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hagas disease, or American trypanosomiasis, is

an arthropod-borne protozoan infectious dis-
ease endemic throughout most of the Americas,
caused by the trypanosome, Trypanosoma cruzi, and
transmitted to humans by reduviid, or kissing, bugs.
Reduviid bugs (phylum: Insecta, order: Hemiptera,
family: Reduviidae, subfamily: Triatominae) trans-
mit several zoonotic strains of T ¢7uzi among many
mammalian reservoir hosts throughout the Ameri-
cas. Chagas disease is most commonly transmitted
to humans via T cruzi—infected reduviid bug defeca-
tions near bite wounds or exposed mucosal surfaces.
Chagas disease may also be transmitted congeni-
tally, by ingestion of 7" cruzi—infected reduviids or
their feces, by blood product transfusions, and by
organ transplants. Indeterminate and chronic in-
fections may be reactivated by immunosuppression,
particularly human immunodeficiency virus (HIV)
infection or acquired immunodeficiency syndrome
(AIDS), and by pregnancy. Characterized by an
influenza-like illness acutely in adults, Chagas
disease may result in chronic heart disease or gastro-
intestinal megasyndromes following a prolonged,
indeterminate stage of subclinical infection.

In its 2003 World Health Report, the World
Health Organization (WHO) noted that Chagas
disease caused more deaths from parasitic disorders
than from any other parasitic disease in Latin Amer-
ica and that T cruzi was responsible for the third
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highest number of parasitic infections in the world
following malaria and schistosomiasis.! Chagasic
heart disease has become an increasingly common
indication for hearttransplantationin Latin Amer-
ica and the United States.”® Chagas disease has
now occurred in three US recipients of heart, kid-
ney, liver, and pancreas transplants from a single
Central American immigrant donor and in two
US recipients of heart transplants from 7T cruzi—
infected donors (Figure 1).*~* Chagas disease may
pose increasing communicable disease risks to
travelers in endemic regions of the Americas, in-
cluding beachside resort regions and interior rural
regions.

Materials and Methods
A MEDLINE search, from 1966 to 2007, of the

world’s salient scientific literature of case reports,
case series, laboratory investigations, epidemiolog-
ical investigations, and reviews was conducted to
determine the changing epidemiology and out-
comes of Chagas disease in the Americas. In addi-
tion, recognizable risk factors for Chagas disease
were identified and recommendations to reduce
such risks developed for travelers touring Chagas
disease—endemic areas of the Americas.

The History, Disease Burden, and Epidemiology
of Chagas Disease in the Americas

Dr Carlos Chagas first described Chagas disease in
1909, during the construction of a railroad system
in northern Brazil.® Chagas correctly identified the
arthropod vectors of American trypanosomiasis as
reduviid bugs and the zoonotic reservoirs as several
warm-blooded mammalian vertebrates, including
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Figure 1 Trypanosoma cruzi metacyclic trypomastigote
on a peripheral blood smear prepared with Giemsa
staining technique. Source: US Centers for Disease
Control and Prevention, Atlanta, GA, USA. Public
Health Image Library ID #3014. Copyright permission

not required.

domestic animals and humans.® Chagas also ob-
served infective-stage metacyclic trypomastigotes
in the gastrointestinal tract and feces of reduviids and
correctly described the two most common modes
of transmission of metacyclic trypomastigotes to
humans (Figure 1). Although transmission of Chagas
disease may be congenital oracquired via blood prod-
uct transfusions and organ transplants, transmission
most commonly occurs through either reduviid fecal
contamination of bite wound sites, often near the
mouth (hence the vernacular name, “kissing” bugs,
for reduviids), or transmucosally, often transcon-
junctivally, following periorbital defecation.
Zoonotic T cruzi infections of reduviid vectors
and many wild animal reservoir hosts are now dis-
tributed widely across the Americas from 46° north
latitude to 42° south latitude.® This vast region of
the Americas includes all the southern United
States, all of Central America, and most of South
America. There are nearly 20 million seropositive
persons with Chagas disease in the Americas, and 90
million persons, or about one fifth of Latin Ameri-
ca’s population, are at risk of 7" cruzi infection.®* Al-
though acute Chagas disease is often subclinical,
symptomatic Chagas disease will occur in 30% of
infected individuals, or in about 5 million people,
after an asymptomatic, seropositive, indeterminate
stage lasting 10 to 30 years.>® Therefore, indeter-
minate or latent Chagas disease now exists in ap-
proximately 15 million persons, all infected with
T cruziand capable of transmitting arthropod-borne,
blood transfusion, or tissue-borne infections. The
WHO has estimated that Chagas disease causes
667,000 disability-adjusted life years annually in the
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Americas.! There are now more than 100,000 sero-
positive people infected with T cruzi residing within
the United States, and these numbers are antici-
pated to rise with increasing emigration from Latin
America to the United States and with proposed
legislation to grant amnesty and residency status to
more than 12 million illegal Latin American immi-
grants, now living in the United States.!

The sylvatic transmission cycle of T cruzi from
mammalian reservoir hosts indirectly to humans oc-
curs more often in endemic, interior rural areas of
South America, such as Argentina, Brazil, Bolivia,
Paraguay, Peru, Uruguay, and Venezuela, than in
nonendemic areas of the urban Americas. Humans
may be infected with T'cruzi by disrupting the sylvatic
cycle as infected reduviids invade rural households
and even suburban households in recently deforested
areas to breed and to nocturnally blood-feed on
nearby humans. When domestic animals or pets
become infected by ingesting or being victimized by
infected reduviids, peridomiciliary living reduviids
may subsequently transmit 7" cruzi between infected
domestic animals and their human owners.

In South America, the endemic region for vectoral
and transfusional transmission of Chagas disease is
often referred to as the Southern Cone and includes
the following nations: Argentina, Bolivia, Brazil,
Chile, Paraguay, and Uruguay. In 1991, the Minis-
ters of Health of the Southern Cone nations met in
Brasilia and initiated a subregional project sponsored
by the Pan American Health Organization and called
INCOSUR, for the Intergovernmental Commission
of the Southern Cone for the Elimination of T7iatoma
infestans and the Interruption of Transfusional Trans-
mission of American Trypanosomiasis. T7iatoma
infestans is the principal reduviid vector of Chagas
disease throughout the Southern Cone.

Since its inception, INCOSUR has presided over
remarkable achievements and successes in the con-
trol of Chagas disease in the Southern Cone includ-
ing the interruption of vectoral and transfusional
transmission in Uruguay by 1997, the interruption of
vectoral transmission in four of the largest provinces
in Argentina by 2001, the nearly complete interrup-
tion of vectoral transmission in Paraguay by 2002, and
the interruption of vectoral transmission through-
out Brazil by 2006. INCOSUR is now focusing its
regional Chagas disease control activities in Bolivia,
Paraguay, and the remaining endemic provinces of
Argentina. Despite the administrative and political
challenges to disease control in mountainous rural
areas with remote access, particularly in Bolivia, fur-
ther successes by INCOSUR in interrupting Chagas
disease transmission are anticipated.

7 Travel Med 2008; 15: 184-195



186

Trypanosomiasis, American (Chagas disease)
(Tivpanosoma cruzi)
Triatomine Bug Stages

Triatomine bug takes a blood meal
(passes metacyclic trypomastigotes in feces,
trypomastigotes enter bite wound or
mucosal membranes, such as the conjunctiva)

/'_5‘@6

Metacyclic trypomastigotes

gindgui A

9=

Multlply in midgut
o \

e Eplmastlgotes
in midgut

Triatomine bug takes
a blood meal
(trypomastigotes ingested)

o
/3

A\ = nfective Stage
A= Diagnostic Stage

Diaz

Human Stages

o Metacyclic trypomastigotes
penetrate various cells at bite

wound site. Inside cells they

transform into amastigotes.

e Amastigotes multiply
by binary fission in cells
of infected tissues.

Trypomastigotes
can infect other cells

and transform into
intracellular amastigotes
in new infection sites.
Clinical manifestations can
result from this infective cycle.

vmceﬂular amastigotes

o transform into trypomastigotes,
then burst out of the cell
and enter the bloodstream.

Figure 2 The life cycle of Trypanosoma cruzi, the causative agent of Chagas disease (American trypanosomiasis).
Source: US Centers for Disease Control and Prevention, Atlanta, GA, USA. Public Health Image Library ID #3384.

Copyright permission not required.

The Life Cycle of T cruzi

The life cycle of T cruzi in reduviid vectors and
vertebrate hosts, including humans, is depicted in
Figure?2.

Reduviid Vectors of Chagas Disease
in the Americas

Among the more than 100 species of reduviids, the
preferred vectors for Chagas disease in Latin Amer-
ica include reduviids from three genera: Triatoma,
Panstrongylus, and Rhodnius.*® Each species of redu-
viids has its own unique feeding pattern, ecological
niche, preferred wild animal reservoir, and geo-
graphic distribution. Triatoma infestans is the princi-
pal vector of Chagas disease in animals and in
humans in Argentina, Bolivia, Brazil, Chile, Para-
guay, Peru, and Uruguay. Pﬂmtrong)/lm megistus is
an important vector in human transmission in
northeastern Brazil. Rhodnius prolixus is a common
vector in Columbia and Venezuela and throughout
Central America. Triatoma dimidiata is a principal
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vector in the natural transmission of Chagas disease
in Mexico, especially in the Yucatin peninsula.®’

In the United States, the principal reduviid vec-
tors in the transmission of 7 ¢ruzi infections among
wild and domestic animals are Triatoma sanguisuga,
tollowed by Triatoma lecticularia and Triatoma ger-
staekeri (Figure 3).5" The T cruzi infection rate for
reduviids in the United States asin Latin America is
approximately 20%, ranging from reported 7 cruzi
seroprevalence rates for T sanguisuga of 20% in
Louisiana and the Yucatdn to 60% in Georgia.'*

Wild Animal Reservoirs of Chagas Disease
in the Americas

The wild animal reservoirs of T cruzi in the Ameri-
cas are very varied and not species specific. In Latin
America, the common animal reservoir hosts for T°
cruziinclude armadillos, capybaras, coatimundis, mar-
supials, monkeys, opossums, porcupines, raccoons,
rodents, and sloths.%® In the United States, common
wild animal reservoirs for T cruzi include armadillos,
opossums, raccoons, rodents, and squirrels.”!*
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Figure3 Triatoma infestans adult, dorsal view, a common
vector for Chagas disease in the Americas. Source: US
Centers for Disease Control and Prevention, Atlanta,
Ga, USA. Public Health Image Library ID #6282.
Copyright permission not required.

Trypanosoma cruzi has been isolated from both
reduviids and wild mammals, most commonly rac-
coons and armadillos, in most southern US states,
including Alabama, Arkansas, Georgia, Florida,
Louisiana, Oklahoma, South Carolina, Texas, and
Virginia.!'*!* All US authors have now concluded
that wild mammals are being increasingly exposed
to T cruzi in an expanding region of the southern
and mid-Atlantic United States.!%1¢

Domestic Animal Reservoirs of Chagas
Disease in the Americas

In the endemic areas of Latin America, seropreva-
lence for T cruzi among many domestic animals and
pets is high, reaching 80% in dogs; 60% in cats,
guinea pigs, and rabbits; 19% in sheep, and 9% in
goats.®!” In the United States, the prevalence of
T cruzi infections among domestic dogs, particularly
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hunting dogs kenneled outdoors, remains signifi-
cantly lower than in Latin America but is steadily
increasing (J. Malone, personal communication,
2005-2006)." In 1998, Meurs and colleagues re-
ported their experiencesin treating 11 domestic dogs
with chagasic heart disease in Texas over a 10-year
period, from 1987 to 1996." In 2000, Bradley and
colleagues reported a seroprevalence of 3.6% (n=11)
in 301 domestic dogs tested for T cruzi antibodies in
Oklahoma.® Most (7 = 10) of the seropositive dogs
were hunting dogs that lived outside.' Although
T cruzi infections have been recognized in wild ani-
mals throughout the southern United States for
some time, recent reports have documented that
domestic animals, particularly outdoor-kenneled
dogs, are becoming increasingly infected by reduviid
vectors with wild animal strains of T cruzi (J. Malone,
personal communication, 2005-2006).">-1¢

Autochthonous Chagas Disease in the
United States

Chagas disease in humans has now been reported in
the nonendemic areas of the Americas and, specifi-
cally, in the United States, where most cases are im-
ported from Latin America, but autochthonous
cases are also increasing, with six cases now re-
ported. The firstautochthonous case of Chagas dis-
ease in the United States was reported in an infant
in Corpus Christi, Texas, in 1955."7 The second au-
tochthonous case in the United States was reported
in a 56-year-old woman in California in 1984.'®
Two more infant cases of Chagas disease were again
reported from Texas in 1996, using postmortem
polymerase chain reaction (PCR) analysis to con-
firm the diagnosis."” The fifth case of autochtho-
nous Chagas disease was reported from Tennessee,
once again in an infant and using PCR to confirm
the diagnosis.?

In April 2007, Dorn and colleagues reported
the sixth autochthonous case of T cruzi infection in
a 74-year-old woman, without a relevant travel
history to T cruzi-endemic regions of Latin Amer-
ica and residing in a heavily wooded area of
New Orleans, Louisiana.?! Following household
fumigation, extensive investigations of the index
patient’s residence and grounds produced 20 dead
adult T sanguisuga reduviids and 1 live, second-
stage T sanguisuga nymph in an armadillo burrow
approximately 50 m away from the residence.”
More than half (56%) of the collected reduviids
tested positive for T cuzi DNA by PCR.”
Trypanosomes consistent with 7" cruzi were ob-
served in hemoculture performed at the Centers for
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Disease Control and Prevention (CDC), Atlanta,
GA, USA, and amplification of a T cruzi—specific
RNA gene confirmed that the index patient’s
hemoculture was T cruzi positive.?!

The Clinical Presentations of Chagas Disease

Although often asymptomatic and undetected in
infants and adults, acute Chagas disease may be ac-
companied by a constellation of nonspecific, influ-
enza-like symptoms including anorexia, fever,
malaise, nausea, vomiting, and diarrhea. Neonates
with congenital Chagas disease, children with acute
Chagas disease, and adults with HIV/AIDS and
acute or reactivated Chagas disease may develop
fulminant symptoms with generalized lymphade-
nopathy, myocarditis, hepatosplenomegaly, me-
ningoencephalitis, and high case fatality rates. A
reactivation of acute Chagas disease with meningo-
encephalitis, or, less commonly, acute myocarditis,
was recently described in 7T cruzi-seropositive pa-
tients who subsequently contracted HIV/AIDS .22
After an initial high parasitemia peaks on the 10th
day of acute illness, symptoms resolve in 1 to 2
months and patients remain chronically infected
with T cruzi for life.

Approximately one third of patients with inde-
terminate Chagas disease, characterized by low-to-
no parasitemia and positive seroreactivity to T cruzi
antigens, will develop chronic Chagas disease with
chagasic heart disease, most commonly, gastroin-
testinal megasyndromes, or, rarely, both (approxi-
mately 2.5%).® The perinatal transmission of
Chagas disease may occur in 2% to 10% of women
of childbearing age with indeterminate or chronic
Chagas disease.***

The pathogenesis of Chagas disease remains
incompletely understood but requires the persis-
tence of parasite antibodies in affected organs that
appear to initiate a neurotropic autoimmune
response. Autoimmune damage directed against
autonomic nervous tissue epitopes in cardiac con-
duction tracts and gastrointestinal tract ganglia is
now believed to be responsible for the unique
pathological outcomes of chagasic heart disease
and gastrointestinal megasyndromes. The clini-
cal manifestations of Chagas disease are compared
in Table 1.

The Diagnosis and Treatment of
Chagas Disease

The major diagnostic laboratory methods for de-
tecting 7 cruzi infections and their sensitivities and
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utilities in the different stages of Chagas disease are
presented in Table 2. The WHO recommends us-
ing at least two antigen detection tests to confirm a
Chagas disease diagnosis: (1) a sensitive initial
screening test, such as an enzyme-linked immuno-
sorbent assay (ELISA), an indirect immunofluores-
cent antibody test (IFAT), or radioimmunoassay
precipitation assay (RIPA); and (2) a subsequent,
more specific confirmatory test, such as hemocul-
ture or detection of amplified 7 cruzi DNA or RNA
by PCR.!%%

Unlike the diagnostic laboratory methods for
Chagas disease, drug treatment choices for Chagas
disease are limited; not uniformly available; ham-
pered by significant adverse effects; and work
best only in the earliest stages of acute or reactiva-
tion Chagas disease, that are often undetected.
Both nifurtimox (Lampit® or Bayer 2502, Bayer
AG, Leverkusen, Germany) and benznidazole
(Rochagan® or Radanil®, F. Hoffman-La Roche,
Ltd, Basel, Switzerland and Roche US, Nutley,
NJ, USA) are effective in clearing parasitemias in
the earliest stages of acute and, possibly, reacti-
vated Chagas disease, but neither drug is approved
for use in the United States by the Food and Drug
Administration. Only nifurtimox is available in the
United States from the CDC by special request
(CDC Drug Service, 404-639-3670). In 1995, oral
nifurtimox was successfully used to prevent acute
reactivation of chagasic cardiomyopathy in two
patients undergoing orthotopic heart transplanta-
tion for chagasic heart disease.’* Pharmacotherapy
with either benznidazole or nifurtimox is now rec-
ommended in all acute cases and reactivated cases
of symptomatic Chagas disease, especially in chil-
dren, adolescents, and all immunocompromised
persons.?%3°

Although there is a current trial of chemother-
apy in indeterminate Chagas disease with nifurti-
mox, many authorities recommend no drug
treatment for indeterminate disease and support-
ive treatment only for chronic disease.’” Conges-
tive heart failure, dysrhythmias, and heart blocks
in chagasic heart disease are managed in standard
regimens with angiotensin-converting enzyme
inhibitors, antiarrhythmics, and pacemakers. Beta-
blockers and digitalis are relatively contraindicated
in chagasic heart disease due to their potential for
precipitating intracardiac conduction disturbances.
Beta-blockers are contraindicated in patients with
progressive dilated cardiomyopathy with increas-
ing risks of congestive heart failure and left ven-
tricular aneurysm. Refractory heart failure and
nonresectable, apical left ventricular aneurysm are
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Table 1 Clinical manifestations of Chagas disease
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Clinical features Acute stage Indeterminate stage Chronic stage
Parasitemia High. Low. Low.
Constitutional ~ Nonspecific, Asymptomatic. Chest pain, dizziness, dyspnea,
symptoms flulike symptoms; edema, palpitations, syncopal
high fever possible. episodes.
Cardiac Acute myocarditis. No cardiac or ECG abnormalities present (>50%):

Gastrointestinal ~Diarrhea, vomiting, and
rarely hepatosplenomegaly.

Meningoencephalitis
in neonates with congenital
Chagas disease and
HIV/AIDS patients.
Generalized
lymphadenopathy,

seropositive.

Neurologic

Immunologic

Miscellaneous  Inoculation chagoma,
Romana’s sign.

electrocardiographic
manifestations of

Chagas disease.

No gastrointestinal
manifestations of
Chagas disease.

No neurologic
manifestations of
Chagas disease.

Seropositive. In the

conduction blocks, sick sinus
syndrome, multifocal PVCs.
Pathognomonic ECG
abnormalities may include right
bundle branch block, left anterior
fascicular block, complete heart
block, cardiomegaly, with CHF,
apical left ventricular aneurysm
with mural thrombus.

None to symptomatic achalasia
and chronic constipation.
Megasyndromes may include
megaesophagus with achalasia,
megacolon with intermittent
obstruction and painful abdominal
distension.

Rarely meningoencephalitis,
especially in HIV/AIDS.

Seropositive.

indeterminate stage of
Chagas disease, only the
positive serologic tests
for Chagas disease
indicate the presence

of T cruzi infection.

Not applicable. Not applicable.

CHEF = congestive heart failure; ECG = electrocardiogram; HIV/AIDS = human immunodeficiency virus/acquired immunodeficiency syndrome;

PVCs = premature ventricular contractions.

becoming increasingly common indications for
heart transplantation in chagasic heart disease
throughout the Americas.**! Gastrointestinal me-
gasyndromes are most effectively managed with
conservative medical treatment and surgical re-
section of dilated, functionally aganglionic seg-
ments of the colon and esophagus.

Because no new proprietary drugs are currently
under research and development for Chagas disease
and because some strains of 7 cruzi are either mod-
erately or naturally resistant (Colombiana) to both
benznidazole and nifurtimox, Araujo and colleagues
have recently tested combinations of benznidazole
with either ofloxacin or ketoconazole in treating
T cruzi—infected mice.’' The authors reported some
success with the benznidazole—ketoconazole com-
binationin eradicating parasitemiasin mice infected
with moderately resistant 7' c7uzi strains and recom-

mended further investigations of the potentially
synergistic combination of azoles in infected animal
models and humans.*!

Although there has been little impetus to de-
velop a Chagas disease vaccine, the molecular
characterization of the 7" cruzi genome could lead
to a number of advances in the primary prevention
and treatment of Chagas disease. Such advances
would be welcomed worldwide and might include
the development of (1) attenuated live or inacti-
vated vaccines for humans and domestic animals
using epitopes from less virulent strains, such as
R36;(2) altruistic T cruzivaccines for domestic and
wild animals that target the epimastigotes in the
gastrointestinal tracts of triatomines; and (3) new
molecularly designed, receptor-targeted chemo-
therapeutics for acute and chronic Chagas disease,
and, perhaps, other trypanosomal diseases, such as

7 Travel Med 2008; 15: 184-195
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Table2 Diagnostic methods and their utilities (+/-) in the different stages of Chagas disease

Diaz

4-6,8,19-21,25-28

Acute Chagas Indeterminate Chronic
Diagnostic methods disease Chagas disease Chagas disease
Direct detection methods
Centrifugation blood culture + - -
Trypanosoma cruzi DNA by PCR + + +
Direct light microscopy +
Thick and thin blood smears +
Xenodiagnosis by laboratory- + + +
raised reduviid bugs
Indirect (serologic) detection methods
Enzyme-linked immunosorbent assay - (1gG) + +
Radioimmunoassay precipitation assay - + +
Indirect immunofluorescent antibody + (IgM and IgG) + +
staining
Complement fixation (Machado- - +/— +/—
Guerreiro test, no longer in
general diagnostic laboratory use)
Hemagglutination - + +

(+) = very useful and recommended for laboratory diagnosis in this stage of Chagas disease; (—) = not as useful and not recommended for laboratory
diagnosis in this stage of Chagas disease; Ig = immunoglobulin; PCR = polymerase chain reaction.

those caused by the African trypanosomes, T brucei
gambiense and T brucei rhodesiense.

Threats to the Safety of the Human Blood and
Transplant Organ Supplies Posed by Chagas
Disease in the Americas

Transfusion- and transplant-related Chagas disease
result from a combination of behavioral and demo-
graphic factors including rural to urban population
movements in Latin America, massive immigration
from Latin America to US cities, insufficient na-
tional blood and transplantable organ and tissue
supplies, and insufficient blood and organ donor
screening for T cruzi infection both in Latin Amer-
ica and in the United States.”**'7*¢ Depending on
the volume of T cruzi—infected blood transfused,
12% to 44% of recipients of infected blood will be-
come infected.” Because cardiac surgery patients
often require multiple blood transfusions, their
risks of acquiring Chagas disease, often manifesting
as acute chagasic heart disease, especially in immu-
nosuppressed heart transplant recipients, are sig-
nificantly increased.”*** Patients with HIV/AIDS
are also at greater risks of acquiring Chagas disease
from T cruzi-infected blood transfusions and, as
noted, often presentacutely with meningoencepha-
litis or chagasic cardiomyopathy.?*%

Chagas disease is endemic throughout Mexico,
and a recent seroprevalence study in five blood
banks in Mexico determined that the overall preva-
lence of seropositive blood donors was 0.75%, or 1
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in 133 donors.** Nearly half (44%) of the surviving
recipients of blood products from 7 cruzi-infected
Mexican donors were, in turn, infected with T
cruzi.** The authors concluded that transfusion-
transmitted 7 cruzi infections were occurring in in-
creasing numbers in Mexico and recommended the
mandatory screening of all donated blood products
for T cruzi antibodies, as in many other Latin Amer-
ican countries.*

Chagas disease is endemic in many regions of
Latin America, such as the Yucatin peninsula of
Mexico, a popular tourist destination.”** In the Yu-
catan, T cruzi seroprevalence rates of 11% to 18%
and 5.6% have been reported in the general popula-
tion and in blood donors, respectively.”® Chagas
disease is also endemic in the poor coastal commu-
nities of northeast Brazil, where 60% of persons
aged 20 years and older tested seropositive for T
cruzi infections.*

Previous chemical methods to sterilize donated
blood for transfusion in Chagas disease—endemic re-
gions of Latin America, such as adding gentian violet
to blood units, proved unacceptable due to purplish
skin staining in transfusion recipients. Although
newer methods of chemical sterilization are being in-
vestigated, universal blood donor screening both for
Chagas disease risk factors and for serologic evidence
of T cruzi infections is preferred over chemical steril-
ization for prevention of both transfusion- and trans-
plant-related Chagas disease.

By 1999, 100% of blood donors were being
serologically screened for 7 cruzi antibodies in the
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following Latin American countries: Argentina,
Colombia, Ecuador, El Salvador, Honduras, Para-
guay, Uruguay, and Venezuela.’’** Blood donor
screening for T cruzi infection remains inconsistent
in Bolivia, Chile, Mexico, and Nicaragua.’”*® The
probability of receiving a T cruzi-infected blood
transfusion will, therefore, vary by country.’’?*
Schmunis has calculated the probabilities of trans-
mitting T cruzi via infected blood transfusions,
assuming a 20% infection rate, to be 219 per 10,000
units transfused in Bolivia, 24 of 10,000 units trans-
fused in Colombia, 17 of 10,000 units transfused in
El Salvador, and 2 to 12 per 10,000 units transfused
in the remaining countries of Latin America.’”*

In 1996, Galel and Kirchhoff studied 18 Califor-
nia blood centers and reported a prevalence rate of
1 per 340 blood donors at high risk for transmitting
T cruzi through donated blood.” High risk factors
included living in endemic areas of Latin America
for more than 1 year, living in thatched roof homes
with mud walls, having a history of Chagas disease,
and receiving blood transfusions in endemic coun-
tries.” Of the 17,521 donors studied, 0.33% had at
least one risk factor for Chagas disease, and six donors
even gave a history of Chagas disease.! In 1997,
Leiby and colleagues performed a comprehensive
seroprevalence study of nearly 300,000 blood donors
in two American Red Cross donor center regions
(Los Angeles and Miami).?”” Trypanosoma cruzi anti-
bodies were confirmed in 34 donors, all of whom
shared the same risk factor for Chagas disease,
namely, birth or prolonged residence, or both in a
T cruzi-endemic area.”’

In 2002, Leiby and colleagues queried more than
1 million blood donors in Los Angeles and Miami
between 1994 and 1998 for the presence of risk
factors for Chagas disease.’” All positive risk factor
respondents were then screened serologically by
ELISA for T cruzi antibodies.’” RIPA-confirmed
seropositive donor prevalence was 1 in 7,500 in
blood donors from Los Angeles, and 1 in 9,000 in
Miami blood donors.* The authors concluded that
significant numbers of confirmed 7T cruzi—seroposi-
tive blood donors contributed to the US blood sup-
ply, especially in Los Angeles and Miami.*

Reports of organ transplant—transmitted Chagas
disease in Latin America, particularly following
kidney transplants, began in the 1980s and have
continued.** In 2002, the CDC reported the first
cluster of three cases of T cruzi infection in recipi-
ents of four solid organs from a single immigrant
donor from Central America (Figure 1).> Of the
three organ recipients with transplant-transmitted
Chagas disease, all were treated with nifurtimox,
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two organ recipients died within months of their
organ transplants, and only one kidney recipient
survived.” The recipient of a kidney and pancreas
transplant died of acute myocarditis, and the liver
transplant recipient died of hepatorenal failure.?

In July 2006, the CDC reported the fourth and
fifth cases of acute Chagas disease in heart trans-
plant patients.* In both cases, the heart transplant
recipients were readmitted to Los Angeles County
hospitals within 1 month of discharge with symp-
toms of anorexia, fever, and fatigue, suggestive of
acute organ transplant rejection.* In both cases, pe-
ripheral blood smears revealed T cruzi trypomasti-
gotes (Figure 1).* The organ recipients were
seronegative for T cruzi antibodies but positive for
T cruzi DNA by PCR.* The patients had no birth
country or travel risk factors for Chagas disease but
had received multiple blood transfusions.* In each
case, all available blood donors tested seronegative
for T cruzi antibodies, but both heart donors had
significant risk factors for Chagas disease, either
travel to or birth in Chagas disease—endemic areas
of Latin America, and both donors were seroposi-
tive for T cruzi antibodies by RIPA.*

Recognizing the Risks of Chagas Disease
in Travelers

A recognition of the sylvatic, periurban, and urban
transmission cycles of Chagas disease will assist
travel medicine physicians in advising their patients
how best to avoid the risks of T'cruziinfections while
touring endemic areas. In the sylvatic cycle, pre-
ferred reduviid vectors throughout the Americas
become infected with 7 cruzi as either nymphs (the
five juvenile stages or instars) or adults during rainy
seasons by feeding on many nonspecific wild animal
hosts. As humans begin to deforest and develop
rural areas for agriculture, ranching, and housing,
infected reduviids are attracted to more stable,
peridomestic environments.” These peridomestic
environments are well populated with warm-
blooded hosts, such as domestic animals in coops
and pens, pet animals, and humans in poorly insu-
lated homes.? In the poorer, rural areas of Central
and South America, household dwellings are often
characterized by thatched roofs of palmetto or palm
fronds, the natural tree canopy homes for reduviids,
and porous walls of logs and sticks.”®* These
walls are either left open for ventilation or loosely
mortared with combinations of thatch, mud, sillar
(compounded volcanic ash and water), or volcanic
basalt.”®* During the day, reduviid adults and
nymphs, or instars, sleep in thatched roofs, wall
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cracks, mortar pores, and crawl spaces of rural
households.®?# At nighttime, adult reduviids gen-
tly parachute or glide down, from roof crevices; and
breeding adults and nymphs crawl out of their floor
and wall cracks into domestic animal pens and
household bedrooms to blood-feed on animal and
human hosts.

In 2004, Dumonteil and Goubriére reported on
their experiences constructing a risk map for the
natural transmission of Chagas disease in the Yuca-
tan peninsula of Mexico, using geographic informa-
tion systems to design predictive models of reduviid
abundance (T dimidiata) and infection rates.” Mod-
els were subsequently compared to insect counts
from entomologic surveys and to microscopic ex-
aminations of reduviid feces for 7 cruzi trypomasti-
gotes.” As a result of their studies, the authors were
able to accurately predictand confirm the following
findings: (1) greater numbers of T dimidiata in
warmer and drier climates of the Yucatdn, including
coastal tourist areas; (2) higher reduviid infection
rates in areas with lower temperatures and higher
precipitation rates, specifically rain forests; and (3)
greater reduviid abundance in areas of “perturbed”
vegetation, defined in their study as agricultural
fields and pastures.’

Because the coasts, colonial cities, offshore is-
lands, and Mayan ruins in perturbed forested areas
of the Yucatin peninsula are among the most scenic
and popular destinations for ancient historians,
archeologists, ecotourists, and cruise line passen-
gers, the significance of the study of Dumonteil
and Goubriere is that the highest risk regions for
Chagas disease are in areas most frequently visited
throughout the year by travelers, specifically the
northern regions of the states of Campeche and
Yucitan.” Travelers and their consulting physicians
must recognize the changing nature of the ecology
of Chagas disease and take appropriate steps to re-
duce the travel-associated risks of Chagas disease in
all the T cruzi-endemic regions of the Americas,
which are now being extended to higher altitudes
and expanded by widening latitudes by global
warming and other anthropogenic activities.”**

Unlike the sylvatic and rural, peridomestic ecol-
ogy of Chagas disease in the Americas, the periur-
ban and urban ecology of Chagas disease has not
been as well studied and mapped. Recent investiga-
tions have demonstrated preferred domestic animal
vectors and their enclosures for urban 7T cruzi—
infected reduviids. In their entomologic survey of
347 households and domestic animal enclosures in
Arequipa, Peru, a city of 850,000 in the arid, Andean
highlands of southern Peru, Levy and colleagues
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reported the following unique characteristics of an
urban cycle of T ¢ruzi infections among the most
common Chagas disease vector in the region, T
infestans.” First, household reduviid infestations
were common in the high population density, low-
income community of Guadalupe, perched on a
hillside overlooking Arequipa.” Of the 347 house-
holds surveyed, reduviids were presentin 194 (52 %)
households, and T cruzi-infected reduviids were
foundin 72 (19.3 %) households.* Second, side yard
guinea pig pens were more likely than other domes-
tic animal enclosures to be infested with reduviids
and harbored significantly more reduviids than
other animal enclosures.* Guinea pigs and chick-
ens remain stable sources of protein in South Amer-
ica and are often kept initially as pets, in pens and
coops, or allowed to free roam.** Cecere and col-
leagues previously noted that chickens were associ-
ated with increased reduviid densities and T cruzi
infections, especially in rural areas.* Although do-
mestic chickens do support and maintain reduviid
densities, chickens are immune to T cruzi infec-
tions.?®* Third, stacked brick and adobe animal en-
closures were more likely to be infested with
reduviids than wire mesh enclosures.* Fourth, only
tully stuccoed and corrugated metal-roofed homes
were fully protected from reduviid infestation.*

Reducing the Risks of Chagas Disease
in Travelers

Travelers may be at risk of interrupting the sylvatic
and peridomestic transmission cycles of T cruzi in-
fections by choosing to sleep outside pyrethroid-
impregnated, insect-netted beds or hammocks in
thatched roofed beachfront cabanas (palapas), or
hunting or fishing lodges that have not been ade-
quately insulated, mortared or stuccoed, and
treated with pyrethroid-containing insecticides. As
noted, reduviid bites occur at nighttime and are
either painless, possibly from combinations of
salivary local anesthetics and anticoagulants, or asso-
ciated with pruritus. The localized pruritus only
serves to induce rubbing and scratching by groggy
victims, effectively dispersing infective trypomasti-
gotes across bite-damaged epidermal surfaces or
adjacent mucoepidemal junctions. Cabanas and
lodges that provide accommodations in rural or
isolated settings for large numbers of tourists are
also perfect accommodations for reduviid families,
who will both blood-feed and breed while hiding in
such dwellings, some of which may be very com-
fortable and elegant. Finally, if such structures have
layers of roof palm frond thatching, or are situated
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against or atop hillsides or volcanic lava flows, re-
duviids will burrow deeply during the daytime in
cracks and crevices in roofs, subfloors, and soil-
filled foundations, safe from superficially sprayed
insecticides.?®# 4

Trypanosoma cruzi—infected reduviids have been
frequently observed to infest palm trees and sugar-
cane fields in South America, especially in Ecuador
and Brazil.® Several home-brewed popular cold
drinks and alcoholic beverages are made with un-
pasteurized juices, fruits, or oils from palms and
sugarcane and sold by street and beachside vendors
in South America, particularly in Ecuador and
Brazil.*® Such local delights may be contaminated
with T cruzi-infected reduviid or with unnoticed
infected reduviid nymphs. Outbreaks of acute
Chagas disease have now been reported following
the consumption of such popular local brews, even
in beachside resort areas. All travelers to T cruzi—
endemicareas are encouraged to drink only bottled,
boiled, or pasteurized beverages, and to avoid all lo-
cal brews, especially those made from local palm
trees and sugarcane. In addition, travelers should
avoid chewing on unwashed sugarcane stems or
palm hearts and avoid using unwashed sugarcane
stems as swizzle sticks for beverages.

For travelers, the significance of recent urban
transmission studies of Chagas disease, such as the
one by Levy and colleagues in 2006, is simply that
all major metropolitan areas in Latin America from
Mexico City to Rio de Janeiro are surrounded with
densely packed, low-income communities of for-
mer rural residents and their domestic animals, such
as chickens, guinea pigs, cats, and dogs.” The in-
habitants of these communities seek employment
opportunities in cities and contribute their blood
products and organs to local transfusion and trans-
plantable organ stocks. Reduviids live alongside hu-
mans and animal hosts in both undeveloped rural
and highly developed periurban settings; can sur-
vive for months without feeding, safely insulated
from insecticides in poorly constructed animal en-
closures and human dwellings; and can easily fly
(adults) or walk (nymphs) to new feeding areas filled
with warm-blooded hosts.?®* " Thus, reduviids are
hardy and ubiquitous vectors of Chagas disease
among wild and domestic animals and humans in a
variety of transmission cycles, from dense rain for-
ests to Andean highlands to packed cities and
beaches. When staying in accommodations in Cha-
gas disease—endemic areas that are not fully sealed
with stuccoed walls and metal, shingled, or tiled
roofs, travelers should consider further protecting
themselves from reduviids with topical applications
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of diethyltoluamide-containing insect repellants
and pyrethroid-impregnated mosquito nets, fully
covering sleeping beds and hammocks.

Travelers who may require blood transfusions or
organ transplants in Chagas disease—endemic areas
should inquire as to donor risk factors and serologic
screening of donated blood and organs for 7" cruzi
infections. In the past, donated blood products in
Chagas disease—endemic areas were treated with
gentian violet, which effectively cleared the parasit-
emias and risks of transfusion-transmitted disease
within 24 hours. However, this practice has now
been abandoned in favor of serologic screening due
to the permanent and unacceptable bluish skin dis-
coloration of gentian violet—treated transfusion
recipients.

The differential diagnosis of any acute febrile ill-
ness in Chagas disease—endemic areas should in-
clude Chagas disease as well as malaria. The early
detection of acute Chagas disease will require direct
microscopic examination of the peripheral blood
smear for trypomastigotes and serologic screening
for T cruzi antibodies by ELISA, RIPA, or IFAT
and later confirmation of T cruzi DNA or RNA an-
tigens by PCR (Table 1; Figure 1).

The Prevention of Chagas Disease
in Travelers

Because there is no vaccine to prevent Chagas dis-
ease and current chemotherapy is limited to two
drugs, most efficacious only in the earliest stages of
acute or reactivated 7 cruzi infections, the best pre-
ventive strategies for Chagas disease in travelers to
the Americas should be directed at (1) the education
of travelers to T cruzi-endemic areas of the Ameri-
cas in the transmission risks of Chagas disease and
(2) a recommendation for sleeping under pyre-
throid-impregnated insect nets, especially when
staying overnight in thatched and mud-walled huts
or unmortared cabins.

Conclusions

Travel medicine physicians should now be con-
cerned about the potential for autochthonous Cha-
gas disease transmission by American reduviid bugs,
with distribution zones expanded by global warming;
the threats to local blood and transplantable organ
supplies from mass population movements of 7 cruzi—
infected donors; and the increasing susceptibility to
Chagas disease by travelers, especially travelers im-
munocompromised by advancing ages and chronic
diseases, to the T cruzi-endemic regions of the
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Americas. Because the coasts, colonial cities, and an-
cient archeological ruins of Latin America are both
Chagas disease endemic and among the most scenic
and popular tourist destinations, travelers and their
consulting physicians must recognize the changing
ecology of and behavioral risk factors for Chagas dis-
ease and take appropriate steps to reduce the travel-
associated risks of Chagas disease in T cruzi—endemic
regions throughout the Americas.
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