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			Preface

			The idea of writing this book came after more than a decade of research into tracking diseases in pregnant women screened by the Program for the Protection of Pregnant Women in the Midwest region of Brazil. Congenital toxoplasmosis has represented a major challenge to public health in Brazil due to its high prevalence and severe perinatal consequences. Toxoplasma gondii is found worldwide and infects up to one-third of the world’s population, an infection that can be fatal to the fetus during pregnancy and in immunocompromised individuals.

			This book presents the results of several studies on the prevalence and distribution of toxoplasmosis in pregnant women in the Federal District of Brazil, as well as the challenges and perspectives of basic sanitation in Brazil and its association with the prevalence of congenital toxoplasmosis.

			The first study in the book is a retrospective ecological study that estimated the prevalence of seropositivity for toxoplasmosis in pregnant women in the Federal District of Brazil from January 2014 to December 2018. The study included a historical series of 170,678 pregnant women screened by the Program for the Protection of Pregnant Women. The overall prevalence of toxoplasmosis in pregnant women was found to be 53.21%, with a confidence interval of 52.97-53.44. The prevalence of toxoplasmosis was higher in pregnant women aged 20 to 30 years, and the number of pregnancies and abortions proportionally influenced the prevalence, with a higher prevalence associated with more pregnancies and abortions.

			The second study in the book focuses on basic sanitation as an important environmental determinant of health. We present the challenges and perspectives of basic sanitation in Brazil and in the Federal District, using data from the Ranking of Basic Sanitation by Instituto Trata Brasil for 2020 and the National System of Sanitary Information - Ministry of Regional Development, Brazil. The data presented highlights the alarming situation in Brazil regarding access to basic sanitation services, with challenges to ensure uninterrupted service to all. Although the coverage of the water supply network is relatively high, around 35 million Brazilians still do not have access to potable water. The sewage collection and treatment service also shows worrying rates, which have a harmful potential for the environment and health.

			Based on these indicators, in a third moment, we investigated a possible association between the prevalence of congenital toxoplasmosis in the Federal District with data related to the infrastructure available for basic sanitation services that families and the urban population of the Federal District have. The results show an association between sanitary conditions and the prevalence of seropositivity for toxoplasmosis, where regions with precarious sanitary conditions have a higher prevalence of toxoplasmosis.

			Basic sanitation is a fundamental human right, and lack of access to it can have a significant impact on public health, especially for vulnerable populations such as pregnant women and children. It is essential for public authorities to prioritize investments in basic sanitation infrastructure, including water supply and sewage collection and treatment, to ensure that everyone has access to safe and clean water and adequate sanitation facilities.

			In addition to improving basic sanitation conditions, education and awareness campaigns can play a vital role in preventing toxoplasmosis and other diseases. Health education programs can provide guidance on how to reduce exposure to risk factors, such as proper food handling, and promote healthy eating habits. These strategies can help to reduce the prevalence of toxoplasmosis and other diseases associated with poor sanitation and hygiene conditions.

			Overall, a multi-sectoral approach involving public health authorities, environmental agencies, and community organizations is necessary to address the challenges posed by poor basic sanitation conditions and prevent the spread of infectious diseases in vulnerable populations.

			The results of these studies can be used as evidence to support the development and implementation of public policies focused on improving basic sanitation and primary prevention strategies in Brazil, with the ultimate goal of reducing the prevalence of congenital toxoplasmosis. Therefore, the findings from these studies can inform policymakers on the importance of investing in basic sanitation infrastructure and education campaigns to raise awareness and promote healthy behaviors that can minimize exposure to risk factors. By implementing evidence-based policies, Brazil can potentially reduce the burden of congenital toxoplasmosis and improve the overall health and well-being of its population.

			Fernando Saab

			Carlos Tomaz

			Brasília, DF, Brazil, April 2023

		

	
		
			I. INTRODUCTIOn

		

		
			Environment and Health

			What is environment?

			In the medical sense, environment includes the surroundings, conditions, or influences that affect an organism (Davis, 1989). In this line, Last (2001) defined the environment for the International Epidemiological Association as: “Everything that is external to the human host. It can be divided into physical, biological, social, cultural etc., any or all can influence the state of health of populations…” According to this definition, the environment includes everything that is not genetic, although it could be argued that even genes are influenced by the environment in the short or long term.

			For environmental health purposes, however, a more practical definition of environment is needed, because environmental health action usually only attempts to change the natural and physical environments and related behaviors (eg, hand washing). Such interventions can rarely change the social and cultural aspects of a community, which are often independent of the environment (eg cultural pressures on lifestyle, unemployment). As a result, a more practical definition of the environment might be: The environment is all physical, chemical, and biological factors external to the human host and all related behaviors, but excluding natural environments that cannot reasonably be modified. This definition excludes behavior unrelated to the environment, as well as behavior related to the social and cultural environment, genetics, and parts of the natural environment.

			This definition is therefore intended to cover those parts of the environment that can be modified by environmental management. Estimates of environmental health impact would not include diseases caused by vectors that live in natural environments, such as rivers, if these vectors cannot be controlled by environmental interventions.

			Diseases that are affected by the environment

			As various types of diseases are impacted by environmental influences, the analysis opens new avenues in understanding the interactions between environment and health. The estimates actually reflect how much death, illness and disability could be prevented each year as a result of reducing human exposure to environmental hazards.

			It is estimated that 24% of the global burden of disease and 23% of all deaths can be attributed to environmental factors (Prüss-Üstün & Corvalán, 2006). Of the 102 major diseases, disease groups and injuries covered by the World Health Report in 2004, environmental risk factors contributed to the disease burden in 85 categories. The disease-specific fraction attributable to the environment varied widely among different disease conditions. Globally, it is estimated that 24% of the disease burden (years of healthy life lost) and about 23% of all deaths (premature mortality) were attributable to environmental factors. Among children aged 0 to 14 years, the proportion of deaths attributed to the environment reached 36%.

			There are large regional differences in the environmental contribution to various diseases – due to differences in environmental exposures and access to health care across regions. For example, although 25% of all deaths in developing regions were attributed to environmental causes, only 17% of deaths were attributed to these causes in developed regions. While this represents a significant contribution to the overall burden of disease, it is a conservative estimate because there is still no evidence for many diseases. Furthermore, in many cases, the causal pathway between environmental hazard and disease outcome is complex. For example, malnutrition associated with waterborne diseases was quantified, as was the burden of disease related to aspects of physical inactivity attributable to environmental factors (eg, urban design). But in other cases, the disease burden has not been quantifiable, although the health impacts are clear. For example, the disease burden associated with altered, damaged or depleted ecosystems in general has not been quantified. Diseases with the highest absolute burden attributable to modifiable environmental factors include: diarrhea; lower respiratory infections; ‘other’ unintentional injuries; and malaria.

			It is estimated that 94% of the diarrheal disease burden is attributable to the environment and associated with risk factors such as unsafe drinking water and poor sanitation and hygiene (Prüss-Üstün & Corvalán, 2006). Lower respiratory tract infections are associated with indoor air pollution, mainly related to domestic use of solid fuels and possibly secondhand tobacco smoke, as well as outdoor air pollution. In developed countries, it is estimated that 20% of these infections are attributable to environmental causes, reaching 42% in developing countries.

			Other unintentional injuries include injuries arising from workplace hazards, radiation and industrial accidents; 44% of these injuries are attributable to environmental factors. The proportion of malaria attributable to modifiable environmental factors (42%) is associated with policies and practices related to land use, deforestation, poor management of water resources, location of settlements.

			It is estimated that 42% of chronic obstructive pulmonary disease (COPD) is attributable to environmental risk factors such as occupational exposures to dust and chemicals, as well as indoor air pollution from domestic use of solid fuels. Other forms of indoor and outdoor air pollution – from transport to secondhand tobacco smoke – also play a role.

			Developing regions carry a disproportionately heavy burden of communicable diseases and injuries. The biggest overall difference between regions was in infectious diseases. The total number of healthy life years lost per capita as a result of per capita environmental burden was 15 times greater in developing countries than in developed countries. The per capita environmental burden of diarrheal diseases and lower respiratory infections was 120 to 150 times higher in certain subregions of developing countries compared to subregions of developed countries. These differences stem from variations in exposure to environmental risks and access to health care (Prüss-Üstün & Corvalán, 2006).

			No overall difference between developed and developing countries in the fraction of non-communicable diseases attributable to the environment was observed. However, in developed countries, the per capita impact of cardiovascular disease and cancer is greater. The number of healthy life years lost to cardiovascular disease as a result of environmental factors was 7 times higher per capita in certain developed regions than in developing regions, and cancer rates were 4 times higher. Physical inactivity is a risk factor for several noncommunicable diseases, including ischemic heart disease, breast, colon and rectal cancer, and diabetes mellitus. It is estimated that in certain developed regions, such as North America, levels of physical inactivity could be reduced by 31% through environmental interventions, including urban land use and transport for pedestrians and bicycles, recreational facilities and places of worship. work and policies that support more active lifestyles.

			Developing countries, in turn, carry a heavier burden of illness from unintentional injuries and road traffic injuries attributable to environmental factors. Still, according to the WHO report (Prüss-Üstün & Corvalán, 2006), in developing countries, the average number of years of healthy life lost, per capita, due to injuries associated with environmental factors, is approximately twice that of developed countries; the difference was even greater at the subregional level. For road traffic injuries, there was a 15-fold difference between the environmental burden of disease in the best and worst performing sub-regions, and a 10-fold disparity for ‘other’ unintentional injuries.

			The results suggest that an important transition in environmental risk factors will occur as countries develop. For some diseases, such as malaria, the burden of environmental diseases is expected to decrease with development, but the burden of other non-communicable diseases, such as chronic obstructive pulmonary disease (COPD), will increase to levels close to those seen in more vulnerable regions developed around the world.

			WHO data (Prüss-Üstün & Corvalán, 2006) indicate that children bear a disproportionate share of the environmental health burden. Globally, the per capita number of healthy life years lost due to environmental risk factors was about 5 times higher in children under five than in the total population. Diarrhoea, malaria and respiratory infections have very large fractions of illnesses attributable to the environment, and they are also among the leading causes of death for children under five. In developing countries, the environmental fraction of these three diseases accounted for an average of 26% of all deaths in children under five; perinatal conditions (eg, prematurity and low birth weight); protein-calorie malnutrition and unintentional injuries also have a significant environmental component, particularly in developing countries.

			On average, children in developing countries lose 8 times more healthy life years per capita than children in developed countries from diseases caused by the environment (Prüss-Üstün & Corvalán, 2006). In certain very poor regions of the world, however, the disparity is much greater; the number of healthy life years lost as a result of childhood lower respiratory infections is 800 times greater per capita; 25 times higher for road traffic injuries; and 140 times higher for diarrheal diseases (Prüss-Üstün & Corvalán, 2006). Even these statistics fail to capture the long-term effects of exposures that occur at a young age but do not manifest as disease until years later.

			To what extent can the burden of disease be reduced by reducing environmental health risks? If we can estimate the disease burden from environmental risks, we can also assess the most important priorities for targeted environmental protection, helping to promote the idea that good environmental management plays a key role in protecting people’s health. Early estimates of the global burden of disease attributable to the environment, derived in part on the basis of expert opinion, were in general agreement (WHO, 1997: 23%; Smith, Corvalàn & Kjellström, 1999: 25-33%). A third large study of OECD countries, however, produced significantly different results, concluding that only 2.1%-5.0% of the overall burden of disease was attributable to the environment (Melse & de Hollander, 2001). This lower estimate can be explained both by the methodology used and scope of the research (eg, occupational risk factors were not considered), and by the different impacts that environmental risks have on health in developed countries compared to developing countries.

			Minimizing exposure to environmental risk factors indirectly contributes to poverty reduction, because many environmentally mediated diseases result in lost earnings. Furthermore, the disability or death of a productive family member can affect an entire family. With regard to hunger, healthy life years lost due to childhood malnutrition are 12 times higher per capita in developing regions compared to developed regions. There was a 60-fold difference in the subregions with the highest and lowest rates of malnutrition.

			Providing potable water and toilets at school (particularly girls’ toilets) will encourage primary school attendance. Interventions that provide families with access to improved sources of drinking water and cleaner household energy sources also improve student attendance, saving time that children would otherwise spend collecting water and/or fuel. The same interventions can prevent children from missing school because of illness or injury.

			Environmental interventions can contribute to a safe home environment, which is of great importance for the health of children and pregnant women. On the other hand, one contaminated home environment is a threat to mother and fetus. Childbirth, for example, requires clean water and sanitary conditions.

			Diarrheal diseases associated with lack of access to clean water and inadequate sanitation result in nearly 1.7 million deaths annually. Domestic use of biomass fuels and coal by more than half of the world’s population results in 1.5 million deaths a year from pollution-related respiratory illnesses. Improving access to improved sources of safe water, sanitation and clean energy are therefore key environmental interventions that can reduce pressures on ecosystems caused by water and air contamination, and improve health. Residents in fast-growing cities in the developing world can be exposed to the combined risks of unsafe drinking water, inadequate sanitation, and indoor and outdoor air pollution. Reductions in such environmental exposures will improve the health and lives of urban slum dwellers.

			The underlying message of the aforementioned studies is that both the health sector and non-health actors can and need to take joint action to effectively address the environmentally mediated causes of disease. For the WHO (2005), global partnerships are essential. Many of these alliances already exist in the field of children’s environmental health; occupational health; in the joint linkages of the health sector and the environment sector; and in actions in the water, chemical and atmospheric pollution sectors. These global partnerships need to be strengthened and reinforced, taking advantage of the full range of policy tools, strategies and technologies that are already available to achieve the interrelated goals of health, environmental sustainability and development.

			Congenital Toxoplasmosis

			Toxoplasmosis, caused by Toxoplasma gondii, an obligate intracellular protozoan, is one of the most important infectious diseases during pregnancy. A recent global meta-analysis using strict criteria (diagnosis based on seroconversion and low IgG avidity) showed that the overall prevalence of acute Toxoplasma infection in pregnant women is estimated to be 0.6% (95% CI 0.4-0.7%) and indicated that annually ~201,600 children are born with toxoplasmosis congenital (Rostami et al., 2019).

			Congenital infection can result in miscarriage/stillbirth, hydrocephalus/microcephaly, and ocular/neurological complications in childhood or early adulthood (Montoya & Liesenfeld, 2004; Robert-Gangneux & Darde, 2012). Although most congenital infections occur when pregnant women are infected during pregnancy, it can also occur due to reactivation of a previously acquired T. gondii infection classified as latent (Chen et al., 2005; Jones et al., 2001). Unless the immune system is suppressed, a specific antibody against T. gondii from a previously acquired infection prevents the reactivation of a latent infection (Fallahi et al., 2018; Pomares & Montoya, 2016). Thus, knowledge of the prevalence of latent infection in pregnant women can contribute to a better understanding of the risk and overall exposure rate of pregnant women.

			A growing body of literature indicates that latent Toxoplasma infection is responsible for many neuropathological effects (Rostami et al., 2016). Studies indicate that latent toxoplasmosis can result in psychiatric disorders (anxiety, schizophrenia spectrum disorders, depression, self-directed violence, and/or suicidal behavior), preeclampsia, weight loss, autoimmune thyroid disease, and secondary infertility (Pedersen et al., 2011; Flegr et al.; Zhang et al., 2012; Ling et al., 2011; Groër et al., 2011; Shiadeh et al., 2016; Kankova et al., 2014; Alshareef et al., 2018; Shiadeh et al., 2017). In pregnant women, latent toxoplasmosis has been associated with slower fetal development, longer pregnancies, and slower development of postnatal motor skills (Kankova & Flegr, 2007).

			T. gondii infection is mainly diagnosed using serological techniques and, in recent years, several laboratory methods have been developed to differentiate acute from latent toxoplasmosis. Although there have been a large number of seroepidemiological studies (Andiappan et al., 2014; Babaie et al., 2013; Bamba et al., 2017; Barbosa et al., 2009; Capretti et al., 2014; Edelhofer & Prossinger, 2010), there are gaps in knowledge about the prevalence of latent toxoplasmosis in many countries, and its global status is unknown. Considering the potential long-term complications and the public health importance of latent toxoplasmosis, a comprehensive understanding of the global prevalence of latent toxoplasmosis in pregnant women can help shape the health policies of international bodies such as the World Health Organization (WHO), and in individual countries.

			According to the study by Rostami et al. (2020) (see Fig 1) the worldwide prevalence of latent toxoplasmosis in healthy pregnant women (1,148,677 participants) reported in 311 studies was estimated at 33.8% (95% CI, 31.8-35.9%; 345,870/ 1,148,677); heterogeneity between studies was substantial (I2 1⁄4 99.8%, p <0.001). The highest prevalence rates of latent toxoplasmosis in pregnant women in the WHO regions were 56.2% (50.5-62.8%) in South America and 48.7% (41.5-55.9%) in Africa; the lowest prevalence rate, 11.8% (8.1-16.0%), was found in the Western Pacific region. The combined prevalence rates of latent toxoplasmosis in pregnant women in other WHO regions were 35.1% (31.5-35.6%) in the Eastern Mediterranean region, 31.2% (28.4-34.0 %) in Europe, 28.2% (16.6-41.5%) in North America and 23.4% (18.7-28.4%) in Southeast Asia.

			In subgroup analyses, by income level and HDI, substantial differences were observed in prevalence rates between countries. The combined prevalence rates of latent toxoplasmosis in pregnant women in low-, lower-middle, upper-middle, and high-income countries were 50.6% (40.5-60.6%), 33.3% (29.9 -36.7%), 35.8% (31.9 -39.7%) and 27.2% (24.2-30.4%), respectively. The combined prevalence rates of latent toxoplasmosis in pregnant women in countries with low, moderate, high and very high HDI levels were 42.4% (35.0-49.9%), 35.0% (29.3 -40.9%), 35.3% (31.7-39.0%) and 27.8% (24.9-30.8%), respectively.

			The prevalence rates of latent toxoplasmosis in pregnant women aged <20, 20-30 and> 30 years were 29.0% (24.0-34.3%), 35.7% (30.0-41.5%) and 41.4% (35.0-47.9%), respectively. The combined prevalence rates of latent toxoplasmosis among pregnant women aged <25, 26-35, and>36 years were 30.9% (23.3-39.1%), 35.7% (26.8-45.0%) and 43.0% (33.7-52.6%), respectively.

			Figure 1 – Prevalence of latent toxoplasmosis in pregnant women from different countries using geographic information system (GIS)
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			Source: Adapted from Rostami et al., 2020.

			These findings support a general assumption that nearly one-third of humans have been exposed to T. gondii (Hill & Dubey, 2018). Prevalence rates of latent toxoplasmosis ranged from 0.7% in South Korea (Western Pacific region) to 92% in Ghana (African region). The highest prevalence rates were observed in the South American (56.2%) and African (48.7%) regions, and the lowest prevalence in the Western Pacific region (11.8%). Prevalence rates in countries located in the Eastern Mediterranean, Europe, North America and Southeast Asia regions were 35.1%, 31.2%, 28.2% and 23.7%, respectively.

			It is likely that they can be attributed to variation in levels of public health and sanitation services, economic status, different cultural and social conditions, and differences in climate. For example, some African countries where prevalence rates were higher, including Madagascar, Ghana, Cameroon and Congo, have extreme poverty, low income levels and low HDI, which are associated with inadequate health services. Specific reasons for the high prevalence rates of toxoplasmosis latent in some African and South American countries may include: 1) relatively large numbers of cats and diverse genotypes of T. gondii in these areas; 2) lack of control measures for stray cats living in urban and peri-urban areas; and 3) high levels of contamination of the environment (eg, soil and water) and/or food with T. gondii oocysts (Shapiro et al., 2019; Ferreira et al., 2018).

			In contrast, countries in the Western Pacific region, including South Korea (2.7%), China (9.4%) and Japan (10.3%), with higher income levels, can attribute lower prevalence rates due to better control measures for stray cats, better environmental hygiene, and may also reflect a lower consumption of undercooked meat (Yan et al., 2016). Analyzes showed that pregnant women from areas with lower income and HDI are at greater risk of exposure to T. gondii. However, some other nations with relatively high levels of poverty, such as India, Bangladesh and Pakistan in South Asia, have not had particularly high rates of exposure to Toxoplasma. This can be explained by the fact that there are more vegetarians in these countries and that the consumption of raw or semi-cooked meat is almost non-existent.

			Likewise, an explanation for a relatively low prevalence of latent toxoplasmosis in countries in the Western Pacific region could be due to the high proportion of marine foods (fish etc.) in these countries (Gao et al., 2012), while rates moderate to high prevalence rates of latent toxoplasmosis in the regions of Europe, North America and the Middle East can be explained by the fact that undercooked meats such as lamb or kebab are popular foods in these regions (Rostami et al., 2019; Rostami et al., 2016).

			Other factors that explain the variation in the prevalence of latent toxoplasmosis in different countries or even within the same country may be different environmental and climatic parameters. Epidemiological studies in Latin/Caribbean countries have revealed a high burden of T. gondii infection in stray cats (Moura et al., 2007; Dubey et al., 2009; Dubey et al., 2004), suggesting that the environment may be heavily contaminated with oocysts (Dubey et al., 2016), which in turn can lead to contamination of vegetables and contamination of the hands of people in contact with the soil. Furthermore, the high prevalence rates of toxoplasmosis found in Cuba and Brazil may be related to a tropical climate, along with cultural and culinary habits.

			Many factors enter into the influence of climate. For example, a study in Colombia (Shapiro et al., 2019) showed that altitude and mean temperature were not significantly correlated with geographic differences in incidence, but mean annual precipitation was. Other studies have shown that the risk of incidence of Toxoplasma infection in cats or marine mammals is related to mean precipitation (Ferreira et al., 2018), and a recent global meta-regression analysis indicated significant and non-significant decreasing trends of acute infection. by Toxoplasma in pregnant women with increased geographical area, latitude and annual precipitation, respectively (Yan et al., 2016). Clearly, precipitation, humidity and temperature play an important role in the survival, sporulation and infectivity of T. gondii oocysts in water and soil (Wang et al., 2017; Gao et al., 2012) and have a significant effect on the prevalence of Toxoplasma infection in a given geographic area.
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