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ABSTRACT

Long COVID is a multi-system, heterogeneous condition
that manifests as new or worsened symptoms lasting at least
3 months following acute SARS-CoV-2 infection, often
despite normal results on routine diagnostic testing. Com-
mon manifestations include fatigue, post-exertional malaise,
cognitive impairment, and orthostatic intolerance. Primary
care clinicians are uniquely positioned to identify and man-
age Long COVID due to their longitudinal relationships with
patients and holistic understanding of their patients’ health.
However, diagnostic uncertainty, time constraints, and lim-
ited access to specialty care present significant challenges,
and sometimes hesitation, to addressing Long COVID in
the primary care setting. This focused narrative review pro-
vides a pragmatic, primary care—focused approach for the
evaluation and management of Long COVID. Using patient-
centered vignettes, we first describe common clinical pres-
entations. Next, we provide a framework for the pathophysi-
ological mechanisms suspected to contribute to persistent
symptoms after SARS-CoV-2 infection. We then present a
simple approach to Long COVID diagnosis and management
that leverages primary care clinicians’ skillset and highlights
unique aspects of Long COVID care (e.g., diagnostic workup
to evaluate for competing or coexisting diagnoses; manage-
ment strategies focused on validation and supportive care,
including activity pacing, multidisciplinary rehabilitation,
and consideration of symptom-based medication trials). We
offer practical strategies to effectively, yet efficiently, address
a possible Long COVID diagnosis within the context of brief
primary care visits (e.g., prioritize the most bothersome or
addressable symptom(s) first, focus on one or two symptoms
each visit, leverage longitudinal follow-up). We conclude
with evidence-based strategies for prevention counseling,
including infection prevention and early outpatient treatment
during acute infection. While we remain optimistic that reli-
able diagnostic biomarkers and curative treatments will one
day be available, until then, this primer supports primary
care clinicians in recognizing Long COVID and supporting
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their patients who are living with it, despite the constraints
of our current healthcare environment.
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INTRODUCTION

Although the COVID-19 pandemic was declared “over”
in 2023, the most recent available estimates suggest that
approximately 6% of US adults and 0.5% of children and
adolescents are still living with new or persistently worsened
symptoms that developed shortly after acute SARS-CoV-2
infection.! Patients” symptoms vary widely in character and
severity, but most commonly, symptoms include fatigue,
post-exertional malaise (PEM), cognitive impairment (“brain
fog”), and/or lightheadedness/orthostasis.'™ Patients may
also describe vague gastrointestinal symptoms, sleep dis-
turbance, pain, or breathing discomfort — all without a clear
alternative etiology on traditional assessments.* All these
symptoms can be manifestations of Long COVID (previ-
ously called post-acute sequelae of SARS-CoV-2 infec-
tion [PASC]). Published definitions of Long COVID vary
slightly based on the required timing of symptom onset rela-
tive to acute infection, duration of symptoms, and functional
impact.>® Definitions that were created for research purposes
also sometimes require laboratory evidence of preceding
SARS-CoV-2 infection.” For clinical purposes, however,
Long COVID can be conceptualized as new or worsened
symptoms that develop after confirmed or suspected acute
SARS-CoV-2 infection and persist for over 3 months.>%%
Primary care clinicians (PCPs) are intended to serve as the
cornerstone of healthcare. As such, they are well-positioned
to play a central role in Long COVID care because, in an
ideal scenario, they have a longitudinal relationship with
patients, are the first point of contact when new symptoms
arise, and have a holistic understanding of their patients’
health and home situations. However, the absence of vali-
dated diagnostic biomarkers and curative treatment for Long
COVID can confuse, overwhelm, and frustrate patients and
clinicians alike. Furthermore, constraints in the current
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healthcare system too often lead to short PCP visit times,
PCP burnout, and limited access to subspecialty consulta-
tion, which can add to the sense of overwhelm.

The purpose of this narrative review is to provide a prag-
matic, primary care—focused framework for primary care
clinicians, who are undoubtedly already caring for patients
with Long COVID — whether recognized or not. We outline
when Long COVID should be considered in the differential
diagnosis; how to perform a focused evaluation within the
time constraints of typical primary care visits; and how to
counsel, initiate symptom-based management, and deter-
mine when specialty referral may be appropriate.’

COMMON CLINICAL PRESENTATIONS AND
SYMPTOM CLUSTERS

Patients with Long COVID often present with one or more
common symptom clusters.* Recognizing these patterns can
lead to the diagnosis of Long COVID and related conditions
(like myalgic encephalomyelitis/chronic fatigue syndrome
[ME/CFS] and postural orthostatic tachycardia syndrome
[POTS]) and guide management approaches. The following
vignettes illustrate common clinical presentations of Long
COVID, using patient-centered language to reflect how
individuals may describe their symptoms in a primary care
setting.

Case 1 — Fatigue and Post-exertional Malaise A 32-year-old
female with a history of anxiety presents with 4 months of
fatigue and worsened anxiety symptoms. She reports that
her symptoms worsen after minimal activity and describes
her current fatigue and anxiety as “different than baseline,”
with a reduced ability to complete daily tasks such as pre-
paring meals, doing laundry, or responding to emails. She
describes “crashing” after exertion, explaining that even nor-
mal self-care activities can leave her feeling as though she
is “wearing a lead coat,” with profound exhaustion, heavi-
ness, and difficulty thinking that can last for hours to days.
She has reduced her work hours due to the symptom burden
and reports difficulty maintaining a consistent daily routine.
When asked directly about inciting potential triggers or pre-
ceding infections, she recalls that symptoms started about a
month after a mild COVID-19 infection.

Case 2 — Dysautonomia A 19-year-old previously healthy
female presents with palpitations, lightheadedness, and
near-fainting upon standing for the past 3 months. Symp-
toms improve when lying down and are associated with a
sensation of heart-racing and difficulty maintaining usual
activities. Previously, she was active and exercised regularly,
including running and attending fitness classes several times

per week. She now becomes symptomatic with minimal
exertion, such as walking short distances or standing in long
lines. Upon further questioning, she notes she had upper res-
piratory symptoms approximately 2 weeks before symptom
onset. She never sought care or a home test, but multiple
family members tested positive for COVID-19.

Case 3 — Cognitive Impairment, “Brain Fog” A 45-year-old
male aerospace engineer presents with new, persistent cog-
nitive difficulties 5 months after mild COVID-19 infection.
Symptoms include forgetfulness, impaired concentration,
word-finding difficulty, and slowed processing speed. He
reports decreased work performance, including difficulty
responding to work emails, organizing his daily schedule,
and keeping up with routine tasks. He has recently gotten
into trouble at work for missing deadlines and has forgot-
ten to pick his children up from school. He describes feel-
ing “mentally foggy” despite a normal basic laboratory
evaluation.

A FRAMEWORK FOR PATHOPHYSIOLOGICAL
MECHANISMS AND MANIFESTATIONS

The SARS-CoV-2 virus can cause long-lasting sequelae, sus-
pected via multiple distinct pathophysiological mechanisms,
all of which are currently described under the umbrella term,
“Long COVID” (Fig. 1, Table 1).* For the purposes of clinical
care, clinicians can mentally categorize Long COVID mani-
festations into three types. First, acute SARS-CoV-2 infec-
tion can cause acute end-organ tissue injury that has lasting
consequences, like a “hit and run” manifestation. 10-13 Second,
acute infection can act as a stressor on the body that triggers,
unmasks, or worsens one or more common chronic diseases
in the weeks or months after acute infection (i.e., reduced
reserve contributing to diabetes, rheumatoid arthritis, etc.).
Finally, SARS-CoV-2 infection can trigger ongoing biologi-
cal dysregulation via multiple suspected pathophysiological
processes that have been repeatedly identified in basic science
studies but are often challenging to identify using currently
available clinical diagnostic tools (e.g., persistent viral res-
ervoirs, immune dysregulation, gut dysbiosis, mitochondrial
dysfunction, and microvascular clotting contributing to fatigue,
post-exertional malaise and symptom exacerbation, cognitive
impairment, dysautonomia).'*"!” Management of symptoms
from the “hit and run” and “reduced reserve” manifestations
of Long COVID is relatively straightforward and consists of
treating the end-organ damage and chronic diseases according
to standard practice principles. In contrast, management of the
“ongoing biological dysregulation” manifestations can be more
challenging, and treatment currently consists of rehabilitation
and supportive care.
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Table 1 Commonly Reported Organ system Subjective symptoms Clinical findings & diagnoses
Symptoms and Clinical Constitutional / | e  Fatigue e ME/CFS
Findings Associated with Long General e Energy crashes (PEM / PESE)
COVID fo ‘\_\
wflo
Neurological e  Brain fog (attention, memory, word recall) | e  Abnormal neuropsychological
e Headache testing
e Ringing in the ears (tinnitus) e Small fiber neuropathy
@ e Smell/taste changes (anosmia, ageusia) e  Obstructive sleep apnea
e Chronic pain e  Movement disorders, -
e  Abnormal sensations (dysesthesias, hyperreflexia, balance impairment
paresthesias)
e Sleep dysfunction
e  Tremor, clumsiness
Cardiovascular e Chest pain/tightness e Orthostatic hypo/hypertension
T e Shortness of breath e POTS
':\».\ﬁ\\_] e Palpitations e Inappropriate sinus tachycardia
NSl e Reduced exercise tolerance e Sinus bradycardia
Pulmonary e  Shortness of breath e Pulmonary fibrosis
e Breathing discomfort e Pulmonary thrombosis
ﬁ e Wheezing
e Cough
Gastrointestinal | e  Nausea, vomiting e Abdominal distension
e Diarrhea or constipation
(%'_%@ . Abdomina? pain
G e New food intolerance
"~ e Unintentional weight loss
Integumentary e Hives (urticaria) e  Flare-up of pre-existing dermatoses
N e Cold sores (psoriasis, lupus, Sjogren’s)
( ( J e  Other rashes e HSV reactivation (shingles)
e  Hair loss (alopecia) e Telogen effluvium
e Nail changes e Alopecia areata
Psychiatric e  Anxiety e New or worsened pre-existing
Q e  Depression mental health conditions
Endocrine e Menstrual cycle changes e Thyroiditis
f/’/’_’\\ e HPA axis dysfunction
\ I.’ l]
S

Symptoms may be intermittent or continuous

This table is not an exhaustive list of all potential symptoms reported by patients with Long COVID

Abbreviations: PEM post-exertional malaise, PESE post-exertional symptom exacerbation, ME/CFS
myalgic encephalomyelitis/chronic fatigue syndrome, POTS postural orthostatic tachycardia syndrome,
HSV herpes simplex virus, HPA hypothalamic-pituitary-adrenal

PRACTICAL DIAGNOSTIC AND MANAGEMENT
APPROACH

Diagnosis When the patient’s history suggests that Long
COVID should be considered on the differential diagnosis,
the diagnostic approach to Long COVID mirrors the same
framework that PCPs use for all other conditions (Fig. 2).20
First, a focused physical exam is guided by the patient’s
symptoms, with particular attention to orthostatic intoler-
ance, which can present atypically and is often missed in
this population.”! Next, a targeted laboratory and imaging
workup is indicated to evaluate for potential competing
diagnoses and/or addressable sequelae of Long COVID.
Of note, there is currently no clinically available biomarker
to confirm or rule out the diagnosis of Long COVID, and
severe Long COVID symptoms can be present despite nor-
mal results on conventional diagnostic testing.’

Management — Validation and Education There is not yet
a definitive cure for Long COVID. However, validation,
education, and supportive care can still meaningfully
improve patients’ quality of life and help them find joy
and meaning in the midst of their “current normal.”?" In
fact, while mental health conditions are not the underly-
ing cause of Long COVID, Long COVID can often con-
tribute to new or worsened mental health symptoms, not
only due to the direct symptom impact on the patient’s
life, but also due to not feeling believed or understood
by loved ones or healthcare providers.?? As such, PCPs
should assess and support the patient’s well-being as
part of a comprehensive management approach, in the
same way that well-being should be addressed with other
potentially life-changing conditions such as cancer or a
major injury.??
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SARS-CoV-2 infection

Acute tissue injury
(“Hit and run”)

Ongoing biological
dysregulation

Objective findings

Subjective symptoms

E.g., myocarditis,

pulmonary fibrosis
ATN, DVT, PE, Post-

intensive care syndrome

E.g., Orthostatic hypotension,
POTS, inappropriate
tachycardia, SFN,
sleep disorders

E.g., fatigue, PEM, ME/CFS,
brain fog, unrefreshing
sleep, headache, dyspnea,
Gl upset

Reduced reserve

(New chronic disease diagnoses)

autoimmune disorders,
sarcoidosis, accelerated aging

E.g., HTN, CVD, DM, Parkinsonism,

*Pathophysiology

* Persistent virus

* Immune dysregulation

* Gutdysbiosis

* Mitochondrial dysfunction
* Microvascular clotting

Figure 1 Clinical framework for categorizing manifestations of Long COVID. Abbreviations: ATN, acute tubular necrosis; DVT, deep
vein thrombosis; PE, pulmonary embolism; HTN, hypertension; CVD, cardiovascular disease; DM, diabetes mellitus; POTS, postural
orthostatic tachycardia syndrome; SFN, small fiber neuropathy; PEM, post-exertional malaise; ME/CFS, myalgic encephalomyelitis/
chronic fatigue syndrome; GI, gastrointestinal.

Management — Nonpharmacologic Strategies Rehabilita-
tion for symptoms including fatigue, PEM, dysautonomia,
and brain fog can include activity pacing, energy conserva-
tion strategies, and activity modification.?® For instance, a
patient may need to plan meals, grocery shop, and prepare
food on separate days of the week. Additionally, the patient
may use a scooter at the grocery store and sit down to chop
vegetables, rather than stand.>* Structured rehabilitation with
therapists who understand chronic fatiguing illnesses can be
life-changing for patients and a key multidisciplinary sup-
port strategy for PCPs. This expertise is most commonly
available among therapists who specialize in neurorehabilita-
tion rather than orthopedic rehabilitation. Specifically, con-
sider referral to physical therapy to address fatigue, PEM,
dysautonomia, and related intolerance to physical activity;
occupational therapy to address fatigue, PEM, brain fog, and
related difficulty with self-care and job activities; and speech
therapy to address impaired attention, memory, word recall,
and/or breathing discomfort despite normal pulmonary tests.
While some patients tolerate gradual, supervised progres-
sive exercise training, this approach must be considered with
extreme caution among patients with PEM because even
seemingly minor overexertion can cause a delayed PEM flare
and has been associated with amyloid deposition, reduced

mitochondrial enzyme activity, and signs of severe skeletal
muscle damage.?>~>" For patients with POTS or other ortho-
static intolerance, increasing daily fluid intake (to 2.5-3.5 L)
and salt intake (to 2.8—4 g sodium, equivalent to 7-10 g salt)
can also provide some symptomatic relief if they do not have
contraindications. Compression garments such as waist-high
stockings or an abdominal binder can be helpful, as well.

Management — Medications There are no FDA-approved
medications for Long COVID yet. Rather, medication
management is currently symptom-based, largely using
the same indications that are relevant outside the context
of Long COVID (e.g., beta blockers or ivabradine for
POTS, stimulants for brain fog causing attention difficulty,
gabapentinoids for neuropathic pain, selective serotonin
reuptake inhibitors [SSRIs] for new or worsened depres-
sion or anxiety symptoms). Worth particular mention,
low-dose naltrexone (LDN) is an opioid receptor blocker,
non-controlled medication from which some patients
report improved pain, fatigue, and brain fog with off-label
use.?® Additionally, some patients with suspected mast cell
activation syndrome (MCAS) triggered by Long COVID
report relief with a combination of H1 and H2 antihis-
tamines.>*° Tables with commonly used medications,
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If new or worsened symptoms...

For = 3 months

Starting since 2020

Of unclear etiology

Especially fatigue, energy crashes, brain fog, dysautonomia, pain,
sleep/GI dysfunction

X

y

THEN consider Long COVID on the differential diagnosis.

i Physical exam: E
— + Symptom-driven exam |
i * Also consider 10-minute stand test (orthostatic assessment) :

Diagnostic work-up:
» Assess for coexisting/competing conditions and Long COVID manifestations
i * Recommend CBC, CMP, TSH

' = Consider ESR, CRP, CK, and Vitamins D, B1, B12

i * Other labs/imaging, as indicated by symptoms

i * Patient-reported measures, as indicated by symptoms (e.g., DSQ-PEM)

E First-line management: i
i * Manage symptom triggers I
: U Pace activity, avoid push/crash cycles E
i U Optimize nutrition, sleep, stress |
i O Implement home/work/school accommodations based on functional i
: impairment |
: O Reduce re-infection risk |
i * Physical, occupational, & speech therapy, as indicated |
i * Consider symptom-based medication trials i
E * Address coexisting conditions E

i Referral to subspecialists:

I

I

I

— + As-needed to evaluate for competing diagnoses or escalate management of |
v g - - . . w as I

i specific symptoms beyond the comfort level of the primary care clinician !

Figure 2 Practical approach to Long COVID for PCPs. Abbreviations: PCPs, primary care clinicians; GI, gastrointestinal; CBC, com-
plete blood count; CMP, comprehensive metabolic panel; TSH, thyroid-stimulating hormone; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; CK, creatine kinase; DSQ-PEM, 10-item DePaul Symptom Questionnaire for Post-Exertional Malaise.*3

dosages, and indications for Long COVID are available considered when the PCP has a specific reason for consulta-
for point-of-care reference.?’ tion based on the patient’s symptom constellation and/or sever-

ity. For example, referral may be warranted for evaluation of
Management — Subspecialty Referrals Just as for other medi- potential competing diagnoses that have alternative treatment

cal conditions, referral to medical subspecialists should be pathways (e.g., Parkinson’s disease, multiple sclerosis) or for
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management escalation of symptoms that persist despite first-
line measures that the PCP feels comfortable managing (e.g.,
upright intolerance despite increased fluid/salt intake, compres-
sion garments, and beta blocker therapy). Of note, referral to an
autonomic specialist can be especially helpful for uncontrolled
dysautonomia symptoms, but referral to a general cardiologist
or potentially neurologist are alternative options if timely access
to an autonomic specialist is not feasible for the patient.>

Management — Disability Considerations Long COVID
symptoms persist past 1 year for approximately 25% of
patients and past 2 years for approximately 10% of patients.’’
Therefore, in some cases, the duration, severity, and con-
stellation of a patient’s Long COVID symptoms can impact
their ability to work, which can secondarily contribute to
financial insecurity, increased stress, worsened symptoms,
and reduced access to care. As such, it is crucial to support
patients with appropriate documentation, such as a work let-
ter with recommended work accommodations (e.g., flexible
work schedule, adapted work environment, permission to
work remotely) and/or thorough medical documentation to
support a patient’s application for disability benefits (e.g.,
documentation of all symptoms, the symptom time course
and expected duration, symptom impact on function and
ability to work, and any objective exam and/or diagnostic
abnormalities).20 When needed, a follow-up visit can be
scheduled to specifically assess and document these needs.

WORKING WITHIN A 15-MINUTE VISIT

Long COVID specialty clinics sometimes have the luxury
of 30-60-min visits for patient evaluation and management.
However, this model has struggled to maintain financial
sustainability, and the same is true in most primary care
settings. As such, principles in the Text Box can help PCPs
structure Long COVID visits in a manner that is both effi-
cient and responsive to patient needs.

Text Box Principles to efficiently, effectively structure a

. isit for Long COVIT

1. Incorporate Long COVID screening questions into the history

When a patient presents with symptoms that may be manifestations
of Long COVID, ask questions to identify whether Long COVID
should be considered in the differential diagnosis, such as:

o “Were you sick (or around people who were sick) shortly before
these symptoms developed?” “Did you (or they) test for COVID-
192 Or was it during a COVID wave?”

e “Have these symptoms lasted more than 3 months?”

2. Assess patient concerns and goals early

Consider simple screening questions to identify patients’ most
impactful symptoms, such as:

o “Which symptom is most bothersome right now?”

e “How is this affecting your daily activities (work, school, self-
care)?”

3. Prioritize 1-2 symptoms per visit, addressing the most limit-
ing or modifiable concern first

Given the time constraints of a typical primary care visit, focus on
the most bothersome or most clinically actionable symptoms first.
Attempting to address multiple symptoms simultaneously may
reduce effectiveness and increase patient overwhelm.

4. Leverage longitudinal care

Emphasize that management will occur over multiple visits. Sched-
ule regular follow-up to reassess symptoms, evaluate treatment
response, and address additional concerns in a stepwise manner.

5. Consider cautious, stepwise medication trials

Initiate one intervention at a time to allow assessment of response.
Start low-dose, and titrate slowly. If symptoms do not improve,
wean off the intervention. When appropriate, consider de-prescrib-
ing medications that may worsen fatigue, cognition, or autonomic
symptoms.

6. Provide clear, written recommendations

Patients with cognitive symptoms may have difficulty retaining
verbal instructions. Written summaries (e.g., after-visit summaries
or patient portal messages) can improve adherence and reduce
confusion.

7. Optimize visit logistics when possible

Consider strategies to reduce patient burden, especially for those
with fatigue, post-exertional malaise, or dysautonomia. Consider
scheduling telehealth visits and/or at times that minimize waiting
and exertion (e.g., the first appointment of the day or the first visit
of the afternoon).

8. Document functional impact

Clearly document how symptoms affect daily functioning, espe-
cially at school or in the workplace. This is essential, not only for
clinical tracking, but also for supporting workplace accommoda-
tions and/or disability documentation when needed.
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Figure 3 Risk factors associated with Long COVID. Although several sociodemographic and baseline health characteristics can increase

risk for Long COVID (left), modifiable factors before and during acute SARS-CoV-2 infection can reduce an individual’s risk (right

PREVENTION COUNSELING

Prevention of Long COVID can be conceptualized in two
stages: (1) reducing the risk of SARS-CoV-2 infection and
(2) mitigating downstream effects during acute infection.® It
is especially important to emphasize prevention and mitiga-
tion measures among people who are at higher risk of Long
COVID (Fig. 3). This includes addressing comorbidities and
modifiable risk factors.

Preventing infection remains the most effective strategy
for reducing the risk of Long COVID. Established pub-
lic health measures continue to play an important role in
reducing transmission, including: frequent hand-washing;
improved indoor air quality (e.g., open windows, continuous
fan use, central air system with a clean MERYV 13 filter or
higher, or a portable high-efficiency particulate air (HEPA)
purifier appropriately sized for the room); appropriate mask
use (ideally N95 or KN95 mask to prevent infection, at least
a surgical mask to prevent contagious spread); and isolation
during periods of infectivity (ideally until rapid antigen test
is negative, or continued masking if isolation is not possi-
ble).>? Vaccination is a key preventive strategy, with strong
evidence demonstrating a dose-dependent reduction in the
risk of Long COVID.*** Additional preventive approaches
include pre-exposure prophylaxis in high-risk populations.
Pemivibart (Pemgarda), a long-acting monoclonal antibody
approved for immunocompromised individuals, has demon-
strated an 84% relative risk reduction in SARS-CoV-2 infec-
tion over 6 months, suggesting potential downstream benefit
in reducing Long COVID risk.*> Other emerging strategies,
such as azelastine, may have an indirect role by reducing
infection risk.*®%

Mitigating risk during acute infection is an emerging and
complementary strategy. Adequate rest and avoidance of
premature return to high levels of activity may help reduce

) S44T

subsequent symptom burden.® Early outpatient treatment
with antiviral therapies has generally demonstrated modest
but meaningful protective effects in observational and ran-
domized studies. Nirmatrelvir/ritonavir has been associated
with a 26% relative risk reduction (absolute risk reduction
4.5%),38 while molnupiravir has demonstrated a 14% relative
risk reduction (absolute risk reduction 3.0%).%° Ensitrelvir
has shown a larger effect, with a 45% relative risk reduction
(absolute risk reduction 11.4%).*’ Additionally, metformin
has been associated with a 41% reduction in Long COVID
incidence (absolute risk reduction 4.1%).*!

CONCLUSION

Although the COVID-19 pandemic is past, Long COVID
persists — both due to persistent cases from 2020 and new
cases that continue to occur. Recognizing and addressing
Long COVID when it is present can improve PCP clinical
care and efficiency. This brief primer highlights how Long
COVID frequently manifests in a primary care setting and
how Long COVID care can feasibly be delivered by PCPs.
More extensive point-of-care clinical references (including
medication indication/dosage tables) are also available for
both adult and pediatric Long COVID care.?**> We remain
optimistic that advances in basic and translational science
will one day yield a reliable diagnostic test and curative
treatments for Long COVID. However, until then, we must
still recognize this condition and support our patients who
live with it.

Acknowledgements Contributors: None.

Corresponding Author: Abby L. Cheng, MD, MPHS; Division of
Physical Medicine and Rehabilitation, Department of Orthopaedic
Surgery, Washington University in St. Louis School of Medicine, St.
Louis, MO, USA (e-mail: ChengAL@wustl.edu).



Chopra et al.: Long COVID for Primary Care

JGIM

Author Contribution AC and HFB conceived of the manuscript. All
three authors (AC, HFB, and ALC) contributed to manuscript organi-
zation, writing, figure creation, editing, and decision to submit for
publication.

Funding All authors are members of the Agency for Healthcare
Research and Quality (AHRQ) Long COVID Care Network and receive
JSunding from AHRQ (AC: U18HS029904; HFB: U18HS029930; ALC:
U18HS029911). The funder did not play a role in writing this manu-
script or the decision to submit this manuscript for publication.

Declarations

Conflict of interest AC reports grant support from the Washington
Department of Health and Pfizer; an honorarium from Wayne State
University for a grand rounds presentation related to Long COVID;
unpaid service as a board member of the Academy of Professional-
ism in Healthcare (APHC); and unpaid service as the chair of the
American College of Physicians (ACP) Long COVID Interest Group.
ALC reports an honorarium received from Mercy Hospital for a grand
rounds presentation related to Long COVID; support for travel to at-
tend a meeting for the Substance Abuse and Mental Health Services
Administration (SAMHSA) 2023 Behavioral Impacts of Long Haul
COVID Expert Panel; unpaid service as a co-chair of the American
Academy of Physical Medicine and Rehabilitation (AAPM&R) Long
COVID Collaborative; and unpaid service as a member of the Coun-
cil of Medical Specialty Societies (CMSS) Long COVID Expert Panel.
HFB reports no conflict of interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in
this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http:/ /crea-
tivecommons.org/licenses/by/4.0/.

REFERENCES

1. Global Burden of Disease Long CC, Wulf Hanson S, Abbafati C, et al.
Estimated Global Proportions of Individuals With Persistent Fatigue,
Cognitive, and Respiratory Symptom Clusters Following Sympto-
matic COVID-19 in 2020 and 2021. JAMA. 2022;328(16):1604-1615.
https://doi.org/10.1001/jama.2022.18931.

2. Thaweethai T, Jolley SE, Karlson EW, et al. Development of a
Definition of Postacute Sequelae of SARS-CoV-2 Infection. JAMA.
2023;329(22):1934-1946. https://doi.org/10.1001 /jama.2023.8823.

3. Greenhalgh T, Sivan M, Perlowski A, Nikolich JZ. Long COVID: a
clinical update. Lancet. 2024;404(10453):707-724. https://doi.org/
10.1016/S0140-6736(24)01136-X.

4. Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major
findings, mechanisms and recommendations. Nat Rev Microbiol.
2023;21(3):133-146. https://doi.org/10.1038/s41579-022-00846-2.

5. ChulL, Bishof K, Dumes AA, et al. The 2024 National Academies of
Sciences, Engineering, and Medicine Long COVID Definition: What
Clinicians Need to Know. J Gen Intern Med. 2025;40(9):2024-2027.
https://doi.org/10.1007/s11606-025-09415-8.

6. Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV, Condition
WHOCCDWGoOP-C-. A clinical case definition of post-COVID-19 condi-
tion by a Delphi consensus. Lancet Infect Dis. 2022:22(4):e102-e107.
https://doi.org/10.1016/S1473-3099(21)00703-9.

7. Mandel H, Yoo YJ, Allen AJ, et al. Long COVID Incidence Proportion
in Adults and Children Between 2020 and 2024: An Electronic Health
Record-Based Study From the RECOVER Initiative. Clin Infect Dis.
2025;80(6):1247-1261. https://doi.org/10.1093/cid/ciaf046.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Antoniou KM, Vasarmidi E, Russell AM, et al. European Res-
piratory Society statement on long COVID follow-up. Eur Respir J.
2022;60(2)https://doi.org/10.1183/13993003.02174-2021.

Angeli F, Zappa M, Verdecchia P. Global burden of new-onset hyper-
tension associated with severe acute respiratory syndrome coronavirus
2 infection. Eur J Intern Med. 2024;119:31-33. https://doi.org/10.
1016/j.€jim.2023.10.016.

Najjar-Debbiny R, Barnett-Griness O, Khoury J, et al. Association
Between COVID-19 Infection and Pulmonary Fibrosis: A Nested Case-
Control Study. Am J Med. 2023;136(11):1087-1093 e2. https://doi.
org/10.1016/j.amjmed.2023.07.020.

Pinney SP, Giustino G, Halperin JL, et al. Coronavirus Historical Per-
spective, Disease Mechanisms, and Clinical Outcomes: JACC Focus
Seminar. J Am Coll Cardiol. 2020;76(17):1999-2010. https://doi.org/
10.1016/j.jacc.2020.08.058.

Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Patho-
physiology, Transmission, Diagnosis, and Treatment of Coronavirus
Disease 2019 (COVID-19): A Review. JAMA. 2020:324(8):782-793.
https://doi.org/10.1001/jama.2020.12839.

Barbato C, Petrella C, Minni A. Insights into Molecular and Cellular
Mechanisms of NeuroCOVID. Cells. 2024;13(21)https://doi.org/10.
3390/cells13211790.

Phetsouphanh C, Jacka B, Ballouz S, et al. Improvement of immune
dysregulation in individuals with long COVID at 24-months following
SARS-CoV-2 infection. Nat Commun. 2024;15(1):3315. https://doi.
org/10.1038/s41467-024-47720-8.

Pretorius E, Vlok M, Venter C, et al. Persistent clotting protein
pathology in Long COVID /Post-Acute Sequelae of COVID-19 (PASC) is
accompanied by increased levels of antiplasmin. Cardiovasc Diabetol.
2021;20(1):172. https://doi.org/10.1186/s12933-021-01359-7.
Stein SR, Ramelli SC, Grazioli A, et al. SARS-CoV-2 infec-
tion and persistence in the human body and brain at autopsy.
Nature. 2022:;612(7941):758-763. https://doi.org/10.1038/
541586-022-05542-y.

Zollner A, Koch R, Jukic A, et al. Postacute COVID-19 is Character-
ized by Gut Viral Antigen Persistence in Inflammatory Bowel Diseases.
Gastroenterology. 2022;163(2):495-506 e8. https://doi.org/10.1053/j.
gastro.2022.04.037.

Guarnieri JW, Dybas JM, Fazelinia H, et al. Core mitochondrial
genes are down-regulated during SARS-CoV-2 infection of rodent and
human hosts. Sci Transl Med. 2023;15(708):eabq1533. https://doi.
org/10.1126/scitranslmed.abq1533.

Farber DL, Yudanin NA, Restifo NP. Human memory T cells: gen-
eration, compartmentalization and homeostasis. Nat Rev Immunol.
2014:14(1):24-35. https://doi.org/10.1038/nri3567.

Cheng AL, Herman E, Abramoff B, et al. Multidisciplinary collabo-
rative guidance on the assessment and treatment of patients with
Long COVID: A compendium statement. PM & R : J Inj Funct Rehabil.
2025;17(6):684-708. https://doi.org/10.1002/pmrj.13397.
Blitshteyn S, Whiteson JH, Abramoff B, et al. Multi-disciplinary
collaborative consensus guidance statement on the assessment
and treatment of autonomic dysfunction in patients with post-acute
sequelae of SARS-CoV-2 infection (PASC). PM R. 2022;14(10):1270-
1291. https://doi.org/10.1002/pmrj.12894.

Cheng AL, Anderson J, Didehbani N, et al. Multi-disciplinary col-
laborative consensus guidance statement on the assessment and
treatment of mental health symptoms in patients with post-acute
sequelae of SARS-CoV-2 infection (PASC). PM & R : J Inj Funct Rehabil.
2023;15(12):1588-1604. https://doi.org/10.1002/pmrj.13085.
Cheng AL, DeFranco AR, Furman M, et al. Shared Medical Appoint-
ments to Improve Equitable Access to Rehabilitative Care for Long
COVID. Cardiopulm Phys Ther J. 2025;36(1):50-57. https://doi.org/
10.1097/cpt.0000000000000266.

Orthopedics WM. Rehabilitation Strategies for Long COVID Symp-
toms. Video. 2026; 2026.

Appelman B, Charlton BT, Goulding RP, et al. Muscle abnormalities
worsen after post-exertional malaise in long COVID. Nat Commun.
2024:;15(1):17. https://doi.org/10.1038/s41467-023-44432-3.
Appelman B, Charlton BT, Goulding RP, et al. Reply: Muscle abnor-
malities in Long COVID. Nat Commun. 2025;16(1):1491. https://doi.
org/10.1038/s41467-025-56431-7.

Shankar V, Wilhelmy J, Curtis EJ, et al. Oxidative stress is a shared
characteristic of ME/CFS and Long COVID. Proc Natl Acad Sci U S A.
2025;122(28):e2426564122. https://doi.org/10.1073/pnas.24265
64122.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2022.18931
https://doi.org/10.1001/jama.2023.8823
https://doi.org/10.1016/S0140-6736(24)01136-X
https://doi.org/10.1016/S0140-6736(24)01136-X
https://doi.org/10.1038/s41579-022-00846-2
https://doi.org/10.1007/s11606-025-09415-8
https://doi.org/10.1016/S1473-3099(21)00703-9
https://doi.org/10.1093/cid/ciaf046
https://doi.org/10.1183/13993003.02174-2021
https://doi.org/10.1016/j.ejim.2023.10.016
https://doi.org/10.1016/j.ejim.2023.10.016
https://doi.org/10.1016/j.amjmed.2023.07.020
https://doi.org/10.1016/j.amjmed.2023.07.020
https://doi.org/10.1016/j.jacc.2020.08.058
https://doi.org/10.1016/j.jacc.2020.08.058
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.3390/cells13211790
https://doi.org/10.3390/cells13211790
https://doi.org/10.1038/s41467-024-47720-8
https://doi.org/10.1038/s41467-024-47720-8
https://doi.org/10.1186/s12933-021-01359-7
https://doi.org/10.1038/s41586-022-05542-y
https://doi.org/10.1038/s41586-022-05542-y
https://doi.org/10.1053/j.gastro.2022.04.037
https://doi.org/10.1053/j.gastro.2022.04.037
https://doi.org/10.1126/scitranslmed.abq1533
https://doi.org/10.1126/scitranslmed.abq1533
https://doi.org/10.1038/nri3567
https://doi.org/10.1002/pmrj.13397
https://doi.org/10.1002/pmrj.12894
https://doi.org/10.1002/pmrj.13085
https://doi.org/10.1097/cpt.0000000000000266
https://doi.org/10.1097/cpt.0000000000000266
https://doi.org/10.1038/s41467-023-44432-3
https://doi.org/10.1038/s41467-025-56431-7
https://doi.org/10.1038/s41467-025-56431-7
https://doi.org/10.1073/pnas.2426564122
https://doi.org/10.1073/pnas.2426564122

JGIM Chopra et al.: Long COVID for Primary Care

28. Byambasuren O, Atkins T, Baptista S, Glasziou P, Chakraborty S. 40. Yotsuyanagi H, Ohmagari N, Doi Y, et al. Prevention of post COVID-19
Effect of low-dose naltrexone for long COVID: a systematic review and condition by early treatment with ensitrelvir in the phase 3 SCORPIO-
meta-analysis. BMJ Open. 2026:16(7):e111253. https://doi.org/10. SR trial. Antiviral Res. 2024;229:105958. https://doi.org/10.1016/j.
1136/bmjopen-2025-111253. antiviral.2024.105958.

29. Weinstock LB, Brook JB, Walters AS, Goris A, Afrin LB, Molderings 41. Bramante CT, Buse JB, Liebovitz DM, et al. Outpatient treatment of
GJ. Mast cell activation symptoms are prevalent in Long-COVID. Int J COVID-19 and incidence of post-COVID-19 condition over 10 months
Infect Dis. 2021;112:217-226. https://doi.org/10.1016/j.ijid.2021. (COVID-OUT): a multicentre, randomised, quadruple-blind, paral-
09.043. lel-group, phase 3 trial. Lancet Infect Dis. 2023:;23(10):1119-1129.

30. Castells M, Butterfield J. Mast Cell Activation Syndrome and Mas- https://doi.org/10.1016/S1473-3099(23)00299-2.
tocytosis: Initial Treatment Options and Long-Term Management. J 42. Malone LA, Morrow A, Chen Y, et al. Multi-disciplinary collaborative
Allergy Clin Immunol Pract. 2019;7(4):1097-1106. https://doi.org/ consensus guidance statement on the assessment and treatment of
10.1016/j.jaip.2019.02.002. postacute sequelae of SARS-CoV-2 infection (PASC) in children and

31. BrunetJL, van Ockenburg SL, Leyli-Abadi M, Lunter G, Rosmalen adolescents. PM & R : J Inj Funct Rehabil. 2022;14(10):1241-1269.
JGM. Recovery trajectories and predictors of symptom resolution in https://doi.org/10.1002/pmrj.12890.
post-COVID-19 condition: a population-based cohort study. Lancet 43. Cotler J, Holtzman C, Dudun C, Jason LA. A Brief Questionnaire to
Reg Health Eur. 2026;69:101802. https://doi.org/10.1016/j.lanepe. Assess Post-Exertional Malaise. Diagnostics (Basel). 2018;8(3)https://
2026.101802. doi.org/10.3390/diagnostics8030066.

32. Lindsley WG, Derk RC, Coyle JP, et al. Efficacy of Portable Air 44. Perlis RH, Lunz Trujillo K, Safarpour A, et al. Association of Post-
Cleaners and Masking for Reducing Indoor Exposure to Simulated COVID-19 Condition Symptoms and Employment Status. JAMA Netw
Exhaled SARS-CoV-2 Aerosols - United States, 2021. MMWR Morb Open. 2023:6(2):e2256152. https://doi.org/10.1001/jamanetwor
Mortal Wkly Rep. 2021;70(27):972-976. https://doi.org/10.15585/ kopen.2022.56152.
mmwr.mm7027el. 45. Wang S, LiY, Yue Y, et al. Adherence to Healthy Lifestyle Prior to

33. Marra AR, Kobayashi T, Callado GY, et al. The effectiveness of Infection and Risk of Post-COVID-19 Condition. JAMA Intern Med.
COVID-19 vaccine in the prevention of post-COVID conditions: a 2023:;183(3):232-241. https://doi.org/10.1001/jamainternmed.2022.
systematic literature review and meta-analysis of the latest research. 6555.

Antimicrob Steward Healthc Epidemiol. 2023:3(1):e168. https://doi. 46. HouY, GuT, NiZ, Shi X, Ranney ML, Mukherjee B. Global Prevalence
org/10.1017/ash.2023.447. of Long COVID, Its Subtypes, and Risk Factors: An Updated Systematic

34. Xuy,LiH, Santosa A, et al. Cardiovascular events following coro- Review and Meta-analysis. Open Forum Infect Dis. 2025;12(9):0faf533.
navirus disease 2019 vaccination in adults: a nationwide Swedish https://doi.org/10.1093/ofid /ofaf533.
study. Eur Heart J. 2025;46(2):147-157. https://doi.org/10.1093/ 47. XieY, Choi T, Al-Aly Z. Postacute Sequelae of SARS-CoV-2 Infec-
eurheartj/ehae639. tion in the Pre-Delta, Delta, and Omicron Eras. N Engl J Med.

35. COVID-19 update: An EUA for pemivibart (Pemgarda) for pre- 2024;391(6):515-525. https://doi.org/10.1056 /NEJMo0a2403211.
exposure prophylaxis. Med Lett Drugs Ther. 2024:66(1702):79-80. 48. Wang AS, Perez JA, Gunzler SA. Frequency of Parkinson disease fol-
https://doi.org/10.58347/tml.2024.1702e. lowing COVID-19 infection: A two-year retrospective cohort study. Par-

36. Bernstein JA. Azelastine hydrochloride: a review of pharmacology, kinsonism Relat Disord. 2023;111:105433. https://doi.org/10.1016/j.
pharmacokinetics, clinical efficacy and tolerability. Curr Med Res parkreldis.2023.105433.

Opin. 2007;23(10):2441-52. https://doi.org/10.1185/030079907X 49. Pillai KS, Misra S, Siripurapu G, et al. De Novo Movement Disorders
226302. Associated with COVID-19- A Systematic Review of Individual Patients.

37. LehrT, Meiser P, Selzer D, et al. Azelastine Nasal Spray for Prevention Ann Indian Acad Neurol. 2023;26(5):702-707. https://doi.org/10.
of SARS-CoV-2 Infections: A Phase 2 Randomized Clinical Trial. JAMA 4103/aian.aian_572_23.

Intern Med. 2025;185(11):1309-1317. https://doi.org/10.1001/jamai 50. Schneider SA, Desai S, Phokaewvarangkul O, et al. COVID19-
nternmed.2025.4283. associated new-onset movement disorders: a follow-up study.

38. XieY, Choi T, Al-Aly Z. Association of Treatment With Nirmatrel- J Neurol. 2023;270(5):2409-2415. https://doi.org/10.1007/
vir and the Risk of Post-COVID-19 Condition. JAMA Intern Med. s00415-023-11661-x.
2023;183(6):554-564. https://doi.org/10.1001/jamainternmed.2023.

0743. Publisher’s Note Springer Nature remains neutral with regard to

39. XieY, Choi T, Al-Aly Z. Molnupiravir and risk of post-acute sequelae

of covid-19: cohort study. BMJ. 2023;381:¢074572. https://doi.org/
10.1136/bmj-2022-074572.

Jjurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1136/bmjopen-2025-111253
https://doi.org/10.1136/bmjopen-2025-111253
https://doi.org/10.1016/j.ijid.2021.09.043
https://doi.org/10.1016/j.ijid.2021.09.043
https://doi.org/10.1016/j.jaip.2019.02.002
https://doi.org/10.1016/j.jaip.2019.02.002
https://doi.org/10.1016/j.lanepe.2026.101802
https://doi.org/10.1016/j.lanepe.2026.101802
https://doi.org/10.15585/mmwr.mm7027e1
https://doi.org/10.15585/mmwr.mm7027e1
https://doi.org/10.1017/ash.2023.447
https://doi.org/10.1017/ash.2023.447
https://doi.org/10.1093/eurheartj/ehae639
https://doi.org/10.1093/eurheartj/ehae639
https://doi.org/10.58347/tml.2024.1702e
https://doi.org/10.1185/030079907X226302
https://doi.org/10.1185/030079907X226302
https://doi.org/10.1001/jamainternmed.2025.4283
https://doi.org/10.1001/jamainternmed.2025.4283
https://doi.org/10.1001/jamainternmed.2023.0743
https://doi.org/10.1001/jamainternmed.2023.0743
https://doi.org/10.1136/bmj-2022-074572
https://doi.org/10.1136/bmj-2022-074572
https://doi.org/10.1016/j.antiviral.2024.105958
https://doi.org/10.1016/j.antiviral.2024.105958
https://doi.org/10.1016/S1473-3099(23)00299-2
https://doi.org/10.1002/pmrj.12890
https://doi.org/10.3390/diagnostics8030066
https://doi.org/10.3390/diagnostics8030066
https://doi.org/10.1001/jamanetworkopen.2022.56152
https://doi.org/10.1001/jamanetworkopen.2022.56152
https://doi.org/10.1001/jamainternmed.2022.6555
https://doi.org/10.1001/jamainternmed.2022.6555
https://doi.org/10.1093/ofid/ofaf533
https://doi.org/10.1056/NEJMoa2403211
https://doi.org/10.1016/j.parkreldis.2023.105433
https://doi.org/10.1016/j.parkreldis.2023.105433
https://doi.org/10.4103/aian.aian_572_23
https://doi.org/10.4103/aian.aian_572_23
https://doi.org/10.1007/s00415-023-11661-x
https://doi.org/10.1007/s00415-023-11661-x

	Long COVID in Primary Care: A Practical Approach to Evaluation and Management
	Abstract
	INTRODUCTION
	COMMON CLINICAL PRESENTATIONS AND SYMPTOM CLUSTERS
	A FRAMEWORK FOR PATHOPHYSIOLOGICAL MECHANISMS AND MANIFESTATIONS
	PRACTICAL DIAGNOSTIC AND MANAGEMENT APPROACH
	WORKING WITHIN A 15-MINUTE VISIT
	PREVENTION COUNSELING
	CONCLUSION
	Acknowledgements 
	REFERENCES




