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1. Introduction 2. How climate change could facilitate the spread of Lyme
Lyme disease is a tick-borne bacterial infection caused Borrelia
burgdorferi, which – if left untreated – can cause serious neurolog-
ical (neuroborreliosis), joint (arthritis), and cardiovascular compli-
cations [1]. In the U.S., Ixodes ticks are primarily responsible for
transmitting this disease to humans, and are found in the North-
eastern and Northern Midwestern regions of the country [1]. Cur-
rently, there are no vaccines available in the U.S. to protect
Americans from Lyme [1,2].

This, however, was not always the case. In 2002, GlaxoSmithK-
lein discontinued its Lyme disease preventative vaccine, known as
LYMErix. [1–2] Although clinical trials found the vaccine to be both
safe and effective [2], low demand for the vaccine ultimately lead
to it being pulled from the market [1–3]. Low demand for LYMErix
may have arisen from several factors, including its cost [3,4] and
the fact that it must be administered in two or three doses to reach
high levels of effectiveness [2,3]. Misinformation about the vac-
cine’s safety – including the scientifically disputed [1–4] claim that
it can have adverse autoimmune effects – have also been linked to
the vaccine being discontinued [1,3–5].

A new Lyme disease vaccine – which is derived in part from the
same OspA bacterial protein as LYMErix, and adds of a second OspA
protein [2,6] – is currently in Stage 2 clinical trials [7]. Conse-
quently, it is important to ask whether or not it is likely to meet
the same fate as LYMErix. The answer to this question could have
important public health consequences, as over 250,000 Americans
have become infected with Lyme since 2009 [8].
disease

Worryingly, increases in average global temperatures resulting
from climate change have been associated with the ability of Ixodes
ticks to survive in new and larger geographic areas [9]. This
includes expansion into much of the US Midwest, beyond upper
Midwest region [10].

However, it is important to note that the spread of Ixodes to new
areas does not necessarily guarantee increased contact with ticks,
or Lyme transmission. Nevertheless, incidence rates have been ris-
ing in these new areas since 2008 [10].

Given the potential link between climate change and the spread
of tick-borne illness, it could be the case that climate change con-
cern might increase public demand for a Lyme disease vaccine;
particularly in the Midwest, where Lyme poses a novel public
health threat. This commentary reports the results of a demo-
graphically representative survey assessing the effects of concern
about climate change on Americans’ intentions to vaccinate against
Lyme disease, when a vaccine becomes available.
3. Climate change concern is associated with increased Lyme
vaccination intentions

Data for this study come from a demographically representa-
tive, online survey of N = 1,015 US adults, conducted on April 26,
2020. Respondents were recruited using quota sampling to ensure
representativeness on respondents’ age, race, educational attain-
ment, household income, 4-category Census region, and political
party identification. All syntax and data necessary to replicate this
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Fig. 1. Climate change concern is associated with increased vaccination intentions. Logistic regression parameter estimates presented with 95% confidence intervals.
summary statistics (Mean [M], Standard Deviation [SD], Range [R]) are listed next to each variable.

Fig. 2. The effect of climate change concern on vaccination intentions is signif-
icantly stronger for Midwesterners. Predicted probabilities presented as a 95% CI
range plot for Midwesterners, with reference lines for all other regions. Probabilities
are calculated holding all covariates at their sample means.
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work -- including the calculation of post-stratification weights, a
comparison of sample data to national benchmarks, and survey
instrumentation -- are available at https://osf.io/xz6hs/.

Lyme vaccination intentions were measured by asking respon-
dents how likely they are to request to be vaccinated when a Lyme
vaccine becomes available for public use. Response options were
offered on a four-point scale (ranging from ‘‘not likely at all” to
‘‘very likely”), and recoded into a dichotomous indicator of being
somewhat/very likely to vaccinate (vs. not vaccinate). Climate
change concern was measured by averaging together two items
asking respondents whether they are ‘‘very,” ‘‘somewhat,” ‘‘not
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too concerned” or ‘‘not concerned at all” about the effects climate
change might have on daily life for ‘‘you and your family,” and ‘‘the
average person living in the U.S.” (a = 0.92). Respondents’ regional
residence was determined using 4-category Census region designa-
tions captured by Lucid in an initial inventory survey. All variables
are coded to range from 0 to 1.

The effect of climate change concern on vaccine intentions in
the U.S adult population is estimated via logistic regression;
adjusting for all factors listed in Fig. 1. Conditional effects of con-
cern across 4-category Census regions (Fig. 2) are estimated by
interacting climate change concern with each dichotomous region
indicator (West serves as the reference group). Predicted probabil-
ities in Fig. 2 hold all other Fig. 1 covariates at their sample means.

Fig. 1 assesses the effect of climate change concern on Lyme
vaccine intentions; a binary indicator whether respondents are
‘‘very” or ‘‘somewhat” likely (vs. unlikely) to request to receive a
vaccine, once it becomes available (M = 52%, 95% CI: [48,56]).
The model controls for several factors that might also influence
vaccine intentions (e.g., trust in scientific authorities) and vaccine
access (e.g., household income), as well as a series of demographic
controls.

The results show that climate change concern is positively and
significantly (B = 1.36, p < 0.01) associated with increased vaccina-
tion intentions. Substantively, climate change concern is associated
with a 29 percentage point increase in the probability of intending
to vaccinate, moving from the lowest (33%, CI: [24,43]) to highest
(62%, CI: [57,68]) levels of concern.

Perhaps unsurprisingly, individuals who live in the Northeast,
where Lyme is most prevalent, are more likely to intend to vacci-
nate (B = 1.35, p < 0.01), while people who place less trust in scien-
tific authorities like the CDC are less likely to do so (B = �1.81,
p < 0.01).

Next, Fig. 2 plots changes in the predicted probability of intend-
ing to vaccinate across levels of climate change concern for each
Census region. The Midwestern line is presented as a 95% confi-
dence interval range plot, as only this interaction produced a pos-
itive and statistically significant relationship with vaccine
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intentions (B = 1.82, p = 0.05). The remaining lines are provided for
reference (p = n.s.).

The results suggest that while climate change concern is associ-
ated with increases in vaccine intention in every Census region, the
effect is significantly stronger in the Midwest. Whereas the least
concerned Midwesterners are very unlikely to request to be vacci-
nated (19%, CI: [5,34]), the most concerned are considerably more
likely to do so (70%, CI: [58,83]). This 51 percentage point increase
implies that concerned Midwesterners are statistically indistin-
guishable from the group most likely to intend to vaccinate;
highly-concerned Northeasterners (79%, CI: [68,90]).

As Lyme disease is prevalent in some Northern Midwestern
states (e.g., Wisconsin & Minnesota), and increasing in prevalence
in others (e.g., North Dakota & Michigan) (10), some might ask
whether or not these effects are primarily driven by respondents
in the Northern Midwest. Separating respondents in Wisconsin,
Minnesota, North Dakota, and Michigan from all other Midwest-
erners, and re-estimating the model used to produce Fig. 2, sug-
gests that this is indeed the case. For Northern Midwesterners,
concern is associated with a 51 percentage point increase in the
likelihood of intending to vaccinate (B = 3.54, p = 0.03); from 24%
(CI: [3,46]) at low levels of concern to 75% (CI: [58,94]) at high
levels. For all other Midwesterners, however, the effect of climate
change on vaccine intentions is positive, but fails to attain statisti-
cal significance (B = 1.36, p = n.s.).

4. Discussion

This research underscores the importance of studying climate
change opinion at its intersection with public health and vaccine
uptake. Concern about climate change may increase support for
treatments and preventatives aimed at curtailing the spread of dis-
eases that are potentially influenced by changing average global
temperatures.

This, of course, is no guarantee that a new Lyme vaccine will not
meet the same fate as LYMErix. Still, one potential implication of
this research could be that that efforts to increase climate change
concern – perhaps by emphasizing its possible adverse effects on
public health –could have life-saving public health consequences.
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Future experimental or longitudinal survey research work should
attempt to investigate how climate-related messaging about the
dangers of Lyme disease might influence public demand for a
vaccine.
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Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2020.07.060.
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