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Introduction

Chagas disease, a zoonotic infection transmitted by triatomine bugs, poses serious public health risks in endemic areas. As dogs are important reservoirs in the disease’s spread, developing a canine vaccine could be transformative for controlling disease transmission to dogs and humans.





Methods

We developed a compartmental Susceptible-Infected model to simulate the transmission dynamics of Trypanosoma cruzi, considering interactions among dogs, humans, cats, rodents, and triatomine vectors. We used the model to assess the direct and indirect impacts of two vaccine mechanisms—all-or-nothing and leaky—on disease incidence across different host populations. The sensitivity of the model’s outcomes to changes in input parameters was analyzed using univariate sensitivity analysis.





Results

Our model showed that with a 90% vaccine efficacy, an all-or-nothing vaccine could reduce the cumulative incidence of T. cruzi in dogs by 91.3% over five years. The 60% and 30% vaccine efficacies would result in reductions of 63.47% and 33%, respectively, over 5 years. Similarly, the leaky vaccine achieved a 92.62% reduction in dog infections over 5 years with 90% efficacy. The indirect effects on human T. cruzi infection were notable; the all-or-nothing vaccine reduced human disease incidence by 14.37% at 90% efficacy, while the leaky vaccine achieved a 32.15% reduction over 5 years. Both vaccine mechanisms may substantially reduce T. cruzi incidence among dogs, and generate indirect benefit to other hosts, such as humans, by reducing their infection risk. The indirect benefits of vaccination were heavily influenced by the proportion of triatomine bugs blood meals taken from dogs.





Discussion

The study highlights the potential of targeted canine vaccination in controlling Chagas disease transmission and burden in endemic countries. It provides additional evidence for pursuing the development of a canine vaccine as a valuable tool for Chagas disease elimination.
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Introduction

Vector-borne disease research has focused heavily on vaccine development as a pivotal tool for disease management and control. Identifying efficient vaccine targets is a key feature of the vaccine development process. Vector-borne infections, such as Chagas disease, canine leishmaniasis, yellow fever, and rabies are caused by several pathogens that present unique biological properties such as variability in genetic structure, antigenic diversity, and immune evasion potential. These properties can hinder the choice of the best vaccine targets (1–5). Understanding the mechanisms of protective immunity and identifying conserved antigens that can elicit robust and long-lasting immune responses are important aspects of vaccine development for vector-borne diseases. Vaccination could impact population demographics and life history traits of parasite populations, which may lead to diverse demographic and evolutionary outcomes. Vaccination aims to protect individuals from disease; in that sense, vaccine-mediated protection may greatly impact the prevalence of parasitic diseases. However, it could lead to disease elimination (6).

Recent progress in Chagas disease vaccine research has shown promising results, indicating a positive step towards a potential vaccine. However, the development of a vaccine for neglected tropical diseases such as Chagas disease still faces obstacles, particularly in securing political support and financial resources. Dogs have been identified as a key host for the Chagas parasite (Trypanosoma cruzi), playing a significant role in pathogen transmission to humans in various countries and epidemiological settings (7–11). Therefore, a vaccine that can prevent or treat T. cruzi infection in dogs may ultimately reduce or eliminate canine Chagas disease in endemic settings. This could have a significant impact on controlling the spread of the disease to humans and potentially other animal hosts. Despite ongoing efforts to develop vaccines for Chagas disease in dogs, no vaccine has yet been approved for commercial use (12–14).

Vaccines play a pivotal role in controlling vector-borne canine diseases, as demonstrated by the effectiveness of Leishmune and CaniLeish vaccines against canine leishmaniasis (1, 15). Vaccination serves as a vital tool for reducing disease transmission and infection in the case of Leishmania, offering an alternative to drastic measures like culling (3, 4, 16). Beyond leishmaniasis, host-targeted interventions, such as insecticide use, have proven effective in controlling diseases like plague, showcasing the importance of various approaches in disease control (16). Successful vaccination campaigns have also been observed for vector-borne human diseases such as yellow fever with vaccination significantly reducing its global burden (1, 2).

Mathematical modeling plays an important role in assessing the potential impact of vaccination for reducing the spread and burden of infectious diseases. Vaccines can generally be categorized into two types: leaky vaccine and all-or-nothing vaccine. Leaky vaccines are those for which vaccine-induced protection might reduce infection rates on a pre-exposure basis (17). These vaccines aim to save lives by reducing disease severity rather than achieving complete protection from infections. These vaccines are common for animal diseases (18). All-or-nothing vaccines are those for which vaccine-induced protection prevents infections. This describes a vaccine that either succeeds entirely or fails (17). Through simulated vaccine mechanisms, researchers can estimate the resulting impact of vaccination on disease burden and gauge the effectiveness and cost-effectiveness of vaccination programs.

In this paper, we developed a comprehensive model to assess the impact of potential canine vaccine mechanisms in reducing both human and animal cases of Chagas disease. This model is built on a previously published Chagas disease model (19). We used a compartmental Susceptible-Infected framework of T. cruzi transmission dynamics, incorporating interactions between triatomine bugs and host species: humans, dogs, cats, rodents, and avians. Drawing from established principles of vector-borne disease modeling, we integrate real-world data on host populations and triatomine bug behavior to estimate feeding rates and parasite transmission within the various hosts. We used the model to evaluate the impact of two vaccine mechanisms (leaky and all-or-nothing vaccine) for reducing T. cruzi infection incidence in a Chagas endemic setting. Through this modeling approach, we seek to shed light on the potential impact of a dog vaccine for controlling Chagas disease in humans and other non-human hosts.





Methods

We outlined the standard vector-borne modeling principles for SI (Susceptible-Infected) models as Susceptible   for human, dog, cat, rodent, and avian respectively, and infected   individuals of the human, dog, cat, and rodent populations of which they experience natural mortality at a rate   respectively, and the decline in host population is offset by the entry of susceptible individuals at a constant rate   for humans, dogs, cats, rodents and avians respectively. The death rate of each host species was calculated as the inverse of its average lifetime expectancy with values for human, dogs, avian, rodents and cats set to 70, 3, 0.5, 2 and 4 years, respectively. The birth rate for each species was computed under the assumption that each population had a constant population size. Susceptible   and infected   triatomine bugs undergo natural mortality at a per-capita rate  . We incorporate a consistent recruitment rate that signifies triatomine bugs immigration   in our model, encompassing susceptible   and infected   triatomine bugs. The count of triatomine bugs is estimated as the product of the fertility rate per blood meal   and a per- triatomine bugs per-capita blood-feeding rate  , accounting for competition among the  triatomine bugs aiming to feed on humans, dogs, cats, rodents and avians. The rivalry among triatomine bugs to seek nourishment from their host species causes a decrease in the per capita blood-feeding rate of triatomine bugs as the proportion of triatomine bugs to host density rises. This adverse interaction has been elucidated by using a conventional density-dependent function (20):   where   represents the maximal triatomine bugs feeding rate, describes the intensity of the density-dependent regulation, and   represents the ‘effective’ size of the host community. This ‘effective’ size of the community is defined as the sum of all host species (humans, dogs, cats, rodents, and avians) abundance weighted by triatomine bugs blood-feeding rates i.e.,  . The rates at which parasites are transmitted were also established based on the interaction patterns between triatomine bugs and hosts (humans, dogs, cats, and rodents), denoted   respectively. The relative blood-feeding rates   were estimated from the link between the proportion of blood-meals on each host type ( ) and the host type population sizes  .   values are derived by solving following linear system of equations   with   (19). Additionally, the probabilities of parasite transmission were considered for each potential infectious interaction. This includes the probability of transmission per contact between a susceptible host and an infectious triatomine bugs, referred to as   as well as the probability of transmission between a susceptible triatomine bugs and an infectious host, referred to as  . The values of   were estimated through model fitting to disease prevalence data (19). The model description through a flow diagram is presented in Figure 1.




Figure 1 | Flowchart for the SI model of T.cruzi transmission in hosts (humans, dogs, cats, rodents, and avian). The model comprises susceptible (black) and infected (orange) individuals. Arrows represent birth, death, migration, and infection processes according to the parameters in Table 1. The continuous and dotted lines correspond to demographic and T. cruzi transmission processes. Where  . Species i= H, D, C, and R represent humans, dogs, cats, and rodents and ς is the set belonging to competent host species.




Table 1 | Definition and estimates of the model parameters.
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Vaccine mechanisms

To assess the potential impact of a dog vaccine on Chagas disease, we explore two vaccine mechanisms: the all-or-nothing and leaky vaccines. An all-or-nothing vaccine confers complete protection against a specific disease or infection to a subset of vaccinated dogs, granting them full immunity while leaving the remainder susceptible to the disease as if they had not been vaccinated. In contrast, a leaky vaccine provides partial protection to all vaccinated dogs, reducing the risk of infection or the severity of the disease in case of infection. Unlike all-or-nothing vaccines, leaky vaccines do not establish a clear division between fully protected and entirely susceptible individuals. Instead, they provide degrees of protection to all vaccinated dogs.




Scenario 1: All-or-nothing vaccine

We used a straightforward transmission model to examine T. cruzi infections in domestic dogs and their indirect impacts on humans and other non-human hosts species. The dog population is grouped into Susceptible, Infectious, and Vaccinated groups. Dogs enter this population at a rate  , with a fraction of the entering dogs effectively vaccinated. The fraction represents the vaccine efficacy. Vaccinated dogs become immune to infection and are assigned to the   category, while the remaining fraction   of entering dogs remain susceptible and are placed in the   category. For simplification, we assume that all dogs are vaccinated. This yields the following differential equations.

	

	

Here ϵ is the efficacy of the vaccine.   is the compartment that obtains full immunity protection from the vaccine.





Scenario 2: Leaky vaccine

We assume that vaccines reduce the susceptibility and infectivity of vaccinated dogs to T. cruzi infection. Therefore, if vaccinated dogs become infected, their capacity to transmit the pathogen will be diminished. The impact of the vaccine mechanism is reflected in the adjustment of susceptibility and infectivity among vaccinated dogs within the epidemiological framework. Here, vaccination has the potential to mitigate T. cruzi transmission by either reducing the susceptibility of dogs to T. cruzi infection denoted by parameter  , or by decreasing the infectivity of infected dogs to transmitting T. cruzi, indicated by parameter  . The progression of vaccinated dogs across distinct epidemiological categories under the influence of leaky vaccine mechanism can be elucidated through the following system of differential equations.

	

	

	

	






Endemic values of T. cruzi among triatomine bugs and hosts

Our parameterized model generated the following endemic prevalence of T. cruzi within the studied population. With triatomine bugs showing a prevalence of 30%, dogs at 25%, cats at 24%, rodents at 13%, and humans at 7%, these findings highlight the significant presence of T. cruzi across multiple host species in the research area. The varying disease prevalence among the host populations underscores the complex interactions between host species and triatomine bugs. This baseline prevalence serves as a benchmark against which the impact of vaccine intervention strategies was evaluated. By comparing the incidence of T. cruzi among hosts before and after the implementation of vaccination mechanisms, we aim to assess the potential impact of these interventions in reducing T. cruzi incidence and ultimately mitigating the burden of Chagas disease within the studied population.





Sensitivity analysis

To investigate the effect of input parameters on the potential impact of a dog vaccine for reducing Chagas disease incidence, we conducted univariate sensitivity analysis on key epidemiological parameters derived from published literature: the proportion of triatomine bugs’ blood meals in dogs, triatomine bug migration, maximal vector feeding rate, density-dependent regulation of triatomine feeding, probability of vector infection from host, triatomine fertility per blood-meal, triatomine bugs death rate. For each parameter we assumed a fixed percentage increase or decrease of the default parameter value. Regarding the proportion of triatomine bugs’ blood meal on dogs, we only alter the proportion of triatomine bugs’ blood meals on dogs and humans, while keeping the proportion for other host species unchanged. This decision was made for simplicity. This was done by increasing/reducing the blood meal proportions on dogs and adjusting the proportion of blood meal on humans accordingly to maintain overall balance. For a given percentage change (reduction/increase) in the proportion of triatomine bugs’ blood meal on dogs ( *(percentage change)), the proportion of blood meal on humans was adjusted as follows: ( *(percentage change)).






Results




All-or-nothing vaccine mechanism

In Figure 2, we explored the impact of varying vaccine efficacy on reducing disease incidence in host populations (humans, dogs, cats, and rodents) through continuous vaccination of dogs. We observed a substantial reduction in disease incidence across the host populations, with higher vaccine efficacy leading to more incidence reductions, particularly in dog populations. For a 90% vaccine efficacy, continuous vaccination over 5 years results in a 91.3% reduction in cumulative T. cruzi infection incidence among dogs (Figure 2). However, with a 60% and 30% vaccine efficacy, the cumulative incidence of T. cruzi infection among dogs is reduced by 63.47% and 33.00%, respectively, over 5 years (Figure 2). Similar qualitative results are observed for the reduction of T. cruzi infection incidence among humans, cats, and rodents (Figure 2). At 90% vaccine efficacy, the cumulative incidence in humans is reduced by 14.37%, and declines to 9.60% and 4.80% at 60% and 30% vaccine efficacy, respectively. For rodents, the cumulative incidence of T. cruzi infection is reduced by 13.62%, 9.05%, and 4.5% at efficacy levels of 90%, 60%, and 30%, respectively. For cats, the cumulative incidence of T. cruzi infection is reduced by 13.39%, 8.88%, and 4.41% at efficacy levels of 90%, 60%, and 30%, respectively. However, the impact of dog vaccination for reducing T. cruzi infection incidence among humans, cats, and rodents was observed to increase substantially with the duration of the vaccination program (Figure 2).




Figure 2 | Impact of vaccine efficacy on T. cruzi incidence reduction across host populations. The impact of the vaccine for varying efficacy levels was measured as the proportional reduction of cumulative infection incidence in each host population through continuous vaccination of dogs over 5, 10, 20, and 50 years.







Leaky vaccine mechanism

In Figure 3, we explored the effect of varying vaccine efficacy on reducing T. cruzi infection incidence in host populations (humans, dogs, cats, and rodents). Our analysis showed considerable reductions in disease incidence across all host populations, with higher vaccine efficacy leading to greater reductions, particularly among dog populations. For instance, a 90% vaccine efficacy yields a 92.62% reduction in cumulative T. cruzi infection incidence among dogs over a 5-year vaccination program (Figure 3). For 60% and 30% vaccine efficacy, the cumulative incidence of T. cruzi infection among dogs is reduced by 65.92% and 35.08%, respectively, over the same 5-year period (Figure 3). Similar qualitative results are observed for the reduction of T. cruzi infection incidence among humans, cats, and rodents (Figure 3). At 90% vaccine efficacy, the cumulative incidence in humans is reduced by 32.15%, with reductions declining to 23.47% and 12.62% at 60% and 30% vaccine efficacy, respectively. Among rodents, the cumulative incidence of T. cruzi infection is reduced by 30.31%, 12.97%, and 11.69% at efficacy levels of 90%, 60%, and 30%, respectively. Likewise, for cats, the cumulative incidence of T. cruzi infection sees reductions of 30.01%, 21.73%, and 11.55% at efficacy levels of 90%, 60%, and 30%, respectively. As observed with the all-or-nothing vaccine mechanism, the impact of dog vaccination in reducing T. cruzi infection incidence among humans, cats, and rodents was shown to increase with the duration of the vaccination program (Figure 3).




Figure 3 | Impact of leaky vaccine efficacy on T. cruzi incidence reduction across host populations. The impact of the vaccine for varying efficacy levels was measured as the proportional reduction of cumulative infection incidence in each host population through continuous vaccination of dogs over 5, 10, 20, and 50 years. For simplicity, we set equal values for vaccine efficacy for reducing susceptibility and efficacy for reducing infectivity.







Sensitivity analysis

We investigated the effect of the proportion of triatomine bugs’ blood meal on dogs on the impact of dog vaccination for reducing T. cruzi infection among the different hosts. For the all-or-nothing vaccine mechanism, we showed that changes in the proportion of triatomine bugs’ blood meal on dogs have minimal effect on reducing T. cruzi infection among dogs (Figure 4). For each host species (humans, cats, and rodents), we showed that an increase/decrease in the proportion of triatomine bugs’ blood meal on dogs would increase/decrease the potential impact of dog vaccination on reducing T. cruzi infection, respectively (Figure 4). The magnitude of this impact was shown to increase with vaccine efficacy. For example, for a 60% vaccine efficacy, a 50% increase/decrease in the proportion of triatomine bugs’ blood meal on dogs increases/decreases the potential impact of vaccination on reducing cumulative T. cruzi infection incidence among humans over 10 years from 16.59% to 22.79%/5.98%, respectively (Figure 4). For a 90% vaccine efficacy, a 50% increase/decrease in the proportion of triatomine bugs’ blood meal on dogs increases/decreases the potential impact of vaccination on reducing cumulative T. cruzi infection incidence among humans over 10 years from 24.61% to 34.58%/8.91%, respectively (Figure 4).




Figure 4 | Impact of vaccine efficacy on T. cruzi incidence reduction across host populations for varying proportions of triatomine blood meal on dogs. The impact of the vaccine for varying efficacy levels was measured as the proportional reduction of cumulative infection incidence in each host population through continuous vaccination of dogs over 10 years.



For the leaky vaccine mechanism, we showed that changes in the proportion of triatomine bugs’ blood meal on dogs have minimal effect on reducing T. cruzi infection among dogs (Figure 5). For each host species (humans, cats, and rodents), we showed that an increase/decrease in the proportion of triatomine bugs’ blood meal on dogs would increase/decrease the potential impact of dog vaccination on reducing T. cruzi infection, respectively (Figure 5). The magnitude of this impact was shown to increase with vaccine efficacy. For example, for a 60% vaccine efficacy, a 50% increase/decrease in the proportion of triatomine bugs’ blood meal on dogs increases/decreases the potential impact of vaccination on reducing cumulative T. cruzi infection incidence among humans over 10 years from 31.64% to 44.54%/7.90%, respectively (Figure 5). For a 90% vaccine efficacy, a 50% increase/decrease in the proportion of triatomine bugs’ blood meal on dogs increases/decreases the potential impact of vaccination on reducing cumulative T. cruzi infection incidence among humans over 10 years from 40.36% to 58.01%/10.26%, respectively (Figure 5).




Figure 5 | Impact of leaky vaccine efficacy on T. cruzi incidence reduction across host populations for varying proportions of triatomine blood meal on dogs. The impact of the vaccine for varying efficacy levels was measured as the proportional reduction of cumulative infection incidence in each host population through continuous vaccination of dogs over 10 years. For simplicity, we set equal values for vaccine efficacy for reducing susceptibility and efficacy for reducing infectivity.



We further investigated the effect of variations in critical epidemiological transmission parameters on the impact of vaccination strategies for reducing T. cruzi infection in the human population. For both the all-or-nothing and leaky vaccine mechanisms, we found that changes in these parameters had varying effects on the reduction of T. cruzi infection, depending on the parameter and the vaccine efficacy level, as outlined below.





Maximal vector feeding rate

Variations in the maximal vector feeding rate have a significant impact on the impact of vaccines in reducing T. cruzi transmission. For the all-or-nothing vaccine mechanism, at 60% vaccine efficacy, a 50% increase/decrease in the maximal vector feeding rate reduces the potential impact of vaccination on cumulative T. cruzi infection incidence among humans over 10 years from 16.6% to 12.5%/14.8%, respectively (Figure 6). Similarly, at 90% vaccine efficacy, a 50% increase or decrease in the feeding rate reduces the impact from 24.6% to 19.3%/21.2%, respectively. These results are consistent with those observed for the leaky vaccine mechanism (Figure 7).




Figure 6 | Impact of all-or- nothing vaccine efficacy on T. cruzi incidence reduction in populations for varying some key parameters. The impact of the vaccine for varying efficacy levels was measured as the proportional reduction of cumulative infection incidence in the human population through continuous vaccination of dogs over 10 years. For simplicity, we set equal values for vaccine efficacy for reducing susceptibility and efficacy for reducing infectivity.






Figure 7 | Impact of leaky vaccine efficacy on T. cruzi incidence reduction in populations for varying some key parameters. The impact of the vaccine for varying efficacy levels was measured as the proportional reduction of cumulative infection incidence in the human population through continuous vaccination of dogs over 10 years. For simplicity, we set equal values for vaccine efficacy for reducing susceptibility and efficacy for reducing infectivity.







Dependent regulation of triatomine feeding (γ)

Changes in density-dependent regulation of triatomine feeding significantly affect the vaccine’s impact, particularly as vaccine efficacy increases. For a 60% vaccine efficacy, a 50% increase or decrease in this parameter raises or lowers the potential impact of vaccination on cumulative T. cruzi infection incidence among humans over 10 years from 16.6% to 18.9%/10.4%, respectively (Figure 6). At 90% efficacy, a 50% increase or decrease alters the impact from 24.6% to 27.0%/16.4%, respectively. This trend is similarly observed for the leaky vaccine mechanism (Figure 7).





Triatomine fertility per blood meal

The fertility rate of triatomines per blood meal plays a critical role in the overall impact of vaccines. The impact of vaccination on T. cruzi infection becomes more pronounced with changes in triatomine fertility rates as vaccine efficacy increases. For a 60% vaccine efficacy, a 50% increase/decrease in fertility rates changes the cumulative infection reduction from 16.6% to 20.4%/10.9%, respectively (Figure 6). With a 90% vaccine efficacy, a similar increase/decrease alters the impact from 24.6% to 29.0%/17.1%, respectively. The leaky vaccine mechanism shows similar sensitivity to changes in fertility (Figure 7).





Triatomine bug death rate

Variations in the death rate of triatomine bugs affect the impact of vaccines, especially as vaccine efficacy increases. For a 60% vaccine efficacy, a 50% increase or decrease in the death rate changes the cumulative T. cruzi infection incidence reduction from 16.6% to 17.8% and 14.3%, respectively (Figure 6). At a 90% vaccine efficacy, the impact adjusts from 24.6% to 26.2%/21.4% with a 50% increase or decrease in the death rate. This pattern is consistent across the leaky vaccine mechanism (Figure 7).





Triatomine bug migration

Changes in triatomine bug migration have a relatively minor effect on the overall impact of vaccination. For a 60% vaccine efficacy, a 50% increase/decrease in triatomine bug migration results in slight changes in the vaccination’s effectiveness, with cumulative T. cruzi infection incidence among humans varying from 16.6% to 16.3%/17.0%, respectively (Figure 6). At 90% vaccine efficacy, the impact decreases to 24.2%/increases to 25.0% with a 50% change in migration rates. This trend was also observed for the leaky vaccine mechanism (Figure 7).





Probability of vector infection from host

The probability of vector infection from hosts plays a crucial role in determining the vaccine’s impact on reducing T. cruzi transmission. For a 60% vaccine efficacy, a 50% increase/decrease in the probability of vector infection decreases/increases the cumulative infection incidence reduction from 16.6% to 12.5%/17.7%, respectively (Figure 6). At 90% vaccine efficacy, a 50% change in this probability reduces the impact to 19.3%/increases it to 25.0%. These results mirror those found with the leaky vaccine mechanism (Figure 7).






Discussion

In this study, a dynamical model for T. cruzi transmission was developed to evaluate the potential impact of a canine vaccine in controlling Chagas disease in endemic settings. The model considers the interactions among multiple host species and the triatomine bugs. The findings emphasize the role of dogs as significant reservoirs in the disease ecology, making them an ideal target for vaccination. This dog-targeted control approach builds on the concept of using a reservoir-targeted measure to control zoonotic diseases. Similar strategies have been employed for other diseases, such as rabies and canine leishmaniasis, where vaccination of animal reservoirs led to decreased disease incidence in human populations (4, 27).

To evaluate the impact of a canine vaccine on Chagas disease, the study considered two vaccine mechanisms: all-or-nothing and leaky vaccine mechanisms. For each vaccine mechanism, the study evaluated varying levels of vaccine efficacy. In addition, the study evaluated how triatomine bugs’ feeding preference could impact vaccination outcomes. For the all-or-nothing vaccine mechanism, the study showed a robust potential to reduce the transmission of T. cruzi among dogs, especially under high vaccine efficacy. Dog vaccination also provides indirect protection for other hosts by reducing the infection pressure from triatomine. However, the benefit of this indirect protection substantially increases with the duration of the vaccination program and vaccine efficacy. The effect of this indirect benefit was shown to be highly dependent on the vaccine efficacy rate and the proportion of triatomine bugs’ blood meals on dogs. On the other hand, the leaky vaccine mechanism demonstrated a more consistent reduction in disease transmission among hosts for vaccine efficacy above 70%. Its indirect benefit was shown to be less sensitive to the duration of the vaccination program.

Sensitivity analysis was used to investigate the effect of the proportion of triatomine bugs’ blood meals on dogs on the potential impact of canine vaccine for Chagas disease control. It provided critical insights into the interdependencies within the transmission dynamics of T. cruzi among host species. The study findings demonstrate that the potential impact of canine vaccines for reducing T. cruzi infection among humans is highly dependent on the triatomine bugs’ feeding patterns on hosts, especially dogs. For instance, increasing the proportion of triatomine bugs’ blood meals on dogs generally enhances the impact of the canine vaccine on reducing T. cruzi infection across all hosts, including humans, cats, and rodents. So, settings with high triatomine bugs’ feeding rates on dogs would experience a higher interruption of T. cruzi transmission cycles than settings with lower feeding rates. Conversely, decreasing the proportion of triatomine blood meals on dogs decreases the potential vaccine’s impact by dispersing the pathogen’s transmission routes more broadly among other host populations, thus reducing the canine vaccine’s protective impact on other hosts. However, the direct benefit of dog vaccination for reducing infection among the dog population was marginally affected by triatomine bug feeding preference. Our sensitivity analysis underscores the importance of integrated approaches in managing Chagas disease. The potential impact of dog vaccination in reducing T. cruzi infection in humans is influenced by various epidemiological parameters. All-or-nothing and leaky vaccine mechanisms are affected by changes in triatomine behaviors and host interactions. The decrease in vaccination’s impact with increasing triatomine feeding rates (28) and changes in density-dependent regulation (29) suggest that vector-host dynamics substantially influence transmission. This emphasizes the importance of considering triatomines behaviors in vaccination strategies and integrating vector population control measures to enhance vaccination efficacy (30). The results also show that high triatomine fertility and triatomine survival rates intensify transmission dynamics, highlighting the potential benefits of interventions targeting triatomine populations. Additionally, the relatively minor effects of triatomine migration on transmission underscore the significance of localized vector control efforts (31). Finally, variations in the probability of triatomine infection from hosts underscore the complexity of transmission in multi-host environments. Reducing infection rates in key reservoir hosts like dogs can have a cascading effect on human infection reduction (32). Overall, the study aligns with the need for integrated approaches in managing Chagas disease, as emphasized in previous literature (33).

It is important to acknowledge that while the model simplifies complex interactions among hosts and triatomine bugs and assumes a degree of homogeneity in host susceptibility and triatomine bugs behavior, these limitations do not undermine the valuable insights provided by this Chagas disease vaccine mechanism modeling. A substantial limitation is that the model needs to account for the potential role of other host species, such as goats, pigs and wildlife, which serve as essential reservoirs in various transmission settings. In regions like Argentina, Brazil, and Peru, the contribution of synanthropic rodents, guinea pigs, and sylvatic-domestic cycles—where dogs hunt infected wildlife and become infected via sylvatic vectors—is a critical factor that could affect transmission dynamics. The assumptions of constant epidemiological parameters’ values, although not capturing the full variability of real-world dynamics, are necessary to maintain computational feasibility and focus the analysis on the potential impacts of different vaccine mechanisms. Additionally, by not incorporating some economic and social factors, the analysis remains focused on the epidemiological impact of vaccination. These simplifications enable the model to provide clear, actionable insights into how different vaccine mechanisms could potentially reduce the transmission of T. cruzi, despite its inherent constraints. The models provide a foundational tool for guiding initial public health decisions and pinpointing crucial areas for further research.





Conclusion

The study evaluates the potential impact of a canine vaccine against Chagas disease transmission in endemic settings, using mathematical modeling to simulate an all-or-nothing and leaky vaccine mechanism. Findings show that both vaccine mechanisms can substantially reduce T. cruzi transmission in dogs and other hosts. The indirect benefit of dog vaccination for reducing infection in other hosts, such as humans, was shown to vary substantially with vaccine efficacy and triatomine bugs’ feeding patterns. These results highlight the critical role of the ecological and behavioral dynamics of triatomine bugs on Chagas disease transmission and control. Although the benefit of a canine vaccine against human Chagas disease may vary greatly depending on the vaccine mechanism and the setting, the study findings provide critical insights into the potential impact of a canine vaccine on reducing Chagas disease. However, vaccinating only dogs reduces the T. cruzi burden but may have limited effects if triatomines switch to other hosts. Since triatomines may change their feeding preferences when vaccinated dogs become less suitable hosts, control programs should target multiple reservoir species, including other domestic animals, to maximize the reduction in human infections.
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