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Abstract

Vaccinated and unvaccinated populations often differ before an injection is given. They may vary in
health care access, healthcare-seeking behavior, prior infection, chronic disease, socioeconomic
conditions and reasons for delaying treatment. This paper examines healthy-vaccinee and related
selection biases as threats to both favorable and unfavorable observational associations, while
recognizing that well-conducted observational studies remain essential for vaccine safety research.

Before the exposure groups may already differ

Healthy-vaccinee bias can distort observational estimates unless the baseline reasons for vaccination
are explicitly modeled.

Confounding by indication, contraindication, access and care utilization can produce distorted
comparisons. A child with severe medical complexity may have a delayed schedule, while a family
with consistent preventive-care attendance may be more likely to have developmental diagnoses
recorded. Event detection depends on follow-up, coding practices and clinical contact. Time-varying
vaccination introduces immortal-time and selection challenges if exposure histories are handled
incorrectly.

The analytic toolkit includes careful eligibility criteria, target-trial emulation where appropriate,
active-comparator designs, negative-control outcomes or exposures, prespecified covariates,
sensitivity analyses and explicit missing-data handling. No one method makes causal inference
automatic. The relevant question is whether the chosen design adequately addresses the bias that
would most plausibly generate the observed association.

Why observational vaccine comparisons can mislead

Healthy-vaccinee bias is not a single effect with one direction in every study. Families more engaged
with preventive care may have healthier behavior yet also more frequent diagnosis of developmental
or allergic conditions because they see clinicians more often. Patients who are severely ill may delay
vaccination, falsely making the vaccinated population look healthier. Time-varying effects add further
difficulty: being unvaccinated today may differ from remaining unvaccinated for years. If exposures
are assigned incorrectly, individuals must survive long enough to enter a later exposure group,
creating an artificial survival advantage. Sophisticated studies must define the target question and
exposure window before analysis.

Healthy-vaccinee bias arises when people receiving an intervention differ in baseline health,
health-care use or social circumstances from those not receiving it. Some individuals delay
vaccination during an acute illness; others are less likely to receive care at all because of barriers
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unrelated to health status. These selection mechanisms can make vaccinated groups appear healthier
or occasionally sicker in observational datasets independent of any biological vaccine effect. The
relevant bias direction cannot be assumed in advance.

Good causal inference therefore starts with a target trial: define who is eligible, when follow-up
begins, which exposure is contrasted and which outcome is counted. Matching by age alone seldom
resolves differences in clinical access, comorbidity and temporal eligibility. Negative-control
outcomes, lagged analyses and sensitivity tests can reveal residual confounding, while self-controlled
approaches may be useful for transient outcomes if their assumptions hold. Each design answers a
narrower question than the rhetoric of “vaccinated versus unvaccinated.”

Vaccinated and unvaccinated groups may differ in health-care engagement, contraindications, access,
baseline illness and socioeconomic conditions. The direction of distortion can vary by outcome and
setting, so the existence of possible bias does not imply that every vaccine benefit or safety finding is
invalid. The stronger critique is methodological: natural experiments, well-defined target-trial
emulation and within-person designs should be used when their assumptions fit the biological
question.

Triangulation and negative-control tests

The stronger methodological critique is not that all safety cohorts are worthless, nor that a large
cohort automatically eliminates confounding. It is that the direction and magnitude of bias should be
estimated using the structure of each dataset. A persuasive analysis shows how conclusions change
under plausible unmeasured confounding, checks whether the proposed causal interval is biologically
reasonable and weighs findings against randomized and mechanistic evidence where available.

Selection can reverse an association. Consider a vaccine given predominantly to people who are well
enough to attend appointments. In the immediate days before vaccination, people developing acute
illness may defer it, creating an apparent postvaccination period with lower hospitalization rates.
Conversely, people receiving some vaccines may have greater comorbidity or clinical contact than
nonrecipients. These two situations can bias an observational effect in opposite directions.
Researchers therefore need to understand the actual enrollment and timing mechanism.

An emulated trial. Define eligibility at one point in time, identify feasible exposure strategies, begin
follow-up simultaneously and measure outcomes consistently. This prevents immortal-time errors that
occur when vaccinated participants must survive an interval to be classified as vaccinated. Negative
controls, test-negative designs and self-controlled analyses can offer additional checks when their
assumptions fit the data.

Implications for interpretation. Demonstrating possible bias is not equivalent to proving that the
reported vaccine safety result is wrong. The next step is to estimate whether a plausible amount of
bias could account for the observed association. If multiple well-conducted studies using different
structures converge, the opportunity for one common bias to explain everything may diminish.
Methodological sophistication should increase confidence where appropriate, not serve as a ritual for
dismissing all large studies.
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Compare estimates across matched cohort, instrumental-variable or self-controlled designs with
prespecified negative controls and sensitivity analyses. Investigate whether outcome rates diverge
before vaccination; a pre-exposure difference indicates confounding that cannot plausibly be caused
by the vaccine. Convergent estimates across designs are more persuasive than any one adjusted
observational ratio.

A reliable critique should name the suspected confounder, indicate its expected direction, and
demonstrate how large it would need to be to explain the reported effect. Simply saying “the study
was observational” does not invalidate it. Conversely, a huge sample cannot rescue a systematically
misclassified exposure or missing confounder. The institute should apply this rule consistently to
studies finding harm and those finding reassurance.

A natural experiment must begin before the needle

Imagine comparing people vaccinated during an influenza season with people who delayed
vaccination. The former may be healthier and more engaged with medical care before receiving it,
while the latter may include people acutely ill enough to postpone. If outcomes are compared
immediately without addressing these differences, the vaccine may appear to confer broad protection
from unrelated conditions. The opposite pattern can occur when vulnerable patients are preferentially
vaccinated. A good observational design must examine pre-exposure trends, differences in contact
with the health system and outcomes that should not plausibly be affected by vaccination.
Self-controlled case series or target-trial emulation can reduce certain biases but cannot magically
resolve every question. The point is not that observational evidence is worthless: large, well-designed
studies are essential for safety assessment. The point is that causation requires a credible comparison
of what would have happened to comparable people without the exposure, including the possibility
that different populations receive the intervention for different reasons.

Bias cuts in more than one direction

Healthy-vaccinee bias has no single inevitable direction because vaccination patterns differ across
products and settings. Some people defer immunization when acutely sick, temporarily making
vaccine recipients appear healthier; other high-risk patients may be prioritized for immunization,
making recipients appear sicker. A useful analysis must reconstruct the actual clinical and social
selection processes rather than cite bias as a universal reason to dismiss results. Defining eligibility,
exposure date and outcome follow-up before modeling is crucial to avoid immortal-time and
differential surveillance errors. Negative-control events and complementary observational designs
can reveal potential distortions, although none guarantees unbiased inference. The stronger the
convergence across independently designed studies, the more serious the challenge to a proposed
alternative explanation. Methodological criticism should ultimately improve estimation, not become a
way of declaring every reassuring or unfavorable finding invalid according to preference.

A selective critic may invoke healthy-vaccinee bias only when a study reports a benefit and ignore
confounding when a study reports harm. This asymmetry is scientifically unacceptable. Conversely,
dismissing large consistent associations merely because perfect randomization is absent
misunderstands cumulative evidence. Observational findings deserve calibrated confidence based on
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design, replication, magnitude and biological plausibility.

This paper provides a methodological instrument that the institute can apply to every vaccine claim,
including claims it would prefer to be true. Its strongest message is that bias is not a partisan tool; it
is a measurable feature of study design. Credible criticism evaluates it symmetrically.
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Editorial status: Third-pass conceptual research manuscript. The argument has been individually strengthened and shared
boilerplate removed. Original reference leads were retained; a complete independent source-by-source scholarly verification
has not been performed. No new clinical trial data are presented.
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