
HIV and Chagas Disease: An Evaluation of the Use of Real-Time Quantitative Polymerase
Chain Reaction to Measure Levels of Trypanosoma cruzi Parasitemia in HIV Patients in

Cochabamba, Bolivia

Melissa J. Reimer-McAtee,1* Carolina Mejia,2 Taryn Clark,3,4 Jules Terle,5 Monica J. Pajuelo,4,6 Jeanne Cabeza,7 Meredith H. Lora,8

Edward Valencia,6 Rosario Castro,9 Daniel Lozano,9 Caryn Bern,10 Faustino Torrico,9 and Robert H. Gilman4
1Division of Infectious Diseases, University of Texas Health ScienceCenter, McGovern School ofMedicine, Houston, Texas; 2Colectivo de Estudios
Aplicados y Desarrollo Salud y Medio Ambiente, Cochabamba, Bolivia; 3Department of Emergency Medicine, SUNY Downstate Medical Center/
Kings County Hospital Medical Center, Brooklyn, New York; Biomedical Research Unit, Asociaci�on Ben�efica PRISMA, Lima, Peru; 4Johns Hopkins
Bloomberg School of Public Health, Baltimore,Maryland; 5Department of EmergencyMedicine, Louisiana State University, NewOrleans, Louisiana;

6Laboratory of Infectious Diseases, Departamento de Ciencias Celulares y Moleculares, Facultad de Ciencias y Filosof�ıa Universidad Peruana
CayetanoHeredia, Lima, Peru; 7South American Program inHIV Prevention Research, David Geffen School ofMedicine, University of California Los
Angeles, LosAngeles, California; 8EmoryUniversity School ofMedicine, Atlanta,Georgia; 9FacultaddeMedicina, UniversidadMayor deSanSim�on,

Cochabamba, Bolivia; 10University of California in San Francisco, San Francisco, California

Abstract. This cross-sectional study evaluated epidemiologic characteristics of persons living with HIV (PWH) coin-
fected with Trypanosoma cruzi in Cochabamba, Bolivia, and estimated T. cruzi parasitemia by real-time quantitative poly-
merase chain reaction (qPCR) in patients with and without evidence of reactivation by direct microscopy. Thirty-two of the
116HIVpatients evaluatedhadpositive serology for T. cruzi indicative of chronic Chagas disease (27.6%). Sixteenof the 32
(50%) patients with positive serology were positive by quantitative polymerase chain reaction (qPCR), and four of the 32
(12.5%) were positive by direct microscopy. Themedian parasite load by qPCR in those with CD41, 200 was 168 para-
sites/mL (73-9951) compared with 28.5 parasites/mL (15–1,528) in those with CD41$ 200 (P5 0.89). There was a signif-
icant inverse relationship between the degree of parasitemia estimated by qPCR from blood clot and CD41 count on the
logarithmic scale (rsBC5 –0.70, P5 0.007). The correlation between T. cruzi estimated by qPCR1 blood clot and HIV viral
loadwas statistically significantwith rsBC5 0.61,P5 0.047. Given the significantmortality of PWHandChagas reactivation
and that 57%of our patientswithCD41 counts, 200 cells/mm3 showedevidenceof reactivation,wepropose that screen-
ing for chronic Chagas disease be considered in PWH in regions endemic for Chagas disease and in the immigrant popu-
lations in nonendemic regions. Additionally, our study showed that PWH with advancing immunosuppression have higher
levels of estimated parasitemia measured by qPCR and suggests a role for active surveillance for Chagas reactivation with
consideration of treatment with antitrypanosomal therapy until immune reconstitution can be achieved.

INTRODUCTION

Chagas disease is caused by infection with the protozoan
parasite Trypanosoma cruzi and is endemic to Latin America,
particularly Bolivia.1 The estimated global prevalence of infec-
tion is 6million persons, and70million remain at riskof vector-
borne infection.1 Bolivia has the highest prevalence of T. cruzi
infection in theworld,with an estimatednational prevalence of
6%1 and a prevalence of 30% in adults aged 20 to 60 years in
communities near Cochabamba, where the current studywas
conducted.2 Since the first reports in Bolivia in 1985, infection
with HIV increased to an estimated 19,000 persons living with
HIV in 2016, with an estimated incidence of 1,100 new cases
per year.3 Thus, coinfection with HIV and T. cruzi are likely
substantial in Bolivia and have the potential to increase if the
HIV epidemic is not controlled.3

Chagas disease ismost often transmitted through the feces
of the triatomine vector; however, transmissionby intravenous
drug use, transfusion of contaminated blood products, trans-
plantation of organs from infected donors, and congenital
transmission are also possible.4 There are three phases of
Chagas disease infection: the acute phase, chronic phase,
and reactivation. The acute phase is rarely diagnosed
because patients often have mild, nonspecific symptoms
that resolve after 4 to 8 weeks; parasitemia can be detectable

microscopically during the acute stage. The chronic phase is
diagnosed by detection of IgG antibodies to T. cruzi by serol-
ogy. Although parasites may be detected in the blood by
quantitative polymerase chain reaction (qPCR) intermittently
and at low levels, the sensitivity of microscopic examination
for trypomastigotes is too low for reliable diagnostic use dur-
ing the chronic phase of illness. The conventional definition
of reactivation is the recurrence of visible parasitemia by
microscopy. Reactivation occurs only in an immunosup-
pressed host and has been reported in patients living with
HIV, in post–organ transplant and stem cell transplant
patients, in cancer patients on chemotherapy, and in patients
receiving immunomodulatory agents for systemic lupus ery-
thematosus, rheumatoid arthritis, and similar conditions5–9

Symptomatic reactivation in patients with HIV is usually
associated with severe clinical manifestations with mortality
ranging from 64% to 79%.10,11 Reactivation most often
presents with central nervous system involvement (CNS;
74%), suchasmeningoencephalitisorCNSchagoma,ormyo-
carditis (17%).12 There are reports of successful treatment
with benznidazole, highlighting the need to identify at-risk
patients.8,11

InfectionwithT. cruziandother intracellular protozoanpara-
sites leads todownregulation of T-cell function andapoptosis,
which may contribute to a decrease in CD41 counts and
increasing parasitemia, as well as the increased mortality
seenwithHIV–T. cruzi coinfection.14 Fewstudies havedirectly
compared this relationshipamongparasitemia,CD41counts,
andviral loads in patients coinfectedwithHIV andT. cruzi.15,16

Our aim is to further characterize this relationship using real-
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time qPCR and demonstrate the trends of clinical signs and
symptoms of both ambulatory and hospitalized patients at
varying levels of CD41 counts in patients with and without
reactivation.

METHODS

Study design. This was a cross-sectional observational
study in which we evaluated each patient and obtained sam-
ples for laboratory analysis during one encounter. In hospital-
ized patients, clinical information was recorded for the
duration of the hospitalization. The study took place in the
city of Cochabamba, Bolivia, from January 2011 to December
2011. Cochabamba is located on a high altitude plain (8,432')
and has a population of 600,000.17 Hospitalized patients were
recruited from the infectious diseases ward of Hospital
Viedma, the public hospital associated with Universidad de
San Simon. Ambulatory patients were recruited from the hos-
pital’s clinic and from Centro Departamental de Vigilancia y
Referencia (CDVIR), a public HIV clinic separate from
the university.
Inclusion criteria included patients seeking care at a partic-

ipating facility, known HIV infection confirmed by Western
blot, age 18 years or older, and ability to give consent. If the
patient was unable to consent, a patient’s family member
was able to give informed consent. The patient’s history was
provided by the patient or a family member; chart review eli-
cited relevant clinical information; echocardiogram (ECG)
and Mini-Mental Exam were performed by the study team.
Institutional review board approval was obtained from

Fundaci�on Ciencia y Estudios Aplicados Para el Desarrollo
en Salud y Medio Ambiente (CEADES) in Cochabamba,
Bolivia, and Asociaci�on Ben�efica PRISMA in Lima, Peru.

Sample collection and analysis. Blood was drawn from
eachpatientanddivided intosamplesofwholeblood fordirect
microscopy and qPCR, blood clot for qPCR, and serum for
serological testing.
Immediately after collection, guanidine was added to the

sample of whole blood with ethylenediaminetetraacetic acid
in a 1:1 ratio. Sampleswerebrought to theCEADES laboratory
in Cochabamba for direct observation microscopy and serol-
ogy tests (recombinant ELISA, conventional ELISA, and hem-
agglutination). The microhematocrit concentration method
was performed before microscopic examination. Six heparin-
ized capillary tubes were filled with peripheral venous blood
sample and centrifuged in a microhematocrit centrifuge at
12,000 rpm for 5 minutes. After centrifugation, the buffy coat
within the capillary tubes was observed under the light micro-
scope. The samples reported as positive hadone to three par-
asites per high power field observed at magnification 4003.
The samples for qPCRwere stored at –20�Cat aCEADES lab-
oratory in Cochabamba and transported 1 to 12 months after
collection to a laboratory at Universidad Peruana Cayetano
Heredia in Lima, Peru, for qPCR.
Diagnosis of chronic Chagas disease was made if samples

were positive by two of the three serology tests in accordance
withWHOcriteria forchronicChagasdisease.18 Thediagnosis
ofChagas reactivationwasmade if trypomastigotes ofT. cruzi
were visualized by direct microscopy by the microhematocrit
method described earlier.
DNAwas extracted following a standard phenol-chloroform

protocol.19 Real-time quantitative (q)PCR was performed on

the basis of previously publishedmethods,20 with a fewmod-
ifications (Supplemental File 1). All laboratory workers were
blinded from results of clinical evaluations, and technicians
whoperformed theqPCRassayswereblinded to theserologic
results.
ECG abnormalities included as potentially caused by Cha-

gas disease were bradycardia (, 60 beats/min), first- or
second-degree heart block, right bundle branch block, left
anterior fascicular block, atrial fibrillation, and atrial flutter.
Patientswere evaluated for cardiomegaly onchest radiograph
defined by cardiothoracic ratio . 50% on PA film. Score of
, 25 on the Folstein’s Mini-Mental Status Exam met criteria
for mild cognitive deficit,# 20 or less for moderate cognitive
deficit, and# 10 or less for severe cognitive deficit.21

Data were entered into Excel, and the analysis was carried
out in STATA/IC version 10.1 (Stata Corp LP, College Station,
TX).Continuousvariablesweredescribedasmedianand25 to
75 percentiles because they were not normally distributed.
Categorical variables were described as absolute or relative
frequencies. For continuous variables, medians were com-
pared using Mann-Whitney test. For categorical variables, x2

test or Z-test was used, and Fisher’s exact test was used for
the comparison of two proportions. The correlation between
estimated parasitemia by qPCR (number of parasites per mil-
liliter) and CD41 count (in the logarithm scale), as well as
correlation between parasitemia by qPCR and HIV viral load
were estimated through the Spearman’s rank correlation
coefficient.

RESULTS

One hundred sixteen patients were recruited and had a
blood clot sample processed by qPCR. Sixty patients (52%)
also had a sample of whole blood processed by qPCR.
Thirty-seven percent of patients were female, the median
agewas32, and 47%were hospitalized.MedianCD41 count
was 139cells/mm3with amedianHIV viral load of 56,645 cop-
ies/mL. 38%of all patientswere onantiretroviral therapy (ART)
for longer than one week at the time of enrollment. The most
common antiretroviral regimens in these patients were either
lamivudine, tenofovir disoproxil fumarate, and efavirenz or
lamivudine, zidovudine, and efavirenz (Table 1).
Thirty-two of the 116 HIV patients (27.6%) were positive by

T. cruzi serology, which included 11 of the 55 hospitalized
patients (20.0%) and 21 of the 61 ambulatory patients
(34.4%) (Table 2).
Four of the 32 T. cruzi serology–positive patients (12.5%)

were positive by direct microscopy. Each of these with reacti-
vation had CD41 counts , 100 cells/mm3, were male, and
aged 20 to 30 years. All were diagnosed with HIV at the time
of diagnosis of Chagas reactivation. Each had some form of
neurologic symptoms, although nonspecific in three of the
cases.
Reactivation patient #1 presented to the hospital withwors-

ening headache, right-sided discoordination with inability to
walk without assistance, and altered mental status. He was
found to have papilledema on exam. Computed tomography
(CT) of the brain showed a large, edematous lesion in the right
posterior fossa. ECG showed right bundle branch block.
Direct microscopy revealed one to three trypomastigotes of
Trypanosoma cruzi per high power field. qPCR ofwhole blood
estimatedmoderate parasitemia at 35 parasites/mL; qPCRby
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blood clot was negative. Benznidazole and antiretroviral ther-
apy were initiated for treatment of Chagas reactivation and
HIV.Thepatient improvedclinicallywith resolutionofhishead-
ache after 1 week and was able to walk with a normal gait
before leaving the hospital on day 30. Repeat head CT before
discharge from the hospital showed resolving brain lesion.
Reactivation patient #2 was treated with benznidazole and
was doing well at the time of discharge. Reactivation patients
#3 and #4 were also coinfected with tuberculosis; patient #3
was started on antitrypanosomal therapy but died before
hospital discharge.Patient #4 refusedantitrypanosomal treat-
ment and left against medical advice with a likely poor out-
come (Table 3).
Sixteen of the 32 (50%) seropositive patients were positive

by qPCR by blood clot, whole blood, or both. Patients with
positive qPCR were less likely to be on ART than those with
negative qPCR (P 5 0.013). There was no statistically signifi-
cant association between positive qPCR with CD41 count
or HIV viral load. However, there were trends toward higher
HIV viral loads in patients who were qPCR positive versus
qPCR negative. qPCR-positive patients trended toward

reporting fever and weight loss and had statistically signifi-
cantly higher incidences of reported headaches (Table 4).
Of thosewhowerepositivebyqPCR,higherparasiteburden

estimated by qPCR was associated with lower CD41 counts
and higher HIV viral loads (Table 5). There was a significant
negative correlation between CD41 counts and degree of T.
cruzibyqPCR in the logarithmic scale.Of thoseqPCRpositive
by blood clot, the correlation of estimated parasitemia to
CD41 count was rsBC5 –0.70, P 5 0.007; and qPCR1 by
whole blood (N 5 6) was rsWB5 –0.91, P 5 0.002 (Figure 1).
Those with CD41, 200 had median parasite load 168 para-
sites/mL (range 73–9,951), compared with median parasite
load 28.5 (range 15–1,528) in patients with CD41. 200 cop-
ies/mm3 (P5 0.89).
Although not statistically significant, the median HIV viral

load was higher in patients with higher parasite loads (Table
5). The correlation between T. cruzi estimated by qPCR posi-
tivity in blood clot (N5 11) and HIV viral load was statistically
significant with rsBC 5 0.61, P5 0.047 (Figure 2).
Of the 32 patients with T. cruzi–positive serology, 20 had

both a sample of blood clot and whole blood processed by

TABLE 2
Patient characteristics by Trypanosoma cruzi serology status

T. cruzi serology positive patients*
(n 5 32)

T. cruzi serology negative patients*
(n 5 84) P value

Female 17 (53%) 26 (31%) 0.027†
Median age, years (IQR) 34.5 (26.5-48) 31.5 (25-38) 0.221§
No. hospitalized patients 11 (34.4%) 44 (52.4%) 0.083†
No. ambulatory patients 21 (65.6%) 40 (47.6%)
Lived in an infested home 25 (78.1%) 46/83 (55.4%) 0.025†
Family member with Chagas 10 (31.3%) 7/83 (8.4%) 0.002†
Patients on ART for . 1 week 15 (46.9%) 29 (34.5%) 0.220†
Median CD41 count (cells/mm3) 210 (48–482) 130 (64–295) 0.464§
Median HIV VL (copies/mL) 7,208 (206–203,750) 71,113 (5,427–335,556) 0.170§
Patients with HIV VL , 100 copies/mL 5/24 (20.8%) 10/63 (15.9%) 0.751‡
Patients with HIV VL . 100,000 copies/mL 8/24 (33.3%) 28/63 (31.7%) 0.486†
ECG findings that could be attributed to Chagas 7 (21.8%) 16/80 (20%) 0.984†
Cardiomegaly on chest X-ray 3/22 (13.6%) 3/55 (5.5%) 0.226‡
Mild or moderate cognitive deficits 6 (18.8%) 16/79 (20.3%) 0.86†
T. cruzi positive by qPCR 16 (50%) 2/84 (2.4%) , 0.001†
ART5 antiretroviral therapy; ECG5 echocardiogram; IQR5 interquartile range; qPCR5 quantitative polymerase chain reaction; VL5 viral load.
*T.cruzi–infectedversus–uninfectedstatuswasdeterminedbypositive result in twoof threeserology tests (conventionalELISA, recombinantELISA,andHemagglutination inhibition test).Datawitha

denominator that is less than the group n represent data thatwere not available or not collected.
†Chi2 test.
‡Fisher’s exact test.
§Mann-Whitney test.

TABLE 1
Patient characteristics of hospitalized and ambulatory patients

All enrolled patients (N 5 116) Hospitalized patients (n 5 55)
Ambulatory patients

(n 5 61) P value

Female (%) 43 (37.1%) 15 (27.3%) 28 (45.9%) 0.038†
Median age, years (IQR) 32 (25–41.5) 33 (26–41) 31 (25–42) 0.574*
Pts on ART for . 1 week (%) 44 (37.9%) 12 (21.8%) 32 (52.5%) 0.001†
Patients diagnosed with HIV within the

month before enrollment
35 (30.1%) 29 (52.7%) 6 (9.8%) , 0.001

Median CD41 count, cells/mm3 (IQR) 139 (63–330) 64 (21–121) 277 (135–460) , 0.001*
Median HIV viral load (copies/mL) 56,646 (2,863–277,072) 118,816 (13,072–436,942) 9,437 (62–158,497) 0.005*
Lived in infested home 71/115 (61.7) 29/54 (53.7%) 42 (68.9%) 0.095†
Family member with Chagas 17/115 (14.8%) 7/54 (13%) 10 (16.4%) 0.605†
Cardiomegaly on chest X-ray 6/77 (7.8%) 3/53 (5.7%) 3/24 (12.5%) 0.300†
Mild or moderate cognitive deficit 22/111 (19.8%) 13/50 (26%) 9 (14.8%) 0.139†
Positive T. cruzi serology 32 (27.6%) 11 (20.0%) 21 (34.4%) 0.083†
T. cruzi positive by qPCR 16 (13.8%) 6 (10.9%) 10 (16.4%) 0.710†
ART5 antiretroviral therapy; IQR5 interquartile range; qPCR5 quantitative polymerase chain reaction; T. cruzi5 Trypanosoma cruzi.
*Mann-Whitney test.
†Chi2 test.
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qPCR.Nine of these (45%)were qPCRpositive by at least one
of the two tests, and 11 (55%) were negative by both tests.
Three (15%) were qPCR positive only by blood clot, and two
(10%) were qPCR positive only by whole blood. The agree-
mentof qualitative resultsbetweenqPCRbyclot andbywhole
blood was 75% and the kappa index was 0.432.
Of the four patients with reactivation by direct microscopy,

twohadveryhigh levels ofT. cruzi (.1,000parasites/mL) esti-
mated by qPCR of clot and by whole blood; however, two
patients with reactivation had no parasites detected by
qPCR of clot and only moderate levels T. cruzi estimated by
whole blood (, 40 parasites/mL).
Two patients that had negative serology and negative

direct microscopy were positive by qPCR by blood clot
(patients A and B). Patient A was qPCR negative from whole
blood sample; patient B did not have a sample of whole
blood collected.

DISCUSSION

This study is oneof few that examines levels ofT. cruzipara-
sitemia by qPCR in HIV patients with andwithout reactivation,
according to the conventional definition of visible parasitemia
by direct microscopy.15

The prevalence of reactivation by microscopy among con-
firmed T. cruzi serology–positive patients in our study was
12.5%. Two other longitudinal studies in Brazil reported a
cumulative incidence of reactivation of 15% to 21% over 38
to 65months.10,15 Our study only examined evidence of reac-
tivation at one point in time and included ambulatory patients
with higher CD41 counts, both of which likely contributed to
our lower prevalence of reactivation. In our study, 57% (4/7)
of T. cruzi qPCR-positive patients with CD41 counts , 200
cells/mm3 had evidence of reactivation, and 67% (four of
six) of thosewithCD41 counts,100cells/mm3 hadevidence
of reactivation. The risk of reactivation seen with lower CD41

TABLE 3
Patients with Chagas reactivation by direct microscopy

n Sex Age (yrs)
CD41

(cells/mm3) VL (copies/mL)

qPCR
blood clot

(parasites/mL)

qPCR
whole blood
(parasites/mL) ECG Neurologic symptoms Other diagnoses Outcome

1 M 22 52 689,568 0.00 34.94 RBBB HA, left-sided
weakness; space
occupying lesion
on CT

Possible
toxoplasmosis

Discharged on
benznidazole

2 M 27 15 6,705 9,951.48 21,462.13 Normal Syncope, nausea,
dizziness

Gastroenteritis,
community-acquired
pneumonia, esopha-
geal candidiasis

Discharged on
benznidazole

3 M 26 29 317,789 0.00 9.28 Normal Fever, nausea,
vomiting

Miliary TB Died in the hospital,
secondary to
Chagas vs. miliary
TB

4 M 26 3 237,684 3,264.64 1,492.53 Normal Headache, fever,
confusion,
nausea, dizziness

Pulmonary TB, Anemia,
gastroenteritis

Refused treatment,
left hospital against
medical advice

CT5 computed tomography; ECG5 echocardiogram; HA5 headache; IQR5 interquartile range; M5male; qPCR5 quantitative polymerase chain reaction; RBBB5 right bundle branch block;
TB5 tuberculosis; VL5 viral load.

TABLE 4
Patient Characteristics of patients with positive Trypanosoma cruzi serology divided by those with and without detectable T. cruzi by qPCR*

qPCR1 patients
(n 5 16)

qPCR– patients
(n 5 16) P value

Female 10 (63%) 7 (44%) 0.288†
Median age, years (IQR) 28 (22–42) 41.5 (30–53) 0.073†
Hospitalized (vs. ambulatory) 6 (38%) 5 (31%) 0.710†
Patients on ART for . 1 week 4 (25%) 11 (69%) 0.013†
Fever 8/16 (50%) 6/16 (38%) 0.361†
Weight loss 9/16 (56%) 5/16 (31%) 0.143†
Headache 11/16 (69%) 5/16 (31%) 0.038†
Mean body mass index (SD) 21.6 (19.1–26.6) 23.8 (22.0–26.0) 0.176‡
Median CD41 count, cells/mm3 (IQR) 231 (29–393) 176.5 (86.5–505.5) 0.635‡
CD41 , 100 cells/mm3 6/15 (40.0%) 4 (25%) 0.458†
CD41 , 200 cells/mm3 7/15 (47%) 8 (50%) 0.578†
Median HIV VL, copies/mL (IQR) 7711 (2706–237,684) 3235 (53–169,815) 0.385§
Patients with HIV VL , 100 copies/mL 2/13 (15%) 3/11 (27%) 0.630§
Patients with HIV VL . 100,000 copies/mL 5/13 (38%) 3/11 (27%) 0.679§
ECG findings that could be attributed to Chagas disease 3 (19%) 2 (13%) 0.500§
Cardiomegaly on chest X-ray 3/14 (21%) 0/8 (0%) 0.273§
Mild or moderate cognitive deficits 4 (25%) 2 (13%) 0.365§
Reactivation 4 (20%) 0 (0%) 0.051§

ART5 antiretroviral therapy; ECG5 echocardiogram; IQR5 interquartile range; qPCR5 quantitative polymerase chain reaction; VL5 viral load.
*Positive qPCR includes those that were positive by either blood clot or whole blood.
†Chi-square test.
‡Fisher’s exact test.
§Mann-Whitney test.
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counts and the fact that Chagas reactivation has a mortality
rate of 64% to 79%10,11 highlight the risk of morbidity and
mortality of patients with uncontrolled HIV coinfected with T.
cruzi.
When we look at estimates of parasitemia as detected by

qPCR, 50% of the seropositive patients were positive by
qPCR, much higher than the 12.5% seen by microscopy.
Of those qPCR-positive, higher estimated levels of parasite-
mia by qPCR were associated with lower CD41 counts and
higher HIV viral loads. There was a statistically significant
negative correlation between CD41 counts and degree of
estimated parasitemia by qPCR. qPCR-positive patients
had more fever, weight loss, headaches, decreased body
mass index, hospitalizations, and increased cognitive defi-
cits compared with qPCR-negative patients. Previous stud-
ies have suggested poor sensitivity of direct microscopy for
reactivation and demonstrated that quantifiable parasitemia
of T. cruzi by qPCR in immunosuppressed patients pre-
ceded the syndrome of Chagas reactivation by direct
microscopy.15,22–24 A similar finding of increased sensitivity
of qPCR compared with direct microscopy has been
described in congenital Chagas disease,25 and qPCR has
been described as the method of choice for diagnosis of
congenital Chagas when resources are available.26 These
studies call into question whether direct microscopy should
continue to be the criteria for the diagnosis of Chagas reac-
tivation in immunosuppressed patients.

On the basis of our findings here and those previously dis-
cussed, it seems plausible that Chagas coinfection in HIV
patients is a spectrum, where qPCR-positive patients who
are asymptomatic potentially progress until symptomatic
and positive by direct microscopy. Once patients are positive
by direct microscopy and symptomatic, mortality is high,
ranging from 64% to 79%.10,11 In HIV patients, rising levels
of T. cruzi estimated by qPCR may be the first sign that a
patient will progress to symptomatic reactivation, as has
been reported in transplant patients.22–24

DetectingChagas reactivation earlier byqPCRcouldpoten-
tially allow for patients’ treatment to be optimized, although it
is unclear at what level of qPCR positivity warrants antitrypa-
nosomal therapy or if initiation of antiretroviral therapy (ART)
would be sufficient. Although an argument could be made
for starting antitrypanosomal therapy in all HIV patients found
to be coinfected with T. cruzi, we must also keep in mind that
benznidazole is not a benignmedication, and it is possible that
initiation of ART for immune reconstitution would cause the
Chagas to subside to a chronic infection. Additionally, it is
important to acknowledge that qPCR positivity could be tran-
sient and come with little clinical significance at low levels
given that De Freitas et al. noted 51% of their asymptomatic
HIV-negative patients to have qPCR positivity.13 In a symp-
tomatic patient, however, treating with benznidazole before
immune reconstitution is achieved, especially in a patient
with CNS lesions, could be lifesaving. Whether benznidazole

TABLE 5
Clinical characteristics of patients with positive quantitative polymerase chain reaction divided by estimated parasite load

Parasite load . 100 parasites/mL (n 5 7) Parasite load , 100 parasites/mL (N 5 9) P value

Median HIV viral load 63,494 (4,698–237,684) 7,711 (68–317,789) 0.668
Median CD41 count 48 (8–393) 284 (92–430) 0.164
Hospitalized (vs. ambulatory) 4 (57%) 2 (22%) 0.152
Fever 6 (85.7%) 2 (22%) 0.012
Headache 5 (71%) 6 (67%) 0.838
Weight loss 5 (71%) 4 (44%) 0.280
Body mass index , 20 4/6 (67%) 0 (0%) 0.011

FIGURE 1. Scatterplot of estimated parasitemia by quantitative polymerase chain reaction (blood clot and whole blood) by CD41 count.
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should be initiated in all HIV patients coinfected with T. cruzi
and a certain level of qPCR positivity, a combination of
qPCR positivity and signs/symptoms consistent with Chagas
reactivation, or only in patients with microscopy results con-
sistent with Chagas reactivation is a question that remains
unanswered. We express concern that waiting to start antitry-
panosomal therapyuntil a patient is at thestageof reactivation
by direct microscopy comes with a high risk of morbidity and
mortality. Additionally, we are concerned that a substantial
number of patients living with HIV and Chagas reactivation
may be misdiagnosed as having another opportunistic infec-
tion with a similar clinical picture, such as toxoplasmosis.
Weencourageclinical teams toconsider thediagnosisofCha-
gas reactivation in anypatientwithprofound immunosuppres-
sion that has lived in a region endemic to Chagas disease and
is requiringhospitalization. Thesuspicion forChagas reactiva-
tion should be increased with neurologic signs or symptoms.
Once a clinician arrives at the diagnosis of Chagas disease

and the decision is made to treat with benznidazole, another
unansweredquestion iswhether ARTshouldbe started simul-
taneously or should be delayed for a certain period of time.
There have not been reports of immune reconstitution syn-
drome clearly described in patients with Chagas disease
started onART, but there is a theoretical risk present. All treat-
ment decisions are complicated by the fact that many of the
symptoms of Chagas disease are nonspecific and can be
caused by HIV itself or other opportunistic infections. At this
time, management decisions regarding HIV patients coin-
fected with T. cruzi should be made with the complexities of
each case considered. The level of immunosuppression of
the patient, coinfection with other opportunistic infections,
and other medications should be considered. Clinical trials
are needed to provide clear guidance for these management
decisions, including recommended doses, duration of treat-
ment, and whether secondary prophylaxis should continue
until immune reconstitution is achieved or whether the patient
should instead be monitored closely for progression of dis-
ease instead of administering treatment based on a certain
level of asymptomatic parasitemia.

Our study was limited by its cross-sectional, nonrandom-
ized design. Two of our patients positive for reactivation by
direct microscopy were not positive by analysis of blood clot
by qPCR (R#1 and R#3), although their whole blood samples
were moderately positive (, 40 parasites/mL). We suspect
that the length of time between sample collection and analysis
by qPCR (24 months) affected the results of these two sam-
ples because previous studies have shown that whole blood
is more stable than blood clot in samples that are saved for
an extended period of time.27

An unexpected result from our study is that themedianCD4
count of our qPCR-positive patients was higher than qPCR-
negative patients, although this did not reach a level of statis-
tical significance (P 5 0.635). This may be a result of small
sample size or may be due to inadequate volume of blood
drawn from each patient, leading to a lower than expected
number of patients with detectable parasitemia by qPCR. Or
some of our qPCR-positive results may be due to transient,
asymptomatic, low-level parasitemia that does not reflect
the level of immunosuppression, with questionable clinical
significance. Our seropositive patients also had higher CD4
counts than seronegative patients (P 5 0.464). It is possible
that these patients presented earlier in their HIV course
whencoinfectedsecondary to increased symptoms from their
Chagas disease. This is supported by the fact that we found a
trend toward increased symptoms in patientswhowere qPCR
positive and that among our ambulatory patients, we found a
higher percentage of seropositive patients, indicating that in
patientswith lessadvancedHIV, symptoms related tocoinfec-
tionwithT. cruzimaydrive them topresent for care earlier than
they would for HIV alone.
Two patients were seronegative for Chagas disease but

were qPCR positive by blood clot, which was difficult to inter-
pret. This could be due to early acute Chagas, contamination
of qPCR results, or transmission of T. cruzi at a time when the
patientwasat a stageof profound immunosuppression result-
ing in inability to mount a sufficient antibody response. This
has been described in other studies,9,28,29 which supports
the scenario that patients with immunosuppression may be

FIGURE 2. Scatterplot of estimated parasitemia by quantitative polymerase chain reaction (blood clot and whole blood) by HIV viral load.
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unable to mount an appropriate immunologic response, but
we acknowledge the possibility of contamination of qPCR.
Given the uncertainty of this clinical scenario, we thought
best not to include these two patients with the others who
were positive by both serology and qPCR in our data analysis.

CONCLUSION

It is likely that the number of patients coinfected with HIV
andT. cruziwill continue to increase in both endemic andnon-
endemic countries, yet there is a lack of clinical data and an
absence of clear recommendations for the management of
the interaction of these two diseases. Given that 57% of our
patients with CD4 counts, 200 cells/mm3 showed evidence
of reactivation, and the significant mortality shown in studies
of HIV patients with Chagas reactivation, we propose that
screening for chronic Chagas disease be considered in HIV
patients in regions endemic for Chagas disease and in the
immigrant populations in nonendemic regions. Additionally,
in serologically positive coinfected patients, we recommend
consideration of surveillance by qPCR once the CD4 count
drops below 200 cells/mm3 and consideration of treatment
with antitrypanosomal therapy for those with estimated para-
sitemia by qPCR, with particular attention given to those with
neurologic symptoms. We hope that further studies will pro-
vide a better understanding of this coinfection and a patient’s
risk of progression to symptomatic disease to provide clear
guidance for the management of the vulnerable populations
that are affected by these two deadly disease processes.
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