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The nasopharyngeal microbiota in patients with viral respiratory tract
infections is enriched in bacterial pathogens
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Abstract
The nasopharynx is the primary site of colonization by respiratory pathogen that constitutes the port of entrance in the respiratory
tract. The role of mucosal respiratory microbiota in infection has been recently emphasized; therefore, we aimed to assess if a
specific respiratory microbiota profile was associated with symptomatic infection and/or with presence of respiratory viruses. We
performed a case-control study to characterize the healthy respiratory microbiota and its alteration during acute viral infections.
Next-generation sequencing of the 16S rRNA gene was applied to 225 nasopharyngeal samples from 177 patients with viral
respiratory infection and 48matched healthy controls. We evidenced an important decrease of bacterial alpha-diversity in patients
with symptomatic respiratory infection and a loss of the healthy core microbiota, specifically anaerobes and Prevotella spp.
Moreover, eight respiratory pathogens were enriched in these patients, including Staphylococcus aureus, Haemophilus
influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, Dol osigranulum pigrum and Corynebacterium propinquum/
pseudodiphtheriticum, whose role in respiratory infection is unclear. The asymptomatic carrier of influenza harbors a microbiota
similar to healthy subjects, suggesting a critical role of microbiota in the clinical expression of viruses. These data suggest that the
commensal microbiota plays a significant role in susceptibility to viral infection. The frequent co-detection of virus and bacteria
raises the question of a strategy to prevent bacterial disease, focusing on the prevention of nasopharyngeal colonization through
effective antibiotic treatment. In addition to antibiotics, further studies should test preventive or therapeutic interventions for
maintaining or restoring a healthy nasopharyngeal microbiota.
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Introduction

Acute viral respiratory infections are very common with a mean
of five episodes per person/year [1]. Influenza virus, respiratory
syncytial virus, metapneumovirus and rhinovirus are prevalent
sources of respiratory illnesses [1], usually resulting in a relatively
mild and self-limiting infection, but also leading to severe disease.

Secondary bacterial infection can complicate these viral diseases,
notably involving Streptococcus pneumoniae, Haemophilus
influenza, Moraxella catarrhalis, and Staphylococcus aureus,
which are transient colonizers of the healthy nasopharynx and
are commonly responsible for pneumonia [2, 3].

These pathogens cohabit with a complex microbial commu-
nity constituting the respiratory microbiota [3]. Its composition
varies throughout the respiratory tract, with a gradual decrease
of bacterial density in the lower airways [3]. A high inter-
individual variability has been observed [3] and several factors
influence its composition, including age, antibiotics, vaccine,
smoking, and seasons [3]. Differences in themicrobiota between
healthy persons and patients with chronic respiratory disease [3]
or respiratory infection [3–6] suggest an important role of these
bacterial communities in the development of these diseases.

The pathophysiology of respiratory infection is complex. A
substantial proportion of asymptomatic carriers of viruses [7]
as high as 68% in children [7] and the presence of a significant
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number of respiratory viruses in the environment outside epi-
demic periods [8] suggest that the nasopharyngeal microbiota
may play a critical role in the genesis and clinical expression of
viral respiratory infection, challenging Koch’s postulates [9].
The hypothesis that respiratory infections are linked to an im-
balance of the nasopharyngeal microbiota has recently
emerged [3–6]. Few studies have investigated the link between
the respiratory microbiota and viral disease [4, 6, 10, 11] but all
suggest that a disruption of the airways microbiota may be
linked to the occurrence and severity of viral infection [6,
10–12]. To characterize the healthy microbiota and its alter-
ation during acute viral respiratory infections, we performed a
case-control study using 16S DNA sequencing.

Materials and methods

Patients

In February–March 2015, we included symptomatic patients
with a respiratory infection (cough, fever, sore throat, coryza,
chills) for whom a viral analysis was requested in our micro-
biology department (Hopital de la Timone,Marseille, France).
We included five groups, each of approximately 25 individ-
uals positive for only one tested virus (influenza A, influenza
B, rhinovirus, metapneumovirus, and respiratory syncytial vi-
rus) and approximately 50 virus-negative symptomatic indi-
viduals. An age and sex group-matching was applied (Fig. 1)
and the samples included were randomly selected to obtain six
groups with similar baseline characteristics. We also recruited
48 asymptomatic healthy individuals through a snowball

approach. This design was chosen to obtain a 2:1 ratio be-
tween cases and controls. The study was approved by the local
Ethics Committee (number 2016–016). Informed consent was
obtained for all the controls. Each cases and controls provided
one nasopharyngeal swab, which was analyzed for both viral
qPCR [13] and 16S DNA large-scale sequencing.

DNA extraction and sequencing

The samples were extracted using the NucleoSpin Tissue kit
(Macherey Nagel, Hoerdt, France) and with a second method
using a deglycosylation step and the EZ1 AdvancedXL device
(Qiagen, Courtaboeuf, France) [14]. The V3-V4 region of the
16S ribosomal RNA (rRNA) gene was amplified by PCR and
a subsequent limited cycle amplification step was performed to
add multiplexing indices and Illumina sequencing adapters
according to the Nextera XT library kit (Illumina). Libraries
were sequenced by MiSeq technology (Illumina, Inc., San
Diego, CA 92121, USA) in 500 cycles. The raw data were
configured in fastq files for R1 and R2 reads.

Metagenomic analyses

The paired-end reads of corresponding raw fastq files were as-
sembled into longer joined sequences by using FLASH with a
quality score cutoff of 33 [15]. The high quality sequences were
then filtered using QIIME [16]. Primers were removed.
Sequences shorter than 200 nts and greater than 1000 nts were
also discarded. ChimeraSlayer was used to remove chimeric
sequences. These sequences were clustered de novo into
OTUs using UCLUST at 97% similarity [16]. The OTUs were

Fig. 1 Study flow diagram. One
asymptomatic healthy control
was positive for influenza A
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searched against the Silva SSU and LSU reference database [17]
of release 123 using blast [18]. The best matches, ≥ 80% identity
and 100% coverage, were selected from the reference database,
and taxonomy was assigned by applying majority voting [19].

Statistical analysis

For qualitative variables, Chi-square (when applicable) or
Fisher’s exact test were used. When the sample size was very
low, the two-sided Barnard’s test was used, as it is more pow-
erful than Fisher’s exact test. For quantitative variables, statis-
tical analyses were performed with GraphPad Prism, version
6.0 (La Jolla, CA). Normal distribution was assessed by visual
exam and the Kolmogorov-Smirnov test. Student’s t test or the
Mann-Whitney test was used. When three or more groups
were compared, Dunn’s multiple comparison test was used.
Linear discriminant analysis effect size (LEfSe) was per-
formed as previously described [20]. To focus on the main
differentially abundant species, only bacterial species identi-
fied with an absolute LDA score ≥ 3.6 were discussed.
Bacterial species were defined as a Bfrequent respiratory
pathogen^ if present in the top 15 bacterial species most fre-
quently isolated from respiratory samples and as a Bfrequent
human pathogen^ if present in the top 15 species most fre-
quently isolated among all human samples in our lab in the
2014–2015 period (Supplementary Table 1, Table 2, Fig. 4
and Fig. 5). QIIME was used for rarefaction analysis and
PCoA analysis [16]. For PcoA analysis, we rarefied the data
to 20,000 reads per sample and used a weighted unifrac dis-
tance of QIIME [16]. The Adonis test (weighted unifrac dis-
tance) was used to test whether our seven groups were signif-
icantly different [21]. The Shannon indices were calculated
using the formulaH = −∑pi* ln(pi), where pi is the proportion
of species relative to the total number of species. The AOR
was calculated as previously described [19]. All tests were
two-sided. A p value < 0.05 was considered significant.

Data availability

All the raw sequences of fastq files have been submitted to
EMBL-EBI (http://www.ebi.ac.uk/) with the accession
number PRJEB14780.

Results

Subjects’ characteristics and nasopharyngeal
microbiota composition

We characterized the nasopharyngeal microbiota of 225 pa-
tients by metagenomics, including 26 symptomatic patients
positive for influenza A, 27 for influenza B, 26 for respiratory
syncytial virus, 28 for metapneumovirus, 23 for rhinovirus,
and 47 virus-negative symptomatic patients (Fig. 1). We also
enrolled 48 asymptomatic controls. An age and sex group-
matching was applied to obtain seven groups with similar
baseline characteristics (Table 1).

Overall, we obtained 14 million 16S rRNA gene sequence
reads, classified into 2023 OTUs (operational taxonomic
units), corresponding to 24 bacterial phyla. Although a high
inter-individual variation was observed, the 3 dominant phyla
were Proteobacteria, Firmicutes, and Actinobacteria for most
subjects, 1000 different bacterial and archaeal species were
identified in all the individuals tested, 303 were common to
all groups, and 201 were specifically found only in virus-
positive cases, 105 in virus-negative cases, and 77 in controls
(Supplementary Figs. 1 and 2).

Decrease of global bacterial abundance and diversity
in patients with respiratory infection

The number of reads by sample was significantly lower in
virus-positive and virus-negative cases compared to

Table 1 Patients characteristics

Patients with respiratory symptoms Asymptomatic
controls a

p value

Positive qPCR Negative qPCR

RSV Influenza A Influenza B Rhinovirus MPV

Number of subjects 26 26 27 23 28 47 48

Mean age (with range) 38 (0–85) 40 (0–84) 38 (1–88) 40 (1–94) 36 (0–83) 35 (0–88) 27 (0–75) 0.59 b

Male sex nb 16 (62%) 14 (54%) 16 (59%) 10 (44%) 12 (42%) 23 (49%) 28 (58%) 0.60 c

a One asymptomatic healthy control was positive for influenza A
bOne-way ANOVA
cChi-square for 2 by 7 table

The group-matching approach was used to obtain similar age and sex ratio in each group
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controls (Fig. 2a). The Adonis test gave a p value of 0.001
and R2 value of 24, indicating that at least 24% of the vari-
ation in distances was explained by our grouping. The rar-
efaction curves confirmed a decreased global bacterial
abundance in cases (Fig. 2b). The lower number of species
per samples in cases compared to controls showed a de-
crease of biodiversity (Fig. 2c). The alpha-diversity, as mea-
sured by the Shannon index, was significantly lower in
virus-positive (mean 1.9) than that in virus-negative pa-
tients (2.3) compared to controls (3.1, two-sided Mann-
Whitney test with Dunn’s multiple correction test, p <
0.0005, Fig. 2d). A gradient was observed from controls to
virus-negative and virus-positive cases.

Possible correlation between the microbiota
and the clinical expression of viral invasion

A principal co-ordinate analysis (PCoA) showed a distinct
cluster grouping the controls, whereas patients were hetero-
geneously and indistinguishably distributed (Fig. 3).Among
the healthy subjects, we found one asymptomatic carrier for
influenza A. Interestingly, it clusterized with the controls,
suggesting a correlation between themicrobiota and the clin-
ical expression of viral invasion. A restriction of heteroge-
neity of the nasopharyngealmicrobiotawas observed in con-
trols and confirmed by the comparison of the Euclidian dis-
tance to the centroid of each group (Supplementary Fig. 3),

Fig. 2 Impoverished nasopharyngeal microbiota during viral respiratory
tract infection. a While using identical metagenomic methods, the number
of reads by sample was decreased in cases. b α-diversity estimated using
rarefaction curves among patients with influenza Avirus (n= 26), influenza
B virus (27), respiratory syncytial virus (26), metapneumovirus (28),
rhinovirus (23), patients with negative qPCR for virus (47), and controls
(48). The vertical axis shows the number of OTUs that would be expected

to be found after sampling the number of reads shown in the horizontal axis.
c The decreased number of species by sample in cases confirmed the lower
diversity. d α-diversity (Shannon diversity index) among virus-positive
cases (n = 130), virus-negative cases (47) and controls (48). For a, c, and
d: Two-sided Mann-Whitney test with Dunn’s multiple comparison test.
Median and interquartile range are represented. A gradient was observed
from asymptomatic controls to virus-negative and virus-positive cases
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suggesting the existence of a healthy core microbiota.
Among the cases, patient groups by virus were indistin-
guishable from each other by principal component analysis.
This suggest that themicrobiota alteration in viral symptom-
atic infection is not specific of each virus but results from a
common mechanism.

Enrichment of aerotolerant pathogenic bacteria in cases

Enrichment of aerotolerant pathogenic bacteria
in patients with respiratory infection

At the species level, LEfSe analysis showed an enrichment of
aerotolerant pathogenic bacteria in cases versus controls, includ-
ing 8 of the top 15 respiratory pathogens isolated in our micro-
biology department, including S. aureus, H. influenzae,
Klebsiella pneumoniae, Staphylococcus epidermidis, S.
pneumoniae, Serratia marcescens, Moraxella catarrhalis, and
Enterobacter aerogenes (Figs. 4a, b; Supplementary Table 1 and
Fig. 4). Surprisingly, there was also enrichment in Escherichia
coli, which is not usually isolated from respiratory samples but
which was the first pathogen isolated from all human samples in
our laboratory (Supplementary Table 2 and Fig. 5). Other bac-
teria infrequently associated with infection were enriched in
cases, including Dolosigranulum pigrum, Corynebacterium
propinquum/pseudodiphteriticum, and Corynebacterium

macginleyi (Fig. 4a, b). The microbiota of controls was enriched
with commensal bacteria commonly present in the nasopharynx,
including oral Streptococcus and different species of Rothia
spp., Veillonella spp., Prevotella spp., and Neisseria spp.
LEfSe analysis between positive and negative virus groups
showed an enrichment of the same pathogenic bacteria as above
in virus-positive cases, exceptM. catarrhalis, which was signif-
icantly associated with the virus-negative patients.

Depletion of anaerobic bacteria in patients
with respiratory infection

A depletion of anaerobic bacteria in patients with respira-
tory disease was observed. In fact, 39% (40/103) of the
species enriched in controls were strict anaerobes, versus
13% (7/55) in virus-positive patients (aerotolerant odds
ratio [AOR] 4.31, 95% CI 1.83–11.2, p < 0.0006). And
70% (40/57) of the enriched species in controls were strict-
ly anaerobic, compared to 26% (23/87) in the virus-
negative patients (AOR 6.45, 95% CI 3.1–13.8, p < 10−6).
Moreover, Only 6% (1/18) of the species enriched in the
virus-positive patients were anaerobic, and this was signif-
icantly lower than in virus-negative cases (30% (23/76),
AOR 0.13, 95% CI: 0.0–0.8, p = 0.047).

Fig. 3 Principal co-ordinate analysis showing the alteration of the
nasopharyngeal microbiota during viral respiratory tract infection.
Principal component analysis (PCoA) was performed on species
raw data (number of reads) using the unweighted UniFrac distance
matrix. Each sample is represented by a point, with patients with

influenza A virus in black (n = 26), patients with influenza B virus
in green (27), patients with RSV in blue (26), patients with rhinovirus
in yellow (23), patients with metapneumovirus in purple (28), symp-
tomatic qPCR negative patients in red (47), and asymptomatic con-
trols in dark blue (48)

Eur J Clin Microbiol Infect Dis (2018) 37:1725–1733 1729



The core respiratory microbiota

Because a high inter-individual variation was observed, we ap-
plied a less strict definition to characterize the group of microbes
commonly found in each group. Accordingly, we defined the
50%-core as the group of OTUs present in at least 50% of the
individuals. We observed a 50%-core microbiota of 13 bacterial
species (Supplementary Table 3) among all the subjects. The
50%-coremicrobiota was composed of 60 species in the controls

but only 15 in virus-positive cases and 17 in virus-negative cases.
The 50%-core microbiota represented 12% of all species found
in controls versus 2.7% in virus-negative and 1.9% in virus-
positive cases (two-sided Chi-square test, p < 10−7) (Table 2).
Fifty-two species of the healthy 50%-core microbiota were not
found in virus-positive or in virus-negative cases, suggesting that
these species were missing in all cases; 24 (46%) of them were
strict anaerobes. In contrast, the 50%-core microbiota specific for
all cases was much poorer (7 species identified, including M.

Fig. 4 Alteration of the nasopharyngeal microbiota during viral
respiratory tract infection at the species level resolution. Linear
discriminant analysis (LDA) effect size (LEfSe) showing the en-
richment of bacterial species in a virus-positive cases (n = 130)
compared to controls (48) and in b virus-negative cases (47)

compared to controls (48). Only bacterial species identified with
an LDA score ≥ 3.6 are shown. Red: bacteria found in the top 15
human respiratory pathogens (Table S1 & Fig. S1) and top 15
human pathogens (Table S2 & Fig. S2). No human pathogens
were found enriched in asymptomatic controls

Table 2 Proportion of the
bacterial species constituting the
core microbiome in each group

Virus-positive
cases

Virus-negative
cases

Controls p
value*

Number of bacterial species constituting the core
microbiome (%)

15 (1.9) 17 (2.7) 60 (12) < 10−7

Total number of bacterial species in each group 784 631 502

*Using two-sided Chi-square for 2 by 3 table
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catarrhalis and H. influenzae) and did not contain anaerobes
(two-sided Barnard test, p = 0.014) (Supplementary Table 3).
Remarkably, the strict anaerobic Prevotella spp. was the most
represented genus within the 50%-core microbiota of controls.

Discussion

We showed that the healthy nasopharyngeal microbiota is com-
posed of a diverse well-balanced aero-anaerobic bacterial core
consortium which is altered during respiratory infection.
Respiratory infections were associated with a predominantly an-
aerobic depletion and an invasion by aerotolerant frequent respi-
ratory pathogens. To the best of our knowledge, this is the largest
metagenomic study exploring the human nasopharyngeal micro-
biota of patients with viral respiratory illnesses and controls. A
high inter-individual heterogeneity in airway microbiota compo-
sition was observed [5, 22], therefore a large number of subjects
is required to reveal significant differences between the different
groups. Identical protocols were performed for sampling, se-
quencing and data processing for samples from cases and con-
trols. Two different DNAextraction protocolswere used to obtain
a higher microbial richness and diversity and to reduce variability
in deep sequencing, resulting in DNA extraction bias [14].

As previously reported, we found a reduction of diversity and/
or richness in patients with respiratory disease, including viral
infection [4, 5, 11, 23], and patients with respiratory diseases
presented an increased abundance of pathogenic bacteria, includ-
ing S. aureus, S. pneumoniae, M. catarrhalis and H. influenzae
[2]. Other metagenomic studies have reported a transient incur-
sion of potentially pathogenic bacteria in viral diseases, but not
all identified bacteria have risen to the rank of species [4, 6, 10,
11, 23, 24]. However, species resolution is mandatory, as differ-
ent species may have a different effect on infection risk or resil-
ience, as found here between H. influenzae (enriched in cases)
and Haemophilus parainfluenzae (enriched in controls). Most
studies have reported that Moraxella spp. and Haemophilus
spp. were associated with viral infection and severity of illness,
although Streptococcus and Staphylococcus gave inconsistent
results. Higher nasopharyngeal carriage of pathogenic bacteria
was reported by qPCR in patients with a concurrent viral respi-
ratory infection, ranging from 23 to 83% of subjects [2, 10] and
showed an impact on the clinical severity [25].

We did not observe any difference inmicrobiota profiles with
regard to the causal virus type. Yi et al. analyzed the oropharyn-
geal microbiota of 59 patients with 7 diverse viral respiratory
illnesses and came to the same conclusion [4]. The only asymp-
tomatic patient carrying the influenza A virus in our study har-
bors a microbiota exactly comparable to healthy subjects, sug-
gesting that the nasopharyngeal microbiota may play a critical
role in the clinical expression of viruses. In fact, interactions
between pathogens and microbiota may play a role in disease
pathogenesis, and the commensal microbiota can be

manipulated to cure some infections [9]. The airwaysmicrobiota
seems to locally influence the immune system, and bacteria or
bacterial ligands may enhance or reduce viral infection in mul-
tiple pathways [26]. As in the gut, we hypothesized that the
nasopharyngeal microbiota may play a living instrumental role,
sensitive to several environmental and host factors, and may be
able to modify resilience or risk of infection [19]. As in Alice’s
living croquet theory [27], causality is not so simple when the
mechanism is composed of different living organisms.
Moreover, the stability of the respiratory microbiota remains
unclear. Longitudinal studies and animal models are required
in order to establish if imbalance of the nasopharyngeal micro-
biota is a cause and/or a consequence of viral infection, and to
elucidate the mechanism of susceptibility to viral infection.

Depletion in anaerobes appears to be linked to the onset of
viral respiratory disease, suggesting the protective role of
commensal anaerobic bacteria against these infections.
Remarkably, the Prevotella genus was the most represented
gender within the 50%-core microbiota specific to healthy
controls [5]. It was shown that, contrary to H. influenzae and
M. catarrhalis, Prevotella spp. have no pro-inflammatory ef-
fects on human dendritic cells and may have a protective role,
by reducing secretion of pro-inflammatory cytokines induced
by H. influenzae [28]. Prevotella spp. was also found to de-
crease significantly in patients with H1N1 flu, pneumonia and
sinusitis [5, 29, 30]. Preventive and/or therapeutic intervention
may aim at maintaining or restoring the healthy aero-
anaerobic nasopharyngeal microbiota. We previously showed
that antioxidants, including ascorbate, enabled the aerobic cul-
ture of anaerobes including Prevotella spp. [31]. On the con-
trary, we observed that C. propinquum/pseudodiphteriticum
and D. nigrumwere found to be associated with susceptibility
to viral infection. However, the role of these two bacteria in
respiratory infection is unclear. In fact, very few cases of op-
portunistic respiratory infection are reported for these two
bacteria. They are known to be positively associated with
breastfeeding and colonize the nasopharynx during the first
year of life, then persist in adults, with lower relative abun-
dance compared to children [32]. They are often cultured to-
gether from respiratory samples, suggesting a mutualistic re-
lationship [33]. They are rather found to be associated with
lower rates of respiratory infection in young children [34].
Enrichment of the upper respiratory tract with C.
pseudodiphteriticum is associated with resistance to RSV
and secondary pneumococcal pneumonia compared with con-
trols in mice and could be an interesting candidate for enhanc-
ing respiratory immunity [35]. However, some of bacterial
properties could be strains specific.

In the literature, most of the studies focus only on young
children [10, 22, 32]. In our work, the studied population in-
cludes infants to elderly persons. They were enrolled during a
short period, excluding seasonal variations. However, numer-
ous potential confounding variables could modify the
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respiratory microbiota including the use of antibiotics that may
be correlated with decrease of diversity and changing abun-
dance of some bacterial species [36, 37]. An important limita-
tion of our study is the lack of information about previous and
recent antibiotic exposure (including over-the-counter and self-
administered antimicrobial agents) of the patients before the
sampling. However, most of the samples included were collect-
ed from patients visiting the emergency unit, so it is unlikely
that many patients received antibiotics prescription before the
collection the nasopharyngeal swab. Among the controls, only
those that have not received antibiotics within 2 weeks of taking
the sample were enrolled in our study. Moreover, we found an
increase of pathogenic bacteria in symptomatic patients versus
controls which is rather against an important antibiotic con-
sumption in this group. Secondly, antibiotic treatment was re-
lated to a reduction in Moraxellaceae, Corynebacterium, and
Dolosigranulum although we found an increase of these bacte-
ria in patients compared to the controls [38]. Other limitations
of our study is that we have no information about others poten-
tial confounding variables such as vaccination, asthma, allergy,
and smoking which could also have an influence on microbiota
composition. However, the aim of our study is purely descrip-
tive and does not test a causality between the presence of a
pathogen and the occurrence of the disease but only describes
the observation of the modification of the microbiota, which
does not introduce any bias for our results and does not recon-
sider our conclusions. Moreover, our study is based only on
metagenomics approach generating extraction, sequencing,
and depth bias [39].

In conclusion, we showed that the healthy nasopharyngeal
microbiota is composed of a diverse and well-balanced aero-
anaerobic bacterial core consortium, which is altered during
viral respiratory infection. A depletion of anaerobic bacteria in
the nasopharyngeal microbiota was observed concomitantly to
an invasion of aerotolerant and potentially pathogenic mi-
crobes. We accurately described the healthy nasopharyngeal
microbiota repertoire at the species level and confirmed M.
catarrhalis,H. influenzae, S. pneumoniae, and S. aureus among
the leaders of the respiratory pathogenic consortia associated
with infection. The frequent co-detection of virus and bacteria
raises the question of the strategy to prevent bacterial disease,
focusing on the prevention of nasopharyngeal colonization
through effective antibiotic treatment for these patients.
Depletion of anaerobes appears to be linked to the onset of viral
respiratory disease, suggesting the protective role of commensal
anaerobic bacteria. In addition to antibiotics, further studies
should test preventive or therapeutic interventions, including
antioxidant-based approach, for maintaining or restoring a
healthy nasopharyngeal microbiota.
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