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30632 to elderly during the
COVID-19 pandemic: Nasal and
fecal metataxonomic analysis
and fatty acid profiling
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Rodriguez®* and Claudio Alba*
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Elderly was the most affected population during the first COVID-19 and
those living in nursing homes represented the most vulnerable group, with
high mortality rates, until vaccines became available. In a previous article,
we presented an open-label trial showing the beneficial effect of the strain
Ligilactobacillus salivarius CECT 30632 (previously known as L. salivarius
MP101) on the functional and nutritional status, and on the nasal and fecal
inflammatory profiles of elderly residing in a nursing home highly affected
by the pandemic. The objective of this post-hoc analysis was to elucidate if
there were changes in the nasal and fecal bacteriomes of a subset of these
patients as a result of the administration of the strain for 4 months and,
also, its impact on their fecal fatty acids profiles. Culture-based methods
showed that, while L. salivarius (species level) could not be detected in any
of the fecal samples at day O, L. salivarius CECT 30632 (strain level) was
present in all the recruited people at day 120. Paradoxically, the increase in
the L. salivarius counts was not reflected in changes in the metataxonomic
analysis of the nasal and fecal samples or in changes in the fatty acid profiles
in the fecal samples of the recruited people. Overall, our results indicate
that L. salivarius CECT 30632 colonized, at least temporarily, the intestinal
tract of the recruited elderly and may have contributed to improvements
in their functional, nutritional, and immunological status, without changing
the general structure of their nasal and fecal bacteriomes when assessed
at the genus level. They also suggest the ability of low abundance bacteria
to train immunity.
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Introduction

The coronavirus disease-2019 (COVID-19), caused by the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),
has been the responsible for several millions of deaths around the
world, being recognized by the WHO as a pandemic on 11 March
2020. Elderly was the most affected population during the first
COVID-19 waves. In fact, the risk of a severe course, functional and
nutritional complications, and mortality from COVID-19 was much
higher among older people (> 65 years) than among younger people
(Boccardi et al., 2020; Liu et al., 2020; Silva et al., 2020; Pizarro-
Pennarolli etal., 2021; Palavras et al., 2022). Such a strong impact on
elderly has been explained on the basis of an accumulation of risk
factors, including multiple key comorbidities, such as, among others,
weakened immune systems, hypertension, diabetes, cardiovascular
disease, chronic kidney disease, and chronic respiratory disease
(Aratjo et al,, 2021). Among the elderly, those living in nursing
homes represented the most vulnerable group until vaccines became
available (Aguilar-Palacio et al., 2022). The huge impact of the initial
pandemic waves on this group has been linked to the pre-COVID-19
living conditions in long-term care facilities, which facilitated the
spread of the virus among highly vulnerable people (Lai et al., 2020;
Aratjo et al,, 2021).

Some studies have indicated an implication of the host
microbiota in the individual susceptibility to COVID-19 and in
the severity of the disease (Gu et al., 2020: Zuo et al., 2020; Albrich
etal,, 2022). People with an altered respiratory or gut microbiota
would be at a higher risk of suffering a more severe infection,
complications, and sequela because of their inability to develop
correct immune responses (He et al., 2020a,b). Interestingly, aging
has a negative impact on the composition of the gut microbiota
(Claesson et al., 2011) and this aging-driven altered microbiota
usually promotes inflammation (Guigoz et al., 2008).

In this context, the modulation of the respiratory tract and gut
microbiotas and their associated immune responses may be a
strategy to minimize the impact of COVID-19 and to foster a full
recovery in vulnerable populations. In a previous article,
we described the beneficial effect of a probiotic strain
(Ligilactobacillus salivarius CECT 30632) on the functional and
nutritional status, and on the nasal and fecal inflammatory profiles
of elderly residing in nursing homes highly affected by the
pandemic (Mozota et al., 2021). In this work, we present the
results of the metataxonomic analysis performed with the nasal
and fecal samples of a subset of these patients, before and after the
administration of the strain for 4 months and, also, its impact on
their fecal fatty acids profiles.

Materials and methods
Study design and participants
The general design of the trial (an open-label trial without a

control arm) has already been published (Mozota et al., 2021).
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Briefly, the study was carried out in an elderly nursing home
located in Moralzarzal (Madrid, Spain), and was designed to
include all the residents as long as (a) informed consent was
obtained from the participants or their legal representatives, (b)
they were not fed by parenteral nutrition exclusively, and/or (c)
they were not allergic to cow’s milk proteins (because the probiotic
was delivered in a dairy food matrix). A total of 25 residents, aged
74-98, met these criteria and started the trial. Starting at day 0, the
residents consumed daily a fermented dairy product (125g; ~9.3
log10 CFU of L. salivarius CECT 30632 per product) for 4 months.
Two samples (nasal wash and feces) were collected from each
patient at recruitment (day 0) and at the end of the study (day
120). The nasal wash was obtained using a standardized protocol
(Stewart et al.,, 2017). Aliquots of the samples were stored at
—80°C until the analyzes were performed. This study was
conducted according to the guidelines laid down in the
Declaration of Helsinki and was approved by the Ethics
Committee of the Hospital Clinico San Carlos (Madrid, Spain)
(protocol: CEIC 20/263-E_COVID; date of approval: 01/04/2020,
act 4.1/20).

In a previous work, the functional, cognitive and nutritional
status of the patients was evaluated, according to standard
procedures, before and after the administration of the probiotic
strain, and their nasal and fecal inflammatory profiles were also
measured (Mozota et al.,, 2021). A total of 22 out of the 25
recruited participants finished the trial. After the immunological
analysis of their samples, and due to the low amount available of
some them, we only kept aliquots of the nasal and fecal samples
from a subset of 15 residents, which are the ones that have been
analyzed in this study. The demographic and health-related data
(age, gender, body mass index, SARS-CoV-2 status,
comorbidities, and medication) that were recorded at
recruitment and at the end of the study for this subset of
residents are shown in Table 1; Supplementary Table SI,
respectively. Their samples were submitted to culture-based and
culture-independent analyzes and, additionally (in the case of
the fecal samples), to the analysis of their fatty acids’ profiles,
following the procedures described below.

TABLE 1 Demographic characteristics of the elderly population
(n=15).

Mean (95% and CI) or n (%)

Age (years) 84.73 (75.87-93.60)

Gender

Male 7 (46.67%)
Female 8(53.33%)
BMI (kg/m2)

Day 0 24.61 (20.64-28.57)
Day 120 24.47 (21.56-27.39)
SARS-CoV-2 (positive PCR)

Day 0 11 (73%)

Day 120 0 (0%)
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Detection and quantification of
Ligilactobacillus salivarius in the fecal
samples by culture-dependent methods

Fecal samples collected during the trial were serially diluted
and plated onto agar plates of MRS (Oxoid, Basingstoke, UK)
supplemented with L-cysteine (2.5g/l; MRS-Cys) for isolation of
lactobacilli. MRS-Cys plates were incubated anaerobically (85%
nitrogen, 10% hydrogen, 5% carbon dioxide) in an anaerobic
workstation (DW Scientific, Shipley, UK) for up to 72h at
37°C. After incubation, colonies were enumerated and at least one
representative of each colony morphology was selected from the
agar plates in order to calculate the L. salivarius count and the total
Lactobacillus count. The latter parameter included all the new
genera in which this genus was reclassified recently (Zheng et al.,
2020). The isolates were identified by Matrix Assisted Laser
Desorption Ionization-Time of Flight (MALDI-TOF) mass
spectrometry (Bruker GmbH, Bremen, Germany) and 16S rDNA
sequencing (Mediano et al., 2017). The isolates identified as
L. salivarius were genotyped by RAPD profiling as described
(Ruiz-Barba et al., 2005) to assess if they shared the same profile
that L. salivarius CECT 30632.

DNA extraction from the nasal and fecal
samples

Two different protocols were performed depending on the type
of biological sample. For nasal samples (1g), DNA was extracted
following the protocol described by Pérez et al. (2019). This protocol
includes a first centrifugation at 13,000 rpm for 10min at 4°C, an
incubation with lysozyme (5mg/ml), mutanolysin (25,000 U/ml),
and lysostaphin (4,000 U/ml), a mechanical lysis using the FastPrep
BIO 101 instrument (Thermo Scientific, Waltham, MA) and an
incubation with proteinase K (250 pg/ml) at 56°C for 30 min. Then,
the DNA was extracted using the QITAamp DNA Stool Kit (Qiagen,
Hilden, Germany), following the instructions of the manufacturer.
The protocol described by Lackey et al. (2019) was used for the fecal
samples (1g). In all cases, DNA was eluted in 20 pl of nuclease-free
water and its concentration was estimated with a ND-1000 UV
spectrophotometer (Nano Drop Technologies, Wilmington,
DE, USA).

Detection and quantification of
Ligilactobacillus salivarius in the fecal
samples by real-time quantitative PCR
(gPCR) assays

Quantification of L. salivarius DNA in the fecal samples of the
residents was carried out using the procedure described by
Harrow et al. (2007). The DNA concentration of all samples was
adjusted to 5ng/pL. A commercial real-time PCR thermocycler
(CFX96™, Bio-Rad Laboratories, Hercules, CA, USA) was used
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for all experiments. Standard curves using 1:10 DNA dilutions
(ranging from 2 ng to 0.2 pg) from L. salivarius CECT5713 were
used to calculate the concentrations of the unknown bacterial
genomic targets. Threshold cycle (Ct) values between 14.92 and
21.15 were obtained for this range of bacterial DNA (R*>0.991).
The Ct values measured for DNA extracted from two strains
belonging to two non-target species (Lactiplantibacillus plantarum
MPO02 and L. reuteri MP07; our own collection) were >39.36 +0.57.
These control strains were selected because they are closely related,
from a taxonomical point of view, to L. salivarius (Salvetti et al.,
2018). All samples and standards were run in triplicate.

Metataxonomic analysis

The 16S rRNA gene amplification and sequencing, targeting
the V3-V4 hypervariable regions of the 16S rRNA gene, was
performed in the MiSeq 300PE system of Illumina (Illumina Inc.,
San Diego, CA, United States) at the facilities of Parque Cientifico
de Madrid (Tres Cantos, Spain) with the universal primers
S-D-Bact-0341-b-S-17 (ACACTGACGACATGGTTCTACACC
TACGGGNGGCWGCAG) and S-D-Bact-0785-a-A-21 (TACGG
TAGCAGAGACTTGGTCTGACTACHVGGGTATCTAATCC),
as previously described (Klindworth et al., 2013; Aparicio et al.,
2020). The pooled, purified, and barcoded DNA amplicons were
sequenced using the Illumina MiSeq pair-end protocol
(Illumina Inc.).

Demultiplexing preprocessing analysis of the V3-V4
amplicons was conducted using MiSeq Reporter analysis software
(version 2.6.2.3), according to the manufacturer’s guidelines. After
the demultiplexing step, the metataxonomic analyzes were
conducted with QIIME 2 2022.2 (Bolyen et al., 2019). Denoising
and ASVs (Amplicon sequence variants) selection were performed
with DADA2 (Callahan et al., 2016). The forward reads were
truncated at position 290 by trimming the last 10 nucleotides,
while the reverse ones were truncated at the 249 nucleotides by
trimming the last 8 nucleotides, in order to discard nucleotides in
positions for which median quality was Q20 or below.

Taxonomy was assigned to ASV's with the q2-feature-classifier
(Bokulich et al., 2018) by using a classify-sklearn naive Bayes
taxonomy classifier against the SILVA 138.1 reference database
(Quast et al., 2013). Subsequent bioinformatic analysis was
conducted using R version 3.5.1 (R Core Team, 2021)."! The
decontam package version 1.2.1 (Davis et al., 2018) was used to
identify, visualize, and remove contaminating DNA with one
negative extraction control. A table of amplicon sequence variants
(ASVs) counts per sample was generated, and bacterial taxa
abundances were normalized with the total sum scaling
normalization method, dividing each ASV count by the total
library size in order to yield their relative proportion of counts for
each sample (Paulson et al.,, 2013).
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TABLE 2 Microbiological parameters, expressed as mean

(95% CI), in the feces of the participants before (T1) and after
120days of supplementation with Ligilactobacillus salivarius CECT
30632 (T2).

Parameter T1 T2 p-value
Colony-forming units (log,, CFU/g)
Total Lactobacillus 6.84 (6.53-7.15)  7.29 (6.97-7.62) <0.001

L. salivarius nd 5.82(5.38-6.26)
qPCR (DNA copies/g)
L. salivarius nd 6.42 (6.05-6.79)

nd, No detected in any sample.

Alpha diversity was studied with the R vegan package
(Version: 2.5.6) using the Shannon and Simpson diversity indices.
Differences between groups were assessed using Wilcoxon
rank-sum tests or the exact Friedman rank sum with FDR
correction in order to perform paired comparisons. Beta diversity
was assessed through two distance matrices: (a) relative abundance
with the Bray-Curtis index; and (b) presence/absence distance
matrix using the binary Jaccard. Principal coordinate analysis
(PCoA) was used to plot patterns of bacterial community diversity.
The PERMANOVA analysis with 999 permutations was
performed to reveal statistical differences.

Analyzes of fatty acids (FAs) in the fecal
samples

One hundred pl of a 1:10 dilution of feces (w/v) in phosphate
buffer saline solution (PBS; pH 7.4) was supplemented with 100 pl
of 2-ethyl butyric acid (Sigma-Aldrich, St. Louis, MO, USA) as an
internal standard (1 mg/ml in methanol), and acidified with 100 pl
of 20% formic acid (v/v). The acidic solution was then extracted
with 1 ml of methanol and centrifuged for 10 min at 15,800 x g.
Supernatants were kept at —20°C until analysis in a gas
chromatography (GC) apparatus. The system used is composed of
a 6,890 GC injection module (Agilent Technologies, CA, USA)
with a HP-FFAP (30m x 0.250 mm x 0.25 um) column (Agilent
Technologies) using a split/splitless injector in the split mode with
a split ratio of 1:20. The injection volume of the samples was 1 pl.
The injector and detector temperatures were kept at 240 °C and
250°C, respectively. The temperature of the column oven was set
at 110°C, increased at 6°C/min to 170°C then increased at 25°C/
min to 240°C, yielding a total GC run time of 18 min. Helium was
used as carrier gas, at a constant flow rate of 1.3 ml/min. The
chromatographic system was equipped with a flame ionization
detector (FID). Data acquisition and processing were performed
using ChemStation Agilent software (Agilent Technologies).

Statistical analyzes were performed using IBM SPSS Statistics
v.27.0.1 (IBM, Armonk, NY, USA). To examine the changes of the
paired samples between the two time periods, we used the
non-parametric Wilcoxon signed-rank test, and two-tailed
probability values of p <0.05 were considered significant. In turn,
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medians, means, and interquartile ranges (IQR; QI and Q3) were
represented in box and whisker graphics using Origin Pro-2021
software (OriginLab, Northampton, Massachusetts, USA).

Results

Evolution of the COVID-19 status of the
participants

The mean age of the participants was, approximately, 85 years
(Table 1). The recruited residents included 8 females and 7 males
and all of them had several comorbidities and were polymedicated
(Supplementary Table S1). A high percentage of them (n=11;
73%) were SARS-CoV-2-positive at day 0 but, in contrast, all of
them were negative at day 120. None of them became infected or
re-infected with SARS-CoV-2 during the assay.

Specific detection and quantification of
Ligilactobacillus salivarius colonies and
DNA in the fecal samples

The total Lactobacillus count oscillated between 5.7 and 7.7
log10 CFU/g at the beginning of the trial and increased slightly
after the probiotic treatment (6.0-8.7 logl0 CFU/g) (Table 2).
In contrast, at the beginning of the trial, L. salivarius could not
be detected in the feces of the participants. However,
L. salivarius colonies were present in the samples of all the
residents after the administration of the probiotic strain and its
concentrations ranged between 4.4 and 7.1 logl0 CFU/g
(Table 2).

Only those samples from which L. salivarius was cultured
provided a positive result using the L. salivarius-specific gqPCR
assay (Table 2). Therefore, there was a complete qualitative
agreement between both techniques (Table 2).

Finally, the L. salivarius isolates were genetically typified by
the RAPD technique. Their profiles were identical to that of
L. salivarius CECT 30632 (data not shown).

Metataxonomic analysis of the nasal
samples

The 16S rRNA gene sequencing analysis of the nasal samples
yielded 653,484 high-quality filtered sequences, ranging from
17,098 to 44,506 per sample [median (IQR) =29,686.5 (26,041.25-
33,718.5) sequences per sample].

Alpha diversity, as measured using the Shannon and Simpson
diversity indices, was not significantly different when the nasal
samples collected at day 0 [Shannon index=3.90 (3.4-4.6); Simpson
index=0.92 (0.90-0.97)] were compared with those obtained at day
120 [Shannon index =3.60 (1.82-4.48); Simpson index=0.89 (0.69-
0.97)] (p=0.76 and p=0.37, respectively) (Figure 1).
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Beta diversity analysis at the ASV level revealed that nasal
samples did not cluster according to the sampling times. When the
nasal samples collected at day 0 were compared with those
obtained at day 120, there were no statistical differences in relation
to the relative abundance (Bray—Curtis distance matrix; p=0.85)
or to the presence/absence of different ASV sequences (binary
Jaccard distance matrix; p=0.70, respectively) (Figure 2).

Taxonomic analysis of the nasal sequences indicated that the
bacterial profile was dominated by the phylum Firmicutes, followed
by the phyla Proteobacteria, Bacteroidota, and Actinobacteriota. At
the genera level, the 19 most abundant ones at both sampling times
are shown in Table 3 and Supplementary Figure S1. However, no
statistical changes were detected in the relative abundance of any of
the main bacterial genera as a consequence of the administration of
the probiotic strain.

Metataxonomic analysis of the fecal
samples

The 16S rRNA gene sequencing analysis of the fecal samples
yielded 844,567 high-quality filtered sequences, ranging from
21,950 to 35,737 per sample [median (IQR)=28,144.5 (25,669.5
-30,502.5) sequences per sample].

Again, alpha diversity was not significantly different between
the samples collected at day 0 [Shannon index=4.14 (3.90-4.46);
Simpson index=0.97 (0.95-0.98)] and those obtained at day 120
[Shannon index=4.40 (4.23-4.55); Simpson index=0.98 (0.97-
0.98)] (p=0.76 and p=0.37, respectively) (Figure 3). Similarly,
beta diversity analysis at the ASV level revealed that fecal samples
did not cluster according to the sampling times (p=0.51 in the
case of the Bray—Curtis distance matrix and p=0.82 in that of the
binary Jaccard distance matrix) (Figure 4).

10.3389/fmicb.2022.1052675

Taxonomic analysis of the fecal sequences indicated that the
fecal bacterial profile was dominated by the phylum Firmicutes,
followed by the phyla
Actinobacteriota, and Verrucomicrobiota. At the genera level, the

Bacteroidota, Proteobacteria,
19 most abundant ones at both sampling times are shown in
Table 4; Supplementary Figure S2. Similarly to the nasal samples,
no statistical changes were detected in the relative abundance of
any of the main bacterial genera as a consequence of the
administration of the probiotic strain.

Profiles of fatty acids in the fecal samples

There were no statistically significant differences in the
levels of total fatty acids (FAs) between the two sampling
times (p=0.925). Similarly, there were no statistically
significant differences in the fecal concentration of the three
main short chain fatty acids (SFCAs) between the two
sampling times (acetic: p=0.551; propionic: p =0.972; butyric:
p=0.646) (Table 5). In addition, the sum of the concentrations
of these three main SCFAs was similar at both time points
(p=0.875) (Table 5) and, also, the acetic/propionic ratio
(p=0.382).

In relation to branched chain fatty acids (BCFAs), formed by
isobutyric and isovaleric acids, their concentrations were similar
in the two sampling times evaluated in this study (p=0.173 and
p=0.388 for isobutyric and isovaleric acid, respectively) (Table 5).

The number of samples in which caproic acid, a medium-
chain fatty acid (MFCA), was detectable was particularly low
(n<5 in each sampling point), and although its concentration
tended to decrease after the administration of the probiotic strain
(Table 5), the difference did not reach a statistically significant
value (p=0.593).
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Discussion

The elderly was the most affected population during the first
months of the COVID-19 pandemic. Within this population,
those living in nursing homes constituted a particularly vulnerable
group, characterized by high rates of infection and death (Lai
et al,, 2020; Araujo et al,, 2021). These high mortality rates have
been linked to the accumulation of risk factors or comorbidities
that are typically associated with aging (Trecarichi et al., 2020;
Heras et al., 2021; Sufier et al., 2021), together with high levels of
community and intra-home transmission and the lack of proper
policy responses in relation to the situation in nursing homes
(Sepulveda et al., 2020). The situation was particularly worrying
in Spain since this country has one of the world’s highest aging
index while the percentage of elderly living in nursing homes is
also high (Aguilar-Palacio et al., 2022).

The nursing home that we selected for the trial was severely
affected by COVID-19. Immediately before the pandemic, there
were 47 older people living in this care center but it has a
devastating impact on the residents when it reached the village. In
a few weeks, approximately 40% (n=18) of them died (10 with
acute COVID-19-related symptoms) although none was tested for
SARS-CoV-2. Later, the 29 surviving residents and the workers
were PCR tested and most of them (>80% of the residents and all
the workers except one) were PCR-positive.

Initially, we investigated the effect of L. salivarius CECT 30632
on the functional (Barthel index), cognitive (GDS/FAST) and
nutritional (MNA) status, and on the nasal and fecal inflammatory
profiles of the 25 recruited participants that fulfilled the inclusion
criteria (Mozota et al., 2021). After the trial, no changes in the
cognitive score were detected but the cognitive and nutritional
status improved significantly. In addition, the concentrations of
some immune factors changed significantly after the consumption
of the probiotic strain. Among them, it must be highlighted that
the concentrations of some immune factors used as biomarkers of
acute viral respiratory infections, such as BAFF/TNFSF13B,
APRIL/TNFSF13, or IL-8 (Alba et al, 2021), decreased
significantly (Mozota et al., 2021). Since we kept aliquots of the
samples obtained at both sampling times from a subset of 15
residents, in this subsequent study we evaluated the effect of the
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administration of the strain on the nasal and fecal microbiota and
in the fecal fatty acid profile of the recruited people.

Culture-based methods showed that L. salivarius (species
level) could not be detected in any of the fecal samples at day 0. It
has already been described that aging is associated with the
absence of L. salivarius from the gut microbiome (Le Roy et al.,
2015). In contrast, L. salivarius CECT 30632 (strain level) was
present in all the recruited people at day 120 at concentrations
ranging from 4.4 to 7.1 log10 CFU/g. Since we did not identify and
genotype all the colonies growing on MRS-Cys plates, we cannot
completely discard that other L. salivarius strains may be also
present in the fecal samples of the participants. However, the lack
of isolation and PCR detection of L. salivarius at baseline makes
likely the possibility that all the L. salivarius-like colonies belonged
to the administered strain. These values indicates that the strain
was able to survive the transit through the digestive tract and to
reach the gut in relatively high concentrations. It must be taken
into account that the actual gut concentrations might
be substantially higher since we only tested fecal samples and,
therefore, the concentration of the strain attached to the gut
mucosa remains unknown. The gut microbiota is an ecological
succession (Falony et al., 2018), where the abundance of bacteria
changes across the intestine, meaning that a particular strain could
be highly abundant in a proximal segment of the intestine and less
abundant in a distal segment, hence leading to lower counts in
stools. Culture-based methods and L. salivarius-specific qQPCR
evidenced that, at least, there was a change affecting to one species
(L. salivarius) and one strain (L. salivarius CECT 30632) in the
microbiota of the recruited individuals.

Paradoxically, the increase in the L. salivarius counts was not
reflected in changes in the metataxonomic analysis of the fecal
samples. This fact may be due to the fact that the metataxonomic
approach used in this study (targeting the V3-V4 hypervariable
regions of the 16S rRNA gene) does not allow a proper
discrimination at the species level and, as a consequence, we could
not assess the change in the relative abundance of the sequences
corresponding to the L. salivarius species. So far, most of the
metataxonomic analysis performed to study the human
bacteriome have relied in methods which only allow a proper
discrimination at the taxonomic level of genus or higher. In order
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TABLE 3 Relative frequencies, medians and interquartile range (IQR) of the relative abundance (%) of the most abundant bacterial phyla (in bold)
and genera (in italics) detected in the nasal samples collected at day 0 (T1) and 120 (T2).

Phylum T1 T2 p-value?
Genus n(%)" Median (IQR) n (%) Median (IQR)

Firmicutes 15 (100%) 61.43 (46.45-76.46) 15 (100%) 52.37 (42.61-67.50) 0.61
Blautia 15 (100%) 336 (1.13-5.26) 14 (93.33%) 1.27 (0.83-1.78) 0.12
Subdoligranulum 11 (73.33%) 3.06 (0.32-5.27) 12 (80%) 0.94 (0.12-3.73) 0.12
[Eubacterium]_hallii_group 14 (93.33%) 2.20 (0.98-6.13) 11 (73.33%) 0.68 (0.13-1.24) 0.01
Christensenellaceae_R.7 14 (93.33%) 1.10 (0.08-2.94) 13 (86.67%) 0.87 (0.09-4.64) 0.12
Anaerostipes 13 (86.67%) 2.00 (0.28-4.40) 13 (86.67%) 0.45 (0.16-1.42) 0.12
Streptococcus 15 (100%) 0.93 (0.4-1.95) 14 (93.33%) 0.54 (0.19-1.62) 0.30
[Eubacterium]_coprostanoligenes_group 14 (93.33%) 1.43 (1.09-2.16) 14 (93.33%) 1.66 (0.73-2.12) 1.00
Clostridia_UCG.014 9 (60.00%) 0.81 (<0.01-2.33) 10 (66.67%) 0.50 (<0.01-3.9) 0.30
Oscillospiraceae-UCG.002 13 (86.67%) 0.38 (0.18-1.81) 14 (93.33%) 1.46 (0.41-2.87) 0.30
Faecalibacterium 13 (86.67%) 0.60 (0.48-1.62) 15 (100%) 1.54 (1.02-2.73) 0.30
Incertae_Sedis 14 (93.33%) 0.60 (0.42-0.76) 14 (93.33%) 0.96 (0.27-1.42) 0.61
Ruminococcus 11 (73.33%) 0.57 (0.03-1.32) 12 (80%) 0.48 (0.17-2.70) 0.12
Bacteroidota 15 (100%) 13.64 (6.46-35.42) 15 (100%) 31.83 (20.72-38.89) 0.12
Bacteroides 15 (100%) 6.70 (1.41-24.92) 14 (93.33%) 14.67 (8.23-27.20) 0.12
Alistipes 15 (100%) 2.38 (0.48-3.36) 14 (93.33%) 2.48 (1.24-4.51) 0.61
Parabacteroides 15 (100%) 0.52 (0.21-2.66) 14 (93.33%) 3.34 (1.74-4.81) 0.12
Proteobacteria 15 (100%) 4.23 (1.26-7.44) 15 (100%) 5.61 (3.57-9.31) 0.61
Escherichia/Shigella 10 (66.67%) 0.06 (<0.01-3.47) 12 (80%) 1.45 (0.31-4.58) 0.12
Actinobacteriota 15 (100%) 4.01 (2.34-7.41) 15 (100%) 2.33(0.80-2.86) 0.01
Bifidobacterium 14 (93.33%) 1.03 (0.80-5.43) 14 (93.33%) 0.36 (0.23-1.84) 0.30
Verrucomicrobiota 13 (86.67%) 2.81 (0.14-6.06) 14 (93.33%) 1.31 (0.36-3.47) 0.61
Akkermansia 11 (73.33%) 2.72(0.11-5.80) 12 (80%) 1.18 (0.06-3.44) 0.61
Minor_phyla 15 (100%) 2.06 (0.69-4.45) 15 (100%) 2.66 (2.40-3.31) 0.30
Minor_genera 15 (100%) 30.26 (25.59-33.38) 15 (100%) 31.76 (25.06-41.04) 0.30
Unclassified_genera 15 (100%) 9.19 (7.77-20.95) 15 (100%) 9.95 (8.04-15.69) 0.61

'n (%): Number of samples in which the phylum/genus was detected (relative frequency of detection).

’Exact p-values for pairwise comparison of Friedman rank sum with FDR correction.

to achieve species or strain level discrimination, it will be necessary
to apply developing procedures, including full-length 16S rRNA
gene sequencing (Yang et al.,, 2020; Zhang et al,, 2021) and
metagenome-assembled genomes (Arikawa et al., 2021; Holman
et al., 2022), and/or the combination of culture-dependent and
independent techniques.

The metataxomonic analysis did not find differences between
both sampling times in relation to the relative abundance of the
genus Lactobacillus (sensu lato). This is not surprising since the
probiotic treatment led to a very moderate increase in the total
Lactobacillus counts. Although studies addressing the impact of
aging on the fecal levels of Lactobacillus have provided
contradictory results (Salazar et al., 2020), this genus is not among
the most abundant ones in feces of elderly people (Claesson et al.,
2011, 2012; Albrich et al., 2022; Yan et al., 2022). In addition,
hypertension, which is a very common comorbidity among the
elderly and a risk factor for COVID-19, has been linked to a
depletion in Lactobacillus levels (Ghosh et al., 2020). In this study,
most of the recruited elderly presented this comorbidity
(Supplementary Table S1). Therefore, it is highly probable that
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small increases in the percentage of sequences of a low abundance
genus may remain undetected using a metataxonomic approach
based on partial 16S rRNA gene sequences. The number of
sequences per sample obtained in this work (from 21,950 to
35,737) allows the detection of shifts related to the most abundant
genera but it may be not enough to detect shifts in the populations
of the rarest genera, which relative abundance may be 10,000 to
100,000 times lower. This highlights the importance of a suitable
sequencing depth for being able to detect changes affecting low
abundance genera or species. The discrepancy between culture-
based methods, QPCR and 16S rRNA sequencing observed in this
study reveals that metataxonomic approaches may be unsuited to
detect changes readily measurable by culture-based methods or
qPCR. This fact is in agreement with a recent study which
demonstrated that low abundance bacteria can train immunity
(Han et al., 2022).

The administration of the probiotic strain did not change the
fatty acid profiles in the fecal samples of the recruited people, a
finding that is in agreement with the lack of metataxomic changes
observed in this study. Interestingly, it has been reported that there
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FIGURE 3
Alpha diversity at the ASV level of the fecal samples obtained at day O (T1) and at day 120 (T2). (A) Shannon diversity index; (B) Simpson diversity
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FIGURE 4

Beta diversity at the ASV level of the fecal samples obtained at day 0 (T1) and at day 120 (T2). (A) PCoA plots based on the Bray—Curtis dissimilarity
index (relative abundance); (B) PCoA plots based on the Jaccard's coefficient for binary data (presence of absence).

were no differences in fecal SCFA concentrations among people
with different Lactobacillus counts (Le Roy et al., 2015). Since
Lactobacillus sp. are not the main SCFAs producers and many
other bacterial groups are able to produce higher SCFAs amounts
as a result of gut fermentation processes, the moderate increase in
total Lactobacillus observed in the recruited elderly may have not
been enough to increase the fecal SCFAs values in their fecal
waters, either by the probiotic strain itself or by fostering metabolic
cross-feeding interactions with other SCFAs-producing bacteria.

SCFAs are a result of the metabolism of the gut microbiota
and play several beneficial roles for the host health (Puertollano
et al., 2014; Morrison and Preston, 2016; van der Beek et al., 2017).
Aging-related disturbances in the composition of the gut
microbiota are typically associated with lower levels of SCFAs and
an enrichment in the pathways responsible for the degradation of
SCFAs (Yan et al,, 2022). Although it has been observed that
patients with COVID-19 had an impaired production of SCFAs
by their gut microbiomes (Zhang et al., 2022), these metabolites
seem unable to prevent the entry and replication of SARS-
CoV-2 in gut cells (Pascoal et al., 2021).
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Overall, the results of this work and those obtained in a
previous study with the same cohort indicate that the strain was
able to reach the gut in all the recruited elderly, and suggest that
it was able induce beneficial immune responses both at the
respiratory and gut level, contributing to an improvement in
functional and nutritional scores (Mozota et al., 2021).
COVID-19
proinflammatory cytokines (Zazzara et al., 2022); in this

is associated with the overproduction of
pandemic context, immune enhancement functions are
the elderly,
immunosenescence associated with aging (Aw et al., 2007; Wang

particularly relevant for because of the
et al., 2022), but, most especially, for those residing in nursing
homes. A study assessing microbiota-health correlations among
elderly found that the serum levels of several markers of
inflammation (TNF-a, IL-6 and IL-8, and C-reactive protein)
were significantly higher among subjects living in long-stay
nursing homes than among community dwellers (Claesson et al.,
2012). Long-stay elderly also obtained poorer scores for
comorbidity, functionality, nutritional state, muscle mass, and
mental activity (Claesson et al., 2012).
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TABLE 4 Relative frequencies, medians and interquartile range (IQR) of the relative abundance (%) of the most abundant bacterial phyla (in bold)
and genera (in italics) detected in the fecal samples collected at day 0 (T1) and 120 (T2).

Phylum T2 p-value?
Genus n (%) Median (IQR) n (%)’ Median (IQR)

Firmicutes 11 (100%) 48.83 (32.91-54.71) 11 (100%) 49.29 (13.33-64.27) 1.00
Staphylococcus 11 (100%) 15.37 (4.08-36.40) 11 (100%) 5.05 (0.48-35.83) 0.55
Streptococcus 11 (100%) 1.16 (0.74-4.60) 9 (81.82%) 0.32 (0.08-1.10) 0.07
Anaerococcus 8(72.73%) 0.94 (0.13-4.30) 7 (63.64%) 0.18 (<0.01-3.37) 0.55
Peptoniphilus 8(72.73%) 0.64 (0.05-2.56) 6 (54.55%) 0.19 (<0.01-5.60) 1.00
Dolosigranulum 6 (54.55%) 0.03 (<0.01-1.70) 6 (54.55%) 0.04 (<0.01-0.53) 1.00
Anoxybacillus 10 (90.91%) 1.77 (0.65-3.05) 10 (90.91%) 1.67 (0.28-2.58) 0.23
Finegoldia 7 (63.64%) 0.29 (<0.01-1.58) 4 (36.36%) <0.01 (<0.01-1.46) 1.00
Proteobacteria 11 (100%) 20.28 (10.92-27.91) 11 (100%) 20.78 (15.74-41.52) 0.55
Pseudomonas 5 (45.45%) <0.01 (<0.01-0.12) 4 (36.36%) <0.01 (<0.01-0.13) 1.00
Serratia 2 (18.18%) <0.01 (<0.01-<0.01) 3(27.27%) <0.01 (<0.01-0.10) 1.00
Moraxella 1(9.09%) <0.01 (<0.01-<0.01) 1(9.09%) <0.01 (<0.01-0.13) 1.00
Colwellia 10 (90.91%) 2.06 (1.05-4.10) 11 (100%) 1.90 (0.14-3.04) 0.55
Sulfitobacter 9 (81.82%) 0.65 (0.32-1.6) 8 (72.73%) 0.41 (0.02-1.50) 1.00
Litoreibacter 9 (81.82%) 0.94 (0.51-1.05) 7 (63.64%) 0.35 (<0.01-0.75) 023
Sphingorhabdus 9 (81.82%) 0.78 (0.25-1.47) 10 (90.91%) 0.35 (0.09-0.76) 023
Bacteroidota 11 (100%) 10.89 (5.06-14.28) 11 (100%) 9.17 (1.00-13.13) 1.00
Maribacter 10 (90.91%) 1.56 (0.68-2.46) 11 (100%) 1.95 (0.35-2.46) 1.00
Prevotella 7 (63.64%) 0.06 (<0.01-0.54) 5 (45.45%) <0.01 (<0.01-0.23) 1.00
Actinobacteriota 11 (100%) 7.18 (4.17-19.46) 11 (100%) 4.27 (2.27-7.20) 0.23
Corynebacterium 10 (90.91%) 4.50 (0.31-11.91) 10 (90.91%) 1.57 (0.43-2.01) 0.23
Cyanobacteria 10 (90.91%) 0.46 (0.29-0.68) 10 (90.91%) 0.51 (0.16-1.01) 1.00
Chloroplast 10 (90.91%) 0.46 (0.29-0.68) 9 (81.82%) 0.48 (0.16-0.98) 1.00
Minor_phyla 11 (100%) 6.81 (4.67-8.18) 11 (100%) 5.44 (0.49-8.47) 0.23
Minor_genera 11 (100%) 21.17 (12.70-27.54) 11 (100%) 12.69 (1.56-29.85) 0.55
Unclassified_genera 11 (100%) 10.7 (5.33-17.43) 11 (100%) 7.96 (0.90-13.82) 0.55

'n (%): Number of samples in which the phylum/genus was detected (relative frequency of detection).

’Exact p-values for pairwise comparison of Friedman rank sum with FDR correction.

TABLE 5 Concentration (ug/g) and frequency of detection (% samples) of fecal fatty acids (FAs) at day 0 (T1) and 120 (T2). The p-values are related

to the concentration de the FAs at both sampling times.

Fatty acid T1 p-values
Concentration % samples Concentration % samples

SCFAs

Acetic 3272.01 + 2760.79 100 3100.50 + 1848.35 100 0551

Propionic 1146.10 + 926.92 93 946.31 + 669.98 100 0.972

Isobutyric 249.60 + 148.62 57 173.06 + 160.12 57

Butyric 851.30 + 1169.79 93 576.03 + 733.90 71 0.646

Acetic/propionic ratio 3.19+£1.04 3.96 £ 1.57 0.382

Total 5126.74 +4715.54 100 4458.26 + 3043.43 100 0.875

BCFAs 647.80 + 525.95 93 459.92 + 478.57 100

Isovaleric 494.20 +360.17 93 388.80 + 329.07 93 0.388

Isobutyric 249.60 =+ 148.62 57 173.06 + 160.12 57 0.173

MCFAs 283.67 +313.72 111.02 + 121.66

Caproic 283.67 +313.72 21 111.02 + 121.66 36 0.593

Total FAs 6022.21 + 5462.42 100 5101.11 + 3705.72 100 0.925
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The association of elderly with inflammation argues in favor of
approaches enabling immunomodulation (Guigoz et al., 2008), such
as the use of probiotics. This was particularly challenging in the frame
of the COVID-19 pandemic. The first published studies about the use
of probiotics in hospitalized COVID-19 patients described a positive
effect, including a reduction in the duration of diarrheal episodes, in
the risk of respiratory failure and/or in the risk of death (d'Ettorre
et al., 2020; Ceccarelli et al., 2021). However, such studies did not
address the potential mechanisms responsible for the observed
benefits. More recently, it was reported that a Lactiplantibacillus
plantarum strain was able to induce innate cytokine responses with
the potential for providing a protection against the more severe
courses of this disease (Kageyama et al., 2022). Similarly to our
results, other studies involving the oral administration of a probiotic
formula to COVID-19 outpatients did not find significant changes in
the composition of the fecal bacteriome as a result of the probiotic
intake (Gutiérrez-Castrellon et al., 2022). The authors suggested that
the probiotic product primarily acted by interacting with the host
immune system since they observed increased titers of anti-
SARS-CoV2 specific antibodies compared to placebo.

This study faces some limitations. Because of the low number
of participants, the lack of randomization, and the lack of a
placebo group, the observed beneficial effects must be confirmed
in future well-designed placebo-controlled trials involving a high
number of elderly. However, our results indicate that L. salivarius
CECT 30632 colonized, at least temporarily, the intestinal tract of
the recruited elderly and may have contributed to improvements
in their functional, nutritional, and immunological status, without
changing the general structure of their nasal and fecal bacteriomes
when assessed at the genus level.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found at: https://www.ncbi.nlm.nih.
gov/bioproject/PRJNA880542/.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of the Hospital Clinico San Carlos
(Madrid, Spain; protocol: CEIC 20/263-E_COVID; date of
approval: 01/04/2020, act 4.1/20). The patients/participants

References

Aguilar-Palacio, I, Maldonado, L., Marcos-Campos, L., Castel-Feced, S., Malo, S.,
Aibar, C,, et al. (2022). Understanding the COVID-19 pandemic in nursing homes
(Aragon, Spain): sociodemographic and clinical factors associated with hospitalization
and mortality. Front. Public Health 10:928174. doi: 10.3389/fpubh.2022.928174

Alba, C., Aparicio, M., Gonzalez-Martinez, E, Gonzéilez-Sanchez, M. L,
Pérez-Moreno, J., del Castillo, B. T., et al. (2021). Nasal and fecal microbiota and

Frontiers in Microbiology

10

10.3389/fmicb.2022.1052675

provided their written informed consent to participate in
this study.

Author contributions

JR: conceptualization. MM, IC, NG-T, RA, SD, and IG-D:
methodology. CA: software. JR and SD: resources and writing—
review and editing, funding acquisition. NG-T, CA, SD, and JR:
data curation. JR, CA, and SD: writing—original draft preparation.
All authors have read and agreed to the published version of
the manuscript.

Acknowledgments

We acknowledge the recruited elderly and the staff of the
nursing home for their effort, support, and implication in this
trial. We are grateful to Villa Villera for developing, producing,
and shipping the dairy product used as the test product in the
trial, and to Leonides Fernandez (UCM) for critical reading of
the manuscript.

Conflict of interest

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

Publisher's note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmicb.2022.1052675/
full#supplementary-material

immunoprofiling of infants with and without RSV bronchiolitis. Front. Microbiol.
12:667832. doi: 10.3389/fmicb.2021.667832

Albrich, W. C., Ghosh, T. S., Ahearn-Ford, S., Mikaeloff, E, Lunjani, N., Forde, B.,
et al. (2022). A high-risk gut microbiota configuration associates with fatal
hyperinflammatory immune and metabolic responses to SARS-CoV-2. Gut Microbes
14:2073131. doi: 10.1080/19490976.2022.2073131

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1052675
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA880542/
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA880542/
https://www.frontiersin.org/articles/10.3389/fmicb.2022.1052675/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2022.1052675/full#supplementary-material
https://doi.org/10.3389/fpubh.2022.928174
https://doi.org/10.3389/fmicb.2021.667832
https://doi.org/10.1080/19490976.2022.2073131

Mozota et al.

Aparicio, M., Alba, C., CAM Public Health Area 6 PSGORodriguez, J. M., and
Fernandez, L. (2020). Microbiological and immunological markers in milk and
infant feces for common gastrointestinal disorders: a pilot study. Nutrients 12:634.
doi: 10.3390/nu12030634

Aratjo, M., Nunes, V., Costa, L. A, Souza, T. A,, Torres, G. V., and Nobre, T.
(2021). Health conditions of potential risk for severe Covid-19 in institutionalized
elderly people. PLoS One 16:€0245432. doi: 10.1371/journal.pone.0245432

Arikawa, K., Ide, K., Kogawa, M., Saeki, T., Yoda, T., Endoh, T., et al. (2021).
Recovery of strain-resolved genomes from human microbiome through an
integration framework of single-cell genomics and metagenomics. Microbiome
9:202. doi: 10.1186/s40168-021-01152-4

Aw, D,, Silva, A. B, and Palmer, D. B. (2007). Immunosenescence: emerging
challenges for an ageing population. Immunology 120, 435-446. doi:
10.1111/§.1365-2567.2007.02555.x

Boccardi, V., Ruggiero, C., and Mecocci, P. (2020). COVID-19: a geriatric
emergency. Geriatrics 5:24. doi: 10.3390/geriatrics5020024

Bokulich, N. A., Kaehler, B. D, Rideout, J. R., Dillon, M., Bolyen, E., Knight, R.,
et al. (2018). Optimizing taxonomic classification of marker-gene amplicon
sequences with QIIME 2’s q2-feature-classifier plugin. Microbiome 6:90. doi:
10.1186/540168-018-0470-z

Bolyen, E., Rideout, J. R., Dillon, M. R., Bokulich, N. A., Abnet, C. C,
Al-Ghalith, G. A, et al. (2019). Reproducible, interactive, scalable and extensible
microbiome data science using QIIME 2. Nat. Biotechnol. 37, 852-857. doi: 10.1038/
s41587-019-0209-9

Callahan, B. J., McMurdie, P. J., Rosen, M. J., Han, A. W,, Johnson, A. J., and
Holmes, S. P. (2016). DADA2: high-resolution sample inference from Illumina
amplicon data. Nat. Methods 13, 581-583. doi: 10.1038/nmeth.3869

Ceccarelli, G., Borrazzo, C., Pinacchio, C., Santinelli, L., Innocenti, G. P.,
Cavallari, E. N, et al. (2021). Oral bacteriotherapy in patients with COVID-19:
a retrospective cohort study. Front. Nutr. 7:613928. doi: 10.3389/
fnut.2020.613928

Claesson, M. J., Cusack, S., O’Sullivan, O., Greene-Diniz, R., de Weerd, H.,
Flannery, E., et al. (2011). Composition, variability, and temporal stability of the
intestinal microbiota of the elderly. Proc. Natl. Acad. Sci. U. S. A. 108, 4586-4591.
doi: 10.1073/pnas.1000097107

Claesson, M. ], Jeffery, I. B., Conde, S., Power, S. E., O'Connor, E. M., Cusack, S.,
et al. (2012). Gut microbiota composition correlates with diet and health in the
elderly. Nature 488, 178-184. doi: 10.1038/nature11319

Davis, N. M., Proctor, D. M., Holmes, S. P, Relman, D. A., and Callahan, B. J.
(2018). Simple statistical identification and removal of contaminant sequences in
marker-gene and metagenomics data. Microbiome 6:226. doi: 10.1186/
540168-018-0605-2

d’Ettorre, G., Ceccarelli, G., Marazzato, M., Campagna, G., Pinacchio, C,,
Alessandri, E, et al. (2020). Challenges in the management of SARS-CoV2 infection:
the role of oral bacteriotherapy as complementary therapeutic strategy to avoid the
progression of COVID-19. Front. Med. 7:389. doi: 10.3389/fmed.2020.00389

Falony, G., Vieira-Silva, S., and Raes, J. (2018). Richness and ecosystem
development across faecal snapshots of the gut microbiota. Nat. Microbiol. 3,
526-528. doi: 10.1038/s41564-018-0143-5

Ghosh, T. S., Arnoux, J., and O’Toole, P. W. (2020). Metagenomic analysis reveals
distinct patterns of gut Lactobacillus prevalence, abundance, and geographical
variation in health and disease. Gut Microbes 12, 1822729-1822719. doi:
10.1080/19490976.2020.1822729

Gu, S., Chen, Y., Wu, Z., Chen, Y., Gao, H., Lv, L, et al. Alterations of the gut
microbiota in patients with COVID-19 or HIN1 influenza. Clin. Infect. Dis. 71,
2669-2678. doi: 10.1093/cid/ciaa709

Guigoz, Y., Doré, J., and Schiffrin, E. J. (2008). The inflammatory status of old age
can be nurtured from the intestinal environment. Curr. Opin. Clin. Nutr. Metab. Care
11, 13-20. doi: 10.1097/MCO.0b013e3282f2bfdf

Gutiérrez-Castrellon, P, Gandara-Marti, T, Abreu-Y Abreu, A. T,
Nieto-Rufino, C. D., Lépez-Ordunia, E., Jiménez-Escobar, I, et al. (2022). Probiotic
improves symptomatic and viral clearance in Covid 19 outpatients: a randomized,
quadruple-blinded, placebo-controlled trial. Gut Microbes 14:2018899. doi:
10.1080/19490976.2021.2018899

Han, G., Luong, H., and Vaishnava, S. (2022). Low abundance members of the gut
microbiome exhibit high immunogenicity. Gut Microbes 14:2104086. doi:
10.1080/19490976.2022.2104086

Harrow, S. A., Ravindran, V., Butler, R. C., Marshall, ]. W,, and Tannock, G. W.
(2007). Real-time quantitative PCR measurement of ileal Lactobacillus salivarius
populations from broiler chickens to determine the influence of farming practices.
Appl. Environ. Microbiol. 73, 7123-7127. doi: 10.1128/ AEM.01289-07

He, L. H,, Ren, L. E, Li, J. E, Wy, Y. N, Li, X., and Zhang, L. (2020a). Intestinal
flora as a potential strategy to fight SARS-CoV-2 infection. Front. Microbiol. 11:1388.
doi: 10.3389/fmicb.2020.01388

Frontiers in Microbiology

11

10.3389/fmicb.2022.1052675

He, Y., Wang, J., Li, E, and Shi, Y. (2020b). Main clinical features of COVID-19
and potential prognostic and therapeutic value of the microbiota in SARS-CoV-2
infections. Front. Microbiol. 11:1302. doi: 10.3389/fmicb.2020.01302

Heras, E., Garibaldi, P., Boix, M., Valero, O., Castillo, J., Curbelo, Y., et al. (2021).
COVID-19 mortality risk factors in older people in a long-term care center. Eur.
Geriatr. Med. 12, 601-607. doi: 10.1007/s41999-020-00432-w

Holman, D. B., Kommadath, A., Tingley, J. P,, and Abbott, D. W. (2022). Novel
insights into the pig gut microbiome using metagenome-assembled genomes.
Microbiol. Spectr. 10:¢0238022. doi: 10.1128/spectrum.02380-22

Kageyama, Y., Nishizaki, Y., Aida, K., Yayama, K., Ebisui, T., Akiyama, T., et al.
(2022). Lactobacillus plantarum induces innate cytokine responses that potentially
provide a protective benefit against COVID-19: a single-arm, double-blind,
prospective trial combined with an in vitro cytokine response assay. Exp. Ther. Med.
23:20. doi: 10.3892/etm.2021.10942

Klindworth, A., Pruesse, E., Schweer, T., Peplies, J., Quast, C., Horn, M., et al.
(2013). Evaluation of general 16S ribosomal RNA gene PCR primers for classical
and next-generation sequencing-based diversity studies. Nucleic Acids Res. 41:el.
doi: 10.1093/nar/gks808

Lackey, K. A., Williams, J. E., Meehan, C. L., Zachek, J. A, Benda, E. D,
Price, W. ], et al. (2019). What's normal? Microbiomes in human milk and infant
feces are related to each other but vary geographically: the INSPIRE study. Front.
Nutr. 6:45. doi: 10.3389/fnut.2019.00045

Lai, C. C., Wang, J. H., Ko, W. C,, Yen, M. Y,, Lu, M. C,, Lee, C. M,, et al. (2020).
COVID-19 in long-term care facilities: an upcoming threat that cannot be ignored.
J. Microbiol. Immunol. Infect. 53, 444-446. doi: 10.1016/j.jmii.2020.04.008

Le Roy, C. L, Stiepetova, J., Sepp, E., Songisepp, E., Claus, S. P, and
Mikelsaar, M. (2015). New insights into the impact of Lactobacillus population
on host-bacteria metabolic interplay. Oncotarget 6, 30545-30556. doi: 10.18632/
oncotarget.5906

Liu, K., Chen, Y, Lin, R, and Han, K. (2020). Clinical features of COVID-19 in
elderly patients: a comparison with young and middle-aged patients. J. Infect. 80,
el4-el18. doi: 10.1016/j.jinf.2020.03.005

Mediano, P, Fernandez, L., Jiménez, E., Arroyo, R., Espinosa-Martos, I,
Rodriguez, J. M., et al. (2017). Microbial diversity in milk of women with mastitis:
potential role of coagulase-negative staphylococci, viridans group streptococci, and
corynebacteria. J. Hum. Lact. 33, 309-318. doi: 10.1177/0890334417692968

Morrison, D. J., and Preston, T. (2016). Formation of short chain fatty acids by the
gut microbiota and their impact on human metabolism. Gut Microbes 7, 189-200.
doi: 10.1080/19490976.2015.1134082

Mozota, M., Castro, I, Gomez-Torres, N., Arroyo, R., Lailla, Y., Somada, M., et al.
(2021). Administration of Ligilactobacillus salivarius MP101 in an elderly nursing
home during the COVID-19 pandemic: immunological and nutritional impact.
Foods 10:2149. doi: 10.3390/foods10092149

Palavras, M. ], Faria, C., Fernandes, P., Lagarto, A., Ponciano, A., Algada, E, et al.
(2022). The impact of the third wave of the COVID-19 pandemic on the elderly and
very elderly population in a tertiary care hospital in Portugal. Cureus 14:¢22653. doi:
10.7759/cureus.22653

Pascoal, L. B., Rodrigues, P. B., Genaro, L. M., Gomes, A., Toledo-Teixeira, D. A.,
Parise, P. L., et al. (2021). Microbiota-derived short-chain fatty acids do not interfere
with SARS-CoV-2 infection of human colonic samples. Gut Microbes 13, 1-9. doi:
10.1080/19490976.2021.1874740

Paulson, J. N., Stine, O. C., Bravo, H. C., and Pop, M. (2013). Differential
abundance analysis for microbial marker-gene surveys. Nat. Methods 10, 1200-1202.
doi: 10.1038/nmeth.2658

Pérez, T., Alba, C., Aparicio, M., de Andrés, J., Ruiz Santa Quiteria, J. A.,
Rodriguez, J. M, et al. (2019). Abundant bacteria in the proximal and distal intestine
of healthy Siberian sturgeons (Acipenser baerii). Aquaculture 506, 325-336. doi:
10.1016/j.aquaculture.2019.03.055

Pizarro-Pennarolli, C., Sdnchez-Rojas, C., Torres-Castro, R., Vera-Uribe, R.,
Sanchez-Ramirez, D. C., Vasconcello-Castillo, L., et al. (2021). Assessment of
activities of daily living in patients post COVID-19: a systematic review. Peer J.
9:e11026. doi: 10.7717/peerj.11026.eCollection

Puertollano, E., Kolida, S., and Yaqoob, P. (2014). Biological significance of short-
chain fatty acid metabolism by the intestinal microbiome. Curr. Opin. Clin. Nutr.
Metab. Care 17, 139-144. doi: 10.1097/MC0.0000000000000025

Quast, C., Pruesse, E., Yilmaz, P.,, Gerken, J., Schweer, T., Yarza, P, et al. (2013).
The SILVA ribosomal RNA gene database project: improved data processing and
web-based tools. Nucleic Acids Res. 41, D590-D596. doi: 10.1093/nar/gks1219

R Core Team (2021). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.. URL https://www.R-
project.org/.

Ruiz-Barba, J. L., Maldonado, A., and Jiménez-Diaz, R. (2005). Small-scale total
DNA extraction from bacteria and yeast for PCR applications. Anal. Biochem. 347,
333-335. doi: 10.1016/j.ab.2005.09.028

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1052675
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.3390/nu12030634
https://doi.org/10.1371/journal.pone.0245432
https://doi.org/10.1186/s40168-021-01152-4
https://doi.org/10.1111/j.1365-2567.2007.02555.x
https://doi.org/10.3390/geriatrics5020024
https://doi.org/10.1186/s40168-018-0470-z
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.3389/fnut.2020.613928
https://doi.org/10.3389/fnut.2020.613928
https://doi.org/10.1073/pnas.1000097107
https://doi.org/10.1038/nature11319
https://doi.org/10.1186/s40168-018-0605-2
https://doi.org/10.1186/s40168-018-0605-2
https://doi.org/10.3389/fmed.2020.00389
https://doi.org/10.1038/s41564-018-0143-5
https://doi.org/10.1080/19490976.2020.1822729
https://doi.org/10.1093/cid/ciaa709
https://doi.org/10.1097/MCO.0b013e3282f2bfdf
https://doi.org/10.1080/19490976.2021.2018899
https://doi.org/10.1080/19490976.2022.2104086
https://doi.org/10.1128/AEM.01289-07
https://doi.org/10.3389/fmicb.2020.01388
https://doi.org/10.3389/fmicb.2020.01302
https://doi.org/10.1007/s41999-020-00432-w
https://doi.org/10.1128/spectrum.02380-22
https://doi.org/10.3892/etm.2021.10942
https://doi.org/10.1093/nar/gks808
https://doi.org/10.3389/fnut.2019.00045
https://doi.org/10.1016/j.jmii.2020.04.008
https://doi.org/10.18632/oncotarget.5906
https://doi.org/10.18632/oncotarget.5906
https://doi.org/10.1016/j.jinf.2020.03.005
https://doi.org/10.1177/0890334417692968
https://doi.org/10.1080/19490976.2015.1134082
https://doi.org/10.3390/foods10092149
https://doi.org/10.7759/cureus.22653
https://doi.org/10.1080/19490976.2021.1874740
https://doi.org/10.1038/nmeth.2658
https://doi.org/10.1016/j.aquaculture.2019.03.055
https://doi.org/10.7717/peerj.11026.eCollection
https://doi.org/10.1097/MCO.0000000000000025
https://doi.org/10.1093/nar/gks1219
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1016/j.ab.2005.09.028

Mozota et al.

Salazar, N., Gonzdlez, S., Nogacka, A. M., Rios-Covian, D., Arboleya, S.,
Gueimonde, M., et al. (2020). Microbiome: effects of ageing and diet. Curr. Issues
Mol. Biol. 36, 33-62. doi: 10.21775/cimb.036.033

Salvetti, E., Harris, H. M. B,, Felis, G. E., and O’ Toole, P. W. (2018). Comparative
genomics of the genus Lactobacillus reveals robust phylogroups that provide the
basis for reclassification. Appl. Environ. Microbiol. 84, €00993-¢00918. doi: 10.1128/
AEM.00993-18

Sepulveda, E. R, Stall, N. M., and Sinha, S. K. (2020). A comparison of COVID-19
mortality rates among long-term care residents in 12 OECD countries. J. Am. Med.
Dir. Assoc. 21, 1572-1574.e3. doi: 10.1016/j.jamda.2020.08.039

Silva, D. E. O,, Lima, S. C. V. C,, Sena-Evangelista, K. C. M., Marchioni, D. M.,
Cobucci, R. N., and Andrade, E. B. (2020). Nutritional risk screening tools for older
adults with COVID-19: a systematic review. Nutrients 12:2956. doi: 10.3390/
nul2102956

Stewart, C. J., Mansbach, J. M., Wong, M. C., Ajami, N. J., Petrosino, J. E,
Camargo, C. A,, et al. (2017). Associations of nasopharyngeal metabolome and
microbiome with severity among infants with bronchiolitis. A multiomic
analysis. Am. J. Respir. Crit. Care Med. 196, 882-891. doi: 10.1164/rccm.
201701-00710C

Sufier, C., Ouchi, D., Mas, M. A., Lopez Alarcon, R., Massot Mesquida, M.,
Prat, N, et al. (2021). A retrospective cohort study of risk factors for mortality
among nursing homes exposed to COVID-19 in Spain. Nat. Aging 1, 579-584. doi:
10.1038/543587-021-00079-7

Trecarichi, E. M., Mazzitelli, M., Serapide, F, Pelle, M. C., Tassone, B., Arrighi, E.,
et al. (2020). Clinical characteristics and predictors of mortality associated with
COVID-19 in elderly patients from a long-term care facility. Sci. Rep. 10,
20834-20837. doi: 10.1038/s41598-020-77641-7

van der Beek, C. M., Dejong, C. H. C,, Troost, E J., Masclee, A. A. M., and
Lenaerts, K. (2017). Role of short-chain fatty acids in colonic inflammation,

Frontiers in Microbiology

12

10.3389/fmicb.2022.1052675

carcinogenesis, and mucosal protection and healing. Nutr. Rev. 75, 286-305. doi:
10.1093/nutrit/nuw067

Wang, Y., Dong, C., Han, Y., Gu, Z., and Sun, C. (2022). Inmunosenescence, aging
and successful aging. Front. Immunol. 13:942796. doi: 10.3389/fimmu.2022.942796

Yan, H., Qin, Q, Yan, S., Chen, J,, Yang, Y., Li, T., et al. (2022). Comparison of the
gut microbiota in different age groups in China. Front. Cell. Infect. Microbiol.
12:877914. doi: 10.3389/fcimb.2022.877914

Yang, J., Pu, ], Lu, S., Bai, X., Wu, Y., Jin, D,, et al. (2020). Species-level analysis of
human gut microbiota with metataxonomics. Front. Microbiol. 11:2029. doi:
10.3389/fmicb.2020.02029

Zazzara, M. B., Bellieni, A., Calvani, R., Coelho-Junior, H. J., Picca, A., and
Marzetti, E. (2022). Inflammaging at the time of COVID-19. Clin. Geriatr. Med. 38,
473-481. doi: 10.1016/j.cger.2022.03.003

Zhang, B., Brock, M., Arana, C., Dende, C., van Oers, N. S., Hooper, L. V,, et al. (2021).
Impact of bead-beating intensity on the genus- and species-level characterization of the
gut microbiome using amplicon and complete 16S rRNA gene sequencing. Front. Cell.
Infect. Microbiol. 11:678522. doi: 10.3389/fcimb.2021.678522

Zhang, F, Wan, Y,, Zuo, T., Yeoh, Y. K, Liu, Q,, Zhang, L., et al. (2022). Prolonged
impairment of short-chain fatty acid and L-isoleucine biosynthesis in gut
microbiome in patients with COVID-19. Gastroenterology 162, 548-561.e4. doi:
10.1053/j.gastro.2021.10.013

Zheng, J., Wittouck, S., Salvetti, E., Franz, C., Harris, H., Mattarelli, P, et al. (2020).
A taxonomic note on the genus Lactobacillus: description of 23 novel genera,
emended description of the genus Lactobacillus Beijerinck 1901, and union of
Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol. 70, 2782-2858.
doi: 10.1099/ijsem.0.004107

Zuo, T., Zhang, F, Lui, G, Yeoh, Y. K, Li, A., Zhan, H., et al. (2020). Alterations
in gut microbiota of patients with COVID-19 during time of hospitalization.
Gastroenterology 159, 944-955.e8. doi: 10.1053/j.gastro.2020.05.048

frontiersin.org


https://doi.org/10.3389/fmicb.2022.1052675
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.21775/cimb.036.033
https://doi.org/10.1128/AEM.00993-18
https://doi.org/10.1128/AEM.00993-18
https://doi.org/10.1016/j.jamda.2020.08.039
https://doi.org/10.3390/nu12102956
https://doi.org/10.3390/nu12102956
https://doi.org/10.1164/rccm.201701-0071OC
https://doi.org/10.1164/rccm.201701-0071OC
https://doi.org/10.1038/s43587-021-00079-7
https://doi.org/10.1038/s41598-020-77641-7
https://doi.org/10.1093/nutrit/nuw067
https://doi.org/10.3389/fimmu.2022.942796
https://doi.org/10.3389/fcimb.2022.877914
https://doi.org/10.3389/fmicb.2020.02029
https://doi.org/10.1016/j.cger.2022.03.003
https://doi.org/10.3389/fcimb.2021.678522
https://doi.org/10.1053/j.gastro.2021.10.013
https://doi.org/10.1099/ijsem.0.004107
https://doi.org/10.1053/j.gastro.2020.05.048

	Administration of Ligilactobacillus salivarius CECT 30632 to elderly during the COVID-19 pandemic: Nasal and fecal metataxonomic analysis and fatty acid profiling
	Introduction
	Materials and methods
	Study design and participants
	Detection and quantification of Ligilactobacillus salivarius in the fecal samples by culture-dependent methods
	DNA extraction from the nasal and fecal samples
	Detection and quantification of Ligilactobacillus salivarius in the fecal samples by real-time quantitative PCR (qPCR) assays
	Metataxonomic analysis
	Analyzes of fatty acids (FAs) in the fecal samples

	Results
	Evolution of the COVID-19 status of the participants
	Specific detection and quantification of Ligilactobacillus salivarius colonies and DNA in the fecal samples
	Metataxonomic analysis of the nasal samples
	Metataxonomic analysis of the fecal samples
	Profiles of fatty acids in the fecal samples

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

