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Background. Chagas disease (CD) is a parasitic disease
that affects ~300 000 people living in the United States. CD
leads to cardiac and/or gastrointestinal disease in up to 30%
of untreated people. However, end-organ damage can be
prevented with early diagnosis and antiparasitic therapy.

Methods. We reviewed electronic health records of
patients who underwent testing for CD at four hospital
systems in California and Texas between 2016 and 2020.
Descriptive analyses were performed as a needs assessment
for improving CD diagnosis.

Results. In total, 470 patients were tested for CD. Cardiac
indications made up more than half (60%) of all testing, and
the most frequently cited cardiac condition was heart failure.
Fewer than 1% of tests were ordered by obstetric and
gynecologic services. Fewer than half (47%) of patients had
confirmatory testing performed at the Centers for Disease
Control and Prevention.

Four major hospitals systems in California and
Texas demonstrated low overall rates of CD diagnostic testing,
testing primarily among older patients with end-organ damage,
and incomplete confirmatory testing. This suggests missed
opportunities to diagnose CD in at-risk individuals early in
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the course of infection when antiparasitic treatment can
reduce the risk of disease progression and prevent vertical
transmission.

Keywords. Chagas disease; Trypanosoma cruzi; diagnosis;
serology; United States.

Chagas disease (CD) is a neglected infectious disease caused by
the protozoan parasite Trypanosoma cruzi. An estimated 6 mil-
lion people have CD worldwide, including 300 000 living in
the United States [1, 2]. T. cruzi is transmitted primarily by
triatomine insect vectors in endemic regions of continental
Latin America, but it can also be acquired congenitally and
through organ transplantation or blood product transfusion
[1, 3-5]. Untreated T. cruzi infection leads to cardiac and/or gas-
trointestinal disease in up to 30% of infected persons [6, 7]. In the
United States, most patients present with cardiac manifestations,
given their country of origin (Mexico and Central America),
where gastrointestinal disease is rarely reported. At-risk individ-
uals should be screened as early in the course of infection as pos-
sible, as antitrypanosomal treatment can reduce the risk of
disease progression and vertical transmission.

Diagnosis of chronic T. cruzi infection is based on concor-
dant positive results by >2 distinct serologic tests [8]. The diag-
nostic workflow in the United States commonly begins with a
clinician ordering the first T. cruzi serologic assay through a
commercial reference laboratory. If the result is positive, a sec-
ond specimen should be sent for confirmatory serologic testing,
which is available through the US Centers for Disease Control
and Prevention (CDC). The CDC reference laboratory per-
forms testing by means of enzyme-linked immunosorbent as-
say, immunoblot, and indirect florescent antibody assay, if
needed for tie-breaker testing [1].

Though autochthonous transmission has been reported in
the southern United States, the vast majority of T. cruzi-
infected persons in the United States are immigrants from
endemic areas of Latin America, who are disproportionately
uninsured or underinsured and often lack regular access to
robust healthcare services [9, 10]. Most are unaware of their
risk and the need for screening, and the lack of awareness
and knowledge of CD among US medical providers may also
lead to missed or delayed diagnoses [11]. Furthermore, the
diagnostic process is challenging and time consuming for
both patients and clinicians, and patients may be lost to follow-
up while awaiting results.

The objective of this study is to describe CD diagnostic prac-
tices among healthcare providers at 4 major hospital systems in
California and Texas, which provide tertiary care and are each
associated with >400 hospital beds: the University of California
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(UC) Irvine (UCI), UC San Francisco (UCSF), UC San Diego
(UCSD), and the Harris Health System (HHS) in Houston,
Texas. Our results illustrate barriers to the identification and
testing of patients at risk for CD.

METHODS

Research teams at UCSF, UCI, UCSD, and HHS extracted and
reviewed electronic health records (EHRs) systematically for all
patients tested for CD in their respective health systems from
2016 to 2020, excluding pretransplantation screening. All sites
used standardized data collection forms. Age, sex, and ethnicity
were captured from each patient's EHR demographics.
Country of birth, travel history, and test indications were iden-
tified from provider notes. Test date, specialty of ordering pro-
vider, and test results were linked to each electronic order.

At UCSF, patients tested for CD during the review period
were identified through the clinical laboratory information sys-
tem. At UCI, UCSD, and HHS, patients were identified using
the front-end application, SlicerDicer (Epic Systems). All UC
clinical data were stored in a UCSF REDCap (Research
Electronic Data Capture) database with data user groups for
each site, and all HHS clinical data were stored in the Baylor
College of Medicine REDCap [12]. Descriptive analyses were
performed using Stata 14.2 software. Institutional review
boards at UCSF and the Baylor College of Medicine approved
this study; UCI and UCSD were approved for reliance on the
UCSEF institutional review board.

RESULTS

Between 2016 and 2020, a total 470 patients were tested for CD
at the 4 major hospital systems reviewed (Table 1). Of
California patients, 39%-52% identified as Hispanic, and 91%
identified as Hispanic at HHS. Country of birth data were doc-
umented incompletely in California (17%-38% missing) but
were available for all HHS patients.

For the 470 patients who underwent CD workup, a total of 625
individual commercial diagnostic tests were ordered (155 at
UCSF, 139 at UCSD, 40 at UCI, and 291 at HHS). Providers
who ordered CD testing were frequently in the cardiology de-
partment at all California sites and the internal medicine depart-
ment at HHS (Table 1). Gastroenterology providers ordered CD
diagnostic testing infrequently (<5% of orders). Fewer than 1%
of tests were ordered by obstetrics and gynecology providers.

Cardiac indications made up more than half of all testing in-
dications at each site, and the most frequently cited cardiac in-
dication was heart failure. The most common gastrointestinal
indications for testing were dysphagia at UCSF, UCSD, and
HHS and abdominal pain at UCI (Table 1).

Forty-seven patients (10%) had an initial positive result
by commercial serology assay (Table 2). Thirteen (28%)
underwent repeated commercial testing, and 22 (47%) had

confirmatory testing performed at the CDC. Sixteen of 22 sam-
ples (73%) sent to the CDC were confirmed positive.

DISCUSSION

Latin American immigrant communities have the highest risk
of CD in the United States [13]. Addressing this problem is
complicated by inadequate access to healthcare, complicated
diagnostic algorithms, and lack of CD knowledge and aware-
ness among US providers [8, 11].

Quantifying CD diagnostic gaps is challenging without pre-
cise estimates of underlying prevalence. However, our results
illuminate several important gaps, including (1) low volume
of CD testing among healthcare systems serving large at-risk
populations, (2) infrequent completion of confirmatory testing,
(3) predominance of testing by subspecialties managing older
patients with end-organ manifestations rather than by those
in the position to screen younger at-risk individuals who would
more likely benefit from antiparasitic treatment, and (4) lack of
comprehensive CD risk assessment and documentation in
the EHR.

The small number of patients tested (an average of 59 total
patients tested for CD per year across 3 major university health
systems in California and 44 per year in Harris County) despite
large at-risk populations served by these health centers strongly
suggests undertesting [13]. For patients who did receive CD
testing in California, 33%-40% had repeated serologic testing
at the same commercial laboratory, which does not confirm
CD when the same test is used and is therefore not recom-
mended. In contrast, providers in Texas did not order repeated
commercial testing through the same laboratory for patients
with positive screening results. Fewer than half (22 of 47) of
all patients with initial positive CD serologic results underwent
CDC confirmatory testing, possibly owing to providers’ unfa-
miliarity with the chronic CD diagnosis algorithm or to patient
loss to follow-up [8].

The types of subspecialists ordering CD testing varied by site
and were likely determined by institutional workflow standards
and setting (ie, inpatient vs outpatient), as well as individual
provider practices regarding laboratory orders. At all sites, re-
gardless of ordering provider, the most common indication
for CD testing was cardiac disease. Nevertheless, the underlying
etiology likely goes unrecognized in a large proportion of the
estimated 57000 cases of Chagas cardiomyopathy in the
United States [13]. Our findings of an older median age of pa-
tients, the specialties of ordering providers (ie, primarily cardi-
ology), and medical indications (ie, primarily heart failure or
GI disease) suggest that providers focus testing on patients
who already have characteristic end-organ damage.

The importance of testing at-risk patients as early as possible
in their lifetime should be emphasized during healthcare pro-
vider education, with the goal of treating patients with
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Table 1. Demographics and Risk Factors for Chagas Disease (CD) Among Patients Tested for CD at 4 Major Hospitals Systems in California and

Texas—2016-2020

Patients, No. (%)

Demographic Characteristics and Risk Factors UCSF (n=136) UCSD (n=123) UCI (n=35) HHS (n=176) All Sites (n=470)
Sex
Male 86 (63) 86 (70) 19 (54) 113 (64) 304 (65)
Female 50 (37) 37 (30) 16 (46) 63 (36) 116 (35)
Age at initial test, median (IQR), y 50 (36, 63) 55 (39, 63) 52 (32, 65) 41 (35, 53)
Ethnicity
Hispanic 53 (39) 64 (52) 18 (51) 60 (91) 295 (63)
Non-Hispanic 77 (57) 58 (47) 17 (49) 16 (9) 168 (36)
Declined/unknown 6 (4) 1(1) 0(0) 0(0) 7(1)
Region of birth
South America 4(3) 4(3) 0(0) 5(3) 13(3)
Central America 8 (6) 8(7) 4(11) 85 (48) 105 (22)
Mexico 22 (16) 39 (32) 6(17) 60 (34) 127 (27)
United States 35 (26) 24 (20) 14 (40) 22 (13) 95 (20)
Other 15 (9) 9(7) 5 (14) 4(2) 33(7)
Unknown 52 (38) 39 (32) 6(17) 0(0) 97 (21)
Travel history
South America/Central America/Mexico 47 (35) 28 (23) 12 (34) 27 (15) 114 (24)
Other® 14 (10) 11(9) 5 (14) 3(2) 33(7)
None/not recorded 75 (55) 84 (68) 18 (61) 146 (83) 323 (69)
Test indication®
Heart failure 34 (25) 63 (51) 13 (37) 82 (47) 192 (41)
Other cardiac® 41 (30) 16 (13) 7 (20) 26 (15) 90 (19)
Dysphagia 3(2) 5 (4) 3(9) 10 (6) 21 (4)
Abdominal pain 2(1) 1(1) 4(11) 6 (3) 13 (3)
All other 56 (41) 38 (31) 8(23) 52 (29) 154 (33)
Ordering provider®
Cardiology 66 (49) 70 (57) 13 (37) 25 (14) 174 (37)
Gastroenterology 4(3) 1(1) 1(3) 1(1) 7 (1)
Infectious diseases 10 (7) 5 (4) 4(11) 37 (21) 56 (12)
Hematology/oncology 16 (12) 16 (13) 0(0) 0(0) 32 (7)
Internal medicine 5 (4) 14 (11) 9 (26) 107 (61) 135 (29)
OB/GYN 0(0) 1(1) 0(0) 1(1) 2(0)
Other 35 (26) 16 (13) 8(23) 5(3) 64 (14)

Abbreviations: HHS, Harris Health System; IQR, interquartile range; OB/GYN, obstetrics and gynecology; UCI, UC Irvine; UCSD, UC San Diego; UCSF, UC San Francisco.
“Travel destinations documented, none of which are located in endemic regions of South America, Central America, or Mexico.
50Of initial commercial tests. The total numbers of tests and patients were 155 and 136, respectively, for UCSF, 139 and 123 for UCSD, 40 and 35 for UCI, and 291 and 176 for HHS.

Cardiac test indication other than heart failure.

confirmed CD before end-organ damage develops. Primary
care and routine perinatal testing were rare among the studied
hospital systems. Risk-based screening in the primary care set-
ting, rather than symptom-based diagnosis in specialty clinics,
affords the greatest opportunity for prevention and early inter-
vention. In addition, gynecologic and prenatal care visits pro-
vide timely opportunities to screen at-risk reproductive-age
women for CD, allowing screening of infants and other chil-
dren of infected women and early treatment of the women
themselves. Preconception treatment has been shown to de-
crease the likelihood of vertical transmission by >95% [14].
In addition to diagnostic gaps, our data show gaps in docu-
mentation that impede the identification of at-risk patients.

None of the health systems in the study mandated standard doc-
umentation of country of origin. While birth in an endemic re-
gion is an incomplete estimate of CD risk, it can help identify the
population likely to benefit from screening and, consequently,
gaps in appropriate testing. More than two-thirds of Hispanic
people in the United States were born in the continental
United States or Puerto Rico and therefore have a risk of
T. cruzi infection similar to that of other non-Hispanic US
residents [15]. As such, birth in an endemic country is a more
appropriate screening criterion for CD than Hispanic ethnicity.

The strengths of this study include involvement of multiple
major healthcare systems across two states serving large patient
populations from continental Latin America and systematic
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Table 2. Regional Associations and Outcomes Following Initial Positive Result With Commercial Assay

Initial Tests Ordered, No. (%)

Patient and Test Factors UCSF (n=136) UCSD (n=123) UCI (n=35) HHS (n=176) All Sites (n =470)
Initial test positivity 12(9) 15 (12) 6 (17) 14 (8) 47 (10)
Initial test positivity stratified by region of birth
South America 0/4 (0) 0/4 (0) 0/0 () 1/5 (20) 1713 (8)
Central America 3/8 (38) 2/8 (25) 2/4 (50) 9/85 (11) 16/105 (15)
Mexico 5/22 (23) 9/39 (23) 1/6 (17) 4/60 (7) 19/127 (15)
United States 2/35 (6) 3/24 (13) 2/14 (14) 0/22 (0) 7/95 (7)
Other 115 (7) 0/9 (0) 1/5 (20) 0/4 (0) 2/33 (6)
Unknown 1/52 (2) 1/39 (3) 0/6 (0) 0/0 (-) 2/97 (2)
Initial test positivity stratified by test indication
Heart failure 9/34 (26) 10/63 (16) 2/13 (15) 6/82 (7) 27/192 (14)
Other cardiac 3/41 (7) 2/16 (13) 3/7 (43) 3/26 (12) 11/90 (12)
Dysphagia 0/3 (0) 1/5 (20) 0/3 (0) 2/10 (20) 3/21 (14)
Abdominal pain 0/2 (0) 0/1 (0) 1/4 (25) 2/6 (33) 3/13 (23)
Other 0/56 (0) 2/38 (5) 1/8 (13) 2/52 (4) 5/154 (3)
Outcome after initial positive result®
No subsequent testing 4 (33) 6 (40) 3 (50) 7 (50)° 20 (43)
Repeated commercial testing 4 (33) 6 (40) 2 (33) 1(7)° 13 (28)
Confirmatory testing sought at CDC 6 (50)¢ 7 (47)° 3 (50)¢ 6 (43) 22 (47)
Confirmed positive by CDC testing 4 (33) 4(27) 2 (33) 6 (43) 16 (34)

Abbreviations: CDC, Centers for Disease Control and Prevention; HHS, Harris Health System; UCI, UC Irvine; UCSD, UC San Diego; UCSF, UC San Francisco.
“Percentages for outcomes are the percentage of initial positive tests. The percentage for each outcome will not add up to 100% when repeated commercial testing and CDC confirmation

were sought for the same patients. See subsequent footnotes.

SFor 3 patients, infectious diseases physician wrote that they intended to order confirmatory testing at CDC, but tests were not found in the electronic health record.

°This patient had send-out testing performed by 2 commercial laboratories using 2 different tests, which would be considered confirmatory (rather than simple “repeat” testing, which is not

confirmatory when the same test is run twice).
9Two patients had both repeated commercial testing and CDC confirmatory testing.

°Four patients had both repeated commercial testing and CDC confirmatory testing.

collection of data using laboratory information systems and
electronic health records. Limitations include possible incom-
plete capture of testing events that fell outside the 5-year study
period or were not documented in the health record (eg, CDC
confirmatory testing not uploaded to the EHR). In addition,
data on clinical setting (ie, inpatient or outpatient) and antipar-
asitic treatment were not extracted from the EHR.

Ultimately, our findings indicate that healthcare systems
serving large at-risk populations should improve CD screening
and diagnostic testing practices. Published recommendations
[15] suggest that standardized screening programs should
be implemented for the following groups: (1) patients—
particularly younger patients—reporting >6 months of resi-
dency in an endemic area or born to a mother from an endemic
area and (2) at-risk reproductive age women during prenatal
care or in primary care settings. Precedent exists for standard-
ized screening to prevent potential CD transmission events, in-
cluding widespread blood donation and allograft transplant
screening, but this is not yet the standard of care for other at-
risk patient groups.

The problem of incomplete confirmatory testing could be
addressed through clinical laboratories, which provide testing
oversight for individual healthcare systems. Laboratory direc-
tors could implement test result comments or provide clinical

consultation to ensure appropriate follow-up testing for initial
positive results. Electronic ordering systems could be used to
standardize saving serum samples for reflex testing to obviate
the need for additional blood collection when the screening
test result is positive. Such approaches are relatively simple
and inexpensive solutions that can help overcome the current
lack of confirmatory testing and patient loss to follow-up.

This study underscores widespread undertesting for CD,
particularly for at-risk people early in their lives, before irre-
versible structural sequelae develop, as well as gaps in docu-
mentation that impair identification of at-risk patients.
Future prospective studies are needed to address the magnitude
of undertesting and develop interventions to improve knowl-
edge, awareness, and diagnosis of this neglected infectious
disease.
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