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Abstract
Background: SARS-CoV-2 can reach the central nervous system through the vagal nerve. Microbiota may favour or prevent viral spread.
Objective: Assess whether auricular transcutaneous vagus nerve stimulation (ATVNS) may favour the occurrence of
mild-COVID-19 or the recurrence of herpes simplex type 1.
Methods: All data were collected during routine consultations for Small Intestinal Bowel Overgrowth.
Results: 749 patients were included. 195 patients were recommended and comply with ATVNS. 67 patients of the ATVNS
group experienced mild-COVID-19 (34.3%) versus only 28 in the not-recommended ATVNS group (525 patients; 5.3%).
A similar percentage was observed in the non-compliant ATVNS group (one case for 29 patients; 3.4%) [p<0.001].
37 patients of the ATVNS group experienced a labial herpetic flare (19.0%) versus only 26 in the not-recommended ATVNS group (5.0%). One labial herpetic flare was observed in the non-compliant ATVNS group (p<0.001).
Patients who experienced mild-COVID-19 initially present with low levels of hydrogen sulphide and of butyrate in exhaled breath (respectively 0.12 +/- 0.1 versus 0.16+/-0.1 and 0.58+/-0.41 versus 1.02 +/- 0.67 ppm) (p<0.001). This difference was not observed for herpetic flares.
Conclusion: A reduced diversity of microbiota in the foregut may favour the primo-infection with COVID-19. ATVNS
may increase the risk of clinical expression of COVID-19 or of herpes labialis.
Keywords: Vagus; COVID-19; Breath test; Microbiota; Herpes
List of abbreviations: ACE2-R: Angiotensin-Converting Enzyme-2 Receptor; ATVNS: Auricular Transcutaneous Vagus
Nerve Stimulation; COVID-19: Coronavirus Disease; E-VOCs: Exhaled Volatile Organic compounds; HSV-1: Herpes
Simplex Virus type 1; H2S: Hydrogen sulphide; NK: Natural Killer; NO: Nitric Oxide; SIBO: Small Intestinal Bacterial
Overgrowth; TH1: T-Helper type 1; VIP: Vasoactive Intestinal Peptide
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Introduction
SARS-COV-2 spread. The importance of the vagus nerve
SARS-CoV-2 is a neurotropic virus leading to pleiotropic neurological symptoms [1-4]. Vagus nerves may be involved [5]. The vagal
nerve is indeed a classical pathway to access to the central nervous system for herpes viruses [6-9], prions [10,11] or abnormal proteins like alpha-synuclein [12-15] or tau [16]. The vagal autonomic pathway may therefore be at the crossroad of neurotropic viral
diseases and tauopathies/prionopathies [17].

SARS-COV-2 and microbiota
Imbalanced intestinal microbiota may favour chronic inflammation/destruction of mucosa, vagal impairment, as well as decreased
immunity [18,19]. Regarding this latter point, gut microbiota may impact on the occurrence of mild Coronavirus Disease
(COVID-19) [20]. In particular decreased diversity – illustrated by a low level of butyrate – may increase the risk of COVID-19 [2125]. Modulation of gut microbiota may therefore prevent or decrease the cytokine storm in COVID-19 [26].

Evaluation of the microbiota of the foregut with breath tests
Intestinal microbiota can be studied by the analysis of exhaled gases [27]. Hydrogen sulphide (H2S) and nitric oxide (NO) are well
documented neuroprotective gasotransmitters [28-31]. NO is mainly synthetized by the foregut microbiota [32,33]. Lack of NO and
H2S production in the stomach may explain gastroduodenal emptying disturbances [34].

Gastroduodenal emptying disturbances
In animals, gastroduodenal emptying is controlled by the left vagal nerve, by NO and by intramuscular Cajal’s cells [35-38]. In humans,
delayed gastric emptying is associated with impaired vagal activity [39]. Gastric emptying can be evaluated by transabdominal
ultrasound examination [40].

Auricular transcutaneous vagus nerve stimulation (ATVNS) in gastric emptying disturbances
ATVNS is particularly used to decrease the inflammation in the gut, especially in inflammatory bowel disease [41,42]. In animals,
ATVNS appears to be efficacious in gastric emptying disturbances [43-45]. In humans, ATVNS has also been successfully used in
gastric emptying disturbances [46] and has been suggested to improve dysautonomia associated with neurodegenerative disease,
especially in Parkinson’s disease [47].
In this cohort, we recommended such a therapy in patients presenting with gastroduodenal emptying disturbances, evaluated by a
transabdominal ultrasound examination.
However, ATVNS was not recommended in patients presenting with jejunal spasm (vagal hypertonia). Jejunal spasm is objectivised
in 51.3% of overweight and in 97.7% of obesity [48]. In such patients, vagal block (the opposite of ATVNS) should rather be
recommended, according to preliminary studies [49-51].

Aim of this descriptive retrospective epidemiological study
Since the autonomic nervous system may influence positively mucosal inflammation (perhaps microbiota) and negatively the
propagation of viruses, we investigated whether auricular transcutaneous vagus nerve stimulation decreased or increased the risk of
COVID-19 or of labial herpetic flare.
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We also investigated whether arguments in favour of dysbiosis may influence the benefit or the risk associated with the use of ATVNS.

Material and Methods
This work is a descriptive retrospective epidemiological study.
Data were collected during the normal course of routine gastroenterological consultations for Small Intestinal Bacterial Overgrowth,
from 2020 January 24th (the start of COVID-19 epidemic in France) to 2021 November 15th.
There was no hypothesis testing before data collection, no data collection beyond that which is part of routine clinical practice, no
scheduled data analysis before the work has already been done. This retrospective analysis of Case Series cannot therefore be qualified
as “research” and does not require approval from ethics boards designed to protect humans involved in clinical research, according
to the International Committee of Medical Journal Editors (ICMJE).

Inclusion criteria
Patients consulting for small intestinal bacterial overgrowth (SIBO) and who underwent a breath test.
Patients should provide with a full medical history, especially regarding ongoing medications, cancer, herpes simplex, herpes
zoster, periodontitis, Crohn’s disease or ulcerative colitis, depression, thyroid pathologies, auto-immune diseases, allergic reactions,
arrhythmia, depression, osteoporosis, body weight and height, as well as diabetes mellitus or any type of organ insufficiency.
Transabdominal ultrasound examination is routinely performed in patients consulting for SIBO. Patients signed a written consent
for the possible retrospective use of the collected data.

Exclusion criteria
More than 70 years of age, ongoing tobacco abuse (which may interfere with E-VOCs); lack of transabdominal ultrasound; lack
of signed consent for possible retrospective epidemiological use of data; uncontrolled diabetes mellitus; any uncontrolled organ
insufficiency (including pulmonary, renal, cardiac or hepatic insufficiency); any uncontrolled autoimmune or inflammatory
disease (including multiple sclerosis, Crohn’s disease, ulcerative colitis, rheumatoid arthritis, spondylarthrosis); patients
treated with anticancer chemotherapy; lack of breath test or recent intake of antibiotic therapy or of essential oils leading
to massive destruction of the digestive flora and less than 2 ppm of E-VOCs at the first measure, after 10 hours of fasting;
uncontrolled endocrine disease (including thyroid insufficiency); incomplete data on drug or food complement intake.
44 patients older than 70 years of age were excluded. Except this latter point, only 7 patients were excluded for one of the abovementioned criteria: uncontrolled Crohn’s disease (5 patients) or ongoing chemotherapy (2 patients).
All patients vaccinated against COVID-19 were excluded of the study. In France, the vaccination program began on 2020 December
27th. 211 patients, younger than 70 years of age, were excluded for this reason.

ATVNS
ATVNS was recommended in patients with gastroduodenal-emptying disturbances and only when jejunal spasm was excluded by
an ultrasound examination. Echography objectivised jejunal hypotonia with jejuno-duodenal reflux and dilatation of the first jejunal
loops.
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Vagal stimulation is expected to release acetylcholine and therefore to improve bowel movements. Although jejunal spasm is not per
se a contra-indication of ATVNS, vagal stimulation does not appear appropriate to improve such a situation.
The patient stimulates the auricular branch of the left vagal nerve with the device “Urostim2” (Schwa-Medico France®). The selected
program is U3. The frequency of stimulation is 10 Hz; pulse duration is 200 µs, with continuous stimulation for 20 minutes.
The stimulation intensity was set to the individual's tolerance threshold. [42].The stimulation is performed every day, at least during
6 months within the follow-up period. ATVNS should have been initiated after 2020 January 14th. The follow-up is performed every
6 months afterwards. Non-observance has been stated when vagus stimulation was performed less than 4 weeks or less than twice
a week instead of every day. 195 patients reported full compliance with at least ATVNS 6 days per week for 6 months. 29 patients
reported almost complete lack of compliance with premature cessation of ATVNS (within 4 weeks) or only sporadic ATVNS (less
than twice per week).

Ultrasound examination
Gastroparesis was diagnosed when the surface of the stomach reached 10 cm² after 10 hours of fasting. Ileal distension was diagnosed
as soon as ileal diameter reached 2.2 cm at the ileocecal junction. Lack of gastro-duodenal voiding was diagnosed when no evacuation
of bubbles between the superior mesenteric artery and the aorta was observed after 2 minutes of osteopathic abdominal manoeuvers.
Jejunal hypotonia could also be implicated. In that case, the jejunum contains few bubbles and no peristalsis is visualized [40].
Abdominal ultrasound examination also enables to diagnose liver steatosis.

Gas measurement
The patient comes after at least 10 hours of fasting. He /she inhales room air and hold his/her breath for 20 seconds. He/she exhales
the air of the lungs in a first neutral plastic bag (1.3 litre) and afterwards he/she exhales at least 100 ml (expected to belong to the
expiratory reserve volume) in a small neutral plastic bag (Contralco®; Gignac; France; www.contralco.com).
E-VOCs from the second bag are then immediately measured by the X-pid 9500®, an ambulatory gas chromatograph associated with
photoionization detection technology [Dräger; Lubeck; Germany; www.draeger.com › Products › Multi-Gas-Detectors]. X-pid 9500®
detects concentrations of volatile organic compounds as low as 50 ppb. Butyric acid is detected between 7.0 and 7.9 seconds.
X-pid 9500® was used after breath holding and only after fasting, not after sugar intake. X-pid 9500® does not detect H2S.
The air of the first bag is analysed by the Dräger X-am® 8000. We routinely use the Dräger X-am® 8000 [Dräger; Lubeck; Germany;
www.draeger.com › Products › Multi-Gas-Detectors] to measure H2S.
Both devices are easily portable and equipped with powerful pumps. Patients could be placed in separate rooms when necessary. The
setup is basic and similar for both devices. It requires only a short neutral tube to connect the bag and the device.
The results are quantified and directly exported in Excel tables.

Mild-COVID-19 diagnosis
The diagnosis of COVID-19 was usually made by Polymerase Chain Reaction and reported by the patient him/herself or written on
his/her hospital record. It could also have been made by the general practitioner after suggestive symptoms and a serological control.
To be assigned to the ATVNS group, it is necessary that mild-COVID-19 started during the ATVNS period.
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Labial herpetic recurrence
Herpetic recurrence is reported by the patient. To be assigned to the ATVNS group, it is necessary that the herpetic flare started
during the ATVNS period.

Data concerning the different group of patients
749 patients were included. ATVNS was not-recommended in 525 patients and recommended in 195 patients. 29 patients were not
compliant.
Mild-COVID-19 was reported in 96 patients. Labial herpetic recurrence was reported in 64 cases. Mild-COVID and labial herpetic
recurrence occurred concomitantly in 14 patients.

Statistics
Comparisons of percentages or means used two-sample t-tests. Yates correction was used for small samples.
We compared the patients treated with ATVNS with patients not treated with ATVNS.
Since there may be a bias in the selection of patients who were recommended this device, we also compared complying patients with
non-complying patients. Because of the large number of tests performed the threshold of statistical significance was set to p<0.001.

Control group
All consulting patients were pre-included into the study and no case was discarded except when at least one exclusion criteria was
identified. As a consequence no recruitment or selection bias is expected.
Two control groups were considered. Patients not recommended with ATVNS or non-compliant patients. In this latter instance, a
bias of selection is excluded.
Classical demographic data will be compared. The control groups appear appropriate.

Results
This descriptive epidemiological study includes 749 ambulatory patients with mild SIBO. No patient presenting with uncontrolled
inflammatory or autoimmune disease, as well as uncontrolled organ insufficiency, diabetes, hypertension or endocrine disorders was
included. No patients receiving chemotherapy was included. Only patients receiving maintenance drug treatments, food complements or no treatment were therefore included.
Age, body weight and height were similar across groups.
The descriptive demographic data are summarized in Table 1. 195 patients were actually treated (recommended ATVNS and compliant patients) with ATVNS. 29 patients were not compliant and therefore not included into the ATVNS group. 96 patients experienced mild-COVID-19. 64 patients experienced a labial herpetic recurrence (Table 1).

Annex Publishers | www.annexpublishers.com

Volume 9 | Issue 2

6

Journal of Case Reports and Studies

Vagus stimulation
Yes

Mild-COVID-19

No

Labial herpetic recurrence

Yes

No

Yes

No

96 patients
(59 in the
ATVNS
group)

653
patients

64
patients
(51 in the
ATVNS
group)

685
patients

195
patients

Not
recommended
525
patients

Not
compliant
29
patients

Age
(years)

53.7 +/- 12.4

52.0 +/- 12.6

56.0 +/- 9.0

54.4 +/- 14.2

52.9 +/11.2

53.3 +/- 11.8

53.5 +/12.6

Weight
(kg)

61.3 +/- 11.9

64.4 +/- 12.8

64.7 +/- 11.2

66.5 +/- 12.4

60.4 +/12.4

61.4 +/- 9.9

63.1 +/13.2

Height
(cm)

167.3 +/- 11.9

167.5 +/- 12.5

168.4 +/-9.5

169.9 +/- 9.9

167.1 +/8.2

167.0 +/- 7.5

168.7 +/9.3

No comparison was statistically significant (p>0.001)
Table 1: Demographic data

67 cases of mild-COVID-19 occurred in the ATVNS group (34.3%) versus only 1 in the non-compliant group (3.4%) and 28 in the
group of patients where ATVNS was not recommended (5.3%). The difference was statistically significant (p<0.001) (Table 2).
37 cases of labial herpes occurred in the ATVNS group (19.0%) versus one in the non-compliant group (3.4%) and only 26 in the
group of patients where ATVNS was not recommended (5.0%). The difference was also statistically significant (p<0.001) (Table 2).
To be assigned to the ATVNS group, it is necessary that mild-COVID-19 or herpes recurrence started during the ATVNS period.

Vagus stimulation
Yes

No

195 patients

Not recommended
525 patients

Not compliant
29 patients

Hydrogen sulphide
ppm

0.13 +/- 0.07

0.15 +/- 0.11

0.13 +/- 0.08

Butyrate

0.78 +/- 0.49

0.85 +/- 0.69

1.03 +/- 0.44

Mild-COVID-19

67 (34.3%)*, §

28 (5.3%)*

1 (3.4%)§

Labial herpetic recurrence

37 (19.0%)**, †

26 (5.0%)**

1 (3.4%)†

Simultaneous Mild-COVID-19
and labial herpetic recurrence

11 (5.6%)***

3 (0.6%)***

0 (0%)

Previous labial herpetic
recurrence within the 6 previous
months

9 (4.6%)

28 (5.3%)

2 (6.9%)

ppm

* p<0.001; § p<0.001; ** p<0.001; † p<0.001; *** p<0.001
Table 2: Results of breath tests and occurrence of mild-COVID-19 or labial herpetic flare in patients treated with ATVNS or not (either
not-recommended ATVNS or non-compliant patients)
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Mild-COVID-19 and labial herpetic recurrence occurred simultaneously in 14 patients: 11 in the ATVNS group (5.6%) and 3 in the
not-recommended ATVNS group (0.6%) [p<0.001].
However, in most cases, the occurrence of the two infections was not concomitant.
Previous labial herpetic recurrence was not more frequently reported in the ATVNS group than in the not-recommended ATVNS
group (4.6% versus 5.3%; p>0.05).
The level of H2S or of butyrate - after fasting and before ATVNS was initiated - was similar in the ATVNS group, in the notrecommended ATVNS group and in the non-compliant group.
The level of H2S or of butyrate was lower in patients who subsequently experienced mild-COVID-19: respectively 0.12 +/- 0.10
versus 0.16 +/-0.10 and 0.58 +/-0.41 and 1.02 +/- 0.67 ppm (p<0.001) (Table 3).

Mild-COVID-19

Labial herpetic flare

Yes

No

Yes

No

96 patients

653 patients

64 patients

685 patients

Hydrogen sulphide
ppm

0.12* +/- 0.10

0.16* +/- 0.10

0.13 +/- 0.08

0.14 +/- 0.11

Butyrate
ppm

0.58§ +/- 0.41

1.02§ +/- 0.67

0.70 +/- 0.53

0.85 +/- 0.62

*p<0.001; §p<0.001
Table 3: Results of breath tests according to mild-COVID-19 or to labial herpetic flare

The level of H2S or of butyrate was not different between patients who experienced herpetic flares and those who did not.
The level of H2S was lower in patients who subsequently experienced mild-COVID-19: respectively 0.11 +/- 0.06 versus 0.15 +/-0.07
in patients treated with ATVNS and 0.12 +/-0.10 and 0.17 +/- 0.08 ppm (p<0.001) in patients who were not recommended ATVNS
(Table 4).
The level of butyrate was also lower in patients who subsequently experienced mild-COVID-19: respectively 0.58 +/- 0.41 versus 0.82
+/-0.51 in patients treated with ATVNS and 0.50 +/-0.27 and 0.1.19 +/- 0.73 ppm (p<0.001) in patients who were not recommended
ATVNS.
The results of the non-compliant patients without mild-COVID-19 were similar to those of the not-recommended ATVNS group
without mild-COVID-19 (Table 4).
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Mild-COVID-19
96 cases
ATVNS

Lack of diagnosis of mild-COVID-19
653 patients
Non-compliant
patient
1 case

128 patients

67 cases

Notrecommended
ATVNS
28 cases

ATVNS

Notrecommended
ATVNS
497 patients

Noncompliant
patients
28 patients

Hydrogen
sulphide
ppm

0.11 +/-0.06*

0.12 +/- 0.15§

0.06

0.15 +/- 0.07*

0.17 +/- 0.08§

0.13 +/- 0.08

Butyrate
ppm

0.58 +/- 0.41*

0.50 +/- 0.27§

0.70

0.82 +/- 0.51*

1.19 +/- 0.73§

1.04 +/-0.44

*p<0.001; §p<0.001
Table 4: Results of breath tests is patients treated with ATVNS or not (either not-recommended ATVNS or noncompliant patients) according to the occurrence of mild-COVID-19

Discussion
Primo-infection (mild-COVID-19) and recurrence labial herpes associated with ATVNS are probably not explainable by the same
pathogeny, which may explain that in most instances, the occurrence of the two infections was not concomitant.

Primo-infection of COVID-19 and microglia
Many factors favour the occurrence of symptomatic COVID-19, especially aging, diabetes, heart disease or obesity [52-55]. All
these clinical conditions are associated with microglial inflammation (microglial type 1 status) [56,57].
SARS-CoV-2 enters the cells through the angiotensin-converting enzyme-2 receptors (ACE2-R). The expression of ACE2-R is
markedly upregulated on activated type 1 macrophages such as alveolar macrophages, Kupffer cells within liver, and microglial
cells in brain [58-60]. Microglial cells are known to participate to the transport of SARS-CoV-2 to the brain [61]. They are considered as a reservoir of SARS-CoV-2. They do not control the replication of the virus and additionally favour severe inflammation
and therefore cytokine storm [61].
White visceral adipose tissue, increased in individuals with obesity, is also a viral reservoir for SARS-CoV-2 via an increased expression of ACE2-R [62]. Finally the number of ACE2-R is incremented by aging [63].
Aging may also change gut microbiota and decrease immune protection [64]. However, we did not find any difference regarding
breath tests results between groups and included patients have only mild comorbidities. There is no argument in favour of any
discrepancy between the immunological status or gut intestinal diversity between the patients treated with ATVNS and those not
treated with ATVNS, especially regarding the non-observant ATVNS group.
Regarding the patients who were not recommended ATVNS and who rarely experienced mild-COVID-19 in comparison with the
ATVNS-treated group, one can argue that gastroduodenal emptying disturbance and therefore pre-existing alteration of the autonomic nerve function may interfere with the number of ACE2-R, immune status or microbiota.
Indeed, leaky gut syndrome is expected to be more frequent in case of dysbiosis and therefore in case of gastroduodenal emptying
disturbances.
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Patients with digestive vagal ou myenteric hypotonia may have inflammatory microglial cells in contact with neuronal endings.
Naïve microglial cells are surrounding submucosal intraganglionic laminar endings and can be contaminated by SARS-CoV-2 which
succeeded to cross the mucosa [64]. Microglial cells are known to be mobile and to join the nodose ganglion [65].

ATVPS increases vasoactive intestinal peptide (VIP) release
According to animal-related studies, parasympathetic neuronal endings contain VIP [66,67]. These findings were confirmed
in immunohistochemical studies performed on human tissues [68,69]. Stimulation of the vagus nerve (10 Hertz) is expected to
increases the release of VIP [70] in rats.
In a quiescently infected human cell model of neural stem cells, VIP enhances the proliferation of the cytomegalovirus (which is
classified as a herpes virus) [71]. In a murine transplant model, VIP inhibition protects from lethal murine CMV infection [72].
However, VIP is considered as the most prominent immunoregulatory neuropeptide that participates in local tissue immune
responses by potently affecting T cell and macrophage migration, proliferation, and cytokine production [73].
VIP could be able to inhibit the SARS-CoV-2 virus gene replication in human lung epithelial cells, to induce cytoprotective effects,
to promote monocyte production, and to increase transmission of viral resistance from monocytes to neighbouring lung cells [74].
VIP decreases microglial induced inflammation by switching the microglial inflammatory M1 pattern to the microglial regulatory
M2 pattern [75-77].
ATVNS is therefore unlikely responsible of increased viral replication or of VIP-induced inflammation especially as far as MildCOVID-19 is concerned.

ATVNS is not expected to increase inflammation or to decrease immunity
In animal models and according to potential therapeutic implications in humans, ATVNS is expected to decrease inflammation [7880].
In humans, calprotectin (a local marker of inflammation) is increased in stools of patients with mild-COVID-19 and diarrhoea [81].
ATVNS is expected to decrease faecal calprotectin levels in Crohn’s disease [42].
Increased local inflammation by ATVNS is therefore unlikely.
However, in animal-related studies, specific combinations of parameters of ATVNS produce significant increases in serum TNF
while other parameters selectively lowered serum TNF levels [82-83]. Optimal stimulation parameters to control inflammation
remain therefore to be determined.

The role of low diversity of microbiota regarding contamination
The diversity of the oral or of the gut microbiome is decreased in COVID-19 patients and may be correlated with the severity of
disease [21-25]. High levels of short-chain fatty acids may prevent cytokine storm [22].
Butyrate decreases the expression and the activation of Toll-like-receptor 4 and therefore reduces gastrointestinal inflammation in
model animals [84].
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H2S may block SARS-CoV-2 entry into host cells by interfering with ACE2-R and transmembrane protease serine 2, may inhibit
SARS-CoV-2 replication by attenuating virus assembly/release, and may protect SARS-CoV-2-induced lung damage by suppressing
immune response and inflammation development [85,86].
The age-dependent decline of the extracellular thiol-disulphide balance may explain the increased risk of COVID-19 in aged patients
[87].
Decreased availability of nitric oxide and hydrogen sulphide could be a hallmark of COVID-19 [88,89].
Preclinical studies and clinical trials with slow-releasing H2S donor(s) or the activators of endogenous H2S-generating enzymes are
considered as a preventative treatment or therapy for COVID-19 [90-95].
In this retrospective epidemiological cohort, exhaled hydrogen sulphide and butyrate levels were similar in patients selected for
ATVNS and those not-selected for ATVNS. We can therefore conclude that impairment of gastroduodenal emptying does not
modify the concentration of these gases as far as exhaled air is concerned. In contrast, we demonstrated in a previous study that NO
and H2S levels were modified in gastric air which was obtained after belching; not in exhaled air [34].
H2S and butyrate levels were lower in patients who experienced mild-COVID-19 either treated or not with ATVNS.
This latter point speaks in favour of a strong protective influence of a diversified microbiota against contamination with SARSCoV-2.
The underlying condition (namely altered gastroduodenal emptying) per se does not appear to influence the occurrence of symptoms
of COVID-19.
Eventually, ATVNS may only increase the spread of microglial cells, mild inflammation and therefore the frequency of screening that
will end to mild-COVID-19 diagnosis. ATVNS likely does not trigger contamination.

ATVNS and autophagy
SARS-CoV-2 exploits similar components of the autophagy machinery to create their replication organelles [96-98].
Autophagy, through the cleaning of inflammatory bacteria or fungi, controls the quality of the gut microbiota [99]. Consequently
impaired autophagy increases inflammation and triggers excessive apoptosis [100]. A positive feedback by small chain fatty acids
attenuates autophagy and relieves inflammation in a colitis mice-model [101].
Vagal nerve stimulation inhibits excessive autophagy and apoptosis in a rat-model of cerebral ischemia-reperfusion injury [102].
ATVNS is expected to decrease autophagy and therefore not to increase the replication of SARS-CoV-2.

Recurrence of herpes simplex
After the primo-infection, HSV-1 gains access to the termini of local sensory neurons (most commonly the trigeminal ganglion) by
a retrograde axonal transport. Herpes simplex virus type 1 (HSV-1) persist in trigeminal ganglia neuronal nuclei as chromatinized
episomes. Fluctuations in anti-viral immunological status underlay periodic reactivations. Innate immunity is the first line of defence
against HSV-1 infection, especially macrophages, γδT-cells, NK cells and type 1 interferons [103].
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In latently HSV-1-infection, the main part of the leukocyte infiltrate consists of HSV1-specific αβ T-cells, some macrophages [104]
and satellite glial cells [105]. Glial cells appear to orchestrate the immune control and play the pivotal role [106].
Dysbiosis could play some role in the reactivation of HSV-1. Butyrate increases the replication of HSV-1, up to 2000 times [107],
leading the HSV-1 reactivation in the trigeminal nerve [108,109] according to human-cells or animal-models.
HSV1 favours inappropriate autophagy and therefore its spread [110-112].
In mice-models, NO possesses major anti-HSV1 properties [113,114]. HSV-1 is therefore more present in neurons poor in NO [115]
and manages to decrease NO levels which enable its reactivation [116].
In this cohort, herpes reactivation was not associated with altered H2S (involved in the synthesis of NO) or butyrate level.
Reactivation of HSV-1 infection could rather be related to mobilisation of immune cells localised in the trigeminal ganglia, especially
microglial cells.

Global hypothesis
ATVNS favours the spread of neurotropic viruses into autonomic nervous system and eventually into central nervous system leading
to symptomatic COVID-19. It also increases the risk of recurrence of labial herpetic flare.
ATVNS does probably not alter autophagy, mucosa permeability or microbiota diversity.
ATVNS may favour the circulation of microglial cells to their targets: the central nervous system for viral primo-infections such as
SARS-CoV-2 or the periphery for HSV-1.
Regarding COVID-19, the infected microglial cells start from the submucosal intraganglionic laminar endings of the nasal/oral/
pulmonary or digestive mucosa and follow the afferent pathway of the vagus, joint the bipolar nodose ganglion and spread to all
organs.
Regarding HSV-1, the infected microglial cells start from the trigeminal ganglion and follow the sensory nerve in an anterograde
direction.
Inflammatory microglial cells - perhaps presenting with increased ACE2-receptors – are more numerous in case of low microbiota
diversity and low butyrate level.
Symptoms of primo-infection may therefore require the synergic effect of low diversity (low H2S level and low butyrate level) and
of ATVNS.
The diversity of microbiota appears as a cornerstone of the protection against COVID-19.

Limitations of the study
It is a retrospective epidemiological study with a large diversity of therapies and behaviours. However, the population included was
quite homogeneous because of restrictive inclusion and exclusion criteria (less than 70 years of age, no immunosuppressive therapy,
no uncontrolled autoimmune or inflammatory disease, no uncontrolled diabetes mellitus, no organ failure: cardiac, renal, hepatic,
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respiratory, etc.). Compliant and non-compliant groups regarding demographic date were similar. However, three biases can be
evoked.
Firstly, the patients who were recommended ATVNS present with vagal or myenteric hypotonia and an inappropriate gastroduodenal
emptying at ultrasound examination.
In such instances, the level of NO and H2S and of butyrate might have been low. It could therefore be objected that the patients
recommended to follow ATVNS could have been more prone to develop mild-COVID-19. However, non-compliant patients have a
similar microbiota than other patients.
Secondly, some patients of the non-compliant group may have partially performed ATVNS. Such a situation will decrease the
difference between the two groups. In this case, the bias tends to misleadingly narrow the differences between the two groups. It
therefore suggests an even stronger effect of ATVNS and consequently does not invalidate the findings.
Thirdly, some patients with altered gastroduodenal emptying may have not been diagnosed, may have not been proposed ATVNS or
may have refused the treatment when suggested. As a consequence the ATVNS group and the non-ATVNS group are probably more
similar than expected. This fact speaks again in favour of an effect related to ATVNS it-self rather than to health status discrepancies
between the two groups.
Other well identified risk factors (e.g. diabetes, overweight, age) were not taken into consideration. However, mean age and body
weight were similar in all groups and other patients present with underlying mild or controlled diseases. Please remember that these
patients were ambulatory patients coming for SIBO.
There is no argument to support any unbalance between groups, except inappropriate gastroduodenal emptying which was the
origin of ATVNS prescription.

Application of this new knowledge for routine practice
ATVNS may favour the occurrence mild-COVID-19 and recurrence of labial herpes simplex. Low levels of H2S or of butyric in
exhaled-breath may indicate an increased risk of primo-infection with SARS-CoV2. This risk may also apply to other neurotropic
viruses.
We recommend that ATVNS should be prescribed only after adequate vaccination against COVID-19.
The patients should be aware of an increased risk of herpetic flares when ATVNS is used. They should be then suggested to discontinue
the device or to receive the appropriate antiviral agent as long as the treatment is pursued.
Breath test may detect slight decrease in hydrogen sulphide or butyrate. A physician should select only patients with H2S levels
above 0.15 and with butyrate levels above 0.82 before considering their eligibility for ATVNS.
A control at 6 months should be planned to check for the lack of new microbiota disturbance (for example due to antibiotic therapy),
or the occurrence of a herpetic flare, of a mild-COVID-19 or of any viral disease.
Physicians should also keep in mind that prion disease and tauopathies may be based on a similar mechanism. ATVNS should not
be used in routine practice in patients who may present with such diseases before the situation has been clarified.
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Conclusion
ATVNS may increase the risk of primo-infection of COVID-19 and of recurrence of labial herpes simplex. The mechanism has to
be further investigated. The diversity of the microbiota seems essential to protect against COVID-19.
Low levels of H2S or of butyric in exhaled-breath may indicate an increased risk of primo-infection with SARS-CoV2. This risk
may also apply to other neurotropic viruses or particles.
Since ATVNS is more and more prescribed in routine practice in non-severe disease, physician should be aware of such potential
complications and put them into perspective with the expected benefits.
The risks should be explained to patients so that they can give an adequate informed consent before they use ATVNS. They will
then be able to stop treatment as soon as relevant adverse symptoms appear.
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