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Early reporting of postacute SARS-CoV-2 syndrome
(PASC), or “long COVID” (1), foretells a difficult chal-

lenge developing in parallel to the ongoing pandemic.
Some patients with prior acute COVID-19 report multiple
new or persistent symptoms affecting nearly every organ
system (2). In the United States, PASC has already been
approved for inclusion and protections within the
Americans with Disabilities Act (3) despite limited study
data or medical consensus. Yet, we do not know what
constitutes long COVID or how to formally diagnose it
(4). An improved understanding of this condition is
needed to provide appropriate care for our patients.
However, developing high-quality scientific evidence
on PASC presents a unique challenge due to the evolv-
ing circumstances of SARS-CoV-2 and the pandemic
itself. Such work will indeed be a long haul.

Inherent sources of potential bias in studying this
new phenomenon require that the medical community
understand both study design and study limitations
when generating, publishing, and using reports (Table).
Deriving high-quality, consistent information from diverse
study designs and samples is our best hope to inform the
understanding of PASC and develop strategies to diagnose,
treat, and prevent it. No single study design will be perfectly
suited to study PASC, but we must work together to de-
velop and disseminate the highest-quality information.

The first challenge when studying a disease is how to
diagnose it. Despite the widely reported burden of seque-
lae stemming from COVID-19, we have yet to derive de-
finitive diagnostic criteria. The World Health Organization
proposed a clinical case definition based on the delibera-
tions of a Delphi panel of patients and clinicians (5).
However, such definitions do not represent a definitive
clinical diagnosis, and the authors acknowledge that their
definition may need to evolve as new evidence emerges.
As more high-quality data become available, the current
list of symptoms may be narrowed and the relationship
between the timing and duration of symptoms included
in a PASC case definition may be clarified; to date, how-
ever, these aspects have proved elusive.

Accurate diagnoses are important so that patients
with PASC can receive monitoring, supportive care, and
eventually PASC-specific therapy. The Americans with
Disabilities Act action makes this particularly important
because of medical and legal paperwork requiring
detailed diagnosis and treatment plans in the disability
filing. Misclassification due to inadequate research data
will complicate matters if we remain unable to distinguish
between long-term symptoms possibly associated with
SARS-CoV-2 infection and symptoms associated with
other diagnoses. For example, social isolation and dis-
ruption to routines during the pandemic are associated

with symptoms of depression, anxiety, or mood change
regardless of COVID-19 status (6). Similarly, it is difficult
to differentiate between PASC and post–intensive care
syndrome, the latter reported among patients who have
required care for critical illness (7).

The observation that persistent PASC symptoms may
align more closely with self-perceived rather than laboratory-
confirmed SARS-CoV-2 infection (8) suggests that thor-
ough evaluation is needed to properly assess whether
symptoms are directly related to the virus. Such compre-
hensive assessments are time-consuming, are expensive,
and are not routinely documented in medical records,
which precludes study of PASC using large, existing elec-
tronic medical records or administrative data. To date,
multiple investigations are under way without uniformly
applied criterion standards, limiting our ability to conduct
useful comparisons across studies.

Researchers must also grapple with issues of bias in
study design, such as recall bias and surveillance bias,
where attention to COVID-19 (including variants and vac-
cinations) may shape what patients report or clinicians
document. Heightened lay attention may affect the likeli-
hood that patients report certain symptoms or the degree
to which they recall symptom onset or duration. As well,
patients with certain underlying conditions known to be
associated with COVID-19 risk or those hospitalized
with severe COVID-19 may be monitored more closely
than others, with greater documentation of post–COVID-
19 symptoms in electronic medical records. Conversely,
underidentification of those with asymptomatic or mild
disease is a concern. Due to the dynamic nature of the vi-
rus itself and the technology available to test, monitor,
and treat infection, substantial variation may exist in appa-
rent clinical presentation of PASC. Now more than ever,
we must implement robust, standardized, longitudinal
assessments of health and well-being across systems and
settings, including premorbid evaluation, to facilitate real-
timemonitoring of trends.

Of note, the burden of the COVID-19 pandemic,
including infection, reinfection, hospitalization, and death,
has disproportionately fallen on individuals who are al-
ready vulnerable to socioeconomic and racial/ethnic dis-
parities in access to health care and in health (9). In the
presence of these disparities, inequities in the develop-
ment, presentation, and documentation of PASC may be
accentuated. Unlike quantification of disparities in infec-
tion rates using standardized diagnostic assessment (such
as positive results on a polymerase chain reaction test),
assessment of disparities in PASC is affected by broader
issues with health care access and use. For example, the
evolving PASC case definition will be influenced by the
symptom profiles of those currently seen in clinics or

This article was published at Annals.org on 8 March 2022.

Annals.org Annals of Internal Medicine © 2022 American College of Physicians 1

Annals of Internal Medicine IDEAS AND OPINIONS

http://www.annals.org
http://www.annals.org


Table. Potential Challenges in Studying PASC and Possible Solutions

Potential Challenges and Bias Definition/Example Potential Solutions

Lack of standardized case definition Reported symptoms are so varied (and often subjec-
tive) that we have yet to either build medical con-
sensus or define diagnostic criteria for PASC—
similar to early experiences with other diseases,
e.g., Legionnaires’ disease and HIV/AIDS. In those
historical cases, researchers began by establish-
ing a surveillance case definition, which is not the
same as a clinical diagnosis.

A surveillance case definition establishes consistent
criteria applicable across settings/populations/
studies that enable epidemiologic investigations
to proceed before definitive diagnostic capabil-
ities are available.

The research community should coalesce around a
well-delineated and measurable case definition
that can be consistently applied across settings
and populations.

Future studies can explore subtypes of PASC via
clinical phenotyping to gain insights for optimiz-
ing treatment.

Misclassification Misclassification may arise when it is difficult to dis-
tinguish long-term symptoms possibly caused by
a SARS-CoV-2 infection from symptoms attribut-
able to other sources, both related and unrelated
to COVID-19. For example, social isolation or dis-
ruption to routines during the pandemic is associ-
ated with symptoms of depression, anxiety, or
mood change regardless of COVID-19 status.

Using a standard case definition may help to
increase the sensitivity and specificity of questions
used to ascertain PASC status and thus address
misclassification.

Recall bias Reliance on self-reported information, such as tim-
ing of symptom onset, is subject to recall bias,
especially when data are collected many months
after an acute SARS-CoV-2 infection.

Prospective assessments that begin collecting data
on symptom prevalence before the acute SARS-
CoV-2 infection are ideal, and those with suitably
tailored questions to assess incident rather than
prevalent symptoms may be needed to establish
clear temporal ordering.

Surveillance bias In an era of extensive information in EMRs that can
be searched, we need to be cautious about fac-
tors that might influence differential documenta-
tion and coding within these records, raising
concerns about surveillance bias. For example,
patients with certain underlying conditions (espe-
cially those known to be associated with COVID-
19 risk) or those hospitalized with severe COVID-
19 may be monitored more closely and therefore
have greater documentation of post–COVID-19
symptoms and diagnosis codes in the EMR.
Conversely, underidentification of those with
asymptomatic or mild disease is also cause for
concern.

Standardized data collection, including of symptoms
before the onset of acute illness, could help to
mitigate this concern.

Media influence Heightened media attention to PASC can increase
the likelihood of bias in symptom reporting or
attribution and may be differential depending on
media source.

–

Selection bias Well-documented racial/ethnic and socioeconomic
disparities in the burden of COVID-19 could
accentuate inequities in the development, pre-
sentation, and documentation of PASC.

Unlike quantification of disparities in infection rates
using standardized diagnostic assessment (e.g.,
positive results on PCR test), assessment of dis-
parities in PASC is affected by broader issues with
health care access and use.

Studies should be mindful of the potential for these
disparities, which could result in differential selec-
tion into studies of PASC; community-partnered
research and recruiting from community settings
(rather than only from health care settings) may
mitigate some potential selection effects.

Lack of comparator groups Appropriate adjustment for secular trends in the epi-
demiology of COVID-19 may be achieved by
using a concurrent control group, but identifying
the appropriate comparator is challenging and
will depend on the specific research question.
Comparing against population norms before
COVID-19 fails to address the unique circumstan-
ces of the pandemic that may have elevated dis-
tress or fatigue in the general population,
regardless of COVID-19 status. Comparing those
who have a positive result on a COVID-19 test vs.
those who have a negative test result may help to
partition some variability stemming from pan-
demic exposure, but this comparison relies on the

Regardless of proposed comparison, selection bias
is likely, and studies will need appropriate epide-
miologic and statistical adjustments for noncom-
parable groups.
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participating in studies. Because marginalized groups
receive less timely diagnoses and often have their symp-
toms unrecognized or undocumented, PASC may be
underdescribed in those who are already vulnerable.

Equity in access to accurate diagnostic testing and
symptom documentation in the clinical record is a neces-
sary first step for equal ascertainment of PASC across
groups with different degrees of vulnerability; wemust fur-
ther consider differences in the availability of appropriate
comparator groups that could obfuscate our assessment
of PASC risk. Simply following a cohort of patients who
had COVID-19 and ascertaining symptoms (such as fa-
tigue) at 3 months after diagnosis fails to account for base-
line levels of these symptoms in the general population.
Comparing long-term symptoms after SARS-CoV-2 versus
influenza infection may help to partition out selection
effects caused by disparities in access to diagnostic testing
and could simultaneously address elevated symptom
rates versus background rates.

Thus, we call for the medical community to take the
following actions: 1) coalesce around a well-delineated
and measurable PASC case definition that can be consis-
tently applied, 2) implement similarly robust and standar-
dized measures of potential risk factors and outcomes, 3)
consider risk of bias in study designs and provide thor-
ough descriptions of ascertainment methodology and
assessment tools to facilitate cross-study comparison of
published reports, and 4) be judicious in application of
this evolving evidence as we all strive to provide effective
and efficient care that reduces prior inequities. By recog-
nizing these data challenges and potential study biases
early, the research community can ensure that our under-
standing of PASC, as well as future strategies and actions
to address it, is based on high-quality evidence. We are
armed with the tools and talent to provide rigorous evi-
dence to aid understanding of this novel illness; how-
ever, wemust be aware of the unique challenges we face
and be prepared to address them.
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Table–Continued

Potential Challenges and Bias Definition/Example Potential Solutions

accuracy of the diagnostic test and administrative
coding used to identify positive vs. negative
cases.

Temporal changes Due to the dynamic nature of the virus itself and the
technology available to test, treat, and prevent it,
substantial variation may exist in apparent clinical
presentation of PASC over time and across var-
iants. It is difficult to keep up scientifically when
multiple changing factors are at play.

Tracking major changes to influential exogenous
factors is critical, and we must be nimble and flexi-
ble in our study design and data collection meth-
ods to accommodate the dynamic nature of such
factors.

EMR = electronic medical record; PASC = postacute SARS-CoV-2 syndrome; PCR = polymerase chain reaction.
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