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Wild birds are associated with several zoonotic dis-
ease agents (see Tsiodoras et al. [2007] for a review)

and are capable of spreading pathogens over long dis-
tances. Birds also disperse ectoparasites and disease vec-
tors, sometimes over thousands of kilometers (eg Schwan
et al. 1983), into suitable, as yet uncolonized habitats.
Climate change is expected to affect the distribution of
vector-borne diseases, although predicting the precise
nature of such changes is highly complex (Gage et al.
2008). Studies looking at the effects of climate change on
vector-borne disease often focus on how habitat suitabil-
ity for the vector and pathogen will change in the future,
and therefore address the potential for future expansion
(Brownstein et al. 2005; Ogden et al. 2006). However, the
best way to generate a realistic expectation of where and
when a disease will expand into new habitats is to under-
stand the mechanisms and processes of range expansion.

Several spirochete species in the genus Borrelia are
zoonotic pathogens (transferable from animals to

humans) and most are transmitted between host individ-
uals by ticks (Schwan and Piesman 2002). Lyme borrelio-
sis (LB) is caused by at least 13 Borrelia species and is the
most common vector-borne disease in the Northern
Hemisphere (Margos et al. 2008). In Europe, birds serve
as reservoirs for the LB agent Borrelia garinii (Taragel’ova
et al. 2008), whereas other pathogenic Borrelia species are
associated with mammals (Kurtenbach et al. 2002). In
eastern North America, Borrelia burgdorferi, the causative
agent of Lyme disease, is maintained in an enzootic (a dis-
ease that is constantly present in an animal community
but only occurs in a small number of cases) cycle consist-
ing of black-legged ticks (Ixodes scapularis) and small
rodents, with the most important reservoir host species
being the white-footed mouse Peromyscus leucopus
(LoGiudice et al. 2003). Immature (larval and nymphal)
black-legged ticks are common parasites of mammals,
birds (eg Mather et al. 1989), and, in southern latitudes,
reptiles (Lane 1990). As adults, black-legged ticks are pri-
marily dependent on white-tailed deer (Odocoileus virgini-
anus), but have been collected from other mammalian
species (Fish 1995). B burgdorferi, like its principal vector,
is associated with a variety of host taxa, although it is
unclear whether particular B burgdorferi strains or geno-
types in North America are specialized to different groups
(Brisson and Dykhuizen 2004; Hanincova et al. 2006).
However, the blood of certain vertebrate hosts, including
white-tailed deer, is known to be borreliacidal and such
hosts are effectively “dead ends” for B burgdorferi infec-
tion (Telford et al. 1988). 

The ranges of both I scapularis and B burgdorferi are
expanding in North America from two foci (northeastern
and upper-midwestern US), and this expansion is likely
to explain the observed increased incidence of Lyme dis-
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ease in humans (Bacon et al. 2008). Habitat suitability
modeling predicts that I scapularis will continue to
increase its range (Ogden et al. 2005), with dramatic
northward expansion predicted under projected climate-
change scenarios (Brownstein et al. 2005; Ogden et al.
2006). Deer are capable of moving ticks into previously
unoccupied habitats, but because deer are incompetent
reservoirs, B burgdorferi must be spread by another mech-
anism. Migrating passerine birds have been suggested as
one mechanism by which B burgdorferi might disperse and
colonize new areas (Madhav et al. 2004), and could affect
Lyme disease risk in at least two ways: (1) by establishing
new enzootic Lyme disease foci through the deposition of
infected larval ticks that serve to propagate infection in

naïve hosts as nymphs, or (2) by dispersing
infected larvae or nymphs that would then
molt and parasitize humans. For either of
these scenarios to play out, at least three
conditions must be met. First, birds must
encounter and become parasitized by
I scapularis ticks. Second, birds must be able
to transmit pathogenic B burgdorferi to
ticks, or at least fail to clear previously
infected ticks of B burgdorferi spirochetes.
Third, birds must move to, and deposit vec-
tors in, habitat that is conducive to tick
survival, and the vector must retain
B burgdorferi infection through molt and
until it finds a human or a reservoir host.
To address the potential role of birds in
increasing human risk of Lyme disease, we
reviewed the body of literature that
addresses these conditions. Our search cri-
teria included the terms “Ixodes”, “Borrelia”,
“birds”, and “United States”. We found
additional references in the literature-cited
sections of papers returned by our initial
search. Our final analysis only included
sources from which all relevant data (eg
tick species and stage identities, number of
birds sampled) were reported. We did not
restrict the date range in our search, but we

did limit our search to studies conducted in the endemic
range of B burgdorferi.

n North American bird species and I scapularis

We found published records indicating that 70 passerine
species and one species of woodpecker are parasitized by
immature I scapularis, with a cumulative (pooled) preva-
lence of 0.14, meaning that 14% of all birds in these stud-
ies were parasitized by at least one I scapularis larva or
nymph (Table 1; Figure 1; WebTables 1 and 2). Because
none of the studies we reviewed explicitly reports the
number or proportion of birds parasitized by larvae,
prevalence is defined as the proportion of individuals par-

Figure 1. (a) Gray catbird (Dumetella carolinensis) and (b) hermit thrush
(Catharus guttatus) carrying engorged immature ticks (indicated by red arrows).   
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Table 1. Prevalence of immature Ixodes scapularis and abundance of I scapularis larvae on passerine birds sampled
in North America     

Scharf Weisbrod and Mather et Battaly and Stafford et Anderson et Battaly et Rand et Cumulative (pooled)
Study (2004) Johnson (1989) al. (1989) Fish (1993) al. (1995) al. (1986) al. (1987) al. (1998) prevalence

Location MD MN MA NY CT CT NY ME

Prevalence 0.14 0.01 0.76 0.51 0.16 0.71 0.32 0.26 0.14 
(1693) (5131) (50) (416) (5039) (62) (310) (1972) (14 673)

Larval
abundance 0.40 0.05 2.18 1.57 0.63 2.5 0.13 0.52 0.41

Notes: Prevalence values are pooled across species.  A complete table containing prevalence data on each species at each site is found in WebTable 1. Similarly, abundance val-
ues include measures for all species and represent the total number of I scapularis larvae collected, divided by the number of birds sampled. The sample size for each preva-
lence estimate is indicated in parentheses.
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asitized by I scapularis nymphs and/or larvae. Immature
I scapularis prevalence varied substantially among studies
(Table 1) and by bird species (Table 2). Larval abundance
values are calculated as the number of I scapularis larvae
divided by the total number of birds sampled at a site
(Table 1) or by the total number of birds of a given
species (Table 2). We summarized data by pooling obser-
vations among studies (Table 1) and by species (Table 2);
the resulting immature I scapularis prevalence and larval
abundance values are essentially weighted means, where
weights correspond to the sample sizes of the respective
studies. We calculated the standard deviation of the
weighted mean for larval I scapularis abundance values,
but because the underlying distribution of these mean
values is unknown and may be non-normal, we did not
attempt to estimate standard error of the mean or 95%
confidence intervals. We used a binomial probability
function to generate log-likelihood estimates of 95% con-
fidence intervals for immature I scapularis prevalence val-
ues for each bird species. Although we could not calcu-
late larval I scapularis prevalence, larval abundance
inherently accounts for prevalence of I scapularis larvae
because it includes birds that were not found to harbor
parasites in the denominator. 

Most records of bird–tick associations come from birds
sampled in areas within the two B burgdorferi foci in the
eastern half of North America (WebTable 1), whereas
others result from sampling in areas where B burgdorferi
has been reported (eg Oliver et al. 1993) but does not
commonly occur (Fish 1995; WebTable 2). There is sub-
stantial variation in I scapularis prevalence among the
studies (Table 1), but some bird species are consistently
parasitized by immature I scapularis: thrushes (Turdidae),
brown thrashers (Mimidae), wrens (Troglodytidae), and
several species of wood warblers (Parulidae) are among
the most frequently parasitized species (Table 2;
WebTable 1). Tick phenology, or the timing of emer-
gence and host-seeking activity of different developmen-

tal stages, probably accounts for some of the variation
among studies of bird–tick associations. Because I scapu-
laris nymphs have a high propensity for parasitizing deer
once they have molted into adults (Fish 1995), bird-
derived larvae are more likely to play a role in B burgdor-
feri transmission dynamics. In the northeastern US,
I scapularis nymphs typically seek hosts in mid-summer, at
which time they infect vertebrate hosts. Those hosts then
infect I scapularis larvae, whose peak abundance occurs in
September (Fish 1995). In the Midwest, however, larvae
emerge earlier and reach peak abundance concurrently
with the emergence of I scapularis nymphs (Gatewood et
al. 2009; Figure 2). Therefore, northward-migrating birds
in the Midwest, but not the Northeast, can concurrently
acquire I scapularis nymphs and larvae, potentially result-
ing in the northward spread of B burgdorferi. If dropped in
habitat that is conducive to survival and supports other
vectors and competent vertebrate hosts, these larvae
could transmit bird-derived B burgdorferi to reservoir
hosts as nymphs and initiate enzootic B burgdorferi trans-
mission. Birds migrating through the Northeast are
expected to acquire I scapularis larvae in the fall, poten-
tially spreading infected larval ticks southward. 

n Are birds capable of initiating and maintaining B
burgdorferi transmission?

For birds to serve as competent reservoirs of B burgdorferi,
they must not only infect larval ticks, but those ticks
must also survive and molt to become infectious to verte-
brate hosts as nymphs. Anderson et al. (1990) demon-
strated that B burgdorferi derived from birds are capable of
infecting laboratory-reared Syrian hamsters (Mesocricetus
auratus), whereas Richter et al. (2000) found that 39 of 40
I scapularis larvae acquired B burgdorferi from laboratory
mice that were inoculated with bird-derived infections.
In field studies, it is usually not possible to allow ticks to
feed to repletion, molt, and then be applied to naïve

Table 2. Reported immature I scapularis prevalence (proportion of birds infested by larvae and/or nymphs), larval
I scapularis abundance (number of larvae per bird), and reservoir competence (proportion of B burgdorferi infected
larvae sampled) for 10 North American bird species      

Immature Larval Number of larvae Estimated reservoir
I scapularis I scapularis tested for competence

Bird species prevalence abundance B burgdorferi

House wren 0.28 (0.21, 0.35) 2.78 (4.26) 79 0.14 (0.07, 0.23)
Brown thrasher 0.69 (0.54, 0.82) 3.28 (0.14) 16 0.13 (0.02, 0.34)
Veery 0.44 (0.39, 0.49) 1.03 (0.36) 200 0.29 (0.22, 0.36)
Carolina wren 0.54 (0.46, 0.62) 2.14 (1.24) 84 0.15 (0.09, 0.24)
Northern cardinal 0.19 (0.13, 0.27) 0.53 (0.46) 8 0.38 (0.11, 0.71)
Hooded warbler 0.48 (0.42, 0.53) 1.48 (1.06) 58 0.09 (0.04, 0.16)
American robin 0.39 (0.34, 0.44) 1.21 (0.78) 92 0.10 (0.04, 0.20)
Hermit thrush 0.27 (0.23, 0.31) 0.76 (0.43) 119 0.13 (0.03, 0.30)
Song sparrow 0.36 (0.26, 0.47) 0.67 (0.36) 79 0.12 (0.06, 0.20)
Common yellowthroat 0.12 (0.05, 0.22) 0.26 (0.61) 24 0.18 (0.12, 0.25)

Notes: Parentheses indicate 95% confidence intervals for immature I scapularis prevalence and reservoir competence values and standard deviation for larval I scapularis
abundance estimates.
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hosts to determine whether the infection acquired from
birds is transmissible. However, given the high propor-
tion of bird-derived ticks that remain infectious through
molt after a bird-derived bloodmeal (Anderson et al.
1990; Richter et al. 2000), detection of B burgdorferi in
larval ticks from field collections is a suitable method for
determining whether a given host species is a competent
reservoir. Transovarial (vertical) B burgdorferi transmis-
sion in I scapularis is either non-existent or rare (Patrican
1997), and it is therefore only possible for birds to trans-
port infected larvae if they themselves are infected. Our
review of field studies of tick–bird associations conducted
within the current B burgdorferi range indicates that most
species of North American passerine birds (58.6% of all
species examined and 71% of species for which at least
two ticks were tested) produced B burgdorferi-infected
I scapularis larvae (WebTable 1). 

The duration of B burgdorferi infection in a host is likely
to influence its probability of transmission to feeding
ticks: if spirochetes are cleared quickly by a host’s
immune system, they cannot be transmitted to another
tick. Richter et al. (2000) demonstrated that B burgdorferi
transmission from American robins (Turdus migratorious)
to I scapularis larvae peaks at over 90% between 2–4
weeks after experimental infection and declines to zero

within 6 months. Similarly, Ginsberg et al.
(2005) reported 81.8% and 21.1% infec-
tion rates in larvae placed on American
robins and song sparrows (Melospiza melo-
dia), respectively, within 2 weeks of exper-
imental infection. The duration of infec-
tion in hosts is dependent on B burgdorferi
genotype (Hanincova et al. 2008) and may
account for variation in observed reservoir
competence among laboratory and field
studies. Richter et al. (2000) used the N40
strain to successfully infect robins, and
this genotype was not detected in wild
mammals by Hanincova et al. (2006) and
was rare in white-footed mice in another
study (Brisson and Diukhuizen 2004). 

I scapularis parasitism on birds varies by
species, as does reservoir competence for
B burgdorferi. Therefore, all bird species are
not expected to contribute equally to the
range expansion of this pathogen or its
vector. To characterize variation in the
probability of individual bird species in dis-
persing B burgdorferi-infected I scapularis
larvae, we modeled the expected number
of birds required to produce one infected
I scapularis larva (N) using the equation:

N = (C · A) –1

where C is host reservoir competence and
A is larval abundance (Table 2; Figure 3). 

We calculated C as the proportion of B burgdorferi-posi-
tive larvae out of all larvae screened for B burgdorferi from a
given host species. This definition encompasses the proba-
bility that (1) a host is infected with B burgdorferi and (2)
the host will transmit infection to a feeding larva. Because
this value does not adjust for larvae collected from individ-
uals that were not infected with B burgdorferi, our calcu-
lated metric may be substantially different from – but never
greater than – “true” reservoir competence, or the propor-
tion of infectious larvae generated from a host that is
known to be infected with B burgdorferi. Because estimated
reservoir competence in birds depends on the time since
inoculation with B burgdorferi (eg Richter et al. 2000),
there is an inherent degree of uncertainty regarding the
estimates of these parameters when combining data from
multiple sources. We used the same probability function to
generate 95% confidence intervals for estimated reservoir
competence as we did for immature I scapularis prevalence.

Not all engorged larvae successfully molt into nymphs,
and therefore the number of individual birds required to
produce one infectious, host-seeking nymph is likely to
be higher than N. For example, the average overwinter
survival for fed I scapularis is 33%, but varies depending
on habitat type; 58% of larvae in maple forest successfully
overwintered versus less than 1% in cottonwood dune

Figure 2. Timing of larval I scapularis emergence in the northern US (gray circles)
relative to locations in Canada, together with endemic I scapularis populations (red
circles) and sites where B burgdorferi has been isolated from I scapularis ticks
(green triangles). The size of each gray circle reflects the proportion of larvae that
emerged at a sampling site before June 15 (a, c) and after July 15 (b, d; data from
Gatewood et al. 2009). Shaded regions indicate the summer (yellow) and winter
(blue) ranges of the hermit thrush (data from Poole 2005), a typical migratory
North American bird species. B burgdorferi has also been detected in ticks collected
in Quebec, Newfoundland, and the Maritime provinces, in addition to the sites
indicated here (data from Morshed et al. 2005, 2006), although point locations for
these samples are unavailable (Ogden et al. 2005).

(a) (b)

(c) (d)
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habitat (Lindsay et al. 1998). Overall, 41%
of engorged larvae in forest habitats molted
and survived the winter (Lindsay et al.
1998). Thus, for every host-seeking nymph
that is available to parasitize and infect a
susceptible host, two to three larvae need to
be introduced into suitable habitat.
Initiation of an enzootic transmission cycle
would therefore require the introduction of
many infected I scapularis larvae into sus-
ceptible host and reservoir populations to
overcome the loss of B burgdorferi to tick
mortality and incompetent hosts. 

n Migration and movement of bird
species likely to spread B burgdorferi

We assume that bird species with relatively
high reservoir competence (Figure 3) and
high immature I scapularis prevalence and/or
larval I scapularis abundance values (Table 2)
are most likely to be involved in the spread
of B burgdorferi outside of its current range.
Three of the top five species and eight of the
top 10 species most likely to produce
B burgdorferi-infected I scapularis larvae
(Figure 3) migrate to or through the endemic B burgdorferi
range (Figure 2). Furthermore, all but one of these species
breeds in Canadian provinces (Poole 2005), where isolated
cases of Lyme disease in humans have been reported
(Morshed et al. 2006; Figure 2c, d).

White-tailed deer are probably responsible for the range
expansion of I scapularis, but they cannot transport
B burgdorferi. Nomadic and post-breeding movements by
birds, in addition to migration, facilitate the spread of
B burgdorferi and may result in northern range expansion of
the pathogen and vector from the Northeast and in south-
ern expansion from the Midwest. “Reverse migration”
events, or the movement of birds to the north–northeast
after the breeding season, have been observed in
Massachusetts and Nova Scotia (Richardson 1982) and may
account for the northward dispersal of infected I scapularis
larvae and/or nymphs. Song sparrows and American robins
are also known to disperse after fledging (Arcese 2002) and
breeding (Sallabanks and James 1999) when immature
I sapularis are seeking hosts. Furthermore, several bird species
in the Northeast, including two that have high potential for
involvement in B burgdorferi dispersal and/or maintenance
(Carolina wren [Thryothorus ludovicianus] and northern car-
dinal [Cardinalis cardinalis]; Figure 3), are undergoing appar-
ent range expansion (Beddall 1963) and could play a role in
transporting I scapularis and B burgdorferi.

West of the Appalachian Mountains, birds migrating
north in the spring are capable of concurrently encounter-
ing I scapularis larvae and infected nymphs (Gatewood et
al. 2009). These birds could either carry persistent
B burgdorferi infections or become infected upon being par-

asitized by an infected I scapularis nymph. Transmission to
larvae would occur only after systemic infection is estab-
lished in the host because co-feeding transmission – where-
by infection can be transmitted among ticks feeding in
close spatial proximity – is uncommon for B burgdorferi
(Piesman and Happ 2001). Based on the timing of larval
I scapularis emergence reported by Gatewood et al. (2009),
bird species that migrate in late May and early June are
most likely to encounter I scapularis larvae. Several warbler
and thrush species are known to migrate during the period
of peak larval I scapularis activity in the Midwest (Poole
2005). In the Northeast, peak I scapularis larval abundance
does not occur until mid-August in most sites (Gatewood
et al. 2009; Figure 2b, d). As a result, spring migration of
passerines is unlikely to play a role in the northward spread
of B burgdorferi from the Northeast. Furthermore, the lag
between peak nymphal and larval abundance in the
Northeast suggests that short-duration B burgdorferi infec-
tion would not be transmitted to larvae (Gatewood et al.
2009). Bird-mediated range expansion of B burgdorferi from
the Northeast must therefore depend on either long-dura-
tion B burgdorferi infection in birds or non-migratory
movement behavior coincident with nymphal emergence.

n B burgdorferi occurrence beyond its current
distribution

It is believed that there are seven established I scapularis
populations in Canada, six of which are in southern
Ontario, along the northern edges of Lakes Erie and
Ontario, with the seventh located in southern Nova

Figure 3. Estimated number of individual birds required to produce one infected
I scapularis larva (N, bars) and reservoir competence (C, squares) for ten bird
species, where error bars represent 95% confidence intervals. Values of N are
calculated as a function of reservoir competence (C) and mean larval I scapularis
abundance (A). Reservoir competence is calculated as the proportion of
B burgdorferi infection in bird-derived I scapularis larvae out of total larvae tested.
Values for each metric are shown in Table 2 and are described in detail in the text.
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Scotia (Ogden et al. 2005; Figure 2a, b). B burgdorferi
transmission is probably not maintained in these popula-
tions (Lindsay et al. 1997), but their locations are sugges-
tive of bird-mediated tick deposition. Furthermore, the
occurrence of Lyme disease cases in humans, beyond the
range of I scapularis and away from established I scapularis
populations (Figure 2c, d), is suggestive of stochastic
dropping of infected ticks from migratory birds (Morshed
et al. 2006). 

Because I scapularis does not currently occupy all avail-
able habitat in Canada (Ogden et al. 2005), and because
the extent of habitat where abiotic and biotic conditions
are conducive to tick survival is likely to increase under
projected climate-change scenarios (Brownstein et al.
2005), the potential for bird-mediated introduction of
B burgdorferi into naïve biological communities and
human populations is high. The absence of maintained
B burgdorferi transmission cycles in Canada may be due to
the incompatibility of bird-derived B burgdorferi with
mammalian hosts, low abundance of reservoir competent
hosts, or bird migratory behavior. Ogden et al. (2008b)
calculated that the average distance travelled by migrat-
ing birds during a typical 4-day period of larval I scapularis
attachment is 340 km. The resulting pattern of bird-
mediated B burgdorferi expansion may therefore resemble
a stepping-stone model, where the pathogen moves over
moderate distances through adjacent habitats instead of
moving long distances with great frequency. 

B burgdorferi has been isolated from avian skin samples
(Durden et al. 2001) as well as from ticks collected from
birds sampled in Canada and the southeastern US (Table
3; WebTable 2). Because B burgdorferi was only isolated
from nymphs in these locations, it is unclear whether the
ticks were infected by birds or whether they were infected
by mammals as larvae and attached to birds as nymphs.
However, it is clear that birds sampled outside current
B burgdorferi foci can carry infection, suggesting that dis-
persing and migrating birds are capable of increasing the
ranges of B burgdorferi and I scapularis. Although the dis-
persal of infected I scapularis larvae may be required for
the establishment of new B burgdorferi foci, the spread of
infectious nymphs is important to Lyme disease epidemi-

ology, because humans can acquire B burgdorferi from
adult ticks (Morshed et al. 2006). 

n Conclusions

Our goal was to summarize the data surrounding the
hypothesis that birds are capable of encountering, trans-
porting, and infecting I scapularis ticks, and to identify
particular bird species that are most likely to be involved
in the range expansion of B burgdorferi. Although expan-
sion of I scapularis populations is probably driven by deer
and other mammalian hosts, it is apparent that ticks
derived from birds can influence B burgdorferi transmis-
sion dynamics, either by establishing new zoonotic foci
through the deposition of infected larval ticks or by trans-
porting infected larvae and nymphs to areas where they
can encounter and infect humans as nymphs or adults.
The low density of most bird species relative to that of
small mammals (LoGiudice et al. 2003) suggests that birds
are not important in maintaining local B burgdorferi
transmission (Giardina et al. 2000) or increasing the den-
sity of infected nymphs (Ogden et al. 2008b). However,
certain bird species are probably major drivers of
B burgdorferi and I scapularis expansion (Madhav et al.
2004; Ogden et al. 2006; Table 2; Figure 3). 

Predicted climate change will result in the addition of
suitable I scapularis habitat in North America (Brown-
stein et al. 2005; Ogden et al. 2008a), but the effects of
temperature changes on tick phenology are less clear. A
recent study modeled the impacts of climate change on
I scapularis phenology relative to the current phenology
found in the Northeast and predicted an increase in the
proportion of larvae that would feed and molt in the same
season (Ogden et al. 2008c). This study also predicted
changes in pathogenicity and the duration of B burgdorferi
infection in hosts in response to tick phenology. Tick
phenology in the Midwest is also expected to change in
response to increased temperatures, but these changes
have not yet been explored. 

Ultimately, the role of birds in dispersing or maintain-
ing populations of B burgdorferi is dependent on the abil-
ity of bird-associated B burgdorferi genotypes to cause

Table 3. Immature I scapularis prevalence values (pooled across species) and infection data for birds sampled in
areas outside of the two major B burgdorferi foci in the northeastern and midwestern US     

Number of Immature I scapularis Number of I scapularis
Location birds sampled prevalence collected (stage) Reference

Alberta, Canada unspecified - 8 (N) Scott et al. (2001)
Jekyll Island, GA 129 0.02 2 (N) Kinsey et al. (2000)
Manitoba, Canada unspecified - 16 (N) 9 (L) Scott et al. (2001)
Nova Scotia, Canada unspecified - 12 (N*) 6 (L) Scott et al. (2001)
Ontario, Canada unspecified - 11 (N) 1 (L) Scott et al. (2001)
St Catherine’s Island, GA 125 0.12 11 (N) 28 (L) Durden et al. (2001)
Unspecified, Canada 39 095 0.0035 209 (N*) 53 (L) Ogden et al. (2008a)

Notes: asterisks indicate detection of B burgdorferi in one or more ticks; infection in each instance was detected only in nymphs (N) and never in larvae (L). Dashes indicate
that prevalence values could not be calculated, because the total number of birds sampled was not reported. 



RJ Brinkerhoff et al. Birds, ticks, and Borrelia burgdorferi

infection in mammalian reservoir species. Among the top
priorities for ecologists and epidemiologists studying
B burgdorferi should be to determine if, and to what
extent, host specificity exists among these genotypes in
North America. B burgdorferi genotype diversity in hosts
may (Brisson and Dykhuizen 2004) or may not
(Hanincova et al. 2006) reflect host specialization, as is
found in other closely related Borrelia species
(Kurtenbach et al. 2002). If bird-specialized B burgdorferi
genotypes cannot persist in mammalian hosts and do not
cause disease in humans, the role of birds in spreading
B burgdorferi-infected ticks may be inconsequential to
human health. However, if birds commonly carry
B burgdorferi strains that are infectious to humans and
other mammalian species, their impact on Lyme disease
eco-epidemiology could be profound.
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