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Introduction

In 1977, Francis Black and colleagues wrote that ‘if…homozygosity of the HLA region is associated with enhanced susceptibility to certain infectious diseases, [South American natives] will continue to require special medical consideration by comparison with more diversified populations’ (Black et al. 1977). Over two decades later we still do not know why natives tend to be more susceptible to disease than non-natives, and in the mean time very little has been done to increase medical attention (as was suggested by Black) to those at risk populations. To solve this problem we suggest that biomedical researchers should not just continue to study native health problems and publish numerous papers, without becoming actively involved in the development and implementation of effective public health programs. They must engage in both simultaneously. There has always been a pressing need for the translation of biomedical research findings into action, but it was easily overlooked for as long as native communities did not question the activities of researchers. However, more recently, native communities have realized that after many years of research, they are still as bad off, if not worse off, than they were before frequent visits from researchers, and are now refusing to participate in research projects. It is unfortunate that most biomedical institutions and their researchers, in spite of extensive knowledge of health problems among natives, failed to respond sooner.

In this paper, we hypothesize that native susceptibility to infectious diseases is a multifactorial phenomenon. An explanation of that susceptibility must take into account environmental effects mediated by the immune system. More specifically, we hypothesize that the mix of T-helper cells (mainly, T-helper 1 and T-helper 2 cells) that are activated among natives and non-natives at birth, and maintained throughout life, is an essential determinant of differences in infectious disease susceptibility between these two populations. A discussion of the combined effects of genotype and environment on the differential proliferation of T-helper 1 vs. 2 cells in hosts follows. After presenting these hypotheses, we discuss the epidemiology and the public health implications of this differential proliferation which, if ignored, will continue to promote health disadvantages among natives that have persisted since Conquest. We then expand on epidemiological and public health implications with analyses of a tuberculosis epidemic among Aché foragers of eastern Paraguay within a decade of contact and the potentially disastrous effects it could have had if public health officials and researchers had not intervened quickly. Then we suggest how research on the causes of native susceptibility to infectious diseases such as tuberculosis is essential to sound public health intervention and prevention programs in native communities of South America. Finally we conclude that the success of these types of efforts depends entirely on active community participation.

Disease susceptibility in native populations

Health in Indians and non-Indians

The biomedical literature on natives of South America is extensive. Most research has focused on genetics, to a lesser extent on social and cultural aspects of health, and to a minimal extent on immunology and public health interventions (Hurtado 2002). Although authors focus on one or another type of factor, most would probably agree that the problem of why natives are more susceptible to many diseases than non-natives is multifactorial and that applied solutions must be multifactorial as well.

In many studies, researchers report higher susceptibility to infectious (see Black, Chapter 8 in this book) and chronic (Crews and Bindon 1994, Young 1997) diseases when natives are compared to non-natives. In addition, the few studies that rely on very large survey samples (n>10,000) show that urban and rural natives report worse health than non-natives (Psacharopoulos and Patrinos 1994). These include indicators such as having been ill in the last four weeks, a higher number of days ill or incapacitated in the last 4 weeks, having been sick or injured in the past 30 days, and kept from work over 7 days due to illness (Table 9.1). These statistics are particularly disturbing in light of the large number of indigenous inhabitants throughout Latin America (Table 9.2), and the consistently higher levels of poverty among natives when compared to non-natives in every Latin America country where this comparison has been studied (Psacharopoulos and Patrinos 1994). 

The immunology of native susceptibility

In the literature on South American natives, susceptibility to disease refers to a lack of resistance to communicable pathogens that are novel to these populations. Communicable pathogens are infectious agents that along with their toxins cause illnesses, which arise through transmission of the pathogen or its products. The transmission occurs via an infected person, animal, or inanimate reservoir to a susceptible host, either directly or indirectly through an intermediate plant or animal host, vector, or the inanimate environment (Centers for Disease Control 1994). Lack of resistance is usually measured in terms of clinical symptoms, and the presence of antibodies or cells having a response to specific antigens of pathogenic agents that cause a particular infectious disease. When antibodies are present in sera, and hosts have severe clinical symptoms or die, then hosts are said to lack resistance to that pathogen.

In remote native villages of South America, without access to laboratories or medical personnel, researchers must make inferences about levels of resistance from observational data. Thus, epidemics, or the occurrence of cases of an illness or outbreak at rates higher than an expected level, are the main indicators used to assess susceptibility to disease in South American native communities (Black et al. 1977). Populations with frequent epidemics that are characterized by high attack rates, that is, many new cases of illness over a short period of time, are considered susceptible to the pathogen responsible for the illness (Centers for Disease Control 1994).

Most questions about why natives are susceptible to diseases refer exclusively to intracellular pathogens they became exposed to at some recent time in their history (Nutels 1968; Neel 1977). This, however, should not be interpreted to mean that natives are free of diseases, or that diseases endemic to their populations do not exact important biological costs. 

Hyperendemic diseases are ones that are persistently transmitted from vectors to hosts and between hosts, while holoendemic diseases occur early in life and affect most of the population (Centers for Disease Control 1994). The latter can be a subset of the former but not viceversa. Native populations of South America have historically experienced both types. Some examples of hyper and holoendemic exposure to intracellular pathogens identified through serological and skin test techniques include herpes virus, Epstein-Barr virus, cytomegalovirus, treponema, streptococcus, yellow fever, Mayaro virus, Toxoplasma, Leptospira, and human T-cell lymphotropic virus-III (HTLV-III), a retrovirus closely related to the human immunodeficiency virus (HIV) (Salzano and Callegari-Jacques 1988: 103).  Multiple ectoparasites and extracellular pathogens of the gastrointestinal tract are also hyper and holoendemic in native communities (mainly, ectoparasites – ticks, lice, sand fleas and botflies; helminths - Ascaris lumbricoides, Trichuris trichiura, Ancylostoma duodenale, Strongyloides stercoralis, Enterobius vermicularis, Taenia sp., Hymenolepis nana, Capillaria sp.(Salzano and Callegari-Jacques 1988).

Thus, all explanations of why natives tend to be more susceptible to novel pathogens at contact and beyond must minimally consider immunological adaptations to native disease ecologies that include diverse endemic pathogens. The received wisdom has not done so. Instead, most researchers propose that natives are susceptible to introduced diseases that cause sudden and lethal epidemics (e.g., measles, mumps, rubeolla, influenza, rotavirus, Norwalk agent, hepatitis B, malaria, tuberculosis) for two primary reasons: 

1. The immunological memory hypothesis. A lack of exposure among natives early in life. Without this exposure, the immune system is not primed to mount effective responses upon subsequent exposure throughout life (Neel 1977). This ‘immunological memory’ hypothesis suggests that after adequate exposure, natives’ ability to mount an effective immune response should be equivalent to that of non-natives; or

2. The HLA heterozygosity hypothesis. Low HLA-related heterozygosity among natives leads to a lower diversity of disease resistant immunological phenotypes when compared to non-indigenous hosts (Black et al. 1977). HLA refers to the human leukocyte antigens found in high concentrations on different types of immune cells such as T cells. These HLA antigens are molecules on the T-cell membrane that function chiefly as binding sites for fragments of pathogenic proteins. The major histocompatibility complex (MHC) is a closely linked complex of genes that governs the production of these HLA antigens. The function of the MHC molecules is to bind fragments of intracellular pathogenic proteins and display them on the cell surface for recognition by T cells (Hyde 1995). Thus, the higher the genetic heterozygosity of MHC genes, the higher the diversity that can bind to diverse proteins produced by pathogens. When compared to individuals of Caucasian descent, natives have much lower HLA heterozygosity, and thus, in principle, can recognize a smaller repertoire of proteins derived from pathogens. 

The HLA hypothesis suggests that even after adequate exposure to pathogens early in life, the native response will never be equivalent to that of more genetically diverse populations .

But, the present literature appears to be missing a third hypothesis. Native susceptibility to infectious diseases may also be due to native adaptations to health insults that are characteristic of their social and physical ecologies; mainly, large holoendemic loads of helminths and ectoparasites, and physical trauma and injury throughout life. These health insults are generally absent from the ecologies of Caucasian populations. Recent advances in immunology provide insight into how these two very disparate types of health insults that are prevalent in native communities shape the immune system throughout development, and renders it ineffective when exposed to Western, introduced pathogens.

The Th1/Th2 hypothesis

Recent work on the interplay of T-helper 1 and T-helper 2 cells suggests that the balance between these two types of cells in hosts is critical to understanding the variation in resistance to a wide range of intracellular infectious pathogens between individuals and across populations (Borkow et al. 2001). We hypothesize that differences in disease susceptibility between natives and non-natives is partially due to large differences in the mix of T-helper 1 and T-helper 2 cells across these populations. The evidence suggests that natives are T-helper 2 cell dominant while non-natives are T-helper 1 cell dominant (Kaplan et al. 1980; Sousa et al 1997), and T-helper 2 cells dominance is associated with lower resistance to introduced intracellular bacteria and viruses (Borkow et al. 2001). Importantly, the mix of Th1 and Th2 cells is set in part by environmental exposures during infancy and childhood (Erb 1999). More specifically, we propose that helminth and ectoparasitic infection, trauma and genetics are the three major factors responsible for a skewed Th2 response among South American natives.

Thus, we focus the problem, not on a general view of immunological memory, but to specific types of immunological memory, their relative effectiveness, and the point at which they are activated during the hosts’ development, in different environments, and in populations with different T-cell specific genotypes. Consequently, the problem of native susceptibility to disease is concerned with susceptibility at contact, and with susceptibility that is transmitted across generations through cultural, environmental or genetic mechanisms. Are the mechanisms responsible for high death rates at contact, the same mechanisms that keep South American native populations at a health disadvantage for many subsequent generations (Psacharopoulos and Patrinos 1994)?  Here we propose a parsimonious immunological explanation that, if correct, might contribute to the efficacy of future basic and applied research models of public health interventions in native communities. 

T cells and adaptive immunity

T cells play an essential role in the process of adaptive immunity. Adaptive immunity is specific to pathogens, and it improves through time with subsequent exposures to the same pathogens (i.e., there is immunological memory). In contrast, innate immune responses that do not involve T cells is non-specific, and does not improve upon repeated exposure to infectious agents or their toxins. There are two types of adaptive immunity: humoral and cell-mediated. Humoral refers to immune responses to helminths and ectoparasites that are mediated primarily by antibodies with the help of T cells. Cell-mediated refers to responses to intracellular pathogens mediated primarily by T cells (Janeway et al. 1999).

T cell function is regulated by highly complex genes, mainly Class I and Class II genes that encode the HLA-A through D transmembrane  and  chains. These  and  chains give rise to receptors on T cell membranes that serve as antigen recognition sites. Antigen presenting cells process and present antigen to T cells on their cell surface in association with MHC Class I or II molecules (Janeway et al. 1999).

There are at least six different types of T cells: cytotoxic, enducer (Tc), suppressor (Ts), delayed-type hypersensitivity (Tdth), memory (Tm) and helper (Th). Helper T cells are CD4+ lymphocytes that include two subsets: Th1 and Th2 cells with important humoral and cell-mediated functions (Hyde 1995).

Helper T cells can only exert their humoral and cell-mediated functions with the assistance of cytokines. Cytokines are small proteins that act on the cell that produced them or on cells close by. Along with hormones and neurotransmitters, they serve as messenger protein that regulate development, tissue repair and the immune response in all multicellular organisms. Cytokines exert their effects by activating genes in the nucleus. They do so by binding to specific receptors at the cell membrane, setting off a cascade that leads to the expression of genes that induce, enhance or inhibit intracellular signalling pathways.

Different cytokines induce pathways that enhance some genes but not others. This difference in the effects that cytokines exert on the genes of cells determines the differentiation of Th0 cells into Th1 or Th2 cells. Th0 cells differentiate into Th1 cells through the action of IL-12, IFN, TNF and IL-3, while Th0 cells differentiate into Th2 cells through the action of IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13. IL stands for interleukin, IFN for interferon and TNF for tumor necrosis factor (Janeway et al. 1999).

The cytokine profile that is evoked during an adaptive immune response is determined by: (1) The types of pathogenic antigens that infect the host. For example, IFN is produced early during viral infection, and IL-10 is produced early in helminth and ectoparasitic infections (Janeway et al. 1999; see Figure 9.1); and (2) The amount of antigen (antigen dose) that a host is exposed to during a single infectious event. The larger the dose, the greater the tendency for hosts to evoke a Th2 rather than a Th1 cytokine profile (Janeway et al. 1999). 

Th1/Th2 balance and its ontogeny

One of the most fascinating aspects of Th1 vs. Th2 differentiation is that the cytokines of each type of helper T cell inhibits the proliferation of the other type of cell. This may be due to energetic or morbidity trade-offs, or both. The immune response is energetically constrained such that, if left unchecked, the proliferation of both types of T cells would exert considerable energetic costs to the host. Alternatively, or complementarily, simultaneous proliferation may greatly increase the risk of injury to the host’s tissue, and possibly auto-immunity (when immune cells attack healthy host cells, rather than non-self proteins, toxins or damaged host cells). 

Th2 cells release IL-10, which acts on macrophages to inhibit Th1 activation, perhaps by blocking macrophage IL-12 synthesis, and TGF- acts directly on the Th1 cells to inhibit their growth. TGF-or transforming growth factor is a cytokine that is produced by Th2 cells. Th1 cells make IFN-, which blocks Th2 cell growth (Janeway et al. 1999) (Figure 9.1).

In Caucasian populations, where neonatal immune responses have been studied extensively, neonates have immune responses that are biased towards Th2 (Wilson et al. 1986), which then shifts towards Th1 responses around the age of five. This means that infants should be more susceptible to intracellular pathogens than are children. Those children who fail to make this switch produce insufficient amounts of IFN- when compared to children who do (Warner et al. 1994, Prescott et al. 1999). Overall, infants and young children have a much lower IFN- producing capacity than do adults (Holt et al 1992). Interestingly, Th2-skewed responses comprising IL-4, IL-5, IL-6, IL-9, and IL-13 are present in almost all newborns and IL-10 dominates their production. 

Thus, it appears that a fetal immune deviation response is designed for skewness to Th2 (Prescott et al. 1998). During pregnancy, a Th2-type cytokine response is associated with improved fetal survival. Th2 cytokines do so by inhibiting the action of Th1 or cell-mediated responses. However, a Th2 dominant response during pregnancy comes at a cost to pregnant females who although able to save the fetus, simultaneously become more susceptible to intracellular pathogens (Wegmann et al. 1993).

Tipping the balance later in life

In many non-Caucasian populations, the switch from Th2 to Th1 dominance does not appear to take place early in childhood, and if it does, it is reversed later in life. Africans (Borkow et al. 2001), African-Americans (Gold et al. 1993; VonBehren et al. 1999) and South American natives tend to be more Th2 than Th1 dominant (Kaplan et al. 1980, Sousa et al. 1997). In these studies, indicators used to assess humoral immunity dominance (Th2) over cell-mediated immunity (Th1) include impaired responses to delayed type hypersensitivity tests against infectious agents, and extraordinarily high levels of antibody, mainly immunoglobulin E (Ig E). Th2 cells stimulate the production of Ig E more so than of any other immunoglobulin. Thus, high Ig E levels is a measure of Th2 dominance.

Here we propose that helminth and ectoparasitic infection, trauma and genetics are the three major factors responsible for a skewed Th2 response among South American natives. The latter are hyper-infested with helminths (Salzano and Callegari-Jacques 1988) and ectoparasites (Hurtado 2002). Th2 cells are essential in defense against helminths and ectoparasites because they are responsible for the recruitment of antibodies that destroy them through various mechanisms that involve other immune cells such as macrophages, eosinophils and mast cells. Antibodies then attack helminths and their toxins through neutralization, opsonization or through complement activation (Janeway et al. 1999). Thus, it is not surprising that populations with high parasite loads also tend to be Th2 dominant (Cooper et al. 2000).

Several studies suggest that a Th2-type cytokine response protects hosts against helminth and ectoparasitic infestation (Finkelman et al. 2001). Among inhabitants of endemic areas who have been cured of Schistosoma mansoni infection, researchers found an inverse association between serum IgE levels (an indicator of IL-4 and IL-3 activity, as well as of Th2 dominance), and severity of infection (Butterworth 1998, Demeure et al. 1993). Moreover, Atkins et al. (1999) observed an inverse association between serum IgE levels and number of parasite larvae in stools, while McSharry et al. (1999) found that as IgE antibody to Ascaris lumbricoides antigen increased, susceptibility to Ascaris infection decreased. Lastly, infection with human T lymphocyte virus-1, which causes an increase in IFN-production, a Th1 cytokine, and decreases IL-4 and IgE levels, salient features of Th2 responses, was associated with exacerbation of Strongyloides infection (Robinson et al. 1994; Neva et al. 1998).

Information on the effects of a Th2-type cytokine response to ectoparasites is less extensive. However, studies on protection against ticks suggests that mast cells and immunoglobulin E are actively involved. Mast cell degranulation may increase vascular permeability, making it more difficult for ticks to locate host blood vessels (Matsuda et al. 1990).

To date, most research has focused on the effect of helminths and ectoparasites on Th2 dominance. However, there is now a growing body of literature suggesting that physically traumatic events also raise the population of Th2 relative to Th1 cells in hosts. For example, among patients who undergo open surgery, Th1-type cytokines such as IFN-, TNF-( and IL-12 production decrease (Decker et al. 1996; Brune et al. 1999).  Moreover, immunoglobulin E levels, the main humoral component of the Th2 response, increase significantly among patients who undergo surgery, and the levels of Ig E also increase significantly with surgical trauma intensity (Navarro-Zorraquino et al. 2001). In addition, other studies show that seven days after severe injury, mice shift to a Th2-type cytokine response (Mack et al. 1996), with a concomitant increased risk of death from Candida infection (Mack et al. 1997). This suggests that Th2 cell activity does not protect hosts from some infectious agents. As a result of burns and severe injuries, human patients are, like rats, at higher risk of infection, a major source of concern among emergency medicine surgeons (O’Sullivan et al. 1995). Apparently this is not only due to exposure of tissue to infectious agents in the environment, but also due to a compromised Th1-type immune response.

The mechanisms through which injury and trauma exert an influence on the differentiation of T cells are complex. Neuroendocrine mediators and prostaglandin E2 (PGE2) are two powerful endogenous suppressors of the Th1 response during healing from trauma and injury. Recent evidence show that cortisol, norepinephrine, epinephrine, histamine and adenosine inhibit the production of IL-12 and TNF-, that is, Th1-type cytokines, but do not dampen the production of IL-10, a Th2-type cytokine. Since a Th1 response is essential protection against intracellular infections, susceptibility increases among patients with injuries and burns. Along with neurotransmitters, PGE2 is also secreted in large quantities in response to injuries, and it too inhibits Th1-type cytokines and activates Th2 cells (Faist et al. 1996). 

Taken together, the evidence leads to the conclusion that ‘the endogenous ability of [humans] to survive overwhelming trauma is insufficient and requires major exogenous support’ (Faist et al. 1996). This is also true of pregnancy in humans (see above), a time period over which women throughout human history have required substantial support from spouses, family and friends (Hurtado et al. 1992).

In spite of this endogenous insufficiency, some studies suggest that the Th2 response may be essential to the restoration of injured tissues. That is, without a Th2 response, endogenous insufficiency would be still greater. Research on mice shows that during the course of brain injury, more neurotrophic substances are secreted by astrocytes. While IL-10, a Th2-type cytokine, increased the secretion of nerve growth factor (NGF), IFN- and IL-2, or Th1-type cytokines, did not induce such synthesis. In fact, IFN- completely inhibited NGF secretion. The researchers concluded that IL-10, along with IL-4 and IL-5, provide neurotrophic support to injured tissues (Awatsuji et al. 1993; Brodie 1996). Th2-type cytokines may provide similar benefits in other tissues, which would help explain why they are favored in response to trauma and injury.  

We hypothesize that trauma and injury are main causes of morbidity and mortality among South American indigenous populations. However, relatively little is known about this aspect of native epidemiology. Through our work among Aché natives of eastern Paraguay, we have learned that before contact with outsiders, accidents and physical trauma were important causes of death. Events like being hit by lightning, snake bites, drownings, smothered by falling trees, jaguar attacks and falls from trees were responsible for 3%, 11%, 29% and 7% of all deaths at ages 0 – 3, 4-14,15-59 and over 60 respectively (Hill and Hurtado 1996). These statistics underestimate the true overall level of trauma and injury-related deaths because some deaths attributed to infection may have been initially caused by injuries resulting from an accident or intra-specific violence (e.g., club fights or domestic contests). In addition, after contact, the Aché have maintained a life style that is associated with frequent injuries to tissue. This is because they still hunt and gather, experiencing numerous cuts, large and small on forest treks. They are also physically very active and playful in the forest or in agricultural settlements, and these activities oftentimes result in falls and injuries. Moreover, the Aché have high ectoparasitic infestations such as lice, ticks (Haemaphysalis longicornis), fleas and sand fleas which constantly bite or burrow in the skin. Recent surveys show that injuries and skin infections caused by ectoparasites along with helminth infestations are some of the most frequent causes of health complaints in Aché health care posts (Hurtado 2002).

Lastly, immune shifts in favor of Th2 over Th1 responses is influenced in part by genetic differences between hosts and populations. Individuals with Th2 type cytokine response are more likely to have genetic variants in the IL-4 region (C-589T) and in the IL-4 receptor gene ll-50 than do other individuals (Burchard et al. 1999; Pillary et al. 1999; Zhu et al. 2000). These genetic variants, and Th2 dominant immune responses, are more frequent in African Americans than in other populations presumably because their ancestors evolved in tropical environments with high levels of helminthic and ectoparasitic infestation (LeSoeuf et al. 2000).

In summary, there appears to be a universal tendency for Th2 dominance during infancy that is quickly reversed in some environments, and in hosts with certain genetic tendencies. We suggest that among South American natives, two environmental factors maintain Th2 dominance throughout life: helminths and/or ectoparasites, and trauma. Although breastfeeding may protect infants from helminth and ectoparasitic infestation early in life, during the weaning period between 2 and 5 years of age, exposure to helminths and ectoparasites increases manifold. In addition, during the weaning period at which time children are walking and exploring the physical environment around them, they are at higher risk of frequent trauma and injuries - cuts, wounds, falls, accidents, biting insects, ectoparasites (biting insects of all sorts). If helminths, ectoparasites and injuries have been consistent aspects of disease ecology throughout South American history and pre-history, and Th2 cells increase survival under such circumstances, then we should expect to find a high prevalence of genes that favor the Th2 response among natives. The implication of this Th2 dominance would be decreased Th1 activity and greater susceptibility to disease than those experienced by European populations. In order to adequately test this hypothesis, a great deal of research still needs to be done. 

Epidemiological implications

A graphical analysis

The epidemiological implications of the effects of environmental and genetic factors on the predominance of Th2 vs Th1-type cytokine responses in native vs. non-native populations are summarized in Figures 9.2a and 9.2b. As the prevalence of macroparasites and trauma decreases, the number of Th2 cells relative to Th1 cells decreases in both populations. Similarly, as Th1 cells increase, so does resistance to infectious disease in both populations. 

The figures also illustrate the hypothesized genetic interaction with this response. If the pre-historical and historical disease ecologies of non-natives and native populations differ considerably leaving their mark on genetic selection for Th2 vs. Th1 dominance (LeSoeuf et al. 2000) , then we should expect to find that the shape and magnitude of the relationship between environmental exposure and disease resistance phenotypes should differ between them. Thus, as the graphs show, non-native, or populations of Caucasian descent, at all levels of exposure to macroparasites and trauma are at lower risk of infectious diseases because the ratio of Th1 to Th2 cells is higher. Second, the decrease in resistance to infectious diseases per unit of macroparasitic or past traumatic exposure are higher in natives than in non-natives.

This model suggests that, even when natives are exposed to Western pathogens early in life, they would still fail to attain the same level of resistance to intracellular infection that non-natives can mount, including intracellular agents that are endemic to the  native population. This lower disease resistance is due to genetic difference in combination with greater exposure to parasites and trauma during childhood. The implications of this model are inconsistent with those derived from the ‘immunological memory’ hypothesis, but they are consistent with the ‘HLA-heterozygosity hypothesis’. However, the HLA hypothesis attributes lack of resistance to low heterozygosity, whereas the Th2 hypothesis identifies other regions of immune system genes as essential determinants of resistance to infectious disease. It also points to environmental agents as essential to the expression of genetic endowment. The HLA and Th2 hypotheses could both be correct, and if so, HLA homozygosity and selection for strong Th2 responses put natives at an even greater disadvantage in their daily battle against infectious diseases.

The example of tuberculosis

Tuberculosis can cause the rapid demise of South American native populations as they come into contact with carriers of milder, chronic forms of the infection. There are many examples from Lowland South American groups that were never exposed to M. tuberculosis until recently, and suffered tragic consequences (Chiappino 1975; Coimbra and Santos 1994; Sousa et al. 1997).

During a twenty-year long study of demography and life history (Hill and Hurtado 1996), tuberculosis emerged as a major source of mortality and morbidity in two Aché communities of eastern Paraguay whose inhabitants had been full-time hunter-gatherers with no peaceful contact with outsiders until the late 1970s (Hurtado et al. 2002). The epidemic required urgent medical relief interventions and documentation by anthropologists, international, local and national health officials (Hurtado et al. 2002). According to informants, the sources of tuberculosis infection in Aché communities were Avá Guaraní indigenous neighbors (contacted by Europeans in the 16th century) with active disease (Reed 1995).  

Over the course of 10 years, the Aché learned very quickly about tuberculosis, as they watched friends and relatives either die or become very ill. They had never seen tuberculosis before, and had no word for the illness in their language. In 1986, they had seen a 31-year-old woman die of pulmonary tuberculosis, and had watched a 60 year old man grow increasingly weaker and thinner as symptoms of active pulmonary disease became more severe. In 1993, a 47 year-old woman died of tuberculosis in the same community. Her death was followed in 1995 by that of a 59 year-old and a 71 year-old man, and finally in 1996 by two young women who were only 26 and 31 years of age. These six patients died either because they were diagnosed and treated too late, or because they refused to take treatment.

In 1992, physicians working for public health non-governmental organizations and the Ministry of Health of Paraguay diagnosed 78 cases of active tuberculosis in the two communities that we studied. The lifetime prevalence rate of active tuberculosis at that time was 18.2% (78 cases out of 429 individuals at risk), that is, a cumulative incidence rate of 3.7% per year over a period of five years (1987-1992). By 1997, six individuals with active tuberculosis had died, a case fatality rate of 7.7%. The treatment failure rate among those patients treated in 1992 was 34.6% (27 out of 78 individuals). These 27 patients remained disease free for several years but had to be treated again when they developed anew the clinical signs and symptoms of severe pulmonary tuberculosis. If these patients had not been treated again, it is very likely that most of them would have died. Thus, it is possible that close to 20% of the Aché population would have died of tuberculosis within a decade of first exposure if they had not been treated with anti-microbial agents.

In 1997, 31 new active cases of tuberculosis were diagnosed (6.5% or 31 out of 474 individuals who had never been diagnosed with tuberculosis). According to these population figures, the tuberculosis epidemic reached a peak in 1992 followed by a reduction in the number of new cases, probably due to prompt medical relief.

In contrast, rates if infection increased from  47.7% (52 out of 109) in 1992 to 64.6% (106 of 164) in 1997.  Thus, over the sample period, infection rates increased.

The rate of extrapulmonary tuberculosis was only 1.8%, mainly two cases of Mal de Potts out of 109 cases diagnosed between1992 and 1997. This is probably an underestimate of the true rate since in non-immunocompromised individuals extrapulmonary tuberculosis is diagnosed in about 15% of cases in some European populations (Thornton 1995; Escobar et al. 2001), and in 9% of new cases diagnosed in Paraguay in 1999 (Ministerio de Salud y Bienestar Social 1999). Paraguayan rural clinics and most urban hospitals are ill equipped to diagnose adequately extrapulmonary cases of tuberculosis. Thus, it is possible that extrapulmonary tuberculosis caused some deaths during the period of observation.

The study of tuberculosis in two Aché communities of eastern Paraguay (Hurtado et al 2002) is the first to track longitudinally the inception and course of an epidemic in a group of Lowland South American natives. In fewer than 15 years after first contact, 18% of the population had been diagnosed with active tuberculosis. This rate is almost twice as high as the 10% rate of active disease that is expected among individuals of Caucasian descent who have been infected with M. tuberculosis. Caucasians are expected to develop disease late in life and many years after initial infection.   In addition, during the initial five years of the epidemic from 1987 to 1992, the annual cumulative incidence rate of active tuberculosis of 3.7% (3700 per 100,000 individuals) observed among the Aché was 18-fold higher than that observed in the country of Paraguay in 1999 (826 cases for a population of 4,585,652 or 206 active cases of tuberculosis per 100,000) (Ministerio de Salud y Bienestar Social 1999). The rate observed among the Aché is also almost 10-fold higher than that observed in 1993 in indigenous areas of the Paraguayan Chaco (400 cases per 100,000; Galeano Jiménez 1995) where tuberculosis has been a public health menace for decades. The true difference between rates observed among the Aché and regional or national rates are probably lower, however, because surveillance of tuberculosis cases in other native groups [population size: 49,487 in 1992 (Meliá 1997: 92)] is inadequate, and these groups have the highest rates of tuberculosis in the country (Galeano Jiménez 1995).

Clearly, the Aché of Paraguay are extremely susceptible to intracellular pathogens like M. tuberculosis. As has been found in other studies (Miranda 1985), more acculturated Aché who have stronger economic and social ties to Paraguayan peasants are at higher risk of tuberculosis infection and disease than are less acculturated Aché. In addition, susceptibility to infectious disease in general is extraordinary among the Aché. At contact, virgin soil respiratory diseases that were never adequately diagnosed killed about 37% of the Aché population within two years (Hill and Hurtado 1996). Because deaths occurred within weeks or months of exposure, and within days of onset of illness, it is unlikely that the pathogenic agent that caused these contact-related respiratory illnesses was M. tuberculosis. However, if individuals who are susceptible to acute respiratory infections are more likely to be susceptible to tuberculosis, a survivor bias would occur, and would affect the interpretation of our findings. If this bias is expressed in the current surviving study population, then the true rate of tuberculosis would have been much higher had previous respiratory epidemics failed to kill so many Aché at contact.

The observed rate of tuberculosis is nevertheless extraordinarily high. In fewer than 20 years after contact, tuberculosis could have taken the lives of close to 20% of the population, most of them adults of reproductive age. Medical interventions prevented what could have been an even higher death rate during the early stages of the epidemic, and saved many lives among those afflicted with tuberculosis several years later. The case fatality rate among persons with active disease would have probably been much higher without medical intervention (47.4%; 31 recurrent cases plus 6 deaths divided by 78 cases diagnosed in 1992) than that observed (7.7%) if recurrent cases of tuberculosis had not been promptly treated a second time with Rifampicin, Isoniazid, Pirazinamide or Etambutol.

Humoral immunity and susceptibility among the Aché and the Yanomamö

A closer look at responsiveness to tuberculin challenge (i.e., whether or not an individual has a positive reaction to PPD injection) provides insights into the uniqueness of South American Indian immune responses. Given that an individual has been exposed to tuberculosis, poor responsiveness to tuberculin challenge, measured as negative tuberculin reaction rate, indicates that the host’s response to M. tuberculosis is ineffective. The negative tuberculin reaction rate observed among the Aché is slightly lower (68.3%) than is the rate reported for the Yanomamö of Brazil (76%) (Sousa et al. 1997; Hurtado et al. 2002) and the Chippewa of Wisconsin in the 1930s (73%; Indian Health Service 1930). 

Because these population statistics may include individuals who may not be at risk of infection, it is useful to examine rates of responsiveness among individuals who have had active disease. Based on the principle of immunological memory (Janeway et al 1999), those with active disease at any point in their lives should always test positive for tuberculosis infection. However, among the Aché and the Yanomamö we find that 39% of individuals who currently have, or who had active disease in the past, had negative reactions in response to PPD injection, whereas only 12% of Brazilian descendants of Europeans and Africans with active disease had negative reactions. In addition, while 59% of nonindigenous Brazilians have wheal sizes over 15 mm, only 33% of the Aché and 24% of the Yanomamö have wheal sizes this large. This suggests that the Amerindian immune response to tuberculosis may be different from that of populations of Caucasian admixture.
High susceptibility to tuberculosis is probably common in most South American native communities. The median percentage of positive responses to tuberculin tests among adults of indigenous South American communities that have not been vaccinated with BCG at the time of the studies is 18.5% (range: 0-71, n=24 communities, Salzano and Callegari-Jacques 1988: 93), a lower prevalence than that observed among the Aché (64.6%). However, several communities in the sample have prevalences close to those documented in this study, mainly the Ona and Yámana (62%), Alacaluf (50%), Oajana (42%) and Aymara (46%). These studies took place from the 1940s until the 1960s. Tragically, and possible due to tuberculosis, the Ona went extinct in the 1940’s, and the Alacaluf are close to extinction. If public health agencies have not intervened in these communities, rates of infection are likely to be much higher today.

Finally, another study from the State of Rondonia of Brazil, shows that the difference in tuberculosis rates between natives and non-natives is 10-fold. The annual incidence of active tuberculosis is 1% per year (1000 per 100,000 individuals) vs. 0.1%  (100 per 100,000 individuals) respectively (Escobar et al. 2001).
In summary, it is possible that high helminth and ectoparasite loads, in combination with high rates of injuries, are important environmental determinants of lack of resistance to introduced intracellular pathogens like tuberculosis among South American natives. According to informants, helminth infection has increased while trauma and injuries have decreased among the Aché since contact.

Other evidence suggests that genetic differences may interact with these environmental exposures to produce the levels of susceptibility to infectious diseases that are observed among natives. In the study conducted among the Yanomamö, Brazilians with Caucasian admixture mounted a stronger Th1 response to M. tuberculosis, as indicated by wheal size, than did their native neighbors (Sousa et al. 1997). Other epidemiological observations suggest that this pattern may be pervasive throughout South America. According to a local physician, Paraguayan peasants whose settlements are contiguous to Aché villages, and who interact with the Aché frequently, had very few, if any cases of active tuberculosis throughout the course of the epidemic we describe here. In the meantime, Avá (Guarani) natives, who also live close by, continue to experience extraordinarily high rates of active tuberculosis.

Without adequate studies, it is not possible to determine to what extent these differences are due to genetic predisposition or to environmental exposures. However, physicians who service native and non-native rural populations of Paraguay report that peasants tend to have lower helminth and ectoparasite loads, as well as lower levels of injury, than do natives residing in the same region. They also report that it is puzzling that few non-natives are diagnosed with active tuberculosis although their exposure to natives with active disease is considerable. Both genetics and environment probably play an important role.

Public health implications and conclusions

If genetic predisposition and phenotypic expression of Th2 dominance are major contributors to health problems among South American natives, then, as Black et al. (1977) suggested, natives will continue to require special medical consideration by comparison with populations with strong Th1-type cytokine response. Not only because the native HLA region is more homozygous than that of non-natives, but because interaction effects between environmental exposures and T-cell specific genetic tendencies produce bleak results. In order to improve native health, environmental exposures must be intervened upon, and genetic differences must be taken into account.

In the case of the tuberculosis epidemic that we observed among the Aché, the research team was not aware of the significance of differential T cell expression for understanding the levels of susceptibility that we observed. We were faced with a medical emergency and responded accordingly. What worked, and what was critical to Aché survival involved an immediate response to the crisis along with sustained surveillance and follow-up of each active case in collaboration with Aché health care workers. Moreover, in response to treatment failures, a system for daily or weekly monitoring of medication intake was implemented, and accompanied by community-wide education efforts (Hurtado et al 2002).

However, many other aspects of this intervention were, and continue to be, very deficient. Involvement of public health officials at the regional or national level proved nearly impossible, and in the few instances when officials did become involved they had outdated information on treatment protocols. Not a single health post in the area had sufficient tuberculosis medications to treat active cases, and natives were required to travel once a month to fill their prescriptions although they lacked the means to travel back and forth from the health posts at such regular intervals. The reason for these problems is simple. The National Commission for Tuberculosis Control of Paraguay is severely under funded.

Given these constraints, natives cannot count on governmental agencies to take care of their health problems. Instead, community participation and commitment is essential to the effectiveness and sustainability of public health interventions. In order to obtain this commitment, natives need to be presented the scientific evidence that they have special health needs. Representatives of native communities should be actively involved in the implementation and evaluation of public health interventions, and critical assessment of the validity of the scientific evidence as new information is generated, either in their own communities, nationally or internationally. Thus, effective programs require active and ongoing collaboration between scientists and native communities.

Some of the implications of what is known about native disease patterns need to be carefully evaluated. Although Th2-type cytokine response puts individuals at risk of infectious diseases, it also protects hosts against macroparasites, and against damage to tissue after injury. Consequently, the use of novel, and efficacious therapies developed in Western countries that are designed  to neutralize Th2 cytokines could have detrimental effects in native populations. In principle these therapies should potentiate a Th1 response. In spite of this benefit, they should not be used in populations at risk of helminth infection and ectoparasitic infestation (Finkelman and Urban 2001), and until the frequency of trauma and injuries is greatly reduced. Such therapies would increase the risk of lethal helminth infection, as well as the likelihood of development of Th1 cytokine-related inflammatory disorders, such as type 1 diabetes mellitus, multiple sclerosis, Crohn’s disease, rheumatoid arthritis, and sarcoidosis (Finkelman and Urban 2001).
This raises an important problem that native communities may face in the near future. As natives spend more time in housing with permanent walls, floor, roofs and windows that close, the rates of asthma and allergies are likely to increase (Hurtado et al. 1999). At the same time, as new treatments of asthma and allergies that involve the blockade of Th2 cytokine receptors (Zhou et al. 2001) prove to be efficacious, they will be exported to developing countries. They may eventually reach remote rural communities of South America where the recipients of these treatments will be unaware of the potential dangers of using such treatments.

These considerations raise two concerns. First, although it would appear that a decrease in Th2-type responses would be beneficial to natives, the way that this public health goal is achieved has important epidemiological consequences. If this outcome is attained primarily through sanitation, and changes in life style that reduce injury and trauma, then natives can find a natural way to attain a Th2/Th1 balance that is protective of infectious diseases. However, if this outcome is attained through the administration of therapeutic agents that block Th2 cytokine receptors, then the consequences could be disastrous.

In evaluating their options as to which public health intervention strategies may be most beneficial to communities, natives also need to be aware of the potential costs associated with Th1 dominance. A recent study on Type I diabetes in Latin American countries found that Th1 dominance is an important risk factor, and that Amerindian genes protect from Th1 proliferation (Gorodezky et al. 1997). Many complex tradeoffs will need to be assessed before an optimal path to increased native disease resistance can be found.

In summary, just as citizens of Western European nations consume information on health in order to learn about prevention and intervention options, native peoples, if given the option are equally interested in the public health options that are available to them. Biomedical researchers and anthropologists who are knowledgeable of these options are in an excellent position to translate scientific evidence into pedagogical materials that are understandable to natives. The work is best done in collaboration with local health officials and health care workers. Perhaps then we will not have to conclude that scientific research has done little to ameliorate native health problems, while doing a great deal to improve the health of other populations around the world.
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TABLE 9.1. General Health Condition by Ethnicity

Urban Bolivia1

Characteristics

Indigenous

Non-Indigenous









Monolingual
Bilingual

















Sick or injured (in past 30 days) (%)

38.8
20.7

14.3

Kept from work over 7 days (%)

10.7
7

4.5








Peru2

Characteristics

Indigenous

Non-Indigenous







Ill in past 4 weeks (%)

34.1

31.4

Days ill in last 4 weeks

9.4

8.7

Days incapacitated in last 4 weeks

2.9

2.1







1Characteristics of the sample: n=37,864; survey, Encuesta Integrada de Hogares; survey question: What language do you speak most often?; urban centers, >10,000 people.

2Characteristics of the sample: n=11,500; survey, Encuesta Nacional de Niveles de Vida; survey question: What is your mother tongue? What language do you speak?; rural and urban populations.

Source: Patrinos and Psacharapoulos (1996).
TABLE 9.2. Estimates of Latin America’s Indigenous Population, 1980s
Country
Number of indigenous people
Percent of total population

Brazil
225,000.00
0.2

Venezuela
150,000.00
0.8

Colombia
300,000.00
0.9

Costa Rica
29,000.00
0.9

Argentina
360,000.00
1.1

Nicaragua
48,000.00
1.2

Paraguay
80,000.00
1.9

Honduras
110,000.00
2.1

Panama
99,000.00
4.1

Chile
550,000.00
4.2

Mexico
12,000,000.00
14.2

Belize
27,000.00
14.7

Peru
9,100,000.00
40.8

Ecuador
3,100,000.00
43.8

Bolivia
4,150,000.00
56.8

Total
30,328,000.00
3.3

Source: Patrinos and Psacharopoulos (1996).

Figure 9.1. The two subsets of CD4+ T cells each produce cytokines  that  can  negatively regulate the other subset. Th2 cells make IL-10, which acts on macrophages to inhibit Th1 activation, perhaps by blocking macrophage IL-12 synthesis, and TGF-(, which acts directly on the Th1 cells to inhibit their growth (left panels). Th1 cells make IFN-which blocks the growth of Th2 cells (right panels). These effects allow either subset to dominate a response by suppressing outgrowth of cells of the other subset (Janeway et al. 1999: 395).
Figure 9.2. A graphical  description  of  qualitative  relationships  between   exposure   to helminths, ectoparasites and trauma, and resistance to infectious diseases. The dashed line represents number of Th1 cells, an indicator of resistance to infectious disease and the solid line represents number of Th2 cells, an indicator of diminished resistance to infectious diseases, but increased resistance to helminths and ectoparasites.
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