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arly reporting of postacute SARS-CoV-2 syndrome
(PASC), or “long COVID” (1), foretells a difﬁcult challenge 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 evolving 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 develop and disseminate the highest-quality information.
The ﬁrst challenge when studying a disease is how to
diagnose it. Despite the widely reported burden of sequelae stemming from COVID-19, we have yet to derive deﬁnitive diagnostic criteria. The World Health Organization
proposed a clinical case deﬁnition based on the deliberations 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, however, 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 disruption 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 laboratoryconﬁrmed SARS-CoV-2 infection (8) suggests that thorough evaluation is needed to properly assess whether
symptoms are directly related to the virus. Such comprehensive assessments are time-consuming, are expensive,
and are not routinely documented in medical records,
which precludes study of PASC using large, existing electronic 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 vaccinations) may shape what patients report or clinicians
document. Heightened lay attention may affect the likelihood 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–COVID19 symptoms in electronic medical records. Conversely,
underidentiﬁcation of those with asymptomatic or mild
disease is a concern. Due to the dynamic nature of the virus itself and the technology available to test, monitor,
and treat infection, substantial variation may exist in apparent 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 realtime monitoring of trends.
Of note, the burden of the COVID-19 pandemic,
including infection, reinfection, hospitalization, and death,
has disproportionately fallen on individuals who are already vulnerable to socioeconomic and racial/ethnic disparities in access to health care and in health (9). In the
presence of these disparities, inequities in the development, presentation, and documentation of PASC may be
accentuated. Unlike quantiﬁcation of disparities in infection 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
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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 subjective) that we have yet to either build medical consensus 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 establishing 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 capabilities are available.
Misclassiﬁcation may arise when it is difﬁcult to distinguish long-term symptoms possibly caused by
a SARS-CoV-2 infection from symptoms attributable to other sources, both related and unrelated
to COVID-19. For example, social isolation or disruption to routines during the pandemic is associated with symptoms of depression, anxiety, or
mood change regardless of COVID-19 status.
Reliance on self-reported information, such as timing of symptom onset, is subject to recall bias,
especially when data are collected many months
after an acute SARS-CoV-2 infection.

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 optimizing treatment.

Misclassiﬁcation

Recall bias

Surveillance bias

Media inﬂuence

Selection bias

Lack of comparator groups

In an era of extensive information in EMRs that can
be searched, we need to be cautious about factors that might inﬂuence differential documentation and coding within these records, raising
concerns about surveillance bias. For example,
patients with certain underlying conditions (especially those known to be associated with COVID19 risk) or those hospitalized with severe COVID19 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.
Heightened media attention to PASC can increase
the likelihood of bias in symptom reporting or
attribution and may be differential depending on
media source.
Well-documented racial/ethnic and socioeconomic
disparities in the burden of COVID-19 could
accentuate inequities in the development, presentation, and documentation of PASC.
Unlike quantiﬁcation of disparities in infection rates
using standardized diagnostic assessment (e.g.,
positive results on PCR test), assessment of disparities in PASC is affected by broader issues with
health care access and use.
Appropriate adjustment for secular trends in the epidemiology 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 circumstances of the pandemic that may have elevated distress 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 pandemic exposure, but this comparison relies on the

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

Prospective assessments that begin collecting data
on symptom prevalence before the acute SARSCoV-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.
Standardized data collection, including of symptoms
before the onset of acute illness, could help to
mitigate this concern.

–

Studies should be mindful of the potential for these
disparities, which could result in differential selection 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.

Regardless of proposed comparison, selection bias
is likely, and studies will need appropriate epidemiologic and statistical adjustments for noncomparable groups.
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Table–Continued
Potential Challenges and Bias

Temporal changes

Definition/Example

Potential Solutions

accuracy of the diagnostic test and administrative
coding used to identify positive vs. negative
cases.
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 variants. 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 ﬂexible in our study design and data collection methods to accommodate the dynamic nature of such
factors.

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

participating in studies. Because marginalized groups
receive less timely diagnoses and often have their symptoms 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 necessary ﬁrst step for equal ascertainment of PASC across
groups with different degrees of vulnerability; we must further 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 fatigue) at 3 months after diagnosis fails to account for baseline 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 consistently applied, 2) implement similarly robust and standardized measures of potential risk factors and outcomes, 3)
consider risk of bias in study designs and provide thorough 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 recognizing these data challenges and potential study biases
early, the research community can ensure that our understanding 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 evidence to aid understanding of this novel illness; however, we must be aware of the unique challenges we face
and be prepared to address them.
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