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Abstract
The evolution and the development of the symptoms of Coronavirus disease 19 (COVID-19) are due to different factors, 
where the microbiome plays a relevant role. The possible relationships between the gut, lung, nasopharyngeal, and oral 
microbiome with COVID-19 have been investigated. We analyzed the nasal microbiome of both positive and negative 
SARS-CoV-2 individuals, showing differences in terms of bacterial composition in this niche of respiratory tract. The 
microbiota solution A (Arrow Diagnostics) was used to cover the hypervariable V1–V3 regions of the bacterial 16S rRNA 
gene. MicrobAT Suite and MicrobiomeAnalyst program were used to identify the operational taxonomic units (OTUs) 
and to perform the statistical analysis, respectively. The main taxa identified in nasal microbiome of COVID-19 patients 
and in Healthy Control subjects belonged to three distinct phyla: Proteobacteria (HC = 14%, Cov19 = 35.8%), Firmicutes 
(HC = 28.8%, Cov19 = 30.6%), and Actinobacteria (HC = 56.7%, Cov19 = 14.4%) with a relative abundance > 1% in all 
groups. A significant reduction of Actinobacteria in Cov19 group compared to controls (P < 0.001, FDR = 0.01) was found. 
The significant reduction of Actinobacteria was identified in all taxonomic levels down to the genus (P < 0.01) using the 
ANOVA test. Indeed, a significantly reduced relative abundance of Corynebacterium was found in the patients compared to 
healthy controls (P = 0.001). Reduced abundance of Corynebacterium has been widely associated with anosmia, a common 
symptom of COVID-19 as suffered from our patients. Contrastingly, the Corynebacterium genus was highly represented in 
the nasal mucosa of healthy subjects. Further investigations on larger cohorts are necessary to establish functional relation-
ships between nasal microbiota content and clinical features of COVID-19.

Introduction

The WHO reported that pandemic Coronavirus Disease 
2019 (COVID-19) has caused to date about six millions 
of deaths worldwide [1]. The severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) produces the follow-
ing main symptoms: acute respiratory distress syndrome, Carmela Nardelli and Giovanni Luca Scaglione equally contributed 

to the paper.

 * Ettore Capoluongo 
 ettore.capoluongo@aoec.it

1 Department of Molecular Medicine and Medical 
Biotechnologies, University of Naples Federico II, Naples, 
Italy

2 CEINGE Biotecnologie Avanzate S.C.a R.L., Naples, Italy
3 Task Force On Microbiome Studies, University of Naples 

Federico II, Naples, Italy
4 Istituto Dermopatico Dell’Immacolata IDI-IRCSS, Rome, 

Italy

5 Department of Otorhinolaryngology, Luigi Vanvitelli 
University of Naples, Naples, Italy

6 Clinical Biochemistry Unit, AORN Ospedale Dei Colli, 
Naples, Italy

7 Istituto Zooprofilattico Sperimentale del Mezzogiorno, 
Portici, Naples, Italy

8 Department of Clinical Medicine and Surgery, University 
of Naples Federico II, Naples, Italy

9 Department of Clinical Pathology and Genomics, Azienda 
Ospedaliera Per L’Emergenza Cannizzaro, Catania, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s00284-022-03106-x&domain=pdf


 C. Nardelli et al.

1 3

53 Page 2 of 9

fever, dry cough, tiredness, pain, nasal congestion, anos-
mia, sore throat, or gastrointestinal illness, such as diarrhea 
[2, 3]. Recently, many studies investigated possible factors 
influencing the virus biology in the context of host–patho-
gen interaction, focusing on mechanism of action, symp-
toms severity, therapies, vaccine administration, and role 
of mutations within new variants [4, 5]. Among factors 
possibly determining the development of infection and the 
relative disease severity (as referred to types of symptoms 
and/or complications), literature has scored the following 
ones: genetic alterations, comorbidities, age, gender, and 
microbiome [6–9]. The latter can play a relevant role in the 
development of many diseases, as well as reported previ-
ously [10–15]. Regarding the COVID-19, several papers 
investigating the relationship between the gut, lung, naso-
pharyngeal, or oral microbiome and COVID-19 have been 
published [16–18]. Various mechanisms have been evalu-
ated in several body niches to investigate the interaction 
between the gut–lung axis and its possible involvement in 
COVID-19 from different perspectives, such as microbiota, 
microbiota metabolites, microbial dysbiosis, and mucosal 
immunity [19–24]. In this regard, our research group has 
previously described a different microbial composition in 
nasopharyngeal swabs of patients positive to SARS-CoV-2 
respect to healthy subjects [9]. Considering the presence of 
a niche-specific microbiome within nose and nasopharynx 
[25], in the present study we analyzed the microbiome of the 
former using nasal swabs of positive SARS-CoV-2 individu-
als. In this regard we investigated the microbial composition 
in such a specific district of the upper respiratory tract and 
its relation with COVID-19.

Materials And Methods

Patients and Controls

In this study we included twenty-two subjects divided 
in to two groups: n = 4 controls (CO) (2 females and 2 
males) which resulted as negative to the SARS-CoV-2 
molecular assay and n = 18 symptomatic COVID-19-pos-
itive patients (7 females and 11 males). All the enrolled 
subjects underwent a nasal swab, performed by a trained 
otolaryngologist, at admission within the Department of 
Infectious Diseases at Teaching Hospital of Naples Fed-
erico II of Naples, Italy. The inclusion criteria provided 
that each patient was not being treated with antibiotics, 
pro- and pre-biotics, antiviral, or corticosteroid medica-
tions, for at least one month prior to sample collection. 
The clinicians evaluated the severity of the symptoms 
according to the Clinical Status Ordinal Scale as reported 
by Beigel et al. (2020) [26]. Accordingly, in the cohort of 
Covid-19 patients there were 3 asymptomatic, 2 showing 

mild complications, while 12 had mild pneumonia and 1 
with severe pneumonia. All of them reported at least loss 
or change in the sense of smell. In S1 Tab general and 
clinical characteristics of all COVID-19-positive patients 
are reported. Moreover, among all COVID-19-positive 
patients, there were 3 suffering from diabetes, 6 had hyper-
tension, and 1 had cancer. The last was excluded from data 
analysis being the only one with this clinical condition.

The molecular assay for SARS-CoV-2 was performed 
within the COVID-19 reference Lab n. 777,777 of CEINGE 
Biotecnologie Avanzate S.C.a R.L., belonging to the CORO-
NET Campania Regional network for SARS-CoV-2 diagnos-
tics as described previously [9, 27].

Sample Collection and Bacterial DNA Isolation

We collected a nasal swab from each individual using sterile 
cotton swabs (COPAN SPA, Brescia, Italy). Bacterial DNA 
was isolated from each nasal swab sample using MagPurix® 
Bacterial DNA Extraction Kit (Zinexts Life Science, New 
Taipei City, Taiwan), according to manufacturer instructions. 
Qubit dsDNA HS (Severe Sensitivity) assay kit (Invitrogen 
Co., Life Sciences, Carlsbad, USA) and the TapeStation 
(Agilent Technologies, Santa Clara, CA, USA) were used 
to evaluate the yield and the quality of the extracted DNA.

16S rRNA Sequencing

Microbiota solution A (Arrow Diagnostics, Genova, Italy) 
was used to analyze the hypervariable V1–V3 regions of the 
bacterial 16S rRNA according to the manufacturer instruc-
tions and as we reported previously [9]. In particular, we 
used 2 ng of bacterial DNA as input for the PCR target. 
The quality and quantity of the amplification products were 
checked by TapeStation system and Qubit dsDNA HS assay 
in order to obtain finally an equimolar pool. The sequencing 
was performed on MiSeq Illumina® sequencing platform 
(Illumina, CA, US) using V2 500 cycles reagent. We load a 
pool concentrated to 3 pM and 10% Phix.

To avoid contaminations we performed all steps, from 
sample collection to library preparation and sequencing, 
following the precise procedures as detailed previously 
[11]. Furthermore, to verify the sequencing procedures we 
also used two standard controls: Oral Microbiome genomic 
Mix—ATCC MSA-1004 and Gut Microbiome genomic 
Mix ATCC MSA-1006 (LGC Standard, Milan—Italy) pro-
cessed simultaneously with the patient samples. The results 
obtained showed that in these controls the species included 
in the mix were identified with only slight differences in 
percentage terms due to the sequencing method compared 
to the data sheet provided by ATCC.
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Data Analysis

Sequencing data (Fastq files) were analyzed by dedicated 
bioinformatics software (MicrobAT Suite—SmartSeq, 
Novara, Italy) that identified the operational taxonomic 
units (OTUs). As we have done previously, we used Micro-
biomeAnalyst program (https:// www. micro biome analy st. ca/) 
to perform the statistical analyses, using default parameters. 
MicrobiomeAnalyst comprises four modules, and we used 
the Marker Data Profiling (MDP) module that is designed 
for analysis of 16S rRNA marker gene survey data. The 
alpha diversity was measured using Chao1, Shannon, and 
Simpson indices. Mann–Whitney test was performed to 
calculate the significance of pairwise richness differences. 
To measure the microbial diversity among the groups, we 
measured the beta-diversity using Principal Component 
Analysis (PCoA) using Bray–Curtis dissimilarity index. 
PERMANOVA (Adonis), Anosim, and PERMDISP2 (Beta-
dispersion) tests were used to measure the level of similarity 
between groups. PERMANOVA tests if the centroids, simi-
lar to means, of each group are significantly different from 
each other. ANOSIM is a method that tests whether two or 
more groups of samples are significantly different (similar to 
Adonis). It provides a measure of similarity and its statistic 
R is based on the difference of mean ranks between groups 
and within groups. Having both significant tests gives more 
strength to the hypothesis of different composition between 
groups. PERMDISP is a measure of dispersion (variances) 
of the groups. If significant, the two groups are not homo-
geneously dispersed. PERMANOVA and PERMDISP can 
be used to rigorously identify location versus dispersion 
effects, respectively, in the space of the chosen resemblance 
measure.

Abundances of taxa were evaluated in HC and COVID 
positive patients using Classical Univariate Statistical Com-
parisons (ANOVA test) available in Microbiomeanalyst suite 
at each taxonomic level.

Two-sample Wilcoxon rank-sum (Mann–Whitney), non-
parametric equality of medians tests and the Spearman’s 
correlation was performed using STATA, Statistical Soft-
ware Release 12. The raw and processed high-throughput 
sequencing data have been deposited in the Sequence Read 
Archive (SRA) (https:// www. ncbi. nlm. nih. gov/sra) under 
Project PRJNA744167.

Results

The sequencing of all nasal swabs produced a total of 
447,558 counts. The alpha diversity, the measure of 
within-sample diversity, and the comparison of the spe-
cies richness among the analyzed groups, through Chao1, 
Shannon, and Simpson indices, showed significantly 

increased microbial richness in Cov19 patients compared 
to HC (Chao1: P = 0.001, Shannon: P = 0.007, Simpson: 
P = 0.009). Beta-diversity, the measure of the dissimilarities 
among groups, was evaluated via the PCoA using Bray–Cur-
tis index, showing a different microbial composition between 
the analyzed groups (P = 0.002) (Fig. 1). Interestingly, we 
clearly identified two clusters, associated with gender of the 
patients, within the Cov19 group as reported in S1 Fig, but 
in this study we did not focus our analysis on these clusters.

The measure of the beta-diversity showed that the nasal 
microbiome in patients with COVID-19 was different from 
that of healthy subjects (HC), even if this latter group was 
very small. To assess the reproducibility of our results, we 
compared the relative abundances of the microbial com-
munity in the nasal cavity of our control group with those 
characterized in 12 healthy subjects by Bassis et al. [28] 
(PRJNA248297). Four subjects have been excluded from 
the analysis as the ethnicity of two samples was not Cau-
casian (called “white”), namely subject A and H, while 
for subject K and L sequencing data were not available. In 
total 8 healthy individuals (6 females and 2 males) show-
ing an average age of 38.8 ± 10.8 were selected. To assess 
that the microbial composition of our HC group was simi-
lar to that found by Bassis et al. (PRJNA248297 BioPro-
ject), we performed both two-sample Wilcoxon rank-sum 
(Mann–Whitney) and nonparametric equality of medians 
tests using STATA. Firstly, we collected the supplemen-
tary data from Bassis et al. showing the relative abun-
dances at family level. Four samples were filtered out as 
described above and then we evaluated if the relative abun-
dances in control group A (Nardelli et al.) and control B 
(Bassis et al.) were superimposable by means of nonpara-
metric tests. As reported in S2 Tab, we found that all nasal 
microbial families were not statistically different in terms 
of abundances, demonstrating that our control group, even 
if small, was very similar to the healthy samples analyzed 
by Bassis et al. There was only a slight difference at the 
level of Fusobacteriaceae, Streptococcaceae and Burk-
holderiales incertae sedis. Consequently, we compared the 
relative abundances at family level for all the available 
control samples (A + B) against Cov19 samples and we 
observed a strong significant difference (Mann–Whitney, 
P = 0.0004) at Corynebacteriaceae level (Actinobacteria). 
Moreover, other microbial communities (Propionibacte-
riaceae, Porphyromonadaceae, Burkholderiales incertae 
sedis, Bacillales Incertae Sedis XI, Clostridiales Incertae 
Sedis XI, Staphylococcaceae, Veillonellaceae, Morax-
ellaceae) were found differentially abundant, even if a 
lesser extent compared to the Corynebacteriaceae family 
(S2 Tab). Once assuming that the data from Bassis et al. 
overlap our control dataset, even if small, we were more 
confident in the interpretation of our findings. Indeed, we 
found that the main taxa identified in nasal microbiome 

https://www.microbiomeanalyst.ca/
https://www.ncbi.nlm.nih
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of Cov19 patients and in HC subjects belonged to three 
distinct phyla: Proteobacteria (HC = 14%, Cov19 = 35.8%), 
Firmicutes (HC = 28.8%, Cov19 = 30.6%), and Actinobac-
teria (HC = 56.7%, Cov19 = 14.4%) with a relative abun-
dance > 1% in all groups. In addition, we also showed 
the Bacteroidetes and Fusobacteria because, despite hav-
ing an abundance < 1% for HC group, showed a positive 
trend from HC to Cov19 patients (Fig. 2 and Table. 1). 
The comparison of the relative abundances between two 
groups showed that the Actinobacteria abundance was sig-
nificantly reduced in Cov19 patients, with respect to HC 
group (P < 0.001), while not statistically significant differ-
ences were observed for other phyla (Table. 1).

The significant reduction of Actinobacteria between 
groups was evaluated from the class up to the species 
(P < 0.01) using the ANOVA test (Fig.  3). The picture 
showed the average relative abundance (%) of the Actinobac-
teria through several taxonomic levels in which differences 
were always statistically significant (P < 0.01).

Consequently, to confirm that the Corynebacterium rela-
tive abundance was not significantly different within the two 
clusters identified in S1 Fig (Cov19 gender related), female 
and male subgroups were investigated performing an univar-
iate analysis at the genus level. We did not further investigate 
the differences found as these were not included as primary 
outcomes of this study. Nevertheless, since there were no 

Fig. 1  Beta-diversity of bacteria identified in the COVID-19 (Cov19) 
and Healthy Control (HC) groups. Principal Component Analysis 
(PCoA) plots using the Bray–Curtis distance measures. Results of 
PERMANOVA (ADONIS), ANOSIM, and PERMADISP tests shown 

in the table (HC vs Cov19) indicated both a significant separation 
between the centroids and differences between groups (P< 0.001). 
Red and green blots indicated Cov19 patients and HC subjects, 
respectively (Color figure online)
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significant differences in clinical and biochemical param-
eters (S3 Tab) between females and males, except for weight, 
height, and fibrinogen level, we did not correlate them with 
the bacterial community. Regardless, we performed Spear-
man’s correlation of Corynebacterium abundance with all 
available features. To note, we did not spot any correlation 
in the female group, while in males Corynebacterium cor-
related with platelets (r = − 0.7153, P = 0.013) and alanine 
aminotransferase (r = − 0.638, P = 0.0347). In Fig. 4, the box 
plot reported the log-transformed count of the Cov19 versus 

HC for the Corynebacterium (panel A). We further split the 
Cov19 group by gender (panel B), and we did not observe 
any significant difference at this level.

Discussion

The present pilot study described the nasal microbiome 
changing in Cov19 patients compared to not-affected 
subjects. Interestingly, the nasal microbial composition 

Fig. 2  Abundance Profiling of nasal microbiome composition in 
Cov19 and HC groups. The stacked bars showed the top 5 phyla 
in the HC and Cov19 groups as identified by the MicrobAT Suite–
SmartSeq. Color and width of the column denoted the relative 
abundance (%) for each phylum. Actinobacteria abundance was sig-
nificantly reduced, by ANOVA, in Cov19 patients, with respect to 

HC group (P < 0.001). Not statistically significant differences were 
observed comparing the abundance of other phyla among the groups. 
Current figure was downloaded by https:// www. micro biome analy st. 
ca/ Micro biome Analy st/ home. xhtml after our data analysis (Color fig-
ure online)

https://www.microbiomeanalyst.ca/MicrobiomeAnalyst/home.xhtml
https://www.microbiomeanalyst.ca/MicrobiomeAnalyst/home.xhtml
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resulted different between the study groups, as shown by 
the beta-diversity. Furthermore, our data showed a signifi-
cantly increased microbial diversity in affected individuals 
compared to healthy subjects, as already reported in similar 
settings [29–31]. Noteworthy, we found a relevant reduced 
abundance of the Actinobacteria in Cov19 patients as com-
pared to controls, and this difference was observable until 
species level [Actinobacteteria (class), Actinomycetales 
(order), Corynebacteriaceae (family), Corynebacterium 
(genus), and C. macginleyi (species)].

By evaluating the clinical features of our study group, 
we observed in all Cov19 patients the presence of a com-
mon symptom, the loss of smell. Consequently, focusing 
on the Corynebacterium genus, we hypothesized a pos-
sible relationship between the reduced abundance of this 
taxon and anosmia in Cov19 patients. The loss of smell 
was a common symptom associated with SARS-CoV-2 
infection caused by several factors determining both acute 
and chronic olfactory dysfunctions [32]. In fact, the epi-
thelium of the respiratory system was the primary site of 
coronavirus attachment and so the viral impacts on the 
sense of smell and taste have not been surprising. Among 
the mechanisms suggested to cause anosmia in COVID-19 
[33], the inflammatory pattern following the SARS-CoV-2 
infection in the nasal cavity could represent a possible 
additive mechanism triggering the olfactory dysfunction, 
also exacerbated by the dysbiosis [29–31]. In this regard, 
Corynebacterium was known to be reduced in individuals 
with loss of smell, even in the absence of SARS-CoV-2 
infection [32]. More recently, the reduced abundance of 
this bacterium has also been associated with the severity 
of COVID-19 symptoms [34].

Even though our control group was very small, we 
confirmed data published by De Boeck et al. [25] which 
showed Corynebacterium as highly represented in nasal 
swabs of healthy individuals. Besides, to reinforce our 

Table 1  Nasal microbiome composition at phylum level (excluding 
unclassified taxa) in the Cov19 patients and healthy control group

Abundances of phyla were evaluated in HC and Cov19-positive 
patients using Classical Univariate Statistical Comparisons (ANOVA 
test using the Mann–Whitney statistical method). Statistically signifi-
cant values were reported in bold

Phylum Cov19 (%) HC (%) ANOVA (P-value) FDR

Proteobacteria 35.8 14.0 0.23 0.41
Firmicutes 30.6 28.8 0.78 0.91
Bacteroidetes 16.1 0.2 0.08 0.28
Actinobacteria 14.4 56.7  < 0.001  < 0.01
Fusobacteria 2.6 0.2 0.16 0.38
Others 0.5 0.0 ns ns

Fig. 3  Negative trend of the Actinobacteria (from the class down to 
the species) in the nasal swabs of Cov19 patients compared to HC 
group. The bar plots showed the average relative abundance (%) of 
the Actinobacteria from the class to the species. Differences were 

statistically significant between groups using the ANOVA test 
(P < 0.01). Bars were color coded according to each group: red for 
Cov19 and green for HC (Color figure online)
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data, we compared the HC group’s microbial profile with 
one described in healthy subjects by Bassis et al., showing 
a similar abundance of Actinobacteria [28].

In keeping with our data, we underlined that also the 
findings by Ngo et al. [35] indicated the microbiota as 
a potentially modifiable factor influencing COVID-19. 
Indeed, the latter authors reviewed the literature drawing 
conclusions about the plethora of potential means which 
supported the microbiota of gut and respiratory tract in 
COVID-19 onset and its related consequences [35]. Never-
theless, the mechanisms surrounding these effects were far 
from being completely elucidated. To our knowledge no 
data were reported about the relationship of nasal micro-
biome and anosmia in patients with COVID-19.

In addition to that, Koskinen et  al. found increased 
diversity in subjects with partial or complete smell impedi-
ments compared to normosmic participants [30]. This was 
usually considered as a positive feature, but in microbial 
nasal composition this condition could have a different 
impact. The authors found butyric acid-producing microor-
ganisms associated with impaired olfactory function [30]. 
We would also underline as Kumpitsch et al. reported that 
such Firmicutes species, capable of producing butyrate, 
could impact on olfactory performance [31]. The butyrate 
had a very strong and unpleasant odor and its production 
was out of place in the nasal area; therefore, to improve 

the quality of life, authors proposed to support patients 
suffering from olfactory dysfunction with probiotics [31]. 
According to that, we found in our patients an increased 
amount of OTU associated to Firmicutes phylum respect 
to healthy subjects, even if not at a significant level.

Our evidence was also supported by the literature and 
thus we can speculate that SARS-Cov-2 could play a role in 
changing the protective microbiome film of nasal mucosa, 
increasing the quantity of species able to produce butyrate 
and giving olfactory dysfunctions, like loss of smell.

Conclusion

In our study, we are not able to establish who drives who, 
but this incidental finding could open a new field of inves-
tigation in the setting of potential interactions between 
SARS-Cov-2 and microbiome milieu. We highlight how the 
Corynebacterium could act as a potential biomarker linked 
to the loss of olfactory function in COVID-19 patients. Rea-
sonably, we are conscious that further studies are required 
to understand the mechanisms underlying the loss of olfac-
tory function that we herein associate with the reduction 
of Corynebacterium in COVID-19 patients. We are aware 
of the small cohort enrolled in the study and so we were 
unable to draw general conclusions in differentiating the 

Fig. 4  Relative abundance of Corynebacterium in HC versus Cov19 
(A) and in female and male Cov19 subgroups (B). Box plot showed 
in (A) the log-transformed count of Corynebacterium in Cov19 (red 
box) versus HC (green box) (P = 0.004) and (B) the relative abun-

dance of Corynebacterium in Cov19 group split in to Female (pink 
box) and Male (blue box) (their comparison was not significant), 
compared to HC (green box) (Color figure online)
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composition among HC and Cov19, as well as female and 
male. Nevertheless, we would underline the difficulty in 
enrolling “naïve” patients without evident confounding fac-
tors influencing the nasal microbiome content, particularly 
during the COVID-19 pandemic spread. Here we present the 
data gained from our pilot study aiming to give a first insight 
into the nasal microbiota of COVID-19 patients. As a matter 
of course, further studies are required.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00284- 022- 03106-x.

Author Contributions CN contributed to investigation, formal analysis, 
and writing of the original draft; DT, BP, and IG provided resources; 
MS and CDD performed investigation; GLS and FR contributed to 
formal analysis, and writing of the original draft; LA, MZ, and PS 
performed investigation; FC provided resources; EDC contributed to 
conceptualization and writing, reviewing, & editing of the manuscript. 
All authors contributed to manuscript revision, read, and approved the 
submitted version.

Funding This research was funded by a grant of Regione Campania, 
Task Force COVID-19 DGR 140/17 March 2020.

Data Availability The datasets for this study can be found in the Gen-
Bank Database PRJNA744167 at the following link: https:// datav iew. 
ncbi. nlm. nih. gov/ object/ PRJNA 744167? revie wer= r1009 8eahc 2rnf8 
0socj omnr4q

Code Availability Not applicable.

Declarations 

Conflict of interest The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Ethical Approval The study was approved by the Ethical Committee 
of the University Federico II of Naples (authorization n.180/20/ES1 
on 25.05.2020).

Consent for Publication The research was conducted in accordance 
with the Helsinki Declaration (2013).

Consent to Participate All the enrolled subjects signed the informed 
consent to participate in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. WHO Coronavirus (COVID-19) Dashboard. https:// covid 19. 
who. int/

 2. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J et al (2020) 
A novel coronavirus from patients with pneumonia in China, 
2019. N Engl J Med 382:727–733. https:// doi. org/ 10. 1056/ 
nejmo a2001 017

 3. He Y, Wang J, Li F, Shi Y (2020) Main clinical features of 
COVID-19 and potential prognostic and therapeutic value of 
the microbiota in SARS-CoV-2 infections. Front Microbiol 
11:1302. https:// doi. org/ 10. 3389/ fmicb. 2020. 01302

 4. Sharma A, Ahmad Farouk I, Lal SK (2021) COVID-19: a review 
on the novel coronavirus disease evolution, transmission, detec-
tion. Control Prev Viruses 13:202. https:// doi. org/ 10. 3390/ 
v1302 0202

 5. Majumdar P, Niyogi S (2020) ORF3a mutation associated with 
higher mortality rate in SARS-CoV-2 infection. Epidemiol Infect 
148:e262. https:// doi. org/ 10. 1017/ s0950 26882 00025 99

 6. Khatiwada S, Subedi A (2020) Lung microbiome and coronavirus 
disease 2019 (COVID-19): possible link and implications. Hum 
Microb J 17:100073. https:// doi. org/ 10. 1016/j. humic. 2020. 100073

 7. Abu Hammad O, Alnazzawi A, Borzangy SS, Abu-Hammad A, 
Fayad M, Saadaledin S et al (2020) Factors influencing global 
variations in COVID-19 cases and fatalities. Rev HealthC (Basel) 
8:216. https:// doi. org/ 10. 3390/ healt hcare 80302 16

 8. Russo R, Andolfo I, Lasorsa VA, Iolascon A, Capasso M (2020) 
Genetic analysis of the coronavirus SARS-CoV-2 host protease 
TMPRSS2 in different populations. Front Genet 11:872. https:// 
doi. org/ 10. 3389/ fgene. 2020. 00872

 9. Nardelli C, Gentile I, Setaro M, Di Domenico C, Pinchera B, 
Buonomo AR, Zappulo E, Scotto R, Scaglione GL, Castaldo G, 
Capoluongo E (2021) Nasopharyngeal microbiome signature in 
COVID-19 positive patients: can we definitively get a role to fuso-
bacterium periodonticum? Front Cell Infect Microbiol 11:625581. 
https:// doi. org/ 10. 3389/ fcimb. 2021. 625581

 10. Wang B, Yao M, Lv L, Ling Z, Li L (2017) The human microbiota 
in health and disease. Engineering 3:71–82. https:// doi. org/ 10. 
1016/J. ENG. 2017. 01. 008

 11. Nardelli C, Granata I, D’Argenio V, Tramontano S, Compare D, 
Guarracino MR, Nardone G, Pilone V, Sacchetti L (2020) Char-
acterization of the duodenal mucosal microbiome in obese adult 
subjects by 16S rRNA sequencing. Microorganisms 8:485. https:// 
doi. org/ 10. 3390/ micro organ isms8 040485

 12. Sacchetti L, Nardelli C (2020) Gut microbiome investigation in 
celiac disease: from methods to its pathogenetic role. Clin Chem 
Lab Med 58:340–349. https:// doi. org/ 10. 1515/ cclm- 2019- 0657

 13. Scaglione GL, Fania L, De Paolis E, De Bonis M, Mazzanti C, Di 
Zenzo G et al (2020) Evaluation of cutaneous, oral and intestinal 
microbiota in patients affected by pemphigus and bullous pemphi-
goid: a pilot study. Exp Mol Pathol 112:104331. https:// doi. org/ 
10. 1016/j. yexmp. 2019. 104331

 14. Granata I, Nardelli C, D’Argenio V, Tramontano S, Compare D, 
Guarracino MR, Nardone G, Pilone V, Sacchetti L (2020) Duode-
nal metatranscriptomics to define human and microbial functional 
alterations associated with severe obesity: a pilot study. Microor-
ganisms 8:1811. https:// doi. org/ 10. 3390/ micro organ isms8 111811

 15. Nardelli C, Granata I, Nunziato M, Setaro M, Carbone F, Zulli C, 
Pilone V, Capoluongo ED, De Palma GD, Corcione F, Matarese 
G, Salvatore F, Sacchetti L (2021) 16S rRNA of mucosal colon 
microbiome and CCL2 circulating levels are potential biomarkers 
in colorectal cancer. Int J Mol Sci. https:// doi. org/ 10. 3390/ ijms2 
21910 747

 16. Rueca M, Fontana A, Bartolini B, Piselli P, Mazzarelli A, 
Copetti M, Binda E, Perri F, Gruber CEM, Nicastri E, Marchioni 

https://doi.org/10.1007/s00284-022-03106-x
https://dataview.ncbi.nlm.nih.gov/object/PRJNA744167?reviewer=r10098eahc2rnf80socjomnr4q
https://dataview.ncbi.nlm.nih.gov/object/PRJNA744167?reviewer=r10098eahc2rnf80socjomnr4q
https://dataview.ncbi.nlm.nih.gov/object/PRJNA744167?reviewer=r10098eahc2rnf80socjomnr4q
http://creativecommons.org/licenses/by/4.0/
https://covid19.who.int/
https://covid19.who.int/
https://doi.org/10.1056/nejmoa2001017
https://doi.org/10.1056/nejmoa2001017
https://doi.org/10.3389/fmicb.2020.01302
https://doi.org/10.3390/v13020202
https://doi.org/10.3390/v13020202
https://doi.org/10.1017/s0950268820002599
https://doi.org/10.1016/j.humic.2020.100073
https://doi.org/10.3390/healthcare8030216
https://doi.org/10.3389/fgene.2020.00872
https://doi.org/10.3389/fgene.2020.00872
https://doi.org/10.3389/fcimb.2021.625581
https://doi.org/10.1016/J.ENG.2017.01.008
https://doi.org/10.1016/J.ENG.2017.01.008
https://doi.org/10.3390/microorganisms8040485
https://doi.org/10.3390/microorganisms8040485
https://doi.org/10.1515/cclm-2019-0657
https://doi.org/10.1016/j.yexmp.2019.104331
https://doi.org/10.1016/j.yexmp.2019.104331
https://doi.org/10.3390/microorganisms8111811
https://doi.org/10.3390/ijms221910747
https://doi.org/10.3390/ijms221910747


Nasal Microbiome in COVID-19: A Potential Role of Corynebacterium in Anosmia  

1 3

Page 9 of 9 53

L, Ippolito G, Capobianchi MR, Di Caro A, Pazienza V (2021) 
Investigation of nasal/oropharyngeal microbial community of 
COVID-19 patients by 16S rDNA sequencing. Int J Environ Res 
Public Health 18:2174. https:// doi. org/ 10. 3390/ ijerp h1804 2174

 17. Antunes AEC, Vinderola G, Xavier-Santos D, Sivieri K (2020) 
Potential contribution of beneficial microbes to face the COVID-
19 pandemic. Food Res Int 136:109577. https:// doi. org/ 10. 1016/j. 
foodr es. 2020. 109577

 18. Bao L, Zhang C, Dong J, Zhao L, Li Y, Sun J (2020) Oral microbi-
ome and SARS-CoV-2: beware of lung co-infection. Front Micro-
biol 11:1840. https:// doi. org/ 10. 3389/ fmicb. 2020. 01840

 19. De Maio F, Posteraro B, Ponziani FR, Cattani P, Gasbarrini A, 
Sanguinetti M (2020) Nasopharyngeal microbiota profiling of 
SARS-CoV-2 infected patients. Biol Proced Online. https:// doi. 
org/ 10. 1186/ s12575- 020- 00131-7

 20. Zuo T, Wu X, Wen W, Lan P (2021) Gut microbiome altera-
tions in COVID-19. Genomics Proteomics Bioinform S1672–
0229(21):00206. https:// doi. org/ 10. 1016/j. gpb. 2021. 09. 004

 21. Ren L, Wang Y, Zhong J, Li X, Xiao Y, Li J, Yang J, Fan G, 
Guo L, Shen Z, Kang L, Shi L, Li Q, Li J, Di L, Li H, Wang C, 
Wang Y, Wang X, Zou X, Rao J, Zhang L, Wang J, Huang Y, 
Cao B, Wang J, Li M (2021) Dynamics of the upper respiratory 
tract microbiota and its association with mortality in COVID-
19. Am J Respir Crit Care Med. https:// doi. org/ 10. 1164/ rccm. 
202103- 0814oc

 22. Zhou Y, Zhang J, Zhang D, Ma WL, Wang X (2021) Linking the 
gut microbiota to persistent symptoms in survivors of COVID-19 
after discharge. J Microbiol 59:941–948. https:// doi. org/ 10. 1007/ 
s12275- 021- 1206-5

 23. Kaźmierczak-Siedlecka K, Vitale E, Makarewicz W (2020) 
COVID-19 - gastrointestinal and gut microbiota-related aspects. 
Eur Rev Med Pharmacol Sci 24:10853–10859. https:// doi. org/ 10. 
26355/ eurrev_ 202010_ 23448

 24. Dickson RP (2021) Lung microbiota and COVID-19 sever-
ity. Nat Microbiol 6:1217–1218. https:// doi. org/ 10. 1038/ 
s41564- 021- 00969-x

 25. De Boeck I, Wittouck S, Wuyts S, Oerlemans EFM, van den 
Broek MFL, Vandenheuvel D, Vanderveken O, Lebeer S (2017) 
Comparing the healthy nose and nasopharynx microbiota reveals 
continuity as well as niche-specificity. Front Microbiol 8:2372. 
https:// doi. org/ 10. 3389/ fmicb. 2017. 02372

 26. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, 
Kalil AC et al (2020) Remdesivir for the treatment of covid-19—
final report. N Engl J Med 383:1813–1826. https:// doi. org/ 10. 
1056/ nejmo a2007 764

 27. Zollo M, Ferrucci V, Izzo B, Quarantelli F, Domenico CD, 
Comegna M et al (2021) SARS-CoV-2 subgenomic N (sgN) 

transcripts in oro-nasopharyngeal swabs correlate with the high-
est viral load, as evaluated by five different molecular methods. 
Diagnostics (Basel) 11:288. https:// doi. org/ 10. 3390/ diagn ostic 
s1102 0288

 28. Bassis CM, Tang AL, Young VB, Pynnonen MA (2014) The nasal 
cavity microbiota of healthy adults. Microbiome 2:27. https:// doi. 
org/ 10. 1186/ 2049- 2618-2- 27

 29. Biswas K, Wagner Mackenzie B, Ballauf C, Draf J, Douglas 
RG, Hummel T (2020) Loss of bacterial diversity in the sinuses 
is associated with milder smell discrimination scores. Sci Rep 
10:16422. https:// doi. org/ 10. 1038/ s41598- 020- 73396-3

 30. Koskinen K, Reichert JL, Hoier S, Schachenreiter J, Duller S, 
Moissl-Eichinger C, Schöpf V (2018) The nasal microbiome mir-
rors and potentially shapes olfactory function. Sci Rep 8:1296. 
https:// doi. org/ 10. 1038/ s41598- 018- 19438-3

 31. Kumpitsch C, Koskinen K, Schöpf V, Moissl-Eichinger C 
(2019) The microbiome of the upper respiratory tract in 
health and disease. BMC Biol 17:87. https:// doi. org/ 10. 1186/ 
s12915- 019- 0703-z

 32. Gallo O, Locatello LG, Mazzoni A, Novelli L, Annunziato F 
(2021) The central role of the nasal microenvironment in the 
transmission, modulation, and clinical progression of SARS-
CoV-2 infection. Mucosal Immunol 14:305–316. https:// doi. org/ 
10. 1038/ s41385- 020- 00359-2

 33. Najafloo R, Majidi J, Asghari A, Aleemardani M, Kamrava SK, 
Simorgh S, Seifalian A, Bagher Z, Seifalian AM (2021) Mecha-
nism of anosmia caused by symptoms of COVID-19 and emerging 
treatments. ACS Chem Neurosci 12(20):3795–3805. https:// doi. 
org/ 10. 1021/ acsch emneu ro. 1c004 77

 34. Shilts MH, Rosas-Salazar C, Strickland BA, Kimura KS, Asad 
M, Sehanobish E, Freeman MH, Wessinger BC, Gupta V, Brown 
HM, Boone HH, Patel V, Barbi M, Bottalico D, O’Neill M, Akbar 
N, Rajagopala SV, Mallal S, Phillips E, Turner JH, Jerschow E, 
Das SR (2022) Severe COVID-19 is associated with an altered 
upper respiratory tract microbiome. Front Cell Infect Microbiosl 
11:781968. https:// doi. org/ 10. 3389/ fcimb. 2021. 781968

 35. Ngo VL, Gewirtz AT (2021) Microbiota as a potentially-modi-
fiable factor influencing COVID-19. Curr Opin Virol 49:21–26. 
https:// doi. org/ 10. 1016/j. pbiom olbio. 2021. 10. 003

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/ijerph18042174
https://doi.org/10.1016/j.foodres.2020.109577
https://doi.org/10.1016/j.foodres.2020.109577
https://doi.org/10.3389/fmicb.2020.01840
https://doi.org/10.1186/s12575-020-00131-7
https://doi.org/10.1186/s12575-020-00131-7
https://doi.org/10.1016/j.gpb.2021.09.004
https://doi.org/10.1164/rccm.202103-0814oc
https://doi.org/10.1164/rccm.202103-0814oc
https://doi.org/10.1007/s12275-021-1206-5
https://doi.org/10.1007/s12275-021-1206-5
https://doi.org/10.26355/eurrev_202010_23448
https://doi.org/10.26355/eurrev_202010_23448
https://doi.org/10.1038/s41564-021-00969-x
https://doi.org/10.1038/s41564-021-00969-x
https://doi.org/10.3389/fmicb.2017.02372
https://doi.org/10.1056/nejmoa2007764
https://doi.org/10.1056/nejmoa2007764
https://doi.org/10.3390/diagnostics11020288
https://doi.org/10.3390/diagnostics11020288
https://doi.org/10.1186/2049-2618-2-27
https://doi.org/10.1186/2049-2618-2-27
https://doi.org/10.1038/s41598-020-73396-3
https://doi.org/10.1038/s41598-018-19438-3
https://doi.org/10.1186/s12915-019-0703-z
https://doi.org/10.1186/s12915-019-0703-z
https://doi.org/10.1038/s41385-020-00359-2
https://doi.org/10.1038/s41385-020-00359-2
https://doi.org/10.1021/acschemneuro.1c00477
https://doi.org/10.1021/acschemneuro.1c00477
https://doi.org/10.3389/fcimb.2021.781968
https://doi.org/10.1016/j.pbiomolbio.2021.10.003

	Nasal Microbiome in COVID-19: A Potential Role of Corynebacterium in Anosmia
	Abstract
	Introduction
	Materials And Methods
	Patients and Controls
	Sample Collection and Bacterial DNA Isolation
	16S rRNA Sequencing
	Data Analysis

	Results
	Discussion
	Conclusion
	References




