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We characterize Trypanosoma cruzi infections from blood and
cerebrospinal fluid samples in a case series of people with human
immunodeficiency virus and Chagas disease. We identify different
infecting T. cruzi populations, highlighting the usefulness of real-
time polymerase chain reaction for Chagas disease reactivation
diagnosis and evaluation of treatment response.
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Chagas disease reactivation (CDR) is observed in immunosup-
pressed patients, such as people with human immunodeficien-
cy virus (PWH) with CD4 counts <100 cells/mL. In these
patients, CDR usually presents central nervous system (CNS)
involvement and, less frequently, cardiac compromise with
100% mortality if treatment is delayed [1, 2]. In the CNS com-
promise scenario, parasite detection in cerebrospinal fluid
(CSF) confirms the diagnosis, although lumbar puncture could
be contraindicated due to CNS chagoma mass effect. During
CDR, trypomastigotes can also be detected in peripheral blood
(PB) by means of the Strout method or molecular tools, such as
qualitative polymerase chain reaction (PCR) [3]. Because of its
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high sensitivity, the latter facilitates DNA parasite detection but
does not differentiate chronic from acute infection or reactiva-
tion. Conversely, the use of real-time PCR (qPCR) allows par-
asite quantification to support CDR diagnosis. Additionally,
molecular strategies allow Trypanosoma cruzi characterization
among the 6 discrete typing units (DTUs; ie, TcI-TcVI) differ-
entially observed in disease manifestations [4].

Herein, we describe a case series of PWH with suspected
CDR. We evaluated their clinical progress, parasite burdens,
and parasite populations in blood and CSF samples before
and during trypanocidal treatment.

MATERIALS AND METHODS

We present a case series study of PWH suspected of having
CDR because of CNS involvement, T. cruzi reactive serology,
and low CD4 counts. Patients were admitted at Hospital
Muiiiz in Argentina from 2015 to 2022. PB and CSF residual
samples were collected at Hospital Muiiz and Instituto
Nacional de Parasitologia.

At admission, T. cruzi infection status was assessed by 2 se-
rological tests among enzyme-linked immunosorbent assay, in-
direct hemagglutination, indirect immunofluorescence, and
ChemiLuminescent Immuno Assay. Parasite presence was
evaluated by Strout method from PB and microscopically
from a pellet obtained from a fresh CSF drop after centrifuga-
tion (10 minutes, 3000 rpm) [5]. In addition, DNA was isolated
from PB and CSF samples and stored at —20°C for molecular
studies performed later. In brief, PB was mixed with 1 volume
of guanidine-ethylenediaminetetraacetic acid lysis buffer and
DNA isolation was carried out by means of High Pure DNA
Isolation Kit (Roche Diagnostics GmbH, Mannheim,
Germany). Quantification of parasite burden was carried out
by means of qPCR against T. cruzi satellite DNA as described
by Cura et al [6]. Identification of parasite DTUs was carried
out based on 7 nested PCRs designed by Bontempi et al [7].
Finally, PCR-restriction fragment length polymorphism
(RFLP) minicircle signatures were carried out to compare par-
asite populations, following the protocol of Burgos et al [8].

This study was approved by the Institutional Ethics in
Research Committee of the Hospital Muiiz, Argentina.

RESULTS

The study included 8 PWH suspected of having CDR due to
T. cruzi reactive serology and presence of neurological disor-
ders (Table 1). Patients were from Argentina and Paraguay (5
men and 3 women), whose ages ranged from 39 to 69 years.
All patients presented with CD4" lymphocyte counts <41
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Figure 1. Minicircle signatures (vkDNA polymerase chain reaction—restriction fragment length polymorphism) of Trypanosoma cruzi populations detected in peripheral
blood (PB) and cerebrospinal fluid (CSF) of patients 1 and 2. Subscript numbers indicate days of treatment. Each patient's parasite population presented its own minicircle
signature, with high identity between CSF and PB samples, suggesting infections by similar parasite populations in both tissues. Abbreviations: CSF, cerebrospinal fluid; M,

50-bp molecular marker; PB, peripheral blood.

cells/mL (Table 1). They were not receiving antiretroviral treat-
ment, except patient 3 who had started it 2 weeks before admis-
sion. All patients showed brain lesions on computed
tomography and magnetic resonance imaging.

Peripheral blood samples of 6 patients were drawn before ini-
tiation of benznidazole (BNZ) treatment. Two of them (33%)
presented positive Strout results (patients 6 and 7), whereas
all showed detectable T. cruzi qPCR findings (100%), ranging
from 2 to 3522 par. eq./mL (parasite equivalents/mL). At the
same time, lumbar punctures were carried out in 6 patients.
Trypomastigote forms were observed in CSF samples in 4 of
them (67%; patients 1-4) and their parasite loads were quanti-
fied by means of qPCR, ranging between 3511 and 258 000 par.
eq./mL. Finally, patients 7 and 8 presented negative findings in
CSF by both techniques (Table 1).

All patients were treated with BNZ (5 mg/kg/day) for
60 days, 90 days, or until their death. Treatment was well toler-
ated, except for patient 6 who was switched to nifurtimox after
30 days due to leukopenia. During follow-up, PB parasitic loads
of all patients decreased, even to undetectable values, by qPCR
evaluation. Regarding CSF loads, most patients responded with
a decrease, reaching values <1.5 par. eq./mL up to the third
week (patients 4 and 5) or becoming undetectable on the fourth
week (patients 1 and 3). On the other hand, patient 2 showed an

increase in CSF parasite load from 3511 to 13 556 par. eq./mL
after 7 days of treatment. Remarkably, this patient presented
undetectable PB findings in 3 samples after 3 days of BNZ
initiation.

Molecular characterization of infecting T. cruzi populations
was carried out from all gPCR-positive samples. Infections of 5
patients were characterized from PB and CSF samples. Two
presented TcV parasites (patients 3 and 4), 1 presented TcVI
(patient 1), and 2 showed a mixed infection with TcV + TcVI
in both samples (patients 2 and 6). Three infections were charac-
terized from PB solely. Among them, patient 5 presented TcV
parasites and patients 7 and 8 showed a mixed TcV + TcVIinfec-
tion (Table 1). Last, because treatment response was uneven be-
tween PB and CSF samples of patient 2, variable region of
kinetoplastid DNA (vkDNA) PCR-RFLP was carried out to an-
alyze parasite populations’ heterogeneity. Observation of very
similar profiles between samples suggested the presence of the
same parasite populations without selection during CSF coloni-
zation from PB (Figure 1).

DISCUSSION

Here we present 8 PWH with chronic T. cruzi infection and
suspected CDR. Microscopy and qPCR analysis of CSF samples
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showed an excellent concordance (k coefficient = 1) with 4 pos-
itive samples (loads >3511 par. eq./mL, patients 1-4) and
1 negative sample (patient 7) by means of both determinations.
Among PB samples, concordant findings were obtained from
patients 6 and 7 (parasitic loads of 677 and 3522 par. eq./mL,
respectively), whereas samples from patients 2, 3, and 4 pre-
sented negative Strout results but positive QPCR determina-
tions (parasitic loads between 63 and 805 par. eq./mL). Based
on positive microscopic examination of CSF and/or Strout
test, CDR was confirmed in 7 patients (patients 1-7). Finally,
CDR of patient 8 could not be assigned because negative find-
ings in 2 CSF samples, 3 Strout tests, and a very low DNA par-
asitic load at admission (2 par. eq./mL), which is commonly
found during chronic T. cruzi infection in the absence of
CDR [3, 9].

During follow-up, all patients showed good treatment re-
sponse observed by PB qPCR parasitic load decrease, becoming
undetectable in most of them, between 1 and 8 weeks after BNZ
treatment initiation. Concerning CSF samples, all except patient
2 displayed the same pattern, showing the antiparasitic efficacy
of BNZ in CSF during CDR. Patient 2 was the only who present-
ed an increment of CSF parasite load after treatment initiation,
dying 15 days afterward. The lack of response would not be
due to a CSF-resistant T. cruzi population since it showed the
same VKDNA PCR-RFLP profile as PB did, which responded
positively becoming negative 1 week after treatment initiation.
Instead, it could be related to the presence of 3 concomitant
CNS opportunistic infections and their treatments (Table 1).
Although T. cruzi clonal histotropism has been reported in im-
munocompromised patients, our comparison of VKkDNA
PCR-RFLP profiles suggests the absence of parasite selection
during CSF invasion from the bloodstream [10]. Nevertheless,
the results from patient 2 showed that positive PB response
may not be directly correlated with CSF clearance. Finally, treat-
ment response was similar with different parasite DTUs.
Molecular characterization showed parasites TcV and TcVI, or
mixed infections, detected in PB and CSF samples, with both
populations frequently found in patients from Argentina and
Paraguay [4]. Among other patients who died, patient 1 present-
ed a good parasitological treatment response, and his death was
due to status epilepticus. Patient 5 presented a moderate re-
sponse to treatment showing high parasitic load 2 weeks after
starting it. Interestingly, this was the only patient who had unde-
tectable blood BNZ dosage during treatment, likely because he
was on mechanical ventilation and received BNZ through naso-
gastric tube [11]. Four patients are alive 1-6 years after their hos-
pitalization due to CDR. Three of them (patients 3, 6, and 7)
completed 60 days of trypanocidal treatment with neurological
improvement over the course of the first 2 weeks after initiation,
whereas treatment for patient 4 was prolonged to 90 days due to
his partial neurological recovery.

Prompt diagnosis and parasitological treatment evaluation
in CDR are critical in PWH to improve survival. Benznidazole
should be administrated after confirmation or strong suspi-
cion of CDR due to its adverse events and possible presence
of other opportunistic infections in deeply immunocompro-
mised people. As expected, microscopy assays bring positive
findings only in very high parasitic load samples with a
low sensitivity for CDR diagnosis in clinical practice.
Conversely, qualitative PCR presents high sensitivity for
DNA parasite detection, also in chronic-phase patients, pre-
cluding CDR definition. In this field, the qPCR advantage
for parasitic load discrimination allows proposing it as a
tool for CDR diagnosis. Altogether, our findings highlight
the usefulness of molecular diagnosis to evaluate parasitemia
follow-up and allow us to propose PB load monitoring as a
marker for parasitological response during CDR treatment.
Finally, incorporation of more studies like ours will allow set-
ting up qPCR burdens to define and evaluate CDR and pa-
tients’ management protocols.
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