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Summary
Background Vertical transmission of Trypanosoma cruzi represents approximately 20% of new Chagas disease cases.
Early detection and treatment for women of childbearing age and newborns is a public health priority, but the lack of a
simple and reliable diagnostic test remains a major barrier. We aimed to evaluate the performance of a point-of-care
loop-mediated isothermal amplification (LAMP) assay for the detection of T cruzi.

Methods In this proof-of-concept study, we coupled a low-cost 3D printer repurposed for sample preparation and
amplification (PrintrLab) to the Eiken T cruzi-LAMP prototype to detect vertically transmitted T cruzi, which we
compared with standardised PCR and with the gold-standard algorithm (microscopy at birth and 2 months and
serological study several months later). We screened pregnant women from two hospitals in the Bolivian Gran
Chaco province, and those who were seropositive for T cruzi were offered the opportunity for their newborns to be
enrolled in the study. Newborns were tested by microscopy, LAMP, and PCR at birth and 2 months, and by
serology at 8 months.

Findings Between April 23 and Nov 17, 2018, 986 mothers were screened, among whom 276 were seropositive for
T cruzi (28⋅0% prevalence, 95% CI 25⋅6–31⋅2). In total, 224 infants born to 221 seropositive mothers completed
8 months of follow-up. Congenital transmission was detected in nine of the 224 newborns (4⋅0% prevalence, 1⋅9–7⋅5)
by direct microscopy observation, and 14 more cases were diagnosed serologically (6⋅3%, 3⋅6–10⋅3), accounting for an
overall vertical transmission rate of 10⋅3% (6⋅6–15⋅0; 23 of 224). All microscopy-positive newborns were positive by
PrintrLab-LAMP and by PCR, while these techniques respectively detected four and five extra positive cases among
the remaining 215 microscopy-negative newborns.

Interpretation The PrintrLab-LAMP yielded a higher sensitivity than microscopy-based analysis. Considering the simpler
use and expected lower cost of LAMP compared with PCR, our findings encourage its evaluation in a larger study over a
wider geographical area.
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Introduction
Chagas disease, caused by the parasiteTrypanosoma cruzi, is
endemic to 21 countries in Latin America, where it exerts
a greater burden than any other parasitic disease.1 Large
migratory flows between endemic and non-endemic
regions have expanded the impact of Chagas disease over
the past two decades.2,3 Chagas disease is estimated to affect
6 million people worldwide,4 but surveillance and reporting
of infection and disease rates are underestimated.
T cruzi (orderKinetoplastida; familyTrypanosomatidae) is

transmitted by triatomine vectors (order Hemiptera; family
Reduviidae).4 Vector-mediated transmission by ingestion of
parasite-contaminated food or drink leads to outbreaks of
acute oral Chagas disease,4 while vector-independent
acquisition of the parasite can occur through transfusion
www.thelancet.com/microbe Vol ▪ ▪ 2024
of parasitised blood or blood-derived products, by organ
transplantation from a T cruzi-positive donor, and via
vertical transmission.4,5

According to the Pan American Health Organization
(PAHO), an estimated 1⋅12 million women of childbearing
age are positive for T cruzi, and around 9000 newborns
positive for T cruzi are born each year, accounting for
approximately 20% of all new cases.5 Timely detection and
treatment of women and newborns should become a
priority for public health policies. In line with this, PAHO
has called for active screening and treatment of women of
childbearing age as an effective strategy for preventing
vertical transmission of T cruzi.5,6 However, despite efforts
towards expanding and improving access to diagnosis and
treatment, there are several barriers to tackling congenital
1
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Research in context

Evidence before this study
We searched PubMed for studies published between database
inception and Jan 1, 2023, using the search terms “Chagas disease”,
“Trypanosoma cruzi”, and “LAMP” without language restrictions.
We found 11 original research articles that evaluated the use of
loop-mediated isothermal amplification (LAMP) as a diagnostic
method for Chagas disease. In three of them, it was clinically
evaluated against the gold-standard algorithm to detect vertically
transmitted Trypanosoma cruzi. Eiken T cruzi-LAMP, which targets
the parasite satellite DNA gene, showed a sensitivity range of
93–97% and a specificity range of 94–100%. Another LAMP
development targeting the 18s rRNA gene, despite showing a
100% specificity, had a poorer sensitivity (69⋅2%).

Added value of this study
We have analysed the use of an innovative tool that combines a
low-cost DNA extraction and amplification system (PrintrLab) and
a high-quality, easy-to-use LAMP test, as an alternativemethod to
circumvent current limitations towards timely detection of
vertically transmitted T cruzi.

Implications of all the available evidence
The promising results obtained in this study encourage a larger
evaluation of the PrintrLab–T cruzi-LAMP,which could eventually lead
to an alternative molecular diagnostic test for detection of T cruzi in
newborns shortly after birth. This would be of utmost importance
considering that timely treatment of newborns is highly efficacious.
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transmission. The lack of a sensitive and rapid diagnostic
test means that many positive newborns are lost to
follow-up, which prevents treatment at a stage in their lives
when it is most effective.6

The current methodology to detect vertically transmitted
T cruzi within the first months of life involves looking for
the parasites in the newborns’ peripheral blood by
microscopy, following techniques that are operator-
dependent and have a sensitivity below 50%.7,8 Hence, a
serological study must be performed several months later,
once maternal T cruzi antibodies have waned.6 The use of
molecular diagnostics yields higher sensitivity than
microscopy, providing timely diagnosis of vertically
transmitted T cruzi.7,8 It has been implemented in
high-income non-endemic regions such as Catalonia
(Spain),7 and real-time PCR (rtPCR) products are com-
mercially available.9 However, despite the increased use of
PCRafter theCOVID-19 pandemic, it is still very costly and
requires highly trained personnel. Consequently, it is not
used in many regions where the disease is endemic.
The easy-to-use loop-mediated isothermal amplifica-

tion (LAMP) assay stands as a technological solution to
those drawbacks. Eiken Chemical (Tokyo, Japan)
pioneered this technology.10 Its T cruzi-LAMP is an
extensively evaluated prototype that works best with
purified DNA as template.11–14 To provide this type of
sample at a fraction of the cost of current nucleic acids
purification systems, AI Biosciences (College Station, TX,
USA) developed a 3D-printer inspired low-cost device: the
PrintrLab.15 Its extraction protocol relies on magnetic
beads kits to yield automated purification of nucleic acids.
The PrintrLab also hosts the isothermal amplification
step, providing a system for nucleic acids purification and
amplification. Interestingly, a procedure to couple it to the
T cruzi-LAMP has been described.16

The objective of this proof-of-concept studywas to validate
the use of thePrintrLab–T cruzi-LAMP (PrintrLab-LAMP; the
index test) as a point-of-care test to detectT cruzi transmission
in newborns shortly after birth.
Methods
Study design and participants
Enrolment of participants was offered upon information,
education, and communication regarding the study pur-
poses.Decision toparticipatewasacknowledgedby signature
of the corresponding informed consent forms. We recruited
pregnant women aged 16 years or older who attended the
maternitywardsof theHospitalRubénZelaya inYacuibaand
the Hospital Municipal of Villa Montes for their last routine
checkup or delivery visit. T cruzi-seropositive mothers were
offered an opportunity for their newborns to participate.
Yacuiba and Villa Montes are the main urban centres of the
Bolivian Gran Chaco province. Recruitment of participants
took place between April and November, 2018. Having
received antiparasitic treatment (benznidazole) for Chagas
disease and a delivery date outside of the recruitment period
were exclusion criteria.
To compare the performance of the PrintrLab-LAMP

(and rtPCR) with that of the microscopy-based tests within
the current algorithm, additional samples of whole blood
in EDTA (edetic acid) were collected from newborns of
T cruzi-seropositivemothers at birth (24–48 h after delivery)
and between 1 month (30 days) and 3 months of age.
These sampling times coincide with the analysis of the
two microscopy-based tests (known as the micromethod)
performed for the newborns; the micromethod involves
centrifugation of blood (four heparinised capillary tubes per
newborn) followed by examination for the presence of
swimming trypomastigotes in the interphase layer.17

Additionally, serum samples were collected from children
at 8 months of age for the serological study. Self-reported
presence of triatomine vectors in the household was
collected to consider vector transmission events.
PrintrLab-LAMP performance was compared with that

of a standard rtPCR (the comparator test),18 operated in a
well-equipped laboratory (FundacionCEADES,Cochabamba,
Bolivia). The outcome of both molecular tests was
compared with that of the reference algorithm to detect
T cruzi in newborns. Due to the low estimated incidence
www.thelancet.com/microbe Vol ▪ ▪ 2024
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of vertical transmission per 100 livebirths,4 a statistical
approach that involved the analysis of all samples col-
lected over a determined period (7months) was applied.19

We considered a sample size of 240 positive pregnant
women to obtain a minimum of 12 positive children with
vertical T cruzi transmission (5% prevalence).20

The study complied with the principles of the Declaration
ofHelsinki. The EthicsCommittee from theHospital Clinic
of Barcelona (Spain) and fromFundacionCEADES (Bolivia)
reviewed and approved the study protocol (reference
numbers HCB/2018/0083 and CE-LAMP1-23022-018). All
study participants signed the corresponding informed
consent form. If they were younger than 18 years, this was
signed by the mother, father, or assigned legal tutor.
Participants who tested positive for T cruzi (by the current
algorithm) were referred for treatment with benznidazole.17

Procedures
Mothers’ blood samples (approximately 3⋅0 mL) were
collected by arm venous puncture, centrifuged, and the
isolated serum samples used in the ELISA tests or stored
frozen at –20 ⁰C until needed. The Wiener Recombinant
version 3.0 ELISA (Wiener Lab, Rosario, Argentina), and
the Lemos Chagatek (Laboratorios Lemos, Buenos Aires,
Argentina) were used as primary tests. In case of
discordancy, the Werfen BioELISA (Lliçà dÁmunt, Spain)
was used. All tests were conducted as per manufacturers’
instructions. Data are shown as signal-to-cutoff (S/CO)
distance—ie, difference between the optical density readout
byELISAand thekit-establishedcutoff—as ameasure of the
level of positivity.
Newborns’ whole-blood samples (approximately 0⋅6 mL)

were collected at birth and at 2months of age from the veins
on the back of the hand, and by arm venous puncture at
8 months of age (approximately 1⋅0 mL). Part of the blood
sampled at birth and at 2 months of age (approximately
0⋅2 mL) was loaded in heparinised capillary tubes and
observed under themicroscope in search of parasites by the
micromethod.7 The rest of the blood collected at those
timepointswas anticoagulated inEDTA-K2 tubesandstored
frozen at –20 ⁰C in the hospital laboratory until use with the
PrintrLab-LAMPor PCR. Blood collected at 8months of age
was left to coagulate and the isolated serumstored frozen for
use in the serological assays. Some of these serum samples
were additionally analysed by haemagglutination inhibition
assay (HAI) with the Lemos Polychaco kit,21 and by PCR
amplification of T cruzi DNA.22

The protocol for the PrinterLab-LAMP was described by
Wehrendt and colleagues (see procedureD in their paper).16

Results were read by the naked eye. rtPCR amplification of
T cruzi satellite DNA was performed as described by Duffy
and colleagues.18 It was first run qualitatively as single
determinations, and samples registered as positive were
analysed in duplicate through quantitative PCR (qPCR),
using a standard quantification curve expressed in parasite
equivalents per mL (parEq/mL) of blood samples.18 Results
were reported as mean with SD, unless the amplification
www.thelancet.com/microbe Vol ▪ ▪ 2024
was only achieved with one of the two duplicate determi-
nations. PrintrLab-LAMP and PCR were performed in
different laboratories by different operators, and results
were respectively unknown to each other.

Statistical analysis
Data are described as frequencies and mean (with SD) for
discrete and continuous variables, respectively. The agree-
ment between classification tools was estimated using the
kappa statistic (κ).23,24 The classification performance of the
LAMP and PCR was compared with the gold standard
(microscopy at birth and 2 months and serological study
several months later).17 We calculated their sensitivity and
specificity as follows:

Sensitivity= True positives
True positives+ false negatives

× 100

Specificity = True negatives
True negatives + false positives

× 100

Sensitivity and specificity were also calculated for the use
of the micromethod. To calculate the 95% CIs of the
sensitivity and specificity,weused the formulasdescribed in
appendixEofBerkman and colleagues’ study.25 The analysis
was carried out using Stata (release 16).26

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, orwritingof the
report.

Results
A total of 986 mothers were screened between April 23 and
Nov 17, 2018. We found 276 confirmed T cruzi-positive
cases—ie, a prevalence of 28⋅0% (95% CI 25⋅6–31⋅2)—
based on concordant ELISA tests. The study flowchart and
general description of the cohort are in figure 1 and table 1,
respectively. Of the 276motherswith confirmedT cruzi, the
newborns of 259 (93⋅8%) were involved in the study.
262 newborns completed follow-up at birth, 253 (96⋅6%)
completed follow-up at 2 months, and 224 (85⋅5%) had
serological data at 8 months.
Regarding the place of collection of the samples, at

month 2, 64⋅0% (95% CI 57⋅8–69⋅9; 162 of 253) were
obtained at the hospital and 36⋅0% (30⋅1–42⋅2; 91 of 253) at
domiciliary visits. At the following visit at month 8, 45⋅5%
(38⋅9–52⋅3; 102 of 224) of the samples were obtained during
hospital visits and 54⋅5% (47⋅7–61⋅1; 122 of 224) upon
domiciliary visits.
For the early diagnosis of vertical T cruzi infections, the

micromethod at birth and at 2 months of age detected
nine cases, which meant a transmission rate of 4⋅0%
(95%CI1⋅9–7⋅5; nineof 224); sixwere foundatbirth and the
other three at month 2 (table 2). One of the children was
positive by the micromethod at both timepoints (table 2,
3
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 224 newborns completed
  follow-up and included
  in final analysis

 38 newborns lost to follow-up
   9 lost between birth and month 2
  29 lost between month 2 and
    month 8

 17 excluded
   3 had received treatment
   6 not found after delivery
   7 deliveries out of recruitment
    period
   1 did not agree to participate

710 were negative for T cruzi serology

 262 newborns included*

 259 mothers included 

 276 positive for T cruzi

 986 mothers screened

Figure 1: Flow of participants
*Three mothers had twins.

Mothers

Participating mothers

Age of mother, years

Gave birth to twins

Newborns

Total

Female

Male

Data are N, n (%), or median (IQR

Table 1: Characteristics of stud

At birth At 2 months

Number of newborns positive for Trypanosoma cruzi

Microscopy 6 (2⋅7%) 4* (1⋅8%)
PrintrLab-LAMP 9 (4⋅0%) 8† (3⋅6%)
rtPCR 9 (4⋅0%) 10‡ (4⋅5%)

PrintrLab-LAMP accuracy§

Increased detection
of positivity vsmicroscopy

9 vs 6
(50% increase)

8 vs 4
(100% increase)

Specificity (95% CI) 99% (86–100) 98% (86–100)

rtPCR accuracy§

Increased detection
of positivity vsmicroscopy

9 vs 6
(50% increase)

10 vs 4
(150% increase)

Specificity (95% CI) 99% (86–100) 97% (85–100)

Agreement between
PrintrLab-LAMP and rtPCR¶

0⋅77 (0⋅64–0⋅90) 0⋅88 (0⋅75–1⋅01)

Average parasite burden

qPCR, mean Ct (SD) 21⋅7 (6⋅1) 21⋅1 (4⋅7)
Number of newborns treated 6 3

Data are n (%) or N, unless otherwise stated. Cases are ordered with respect to their
first positive detection by micromethod either at birth or month 2, and then by
PrintrLab-LAMP or PCR positivity. For a full summary ofmicroscopy, PrintrLab-LAMP,
or PCR positive cases see appendix 2 p 1. Ct=cycle threshold. LAMP= loop-mediated
isothermal amplification. qPCR=quantitative PCR. rtPCR=real-time PCR. *Three of the
four positive microscopy detections at month 2 were new cases, and one
corresponded to a child already positive by microscopy at birth. †Five of the eight
positive PrintrLab-LAMP detections at month 2 were new cases, and the other three
were already positive at birth. ‡Five of the ten positive rtPCR detections at month
2 were new cases, and the other five were already positive at birth. §Accuracy was
calculated against the results of the microscopy-based assays. ¶The agreement
between molecular tools was estimated using the κ statistic (see Methods).

Table 2: Summary of positive cases by microscopy or either of the two
molecular-based techniques (LAMP or PCR)

See Online for appendix 2
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figure 2). All these children were referred for treatment,
whichwas completed.When the childrenpositive forTcruzi
at birth were serologically studied at month 8, they all had
negative results, indicating successful treatment (figure 2).
In contrast, the three children who were positive for T cruzi
at 2 months of age remained serologically positive, despite
having received treatment (figure 2).
The PrintrLab-LAMP and PCR assays detected all the

micromethod-positive cases (table 2, figure 2). Moreover,
the PrintrLab-LAMP assay yielded three additional detec-
tions of the parasite DNA on samples collected at birth, and
another two on samples collected at month 2 (figure 2). All
were confirmed serologically, except one sample which was
Villa Montes Yacuiba Overall

81 (36⋅7%) 140 (63⋅3%) 221

28⋅3 (24⋅0–32⋅0) 30⋅5 (25⋅0–36⋅0) 29⋅9 (25⋅0–34⋅8)
1 (0⋅5%) 2 (0⋅9%) 3 (1⋅4%)

82 (36⋅6%) 142 (63⋅4%) 224

43 (52⋅4%) 58 (40⋅8%) 101 (45⋅1%)
39 (47⋅6%) 84 (59⋅2%) 123 (54⋅9%)

).

y participants who completed all follow-up visits
positive at birth only through the PrintrLab-LAMP assay,
negative for all three tests at month 2 (micromethod,
PrintrLab-LAMP, and PCR) and then negative for serology
at month 8 (figure 2).
The PCR confirmed one of the PrintrLab-LAMP-positive

samples at birth and detected two extra cases at that time-
point compared with the micromethod and the PrintrLab-
LAMP (figure 2). Notably, these two cases had very low
parasite loads (0⋅011 parEq/mL and 1⋅48 parEq/mL;
appendix 2 p 1). The PrintrLab-LAMP-positive determi-
nations at month 2 that were micromethod-negative were
also positive by PCR, which further detected an extra case at
this timepoint, albeit with a very low parasite load (YAC141;
figure 2 and appendix 2 p 1). Altogether, the agreement
between the PrintrLab-LAMP and the PCR on samples
collected at birth was 98⋅2% (255 of 259) with a κ of
0⋅77 (95% CI 0⋅64–0⋅90), corresponding to substantial
agreement. With samples from 2 months of age, the level
of concordance between both molecular tests was
99⋅2% (251 of 253) with a κ of 0⋅88 (0⋅75–1⋅01), indicative of
nearly perfect agreement. The sensitivity of the LAMP was
slightly lower than that of the PCR as it detected two fewer
cases (table 2).
For the serological study, children’s samples were

collected at a mean age of 9⋅3 months (SD 0⋅6). ELISA tests
detected 27 positive children: ten were positive with the
www.thelancet.com/microbe Vol ▪ ▪ 2024
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Birth 2 months 8 months

Microscopy PrintrLab-LAMP PCR Microscopy PrintrLab-LAMP PCR Serology

Newborns who were treated

YAC34

YAC97

YAC106

YAC142

VM5

VM70

YAC47

VM49

VM61

Newborns who were not treated (within the study period)

YAC158*

VM22

VM45

VM28

YAC23

VM36

YAC141

Positive

Positive

Positive

Positive

Positive

Positive

Negative

Negative

Negative

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Negative

Negative

Positive Positive Positive

Positive

Positive

Positive

Positive

Positive

Positive Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive

Positive Positive

Positive

Positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative Negative

NegativeNegative

Negative

Negative Negative

Negative

Negative

Negative

Negative

Negative

Negative Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative Negative

Figure 2: Evolution of the positive cases detected bymicroscopy or either of the twomolecular-based techniques (LAMP or PCR) including their serological status
In the study number identifiers, YAC stands for Yacuiba and VM for Villa Montes. LAMP=loop-mediated isothermal amplification. *Study subject YAC158 did not receive
treatment as the serological study at month 8 determined it was a negative case.
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two main ELISAs (Wiener and Lemos), but 17 were
discordant and required the third test (Werfen) to confirm a
positive determination obtained only by the lysate-based
Lemos. Among the ten positive determinations with the
main ELISAs, three had been positive by the micromethod,
PrintrLab-LAMP, and PCR at month 2 (YAC47, VM49, and
VM61; figure 2 and appendix 2 p 1). Another three and four
serologically positive children had been detected positive by
PrintrLab-LAMP and PCR atmonth 2, respectively (YAC23,
VM36, and VM45 for both, and VM28 specifically by PCR;
figure 2 and appendix 2 p 1). Notably, S/CO distance for all
these samples in the two main ELISAs was generally more
than 0⋅5 arbitrary units (appendix 2 p 1).
Only three of the ten serologically positive cases with the

two main ELISAs escaped detection by molecular methods
(YAC1, YAC35, and YAC155; appendix 2 p 2). The presence
of triatomine vectorswas not reported in the domicile of any
of them. Nonetheless, the reported S/CO distance was
mostly below 0⋅4 arbitrary units with both ELISAs, closer to
the assays’ threshold of detection (appendix 2 p 2).
Among the 17 positive cases that were discordant by the

main ELISAs and needed the Werfen BioELISA for
confirmation, only one was positive by PrintrLab-LAMP at
birth (VM22; appendix 2 pp1–2) and anotherwas positive by
PCR at month 2 (YAC141; see appendix 2 pp 1–2). Notably,
those 17 samples were weakly positive, with the S/CO
distance often below 0⋅1 arbitrary units (appendix 2 p 2).
With respect to vector presence in the household, only one
participant lived in a house with a positive report (YAC37;
appendix 2 p 2).
www.thelancet.com/microbe Vol ▪ ▪ 2024
To understand the serological outcome of those samples,
we performed HAI and PCR in a subgroup of serum sam-
ples that included: the 17 samples positive by Lemos and
Werfen ELISAs (group 1 in appendix 2 p 2); 16 samples that
were negative by all techniques (group 2 in appendix 2 p 2);
six samples thatwerepositive byPrintrLab-LAMP,PCR, and
themainELISAs (group3 in appendix 2p2); and another six
samples that were positive by the micromethod, PrintrLab-
LAMP, and PCR, but negative by ELISA (group 4 in
appendix 2 p 2).
The PCR did not amplify parasite DNA from any of the

serum samples, while the internal amplification control
(human ribonuclease P) confirmed the presence and
reactivity of DNA in those samples (appendix 2 p 2).
Regarding HAI results, only four of the 17 Lemos and
Werfen-positive samples (group 1) were reported positive,
all of them at the limit of detection of the assay (serum
dilution 1/16; appendix 2 p 2). In 12 of the 13 samples
registered asHAI-negative in group 1, the S/CO distance at
the Lemos ELISA was below 0⋅1 arbitrary units. In contrast,
HAI confirmed the positivity of those samples registered as
positive by the two main ELISAs and both molecular tech-
niques (group3; appendix 2 p 2). Similarly,HAI determined
as negative 15 of the 16 fully negative samples included, and
the false positive HAI result was at the limit of detection of
the assay (group 2; appendix 2 p 2). In summary, 14 cases of
vertically acquired T cruzi infection were diagnosed sero-
logically, accounting for a transmission rate of 6⋅3%
(95% CI 3⋅6–10⋅3) determined by this methodology. All
samples from children who received timely treatment upon
5
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testing positive by the micromethod were HAI-negative
(group 4; appendix 2 p 2), further confirming treatment
success.
In total, the congenital transmission rate was 10⋅3%

(95% CI 6⋅6–15⋅0; 23 of 224) when the micromethod
(nine positive newborns) and serology (14 positive children)
results were combined. Among the 14 serologically positive
children, ten were positive by the main ELISAs (appendix 2
pp 1–2), and four more positive detections by Lemos and
Werfen ELISAs were confirmed by HAI (appendix 2 p 2).
In comparison, the PrintrLab-LAMP managed to detect
shortly after birth 13 of 23 cases (sensitivity 56⋅5%;
95% CI 34⋅5–76⋅8) with a specificity of 99⋅5% (97⋅3–99⋅9)
due to a single false positive (YAC158; figure 2). The PCR
detected 14 of 23 cases (sensitivity 60⋅9%; 36⋅6–77⋅9)with a
specificity of 100% (98⋅2–100⋅0). The micromethod ren-
dered a sensitivity of 39⋅1% (18⋅8–59⋅4) and a specificity of
100% (98⋅2–100⋅0). When the LAMP or PCR were
compared with the outcome of the micromethod, both
outperformed it by around 20%.
The qPCR analysis of the newborns’ positive samples

indicated that the levels of T cruzi parasites ranged from
0⋅011 parEq/mL to 6040⋅01 parEq/mL (appendix 2 p 1).
Hence, the micromethod managed to detect parasitaemia
above 80 parEq/mL (with the exception of YAC97), missing
those cases with levels of circulating parasites below that
threshold (appendix 2 p 1).
No adverse events were observed from performing the

blood extractions, the DNA purification, or running the
index and comparator tests.

Discussion
Inability to make an early diagnosis of congenital Chagas
disease is a shame given the efficacy of currently available
drugs is near 100% when administered in the first year of
life, at a time when both drugs (benznidazole and nifurti-
mox) are well tolerated.6 In this study, all positive newborns
detected by the micromethod were treated, and all of those
detected at birth were serologically negative when evaluated
at 8 months of age, confirming treatment success.
Remarkably, the PrintrLab-LAMP and the PCR not only

mirrored the micromethod detection capacity (nine cases),
but outperformed it, respectively finding four and fivemore
vertical infections (PCR additionally detected a case at birth
that was not microscopy-positive until month 2). Direct
comparison of the LAMP and PCR showed that the
performance of the former was only slightly lower despite
being a point-of-care test used for the first time in a poorly
equipped laboratory.
Both molecular tests yielded a similar sensitivity to that

reported elsewhere.27 Regarding the specificity, the PCR
registered a 100% capacity to determine true negatives,
while the PrintrLab-LAMP yielded one false positive deter-
mination that made its specificity stay at 99⋅5%. That false
positive could be due to the use of EDTA anticoagulated
blood, since EDTA can interfere with the calcein-based
detection of the LAMP reaction (Eiken Chemical, personal
communication). We did not have an opportunity to collect
blood treatedwith an alternative anticoagulant (eg, heparin),
and relying on fluorescence detectors instead of the naked
eye could guarantee better visualisation of LAMP results.28

This would help to avoid any doubtful interpretation.
Despite being involved in a study with specifically

dedicated personnel, only 45⋅5% (102 of 224) of the
participants attended the hospital for the last visit. This
emphasises the importance of information, education,
and communication. It also points to how advantageous it
would be to have highly sensitive and specific diagnostics
for timely detection of congenital Chagas disease. In this
respect, the promising results obtained in this work
encourage further investigation of the use of the
PrintrLab-LAMP to find out whether the satellite DNA
target of the prototype yields a similar performance in
other regions. Moreover, a study involving several hos-
pitals covering a wide geographical area will enlighten
logistical issues concerning the distribution of the
PrintrLab-LAMP reagents and that of the ELISAs or rapid
diagnostic tests (RDTs). Pregnant women attending the
health centres or hospitals for delivery might be unaware
that they are positive for T cruzi, and the availability of
RDTs for fast screening could make a difference consid-
ering that the return of ELISA results can take several
weeks. Bearing in mind that births also take place in
health centres without laboratories nor the possibility to
keep and transport frozen samples, the use of alternative
sampling supports for LAMP, such as filter paper, should
be considered.28

A limitation of this study is the small number of cases
identified, which is a common hurdle in clinical studies
of the vertical transmission of Chagas disease. In the
2–3 years of a project, a large number of pregnant women
must be screened to identify those positive for T cruzi, the
opportunity for their newborns to participate offered, and
the 5–10% of vertically transmitted cases eventually
identified. Considering that the estimated incidence of
T cruzi vertical transmission in Bolivia is 0⋅235 per
100 livebirths,4 we would have had to enrol more than
80 000 children to assess the agreement between classi-
fication tools, an impossible target with the resources and
time (17 months) allotted. Another limitation was the
time available in which to follow up the infants and
perform the serological study. We did not have the
opportunity to collect extra serumsamples beyond the last
visit. Serological analysis of such extra samples would
have been very informative,29 especially to understand the
results of the 17 children who had discordant serological
results and required the third ELISA.
In its current format, the PrintrLab-LAMPmight not fully

comply with the ASSURED criteria, as it is not an
equipment-free test.30 However, point-of-care also refers to
tests performed near to the patient, improving access
to treatment and the disease outcome. In contrast to
serological RDTs, which are suitable even for remote
areas, the T cruzi-LAMP will require a minimum level of
www.thelancet.com/microbe Vol ▪ ▪ 2024
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infrastructure. For congenital Chagas disease, taking into
account that a large proportion of births in endemic regions
occur in primary health centres or secondary level hospitals
equipped with laboratories, deployment of the technology
would be feasible in many settings.
Already commercialised for malaria and tuberculosis, the

attributes of LAMP make it a very promising tool for the
diagnosis of acute T cruzi infection, including vertical
transmission, relapse in immunocompromised patients, or
oral outbreaks,12 and treatment efficacy follow-up.14 To
adopt the technology, besides wider operational evaluation
studies, cost–benefit and health economics analyses will
be key.
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