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ARTICLE INFO ABSTRACT

Keywords: Long COVID-19 (LC-19) is a condition that has affected a high percentage of the population that recovered from

Long COVID-19 the initial disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). LC-19 diagnosis is

21‘1"(51“;’.5‘5 currently poorly defined because of its variable, multisystem, episodic symptoms, and lack of uniformity in the
uidelines

critical time points associated with the disease. Considering the number of cases, workers’ compromised effi-
ciency or inability to return to their duties can affect organizations and impact economies. LC-19 represents a
significant burden on multiple levels and effectively reduces quality of life. These factors necessitate the
establishment of firm parameters of diagnoses to provide a foundation for ongoing and future studies of clinical
characteristics, epidemiology, risk factors, and therapy. In this scoping review, we conducted a literature search
across multiple publication sites to identify papers of interest regarding the diagnosis of LC-19. We identified 225
records of interest and categorized them into seven categories. Based on our findings, there are only 11 original
papers that outline the diagnostic process in detail with little overlap. This scoping review highlights the lack of
consensus regarding the definition and, thereby, the LC-19 diagnosis processes. Due to no clear directive and
considering the many unknowns surrounding the natural history of the disease and further recovery/sequelae
from COVID-19, continued discussion and agreement on a definition/diagnosis will help future research and
management of these patients.

1. Introduction

Since its emergence and detection in Wuhan, China, in late 2019,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
spread to virtually every corner of the globe, costing more than six
million lives (World Health Organization, 2023). According to the In-
ternational Monetary Fund, the Coronavirus Disease 2019 (COVID-19)
has resulted in policy changes due to the economic responses govern-
ments have taken to limit the human and economic impact of the
pandemic (International Monetary Fund, 2020). Cases of COVID-19 are
characterized by respiratory symptoms, fever, and gastrointestinal
problems (Larsen et al., 2020). The symptoms are highly variable in
length and severity, ranging from asymptomatic to severe pneumonia
with multiorgan failure requiring hospitalization and ventilation (Di
Gennaro et al., 2020; Li et al., 2021; Tian et al., 2020). Patients also
present with a range of other symptoms, including dizziness, headache,
impaired consciousness, taste & smell impairment, and nerve pain,
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suggesting central nervous system (CNS) involvement (Mao et al.,
2020). Most cases of COVID-19 resolve in 1-2 weeks, with patients
returning to their pre-COVID functional capabilities (Wu et al., 2020). In
2021, new variants of concern emerged, some of which showed
increased infectivity and increased ability to bypass protection afforded
by vaccines or prior infections (Harvey et al., 2021).

As the primary sickness continued to ravage the world, a new class of
patients began appearing in the hospitals. Patients had a wide array of
symptoms, including but not limited to myalgia, dyspnea, abnormal
chest imaging and pulmonary function tests, and cardiovascular issues
(Daitch et al., 2022). These people had recovered from an initial
COVID-19 infection and were currently clinically negative but had un-
resolved continuing health issues. Patients present with a wide range of
persistent symptoms months after the initial infection. Most patients
were women, elderly, or had pre-existing conditions, and most involved
vague symptoms (Carfi et al., 2020; Davis et al., 2021; Huang et al.,
2021). These cases were initially not considered, especially since they
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often involved older people who are voiceless in the public arena, and
their complaints were attributed to hypochondria or psychological
(WebMD, 2022). These patients are now being diagnosed with long-haul
COVID-19, LC-19, or post-acute sequelae of COVID-19 (PASC).

Currently, Long COVID-19 (LC-19) is defined as a condition
following recovery from acute COVID-19 infection or unresolved
COVID-19 illness with symptoms not attributable to any other condition.
Typical symptoms include fatigue, shortness of breath, cough, chest
pain, neurological issues, and many others. Opinions about the timing
are not unilateral, with some clinicians believing it starts four weeks to
four months after the acute illness (Siso-Almirall et al., 2021). In
contrast, other studies only stipulate a symptom duration of >6 weeks as
defining LC-19 (Duerlund et al., 2022). The WHO-led Delphi study de-
fines the timing as three months from the onset of the acute disease, with
symptoms lasting at least two months (Soriano et al., 2022). Further-
more, LC-19 symptoms can present in an episodic nature, where
symptoms resolve and return over varying time points (Brown and
O’Brien, 2021). Clinicians have a general process for LC-19 diagnosis
through evaluation of symptoms and exclusion of other conditions to
reach a conclusion. However, no uniform guidelines are in place for
LC-19 to aid in standardized and earlier detection. While this general
process is typically followed, since LC-19 manifests in various forms and
a vast array of clinical presentations, diagnosing it is challenging due to
multiple definitions and diagnostic standard. Late diagnosis of this dis-
ease can have a detrimental effect at various levels; individual, com-
munity, national, and international, as depicted in Fig. 1. To minimize
this impact, there is a need to standardize the definition and diagnosis of
LC-19 worldwide to improve data sharing and comparison, and devel-
opment of appropriate treatments and clinical management strategies.

This scoping review aims to present a summary of the relevant re-
cords in current literature on LC-19 diagnosis, followed by categoriza-
tion and analysis of this data. Furthermore, we critically assessed the 11
papers of interest that elucidate the steps of LC-19 diagnosis, bringing to
light the need for consistency and clear consensus about the process
(Greenhalgh et al., 2020; Kim et al., 2022; Munblit et al., 2022; Rav-
eendran, 2021; Shah et al., 2021; SIGN, 2022; Sis6-Almirall et al., 2021;
Soriano et al., 2022; Yale Medicine, 2020; Yelin et al., 2022).
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2. Strategy for scoping
2.1. Study selection/literature search

A search was conducted on PubMed, EBSCOhost, Web of Science,
Websites of the Centers for Disease Control and Prevention and World
Health Organization, Cochrane Library via Wiley, and other current
scientific publications. Data was identified, screened, and included in
the study based on criteria presented in the flow diagram in Fig. 2.
Detailed inclusion and exclusion criteria were developed to identify
publications relevant to the stated purpose of the review according to
the Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews, PRISMA-ScR. (Tricco et al., 2018).

2.2. Search parameters

Long COVID, Long COVID-19, Long Hauler, Long Haul COVID, PACS,
Post SARS-COV2 syndrome, Diagnosis.

2.3. Data identification

Records from all databases were identified, and duplicates removed.
The search was limited to records from December 2020 to December
2022, full text in English, humans, and adults (ages 19 and up). The titles
and abstracts were then screened to remove unrelated records and
clinical trials. Eligibility was determined independently by two re-
viewers, and in cases of conflict, a consensus was achieved by discussion
or input from a third reviewer. Eligible records were scrutinized thor-
oughly before inclusion in the final study.

2.4. Identification, screening, and inclusion in study

4665 records were identified through a search from all databases
using the keywords. Screening included the removal of duplicates,
limiting records to December 2020 to December 2022, humans, adults,
and full text, which resulted in 784 records. Further screening to remove
articles unrelated to COVID diagnosis, and clinical trials caused another
275 records to be excluded leaving 509 publications of interest. A review
of the remaining records’ titles and abstracts resulted in removing
irrelevant records. Finally, 328 records were considered eligible/
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earn living wages
¢ Anxiety/Depression/Suicide/Isolation

* Sense of shame from social stigma

Community

* Increased dependence on social
resources

« Decreased social interactions

¢ Increased mental health concerns

( Impact of Long
‘, COVID-19 on "
L Multiple Levels

International
» Affect on supply chain

« Change in international working
collaboration

» Policy decisions

National
e Drained economic resources
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* Need for more management strategies or
altered policy decisions

Fig. 1. Impact of Long COVID-19 at various levels to display the importance of early detection and minimize its impact. Created with BioRender.com.
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Fig. 2. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram pathway to filter records from database output for inclusion in

our study.
relevant, and the full text was evaluated before inclusion in our study.

2.5. Data extraction and analysis

Working independently, the two reviewers collated the LC-19 papers
into seven categories: papers detailing diagnostic guidelines, symptoms,
metabolic studies, other diseases/conditions, therapy, biomarkers/
predicative/risks, and health inequity. Based on these distinct cate-
gories, we evaluated the publications of interest according to their
number and subject.

3. Results

Table 1 details the number of records based on the types of publi-
cations. Original Research and case studies account for the largest pro-
portion at nearly three-fourths (72%) of the publications. The
substantial number of case studies (30%), which are unique cases,

indicates the wide array of symptoms among patients. Papers focusing
on discussions for guidelines for the diagnosis represent a mere 6% of
the records included in our study.

Fig. 3 represents the data based on the geographical locations of the
studies: Southeast Asia, Europe and Central Asia, Africa, North America,
South America, Australia, East Asia and Pacific, and of Multinational
origin. The total number of records in each category is depicted in
Fig. 3a and shows an extremely high number (70%) published from
Europe and North America. Papers detailing the symptoms of LC-19
constitute the largest category (52%), with the majority being case
studies. 15% (50/328) of the papers in our analysis consisted of the
impact of LC-19 on the diagnosis, presentation, and complications of
other diseases/conditions. This number is probably a serious underes-
timation considering the complexities of LC-19 diagnosis. In Fig. 3b, we
further delve into the publications detailing the diagnostic process ac-
cording to the study characteristics. These were guidelines, consensus
statements, original research, retrospective cohort studies, cohort
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Table 1
The distribution of records based upon type of publication. Data points in groups
are not exclusive.

Type of Article Total Number Percentage
Guideline 12 3.7
Consensus Statement 7 21
Original Research 139 42.4
Retrospective cohort studies 34 10.4
Cohort Studies 86 26.2
Case Studies 98 29.9
Case report 82 25.0
Case series 16 4.9
Reviews 45 13.7
Systematic Review 20 6.1
Literature Review 23 7.0
Scoping Review 2 0.6
Perspective 3 0.9
Total 328 100.0

studies, case studies, and reviews (systematic, literature, scoping).
Among guidelines, in addition to the high number from Europe and
North America, a substantial number resulted from collaborations be-
tween different countries (multinational). One of the seminal multina-
tional collaborations was coordinated by the World Health Organization
(WHO) involving more than one hundred countries worldwide to stan-
dardize the definition and diagnostic criteria of LC-19 (Soriano et al.,
2022). Currently, most countries around the world utilize these WHO
guidelines with minor modifications in diagnostic criteria. The graphs
with data about symptoms (3c.) and metabolic studies (3d.) also show a
similar trend of a high number of publications from Europe and North
America.

Based on our literature search, we found 11 papers that guided the
diagnosis of LC-19, with Fig. 4 representing a summary of the data from
these articles. This process begins with a patient who recovered from
COVID-19 and is currently SARS-CoV-2 negative. Symptoms can persist,
i.e., unresolved from acute infection, or appear at varying time points,
such as four weeks after recovery or more than six weeks of symptoms.
Patients usually follow up with healthcare providers for symptom
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assessment and severity, as well as assessment of other pre-existing
conditions. These patients are treated for the symptoms suspecting
other diseases, but if sickness continues unresolved, LC-19 may be sus-
pected. Confirmation of LC-19 involves the exclusion of other post-viral
conditions. Based on the patients’ geographical location, tests are per-
formed to exclude conditions such as post-infectious mononucleosis,
post-Ebola, post-West Nile virus, post-dengue, post-chikungunya, etc.
Meeting all the inclusion and exclusion criteria ultimately results in a
diagnosis of LC-19. It is recommended that patients follow up with
primary care and multidisciplinary rehabilitation services if further
treatment is required (Siso-Almirall et al., 2021). According to National
Health Service in the UK, multidisciplinary rehabilitation should include
services for physical, cognitive, and psychological assessments, diag-
nostic tests, and management or appropriate onward referral to
post-COVID-rehabilitation, treatment, or other support services. (Shah
et al., 2021).

4. Discussion

This scoping review highlights the need for a consensus regarding the
definition and, thereby, the LC-19 diagnosis processes. We found only 11
original papers detailing the process specifically. The lack of a universal
definition begins with the nomenclature associated with the condition
(Munblit, O'Hara et al., 2022). Most definitions of LC-19 detail the
occurrence of persistent symptoms following acute COVID-19 infection
with wide variability in the appearance and timing. The ambiguity of the
definition translates to imprecise diagnosis, and this lack of consistency
at both levels could result in delayed and ineffective interventions. An
exhaustive literature search was conducted to summarize the evidence
for LC-19 within observational studies and put together the most prev-
alent symptoms (Martimbianco et al., 2021). These symptoms included
chest pain, fatigue, dyspnea, post-exertion symptoms, sensory issues,
altered work/occupational functioning, and conditions for each car-
diovascular, respiratory, nervous system, cognitive, mental health, and
physical outcome. Furthermore, common risk factors in these studies
included old age (>65 yrs), female sex, comorbidities, and factors of the
severity of acute infection, such as hospital admission and oxygen sup-
plementation. These symptoms and risks are essential in defining the

b) LC-19 Diagnosis

20
Systematic

. Review
Consensus

10 Statement
= Guideline

5

0 =

SEAsia Europe&C. Africa North South Australia EAsia & Multinational
Asia America America Pacific
d) Metabolic Studies

= Original
Research

Cohort
Studies

L | \

North South Australia
America America

||

EAsia & Multinational
Pacific

o

SEAsia Europe&C.  Africa

Asia

Fig. 3. The distribution of papers based upon categories and geographic areas of publications. (a) Number of records based on the area of the paper (b) Papers
detailing diagnostic guidelines (c) Papers on the symptoms of LC-19 (d) Distribution of papers discussing metabolic studies. Data points in groups are not exclusive.
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Fig. 4. Schematic of LC-19 diagnosis based on the 11 papers that provided guidelines for the diagnosis pathway. Created with BioRender.com.

LC-19 clinical diagnosis process.

As seen in Fig. 4, one of the consistent issues is the lack of agreement
on the timing of the condition resulting in an arbitrary division of LC-19
into sub-groups. One group created a proposed classification system
based on hospitalization data and timing of symptoms: acute post-
COVID symptoms [week 5 to week 12], long post-COVID symptoms
[week 12 to week 24], and persistent post-COVID symptoms [lasting
more than 24 weeks] (Fernandez-De-las-penas et al., 2021). There is also
a considerable difference of opinion regarding the necessity of an active
acute phase (qPCR positivity) before an LC-19 diagnosis. Earlier
guidelines stressed the need for a positive laboratory COVID-19 diag-
nosis as a requirement for subsequent LC-19 determination. However,
current guidelines state that laboratory tests are not required to establish
exposure to the virus, and even asymptomatic exposure is sufficient to
induce a response to the virus, ultimately leading to LC-19 (Centers for
Disease Control and Prevention, 2022). Considering that most countries
are pushing for more accessible at-home antigen-based testing or
self-quarantining based on symptoms, many patients experiencing
possible LC-19 may not have an initial qPCR or lab-based COVID-19
diagnosis record.

Retrospective studies of electronic health record data exemplify the
complexity of LC-19 diagnosis and challenges for care due to clinical
variability and resultant care fragmentation. Pfaff et al. designed ma-
chine learning models based on health records from National COVID
Cohort Collaborators (NC3) using artificial intelligence (AI) to identify
patients with LC-19 and those who might warrant special care (Pfaff
et al., 2022). According to their model, the most critical factors were
outpatient clinic utilization after acute COVID-19, patient age, dyspnea,
and other concurrent diagnosis and medication.

The number of records and their publication location is extremely
important as these are points that play a role in the decision and policy-
making arena. Our findings show the paucity of papers from Africa and
South America, which is worrisome as some of the highly contagious and
immune response-evading variants first appeared in those areas of the
world (Tegally et al., 2022). Other than the WHO-led Delphi study that
used an international panel to create a standard definition for LC-19 for
diagnosis purposes, few other studies involved a wide range of countries,
expertise, health systems, and stakeholders across different domains
(Soriano et al., 2022).

The diagnostic criteria being subjective rather than objective leads to
underestimation in certain groups in the population. In the US, the Black
and Hispanic community was affected more than others in the acute
phase of COVID, but their LC-19 rates are similar to those of the
Caucasian community (Farrah, 2022; Hill and Artiga, 2022). The reason
for this discrepancy is not understood, but it is concerning as these
groups tend to have lesser access to healthcare (Farrah, 2022), which
may cause underdiagnosis. Retrospective Cohort studies indicate higher
rates in women and people with co-morbidities. Elderly or patients with
co-morbidities are hard to diagnose as LC-19 symptoms sometimes are
an aggravation of pre-existing conditions. As symptoms fluctuate un-
predictably over days, weeks, or even months affecting well-being and
ability to perform daily activities, LC-19 is deemed episodic (Brown and
O’Brien, 2021). In addition, the numbers affected are dependent on the
initial SARS-COV2 disease variant, with the Delta variant causing more
cases of LC-19 than the Omicron [10.8% vs. 4.5%] (Antonelli et al.,
2022). Clinicians indicate a wariness to give an LC-19 diagnosis due to
the lack of treatment and potential use of the diagnosis for social benefits
(e.g., unemployment, work accommodation, or disability). Fig. 5



S. Srikanth et al.

represents potential confounding factors that delay or impact LC-19
diagnosis. These factors are essential to consider in the need for stan-
dardizing the LC-19 diagnosis methods for earlier and more accurate
detection of this condition and thus minimize the negative impact on
personal, community, national, and international levels.

Based on the evidence found in our literature search, only 11 original
articles specifically discuss aspects of diagnosing LC-19. Due to the
variability in the international clinical definition and diagnostic pa-
rameters, it is challenging to determine the gold standard for LC-19
diagnosis and, thus, a consistent standard of care and treatment plans
for LC-19 patients. Therefore, it is imperative to clearly define the dis-
ease and the important time points within this definition. Following
these, more studies are warranted evaluating risks and biomarkers to
create a standardized protocol for early LC-19 diagnosis and treatment.
The establishment of international consensus guidelines of LC-19 is vital
due to the continuous increase in the number of patients and its subse-
quent burden on the healthcare system.

5. Conclusion

Currently, there is no standardized test to diagnose LC-19. When a
probable patient presents, doctors observe the symptoms and arrive at
the final disease determination by inclusion and exclusion (e.g., differ-
ential diagnosis). It is important to note that there is no one or set of
symptoms typical of LC-19; other diseases and conditions can present
similar symptoms making diagnosis challenging. The current differen-
tial diagnosis process is based on the framework put forward by WHO
Delphi recommendations and parent countries’ directives. In most cases,
this process involves a lengthy process of an additional battery of tests,
especially to rule out other conditions/diseases. Therefore, LC-19 diag-
nosis is very subjective because of the variability in time of onset, lack of
clinical symptoms exclusive to the condition, concurrent reactivation of
other diseases, pre-existing conditions, risk factors, and complex and
disparate symptoms. Features of LC-19 are also dependent on the SARS-
COV2 variant causing the acute disease (Antonelli et al., 2022). Studies
focusing on identifying LC-19-specific biomarkers may help to disam-
biguate the LC-19 diagnostic process. Another area of informational
vacuum is the correlation between COVID-19 variants and the type and
severity of LC-19 that ensues. Our study deals with only adults, as not
enough information about LC-19 in children and how it affects them is
available.

A clear set of standardized directions to reach the diagnosis is thus a
first and necessary step to optimize the recognition and care of persons
experiencing the condition in community and healthcare settings. Due
to the lack of a clear directive and considering the many unknowns
surrounding the natural history of the disease and further recovery/
sequelae from COVID-19, continued discussion and agreement on a
definition/diagnosis will help future research and management of these
patients. Better identification would result in better management of this
condition, in turn affecting the lives of millions of people in the world.

6. Limitations of study

Limitations of this study are that these results and conclusions were
determined from the limited number of current records about LC-19.
Clinicians’ reluctance to give an LC-19 diagnosis could be due to the
lack of specific therapy for treatment, the patient’s health insurance
status (private vs. state-funded), and implications of economic impact,
such as a disability diagnosis. Another limitation of this study is the
paucity of papers from Africa, South America, and Australia across all
categories. More research and publications from these geographic areas
could provide greater insight into LC-19, as many COVID-19 variants
have originated within these populations. Africa and South America are
also the two continents where vaccination rates have been lower,
impacting the number and symptoms of LC-19. Despite these limita-
tions, this scoping review sheds light on the categories lacking literature
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Fig. 5. Schematic representing potential confounding factors that delay or
impact Long-COVID-19 diagnosis. Created with BioRender.com.

within LC-19 diagnosis records and will hopefully provide a baseline for
future work.
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