®

Check for
updates

Orally Transmitted Chagas Disease:
Biology, Epidemiology, and Clinical
Aspects of a Foodborne Infection

Belkisyolé Alarcon de Noya and Oscar Noya Gonzalez

Abstract Chagas disease has been one of the great neglected infectious patholo-
gies, affecting not only developing countries but also the most vulnerable sectors of
the population with greater intensity. In the spectrum of its mechanisms of infection,
the most forgotten, unknown, and underestimated is the oral infection. Despite
being the usual form of infection among mammals and the increasing frequency of
oral Trypanosoma cruzi-transmitted outbreaks since 1967, many aspects about the
physiopathology, the histotropism, clinical evolution, evasion mechanisms of
Trypanosoma cruzi, the consequent host immune response, and the therapeutic effi-
cacy are still unknown. However, nowadays we already know, and are discussed in
this chapter, the risk factors, the clinical aspects, the incriminated vectors, the ideal
diagnostic methods, and the therapeutic approach primarily applicable to the acute
phase.

1 Introduction

American trypanosomiasis is one of the most important zoonoses of the New World
since its causative agent Trypanosoma cruzi infects all mammals that are exposed to
this protozoan. Its original mechanism of transmission between the wild and, more
recently, domestic reservoirs has been fundamentally the oral route, since the fur
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and the thickness of the skin are a physical barrier almost insurmountable for its
penetration. Hence, it is considered that the oral route is the usual way of infection
in different species. Today we know the intrinsic mechanisms of the cellular biology
of this parasite, by its more efficient penetration through the gastric mucosa [1].
Perhaps the exception to this route of penetration is represented by marsupials
which seem to be the ancestral reservoirs, among which Didelphis marsupialis,
which has the capacity to house vertebrate and vectors cycles, the latter in their
odoriferous glands. Under situations of stress, they are able to vaporize their secre-
tions containing metacyclic trypomastigotes that can infect remotely other animals
through mucous membranes such as the conjunctiva [2].

The participation of humans in the epidemiology of this hemoparasite is related
to the arrival of Asian migrants that populated America, and their infection has
been demonstrated by molecular biology techniques in mummies of different
Amerindian ethnic groups, at least for 7000 years [3]. Unlike wild mammals,
humans and in particular Amerindian ethnic groups have a skin devoid of mechani-
cal barriers such as fur, which allow the easy penetration of metacyclic trypano-
somes through small fissures and even at the stinging point of their vectors, which
eliminated trypanosomes through the excreta. For these reasons, humans are the
only species in which the cutaneous route is considered a natural via of infection.
Trypanosoma cruzi, the causal agent of this infection, multiplies intracellularly in
the vertebrate host causing damage especially in the heart, the target organ, causing
Chagas disease (ChD).

When Carlos Chagas published the first report of a new disease in 1908 [4], it
was recognized that this parasitic tropical disease was acquired through the skin [5].
Typical entry-site symptoms and clinical signs (Romafa sign, cutaneous indura-
tions known as “chagomas”) were described by this outstanding Brazilian physician
and researcher. Other entry ports have been recognized (blood transfusions, vertical
transmission, organ transplantation, laboratory accidents), and since 1960 the oral
route has been recognized as one of the causes of foodborne diseases [6]. This fact
is one of the reasons why this mode of infection has been neglected and minimized
by health authorities, as rare accidents of secondary importance. However, the
increased number of oral ChD (OChD) reports especially originating from the
Amazon region and in four other countries (Venezuela, Bolivia, Colombia, and
French Guyana) [7] has elicited and increased interest in this particular form of
infection. In Venezuela, 14 outbreaks have been reported—ten are recorded in
Alarcén de Noya et al. [8] and the other four in Ruiz-Guevara et al. [9]—being the
first outbreak occurred in 2007, the largest registered in Latin America [10]. In
September 19, 2017, the Colombia Health Ministry (Ministerio de Salud y
Proteccion Social) warned about the situation of a family of Venezuelans who had
three children died with acute ChD, one of 9 months in Tariba (Tachira State),
Venezuela, and the other two children of 5 and 9 years old died in the North of
Santander, Colombia. The two grandparents had the same symptoms. All belonged
to the same family and came from the same locality (https://www.minsalud.gov.co/
Paginas/Intensificadas-medidas-de-salud-p%C3%BAblica-por-muertes-de-
venezolanos-por-Chagas.aspx). Due to the simultaneity in related persons of the
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same family, and the identification of acute ChD, this episode could be identified as
the 15th outbreak of oral transmission of 7. cruzi in Venezuela.

2 Particularities of the Orally Transmitted Chagas Disease

Although transcutaneous transmission has been considered the most important
transmission mechanism until now, in Venezuela in the last 11 years, only a total of
ten patients have been reported [11], while in that interim, there have been 15 OChD
outbreaks affecting 273 people. Furthermore, among these ten cases, four were
members of the same family, and possibly they were infected by the oral route [8,
11]. This decline in prevalence coincides with that observed in the rest of Latin
America, as a result of the integration of the Chagas disease control programs of the
Latin American countries, promoted by PAHO (Central America, Andean, and
Southern Cone initiatives) [12]. However, in contrast to the decreased transmission
shown in these figures, an increase in acute cases of orally acquired infection has
been observed in the last two decades [13, 14].

There are multiple reasons that could explain this change in the transmission pat-
terns in the endemic region of Latin America. Among them, the following are worth
highlighting:

2.1 Bioecological Factors

1. Human migrations: great demographic changes have occurred in this continent
such as the reversal in the percentages of rural vs. urban population, which
decreased from 70.5% in 1950 to 21% in 2013 [15, 16]. This allowed the migra-
tion of infected populations to the periphery of the cities, which today make up
the belts of misery and that, consequently, correspond to recently invaded and
deforested areas, now absent from the natural wild reservoirs that were the origi-
nal source of food for the triatomines. These demographic changes in some way
forced changes in the ethology of vectors, which were now forced to feed on
domestic reservoirs (rodents, dogs, and cats) and humans. In short, a rural pathol-
ogy now becomes a pathology of urban predominance in some countries, as is
the case of Venezuela [17].

2. Triatomine vectors: domiciliation is one of the major bioecological changes that
have occurred in this disease. It has been reported by a series of species that are
not necessarily good vectors through the cutaneous route (Triatoma dimidiata,
Panstrongylus rufotuberculatus, Rhodnius stali, Eratyrus mucronatus, and
Panstrongylus geniculatus). It is the case of Panstrongylus geniculatus, which
nevertheless has revealed to be a species of less importance for the transmission
through the skin, since the speed factor in the defecation reflex that is essential
for skin transmission, is irrelevant for the contamination of food and therefore
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Fig. 1 Homemade or artisan fresh (unpasteurized) juices are the main source of infection with
metacyclic trypomastigotes from completely blended triatomines or their excretions. Panstrongylus
geniculatus is the species most frequently incriminated as the source of infection (drawing by
Alberto Monteagudo)

for the oral route [18, 19]. Both nymphal stages and adults can be the source of
infection, either through their depositions on food or by the fact of being blended
during the processing, particularly of fruits, in the form of artisanal juices (guava,
mango, and juice of sugarcane) [17, 20] (Fig. 1).

3. Reservoirs: a total of 180 species of 25 families of infected mammals have
already been described as potential hosts for 7. cruzi (marsupials, monkeys, bats,
horses, dogs, cats, rats, raccoons, skunks, coyotes, etc.) [21, 22]. Among them,
Didelphis marsupialis is the most important synanthropic reservoir of the conti-
nent due to its wide geographical distribution, high levels of natural infection
with T. cruzi, and the presence of infective metacyclic trypomastigotes in the
perianal glands similar to triatomines and also able to infect through oral, nasal,
ocular, and skin routes of infection [2]. The rat, Rattus rattus, deserves special
attention as three basic conditions have enabled it to become a very efficient
urban reservoir for 7. cruzi. Firstly, rats are very susceptible to 7. cruzi infection
maintaining the parasite for a long period of time; secondly, they have a high
urban population density, tending to increase with the garbage in the cities, and
thirdly, they are a preferred food source of Panstrongylus geniculatus [23, 24].
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2.2 Cultural Patterns

This is a fundamental aspect to understand some of the OChD outbreaks, in which
the habits of nutrition and customs of the population in the different social strata
have conditioned the expansion of outbreaks of this serious pathology.

The consumption of homemade, street, and school-canteen fruit juices is frequent
in Latin America, from which these outbreaks have been generated. Fruits such as
guava, acai, mango, pineapple, and sugarcane have been incriminated as vehicles of
the outbreaks. These juices either came from palm trees where triatomines are pres-
ent, which were then processed without checking or without pasteurizing the juice,
or the contamination occurred in the kitchens where adults and nymphs wander at
night from any of the triatomine species that can contaminate with their defecations
with metacyclic trypomastigotes or they are blended in the preparation process.

Unlike skin contamination in which triatomines excrete a few microliters of urine
containing between 3000 and 4000 metacyclic trypomastigotes per microliter, in the
case of the contamination with an entire triatomine, it has been estimated that a Triatoma
infestans can contain 684,000 trypomastigotes in the intestine [25]. It explains the high
parasitic load that a patient can receive, having a mechanism of penetration more effi-
cient than the skin; in consequence the morbidity and mortality are much higher.

2.3 Other Environmental Factors: Vegetation, Housing,
Brightness, and Climate

Perhaps the deforestation in the periphery of the cities is the main component for the
bioecological changes, because it introduces very important changes on the ecology
of the vectors and their habits and in particular the domiciliation of vectors of previ-
ously wild behavior. The parasites move from a wide variety of species of wild reser-
voirs to only four urban species (dogs, cats, rodents, and humans), limiting the number
of parasitic variants in a sort of screening or funnel decreases the genetic variability of
the variants that affect the domestic and peridomestic species as well as humans.

These other factors also have an important role in the epidemiological changes
that are occurring in this disease. In relation to vegetation, it has already been men-
tioned how deforestation or the simple fact of living near it increases the risk as a
factor of its transmission. This is what is called “border phenomenon,” which has
been one of the important factors in the acute outbreaks of the Caracas area, since
all of the oral outbreaks occurred near the forest.

The houses most likely to be infested by triatomines are mostly inhabited by
marginalized populations located in slums (“favelas,” “barrios,” “villas miseria,”
“ranchos,” etc.) in which most of the walls are not plastered with numerous crevices
in which vectors can enter, hide, and multiply [17].

The periods of drought (March—-May) and the increase of the luminosity in the
communities have been evidenced as risk factors additional to those already men-
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tioned, as the invasions of the vectors increased. In the latter case, the streetlights and
houses are powerful attractors of the triatomines, in particular of Panstrongylus genic-
ulatus [18].

What characterizes oral transmission and what differentiates it from cutaneous
transmission

— Usually seen in a form of outbreaks.

— Can be transmitted by any triatomine species and also by bedbugs.

- Metacyclic and sanguineous trypomastigotes are likely infectious.

— The entire triatomine with very high parasite load could be the infectious source.

- Infection source: complete triatomines or their feces and D. marsupialis anal
excretions (food contamination).

— Occurs in rural as well as urban areas.

— There is no previous history of cutaneous manifestations.

- It affects all social status.

- Patients often deny having seen triatomines.

— It is the most common infection route in animal species other than humans.

All the previously described items should make clinicians to suspect that they are
facing an OChD outbreak, which should be managed as an emergency of clinical
severity and high mortality.

3 Clinical Aspects of the Acute Cases in Orally Transmitted
Chagas Disease

The suspicion of oral transmission of ChD can almost only be made during the
acute phase of the disease or when a chronically case is found to be related to people
who suffered the acute form of the infection.

The acute condition of oral infection with 7. cruzi is different from the clinical
manifestations of other acute cases due to other mechanisms of infection. In the
case of blood transfusion, organ transplantation, and congenital transmission, the
immediate antecedent is essential for raising the suspicion of a possible acute infec-
tion by 7. cruzi. In the transcutaneous vector transmission, there is usually a previ-
ous history of contact with triatomines, and even the patient usually brings the insect
full of blood found in the bed or in the house.

The epidemiological antecedent most frequently described by patients is their
association with a meal or a drink shared with friends and family, who also agree
with a similar symptomatology. It can take days or weeks to establish the network
of people exposed simultaneously and who should be evaluated as soon as possible
to avoid clinical severity and mortality [23, 26, 27]. Among the antecedents, there is
no recognition of contact with triatomines nor the entrance door of the parasite
(Romaifia and/or chagoma signs) as it can appear in acute cases due to transcutane-
ous vectorial infection [28]. The incubation period is 3—22 days in oral transmission
[10, 29]. In Chacao, the maximum incubation period was determined in 11 days, as
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one of the infected teachers joined their work just 11 days before the onset of symp-
toms [20].

1. Clinical presentation of acute cases: In the review of several outbreaks of OChD
(two in Colombia, a compilation from Brazil, and two from Venezuela) [20] and
the most numerous and recent outbreaks reported in Colombia [29] which in
total add up to 434 acute cases, the predominant symptomatology has been fever,
headache, facial and lower limb edema (Fig. 2), abdominal pain, diarrhea, myal-
gias, arthralgias, and asthenia (Table 1).

The clinical picture of the acute phase of oral transmission is that of a sys-
temic infection with cardiac involvement as the heart is the target organ. Frequent
cardiological manifestations result in chest pain, palpitations, and dyspnea,
which are reasons for hospitalization. Cardiomegaly (Fig. 2) and heart failure
can occur as a result of severe arrhythmia or cardiac tamponade due to pericar-
dial effusion leading the patient to a fatal outcome [33]. The most frequent find-
ings on the EKG and ECHO can be seen in Table 2.

Regarding the laboratory findings observed in hematology and blood chemis-
try, there are no particular findings. During the first microepidemic episode, tropo-
nin was evaluated only in hospitalized patients, and it was elevated in 8/11 (73%)
of patients; the globular sedimentation rate was altered in 57%, the C-reactive
protein in 87.5%, the lactate dehydrogenase in 88.8%, and leukocytosis in seven
patients [36]. During the second large outbreak, laboratory exams were made to
43 out of 88 infected persons. They showed anemia (78%), elevated troponin
(50.6%), leukocytosis (>10,000) (69%), and elevated transaminases 26% AST
and 51.6% ALT, and 2.3% of the patients showed elevated creatinine [33].

2. Severity and mortality. Oral infection with 7. cruzi has a faster and more severe
course than the cutaneous transmission, probably due to the size of the inoculum
to which the patient’s immune system faces and also better efficacy of parasites
to penetrate the gastric mucosa and accessing to systemic circulation. The sever-
ity of symptoms and mortality depend on time between the onset of symptoms,
the confirmed diagnosis, and treatment delivery. Mild and severe cases were
more frequent as much as 87.2% in 227 persons orally infected from ten out-
breaks registered in Venezuela from which only 12.7% of the confirmed cases

Fig. 2 Facial, lower limb edemas and pericardial effusion in patients with oral Chagas disease
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Table 1 Predominant Symptomatology Frequency (%)
symptomatology in 43.4 acute Fover 80-100
oral cases of Chagas disease
registered in Brazil, Headache 25-93
Colombia, and Venezuela Facial edema 28-70
Edema in lower limbs 4-57
Abdominal pain 22-50
Diarrhea 2-30
Myalgias, arthralgias 11-85
Asthenia 10-73

n = Brazil 181 [13]; Venezuela 192: 103 [10] and 89 [30];
Colombia 61: 11 [31], 10 [32], and 40 [29].

Table 2 Frequency (%) of EKG and ECHO alterations in acute oral Trypanosoma cruzi-infected

patients from four outbreaks

Brazil [34] Colombia [32] Venezuela [30, 35]
ST-T changes 100 37.8
Right branch blockage 25 1.92
Atrial or ventricular fibrillation 8.3 32
Left ventricular hypertrophy 17.5°
Pericardial effusion 36.4 81.3°

“Marques et al. [35]
®Alarcén de Noya [30]

were asymptomatic [8]. In relation to mortality, it varies from 0% to 100% being
the highest frequency in two outbreaks in Colombia where death occurred in
regions of Magdalena and Santander with 5/13 (38.5%) and 3/3 (100%) in 2003
and 2008, respectively [33]. From ten cited outbreaks in Venezuela, ten persons
died from 249 infected persons, with 4% mortality, being predominantly chil-
dren, pregnant woman and her stillborn, and a woman that had given birth
2 months before and was still breastfeeding.

. Vertical transmission. One of the most feared consequences in oral infection is
the possibility of congenital transmission. Generally, congenital cases of moth-
ers in the chronic phase of 7. cruzi infection are asymptomatic, and if the mother
is not screened for infection, the congenital case may go unnoticed into the
chronic phase. Different is the case of acute infection when it affects the preg-
nant woman. Vertical transmission in acute patients with oral transmission is
manifested in any of its forms as spontaneous abortion [34, 37], death of the
fetus in the uterus [38], and the birth of an infected newborn [39]. The dissemi-
nation of the parasite reaches all the organs of the mother, including the placenta,
infiltrating it from where it reaches the fetus to spread and affect all organs as
evidenced by the presence of the parasite by direct microscopic examination of
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the tissues or by PCR [38]. The treatment of the pregnant woman with Chagas
disease is contraindicated [40]; however each acute case in pregnant women
should be evaluated because not giving treatment puts the mother at risk [37].

4 Laboratory Diagnosis

Once there is epidemiological and clinical suspicion, confirmation of the probable
case of acute infection by oral transmission of 7. cruzi must be done. In isolated cases
that are usually the index cases, one of the frequent diagnostic errors is the confusion
with malaria, although it has a clinic and a different pattern of fever. Nonetheless,
when performing the thick and thin blood smears, it is possible to discriminate these
two hemoparasites and apply the appropriate treatment [26]. The parasitological
diagnosis should be made in all patients with epidemiological and clinical suspicion,
but cases present unexpectedly, and sometimes the disease can affect large groups
making it difficult to comply with the entire diagnostic protocol.

1. Immunological diagnosis: ELISA tests should be applied to the entire study
population, searching simultaneously for IgG and IgM antibodies. Following the
PAHO/WHO guidelines, two serological diagnostic tests of different bases [41]
should be tested. Tests such as indirect hemagglutination, direct agglutination,
and immunofluorescence have been used for this purpose. An example of this
approach is the flowchart used in our two large oral outbreaks, in which diagno-
sis of the cases was initiated by the ELISA test and thereafter indirect hemag-
glutination or Western blot were used as confirmatory methods [30, 42].

2. Parasitological diagnosis: To confirm that we are facing an acute outbreak of oral
transmission ChD, it is necessary to identify 7. cruzi in at least one case of all clini-
cally and epidemiologically related cases. Thick and thin blood smears are used as
traditional techniques, although fresh examination of a drop of blood under a cov-
erslip is very useful because it allows for immediate visualization of mobile trypo-
mastigotes. Nevertheless, the best and rapid diagnostic test for the acute phase is
microhematocrit [43], due to its parasite concentrating effect, which can be observed
at the level of the buffy coat after centrifugation of the capillary tube (Fig. 3). In
reference laboratories, it is important to obtain the parasitic isolate to allow for
subsequent molecular studies and to know the circulating genotype [44, 45], so that
inoculation in mice and blood culture could be performed in all possible patients.

3. Molecular diagnosis: Upon suspicion of acute cases of ChD, all blood samples
should be taken from the first contact, even without previous serological diagno-
sis, since in some occasions there is no new opportunity to take a second sample
from the patient, or by the time the serology result arrives, the patient is already
receiving treatment. The first blood sample should be of enough volume to allow
pretreatment testing with polymerase chain reaction (PCR) and animal culture in
order to obtain 7. cruzi DNA for molecular studies. The follow-up studies of
outbreaks carried out by the Tropical Medicine Institute in Caracas tested for the
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Microhematocrit

Fig. 3 (a) Microhematocrit technique, for the rapid demonstration of blood trypomastigotes in
acute infected patients. Mobile parasites are concentrated on the top of the buffy coat. (b) Blood
sample obtained with the microhematocrit capillary could be examined under the coverslip to
observe motile trypomastigotes and, after fixation, must be stained with Giemsa
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presence of parasitic DNA [30, 42]. Oral ChD acute cases have shown the high-
est parasite load by PCR when compared to vectorial acute and chronic cases
[46, 47]. PCR can be considered more as an indicator of treatment failure rather
than a marker of cure [48]. Molecular studies also allow to determine the geno-
type. Studies by Diaz et al. analyzing parasite DTUs from six Colombian OChD
outbreaks found that these molecular biomarkers were not strictly correlated
with clinical forms of the disease [49].

4. Diagnostic strategies depend on the size of outbreak. The first urban ChD out-
break in Venezuela allowed to compare the performance of different diagnostic
methods used under medical emergency conditions and their contribution to
accurately confirm the acute infected persons [42]. A complete parasitological
and immunological evaluation was performed in the initial small group of
patients, confirming the etiology of the outbreak in a non-endemic area for
ChD. Thereafter, only conventional serology methods, including ELISA (IgM/
IgG) and IHA, were applied in all individuals at risk. The selection of these
methods was based on the speed of implementation, sensitivity, and specificity.
The use of fresh blood smears, Giemsa stains, and PCR assays was restricted to
a very limited number of cases because these techniques are considered cumber-
some and time-consuming in an urgent situation. The parasitological outcomes
were different between the severely ill group and the subset of mildly symptom-
atic individuals. The parasitemia was lower in the second group, probably due
the previous use of different antibiotics that may have inhibited the parasite’s
growth in culture. In severely symptomatic patients, fresh blood smears were
more sensitive for detecting parasites than Giemsa-stained smears, suggesting
that the former technique should be routinely applied in people with long-lasting
fever of unknown origin. When 7. cruzi trypomastigotes are detected in periph-
eral blood by any technique during an outbreak, it is necessary to investigate all
symptomatic and asymptomatic cases suspected of sharing the same epidemio-
logical risk in order to prevent increased morbidity and mortality. The impor-
tance of simultaneous screening for specific I[gM and IgG antibodies by ELISA
can confirm the acute condition of the infection. The detection of IgM was very
specific in that study, as there were no false positives detected when comparing
with the results obtained by ELISA IgG test. In spite of the application of all
these serologic techniques, the diagnosis of ChD was inconclusive in 16 indi-
viduals who were positive in only one of the immunological tests, not complying
with the international criteria of identification of a Chagas case. Due to the epi-
demiological link, these individuals were treated with nifurtimox. Subsequently,
seven of them tested positive for PCR.

These experiences reinforced the widespread use of conventional serology meth-
ods detecting IgM and the use of all available diagnostic techniques to confirm
infection. For the second largest outbreak in Venezuela, blood culture, serology, and
PCR were carried out during the first contact to the probable infected persons. In
this study more parasite isolates and PCR were recorded [30]. In conclusion, all
available parasitological, immunological, and molecular procedures are essential
for identifying the causal agent of the T. cruzi oral transmission.
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S Treatment and Follow-Up

1. Routine treatment: In ChD, the same drugs are used for both the acute and
chronic phases: nifurtimox (NFX) (Lampit®, Bayer), a nitrofuran, and benznida-
zole (BNZ) (Rochagan®, Roche), a nitroimidazole [50]. Due to better tolerance,
BNZ is considered the first drug of choice; however, individual tolerance varies
widely, and NFX represents an alternative. The choice depends mostly on the
international availability [51]. For the acute phase, treatment is recommended
for all patients, regardless of the mode of transmission and age of the patient
[40]. BNZ is indicated at 6 mg/kg/day during 60 days in three daily doses and
NFX, at 8 mg/kg/day during 90 days divided into two daily doses. When neces-
sary, antiallergic, antineuritic, or gastric protectors are prescribed. During the
follow-up of the treatment, laboratory tests that include complete hematology,
urea and creatinine, aminotransferases, and bilirubin are recommended [52].

2. Adverse events of treatment during the acute phase in patients infected by the
oral route. The undesirable effects of the two unique available compounds to
treat ChD are usually caused by oxidative and reductive damage on host tissues
that limit considerably their use [50]. A cross-sectional analytical study was car-
ried out in Venezuela on 122 patients who received 176 courses of treatment with
any of the two anti-7. cruzi drugs (113 with NFX and 63 with BNZ). Treating
symptomatic persons and taking into account the drug side effects, it was impor-
tant to know how much of the adverse effects were caused by the disease and
how much by the medication. When the occurrence of side effects was compared
among individuals with confirmed acute ChD and suspected cases, no statisti-
cally significant difference (p = 0.363) was found in relation to the drug used,
age, or date of treatment. From the 176 treatment, 79% had one or more adverse
effects which predominated in adults (97.8%) as compared to children (75.5%),
and the risk of having side effects was significantly higher for NFX in compari-
son with BNZ. Four adults and a child treated with NFX had severe side effects
(pulmonary infarction, facial paralysis, neutropenia, blurred vision, and bone
marrow hypoplasia) warranting hospitalization and drug suspension. Abdominal
pain, hyporexia, weight loss, headache, nausea, and lymphocytosis were fre-
quent reports for NFX, whereas skin rash, neurosensory effects, hyporexia,
fatigue, pyrosis, abdominal pain, and eosinophilia were observed with
BNZ. Frequency and severity of side effects during treatment of acute oral infec-
tion by T. cruzi demand direct supervision and close follow-up, even in those
asymptomatic patients, to prevent life-threatening situations [52].

3. Posttreatment follow-up. The efficacy of BNZ and NFX varies with the stage of
the disease, the patient’s age, geographic area, and the 7. cruzi isolate involved.
A drawback of the studies assessing their efficacy in any phase, age, or geo-
graphical area is the lack of a marker to define cure. Current recommendations
rely on the switch of serology from positive to negative, but this may take many
years, limiting its use in clinical practice. Detection of 7. cruzi DNA in periph-
eral blood only serves as a tool to identify treatment failure because a negative
result does not mean absence of infection [48]. Nonetheless, based on serology,
these drugs are more efficient during acute phase in which negative seroconver-
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sion varies between 50% and 80% in comparison with 8% and 20% efficacy in
chronic phase patients [48, 53]. Also efficacy is different in children and adults.
Treatment with BZ for 60 days in children aged 6—12 years with early or indeter-
minate phase of ChD in Brazil and Argentina had a cure efficacy of 56% and
62%, monitored by seroconversion after 36 and 48 months after treatment,
respectively [54, 55]. Treatment with NFX for 90 days of 100 patients with acute
oral ChD showed a therapeutic failure that ranged from 69% to 78%, after
3 years of follow-up in Venezuela [56]. A similar situation was for 60 days of
BNZ to 80 persons infected by the oral route from Chichiriviche outbreak during
the same observational time (Alarcén de Noya et al., unpublished data). In spite
of the treatment in our studies being administered under supervision, during
acute phase, to children, the effectiveness of these two drugs seems to be lower
than the treatment administrated during the acute phase of the cutaneous mecha-
nism of infection as that described by Cangado in 2002, who observed cure in
76% of patients with acute phase after 13- to 21-year follow-up [57].

6 Prophylaxis and Control Measures in Foodborne Chagas
Disease

The control measures that are recommended to prevent ChD orally acquired are
those implemented by the general population in their own home and those imple-
mented by the Ministry of Health of each country, ranging from legal regulations for
the production, packaging, preservation, and distribution of food, particularly those
that are to be consumed without cooking for public institutions (school canteens,
nursing homes, factory canteens, or public and private companies) [58].

Individual and family prophylaxis measures are based on avoiding the triatomine-
food contact, through physical barriers, preventing food from being exposed to contact
with infected vectors and marsupials. The first one is based on preventing the entrance
of the triatomines through the use of mosquito nets in windows and doors, ceilings, and
sealed walls, as well as the spraying of walls with residual insecticides such as fenitro-
thion. The second one is by improving the housing with fritted walls and the use of
paintings with insecticides that prevent the domiciliation of vectors, as has been
observed with Panstrongylus geniculatus, originally a wild species. Likewise, protect
the food either by covering it or placing it in hermetic containers especially at night,
avoiding the exposure to the evacuations of the triatomines or the urine and excretions
of Didelphis marsupialis. Being the schools where the biggest outbreaks have occurred,
precautions must be taken on the hygiene of beverages and solid foods that are served
in canteens, as in nursing homes as well as in military barracks, restaurants, etc. The
supervisory role not only by the directors of the schools and companies but also the
users or their representatives (parent associations, unions, etc.) is essential [58].

Other special prophylactic measures are based on avoiding the consumption of
palm fruits such as agai or manaca for the production of juices in the Amazon region,
since in the clusters of this fruit, the triatomines frequently inhabit. The triatomines
are crushed and their content released into the drink during preparation, sometimes
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being consumed far from the production site. This way has been called distantiae
transmission [59], and contamination of artisanal agai juices is the most frequent
mechanism of transmission in the Brazilian Amazon [60], where the majority of
oral outbreaks have occurred in America.

The viability of trypomastigotes in beverages for human consumption varies
according to the type of fruit, which has been studied by Afiez et al. [61], who
observed that parasites survive several hours in milk, orange, pineapple, papaya,
sugarcane, and guava juices, after preparation and subjected to cooling in a refrig-
erator. Pasteurization of juices would be one of the prophylactic measures, particu-
larly in those juices of industrial production and even artisanal.

It has been shown that blood trypomastigotes also have infective capacity by the
oral route [62]; the consumption of meats or blood derivatives of raw wild animals,
especially hunting, should be avoided.

Finally, the role of education from the school level to the general public on food
hygiene is very particular about the risks of street foods which hygienic norms and
preparation procedures are unknown.
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