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Chagas disease severe cardiomyopathy. During patient follow-up, the differential diagnosis between cardiac transplant
reactivation; rejection and Chagas disease infection reactivation remains a challenging task, which hinders rapid
endomyocardial implementation of the appropriate treatment. Herein we investigate whether polymerase chain reaction
biopsy; (PCR) strategies could facilitate early detection of Trypanosoma cruzi (T cruzi) in transplanted
heart transplantation; endomyocardial biopsies (EMBs).

molecular diagnostics; METHODS: In this study we analyzed 500 EMB specimens obtained from 58 chagasic cardiac transplant
polymerase chain patients, using PCR approaches targeted to nuclear (rDNA 24Sa) and kinetoplastid (kDNA) markers,
reaction and compared the efficiency of these approaches with that of other tests routinely used.

RESULTS: T cruzi DNA was detected in 112 EMB specimens derived from 39 patients (67.2%). The
first positive result occurred at a median 1.0 month post-transplant. Conventional histopathologic, blood
smear and hemoculture analyses showed lower sensitivity and higher median time to the first positive
result. Patient follow-up revealed that 31 of 39 PCR-positive cases presented clinical reactivation of
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Chagas disease at different time-points after transplantation. PCR techniques showed considerable
sensitivity (0.82) and specificity (0.60), with area under the receiver operating characteristic (ROC)
curves of 0.708 (p = 0.001). Moreover, PCR techniques anticipated the clinical signs of Chagas disease
reactivation by up to 36 months, with a median time of 6 months and an average of 9.1 months.
CONCLUSIONS: We found a good association between the PCR diagnosis and the clinical signs of the
disease, indicating that the PCR approaches used herein are suitable for early diagnosis of Chagas
disease reactivation, with high potential to assist physicians in treatment decisions. For this purpose, an
algorithm is proposed for surveillance based on the molecular tests.
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Chagas disease, caused by the protozoan Trypanosoma
cruzi (T cruzi), is the third most common parasitic infection
in the world after malaria and schistosomiasis, with 28,000
new cases and approximately 12,000 deaths each year in
Central and South America.'”” Increasing cases have been
reported in the United States and Europe, mainly due to
immigration,” ” generating implications not only from an
epidemiologic point of view but also for transplant centers.

In the acute phase of Chagas disease, most people present
high parasitemia, fever, and other non-specific symptoms.
About two thirds of those infected will evolve to a chronic
asymptomatic phase, which lasts throughout their lifetime. The
remaining one third will generally develop heart or gastro-
intestinal complications 10 to 30 years after the initial infection.
Of these, approximately 30% develop the chronic form of
Chagas heart disease, which can lead to heart failure or sudden
death.’

Heart transplantation is the ultimate therapeutic option
for patients with severe Chagas cardiomyopathy.” However,
the immunosuppressive treatment that accompanies trans-
plant increases the likelihood of infections, including
reactivation of Chagas disease.” '’

The main drugs used for specific anti-T cruzi treatment are
benznidazole and nifurtimox; however, due to the occurrence of
substantial side effects, the benefits of prophylactic use of these
agents in transplanted patients just before or after transplantation
remain to be determined."’

Microscopic examination of endomyocardial biopsy (EMB)
is a widely accepted method for assessment of post-transplant
myocardial injury, but differentiating between inflammation
caused by immunologic rejection and Chagas disease
reactivation is still a challenge. EMB histopathologic analysis,
blood smear examination, xenodiagnosis and hemoculture are
the methods currently used for the direct diagnosis of T cruzi
reactivation. Although highly specific, these methods have
shown low sensitivity due to low circulating parasitemia and
rare parasite nests (intracellular amastigotes) in heart tissues. In
addition, both xenodiagnosis (diagnosis via detection of
infective forms T cruzi in the feces of triatomine bugs fed
directly or indirectly on the patient’s blood) and hemoculture
take a long time to provide results.'”'® Serologic tests, on the
other hand, are useful only for seronegative patients receiving
organs from seropositive donors. Thus, it is crucial to develop
a diagnosis method that can specifically detect Chagas disease
reactivation in heart transplant patients.

We aimed to demonstrate that molecular diagnosis by
polymerase chain reaction (PCR): (i) can successfully
identify the presence of T cruzi in EMB specimens of
patients with chagasic cardiomyopathy submitted to heart
transplant; and (ii) assists in early identification of patients at
risk of developing reactivation of the infection. Ultimately,
such information would help physicians to decide whether
and at what point transplanted patients should receive
anti-7T cruzi drug treatment.

Methods

Patients and sample selection

Our study protocol complied with the Helsinki Declaration and was
approved by the institutional review board at the Universidade
Federal of Minas Gerais (UFMG). All patients provided written
informed consent.

A total of 58 consecutive adult chagasic patients were analyzed,
all of whom underwent heart transplantation in the cardiology
department of Hospital das Clinicas of the UFMG (HC-UFMG)
during the period from 2008 to 2014. Each of these patients had at
least 2 positive serology tests for Chagas disease.

Post-operative immunosuppression

All patients received standard therapy with calcineurin inhibitors
(cyclosporine or tacrolimus), mycophenolate mofetil and predni-
sone. After 6 months, prednisone was weaned whenever possible.

Post-operative EMB

EMB was performed routinely according to Costanzo et al.'* For
histopathologic study, 500 EMB specimens from all 58 patients
were examined. A minimum of 4 endomyocardial fragments, 1 to
3 mm in diameter, were harvested under sterile conditions from the
right ventricle. Two or 3 biopsy specimens were fixed in 4%
buffered formaldehyde and embedded in paraffin. The remaining
2 specimens were quick frozen.

For molecular analyses, EMB specimens were grouped into
2 categories: (1) 155 samples obtained from the sample bank of the
HC-UFMG that had been collected before beginning the present
investigation, all of which were fixed in buffered formalin and then
embedded in paraffin and then used for the retrospective analysis;
and (2) 345 samples specifically collected for this work and
preserved in absolute ethanol, then used in the prospective analysis.
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Post-transplant follow-up

After transplantation, all patients were followed regularly by a
cardiologist and the monitoring of T cruzi reactivation was
performed routinely during monthly medical visits or whenever
necessary during the first year, and then every 3 months and during
suspected clinical or laboratory-supported reactivation episodes
when there was:

1. Clinical suspicion of T cruzi reactivation, defined as signs and
symptoms similar to allograft dysfunction associated with
episodes of fever, new skin lesions, arrhythmias or new
conduction blocks on electrocardiography, left ventricular
dysfunction on echocardiography or neurologic manifestations.

2. Positive results during laboratory monitoring, as detected by
direct microscopy of blood smear, hemoculture or histopatho-
logic or PCR analysis of the EMB.

Patients suspected of clinical reactivation underwent the
following: skin biopsy in the presence of skin lesions; EMB if
myocarditis was suspected; computed tomography scan; magnetic
resonance imaging of the brain and cerebrospinal fluid analysis in
the presence of neurologic manifestations; and myelogram or bone
marrow biopsy in cases of suspected bone marrow involvement.

Detection of parasitemia in serial samples or presence of
amastigotes in the implanted heart or other tissues confirmed
reactivation.

Six patients died during the study: one due to acute graft failure,
two due varicella pulmonary or cytomegalovirus infections, and
two of unknown causes. Only one death was related to reactivation
or complications associated with Chagas disease, and the cause of
death was suspected to be neurologic reactivation of Chagas. No
other loss occurred.

Diagnostic techniques

Histopathology

The degree of cellular rejection each the specimen was graded
according to International Society for Heart Transplantation
criteria.'>'® At least 15 sections, stained with hematoxylin and
eosin, from each endomyocardial or skin biopsy were carefully
examined for inflammatory reaction and parasite nests.

Hemoculture

Peripheral blood (30 ml) was collected into sodium heparin tubes
and centrifuged at 4°C to harvest the plasma. The packed cells
were washed twice by centrifugation at 4°C in liver infusion
tryptose (LIT) medium, distributed among 6 tubes containing 3 ml
of LIT, and incubated at 28°C in a biochemical oxygen demand
incubator. Procedures were done in sterile conditions and
processed <6 hours after blood was drawn. All tubes were mixed
gently once per week and examined by microscopy, searching for
motile trypanosomes once per for up to 3 months.

Blood smear

Blood smears were prepared from fresh ethylene-diamine tetra-
acetic acid (EDTA)-anti-coagulated blood. At least 400 micro-
scopic fields (1,000x magnification) were examined before the
sample was declared free of the parasite.

Molecular diagnosis of T cruzi

Preparation of T cruzi genomic DNA

DNA extraction was performed using tissue kits (QIAamp DNA
FFPE or QIlAamp DNA Mini Kit; Qiagen, Valencia, CA) for
paraffin-embedded and fresh EMB specimens, respectively,
according to the manufacturer's instructions.

As a control procedure and to verify DNA integrity after
extraction, a polymorphic region of the human genome was
amplified by PCR using the primers MID-768-F (5-CATTAC-
CAGTAGAGTGGGGA-3") and MID-768-R (5"-CTATGCCC-
TACTGGATCTAGG-3"), as described by Weber et al.'"” A pool
of human DNA was used as positive control and only the reagents
of the PCR constituted the negative control.

Mitochondrial DNA PCR

T cruzi DNA detection was accomplished by specific amplification
of a 330-bp fragment corresponding to the variable region of the
mitochondrial (kDNA) minicircle. Each reaction with a final
volume of 20 ul was composed of 1.5 mmol/liter MgCl,, Green
Go Taq buffer (Promega, Madison, WI), 250 mmol/liter
of each deoxynucleotide triphosphate, 1 mmol/liter of primers
S35 (5-AAATAATGTACGGGKGAGATGCATGA-3") and S36
(5-GGTTCGATTGGGGTTGGTGTAATATA-3"),'" 1 U Go Taq
Flexi DNA polymerase (Promega) and 3 ul of total extracted DNA.

Reaction conditions were initial denaturation at 94°C for
5 minutes, followed by 35 cycles of annealing at 60°C, extension at
72°C, denaturation at 94°C for 1 minute for each step and a final
extension to 10 minutes. Five microliters of each PCR product was
subjected to electrophoresis in 6% polyacrylamide gel and then
silver stained.'” DNA of T cruzi JG strain was included as a
positive control and the negative control comprised all PCR
reagents without DNA addition.

Real-time PCR of 24Sa rDNA

The protocol was performed as described by Freitas and colleagues
based on a hemi-nested PCR amplification of the D7 region of
24Sa ribosomal DNA (rDNA),”” followed by identification of the
products using real-time PCR denaturation curves. In the first
round of amplification, 5 pl of the total extracted DNA was used as
template and D75 (5-CAGATCTTGGTTGGCGTAG-3") and D72
(5-TTTTCAGAATGGCCGAACAGT-3")*' as primers. A second
round was performed in real time (ABI7900; Applied Biosystems)
using SYBR Green PCR Master Mix (Applied Biosystems),
primers D71 (5"-~AAGGTGCGTCGACAGTGTGG-3")*' and D72
and 2 pl of the first PCR product as template. DNA of T cruzi JG
strain and clone Coll.7G2 were included as positive control,
whereas components of the PCR reaction with no DNA were used
as negative control.

Primers used in both molecular methodologies were designed to
match conserved regions of parasite DNA, being able to amplify
the target DNA in all T cruzi populations.

Statistical analysis

The kappa index was calculated to evaluate the correlation between
the 2 PCRs used for molecular diagnosis. Values >0.75 were
considered indicative of excellent agreement, 0.75 to 0.40 as good
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to reasonable and <0.40 as poor.
statistically significant.

The MEepCaLc program was used to build receiver operating
characteristic (ROC) curves, according to DeLong et al.”> For
analysis of specificity, sensitivity and area under the ROC curve,
positive results (from PCR or histopathology analyses) were
denoted by 1 and negative results by 0, with >0 selected as the
criterion value. We used the clinical manifestation of patients as the
“gold standard” reference. Significant p-values (p < 0.05)
indicated that that area under the ROC curve could statistically
distinguish positive and negative groups.

p < 0.05 was considered

Results

Using 2 molecular approaches and conventional histopa-
thology, we analyzed 500 samples of EMB specimens
collected from 58 chagasic patients submitted to heart
transplantation at the HC-UFMG. Some of these patients
also had samples analyzed by hemoculture and blood smear.
Clinical follow-up was completed in all of the patients.

Molecular analysis

Using a conventional PCR targeted to T cruzi kDNA, we
identified the positive samples by the presence of 330- and
660-bp bands, which correspond to 1 or 2 contiguous

variable regions of the minicircles (Figure 1A). We also
performed quantitative PCR to amplify the T cruzi rtDNA
24Sa, and used the melting-curve program to distinguish the
infected tissues qualitatively. The positive results were those
presenting high amplification peaks with a melting temper-
ature (MT) between 76° and 81°C, whereas the negative
results and unspecific products showed irregular peaks
exhibiting MT outside of this range (Figure 1B).

Thirty-nine of the 58 patients assessed (67.2%) were
positive on at least 1 of the 2 molecular tests performed at
different time-points post-transplant. Considering the results
from both methods, on average, these positive patients took
3.1 = 4.4 months post-transplant (median 1 month) to show
their first positive EMB, with a range of 7 days to 20 months
(Table 1).

We compared the sensitivity of the 2 molecular ap-
proaches in detecting T cruzi DNA in the EMB specimens.
Although kDNA PCR proved to have greater sensitivity
compared with rDNA 24Sa quantitative PCR (102 positive
samples from 36 patients vs 73 samples from 30 patients,
respectively), there was good correlation between the results
generated by both approaches, as demonstrated by the
correlation index kappa = 0.663 and p < 0.001. Moreover,
a combination of the techniques was essential to diagnose
all of the positive samples. Using only kDNA PCR, 3 (10%)
of the 30 infected patients would be misidentified as
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Representative results of the PCR techniques. (A) Amplification of variable 330/660-bp regions of the T cruzi kDNA minicircle

from endomyocardial biopsies of heart transplant patients: 1 to 12: EMB specimens of patients, where 4 showed positive amplification
products; 13: DNA from 7 cruzi JG strain (positive control); 14: no DNA template (negative control). MW, standard molecular weight (1-kb
Plus DNA Ladder; Invitrogen). (B) Dissociation curves obtained by the melting curve program for the rDNA 24Sa gene from biopsies of
heart transplant patients. (I) Unspecific peaks obtained from negative EMB specimens in contrast to negative controls (without DNA).
(II) Typical peaks derived from T cruzi DNA of JG (TcIl) and Col1.7G2 (Tcl) populations (positive controls). (III) Peaks obtained from

positive EMB specimens in contrast to positive controls.
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Table 1  Percentage of Positive Results and Time After Transplantation of the First Positive Result (Average and Median Times) for
Each Test.

Test Number of patients Positive patients Average time (months) Median time (months)
Molecular diagnostic (EMB) 58 65.5% 3.1 £ 4.4 1.0

Histopathology (EMB) 58 17.2% 11.6 * 11.07 5.5

Blood smear 42 26.2% 3.5 = 2.87 3.0

Hemoculture 29 20.7% 6.8 = 5.11 6.5

EMB, endomyocardial biopsy.

negatives, whereas the exclusive use of rDNA 24Sa
quantitative PCR would fail to detect the T cruzi in 25%
of the kDNA-positive patients (Table 2).

Other parasitologic analyses

All 500 EMB specimens were also submitted to histopatho-
logic analysis, where T cruzi was found in 10 patients
(17.2%) at 11.6 = 11.07 months post-transplant (median
5.5 months) (Table 1).

Some patients were further submitted to direct analysis of
blood smear exam (89 samples from 42 patients) and
hemoculture (50 samples from 29 patients). Although these
analyses were performed after patients presented the first
clinical signs of Chagas disease reactivation, only 26.2%
and 20.7% of patients analyzed were positive for blood
smear or hemoculture, respectively, on direct examination.
On average, these techniques were able to detect T cruzi
after 3.5 or 6.8 months post-transplant, respectively
(Table 1).

Molecular analyses and clinical follow-up
comparison

During follow-up of all 58 patients, 38 presented with
clinical reactivation of Chagas disease at different
time-points post-surgery. The main clinical signs were
skin lesions (panniculitis with 7 cruzi amastigotes) and

Table 2 Comparison of Contingency of Results for 2 PCR
Methods of Molecular Diagnostics of T cruzi Reactivation After
Heart Transplant.

rDNA quantitative PCR

kDNA PCR Positive Negative
Samples® Positive 63 39

Negative 10 388
Patients” Positive 27 9

Negative 3 19

#Number of endomyocardial biopsy specimens from heart transplant
patients with chagasic cardiopathy presenting positive or negative
results for the polymerase chain reaction (PCR) methods tested
(kappasamples = 0.668, p < 0.001, chi-square test).

"Number of heart transplant patients with chagasic cardiopathy
presenting positive or negative results for the PCR methods tested
(kappapatients = 0.653; p < 0.001, chi-square test).

myocarditis. Two patients presented with signs of neuro-
logic reactivation of Chagas disease.

Patients performed, on average, 5 post-transplant echo-
cardiograms during the study period. The mean of left
ventricular ejection fraction (LVEF) in these exams was
64% (21% to 87%). LVEF >50% may be considered
normal or preserved and <50% may be considered reduced.
Only 9 of the 58 patients presented at least 1 echocardiogram
with LVEF <50% and no link between reduction of LVEF
and chagasic reactivation was detected.

Despite the aforementioned findings, there was a good
association between the PCR results and clinical reactiva-
tion of the disease, as 31 of the 38 patients with clinical
reactivation (81.6%) also showed positive results for at least
1 of the molecular tests (Figure 2).

Taking together the results of both PCR techniques, the
molecular assay used presented considerable sensitivity
(0.82) and specificity (0.60). In contrast, only 10 of the 38
(26%) patients with Chagas disease reactivation were
diagnosed by histopathologic analysis of their EMB,
showing lower sensitivity (0.26). Areas under the ROC
curve for molecular and histopathologic assessment of
EMBs from all 58 patients were 0.708 and 0.632,
respectively (Figure 3A).

When we compared the results obtained only from those
patients who underwent all 4 diagnostic methods (29 of 58
patients), the molecular diagnosis showed a sensitivity of
0.79, whereas histopathology, blood smear and hemoculture

Clinical reactivation of Chagas disease

Present

Absent

Positive

8

Molecular
diagnostic

Negative 7 1 2

Figure 2 Comparison of reactivation results between clinical
and PCR molecular diagnostic procedures using EMB specimens
(paraffin-embedded or fresh biopsies) from heart transplant patients
with chagasic cardiopathy. (1) “True positive; °false positive; “false
negative; dtrue negative; (2) N = 58; (3) total number of positive
tests (a + b) = 39; (4) total number of clinical reactivations
(a+ c) = 38.
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Figure 3 ROC curves for different diagnosis approaches compared with clinical reactivation of Chagas disease. (A) Molecular diagnosis

and histopathologic analysis of 500 EMB specimens from 58 patients (B) Molecular diagnosis, histopathologic analysis, blood smear and
hemoculture of samples from 29 patients. Criterion >0 (positive = 1, negative = 0); AUC, area under the receiver operating characteristic

(ROC) curve (p < 0.001).

showed sensitivities of 0.32, 0.37 and 0.26, respectively.
The areas under the ROC curves for this subgroup of
patients for molecular diagnosis, histopathology, blood
smear and hemoculture were 0.695, 0.658, 0.684 and
0.582, respectively, indicating that the molecular method
described herein is more efficient at detecting T cruzi in
patient samples (Figure 3B).

To assess whether both PCR methodologies could
equally anticipate the clinical diagnosis of Chagas disease
reactivation, we performed a retrospective study in which
we analyzed EMB specimens embedded in paraffin blocks
from patients transplanted at least 5 years early. For this
analysis, the first 6 biopsies of 24 patients were compared
with clinical data regarding disease reactivation (Table 3). In
general, the sooner the biopsy samples showed PCR-
positive results, the earlier the clinical reactivation of the
disease occurred. Patients who had clinical reactivation
before 1 year post-transplant had the first positive biopsy
<1 month after surgery. The combined PCR techniques
could anticipate the clinical signs of Chagas disease
reactivation by 1.5 to 36 months, with a median time of
6 months (9.1 months, on average). When using only 1 of
the molecular techniques, the average time increased to
9.8 or 10.9 months, with a median of 6 months and
8.5 months for kDNA PCR and 24Sa quantitative PCR,
respectively. These data suggest that both molecular
diagnostics proposed can successfully anticipate Chagas
disease reactivation.

Taken together, our results allowed us to propose the
algorithm illustrated in Figure 4 for managing chagasic
patients submitted to EMB after heart transplantation. This
algorithm aims to help physicians decide when and which
treatment to adopt, considering that differential diagnosis of
clinical rejection and/or Chagas disease reactivation remains
a challenge. The algorithm also represents a simple and
logical way to follow-up patients with positive or negative
results for histopathologic analysis of EMB, molecular
diagnosis and/or clinical signs of Chagas disease reactivation.

Different combinations of positive results for these parame-
ters can indicate cases for specific anti—T cruzi treatment (we
found 46 patients in this situation). Inflammation of the
cardiac tissue associated with consistently negative results of
reactivation of T cruzi infection suggests transplant rejection
(12 of our patients belong to this group). On the other hand, a
lack of inflammation of cardiac tissue, absence of clinical
signs and negative histopathologic and PCR findings would
suggest a cure of chagasic myopathy, or at least well-
controlled cardiac Chagas disease; however, no patient in our
study fit this description (Figure 4).

Discussion

Heart transplantation is a valuable therapeutic tool for
patients with severe cardiac Chagas disease. However,
determining whether inflammatory signs present in EMB
specimens of these patients are due to heart rejection and/or
T cruzi infection reactivation is a difficult task. This is
attributable to several factors: (i) inflammatory infiltrates
found in EMB as result of Chagas disease reactivation are
similar to those triggered by cardiac transplant rejection”*;
(i1) parasite nests are rarely found by histopathologic
examination””; (iii) conventional parasitologic methods
have low sensitivity due to low parasitemia observed in
the chronic phase of disease’®; and (iv) serologic tests are
not useful except for monitoring seronegative patients
receiving organs from seropositive donors. Therefore,
developing a molecular method able to detect Chagas
disease reactivation in transplanted patients would clearly
help to overcome all of the aforementioned shortcomings.
PCR-based methods have increasingly been used for
Chagas disease diagnosis, being considered more sensitive
than pathologic analyses. The main targets of PCR assays are
satellite or minicircle DNA,ZL3 3 both of which are present in
multiple copies in the genome of the parasite genome.””**
Several studies have shown that amplification of
the variable region of T cruzi minicircle KDNA, the same
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Table 3
With Chagasic Cardiopathy.

PCR Analysis of T cruzi Obtained From the First 6 Endomyocardial Biopsies Performed After Heart Transplantation of 24 Patients

Date of clinical reactivation of

kDNA and rDNA PCR results/days after transplant®

Patient no.*  Chagas disease” 7 14 21 28 45 60
1 Several episodes of reactivation B i £ - - _
2 months = 4 - - _ 4+ f
3 2 months - +9 = = - -
4 3 months i aut - 4 +f _
5 3 months = i - 49 - -
6 4 months A 4 - - - +d
7 4 months = = - i _ i
8 6 months A A iy - - 4+
9 6 months = = = - - -
10 9 months = ol i - - +d
11 10 months = = +9 iC Wi 44
12 17 months = ol = i 4d +f
13 18 months = = = - - _
14 20 months = = - _ _ 4 f
15 20 months - = = - - -
16 36 months A - - d _ +d
17 No clinical reactivation (died from pulmonary +9 S - i = A
infection and varicella)
18 No clinical reactivation (death from unknown causes) - - o - i 4
19 No clinical reactivation 4 = A +f - -
20 No clinical reactivation 4 o 4 A 4 af
21 No clinical reactivation = = = - - -
22 No clinical reactivation = = = - - -
23 No clinical reactivation = = = - - -
24 No clinical reactivation - = = - - -

“Representative number of heart transplant patients.

PDate of clinical reactivation (months post-transplant).

“Biopsies performed 7, 14, 21, 28, 45 and 60 days post-transplant.
dpositive results for kDNA PCR and rDNA 24S quantitative PCR.

®Negative results for both diagnostic methods used (applies to all “-” cites in table).

fpositive result only for PCR kDNA.
9IPositive result only for rDNA 24S quantitative PCR.

we used here, is very specific for detection of this
parasite,”””* 77 yet others have argued against this
specificity.

The usefulness of PCR techniques to specifically
evaluate for the presence of T cruzi in EMB specimens
has also been addressed in various studies.”””"*" How-
ever, all of these studies were conducted with small sample
sizes (EMB specimens and patients) and short follow-up
periods, which may have interfered with the findings. For
instance, kDNA PCR was disallowed as a diagnosis strategy
in a previous work, as some patients without clinical signs
of Chagas disease reactivation were positive for this marker.
However, because these patients were followed-up for only
12 months, it was not possible to conclude whether these
discrepant data represented false positive PCR results or
anticipation of clinical reactivation of the disease.”’

To solve the debate about the usefulness of PCR to
diagnose T cruzi reactivation in EMB specimens of heart
transplant patients, we used a combination of kDNA PCR
and rDNA 24Sa quantitative PCR in a larger sample for
comparison with previous studies. Thus, our strategy not
only increased the statistical power, but also the sensitivity,

3840

without losing the specificity of these methods, as we
observed a good association between the molecular and
clinical diagnoses of Chagas disease reactivation. For
instance, a total of 352 EMB specimens obtained from 47
patients had inflammation without nesting of T cruzi, as
revealed by conventional histopathologic analysis, which
could be understood as indicative of rejection. However, T
cruzi DNA was detected by PCR in 76 EMB specimens
obtained from 29 of these patients, 21 of whom also
presented clinical signs of Chagas disease reactivation at
different time-points post-transplant. These data support the
utility of the molecular tests employed herein to diagnose
Chagas disease reactivation from biopsies of heart transplant
patients with chagasic cardiopathy.

Analysis of the first 6 follow-up EMBs by kDNA PCR
and rDNA 24Sa quantitative PCR revealed that our strategy
was able to anticipate clinical diagnosis of Chagas disease
reactivation by up 36 months (median time of 6 months).
Thus, we suggest that inclusion of these molecular tests in
the clinical routine would help physicians to decide whether
and when to introduce anti-Chagas therapy, as revealed
by the algorithm proposed. This decision is important due
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58 patients

EMB in chagasic transplanted patients

Inflammation +
57 patients
[

WITH T. cruzi
amastigote nest
10 patients

WITHOUT T. cruzi
amastigote nest
47 patients

Suggestive of cardiac
transplant rejection
Continuous

Inflammation -
1 patient
[

WITH T. cruzi

amastigote nest
0 patient

WITHOUT T. cruzi

amastigote nest
1 patient

WITHOUT signs of
rejection/
reactivation

Continuous
Y Y Y monitoring

Indicative of specific treatment for T. cruzi

Figure 4 Proposed algorithm for managing chagasic patients submitted to EMB. Number of patients associated to each box represents the
number of cases observed in the present study. CDR, Chagas disease reactivation; EMB, endomyocardial biopsy.

to the delicate health and immunologic status of most heart
transplant patients after surgery.

Since 2008, we have followed 58 patients enrolled in this
study by analyzing their EMB samples through the PCRs
described. Two groups of positive patients were identified:
(1) those with positive molecular diagnosis accompanied by
clinical signs of Chagas disease reactivation (n = 31); and
(ii) those with a positive molecular diagnosis but without
signs of clinical reactivation (n = 8). The first group
supports the suitability of this molecular strategy in the
setting of Chagas disease reactivation. At first sight, the
second group could represent false positives. However,
because the PCRs employed here seem able to anticipate the
clinical diagnosis, it is possible that these “false positives”
are in fact patients who will present clinical manifestations
of Chagas disease reactivation in the future. For these
patients, continuous monitoring can confirm the benefit of
early introduction of anti-Chagas drugs.

In conclusion, in this study we have evaluated the use of
PCR for early diagnosis of Chagas disease reactivation in
EMB specimens from heart transplant patients with chagasic
cardiopathy. We found that the PCR techniques used can be
employed as a valuable tool for differential diagnosis
between parasite reactivation and cardiac transplant rejec-
tion. Also, this strategy succeeds in anticipating the
diagnosis of clinical reactivation by up to several months.
The relevant aspects of the proposed molecular diagnosis
are its good sensitivity and specificity and its time
efficiency. Indeed, the time required for reaching a PCR

diagnosis is less than that required for standard parasitologic
methods.

Future studies comparing the outcomes of chagasic heart
transplant patients treated with anti-Chagas drugs based
exclusively on the positive PCR result versus those treated
only when patent parasitemia or clinical manifestations of
reactivation are detected may confirm the clinical value of
the proposed management strategy. We believe that
implementation of this PCR diagnosis in the clinical setting
will help physicians to determine the point at which heart
transplant patients should begin receiving anti-chagasic
drugs, a decision that will ultimately contribute to the well-
being and survival of these patients.
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