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Abstract

:

Populations of Triatomas infestans with different susceptibility to pyrethroid insecticides were reported to have distinct evolutionary and epidemiological characteristics. We aimed at evaluating metacyclogenesis and parasite load as measures of vector competence and feeding/defecation patterns as vectorial capacity estimates of a group of resistant (“R”) and susceptible (“S”) T. infestans. Third instar nymphs of each group were fed on mice infected with Trypanosoma cruzi (Tulahuén strain, DTU VI). Parasite concentration in blood was quantified by real-time PCR (qPCR) for each mouse. The time at which feeding started, the span of feeding, the volume of blood consumed, and the time taken to defecate were measured. At 30 days post-feeding, feces were analyzed in parallel by optical microscopy (percentage of metacyclic trypomastigotes, % MT), and qPCR (total T. cruzi DNA). The ratio of parasites consumed/defecated by nymphs of each group was used to estimate the parasites’ survival and multiplication inside the triatomines’ gut. It was estimated that for each blood trypomastigote consumed, 6.6 parasites were obtained in the feces of “R” nymphs, and 7.9 in “S”. “R” nymphs consumed a higher volume of blood, had lower % MT in their feces (lower vectorial competence), and took longer to defecate (lower vectorial capacity) than “S”.
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1. Introduction


Triatoma infestans (Klug, 1834) (Hemiptera, Triatominae) is the main insect vector of Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae), the causative agent of Chagas disease [1]. The biological cycle of T. cruzi is complex, with different stages during its development that allow it to survive, and alternate between a vertebrate and an invertebrate host [2]. While feeding on a mammal infected with T. cruzi, the reduvid acquires blood trypomastigotes that differentiate in its stomach into epimastigotes (the main replicative form), some spheromastigotes, and amastigotes. Epimastigotes repeatedly divide as they pass through the insect’s small intestine and rectum, where they attach to the wax layer of the rectal cuticle by hydrophobic interactions [3,4]. At this point, epimastigotes transform into metacyclic trypomastigotes, a process called metacyclogenesis [5,6]. The population growth of T. cruzi depends on many interactions in the digestive tract of the insect vector [7]. Even though all parasite stages are eliminated with the feces of the triatomines, only trypomastigotes can infect mammals [8,9].



The vectorial capacity of T. infestans populations is defined by the number of metacyclic trypomastigotes released in the insect’s feces during or immediately after feeding on a susceptible mammalian host [10]. Thus, the vectorial capacity will be affected by the interactions between insect-parasite-host and by vectorial density, longevity, behavior, feeding preferences, and vectorial competence [11]. Zeledón (2010) [10] suggests that triatomine prey will be infected with the parasites present in the feces if defecation occurs during the first 10 min after feeding. In turn, vectorial competence is defined as an intrinsic factor related to the triatomine’s physiological ability to be infected and subsequently transmit T. cruzi to its susceptible host. This process is affected by the conditions for parasite survival and multiplication inside the insect’s gut. This definition of vectorial competence also considers the efficiency of transmission and the period comprised between the absorption of the blood meal until the moment the parasite is transmitted [11,12,13].



Population control of T. infestans has been carried out by pyrethroid insecticides sprayed on infested houses [14]. However, the rise of pyrethroid resistance in triatomine populations along South America poses a threat to pyrethroid-based vectorial control of Chagas disease [15,16,17]. Studies performed on pyrethroid-resistant (“R”) T. infestans populations in Salvador Mazza, Argentina, have shown that groups of these insects need less time to develop from egg to adult, and consume significantly more blood than another group of susceptible (“S”) T. infestans from the Chaco region in the same province [18]. These groups of “R” and “S” insects showed differences in their karyotype [19] as well as in cuticle thickness [20]. Thus parasite load quantification in pyrethroid-resistant T. infestans could be an important contribution to inferring its vectorial capacity and competence, it being a valuable element to design control strategies [21,22]. The vectorial capacity is usually monitored by microscopic observation of feces in the search for infective trypomastigotes. Although this method is inexpensive and widely used, it has limited sensitivity in samples with few parasites [23]. It is well known that PCR detection from insect feces and mammalian host blood samples is one of the most cost-effective techniques. For this reason, real-time quantitative PCR (qPCR) has been proposed as an alternative for T. cruzi detection in insect vectors [24]. Recent studies indicate that with this technique it is possible to quantify ≤ 2 parasite equivalents/mL [25,26].



Data from entomological surveillance, collected by the Primary Health Care program of the Ministry of Public Health of Salta (MPH), reported a high-density infestation of “R” T. infestans in the Salvador Mazza and Aguaray localities between the years 2000 and 2009. Despite these demographic explosions of the insect vector, the last case of acute, vectorial-transmitted Chagas disease was documented in 2007 by the epidemiological surveillance system of the MPH. In this context, the aim of the present work was to evaluate feeding and defecation times as variables that estimate vectorial capacity in populations of T. infestans that are both resistant to and susceptible to insecticides. We also estimated metacyclogenesis and parasite load as measures of vectorial competence.




2. Results


2.1. Analysis of Feeding and Defecation Behavior


The initial weight of the “R” nymphs was significantly higher than that of the “S” (p = 0.007). In contrast, there were no statistically significant differences between “R” and ”S” nymphs either in the onset feeding time, or the total feeding time (p = 0.771, and 0.34, respectively). These results are summarized in Table 1.



Regarding the amount of blood ingested, “R” nymphs consumed 0.039 ± 0.004 g, which was significantly higher than the 0.026 ± 0.003 g consumed by “S” nymphs (p = 0.02), as shown in Figure 1a. Similarly, Figure 1b shows the statistically significant differences observed at the time of the first defecation. The “R” nymphs took an average of 20.90 ± 1.9 min to defecate, while the “S” nymphs took 11.9 ± 2.7 min (p = 0.008). It was also observed that “R” nymphs never defecated during the feeding process.




2.2. Metacyclogenesis


The average percentage of metacyclic tripomastigotes (MT) in the feces of “R” nymphs was 32.80 ± 5.8%, a value significantly lower than the 72.5 ± 6.77% found in “S” nymphs (p = 0.001). Statistically significant differences were also observed in the total average length of epimastigotes present in “R” and “S” feces (p = 0.017). The average length of epimastigotes found in feces of “R” nymphs was 31.8 ± 1.40 μm, in contrast to the 25 ± 2.17 μm of epimastigotes detected in the feces of “S” nymphs. No statistically significant differences were observed in the average length of metacyclic trypomastigotes present in the feces of either “R” or “S” nymphs, as shown in Table 2.




2.3. Molecular Analysis


The percentage efficiency (Eff) of the standard curve for T. cruzi was 91.69%, −3.54 slope (Y), with an average threshold cycle (Ct) of 33.92, and a correlation coefficient (R2) of 0.99. On the other hand, the calibration curve of P22 for blood samples had an efficiency of 98.50%, a slope of −3.36, Ct of 33.70, and R2 of 0.98, confirming the good performance of the assay, indicating precision within each experimental run. The T. cruzi fragment presented an average melting temperature (Tm) of 84.52 °C.



These concentration curves allowed us to estimate the concentration of T. cruzi present in the blood that “R” and “S” nymphs consumed by feeding on the infected mice, as well as in the feces defecated 30 days after feeding. An analysis of linear regression through the origin allowed us to determine that the amount of T. cruzi defecated depends on the number of trypomastigotes consumed (p < 0.0001), as shown in Figure 2.



It was observed that the “R” (pyrethroid-resistant) nymphs consumed on average 2.1 × 104 parasite-equivalents/mL, and defecated on average 3.8 × 107 parasite-equivalents/mL. In contrast, the “S” nymphs (susceptible to pyrethroids) consumed on average a significantly lower amount of blood trypomastigotes than “R” nymphs (3.9 × 103 parasite-equivalents/mL), and defecated a lower amount of parasites (2.1 × 106 parasite-equivalents/mL), as shown in Table 3. However, taking into account that the mathematical model applied in this analysis is:


y = m × x








where “y” is the number of consumed T. cruzi and “x” is the number of parasites defecated, the value of the slope (“m”) of each curve represents the number of parasites that would be eliminated per each parasite ingested by an individual of the population. In other words, with the value of the slope it is possible to estimate the efficiency of parasite multiplication in the gut of a triatomine. The slope for the “R” nymphs is 6.6, whereas the slope for the “S” is 7.9. Therefore, even though the susceptible population ingested and defecated a lower number of parasites, the fewer parasites ingested produced new parasites more efficiently than the pyrethroid-resistant group.





3. Discussion


This study demonstrated that pyrethroid-resistant T. infestans nymphs fed on mice experimentally infected with T. cruzi had different parasite loads, feeding, and defecation patterns than the pyrethroid-susceptible nymphs. It was observed that the “R” nymphs were heavier than the “S” nymphs. In the context of the experiment, a biological difference between both groups of insects was demonstrated. Although no differences were observed at the onset time and duration of feeding, it was possible to determine that the pyrethroid-resistant nymphs ingested a larger volume of blood and took longer to defecate than the susceptible ones (Table 1, Figure 1 and Figure 2), but they never defecated during the feeding process. Similarly, it was observed that the amount of blood ingested had a direct relationship with the corresponding size of the nymph. This relationship size-amount of blood ingested has also been observed within T. dimidiate (Latreille, 1811), which is larger than both T. infestans, and Rhodnius prolixus Stål, 1859 [10]. The quantity and quality of food ingested are important for the development of triatomines because the number of eggs produced by females is directly related to the amount of blood ingested [27,28]. Regarding “R” T. infestans, it was published that females had reduced fertility as they consumed less blood and have lower fitness than susceptible conspecifics [29,30]. In contrast, Casimiro et al. [18] obtained different results, since they observed that “R” nymphs consumed a significantly larger volume of blood. This behavior had an impact on the reproduction and fertility rate because these females laid a greater number of eggs in a shorter time than “S” females. In turn, the eggs laid by “R” females were heavier, and the post-embryonic development was shorter compared to “S” females.



Our results on defecation patterns showed that the amount of blood ingested was not correlated with the defecation time in any of the groups studied. In contrast, Lobbia et al. [29] showed that pyrethroid-resistant T. infestans ingested less blood, and for that reason took longer than the susceptible ones to defecate. The importance of defecation patterns lies in the fact that T. cruzi transmission is dependent on the time of defecation. The vectors with the greatest vectorial capacity are those that defecate during or shortly after feeding, while the vector is still in contact with its prey [10]. Based on the shorter average defecation time observed in the present study, we propose that the “S” could be a vector with a greater capacity to transmit T. cruzi than the “R” nymphs. These data are in agreement with Lobbia et al. [29] who, likewise, observed that pyrethroid-resistant triatomines took a longer time than the susceptible ones to defecate. However, the direct relationship between the higher blood consumption and the delayed defecation reflex observed in “R” nymphs could involve other physiological factors. Quinlan et al. [31] proposed that “R” T. infestans has not developed a high-performance excretory system, with the Malpighian tubules having a low secretion rate, thus the release of serotonin and the diuretic hormone is not fast enough, or that such release is delayed by a high concentration of cyclic GMP (guanosine monophosphate). It is worth mentioning that other publications proposed that the character of resistance is polygenic [32], and the genes that confer resistance can have pleiotropic effects with important consequences in the evolution of the populations.



Metacyclogenesis may also be an important factor affecting vector competence in these triatomines. The results obtained in the present study showed that “R” nymphs had a lower percentage of metacyclic trypomastigotes in their feces, with bigger epimastigotes in comparison with “S” nymphs. According to Figueiredo et al. [33] and Avendaño et al. [34], there is a close relationship between nutritional stress, nutrient endocytosis, substrate adhesion, and cell differentiation from epimastigotes to trypomastigotes in T. cruzi. Metacyclogenesis occurs when epimastigotes adhere to the perimicrovilliary membrane of the rectum as a consequence of nutritional stress and the accumulated proteins in the parasite’s reservosomes that are used as a source of energy during the differentiation process. The incidence of nutritional stress on metacyclogenesis was also proposed by Vanrell et al. [35] through the regulation of autophagy that differentially affects T. cruzi metacyclogenesis. Autophagy is a cellular process required for the removal of aged organelles and cytosolic components through lysosomal degradation. The most frequent stimulus for autophagy is starvation and the result, in this case, is the rapid generation of usable food (e.g., amino acids, and basic nutrients) to maintain vital biological processes. It is known that metacyclogenesis also stimulates autophagy, which through a positive feedback mechanism stimulates parasite differentiation. In addition, according to Días et al., the major process of cell multiplication and differentiation occurs in the rectum (hindgut) of the vector. Cell multiplication is mainly observed within 5 days post-infection (pi), while metacyclogenesis begins to appear and increases from day 7 pi in a strain of R. prolixus. Therefore, the difference in the proportion of trypomastigotes observed between pyrethroid-resistant and susceptible T. infestans in our work may be directly related to feeding behavior factors that cause higher nutritional stress in the “S” strains, and greater adherence of epimastigotes to the perimicrovilli membrane, resulting in differences in the process of metacyclogenesis of the “R” and “S” groups studied [36].



The parasite load determined by qPCR demonstrated that “R” nymphs consumed and defecated significantly more parasites than “S” nymphs. The number of parasites in the feces of triatomines calculated from the initial amount of parasites in the ingested blood allowed us to estimate the parasites’ survival and multiplication inside the insects’ gut. Even though one resistant and three susceptible nymphs were dead by day 30 post-feeding, the p value was significant either including or excluding them from the analysis, thus indicating that the method was robust enough to support small variations in the number of individuals and still detect biological differences. The linear regression through the origin analysis allowed us to determine that for each blood trypomastigote consumed, 6.6 parasites could be obtained in the feces of pyrethroid-resistant nymphs, and 7.9 in the feces of susceptible ones. Thus, resistance to insecticide did not enhance the vectorial competence of the nymphs since they produce a lower number of parasites after feeding. On the contrary, the pyrethroid-susceptible nymphs had a higher vectorial competence than the “R” nymphs because they defecated more parasites per ingested ones. The difference in parasite burden and length of epimastigotes in both T. infestans populations could be explained by considering each triatomine gut as a different micro-environment that influences T. cruzi multiplication. During its development inside the triatomine’s gut, the parasites must adjust to a hostile environment [29] and to the insect’s immunity, both acting as selection factors of parasite subpopulations [3,5,36,37].




4. Materials and Methods


4.1. Triatomine Nymphs


We worked with a F6 “R” (pyrethroid-resistant) population of T. infestans from Salvador Mazza (Salta, Argentina), and a F3 “S” (susceptible to insecticide) population from La Estrella, Morillo (Salta, Argentina). A subgroup of stage I nymphs from the “R” progeny showed 100% survival when subjected to a discriminating dose of deltamethrin (2 ng/insect applied on the dorsal part of the abdomen), while a subgroup of the same stage from the “S” progeny showed a survival of 0 to 10% for the same dose of the insecticide (Cardozo et al., unpublished data). These populations were maintained separately under laboratory conditions (12:12 h photoperiod, 26 ± 3 °C, and 60 ± 10% humidity) and were subjected to inbred mating to keep their susceptibility traits to their offspring. Nymphs were reared since hatching and maintained under the same laboratory conditions through the experiments. Each nymph was individualized with a white-ink mark on the thorax. These experiments were carried out in the animal facility at the Natural Sciences Faculty, National University of Salta, Salta City, Argentina.




4.2. Parasites


The parasites employed in all the assays were T. cruzi, Tulahuén strain, DTU VI [38]. Axenic cultures were maintained by successive passages in LIT medium (liver infusion-tryptose, pH 7.2: 2.5% liver infusion broth (w/v); 0.5% tryptose (w/v); 0.4% NaCl (w/v); 0.8% Na2HPO4 anhydrous (w/v), 0.04% KCl (w/v); 0.2% anhydrous dextrose (w/v)), grown in an incubator (Numak) at 28 °C. Blood trypomastigotes were obtained from the regular passage mice-to-mice carried out in the mice facility at the Instituto de Patología Experimental, UNSa-CONICET (Salta, Argentina).




4.3. Mice


Male Swiss mice (n = 10), 6 weeks old, were intraperitoneally infected with 300 T. cruzi blood trypomastigotes. The infection of mice was carried out synchronically with the nymphs when the latter were molting from stage II and moving to stage III. This synchronicity was needed in order to have the parasitemia peak in mice at the same time the nymphs were ready to feed. Before exposure to nymphs, mice were anesthetized with a mixture of 50% ketamine—20% xylazine at a dose of 0.025 mL per 10 g body weight. A sample of their blood was taken to quantify the number of parasites by qPCR (described below). This protocol was approved by the Ethics Committee of the Faculty of Natural Sciences, National University of Salta (R-DNAT-2018-1361 & R-DNAT-2019-0387).




4.4. Study Design


The experiment was designed assuming significant biological differences between the T. infestans populations under study. For this reason, a big-sample size effect (d = 0.9) was considered, with a potency of 80% and 5% significance for the statistical test. Under these assumptions, the estimated sample size was 15 insects per group. These calculations were carried out using G*Power 3.1.9.7 software (Franz Faul, University Kiel, Kiel, Germany), applying the statistical test “Means: difference between two independent means (two groups)” with the a priori analysis “compute required simple size-given alfa-power, and effect size”. Stage III “R” and “S” T. infestans nymphs were used as observation units (N = 15 for each group). They were experimentally infected as follows: (i) mice were infected with T. cruzi as described above, and at 12 days post-infection each mouse was anesthetized and exposed to groups of three nymphs; (ii) the volume of blood ingested was estimated by the weight difference of the nymphs before and after feeding. Thus, insects were weighed on a precision scale immediately before and after feeding on mice.




4.5. Feeding and Defecation Patterns


The onset feeding time, time of feeding and time of defecation were measured (in minutes). The feeding onset time is defined as the time span since a nymph exposed to a mouse makes the first bite. The time of feeding is the period spent by a nymph from the first bite until it moves away from the mouse. The defecation time was measured between the end of the feeding and the first drop of feces. All nymphs that defecated during the feeding process were assigned a time value of 0 [39]. After these observations, the nymphs were left to starve for 30 days.




4.6. Metacyclogenesis and Parasite Load in Feces of Nymphs


The feces of the nymphs of both groups were sampled by abdominal compression at the end of the 30 days of fasting. One nymph was dead in the “R” group and three were dead in the “S” group. A volume of 30 μL of feces was added to 20 μL of physiological solution and then divided into two tubes of 25 μL each. One tube was centrifuged at 1500 rpm for 5 min. The supernatant was discarded and the pellet was treated with a mixture of 15 μL of absolute ethanol and 15 μL Giemsa, mixed briefly by vortexing, and then mounted on a slide. The amount of T. cruzi metacyclic trypomastigotes (MT) and epimastigotes (E) in the slide was quantified at 1000× magnification under a Zeiss optical microscope [38]. The percentage of MT (% MT) per nymph was calculated as:


% MT = (MT × 1OO) ÷ (MT + E)











The length (in μm) of the parasites was also measured. To this aim, two or three trypomastigotes and epimastigotes per smear were randomly selected, and their length was measured with the micrometer eyepiece of the microscope used.



The remaining tube (with 25 μL of the feces’ suspension) was used to measure the concentration of parasites defecated by each nymph at 30 days post-feeding by qPCR, and then stored at −20 °C until use.




4.7. Quantification of Parasite Load by PCR


At 12 days post-infection, a total volume of 350 μL of peripheral blood from each mouse was collected in a microtube with 1400 μL of guanidine buffer (6 M guanidine-HCl, 200 mM EDTA, pH 8.0). The following day the samples were boiled for 10 min to lyse the cells and prevent clot formation and then stored until processing. A DNA aliquot (20 μL) of phage P22 was added to every blood sample before the DNA extraction. It was used as an internal control to determine the efficiency of the DNA extraction and PCR reaction. A P22 fragment was amplified with the specific primers forward 5′-CTTAACAAGCTCTCTGACTGCTCATCA-3′ and reverse 5′-CCATCGCCTGTGACTGGAT-3′. A phage calibration curve was performed to determine the optimal dilution to be used in the assays with murine blood samples. No internal control was used in the DNA extraction of triatomine feces. DNA extraction of all samples (murine blood, and triatomine feces) was performed with the commercial Easy Pure Genomic DNA Kit (TransGen Biotech Co., Beijing, China) following the protocol for mammalian cells.




4.8. Calibration Curves


Blood from a healthy mouse without T. cruzi infection, was extracted as previously described, and a volume of an axenic culture of T. cruzi epimastigotes was added to obtain a final concentration of 106 parasites/mL. To this end, the concentration of the culture was measured by counting the parasites in a hemocytometer. DNA extraction was performed as described above, and serial 1/10 dilutions of DNA were performed, ranging from 106 to 10−2 parasites/mL. The number of parasite-equivalents per milliliter of blood was calculated by linear regression of the Ct and the logarithm of the parasite concentration for each dilution. A similar calibration curve was performed to determine the number of parasites in T. infestans feces. For this purpose, feces from an uninfected T. infestans were extracted as described above, and an aliquot of T. cruzi axenic culture was added at a final concentration of 1.5 × 107 parasites/mL. After DNA extraction, serial 1/10 dilutions of DNA were performed, ranging from 107 to 10−2 parasites/mL.




4.9. qPCR


The primers Sat-forward 5′-GCAGTCGTCGGCKGATCGTTTTCG-3′ and Sat-reverse 5′-TTCAGRGTTGTTGTTTGGTGGTGTCCAGTG-3′ [40] were used to determine the presence of T. cruzi DNA in murine blood from mice and in T. infestans feces. These primers amplified a 146-bp genomic satellite fragment repeated approximately 104 times in the Tulahuén strain of T. cruzi [41].



The concentration of each reagent was used as suggested by the manufacturer of iTaqTM Universal SYBR Green SuperMix (BioRad): 1× Master Mix, 600 nM of each primer (Sigma St. Louis, MO, USA), 5 μL of DNA, and nuclease-free water to reach a final volume of 25 μL per reaction. Amplification and quantification were performed on a Step One Plus™ Real-Time PCR System thermal cycler (Applied Biosystems, Marsiling, Singapore), with the following cycling protocol: 5 min at 95 °C, 40 cycles of 15 s at 95 °C, and 30 s at 60 °C. After the PCR, a melting curve protocol starting at 60 °C was added to verify the specificity of the fragments. The peak obtained corresponds to the melting temperature of the fragment, and its height is proportional to the concentration [41,42,43,44]. In addition to the calibration curve points and the samples, a reagent control (blank) and a negative control (mouse blood, or triatomine feces without parasites) were included in the PCR plates. All assays were performed per duplicate.




4.10. Data Analysis


Data on feeding, defecation, metacyclogenesis, and parasite load was analyzed using the statistical language R Studio version 3.6.1, using the packages dplyr, ggplot2, and plotrix. The data were analyzed with a Shapiro-Wilk test to determine their distribution, and the variables with normal distribution were compared with a Student’s t-test. When variables did not pass the normality test, they were compared with the Wilcoxon test. Graphs were performed with RStudio and GraphPad Prism. For qPCR data, OnePlus version 2.3 software (Applied Biosystems) was used for the dissociation curve analysis and Excel 2016 for the graphs of the calibration curves.



To evaluate the relationship between the amounts of T. cruzi consumed/defecated, we used linear regression analysis through the origin because this method diminishes the standard error of the regression slope (σb), increases the value of the statistical test, and reduces the probability of type I error [45]. This analysis was carried out using GraphPad Prism 8.0 and R Studio software, applying a double logarithmic transformation to the data in order increase the R2-fit measure. The number of parasites consumed was considered the independent variable, while the number of parasites defecated was the dependent variable.





5. Conclusions


The highest vectorial capacity and risk of parasite transmission rely on specimens with the maximum possibility of contact with a vertebrate host, and the shortest time to eliminate a great amount of infective parasites [46]. In this sense, the vectorial capacity of pyrethroid-resistant nymphs was lower than susceptible ones, because the former required more time to defecate. Likewise, by releasing a lower number of parasites in their feces, the pyrethroid-resistant triatomines had a lower vectorial competence than their susceptible counterparts. Therefore, it can be concluded that the pyrethroid-resistant triatomines used in the present work had a lower potential for transmission of T. cruzi compared with the susceptible ones. In other words, pyrethroid-susceptible T. infestans are vectors with a greater capacity to transmit the parasite. These results have epidemiological relevance in an area with an endemic presence of T. infestans. We also hope that our results will contribute to the understanding of the evolutionary relationship of T. infestans with T. cruzi.
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Figure 1. Feeding and defecation patterns of “R” (pyrethroid-resistant) and “S” (pyrethroid-susceptible) third instar T. infestans nymphs. The median is shown as a solid line inside the box. (a) Volume of blood ingested (* p = 0.021); (b) time of defecation (* p = 0.01). 
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Figure 2. Linear regression through the origin of the concentration of blood trypomastigotes consumed during feeding and the parasites excreted in the feces of “R” (solid circle) and “S” (hollow circle) nymphs. Logarithmic transformation was applied to the data of both axes. 
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Table 1. Mean and standard error of the variables measured as estimates of feeding behavior in “R” and “S” T. infestans.
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	Parameter
	“R”
	“S”
	p (α = 0.05)





	Initial weight (g)
	0.010 ± 0.001
	0.0084 ± 0.001
	0.007



	Final weight (g)
	0.050 ± 0.004
	0.031 ± 0.003
	0.0014



	Feeding onset (min)
	3.51 ± 1.02
	3.24 ± 0.772
	0.771



	Feeding time (min)
	12.6 ± 2.17
	12.6 ± 0.994
	0.34
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Table 2. Mean and standard error of the percentage of metacyclic trypomastigotes (MT), length of epimastigotes (E) and MT in the feces of “R” and “S” T. infestans after fasting for 30 days.






Table 2. Mean and standard error of the percentage of metacyclic trypomastigotes (MT), length of epimastigotes (E) and MT in the feces of “R” and “S” T. infestans after fasting for 30 days.





	Parameters
	“R”
	“S”
	p (α = 0.05)





	% TM
	32.80 ± 5.8
	72.5 ± 6.77
	0.001



	E (μm)
	31.8 ± 1.40
	25 ± 2.17
	0.017



	MT (μm)
	27.6 ± 1.17
	27.1 ± 3.06
	0.693
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Table 3. Estimation of parasites ingested and defecated based on qPCR data. Values are shown as mean ± experimental error.
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	“R”
	“S”





	Parasite consumption

(parasite-equivalents/mL of blood)
	2.1 × 104 ± 1.0 × 104
	3.9 × 103 ± 2.2 × 103



	Parasite elimination

(parasite-equivalents/mL of feces)
	3.8 × 107 ± 9.7 × 106
	2.1 × 106 ± 4.6 × 106



	Slope
	6.6 ± 0.12
	7.9 ± 0.14



	p (α = 0.05)
	<0.0001
	<0.0001
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Log (‘T. cruzi defecated)

10+

6 -

2 3

4

lJ

5

Log. (Blood trypomastigotes consumed)

©- T. infestans"S"

“®- T. infestans"R"





nav.xhtml


  parasitologia-02-00022


  
    		
      parasitologia-02-00022
    


  




  





media/file0.png





media/file2.png
S

Triatoma infestans group

0]7% 0¢ 0c o] 0
(urx) owr) U0T)BIJO(
*
| | | | |
800 900 P00 c00 000

(8) poorq pejsedur jo yunowry

Triatoma infestans group

(b)

(a)





media/file3.jpg
Log (T.cruzi defecated)

10

2 3 4 5
Log. (Blood trypomastigotes consumed)

@ T infestans

© T infestan






media/file1.jpg
_ ,,,,,,,,,,,,

T

s

Triatoma infostans group

R

T T T T

800 900 00 200 000

() poorq poysoduy jo yunoury

s
Trintom infestans group

R

(b)

(a)





