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ABSTRACT 

. 

Antibiotic resistance has become a global burden, affecting both highly developed and 

less developed countries. Resistance results in increased morbidity and mortality, especially in 

children under five. The principles of resistance are understood biologically but the social and 

structural factors that perpetuate it are far more complex and integrated on an individual, 

household and community level. The solution to combat resistance thus must be more than the 

continuous development and production of new antibiotics, which is quickly transitioning from a 

solution to a causal factor, and instead target behaviors and systems that promote resistance. 

This thesis investigates the causal social and structural factors of antibiotic resistance in 

the Andean Region of South America; geographically diverse though with limited research 

conducted on remote and rural communities. The main factors discussed within pertain to those 

that if enhanced or corrected, would begin to decrease the probability or minimize the spread of 

antibiotic resistance including sanitation and agricultural practice, strong community leadership 

in education, and improved communication and modes of surveillance.
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1. INTRODUCTION 

Antibiotic resistance is becoming one of the major global-health issues that we will face 

in the 21st century. One of the major factors to the increased number of cases and global 

spreading of this pandemic is the misuse of antibiotics for viral infections such as the common 

cold, influenza, and gastroenteritis. In countries such as the United States (US) and the United 

Kingdom (UK), the development of antibiotic resistance can be attributed to the growing level of 

antibiotic dependency. A study by Anderson (1999) reported that over 150 million prescriptions 

were written in the US alone and over 3 million in the UK for cases of acute sore throat. This 

pandemic does not discriminate among economically developed or undeveloped countries, 

demonstrating that the misuse of antibiotics and/or the misdiagnosis of an infection are the 

leading cause of the development of new antimicrobial strains. 

Antibiotic resistance is the ability of bacteria to strive and reproduce in the presence of 

medications that were previously effective in combating these microbes. However, in the clinical 

world, a more accurate description would be “antimicrobial resistant” organisms, thereby 

including not only antibiotic but also antiviral and antifungal resistant species. Resistance to 

antibiotic treatment is largely due to one of four basic mechanisms; 1) alteration of molecular 

targets (i.e., target-site mutation), 2) the extrusion of antibiotics from within the cell wall, 3) 

partial or complete blockage of an antibiotic into the cell, and 4) chemical modifications or 

destruction of these compounds (Davies and Davies, 2010; Morar and Wright, 2010). Many 

organisms can also develop resistance using a combination of these mechanisms, making them a 

multi-drug resistant (MDR) organism and harder to combat.   

One primary mechanism of resistance, for many of these pathogenic bacteria, we struggle 

with today is “target-site mutation”, which can be thought of as a ‘genetic jugglery’ 

(Gniadkowski, 2008; Davies and Davies, 2010). For example, β−lactamase enzymes have by far 

the most pervasive scope among bacteria, found even in organisms in the most remote of 

environments. As such, random mutations of this gene’s encoding enzymes have propagated 

resistance, affecting the treatment of many different diseases (Gniadkowski, 2008; Davies and 

Davies, 2010). Altering protein components on the exit-tunnel sites of peptides or RNA (50S 
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ribosome) has been identified as the main mechanism that many gram-positive bacteria use to 

combat macrolide antibiotics, such as erythromycin that binds to various exit tunnel sites; a main 

alternative used after identifying widespread methicillin resistance (Long et al., 2006; Davies and 

Davies, 2010). Recently, a particular rRNA modification has been described that renders 

resistance to all antibiotics targeting the ribosome at this site, and appears to be spreading as a 

type of alteration (Long et al., 2006; Davies and Davies, 2010). 

Resistance can also be intrinsic, where bacterial genomes possess specific genes that have 

the potential to create a resistance phenotype, known as quasi- or proto-resistance (Davies and 

Davies, 2010). Gene amplification is a common mechanism found in genetic-path enhancing 

resistance, especially in the case of trimethoprim and sulfonamides that are commonly used for 

urinary tract infections and in combination for pneumonia (Brochet et al., 2008; Kashmiri and 

Hotchkiss, 1975; Davies and Davies, 2010). 

Additional reservoirs for developing current and future antimicrobial organisms can be 

generated from the improper disposal of antibiotics into our environmental systems, pest control 

usage, human and animal prophylactic use, animal growth hormones, aquaculture prophylactics, 

and many other household and industrial products. Vast amounts of toxic wastes, metals, 

biocides, disinfectants, and manufacturing process residues make calculating the scale of noxious 

xenobiotics imposed on the environment difficult, if not impossible to estimate.    

The majority of research in the available literature about antimicrobial resistance has 

been focused on developed countries (e.g., US, UK), those where not only are these types of 

medication readily available, but in many of them their production plays a major role in the 

economy. Since the dawn of antibiotic treatments mortality rates for treatable infectious diseases 

have declined, but much of that success needs to be partly attributed to improving personal and 

community health related conditions, such as sanitation, health and nutrition programs, housing 

developments, and the access to advanced health care programs (Byarugaba, 2004). However, 

technical advancements, mass production, and distribution of antibiotic medication have not 

been able to maintain a decline of deaths from tuberculosis, diarrhea, and acute respiratory 

diseases; on the contrary, these diseases have started to show steadily increasing mortality rates 

possibly due to environmental factors and the overuse of antibiotics for many illnesses 

(Byarugaba, 2004).  
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Developing countries have shown higher resistance and mortality rates for the same 

treatable diseases, but additional factors such as economic cost and politics may play a role in the 

rapid spread of antimicrobial resistance. Many of these countries contain untouched and 

unstudied plant environments (e.g., rainforest) that may hold the key to combating antimicrobial 

resistance, but the cost to do research and development of new drugs can range in the $100’s 

million (US), making it economically an unviable option (Byarugaba, 2004). Additionally, the 

political status of these countries can change quickly, making it hard to provide the necessary 

resources and oversight for administering antibiotics. Globalization of microbial resistance has 

compounded the problem in developing countries, as tourism and imports on such things as food 

and other goods have increased, opening additional pathways for new resistant organisms to 

enter and spread (Byarugaba, 2004). 

In the spring of 2011, I worked in a semi-urban public clinic and performed public 

projects for rural communities, in the Highlands of Peru. Peru has both a public and private 

sector of health care. Within the public sector two types of insurance exist, Seguro Intigral de 

Salud (SIS) that is similar to the U.S. programs for Medicare/Medicade and EsSalud, provided 

through employment. The Ministry of Health generally requires everyone to have SIS, but some 

hospitals or other facilities may cover the cost for those without insurance. However, even in the 

case of a free public clinic or SIS insurance, many procedures or prescriptions are not covered 

and must be paid for by the patient. In the clinic where I worked, prescriptions were often 

provided free of charge (~25% of the time), but rarely came with more than verbal instructions 

and written prescription slips would most likely never be used, due to the cost of medication 

being the responsibility of the patient.   

The clinic, called Dignidad Nacional, specialized in servicing the poor and extreme poor, 

mainly of indigenous background and often could not speak or read Spanish. Sometimes the 

patients brought a son, granddaughter, or younger family member to translate for them, unless 

someone on staff spoke Quechuan, which was rare. This language barrier made it difficult to 

properly diagnose illnesses and properly prescribe the correct medication. These types of 

shortcomings may be understandable when there is both a language and cultural barrier, but it is 

critical that they be overcome in order to properly provide accurate assessments of health and 

illness. 
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Though kept tidy in the central region for tourist, Cusco is the victim of poor 

infrastructure and environmental policy. Even locals within the city avoid drinking the public 

water for fear of disease. Human and animal waste is not an uncommon sight in the streets, 

making its way down the hills to the rivers in the rainy season. New living developments are 

hastily made and constructed with poor materials and commonly there is no insulation and no 

heating system. There are no regulations on pollution and many times the air is thick with 

particulate from exhaust. Many buildings still use mud adobe bricks for building, which 

deteriorate over several seasons of rain. 

In this study we will focus on several developing countries in the Andean region and 

possible correlations of antimicrobial resistance to 1) major location within the region (i.e., 

highlands or lowlands), 2) social factors such as age, gender, placement in family order, and in 

some cases social class status, and 3) structural factors including economic status, sanitation 

development, types and availability of healthcare resources, and ethical maneuvering at both 

local and large industrial levels.   

2. GEOGRAPHIC BACKGROUND  

The Andes, the longest continental mountain chain in the world, transect across seven 

countries in South America, these include from south to north Argentina, Chile, Bolivia, Peru, 

Ecuador, Colombia, and Venezuela. South America can be divided into two main regions, the 

Southern Cone and the Andean region, though this is more of a political division it is also based 

highly on the influence of culture. The Andean region is comprised of five countries mainly 

located in the northwestern area (Figure 1), but also includes parts of Argentina and Chile when 

it is used from a cultural point. However, the Southern Cone region of South America is 

comprised of the remaining countries, where the culture is more like Europe in nature.  

Geographically, this region of South America can be divided into two regions known as 

the Highlands and the Lowlands. The availability of resources and access or modes of travel 

differ greatly in each region along with availability and types of employment, are the controlling 

factors for creating populated areas. The main industries in the Lowlands and foothills of the 

Andes region are urban center related jobs, factories, mining and fishing, which has led to 

deforestation of much of the land and overfishing the coastal waters. Transportation is slowly 

improving across the region as a whole, but building highways in this region is very expensive 
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and many of the countries still have unresolved political issues that also delay the process. The 

longest highway in the region runs from the northern Ecuadoran border, through Peru and Chile, 

ending at the southern boarder of Chile, known as the Pan American highway. People in these 

lowland regions mainly travel by bus from rural areas to more urban centers, but they may have 

to walk a distance to reach a transportation center. Since the lowland terrain is much easier to 

navigate and communities are closer together and larger, an increased staffing for primary health 

care facilities is required. 

The Highlands region is overwhelmingly characterized as rural and remote, with some 

exceptions such as Colombia where the majority of people live in the Highlands region. Living at 

elevations up to 15,000 ft. above sea level present challenges that are unique and intricate, most 

livelihoods are through raising livestock, fishing, and agricultural jobs, mainly terrace farming of 

potatoes, corn, and other grains that have adapted to the high altitudes (Oxfam America, 2012). 

Trade among these rural communities has become well established and tourism has encouraged 

the marketing of goods such as pottery, textiles, belts, and clothes may be made. Roads leading 

to the Highlands are commonly unpaved and highly susceptible to natural hazards such as 

landslides, making walking the main mode of transportation and thereby the use of pack animals 

like the llama is not an uncommon phenomenon to transport goods. However, certain countries 

in the Andean region have developed areas of the Highlands, such as Cusco Peru, which is a 

semi-urban center that has more modern amenities such as medical facilities, shopping centers, 

and financial centers. These scarce types of semi-urban centers are attractive to tourists that are 

visiting the region.   

Access to primary health care facilities is more than just a matter of distance, especially 

in mountainous regions like the Andes. Studies have shown that people limit their travel for basic 

health care to ~5km. This measure of distance however, does not take into account changes in 

elevation or terrain composition, or the mode of available travel (e.g. by foot, horse, motor 

vehicles). In the highlands of the Andes a health facility may be 1km away, but is situated on the 

side of significantly elevated terrain. This region also experiences harsh and quickly changing 

weather. During the rainy season, paths may be washed-out or completely removed and during 

the winter, snow cover may make the passes unmanageable. During these times, at least a quarter 

of the year for most places, seeking medical attention in an established facility is just not 

practicable, both for safety and economic reasons. Perceived distance is a much more influential 
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factor than the quantitative physical distance (Winter,1986) and studies have shown that urban 

populations are less willing to travel longer distances for care compared to their rural equivalents 

(Basu, 1982). However, “time of travel” is a far more useful tool than “distance” when 

determining physical accessibility and also whether that location and distance resides within their 

daily activity space (Perry and Gesler, 2000). 

Health care is a primary concern in the Andean region, with structural and social systems 

that range from home or family health care, local community healers, semi-urban pharmacies 

and clinics, to urban center medical facilities such as hospitals and universities (Ferguson, 1981; 

Nations, 1982; Kunin et al., 1987; Larme, 1997). These types of structural and social factors 

correlate mainly to the size and locality of the community (e.g., remoteness), but always extend 

from and rely on how the family health system is operated. This type of health system, home or 

family, makes the initial decisions such as if a child or member is sick and seriousness of that 

sickness, as well as what treatment may be required (i.e., home remedies or medical treatment). 

In the case of medical treatment, if the family is part of a remote community, an indigenous 

practitioner or healer may be used to broadly diagnose and treat the illness with either a remedy 

or scarce medications they may have on hand (Kunin et al., 1987; Larme, 1997). A rural 

community family may have additional choices of health treatment, sometimes based on physical 

access to more urban areas. Rural and semi-urban areas commonly have small storefront 

pharmacies and clinics that may offer a larger selection of medication even if the diagnosis is 

still very broad (Ferguson, 1981; Kunin et al., 1987). Populated urban centers have the most 

available health care systems, more advanced clinics, and hospitals; availability of new types of 

drug treatment is also higher in these urban centers. However, health care quality does not 

always increase with size of community, many problems can develop that may lead to 

misdiagnosis or inappropriate medication, such as language barriers, cultural diversity, 

overcrowding and overuse of hospitals and clinics. Fundamentally, the use of antibiotics is 

directed by the family health system, deciding what gender may be preferential to treatment, if 

antibiotics will be used by multiple members of the family for possibly different illnesses; all of 

these decisions can lead to increased antibiotic resistance (Ferguson, 1981; Kunin et al., 1987; 

Larme, 1997).   

Health care organizations can be broken into two sources, either government agencies or 

non-government agencies (i.e., volunteer and non-profit). Across the region all government 
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assistance is controlled through each country’s Ministry of Health (i.e., Bolivia – Ministry of 

Health and Social Welfare; Ecuador – Ministry of Public Health and Ministry of Agriculture and 

Livestock; Peru – Ministry of Health and General Directorate of Pharmaceuticals and Devices 

and Drugs; Venezuela – Ministry of Health and Social Development; Colombia – Ministry of 

Health and INVIMA) that focuses on public health issues such as vaccinations, field 

epidemiology, and preparedness plans for regional spreading of infectious diseases. There are 

over 600 Non-governmental organizations (NGO) working throughout South American on 

structural social, and environmental health issues, including clean water, improved sanitation, 

health education, health service to rural and remote communities, transportation improvements 

for access to modern health facilities, housing improvements, etc. Many of these are international 

organizations, including the Red Cross, UNICEF, USAID, Pan American Health Organization 

(PAHO), World Health Organization (WHO) that focus not only on the local health issues but 

also on the global level through legislation, education, and financial aid.  Partnerships between 

governmental and NGO’s are created on a country-to-country basis, with a few partnerships that 

are formed between Ministries of Health from two or more countries. 

    This region of the world is similar to other developing regions in Africa and Asia, 

struggling not only with economic and environmental issues but also basic and advanced health 

issues. Additional similarities with other developing regions include employment conditions that 

are safe and pay a reasonable wage for living above poverty conditions in order to provide the 

basic necessities and health care for a family unit. In this region of South America, mining is a 

large industry and the safety and health aspects have only been considered on a short term basis, 

for ~25 years of impact. Due to the diversity of terrains across the Andean region (e.g., coastal, 

jungle, mountains) natural disasters such as flooding, landslides, volcanic activity, El Nino and 

La Nina have a devastating effect on communities, especially on those affected by poverty. 

These two factors have a major role in the types of health care that is available, where the 

availability is most probable, and what medications are available for the most common infections 

and disease. 

Three common illnesses that are prevalent in this region of South America, and we will 

be discussing in greater detail, are tuberculosis (TB), acute respiratory infections (ARI), and 

gastrointestinal (i.e., gram-negative) infections such as E. Coli and Shigella. These specific 

infections have become antimicrobial resistant to at least one type of antibiotic and have 
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increased mortality rates in children and adults, both males and females, as depicted in Figure 2 

when compared to the United States mortality rates. Each infection may have separate or in some 

cases shared methods of transport, but all of them can be transported quickly through remote 

communities, family units, and urban centers. Methods of combating such infections has 

routinely been through medication, but with new antibiotics comes the probability of new 

antimicrobial organisms, thereby making antibiotics a short term solution but also a causal factor 

for a longer term and global issue. Possibly a better, yet not novel, approach is to improve the 

systems that are highways for spreading these infections, thereby limiting the potential of 

infection. Sanitation and education are two main places that the Andean region desperately needs 

improvement, at both the community and single household levels. 

3. PREVIOUS RESEARCH IN THE ANDEAN REGION 

Research conducted in this region of the world is limited. The inaccessibility of Highland 

versus Lowland indigenous groups may be one cause for the disproportionate health-based 

studies and lack of data collection. Between 1993 and 2003, the Highland groups made up 

roughly 92% of South America’s population (Table 1, based on 2005 population estimates), yet 

an inversely proportionate number of studies regarding health care were performed, ~24% for 

Highland groups and ~76 % for Lowland groups (Hurtado et al., 2005). This void in data 

collection becomes a major issue when trying to understand the development of antibiotic 

resistance among these communities, and whether it is primary or secondary, environmental or 

behavior related. A study conducted by Hurtado et al., (2005), framed this problem as an overall 

lack of research about how debilitating infectious diseases affect these communities and the 

possible socio-economic effects.  

Research conducted on antibiotic resistance, at an international level, is also alarmingly 

low and of great concern. A literature review by Radyowijati and Haak (2003) perceived that 

only 37 published papers acceptable as studies for uncovering antibiotic use determinants across 

developing nations, six of which were from Latin America. However many of these papers did 

not adequately discuss the social factors behind antibiotic use.  

Prior to the Radyowijati and Haak (2003) study, a collection and review of papers 

discussing determinants of antibiotic use was conducted by the National Institute of Health 

(NIH). The NIH review indicated the need for a new group, called Task Force 4 that would 
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determine and analyze worldwide antibiotic usage patterns and correlate them with their 

respective antibiotic resistance outcomes. This was perhaps the first full fledge multidimensional 

study on the topic, the resulting research was published in 1987 and provided new ground and 

avenues to explore on antibiotic resistance and its impact.  

There are a whole host of factors that result in infection, resistance, and possibly death.  

A model for child mortality was initially created by Millard (1994), in which she separates out 

and organizes these factors into three tiers, displaying how they impact the quality of childhood 

health and can lead to the common types of infection for child mortality. The model was broken 

into three major tiers, Proximate, Intermediate, and Ultimate and showed how each tier is 

interlinked with the tier above it in the model. Though the data for constructing the model was 

gathered from research performed in Africa, Central America, and Mexico, it can be easily 

correlated to Andean region communities, due to similar economic factors, household structures, 

and nutritional factors; an adapted model for the Andean region is shown in Figure 4. The 

primary factors to consider in this model, specifically for the Andean region, are the subtle 

interplay between social and structural factors; whereas the Millard model focused mainly on the 

acquisition and distribution of food.   

Several studies, primarily constrained to South America, were analyzed for determining 

the causal factors for illness and resistance that are presented in the model (Figure 4). Among 

these was a study by Perry and Gesler (2000) that encouraged the utilization of GIS technology 

as a tool, to develop a better understanding of the role physical access barriers to primary health 

care play in the Andean country of Boliva. They performed spatial analysis of 4 isolated regions 

within Bolivia. The study sites included Carabuco with 34 communities and comparatively close  

to health services, Amvaná with three communities within an hour walk of a health center, and 

the Charazani health area (Table 2). Data collected during that study was used to determine the 

ratio of auxiliary nurses available to the population of each region, such that the Charazani health 

area yielded a large ratio of population per nurse, Carabuco showed a moderate distribution of 

population to auxiliary nurse, with similar results for the Amvaná region. 

A similar investigation was conducted by Kalter et. al., (2010) dealing with access to 

health care services, but also investigated the transference of resistant E. coli and the agricultural, 

environmental, and household conditions that propagate this resistance in Peruvian children. The 

researchers looked at 636 households with a minimum of 25 that contained at least one child 
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between the ages of 3 months to 3 years old, within 16 distinct zones of Peru. The zones were 

spread across four distinct geographical regions to asses a larger study area, including Iquitos in 

the Amazon rain forest, Chincha in the coastal lowlands, Cajamarca in the highlands and peri-

urban slums in Lima. The collected data from the 16 zones with various levels of access to health 

care, in terms of distance from the regional center and distance to a health care facility is shown 

in Table 3. The table demonstrates that population has little effect on the number of health care 

facilities, but those furthest from the regional center are the least likely to have a health post or 

immediate access to auxiliary personnel. Physical access, aside from distance to the regional 

center and population size, may have a greater bearing on access to health care. Kalter et al., 

(2010) followed up their initial research on access to health care, and proceeded to investigate 

household and environmental factors propagating antibiotic resistant E. coli in children.  

Households where a child had been taking an antibiotic were initially swabbed and then retested 

again after at a 7 day period of taking antibiotics. Testing included a rectal swab and sampling of 

a hand-dip broth culture, thing procedure was then repeated on the mothers’ and a rectal swap 

from each animal was collected. The investigated factors included antibiotics taken by various 

family members of the house, recent antibiotic use of the child, and home-raised vs. commercial-

raised chickens and agricultural practices, and the mothers’ role in food preparation and care 

giving. Carriage rates for resistant E. coli, to three types of antibiotics, is provided in Table 6 and 

also graphically depicted in Figure 7. A total of 522 children showed positive stool cultures for 

resistant E. coli and among these the most severe resistance carriage levels were for children 

between 3-12 months, with a gradual decrease as the age group increases.     

Rivera-Olivero et al., (2007) conducted one of the first studies on nasopharyngeal 

pneumococcal carriage in Amerindians in South America. That study investigated the carriage 

levels of resistant S. pneumoniae, nasopharyngeal and serotype distribution among Warao 

children in the nine isolated communities of Delta Amacuro, Venezuela. A total of 161 

Streptococcus pneumoniae isolates were collected from 356 children, ranging in age from 

newborns to 72 months old, in the form of nasopharyngeal swabs. Results showed that ~25% of 

the collected isolates were resistant to ant least one antibiotic, dominantly to penicillin foremost, 

followed by erythromycin and tetracycline. Among these communities a higher rate of 

pneumococcal carriage was found in Warao children than in comparative non-indigenous groups 

in the region. Risk factors for resistance and the lack of adequate research, determined by this 
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study include poor infrastructure and communication among the communities, crowding (one 

household usually consists of 10-35 people), prior antibiotic use in the community, and increased 

access to medical facilities and thus antibiotics.   

Other researchers prioritize analyzing various social structural factors such as health care 

choices for children with symptoms of acute respiratory infection under the age of five. 

However, Luque (2007) analyzed the beliefs and timely health care seeking barriers of female 

caregivers for their children in an Andean part of rural Ecuador. This part of Ecuador, aside from 

being isolated, is also the site of numerous volcanoes, increasing symptoms consistent with 

ARIs, blurring caregivers understanding and thus prompt and appropriate action or treatment in 

the case of a true infection. The method of research consisted of 25 in-depth interviews with 

health care providers, six focus groups of female caregivers (averaging 10 per group) and a later 

questionnaire to 91 female caregivers in rural Ecuadorian county. Most of those in the focus 

group and in the semi-structured survey were mothers between the ages of 18-57 with some 

cases of female relatives as caregivers. There were three towns targeted in the study from the 

county of Penipe, Penipe itself, Puela, and Matus. The considerable choices for health care in 

these communities include CEBYCAM (Center for Human Development in Culture and 

Economic soliderity) a non-profit, Catholic clinic, government health posts called subcentros de 

salud (or SDS) for each town, pharmacies, private doctors or curanderos (traditional healers).  

Data showing the distributions of caregivers’ choices for children in each community is given in 

Table 4, along with a graphical representation in Figure 4. In many cases the surveyed town total 

exceeds 100%.  This demonstrates however, that though one route was originally sought, either 

due to facility closures or inadequate hours, the money later needed for medications and travel 

time, a second or third choice was later sought. Utilizing the data shown in Table 4, it is gathered 

that government facilities are most commonly chosen for children with ARI, but the pharmacy is 

second in line followed by curanderos. Private doctors are outside of physical or monetary access 

for many individuals in the three towns, especially Puela. The final goal of the study was to 

uncover how to illicit, promote, and correct health care seeking strategies for ARI in children 

under 5, which is leading cause of death in that age bracket.  

Larme (1997) is the only study that sought to understand specific social factors which 

determined the allocation of health care for rural children in Puno, Peru. In her research both age 

and gender were taken into account as causal factors for gaining access to resources to procure 
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various types of health care while simultaneously using ethnographic data relating to gender, 

childhood illness, and concepts of development to understand such differentiations and selective 

neglect. All data collected were grouped by gender and age brackets (4-6 years, 1-3 years, and 

birth to 1 year). There were 23 participant children under the age of 7 with data recovered for 

one year on symptoms, treatments and health status as well as bolstering material from local 

health post records. A partial summary of her data regarding gender discrimination in children’s 

health care allocation requiring monetary funds is given in Table 5 and Figure 5, a corresponding 

graphical representation of the data. The table and chart reveal no striking difference between 

males and females until the level of biomedical treatment, the most costly in effort, time and 

money for parents, which is in the favor of male children. Larme (1997) also uncovers from her 

research that young children (infants) generally receive less resources for health care.   

4. DISCUSSION 

To begin a discussion about antibiotics, it is import to address the perception they have 

among populations. The general notions about antibiotics, worldwide and in developing 

countries were studied by the NIH Task Force 4 and published in 1987. Their findings were 

summarized into five major points:  1) every illness has an associated and specific pill, 2) 

antibiotics were viewed as ‘wonder drugs’, capable of healing a wide variety of illnesses, 3) the 

effectiveness of a drug is directly related to the rapidity of response, 4) antibiotics are a more 

effective cure than other agents and prevent complications of nonbacterial disease, and 5) direct 

injection of medication is more powerful and effective than oral medication (Kunin et al., 1987).  

A study by Wirtz et al., (2010) on Latin America and its antibiotic usage, taking data from 8 

countries, indicated that a strong correlation existed between an increased antibiotic usage and an 

increasing antibiotic resistance over the 1997-2007 decade. In 2004 alone a handful of developed 

countries were compared in a study of resistant S. pneumonia versus daily antibiotic use to reveal 

a similar trend (Albrich et al.; Figure 7). It is likely that the increased usage pattern reflected the 

notion that antibiotics are a ‘wonder drug’ and provide rapid improvements in health. 

4.1 Perceptions and beliefs 

To understand medicine, it’s proper and misuse, one must first delve into how people 

understand illness and disease. Illness and disease have very different meanings even though are 
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often used interchangeably in certain literature. At the most basic level, a disease can be 

considered the germ, an organism that can enter or be removed from the host.  An illness 

however, can vary based on a person’s location, culture, and physical health. In this way an 

illness can create a guise of ‘otherness’, making it sometimes difficult to completely diagnose 

(Van der Geest and Whyte, 1989).  

Physical properties of pills and other pharmaceuticals are tangible and can be developed 

to yield improved drug usage patterns. These properties include taste, color, and form, where in 

many Latin American countries these properties serve as humoral guides for understanding an 

illness. Studies have shown that the color and size of a pill can influence whether that pill is 

taken and possibly its level of strength. Nichter (2008) describes an example of such influence, 

where pregnant women in India were provided sulfate tablets to prevent anemia. The influence 

associated with the color of the pill, black due to the ferrous sulfate, prevented these women 

from taking the medication and the pills became known as ‘hard and heart’ that would perturb 

digestion, thereby causing nausea and constipation. Therefore, instead of using the medication 

that the government provided at no charge, they purchased a ‘blood tonic’ for their ailments. 

This action not only undermined their own recovery, but also put unnecessary cost back on the 

population to fund the free medication provided by the government (Nichter, 2008). Simply 

providing a material at no cost does not necessitate its utilization.  

The form in which medication and antibiotics is presented and dispensed to patients can 

also alter their usage patterns. Both government and nongovernmental organizations can damage 

the image of their service by not closely monitoring the mode and form that certain medications 

are dispensed to patients in specific programs. Again, Nichter (2008) uses an example from India 

to show how the DOTS program for TB became more effective when the government switched 

the dispensing method of medication to blister packs (Nichter, 2008). One reason for this success 

was exceptional public marketing, taking queues from the competitive pharmaceutical 

community.  In general, government provided medications are seen as inferior when compared to 

medication from a private doctor, partially due to the uncertain supply and partially due to the 

poor management of the community’s health (Nichter 2008). This phenomenon is not isolated to 

India but South America and the Andes specifically have difficulty reaching and managing 

marginal populations. Any form of loose tablet medication, provided at government facilities, 

have a particularly poor reputation. These may have been primary reasons for not utilizing 
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primary health care facilities for symptoms consistent with TB, and instead seeking out private 

physicians for medication, which quickly exhausted the patient’s funds. (Nair et al., 1997; 

Nichter and Van Sickle, 2002) 

A lose of faith in the health care system can be hard to control, especially when 

inexpensive standard medications are starting to be counterfeited. According to the World Health 

Organization, the global drug market is estimated to contain as much as 10% or more of 

counterfeit drugs (WHO 2005). The implications that counterfeit drugs bring to the entire health 

care system can be far reaching, ranging from the careless usage fueling further and future 

resistance to degrading reputations of those organizations that unknowingly distribute these 

drugs.  

Disintegrating faith and trust in the health care system is also fostered among indigenous 

groups when cultural competency is lacking. Grouping diverse indigenous groups under the 

single categorical heading of ‘indigenous’ homogenizes the different cultures, the level of 

understanding of illness, and unique health concerns that may be associated to specific groups 

(Hurtado et al., 2005), potentially a driving force for the failure of certain health initiatives. The 

Andean region has many isolated communities, which are underrepresented in the applied 

research literature and regional statistical figures, showing high susceptibility to new diseases 

and inappropriate immunological responses when treated with routine medications (PAHO, 

1993; Hurtado et al., 2005). Additionally, the modes of transmission and relative 

development/composition of their immunological systems make infectious diseases and their 

outcomes/manifestations unique to each community of peoples. (PAHO, 2000; Hurtado et al., 

2005). 

4.2 Structural factors: Access and Health Care Systems 

 Access to health care and resources can be defined in a number ways. Most commonly it 

references the physical barriers dealing with terrain and distance but it also encompasses political 

and economic systems, which inhibit certain groups of people or communities to goods and 

services, monetarily or otherwise. Demonstrations of limited access based on physical barriers 

and limited health personnel are demonstrated in Tables 2 and 3 for both Peru and Bolivia.  

These tables also indirectly touch on the marginalization on indigenous groups in the Andean 

region since the local and national governments needs have not prioritized health needs.  Their 
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isolation can protect them from outside sources of diseases and resistance but it does not help 

them combat current infections plaguing the communities, which inadequately managed 

governmental or nongovernmental agencies poorly, offer antibiotics for care.  

The first line of care for many rural Andean regions is what many call traditional healers. 

These individuals, though often ridiculed by outside biomedical practitioners, hold a great 

amount of influence over their respective communities’ lives. Indigenous healers are infinitely 

more accessible to isolated and under resourced communities both in physical and cultural terms. 

Advice and treatments are offered in native expressions that are understandable to the local 

community, commonly under shared value systems, and in an environment that lacks the 

impersonality of busy clinics or hospitals (Kunin et al., 1987). In addition, they are affordable 

and the continuousness of care, if needed, is assured since many of the healers reside in the same 

location as their patients (Kunin et al., 1987). One prominent example is demonstrated by 

Brazilian mothers, who generally seek out advice and care for their children’s’ diarrheal 

incidences from indigenous practitioners, far earlier than they may from any official health 

system (Nations, 1982). It is perhaps here where we should look to understand both the incidence 

and progression in case of GI infection resistance. 

Indigenous practitioners have become an indispensible asset to implementing health care 

programs within a community, performing a sort of ‘triage’ for the health system, most 

effectively after thorough education on effective treatment processes. It is becoming more 

common to see the healers utilizing biomedical tokens such as antibiotics and other drugs in their 

usual therapies (Kunin et al., 1987). However, the reality is that major problems still exist when 

pharmaceuticals are received without formal and complete instructions (Kunin et al., 1987). 

Prescribing and dosage information when provided to local healers, commonly comes from non-

medical or informal sources that often omit the standard informational inserts; suggested dosage 

amounts may even be based on recommendations from pharmaceutical companies, just to 

increase profit margins (Kunin et al., 1987). Lack of a standardized and monitored education 

program for the healers can directly be linked to inappropriate antibiotic dosages, thereby 

increasing the likelihood of antibiotic resistance among indigenous groups.  

 Semi-urban areas provide a more direct access to medications through storefront 

pharmacies. These facilities can provide services for a larger community of people quickly, is 

more accessible than urban facilities to remote and rural communities, they distribute both 
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modern and regionally popular medicines, thereby coinciding with the local holistic 

understanding of the body (Ferguson, 1981). One notable similarity between the indigenous 

healers and the use of pharmacies is the strong foundation of trust that is needed between those 

providing medications and the local people being serviced. For example, in El Salvador those of 

low socioeconomic status rely on self-medication (from healers) and pharmacies as the two most 

common methods for treating illness, before seeking treatment at a health clinic or congruent 

agency in an urban area (Ferguson, 1981).   

 However, the shift from individual healers to pharmacies has not come without 

consequence. The owner of a pharmacy establishment, possibly even an accredited pharmacist, 

may not be the only person prescribing medication or operating the facility (Kunin et al., 1987; 

Nichter, 2008). Pharmacy employees (i.e., assistants) regularly prescribe medications and are in 

direct control of both the quantity and quality of information that is provided to patients about 

using the medications, which may include dosage amount and the required regiment length 

(Kunin et al., 1987). In a system predominated by self-medication, where knowledge of a 

product can vary depending on who distributes that information, either a pharmacist or an 

assistant, it is easy to understand how antibiotic usage patterns could quickly foster antibiotic 

resistance.  

 In rural Bolivia, in the highland region called Apillapampa, limited health care services 

have been provided since 1985 by a local NGO, known as Fepade. This system provided free 

consultations for infants and children less than 5 years of age, but older children and adults paid 

for individual services (Vandenbroek et al., 2008).  In this situation, if a parent presumes that a 

sickness will be too expensive to treat or that no medication may be provided, the initial 

consultation may never take place, regardless if the consultation is free. The community wants 

straightforward and affordable solutions (if not free) for their illnesses, along with medication 

that is properly prescribed and that works. However, offering the free medication and 

consultations for children less than five years of age as an incentive, brings in older members of 

the family who may then seek consultation or treatment simultaneously, where as without this 

incentive they may have not visited the medical facility.   

 In a study by Ferguson (1981), it was observed that many multinational pharmaceutical 

companies had eliminated standard informational inserts from individual packaging, to deter 

over-the-counter sales. This presents a good-faith act to prevent the over use and unregulated use 
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of medication, but also forces pharmacies to rely on information provided by sales 

representatives, who in many cases may limited in their knowledge about the drugs (Ferguson, 

1981). That study demonstrated how drug suppliers can directly affect prescription patterns in 

different ways, even if the result was unintentional in nature. Both Ferguson and Nations (1981 

and 1982, respectively) found that pharmaceutical firms commonly endorse expensive drugs in 

greater numbers per person, with examples provided by Nations (1982) where certain 

pharmacies prescribed expensive or unnecessary drugs. The prescription drug system is a “top-

down” system built on a chain of trust, in that patients trust their local pharmacists and those 

pharmacists trust the sales representatives and/or pharmaceutical firms. But the burden and 

consequences for a lapse in conscience or information falls on the shoulders of the impoverished 

individuals, in a flawed system.  

 Commonly, the last measure of treatment sought by many rural communities, and even 

less often by remote communities, is from a physician working in a clinic or hospital; though 

they are most knowledgeable about infection, treatment, and medications (Kunin et al., 1987). In 

this region of the Andes, physical access may not be the only reason to seek health care from a 

clinic, socioeconomic standing, empathy, and communication may also be difficult between the 

patient and the provider. The outcomes of these barriers may include withholding or inadequate 

information on types of infection and prescribed antibiotics, incorrect or incomplete family and 

case histories, or inaccurate diagnosis and therefore medication; the cultural script respecto 

(respect) may cause patients agree to symptoms described by a physician, an esteemed 

profession (Kunin et al., 1987). In some cases, Ferguson (1981) reports that doctors did not 

provide either the name or other uses of a drug, to discourage future over-the-counter use of the 

drug. However, in many of these under resourced regions, there are habitually a limited number 

of certain antibiotics and an irregular supply of other medications in order to partially combat 

common and regional illnesses (Nugent et al., 2010).  

 Oftentimes, physicians possess an inherent arrogance, accounting for partial or even 

incomplete communication about disease and antibiotics. Even outreach programs for indigenous 

people constructed and ran by Non-Government Organizations (NGO), may fail due to racist 

health care providers that limit service and timely access. These programs, mainly servicing 

fringe areas, are often constructed with the false assumption that all groups are biologically and 

more importantly, culturally uniform (Hurtado et al., 2005). The perception of a patient may 
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define their individual treatment options, their self-understanding and status, their understanding 

of social and biological diseases may all be taken into account by a physician when determining 

a treatment regime (Gilman, 1988). In such cases when treatments are based on “predetermined 

outcomes”, patients typically do not understand the necessity for one medication over another, 

the basis for the length of a given treatment even if symptoms persist, resulting in poor health 

outcomes and a lack of trust in the ability of physicians (Kunin et al., 1987; Maternowska, 2000). 

In other instances physicians will provide a broad-spectrum antibiotic in place of proper 

diagnosis for a specific pathogen, creating a situation for antibiotic resistance to proliferate 

across numerous bacterial types. The misuse and inappropriate prescription of antibiotics is not 

isolated to just developing countries, in the US doctors regularly over prescribe dosage or use a 

broad spectrum antibiotic, possibly to show the effectiveness of the drug or to increase the 

demand for that specific drug (Orzech & Nichter 2008). 

 Communication about medications, prescription dosage, and other health related records 

are a vital element for proper diagnosis and therapy, and should be privy to physicians, clinics, 

hospitals and other health facilities. This style of communication network is difficult to setup and 

maintain in developing regions were the resources are limited and basic infrastructure is poor. 

Failure in this chain can result in re-administration of the same antibiotics, which have been 

infective, furthering a resistance pattern. These results can be from not taking a proper medical 

history prior to treatment or failing to run diagnostic tests for strain resistance, both of which 

may time but could prevent future antibiotic resistance (Atre and Mistry, 2005). 

 Oftentimes a monitoring program can fall short due to short-term treatment, in which 

patients are given medication for only one or two weeks (Atre and Mistry, 2005). These types of 

drugs are usually not accompanied by sufficient information and the outcomes from these 

treatments can lead to antimicrobial resistance since patients consume tablets as they see fit. 

Improper spacing of a proper dosage can yield efficacious drug levels in the serum to achieve 

drug efficiency and a possibility of resistance could ensue (Atre and Mistry, 2005). 

 All of these modalities of health care make compliance of the patient, adult or child, 

extremely difficult. It is unjust to place blame for antibiotic resistance or unimproved health 

entirely on the patient, when a system of proper diagnosis and treatment is nonexistent (Farmer, 

1997). The aforementioned factors are only surface level challenges to health care and antibiotic 

resistance in the Andean region. More fundamental and lasting are modifications to the 
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Intermediate and Ultimate Tiers described by the Millard model. The culmination of these 

structural factors yield increased morbidity and mortality due to such diseases as ARI and 

gastrointestinal diseases in children that were inappropriately diagnosed or improperly medicated 

and become resistant.   

4.3 Social factors 

Children are commonly home diagnosed by their parents, acting as gatekeepers to health 

care, invoking their perception of illness (type and seriousness) and health care seeking 

behaviors, largely from social and cultural norms (Freund and McGuire, 1995). The highland 

community Cuyo Cuyo, located in Puno Peru, demonstrates how age and gender are considered 

and result in preferential health care. A study conducted by Larme (1997), indicates that female 

children and infants under one year of age generally receive the least expensive treatment (Table 

5), and preferentially one that does not require significant effort, or time on the part of the 

parents; even though this group is perceived to be the least healthy. Female children routinely are 

provided with either home or over-the-counter remedies instead of antibiotics (Larme, 1997), 

whereas male children in the same age group are provided the proper health care and 

medications. This selective resource allocation for male children suggests that the perception of 

future economic and social potential may dictate their preference for proper health care. 

In the case of infants, health care is driven by a cultural belief that infants are less 

attached to the life force and only through age become more human (Larme, 1997). Infants are 

considered debil and constantly riddled with illness, but since they have not developed into 

social beings, the cost-benefit of treating an infant is low, since they may die anyway (Larme, 

1997).  Though a rather harsh viewpoint, it is a practical one in such impoverished settings. This 

futility extends beyond infants elsewhere. It is understood among Ecuadoran women that treating 

an infection are sometimes meaningless, because the poor sanitary conditions can make a 

recurrent infection inevitable (Luque, 2007).  

The previous studies correlate to display that gender and age may have a key role in the 

probable development of antibiotic resistance. Preferential health care for male children, 

including infants in some cases, provides an indication for inappropriate prescribing and 

therefore antibiotic resistance to develop among males (21.3%) more rapidly than females 

(6.3%) (Larme, 1997). However, it is also important to understand that a “family health system” 
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commonly circulates medication among them; thereby female children may receive their 

brother’s medication, not because they have the same disease but merely because it is available 

medication. These decisions made by parents, to share medication amongst family members, 

without proper understanding is commonly an act of desperation for the life of a child, but 

realistically this action can put the entire family in danger. If that child does not recover from an 

infection due to inappropriate medication or from developing a resistance, health costs can 

elevate dramatically in a medical facility as the illness progresses; for a low socioeconomic 

household, this type of financial burden could be devastating. Newer second-line drugs are being 

developed to treat infections, but they are scarcely distributed and very expensive, making them 

almost impossible to acquire in these regions of the world (WHO Factsheet, 2011). 

Size of a community does not always directly correlate to the usage of local healers for 

primary health care. A study by Vandebroek et al., (2008) showed that residents in the small 

town of Apillapampa (located in Bolivia) preferences obtaining their health treatment and 

medication from a primary health care facilities, even exclusively for some residents. 

Additionally, mothers more frequently utilized biomedical medications for children less than five 

years of age, since these services are provided free of charge, especially for diarrhea. Traditional 

healers have numerous remedies for respiratory infections, but very few for parasites or diarrhea. 

These three infections (i.e., ARI, parasites, and diarrhea) are the leading causes for childhood 

morbidity and mortality in this area, demonstrating the importance of understanding the health 

seeking behaviors of parents in these situations, in order to better frame health care interventions. 

Social standing within an indigenous community can dictate the level of access to food, 

health treatment, and other resources. This directly affects a person’s nutritional standing and 

indirectly impacts their level of disease contraction and duration, and commonly the mortality 

rate (Hurtado et al., 2005; Scrimshaw and San Giovanni, 1997). Most markets are open to the air 

and environments elements. Common sights that I would encounter on a daily basis were a stand 

full of hanging plucked birds, slabs of meat and cheeses sitting nearby in the sun, directly 

exposed to people, street waste and insects. Health care for children does not start with public 

facilities that provide medication, nor does it require a high social standing. Monitoring the 

nutritional intake of children and providing safety measures to prevent illness is the first line of 

health care. Diseases can spread quickly when sanitation is an issue, cultural sanitation does not 

involve the cleanliness of the table that food is prepared on, it is found in all steps preceding this.  
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Where did the food come from, where you bought the food, how was it stored prior to purchase 

or preparation, and why you chose those items? Living among these communities has shown me 

that food is the simplest and yet most comprehensive object in which to track all the underlying 

factors in the health care one may require. 

4.4 Environmental factors  

The problem of commensal bacteria developing antibiotic resistance is a major burden on 

developing countries that is commonly overlooked. In a variety of settings (e.g., home, hospitals, 

and other communal environments) multiple types of bacterial communities can coexist and 

thereby horizontally exchange genes with each other, yielding antibiotic target-site mutations or 

adaptations (Kalter et al., 2010; Rivera-Olivero et al., 2007). Horizontal exchanges most 

frequently occur through an interconnected system, either locally or directed connected systems 

or as the result of a cascading effect through different nonrelated, yet connected, system. One 

such network that incorporates both of these criteria is the water system, whether it is through 

source water that has been contaminated by agricultural runoff, use of “gray-water” sources that 

leach down to the water table, or processed water that originally contained waste from recent 

antibiotic users. A second factor is the antibiotic usage-patterns of family members, especially 

for the mother. In a study conducted by Kalter et al., (2010), transference of resistance was 

suggested to occur between mother to children, during daily interactions such as preparation of 

meals, affectionate interactions, and similar personal contact (either direct or indirect); even if 

only one previous course of drugs was taken. 

The aforementioned methods of horizontal exchange are commonly listed in other studies 

and fundamentally tied to living conditions and access to appropriate health care. Results 

depicted in Figure 6 and Table 6 from Kalter et al., (2010) were obtained while researching 

horizontal exchanges of the E. coli bacteria among children in Peru, due to poor sanitation and 

waste management. Whereas the study by Rivera-Olivero et al., (2007) used results from 

Pneumococcal infections in the indigenous Warao children of Venezuela, with a main mode of 

transport being human contact and close-quarters interactions. The threat of these infections can 

be accelerated by inappropriate and excessive antibiotic usage (Wirtz et al., 2010). Across the 

Americas region, in the span of a single year, 60,000 children deaths occurred due to acute 

respiratory tract infections (ARI) and of these, most were attributed to pneumonia in children 
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less than 5 years of age (Rivera-Olivero et al., 2007). Nearly 90% of ARI-attributed deaths in the 

less affluent countries of this region are in children, principally in Latin America (Rivera-

Olivero, et al., 2007). 

A cross-sectional study by Kalter et al., (2010) of Peru and antibiotic resistant E. coli, 

transport was due to poor living conditions and the common practice of utilizing antibiotics for 

commercial animals, especially chickens. Inadequate sewage and water systems played a major 

role in the transference of these resistant strains to humans, derived from fecal matter at the 

chicken farms (Kalter et al., 2010). This form of transport can happen in various places of daily 

activity, such as at the market while buying the meat, walking through the street, or merely using 

the tap water; thereby extending resistance to those who may not even consume chicken (Kalter 

et al., 2010). It was documented that mothers tend to be the main contributors for transferring 

resistant strains to their children, mainly due to the domestic tasks they perform such as 

shopping, cooking, cleaning household surfaces, and caring for their children (Kalter et al., 2010; 

Luque, 2007). One protective factor that could be employed to limit transporting this type of 

resistant strain is consuming home-raised chickens and livestock, but this method would be 

limited to those with greater resources (Kalter et al., 2010).  

Whether this mode of transferring antibiotic resistance is associated more with medical 

versus agricultural use is uncertain. Many other studies regarding resistance deal much more 

with miscommunication in prescribing and daily use (Radyowijati and Haak, 2003). Though 

actual sales of antibiotics have little to do with increasing resistance in this study, what is known 

is that human fecal flora also play a role in contamination and horizontal transfer of resistant 

genes (Kalter et al., 2010). Inadequate sanitation is rapidly becoming a primary concern for 

containing the spread of resistant pathogens, nearly as much as properly monitoring children and 

adult antibiotic usage. 

Rivera-Olivero et al., (2007) developed this point when conducting a study on the Warao 

communities in Venezuela. The Warao live in geographically isolated communities along the 

Orinoco River delta, like many indigenous communities in South America they have limited 

access to health care. In 2004-2005, Pneumococcal resistance to at least one drug was at 26% for 

the general community and 50% for children less than 2 years of age (Rivera-Olivero et al., 

2007). Similar to those communities investigated in Peru, these high rates of resistance were 

correlated with poor living conditions. The Warao people often live in multi-family homes, 
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increasing the probability of transmission to children through the air and surfaces (Rivera-

Olivero et al., 2007). In addition, the migration of adults between these isolated communities has 

a large impact on transferring infections or pathogens from community to community. One 

method for this type of transference can stem from an adult visiting a community were higher 

antibiotic usage is common and but the full course of antibiotics was not completed, then going 

to their home community with new resistant strains (Rivera-Olivero et al., 2007). Since 

communal living is common and vital among families, combating resistance may be difficult 

unless resources are increased and infrastructure is improved, thereby fostering a healthier 

community.   

The common and potentially deadly infection Strep. Pneumoniae only needs to be treated 

with antibiotics until it moves towards the lower respiratory tract and becomes more severe.  

This is commonly occurs in individuals with a weakened immune system from fighting another 

infection. Secondary infections are common in individuals from poorer backgrounds and low 

socioeconomic status, especially children and those with reduced immune capacity associated 

with poverty (WHO factsheet 2011). Food is scarce both in quality and quantity, living 

conditions are poor and familial burdens are many. Such individuals already have reduced 

resources and access to health care that would normally serve as protective factors against 

secondary infections. Instead, poor nutrition, leading to reduced immuno-capacity, allows an 

initial infection such as influenza to occur more easily, thereby making Strep. pneumoniae 

migration to the lower respiratory system easier and more deadly (WHO factsheet 2011; Rivera-

Olivera et al., 2007). 

Women in Ecuador intuitively address environmental factors related to ARI. When asked 

to list the most prevalent health issues of their children they respond with volcanic ash, colds, 

diarrhea and cold weather before ever mentioning respiratory problems (Luque, 2007). Volcanic 

ash, home cook fires, insufficient protection from the weather and basic immunological 

compromise from water or sewage pathogens are fundamental causes of ARI, not the abundance 

of the bacteria itself. Malnutrition, caused from continual diarrheal episodes resulting from 

contaminated food and water reduce a child’s ability fight infections off (Figure 3; Millard, 

1994; Douglas and D’Souza, 1996). 

In many countries such as Ecuador antibiotics are inexpensive. In an article from 2007 

the price or antibiotics to treat an ARI or gastrointestinal infection were $1 to $2, making them 
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easy to come by as long as it is possible to reach a pharmacy (Luque, 2007). In fact, vitamins, 

inhalers, and cough syrups had greater price tags, such as vitamins priced at around $10 (Luque, 

2007). Caregivers in three communities (i.e., Penipe, Puela, and Matus), though recognizing 

symptoms of ARI and pneumonia, delayed seeking health center treatment for up to 4 days while 

utilizing home remedies and pharmaceutical drugs, until it was clear that a bacterial infection had 

taken hold (Luque, 2007). Female caregiver focus groups recognized that such infections needed 

treatment with antibiotics and also understood that consulting a health care provider was prudent. 

Trying to save costs and valuable time they could be working, the women medicated at home. 

6% of homes already had antibiotics like amoxicillin, a broad-spectrum antibiotic, on hand and 

again, at pharmacies antibiotics are fairly affordable (Luque, 2007). Though antibiotics are 

readily available that does not mean they are always used correctly, and misuse of antibiotics 

cultivates resistance. Considering the dynamic of knowledge transfer between patients, 

providers, and pharmacies previously discussed, the ease of acquiring antibiotics at least in part, 

fosters potential patterns of resistant infections. In the Warao villages in Venezuela the 

communities with the highest levels of drug resistance in pneumococcal infections were also 

communities with access to health centers providing fee antibiotics (Rivera-Olivero et al., 2007).  

Using an adapted version of Millard model (Figure 3), the dynamics of social and 

structural factors that contribute to morbidity and mortality from antibiotic resistant infections in 

children can be better analyzed and addressed.  Antibiotic-resistant infections have increasingly 

become a burden for both individual communities and the agencies that seek to provide health 

care interventions. Resistance ultimately means that diseases last longer and the risk of death 

becomes greater, especially in cases of children under 5 years and immune-compromised 

individuals. The solution, though commonly viewed in terms of biology, must more regularly 

address the social and structural factors that contribute to antibiotic resistance and their multiple 

tiers of influence. 

4.5 Tuberculosis as a case study  

Tuberculosis has continued to be a problem for over 40 years, in spite of the development 

of chemotherapy and control programs (Atre and Mistry, 2005). The persistence of this disease 

in the presence of such combative measures then must mean that TB needs to be conceived of in 

more dynamic ways, including social inequalities. The very concept of epidemiology is a 
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complex relationship of host, pathogen and environment. However, the “health care system” in 

place when addressing the epidemiology of MDR-TB, is a significant actor (Atre and Mistry, 

2005). The interconnections of actors and outcomes for MDR-TB are the socio-cultural 

determinants of MDR. TB, as demonstrated in Figure 8. 

A seldom-considered outcome determinant of pulmonary tuberculosis is malnutrition.  

Malnutrition is described “a body mass index of <90% of ideal body weight or considerable 

recent weight loss, as recorded by the evaluating clinician” (Byrd et al., 2002). Subtheraputic 

serum levels were the believed result of poor absorption of anti-tuberculosis drugs in the 

gastrointestinal tract, in a clinical study of hospital patients (Byrd et al., 2002). A decrease in the 

concentration of the drug in the plasma-time-curve with increased renal clearance of unbound 

drug resulted from poor nutrition, creating a state where the patient is absorbing fewer anti-TB 

drugs or even a state of mono-therapy (Byrd et al., 2002). This mono-therapeutic state could lead 

to an acquired drug resistance, increasing the mortality and morbidity for those with pulmonary 

cases of TB. 

Multinational pharmaceutical companies have not been quick with new anti-TB drug 

development (Atre and Mistry, 2005). This stems from the notion that TB is only a problem for 

the developing world, a poor man’s disease, with little profit to be made (Atre and Mistry 2005). 

There is evidence of increased MDR-TB in the United States, especially linked to the migration 

(Ogden et al., 2003) and MDR-TB will certainly be regarded in the future with greater care. In 

1998 the implementation of DOTS-Plus by Green Light Committee provided second-line drugs 

rat 5% of the normal cost for TB in regions were the prevalence of MDR-TB was high (WHO 

2004). An 18 to 24 month treatment for MDR-TB costs ~$20,000 per person (Gupta et al., 2004) 

on the open market. This can ultimately amount to a death sentence for those with MDR-TB 

without those kind of resources. However, there is a caveat which indicates that in order to get 

the reduced price one needs WHO-designated procurement agents and have WHO-endorsed 

projects, leaving many places unqualified (Gupta et al., 2004). Those that do not respond to 

DOTS are not provided other solutions, so usually seek other alternatives such as the private 

sector or traditional healers who may be improperly trained in treatment mechanisms (Atre and 

Mistry, 2005). MDR-TB could then be spread further into the community while the disease 

persists, increasing the morbidity and mortality rate. 
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Nutritional stability and drug therapy are two related factors of tuberculosis therapy that a 

physician has direct control over in an official health care facility (Byrd et al., 2002).  

Therapeutic drug monitoring should include not just proper drug dosing, but adequate dietary 

interventions as well to maintain proper serum levels of anti-TB drugs, to stem off the possibility 

of acquired resistance. This type of acquired resistance shows that both appropriate and 

inappropriate use of anti-TB drugs can put selective pressure on microbes to develop resistance 

(Atre and Mistry, 2005). 

5. SUMMARY OF CONCLUSIONS 

Antibiotics are transitioning from life saving tools to products of risk, when combating 

life-threatening diseases. We are moving backwards towards a period were infectious diseases 

may take the largest toll on humanity, similar to those days before Alexander Fleming 

discovered penicillin. Increased antibiotic use in the medical, commercial, and industrial fields 

has caused a tremendous increase in resistant microbial and pathogenic development. The United 

States and European nations, though accustomed to the daily grind of medical machinery, 

advancements in technology, and general infrastructure, are just as susceptible to the burden of 

antibiotic resistance, if not more as their dependency on antibiotics increases. 

  In order to fully see the global scope of this problem, examining the less developed 

countries and remote communities in the Andean region may provide insight about the initial 

factors that can culminate into antimicrobial resistance. Small community resistance to both 

common and threatening pathogens need to be a primary concern to the international community. 

The Andean region ranks among the highest in the world for infant and childhood mortality rates 

according to the WHO, mainly stemming from poor nutrition, diarrhea and pneumonia; all easily 

treatable, yet plaguing the livelihood of these nations and made worst by emerging resistance. 

Some diseases, especially multidrug-resistance tuberculosis, are decimating the populations of 

both developed and developing nations.   

 Barriers to access, whether they are geographical or structural in nature, result in serious 

gaps in knowledge and thus ineffective antibiotic treatment. Resistance, if sprouted in an isolated 

community would certainly propagate quickly among individuals and erratic access to new 

antibiotics and health services would worsen the issue. 
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 Calling for prudent and “rational” drug use and dispensing patters is an easy solution on 

the surface, but hard to temper into programs and health initiatives. One must define “rational” 

drug use and how such a concept weighs against the potential for death, if no drugs are provided 

in the absence of concrete knowledge of appropriateness from lab testing. The better option here 

is to make the likelihood of infection small and that involves vast changes in infrastructure and 

legislation.   

 In the meantime, knowledge and education on multiple tiers of the health care system, 

including patient and pharmacist is a large apart of mitigating the problem. This is where 

effective, though informal, health systems already in place can be utilized, primarily traditional 

healers until infrastructure and access can be improved; perhaps even a Community Health 

Leader (CHL) able to assist in antibiotic management and education on a community level.   

 Gender and age play a role in access to biomedical treatments, increasing the risk for 

female children, though are not the first to receive antibiotics, may be the ones to ultimately pay 

the price of resistance and increased morbidity for second-hand drug treatment and follow-up 

care. Age also shows different carriage levels of resistant bacteria, causing the most havoc for 

infants. In order to reduce this trend it is practical to pay close consideration to mothers who do 

the majority of the domestic care giving. This involves acquisition and preparation of food, 

antibiotics use, properly or improperly, in her system gained through whatever health care could 

be attained. The environment also plays a role here as far as new reservoirs for resistant 

transference, which then spread to households through poor agricultural practices, sewage 

system and water sources. Improvements on this score not only help eliminate resistance but 

other common illnesses and malnutrition that have negative affects on livelihoods and mortality.  

Many surveillance programs or initiatives targeting the combat of resistance focus 

heavily on the concept of compliance and lack knowledge. However, compliance implies that all 

individuals possess an equal ability and motivation to meet treatment requirements and possess 

equal access to such services and materials. This understanding of compliance does not hold true 

for all drug-resistant diseases, such as tuberculosis, which requires extensive, regimented, and 

very expensive treatment. Current surveillance programs, though providing people, facilities and 

materials to mitigate this oversight, still maintain the basic assumption that since all materials are 

met, therefore everyone has an equal ability and circumstance to access the materials.  
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Programs in place to deal with MDR-TB and XDR-TB are substantial but long lasting 

improvements are still on the horizon. DOTS, a program hailed by the WHO as the go-to-

strategy for combating resistance, initially only proved effective in a few small case studies in 

Africa (Ogden et al., 2003). This strategy works in some localities were the only problem is that 

there is no money for drugs or where there was no stable supply of drugs. However, these 

locations may not be adequately structured and placed for all at risk in the community. The 

important factors to consider include 1) distance is an issue, 2) does the facility maintain current 

records and good communications with other branches about participants, 3) does the facility and 

its materials exist within daily living space and is it respected by the community, 4) are the 

stigmas about and around a specific disease adequately being addressed and 5) does gender and 

family responsibilities hinder the liberties one can take in their own health. Projects should not 

be rushed without proper study into the interactions of social and structural factors. It is not only 

about materials but also about putting them in context of communities’ daily activity space and 

providing them with meaning and consequence.  

Above all, antibiotic resistance greatly increases morbidity and is within our grasp to 

control. What is required is less focus on isolated, highly individualized notions of responsibility 

and compliance and less reliance on habits that have perpetuated the problem. Society looks to 

research and development of new antibiotics to solve the issue, but it has been demonstrated that 

at best, this is only a temporary solution. Antibiotic resistance has been in existence for ages and 

is a natural competitive phenomenon in microbials. The problem is not our drugs, but how they 

are being used, and our growing dependency on antibiotics. There is still more knowledge and 

ground to be gained in fighting this pandemic by widening the set of factors we look regarding 

antibiotic use. 

For regions like the United States and Europe antimicrobial resistance is readily 

researched and has multiple and varied surveillance systems in place for different infections.  

Future research should be dedicated to creating similar, sustainable systems in the Andean region 

and throughout South America. In addition to this, a wealth of difference can be made through 

developing affordable, quick, and portable methodologies and technologies for reliable lab 

testing for these regions and remote communities. This would, at the very least, improve the 

prescribing behaviors of physicians and supplement or stand in when communication among 

doctors and health facilities brake down in these isolated regions.   
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Future research should also be directed at studying the underlying social dynamics of 

antibiotic use, especially in indigenous communities who’s culturally inscribed dynamics are 

seldom looked at in terms of biological manifestations. Further study of these communities in 

general could facilitate better health and economic policies in the region.   

A different, though related area of research that warrants further study is also the effects 

of acid mine drainage and cap layer protection system that is being used in open pit mining, this 

being a prolific industry in the region and how it affects the health and livelihoods of  these 

communities. These caps are currently only guaranteed for ~25 years, after which their 

breakdown may allow waste fluid to contaminate natural water systems that are later used as 

sources for daily living and industry. The scope of such contamination in the bodies of 

individuals and disturbance of bacterial ecosystems cannot yet be guessed, but surely would 

weaken immune capacities and have significant effects on rates and types of infections 

encountered by local and global communities.  
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Figure 1. Basic map of South America, with the five countries associated with the Andean region 

highlighted in yellow. Situated along the northwestern coast of South America, each country 

possesses two diverse terrains known as the Highlands and Lowlands. Image courtesy of the 

Kellogg Institute. 
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Figure 2. Compsite mortality data for Peru, Ecuador, and Venezula, as compared to the United 

States (WHO, 2007). The annual registered deaths due to ADD and ARI, along with the 

estimated mortality rate for TB in the Andean region are 2 to 3 times higher than those for the 

US. Additionally, the general mortality rate for children in this region is almost 4 times higer in 

each listed country, however the overall general mortality rate for the US is higher than that 

shown for any individual country in this region. (Notes: †per 1,000 population; ‡per 100,000 

population). 
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 Table 1. Number of studies vs. number of expected studies on Highland and Lowland people

Geographical 
Location

Population 
Size

Number of 
Studies

Percent of 
population

Percent of 
studies

Number of 
expected 

studies

Additional 
expected 

studies
Highland 11,680,671 287 92 24 1103 816
Lowland 963,297 907 8 76 91 -816

Total 12,643,968 1194 100 100  
 
 

Table 1. Number of studies (performed) vs. number of expected studies on Highland and 

Lowland people in the Andean region., based on 2005 data from Hurtado et al., (2010). Based on 

the population of each location the data shows an inverse correlation with the number of research 

studies performed (24% for the highest populated region and 76% for the less populated region). 

This data may suggest that physical access to the Highland region is a major factor to performing 

studies, or that even though more populated than the Lowland, communities in the Highland 

region are spread out over a greater distance and more remote or isolated than communities in 

the Lowland; that appear to be mainly in semi-urban to urban type settings. Based on the 

increase number of expected and additional studies for the Highlands, it could be inferred that 

physical access to this region is improving. 
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Figure 3. Model depicting the factors and the interrelationship of factors that increase morbidity, 

mortality and causation of antibiotic resistance in the Andean region. Model has been adapted 

from the Millard model, created from research performed in Asia, Africa, and Mexico (Millard 

1994). 
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 Table 2. Population per auxiliary health nurse across three rural ares in Bolivia
Charazani health care region
Health sector Population Auxiliary health nurses Population / auxilary health nurse
Charazani 7236 1 7236
Amarete 3622 1 3622
Totals 10,858 2 5429

Carabuco health care region
Health sector Population Auxiliary health nurses Population per auxiliary health nurse
Mollipongo 494 1 494
Yaricoa 1625 1 1625
Carabuco 1169 1 1169
Aguas Calientes 988 1 988
Chaguaya 1758 1 1758
Santiago de Okola 1478 1 1478
Totals 7512 6 1252

Ambaná health care region
Health sector Population Auxiliary health nurses Population per auxiliary health nurse
Ambaná 3592 1 3592
Copusquı́a 1536 1 1536
Totals 5128 2 2564  

 
 
Table 2. Population per auxiliary health nurses in three rural health regions of Bolivia, based on 

data from Perry and Gesler (2000). Spatial analysis using GIS technology, of four isolated 

regions in Bolivia to determine the impact of physical access barriers on the access to primary 

health care. Based on this data these communites are underserved, with many communites 

exceeding a 1,000 population with still only one auxilary nurse at their disposal. This disparity in 

health care personnel is a result of poor access and infrastructure. 
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 Table 3. Distribution and distance to health care facilities in various regions of Peru

Region
Community/Regional 

Zone
Population of sample 

area
Distance to Regional 

center (km)
Health Care Facilities         

       (any type)
Iquitos (Zone 1) 893 24.3 0
Iquitos (Zone 2) 1,205 14.75 1 (post in each village)
Iquitos (Zone 3) 2,348 3.5 1 (post/center in village)
Iquitos (Zone 4) 2,573 2 1 (center)

Cajamarca (Zone 1) 1,866 76.6 0
Cajamarca (Zone 2) 1,456 32.5 1 (post)
Cajamarca (Zone 3) 5,976 20.5 1 (center)
Cajamarca (Zone 4) 1,587 0 1 (hospital)

Coastal Lowlands Chincha (Zone 1) 2,698 6 0
Chincha (Zone 2) 4,518 1.25 1 (post)
Chincha (Zone 3) 9,242 6 1 (center)
Chincha (Zone 4) 54,460 0 1 (hospital)

Peri-urban slums Lima (Zone 1) 8,226 0 1 (post)
Lima (Zone 2) 9,157 0 2 (polyclinic/center) 
Lima (Zone 3) 6,955 0 2 (posts)
Lima (Zone 4) 7,054 0 1 (post)

Amazon Rainforest

Sierra Mountains 
(Highlands)

 
 
 
Table 3. Distribution and distance to primary health care facilities in various regions of Peru, 

data from Kalter et al., (2010). Both physical barriers and distance are factors of access to 

primary health care, but population may be the determining factor in type, size, and number of 

health care facilities for a specific sub-region. The data demonstartes that a population of <1000 

may not qualify for any facility type, but does not show a given trend for correlating population 

to a post or center type facility, even where the distance to a regional center is short. There is 

also no direct correlation with population for where a hospital may be located, this factor may 

depend more on physical access to the area than on actual distance to a regional center.
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 Table 4. Healthcare choices for children, case study from Ecuador

Treatment Facility Category
Penipe (%)  

(N=31)
Puela (%)   

(N=30)
Matus (%)  

(N=30)
CEBYCAM 87.1 56.7 36.7
SCS Penipe* 87.1 51.7 46.7
SCS Matus* 0 0 100
PS Palictahua* 0 100 0
Pharmacies 41.9 63.3 46.7
Private Doctors 6.5 3.3 6.7
Curanderos (traditional healers) 33.3 47.6 19
Notes: * local governament health center  

 
Table 4. Healthcare choices for children from communites in Ecuador, based on data from Luque 

(2007). 

 

 

 
 

Figure 4. Graphical Representation of the Table 4 (above), separated by community. 

Government facilities are initial choices for many but with inadequate hours, pharmacies, non-

profits and curanderos make up the deficit for the same cases. Private doctors are out the reach of 

many caregivers or do not appear as appropriate answers to the current health needs. 
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 Table 5. Health care allocation to the gender of a child

Gender
Home Ritual   
(Yes/No by%)^

Ritual Specialist   
(Yes/No by%)

Store     
(Yes/No by %)

Biomedical 
(Yes/No by%)*

Male 19.1/80.9 4.3/95.7 74.5/25.5 21.3/78.7
Female 7.8/92.2 7.8/92.2 85.9/14.1 6.3/93.8
Note: *Significant at the 0.05 level; ^P=0.075

Treatments that require cash by gender (N=111)

 
 
Table 5. Health care allocation according to the gender of the child, based on data from Larme 

(1997). The displayed data indicate that females receive less health care allocation than their 

male counterparts, especially true at the most costly stages that require biomedical attention. 
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Figure 5. Graphical representaion of health care allocation according to the gender of the child, 

data listed in Table 5. The chart indicates that the male child recieves more attention to health 

needs in the home, followed by primarily equal treatment from ritual healers and store purchased 

medicattion. A large diversity is observed between male and female children when more 

expesive biomedical attention is required.
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 Table 6. Antibiotic-resistant E. coli carriage levels in Peruvian children

Antibiotic
3-12 months   

(N=145)
13-24 months   

(N=197)
25-36 months   

(N=180)
IDFX for 

trend (P  value)
Ampicillin 60.00% 54.30% 47.80% 4.86 (0.027)
Sulfamethoxazole 57.90% 51.80% 46.70% 4.06 (0.044)
Multidrug* 49.00% 43.20% 37.20% 4.54 (0.033)
Notes: *Ampicillin and sulfamethoxazole  

 
Table 6. Antibiotic resistant E. coli carriage levels in Peruvian children, based on data from 

Kalter et al., (2010). See text for detailed explaination of how environmental contamination 

affects the probability of contracting drug resistant E. coli. 
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Figure 6. Graphical representation of antibiotic resistant E. coli carriage levels among Peruvian 

children. See text for detailed explaination. 
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Figure 7. The plot above from Albrich et al. (2004) depicts a trend in penicillin-resistanct S. 

pneumoniae (%) to the antibiotic use as a dfined daily dose per 1,000 population per day. This 

trend demonstrates that increased antibiotic access and utilization increases the probability of 

resistant organisms to that antibiotic.  This is especially true in more developed nations with the 

Republic of Korea, Spain and France leading the pack.  Less developed countries such as in the 

Andes where new medical resources are beginning to be be used with more freuecy can also 

expect a similar trend. 
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Figure 8. A MDR-TB flow chart and web of factors is presented above from Atres and Mistry 

(2005).  It walks through the structural components (government policies and health care system) 

and socio-cultural and behavioral factors down through components they influence with the final 

result being the case of MDR-TB.  This displays an inricate process which should be looked at in 

its entirety for each individual community for those hoping to intervine in reistant TB.  It is 

important to note from this figure that the very systems put into place to combat TB and 

resistance can have a hand in creating resistance. 
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