The "One Health" Approach for the Management of Sexually Transmitted Infections Among the Indian Population

Abstract: The "One Health" approach emphasizes the interconnectedness of human, animal, and environmental health in addressing complex health issues, including sexually transmitted infections (STIs). This review paper explores the application of this holistic framework specifically for the management of STIs among the Indian population. Key findings indicate that integrating veterinary health, environmental factors, and public health initiatives can enhance STI prevention and control strategies. The review highlights the impact of socio-cultural factors, such as traditional practices and healthcare access, on STI prevalence and management. Additionally, it discusses the role of education and community engagement in promoting awareness and reducing stigma associated with STIs. By advocating for a multi-disciplinary collaboration among healthcare providers, policymakers, and communities, this paper aims to provide a comprehensive understanding of how the One Health approach can effectively address the challenges posed by STIs in India, ultimately leading to improved reproductive health outcomes.
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1. Introduction
The One Health approach integrates human health, animal health, and environmental health, recognizing that they are interdependent. This concept is particularly relevant in India, given the prevalence of sexually transmitted infections (STIs) in the general population. STIs have a major public health impact, leading to considerable health system costs in terms of diagnosis, treatment, and management of co-infections. In this context, we argue that the neglect of symptoms in some populations can place a larger section of society at risk, sometimes leading to severe policy implications. This paper offers a perspective based on evidence that we can benefit by intervening in the STI upsurge from a One Health perspective, rather than addressing each dimension of it in isolation. (Taaffe, Jessica et al., 2023)
Sexually transmitted infections (STIs) are primarily caused by pathogens passed on from one person to another during sexual contact, including vaginal, anal, and oral sex. In some instances, STIs can also be transmitted from mother to child during pregnancy and childbirth. Around 1 million sexually transmitted infections (STIs) are acquired every day worldwide, while the prevalence of at least one of four STIs—chlamydia, gonorrhea, syphilis, and trichomoniasis—was found to be 376 million in four high-burden countries in 2016 (WHO 2020). In India, the prevalence of STIs in both rural and urban regions is not adequately documented. STIs are a major public health concern in India, with a great divide in social, economic, and health indicators coexisting in the country. The One Health approach has evolved from seven core principles. These principles recognize the connection between human health, animal health, and environmental health, promote collaborative problem-solving, and respect the skill sets, disciplines, and knowledge bases of all involved. STI-related morbidity appears to vary disproportionately across subpopulations, with a preponderance of STIs recorded in women. Adults in the age group of 60-84 years were identified at higher risk for STIs, including herpes simplex, human immunodeficiency virus (HIV), and chlamydia. In India, the prevalence of sexually transmitted infections (STIs) among the general population is estimated to be between 0% and 3.9% for four curable STIs: syphilis, gonorrhea, chlamydia, and trichomoniasis. However, this figure is likely an underrepresentation, as the prevalence is significantly higher among key populations engaged in high-risk behaviors, such as men who have sex with men (MSM), transgender individuals, injecting drug users (IDUs), and female sex workers (FSWs). Studies indicate that while general estimates hover around 3.9%, the burden of STIs among these high-risk groups can be considerably greater, necessitating targeted interventions and improved data collection to better understand and address the STI landscape in India (Bhatta M., et al., 2023).
1.1. Definition and Principles of One Health
One Health has been defined as "the collaborative efforts of multiple disciplines working locally, nationally, and globally to attain optimal health for people, animals, plants, and our environment." It promotes a collaborative approach where various experts come from diverse academic and professional backgrounds such as human and veterinary medicine, environment, biodiversity, and communities. In addition, it is very important to involve the stakeholders at different levels, including representatives of the human, animal, and environmental health sectors, peasants, breeders, veterinarians, and other concerned actors. These principles encourage human and animal health to be viewed as interconnected, and the need for local, regional, national, and global collaborations that involve multiple sectors to address the challenges of today in a cross-cutting and integrative manner. (Kelly et al., 2020) (WHO et al., 2022) (Benis et al., 2021).
A One Health approach aims to reach equity in local and global health and welfare, and it influences the way policymakers and others can and do work. One Health is the collaborative effort of multiple disciplines with the goal of achieving optimal health for people, animals, and the environment. One Medicine is a term primarily used by health caregivers who practice it interchangeably in human health and animal health. It has been recognized that health professionals do not automatically embrace prevention when animals and humans are treated by the same practitioner and when animals are considered as fomites of people. This is mainly concerned with the practice of veterinary medicine, which could lead to exposure. The close relationships among the health of people and animals have led to the recognition of One Health. It is an emerging concept resulting from the evidence of linkage or an interface among human, animal, and ecosystem. All these health systems are interdependent and relatively fragile. The environmental determinants that influence people’s health, which is affected by health services, also influence wildlife through the use of water that people, livestock, and wildlife drink. When we talk of One Health, we establish an understanding through which young researchers can carry out interdisciplinary projects based on a One Health approach. The application of One Health occurs in a great variety of health domains. Understanding the different applications of the One Health principles is even more critical. This is especially crucial in the field of STI management and even for diseases that are not visible at first sight as impacting several species. STIs are one of the most common health problems among humans, so it is important to consider effective ways for preventing diseases. Furthermore, the One Health concept will help dissect such complex societal problems to effectively address them in due time. (Aslam et al., 2021) (Lal et al., 2021)
1.2. Epidemiology of Sexually Transmitted Infections in India
Sexually transmitted infections (STIs) represent a significant public health challenge in India. The epidemiology of sexually transmitted infections (STIs) in India is complex and evolving, with significant implications for public health. Recent studies indicate a worrying trend in both the prevalence and incidence of STIs, particularly among high-risk populations. The prevalence of four curable STIs—syphilis, gonorrhea, chlamydia, and trichomoniasis—ranges from 0% to 3.9% among the general population. However, this figure is significantly higher among key populations such as men who have sex with men (MSM), transgender individuals, injecting drug users (IDUs), and female sex workers (FSWs) (Bhatta, Mihir et al., 2023). A study conducted in Chennai reported prevalence rates of 16.1% for syphilis, 8.3% for gonorrhea, and 11.3% for chlamydia among high-risk groups (Bhatta, Mihir et al., 2023). In North India, a five-year study revealed a 1.74% HIV positivity rate among attendees at specialized clinics (Muralidhar, S. et al., 2024). The HIV epidemic remains a critical concern, with approximately 0.36% of adults living with HIV, translating to about 2 to 3.1 million individuals. The majority of infections occur through sexual transmission (84%), with higher prevalence noted in high-risk groups such as FSWs and MSM (Dhawan et al., 2009).
The epidemiology of STIs shows considerable regional variation: In southern states like Tamil Nadu and Maharashtra, focused interventions have led to a decline in HIV prevalence among sex workers (Dhawan et al., 2009). Conversely, northern states exhibit rising trends in certain STIs; for instance, genital herpes prevalence increased from 5.7% to 22.4% between the early 1990s and early 2000s.
Despite some declines in specific areas, there is an overall resurgence of STIs across India, attributed to factors like reduced health-seeking behaviour during the COVID-19 pandemic and stigma associated with STI testing (Narain et al., 2024). A systematic review is underway to better understand the geographical distribution and prevalence of STIs among key populations, which is crucial for effective public health strategies (Bhatta, Mihir et al., 2023). Recommendations include strengthening STI clinics, promoting condom use, enhancing education on sexual health, and integrating STI screening into routine healthcare services. The epidemiology of STIs in India reflects a dynamic public health challenge that necessitates ongoing surveillance, targeted interventions for high-risk populations, and comprehensive education initiatives to mitigate the rising trends in infections. Continued efforts are essential to address the complexities of STI transmission and improve health outcomes across diverse populations in India.
While STI management shares common elements and principles, each population or setting has unique localized cultural, social, environmental, or economic factors cumulatively contributing to STI epidemiology, thus necessitating tailored strategies in order to address such concerns. STIs have several public health implications, including adverse outcomes on pregnancy such as preterm labor, increased risk of HIV acquisition and transmission, and increased susceptibility to re-acquisition of STIs. Most of the data available on STI epidemiology in India are on Neisseria gonorrhoeae and Chlamydia trachomatis co-infections; however, these findings do not elucidate the complexity of syndemic scenarios involving social, mental, and other health disparities. STIs and life-threatening STI-related syndromes will pose significant threats to India’s sexual health in light of increasing populations and unselective interventions. This strengthens the fact that implementing more localized, tailored approaches in Indian STI management is an urgent need.
2. Analogy between Human, Animal, and Environmental Health
Human, animal, and environmental health are interconnected in various ways. For instance, several sexually transmitted infections (STIs) can be transmitted between nonhuman animal species and humans or be transmitted from humans to nonhuman animals. Thus, STIs can provide a link between human and animal health. This is particularly relevant in the context of Southeast Asia, as well as in other regions of the world where humans and animals coexist in close quarters. In some of these regions, live animal markets increase the interactions between humans and animals, making an ideal environment not only for viruses to spill over directly from animal to human hosts but also to zoonotically transmit STIs. In densely populated countries like India, with a population of both humans and animals that is larger than that of the Western world, a higher risk of a spillover event is probable. (Knapp & Stary, 2020) (Adapen et al., 2022) (Townsend et al., 2020) (Viana et al., 2023).
In addition to the link between human and animal health, the "One Health" concept, given its holistic approach, recognizes the complex interplay between human, animal, and environmental health. Environmental factors, such as high levels of pollution in many Indian waterways, inconsistent access to potable water and sanitation systems, together with rising temperatures exacerbating the survival and reproduction rates of relevant vectors, foster the spread of zoonotic and environmental diseases. As part of the larger ecosystem in which they occur, healthy animal habitats are essential for preventing zoonotic disease outbreaks. Therefore, problems occurring in the human, animal, and environmental realms do not fit under a single sector; thus, a "One Health" or planetary health approach becomes crucial. The use of the "One Health" approach in human and animal settings would therefore offer clear additional public health benefits. Management of human STIs should therefore focus on the links between humans, animals, and the environment. Cross-sectoral partnerships with health, veterinary, and environmental sectors are likely to be of particular benefit. (Health Organization, 2022) (Leconstant & Spitz, 2022) (Humboldt-Dachroeden & Mantovani, 2021) (Zinsstag et al., 2023) (Danasekaran, 2024) (Davis & Sharp, 2020) (Prata et al., 2022).
2.1. Zoonotic Transmission of STIs
One Health deals with diseases that are transmitted across species boundaries. The sexually transmitted infections (STIs) that have the potential to be transmitted from animals to humans are categorized as zoonotic STIs. Zoonotic STIs pose a unique public health challenge, and it is important to understand the dynamics of the STIs with a large animal reservoir to plan healthcare strategies for the Indian population. India is home to more than half of the world's population of livestock and three-fourths of the global population of street and pet dogs (Brill, G. et al., 2024). In India, brucellosis is one of the important zoonotic STIs with a large animal reservoir. Studies have reported an increased risk of abortion in cattle herds due to brucellosis exposure. In the general population, consumption of unpasteurized milk and contact with farm animals are the major risk factors for brucellosis transmission (Dekha, R.P. et al., 2018).
Other than brucellosis, chlamydial infection has been commonly detected in livestock. While chlamydial infections in cattle and buffalo do not cause overt disease, C. abortus infection results in abortion and reproductive disorders. Cross-sectional studies in India have shown that women involved in handling goat kids and workers in commercial dairies have an increased risk of chlamydial exposure. It is also possible that animal chlamydial infections could pose a risk to veterinarians. Chlamydia psittaci is known to occur in more than 465 avian species, including domestic, companion and wild birds (Borel N. et al., 2018). Avian chlamydia is one of the important animal chlamydial infections reported in India, the world's fifth largest egg producer. Psittacosis, the severe respiratory zoonotic form of chlamydial infection, is transmitted when people inhale dried secretions or excreta from infected pet birds. Chlamydia transmission from cattle to humans is also possible due to close human contact with cattle and work in contact with reproductive waste. Previous studies have reported an increased risk of C. pecorum infections in women with abortion (Jenkins, C. et al., 2021). For this, the One Health approach must include veterinarians, pet owners, and handlers, since covert STIs in domesticated animals remain a major source of zoonotic transmission. Public health authorities must take control measures to reduce the animal-human interface and should adopt regular intervention and preventive policies to prevent emerging animal-human STIs. Considering the cultural habits and religious beliefs of the Indian populace, altering these practices is not easy. Hence, awareness and education are the only alternatives. (Dhawan et al., 2023) (Singh and Singh2021) 
2.2. Environmental Factors Impacting STI Spread
Sexually transmitted infections (STIs) have diverse and complex environmental determinants. Polluted places likely have high rates of STIs, thus highlighting the need to address environmental factors for long-term STI prevention. Increasing toxic waste on a local level can be another model for high rates of STIs. Many bleedings diarrheal illnesses are endemic in slums where children continuously ingest environmental pathogens. At marginal cost, latrines combined with safe drinking water have the largest health effects for diarrheal diseases in children. It is extremely likely that those who build STI programming for vulnerable groups have other poor health determinants. In particular, abusive surroundings can support STI illness development. Physical surroundings can lessen immunocompetence, increase susceptibility to pathogens, and pave the way for unhealthy behaviors. (Van Gerwen et al., 2022) (Tuddenham et al., 2022) (World Health Organization, 2022) (Barrow, 2020) (Kissinger et al., 2022)
A polluted environment has partly conspired to maintain this status quo. A growing mass of data indicates that plants and animals are being affected by various pollutants, raising environmental risks in people and wildlife. Few studies, however, have explored how STIs or HIV can be linked to land use, air or water pollution, toxic compound exposure, and climate change (Lieber, M. et al., 2021). While not exhaustively identified, there are three obvious pathways: environmental vulnerability, environmental exposure, and environmental behavior. In those with fewer economic or political resources, natural disasters, gradual environmental pollution, and stigmatized living environments can create greater vulnerability for STIs. Waterborne pollution can contaminate locations that people insist on frequenting, diminishing the benefits of living there. New ways and substance use might signify, in terms of sexuality, stress, and lack of condom use, how polluted environments may contribute to greater vulnerability. Each of these partially external or community manifestations of environmental vulnerability can only be considered if environmental health is addressed. (Van Gerwen et al., 2022) (Bozzini et al., 2020) (Bala et al., 2021) (El et al., 2023)
Unrestricted access to accumulated waste poses significant risks, and it is this depth of examination that indicates activists should focus their attention on. Here, the possible aspects for environmental health have been expressed throughout the text. Given that these determinants are at least partially man-made, addressing them must be part of STI control. Yet, very few researchers and programmers treat the HIV-STI syndemic as a set of psycho-socio-sexual-environmental phenomena. Environmental determinants of behavior should be assumed, as they are for other public health problems, and attitudes and practices are likely to change only after less changeable factors are addressed. Addressing these problems requires integration with many sectors, including the environment. Environmental health integrates public health with environmental planning. Remedying disillusionment with a top-down public health approach requires that communities be given a voice to participate in the process of defining social norms and changing sexually transmitted infection-related risk behaviors. At the same time, communities must be educated about and incorporated into environmental strategies to address STIs. Otherwise, they may complain about their low-level concerns being constantly bypassed in favor of top-tier STI research and intervention. The approach moves up to a higher level, mandating regional and international cooperation to resolve eco-epidemiological problems around the environment.
3. Challenges and Opportunities in STI Management in India
An estimated 6 million STIs are reported every year in India. Although an underestimation, continued poor literacy and poverty inhibit the successful prevention and treatment of STIs in India. The stigma faced by individuals with STIs further exacerbates the challenge. This is notwithstanding the fact that the healthcare facilities in India are already reeling from the burden of the huge infrastructure that has developed since the establishment of the National Rural Health Mission. There are too few doctors and accountants working with the communities, the services are insufficient, and there are too few commodities. In India, patients — especially from the lower classes — are treated in congested, understaffed, and relatively unwelcoming facilities in ill-shorn communities. In rural India, 86% of primary care providers work in the private sector, and 68% have no formal training and are operating outside the discretion of health policy and regulation (Das J. et al., 2020). Considerable absence of staff in public posts has been noticed in recent years, which acts against the motto of the policymakers to cater healthcare in rural and remote areas. This shortage of staff, work overload, and unavailability of proper inputs were found to compromise patient care. India faces an additional problem in that healthcare workers, rural and urban, often favor private allopathic providers over governmental service providers. This scarce resource pool of healthcare staff needs to be provided with incentives in terms of remuneration, functionaries, promotion schemes, and others. It is within these gaps that we explore a One Health approach to control STIs in India. This section discusses the challenges and opportunities for such a move. Based on these problems, large-scale innovations have been suggested in the form of community-based monitoring of healthcare. This makes use of local people and organizations to keep an eye on healthcare and public health service delivery by the government. In India, the benefits of partnership agreements with healthcare institutions established and supported by other actors of the state and non-state entities are already being realized. This would be a good route for piloting One Health care in a small area. Instead of investing fresh amounts in infrastructure, the better way in the given context would be to divert funds for public and preventive healthcare services and capacity building. Public health, which is the proper part of an overarching strategy for increasing the capacities of states to navigate global governance challenges and to realize and protect the health of their populations in the present era, should be the future of the human healthcare system. This embedded health should be achieved by fostering a common culture of responsibility, where physicians, veterinarians, and all people realize obligations to work together. Scientists, researchers, and academicians must develop protocols for diseases, information-sharing systems, education, and knowledge. Publicity should be aimed at enlightening public opinions about this curiosity of health and shaping favorable minds for progressive policies. Locally, India has good examples wherein the organizations traditionally involved in the welfare and protection of animals are compelled to take a public health role by the nature of their work. For example, the Goshalas where wild animals and sometimes bandicoots are kept in captivity. To protect the health of these species and staff, they often work in coordination with veterinary hospitals. Animal birth control activities are being run by the Society for the Prevention of Cruelty to Animals, working in coordination with municipal authorities.
3.1. Socioeconomic Factors
The failure to manage STIs in a timely and complete manner has social, physical, mental, and economic consequences. Two key factors that seem to influence access to health care for STI management are socioeconomic and demographic characteristics. Poverty is a strong barrier to treatment seeking for STIs. People living in poverty are more prone to engage in risky behaviors that expose them to a higher risk for STIs. They may not have the resources to seek care from well-qualified practitioners or purchase expensive drugs. Those with less than primary education are many times more likely to be seropositive for an STI than those who have been to school. Illiterate subpopulations might not be able to decipher health education material according to the design of the program. People in non-regular employment have a higher chance of acquiring an STI but have less access to treatment due to lack of medical benefits and readiness to pay for medical advice, investigations, or treatment. People in temporary employment also have a high risk of being laid off if they miss work for treatment. People working away from their homes often avail themselves of the services of clandestine sex workers due to lack of access to regular partners. There is a significant overlap between the groups at high risk for STIs and HIV.
There is near ubiquitous use of STIs and contiguous health care support in urban areas. A few STI nongovernmental organizations do provide free treatment in cities, but congested STI clinics discourage people who can afford treatment in a confident and private manner. Conversely, constellations and demographics in rural areas are quite different. There is negligible comprehensive knowledge regarding STIs apart from symptoms in most rural areas. The concentration is on reproductive tract infections, of which accidental knowledge helps in understanding the existence of STIs. There is a lack of trained physicians, labs, and drugs to manage STIs in the rural areas of the developing world. In most rural areas, the official private practitioners are petrified of treating STIs because of both social and medicolegal implications. STIs and their treatment or non-management are often associated with loss of income arising from absence from work or the stigma they attract. Hence, people in rural areas may be contractors, and if someone discovers or presumes someone is seeking care for an STI, they are more prone to infectious rage. The medical background also matters a lot in healthcare-seeking behavior and physical experience with healthcare. People who have been exposed for variable time periods to messages about the nature, prevention, and treatment of STIs may know about the easy accessibility and free treatment of STIs. Therefore, there is a need to customize STI health educational and intervention messages according to the literacy levels of people in different parts of the country and the need to address gender and other social imbalances within the relevance of the continuum of prevention, treatment, and care to promote more effective changes. Discussions at the community level help in the dissemination of knowledge as well as problem-solving or behavior-adding conditions in a more acceptable manner. STI interventions may have limited utility if they do not address broader social determinants of health. The synergism approach could be inclusive of the above two.
3.2. Healthcare Infrastructure
Although India has one of the most extensive healthcare infrastructures, focusing on the management of STIs is not on the priority list of available healthcare services. Therefore, it is noteworthy to take a closer look at the current healthcare infrastructure in India. Despite the presence of healthcare facilities at various levels, the following are some of the main challenges: there are an inadequate number of primary health centers, community health centers, and subdistrict and district hospitals. The availability of trainees to cater to the existing healthcare infrastructure is also low. These health facilities are unevenly distributed in rural and urban areas, which makes access difficult, especially for people residing in rural areas.
Data shows that the allocation of funds for health has been declining over recent years compared to other sectors. Very few states have a dedicated STI training curriculum. The integration of STI services into primary healthcare and their promotion is fundamental. Reproductive and child healthcare, hygiene, adolescent health, and other community health workers discussed STIs with the common masses and shared details with peers. Training clinicians and paramedical staff in modern techniques and encouraging them to disseminate information by involving NGOs and traditional healthcare providers were found to be some of the best practices. There are multiple examples of good practices in different parts of the world that aim to curb the spread of STIs and their impact on the population.
The Indian healthcare system depends on healthcare managers who assign the role of delivering specific healthcare to an individual based on their professional background. Strengthening healthcare infrastructure in terms of equipment, the availability of services, medicines, and facilities is integral. Otherwise, the current infrastructure may collapse. Any investment in the management of STIs should include the development of facilities such as laboratories. The government has started training healthcare providers under various programs. Similarly, programs aim to take the initiative for undertaking planning, training, tools, systems, and expertise.
4. Role of Multisectoral Collaboration in STI Control
The optimum magnitude for the design and implementation of a nationwide program for STI control cannot be achieved by the Department of Health on its own. It is necessary to seek the collaboration and involvement of all other relevant sectors and partners that are usually not from the field of health. To promote such multisectoral involvement in the coordination of implementing a community-based STI control program, one should define the roles of different sectors through intersectoral coordination. Multisectoral involvement may be carried out in several different ways, such as the involvement of other governmental sectors, non-governmental organizations, and private sectors for the control of STIs through policy development, legislation, and valuable human resources and expertise.
Non-health sectors commonly involve managers or diplomats in the fields of finance, planning, gender, education, information, agriculture, and industry. The efforts to involve people from these sectors are likely to provide the linkages related to intersectoral, inter-economic, and political aspects, as well as infrastructure viability. Such cooperative ventures can best be propagated and managed through governmental agencies and private bodies such as international development agencies, commercial companies, cooperatives, farmers' groups, women's groups, media, and related worker and volunteer groups. Some of the successful ventures of community-based and women-friendly rural health projects have been initiated through the constructive and involving partnership between various organizations and local level female village functionaries.
4.1. Governmental Initiatives
Sexually transmitted infections are a poignant issue for India, leading to a national plan of action that involves the national program and three campaigns aimed at prevention, management, and treatment.  The National AIDS Control Programme (NACP) Phase-V was launched with a budget of Rs 15,471.94 crore for the period 2021-26 (NACO-2022.). This is a Central Sector Scheme fully funded by the Government of India, a national program against human immunodeficiency virus and acquired immunodeficiency syndrome, for the prevention and control of sexually transmitted infections/reproductive tract infections within the total budget of the program, documenting an evident reinforcement of the governmental commitment against STIs in India.
The national program against HIV and AIDS has state units and consultation services on HIV/AIDS throughout the country. The National AIDS Control Programme (NACP) in India has state units and consultation services to prevent and treat HIV/AIDS. The NACP's Phase-V (2021–2026) aims to reduce new HIV infections and AIDS-related deaths by 80% by 2025–2026 (NACO 2022). Therefore, the governmental measures in this sector are effective in covering important aspects of the extensive issue. Nonetheless, the broader impact of such plans and actions makes it difficult to determine the overall effectiveness and importance of STI programs on an evidence-based level. The strength of the governmental response in India is the use of different governmental departments to address STI aspects. However, most of the governmental plans and documents report bureaucratic hurdles between the departments, which lead to difficulties in program management and its results. The efforts in this direction need to be streamlined, and the cross-cutting issues need to be addressed in a better and more systematic manner. Even with the increase in funding, the financial support for the STI activities remains low in India, varying between 1.8% and 3.9% of the total funds for the control of HIV (Bhat R., et al., 2022). Therefore, the decreased allocation of funds for STI programs reflects the clear and evident financial underpinnings, thus providing insufficient commitment from the Government of India regarding this significant public health issue. The revised and reformed STI national program will result in a One Health approach by engaging and incorporating stakeholders from the community level, such as schools, universities, self-help groups, people living with HIV/AIDS, key populations, and young people. The efforts on a governmental level should be further expanded by working with the private sector health care system in India, as they reach the majority of the population. It should be understood that, without evidence-based interventions for the program, the STI control and prevention initiatives will not deliver the desired results. The concerns have been echoed by the relevant documents, which state that despite sufficient institutional capacity and relatively strong political commitment, basic epidemiological data and deliverable interventions in the field of STIs are the need of the hour.
4.2. NGO and Community Involvement
The efforts of NGOs and community-based organizations are indispensable for the effective management of STIs. NGOs are the link between government agencies at the top and marginalized, hidden, or local sexual and gender minority communities. They are conducting awareness and educational programs in this regard through peer educators. They reach out to local communities, create a safe circle, listen to the problems, and provide solutions based on priority needs. The power of "joining together to influence change in programs and policies" is the most important aspect of any public health program. Based on the cause–case–client–community, they conduct counseling, provide mental support, and ensure client-friendly services.
There are several studies available in both developed and developing countries, which show that when marginalized communities are united through a platform, much change can be realized. There is a host of well-established and formally trained health care providers available in Nepal and India, responsible for managing their STI/RTI programs in partnership with the government. NGOs play an important role in providing health care services as well as in creating awareness and documentation. They are trying to advocate for the adaptation of behavioral change. The onus of maintaining confidentiality is on them. They are trying their best to protect human rights. They have access to high-level donors who can support the program. There are instances where the client, by revealing private and confidential information, has gained some profit. The needs of young sex workers, governing behavior, and well-being, are established. They create specific pages in order to have direct access to the young audience. The pupils are encouraged to share the information with their friends and community. They are emphasizing networking within the diverse communities, as well as with supporters and institutions.
5. Innovative Approaches in STI Prevention and Treatment
Recently, the Preventing and Eliminating Transmission of Emerging Threats of Immediate National Concern Act has charged the U.S. Centers for Disease Prevention and Control to investigate novel vaccines with dual protection against sexually transmitted Chlamydia trachomatis and N. gonorrhoeae coinfections. This is one example of how vaccination strategies are now being developed to target specific STI pathogens as a means of achieving a significant reduction in STI incidence. Another innovative oral contraceptive use-doubling strategy addresses the reluctance of many women (and their partners) to use hormonal contraceptives by developing an oral contraceptive that prevents pregnancy with half of the dose of estrogen currently used in contraceptives. Innovative approaches through telemedicine and digital health solutions expand access to STI testing and treatment. These technologies help overcome physical barriers, such as living in a rural area, or economic barriers, such as the cost of care. One Health commitments serve as a platform for effectively addressing maternal and child health worldwide and to guarantee no one is left behind.
It is estimated that there were 357 million new cases of curable sexually transmitted infections in 2012 (WHO, 2017). An estimated 50 to 75% of new mothers and infants each year do not access STI prevention, screening, and/or treatment services (Medina-Marino, A., et al., 2022). Integrating HIV and STI prevention, treatment, care, and support into maternal and child health programs ensures that more women and children benefit from the life-saving and profound individual and societal/public health effects that access to these services provides. Incorporating these resources on an outpatient basis as chronic medications can present barriers, typically due to distance and the cost or potential stigma associated with the clinic. FAQs of the Partners Go PrEP-Exposure Prophylaxis Demonstration Project is an example of how an oral contraceptive use-doubling strategy can be utilized to address many of the challenges to PrEP demonstration projects (Hosek, S. G. et al., 2017). STI expertise is also critical to inform broader maternal and child health action as many of the drivers and risk factors are similar and/or risk multiplying. Success stories exist across the globe including Equatorial Guinea, Papua New Guinea, Nicaragua, Rwanda, and the Lao People's Democratic Republic. These strategies can and will work in the context of other STIs as well. Success in the conceptualization, development, and implementation of these strategies/programs can help ensure a healthy future for no one left behind.
5.1. Vaccination Strategies
Prevention of sexually transmitted infections with vaccination has been a major strategy, and this approach has shown success among various STIs. The availability of vaccines has promoted herd immunity and reduced the incidence of STIs among different populations. In recent years, the development of vaccines that can protect against HBV, HPV, and N. gonorrhoeae has demonstrated the effectiveness of vaccine prophylaxis in combating STIs. Minimizing STIs among groups will control the autonomously burgeoning behavior and the spread of STIs among the population. These vaccines are now in the National Immunization Programs list for boys and girls to get long-term protection. This is one preventive strategy needed to reduce the magnitude of the STI epidemic burden in India. The rate of production, inclusion of functional antigens, selection of population-target groups, public awareness, acceptance of vaccination, and mode of mass vaccination to render those sites as sterile are all factors controlling the success or failure of vaccination schedules.
The vaccination of children and young adult age groups and high-risk groups, along with a vaccine education program in schools, colleges, and central educational institutes, could help in promoting public awareness and acceptance of thorough vaccination schedules and direct our NIP format to integrate an immunizing paradigm progressing from naive phase to the secondary, tertiary, and quaternary levels. As India is predominantly a developing country with a huge population and diverse cultures, the distribution of vaccination drives has to be tailored to the local system. All the inexpensive, safe, effective, and compliant vaccines should be taken into account while vaccine segments are combined into the public health network. Vaccine drive strategies in various countries have been graphically described, where HPV vaccination during school entry of children has involved colossal public awareness programs to promote vaccination.
5.2. Telemedicine and Digital Health Solutions
Telemedicine and digital health solutions have been implemented with the promise of addressing the issue of a doctor-citizen ratio in low- and middle-income economies, including India, thus giving an impetus to STI prevention and management. Remote telehealth becomes imperative in India given that a significant proportion of healthcare infrastructure and human resources are restricted to urban settings. One pilot evaluation demonstrates the success of telehealth implementation in addressing the treatment gap among STI services in hard-to-reach geographical areas (Anawade, P. A. et al., 2024). The National Digital Health Blueprint was launched in 2019, focusing on the development of a digital health ecosystem aimed at ensuring the timely updating of an individual’s longitudinal health records by multiple providers. Digital health solutions, with the promise of adherence to patient confidentiality, address numerous other barriers such as distorted power relations, privacy, and social stigma in accessing care, as well as those imposed by spousal involvement. Similarly, in India, a telemedicine platform for sexual medicine aims to provide online consultation and e-prescriptions for STI management by uploading tests and photos anonymously in multiple Indian languages.
However, studies also alert us to the fact that telehealth in providing digital STIs should be transferred to developing technology-based clinics. The need for maintenance, regular updating, and the availability of resources and adequate skill levels at the healthcare provider and patient ends all add to the challenge, as well as dealing with common barriers to using technologies. Health illiteracy might, on the other hand, enhance inequalities rather than alleviate them in limiting marginalized populations’ access to digital health solutions. Nonetheless, the ease and confidentiality of avoiding a face-to-face consultation make it very attractive for communities to access STI testing and treatment. The most successful demonstrations of operationalization using technology to provide STI care come mostly from high-income settings, although India has successfully tailored its registration and STI management software to allow auto-generation of real-time laboratory reports. Regulatory guidelines and norms need to be laid down to balance the quality of healthcare delivery and confidentiality. The next step is likely to be integrating and extending such telehealth services for STIs with family planning and sexual health providers and other youth community settings (Solaimalai, D., et al., 2022) (Sharma, M., et al., 2021) (Kavita, A., et al., 2017) (Dev, R. et al., 2021) (Safren, S. A. et al., 2021).
6. Research Gaps and Future Directions
As with other global health priorities, there are some research gaps that require attention: 1. Although a couple of studies have been conducted in India, many high-level studies are needed to understand the interplay of human, animal, and environmental health as it relates to the management and control of STIs across India. 2. There are no studies involving all health professionals, including veterinarians and environmental health professionals globally, on the aspects of treatment and disease control. A multidisciplinary approach to the subject is recommended. 3. There are no studies checking for the presence of a One Health approach in medical education that can better prepare future physicians to become doctors and inform them about the important role of veterinarians and environmentalists in world health. Including One Health education in the formal and casual courses for current healthcare providers is also important. There are no studies evaluating the effectiveness of long-term programming involving community partners in terms of managing and preventing the exposure and re-emergence of STIs using One Health methods. In order to tackle these research gaps proactively, we suggest: 1. Developing and delivering One Health concepts to medical colleges in order to expand the knowledge base and skills of future healthcare providers in India in the management and prevention of STIs. This program aims to delay and prevent the exposure and re-emergence of STIs among marginalized people. To measure the effectiveness of this activity, an annual pre- and post-student test is required. This initiative will create a team between the community, college, and faculty, and it will allow for the development of science-based strategies for marginalized mothers and their neonates. Social work personnel can participate in the assessment and measurement of these activities. Awareness and effectiveness are easily accessed through simple questionnaires and tests. The main goal is to raise awareness about this problem and to prepare a plan, a curriculum, and a team to address this emerging health problem in the country. In addition, research work involving all stakeholders, such as clinic staff, lab staff, healthcare providers, pharmacists, and the community, will help demonstrate the relevance of community-academic partnerships in addressing new health issues in the country with strong evidence-based policies.
6.1. Integration of One Health in Medical Education
It is important to implement One Health competencies in education so that future practitioners, researchers, and veterinary public health professionals understand the interrelation of human, animal, and environmental health. Implementing One Health principles in disease surveillance, diagnosis, and prevention of zoonotic diseases can reinforce healthcare practice at large. There is a gap in such education and training for future healthcare professionals, especially in the context of infectious diseases and sexually transmitted infections. Despite growing recognition, the awareness and effective implementation of the One Health approach remains limited, meaning many stakeholders across human health, animal health, and environmental sectors might not fully understand its importance or how to effectively collaborate using this strategy, often hindering its potential to address complex health issues like zoonotic diseases and antimicrobial resistance (Dos S Ribeiro et al., 2019). A One Health educational program should focus on teaching the interconnectedness of human, animal, and environmental health, emphasizing collaborative efforts across disciplines to address global health challenges like infectious diseases, food safety, and climate change, through interactive learning, case studies, and practical applications to promote effective understanding and implementation of the One Health approach; ideally starting early in education to foster a holistic perspective across various fields (Cai C. et al., 2024). The impact of such an educational program may not have a direct reflection on improved treatment or prevention of STIs, but indirectly, it fosters cultural competence and respectful collaboration in societies with diverse ethnicities.
The need to integrate One Health in medical education or sexual health has been recommended by several studies. In this group-based learning environment and a large school-wide course for preclinical students, actors are engaged to model real-life scenarios. It is recommended that interdisciplinary learning should be a core element of One Health education in order to develop effective solutions for complex problems. However, a significant effort will be required to move from this point through extensive consultations and curriculum development before such a vision could become a reality.
6.2. Long-term Impact Evaluation of One Health Interventions
The goal of a One Health approach to manage sexually transmitted infections (STIs) and blood-borne viral infections is to improve the health and quality of life of Indian population. Thus, it is important to regularly evaluate the short-term and long-term impact and effectiveness of One Health approaches related to STI management. This could help to assess the sustainability of implemented initiatives and whether strategies need to be revised or optimized. Longer-term evaluation will provide evidence if the impacts of interventions are being maintained, improved, or attenuated over time. When assessing interventions, especially those pertaining to policy, it is essential to utilize methods that can quantify health-related impacts. This approach facilitates a thorough comprehension of the policy's influence on the population and enables ongoing monitoring to detect possible positive or negative health outcomes. A vital instrument for this purpose is a Health Impact Assessment (HIA), which systematically evaluates the potential health consequences of a policy, program, or project on a specified population.
Members of the community are also important authors of interventions and policies. Regular analyses of operations will help stakeholders to explain the long-term outcomes of interventions more clearly and to modify methods or strategies that are not functioning. An assessment of current and potential collection techniques will encourage researchers to effectively proceed with the implementation and change of statistical methodologies and guidelines for scientific information obtained from a review of routine records or databases. Policymakers and health care providers engaged in modifying existing policies and awareness authorities need to gather input from all key stakeholders, including individuals seeking treatment.
The research team must also be concerned that the survey environment does not allow for realistic data collection. The outcomes should be given a broad set of creators that represent research techniques and approaches. The new strategies might have several impacts, not only on the group where the implementation occurred. They should have a stronger position on the implementation of such initiatives to redirect where the analysis will go, whether to the group or community at large where the approach, plan, or policy is being enforced. Alternative ways of networking, like sharing the news in the newspapers, practicing on web pages, or taking part in community fairs, recruitment spaces, or policy workshops, must be discovered
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