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ARTICLE INFO ABSTRACT

Keywords: Background: In the prevalence of COVID-19, infection symptoms are different in children and adults. In this study
UPPer fesPiratorY tract to investigate the differences in the upper respiratory tract microbiome profile between healthy children and
Microbiome adults and to explore which microbiome protect them from COVID-19.

I(\;/I}?ii:f::,la Methods: Thirty healthy children and 24 healthy adults were enrolled between October 2020 and January 2021.
COVID-19 Nasal and throat swabs were obtained at enrollment, and DNA was extracted. We performed 16S rDNA

sequencing to compare the alpha and beta diversity of the nasal and throat microbiomes between children and
adults and assessed potential microbiome biomarkers.

Results: In the nasal microbiome, there were significant differences between healthy children and adults, and
Moraxella occupied the largest proportion in healthy children. Notably, there was no significant difference be-
tween healthy children and adults in the throat microbiome, and it was predominated by Firmicutes. In the
function analysis, compared with adults, there was increased enrichment in pathways related to amino acid
metabolism and lipid metabolism, in children.

Conclusions: In the upper respiratory tract microbiome profiles, Moraxella may be involved in protecting children
from COVID-19 infections and may be involved the amino acid metabolism and lipid metabolism.

1. Introduction explain this phenomenon.
It is well known that there are some interactions between viruses and

Coronavirus disease 2019 (COVID-19) is defined as a disease bacteria [10]. During the COVID-19 epidemic, studies from many

resulting from severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection. SARS-CoV-2 can colonize the respiratory tract, espe-
cially the upper respiratory tract (URT), and then cause some common
respiratory symptoms [1-4]. It’s worth noting that infection rates in
children are lower than in adults and they also have milder symptoms
[5-7]. Many studies have been devoted to explaining this result [8,9].
However, there is little research from the differences in the upper res-
piratory tract microbiome composition between children and adults to

countries have reported that the incidences of various respiratory dis-
eases have changed [11-13] and in the patient, whom infected with
COVID-19, that the URT microbiome profile is characterized by Acine-
tobacter, Chryseobacterium, Burkholderia, Brevundimonas, Sphingobium,
and Enterobacteriaceae [14-16]. Therefore, it is necessary to explore the
different responses of children and adults to COVID-19 from the
microbiome profile perspective. And the URT as the first line of defense
in the respiratory system, analyzing the differences in the URT
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microbiome profile between children and adults is valuable.

Therefore, in this study, we explored the composition of the URT
microbiota between healthy children and adults using 16S rDNA
sequencing of nasal and throat swabs. This pilot study revealed that
there were significant differences between healthy children and adults
in the nasal microbiome, and Moraxella occupied the largest proportion
in healthy children. These findings may provide a potential basis to
explore which microbiome protect children from COVID-19.

2. Materials and methods
2.1. Study population

This study enrolled 30 children and 24 adults from Chengdu
Women’s and Children’s Central Hospital from October 2020 to January
2021. The inclusion criteria were as follows: (1) normal routine physical
examination and normal development; (2) no history of respiratory
disease within 1 month before the sample was collected; and (3) no
antibiotic use or any microecological agent exposure in the past month.
In addition, subjects volunteered to participate.

This study was approved by the Medical Ethics Committee of
Chengdu Women’s and Children’s Central Hospital (REC.2020.34). All
subjects provided written informed consent.

2.2. Sample collection and DNA extraction

Samples were taken from children and adults using nasal and throat
swabs. The nasal swabs were extended into the nasal cavity and rotated
from inside to outside of the nasal mucosa. The throat swabs were
rotated on the posterior wall of the pharynx to avoid contact with saliva,
the tongue and the oral mucosa. After successful sample collection, the
head of the swab was placed into a sterilized cryopreservation tube and
stored at —80 °C.

DNA was extracted using the E.Z.N.A.® Stool DNA kit (D4015,
Omega, Inc., USA) according to the manufacturer’s instructions, and
then all DNA samples were frozen at —80 °C for further processing.

2.3. 16S rDNA PCR and sequencing

The extracted DNA samples were amplified at the V3-V4 hypervar-
iable region of the 16S rDNA gene by PCR with the following primers:
341F: 5'-CCTACGGGNGGCWGCAG-3/, 805R: 5'-GACTACHVGGG-
TATCTAATCC-3"). PCR was performed in a total reaction volume of 25
pl, including 25 ng of template DNA, 12.5 pl PCR premix, 2.5 pl of each
primer, and PCR-grade water to adjust the volume. The PCR conditions
to amplify the prokaryotic 16S fragments consisted of an initial dena-
turation at 98 °C for 30 s; 32 cycles of denaturation at 98 °C for 10 s,
annealing at 54 °C for 30 s, and extension at 72 °C for 45 s; and then a
final extension at 72 °C for 10 min. Two percent agarose gel electro-
phoresis was used to confirm the PCR products. To exclude the possi-
bility of false-positive PCR results, ultrapure water was used as a
negative control instead of a sample solution in the DNA extraction
process. The PCR products were purified by AMPure XT beads (Beckman
Coulter Genomics, Danvers, MA, USA) and quantified by Qubit (Invi-
trogen, USA). The sequencing used amplicon pools, and the Agilent
2100 Bioanalyzer (Agilent, USA) and the Library Quantification Kit for
Mlumina (Kapa Biosciences, Woburn, MA, USA) were used to evaluate
the size and quantity of the amplicon library, respectively. The NovaSeq
PE250 platform was used to complete the library sequence.

2.4. Sequencing analysis

According to the manufacturer’s recommendations provided by LC-
Bio, the samples were sequenced on the Illumina NovaSeq platform.
Paired-end reads were assigned to the samples based on their unique
barcode and truncated by cutting off the barcode and primer sequence.
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Paired-end reads were merged using FLASH. Quality filtering of the raw
reads was performed under specific filtering conditions to obtain high-
quality clean tags according to the fqtrim (v0.94). Chimeric sequences
were filtered using Vsearch software (v2.3.4). After dereplication using
DADA2, we obtained a feature table and feature sequence. Alpha di-
versity and beta diversity were calculated by random normalization to
the same sequences. Then, according to the SILVA (release 132) classi-
fier, feature abundance was normalized using the relative abundance of
each sample. Alpha diversity was applied to analyze the complexity of
species diversity for a sample through 5 indices, including Chaol,
observed species, Good’s coverage, and the Shannon and Simpson
indices, and all these indices were calculated with QIIME2. Beta di-
versity was calculated by QIIME2, and the graphs were drawn by the R
package. Blast was used for sequence alignment, and the feature se-
quences were annotated with the SILVA database for each representa-
tive sequence. Other diagrams were implemented using the R package
(v3.5.2).

2.5. Statistics

The median and interquartile range are used to show all numerical
data. Continuous data were divided into normal or nonnormal distri-
butions by the Shapiro-Wilk test. Normally distributed data were
compared with Student’s t-test, and nonnormally distributed data were
compared with the Mann-Whitney U test and Wilcoxon matched-pairs
signed rank test between 2 groups. Linear discriminant analysis effect
size (LEfSe) assessment was used to evaluate the proportions of the URT
microbiome. For beta diversity, the URT microbiome composition was
calculated by the UniFrac metric between samples, principal coordinate
analysis (PCoA) was exploited to show the results, and permutational
multivariate analysis of variance (PERMANOVA) was used for the sta-
tistical analysis. A p value of <0.05 was considered statistically
significant.

3. Results
3.1. Study population and sample information

This study enrolled 30 children (17 males and 13 females) and 24
adults (4 males and 20 females) from Chengdu Women’s and Children’s
Central Hospital from October 2020 to January 2021. The characteris-
tics of the study population are shown in Table 1. According to the age
and sampling site, we defined 6 groups as follows: NP_C, OP_C, NP_A,
OP_A, A and C. Eleven nasal samples from children were excluded
because target bands were not detected, and a total of 19 samples un-
derwent high-quality 16S DNA sequencing detection. In our present
investigation, 4620601 16sDNA reads were obtained. The composition
of the respiratory microflora of all samples at the phylum and genus
levels is shown in Fig. 1.

3.2. Nasal microbiome composition between healthy children and adults

In our study, to explore the characterization of the nasal microbiome
in healthy children and adults, we compared the alpha diversity and
beta diversity between the NP_C and NP_A groups using 16S DNA
sequencing. The relative taxon abundance results showed that

Table 1

Characteristics of study population.
Parameter Children Adults
No. of participants 30 24
Age mean (rang), years 5(0.6-14) 25(18-30)
Gender
Female 13 20
Male 17 4
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Fig. 1. The 30 most abundant bacterial (A) phyla, (B) genera in all samples.

Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes were pre-
dominant in the 2 groups at the phylum level (Fig. 2A). Moreover,
compared with the NP_C group, there was a significant increase in the
relative abundance of Bacteroidetes and a slight decrease in the relative
abundance of Proteobacteria in the NP_A group (p = 0.0001, p = 0.04,
respectively). Surprisingly, at the genus level, Moraxella occupied the
largest proportion in the NP_C group (37.21%) and only 0.06% in the
NP_A group (p = 0.0145) (Fig. 2D). There was no significant difference
in the observed species and the Chao 1 index, while the Shannon index
and Simpson index were significantly higher in the NP_A group than in
the NP_C group for the alpha diversity (p = 0.012, p = 0.0023).
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Furthermore, there were significant differences in nasal microbiome
composition between the NP_A group and NP_C group as measured by
the unweighted (PERMANOVA, p = 0.002) and weighted (PERMA-
NOVA, p = 0.001) UniFrac (Fig. 3A and Fig. 3D). In addition, these
significant differences were confirmed based on the LEfSe analysis, as
indicated by the linear discriminate analysis (LDA). A significant in-
crease in the relative abundances of Leptotrichia (Fusobacteria), Strepto-
coccus (Firmicutes), Haemophilus (Proteobacteria), Neisseria
(Proteobacteria), Veillonella (Firmicutes) and Prevotella (Bacteroidetes), but
a significant reduction in Dolosigranulum (Firmicutes), Moraxella (Pro-
teobacteria), and Corynebacterium (Actinobacteria) was observed in the
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Fig. 2. Comparison of the relative abundances at the phylum level and genus level between the heathy children and adults in (A-C) NP_A vs. NP_C, OP_A vs. OP_C, A
vs. C, (D-F) NP_A vs. NP_C, OP_A vs. OP_C, A vs. C. NP_A, adults’ nasal swabs; NP_C, children’s nasal swabs; OP_A, adults’ throat swabs; OP_C, children’s throat

swabs; A, healthy adults; C, healthy children.
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permutational multivariate analysis of variance, PERMANOVA.

NP_A group in comparison with the NP_C group (LDA scores (log;o) >4,
p < 0.05) (Supplementary Figs. 1A and C).

3.3. Throat microbiome composition between healthy children and adults

To identify the throat microbiome profiles in healthy children and
adults, the alpha diversity and beta diversity were compared between
the OP_C and OP_A groups. The relative taxon abundances of both
groups were predominated by Firmicutes, Proteobacteria, Bacteroidetes,
Actinobacteria, and Fusobacteria at the phylum level, but there was no
significant difference between the 2 groups (p = 0.63, p = 0.40, p = 0.05,
p =0.08, and p = 0.12, respectively) (Fig. 2B). We also investigated the
relative abundance of the signature microbiome in the taxa at the genus
level (Fig. 2E). Streptococcus and Neisseria were predominant in the
microbiome. The observed species (p = 0.90), Chaol index (p = 0.92),
Shannon index (p = 0.47), and Simpson index (p = 0.63) showed no
significant differences between the 2 groups. Furthermore, there were
also no significant differences in the throat microbiome composition as
measured by the unweighted (PERMANOVA, p = 0.099) and weighted
(PERMANOVA, p = 0.189) UniFrac method (Fig. 3B and E). In addition,
we also analyzed the significant differences based on LEfSe analysis, as
indicated by the LDA levels. (LDA scores (logig) >4, p < 0.05) (Sup-
plementary Figs. 1B and 1D).

3.4. Upper respiratory tract microbiome composition between children
and adults

To analyze the microbiome profile of the URT, we integrated the
nasal and throat microbiome samples from children and adults to form
groups A and C, respectively. Their relative taxon abundances mainly
included Firmicutes, Proteobacteria, Bacteroidetes, Actinobacteria, and
Fusobacteria at the phylum level. Compared with the C group, there was
a significant increase in the relative abundances of Bacteroidetes and
Fusobacteria in the A group (p = 0.0002 and p = 0.0032, respectively)
(Fig. 2C). At the genus level, Streptococcus accounted for the largest
proportion in the A group, with no significant difference between the 2
groups (p = 0.21), but Moraxella had the highest proportion in the C

group, and there was a significant increase compared with that in the A
group (p = 0.001) (Fig. 2F). The alpha diversity showed no significant
differences based on the observed species (p = 0.67), the Chao 1 index (p
= 0.69), the Shannon index (p = 0.08), and the Simpson index (p =
0.08). In contrast, there were significant differences in the URT micro-
biota composition between the A group and C group as measured by the
unweighted (PERMANOVA, p = 0.009) and weighted (PERMANOVA, p
= 0.003) UniFrac (Fig. 3C and F). In addition, compared with the C
group, these significant differences were confirmed by LEfSe analysis. A
significant increase in the relative abundances of Actinomyces (Actino-
bacteria), Leptotrichia (Fusobacteria), Porphyromonas (Bacteroidetes),
Haemophilus (Proteobacteria), Neisseriaceae (Proteobacteria), Prevotella
(Bacteroidetes), Veillonella (Firmicutes), Capnocytophaga (Bacteroidetes),
Fusobacterium (Fusobacteria), and Alloprevotella (Bacteroidetes), but a
significant reduction in Dolosigranulum (Firmicutes), Corynebacteriaceae
(Actinobacteria), Moraxella (Proteobacteria), and Streptobacillus (Fuso-
bacteria) was observed in the A group (LDA scores (logy) >4, p < 0.05,
Fig. 4).

3.5. KEGG pathway were distinct between URT microbiome of children
and adults

Based on the phylogenetic investigation of communities by recon-
struction of unobserved states 2 (PICRUSt 2), KEGG pathways were
predicted between the microbiomes of healthy children and adults. The
results revealed 39 different KEGG pathways between NP-C group and
NP-A group. And compared with the C group, 18 different KEGG path-
ways were identified in the A group. Increased enrichment in pathways
related to amino acid metabolism lipid metabolism were shown in the
NP-C group and C group (Fig. 5).

4. Discussion

Owing to the interaction between viruses and bacteria and the URT
as the first line of defense in the respiratory system, to explain the
varying symptoms between children and adults infected with COVID-19
by analyzing the composition of URT microbiome profile is valuable. To
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clarify this issue, we examined nasal and throat swabs from healthy
children and adults using 16S DNA sequencing. Our study found that
there was no significant difference in the throat microbiome between
them. However, there were significant differences in the composition of
the nasal microbiome at the genus level and dominated by Moraxella in
healthy children.

There have been many reports about the microbiota is important for
host resistance to respiratory infections, especially the role of the gut
microbiota [1]. During the current COVID-19 pandemic, Zuo et al.
revealed significant associations between defined gut microbiota states
and an increased risk of severe disease upon respiratory viral infection in
COVID-19 patients [17]. About the respiratory flora, in the most recent
articles published by Xu et al. which examined the microbiome profile in
the URT of children during the early infection stages of COVID-19 [14],
consistent with our results, particular differences were found in the

children’s nasal microbiome at the genus level and Moraxella accounted
for the largest proportion. There are no definite experimental results to
confirm that Moraxella is resistant to COVID-19 infection. However,
Biesbroek et al. reported fewer respiratory infections in children with
nasopharyngeal colonisation by Moraxella [18,19]. And Lagier JC et al.
performed PCR experiments using nasal swabs and found that the pro-
portion of Moraxella decreased in deceased COVID-19 patients,
compared with the patients with a favorable outcome, asymptomatic
patients and COVID-19 negative subjects [20]. One explanation for this
might be the SARS-CoV-2 entry receptor can be suppressed by
commensal human microbiota [21]. Metagenomic analysis of RNA
sequencing data showed a significant decrease in commensal bacteria as
the number of days of COVID-19 infection increased [22].There have
been reported that Moraxella as a core genus of nasal commensal bac-
teria in children [23,24], and this is in line with our findings. In
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addition, Moraxella can affect the immune system of the respiratory tract
[25]. Sonnerborg A et al. demonstrated that Moraxella correlated
inversely to inflammation marker CRP and D-dimer [26]. These results
suggest that Moraxella may be associated with better outcomes after
COVID-19 infection. Therefore, we speculate that Moraxella may play a
role of protecting children in the background of COVID-19.

In order to explore the other possible mechanisms of the protective
effect of Moraxella. We used KEGG pathway to do functional analysis
and the results showed that these different of nasal microbiome involved
the lipid metabolism and amino acid metabolism in the children. Zhang
S et al. have uncovered that the decrease of Moraxella can lead to dis-
order of lipid metabolism and amino acid metabolism [27]. And Boral
et al. revealed that the rational intake of polyunsaturated fatty acids or
supplements might prevent COVID-19 infection and lessen the compli-
cations in COVID-19 [28]. Such results could be due to polyunsaturated
fatty acids control the function of two SARS-CoV-2 entry gateways: the
angiotensin-converting enzyme-2 and cellular protease transmembrane
protease serine-2 [29], and docosahexaenoic acid involved in sup-
pressing inflammation and augment phagocytosis [30], moreover,
eicosapentaenoic acid produced prostaglandins of 3 series, leukotrienes
of 5 series, and thromboxane A3 displayed anti-inflammatory, vaso-
dilatory, and platelet anti-aggregatory effects [31]. Beyond that, Ansone
et al. have exhibited that amino acid metabolism, especially the tryp-
tophan (tryptophan, kynurenine, and 3-hydroxy-pr-kynurenine) and
arginine (citrulline and ornithine) metabolism, was also significantly
associate with the clinical severity of COVID-19 using longitudinal tar-
geted metabolomics analysis [32]. And results have been reported that
all or single essential amino acid deprivation can upregulate ACE2
expression, such as leucine deprivation increased ACE2 expression
through transcription factors, MAF bZIP transcription factor B (MAFB)
or MAF bZIP transcription factor F (MAFF), acted downstream of GCN2
[33]. Chen W et al., have demonstrated that amino acid metabolism can
maintain and regulate the immune function of macrophages in response
to viral infection [34]. Therefore, Moraxella correlated inversely to
inflammation marker may be correlated with amino acid metabolism
pathways. However, more experiments and evidence are needed to
support this possibility.

There are several limitations to this study. On the one hand, the
sample size was small in this study. Therefore, further research needs to
carry out a large-scale study from multiple regions to confirm the main
findings of our results. On the other hand, to clarify the protect effect of
Moraxella in children, further study of Moraxella is necessary in animal
and cellular models infected with COVID-19.
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