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attributed to mast cell activation
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Introduction: Long-COVID is a broadly defined condition and there are no
effective therapies. Cardiovascular manifestations of long-COVID include high
heart rate, postural tachycardia, and palpitations. Previous studies have
suggested that mast cell activation (MCA) may play a role in the pathophysiology
of long-COVID, including in the mechanisms of its cardiovascular
manifestations. The present study aimed to evaluate the effectiveness of a
treatment with blockers of histamine receptors in patients with long-COVID
who did not respond to other therapies.

Methods: In all, 14 patients (F/M=9/5; 4954115 years) and 13 controls
(F/M = 8/5; 47.3 + 8.0 years) with long-COVID symptoms attributed to MCA were
evaluated. Patients were treated with fexofenadine (180 mg/day) and famotidine
(40 mg/day). Fatigue, brain fog, abdominal disorders, and increased heart rate
were evaluated in treated and untreated patients at baseline and 20 days later.
Results: Long-COVID symptoms disappeared completely in 29% of treated
patients. There was a significant improvement in each of the considered
symptoms (improved or disappeared) in all treated patients, and the
improvement grade was significantly greater in treated patients compared to
controls. No significant differences in the outcomes were observed in the controls.
Conclusions: Our data confirm that histamine receptors blockade may be an
effective target to successfully treat long-COVID. Our finding supports the
underlying role of MCA in the pathophysiology of long-COVID.
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Introduction

Coronavirus disease 2019 (COVID-19) is a clinical condition due to a novel coronavirus
called SARS-CoV-2 (severe acute respiratory syndrome coronavirus-2) (1). The COVID-19
pandemic has important clinical, economic, and social implications (2). SARS-Cov2
continues to spread globally, and it is responsible for the COVID-19 pandemic (1). Most
patients with SARS-Cov2 infection are asymptomatic or have mild symptoms, but
approximately 10% of patients with a SARS-Cov2 infection can experience a severe course
with pneumonia, respiratory failure, thrombotic events, cardiovascular injury, and death (1).
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Long-COVID is a multisystem disease that occurs in a
proportion of patients with symptomatic or even asymptomatic
SARS-Cov2 infection (3). Patients with long-COVID can exhibit
involvement and

impairment of multiple organs (3, 4).

Cardiovascular,  psychological, respiratory,

gastrointestinal, dermatological, musculoskeletal, and generalized

neurological,

signs and symptoms have been described (3-9). Among

cardiovascular manifestations, tachycardia, palpitations, and
postural hypotension are the most common disorders (3-9). Other
common symptoms are fatigue, cognitive impairment, shortness
of breath, and cough (3-9). The pathophysiology of long-COVID
is still unclear. Several mechanisms have been proposed: immune
dysregulation, auto-immunity, endothelial dysfunction, occult viral
persistence, and coagulation activation (6). It is plausible that a
syndromic thread in each disorder has its specific derangement (8).

Some authors hypothesized that hyperinflammation linked to
SARS-Cov2 infection might be at least partially mediated by mast
cell activation (MCA) (10). In addition, it has been suggested that
MCA might explain not only hyperinflammation in COVID-19 but
also many symptoms of long-COVID (11). To test this hypothesis,
Weinstock et al. compared patients with long-COVID, patients with
mast cell activation syndrome (MCAS), and controls (12). They
found that symptoms of MCAS were increased in long-COVID and
mimicked the symptoms and severity observed in patients with
MCAS (12). The study highlighted the main role that MCA can
have in the pathophysiology of long-COVID, suggesting a route to
effective therapies (12). One study evaluated retrospectively the
clinical response to antihistamines in 26 patients with long-COVID
treated with a combination of H1 and H2 receptor antagonists (13).
Patients treated with antihistamines showed a significantly better
response than the 23 untreated patients (13) The present study
aimed to evaluate the effectiveness of treatment with blockers of
histamine receptors on specific symptoms of long-COVID
attributed to MCA, particularly on cardiovascular manifestations, in
a well-characterized group of patients with long-COVID who were

not responding to other therapies.

Methods

In this retrospective study, we included a well-characterized
cohort of 14 patients with long-COVID treated with histamine H1
and histamine H2 receptor blockers, because they were non-
responders to other treatments and their symptoms seemed to be
attributable to MCA (10-12). These 14 patients were selected
according to rigorous inclusion and exclusion criteria from a large
group of 373 people with long-COVID who were treated with H1
and H2 receptor blockers. To limit any interference on clinical
response, the following inclusion criteria were used: (1) onset of
symptomatic SARS-Cov2 infection, confirmed by RT-PCR, at least
six months earlier; (2) diagnosis of long-COVID after acute
COVID-19; (3) treatment for long-COVID with any therapy except
antihistamines, sodium cromoglycate, and montelukast; (4) no
registered benefits from previous treatment for long-COVID; and
(5) presence of fatigue and at least one of the following symptoms:
(a) increased heart rate (HR), (b) brain fog, and (c) abdominal
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disorders. The exclusion criteria were: (1) personal history of allergy
and/or any disease characterized by MCA; (2) presence of any
symptom among those considered in the diagnosis of long-COVID
before the occurrence of COVID-19; (3) vaccination against SARS-
Cov2; (4) presence of any disease other than long-COVID and any
pharmacological or nutraceutical treatment; and (5) presence of
symptoms not attributed to MCA by previous studies.

Fatigue was defined as severe, persistent, and disabling fatigue that
can be associated with headaches, myalgia, shortness of breath, and
orthostatic intolerance. Increased heart rate was defined as an HR
>100 beats/min at rest or a postural tachycardia (increased HR of
>30 beats per min within 5-10 min of standing). Increased heart rate
can be associated with palpitations, exercise intolerance, and chest
pain. Brain fog was defined as lack of concentration, dizziness and/
or lightheadedness and/or confusion, memory loss, difficulty
multitasking, and inability to find the right words. Gastrointestinal
manifestations included nausea and/or vomiting, abdominal pain,
diarrhea or constipation, loss of appetite, heartburn, and/or dysphagia.

As the control group, 13 patients with the same inclusion and
exclusion criteria and matched by sex, age, and BMI were selected
from our database of approximately 1,000 patients with long-
COVID. Controls were not treated with antihistamines, as they
refused further pharmacological treatment.

Fatigue, brain fog, cardiovascular symptoms, and gastrointestinal
manifestations were self-reported by the patients. Increased HR was
assessed by a physician. The patients were treated with the following
medications: fexofenadine 180 mg once daily taken before dinner
and famotidine 40 mg once daily at bedtime. After 20 days of
treatment, the patients were asked to answer four questions regarding
the course of the symptoms mentioned at the time of enrolment.
Each patient was asked to answer the following simple question for
each symptom: is your symptom (1) unchanged or (2) improved or
(3) disappeared or (4) worsened? As for increased heart rate, this was
evaluated by the physician, but the patient was asked to answer
questions about associated cardiovascular symptoms (palpitations,
exercise intolerance, and chest pain). Untreated patients were asked
to answer the same questions at baseline and 20 days later.

This study used information previously collected during
normal care (with no intention to use it for research purposes at
the time of collection). Written informed consent to be included
in the study was obtained from each patient.

Statistics

To find differences in continuous variables between the two study
groups, the Student’s t-test was used. Non-normally distributed
variables were log-transformed before the analysis. Fisher’s exact test
or the chi-square test was performed for frequency comparisons. A
p-value of less than 0.05 was considered statistically significant.

Results

Table 1 depicts the demographic and clinical characteristics of
treated and untreated patients at baseline. As shown, there were
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no differences in any of the investigated variables between the two
study groups. Among the treated patients, 1 patient (a 44-year-old
woman) showed two symptoms (fatigue and abdominal disorders),
2 patients (a 47-year-old woman and a 44-year-old woman) had
three symptoms (fatigue, brain fog, and increased HR), and 11
patients had all four symptoms. Among the untreated patients
(controls), 1 patient (a 58-year-old man) showed two symptoms
(fatigue and abdominal disorders), whereas 4 patients had three
symptoms (a 38-year-old woman with fatigue, increased HR, and
abdominal disorders; a 38-year-old man, a 54-year-old man, and a
61-year-old woman had fatigue, brain fog, and abdominal
disorders), and 8 patients had all four symptoms.

Table 2 shows the clinical outcomes of treated patients and
controls. As shown, each symptom improved (in terms of
improvement or disappearance of the symptom) in a significant
proportion of the treated patients after 20 days of antihistamines
treatment. Among them, fatigue fully vanished in six patients
(43%), brain fog disappeared in six patients (43%), increased

TABLE 1 Demographic and clinical characteristics of treated and
untreated patients with long-COVID at baseline.

Variables Treated Untreated p-Values
patients patients
(n=14) (n=13)
Age (years) 495+11.5 47.3+£8.0 0.572
Females/Males (n) 9/5 8/5 1.000
BMI 256+44 25.1+2.7 0.359
Patients with two 1 1 0.576
symptoms (1)
Patients with three 2 4
symptoms (1)
Patients with four 11 8
symptoms ()

BMI, body mass index.

10.3389/fcvm.2023.1202696

heart rate was no longer present in eight patients (57%), and
abdominal disorders disappeared in eight patients (57%). Among
controls, no symptom showed significant improvement and no
symptoms disappeared in the untreated patients group.

Table 3 shows the percentages of subjects with long-COVID
with each symptom of long-COVID at baseline and after 20 days
in the treated and untreated groups. At baseline, there were no
differences in the prevalence of long-COVID and relative
symptoms between the groups. The percentage of patients with
fatigue, increased heart rate, and abdominal disorders was
significantly lower in the treated than in the untreated group.
Four in 14 treated patients (29%) did not show any symptoms of
long-COVID after 20 days of treatment, while all untreated
patients had long-COVID 20 days later. The magnitude of the
difference was insufficient to reach statistical significance.

Neither patients nor controls showed worsening of any
symptoms. No adverse effects due to treatment were observed.

Discussion

Long-COVID has been broadly defined. According to the
NICE (National Institute for Health and Care Excellence)
definition, the term “long-COVID” should include both ongoing
symptomatic COVID-19 (persistence of symptoms 4-12 weeks
after the infection) and post-COVID syndrome (signs and
symptoms developing during or after a SARS-Cov2 infection,
persisting for more than 12 weeks and that are not explained by
other diagnoses) (4). It is very difficult to know the exact
incidence and prevalence of long-COVID in infected patients
because of the different definitions, diagnostic criteria, targeted
populations, and follow-up periods used in the studies. However,
long-COVID is a common condition. Long-COVID may affect

TABLE 2 Clinical outcomes in 14 patients with long-COVID after 20 days of treatment with H1 and H2 receptor blockers, and in 13 untreated patients
with long-COVID.

Symptoms Treated patients (n=14) Untreated patients (n=13)
At baseline (%) Unchanged 20 days @ p-Value | At baseline (%) | Unchanged 20 days p-Value
after (%) after (%)
Fatigue 100 21 <0.0001 100 85 0.4800
Brain fog 93 43 0.0127 85 70 0.6447
Increased HR 93 29 0.0013 92 85 1.0000
Abdominal disorders 79 14 0.0048 77 62 0.6727

HR, heart rate.

TABLE 3 Clinical outcomes in 14 patients with long-COVID after 20 days of treatment with H1/H2 receptor blockers and in 13 untreated patients with

long-COVID.
At baseline 20 days after
Treated patients Untreated patients | p-Value | Treated patients Untreated patients | p-Value
(n=14) (n=13) (n=14) (n=13)
Long-COVID (%) 100 100 1.0000 71 100 0.0977
Unchanged fatigue (%) 100 100 1.0000 21 85 0.0018
Unchanged brain fog (%) 93 85 0.5955 43 70 0.2518
Increased HR (%) 93 92 1.0000 29 85 0.0063
Abdominal disorders (%) 79 77 1.0000 14 62 0.0183

HR, heart rate.
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10%-30% (or even more) of those who contracted COVID-19 (5).
The prevalence of post-COVID may range from 3% to 11.7%,
according to data from England (6). To our knowledge, there are
no effective treatments for long-COVID; therefore, it can have a
very long duration. A lot of therapies, including rehabilitation,
nutritional counseling, psychological support, immunomodulator,
beta-blockers,
suppressants, non-steroidal anti-inflammatory drugs, analgesics,

acupuncture, antidepressants, steroids, cough
nutraceutical agents, vitamins, and anticoagulants, have been
proposed and used to treat long-COVID, but their effectiveness
is very relative (3, 4, 5, 8, 9).

Our preliminary data clearly show that blocking both histamine
H1 and histamine H2 receptors may lead to the improvement or even
the disappearance of some symptoms in a significant proportion of
patients with long-COVID with symptoms attributed to MCA.
Long-COVID even vanished in 29% of the treated patients.

These findings support the idea that MCA is involved in the
pathophysiology of long-COVID, as suggested by some authors
(11-13). In suggest that other

pathophysiological mechanisms can play a role in the occurrence of

addition, our study may
long-COVID in non-responders to histamine blockers. Some
patients did not have any significant benefit from the treatment
with antihistamines, while others showed a partial response to the
endothelial
dysfunction, occult viral persistence, coagulation activation, and

treatment. Immune dysregulation, autoimmunity,
MCA have been proposed as potential mechanisms of long-COVID
(6). However, long-COVID has several subtypes and, therefore, is
not a homogeneous disease (5). This implies that each subtype may
be caused by specific mechanisms (5 7-9). Therefore, the
classification of long-COVID in subtypes and the identification of
their corresponding mechanisms by specific biomarkers may permit
tailored Unfortunately,

recognized classifications are lacking at present.

treatments. specific biomarkers and

Mechanisms involved in the pathophysiology of long-COVID
have also been described in patients with acute COVID-19 such as
direct damage to infected cells via ACE2 receptors (14), coagulative
abnormalities (14, 15), autoimmune mechanisms (16), oxidative
stress (17), endothelial dysfunction (18), and MCA (10). In acute
COVID-19, these linked to

hyperinflammation that mediates clinical presentation, course, and

mechanisms ~ are  usually
prognosis (10). Hyperinflammation is an excessive inflammatory
response of the host, called “cytokine storm”, which includes
proinflammatory cytokines and chemokines released by immune
effector cells, ultimately resulting in tissue damage and organ failure
(10). Mast cells may play a role in cytokine storm (10). Specific
studies should clarify whether the persistence of one or more
mechanisms involved in acute COVID-19 can lead to specific
subtypes of long-COVID when hyperinflammation disappears.

Our findings warrant further support by larger studies.
However, it is worth noting that a “symptomatic” therapy with
H1 and H2 receptor blockers is useful, as it can rapidly improve
important disorders related to long-COVID, as already suggested
(13). Specific studies should test not only antihistamines but also
stabilizers of the mast cells as potential treatments for long-
COVID if the MCA involvement is confirmed. Some trials with
montelukast are ongoing and may provide interesting solutions
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(19). In addition, targeted studies should discover biomarkers for
identifying patients with clinical presentations of long-COVID
caused by MCA. That would allow clinicians to administer
personalized therapeutical strategies. In patients with recognized
MCA, in addition to pharmacological treatment, other measures
should be adopted; patients may follow a specific “low
histamine” diet (20) and their practice of physical activity should
avoid an excessive production of histamine (21).

The effects that MCA can have on the cardiovascular system have
been extensively described (23). In our cohort of patients with long-
COVID, the benefits of the treatment with antihistamines appear to
be particularly interesting regarding cardiovascular symptoms. The
main cardiovascular manifestations are due to the pathological
production and release of many mediators, such as histamine,
tryptase, polypeptide,
metabolites, that usually cause tachycardia and hypotension (23).

vasoactive  intestinal and phospholipid
Beta-blockers are often used to reduce tachycardia, especially in
patients with normal blood pressure. However, this therapy usually
determines a further increase in heart rate, as experienced by many of
our patients. Indeed, beta-blockers do not act on the mechanisms by
which MCA increases heart rate, but they may even cause a blood
pressure decrease with a consequent increase in heart rate via
baroreflex activation (24). On the contrary, the blockage of H1 and
H2 receptors permits a reduction in heart rate and an increase in
blood pressure.

The present study has several limitations. The main limitation is
the retrospective analysis. However, we used rigorous inclusion and
exclusion criteria to explore the effectiveness of specific therapy in a
well-characterized population. Controls were matched with treated
patients. Then, we enrolled only patients with persistent long-
COVID who did not respond to other treatments. In addition, acute
COVID-19 and SARS-CoV2
Furthermore, none of our patients complained of any symptom
attributed to long-COVID before the SARS-CoV2 infection, and
none of the patients were vaccinated. We recruited only

infections were well-documented.

unvaccinated patients, considering that there is growing evidence
that the SARS-CoV2 vaccine may affect the course of long-COVID
(22). Another limitation of our study may be represented by our
initial clinical choice of using antihistamines only in patients with
symptoms of long-COVID attributable to MCA (12). This may
explain the high rate of patients who presented with disappearance
or improvement of the symptoms in a short time. Despite this, no
controls showed significant improvement, even if the control group
had the same features as the treated group. Except for heart rate
measurement, all the patients’ symptoms were self-reported. This
may represent another study limitation. However, no biomarker or
recognized sign is currently available for most clinical manifestations
of long-COVID. No validated questionnaires were administered in
this study, nevertheless, all the treated patients reported an
improvement in their symptoms, and the therapeutical effects on
HR were always documented by a physician. Moreover, none of the
patients reported worsening of any symptoms of long-COVID, and
no benefits were observed in untreated patients. Altogether, these
results suggest the effectiveness of the treatment.

Our data confirm that blocking both H1 and H2 receptors can
lead to a quick improvement in patients with long-COVID with
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specific symptoms attributed to MCA. These findings support the
underlying role of MCA in the pathophysiology of long-COVID.
Further larger-cohort studies are warranted to confirm these results.
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