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Abstract

Purpose of Review In this review, we provide an update on recent research surrounding Chagas disease in the southeastern
USA. We identify current gaps in knowledge, suggest areas for future research, and provide short reports of previously
unpublished work.

Recent Findings Trypanosoma cruzi has a greater genetic diversity in the region than previously thought, including geno-
types previously thought to be confined to South America. Paratriatoma lecticularia, a regional triatomine bug vector of
T. cruzi, has undergone a genus-level reclassification. Deep sequencing technologies in 7. cruzi genetics and blood meal
analyses have shown promise as a method for examining complex ecological cycles. Fatal Chagas disease in imported exotic
animals in Mississippi was identified, and the lack of record keeping of human Chagas disease cases in the region has been
investigated finding that 94.8% of confirmed human Chagas cases voluntarily reported from blood banks were not recorded
by any state or federal public health agency in the region. Additionally, an ecological framework for the kissing bug Triatoma
sanguisuga as a nidicolous insect is proposed.

Summary Recent investigations of 7. cruzi and its insect vectors in the southeastern USA have furthered the understanding
of this native vector-borne disease system in the region. New technologies and conceptual frameworks are generating new
questions and routes of inquiry that may lead to a more comprehensive understanding of Chagas disease in the Southeast.

Keywords Trypanosoma cruzi - Southeastern USA - Chagas disease - Triatomine bugs - Triatoma sanguisuga -
Paratriatoma lecticularia

Introduction in this topic for more than 100 years [1-6]. However, in the
past decade the body of research focusing on all aspects of
A great deal about Chagas disease in the southeastern USA  this system has accelerated. This review covers each aspect

remains uncovered. Gaps in regional Chagas disease knowl-  of the Chagas disease system and provides updates and
edge extend across the entire disease system: from parasite ~ previously unpublished reports in some key areas. For the
to insect vector to animal and human disease. In the South-  purposes of this article, the southeastern USA is defined

east, there has been a steady, albeit small, stream of research as the states of Arkansas, Louisiana, Mississippi, Tennes-
see, Kentucky, Alabama, Georgia, Florida, North Carolina,
South Carolina, Virginia, and Maryland (Fig. 1). Data from
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Fig. 1 A choropleth map of
the southeastern USA demon-
strating the number of human
Chagas disease cases known to
that state’s health department, AL
the number of confirmed human (9%)
Chagas disease cases docu-
mented by the AABB Chagas
Biovigilance Network, and the
resulting percentage of health
department identified cases.
Florida and Virginia rank 2nd
and 5th highest, respectively,

in the nation-wide AABB
confirmed Chagas case counts
between 2007 and 2019. Neither
state maintains public health
records of any of these cases

13 of 15
(87%)

range of mammals (covered in subsequent sections) [7, 8]. In
recent years research into the genetics of 7. cruzi in the USA
has increased, particularly in the Southeast. The most signifi-
cant recent development in this area is the identification of
discrete typing units (DTUs) that were previously considered
absent in the USA.

T. cruzi is currently classified into DTUs rather than clades
[9]. Although the potential for genetic exchange exists and
some degree of genetic recombination within DTUs has been
observed, T. cruzi is considered to be a clonal organism given
that its observed means of replication is through binary fis-
sion [10, 11, 12]. Additionally, T. cruzi exhibits a reticulate
evolutionary pattern. This reticulate evolutionary pattern cou-
pled with low levels of genetic exchange renders the classi-
fication of this parasite into clades impossible (9). However,
there are identifiable, stable genetic groupings of 7. cruzi that
are deemed DTUs. Currently, T. cruzi is divided into DTUs
classified as Tcl through TcVI and a seventh group named
TcBAT. It was previously believed that each DTU largely
followed confined geographic distributions (9). However,
this understanding is currently being reevaluated. The first
identification of Tcll in the USA was from a rodent collected
near New Orleans, LA, in 2015 [7]. Increased diversity of
circulating DTUs in the wider USA was the confirmed in
locally acquired human Chagas cases in Texas in 2017 [13].

Research in T. cruzi DTUs took a significant step for-
ward in 2020 with a next-generation deep sequencing
approach. Deep sequencing is the process of sequenc-
ing the same region of a nucleic acid target hundreds or
thousands of times. This technology increases the ability
of researchers to identify infrequent sequence variations
withing a sample. A deep sequencing workflow was used
to identify circulating T. cruzi parasites in the Southeast
from Tcl, Tcll, TclV, TcV, and TcVI [14ee, 150, 16, 17,

Health Department Records of
Chagas Disease in the Southeast

00of42
(0%)

2007-2019

696 of 734
(94.8%) confirmed
T. cruzi screens

not reflected in
state data

18ee, 19]. This DTU diversity is notable given that less
than 10 years ago TcIl, TcV, and TcVI were thought to be
confined to the Southern Cone countries of South America
[9]. Increased primary sample collections and sub-DTU
genetic classification are likely to aid in identifying inde-
pendent or overlapping cycles of T. cruzi transmission
within a given sylvatic system. A better understanding of
these sylvatic transmission cycles will clarify the risk to
human and animal health posed by this parasite in the
southeastern USA.

Insect Vectors of T. cruzi in the Southeast

Three competent vectors of 7. cruzi are known to occur in
the Southeast: Paratriatoma lecticularia, Triatoma san-
guisuga, and Triatoma rubrofasciata. The latter species
will not be covered here due to its limited distribution in
southern Florida.

Paratriatoma Lecticularia

While this species has long been recognized as a triatomine
bug species native to the USA, our understanding of its
genetics, distribution, and animal associations have under-
gone a significant shift in recent years.

The most significant change occurred in 2021 with the
formal assignation of Triatoma lecticularia to the genus
Paratriatoma [20ee]. This genus-level change is the result of
years of consistent research on the genetics of North Ameri-
can Triatominae. Since Lent and Wygodzinsky’s seminal
“Revision of the Triatominae” published in 1979, P. lecticu-
laria has been considered a member of the Lecticularia
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species complex [21, 22]. In 2014, phylogenetic analysis
based on six separate molecular sequences found that P.
lecticularia grouped with the southwestern species Paratria-
toma hirsuta rather than with the Triatoma spp. [23]. That
same year, modern genetic and morphometric methods were
used to suggest that the Lecticularia species complex be dis-
solved, and its members be included in more similar species
complexes. Under this proposed system P. lecticularia was
not able to be classified into a Triatoma species complex
[24]. Additional evidence for the reclassification was found
in the karyotypes of each species. P. lecticularia and P. hir-
suta are the only kissing bug species in the USA that have
an undivided X chromosome (20 autosomes (A)+ XY). The
Triatoma spp. found in the USA all have a divided X chro-
mosome (20A +X,X,Y or 22A +X,X,Y) (25).

In addition to its taxonomic reclassification, the recog-
nized distribution of P. lecticularia has been updated. In
2019, CDC distribution maps were published that removed
eight of the sixteen states previously reported to contain this
species [25]. The updated distribution illustrates the South-
east as a significant portion of the distribution of P. lecticu-
laria. Systematic field collections targeting the species are
needed in Arkansas, Louisiana, Mississippi, and Alabama
to confirm its presence or absence. Currently, these states
constitute a void in the middle of P. lecticularia’s docu-
mented range.

In addition, more data are needed on the basic ecology of
the species. There are just a handful of papers regarding P.
lecticularia ecology, many of which contain sparse data and
potentially outdated information. For example, an important
and frequently cited source from 1967 used to support Neo-
toma spp. (woodrats) as the primary hosts for P. lecticularia
do not provide any data relating P. lecticularia to Neotoma
spp. and mention the bug species only as being present in a
hollow log [26]. More recent reports of P. lecticularia which
found this species associated with Neotoma spp. and dogs
in Texas [27, 28] might be more accurate sources of infor-
mation on P. lecticularia ecology, but more studies on the
species in other parts of the region are needed in order to
fully characterize its epidemiologic importance.

Triatoma Sanguisuga

T. sanguisuga is the most widely distributed Chagas dis-
ease vector species in the USA, as well as the predominant
species in the Southeast [29]. Given the wide geographic
range of 7. sanguisuga, this species has been studied for
more than 100 years [1]. Recent advances have been made
in two of areas of this kissing bug’s biology that have long
been poorly understood: [1] the ecological niche inhabited
by T. sanguisuga in the Southeast and [2] the feeding habits
of the species in the region.

@ Springer

Throughout the literature, reports of the natural history
of T. sanguisuga are biased toward anecdotal evidence from
experiences with adult specimens. The bias toward adult
specimens misses much of the natural history of the species
because the time between eclosion and the final molt into
the adult stage can last up to 2 years [2, 30]. The length of
time spent in immature stages is dependent on what time of
year eclosion occurs and the proportion of the year that is
warm enough to allow for feeding [2]. While no empirically
determined feeding threshold is available in the literature,
Grundemann found 7. sanguisuga to be active and feeding
from mid-March to mid-November in Manhattan, KS. Cli-
mate records indicate that the average daily temperature at
the beginning and end of this active season is approximately
13 °C [31]. During this immature period, the wingless nym-
phal stages require access to vertebrate blood approximately
every 30—45 days during the active season [2].

An unpublished observational report from Bayou Sau-
vage National Wildlife Refuge in Orleans Parish, LA, has
been instrumental in shaping the authors’ conceptions of T.
sanguisuga in nature. Briefly, a long-abandoned honeybee
hive near Bayou Sauvage was identified as containing more
than 100 T. sanguisuga across every stage of development.
The bugs were located in the base of the hive, in cracks
in the wood, and in the bedding of what appeared to be a
woodrat nest. The hive was removed from over the rodent
bedding and roughly half of the observable T. sanguisuga
were collected. Return trips were made weekly to the site
with continued collections of bugs. Over four sequential
weeks of collections, T. sanguisuga nymphs were located in
the rodent bedding despite being left open to the elements
and, presumably, without their rodent host. Weekly system-
atic searches up to 20 feet away from the hive site did not
locate any kissing bugs dispersing.

The observation of T. sanguisuga nymphs remaining in
the nest even when exposed to the elements and without a
host taken together with the documented nutritional require-
ments of the species suggests that new insights might be
gained by considering T. sanguisuga using a nidicolous
ectoparasitic species framework with late nymphal and
adult stages that may disperse to find a new nest to inhabit
[2, 30]. By adopting an animal nest-based constraint for
T. sanguisuga, it is possible to reevaluate and potentially
improve ecological niche models for this species. An active
area of research is improving upon the current published
species distribution model for T. sanguisuga in the Southeast
(Jameson 2017, Ibarra-Cerdeiia, et al. 2009) as this model
relies on published occurrence data from regions that are
not representative of the full range of the species. Moreover,
the model is a composite model of the former lecticularia
complex (P. lecticularia, T. indictiva, T. incrassata, and T.
sanguisuga) [22] resulting in an ecological niche model
that does not include southern Louisiana despite hundreds
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of primary collections of the species in the region [7, 14ee,
32, 33, 34, 35]. The absence of T. sanguisuga from coastal
areas, like southern Louisiana, in the published model is
likely the result of few collection points from the southeast-
ern USA coupled with the use of the Genetic Algorithm for
Rule-set Prediction (GARP). The dataset used to generate
the GARP model included published 7. sanguisuga collec-
tions from 1955 to 2006 in the USA. There were few pub-
lished occurrences of 7. sanguisuga in southern Louisiana
prior to the publication of an autochthonous case of human
Chagas disease in New Orleans, LA, in 2007 [6]. Given the
limited available dataset, the GARP algorithm was unlikely
to produce accurate ecological niche models. While GARP
is a powerful tool for generating presence-only distribution
models, when it is applied to regions with little or no col-
lection data the resulting model reflects the potential suit-
able habitat for the species in the new region based on the
sampled region [36]. These factors resulted in a model that
was as accurate as possible at the time of analysis and would
benefit from the addition of recent collection data. Adopt-
ing a nidicolous ectoparasitic framework for this species
may allow for improved species distribution modeling of 7.
sanguisuga by constraining these models to the geographic
overlap of suitable habitat for 7. sanguisuga and its associ-
ated nest-dwelling mammals.

T. sanguisuga: Using Blood Meal Analyses
to Understand its Behavioral Ecology

Research suggests that 7. sanguisuga is an opportunis-
tic feeder with generalist tendencies. Blood meal analysis
has demonstrated that 7. sanguisuga feeds on amphibians
(including bullfrogs and treefrogs), reptiles (including
skinks, geckos, and anoles), birds (including chickens and
kites), and mammals (including humans, squirrels, pigs,
cows, cats, raccoons, opossums, mice, and rats; [2, 14ee,
16, 35]. It is important to note that amphibians, reptiles, and
birds are refractory to 7. cruzi infection and do not contrib-
ute to sylvatic transmission cycles [14ee].

In the past 5-10 years, interest has increased in using
molecular analysis of kissing bug blood meals to infer tri-
atomine bug behavior and expose potential 7. cruzi transmis-
sion dynamics within an environment. The underlying idea
of this approach is that by characterizing 7. cruzi DTUs and
blood meals from a large number of sylvatic triatomine bugs, a
network model can be constructed that approximates animal-
triatomine interactions and, consequently, the potential for
passage and maintenance of 7. cruzi in a sylvatic environment.

Multiple methods of varied resolution are used for iden-
tifying blood meal sources, and an increasingly nuanced
picture of triatomine bug feeding tendencies has emerged.
In 2013, Kjos et al. utilized vertebrate and mammalian

cytochrome b primers to identify blood meals from 7. san-
guisuga in Texas using conventional PCR [37]. This study
was followed in 2014 by Waleckx et al. who achieved
increased sensitivity compared to Kjos et al. by amplifying
a highly conserved and species-specific mitochondrial gene
and sequencing the amplicons to identify the animal source
of the genes [34]. In 2017, Jameson demonstrated the poten-
tial for high-throughput blood meal analysis from 7. san-
guisuga by amplifying a species-specific mammalian gene
in a high-resolution melt analysis assay to identify clusters
of identical amplicons. A single sample from each cluster
was sequenced to identify the species of the blood meal for
that cluster [35]. In 2020, Dumonteil et al. achieved vastly
increased sensitivity compared to previous 7. sanguisuga
blood meal analysis methods by leveraging Illumina’s MiSeq
platform. Briefly, tagged sequences of the 12S rRNA gene
were deep sequenced at a depth of 1000—100,000 reads per
marker. These data were able to detect multiple blood meal
sources and the relative abundance of each source from sin-
gle bugs. This wealth of data was used to construct net-
work models that demonstrated both feeding and 7. cruzi
transmission networks [18ee]. In all cases, the results of the
blood meal analyses were strongly biased by the environ-
ments from which the bugs were collected. For example,
Jameson found cow blood meals in T. sanguisuga collected
next to a cow pasture and raccoon and cat blood meals from
T. sanguisuga collected near human houses [35]. Similarly,
Dumonteil et al. found that dogs were the primary blood
meal source from 7. sanguisuga collected from an animal
shelter and humans were the primary blood meal source
from T. sanguisuga collected from human homes [14ee].
These findings suggest that blood feeding habits of adult
T. sanguisuga may be driven by opportunity rather than by
specific host-seeking behaviors.

T. sanguisuga: Epidemiologic Importance

Despite early reports of “painful” and “dangerous” bites, the
bite of 7. sanguisuga is painless [1, 38], though repeated expo-
sure to bites may increase immune sensitivity to the saliva and
cause increasingly severe allergic and hypersensitivity reac-
tions [38]. This species can harbor high rates of 7. cruzi infec-
tion; multiple studies have confirmed that between 55.1 and
62.4% of T. sanguisuga in southeastern Louisiana harbor T.
cruzi [32, 33, 34]. Taken together, there exists the potential for
vector-borne transmission of 7. cruzi from T. sanguisuga in the
region. Delayed and hypersensitive reactions to bites may com-
plicate epidemiologic investigations into potential exposures.

Despite a lack of records of T. sanguisuga colonizing
human homes [39], there are reports within the past 5 years
of T. sanguisuga feeding on humans in Mississippi, South
Carolina, and Delaware [40, 41, 42]. In wooded suburban
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and rural areas of the southeast, adult 7. sanguisuga dis-
perse on summer nights and are attracted to artificial lights
[2]. The dispersing adults wander in search of a blood meal
and, potentially, shelter. The bugs may feed on companion
animals or livestock sleeping outdoors or, conversely, they
may be predated on by companion animals or livestock. In
either case, peridomestic animals can become infected with
T. cruzi if they come into contact with the feces of a T san-
guisuga carrying the parasite. Dispersed T. sanguisuga may
also enter homes and feed on sleeping humans. Although
the use of air conditioning does not eliminate the risk of T.
sanguisuga invading a given home, air conditioning has been
found to be significantly negatively associated with the pres-
ence of this species in homes in southeastern Louisiana [33].

Regardless of the environment, 7. sanguisuga has been
found containing human DNA in multiple studies [14ee, 34,
35, 37]. While this species undoubtedly opportunistically
feeds on humans, blood meal analysis results demonstrating
human DNA should be viewed with increased scrutiny given
the ubiquity of ambient human DNA and the potential for
contamination. Unfortunately, the potential for contamina-
tion is not always considered [34]. Reliance on strict protocol
adherence to avoid contamination may not be sufficient, as
erroneous human DNA can be amplified during arthropod
blood meal analysis studies in controlled laboratory settings
[43]. An excellent example of contextualizing suspicious
human blood meal results from kissing bugs can be found
in Kjos et al. [37]. If protocol controls and contextualization
cannot provide sufficient clarity, a final option for detecting
human DNA contamination is human DNA typing. Miniature
short tandem repeats (mini-STR) from human positive meals
have been found to be satisfactory for this purpose [44]. Mini-
STR profiles for human blood meal samples can be generated
using high-resolution melt analysis or capillary electropho-
resis. By comparing the obtained profiles, contamination

can be easily identified (e.g., the same profile appearing in
geographically disparate sites). Additionally, control profiles
can be easily generated for individuals involved in field col-
lections and laboratory procedures as well as for residents
of homes concerned about insect bites without the need for
generating or storing sequence-level data.

While some newer molecular methods like high-resolu-
tion melt analysis and Illumina’s MiSeq platform require
significant resources and infrastructure, routine 7. cruzi
detection [45], DTU assignment [46], and blood meal
amplification [47] can all be performed with traditional PCR
reactions. Mini-STR profiles [44] may be generated using
traditional PCR products separated by polyacrylamide gel
electrophoresis. Though prices will change over time and by
location, published estimates of the cost to use the different
technologies are provided below to provide context for the
breadth of cost differences for different methods (costs do
not include the price of the instrument): using traditional
Tag-based PCR as reference [48]: conserved target PCR fol-
lowed by sequencing—approximately 4 X reference cost per
sample (traditional PCR + 1 forward reaction and 1 reverse
reaction needed for each sequence); high-resolution melt
analysis—approximately 1.02 X reference cost per sample
(difference in instrument cost with traditional PCR is sub-
stantial); Illumina MiSeq—approximately 475-630 X refer-
ence method per run. Tagging systems can be used to add
multiple samples to a single run to reduce costs [49].

Trypanosoma cruzi as a Pathogen
of Veterinary Importance

There are over 100 mammalian hosts capable of harboring
T. cruzi, and the parasite has a long documented history
of infecting both sylvatic and domestic animal species in

Table 1 Summary of
Trypanosoma cruzi prevalence

in wild and domestic animals in Wwild
the Southeast

Prevalence References
Raccoon (Procyon lotor) 12.1% (FL)-66.7% (TN) (3,72)
Opossum (Didelphis virginiana) 8.3% (NC)-51.9% (FL) (73, 74)
Eastern woodrat (Neotoma floridana) 73.3% (LA) (16)
Mouse (Mus musculus, Peromyscus gossypinus) 77.3% (LA) (16)
Coyote (Canis latrans) 7% (GA)-9.5% (TN) (58,75)
White-tailed deer (Odocoileus virginianus) 0.3% (TX) (76)
Nine-banded armadillo (Dasypus novemcinctus) 1.0 (LA)-37.5% (LA) 4,5)
Gray fox (Urocyon cinereoargenteus) 0% (GA)-18.2% (VA) (74,77)
Bobcat (Lynx rufus) 3.2% (GA) (74)
Feral swine (Sus scrofa) 0% (GA) (74)
Domestic
Dog (Canis familiaris) 15.7% (LA) 59)
Cat (Felis catus) 24.6% (LA) (19)
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the USA [50]. Bern et al. and Hodo and Hamer reviewed
the published literature and summarized the prevalence of
T. cruzi among mammals within many southeastern states
[50, 51], so here we provide a few brief updates on 7. cruzi
prevalence in a few key animal species (Table 1), as well
as two unpublished cases of 7. cruzi infection in imported
exotic animals in the Southeast.

Raccoons and opossums are often found to be infected
with T. cruzi in the southeastern USA [14ee, 52¢ 53]. Given
the widespread presence of the parasite in these animal spe-
cies and their presence in blood meal analysis studies of 7.
sanguisuga, it is possible that these animals serve as syl-
vatic reservoirs for the parasite [14ee, 52¢]. Further studies
examining the transmission dynamics of 7. cruzi in sylvatic
populations of raccoons and opossums will be needed to
determine if these species act as maintenance reservoirs for
T. cruzi in the Southeast.

White-tailed deer (Odocoileus virginianus) in Texas have
been identified as carrying 7. cruzi. Although the overall
prevalence was very low (0.3%, n=314), the public health
implications are significant in that there were 8.1 million
white-tailed deer hunters in 2016 [54]. Transmission of 7.
cruzi could pose a risk to hunters during the field dressing
process of an infected deer, as it has been found that hunters
and trappers infrequently use gloves or other personal pro-
tective equipment during this process [55]. Studies of deer in
southeastern states will be needed to determine the potential
T. cruzi infection risk posed by deer to hunters in the region.

An important distinction that has been noted in the vet-
erinary field, as in human medicine, is the apparent test dis-
cordance between diagnostic serologic tests and molecular
methods like PCR and deep sequencing. T. cruzi infections
in dogs are well-documented throughout the Southeast, with
infections historically ranging from 1.0% in Virginia to 16%
in Louisiana depending on the method of diagnosis [56,
57e]. In one study, a sample of 540 dogs from 20 shelters
across southern Louisiana demonstrated 7% seropositivity
for T. cruzi using commercial serology tests, whereas nearly
16% of the same samples tested positive by PCR [57e].
In addition, further analysis of these samples using deep
sequencing found that many dogs with discordant serology
and PCR results harbored infections with multiple DTUs
or Tcl parasites with different sequences, suggesting that
parasite diversity or multiclonal infections might impact the
effectiveness of these serologic tests [18ee]. A similar nega-
tive effect of T. cruzi diversity on serological assays was
previously described in human Chagas patients [58].

Cats have also been shown to harbor T. cruzi infec-
tions in southern Louisiana. In one study, nearly 25% of
cats (n=284) evaluated by PCR tested positive for 7. cruzi
despite a seropositivity rate of 7.3% [19]. In both dogs and
cats, deep sequencing and phylogenetic analyses revealed
the presence of mixed and multiclonal infections with Tcl,

Tcll, TclV, TcV, and TcVI DTUs, further demonstrating the
high degree of T. cruzi diversity that is present in the USA
[18ee, 19].

A unique case of Chagas disease was recently described
in Louisiana, where T. cruzi-associated megaesophagus was
identified in a domestic llama (Lama glama; 61). The llama
was born and raised in a rural area of New Orleans, which
is also where the first autochthonous human 7. cruzi case in
Louisiana was identified [6]. T. cruzi DNA was positively
identified in several blood and tissue samples from the llama.
These findings raise an important public health question
about Chagas pathology in the southeastern USA, given that
gastrointestinal mega syndromes are not typically observed
in the region. Locally acquired Chagas disease in the USA
has traditionally been associated with cardiac manifesta-
tions, while gastrointestinal megasyndromes are believed to
be confined to the southern half of South America [50]. It is
also possible that the unusual pathology of megaesophagus
in this llama was related to the biology of the host animal.
Passive surveillance of livestock in the area continues in an
ongoing effort to identify more veterinary 7. cruzi cases and
gain more clarity on the topic.

A second recent unpublished event occurred in 2021
when a small private zoo located next to established wood-
lands in Mississippi reported the unexpected deaths of one
4-month-old sloth (Choloepus didactylus) and one 9-week-
old Asian small-clawed otter (Aonyx cinereus). A medical
record review found that the sloth had a history of cachexia
and died due to T. cruzi myocarditis, and the otter died
4 weeks after arriving from a seller in Georgia after high lev-
els of circulating parasitemia compromised multiple organs.
Given the very young age of the animals at death and limited
time both animals spent at the Mississippi facility, it is likely
that both animals were infected with 7. cruzi prior to arriv-
ing at the facility in MS, either from congenital transmis-
sion or infection shortly after birth. Health records for each
animal’s mother were not available for review. A survey of
the site was performed by the authors at the invitation of and
with the help of the Mississippi State Department of Health.
No kissing bugs were found on the property. However, the
zoo is in an area where T. sanguisuga would be expected.
This case exemplifies a potential means of 7. cruzi introduc-
tion from distant regions.

Human Chagas Disease in the Southeast

A major barrier to any intervention is the lack of broad epi-
demiological studies on the prevalence of Chagas disease in
the USA [59, 60]. Current estimates of Chagas disease cases
in the USA are based on focal samples. New population-
based studies are needed to determine the true prevalence of
this disease and to inform appropriate interventions where
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possible. Below we describe what is known about autoch-
thonous transmission in the southeastern USA, followed by
Chagas disease contracted in other endemic countries prior
to living in the USA.

Vector-borne transmission of Chagas disease in the USA
is considered rare. The US Food and Drug Administration
considers any disease affecting fewer than 200,000 individ-
uals a rare disease [61]. There are approximately 76 case
reports of presumed or suspected autochthonous human
Chagas disease in the USA documented in the literature
[62e¢, 63]. Adjusting this definition to the population of the
Southeast, the region would need to exceed 54,400 cases
of autochthonous Chagas disease to not be considered rare
[64]. While there are no available data documenting the true
prevalence of Chagas disease in the Southeast, Cantey et al.
used blood donor screening data to calculate a preliminary
estimate of the prevalence of autochthonous Chagas disease
in the USA. The authors found that prevalence to be 1 in
354,000 blood donors. Prevalence estimates based on blood
bank prevalence are obviously an imperfect indicator, as a
sample of voluntary, healthy blood donors is not representa-
tive of the wider population. Additionally, the cases were
identified relatively shortly after blood supply screening was
implemented, so the estimate does not serve as an indicator
of incidence, given the chronic nature of untreated Chagas
disease [65].

Connecting an autochthonous vector-borne case of Cha-
gas disease in the USA to any specific event or risk factor
is complex and rarely possible because such events are sub-
ject to both recall bias and imprecise clinical diagnostics.
A major shortcoming of current diagnostics is the inabil-
ity to determine how long ago an individual was infected
[66]. Better diagnostic tests are needed given that there is
currently no “gold standard” test. The practical implication
of this lack of a standard is that multiple tests, often with
conflicting results, must be used and reconciled to reach a
diagnosis [59].

In an attempt to provide a current picture of Chagas dis-
ease in the Southeast, state health departments in the region
were contacted by the authors and asked to share reports of
human Chagas disease cases. These data were compared to
the AABB Chagas Biovigilance Network’s data [67]. It was
found that nearly 95% of AABB confirmed T. cruzi screens
were not reflected in state health department data. This gap
in data is summarized in Fig. 1.

While there have been tens of cases of autochthonous
Chagas disease cases in the USA, current estimates suggest
approximately 300,000 recent immigrants are living with
Chagas disease [29]. Some researchers estimate this number
to be as high as 1,000,000 [60]. It has also been estimated
that up to 16% of the non-ischemic heart disease in at-risk
US Latino populations is caused by 7. cruzi [59]. Further-
more, congenital Chagas is believed to be the primary mode
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of T. cruzi infection in non-endemic areas like the Southeast
[9]. Although data specifically for the Southeast do not exist,
Buekens et al. estimated that in the USA in 2004 there were
3780 pregnant women with Chagas disease, resulting in 189
cases of congenital Chagas disease [68].

Conclusions

While rapid progress has been made in the understanding of
Chagas disease in the southeastern USA in the recent years,
there remain many unanswered questions. Future studies
will be needed to investigate 7. cruzi genetics and transmis-
sion dynamics and systematic sylvatic surveys for triatomine
bugs and their associated animals. Improved human and vet-
erinary Chagas diagnostics will be needed to inform public
health guidance and health education campaigns to reduce
the morbidity and mortality associated with T. cruzi in the
southeastern USA and other endemic regions.
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