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Immunological dysfunction and mast cell
activation syndrome in long COVID
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At least 65 million people around the world suffer from long COVID-19, with the majority of cases occurring in the produc@
age (36-50 years old). Individuals with long COVID-19 are confounded with multiple organ system dysfunctions, long-term organ
injury sequelae, and a decreased quality of life. There is an overlapping of risk factors between long COVID-19 and other postviral
infection syndromes, so advances in research could also benefit other groups of patients. Long COVID-19 is the consequence
of multiple immune system dysregulation, such as T-cell depletion, innate immune cell hyperactivity, lack of naive T and B cells,
and elevated signature of pro-inflammatory cytokines, together with persistent severe acute respiratory syndrome-coronavirus
2 reservoir and other consequences of acute infection. There is an activated condition of mast cells in long COVID-19, with
abnormal granulation and excessive inflammatory cytokine release. A study by Weinstock et al. indicates that patients with long
COVID-19 suffer the same clinical syndrome as patients with mast cell activation syndrome (MCAS). Diagnosis and treatment of
MCAS in patients with long COVID-19 will provide further symptomatic relief, and manage mast cell-mediated hyperinflammation
states, which could be useful in the long-term control and recovery of such patients.

1. Impacts of long COVID

We as a society have entered the 4th year of the COVID-19
pandemic, and many breakthroughs have been achieved, espe-
cially in the immunology field. But, up until recently, COVID-
19 has infected more than 674 million people worldwide,
with 6.86 million documented deaths, likely higher due to
undocumented cases [1]. Alarmingly, as with other systemic
viral infections such as with Ebstein-Barr virus (EBV), cyto-
megalo virus, hepatitis C virus, human herpes virus 6, human
immunodeficiency virus, and many more, COVID-19 is asso-
ciated with prolonged multisystemic symptoms that follows
the acute infection, termed long COVID-19 [2-4]. At least 65
million people worldwide suffer from long COVID-19, with
an incidence estimated at 30% for mild cases, 70% for moder-
ate-to-severe cases, and around 12% for the vaccinated. Most
long COVID-19 cases occur between the ages of 36 and 50
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years, and the majority experience a mild and nonhospitalized
acute infection [5-9].

Individuals with long COVID-19 could develop new onset or
worsening of previous underlying multisystemic disorders, rang-
ing from myocardial inflammation, postural orthostatic tachy-
cardia syndrome, abnormal gas exchange, diabetes, pancreatic
injury, gut microbiome disturbance, dysautonomia, myalgic
encephalitis/chronic fatigue syndrome (ME/CFS), kidney injury,
coagulopathy, endothelial dysfunction, stroke, and even infertil-
ity, to name a few (Table 1) [5, 6, 8]. In addition, there is also
an increased risk of pulmonary embolism, cardiac arrest, heart
failure, death, stroke, and new-onset diabetes [5, 6, 8, 10].

Several risk factors have been identified for developing long
COVID-19, such as female sex, type 2 diabetes, previous EBV
infection, the occurrence of autoantibodies, previous autoim-
mune and connective tissue disorders, hyperactivity, and allergic
disorders [7, 8]. Because of the overlapping risk factors with
other postinfectious syndromes, such as post-EBV ME/CFS,
it was postulated that long COVID-19 could share the same
pathophysiology, diagnostic strategy, and even therapeutic
approaches with these conditions [2, 4, 10, 11].

2. Immunological aspects of long COVID-19

It has been suggested that the occurrence of long COVID-19
is the consequence of multiple pathophysiological mechanisms
after the initial acute phase infection. First, systemic inflamma-
tory response syndrome causes tissue injury and organ dysfunc-
tion. The resulting immune system hyper-response due to the
systemic nature of COVID-19-released numerous pro-inflam-
matory cytokines; in some individuals, it will result in cytokine
storm and severe COVID-19, but in most anti-inflammatory
cytokine response will result in immune homeostasis [12-14].
Prolonged immunosuppression in individuals with long
COVID-19 will result in a constellation of immune sys-
tem dysfunction, such as depleted T cells, highly activated
innate immune cells, lack of naive T and B cells, and elevated
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Multisystemic organ involvement of long COVID and its symptoms [4, 8, 9]

Organ/organ system involvement

Signs and symptoms

Possible pathogenic mechanism

Central nervous system

tinnitus
Cardiovascular system Chest pain, palpitations, fatigue
Respiratory system Cough, dyspnea

Endocrine system
Gastrointestinal tract

Fatigue, new-onset diabetes

onset IBD, increased liver enzymes
Urogenital tract

Cognitive impairment, fatigue, sleep disorders, memory loss,

Dysautonomia, ME/CFS, neuroinflammation, reduced cerebral
blood flow, small fiber neuropathy

Cardiac impairment, myocardial inflammation, POTS, coagulopathy,
deep vein thrombosis, microangiopathy, endothelial dysfunction,
micro clots, pulmonary embolism, stroke

Abnormal gas exchange

Thyroid injury, pancreas injury, adrenal injury

Abdominal pain, bloating, nausea, bowel movement disorder, new- Gut microbiome disturbances, viral persistence and reservoir, gut

inflammation, liver injury

Decreased renal function, recurrent urinary tract infection, erectile Renal and urinary tract injury, gonadal injury, reduced sperm count

dysfunction, infertility, irregular menstruation, premenstrual

syndrome severity
Immune system
rhinitis, and asthma

Recurrent infection, new-onset autoimmunity, urticaria, allergic

Immune system dysregulation, persistent viral inflammation, MCAS

IBD, inflammatory bowel disease; MCAS, mast cell activation syndrome; ME/CFS, myalgic encephalitis/chronic fatigue syndrome; POTS, postural orthostatic tachycardia syndrome.

inflammatory cytokines such as type I and type III interferons.
The resulting immune dysfunction, in tandem with persistent
severe acute respiratory syndrome-coronavirus 2 (SARS-COV2)
reservoir, caused an ongoing inflammatory reaction, pathogen
reactivation, endothelial damage, host-microbiome dysfunc-
tion, autoimmunity due to molecular mimicry, and cellular/
mitochondrial metabolism dysfunction (Fig. 1) [3, 4, 15, 16].

3. Mast cell activation syndrome in long COVID-19

Mast cell, an immune cell derived from the hematopoietic stem cell,
is involved in the immediate allergic response. The activation of
these cells could be induced by several mechanisms, such as mast
cell clonal disorders, allergic disease, neoplastic conditions, physi-
cal and autoimmune urticaria, and idiopathically such as in mast
cell activation syndrome (MCAS). MCAS is characterized by mast
cell hyperactivation and excessive chemokine release (histamine,
tryptase, carboxypeptidase A, and chymase). The clinical manifes-
tation of MCAS could involve the cardiopulmonary, gastrointesti-
nal, dermatological, and neurological systems (Table 2) [17, 19].
In the long COVID-19, a persistent inflammatory state will acti-
vate specific mast cell genes that will cause an abnormal mast cell
activation control. Activation of toll-like receptors in SARS-CoV2
infection causes the formation of autoantibodies that could interact

with mast cell immunoglobulin receptor and then activates them.
Mast cells are one of the main producers of inflammatory cyto-
kines of COVID-19 due to the abundance of angiotensin convert-
ing enzyme-2 receptors. The location of mast cells in the pulmonary
perivascular space, where their maturation happens, also puts these
cells in the front line of immune hyper-responsive condition caused
by COVID-19. In addition, mast cell stimulation will release many
pro-inflammatory cytokines, such as platelet-activating factor, hista-
mine, heparin, tryptase, prostaglandins, leukotriene, and chemokines
(IL-1p and IL-6). Furthermore, SARS-CoV?2 infection also increased
substance P secretion by immune cells and the activation of the
G-protein X2 receptor by protein cross-linking with PSD-95/Dlg/
Z0-1. All of these things will increase mast cell activation and the
occurrence of MCAS in patients with long COVID-19 [2, 4, 16, 20].

An observational study conducted by Weinstock et al. [21]
shows that patients with long COVID-19 have virtually identical
mast cell activation symptoms and severity as previously diag-
nosed MCAS patients without long COVID-19. Notable similar
symptoms in long COVID-19 compared with MCAS patients
are physical weakness, brain fog, tachycardia, insomnia, short-
ness of breath, migraines, paresthesia, arthralgia, dizziness, eye
complaints, nasal complaints, tinnitus, dry mouth, constipation,
easy bruising, flushing, vertigo, wheezing, bone pain, weight loss,
rashes, abdominal pain, and skin lesions [21]. There are several
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Figure 1. Immunopathogenesis of long COVID syndrome [4, 10].
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Clinical manifestations of mast cell activation syndrome [17, 18]

Organ system Clinical symptoms

Systemic Anaphylaxis, syncope, fatigue

Dermatologic Flushing, skin rash, pruritus, urticaria

Cardiovascular Hypotension, shock, chest pain, tachycardia

Respiratory Wheezing

Musculoskeletal  Arthralgia, myalgia, degenerative disc disease, osteoporosis/osteopenia

Gastrointestinal ~ Nausea, vomitus, abdominal pain, gastroesophageal reflux,
diarrhea, esophagitis, abdominal cramp, bloating, malabsorption

Neurological Cognitive impairment, brain fog, dizziness, vertigo, migraine,

paresthesia, peripheral neuropathy

explanations for these overlapping symptoms aside from what has
been mentioned above, such as blood-brain barrier disturbances
and neuroinflammation through microglia activation. These
observations showed that MCAS could cause deleterious central
and peripheral effects in patients with acute COVID-19 and may
contribute to the progression to long COVID-19 (Fig. 2) [3, 6, 22].

4. Diagnosis and treatment options for MCAS in
long COVID-19

There are two diagnostic criteria to diagnose mast cell disorders;
the previous one developed by WHO is useful to diagnose clonal
disorders, but not MCAS, due to the necessity for demonstrating
increased mast cell numbers, whether in tissue or bone marrow
biopsy. However, in MCAS, there is no increase in mast cell num-
bers or infiltration, only activation and the release of inflamma-
tory cytokines, so newer diagnostic criteria proposed by Akin et
al. [17]. will be more appropriate. In the new diagnostic criteria,
MCAS could be diagnosed if the following criteria are met:
(1) Episodic symptoms consistent with mast cell mediator
release affecting two or more organ systems are evidenced
as follows:

https://apallergy.org/

Skin: urticaria, angioedema, flushing
Gastrointestinal: nausea, vomiting, diarrhea, abdom-
inal cramping

Cardiovascular: hypotensive syncope or near syn-

cope, tachycardia

Respiratory: wheezing

Naso-ocular: conjunctival injection, pruritus, nasal

stuffiness.

(2) A decrease in the frequency or severity; or the resolution
of symptoms with antimediator therapy: H1 and H2 his-
tamine receptor antagonists, anti-leukotriene medications
(cysLT receptor blockers or 5-LO inhibitor), or mast cell
stabilizers (cromolyn sodium).

(3) Evidence of an elevation in a validated urinary or serum
marker of mast cell activation: documentation of eleva-
tion of the marker above the patient’s baseline during a
symptomatic period on at least 2 occasions; or if baseline
tryptase levels are persistent >15ng, documentation of
elevation of the tryptase above baseline on one occasion.
Total serum tryptase is recommended as the marker of
choice; less specific (also from basophils) 24-hour urine
histamine metabolites or 11-beta-prostaglandin F2.

(4) Primary (clonal) and secondary mast cell activation dis-
orders were ruled out.

After ruling out conditions that could mimic MCAS, such as
endocrine, cardiovascular, psychologic, pharmacological, and
neurologic causes, the first thing to do is to avoid known and spe-
cific triggers. Commonly inducing triggers include heat, changes
in temperature, pressure, cold, rubbing, exercise, emotional swing,
stress, sleep deprivation, and some medications such as opiates,
Non Steroidal Anti Inflammatory Drugs, muscle relaxants, antibi-
otics such as quinolones, and histamine-releasing foods [18, 19].

Usually, MCAS is treated by antihistamines (H1 and H2
blockers), inhibition of synthesis of mediators (zileuton and
aspirin), inhibition of mediator release (sodium-cromoglycate),

7

_~

“)\,/I Stress, anxiety, depression

BB«

S

Neural pathways

Cytokines,
growth factors,
inflammation

Circulation

i'/
>\_,‘
CRF
Endocrine pathways ‘ ACTH
Cortisol
\ | )
$v
: -
Mas"c cell
Immune pathways ‘
q’r
B Lo
=

Stress

Neurotransmitters, SCFAs,
Tryptophan metabolites

Figure 2. Stress induced by SARS-CoV2 infection will increase the release of corticotropin-releasing factor, adrenocorticotropic hormone, and cortisol. Stress
conditions in the gut will also induce alteration in the gut microbiota, neurotransmitter and short-chain fatty acid release, and tryptophan metabolism. These
pathophysiological mechanisms will induce the activation and degranulation of mast cells, thus releasing inflammatory cytokines. Adapted from Batiha et al. [15].
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and inhibition of degranulation of mast cells by anti-IgE.
Antihistamine, especially H1 receptor blockers, are the cor-
nerstone of the treatment, with a combination of nonsedating
(cetirizine, fexofenadine, loratadine, desloratadine, and levoceti-
rizine) and sedating (diphenhydramine, hydroxyzine, cyprohep-
tadine, doxepin, and ketotifen) at doses that could be titrated as
indicated up to four times the recommended dose. In addition,
a combination with H2 antihistamines (ranitidine, cimetidine,
and famotidine) could provide a synergistic histamine receptor
blockade and relieve gastrointestinal symptoms [18, 19, 23].

Inhibition of mediator release by sodium-cromoglycate and,
to a lesser extent, ketotifen has been shown to improve skin,
gastrointestinal and neuropsychiatric symptoms. As an inhibitor
of mediator synthesis, aspirin, montelukast, and zileuton could
also provide a synergistic effect. Furthermore, there is no rea-
son to avoid aspirin or other Non Steroidal Anti Inflammatory
Drugs once the diagnosis of MCAS has been made if the patient
has tolerated these medications previously [18, 19, 24].

The combination of histamine blockade, stabilization of mast
cells, and mediator inhibition could provide additional benefits in
MCAS and long COVID-19 patients beyond mast cell-mediated
symptoms. In addition, it has been shown that histamine-depen-
dent mechanisms also mediate T-cell disorders in long COVID-19,
so these treatment modalities could also be used to manage hyper-
inflammation states and provide therapeutic benefits [20, 21].

Long-term prognosis of MCAS in long COVID-19 patients is
unknown, as there are no longitudinal observation studies finished
yet. Prognosis is largely related to the severity of preceding infec-
tions and underlying comorbid. MCAS also increases the risk of
anaphylaxis, which could prove to be a risk for patient survival.

5. Conclusion

Long COVID-19 may progress in association with the develop-
ment of MCAS. The emergence of MCAS during the course of
SARS-CoV2 infection is linked to the severity of the infection
and the occurrence of MCAS. Application of antihistamines,
inhibition of synthesis/release of mediators, and suppression
of mast cell activation could help control MCAS-associated
long COVID-19 symptoms. Early recognition and treatment of
MCAS in long COVID-19 may reduce systemic complications
and increase patients’ quality of life.
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