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ABSTRACT

Background: The long coronavirus disease 2019 (COVID-19) syndrome includes a group of patients who, after infection
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) exhibit lingering mild-to-moderate symptoms and de-
velop medical complications that can have lasting health problems.
Objective: The purpose of this report was to examine the current body of evidence that deals with the relationship of

COVID-19 infection with the long COVID syndrome to define the possible immunologic mechanisms involved in the pathoge-
nesis of long COVID and to describe potential strategies for the diagnosis and clinical management of the condition.
Methods: Extensive research was conducted in medical literature data bases by applying terms such as long COVID,

post–COVID-19 condition, pathogenesis of long COVID, management of the long COVID syndrome.
Results: The post-COVID conditions, a more recent and less anxiety-inducing term for the patient than long COVID or “long

haul,” is an umbrella term for a wide range of physical and mental health symptoms similar to those seen in patients with the
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS), experienced by some patients and are present � 4 weeks after
SARS-CoV-2 infection. Although the precise reason why long COVID develops is unknown, one of the major causes is thought to
be related to chronic inflammation with overproduction of inflammatory cytokines responsible for the symptoms of the disorder.
Conclusion: Long COVID is a growing burden for millions of patients, health-care providers, and global health-care sys-

tems, and is a particular challenge for the allergist/immunologist. Many survivors of COVID-19 struggle with multiple
symptoms, increased disability, reduced function, and poor quality of life. The allergist/immunologist can assist the total
health-care team’s efforts in providing a comprehensive and coordinated approach to the management of these patients by pro-
moting comprehensive vaccination and rehabilitation and social services that focus on improving physical, mental, and social
well-being, and by establishing partnerships with specialists and other health-care professionals who can provide behavioral,
lifestyle, and integrative approaches that may have much to offer in helping patients cope with their symptoms.

(Allergy Asthma Proc 43:368–374, 2022; doi: 10.2500/aap.2022.43.220059)

A s of June 10, 2022, >85.2 million confirmed cases
of COVID-19 and >1 million deaths have been

reported in the United States. Despite these numbers,
the natural history, clinical course, and long-term con-
sequences of this disease are still incompletely under-
stood. Most patients with coronavirus disease of 2019
(COVID-19) generally show complete recovery within
3–4 weeks and return to their baseline state of health
after acute infection with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), but as many as
30%, or more, continue to report lingering effects after
3 months and develop medical complications that can
have lasting and debilitating health problems.1

This prolonged condition is referred to by a variety
of designations, which include long COVID, long haul,
or the post–COVID-19 condition, terms that are as per-
plexing to the patient as they are to the health care
practitioner. Long COVID, therefore, is a form of
chronic COVID-19 infection characterized by persis-
tent symptoms after SARS-CoV-2 infection, which
include fatigue, shortness of breath, cough, joint pain,
and chest pain, in addition to other symptoms that
include problems with thought processes, difficulty
concentrating, forgetfulness, depression, muscle pain,
headache, rapid heartbeat, and fever.1 The purpose of
the present report was to examine the current body of
evidence that deals with the relationship of COVID-19
to long COVID to define the possible immunologic
mechanisms involved in the pathogenesis of long
COVID and to describe potential strategies for the di-
agnosis and clinical management of the condition.

DEFINITION OF LONG COVID
Over the course of the pandemic, several definitions

of the long COVID condition have been proposed.2

The absence of both a generally accepted single termi-
nology as well as a well-defined clinical case definition
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can contribute impediments in epidemiologic report-
ing, research, policy making, and clinical manage-
ment of patients afflicted with the post–COVID-19
condition. In response to these deficiencies, Soriano
et al.2 performed a World Health Organization
(WHO) led Delphi process based study that identi-
fied domains and variables to be included in a clini-
cal case definition of the post–COVID-19 condition
in which an international panel of 265 patients, clini-
cians, researchers, and WHO staff were engaged.
Based on these parameters, a clinical case definition
was created and the name proposed for the condition in
September 2020 by the WHO was the post–COVID-19
condition with an International Classification of Diseases,

Tenth Revision (ICD-10) diagnosis code of U09.3 In the
United States, the 2022 ICD-10, Clinical Modification
(CM) diagnosis code U09.9 was proposed as a billable
and specific ICD-10-CM code that can be used to indi-
cate a diagnosis of the condition for reimbursement
purposes and became effective on October 1, 2021.4

POSSIBLE MECHANISMS INVOLVED IN THE
PATHOGENESIS OF LONG COVID
Although the precise etiology of long COVID is

uncertain, there exists an emerging literature that
describes various mechanisms to explain the patho-
genesis of the condition. These include multiple

Figure 1. Schematic representation of
some of the functionally active auto-
antibodies linked to COVID-19. In
the center is shown the SARS-CoV-2;
around it, at the upper part of the figure,
are the autoantibodies; at the bottom part
of the figure appear some of the chronic
symptoms associated with COVID-19.
COVID-19 = Coronavirus disease 2019;
SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2. Reproduced
with permission from Ref. 8.

Figure 2. Schematic representation
of the common clinical manifesta-
tions observed in long COVID-19.
COVID-19 = Coronavirus disease
2019. Reproduced with permission
from Ref. 19.
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underlying processes, e.g., immune system dysregula-
tion, hyperinflammatory states, oxidative stress, autoim-
munity, and autonomic nervous system dysfunction.5–8

The report by Dotan et al.8 raises an interesting etiolo-
gic possibilty that the autoimmune features may be
involved in the induction of the autonomic nervous
system dysfunction. Shown in Fig. 1 is a schematic rep-
resentation of some of the functionally active autoanti-
bodies linked to COVID-19.
In a recent publication1, the authors proposed a hy-

pothesis for the pathophysiology of the long COVID
presentation based on increased proinflammatory
cytokine production, which results from the persist-
ence of the SARS-CoV-2 or one of its molecular com-
ponents, i.e., the spike (S) protein. In support of the
hypothesis are several recent publications that demon-
strate the persistence of SARS-CoV-2 S1 protein in
CD16+ monocytes of patients with COVID-19 infection
up to 15 months after infection9 and other publications
that suggest a causal relationship of the persistence of
the S protein in the pathogenesis of the long-COVID
syndrome.10,11

CLINICAL PRESENTATION OF LONG COVID
The most common signs and symptoms of long

COVID in adults and in children include fatigue,
headache, dyspnea, cognitive impairment, numbness,
depression, altered perception of smell and taste,
poor appetite, chronic cough, joint and chest pain,
postural orthostatic tachycardia, autonomic dysregu-
lation, thermoregulation abnormalities, skin erup-
tions, and gastrointestinal disorders.1 Shown in Fig. 2
is a schematic representation of the common clinical

manifestations observed in long COVID-19. Many of
the symptoms of the post–COVID-19 resemble those
of the myalgic encephalomyelitis/chronic fatigue
syndrome (ME/CFS)12 and include problems with
thought processes, difficulty concentrating, forgetful-
ness, depression, and muscle pain.13

Because long COVID is demonstrated to be a simi-
lar chronic medical illness with overlapping clinical
features and symptomatology, it may be conjectured
that the existing knowledge on ME/CFS may benefit
patients with long COVID. Several recent publica-
tions focus on the role of persistence of the SARS-
CoV-2 or one of its molecular components, i.e., the S
protein, which is hypothesized to trigger a dysregu-
lated immune system with a subsequent heightened
release of proinflammatory cytokines that lead to
chronic low-grade inflammation with multiorgan
involvement and autoimmune-mediated autonomic
nervous system dysfunction symptomatology.1,9,10, 13

COVID ANTIBODY RESPONSES AFTER COVID
INFECTION AND/OR AFTER IMMUNIZATION
In a recent publication by Li et al.,14 the authors

describe SARS-CoV-2 serum and salivary immuno-
globulin A (IgA) and IgG antibody responses, found in
a total of 52 paired saliva and serum samples collected
from 26 study participants, that developed after infec-
tion with COVID-19 or after immunization with
COVID-19 vaccines and offer some clinically related
observations that have relevance to the long COVID
syndrome. In this study, a comparison of semiquantita-
tive results of serum total and IgG S-specific antibody
responses performed by a commercially available

Table 1 Adverse reactions to COVID-19 vaccines

COVID-19 vaccines are safe and effective

As of April 11, 2022, > 565 million doses of COVID-19 vaccine had been given in the United States; CDC COVID
Data Tracker https://covid.cdc.gov/covid-data-tracker/#datatracker-home

Common adverse effects: local pain, redness, and swelling; generalized fatigue, headache, myalgia, chills,
fever nausea

Serious safety problems are rare but they have occurred
Anaphylaxis (5 in 1 million vaccinated)
Thrombosis with thrombocytopenia syndrome

J&J/Janssen 60/18.6 million doses; mostly in females; 9 deaths; 4 cases after mRNA COVID-19 (3 Moderna, 1
Pfizer)
Myocarditis and pericarditis; 2341 reported to VAERS; CDC and FDA 1433 cases reported to CDC and FDA
in males ages <30 yr; after Pfizer or Moderna

Guillain-Barré syndrome 313/18.6 million J&J/Janssen reported to VAERS; no increased Guillain-Barré
syndrome risk after Pfizer or Moderna

Reports of death in 14,068/>565,000 million doses (0.0025%) VAERS received preliminary reports of death
among people who received a COVID-19 vaccine

COVID-19 = Coronavirus disease 2019; mRNA = messenger RNA; VAERS = Vaccine Adverse Event Reporting System;
CDC = Centers for Disease Control and Prevention; FDA = Food and Drug Administration.
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SARS-CoV-2 enzyme immunoassay (EIA) were com-
pared with those performed by an enzyme-linked
immunosorbent assay (ELISA) developed in the
authors 0 laboratory that quantitatively measures IgA
and IgG antibody responses to the S1 antigen in both

serum and saliva. Analysis of these results revealed
three groups of antibody responses: (1) low, (2) in-
termediate, and (3) high (Fig. 3).
One of the most interesting findings in this study

was the wide range of variation in antibody responses

Table 2 Comparison of the VICP and CICP

Program Categories VICP CICP

Program authorization Congress passed the National
Childhood Vaccine Injury Act of
1986, which created the national
VICP*

PREP Act of 2005#; as amended by
the CARES Act of 2020§

Filing deadlines A 3-yr statute of limitations from the
date of onset of symptoms (2 yr
from the date of death from the
vaccination)

A 1-yr statute of limitations from
the date of vaccination

Products covered Covers 16 of the normally recom-
mended childhood vaccines

Covers only “pandemic
responses,” i.e., the H1N1 vac-
cine in 2009 and now the
COVID-19 vaccines

Process for resolving
requests and/or petitions

Judicial process in a court with the
right to appeal

An administrative process, not a
judicial process

Covered injury
determinations

Special masters (or judges) of the U.S.
Court of Federal Claims make the
decision

HHS makes the decision

Type of injury covered Covers injuries with effects that last
for > 6 months after the vaccine
was given or resulted in inpatient
hospitalization and surgery or
deaths

It is not a “legal process,” it is an
administrative process; no right
to counsel; no right to attorney's
fees

Benefits available Reasonable attorney and expert wit-
ness fees provided; covers pain and
suffering fees (capped at $250,000);
lost earnings (no cap); past and
future out-of-pocket medical
expenses (no cap); death benefit
(capped at $250,000)

No pain and suffering covered;
hospitalization costs only cov-
ered; some limited lost wages
covered; serious physical inju-
ries and deaths covered

How many claims have
been compensated?

30,000 non–COVID-19 adverse vac-
cine events/yr reported to VAERS;
only ;1200 claims are filed under
the VICP each year; 75%
compensated

As of April 1, 2022, of the total of
7669 COVID-19 countermeasure
claims, 4691 alleged injuries
and/or deaths from COVID-19
vaccine; 0% compensated

Appeal rights Legal process in a court with the right
to counsel and the right to appeal

Administrative process; no right to
counsel; no right to appeal

Source of program funding Funded by a $0.75 excise tax imposed
on each dose of vaccine

Funded by a U.S. Treasury fund
authorized by the PREP Act

VICP = Vaccine Injury Compensation Program; CICP = Countermeasures Injury Compensation Program; PREP = Public
Readiness and Emergency Preparedness; CARES = Coronavirus Aid, Relief, and Economic Security; HHS = U.S.
Department of Health and Human Services; COVID-19 = coronavirus disease 2019; VAERS = Vaccine Adverse Event
Reporting System.
*From Ref. 20.
#From Ref. 21.
§From Ref. 22.
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seen in our study population, which is consistent with
the immense diversity of human immune responses
that exists in the general population.15 These findings
are also supported by the recent study of Wei et al.,16

which documented a variability of anti-S antibody
response to natural SARS-CoV-2 infection in the general
population and by the report by Steensels et al.,17 which
described the heterogeneity of antibody responses in
recipients of the two U.S. authorized messenger mRNA
vaccines.

CURRENT U.S. FDA AND CDC
RECOMMENDATIONS
Added to the conundrum of the long COVID syn-

drome are the inconsistencies in COVID-19 vaccine rec-
ommendations delivered by federal health agencies, the
news, and social media as well as the rapid changes
in vaccine recommendations, owing to the meteoric
increase of new information that occurs daily at breath-
taking speed. Many patients and health-care providers
are confused about if andwhen a second COVID-19 vac-
cine booster should be administered. A useful reference
to a source of vaccine information that will be continu-
ously updated is https://www.cdc.gov/coronavirus/
2019-ncov/vaccines/your-vaccination.html.

ADVERSE REACTIONS TO COVID-19 VACCINES
COVID-19 vaccines are safe and effective, and,

although adverse effects are rare, both local and sys-
temic reactions do occur (Table 1). As of April 25, 2022,
>572 million doses of COVID-19 vaccines have been
given in the United States. The most common adverse

effects of these vaccines are local and consist of pain,
redness, and swelling at the injection site but less com-
monly with generalized symptoms of fatigue, nausea,
headache, myalgia chills, and fever. These last only a
few days. Serious adverse effects safety problems are
rare but they do occur. Anaphylaxis after COVID-19
vaccination has occurred at a rate of approximately
five cases per 1 million doses of vaccine administered.
Thrombosis with thrombocytopenia syndrome has
been seen primarily after J&J Janssen (Janssen Biotech,
Inc., Horsham, PA 19044) COVID-19 vaccination in
approximately four cases per 1 million doses adminis-
tered. It is a rare but serious adverse event that causes
blood clots in large blood vessels and is associated
with thrombocytopenia.

A review of reports by the CDC indicates a causal
relationship between the J&J Janssen COVID-19 vac-
cine and thrombosis with thrombocytopenia syn-
drome.23 Cases of myocarditis and pericarditis after
COVID-19 vaccination have also occurred, and a
review of vaccine safety data from the Vaccine
Adverse Event Reporting System (VAERS) from
December 2020 to August 2021 found a small but
increased risk of myocarditis after mRNA COVID-19
based on the 350 million doses of mRNA vaccines
administered during this period. Rates of myocarditis
were highest after the second dose of an mRNA vac-
cine among males in the following age groups: 12 to
15 years (70.7 cases for 1 million doses of Pfizer vac-
cine, Pfizer-BioNTech, 235 East 42nd Street, New
York City, NY), 16 to 17 years (105.9 cases per 1 mil-
lion doses of Pfizer vaccine), and 18 to 24 years (52.4
cases and 56.3 cases per million doses of Pfizer and

Figure 3. Three groups of serum total
and IgG SARS-CoV-2 spike antibody
responseswere observed by SARS-CoV-
2: (1) low, (2) intermediate, and (3)
high. The cutoff points for the low group
total ab level ranged from 0 to 600 mg/
mL and, for the IgG level, from 0 to 5mg/
mL; the cutoff points for the intermediate
group total ab level ranged from 601 to
2000 mg/mL and for the IgG from 5 to
17mg/mL; the cutoff points for the high
group total ab level ranged from 2001 to
>2500 mg/mL and, for the IgG level,
from 17.1 to >20 mg/mL. IgG =
Immunoglobulin G; SARS-CoV-2 =
severe acute respiratory syndrome coro-
navirus 2; ab = antibody. Reproduced
with permission fromRef. 14.
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Moderna vaccines (Global Headquarters, 200 Technology
Square, Cambridge, MA 02139), respectively). Multiple
studies and continuing review of vaccine safety con-
tinue to show that these vaccines are safe. As of April
21, 2022, there have been 960 reports among people
ages < 18 years under review for cases of myocarditis
and pericarditis.

COMPENSATION FOR VACCINE INJURY
There are two federal systems that have been

established for compensation of vaccine recipients
who have developed serious injury as a result of
receiving a vaccine.18 These include the following:
(1) the Vaccine Injury Compensation Program (VICP),
and (2) the Countermeasures Injury Compensation
Program (CICP). The VICP, a no-fault alternative to the
traditional legal system for resolving vaccine injury,
was created in the 1980s, after lawsuits against vaccine
companies and health-care providers threatened to
cause vaccine shortages and reduce U.S. vaccination
rates. The VICP covers compensation for 16 of the nor-
mally recommended childhood vaccines.
The CICP was created by Congress by the PREP

(Public Readiness and Emergency Preparedness) Act
of 200521 and, as amended by the CARES (Coronavirus
Aid, Relief, and Economic Security) Act of 202022, cov-
ers H1/N1 and COVID-19 vaccines. Shown in Table 2
is a comparison of the VICP and CICP. It can be seen
that the current CICP that covers COVID-19 vaccine
injury is disproportionate to the VICP in terms of its
total dimensions of the process for access to, conduct
of, and potential benefits for the vaccine recipient who
is injured.

ROLE OF THE ALLERGIST/IMMUNOLOGIST IN
MANAGEMENT OF PATIENTS WITH LONG
COVID
Long COVID is a challenge for millions of patients

and a growing burden on health-care providers global
health-care systems. Many survivors of COVID-19
struggle with multiple symptoms, increased disability,
reduced function, and poor quality of life. The aller-
gist/immunologist can assist by providing a compre-
hensive and coordinated approach to the management
of these patients. Because there is no known cause or
identified treatment for the syndrome, the allergist/
immunologist should be among the forefront of spe-
cialists advocating prevention and treatment of long
COVID.
In addition to promoting comprehensive vaccina-

tion and treatment by using antiviral and anti-
inflammatory biologics, allergists should establish
partnerships with specialists, such as psychiatrists
and psychologists, who can provide supportive emo-
tional health care, and with other health-care

professionals, such as integrative nurse practitioners,
who could provide behavioral, lifestyle, and consoli-
dative approaches (e.g., guided relaxation, breathing,
and meditation techniques), which may help patients
cope with their symptoms. Moreover, because of the
specialized training in allergy and clinical immunol-
ogy, the allergist can provide unique services that are
not usually available from other types of health-care
professionals such as expertise in the use of vaccines
and recognition and management of adverse reac-
tions to them.

CONCLUSION
The term “post–COVID condition,” a more recent

and less anxiety-inducing moniker for the patient than
long COVID, or long-haul COVID, is an umbrella term
for a wide range of physical and mental health conse-
quences experienced by some patients for � 4 weeks.
Although the precise mechanism for the occurrence of
long COVID is unknown, there is emerging literature
that describes various mechanisms to explain the
pathogenesis of the condition. Of these etiologic possi-
bilities, chronic inflammation with overproduction of
inflammatory cytokines responsible for the symptoms
of long COVID is most frequently cited in the litera-
ture. Compensation for patients with post–COVID
conditions under the CICP is currently inadequate and
in need of improvement. It is clear that some individu-
als, including those with mild initial symptoms of
COVID-19, may suffer for many months after the ini-
tial infection from variable and debilitating symptoms
similar to those seen in patients with the ME/CFS.
Until a specific treatment regimen becomes available,
management should focus on promoting comprehen-
sive vaccination and rehabilitation and social services
that focus on improving physical, mental, and social
well-being.
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