| Neisseriaceae;g_ 0.642 0.000

Actinobacteria| Actinomyces 0.663 0.000

Firmicutes| Streptococcus 0.662 0.000

Firmicutes| Granulicatella 0.363 0.011

Firmicutes| RFN20 0.816 0.000

and Streptococcus; and Fusobacteria, i.e., Fusobacteriales. In
contrast, the sputum samples contained a high prevalence
of Proteobacteria. In addition, several distinct features were
only detected in a single individual. Genera showing increased
abundances in the oropharyngeal samples included Actinomyces,
Brevibacillus, Peptostreptococcus, Anaerovibrio, Sutterella,
Neisseria, Desulfovibrio, Atopobium, Fusobacterium, and
Oscillospira. In contrast, genera with elevated abundances in the
sputum samples included Haemophilus, Enterococcus, RFN20,
Oleibacter, Catonella, Leptotrichia, Lautropia, and Akkermansia.
Shared distinct features were more frequently observed in the
oropharyngeal swabs from the different individuals, whereas
differences in the distinct features were more commonly detected
in the sputum samples from the individuals (Figure 5). LEfSe
analysis, performed using the OTUs for further examination,
revealed that Prevotella melaninogenica and Lactobacillus iners
were the most abundant species in the oropharyngeal swabs
(Figure 7).

For fungi, a LEfSe comparison of the oropharyngeal and
sputum samples showed that Penicillium existed at a high
abundance in the oropharyngeal samples (Figure 6). The results
of our study demonstrated that the microbial community
structures of these two ecological niches were much more similar
for fungi than for bacteria.

DISCUSSION

Acute exacerbation of chronic obstructive pulmonary disease is a
chronic progressive disease characterized by shortness of breath,
expectoration, and the gradual development of severe dyspnea. It
is difficult for some patients with severe to very severe AECOPD
to expel sputum, necessitating respiratory support (Kim et al.,
2011). Sputum-based longitudinal airway microbiome studies
have been performed for the deep exploration of therapeutic
targets and the development of improved treatment options
(Wang et al., 2016). The upper airway is considered the beginning
of the microbiological community of the body, including bacteria

and fungi (Delhaes et al., 2012). Recent studies have indicated that
oropharynx communities vary in terms of relative abundances
and that they resemble those in sputum samples, consistent with
the results of this study (Botero et al., 2014; Zemanick et al., 2015).
In this work, we first examined the daily microbiota dynamics
present in oropharyngeal swabs and sputum samples collected
from COPD patients. We discovered that both specimen types
exhibited similar microbial compositions and that the dynamics
of these compositions were largely consistent.

The initial comparison showed that the oropharyngeal
samples had higher diversity than the sputum samples in
AECOPD, in contrast with previous studies reporting no
differences in diversity between these two specimen types
(Zemanick et al., 2015). This discrepancy may reflect influences of
antibiotic use. The observed beta diversity in the bacterial/fungal
communities according to the day of hospitalization indicates
that the differences between the individuals were far greater
than the differences between the sputum and oropharyngeal
samples. Furthermore, the bacterial communities were found to
have characteristic structures in different individuals (Wang et al.,
2016). The fungal community structure also showed that the
differences between individuals were greater than the differences
between sampling points. Previous research on microbial
communities in oropharyngeal swab and sputum samples has
demonstrated high abundances of Haemophilus, Prevotella, and
Streptococcus (Huang and Boushey, 2015; Ogorodova et al.,
2015). These common genera were also detected in our study,
with high linear correlations in the paired samples. Further, in
this study, the bacterial community compositions were found to
vary identically in each paired sample analyzed. Moreover, each
microbiome with an abundance of more than 0.001 was shared
between the sputum and oropharyngeal samples.

It has previously been shown that Proteobacteria, Firmicutes,
and Actinomycetes account for a large proportion of the species
present in the lower respiratory tract of moderate to severe
COPD patients (44, 16, and 13%, respectively), which is similar
to our results regarding these three phyla (Garcia-Nunez et al.,
2014). According to previous studies, the relative abundance of
Actinomycetes was 2% in the lower respiratory tract of COPD
patients and 10% in the lower respiratory tract of healthy
individuals. Similarly, the relative abundances of Prevotella in
COPD patients and healthy individuals were 4.2 and 13.42%,
respectively (Park et al., 2014; Einarsson et al., 2016). Our
results for Actinomycetes in the oropharyngeal and sputum
samples were similar to those of previous studies. In addition,
the microbial composition of the sputum and oropharyngeal
samples was consistent between pairs of samples collected
each day. In our study, Psychrobacter, Lactobacillus, Rothia,
Prevotella, Neisseria, Streptococcus, Haemophilus, Actinomyces,
Leptotrichia, and Aspergillus were observed to have high relative
abundances in both the sputum and oropharyngeal samples in
individuals with severe AECOPD. According to previous reports,
oropharyngeal and sputum samples from COPD patients have
high abundances of Haemophilus, Streptococcus, and Prevotella,
whereas sputum samples from COPD patients have high
abundances of Psychrobacter and Neisseria (Aguirre et al., 2015;
Huang and Boushey, 2015; Ogorodova et al., 2015; Wang et al.,
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FIGURE 5 | Differential features in bacteria selected via LEfSe between the sputum and oropharyngeal samples from each individual. (A) For Subject A, (B) for
Subject B, (C) for Subject C, (D) for Subject D. Red represents the oropharyngeal samples, and green represents the sputum samples.

FIGURE 6 | Differential features in fungi selected via LEfSe between the sputum and oropharyngeal samples from each individual. (A) For Subject A, (B) for Subject
C, (C) for Subject D. Red represents the oropharyngeal samples.

2016). In previous reports, Aspergillus has been found to be
associated with severe AECOPD, and its presence can lead
to decreased lung function in affected patients (Morris et al.,
2008; Barberan and Mensa, 2014). We compared the correlation
between oropharyngeal and sputum samples for taxa with relative
abundances above 10% and found that the two sample types were
highly correlated with regard to the structure of these major taxa.
Indeed, 70.59% of the bacteria had a high statistical correlation.
This further supports the finding that the two sample types are
consistent in describing the microbial community of AECOPD
patients.

For bacteria, Prevotella, Dysgonomonas, Lactobacillus,
Coprococcus, Streptococcus, and Fusobacteriales from
Bacteroidetes, Firmicutes, and Fusobacteria accounted for most
of the increased taxonomic abundances in the oropharyngeal

samples, which is consistent with the findings of previous studies.
Among these, Streptococcus, Lactobacillus, and Prevotella are
the most common genera in the oral cavity (Zaura et al., 2009).
Haemophilus and Lautropia were significantly more abundant in
the sputum samples than in the oropharyngeal samples in our
study. In addition, healthy lower airways have been reported to
possess a higher relative abundance of Haemophilus than upper
airways (Morris et al., 2013). At the OTU level, P. melaninogenica
and L. iners were significantly increased in the oropharyngeal
samples. P. melaninogenica typically colonizes oral cavities and
is transferred from maternal saliva to children shortly after birth
(Kononen et al., 1994). Similarly, L. iners is a common oral cavity
bacteria (Anderson et al., 2014). The presence of resident bacteria
in the oral cavity may reduce the proportion of major pathogens
in AECOPD to a certain extent.
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FIGURE 7 | Differential core OTUs with more than 10% relative abundance in bacteria selected via LEfSe between the sputum and oropharyngeal samples from
each individual. (A) For Subject A, (B) for Subject B, (C) for Subject C, (D) for Subject D. Red represents the oropharyngeal samples, and green represents the
sputum samples.

Subject A was treated with etimicin and cefoperazone,
an aminoglycoside and β-lactam antibiotic, respectively.
These antibiotics are sensitive to most Gram-positive and
negative bacteria, especially P. aeruginosa, H. influenza, and
S. pneumoniae. However, these antibiotics may fail to kill
β-lactamase-producing bacteria; thus, they were replaced with
piperacillin and sulbactam after 14 days for this subject. After
the antibiotics were switched, we found a decreased abundance
of Psychrobacter. This result is in agreement with previous
reports showing that β-lactamase is secreted by Psychrobacter
(Feller et al., 1995, 1997). The antibiotic treatment regimens
were similar for Subjects B and A. We observed that the
relative abundance of Prevotella was the lowest after the 1st
day of treatment. In addition, the combined treatment with
piperacillin and sulbactam inhibited Psychrobacter, Actinomyces,
Enterobacteriaceae, and Streptophyta. These results showed that
the distinctive spectrum of different antibiotics and antibiotic
combination were relatively more efficient at killing the anti-
pathogenic bacteria (Chandrasekaran et al., 2016). For the
other subjects, meropenem or cefoperazone was administered
based on their clinical conditions. Subject C displayed an
increased abundance of Stenotrophomonas, which might
have been caused by drug fast to the antibiotics (Zhao et al.,
2017).

Previous studies have reported high levels of Moraxella,
Staphylococcus, and Pseudomonas in COPD patients (Zakharkina
et al., 2013), but this was not observed in our study. Most
likely, this discrepancy occurred mainly because the included
patients were being treated with antibiotics. It has also been
shown that the V4 protocol used does not efficiently detect
Staphylococcus, which might explain the low abundance of
Staphylococcus observed in this study (Kong, 2016). The main
microbial communities of the four included subjects were found
to be quite unique. We examined four individuals to perform
comprehensive day-to-day comparisons between sputum and
oropharyngeal microbial communities for increased accuracy.

In this study, we analyzed the ITS data with the classification
of each individual sequence to generate a classification-based
OTU table (with clustering at a threshold distance of 0), in
contrast with a previous study with clustering at a threshold
distance of 3 (Sokol et al., 2015). In this study, clustering
at 0% difference increased the fungal signals and showed a
more meaningful pattern in the fungal signals. Thus, we think
clustering at 0% difference is suitable for analysis of our ITS
data.

CONCLUSION

The airway microbial communities were similar in terms
of the main phylum and genus compositions, and the
oropharyngeal swab and sputum sample dynamics were
similar, demonstrating similar bacterial community structures.
For oral bacterial colonization, the oropharyngeal bacterial
community diversity was higher than that observed in the
sputum samples. These results suggest that the sputum
microbiome is remarkably similar to the oropharyngeal
microbiome; thus, oropharyngeal swabs can potentially be used
instead of sputum samples for patients with exacerbation of
COPD.
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