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Dear Editor,

Post-COVID-19 syndrome (PCS) refers to new,
recurring, or persisting symptoms beyond 3
months after acute severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection.
PCS is a multisystem disease that develops
regardless of the severity of acute COVID-19.
Commonly described symptoms comprise a com-
bination of anosmia, fatigue, cognitive impair-
ment, and symptoms from the cardiovascular,
respiratory, gastrointestinal, peripheral, and auto-
nomic nervous system (ANS). Today, the patho-
physiology of PCS remains unclear. It has been
proposed that some symptoms may be attributed
to dysautonomia, due to either direct viral or
immune-mediated effects.! In turn, dysautono-
mia may be encountered either as a failure or as
an overactivation of either of the ANS branches,
the sympathetic or parasympathetic. In a previous
study, we demonstrated that ANS dysfunction
may contribute to PCS symptoms,? but did not
include patients with a history of SARS-CoV-2
infection who did not develop PCS (NONPCS).

A case—control study was thus designed to inves-
tigate whether ANS dysfunction may distinguish
PCS patients (1) from their NONPCS counter-
parts and (2) from healthy controls without a
history of SARS-CoV-2 infection. Adult patients
with a history of laboratory-confirmed COVID-
19 without hospitalization, with or without PCS
symptoms for >3 months from COVID-19
onset, were evaluated at a referral center in
Athens, Greece (‘Attikon’ University Hospital)
between June 2022 and November 2022. PCS
patients with cardiovascular complications or

diabetes were excluded. The most commonly
reported PCS symptoms were anosmia, fatigue,
cognitive impairment (brain fog), arthralgia and
myalgia, numbness, mood disorders such as
anxiety and depression, breathlessness, chest
discomfort, and gastrointestinal symptoms (diar-
rhea, nausea).

Controls included volunteers without a history of
SARS-COV-2 infection, cardiovascular diseases,
diabetes, or ANS disorders. All patients and con-
trols were vaccinated for SARS-COV-2. The
evaluation of ANS function was performed by
sympathetic skin response (SSR) to investigate
the sympathetic nervous system (SNS), and the
cross-sectional area (CSA) of the vagus nerve
(VN) was assessed by ultrasound to investigate
the parasympathetic nervous system (PNS). Both
investigators who performed SSR and sonogra-
phy of VN were blinded to clinical data and group
allocation of study participants (i.e. PCS,
NONPCS, healthy controls). SSR and CSA
measurements are described in detail in previ-
ously published studies and in the online-only
supplement.?#* The study was approved by the
Institutional Research Bioethics Committee
(EBD551/04.11.2021). Informed consent was
obtained by all participants. Statistical analysis
was performed using the Statistical Package for
Social Science (SPSS Inc., version 24.0 for
Windows; IBM, Armonk, NY, USA). Descriptive
statistics are given as mean and standard devia-
tion, frequency, and percentage. Statistical com-
parisons between groups were performed using
the chi-square test for binary outcomes and
analysis of variance (ANOVA) or Kruskal-Wallis
test for continuous variables as appropriate.
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Correlations between variables were tested using
Spearman’s rank correlation coefficients (r) as
appropriate. A two-tailed p value of less than
0.05 was considered significant. Bonferroni cor-
rection for multiple comparison was applied as
appropriate.

A total of 40 healthy subjects (24 women, 16
men), 20 NONPCS patients (13 women, 7 men),
and 20 PCS (16 women, 4 men) were included.
The mean age of controls was 43.3 + 2years
(range: 23-65 vyears), of NONPCS was
36.8 = 2years (range: 30-59), and of PCS was
38.55 = 3years (range: 18-66 years). The PCS
group did not differ in age from NONPCS
(p=1.000) nor from controls (p=0.387). The
three groups did not differ in sex (p=0.322,
Fisher’s exact). Among the study participants, 32
(80%) and 8 (20%) healthy controls had received
two and three COVID-19 vaccine doses, respec-
tively. Among NONPCS, 15 (75%) and 5 (25%)
had received two and three vaccine doses, respec-
tively. Among the PCS patients, 14 had received
two vaccine doses (70%) and 6 had received
three vaccine doses (30%), while none of the
study participants had received a fourth vaccina-
tion at the time of the study. SSR amplitudes
were similar between groups. However, palmar
SSR latencies differed significantly between
PCS patients (mean * standard deviation:
1.45+0.17s), NONPCS patients (1.24 = 0.195s),
and healthy controls (1.32 * 0.24s) (p=0.007).
Similarly, plantar SSR latencies differed signifi-
cantly between PCS patients (2.09 =0.315s),
NONPCS patients (1.80 =0.29s), and healthy
controls (1.80 = 0.31s) (p=0.004). CSA of both
the right and left VN was significantly smaller in
PCS compared with NONPCS patients and
healthy controls. CSA of the right VN was
2.97+0.73mm? (controls), 2.92 * 0.64 mm?
(NONPCS), and 2.30 = 0.66mm?2 (PCS)
(p=0.001); CSA of the left VN was
2.24+0.93mm? (controls), 2.32 * 0.54mm?
(NONPCS), and 1.54 = 0.41mm? (PCS)
(p<0.001). Post hoc analysis revealed that (1)
controls and NONPCS did not differ in SSR
latencies nor in VN CSA, (2) PCS patients had
longer palmar latencies compared with controls
(»=0.027) and NONPCS (»p=0.009), (3) PCS
patients had longer plantar latencies compared
with  controls (p=0.006) and NONPCS
(p=0.013), (4) PCS patients had smaller right

CSA VN compared with controls (p=0.001) and
NONPCS (p=0.029), and (5) PCS patients had
smaller left CSA VN compared with controls
(p<0.001) and NONPCS (p=0.006) (Figure 1).
No correlation was observed between SSR laten-
cies and CSA of VN (Table 1). Similar findings
were observed in a previous published study in
amyotrophic lateral sclerosis (ALS) patients.*

This study provides further evidence of auto-
nomic dysfunction in PCS, with VN atrophy and
prolonged SSR latencies accounting for parasym-
pathetic and sympathetic nervous system involve-
ment, respectively. On the contrary, NONPCS
patients did not show evidence of subclinical
ANS dysfunction, as reflected by the normal neu-
rophysiological and neurosonography findings,
and did not differ from healthy controls.

Dysautonomia has been associated in the past
with post-viral conditions—that is, following
Epstein-Barr virus infection>—while recent stud-
ies have associated the broad constellation of PCS
symptoms with ANS dysfunction following SARS-
CoV-2 infection.:>% Cardiovascular and respira-
tory PCS symptoms, including postural orthostatic
tachycardia syndrome (POTS) and persisting
dyspnea, have been related to the involvement of
chemoreceptors and mechanoreceptors or dys-
function of brainstem neurons.® In addition, neu-
ropsychiatric PCS symptoms, such as fatigue,
myalgias, anxiety, dizziness, and anosmia, have
been linked to impaired ANS function.!3

Although the pathophysiology underlying PCS
still remains largely enigmatic, the correlation
between PCS and ANS dysfunction has been
gaining ground with growing evidence. According
to the angiotensin-converting enzyme-2 (ACE2)
hypothesis, ANS dysfunction may be mediated
by ACE2 receptors that are abundantly expressed
in ANS neurons and facilitate via binding to the
spike protein of SARS-CoV-2 the viral cell entry
in acute COVID-19. Within the ANS, ACE2
receptors are predominantly expressed in the
nucleus tractus solitarius, a brainstem nucleus
related to the dorsal vagal nucleus, the involve-
ment of which may account for prolonged ANS
impairment in PCS.5:¢

From an epidemiological perspective, it is also
noteworthy that women are more susceptible to
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Figure 1. Longer sympathetic skin response (SSR) latencies and smaller cross-sectional area (CSA) of the
vagus nerve are noted in post-COVID syndrome (PCS) patients compared with healthy controls and non-post-
COVID patients (NONPCS]): (a) SSR palmar latencies, (b) SSR plantar latencies, (c] CSA of the right vagus

nerve, and (d) CSA of the left vagus nerve.

One asterisk (*) indicates statistically significant differences (p < 0.05) and two asterisks (**) indicate statistically significant

differences (p < 0.01).

PCS than men.!” Interestingly, chronic fatigue
syndrome, another disease with clinical similari-
ties to PCS, also exhibits female sex predomi-
nance and clinical features of dysautonomia,
which could suggest that ANS dysfunction com-
prises a common pathophysiological denominator
of the two disorders.”

It should be stressed here, however, that the
pathophysiology of PCS still remains to be untan-
gled. Besides ANS dysfunction, pathways impli-
cated in PCS comprise (1) sustained
neuroinflammation via microglia activation or
auto-immune responses, (2) altered microcircu-
lation due to hypercoagulation or mitochondrial
failure, and (3) structural alterations and

hypometabolic activity in certain brain regions.®
In addition, psychiatric comorbidities and also
psychosomatic factors including enhanced soma-
tization have been linked to increased PCS risk.8?°
Interestingly, as psychological triggers may also
correlate with dysautonomia (e.g. increased anxi-
ety may trigger dysautonomia and vice versa),
the extent to which ANS dysfunction may con-
tribute to PCS remains to be established.

The evidence provided by this study, and the fact
that not all infected patients present with PCS
nor do they present subclinical dysautonomia,
could indicate an increased predisposition to
ANS dysfunction in PCS. Further studies are,
thus, direly needed to elucidate why some patients
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Table 1. Correlation analysis between sympathetic skin response (SSR) latencies and cross-sectional area

(CSA] of the vagus nerve.

Variable Spearman’s p value Spearman’s p value
correlation (r) correlation (r)
Right Left
CONTROLS SSR palmar latencies 0.338 -0.226 0.4 -0.199
versus CSA VN
SSR plantar latencies 0.185 -0.309 0.366 -0.214
versus CSA VN
NONPCS SSR palmar latencies 0.338 -0.226 0.400 -0.199
versus CSA VN
SSR plantar latencies 0.185 -0.309 0.366 -0.214
versus CSA VN
PCS SSR palmar latencies 0.312 -0.238 0.507 -0.158
versus CSA VN
SSR plantar latencies 0.050 -0.444 0.502 -0.159
versus CSA VN
NONPCS SSR palmar latencies 0.338 -0.226 0.400 -0.199
versus CSA VN
SSR plantar latencies 0.185 -0.309 0.366 -0.214

versus CSA VN

CSA, cross-sectional area; NONPCS, non-post-COVID; PCS, post-COVID syndrome; SSR, sympathetic skin response; VN,

vagus nerve.

may be more prone to ANS dysfunction and PCS
following SARS-CoV-2 infection.
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