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Background: The risk of Trypanosoma cruzi reactivation is poorly understood. Previous studies evaluating
the risk of reactivation report imprecise findings, and recommendations for monitoring and manage-
ment from clinical guidelines rely on consensus opinion.
Objectives: We conducted a systematic review and meta-analysis to estimate the cumulative T. cruzi
reactivation incidence in immunosuppressed adults, summarize the available evidence on prognostic
factors for reactivation, and examine its prognostic effect on mortality.
Data sources: MEDLINE, Embase, LILACS, Clinical Trials, and CENTRAL from inception to 4 July 2022.
Study eligibility criteria: Studies reporting the incidence of T. cruzi reactivation.
Participants: Immunosuppressed adults chronically infected by T. cruzi.
Methods: Two authors independently extracted data (including, but not limited to, incidence data,
reactivation definition, follow-up, treatment, monitoring schedule, examined prognostic factors) and
evaluated the risk of bias. We pooled cumulative incidence using a random-effects model.
Results: Twenty-two studies (806 participants) were included. The overall pooled incidence of T. cruzi
reactivation was 27% (95% CI, 19e36), with the highest pooled proportion in the sub-group of transplant
recipients (36%; 95% CI, 25e48). The highest risk period was in the first 6 months after transplant (32%;
95% CI, 17e58), decreasing drastically the number of new cases later. People living with HIV and patients
with autoimmune diseases experienced significantly lower cumulative reactivation incidences (17%; 95%
CI, 8e29 and 18%; 95% CI, 9e29, respectively). A single study explored the independent effect of benz-
nidazole and found benefits for preventing reactivations. No studies evaluated the independent asso-
ciation between reactivation and mortality, while sensitivity analysis results using unadjusted estimates
were inconclusive. The heterogeneity of diagnostic algorithms was substantial.
Conclusions: Reactivation occurs in three out of ten T. cruzi-seropositive immunosuppressed adults.
These findings can assist clinicians and panel guidelines in tailoring monitoring schedules. There is a
great need for an accurate definition of reactivation and targeted monitoring. Alba Antequera, Clin
Microbiol Infect 2024;30:980
© 2024 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and

Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Infection with the protozoan Trypanosoma cruzi causes Chagas
disease, a neglected tropical disease with a major impact on the
health, social welfare, and economy of affected communities [1e4].
T. cruzi infection, with an estimated around 7 million infected
people and 10 000 deaths per year [5], has become a global health
challenge due to migratory flows, spreading to non-endemic areas
such as the U.S. and European countries [6e9]. After an untreated
acute infection, most patients evolve to a chronic stage, of which an
estimated 20e30% develop cardiomyopathy over the years [10,11].
Reactivation of chronic T. cruzi infection, characterized by high
levels of parasitaemia replication and lack of immunological con-
trol, may occur in patients with profound immunosuppression and
lead to severe manifestations and fatal outcomes [12]. Clinical
presentations of reactivation have been well-described in patients
who become immunosuppressed due to HIV or transplantation,
while clinical experience with other immunosuppressive condi-
tions is scarce [13e15]. Among T. cruzi-HIV coinfected patients,
reactivation behaves as other opportunistic infections [16], and it is
considered an AIDS-defining disease [17,18]. Although several
studies have reported a high rate of morbidity related to reac-
tivation [19,20], low mortality may be expected with proper
treatment [21]. There is a need to further study the epidemiology
and predictors of reactivation due to most of the evidence relying
on primary small case series and small cohorts [16,17,22].

No clinical trials have assessed the effectiveness and safety of
trypanocidal drugs on immunosuppressed hosts. However, trypa-
nocidal treatment is generally assumed to be more effective among
immunosuppressed patients, both for potentially preventing dis-
ease flare-ups and for treating reactivation episodes [23,24].
Additionally, treatment is thought to lead to a sterile parasitological
cure in very few chronically infected patients, as well as there are
no reliable markers for cure, so treated patients (even those treated
before the immunosuppression condition) should be considered to
be at risk of reactivation and be followed-up [12].

An essential aspect of the clinical management of T. cruzi reac-
tivation involves the early identification of cases. The scientific
community has not established reference criteria for the diagnosis
of reactivation due to techniques developing over time, accessibility
to tests, and the controversial interpretation of parasitaemia if
reactivation-related symptoms are lacking [25,26]. For example, the
Brazilian Consensus statement and the Infectious Diseases Society
of America (IDSA) guidelines define reactivation as parasite detec-
tion by microscopic or histological examination [18,22]. The IDSA
guidelines also pinpoint that the earliest and most sensitive indi-
cator of reactivation is the rise of parasite load over time using
quantitative polymerase chain reaction (qPCR) [18]. However, there
is no qPCR threshold to distinguish between reactivation and
transient parasitaemia during the chronic phase [27]. The American
Society of Transplantation Infectious Diseases Community of
Practice (AST-IDCOP) guidelines recommend combining parasito-
logical and molecular techniques [28]. Moreover, regarding the
follow-up monitoring of immunosuppressed patients at risk of
reactivation, there is no setup of a standardized periodicity either.

We conducted a systematic review to estimate the cumulative
T. cruzi reactivation incidence in immunosuppressed adults, sum-
marize the available evidence on prognostic factors associated with
reactivation, and examine its prognostic effect on mortality.
Methods

We followed the PRISMA recommendations for reporting sys-
tematic reviews andmeta-analysis [29] (Table S1 PRISMA checklist)
and registered the protocol prospectively (PROSPERO
CRD42022342963).

Eligibility criteria

We considered the following eligibility criteria: 1) Studies on
immunosuppressed adults (age �16 years) chronically infected by
T. cruzi (i.e. population at risk of reactivation). We defined immu-
nosuppression as recipients of solid organ or haematopoietic stem
cell transplant, patients on chronic corticosteroids, chemotherapy,
immunosuppressive agents, HIV infection, or heritable immuno-
deficiency; 2) Studies (experimental or any observational design)
investigating the T. cruzi reactivation. We accepted the study au-
thors' definitions for reactivation; 3) Case series of adults at risk of
reactivation were eligible only for the question on reactivation
incidence. We attempted to minimize the potential overlapping of
participants across studies by prioritizing the studies based on
comparative cohorts and with larger samples. To further minimize
selection bias, we excluded studies conducted only in reactivated
patients when reactivation was the inclusion criterion. We also
excluded reviews, editorials, and commentaries. We excluded
conference abstracts when full texts were not available.

The coprimary outcomes were the cumulative T. cruzi reac-
tivation incidence at the longest available follow-up and pre-
specified follow-up periods according to the recommended moni-
toring schedule of the AST-IDCOP (i.e. weekly for the first 2 months,
every 2 weeks for the third month, monthly until at least the sixth-
month after transplantation, and then larger intervals extended in
stable patients). Secondary outcomes were clinical prognostic fac-
tors associated with reactivation and all-cause mortality.

Data sources and study selection

We searched MEDLINE (Ovid), Embase (Elsevier), and LILACS
databases from inception to 4 July 2022 for published studies
without date or language restrictions, using terms related to the
population ((T. cruzi infection OR Chagas disease) AND immuno-
suppression) [30] and the outcome (reactivation) (see Supple-
mentaryMaterial). We also searched clinicaltrials.gov and CENTRAL
and tracked the reference lists of included studies and the Pan
American Health Organization (PAHO) guidelines to explore addi-
tional studies [23].

Two authors independently screened the title and abstracts and,
when appropriate, full texts against the eligibility criteria. Dis-
agreements were resolved by discussion with a third author.

Data extraction and quality assessment

Two authors independently extracted data using a pre-piloted
form. We used parts of the checklist for critical appraisal and data
extraction for systematic reviews of prediction modelling studies
for prognostic factors guidance for data collection [31]. We con-
tacted study authors for additional information if required. We
applied an outcome-level approach for assessing the study's risk of
bias by using either a specific tool for prevalence studies [32] or the
quality of prognosis studies tool [31,33] for prognostic factor
studies, and we rated them as low, moderate, or high. We judged
the certainty of evidence using the Grades of Recommendations,
Assessment, Development, and Evaluation framework [34,35]. To
judge the imprecision domain, we agreed on a priori an absolute
risk difference of at least ±10% as the threshold thatmight influence
clinical decision-making (i.e. when the confidence interval of ab-
solute effect crossed the threshold of interest, we considered rating
down for imprecision) [36].

http://clinicaltrials.gov
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Data synthesis and analysis

We pooled reactivation incidence data as proportions with 95%
CIs using Dersimonian and Laird random-effects meta-analysis by
stabilizing the variances using Freeman-Tukey double arcsin
transformation [37,38]. We planned to combine adjusted prog-
nostic effect estimate(s) using the Hartung-Knapp-Sidik-Jonkman
method for random-effects. Instead, as no valid data were avail-
able, we tabulated the findings. Additionally, we meta-analysed
unadjusted associations between reactivation and mortality.
Given the low mortality frequency, we explored the prognostic
effect of reactivation on mortality using Peto's method. We quan-
tified statistical heterogeneity using I2 and t2 statistics and 95%
prediction intervals when data for at least three studies were
available [39]. The pre-specified sub-group analyses were under-
taken, except for the recruitment date, as reporting was ambiguous.
We conducted sensitivity analyses restricted to studies at overall
low risk of bias and a post hoc sensitivity analysis including only
studies with at least one year of follow-up. In the peer-review
process, we performed two additional post hoc sensitivity ana-
lyses, using the Paule and Mandel method [40] to explore whether
the overall results were affected by heterogeneity and another
removing the mixed population sub-group, which involved only
outlying studies. Finally, we assessed the small-study effects using
the funnel plot and the Egger test, as well as generating the doi plot
[41] due to meta-analyses combined proportions [42]. Analyses
were done with Stata (version 16) using the commands metaprop
and meta [43].
792 records identified through databases and registers searching
330 MEDLINE Ovid
421 Embase Elsevier 
19 LILACS 
22 Registers

571 records title and abs

100 full-text articles asse
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23 reports of included stu
reports overlapping patie

571 records after duplica

Fig. 1. Study s
Results

After removing duplicates from 798 records, we screened 571
unique registers and included 22 studies (23 references)
[14,19,20,26,44e62] providing data on cumulative incidence, 14 of
which were cohorts, six were case series, and two cross-sectional
studies, published between 1996 and 2021 (Fig. 1). The study
sample size ranged from 4 to 230, with a median of 18 participants
(interquartile range, 10e43), and the follow-up spanned from
7months to 11 years, with amedian follow-up period of at least one
year to <2 years for most studies when data were available. Studies
were conducted in Argentina (N ¼ 8), Brazil (N ¼ 6), other endemic
countries or multi-country collaborations (N ¼ 4), and non-
endemic countries (U.S. and Spain) (N ¼ 4). The included studies
involved 806 participants, of which 376 (29% women) were sero-
positive participants who underwent transplant, 342 (40% women)
were people living with HIV (PLHIV), 64 (86% women) had auto-
immune diseases under immunosuppressive therapy, and a further
24 (33% women) were mixed populations. The definition of reac-
tivation varied substantially between studies. Details on reac-
tivation monitoring schedule were reported in nine studies
[19,20,26,47,48,51,53,57,58]. Ten studies (257 participants)
informed participants received no pre-immunosuppression trypa-
nocidal treatment, while six studies (100 participants) offered
treatment, and a further six (450 participants) provided no infor-
mation. Table 1 and Table S2 display the descriptive summary of
included studies and the key characteristics of each study,
respectively.
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Table 1
Descriptive summary of included studies

Study variables All included
studies
(N ¼ 22)

Transplant
(N ¼ 15)

PLHIV (N ¼ 3) Autoimmune
diseases
(N ¼ 2)

Mixed
conditions
(N ¼ 2)

Year publisheda <2010 6 6 0 0 0
�2010 16 9 3 2 2

Study design Prospective cohort 5 4 0 1 0
Retrospective cohort 9 7 1 0 1
Case series 6 4 0 1 1
Cross-sectional 2 0 2 0 0

Country Endemic 17 13 2 2 0
Non-endemic 4 2 0 0 2
Both 1 0 1 0 0

Sample size, median (IQR) 18 (10e43) 15 (9e30) 80 (32e230) 32 (13e51) 12 (9e15)
Definition of reactivation Microscopy (of blood or other body fluids) 1 0 1 0 0

Histology 1 1 0 0 0
PCR 4 1 0 1 2
Microscopy or histology 2 1 1 0 0
Microscopy or qPCR 2 1 0 1 0
PCR or histology 1 1 0 0 0
PCR or HC or histology 1 1 0 0 0
PCR or HC or serology 1 1 0 0 0
Direct/indirect parasitological methods or histology or serology 1 1 0 0 0
Microscopy and clinical manifestations 2 2 0 0 0
Microscopy/histology and clinical manifestations 2 1 1 0 0
PCR and clinical manifestations 1 1 0 0 0
Unclear 3 3 0 0 0

Follow-up times available medianb <1 y 1 1 0 0 0
1e<2 y 6 5 0 0 1
2e3 y 3 2 0 1 0
4e5 y 1 1 0 0 0
Not reported 9 7 1 1 0
NA 2 0 2 0 0

Trypanocidal treatment
before immunosuppression

No 10 7 1 2 0
Yeseall participants 3 2 0 0 1
Yesesome participants 3 2 0 0 1
Not reported 6 4 2 0 0

Reactivation monitoring schedule Reported 9 8 0 1 0
Not reported 12 7 3 1 1
Unclear 1 1 0 0 0

a Year of publication of the primary reference of included studies.
b Data reported directly by the study authors or calculated by the review authors when disaggregated data was provided. IQR, interquartile range; HC, haemoculture; NA,

not applicable; PCR, polymerase chain reaction; qPCR, real-time quantitative PCR.
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Table S3 depicts the risk of bias for each study providing T. cruzi
reactivation incidence. The overall risk of bias was low for five
studies [20,26,47,51,57], moderate for 11 studies [14,19,44,48,50,52,
53,55,56,58,59], and high for six others [45,46,49,54,60e62]. The
most frequent concerns referred to items assessing the measure-
ment bias domain: eight studies [14,45,48,49,54,58,61,62] provided
no acceptable reactivation definition, ten studies [14,44,45,49,52,
54,56,60e62] were at high risk for data collection during the
monitoring period due to a non-specifiedmonitoring schedule, and
half of the studies [19,45,48,50e55,59,60] were at high risk for
appropriateness of the shortest follow-up period. Tables S4 and S5
present the risk of bias summary for studies reporting prognostic
factors and mortality, respectively. The summary outcome esti-
mates for each study are shown in Table S6. The certainty of the
evidence was rated as low for cumulative incidence during the
longest available follow-up, moderate for most cumulative in-
cidences at a pre-specified period, and very low for all-cause
mortality (Tables S7 and S8, respectively).

The overall pooled cumulative incidence of immunosup-
pressed adults infected by T.cruzi who experienced at least one
reactivation (follow-up range, 7 months to 11 years) was 27% (95%
CI, 19e36; I2 ¼ 79%) (Fig. 2). The 95% prediction interval ranged
from 1% to 64%. Sensitivity analysis results after restricting the
meta-analysis to studies with an overall low risk of bias differed
no from those of the primary analysis (Fig. S1). Post hoc sensitivity
analysis excluding the study [58] with less than 1 year of follow-
up found similar results (pooled proportion 27%, 95% CI, 19e36;
I2 ¼ 80%).

The highest reactivation incidence was in transplant recipients
(pooled proportion 36%, 95% CI, 25e48; I2 ¼ 76%), whereas PLHIV
and patients with autoimmune diseases had significantly lower
cumulative incidences (pooled proportion 17%, 95% CI, 8e29; and
pooled proportion 18%, 95% CI, 9e29; respectively) (p < 0.0001).
Among seropositive patients who undertook an organ transplant,
heart recipients for end-stage Chagas' cardiomyopathy showed the
greatest incidence (pooled proportion 41%, 95% CI, 26e56), yet the
test for sub-group differences was not significant (p 0.269). There
were country-related differences (p < 0.0001). Studies from the U.S.
showed the highest reactivation incidence (pooled proportion 57%,
95% CI, 42e72), while those from Spain exhibit the lowest estimates
(0%, 95% CI, 0e8). Geographical differences remained when the
meta-analysis was restricted to the transplant recipient's subset (p
0.00), studies conducted in the U.S. had the highest reactivation
proportion, and those performed in Colombia registered the lowest
incidence (pooled proportion (18%, 95% CI, 9e30). Evidence of non-
difference was found in sub-group analyses comparing studies by
methods for reactivation diagnosis (p 0.70), treatment with benz-
nidazole before immunosuppression (p 0.40)dneither when
treatment status was stratified according to immunosuppression
and countryd, sexof participants (p 0.83), studydesign (p 0.39), and
country income classification according to the World Bank (p 0.13)
(Table S9).



Fig. 2. Forest plots of cumulative Trypanosoma cruzi reactivation incidence at follow-up. ES, estimated proportion; I2, I-squared statistics; PLHIV, people living with HIV.
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Nine studies [19,20,48,51,52,57,58,61,63] involving transplant
recipients provided data on reactivation cases over time. Reac-
tivation incidence using pre-specified temporary cut-off points
ranging from the first week to 11 years after transplantation
showed pooled cumulative incidences of 0% to 13% (Table S7).
Within the first 6 months after transplantation, the highest risk
period for reactivation was from the first month up to the second
(pooled proportion 5%, 95% CI, 1e11; Fig. S2). Sensitivity analysis
results were similar (Fig. S3). Most patients who experienced a
reactivationwere at the first 6months after transplantation (pooled
proportion 32%, 95% CI, 17e58), whereas after 1 year, the risk was
significantly reduced (pooled proportion, 4%; 95% CI, 0e10; p 0.001,
Fig. 3). Sensitivity analysis results by pooling cumulative incidence
at temporary cut-off points from studies with an overall low risk of
bias remained unaltered (Fig. S4).

Among the six studies [26,46,49,55,56,59] that explored associ-
ations between potential prognostic factors and reactivation, only
three [46,49,55] provided adjusted estimates. Twoout of these three
studies included patients with chagasic cardiomyopathy who un-
derwent heart transplants. Neto et al. [49] reported that the pre-
transplant therapy with benznidazole reduced the risk of reac-
tivation (OR, 0.12; 95% CI, 0.02e0.76) while finding inconclusive
results in the independent effect of sex (OR, 0.32; 95% CI, 0.07e1.48),
corticosteroids (OR, 2.07; 95% CI, 0.27e15.86), tacrolimus (OR, 0.68;
95% CI, 0.03e14.41), cyclosporine (OR, 3.19; 95% CI 0.52e19.69), and
mycophenolate (OR, 2.63; 95% CI, 0.41e16.90). Campos et al. [46]
found the number of rejection episodes (HR,1.31; 95% CI,1.06e1.62)
and neoplasms (HR, 5.07; 95% CI, 1.49e17.20) were independently
associated with reactivation, whereas results on mycophenolate
use-based differences in reactivation were inconclusive (HR, 3.14;
95% CI, 1.00e9.84). Shikanai-Yasuda et al. [55] found CD4þ count at
T. cruzi/HIV co-infection was independently associated with reac-
tivation (OR, 0.99; 95% CI, 0.994e0.999). However, this finding re-
quires cautious interpretation, given the cross-sectional design.



Fig. 3. Forest plots of cumulative T. cruzi reactivation incidence: the first 6 months to over 1-year post-transplant follow-up. ES, estimated proportion; I2, I-squared statistics.
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No study evaluated the independent prognostic role of T. cruzi
reactivation on all-causemortality. Sensitivity analysis results using
unadjusted estimates were inconclusive (Peto's OR 0.60; 95% CI,
0.18e2.01, I2 ¼ 36%; Fig. S5). The 95% prediction interval ranged
from 0.02 to 15.45.

We found no evidence of publication bias graphically and
neither using Egger's test.We also assessed visual asymmetry using
a doi plot (Fig. S6) [41]. The Luis Furuya-Kanamori index was 4.21,
which indicates some degree of asymmetry and the possibility of
small-study effects [41].

Discussion

This meta-analysis shows that three out of ten immunosup-
pressed adults chronically infected by T. cruzi experience reac-
tivation, with seropositive transplant recipients presenting the
greatest incidence. The first 6 months after transplantion is the
highest risk period. Two cohorts of transplant recipients explored
independent prognostic factors for reactivation and found that pre-
transplant therapy with benznidazole reduced the risk of reac-
tivation, whereas rejection episodes and neoplasm increased it
[46,49]. One cross-sectional study on T. cruzi/HIV co-infection
showed that CD4þ count was independently associated with
reactivation [55]. No studies reported the independent prognostic
effect of T. cruzi reactivation for all-cause mortality, whereas
sensitivity analysis results using unadjusted estimates were
inconclusive. Our pooled estimate of incidence for T. cruzi reac-
tivation is consistent with the findings of the PAHO guidelines [23].
However, somemethodological differences should be outlined. The
reactivation question assessed by the PAHO guidelines involved 92
studies published up to 2017. Eleven out of the included studies
overlapped between the PAHO guidelines and our systematic



A. Antequera et al. / Clinical Microbiology and Infection 30 (2024) 980e988986
review. We excluded the remaining 81 studies because of the
following reasons: 62% were single case reports or case series that
selected those patients with reactivation, 14% were narrative re-
views and expert opinion articles, 24% addressed different research
questions (e.g. the prevalence of co-infections) or populations (e.g.
paediatric), and <1% other causes (e.g. conference abstract). Also,
our findings confirm PAHO's findings regarding bone marrow and
kidney recipients, whereas they differ for heart and liver recipients
and PLHIV (pooled estimates by PAHO 2%, 31%, and 39%, respec-
tively), probably due to the eligibility criteria above described. We
detected a substantial statistical heterogeneity partially explained
by type of immunosuppression and country. We found striking
differences in reactivation between studies from the U.S [19,47].
(pooled proportion 59%) and Spain [14,53] (pooled proportion 0%),
which may be explained by the participant profile. The studies
conducted in the U.S. involved heart recipients, while those in Spain
assessed mixed populations. Although benznidazole treatment
before immunosuppression also differed between studies of both
countries (non-treated in the U.S. and treated in Spain), our sub-
group results suggested no previous treatment-based differences
(Table S9). There was also a marked difference of reactivation
incidence between studies from endemic countries (pooled pro-
portion range, 13e31%) and the U.S [19,47]. The included studies
from endemic countries reported different types of immunosup-
pressed patients. Differences in clinical guidelines for managing
transplant recipients and changes over time may also have influ-
enced. Six studies from endemic countries comprised transplant
recipients before 2010, while the starting recruitment dates of
studies from the U.S. were after 2006. We also explored heteroge-
neity by performing two additional sensitivity analyses. Post hoc
sensitivity analysis applying the Paule and Mandel method found
similar overall cumulative reactivation incidence (Fig. S7) [40].
Heterogeneity also might be due to two outlying studies conducted
on mixed populations with zero events [14,53]. Post hoc sensitivity
analysis by removing these studies yielded similar results (Fig. S8).

We noted high heterogeneity in reactivated T. cruzi infection
definitions. The diversity may be partially explained not only by the
development of new diagnostic tools over time but also by the lack
of a standardized approach for reactivation diagnosis. We assert
that the testing strategy should distinguish monitoring for pre-
symptomatic detection from diagnosis in patients with symptoms
compatible with reactivation. Thus, first, among transplant re-
cipients, the AST-IDCOP [28] recommends molecular testing using
PCR in peripheral blood or biopsy tissue for early reactivation
diagnosis, and the IDSA guidelines [18] on opportunistic infections
in PLHIV recommend monitoring performing qPCR assays on serial
blood samples. Because a unique positive PCR result does not
necessarily mean reactivation in individuals who are immuno-
suppressed [12,25,26], the sequential increase of parasite load by
qPCR may provide a more accurate indicator [12], although the
threshold has not been established. When qPCR is unavailable,
monitoring can rely preferably on direct methods of parasitological
diagnosis rather than xenodiagnosis or haemoculture [45,51].
Among patients with clinical manifestations, a definitive diagnosis
of reactivation can be established by identification of the parasite in
blood, other body fluid, or tissues [18,28].

Monitoring schedules also exhibit substantial heterogeneity.
There is no standardized recommended schedule for immuno-
suppressed patients outside the transplant sub-group. Evidence of
routine T. cruzi reactivation screening for PLHIV is lacking [64].
Previous evidence that had suggested a risk of reactivation in
T. cruzi-HIV coinfected patients with a CD4þ count <200 cells/
microL [22] was compiled by one of the included studies [55]. Thus,
our review included two studies involving PLHIV [50,55] that found
that CD4 count at reactivationwas <100 cells/microL, but still, there
are no data to support systematic monitoring. Among included
studies on patients with autoimmune diseases (either exclusively
or in mixed populations), two cohorts [26,53] performed moni-
toring every 2 to 3 months, or 6-monthly. None of the autoimmune
sub-group studies sought independent prognostic factors for
reactivation. Therefore, systematic data for supporting monitoring
schedules in these patients is also lacking. Regarding transplant
recipients, reported schedule monitoring was also heterogeneous
and often different from the AST-IDCOP [28] recommendation,
which states close monitoring during the first 6 months based on
expert opinion. Our finding that most reactivation cases occurred
during the first 6 months after transplantation contributes to
informing evidence-based monitoring recommendations. Expert
consensus [22,27,28] suggests offering trypanocidal treatment
before transplantation to aim to reduce the parasitaemia. Thus, the
PAHO guidelines [23] suggest treating immunosuppressed adults
with chronic T. cruzi infection with indeterminate clinical form
based on the potential greater benefit of preventing reactivations.
Instead, some authors [44,51] challenge primary prophylactic
treatment due to effectiveness-related concerns, especially when
early detection and treatment are available. We found that robust
evidence on the independent effect of treatment to prevent flare-
ups is lacking. The single included study [49] that provided an
adjusted estimate of benznidazole for preventing reactivations
showed benefits, while our exploratory analyses found no previous
treatment-based exploratory analyses. Therefore, further high-
quality research assessing pre-emptive treatment is needed.

Some limitations of this review arise from poor conducting and
reporting in the included studies. First, some studies provided un-
clear or inconsistent reactivation definitions. Another issue is the
completeness of reporting on monitoring schedules, immunosup-
pressive protocols after transplantations, length follow-up, and
additional variables to characterise the profile of reactivated pa-
tients (e.g. CD4þ count at reactivation in PLHIV, cumulative dose of
immunosuppressive drugs at reactivation in patients with autoim-
mune diseases). However, the lack of agreed reactivation definitions
and monitoring schedules represents a relevant review finding,
which highlights the need for consensus.We extractedpatient-level
data at case series when available, carried out analyses of our in-
terest using a supplemental dataset, and requested additional clar-
ifications to study authors. Secondary outcomes on prognostic
factors for reactivation and prognostic effect of reactivation for all-
cause mortality were addressed narratively and by pooling unad-
justed estimates, respectively. Lastly, we included 22 studies with
more than doubled registers overlapping patients that frequently
omitted to reference previous publications on the same cohort. We
handled this challenge by carefully checking affiliations, scanning
characteristic data at-patient level in included case series, contact-
ing the study authors, and reviewing appendixes when available.

This systematic review and meta-analysis offer information for
further research. To our knowledge, this is the first systematic re-
view addressing the overall cumulative incidence of reactivating
T. cruzi among immunosuppressed patients, along with the cu-
mulative incidence across temporal thresholds. Our findings can
assist in tailoring monitoring schedules according to the type of
immunosuppressive condition, including the risk associated with
each type of organ transplantation. This review also contributes to
identifying data gaps. Some patients presented several reac-
tivations over time, even when they completed treatment at the
first event [45]. So far, little evidence has addressed prognostic
factors for reactivation, and when it was done, study designs were
only suitable for providing hypothesis-generating evidence of po-
tential associations [33]. Further research to confirm the indepen-
dent associations is needed, specifically related to drugs used in the
immunosuppressive protocols after transplantation.
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In conclusion, this systematic review provides comprehensive
evidence on the risk of immunosuppressed adults for reactivating
T. cruzi. Our findings can contribute to generate evidence-based
recommendations for the timing of T. cruzi reactivation moni-
toring and management. There is a great need for an accurate
definition of reactivation and targeted monitoring.
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