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Abstract

Background: Chagas disease is a parasitic infection that can insidiously cause

non-ischemic cardiomyopathy. Given the largely silent nature of this progres-

sive disease, asymptomatic blood donors pose potential blood transfusion risk.

Blood donation screening has become an unintentional form of Chagas disease

surveillance, with thousands of new cases identified since national surveillance

was initiated in 2007.

Study Design and Methods: We recruited T. cruzi-positive blood donors

identified from California and Arizona blood centers for confirmatory blood

screening and assessment of lifetime infection risk.

Results: Among eight suspected cases, we identified four confirmed US

autochthonous infections. The current manuscript details the transmission

sources, healthcare-seeking behaviors post-blood donation resulting, and
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clinical course of disease among persons without any history of travel to

endemic Latin American countries.

Discussion: This manuscript presents four additional US-acquired Chagas dis-

ease cases and identifies an opportunity for blood centers to assist in confront-

ing barriers surrounding Chagas disease in the US.
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1 | INTRODUCTION

Locally-acquired Chagas disease has been increasingly rec-
ognized as a public health concern in the United States
(US). Caused by infection with the protozoan hemoflagel-
late T. cruzi, Chagas remains a primary cause of non-
ischemic cardiomyopathy in Latin America but is not
widely recognized or investigated in the US.1 True case
counts are unknown; however, >76 suspected or confirmed
US-acquired cases have been reported in at least 8 states.2,3

Though cases are likely rare, low physician awareness4,5

and suboptimal surveillance across the country create chal-
lenges to understanding the true burden of autochthonous
Chagas disease.6 In Texas, Chagas disease research capacity
has led to the identification of locally-acquired cases, with
34 cases documented between 2013 and 2019 alone.6,7

While a great number of locally-acquired cases have been
identified in Texas, the southwestern US is home to a
greater triatomine biodiversity and abundance,8 giving pre-
mise to the potential that locally-acquired cases might be
occurring in these states as well. Further supporting this
hypothesis, recent locally-acquired cases have infrequently
been reported in Arizona and California.9,10

In the US, up to 350,000 people are estimated to be
infected and those infections are primarily foreign-
acquired.11 However, a rising interest in the potential for
locally-acquired infection has led to increased identification
of suspected autochthonous cases, nearly tripling the num-
ber of autochthonous cases previously thought to exist in
the nation.3,10,12,13 The majority of the southwestern states
house a high dispersion index and species richness of the
triatomine vector with high Trypanosoma cruzi insect
infection prevalence.14 Although the primary area of con-
cern in human exposure to US triatomines is the risk for
an anaphylactic reaction to the highly antigenic insect
saliva,14–17 cardiac disease has been documented among
US T. cruzi-positive blood donors.18 Working outdoors at
night, military training activities, and recreational camping
and hunting have been identified as possible risk factors
for T. cruzi infection in the US.9,19 Evidence of peridomestic

transmission cycles and frequent human-vector contact has
been documented across the southwestern US.16,20

Blood donor screening was implemented in the US
starting in 2007, following the approval of a screening test
in 2006.21,22 Based on FDA guidance, blood donor first-
time donation screening replaced universal screening in
2012. From 2007 to 2019, nearly 2500 seropositive blood
donors were confirmed positive using a two-step screening
approach.23 During this time, the highest number of con-
firmed positive donations came from California (N = 890),
followed by Florida (N = 325), and then Texas (N = 199).23

The largest concentration of confirmed positive samples
was identified in 2008, shortly after the screening was initi-
ated.23 Among positive screening donors who reported
birth country, individuals were largely from Mexico and
the United States.23 Previous studies in Texas have used
blood donation centers to identify locally-acquired cases,
and incidental blood donor screening results in further
states have been documented in a limited number of case
reports, as shown in Figure 1.9,10,12,13,19,24–27 This study
sought to expand this effective, unintended screening
mechanism to assess the potential for locally-acquired
cases in other US southwestern states.

2 | MATERIALS AND METHODS

This study was approved by the University of South Caro-
lina's institutional review board. Approval was also
obtained from the American Red Cross, Central Califor-
nia Blood Center, and Vitalant. The U.S. Centers for Dis-
ease Control and Prevention (CDC) did not interact or
intervene with study participants and did not have access
to personal identifiers or links to personal identifiers.
Blood donor centers from the aforementioned organiza-
tions operating in California, Arizona, New Mexico, and
West Texas sent invitation letters on behalf of the study
team to individuals in early 2019, who had tested positive
between the years 2007 and 2019 and who were ≥ 18 -
years at the time of the study. Invitation letters and study
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team personnel were bilingual (Spanish and English).
Blood center testing varied across years and blood cen-
ters, but all invited participants yielded two or more posi-
tive test results on the same sample at the time of
donation at their respective blood centers.

All enrolled participants completed a detailed ques-
tionnaire to assess lifetime risk factors for infection and
donated a small blood sample for confirmatory testing.
Participants also underwent electrocardiogram (ECG) to
appraise cardiac health. Enrolled persons from the Ameri-
can Red Cross who were willing, signed forms authorizing
the release of original T. cruzi testing results to the study
team for comparison. All blood samples were tested at the
Laboratory of Vector-Borne and Zoonotic Diseases at the
University of South Carolina (UofSC) through Chagas
Stat-Pak (Chembio, Medford, NY) and Hemagen Chagas'
Kit enzyme-linked immunosorbent assay (ELISA)
(Hemagen Diagnostics, Inc., Columbia, MD). Blood sam-
ples were sent to CDC's Parasitic Diseases Branch for con-
firmatory testing with Weiner Chagatest ELISA (Weiner
Laboratories, Rosario, Argentina) and trypomastigote
excreted-secreted antigen immunoblot (TESA). Test manu-
facturers report high sensitivity and specificity for each
diagnostic: Chagas Stat-Pak (≥98.5%, ≥94.8%),28 Hemagen
Chagas' Kit ELISA (100%, 98.7%),29 Weiner Chagatest
ELISA (97.9%, 97.8%),30 and TESA blot (100%, >94%),31

respectively. Diagnostic performances vary by infected per-
sons' geographic origin.32 For the purposes of this manu-
script, blood donors were considered confirmed positive if
two or more of the total four blood tests (performed by
CDC or in our laboratory) were positive. Blood donors
were otherwise considered suspected, as all enrolled par-
ticipants were positive through blood bank testing.

3 | RESULTS

Approximately 1130 blood donors tested positive from
California, Arizona, New Mexico, and Texas in the
study's time frame of 2007 to 2019.33 Attempts to contact
these blood donors were made, and a total of 57 seroposi-
tive blood donors contacted the study team between May
2019 and July 2020; 46 completed consents and were
enrolled. Of the 11 who contacted the study team but
never enrolled, lack of trust in having someone visit their
home for sample collection or inability to schedule an
appointment was the most common cause of failure to
enroll. While invitation letters were sent to all previously
diagnosed T cruzi seropositive donors from this region, it
is unknown how many addresses were current. There-
fore, the recruitment of positive donors may have been
affected by changes in address. In addition, blood donors
who have positive Chagas disease screening test results
are deferred from future donations, and the majority of
these 1130 screening positive donors were identified
before 2010,33 giving further evidence that letters were
likely received by a fraction of the original seropositive
group. Authors were unable to call or email potential
Chagas disease-positive donors given a lack of resources
and/or lack of information.

Out of 46 initially consented and enrolled study par-
ticipants, we identified eight donors with evidence of
autochthonous Chagas disease in the southwestern US
through blood bank screening, Table 1. To the best of our
knowledge, none of these donors have been previously
reported in the scientific literature. All enrolled partici-
pants in this study were previously positive by two or
more tests through their respective blood centers;

FIGURE 1 Count of locally-acquired Chagas disease blood donors identified in the literature since 2010 with known geographic

transmission origin. [Color figure can be viewed at wileyonlinelibrary.com]
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however, prior test results were only available for a lim-
ited number of donors (Table 2). Lack of prior blood
donor testing results was due to either participants'
refusal to sign a consent releasing testing results or the
blood bank organization no longer having access to these
historical records. Based on serologic testing performed
at UofSC and CDC, four of the eight donors with locally-
acquired infections had detectable T. cruzi antibody levels
by two or more tests at the time of follow-up. Therefore,
these four donors were considered confirmed autochtho-
nous infections. Donors with evidence of Latin American
transmission origin (n = 38) are not discussed in this arti-
cle, given the focus on autochthonous transmission.

None of these 8 confirmed or suspected autochtho-
nous donors had mothers or maternal grandmothers
born in Latin America, had traveled outside of the US for
>2 weeks in an endemic country, or reported receiving

blood, tissue, or organs in their lifetime. All were born in
the contiguous US and lived in the US their entire life-
time. To understand potential differences between con-
firmed and suspected autochthonous donors, Table 3
details each of the eight donors' transmission risk pro-
files. The specific clinical and epidemiological details of
the four confirmed autochthonous donors are presented
in the subsequent paragraphs, as these are verified clini-
cal cases. Any medical history or reported participant
experience was reported to the study team at the time of
the respective study interview.

3.1 | Donor 1 (BSW-001)

Donor 1 was a 36-year-old Caucasian man from Fresno,
California with a history of gastrocolitis who was notified

TABLE 1 Demographics and testing results for suspected, probable, and confirmed cases of autochthonous Chagas disease, may 2019–
July 2020

Study
ID

Donor age,
sex, state
of residence Ethnicity

Likely state
exposure

UofSC serology
test results

CDC serology
test results

Epidemiologic
status

Year
treatedStat-Pak Hemagen Weiner EIA TESA

BSW-001 34, M, CA N CA + + + + Confirmed 2017

BSW-004 28, F, CA N CA � + � n/a Suspected 2012

BSW-007 67, F, AZ N AZ/ TX + + + + Confirmed �
BSW-009 56, F, AZ H AZ � � � n/a Suspected �
BSW-020 69, M, AZ N AZ/CA �/+ � � n/a Suspected �
BSW-042 65, M, CA N CA/TX + + + + Confirmed �
BSW-043 20, F, AZ M AZ � + + � Confirmed �
BSW-052 67, M, AZ N AZ/ TX � � � n/a Suspected �

Abbreviations: AZ, Arizona; CA, California; CDC, United States Center for Disease Control and Prevention; H, latinx; M, multi-racial (non-latinx caucasian/
native American); N, non-latinx caucasian; N/A, not administered; TX, Texas; UofSC, University of South Carolina; �/+ indicates a weak positive result.

TABLE 2 Results of blood donor Chagas disease testing for American Red Cross Chagas donors with available results for analysis

Study ID
Date of blood
bank test

Screening
test

Confirmation
test Additional notes

BSW-007 9/25/2010 ELISA RIPA ELISA result: positive (average: 4.669;)
RIPA result: positive

BSW-009 5/30/2016 PRISM ESA PRISM result: positive (average 4.40);
ESA result: positive

BSW-020 6/23/2008 ELISA RIPA ELISA result: positive (average: 1.291)
RIPA result: positive

BSW-042 1/3/2008 ELISA RIPA ELISA result: positive (average 5.227);
RIPA result: positive

Abbreviations: ELISA, Ortho T. cruzi Enzyme-Linked Immunosorbent Assay (Ortho-Clinical Diagnostics, Inc., Raritan, NJ, US); ESA, Abbott ESA Chagas

(Abbott Laboratories, Abbott Park, IL); PRISM, Abbott Prism Chagas EIA (Abbott Laboratories, Abbott Park, IL); RIPA, Radioimmunoprecipitation assay
(Quest Diagnostics, Chantilly, VA).
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by the blood bank of his positive status in August 2017. A
month prior, he reported being bitten by an insect at
night while sleeping uncovered on a trampoline outside
of his home with his children. Reaction to the bite
included eyelid swelling and puffiness of the face, diar-
rhea, nausea, and general malaise. Shortly following noti-
fication of his infection status, the man went to his
primary care physician who referred him to an infectious
disease specialist. The specialist ordered two new tests for
T. cruzi infection along with ECG and ECHO. Both tests
for T. cruzi were positive and ECHO was normal. ECG at
this time found partial branch block; however, a second
ECG ordered in 2019 was normal. The specialist obtained
Benznidazole and donor 1 completed the full course of
treatment in 2017. Reported side effects from treatment
included general malaise and persisting peripheral neu-
ropathy two years later at the time of the interview in
2019. Donor 1 reported having no other indication of
symptomatic Chagas disease at the time of interview.

Donor 1 reported a bite exposure with inflammatory
reaction of the face suggestive of possible Romaña's sign.
This feature is pathognomonic of acute Chagas infection,
however, Romaña's was never clinically diagnosed and
the insect that bit him was not confirmed to be a triato-
mine. Other possible triatomine exposures could have
occurred during the donor's extensive outdoor activities
over many years, as sylvatic animals may attract these

insects to certain outdoor spaces. The current residence
was located in a rural area, in good condition, and
recently constructed with cement. The home was well
maintained with limited apparent possibility for easy tria-
tomine entry into the home and no evidence of triato-
mine infestation. Chickens in coops were kept
approximately 40 feet from the residence and domestic
dogs slept in an open-air kennel next to the house, both
of which might be sources of bloodmeals for triatomines.
Donor 1 reported frequent tent camping trips to the
Sierra Nevada Mountains approximately five to six times
per year. Donor 1 reported employment as a solar techni-
cian working mainly at night or before dawn. While serv-
ing in the US military, Donor 1 was stationed in both
Kentucky and Tennessee. Potential exposures in those
two states include known sylvatic cycles and/or history of
locally-acquired human cases.8 Except for his four-year
military travel history, donor 1 had lived in Central
California his entire lifetime.

3.2 | Donor 2 (BSW-007)

Donor 2 was a 67-year-old Caucasian woman living out-
side of Tucson, Arizona with a history of renal disease
and nephrectomy who tested positive for T. cruzi anti-
bodies during a routine blood donation in September

TABLE 3 Reported T. cruzi infection risk factors

Study ID BSW-001 BSW-004 BSW-007 BSW-009 BSW-020 BSW-042 BSW-043 BSW-052

Residential State(s) where exposure
likely occurred

CA CA AZ/TX AZ AZ/CA CA/TX AZ AZ/TX

Reported vector bite exposures + + � � + � � �
Known reservoir species
around home

+ + + + + � � +

Resided on open land + + + � + � � �
Ever resided in a
rural area in state
with known vector
transmission

+ + + � + + � +

Ever resided in TX � � + � � + � +

Occupational Ever worked outdoors + � � + + + � +

Ever worked outdoors at night + � � � � + � �
History of military service + � � � � + � �
Reported seeing kissing
bug around home

+ + � � + � � �

Recreational Ever hunted � � � + � � + �
Ever camped + + + + + + + +

Ever gardened � � + � � � � �
Abbreviations: AZ, Arizona; CA, California; TX, Texas.
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2010. The woman reported having seen her primary care
physician upon notification of her screening results. She
reported her physician had been aware of Chagas disease
and ordered diagnostic confirmatory tests with negative
results in 2010. Her physician did not order ECG or
ECHO and did not refer her to an infectious disease spe-
cialist. Donor 2 reported that her physician indicated
there were no available medications to treat Chagas dis-
ease, and she did not pursue or receive treatment. The
woman indicated frequent trouble swallowing, but no
other indications of symptomatic Chagas disease. Blood
samples collected at the time of interview (July 2019)
were positive on all four administered tests and ECG was
normal.

Possible domestic exposures included prior history of
living in a rural area and a 13-year history of frequent
gardening. However, donor 2 did not report ever garden-
ing at night and reported no notable hunting or camping
history. Donor 2 reported having lived in Austin, Texas
for four years, along with rural parts of the Boulder,
Colorado area.

Donor 2 lived in a small residential area outside of
Tucson surrounded by open land with a high amount of
wildlife activity. This home had stucco exterior, was built
in approximately 2006, and was in a suburban neighbor-
hood. At the time of the interview with the study team,
donor 2 reported neighbors complaining of triatomine
infestation in their homes during the months prior to the
study interview. Specifically, she reported her neighbors'
taping doors shut to prevent insect intrusion. However,
upon survey administration, donor 2 was not able to cor-
rectly distinguish triatomine insects from look-alikes.

3.3 | Donor 3 (BSW-042)

Donor 3 was a 65-year-old Caucasian man, living in
Irvine, California. At the time of interview, this donor
reported recent-onset, routine difficulty breathing when
lying down, two pillow orthopnea, and diagnosed history
of cardiac abnormality. After original donor screening
results notification in 2008, donor 3 did not seek medical
care. In 2016, he sought the care of his primary care phy-
sician for the aforementioned cardiac symptomology
onset. During that visit, his blood donor results from
eight years prior were discussed, at which point his doc-
tor referred him to an infectious disease specialist. His
medical team ordered confirmatory diagnostic testing
which yielded a positive result. He then underwent an
ECG, which was normal. Blood samples collected at the
time of the December 2019 interview had positive results
on all four administered tests and his ECG was abnormal.
Donor 3 had not received treatment but was seeking

treatment through his health care provider at the time of
the interview.

Donor 3 reported possibly having a blood transfusion
in 2013 following an accident but was not able to remem-
ber definitively. Possible domestic exposure included his
3-year history of rural residence on a livestock ranch in
San Benito, Texas where ample evidence of human
autochthonous infection in this region of the state has
been reported.28,29 Potential occupational exposures
included extensive history of in-field trainings across mil-
itary instillations in Ft Riley, Kansas; Ft. Ord, California;
Ft Irwin, California; and Fort Hood, Texas. Specifically,
donor 3 reported overnight stays for military training in
tents and in open-air in Kansas and Texas. The man also
reported having been a park ranger in the California
mountains for approximately six months.

3.4 | Donor 4 (BSW-043)

Donor 4 was a 20-year-old multiracial female from Phoe-
nix, Arizona with history of cardiac abnormality. The
woman reported intermittent difficulty breathing while
lying down, negative for two pillow orthopnea, and occa-
sional heart racing while resting. She further reported hav-
ing seen a cardiologist several times for heart palpitations,
which her cardiologist deemed normal. Upon donor
screening results notification, donor 4 visited her primary
care physician who ordered additional testing, which
yielded a negative result. No cardiac tests were ordered.

Donor 4 reported little travel outside of the Phoenix
area in her lifetime. She reported never working an agri-
cultural job and never having worked outside at night.
Donor 4 reported having RV camped approximately ten
times in her lifetime in northern Arizona. Donor 4 on
rare occasions had been bird hunting in the rural desert
with her grandfather. No further occupational or recrea-
tional exposures were reported. Reported domestic expo-
sures involved part-time living with her father in a rural
area surrounded by open desert. She reported keeping
domestic cats and dogs that were allowed outside and
inside the home. Other domestic exposure included
monthly stays on her family livestock farm in southern
Yuma County, situated on open land and surrounded by
brush and wildlife. She reported staying overnight at her
family farm and spending considerable time outdoors at
night at this location. Donor 4 mentioned frustration
with conflicting testing results, the inability to get treat-
ment, and great anxiety for the possibility of cardiac
problems later in life.

Blood samples collected during the March 2020 inter-
view yielded positive results on two of four administered
tests (Table 1). Prior blood bank test information and
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date of original positive serologic screening were not
available for Donor 4. Her ECG was abnormal with three
findings (left axis deviation, low QRS voltage, and lateral
infarct); one of which, low QRS voltage, is considered a
less specific Chagas cardiac abnormality.34

4 | DISCUSSION

This study provides evidence of eight additional locally-
acquired Chagas disease cases identified via the US blood
donor screening system. Four had detectable antibodies
by two or more tests at the time of study follow-up and
were considered confirmed cases. Though these positive
donors were identified in California and Arizona, two
confirmed donors had lived in Texas for multiple years.
Therefore, we cannot exclude the possibility that these
donors' infections were acquired in Texas, where the
majority of US-acquired cases have been identified.20,35,36

California does have a long history of sylvatic enzootic
transmission, and the reported frequency of camping and
other nocturnal outdoor activity supports the potential
for vector-borne infection in that state.37 Additional over-
lapping risk factors among these positive donors were
ever living in a rural area in a state with known vector-
human transmission and having lived on property sur-
rounded by open land (suggestive of potential exposure
to sylvatic transmission cycles). Lastly, history of military
service that included overnight field training was noted,
which has previously been described as possible vector-
borne transmission sources.9,38

Among the 8 donors with positive screening test
results in this study, only two of the eight had received
anti-trypanosomal therapy. This low number highlights
the need for greater physician awareness so that seroposi-
tive blood donors may have adequate access to diagnostic
screening tests. As blood donation screening is non-
diagnostic in nature, physician awareness and thus the
ability to receive a true diagnosis are key components in
access to treatment. Sadly, a low anti-parasitic medica-
tion rate is common for all Chagas-infected persons living
in the US,39 particularly for those without a history of
Latin American travel.12,19 Both study participants who
had received treatment (donors BSW-001 & BSW-004)
were from the same hometown in central California, sug-
gesting potentially higher physician knowledge in this
area. Interestingly, one of these individuals was seroposi-
tive by only one of the study antibody diagnostics at the
time of the study. Donor BSW-004 was a 28-year-old non-
Hispanic woman who had never traveled out of the con-
tiguous US and had lived in the same region of California
all her life.

Effectiveness of treatment is typically related to
promptness of therapy with benznidazole or nifurtimox
after initial infection. Treatment is highly effective during
acute phase infection, though limited evidence suggests
further treatment benefits to those with chronic stage
Chagas disease.40 Blood donors with confirmed indeter-
minate chronic Chagas disease would benefit from treat-
ment.41,42 Blood donor screening for T. cruzi presents a
unique clinical challenge to US physicians that are then
responsible for ordering confirmation testing, obtaining
treatment when warranted, and patient continuum of
care. Thus, positive donors would also benefit from
enhanced notification letters with recommendations for
physician follow-up. To ensure prompt treatment, physi-
cian awareness of Chagas disease should also be
increased, to minimize misinformation surrounding
Chagas disease.43–45 For example, in this investigation,
one donor reported being told no treatment was avail-
able, and another was informed that local triatomines
were not infected with T. cruzi despite contrary scientific
evidence.20

Serologic discrepancies remain a prominent hin-
drance for Chagas disease.44 As noted between Tables 1
and 2, considerable inconsistencies occurred in this
donor population across time. Prior donor screening
results were available for four donors. In two (BSW-
009 & BSW-020), detectable antibodies may have been
lost within a 3-year and 11-year interim, respectively.
Alternatively, this may be indicative that these individ-
uals were false-positive during initial blood donor testing.
The difference in results from blood donor testing com-
pared to diagnostic testing years later may be due to
clearance of parasite or possibly differences in test perfor-
mance. Clinical diagnostic test discrepancies have been
described in US patient populations which may reflect
differences in the antibody responses to the T. cruzi DTUs
causing infection in those regions.44,46 This highlights the
need for more feasible access to rigorous diagnostic test-
ing, as those used by blood centers vary both between
and within blood centers over time.

This investigation was not without limitations. The
primary limitation was the poor response rate (5%). The
majority of blood donors diagnosed with Chagas disease
in the US were detected prior to 201033 and our follow-up
study occurred nearly a decade later in 2019–2020. Sero-
positive donors are permanently deferred from donation,
and most are lost to follow-up. Given the nearly ten-year
difference between the initial diagnosis and the current
study, we theorize several donors likely never received
invitations to participate, which might have resulted
in selection bias. Next, the diagnostic tests used by US
blood banks are not available to government officials or
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academic partners, preventing study personnel from
being able to run the same tests for prospective evalua-
tion. Despite these limitations, this study has scientific
merit and adds to the limited literature on locally-
acquired Chagas disease human cases in the US.

The potential for locally-acquired Chagas disease in
the United States exists. Though cases are likely rare, it is
vital to understand the frequency and location of these
infections to further clarify vector-human transmission
dynamics across the country. Due to the neglected nature
of this parasitic infection in areas not traditionally con-
sidered endemic and lacking physician familiarity with
Chagas disease, locally-acquired cases are at particular
risk of going undetected. Further, as this manuscript
demonstrates, cases initially identified through blood
donation present unique clinical management challenges
years after initial diagnosis. In this cohort, half of the ini-
tially positive autochthonous Chagas disease blood
donors were seropositive up to a decade after the initial
seropositive diagnosis. Though clear challenges exist with
diagnostic performance, physician awareness, and treat-
ment access, treatment is possible and recommended for
the majority of individuals under 50.47

This manuscript identifies an opportunity for
enhanced blood center action in regard to T. cruzi posi-
tive donors of both US and foreign origin. Blood centers
should provide positive donors with information and
follow-up recommendations specifically with an infec-
tious disease specialist to account for the rates of low
physician awareness nation-wide.4,5 T. cruzi testing
results and deferral letters should better inform donors
of the implications of their T. cruzi positive status and
provide Chagas disease education materials. Future
qualitative analysis of blood donors is warranted to
design more effective notification letters to ensure a
proper continuum of care for all donors testing T. cruzi
positive.
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