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Abstract

Background—We conducted a study of congenital Trypanosoma cruzi infection in Santa Cruz, 

Bolivia. Our objective was to apply new tools to identify weak points in current screening 

algorithms, and find ways to improve them.

Methods—Women presenting for delivery were screened by rapid and conventional serological 

tests. For infants of infected mothers, blood specimens obtained on days 0, 7, 21, 30, 90, 180, and 

270 were concentrated and examined microscopically; serological tests were performed for the 

day 90, 180, and 270 specimens. Maternal and infant specimens, including umbilical tissue, were 

tested by polymerase chain reaction (PCR) targeting the kinetoplast minicircle and by quantitative 

PCR.

Results—Of 530 women, 154 (29%) were seropositive. Ten infants had congenital T. cruzi 
infection. Only 4 infants had positive results of microscopy evaluation in the first month, and none 

had positive cord blood microscopy results. PCR results were positive for 6 (67%) of 9 cord blood 

and 7 (87.5%) of 8 umbilical tissue specimens. PCR-positive women were more likely to transmit 

T. cruzi than were seropositive women with negative PCR results (P < .05). Parasite loads 

determined by quantitative PCR were higher for mothers of infected infants than for seropositive 

mothers of uninfected infants (P < .01). Despite intensive efforts, only 58% of at-risk infants had a 

month 9 specimen collected.
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Conclusions—On the basis of the low sensitivity of microscopy in cord blood and high rate of 

loss to follow-up, we estimate that current screening programs miss one-half of all infected 

infants. Molecular techniques may improve early detection.

Since 1991, the estimated prevalence of Trypanosoma cruzi infection has decreased from 18 

million to 8 million as a result of intensive vector control and blood bank screening [1, 2]. 

As other transmission routes have diminished, the proportion attributable to congenital 

infection has grown: an estimated 26% of new infections now occur through mother-to-child 

transmission [2]. Congenital transmission can occur from women who are themselves 

infected congenitally, perpetuating the disease in the absence of the vector [3]. Reported 

transmission rates from infected mothers vary from 1% to >10% [4–6]. Factors reported to 

increase risk include younger maternal age, human immunodeficiency virus infection, and 

(in an animal model) parasite strain [6–9].

Although an autochthonous enzootic cycle and competent vectors exist across the southern 

half of the country, the vast majority of human T. cruzi infections in the United States affect 

immigrants infected in their home countries [10–12]. One group of researchers estimates 

that 40,000 infected women of child-bearing age live in the United States and that 189 

congenital T. cruzi infections occur annually [13]. This estimate indicates that congenital 

Chagas disease may be more common than 23 of 29 noninfectious disorders in the American 

College of Genetics recommended newborn screening panel [14].

Most congenital T. cruzi infections are asymptomatic or cause nonspecific signs, requiring 

laboratory screening for detection [15]. However, a small proportion causes severe 

morbidity, including low birthweight, hepatosplenomegaly, anemia, meningoencephalitis, 

and/or respiratory insufficiency, with high mortality [6]. Infants who survive the acute 

infection are presumed to carry the same 20%–30% lifetime risk of cardiac or 

gastrointestinal disease as other infected individuals [15]. Treatment during infancy is more 

effective and better tolerated than later treatment [16]. Although data are lacking, successful 

treatment is assumed to decrease or eliminate risk of later complications [8, 16]. Early 

diagnosis and treatment are, therefore, high priorities in control programs.

Bolivia has a congenital Chagas screening program in all departments where vector-borne T. 
cruzi transmission is endemic [17]. The program uses prenatal serological screening, 

followed by microscopic examination of concentrated cord blood from infants of 

seropositive mothers [17–19]. For infants who do not receive diagnoses at birth, 

conventional immunoglobulin G (IgG) serological testing is recommended after 6 months of 

age [17]. Similar programs exist in Argentina and Brazil [20, 21]. Because of logistical 

challenges, <20% of at-risk infants complete all steps of the algorithm [22].

Our objective was to use new tools to identify weak points in current congenital T. cruzi 
screening, and find ways to improve sensitivity and efficiency. We also investigated 

transmission dynamics, including quantification of parasitemia in mother and infant by real-

time polymerase chain reaction (PCR). These data represent the most comprehensive recent 

study of a cohort of infants of T. cruzi–infected mothers, including systematic follow-up 
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from birth to 9 months, and the use of conventional and novel diagnostic techniques over the 

full period.

METHODS

This study was conducted in the Hospital Universitario Japones, a public hospital in Santa 

Cruz, Bolivia. Although vectorborne T. cruzi transmission is absent, the infection prevalence 

is high, because the city acts as an economic magnet for migrants from rural areas with 

intense transmission [4, 23]. The protocol was approved by the ethics committees of the 

study hospital; Asociación Benéfica Proyectos en Informática, Salud, Medicina y 

Agricultura (Lima, Peru); Johns Hopkins University (Baltimore, MD; and the Centers for 

Disease Control and Prevention (Atlanta, GA). Trained study nurses explained the protocol 

to women presenting for delivery. After we obtained written informed consent, demographic 

data were solicited. A blood specimen was collected, centrifuged, and tested by 2 rapid 

diagnostic tests (RDTs), the indirect hemagglutination test (IHA) and Trypanosoma Detect 

(InBios International). The IHA utilized the Chagas Polychaco kit (Lemos Laboratories) 

with a positive cutoff value of 1:16 to provide high sensitivity. A subset of specimens was 

tested by Stat-Pak (Chembio Diagnostic Systems).

A study nurse attended the delivery of each RDT-positive woman to collect cord blood 

specimens and specimens from the placenta and severed umbilical cord from the end closest 

to the infant (Figure 1). The cord and placenta were washed thoroughly in phosphate-

buffered saline buffer to remove maternal blood prior to sampling. Tissue aliquots were 

placed in 95% ethanol and in formalin. The attending pediatrician recorded major neonatal 

examination findings. Cord blood was placed in 4–6 heparinized microhematocrit tubes, 

sealed, and processed within 24 h by centrifugation (12,000 rpm for 7 min [rotor diameter, 

20 cm]) followed by microscopic examination. This technique, called the micromethod, is 

the standard method to diagnose congenital T. cruzi infection in the first months of life [17–

19]. The formalin-fixed umbilical specimen was embedded in paraffin, sectioned, and 

stained with hematoxylin and eosin.

All laboratory assays were run by technicians blinded to infection status of subjects. 

Maternal specimens were tested by an immunofluorescent antibody test (IFA) following 

standard methods [24], Chagatek enzyme-linked immunosorbent assay (ELISA; 

bioMérieux), and Chagatest Recombinante ELISA (Wiener Laboratories), as described in a 

previous publication [25]. Specimens that yielded positive results with ≥2 conventional tests 

were considered to be confirmed seropositive [26].

Infants of infected women had blood samples obtained at 7, 21, 30, 90, 180, and 270 days of 

age. At each follow-up visit, blood was examined by the micromethod, and additional blood 

was separated into clot and serum for subsequent testing. If infection was detected by 

parasite visualization at any age or by positive serological test results at 9 months, the infant 

was referred for treatment.

In maternal and infant serum specimens, we performed Western blots using trypomastigote 

excreted-secreted antigens in accordance with published methods [27, 28]. Blots with clear 
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bands at the expected molecular weights were considered positive; blots with weak or 

ambiguous bands were repeated. The 150–160 kDa band on IgG TESA-blot corresponds to 

chronic infection, whereas ladder-like bands at 130–200 kDa on IgM TESA-blot 

demonstrate antibodies to Shed Acute Phase Antigens (SAPA), indicating acute or 

congenital infection [27, 29]. Bands below 95 kDa are considered to be nonspecific.

PCR was performed using 500-μL specimens of maternal and infant blood clot, and 25 mg 

specimens of placental and umbilical tissue. The use of clot was based on an analysis that 

demonstrated higher sensitivity for clot compared to buffy coat or whole blood mixed with 

guanidine [30]. DNA was extracted following a standard phenol-chloroform protocol [31]. 

Amplifications were performed using the 121/122 kinetoplast DNA primer set, as described 

elsewhere [30, 32].

Quantitative real-time PCR was performed on the basis of published methods [33]. The 

primer set Cruzi 1 (5′–ASTCGGCTGATCGTTTTCGA–3′) and Cruzi 2 (5′–
AATTCCTCCAAGCAGCGGATA–3′) was used to amplify a 166–base pair DNA fragment. 

The probe Cruzi 3 (5′–CACACACTGGACACCAA–3′) was labeled with 5′FAM (6-

carboxyfluorescein) and 3′MGB (minor groove binder). TaqMan Human RNase-P detection 

reagent (Applied Biosystems) was included as an internal control. Each reaction contained 

10 μL of 1× Master Mix with uracil-N-glycosylase (Applied Biosystems), 0.4 μL of 0.1× 

Taqman RNase-P, 0.5 μmol/L of each primer, 0.2 μmol/L of Cruzi 3 probe, and 2 μL of 

extracted DNA in a final reaction volume of 20 μL. The reaction was performed in the 

Opticon 2 System under the following conditions: 50°C for 2 min, followed by 95°C for 10 

min, during 45 cycles with 2 steps of amplification (95°C for 15 s and 1 min at 58°C) [33]. 

The threshold cycle was defined as the first cycle in which fluorescence was detected above 

baseline. A result was considered valid only when the internal control was efficiently 

amplified. We included 2 positive control specimens in each quantitative PCR run and 

checked their cycle number against their known cycle number from the standardization 

procedure, including a new standard curve, conducted for each batch of specimens. If the 

cycle number for the positive controls varied by more than 0.5 cycles, the run was repeated. 

A non-template negative control was included in each run. The threshold cycle was 

determined by the respective standard curve for the specimen batch and was always between 

37 and 38 cycles. A clot specimen was inoculated with 1 × 106 T. cruzi Y strain 

trypomastigotes, extracted, and diluted successively to determine the minimum quantity 

detectable; the limit was found to be 1 parasite/mL.

A neonatologist (M.d.C.A.) treated infected infants in accordance with the Bolivian Chagas 

Disease Control Program guidelines [17]. The guidelines require positive micromethod 

results or positive results on 2 serological tests at ≥6 months; infants were only eligible to 

receive treatment by the program on basis of the results of these assays and not PCR results. 

However, for the research analysis, we considered an infant to have confirmed congenital 

infection if he or she met the program case definition or had reproducible detection of T. 
cruzi DNA in ≥2 specimens collected on separate occasions. The mother was interviewed to 

assure that the infant had not lived in an area with vectorborne transmission between birth 

and the date of the positive specimen.
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Statistical analyses were performed in SAS software for Windows, version 9.0 (SAS 

Institute). Categorical variables were compared by the χ2 test or the Fisher exact test as 

appropriate, whereas continuous variables were analyzed using the Kruskal-Wallis test.

RESULTS

From November 2006 to June 2007, a total of 530 women had a prepartum blood specimen 

collected; 139 specimens tested positive by at least 1 RDT (Figure 1). Specimens from 154 

women (29%) were confirmed to be seropositive; 151 had positive results by 3 conventional 

assays, whereas 3 had positive results by 2 of 3 assays. Sixteen RDT-negative specimens 

were confirmed to be seropositive. One IHA-positive, InBios-negative specimen yielded 

negative results by conventional serological testing and was classified as a false-positive 

IHA result. Umbilical tissue and cord blood specimens were collected for 116 births from 

confirmed seropositive mothers (Figure 1). One seropositive mother gave birth to twins. One 

seropositive mother had a stillborn infant, and 1 infant of a seronegative mother died at 2 

months of age. Although many attempts were made to convince the 16 mothers with false-

negative RDTs to bring their infants for testing, follow-up was much poorer than for infants 

of RDT-positive mothers (mean number of specimens, 0.25 vs 3.6 [P < .001]; percentage of 

infants who completed month 9 follow-up, 22% vs 63% [P < .001]).

Ten infants (6.5%) received a diagnosis of congenital T. cruzi infection (Table 1). All 10 

infants had positive PCR results of specimens from the first month of life. The mean age at 

diagnosis by conventional techniques was 131 days, compared with 4 days for molecular 

diagnosis (P < .001). Only 4 infants received a diagnosis by micromethod in their first 

month, and all cord blood specimens had negative micromethod results. Two additional 

infants had parasites visualized in specimens at 103 and 189 days. By contrast, PCR results 

were positive in 6 for (67%) of 9 cord blood specimens, 7 (87.5%) of 8 umbilical tissue 

specimens, and 27 (75%) of 36 infant follow-up specimens collected prior to treatment. 

Among uninfected infants, all 109 cord blood, 107 umbilical tissue, and 137 of 138 follow-

up specimens were PCR negative; one 7-day specimen from an infant who had been proven 

to be uninfected at 9 months was weakly positive by PCR (specificity, 99.6%). Placental 

specimens from 14 births were PCR positive, including specimens from 7 infected infants, 4 

infants who were proven to be un-infected, and 3 infants who were lost to follow-up at 9 

months but presumed to be uninfected on the basis of neonatal specimens. Two infected 

infants had negative placental PCR results. Parasite nests were visible in umbilical tissue 

specimens from 7 of 9 infected infants (Figure 2).

Quantitative PCR demonstrated higher parasite loads in umbilical tissue than cord blood 

specimens (median, 5752 vs 21 copies/mL; P < .05). Parasite loads increased after birth, 

peaked at days 30–90, and then decreased as infections entered the chronic phase (Table 2). 

Only 10 (42%) of 24 infant specimens positive by kinetoplast DNA PCR yielded positive 

results of microscopy evaluation. Although micromethod-positive specimens had 

significantly higher parasite loads than did micro-method-negative specimens (median, 9395 

vs 78 copies/mL; P < .01), some specimens with >60,000 copies/mL yielded negative 

micromethod results, whereas others with <200 copies/mL were read as positive (Table 2).
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The IgG TESA-blot results was positive for 151 (98.7%) of 154 seropositive women and 

negative for 371 (98.1%) of 376 seronegative women. Among 101 infants of seropositive 

women, 90 (89%) had positive IgG TESA-blot results, with bands at 150–160 kDa in cord 

blood, reflecting passively transferred maternal antibody. Among 9 infected infants with 

cord blood IgM TESA-blot data, 5 demonstrated SAPA bands, whereas 4 tested negative 

(sensitivity, 56%). One infected infant had negative IgM TESA-blot results at birth but 

positive IgM TESA-blot results, with SAPA bands, at 90 days. Among uninfected infants, 92 

cord blood specimens and 207 follow-up specimens were tested; none demonstrated SAPA 

bands (specificity, 100%). The prevalence of positive Chagatek ELISA results in specimens 

from uninfected infants of seropositive mothers decreased from 100% at 3 months to 78% at 

6 months and 2.5% at 9 months of age (Figure 3).

Infected infants did not differ from uninfected infants of seropositive mothers with regard to 

birth weight (mean, 3238 vs 3303 g; P = .54) or Apgar score (mean, 8.0 vs 7.7 at 1 min [P 
= .68] and 9.1 vs 9.0 at 5 min [P = .48]); no abnormalities were found on their newborn 

examinations. Three of 7 infants with available data had splenomegaly noted on 

pretreatment examination at 51, 230, and 314 days of age. Of 6 infected infants with 

posttreatment specimens available, 4 had negative PCR and serological test results. One 

infant, treated at 230 days, had low positive ELISA (absorbance, 0.157) and negative PCR 

results at 350 days. One infant, treated at 27 days, had PCR-positive specimens and 

increasing positive serological test values at 176 and 294 days; these were thought to reflect 

treatment failure. Two infants were not treated, one because the family refused to return for 

follow-up, and the other because mother and infant moved before month 9 serological test 

results were available and, when contacted, were living in a nonendemic department where 

antitrypanosomal treatment was not available.

Ninety-seven (63%) of 154 seropositive women had positive peripheral blood PCR results. 

Only 12.5% of women with false-negative RDT results had positive PCR results, compared 

with 68.8% of those with positive RDT results (P < .001). Mothers with PCR-positive 

specimens were significantly more likely to transmit T. cruzi to their infants (assuming all 

infants without follow-up were uninfected, 10 of 97 vs 0 of 57 [P = .014, by 2-sided Fisher 

exact test]; including only infants with final follow-up data, 10 of 57 vs 0 of 33 [P = .012]). 

Mothers of infected infants also had higher parasite loads than did seropositive mothers of 

uninfected infants (mean, 85.6 copies [32.8 cycles] vs 20.9 copies [38.9 cycles]; P < .01), 

but there were no difference in age (P = .64) or parity (P = .41).

DISCUSSION

Our study indicates that current programs miss many T. cruzi–infected infants. Cord blood 

microscopy has a reported sensitivity of ≤60%; an additional neonatal specimen is often 

recommended, usually at 30 days [4]. However, programs seldom include additional 

specimens, because women have difficulty returning for follow-up; some programs seek 

additional specimens only from symptomatic infants [17, 22]. On the basis of this practice, 

none of the infected infants in our study would have received diagnoses during the neonatal 

period. Even with intensive efforts by our full-time study nurses, only 58% of infants had the 

9-month specimen collected. On the basis of our data, routine programs may miss one-half 
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of the estimated 14,000 annual congenital T. cruzi infections [2]. Investigators in Argentina 

have raised similar concerns [21, 22, 34].

Our data confirm that the use of molecular methods substantially increases early detection 

[35–37]. We found that PCR was even more sensitive in umbilical tissue than cord blood, a 

finding explained by higher copy numbers reflecting active parasite replication in neonatal 

tissues. Collection of an umbilical tissue specimen after the cord is severed from the neonate 

is noninvasive and requires minimal additional logistics beyond those necessary for cord 

blood collection, which is currently recommended as standard of care during all deliveries of 

T. cruzi–infected women. In common with other observers, we found positive placental PCR 

from births of uninfected as well as infected infants; this finding was not unexpected and 

does not offer useful diagnostic avenues [4, 38]. Decades ago, investigators observed that 

parasite loads increase in infected infants after birth [38], and we found that peak parasite 

loads occurred at 30–90 days. In several infants who had not been treated until their positive 

9-month serological test results, the subsequent decrease in parasite load reflected the 

transition from acute to chronic T. cruzi infection.

Our data suggest that current micromethod sensitivity is disturbingly low, even in a highly 

experienced research laboratory following standard quality control procedures, perhaps in 

part due to relatively low parasite loads at birth. Although it is possible that discordance 

between quantitative PCR results and micromethod detection was due in part to 

heterogeneity in the recovery of DNA from small volume neonatal specimens, the internal 

consistency of the quantitative PCR results suggests that most of the discordance was related 

to low micromethod sensitivity. Of note, specimens were transported from hospital to 

laboratory daily, and the delay between collection and reading varied from a few hours to 18 

h (in births that occurred in the evening); microscopic sensitivity may have been lower if 

trypomastigotes were no longer motile. Other investigators have noted decreased morbidity 

associated with congenital infection over time and have suggested that parasite levels in 

infected infants may also be decreasing, leading to lower sensitivity [6, 39]. Nevertheless, 

we found that higher parasite loads in the mother were predictive of vertical transmission 

risk, as documented in other publications [40, 41]. Although the need for specialized 

equipment and expertise limits the use of PCR in routine settings, there is an increasing 

effort to incorporate these technologies into congenital Chagas disease screening programs 

[42].

Recently introduced point-of-care rapid diagnostic tests represent a major advance in 

prenatal screening. However, the Stat-Pak and InBios tests had sensitivities of 87.5% and 

90.7% in this population [25], and women with false-negative results seldom brought back 

their babies, despite repeated counseling. These women had lower parasite loads and may be 

less likely to transmit to infants, although loss to follow-up precludes a definitive conclusion. 

Commercial RDT performance also varies geographically, with lower sensitivity reported in 

Peru and Mexico than in Bolivia, Brazil, or Honduras [25, 43]. Because RDTs are now used 

as the sole screen—not just for pregnant women, but also for children in communities where 

T. cruzi infection is endemic—technical changes to increase RDT sensitivity to 98%–99% 

would be well worth the trade-off of lowered specificity. Confirmatory testing is required in 

all current algorithms and would identify false-positive RDT results.
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Congenital T. cruzi screening continues to pose a challenge, even as this route of 

transmission is taking on proportionately greater importance. The next step may be 

adaptation of molecular methods to more field-friendly formats, and their validation in 

settings with the greatest need [44, 45]. Our data suggest an alternate strategy of screening 

of mother and then infant with an improved RDT during routine immunization visits at 1 

year of age. This strategy may also be the most feasible for at-risk populations in the United 

States and other low prevalence areas. However, systematic studies are necessary to 

document acceptable RDT sensitivity and to ensure that long-term prognosis for infants 

treated at 1 year equals that for infants treated earlier in life.
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Figure 1. 
Flow chart of the study design, with the number of mothers and infants completing each step 

of the follow-up plan. The rapid diagnostic tests (RDTs) used for maternal specimens were 

the InBios Trypanosoma Detect test (InBios International) and the indirect hemagglutination 

assay (IHA); a subset of specimens were tested by Stat Pak (Chembio Diagnostic Systems). 

One woman had a false-positive IHA result. Specimens from 16 confirmed seropositive 

women yielded false-negative RDT results; follow-up was significantly less complete for the 

infants of these women than for infants of women with true-positive RDT results.
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Figure 2. 
A, Nest of Trypanosoma cruzi amastigotes in hematoxylin-and-eosin–stained section of 

proximal umbilical cord tissue from infant 203. B, Nest of T. cruzi showing forms 

intermediate between amastigotes and trypomastigotes in hematoxylin-and-eosin–stained 

section of proximal umbilical cord tissue from infant 120. (Original magnification, ×1000). 

No inflammatory response was seen in infected umbilical cord tissue specimens.
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Figure 3. 
Mean absorbance (optical density minus cutoff) for the whole epimastigote lysate enzyme-

linked immunosorbent assay in specimens from uninfected infants of seropositive mothers at 

3, 6, and 9 months of age. Error bars represent 1 standard deviation above and below the 

mean. The curve demonstrates the elimination of passively transferred maternal 

immunoglobulin G (IgG) antibodies over the first 9 months of life and confirms that 

conventional IgG serology should not be applied for infant diagnosis until at least 9 months 

of age.

Bern et al. Page 13

Clin Infect Dis. Author manuscript; available in PMC 2017 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bern et al. Page 14

Ta
b

le
 1

C
om

pa
ri

so
n 

of
 C

on
ve

nt
io

na
l a

nd
 D

et
ec

tio
n 

Po
ly

m
er

as
e 

C
ha

in
 R

ea
ct

io
n 

(P
C

R
) 

Ta
rg

et
in

g 
Tr

yp
an

os
om

a 
cr

uz
i K

in
et

op
la

st
 D

N
A

 in
 S

pe
ci

m
en

s 
O

bt
ai

ne
d 

fr
om

 1
0 

In
fa

nt
s 

B
or

n 
in

 th
e 

H
os

pi
ta

l U
ni

ve
rs

ita
ri

o 
Ja

po
ne

s,
 S

an
ta

 C
ru

z,
 B

ol
iv

ia

C
on

ve
nt

io
na

l d
ia

gn
os

is
a

P
C

R
 r

es
ul

ts
 in

 s
pe

ci
m

en
s 

fr
om

 t
he

 fi
rs

t 
90

 d
ay

s 
of

 li
fe

In
fa

nt
M

ea
ns

 o
f 

di
ag

no
si

s
A

ge
 a

t 
co

nv
en

ti
on

al
 d

ia
gn

os
is

, d
ay

s
A

ge
 a

t 
fi

rs
t 

P
C

R
-p

os
it

iv
e 

sp
ec

im
en

, d
ay

s
U

m
bi

lic
al

 t
is

su
e

C
or

d 
bl

oo
d

7 
da

ys
21

 d
ay

s
30

 d
ay

s
90

 d
ay

s

In
fa

nt
 1

5
Se

ro
lo

gi
ca

l t
es

tin
g

27
1

30
−

−
N

D
N

D
+

+

In
fa

nt
 1

9
M

ic
ro

m
et

ho
db

33
B

ir
th

+
+

−
+

+
N

D

In
fa

nt
 1

20
M

is
se

d
M

is
se

d
B

ir
th

+
+

+
N

D
N

D
N

D

In
fa

nt
 1

79
M

ic
ro

m
et

ho
d

6
6

N
D

N
D

+
+

N
D

N
D

In
fa

nt
 2

03
M

ic
ro

m
et

ho
d

20
B

ir
th

N
D

+
+

+
N

D
N

D

In
fa

nt
 2

18
Se

ro
lo

gi
ca

l t
es

tin
g

27
5

B
ir

th
+

+
+

−
+

+

In
fa

nt
 2

70
M

ic
ro

m
et

ho
d

18
9

B
ir

th
+

+
+

+
+

+

In
fa

nt
 3

42
M

ic
ro

m
et

ho
d

10
3

B
ir

th
+

−
−

−
−

+

In
fa

nt
 4

71
M

ic
ro

m
et

ho
d

8
B

ir
th

+
+

+
+

N
D

N
D

In
fa

nt
 4

78
Se

ro
lo

gi
ca

l t
es

tin
g

27
8

B
ir

th
+

−
−

−
−

+

N
O

T
E

. T
he

 m
ea

n 
ag

e 
at

 d
ia

gn
os

is
 b

y 
co

nv
en

tio
na

l t
ec

hn
iq

ue
s 

w
as

 1
31

 d
ay

s,
 c

om
pa

re
d 

w
ith

 4
 d

ay
s 

fo
r 

m
ol

ec
ul

ar
 d

ia
gn

os
is

. N
D

, n
ot

 d
on

e;
 +

, p
os

iti
ve

; −
, n

eg
at

iv
e.

a C
on

ve
nt

io
na

l d
ia

gn
os

is
 d

ef
in

ed
 b

y 
vi

su
al

iz
at

io
n 

of
 p

ar
as

ite
s 

in
 c

on
ce

nt
ra

te
d 

bl
oo

d 
sp

ec
im

en
s 

at
 a

ny
 a

ge
, o

r 
po

si
tiv

e 
re

su
lts

 o
f 

2 
co

nv
en

tio
na

l I
gG

 s
er

ol
og

ic
al

 te
st

s 
at

 2
70

 d
ay

s 
(9

 m
on

th
s)

 o
f 

ag
e.

b T
he

 m
ic

ro
m

et
ho

d 
is

 th
e 

st
an

da
rd

 a
ss

ay
 f

or
 e

ar
ly

 d
ia

gn
os

is
 o

f 
co

ng
en

ita
l i

nf
ec

tio
n.

 T
he

 a
ss

ay
 c

on
si

st
s 

of
 c

on
ce

nt
ra

tio
n 

by
 c

en
tr

if
ug

at
io

n 
of

 4
–6

 m
ic

ro
he

m
at

oc
ri

t t
ub

es
 o

f 
he

pa
ri

ni
ze

d 
bl

oo
d,

 f
ol

lo
w

ed
 b

y 
m

ic
ro

sc
op

ic
 e

xa
m

in
at

io
n 

of
 th

e 
bu

ff
y 

co
at

 la
ye

r. 
Se

e 
te

xt
 f

or
 f

ur
th

er
 d

es
cr

ip
tio

n.

Clin Infect Dis. Author manuscript; available in PMC 2017 June 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bern et al. Page 15

Ta
b

le
 2

C
ou

rs
e 

of
 P

ar
as

ite
m

ia
 in

 I
nf

ec
te

d 
In

fa
nt

s 
B

as
ed

 o
n 

D
et

ec
tio

n 
Po

ly
m

er
as

e 
C

ha
in

 R
ea

ct
io

n 
(P

C
R

) 
Ta

rg
et

in
g 

Tr
yp

an
os

om
a 

cr
uz

i K
in

et
op

la
st

 D
N

A
 (

kD
N

A
) 

an
d 

Q
ua

nt
ita

tiv
e 

PC
R

 (
qP

C
R

) 
an

d 
C

om
pa

ri
so

n 
w

ith
 M

ic
ro

m
et

ho
d 

(i
e,

 M
ic

ro
sc

op
y 

of
 C

on
ce

nt
ra

te
d 

H
ep

ar
in

iz
ed

 B
lo

od
 in

 M
ic

ro
he

m
at

oc
ri

t T
ub

es
)

In
fa

nt
, t

ec
hn

iq
ue

C
or

d 
bl

oo
d 

sp
ec

im
en

Sa
m

pl
e 

ti
m

e

A
ge

 a
t 

tr
ea

tm
en

t,
 d

ay
s

7 
da

ys
21

 d
ay

s
30

 d
ay

s
90

 d
ay

s
18

0 
da

ys
27

0 
da

ys

In
fa

nt
 1

9

 
kD

N
A

−
N

D
N

D
+

+
+

+
27

5

 
qP

C
R

, c
op

ie
s/

m
L

N
D

N
D

N
D

<
1a

48
,8

83
31

27
8

…

 
M

ic
ro

m
et

ho
d

−
N

D
N

D
−

−
−

−
…

In
fa

nt
 1

9

 
kD

N
A

+
−

+
+

N
D

N
D

−
48

 
qP

C
R

, c
op

ie
s/

m
L

<
1

<
1

82
5

10
,5

39
N

D
N

D
<

1
…

 
M

ic
ro

m
et

ho
d

−
−

−
+

N
D

N
D

−
…

In
fa

nt
 1

20

 
kD

N
A

+
+

N
D

N
D

N
D

N
D

N
D

N
ot

 tr
ea

te
db

 
qP

C
R

, c
op

ie
s/

m
L

42
44

N
D

N
D

N
D

N
D

N
D

…

 
M

ic
ro

m
et

ho
d

−
−

N
D

N
D

N
D

N
D

N
D

…

In
fa

nt
 1

79

 
kD

N
A

N
D

+
+

N
D

N
D

+
+

27
c

 
qP

C
R

, c
op

ie
s/

m
L

N
D

14
70

82
51

N
D

N
D

51
88

29
…

 
M

ic
ro

m
et

ho
d

N
D

+
+

N
D

N
D

+
−

…

In
fa

nt
 2

03

 
kD

N
A

+
+

+
N

D
N

D
−

−
51

 
qP

C
R

, c
op

ie
s/

m
L

97
70

45
,3

20
20

7,
94

3
N

D
N

D
<

1
<

1
…

 
M

ic
ro

m
et

ho
d

−
+

+
N

D
N

D
−

−
…

In
fa

nt
 2

18

 
kD

N
A

+
+

−
+

+
+

+
N

ot
 tr

ea
te

dd

 
qP

C
R

, c
op

ie
s/

m
L

1
<

1
<

1
3

61
,1

46
43

77
70

…

 
M

ic
ro

m
et

ho
d

−
−

−
−

−
−

−
…

Clin Infect Dis. Author manuscript; available in PMC 2017 June 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bern et al. Page 16

In
fa

nt
, t

ec
hn

iq
ue

C
or

d 
bl

oo
d 

sp
ec

im
en

Sa
m

pl
e 

ti
m

e

A
ge

 a
t 

tr
ea

tm
en

t,
 d

ay
s

7 
da

ys
21

 d
ay

s
30

 d
ay

s
90

 d
ay

s
18

0 
da

ys
27

0 
da

ys

In
fa

nt
 2

70

 
kD

N
A

+
+

+
+

+
+

−
23

0

 
qP

C
R

, c
op

ie
s/

m
L

43
10

86
59

9
54

12
87

5
<

1
…

 
M

ic
ro

m
et

ho
d

−
−

−
−

−
+

−
…

In
fa

nt
 3

42

 
kD

N
A

−
−

−
−

+
N

D
−

12
2

 
qP

C
R

, c
op

ie
s/

m
L

<
1

<
1

<
1

<
1

19
,5

04
N

D
<

1
…

 
M

ic
ro

m
et

ho
d

−
−

−
−

+
N

D
−

…

In
fa

nt
 4

71

 
kD

N
A

+
+

+
e

N
D

N
D

−
−

15

 
qP

C
R

, c
op

ie
s/

m
L

17
4

12
,2

74
12

,5
08

N
D

N
D

<
1

<
1

…

 
M

ic
ro

m
et

ho
d

−
+

−
N

D
N

D
−

−
…

In
fa

nt
 4

78

 
kD

N
A

−
−

−
−

+
+

+
31

4

 
qP

C
R

, c
op

ie
s/

m
L

<
1

<
1

<
1

<
1

8
10

32
12

7
…

 
M

ic
ro

m
et

ho
d

−
−

−
−

−
−

+
…

N
O

T
E

. N
D

, n
ot

 d
on

e;
 +

, p
os

iti
ve

; −
, n

eg
at

iv
e.

a qP
C

R
 r

es
ul

t l
es

s 
th

an
 th

e 
th

re
sh

ol
d 

of
 d

et
ec

tio
n 

of
 1

 p
ar

as
ite

 c
op

y/
m

L
.

b Fa
m

ily
 r

ef
us

ed
 f

ol
lo

w
-u

p.

c In
fa

nt
 d

ia
gn

os
ed

 w
ith

 tr
ea

tm
en

t f
ai

lu
re

 a
t 2

70
 d

ay
s 

on
 th

e 
ba

si
s 

of
 in

cr
ea

si
ng

 p
os

iti
ve

 s
er

ol
og

ic
al

 te
st

 v
al

ue
s.

d Fa
m

ily
 m

ov
ed

 to
 a

n 
ar

ea
 w

ith
ou

t a
cc

es
s 

to
 tr

ea
tm

en
t b

ef
or

e 
se

ro
lo

gi
ca

l r
es

ul
ts

 w
er

e 
av

ai
la

bl
e.

e Sp
ec

im
en

 c
ol

le
ct

ed
 a

t 1
5 

da
ys

.

Clin Infect Dis. Author manuscript; available in PMC 2017 June 02.


	Abstract
	METHODS
	RESULTS
	DISCUSSION
	References
	THE CHAGAS DISEASE WORKING GROUP
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2

