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Abstract

Since an initial case in 2006, we noted multiple patients undergoing heart transplantation

(HTx) for Chagas cardiomyopathy (CC) at our transplant program. The clinical characteristics,
laboratory results and outcomes of patients with CC undergoing HTx in the United States have
not been reported previously. In 2010, we implemented a systematic screening and management
program for patients undergoing HTx for CC. Before HTX, all patients with idiopathic dilated
cardiomyopathy who were born in a Chagas disease endemic country were screened for
Trypanosoma cruzi (TC) infection with serology. After HTx, monitoring for TC reactivation

was performed using clinical visits, echocardiography, endomyocardial biopsy and serial whole
blood polymerase chain reaction (PCR) testing. Between June 2006 and January 2012, 11 patients
underwent HTx for CC. One patient was empirically treated due to the presence of TC amastigotes
in explanted cardiac tissue. Two patients experienced allograft dysfunction due to TC reactivation
and three patients experienced subclinical reactivation (positive PCR results), which were treated.
Chagas disease is a common cause of dilated cardiomyopathy in patients from endemic countries
undergoing HTx at a transplant program in the United States. Reactivation is common after
transplantation and can cause adverse outcomes.
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Introduction

Chagas disease is a major cause of end-stage cardiomyopathy in Mexico, South America
and Central America, with current estimates of 7.7 million persons infected in 18
countries (1). Patients with Chagas cardiomyopathy (CC) have a higher mortality when
compared with other etiologies of cardiomyopathy (2); thus, it is a common indication
for heart transplantation (HTx) in endemic countries where this therapy is available.
Given the potential for reactivation of the causative agent Trypanosoma cruzi (TC) with
immunosuppression, CC was initially considered to be a relative contraindication to HTx
(3). Subsequently, studies have shown that the outcome after HTx for CC is acceptable
(4), and as such it is now performed routinely, but requires close clinical and laboratory
monitoring for TC reactivation (5).

The true prevalence of Chagas disease in the United States is unknown. A recent study
estimates that there are 300 000 persons with chronic Chagas disease in the United States,
resulting in 30 000-45 000 cases of CC (6). Although locally acquired infection continues
to be identified in the United States (7), the vast majority of cases occur in patients born

in endemic countries who immigrate to the United States (6). Because this population is
underserved, and physicians in the United States have a poor awareness of Chagas disease
(8), CC is likely underdiagnosed (9). HTx for CC has been previously reported in isolated
cases in the United States (3,10). Since an initial case in 2006, we have noted multiple
patients undergoing HTx for CC at our program. Given this, as well as recently published
recommendations for posttransplant monitoring (5), we performed a comprehensive analysis
of our series of patients undergoing HTx for CC at a transplant program in the United States.

Materials and Methods

Study population and design

We identified all patients undergoing a first heart transplant alone at our program between
June 26, 2006 (date of transplant for patient 1) and January 10, 2012 (date of transplant
for patient 11) with a positive serology result for TC infection. Laboratory follow-up

was assessed on May 7, 2012, and clinical follow-up was assessed on September 19,
2012. Patients 3 and 4 were lost to follow-up in the posttransplant period, so clinical and
laboratory data are incomplete. This study was performed under protocol #22311 of the
Cedars-Sinai Medical Center Institutional Review Board.

Clinical protocol

Detailed methods are available in the Supplemental Materials and Methods section
available online. Briefly, maintenance immunosuppression consisted of tacrolimus and
mycophenolate mofetil. Prednisone was weaned by month 6 except in patients with
sensitization or rejection. Patients who were treated for TC reactivation received nifurtimox
or benznidazole as per published recommendations (11).
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Since 2010, all patients undergoing HTx for idiopathic dilated cardiomyopathy at our
program who were born in a Chagas disease endemic country (5) were screened for TC
infection with serology as part of a systematic screening and management program. Our
strategy for pretransplant screening and posttransplant management of TC infected patients
is detailed in Table 1. Serological testing for TC infection was performed on serum using a
whole epimastigote immunofluorescence assay (IFA) at Focus Diagnostics (Cypress, CA) or
the Centers for Disease Control and Prevention (CDC; Atlanta, GA). CDC also performed
an enzyme-linked immunosorbent assay (EIA) to detect antibody to TC (Chagatest ELISA
recombinante v.3.0; Wiener Laboratorios, Rosario, Argentina) on samples tested at their
facility. After transplantation, clinical monitoring for reactivation comprised of: (1) serial
visits with evaluation for symptoms/signs of allograft dysfunction, fever, new skin lesions

or arrhythmia; (2) electrocardiography (ECG) with evaluation for new conduction blocks
and (3) echocardiography to assess for new left ventricular dysfunction. Changes compatible
with Chagas disease in any of these were considered as clinical suspicion of reactivation

of TC infection. Laboratory monitoring for reactivation comprised of: (1) microscopy of

a buffy coat blood sample for TC; (2) endomyocardial biopsy (EMB) to assess for the
presence of amastigotes and (3) whole blood testing by polymerase chain reaction (PCR)
for TC at the Reference Diagnostic Laboratory of the Division of Parasitic Diseases and
Malaria at CDC (methods described in Ref. (12)). Laboratory-confirmed reactivation was
defined as detection of parasitemia on serial samples or parasites in the implanted heart

in chronically infected transplant recipients. Patients with positive blood PCR results on
serial samples posttransplant but no other symptoms or signs of reactivation were considered
suspected reactivation cases. All laboratory-confirmed reactivation cases were treated, while
the decision to treat suspected reactivation was made on a case-by-case basis following
discussions with the Parasitic Diseases Branch at CDC (SPM, YQ, TB).

Identification of Chagas cohort

Between June 2006 and January 2012, 405 patients received a first heart transplant alone at
our program. Of these, 31 patients were born in a Chagas disease endemic country (Figure
1). Eleven of 31 patients had either ischemic or amyloid cardiomyopathy and therefore did
not undergo serological testing for TC. The other 20 patients were born in a Chagas disease
endemic country, had dilated cardiomyopathy, and underwent serological testing for TC. CC
was identified in 11 of these patients by serological testing (Table 2). This group represented
35.5% of the 31 patients who were born in an endemic country and underwent first heart
transplant alone during the study period or 55% of the 20 patients from Chagas disease
endemic countries who were undergoing transplant for dilated cardiomyopathy. All 11 CC
patients were classified as New York Heart Association class IV at the time of evaluation
for HTx and none had symptoms or signs of gastrointestinal Chagas disease. Serological
testing for TC infection was performed prior to organ donation on 4 of 11 donors; results
were negative in all cases.
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Of the 11 patients, only 2 were referred for transplantation with a diagnosis of CC

(patients 3 and 4), which had been identified in their home country prior to immigration.
The other nine cases were identified during the pre- or posttransplant period. Patient

1 was diagnosed with TC infection posttransplant when he presented with clinical

signs of reactivation, which prompted serological testing. Patient 2 was identified after
transplantation through systematic screening for TC infection, which was instituted after
his date of transplant. Patient 5 initially tested negative on pretransplant serology for TC
infection, but developed TC reactivation after transplantation. Additional serological testing
performed on pretransplant serum at CDC was positive, indicating the initial test result was
false-negative.Patients 6-11 were diagnosed via systematic screening during pretransplant
evaluation.

Clinical characteristics

The clinical characteristics of the Chagas cohort are summarized in Table 3. As compared to
a cohort of 107 patients with CC that underwent HTx in Brazil (4), the Chagas cohort had
an older mean age (55 vs. 43 years) and more women (55% vs. 29%). More patients were
treated with inotropes or had a ventricular assist device (VAD) in place (73% vs. 47%). All
patients in the Chagas cohort had an implantable cardioverter defibrillator (ICD) in situ as
compared to 10% in the Brazilian cohort.

Echocardiographic characteristics

Mean ejection fraction (EF) was severely depressed at 19%. However, right ventricular
function was less severely depressed, with a median value of mild dysfunction. Severe left
ventricular dilatation and thinning was present, with an average left ventricular internal
diastolic dimension index of 46.2 mm/m? and a posterior wall thickness of 8.0 mm. Mitral
regurgitation was present in all cases and was severe in 6 of 11 (54.5%). One patient had a
left ventricular apical aneurysm by echocardiography (Table 4).

Clinical and laboratory monitoring for TC reactivation

Two patients experienced clinical signs and symptoms of TC reactivation after
transplantation (Table 5). Neither of these patients had been diagnosed with TC infection
prior to transplant. Patient 1 had an uneventful course until 216 days posttransplant when
he presented with symptomatic allograft dysfunction (EF 45%). EMB samples showed

the presence of TC amastigotes. He was treated with nifurtimox and has had no further
clinical and no PCR evidence of reactivation and is doing well 6 years after transplantation.
Patient 5 also had an uneventful course until 100 days posttransplant when he presented
with symptomatic high-degree atrioventricular block and underwent pacemaker placement.
He then presented 14 days later with symptomatic allograft dysfunction (EF 45%). EMB
samples showed the presence of TC amastigotes. Treatment with benznidazole was initiated,
but unfortunately, the patient developed cardiogenic shock and died 4 days later.

Patient 3 was empirically treated for TC reactivation with nifurtimox posttransplant due to
the presence of TC amastigotes in her explanted cardiac tissue. Patients 3 and 4 were lost
to follow-up at 730 and 895 days posttransplant and therefore did not undergo whole blood
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PCR testing for TC. Neither patient exhibited clinical or laboratory evidence (assessed by
EMB alone) of TC reactivation.

Seven of the patients in the Chagas cohort were followed posttransplant with serial testing
of whole blood samples using PCR (Table 5). Three patients had persistently negative PCR
results and no evidence of clinical reactivation. Of these, two patients remained healthy as
of the end of the follow-up period (patients 2 and 6), and one patient (patient 7) died of
sudden cardiac arrest of unknown etiology 45 days posttransplant. Serial PCR testing was
initially negative and then turned positive (in at least one sample) in four patients at an
average of 22.8 days posttransplant. Based on positive PCR results indicating an increase

in parasitemia in serial whole blood samples, treatment with benznidazole was initiated in
three of these four patients (patients 8, 9 and 10). These three patients are alive at follow-up
with persistently negative PCR results after treatment. Patient 11 had low reactive positive
PCR results on one sample and subsequent samples tested negative; therefore, this patient
did not have sufficient evidence of reactivation and treatment was not initiated. None of
these seven patients developed allograft dysfunction (EF < 50%) by echocardiography in the
posttransplant period.

Survival outcome

The median follow-up time for the Chagas cohort was 1.1 years. Overall survival at 30 and
180 days after transplantation was 100% and 82%. Survival in the five patients with, and six
patients without, confirmed that TC reactivation was 80% and 83% at clinical follow-up.

Discussion

Here we report the clinical characteristics and survival outcomes of our series of patients
undergoing HTx for CC in the United States. As a result of instituting systematic screening,
we found Chagas disease to be a common cause of dilated cardiomyopathy in patients from
endemic countries undergoing HTx at our program. This high prevalence may be attributable
to the large immigrant Hispanic population in Southern California and the relatively high
rate of infection in persons from certain endemic countries, such as El Salvador (6).

Given the potential for reactivation after transplantation (13), universal screening for TC
infection in all patients born in a Chagas disease endemic country and undergoing transplant
evaluation for dilated cardiomyopathy is indicated.

Serological testing methods for chronic TC infection, such as the whole epimastigote IFA
and Chagatest ELISA used in this study, have a sensitivity and specificity of 95% or greater
(14), but are imperfect. We observed that patient 5 had a single negative whole epimastigote
IFA for TC infection at a commercial laboratory before transplantation, and then developed
fulminant TC reactivation after transplantation. Repeat serological testing performed on
pretransplant serum at CDC was positive for TC infection. This diagnostic failure highlights
the importance of following guidelines that clinical diagnosis utilize two serological assays
with different formats and TC antigen preparations (15). It is important to note that the
reagents for whole epimastigote IFA are not standardized, and therefore the sensitivity of
this assay is variable (16).
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Testing of potential organ donors for chronic TC infection is of paramount importance due
to the risk of donor-transmitted infection. In our series, 4 of 11 organ donors underwent
testing for TC infection. Given a seroprevalence of TC infection of approximately 0.02%
in blood donors and 0.2% in organ donors in Southern California (17,18), universal testing
is necessary to prevent donor-transmitted TC infection, which led to the death of two heart
transplant recipients in 2006 (19). The most common reason for omission of TC testing in
our cohort was that the Organ Procurement Organization (OPO) did not routinely perform
TC testing, even on at-risk donors. Recent data indicate that only 19% of OPOs in the US
perform TC testing (20).

We found that CC patients in our cohort had clinical characteristics that differed from those
of a cohort of patients with CC undergoing HTx in the Chagas disease endemic country

of Brazil. Our Chagas cohort had higher utilization of inotropes/VVADs, ICDs, as well as

a lower mean EF. We surmise that our Chagas cohort had more advanced CC than the
Brazilian cohort. We speculate that this may be due to the high utilization of electrical (ICDs
and cardiac resynchronization therapy) and ventricular support devices in our Chagas cohort
that provided cardiac support until the time of HTx.

Reactivation of TC infection is a major concern after HTx for CC because of the risk of
allograft dysfunction (13). We identified reactivation in five patients (45%), detected by
clinical signs of reactivation with accompanying allograft dysfunction by echocardiography
in two cases, and whole blood PCR testing in three patients. The TC reactivation rate

in our cohort is higher than the rates of 21-39% that have been reported by transplant
centers in Brazil (4,13,21). This difference is likely due to the use of the more potent
immunosuppresive agents tacrolimus and mycophenolate mofetil in the United States, as
compared to predominant use of cyclosporine and azathioprine in Brazil. Mycophenolate
mofetil in particular has been associated with a higher rate of TC reactivation (21,22), which
was used in all patients in the Chagas cohort.

Given the high frequency of TC reactivation after HTx for Chagas disease, both in our
study and in those from Brazil, a strategy of universal “prophylactic” treatment with
antitrypanosomal therapy after transplantation seems appealing. However, several pieces

of data indicate that universal treatment is neither necessary nor appropriate. First, not all
patients undergoing HTx for Chagas disease will experience TC reactivation posttransplant,
as demonstrated by our data. Next, the currently available PCR test is sufficiently sensitive
to detect TC reactivation before complications such as allograft dysfunction develop. In
our series, in the three cases where TC reactivation was detected by PCR testing of

whole blood samples, no clinical symptoms were apparent at the time of detection and

no further TC-related complications occurred. Both antitrypanosomal agents have significant
side effects and are poorly tolerated (23), so treatment should only be undertaken when
indicated. Finally, it is important to note that treatment does not result in “cure” of chronic
TC infection (23), and as such transplant recipients will continue to require lifelong TC
monitoring.

The limited follow-up time in this study makes comparison to other series difficult.
However, 82% of our Chagas cohort was alive at 6 months posttransplant, as compared
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to about 70% at 1 year posttransplant in the study by Fiorelli et al (24). In our series, one
patient died of TC reactivation and one patient without suspected reactivation died suddenly
45 days posttransplant. We cannot rule out arrhythmia due to TC reactivation in this case, as
no autopsy was performed. As compared to the series of 117 and 107 cases of HTx for CC
from Brazil reported by Fiorelli et al (4) and Bocchi and Fiorelli (25), our cohort had lower
perioperative mortality but a higher incidence of TC reactivation and TC-related mortality.

This study is limited by several factors inherent to a small case series. First, the patients in
the Chagas cohort were all referred for HTx, and therefore are not likely to be representative
of patients with less severe Chagas heart disease in the community. Second, the limited
follow-up time and lack of a control group in our study precluded a comparison of long-term
survival and other complications, such as non-TC infection and rejection between patients
undergoing heart transplant for CC as compared to other etiologies. Analysis of these
complications in the future will be important in order to improve the outcome of patients
undergoing HTx for CC.

In conclusion, Chagas disease is a common cause of dilated cardiomyopathy in patients in
the United States who were born in a Chagas disease endemic country and are referred for
HTx. Systematic screening of all patients with dilated cardiomyopathy who were born in a
Chagas disease endemic country is imperative. Reactivation is common after transplantation
and unless detected and treated appropriately is likely to cause adverse outcomes. Routine
clinical and laboratory monitoring is therefore essential to reduce the risks of reactivation in
this group of patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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First heart transplant (alone)
June 2006 to January 2012
405 Patients

1

31 Were born in a Chagas disease
endemic country

Page 10

>
A\
20 With dilated cardiomyopathy
>
\/

11 With positive T. cruzi serology

CHAGAS COHORT

10 With ischemic cardiomyopathy
1 With amyloid cardiomyopathy

9 With negative T. cruzi serology

8 Diagnosed before
transplant

3 Diagnosed after
transplant

Figure 1: Flowchart for identification of the Chagas cohort.
Four hundred five patients received a first heart transplant alone at our program between

June 2006 and January 2012. Thirty-one patients were born in a Chagas disease endemic
country. Twenty patients were identified as having dilated cardiomyopathy. Eleven of these
20 (55%) were found to have a positive serology for TC. Of the 11 patients, 8 were
diagnosed with TC infection prior to HTx and 3 were diagnosed after HTx (patients 1, 2 and

5).
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Table 3:
Clinical characteristics of the Chagas cohort?
Chagas cohort
(n=11)

Mean age at transplant 55.4 + 7.8 (55.6)
Female 6 (55%)
Mean body mass index (kg/m?) 21.3£3.8(21.3)
History of hypertension 2 (18%)
History of diabetes mellitus 3 (27%)
ICD device /in situ 11 (100%)
CRT device /n situ 8 (73%)
Sudden cardiac death or VT requiring device therapy 5 (46%)
History of VT ablation 2 (18%)
Mean duration of heart failure at transplant (years) 6.3+2.8(6.3)
Inotropic support at transplant 5 (45%)
VAD in place at transplant 3(27%)
Mean ischemic time (h) 39+14(33)
PRA > 10% 3 (27%)
Mean donor age (years) 34.6 £12.1 (33.5)

Values are mean plus/minus standard deviation (median) for continuous variables or number (percentage) for categorical variables.
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ICD, implantable cardioverter defibrillator; CRT, cardiac resynchronization device; VT, ventricular tachycardia; VAD, ventricular assist device;

PRA, panel reactive antibody.
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Table 4:

Pretransplant echocardiographic parametersl

Chagas cohort

Parameter (n=11)
Ejection fraction (%) 19+5
Right ventricular dysfunction (0-4) 1(0,2)
LVID dimension (mm) 724+94
LVID dimension index (mm/m?) 46.2+5.6
Interventricular septal thickness (mm) 72+21
Left posterior wall thickness (mm) 8.0+17
Left atrial dimension (mm) 447+7.4
Tricuspid regurgitation severity (0-6) 2(1,4)
Right ventricular systolic pressure (mmHg) 37.0+£22.2
Mitral regurgitation severity (0-6) 6 (2, 6)
Left ventricular apical aneurysm 1 (9%)

Values are mean plus/minus standard deviation except for the ordinal variables of right ventricular function, tricuspid regurgitation severity and
mitral regurgitation severity, which are median (interquartile range).

LVID, left ventricular internal diastolic.
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