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In the Brazilian Amazon, the suspected source of infection 
in an outbreak of acute Chagas disease involving 10 pa-
tients was Euterpe oleracea (açaí berry) juice. Patient blood 
and juice samples contained Trypanosoma cruzi TcIV, indi-
cating oral transmission of the Chagas disease agent.

In Latin America, Chagas disease is prevalent in 21 coun-
tries and is one of the most worrisome public health 

problems on the subcontinent. The social and economic ef-
fects among poor and neglected populations are high (1). 
Increasing reports of outbreaks of acute Chagas disease 
have come to the attention of public health authorities, who 
regard the disease as emerging in the Amazon (2). For most 
reported outbreaks, epidemiologic investigation points to 
nonvectored transmission, implicating juices from local 
fruits (3). A major suspected source of infection is Euterpe 
oleracea, the açaí berry, consumed widely as a drink made 
from a blended pulp (4).

The Study
On December 29, 2017, a 51-year-old woman with acute 
febrile syndrome visited a tertiary care center for infectious 
diseases (Fundação de Medicina Tropical Dr Heitor Vieira 
Dourado; FMT-HVD) in Manaus, the capital of Amazo-
nas state, Brazil, where malaria is endemic. A routine thick 
blood smear was negative for Plasmodium spp. but positive 
for Trypanosoma cruzi trypomastigotes. The patient men-
tioned 3 sick relatives in Manaus and 6 more in Lábrea, a 
municipality 850 km south of Manaus, where she visited 
often (Table). A common exposure factor among them was 
ingestion of açaí berry juice, produced by local dealers in 
the outskirts of Lábrea and sent to Manaus for consump-
tion. Thick blood smears from the other 9 patients, all with 
acute febrile syndrome, were positive for T. cruzi. Of these 
10 patients, 8 were clinically assessed at FMT-HVD and 
submitted samples for direct xenodiagnosis and peripheral 
blood for T. cruzi culture and PCR. A sample of the same 
juice drunk by all the patients, maintained at –20°C in the 
family refrigerator in Lábrea, was collected by local health 
authorities and sent to the reference laboratory in Manaus. 
All patients with a diagnosis of acute Chagas disease were 
prescribed benznidazole for 60 days (5).

Blood samples were obtained by venipuncture from 
8 of the 10 patients, and ≈10 mL of blood was collected 
into heparin-containing tubes. Next, 100 µL whole blood 
was distributed into 3 mL liver infusion tryptose medium 
containing 20% inactivated fetal calf serum and 40 mg/mL 
gentamycin sulfate and then incubated at 27°C. Inverted 
optical microscopy was used daily to search for flagellate 
forms. Xenodiagnosis was conducted by using 20 stage 3 
nymphs of Rhodnius robustus and R. prolixus bugs. We 
centrifuged 5 µL blood at 4,000 rpm for 10 min and collect-
ed the buffy coat for DNA extraction by using the PureLink 
Kit (Invitrogen, https://www.thermofisher.com).

On December 11, a sample of the açaí juice was trans-
ported on ice to FMT-HVD, where it was immediately 
thawed and centrifuged in 50-mL tubes at 3,000 rpm for 
5 minutes. After centrifugation, 3 layers were observed: 
pulp, an intermediate layer containing fat, and superna-
tant (Figure 1, panels A and B). From each phase, we sus-
pended 300 µL into 1 mL liver infusion tryptose medium 
containing 20% inactivated fetal calf serum and 40 mg/
mL gentamycin sulfate and incubated it at 27°C. We made 
triplicate cultures and used inverted optical microscopy to 
search daily for flagellate forms.
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We placed 200 µL of the açaí culture in 1.5-mL mi-
crotubes with 500 µL of phosphate-buffered saline at pH 
7.2, incubated the sample in a water bath for 15 minutes 
at 98°C, and centrifuged it at 3,500 rpm for 3 minutes. We 
removed 200 µL of supernatant for genotyping.

The nontranscribed spacer of the mini-exon gene 
was amplified according to the multiplex protocol de-
scribed elsewhere (6). The 150-bp product is character-
istic of T. cruzi zymodeme Z3 of discrete typing units 
(DTUs) TcIII or TcIV; 100 bp is characteristic of T. 
rangeli, 200 bp of T. cruzi TcI, and 250 bp of T. cruzi 
TcII. Mini-exon gene analysis cannot distinguish be-
tween TcIII and TcIV.

All samples were also subjected to mitochondrial 
and nuclear DNA typing by analyzing polymorphisms 
in the cytochrome oxidase subunit II (COII) (7) and the 
glucose-phosphate isomerase (GPI) (8) genes, respec-
tively. The amplified PCR products were purified by us-
ing the Wizard SV Gel and PCR Clean-up System kit 
(Promega, https://www.promega.com.br) and sequenced. 
Sequencing was performed with an ABI 3130 DNA se-
quencer (Applied Biosystems, https://www.thermofisher.
com). We followed the BigDye Terminator v3.1 Cycle 
Sequencing Kit protocol (Applied Biosystems) by us-
ing 10–40 ng of purified PCR product in the sequenc-
ing reaction and the same primers used for COII and 
GPI gene amplification by PCR. We used sequences 
from standard strains: TcI (Silvio X10 cl1), TcII (Es-
meraldo cl3), TcIII (M6241 cl6), TcIV (CANIII cl1),  

TcV (Mn cl2), and TcVI (CL Brener). Maximum-
likelihood phylogenetic trees were inferred by using  
W-IQ-TREE (9).

During the outbreak, 8 patients who had drunk the 
açaí juice were clinically assessed at FMT-HVD. Parasite 
culture was successful for 6 and xenodiagnoses for 7. A 
total of 5 T. cruzi strains were isolated by blood culture 
and xenodiagnosis. All 8 patients were T. cruzi positive by 
PCR. Blood culture, xenodiagnoses, and PCR were not per-
formed for 2 patients because they did not attend follow-up 
at FMT-HVD; their diagnoses were based only on thick 
blood smears.

After 24 h of incubation, we observed flagellated mo-
tile forms in the intermediate layer of fat of centrifuged 
açaí juice (Figure 1, panel C). T. cruzi from human samples 
and açaí juice showed an identical 150-bp band of mini-
exon compatible with T. cruzi zymodeme Z3 (6), consistent 
with COII and GPI sequencing results. Parasites differed in 
position 507 (G/C) of the GPI sequence (Figure 2, panel 
A). COII sequences were compatible with T. cruzi III mi-
tochondrial ancestral lineage (7). This set of samples and 
the reference strains TcIII, TcIV, TcV, and TcVI formed 
a single cluster that shared a characteristic mitochondrial 
genome distinct from both TcI and TcII (Figure 2, panel 
B). GPI sequence analysis showed that the human blood 
and açaí juice T. cruzi samples could be consistently clas-
sified as TcIV DTU (8) (Figure 2, panel C). Alignments of 
sequences from COII and GPI T. cruzi genes showed that 
the parasites in the açaí juice were the same.

 
Table. Basic demographics and diagnostic methods used to confirm acute Chagas disease in 10 patients, Brazilian Amazon* 

Patient  
Patient age, 

y/sex Date of diagnosis Blood smear Xenodiagnosis Culture 
1 51/F 2017 Dec 29 + + + 
2 19/F 2017 Dec 29 + + + 
3 22/M 2017 Dec 29 + + + 
4 35/F 2018 Jan 5 + + + 
5 1/F 2018 Jan 5 + NP + 
6 21/F 2018 Dec 1 + + – 
7 65/F 2018 Dec 1 + + + 
8  16/F 2018 Dec 1 – + NP 
9 11/M 2018 Dec 1 + NP NP 
10 51/F 2018 Dec 1 + NP NP 
*NP, not performed; +, positive for Trypanosoma cruzi; –, negative for T. cruzi.  

 

Figure 1. Açaí berry juice 
sample from Brazilian 
Amazon. A) A 50 mL-tube after 
centrifugation shows 3 layers: 1, 
pulp, 2, intermediate fat (box); 
and 3: supernatant. B) Top view 
of layer 2 (arrow). C) Fresh 
preparation of layer 2 showing 
Trypanosoma cruzi flagellated 
form (arrow).
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Conclusions
All patients who simultaneously exhibited febrile syn-
drome had consumed açaí juice from the same source in 
the previous weeks. They were all infected with the same 
T. cruzi DTU as that in the juice, strongly suggestive that in 
the Brazilian Amazon, contaminated açaí juice is a source 
of oral contamination with T. cruzi. Circumstantial asso-
ciation between outbreaks and contaminated açaí juice has 
been suggested by previous studies from South America 
(10–12), but our evidence of an acute Chagas disease out-
break in which oral transmission could be implicated is ro-
bust because patients and a sample of the juice consumed 
were analyzed in a paired manner.

The most probable hypothesis for contamination of the 
juice is based on the attraction of contaminated triatomines 
by the light used during nighttime açaí pulp extraction. 
Another hypothesis is that contamination occurred during 
collection and manipulation of açaí berries without use of 
proper hygiene before mashing (1). Triatomine infestation 
of Amazonian palm trees also supports the potential for 
oral T. cruzi contamination of humans (13).

Experimental contamination of food with T. cruzi 
shows that parasite survival varies with the type of food 
and presence or absence of refrigeration (14,15). In this 
study, we hypothesized that the long survival of the para-
site is associated with freezing the sample in the presence 
of cryoprotectants probably present in the fatty content of 

the açaí juice. On the basis of our demonstration of this 
route of contamination, legislation should be revised to 
possibly require pasteurization of açaí juice (14).

Acknowledgments
We thank Nelson Fé, Flávio Fé, and Yolanda Noguthi for  
technical support in the laboratory.

This study was supported by the National Council for Scientific 
and Technological Development and by the Amazonas Research 
Foundation.

About the Author
Dr. Santana is a scientist in the Fundação de Medicina  
Tropical Dr. Heitor Vieira Dourado. His research interests 
include entomology and epidemiology of neglected infectious 
diseases, especially Chagas disease and malaria.

References
  1. Coura JR, Junqueira AC, Fernandes O, Valente SA, Miles MA. 

Emerging Chagas disease in Amazonian Brazil. Trends  
Parasitol. 2002;18:171–6. http://dx.doi.org/10.1016/ 
S1471-4922(01)02200-0

  2. Barbosa M, Ferreira JM, Arcanjo AR, Santana RA, Magalhães LK, 
Magalhães LK, et al. Chagas disease in the state of Amazonas: 
history, epidemiological evolution, risks of endemicity and future 
perspectives. Rev Soc Bras Med Trop. 2015;48(Suppl 1):27–33. 
http://dx.doi.org/10.1590/0037-8682-0258-2013

  3. Blanchet D, Brenière SF, Schijman AG, Bisio M, Simon S,  
Véron V, et al. First report of a family outbreak of Chagas disease 

Figure 2. Comparison of Trypanosoma cruzi açaí juice samples and Chagas disease patient blood samples, Brazilian Amazon. A) 
Alignment of GPI sequences from açaí juice samples and patient blood samples. B–C) Phylogenetic position of T. cruzi responsible 
for the 2017 Chagas disease outbreak in the Brazilian Amazon, based on the cytocrome oxidase subunit II gene sequences (best-
fit model: Hasegawa-Kishino-Yano) and on the GPI gene sequences (best-fit model: Kimura 2-parameter). The following standard 
strains obtained from GenBank (discrete typing units [strain name, access no. for COII–GPY]) were used: TcI (SilvioX10 cl4, 
EU302222.1–Silvio10cl1–AY540730.1), TcII (Esmeraldo cl3, AF359035.1–AY540728.1), TcIII (M6241 cl6, AF359032.1– AY484478.1), 
TcIV (CANIII cl1–AF359030.1), TcV (Mn cl2, DQ343718.1–AY484480.1), and TcVI (CL Brener, DQ343645.1–XM_815802.1). B, blood; 
C, culture; GPI, glucose-phosphate isomerase; P0, patient number; X, xenodiagnosis; (i) repetition number. Scale bars indicate 
number of mutations per site.



 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 1, January 2019 135

Oral Transmission of Trypanosoma cruzi, Brazilian Amazon

in French Guiana and posttreatment follow-up. Infect Genet Evol. 
2014;28:245–50. http://dx.doi.org/10.1016/j.meegid.2014.10.004

  4. Xavier SC, Roque AL, Bilac D, de Araújo VA, da Costa Neto SF, 
Lorosa ES, et al. Distantiae transmission of Trypanosoma cruzi: 
a new epidemiological feature of acute Chagas disease in Brazil. 
PLoS Negl Trop Dis. 2014;8:e2878. https://dx.doi.org/10.1371/
journal.pntd.0002878

  5. Rodriques Coura J, de Castro SL. A critical review on Chagas  
disease chemotherapy. Mem Inst Oswaldo Cruz. 2002;97:3–24. 
http://dx.doi.org/10.1590/S0074-02762002000100001

  6. Fernandes O, Santos SS, Cupolillo E, Mendonça B, Derre R, 
Junqueira AC, et al. A mini-exon multiplex polymerase chain 
reaction to distinguish the major groups of Trypanosoma cruzi and 
T. rangeli in the Brazilian Amazon. Trans R Soc Trop Med Hyg. 
2001;95:97–9. http://dx.doi.org/10.1016/S0035-9203(01)90350-5

  7. de Freitas JM, Augusto-Pinto L, Pimenta JR, Bastos-Rodrigues 
L, Gonçalves VF, Teixeira SM, et al. Ancestral genomes, sex, 
and the population structure of Trypanosoma cruzi. PLoS Pathog. 
2006;2:e24. http://dx.doi.org/10.1371/journal.ppat.0020024

  8. Gaunt MW, Yeo M, Frame IA, Stothard JR, Carrasco HJ, Taylor MC, 
et al. Mechanism of genetic exchange in American trypanosomes. 
Nature. 2003;421:936–9. http://dx.doi.org/10.1038/nature01438

  9. Trifinopoulos J, Nguyen LT, von Haeseler A, Minh BQ.  
W-IQ-TREE: a fast online phylogenetic tool for maximum  
likelihood analysis. Nucleic Acids Res. 2016;44:W232-5.  
http://dx.doi.org/10.1093/nar/gkw256

10. Steindel M, Kramer Pacheco L, Scholl D, Soares M,  
de Moraes MH, Eger I, et al. Characterization of Trypanosoma 
cruzi isolated from humans, vectors, and animal reservoirs  
following an outbreak of acute human Chagas disease in Santa 

Catarina State, Brazil. Diagn Microbiol Infect Dis. 2008;60:25–32. 
http://dx.doi.org/10.1016/j.diagmicrobio.2007.07.016

11. Monteiro WM, Magalhães LKC, de Sá ARN, Gomes ML,  
Toledo MJdO, Borges L, et al. Trypanosoma cruzi IV causing  
outbreaks of acute Chagas disease and infections by different  
haplotypes in the western Brazilian Amazonia. PLoS ONE 
2012;7:e41284. https://doi.org/10.1371/journal.pone.0041284

12. Noya BA, Díaz-Bello Z, Colmenares C, Ruiz-Guevara R,  
Mauriello L, Muñoz-Calderón A, et al. Update on oral Chagas 
disease outbreaks in Venezuela: epidemiological, clinical and 
diagnostic approaches. Mem Inst Oswaldo Cruz. 2015;110:377–86. 
http://dx.doi.org/10.1590/0074-02760140285

13. Dias FB, Quartier M, Diotaiuti L, Mejía G, Harry M, Lima AC, 
et al. Ecology of Rhodnius robustus Larrousse, 1927 (Hemiptera, 
Reduviidae, Triatominae) in Attalea palm trees of the Tapajós River 
Region (Pará State, Brazilian Amazon). Parasites Vect. 2014;7:154. 
https://doi.org/10.1186/1756-3305-7-154

14. Añez N, Crisante G. Survival of culture forms of Trypanosoma 
cruzi in experimentally contaminated food [in Spanish]. Bol  
Malariol Salud Ambient. 2008;48:91–9.

15. Barbosa RL, Pereira KS, Dias VL, Schmidt FL, Alves DP, 
Guaraldo AM, et al. Virulence of Trypanosoma cruzi in Açai  
(Euterpe oleraceae Martius) pulp following mild heat treatment.  
J Food Prot. 2016;79:1807–12. http://dx.doi.org/10.4315/ 
0362-028X.JFP-15-595

Address for correspondence: Marcus V.G. Lacerda, Fundação de 
Medicina Tropical Dr Heitor Vieira Dourado, Av Pedro Teixeira 25, 
Manaus 69040-000, AM, Brazil; email: marcuslacerda.br@gmail.com

Originally published
in September 2006

https://wwwnc.cdc.gov/eid/article/12/9/et-1209_article

etymologia revisited
Trypanosoma
[tri-pan′′o-so′mə]
From the Greek trypanon, “borer,” plus sŌma, “body,”  
Trypanosoma is a genus of hemoflagellate protozoa, 
several species of which are pathogenic in humans.  
Trypanosoma cruzi, the etiologic agent of Chagas disease, 
is transmitted from its vector to humans in the insect’s 
feces, not its saliva, as is the case with most other 
arthropodborne organisms, including Trypanosoma  
brucei, the etiologic agent of sleeping sickness.

Sources: Dorland’s illustrated medical dictionary. 30th ed. 
Philadelphia: Saunders; 2003 and wikipedia.org


