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KEYWORDS Abstract Long COVID-19, also known as post-acute sequelae of SARS-CoV-2 infection (PASC),
Long-term COVID; is characterized by persistent symptoms after COVID-19 onset. This article explores the chal-
Long COVID in lenges, management strategies, and recommendations for addressing long COVID-19 in primary
primary care; care settings. The epidemiology of long COVID-19 reveals significant variability, with a sub-
Long COVID stantial portion of COVID-19 survivors experiencing post-acute symptoms. Pathophysiological
management; mechanisms include viral persistence, endothelial dysfunction, autoimmunity, neurological dys-
Long COVID diagnosis regulation, and gastrointestinal dysbiosis. Multiple risk factors, including age, sex, pre-existing

comorbidities, smoking, BMI, and acute COVID-19 severity, influence the development of long
COVID-19. Effective management requires proactive measures such as vaccination, identifica-
tion of high-risk populations, public awareness, and post-infection vaccination. Collaboration
of primary care physicians with specialists is essential for holistic and individualized patient
care. This article underscores the role of primary care physicians in diagnosing, managing, and
mitigating the long-term effects of COVID-19.

© 2023 Sociedad Espanola de Médicos de Atencion Primaria (SEMERGEN). Published by Elsevier
Espana, S.L.U. All rights reserved.

PALABRAS CLAVE COVID-19 prolongado y atencidn primaria: desafios, manejo y recomendaciones
COVID de larga

duracion; Resumen La COVID-19 prolongada, también conocida como secuela postaguda de la infec-
COVID prolongada en cion por SARS-CoV-2, se caracteriza por sintomas persistentes después de la aparicion de la
atencion primaria; COVID-19. Este articulo explora los desafios, las estrategias de manejo y las recomendaciones
Gestion prolongada para abordar la COVID-19 prolongada en entornos de atencion primaria. La epidemiologia de
de la COVID; la COVID-19 prolongada revela una variabilidad significativa, y una parte sustancial de los
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Diagnostico de la
COVID prolongada

supervivientes de la COVID-19 experimentan sintomas postagudos. Los mecanismos fisiopa-
tologicos incluyen persistencia viral, disfuncion endotelial, autoinmunidad, desregulacion
neurologica y disbiosis gastrointestinal. Multiples factores de riesgo, como la edad, el sexo,
las comorbilidades preexistentes, el tabaquismo, el IMC y la gravedad aguda de la COVID-
19, influyen en el desarrollo de la COVID-19 prolongada. Una gestion eficaz requiere medidas
proactivas, como la vacunacion, la identificacion de poblaciones de alto riesgo, la concien-
ciacion publica y la vacunacion posterior a la infeccion. La colaboracion de los médicos de
atencion primaria con los especialistas es esencial para una atencion holistica e individualizada
al paciente. Este articulo subraya el papel de los médicos de atencion primaria en el diagnéstico,
el tratamiento y la mitigacion de los efectos a largo plazo de la COVID-19.

© 2023 Sociedad Espafola de Médicos de Atencion Primaria (SEMERGEN). Publicado por Elsevier

Espana, S.L.U. Todos los derechos reservados.

Introduction

Post acute sequelae of SARS-Cov-2 infection (PASC), post
COVID-19 syndrome, or long COVID-19 is defined by the
National Institute for Health and Care Excellence (NICE)
as the condition in which the patient suffers from pro-
longed and persistent symptoms following the acute phase
of COVID-19 infection for more than 12 weeks. NICE divides
long COVID-19 into two case definitions, which involves the
ongoing symptomatic effects of COVID-19 onset from four
to twelve weeks and post-COVID 19 syndrome for symptoms
that persist for twelve weeks or so after onset.’

Long COVID-19 can affect people of all ages and can occur
in individuals who had mild, moderate, or severe COVID-19
infections. Symptoms usually occur in the time span of four
to twelve weeks post COVID-19 onset,? and the current
guidance from NICE states the importance of not excluding
people from healthcare needs if they give negative SARS-
CoV-2 test, because patients experiencing symptoms of long
COVID-19 can give false negative results." Patients suffer-
ing from long COVID-19, or ‘‘long haulers’’, were not able
to receive proper medical care due to lack of accuracy and
feasibility of laboratory tests which consequently resulted
in drastic conditions. The epidemiology is quite variable
due to the variance in the study designs and the methods
used, the CDC concluded in June 2022 that one out of five
COVID-19 survivors had post acute sequelae of SARS-CoV-2
infection.?

In 2022, 70% of the UK population was reported to
have been infected by COVID, out of which 41% people
had symptoms that persisted for more than 4 months,
while 19% reported persistence of symptoms for more than
two years.? This suggests that a significant population suf-
fers from symptoms that persist for a long time post
COVID-19 infection. Furthermore, variability in epidemiol-
ogy as well as the lack of medical care due to diagnostic
inaccuracies can lead to adverse complications. These rea-
sons make it important to discuss various aspects of long
COVID-19.

In this review, we discuss the various post acute seque-
lae, as well as recommendations for proper diagnosis and
management of long COVID-19 in primary care settings.

Pathophysiology

The invasion of the type Il alveolar cells occurs by the help
of ACE-2 (angiotensin-converting enzyme-2) which helps in
the binding of SARS-CoV2 to the nasal epithelium and inter-
nalization. ACE-2, when interacted with viruses, can cause
many chemical changes leading to the downregulation of the
anti-inflammatory effects.® A state of immunosuppression
is developed in response to the exaggerated acute phase
of post COVID-19 syndrome. The virus then stimulates a
cytokine storm which attracts neutrophils CD4 and CD8 cells.
These cells make an attempt to clear the viral response and
consequently cause sequestration in the lungs. This results
in acute respiratory distress syndrome (ARDS). Viral replica-
tion and viral substances released in the alveolar cells cause
apoptosis of type | and Il alveolar cells leading to diffuse
alveolar damage. The inflammatory response as well as the
viral replication lead to ARDS.®

Viral persistence

The viral load is at low levels after the acute phase of
COVID-19 has resolved. However, this viral persistence can
then lead to further inflammatory processes. There is pres-
ence of ongoing inflammation due to increased levels of
C-reactive protein and IL-6. Lymphopenia results due to the
chronic immune activation and hyperinflammation.”

Endothelial dysfunction

The presence of the virus triggers microthrombi which
results in the formation of many clots causing endothelial
dysfunction. This dysfunction can lead to further cardio-
vascular problems causing cardiomyocytes injury, alteration
of heart contractility, activated NET (neutrophil extracellu-
lar traps), and microangiopathy. These changes are related
to chemoattractants, tumor necrosis factor «, proinflam-
matory cytokines and G-CSF It can indirectly affect the
autonomic nervous system and resultantly cause regulatory
changes in the body. There is pulmonary vascular damage by
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the microvascular disorders resulting in lung fibrotic remod-
eling causing dyspnea.’

Autoimmunity

Autoimmunity can occur due to molecular mimicry following
COVID-19 infection. Many individuals have reported autoim-
mune diseases after COVID-19, but the reasons remain
unclear.®

Neurological dysregulation

Neural dysregulation, mainly fatigue in post COVID-19 is a
main effect. It affects the daily life of the patient but the
reasons causing it remain unclear.’

Gl dysbiosis

There is persistence of the virus in the gut microbiota profile
further leading to metabolic abnormalities. Elevated Gran-
ulicatella and Rothia mucilaginosa in the gut microbiome
of COVID-19 hospitalized patients were reported along with
many other microorganisms. The cytokine-induced after-
math of post COVID infection is well explained by the
destroyed gut microbiome in stool samples of a hospitalized
COVID-19 patient.'®

Risk factors of long COVID-19

Multiple risk factors have been identified, including age, sex,
smoking, BMI, pre-existing comorbidities, history of depres-
sion, and the severity of acute COVID-19.""-"4

Age

It is considered a major factor in the severity of long
COVID-19 symptoms. Studies reported increasing age
(age > 45 years) is a predictor of severe long COVID-19 and
has been associated with prolonged recovery times and a
higher likelihood of developing long-term complications. '
However, the conclusion of a study' indicates that the
impact of age on long COVID-19 is controversial, so the
association of age with long COVID-19 needs further
investigation.

Biological sex

According to most studies, female gender is considered one
of the important determinants of long COVID-19,1%13,16-18
The exact reason for this remains unknown, but it is
understood that the difference in expression of ACE-2
and transmembrane protease serine 2 (TMPRSS2) receptors
between males and females and various other immuno-
logical differences between the two genders are probably
involved."” '8

Pre-existing comorbidities

People with a history of asthma, gastrointestinal issues,
rheumatoid arthritis, seasonal allergic flu or other immuno-
logic issues are found to have an increased risk for long

COVID-19. A hypothesis for this risk is that ACE-2 is broken
down in these conditions, which is used by SARS-CoV-2 to
gain entry into the host cells, and thus results in a rise in
inflammatory cytokine and oxidative stress which leads to
severe COVID-19 illness. ™

Smoking status

Smokers were found more likely to experience persistent
symptoms such as fatigue, dyspnea, and musculoskeletal
pain compared to non-smokers.'? But a few researchers have
questioned its role as a risk factor.'? "¢ Thus, further research
may be needed to identify its role as a risk factor for long
COVID-19.

BMI

Symptoms of long COVID-19 were more prevalent in patients
with increased BMI and a sedentary lifestyle as compared to
people with low BMI and those involved in regular physical
activity.'® A higher BMI may lead to chronic inflammation and
metabolic dysregulation, which can exacerbate the persis-
tence of symptoms post-infection.

Severity of acute COVID-19

Hospitalization during acute COVID-19 is a major threat to
symptoms of long COVID-19.2°-22 The correlation between
symptoms and long COVID-19 severity is developed by Anto-
nio S Menezes in his observational study." He concluded
that patients admitted to the Intensive Care Unit needing
mechanical ventilation had more symptoms than those with
mild form of the disease, treated at home or in a general
ward. Similarly, moderate to severe COVID-19 had prolonged
symptoms compared to milder cases. Furthermore, patients
with 15 or more COVID-19 symptoms were found more likely
to develop severe long COVID-19.

Management

The CAMFiC long COVID-19 Study Group proposes an
approach to management of patients with long COVID-19
in three visits.”? The first primary care visit is suggested
4 weeks after a confirmed diagnosis, and should include
various aspects including personal history, further diagnos-
tic confirmation, physical examination, and laboratory and
other relevant testing. They also suggest two more visits,
which should be during weeks 8 and week 12 respectively,
following the primary diagnosis.

The primary goal in the management of a patient with
long COVID-19 is to first establish that the patient had
a prior SARS-CoV-2 infection for which a healthy trustful
doctor-patient relationship is required.?* It is important to
inquire about the ways in which a person’s symptoms have
influenced their daily life and activities. This should encom-
pass their professional or educational commitments, their
ability to move around, and their level of self-reliance.
Demonstrating an open, compassionate, and understanding
demeanor can lead to acknowledgment of how the illness
has affected their routine.
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After evaluation of history of the patient and diagno-
sis of prior infection, the next equally important goal is
to eradicate the initial symptoms. General physicians in
primary care should also consult specialists and edify the
knowledge about long COVID-19 to the patient. A proper
follow-up and monitoring should be required for further
evaluation.?

A holistic assessment and symptom management is cru-
cial for the improvement of the quality of life of the patient.
Some of the main points a clinician should consider for
the management of long COVID-19 are cognitive and physi-
cal rehabilitation, individualized care plans, screening, and
mental health support for the patient.

The association of long COVID-19 with other diseases, as
discussed earlier, is also essential for the management of the
patient. Accurate diagnosis requires the proper follow-up
of the patient in primary care. Comprehending the practi-
cal, well-being, and financial impacts of Patient-Centered
Care holds significance in discerning the optimal approach
for healthcare systems to provide effective care to indi-
viduals with PCC (post COVID-19 condition).?> A worldwide
agreement regarding the meaning of PCC is currently absent,
given that the WHO interpretation concentrates solely on
symptoms emerging post SARS-CoV-2 infection, while the
definition from the US Centers for Disease Control and
Prevention encompasses both symptoms and newly arising
health conditions.”” Home integrated care for patients is
preferred over hospitalized care as it reduces the burden
on healthcare.

Recommendations in primary care settings

In order to curb the threats posed by long COVID-19, as well
as reduce its burden on primary care, it is imperative to
take proactive measures and manage patients appropriately.
Identification of patients is also essential to understand the
diverse symptomatology of long COVID. The steps that can
be undertaken in line with these two propositions are out-
lined below.
Pre-exposure proactive measures

1. Vaccination

In comparison to placebo, most vaccines have been
reported to reduce confirmed infection, in addition to
reducing the number cases of confirmed symptomatic
COVID-19.%¢ If the number of symptomatic patients are
reduced, it can be assumed that there will be a reduction
in the number of patients with infection progressing to long
COVID.

Thus, it is clear that the objective of vaccination is two-
fold: prevention of the infection itself, and reduction of the
severity of symptoms.

2. Identification of high risk population

Identification of risk factors can be helpful as individu-
als can be counseled before time. It is imperative for the
high risk population to be aware of the symptomatology and
follow up appropriately.

Pre-emptive measures can also be suggested in regards to
modifiable risk factors. For example, cessation of smoking
can be advised to reduce the risk of long COVID.'

3. Public awareness

All patients, including those defined as the high risk pop-
ulation, presenting to primary care can be offered advice
on diagnosis and management of long COVID-19. This would
help reduce burden significantly, as screening would enable
primary care physicians to refer patients to specialized care
settings, if and when needed.

Post-exposure measures

1. ldentifying miscues

The symptoms of long COVID have been reported to affect
multiple systems?” and have been described in earlier sec-
tions. The plethora of symptoms, in addition to a lack of a
set diagnostic criteria and the variation in the terms used
for the condition, as described in the search of a review,?
can make it difficult for clinicians to identify and diagnose
cases of long COVID.

In addition, diagnosis of non-hospitalised patients can be
even more complicated in some cases. One such example
is the case of neuropsychiatric symptoms, which have been
reported in non-hospitalised patients with long COVID.% If a
prior diagnosis is not present, patients and healthcare pro-
fessionals may not be able to associate symptoms with long
CoviD.

It can easily be concluded that symptoms that are not
classically associated with an acute infection, i.e. those
other than respiratory symptoms, may not be associated
with long COVID. The issue is exacerbated with the absence
of a set diagnostic tool and criterion for long COVID.

2. Use of Al for diagnosis

In addition to establishment of diagnostic criteria, the
use of Al has been studied and suggested.*° Use of Al can
also help clinicians understand the effects and implications
of long COVID on various body systems, and compare the
intensity and duration of symptoms to those that are similar
but are caused by pathologies unrelated to COVID.

3. Follow up

In the rapid guideline published by NICE on management
of the long-term effects of COVID 19, it has been advised
that follow up should be tailored to each individual, as a
wide array of symptoms have been identified." The guide-
line also suggests that it is not necessary to limit tests or
monitoring to a particular time frame.

Conclusion

It is essential for primary care physicians to consider risk
factors and screening of all patients that present to them.
This is imperative due to the nature of the pandemic and the
number of people that it affected. Furthermore, a healthy
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doctor-patient relationship, as well as liaison with special-
ists is important for development of effective management
strategies for complications associated with long COVID-19.
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