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Short Abstract
The Trypanosoma cruzi agent of Chagas disease produces long lasting asymptomatic infections that may break open abruptly into clinically recognizable pathology. The following research protocol describes a short run family based epidemiological study to unravel the T. cruzi-infection transmitted sexually from the parental to the progeny. 

Abstract
The American trypanosomiasis transmitted by the triatomine bugs, by the ingestion of contaminated food, by blood transfusion and by accident in the hospital and in research laboratory workers. In addition, the Trypanosoma cruzi infection transmitted congenitally from the chagasic mother to the offspring, but the male partner’s contribution to the in-uterus contamination was unknown. Actually, the findings of the nests and clumps of amastigotes and of trypomastigotes in theca cells of the ovary, in the gonia blasts and in the lumen of seminiferous tubes suggested the T. cruzi infections can be sexually transmitted. The research protocol herein presents the results of a family study population, showing the parasite nuclear DNA in the diploid blood mononuclear cells and in the haploid gametes of the human subjects. Thus, three independent biological samples collected one year apart confirmed that the T. cruzi infections is sexually transmitted to progeny. Interestingly, the specific T. cruzi antibody was absent in a majority of family progeny bore immune tolerance to the parasite antigen. The immune tolerance demonstrated in chicken’s refractory to the T. cruzi after the first week of the embryo growth and the chicks hatched from the flagellate inoculated eggs were unable to produce the specific antibody. Moreover, the instills of the human semen ejaculates intra peritoneal or into the vagina of naïve mice yielded the T. cruzi amastigotes in the epididymis, seminiferous tube, vas deferens and in the uterine tube, in the absence of inflammatory reaction in the immune privilege organs of reproduction. The breeding of the T. cruzi-infected male and female mice with naïve mates resulted in the acquisition of the infections, which were latter transmitted to progeny. A robust education, information and communication program that involves the population and the social organizations are deemed necessary to prevent Chagas disease.
Video Link
The video component of this article can be found at http://www.jove.com/video

Introduction
The protozoan parasite Trypanosoma cruzi in the family Trypanosomatidae shows the trypomastigote and amastigote life cycle stages in mammal hosts and the epimastigotes in the insect-vector’s (Reduviid:Triatominae) gut and in the axenic culture. In the last decades, several studies showed the astounding presence of Chagas disease in the countries of four Continents considered triatomine bug-free 1-13; the dispersion of the American trypanosomes were initially attributed to the Latin America people immigrates to the Northern Hemisphere, but the possibility that some are autochthonous cases of Chagas disease could no longer be denied 3-14. Actually, the only recognizable endogenous source of the T. cruzi transmission was ascribed to the chagasic mother transfer of the parasite to the offspring in approximately 10% of pregnancies 15; the male partner’s contribution to the in-uterus infections through the semen ejaculates remained unrecognized.
Over one century ago, the investigators 16, 17 observed the intracellular T. cruzi amastigotes in the theca cells of the ovary and in the germ line cells of the testicles of acute cases of Chagas disease. The nests and clumps of T. cruzi trypomastigotes and amastigotes in theca cells of the ovary, in the gonia blasts and in the lumen of seminiferous tube (Figure 1) of fatal acute Chagas disease cases translated into the immune privilege in the organs of reproduction, in the absence of inflammatory infiltrates18. In the last decades a shortage of experimental studies showed nests of the round amastigote forms of the T. cruzi in the seminiferous tube, epididymis, vas deferens and, also, in the uterus, tubes and ovary theca cells of acutely infected mice 19, 20. Furthermore, in the course of the family studies to document the transfer of the protozoan mitochondrial DNA from parental Chagas people to their descendants, the T. cruzi nuclear DNA (nDNA) was demonstrated in the human haploid germ line cells 21, and the parasite life cycle stages were observed in the ejaculates (Figure 2) of chagasic mice 22. These findings are in agreement with the reports on the immune tolerance attained by the progeny of the T. cruzi-infectedd hosts, in the absence of the specific antibody 1, 23, 24. Additionally, the epidemiological reports that suggested the spread of endemic Chagas disease to four Continents 3-13 are now supported by the experimental studies showing that Chagas disease can be transmitted sexually 1. Herein, the investigation runs epidemiologic family study protocol and shows that the T. cruzi infection propagates by sexual intercourse.
Protocol
Note: All the procedures with human subjects and laboratory animals were approved by Institutional Human Research (2500.167567) and Animal Research (054/09) Committees at the Faculty of Medicine of the University of Brasilia. The free consent forms for field studies were approved by the Ethical Committee of the Public Foundation Hospital Gaspar Vianna (protocol nº 054/2009) with extension to the Ministry of Health National Commission on Human Research (CONEP 2585/04).The protocol is specifically adjusted to assess the T. cruzi DNA in the diploid blood mononuclear cells and in the haploid gametes of semen ejaculates. 


1. Human Study Population
  
2. Ensure that the research team participates in a Health System Chagas Disease Program to deliver health care to Chagas patients.  
3. Select the study families showing at least one member with the clinical diagnosis of the acute Chagas disease. 
4. Draw venous blood samples from a hinge joint vein of families’ members to obtain serum and blood mononuclear cells in three occasions one year apart.
5. Isolate the wild type T. cruzi from the blood of patients with the clinical symptoms of acute Chagas disease.
6. Obtain semen samples from the adult volunteer family members.
 
2.  Growth of parasites
1.   Grow the T. cruzi Berenice archetype and the Evandro Chagas Institute (ECI1-to-ECI21) wild type amastigotes and trypomastigotes in an L6 muscle cell line in Dulbecco’s modified medium (DMEM) at pH 7.4 and supplemented with 5% foetal bovine serum, 100 IU/mL penicillin, 100 g/mL streptomycin, 250 nM L-glutamine, and 5% C02 at 37 ºC 1.
2.   Harvest the T. cruzi epimastigote forms in an axenic liver infusion tryptose medium at 27 ºC.  
3.   Use the positive control T. cruzi Berenice to phenotype the wild ECI1-to-ECI21 T. cruzi isolates. 
4.   Grow the negative control Leishmania braziliensis in DMEM supplemented with 20% foetal bovine serum. 
5.   Use the T. cruzi trypomastigotes from cell culture to infect mice.
6.   Search for the trypomastigotes in the blood and the nests of amastigotes in the solid tissues of the infected mice.

3. DNA extraction 
1. Extract DNA from T. cruzi, from L. braziliensis and from venous blood mononuclear cells of the human study population 25-26.
2. Suspend sperm samples in DMEM (1:4 v/v); incubate for 45 min at 5% CO2, 37 centigrade and recover spermatozoa from the supernatant after centrifugation at 13000 x g for 5 min and extract the haploid DNA. 
3. Include the human positive and negative DNA bank samples for extraction.    
4. Place DNA samples in extraction buffer (10 µM NaCl, 20 µM EDTA, 1% SDS, 0.04% proteinase-K, and 1% DTT) and obtain the DNA from purification columns. 
5. Use the DNA samples to run independent assays conducted one year apart.

4. Primers and probes
1. Use the T. cruzi primers set Tcz1/2 to conduct the polymerase chain reaction (PCR) 27.
2. Amplify a T. cruzi DNA telomere repeat sequence anneal to the Tcz1/2 primers at both extremities.
3. Employ the T. cruzi 188-nt DNA specific telomere sequence probe anneal the Tc1/2 primers showed in the video. 

5.  PCR analyses 
1.   Use the specific primers Tcz1/2 and run the T. cruzi nDNA-PCR in the DNA samples from the family study subjects, from Chagas patients’ positive control and from uninfected, negative controls.
2.   Prepare the PCR mixture with 100 ng template DNA, 0.4µM of each pair of primers, 2 units Taq DNA polymerase, 0.2µM dNTPs, and 15µM MgCl2, in a 25µL final volume.
3.   Use the DNA amplification program at 95 centigrade for 5 min, followed by 35 cycles at 95 centigrade /30 secs, 64 cycles at 95 centigrade for 1 min, and 72 cycles at 95 centigrade for 5 min and products were stored at 4 centigrade.
4.   Analyze the amplification products in a 1.3% agarose gel and observe the 188-nt DNA bands in a UV-illuminator.

6.    Southern hybridization   
 1.   Subject to Southern hybridizations the PCR amplification products from uninfected controls, from Chagas cases positive controls, and from 109 test samples from the study families’ people.
 2.   Label the specific 188-nt probe with [α-32P] dATP using random primer labelling kit and analyze the amplification products on a 1.3% agarose gel at 60 V overnight at 4 centigrade.
 3.   Transfer the gel to a positively-charged nylon membrane using the capillary method.
 4.   Hybridize the DNA bands transferred to the nylon membrane with the radio labeled 188-nt probe. 
 5.    Wash the membrane twice for 15 min at 65 centigrade with 2X SSC and 0.1% SDS. 
 6.    Autoradiograph the bands on the membrane for variable periods of time.
 7.    Clone the T. cruzi PCR amplification products that hybridized with the specific radio labeled DNA probe.
 8.   Select clones that hybridize with the DNA probe and sequence commercially.

7.  Immunological assays
1. Use the indirect immunofluorescence (IIF) and the Enzyme Linked   Immunosorbent Assay (ELISA) to detect the T. cruzi and L. braziliensis antigens. 
2. Conduct independent IIF and ELISA assays in triplicates serum dilutions (1:100 in PBS, pH 7.4.) from the study samples obtained at three occasions one year apart. 
3. Run the IIF with 20 µL serum dilutions; incubate with coated formalin killed T. cruzi epimastigotes or L. braziliensis promastigote forms onto glass slides.
4. Incubate for 1 h in a moist chamber at 37 centigrade and wash trice with PBS.
5. Incubate the air-dried glass slide with a 1:1000 dilution of a fluorescein labelled rabbit antibody to human immunoglobulin G (IgG); wash and dry as well.
6. Mount the slide with a cover slip and exam under an UV light microscope.
7. A positive exam is an apple-green T. cruzi epimastigote silhouette showed in the video.

8. Run the ELISA to detect the T. cruzi and the L. braziliensis soluble antigens (1 ug/100uL in 0.1M carbonate buffer, pH 9.6) on coated microplate wells. 
9. Incubate the 1:100 serum dilutions in triplicate coated wells for 2 h at room temperature.
10. Wash the plates three times with PBS/Tween 20 solution before drying.
11. Incubate with 50 µL of 1:1000 dilution of rabbit antibody anti-human IgG for 90 min at 37 centigrade.
12. Wash the plates trice with PBS/tween solution and wait to dry at room temperature.
13. Incubate with µL of 1:1000 dilution of alkaline phosphatase-conjugate goat anti-rabit IgG for 90 min at 37 centigrade. 
14. Wash the plates trice with PBS/tween, add the substrate p-nitro phenyl phosphate and wait for the color development.
15. Read the optical densities (ODs) at 630 nm in a multi-mode plate reader.
16. Assure the absorbance 0.150 cut-off separates the negative control from the positive control de-identified serum bank samples.
17. Run the triplicate dilutions of the test serum from the families’ study population and plot the optical densities to identify the specific T. cruzi antibody titers.

8. Assessments of the immune tolerance
1. Employ de the chicken model system refractory to the T. cruzi infections after de first week of the embryo development. 
2. Inoculate chicken fertile eggs with 100 /10µL T. cruzi trypomastigotes harvested from tissue culture medium; mock control eggs received 10/µL culture medium.
3.    Incubate 20 T. cruzi-infected eggs and equal number of mock, control fertile eggs at 37 centigrade and 65% humidity for 21 days.
4.   Keep the chicks that hatch in the incubator for 24 h and thereafter at 32 centigrade in hoods with temperature control for three weeks.
5.   Grow the chicks hatched from T. cruzi-inoculated eggs and from mock control eggs to adult life in the positive air pressure room at 24 centigrade, in individual cages placed in separate aisles.
6.   Challenge thrice all the adult chicks at six months of age with 107 formalin-killed trypomastigotes subcutaneous, weekly, according with the scheme in the video.
7.   Draw blood from a wing vein of the chickens hatched from the T. cruzi-inoculated and from the mock controls four week after the last immunization to obtain the serum.
8.   Use the chicken serum to detect the specific T. cruzi antibody by IIF and ELISA exams.
 9.   Infection of mice with the T. cruzi from Chagas patients’ semen ejaculates 
1.   Collect semen ejaculates from an adult PCR+ Chagas disease case, and from an adult PCR-, control Chagas-free individual.
2.    Use two groups of 12 one-month ages BALB/c naïve mice kept in hoods under positive air pressure at 24 centigrade and fed Purina chow ad libitum. 
3. Instill the human Chagas positive semen aliquots (100 µL) into the peritoneal and an equal amount into the vagina of group-A mice.
4. Instill the control Chagas-free semen aliquots (100 µL) into the peritoneal and an equal amount into the vagina of group-B mice.
5. Sacrifice the experimental mice under anesthesia five weeks after the semen instills, and subject the tissues sections to staining with the hematoxylin-eosin.
6. Search microscopy for the T. cruzi trypomastigotes and amastigotes in the body tissues in groups of mice. 

10.   The transmission of the T. cruzi infection by intercourse. 
1. Use 10 male and equal number of female, six-week-old BALB/c mice in the experiments. 
2.   Inoculate five male and an equal number of female mice intra peritoneal with 1 x 105 T. cruzi trypomastigotes from the tissue culture. 
3.   Breed the mice after three months of age: group I formed by five T. cruzi-infected female and five controls, non-infected male mates; group II formed by five T. cruzi-infected male and equal number of controls, non-infected female mates. 
4.   House each breeding pair in one cage, which is placed inside a safe box with a 5-mm grid and lock-in door to prevent escape. 
5.   Feed the mice chow and water ad libitum. Raise total 70 weaning progenies in groups I and II for at least six weeks. 
6.   Draw blood by heart puncture from the parental (FO) and progeny (F1), sacrifice mice under anesthesia, and subject the body tissue sections for pathology analysis. 

11. Assessment of the immune privilege. 
1. Obtain the tissue from T. cruzi-infected and from naïve, control mice and cut the paraffin-embedded samples into 4µm thick sections.
2. Remove the paraffin and dehydrate the sections onto glass slides with several changes of xylene and gradual washes with 100% to 70% ethanol, 1 min each. 
3. Incubate the tissue sections with 0.05% saponin once and three distilled water washes at room temperature. 
4. Block the tissue sections with 5% non-fat powdered milk for 45 min. Wash the slides in 0.1 M PBST (PBS containing 0.5% Tween 20), pH 7.4, and incubate the sections with the Chagas mouse anti-T. cruzi serum or with the control, uninfected mouse serum at 1:20 dilution for 2 h. 
5. Wash the slides thrice for 5 min in PBST and dry at room temperature before incubation with 1:1000 dilution of an alkaine phosphatase conjugate rabbit anti-mouse IgG. 
6. Rinse the slides in PBST and 100 µL /well of 3, 3’ diaminobenzidine was added for 5 min of incubation, before the plates rinsed with PBST and counterstain with Harris hematoxylin for 30 secs. 
7. Wash the slides in distilled water for 5 min, dehydrate in 70%, 80%, 90%, and 100% ethanol for 1 min and mount in buffered glycerin. 
8. Exam the slides on a bright field light microscope, and capture photo images with micro camera with Cell Sens Dimension Software and the analyzer program.
9. Document the immune privilege of the parasite in the absence of inflammatory reactions in the organs of reproduction.

12. Statistical analyses
1.  Used the Biomedical Edit for sequence analysis, perform alignments with BLAST and determine e-values statistical significance (p < 0.05). 
2.  Perform one-way analysis of variance and the Tukey test to compare the ODs means plus or minus standard deviations.



Representative Results

	The finding of the T. cruzi in the seminiferous tube of a boy (Figure 1) was a fire-lamp to the investigation 18, aiming at the sexual transmission of the infection in humans.
Additionally, the presence of the parasite life-cycle stages in the mice semen (Figure 2) and the nucleic acids assays for the T. cruzi in the people’s ejaculate 21 spurred the clinical and epidemiological study. The finding in Figure 1 after several decades emerged to the experimental work, conceivably, at a time the family study approach and the technologies described in the research protocol were at hand. 

The research conducted according with the protocol aimed at the detection of cases of the acute Chagas disease by parasitological and clinical exams. The Chagas cases and their family members who volunteered to participate in the study grouped into four families 1. Venous blood samples subjected to direct microscopic examination and in vitro culture for parasite growth. Twenty-one acute Chagas disease cases had the T. cruzi in the blood. 

In this family study, the T. cruzi nDNA was PCR amplified with primer sets 1, 21-27 annealed to 188-nt repeat telomere sequence from each of the 21 acute Chagas disease cases. These T. cruzi nDNA amplicons hybridized with the specific radiolabeled sequence probe (Figure 3); the clone and sequencing revealed the amplicons comprised the T. cruzi 188-nt telomere repeat motif. The specificity of these hybridization procedures showed in the negative control performed with L. braziliensis promastigotes. The pathology analysis validates that the hemoflagellates in the acute Chagas disease patients were truly virulent T. cruzi. We conclude that the T. cruzi nDNA (188 bp) band found in the 21 acute Chagas cases (Figure 3) is a direct demonstration of the persistent infections and, therefore, the nDNA footprint is the basis for the diagnosis of the active T. cruzi infections.
Sexual transmission of Trypanosoma cruzi in humans
To evaluate the ratios of the T. cruzi infections, we applied the nucleic acid test for high sensitivity detection of the parasite footprints in the family study population 1. In these PCR assays, the amplification products that hybridized with the specific radio-labeled 188 nt probe formed nDNA bands in 76.1% (83/109) of the test samples; the results of Southern hybridization of the nDNA PCR amplification products with the specific 188 nt radio labeled probe are shown in Figure 4. Furthermore, the hybridizations showed the parasite DNA in the germ cell line of the volunteer families’ members (Figure 5).
The IIF was employed to phenotyping the wild-type ECI1 to ECI21 T. cruzi trypomastigotes with the human serum IgG from a Chagas disease serum bank sample with parasitological demonstration of the protozoan in the blood, and a fluorescein conjugated anti-human IgG was used. The T. cruzi Berenice was a positive control for the Chagas antibody, and the negative control was the promastigote of its family relative L. braziliensis. Figure 6 showed that the positive apple-green silhouette of the Berenice archetype collates to wild type T. cruzi envelope showed in the video.
The ELISA and IIF revealed the specific T. cruzi antibodies 1, 26 in 28.4% (31/109) of the samples tested. The results of the ELISA and IIF, and those from the nDNA-PCR amplicon and Southern hybridizations plotted in Figure 7. The discrepancies among the results of the nDNA-PCR footprints and of those from the specific antibody assays depicted in the heredograms (Figure 8): - Family A, four subjects had positive nDNA and anti-T. cruzi antibody and 11 had the positive nDNA only; five males had the T. cruzi in the semen ejaculate.  In the family B with 44 people, 11 had the specific T. cruzi antibody, and 23 had both the specific antibody and the parasite nDNA; seven individuals had the T. cruzi in the semen ejaculate. Family C with 29 members had the antibody and the T. cruzi nDNA in five individuals, and 17 had the parasite nDNA alone; and four males had the nDNA-PCR positive in the semen ejaculate. In the Family D, among 21 subjects 11 had the specific anti-T. cruzi antibody and the nDNA footprint, and nine had the positive nDNA-PCR alone. The Figures 4, 7 and 8 depicted the broad discrepancies among the results, consistently, in the biological samples obtained from the families’ subjects in three independent experiments run one year apart. 
The Table 1 shows the quantitative differences between the IIF, the ELISA, and the nDNA-PCR assays in the samples from the human study families A-to-D. The discrepancies between the ratios of antibody assays (28.4%) and those of positive nucleic acids assay (76.1%) are statistically significant (p < 0.05). In these families, the differences among groups of T. cruzi-infected people (III and IV) accounted 62.6% (52/83) of the population showing positive nucleic acids test alone.

The broad discrepancies among the ratios of positive nDNA footprints and those of the T. cruzi antibody phenotype explained by the experiments conducted in the chicken model system; upon the T. cruzi inoculation in the fertile eggs the protozoan multiplied in the embryo cells for one week, until they were eradicated by the aves innate immune response. The chicks that hatched grew to adult life, but they were unable to raise the humoral immune response after challenging with the formalin-killed T. cruzi forms 23-24. These experiments clearly showed the discrepancies stemmed from an immune tolerance in the chickens hatched from the T. cruzi-infected fertile eggs (Figure 9).

Moreover, the infectivity of T. cruzi from a Chagas patient’s ejaculate, which tested positive in the PCR and lacked the specific antibody, was demonstrated through instills of 100µL of semen into the peritoneal cavity of male mice and through an equal amount of semen instills into the vagina. Five weeks later, the T. cruzi amastigote nests detected in the heart and skeletal muscles, and clumps of differentiating parasites were present in the lumen of the vas deferens and uterine tube. Interestingly, the nests and clumps of the T. cruzi amastigotes were not surrendered by destructive inflammatory reactions (Figure 10).

Sexual transmission of Trypanosoma cruzi in a mouse model system
The assessment of the sexual transmission of T. cruzi infections was further conducted in two groups of mice inoculated intraperitoneally with 1 x 105 T. cruzi Berenice trypomastigotes forms 1, 28. In the experimental group I, 10 T. cruzi-infected males mated with 10 naive, control female mice. In the experimental group II, 10 T. cruzi-infected females mated with 10 naive, control males. The Figure 11 shows that the T. cruzi-infected males (A-to-E) and the T. cruzi-infected females (F-to G) mice yielded the 188-bp nDNA bands (odd numbers). After breeding the naive mates (even numbers) readily acquired T. cruzi after a unique sexual encounter with the chagasic mate. Similar repeat experiments performed under identical conditions confirmed that each naive female or male mouse that sexually mated with a T. cruzi-infected male or female acquired the flagellate infection. These nDNA-positive founders (F0) generated progeny that they raised until six weeks of age. Then, the test and the control, uninfected mice bled via heart puncture approximately 0.5 ml of blood. The nDNA-PCR assays showed the founders' (F0) sexually acquired infections transmitted to the F1 progeny as shown by the 188-bp nDNA bands (Figure 12). The F1 progeny were nDNA-positive in 41 out of the 70 (58.6%) samples examined. Of these mice with nDNA bands suggestive of vertically acquired infections, as few as 9 out of 41 (22%) had the T. cruzi antibodies.  

The F1 progeny mice were sacrificed under anesthesia and the body tissues subjected to the pathology and immune peroxidase staining analyses.  The results of these experiments showed in Figure 13. The presence of the T. cruzi amastigotes were documented in the interstitial cells of the epididymis and in gonia blasts; the amastigotes differentiating the trypomastigotes were present in the lumen of seminiferous tubes, in the absence of inflammatory reactions.


LEGENDS
Figure 1. The Trypanosoma cruzi infection in the seminiferous tube of a boy who died of acute Chagas disease. The T. cruzi forms are in goniablasts, and clumps of amastigoes and free trypomastigotes present in the lumen of the seminiferous tube, in the absence of inflammatory infiltrates 18. Hematoxylin-Eosin stains. Bar 20µm. (Microphotograph from Dr. Teixeira’s file, 1970).
	
Figure 2. The Trypanosoma cruzi in the semen ejaculates from acutely infected mice. A) Intracellular amastigotes. B) Free amastigotes (C and D) trypomastigotes (E to I) epimastigotes seen in the seminal fluid. Microphographs from the Giemsa’s stained smear. Bar 20µm. This figure modified from reference 22 and reprinted with the permission from the publisher and the Author.

 
Figure 3. The footprint of the Trypanosoma cruzi from the acute Chagas disease. The T. cruzi nDNA-PCR amplification products formed 188-nt bands with specific radio labeled 188-nt probe. Tc, T. cruzi; nc, negative control. Reprinted with the permission from the publisher and the Author 1.
 
Figure 4. Southern blotting analysis of the Trypanosoma cruzi infections in subjects of the human study families. Family A - All 15 subjects show the specific nDNA-PCR 188-nt bands. Family B, a total 35 out of 43 subjects (81.4%) formed the specific nDNA bands. Family C, among 29 members, 22 (75.8%) formed the nDNA bands. Family D, 11 out of 21 subjects (52.4%) had the nDNA band. The T. cruzi-specific nDNA bands were confirmed by cloning and sequencing.  Reprinted with the permission from the publisher and the Author 1.

Figure 5. The active Trypanosoma cruzi infections in the semen ejaculate from study families’ volunteers. The infections in Chagas patients ejaculate identified by the nDNA-PCR 188-bp bands. Tc, T. cruzi positive control. Nc, L. braziliensis negative control. Reprinted with the permission from the publisher and the Author 1.

Figure 6. The phenotype of the Trypanosoma cruzi with the Chagas disease patient’s serum antibody. The T. cruzi identified with the Chagas serum IgG antibody that recognizes the parasite trypomastigote treated with a FITC-labeled monoclonal Ab anti-human IgG. The anti T. cruzi Ab does not recognize Leishmania braziliensis promastigotes. The insets show the negative controls. Bars, 20 µm. Reprinted with the permission from the publisher and the Author 1.


Figure 7. Graphic representation of the ELISA and of the nDNA-PCR assays in the family study population.  Group I (n=10) and group II (n=20) were the negative control and the positive control serum from T. cruzi infections with parasitological demonstration. Group III (n=31) included families’ subjects with the 188-bp nDNA bands and specific antibodies to T. cruzi. Group IV (n=52) comprised subjects with the T. cruzi infections detected by the nDNA-PCR 188-nt amplicons in the absence of the specific antibody. Group V (n=26) negative test samples, comprising the infection-free people in the study families.  Reprinted with the permission from the publisher and the Author 1.

Figure 8. The heredograms and mapping the Trypanosoma cruzi-infected families’ population.  The figure shows the discrepancies among the ratios of the anti-T. cruzi antibody and those of the nDNA-PCR assays. Open square and circle, negative male and female. Red squares and circles, positive anti-T. cruzi antibody and nDNA-PCR. Black squares and circles, positive nDNA-PCR alone.
 
Figure 9. The immune tolerance in chickens hatched from Trypanosoma cruzi-inoculated eggs. A) Pre-immune antibody profile in the mock control chickens (n = 10). B) The specific antibody response in the naive control chickens challenged with the T. cruzi antigen (n= 20). C) The absence of the specific immune response in chickens hatched from the T. cruzi-inoculated eggs, after challenge with the T. cruzi antigen (n= 20). The differences among B towards A and C are statistically significant (p<0.05).  This figure modified from reference 24 and reprinted with the permission from the publisher and the Author.

Figure 10. The infective Trypanosoma cruzi in the human ejaculates translates into the active murine infection. Aliquots of Chagas patient ejaculates instilled into the peritoneal cavity or into the vagina of mice. The mice were sacrificed three weeks after instills. Top lane, T. cruzi amastigotes nests in the heart (left) and in the skeletal muscle (right). Bottom lane, T. cruzi amastigotes nests in the vas deferens (left) and in the uterine tube (right). The insert shows dividing amastigote (circle). Notice the absence of inflammatory infiltrates in the tissue sections. Hematoxylin-Eosin stains. Bars: top and bottom left, 20µm; bottom right, 10µm. Reprinted with the permission from the publisher and the Author 1.

Figure 11. The sexual transmission of the Trypanosoma cruzi infections in the mouse model system by the intercourse.  The transmission of the T. cruzi infections from chagasic to naïve mates demonstrated by the specific nDNA 188 bp bands revealed in the Southern hybridizations. Top lane) Pre-breeding profiles of the PCR amplification products of the T. cruzi-infected and of the naïve mice. The odd numbers indicate the T. cruzi-infected male A-to-E and female F-to-I mice samples. The even numbers are naïve females (2-to-10) and males (12-to-20) mice. Bottom lane) after the breeding the profiles show that the even mice 2-to-20 acquired the T. cruzi infections. Reprinted with the permission from the publisher and the Author 1, 28.

Figure 12. The Trypanosoma cruzi-infection vertically transferred from the F0 chagasic parental to the F1 progeny mice. The chagasic parental transmitted the T. cruzi infections by single breeding encounter. The T. cruzi-infected females mated to naive males A-E, and naive females mated to the T. cruzi-infected males F-J. After breeding, all the founders (F0) showed the positive protozoan nDNA-PCR 188-bp band. The Southern blotting revealed the specific nDNA band after hybridization with the radio labelled 188-nt probe in a majority of the F1 litters. Nc, L. braziliensis negative control; Tc, T. cruzi positive control. Reprinted with the permission from the publisher and the Author 1, 28.

Figure 13. The histopathology documented the Trypanosoma cruzi sexually transmitted from F0 to F1 progeny and immune tolerance in the absence of inflammatory reaction. The sections show growth of the T. cruzi forms in the epididymis, gonia blasts and the seminiferous tubes of the F1 mice. The mice were sacrificed under anesthesia and the immune peroxidase stained sections examined under the microscope. The photomicrographs show brownish immune peroxidase-stained T. cruzi amastigotes in the interstitial of the epididymis (A) and clumps of amastigote differentiating trypomastigotes shed into the lumen of the seminiferous tube (B, C, and F).  The amastigote nest seen in a goniablast (D). The positive control mouse seminiferous tube normal histology (E). Notice the absence of inflammatory infiltrates in the testes of the F1 mice showing loads of the Chagas parasites. The Giemsa’s stain. Bars: A, B, C and E, 20µm; D and F, 10µm.


Discussion
Herein, we discuss a families based research protocol that answered the question on whether the human Chagas disease stems from the sexually transmitted intra species T. cruzi infections. In this regard, the presence of T. cruzi nests in the mouse seminiferous tube 16, 17 and in male and female sexual organ secretions was a pathology finding since over a century, but the Chagas disease continued to be ascribed to the exogenous protozoan flagellates from various routes of the infections 16, 18, 22, 32, and 33. However, the early studies could not give acquaintance of the sexual transmission of the T. cruzi infections, probably, because the available data and information on Chagas disease were obtained from the individual, separately 3-13. The fundamental long run Chagas disease families’ study, therefore, combine the findings in the humans with those obtained in the laboratory animals; and the research protocol showed for the first time that the T. cruzi infections can be sexually transmitted 1. 
The direct parasitological demonstration of the protozoan in 21 acute Chagas disease cases was crucial to validate the nuclear nDNA-PCR amplification products, which formed specific bands in samples from all the T. cruzi acutely, infected subjects. This point of care laboratory marker evaluated the results of the immunological assays. In the due course, the broad ratio differences between the results obtained with parasite-specific antibody assays and those with nucleic acids test indicated that the majority of the nDNA footprints resulted from the sexually transmitted cases in the absence of specific anti T. cruzi antibody. To explaining the discrepancy, we propose that T. cruzi infections acquired during embryo or early fetal development show the DNA specific bands but in the absence of specific antibody, because the immature immune system rendered tolerance to the parasite antigen 1, 23, 24, 29-31.
[bookmark: _GoBack]The immune tolerance demonstrated in the chicken model system refractory to the T. cruzi infections after the first week of the embryo growth.  Thereafter, the immature immune system inability to recognize the parasite as a foreign component of the body translated the chicken late mature immune system tolerance towards the T cruzi. In view of the results, tolerance is a natural phenomenon 1, resulting from the immune system’s self-recognition and maintenance of its own body components under physiological conditions 23, 24, 29-31. Thus, the sexual transmission of T. cruzi in the majority of the family members encountered with the positive nDNA, in the absence of the specific IgG antibody due to the immune tolerance
This study shows that the T. cruzi endowed with a unique survival capability in an immune tolerance host, such that it constantly adapts to a non-hostile environment from which it can escape before the host dies. Moreover, the shift from the state of immune tolerance to the autoimmune Chagas heart disease, therefore, can be associated to the effectors cells modifications resulting from the mutation of the T. cruzi kinetoplast DNA (kDNA) minicircle sequences into the host’s genome 2, 14, 21, 23, and 24. 
Further study confirmed the existing live infection in the germ line cells upon the demonstration of the T. cruzi nDNA, in the absence of specific serum antibodies, in semen ejaculates collected from Chagas individuals. Additionally, the virulent T. cruzi documented in Chagas patient ejaculates were capable of initiating widespread infections upon instills into the mouse vagina or into its peritoneal cavity. The pathology in the solid tissues of the experimental mice showed the T. cruzi amastigote nests in the heart, skeletal muscles and in the vas deferens and uterine tube. Interestingly, the parasite nests did not provoke inflammatory reactions that hamper the vital reproductive functions. The absence of the inflammatory reactions renders the immune privilege in vital function body structures 34-39 and, therefore, it explains the uncurbed growth of T. cruzi in the organs of reproduction.
Furthermore, the experimental studies in chagasic mice that bred with naïve mates confirmed the T. cruzi infections sexually transmitted in humans. For, the infected females and males transmitted the T. cruzi infections to the uninfected, naive mates during intercourse, and the majority of their litters acquired the T. cruzi vertically transferred from the parental to the progeny. In these experiments, the initial phase refers to the growth of T. cruzi in the tube and in the uterus, in the seminiferous tube and in the vas deferens, where the immune privilege took place. Then, the sexual transmission occurs through the parasite stages in the semen or in the uterine secretions into the vagina. Immune privilege 34-39 is a phenomenon that allows some organs (reproductive systems, eyes, and brain) to down-regulate inflammatory reactions and avoid damage to important, sensitive and specific functions 34. Hormones 35 and several immune factors have shown to down-regulate macrophages 36-38, natural killer cells 35, T-lymphocytes, and regulatory Treg cells, thus orchestrating the inhibition of a number of pro-inflammatory cytokines and immune privilege triggers 35-39.
The sexual transmission of the T. cruzi infections of males and females to naïve partners indicate that the control of Chagas disease requires international solidarity. The results discussed herein suggest that much creative research needed. The immediate goals are achievable: i) To develop thru-put platforms for the specific and highly sensible nucleic acids test for accurate diagnosis aimed at preventing the infections transmitted by the sexual intercourse, by the blood transfusion and organ transplantation; and for the clinical and epidemiologic enquires to determine the diagnosis and the prevalence of Chagas disease.  ii) To promote a multicenter drug development program for achieving new drugs for eradication of the T. cruzi infections. iii) To implement a suitable Education, Information and Communication Program that includes the participation of schools, churches, social organizations, and health institutions to prevent the spread of Chagas disease.
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