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II SUMMARY 

Epidemiological survey on Peccaries (Tayassu pecari) and Pigs (Sus scrofa) 

in the Community Forestry Concession of Uaxactún, Maya Reserve Biosphere, 

Guatemala 

Samuel Alberto Mérida Ruíz 

 

a Summary 

This study was intended to describe the interrelationship between villagers, 

domestic animals and wildlife at the Community Forestry Concession of Uaxactún, 

Guatemala, by means of classical as well as participatory methods. Fieldwork was 

divided into two phases: one for generating epidemiological data on pigs and peccaries; 

whereas the other one for generating information regarding to livestock diseases 

considered as important by villagers, their relevance, as well as obtaining knowledge 

concerning to the hunting activities and cooking patterns. 

 

During a 10-months living within the village (August 2013 - May 2014), a 

participatory approach was developed for the assessment of the local perception 

concerning to diseases, as well as the behavior of people towards animals – both 

domestic and wild animals –. The relevance that people give to their animals and the 

investment people would like to do for improving the health of their livestock were 

assessed. As well, cooking patterns were studied for knowing the degree of risk that 

these could represent.  

 

50 white-lipped peccaries (Tayassu pecari, WLP) and 67 domestic pigs (Sus scrofa, 

DP) were sampled to determine the prevalence of several diseases in Uaxactún. Results 

are: Brucellosis 30 % WLP, 0 % DP; Leptospirosis 28 % WLP, 39 % DP. For pigs, no 

statistical significant difference between households (p = 0.2293), or sex (p = 0.3778) was 

found. For peccaries, no statistical difference for sex (p = 0.176), regions (p = 0.404) nor 

season (p = 0.895) was found. No individual was detected positive for Tuberculosis, 

Classical Swine Fever, Mycoplasmosis, Actinobacillus, Trypanosoma or Leishmania. All 

peccaries were heavily infested of ticks of the Amblyomma genus. 
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For poultry, Newcastle disease (NCD) was defined as the most important disease, 

and that poultry diseases are the most important due to economic factors and their high 

mortality rate. 33 samples of chicken (Gallus gallus), 16 of ducks (Cairina moschata) and 

3 of turkeys (Meleagris gallopavo) were collected. 41% of prevalence for Newcastle 

disease was found by hemagglutination inhibition assay by antibody detection, being 

chicken the most affected species. No samples were positive to Avian Influenza by 

Immunodiffusion Agar Gel test. No virus was isolated of the tracheal or cloaca swabbing 

of the ducks.  

 

Concerning to hunting, all species could be hunted by chance in any season. There 

was an influence of season, being peccaries (T. pecari and Pecari tajacu) more frequently 

hunted during summer, whereas deer (Mazama sp.; Odocoileus virginianus) and avian 

species (Crax rubra, Melleagris ocellata, Penelope purpurascens) during the rainy 

season. Hunting of other species such as armadillos (Dasypus novemcintus) and 

tepezcuintles (Cuniculus paca) occur mostly by chance. 

 

Cooking patterns depend according to the species. Stewed is predominant for 

peccaries, avian species and tepezcuintle, whereas grilled for deer, roasted for armadillo 

and marinated for pork. Villagers do not consume raw meat. These data was considered 

as relevant since the main subject of the investigation was to identify factors which could 

increase the risk of acquiring a zoonotic disease. 

 

It is concluded that the most important livestock species are chicken and pigs, being 

chicken the most affected by health issues. No evident health problems on pigs were 

observed. Hunting is directed to larger species. Cooking patterns reflect mostly a 

protective factor, as stewed and broths are the most common patterns. There is no risk 

requiring immediate action for relevant diseases for both humans and animals. But, both 

agricultural and hunting activities represent a risk factor, as hunters may act as 

mechanical vectors for different pathogens within domestic and wild animal populations. 

Therefore, ongoing surveillance activities, taking classical as well as participatory 

epidemiological methods into account should be established.  
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b. Zusammenfassung 

Epidemiologische Untersuchung von Pekaris (Tayassu pecari) und 

Hausschweinen (Sus scrofa) in den Waldgemeinschaften von Uaxactún, Maya 

Biosphere Reserve, Guatemala 

Samuel Alberto Mérida Ruíz 

 

Das Ziel der nachfolgend beschriebenen Studie ist es, die Zusammenhänge 

zwischen Dorfbewohnern, Haustieren und Wildtieren in der 

Gemeinschaftsforstkonzession „Uaxactún“, Guatemala, hinsichtlich des Vorkommens von 

Pathogenen zu analysieren und  Faktoren zu identifizieren, die das Risiko an einer 

Zoonose zu erkranken, erhöhen können. Dabei sollten auch partizipatorische 

epidemiologische Methoden angewendet werden. Die Feldarbeit wurde dazu in zwei 

Phasen unterteilt. In der ersten Phase wurden klassisch-epidemiologische Daten (inkl. 

Probenentnahmen) zu Schweinen und Pekaris erhoben. In der zweiten Phase wurde eine 

Befragung der Anwohner durchgeführt und diese zu ihren Einstellungen sowie den 

Aktivitäten der Jagd sowie deren Kochgewohnheitene erfasst. 

 

Diese zweite Phase wurde in einer zehnmonatigen Erhebungsphase (August 2013 

- Mai 2014) im Dorf durchgeführt und mit einem partizipatorischen Ansatz Methoden 

entwickelt, um die Auffassung der Menschen bezüglich Krankheiten der Tiere und davon 

ausgehenden Gefahren für die eigene Gesundheit sowie das Verhalten der 

Dorfbewohner gegenüber Nutz- und Wildtieren einzuschätzen. Es wurde ebenfalls 

beurteilt, welchen Stellenwert die Bewohner ihren Nutztieren gaben und welche 

Bereitschaft sie hatten, in eine Verbesserung der Tiergesundheit zu investieren. Darüber 

hinaus wurden Kochgewohnheiten abgefragt, um das Risiko einer Exposition der 

Verbraucher durch diese Gewohnheiten abzuschätzen. 

 

Proben von 50 Weißbartpekaris (Tayassu pecari, WLP) und 67 Hausschweinen 

(Sus scrofa, DP) wurden entnommen, um die Prävalenz von verschiedenen 

Krankheitserregern in der Gemeinschaft „Uaxactún“ zu bestimmen. Dabei wurden in 30% 

der WLP und bei keinem der DP Brucelloseerreger, sowie bei 28% der WLP und 39% der 
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DP Leptospiroseerreger nachgewiesen. Weder der Haushalt (p=0,2293), in dem die Tiere 

gehalten wurden, noch das Geschlecht (p=0,3778) der Schweine waren statistisch 

signifikant mit dem Vorkommen dieser Erreger assoziiert. Außerdem gab es keinen 

statistischen Unterschied zwischen männlichen und weiblichen Tieren (p=0,176), 

zwischen den Regionen (p=0,404) oder einen jahreszeitlichen Einfluss (p=0,895). Erreger 

der Tuberkulose, klassischen Schweinepest, Mycoplasmose oder Actinobacillose wurden 

bei keiner untersuchten Tierart nachgewiesen. Alle Pekaris waren stark von Zecken der 

Gattung Amblyomma befallen. 

 

Die Dorfbewohner maßen Geflügelkrankheiten wegen ihres wirtschaftlichen 

Einflusses die größte Bedeutung bei, wobei die Newcastle-Krankheit (NCD) als 

besonders wichtig wahrgenommen wurde. Es wurden 33 Proben von Hühnern (Gallus 

gallus), 16 von Enten (Cairina moschata) und 3 von Puten (Meleagris gallopavo) 

gesammelt. Der Erreger der Newcastle-Krankheit wurde mittels Antikörper-Nachweis im 

Hämagglutinations-Hemm-Test bei 41% der untersuchten Proben nachgewiesen, wobei 

die Hühner am Häufigsten betroffen waren. Der Erreger der aviären Influenza konnte 

mittels Immundiffusions-Agargel-Test nicht nachgewiesen werden. Es wurde kein Virus 

aus einem Luftröhren- oder Kloakentupfer der Enten isoliert. 

 

Generell wurden alle Tierarten zu jeder Jahreszeit gejagt. Pekaris (T. pecari und 

Pecari tajacu) wurden jedoch in der Trockenzeit häufiger erlegt, während Hirsche 

(Mazama sp.; Odocoileus virginianus) und Wildvogelarten (Crax rubra, Melleagris 

ocellata, Penelope purpurascens) eher während der Regenzeit erlegt werden konnten. 

Gürteltiere (Dasypus novemcintus) und Pacas (Cuniculus paca) wurden je nach 

Gelegenheit gejagt. 

 

Die Kochgewohnheiten hängen von der Tierart ab. Wildschweine, Wild- und 

Hausvögel sowie Pacas wurden eher geschmort, Gürteltiere gegrillt und Schweinefleisch 

mariniert, während Hirsche auf einer „Plancha-Grillplatte“ zubereitet wurden. Die 

Dorfbewohner essen kein rohes Fleisch.  
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Aus den Ergebnissen kann geschlossen werden, dass Hühner und Schweine die 

wichtigsten Nutztierarten im Dorf sind, wobei Hühner am stärksten von Krankheiten 

betroffen sind. Es gab keine offensichtlichen Gesundheitsprobleme bei den Schweinen. 

Es werden hauptsächlich größere Spezies gejagt. Die Kochgewohnheiten stellen eher 

einen Schutzfaktor dar, da Dünsten und Brühen die gängigsten Zubereitungsarten sind. 

Es besteht also keine Gefahr für Menschen aus diesem Grund zu erkranken, so dass 

diesbezüglich kein Handlungsbedarf besteht. Sowohl landwirtschaftliche wie auch 

jagdliche Aktivitäten sind jedoch ein Risikofaktor für die Verbreitung von Krankheiten, da 

die Personen mechanische Träger von verschiedenen Krankheitserregern in Haus- und 

Wildtierpopulationen sein können. Deswegen sollten Überwachungssysteme unter 

Berücksichtigung klassischer und partizipatorischer epidemiologischer Methoden 

eingerichtet werden.  
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c. Resumen 

Estudio epidemiológico en Pecaríes (Tayassu pecari) y Cerdos (Sus scrofa) en la 

Comunidad de Concesión Forestal de Uaxactún, Reserva de la Biósfera Maya. 

 

Samuel Alberto Mérida Ruíz 

 

El presente estudio tuvo como objetivo describir la relación entre aldeanos, 

animales domésticos y silvestres en la Comunidad de Concesión Forestal de Uaxactún, 

Guatemala, mediante métodos clásicos y participativos. El trabajo de campo se dividió en 

dos fases: la primera para generar información epidemiológica en cerdos y pecaríes, 

mientras que la segunda en generar información respecto a las enfermedades de los 

animales domesticos, consideradas como importantes por los aldeanos, su relevancia, 

así como obtener conocimiento respecto a la cacería y preparación de alimentos. 

 

Durante una estancia de 10 meses en la aldea (Agosto 2013 – Mayo 2014), un 

acercamiento participativo fue desarrollado para evaluar la percepción local respecto a 

las enfermedades, así como la actitud de las personas hacia los animales domésticos y 

silvestres. La relevancia que la gente le da a sus animales, así como la inversión que la 

gente está dispuesta a realizar para mejorar la salud de los animales. Así también, se 

evaluaron las formas de preparación de los alimentos para determinar el riesgo que estas 

pueden representar. 

 

Muestras de 50 pecaríes (Tayassu pecari, WLP) y de 67 cerdos (Sus scrofa, DP) 

fueron recolectadas para determinar la prevalencia de diversas enfermedades en 

Uaxactún. Los resultados son: Brucelosis: 30 % WLP, 0 % DP; Leptospirosis 28 % WLP, 

39 % DP. No se encontró diferencia estadísticamente significativa entre hogares (p = 

0.2293), o por sexo (p = 0.3778). No se encontró diferencia estadística por sexo (p = 

0.176), por región (p = 0.404) o temporada (p = 0.895) en pecaríes.Ningún individuo fue 

positivo a Tuberculosis, Peste Porcina Clásica, Mycoplasmosis, Actinobaciullus, 

Trypanosoma o Leishmanias. Todos los pecaríes estaban fuertemente infestados por 

garrapatas del género Amblyomma. 
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Para las aves, la enfermedad de Newcastle (NCD) fue reconocida como la más 

importante, así también que las enfermedades aviares son las más relevantes debido a 

factores económicos y su alta mortalidad. 33 muestras de pollos (Gallus gallus), 16 de 

patos (Cairina moschata) y 3 de pavos (Meleagris gallopavo) fueron recolectadas. Se 

determinó una prevalencia de 41% de NCD en aves mediante prueba de inhibición de 

hemoaglutinación para la detección de anticuerpos, siendo los pollos la especie más 

afectada. Ninguna muestra fue positiva para influenza aviar mediante inmunodifusión en 

Agar Gel. No se aisló virus alguno de los hisopados traqueales o cloacales de los patos.  

 

Todas las especies pueden ser cazadas fortuitamente en cualquier época del año, 

siendo los pecaríes (T. pecari y Pecari tajacu) más frecuentemente cazados durante el 

verano; mientras que los venados (Mazama sp.; Odocoileus virginianus) y especies 

aviares (Crax rubra, Melleagris ocellata, Penelope purpurascens) en la época lluviosa. La 

cacería de otras especies, como armadillos (Dasypus novemcintus) y tepezcuintles 

(Cuniculus paca) sucede de manera fortuita. 

 

Las formas de preparación de alimentos dependen de la especie. Guisado es 

predominante para pecaríes, aves y tepezcuintle, a la plancha para venado, asado para 

armadillo y marinado para cerdo. Los aldeanos no consumen carne cruda. Estos datos 

son relevantes, debido a que la investigación buscaba determinar factores de riesgo de 

adquirir enfermedades zoonóticas. 

 

Se concluye que los animales más importantes son los pollos y los cerdos, siendo 

los pollos los más afectados de salud. No se encontraron problemas de salud en cerdos. 

La cacería se enfoca a especies grandes. Las formas de cocinar reflejan un factor de 

protección, ya que los guisos y caldos son las formas más comunes. No hay riesgos que 

requieran de atención inmediata tanto para humanos como animales. Tanto las 

actividades de cacería y agricultura representan un factor de riesgo, ya que los 

cazadores pueden actuar como vectores mecánicos para el movimiento de patógenos 

entre las poblaciones domésticas y silvestres. Por lo tanto, deberían establecerse 
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medidas de vigilancia, involucrando métodos de epidemiología clásica y de 

epidemiología participativa. 
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1 General Introduction 

1.1 Background 

Guatemala is a country located at the north of Central America, bordering to the 

south with the Pacific Ocean; Belize, El Salvador and Honduras to the east, and Mexico to 

the north and west. Guatemala has one of the most diverse and ecologically rich zones for 

the region (Holdridge, 1967). 

 

According to the CIA Factbook (2011), deforestation in the Petén rainforest, soil 

erosion and water pollution account as the major ecological problems for the country. With 

an estimated 56.2% of the total population (13,550,440; 2010) living below the poverty 

line, and an urban population of 49% of total population (2008), the risk of getting diseased 

by infectious agents is high. Labor force is estimated around 4.157 million (2009 est.), 

where agriculture accounts for the 50% of the labor force; cattle, sheep, pigs and chickens 

are the most common domestic breeding species. Thus, encroachment into wildlife has 

been rising constantly for the last century and has been estimated to grow, as the 40% of 

the population is under 15 years (2010 est.) (CIA Factbook, 2011). 

 

Interaction between human and animal populations is a possible hazard for the 

outspread of zoonotic agents; which is especially true for the strong interrelationship 

between wildlife and rural populations in developing countries. (Aguirre et al. 2002) Most of 

the families in Uaxactún cultivate maize and other crops for domestic consumption, and 

raise pigs and poultry as sources of animal protein, as well as they collect and use 

material from wildlife. Hunting is common and happens in an irregular and opportunistic 

basis during the course of other extractive and agricultural activities, with only a small 

percentage continuing to rely on hunting for their subsistence. (Baur 2008, Baur et al. 

2008) Subsistence hunting pressure is directed towards larger vertebrate species, and 

individuals are generally harvested without regard to sex or age-class. According to Baur’s 

personal observations (2008), the annual wildlife harvests represent a subsidy equivalent 

to more than 10% of the local economy. Like many Maya Biosphere Reserve (forthwith: 

MBR) communities, Uaxactún is heavily dependent on natural resources to meet their 

basic needs. However, the reliance on bush meat differs between households and the 
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continuance of this practice remains as a potential danger for villagers, as they may trigger 

a disease outbreak of new or known pathogen. 

 

There is an interface between wildlife, domestic animals and humans, which may 

increase the zoonotic burden and cause human diseases. Because of the possible 

diseases that could emerge from wildlife to domestic animals and humans, human 

population is possible at risk. Therefore, the question “what pathogens do wild animals 

have” is essential to decide if a substantial burden of zoonotic pathogens exists. It is 

necessary to study the host species and their pathogens, and on the other hand, the 

ecosystem and the species; particularly, the health of those usable species. (Ojasti 2000; 

Aguirre 2002; Collinge 2006) 

 

One of the results of exponential human population increase is the encroachment of 

wildlife (usually associated with deforestation), and an increased contact between wildlife 

reservoirs of known and unknown pathogens. Any single change in the environment or 

ecological factor could influence the frequency of infectious diseases (i.e. monoculture and 

habitat simplification, increased contact rate between humans and previously isolated 

pathogens, or dominance of generalists over specialists) (Aguirre, et al. 2002). 

 

Knowledge, identification and characterization of zoonotic pathogens are essential 

therefore. Even if pathogens affect exclusively animals, they will have an impact on human 

populations if these cause animal diseases which may decrease the animal population, 

hinder the animal growth and breeding, or cause a hazard on the human feeding basis. 

Thus, a proper estimation of the pathogen pool in animals is an effort to achieve the “One 

Health Circle” proposed by the World Health Organization. Therefore, it is necessary to 

study the host species and their pathogens, and at the other, the ecosystem and the 

species. Also, it is necessary to study changes in habitat structure and land use, 

emergence and reemergence of infectious diseases and contaminants, as well as 

maintenance of biodiversity and ecosystem functions as they sustain plant and animal 

communities including humans (Aguirre, et al. 2002). 
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1.2 Peccaries 

Peccaries (Tayassuidae, Artiodactyla) are a group of frugivorous New World 

mammals widely distributed along the American continent and represent an important 

source of meat protein for the villagers of the forestry communities; as well, they are one of 

the most hunted species. (Romero et al. 2010, Shender et al. 2009, Jori et al. 2008, Mayor 

et al. 2006, Sowls 1996). Peccaries are prominent among the larger mammals over a vast 

part of the region. They are not only important because of their diverse biology, but as well 

as they represent a notable source of food and income for the rural people and figure in 

the daily life of them (Sowls, 1996). 

 

White-lipped peccaries (Tayassu pecari) are the only ungulate species within the 

neotropical rainforests forming large herds over 50 individuals, in contrast with the collared 

peccary (Pecari tajacu) which rarely exceeds 10 (Tavares et al. 2010, Peres 1996). The 

collared peccary ranges from the south of the United States of America as far as to 

Argentina, and it is valuable both as a game animal and as food for rural people. The white 

lipped peccary is found from Yucatán to the north of Argentina, being the latter one a key 

food animal for rural people throughout its range. They overlap frequently in their 

distribution and play simpatrical roles within their ranges (Sowls, 1996). 

 

Despite their importance, diseases of peccaries have been scarcely studied, and the 

most of the studies have been conducted in wild populations in Texas and Arizona in 

semiarid regions (Shender et al. 2009, Mayor et al. 2006). There are only few studies 

concerning to peccaries in Guatemala, and for the Latin American region there are just 

some previous studies in Bolivia and in the Peruvian Amazon. In South America, most of 

these studies have been conducted in farm-kept populations and most of the information 

comes from clinically healthy animals harvested during hunting seasons rather than from 

clinically ill free-ranging populations (Shender et al. 2009). Former studies in Latin America 

have shown peccaries being positive to Leptospirosis, Brucellosis, Mycobacterium bovis, 

Aujezky Disease, Swine Erysipela, Vesicular Stomatitis, Bluetongue, Porcine respiratory 

and reproductive syndrome (PRRS), Trypanosoma sp., Babesia sp., Swine Parvovirus, 

Canine Distemper Virus and Toxoplasma gondii (among others; Gerber et al. 2012; 
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Coutinho et al. 2012; Mayer & Cerva, 2012; Mérida et al. 2011; Tavares et al. 2010; 

Romero et al. 2010; Jori et al. 2009; Herrera et al. 2008; Mendoza et al. 2007; Mayor et al. 

2006; Freitas et al. 2004; Noon et al. 2003; Karesh et al. 1998; Appel et al. 1991; Lord & 

Lord, 1991; Corn et al. 1987; Nallar, personal communication, 2010). 

 

It is known that tropical and subtropical forests where peccaries live have the 

appropriate conditions which could favor the maintenance of disease cycles. (Wilson et al. 

2005). The causes of mortality in wild peccaries and their role as a potential source of 

diseases for humans, domestic and wild animals remain unknown (Shender et al. 2009; 

Mayor et al. 2006). So far, knowledge concerning peccaries is still missing, and especially 

now recent information about possible transmission between both wildlife and domestic 

livestock populations is needed.  

 

Although phenotypically similar to pigs (Sus scrofa) and belonging to the same order 

(Artiodactyla), collared and white-lipped peccaries belong to the Tayassuidae family 

whereas pigs to the Suidae family (Sowls, 1996). Following the early divergence from a 

common ancestor during the late Eocene–early Oligocene, peccaries and pigs evolved 

separately: peccaries in North America and pigs in Eurasia (Gerber et al. 2012; Ducrocq 

1994 in Herrera et al. 2008). 

 

1.3 Domestic Pigs 

Pig farming in Guatemala is considered as the second livestock activity, and 

according to the FAO, Guatemala has the largest pig production for Central America; this 

sector represents a 1.7% of the GDP, and around a 7% of the agricultural GDP. (Calderón, 

2015) According to the Ministry of Agriculture, Livestock and Food of Guatemala (MAGA), 

the 93.8% of the farms are backyard, 5.8% are semi-technical farms, 0.08% commercial 

farms and 0.32% industrial farms. For 2010, the pig population of Guatemala was 

estimated in 1, 591,701 pigs. (Calderón, 2015)  

 

At the rural areas of Guatemala, people commonly rear pigs and they are randomly 

raised without any concern of medicine or technical breeding (Anderson et al. 1993).  
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Currently, the government has created a program for the surveillance concerning to 

classical swine fever, as the status of “country free of CSF” was lost at 2010 due to an 

outbreak. (Calderón, 2015) In November 2014, the government prohibited the vaccination 

and the country undergoes the phase of control without vaccination (Edgar Bailey, 

Zoosanitary Department, Ministry of Agriculture, Livestock and Food, Guatemala – MAGA 

–, personal communication, 14 March 2015). 

 

But, swine diseases reported for Guatemala include Classical Swine Fever, 

Mycoplasmosis, Actinobacillus, Salmonella sp. and Brucella sp. (Edgar Bailey, Zoosanitary 

Department, Ministry of Agriculture, Livestock and Food, Guatemala – MAGA –, personal 

communication, 27 February 2015). Other diseases, such as Circovirus and Parvovirus 

have not been reported; whereas Aujezky and Porcine Reproductive and Respiratory 

Syndrome (PRRS) are absent, but since the latter ones are present in Mexico (David 

Orellana, Zoosanitary Department, Ministry of Agriculture, Livestock and Food, Guatemala 

– MAGA –, personal communication, 27 February 2015), it is thought that they could be 

spilled over Guatemala by meat or live animal smuggling.  

 

Prevalence for the different diseases and regions are diverse over the whole country, 

as Guatemala is one of the most diverse ecological regions for the area (Holdridge, 1967; 

de la Cruz, 1981), and the actual sanitary status or statistics concerning to the 

epidemiology for each specific are of the country is not known. Also, this information is not 

available to public in general as it is classified by the Government and systematic scientific 

publications are lacking as well. (David Orellana, Zoosanitary Department, Ministry of 

Agriculture, Livestock and Food, Guatemala – MAGA –, personal communication,27 

February 2015)  

 

1.4 Backyard Poultry  

Poultry sector constitutes a 2% of the national GDP of Guatemala, as well as the 8% 

of the agricultural GDP, and represents around a 60% of the protein of animal origin for the 

local diet. (PRESAAT, 2010) Poultry is stratified in hi-technical, and the backyard livestock, 

with an annual population of 115.25 million birds: 6 million laying hens, 96 million broilers, 
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0.75 million as the reproductive flock, 2.5 million for replacement, and 10 million in the 

backyard sector. (PRESAAT, 2010) 

 

Local prices of a hen may be around Q90-120 (€10), and people usually have a flock 

of at least 10 adult birds, including at least one rooster and several chickens of different 

ages. Due to the price difference, the ignorance of appropriate husbandry programs, 

vaccination against particular diseases and the easy access to other countries (particularly 

Mexico), a high percentage of the Guatemalan population has been consuming Mexican 

poultry and products creating a problem for the importation of diseases as Avian Influenza. 

(PRESAAT, 2010) As vaccination programs are never completely successful, and as 

diseases outbreaks occur randomly, diseases such as Newcastle would be able to kill an 

entire population of poultry in several communities at time, impacting the wealth of people. 

Through the PRESAAT (National program for backyard poultry health, in Spanish), the 

basic elements for the development of poultry production systems are given, to improve 

the welfare of the selected rural families. (PRESAAT, 2010) 

 

Common diseases affecting backyard poultry include Newcastle disease, Avian 

Cholera and Chicken Pox, among others. (Julio Cordón, National Program for Poultry, 

Ministry of Agriculture, Livestock and Food, Guatemala – MAGA –, personal 

communication, 27 February 2015). As stated in literature review (Conan et al. 2012, 

Kitaly, 1998) poultry represents an important sector in animal production, with backyard 

flocks representing a huge majority, especially in the developing countries. In these 

countries, villagers raise poultry to meet household food demands and as additional 

sources of incomes. 

 

1.5 Objectives 

The collection of data from wildlife for epidemiology in Guatemala is an almost absent 

area for the zoosanitary surveillance. Therefore, understanding in this case the pathogens 

which may be carried by wild animals, as well as the pathogens proper of the domestic 

livestock in the community, as a pilot study for the development of surveillance systems for 

wildlife for the country, is a paramount step for understanding the diseases of animals, and 



1 General Introduction | 7 

 

the impact they may have over the health or wealth of people, since many diseases may 

have a broad spectrum of hosts as well as high morbidity and mortality rates, hindering the 

economy of villagers. 

 

The focus of this study therefore was to determine the prevalence of potential 

zoonotic agents (Trypanosomiasis, Leishmaniasis, Leptospirosis, Brucellosis, and 

Tuberculosis) as well as the existence and prevalence of suidae pathogens (Classical 

Swine Fever, Mycoplasma and Actinobacillus), and blood parasites in peccaries and 

domestic pigs in the community forestry concession of Uaxactún. Thus, samples collected 

were analyzed for the above mentioned pathogens, focusing on prevalence and 

coexistence of pathogens in these taxa. As well, information on the habits and interaction 

between the villagers and the animal population was investigated by means of 

participatory epidemiology. With the aforementioned information, the pathogen burden on 

the human population in the community forestry was estimated and basis for possible 

future actions are given. 
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2 Materials and Methods 

 

The study was conducted as a two-part epidemiological investigation in Uaxactún, 

Guatemala. Within the first part (see Publication I) a field study was investigated in 

peccaries and pigs using classical epidemiological diagnostics. Using methods of 

participatory epidemiology within the second part (see Publication II) the social 

surroundings of the population, including backyard farming, hunting, and cooking habits 

were investigated. 

 

Study Area: The study was performed in Uaxactún (subtropical moist forest; 688 

people in 2000 and about 1,000 for 2008; at 17°23’40.41’’N, 89°37’58.29’’ W 168masl 

[UTM 16q 220082.10 mO, 1925018.32 mN]), located at the north of Guatemala. Uaxactún 

is one of the largest and oldest, traditional forest settlements within the Maya Biosphere 

Reserve itself. 

 

Sampling: 50 blood samples of white-lipped peccaries were collected between 

August 2013 and May 2014, during hunting events conducted regularly by subsistence 

hunters and villagers. Samples were collected immediately after hunting; whereas 67 

samples of domestic swine were collected at the community under regular veterinary 

visits. Blood samples of peccaries were collected from the heart, and when not feasible, 

by bleeding from the jugular vein; whereas for domestic pigs, from the orbicular sinus or 

from the jugular vein. For both taxa, about 10ml of blood were taken for whole blood tests 

and between 10-15ml for serological tests.  

 

Fifty-two samples of poultry were collected during the fieldwork for the determination 

of Avian Influenza and Newcastle disease by circulating antibodies detection.  

 

Samples for blood tests were conserved in tubes with EDTA or without 

anticoagulant. Samples were preserved cold during fieldwork in an icebox, kept within 

tube racks, and with enough ice or refrigerants. After returning to the village, samples 

were immediately stored at a fridge and serum was naturally allowed to separate by 
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repose. Sera were collected using syringes for 3ml  and stored in Eppendorf tubes and 

frozen at around -8°C, whereas blood samples were stored cold between 2 - 4°C. 

Samples were stored at the facilities available at the village. All samples were identified 

with four letters (2 for the village, 2 for the species scientific name), followed by 8 

numbers (YYYYMMDD) and 2 numbers for the individual sample.  

 

Transport and Laboratory analyses: Samples were transported regularly from 

Uaxactún to the City of Flores, Petén, and from there to Guatemala City; for all 

transportation, samples were placed in iceboxes with enough ice and refrigerants for 

conservation, until samples reached the laboratory where tests were performed.  

 

All samples were analysed at the reference laboratory of the Ministry of Agriculture, 

Livestock and Food. 

 

Participatory epidemiology: The interrelationship between Wildlife - Domestic 

animals - Humans was determined through participatory methods (Catley, 1999; Mariner 

2000, Catley et al. 2002, Kuhnlein, 2013). Methods performed were individual conducted 

interviews, group sessions, questionnaires, proportional piling and other participatory 

epidemiology techniques, as well as an active participation in the different duties of 

villagers.  

 

Within the social methods, and for increasing the participation of the community, an 

active role played by the field researcher was taken; the veterinarian was working for free 

at the village with different services. The most relevant fieldwork for being integrated into 

the community was deworming and vitaminization of pigs (Albendazole 10% PO, 

20mg/kg; AD3E + Complex B 3-5cc). Other treatments included administration of 

Ivermectin (1%) to dogs, and deworming and vitaminizing equines. As well, poultry were 

vaccinated against Newcastle Disease, Pasteurellosis, and Coryza disease (Triple Aviar, 

LAVET laboratories, Guatemala). 
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Data evaluation and Statistical Analyses: For the ongoing research we 

considered three sets of data, i.e.: 

 

 Laboratory data, consisting on sample collection and the information generated of 

these (See materials and methods section, Publication I, Publication 2, Appendix 9.1 and 

9.22). This data was stored in Excel (Microsoft office 2010). 

 

 Census data: consisting in spreadsheets of Excel (Microsoft office 2010), 

containing information concerning to the villagers and the community in general. (See 

Appendix 9.4, 9.5 and 9.6). 

 

 Data concerning to the general surveillance created at the village by conducted 

surveys (See Publication II, Appendix 9.3).  

 

All data was processed in SAS® software (SAS Institute, 2011). To determine the 

prevalence of the evaluated diseases as well as to determine the influence of several 

variables under study usual contingency tables were analyzed by means of Fisher's exact 

tests and Cramer's V to check for statistical significance of the association. Due to the 

explorative nature of the study no regression-like models were analyzed. 
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(A) Abstract: Background: Interaction between human and animal population is a 

possible hazard for the outspread of zoonotic agents. This is especially true for the strong 

interrelationship between wildlife and rural populations in semi-development countries like 

Guatemala. The focus of the paper is therefore to determine the prevalence of potential 

zoonotic agents as well as animal diseases in peccaries (Tayassu pecari, WLP), and 

domestic pigs (Sus scrofa, DP) in the community forest of Guatemala.  

 

Methods: 50 WLP and 67 DP pigs were sampled and laboratory examination were 

conducted by means of ELISA tests for Classical Swine Fever, Mycoplasma and 

Actinobacillus; Microagglutination test for Leptospirosis; Card Test for Brucellosis; 

Intradermal PPD-Mammalian injection for Tuberculosis, and blood smears for blood 

parasites. 

 

Results: The study shows the following prevalences: Brucellosis 30 % WLP, 0 % 

DP; Leptospirosis 28 % WLP, 39 % DP; five serovars of Leptospira were identified for 

pigs: Pomona (12), followed by Bratislava (7), Tarassovi (3), Pyrogenes (2) and Bataviae 

(2). No difference between households (P = 0.2293) and no influence of sex (P = 0.3778) 

was found. For peccaries, most common serovar was Pyrogenes (4), followed by 

Bratislava (3), Bataviae (2), Pomona (2), Tarassovi (1), Autumnalis (1) and 

Grypotyphossa (1). There is no statistical difference between males and females (P = 

0.176), between regions (P = 0.404) nor within the year season (P = 0.895). No samples 

were detected positive for Tuberculosis, Classical Swine Fever, Mycoplasmosis or 

Actinobacillus. No individual was positive to Trypanosoma or Leishmania by blood 

smears. All peccaries were heavily infested with ticks of the Amblyomma genus.  

 

Conclusion: These results represent the first reports of Brucellosis and Leptospirosis 

in wild white-lipped peccaries in Guatemala. Because of the zoonotic risk that these 

diseases may represent for human health, an ongoing effort towards surveillance of these 

in wildlife and backyard species is necessary.  

 

Keywords: Leptospirosis, Brucellosis, Wildlife, Surveillance, Zoonosis 
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Abbreviations: ACT (Actinobacillus); Br (Brucellosis); CP (Collared peccary); CSF 

(Classical swine fever); DP (Domestic Pig); ELISA (Enzyme-Linked Immuno Sorbent 

Assay); FMVZ (Faculty of Veterinary Medicine, USAC); MAGA (Ministry for Agriculture, 

Livestock and Food, Guatemala); masl (meters above sea level); MAT (Microagglutination 

test); MBR (Maya Biosphere Reserve); ml (milliliters); MYO (Mycoplasma); TB 

(Tuberculosis); USAC (University of San Carlos of Guatemala); WLP (White-lipped 

peccary). 

 

(B) Introduction stating purpose of the work 

 

Background 

Peccaries (Tayassuidae, Artiodactyla) are frugivorous mammals widely distributed 

along the American continent and represent an important source of meat protein for the 

villagers of the forestry communities; as well, they are one of the most hunted species 

(Romero et al. 2010, Shender et al. 2009, Jori et al. 2008, Mayor et al. 2006, Sowls 

1996). White-lipped peccaries (Tayassu pecari) are the only ungulate species within the 

neotropical rainforests forming large herds over 50 individuals, in contrast with the 

collared peccary (Pecari tajacu) which rarely exceeds 10 (Tavares et al. 2010, Peres 

1996). Despite their importance, their diseases have been scarcely studied, and the 

majority of the studies have been conducted in wild populations in Texas and Arizona in 

semiarid regions (Shender et al. 2009, Mayor et al. 2006). For the Latin American region 

there are only some previous studies in Bolivia and in the Peruvian Amazon (Shender et 

al. 2009). In Guatemala, studies concerning peccaries are few. Shender et al. (2009) 

indicate that most of these studies have been conducted in farm-kept populations and 

most of the information comes from clinically healthy animals harvested during hunting 

seasons rather than from clinically ill free-ranging populations. Former studies in Latin 

America have shown peccaries being positive to Leptospirosis, Brucellosis, 

Mycobacterium bovis, Aujezky, Swine Erysipela, Vesicular Stomatitis, Bluetongue, PRRS, 

Trypanosoma sp., Babesia sp., Swine Parvovirus, Canine Distemper Virus and 

Toxoplasma gondii (among others; Gerber et al. 2012; Coutinho et al. 2012; Mayer & 

Cerva, 2012; Mérida et al. 2011; Tavares et al. 2010; Solorio et al. 2010, Romero et al. 



3 Publication I | 16 

 

2010; Jori et al. 2009; Herrera et al. 2008; Mendoza et al. 2007; Mayor et al. 2006; Freitas 

et al. 2004; Noon et al. 2003; Karesh et al. 1998; Appel et al. 1991; Lord & Lord, 1991; 

Corn et al. 1987; Nallar, personal communication, 2010). 

 

It is known that tropical and subtropical forests where peccaries live have the 

appropriate conditions which could favor the maintenance of disease cycles. (Wilson et al. 

2005). The causes of mortality in wild peccaries and their role as a potential source of 

diseases for humans, domestic and wild animals remain unknown (Shender et al. 2009; 

Mayor et al. 2006). So far, knowledge concerning to the diseases of peccaries is still 

limited, and information about possible transmission between both wildlife and domestic 

livestock populations is needed. 

 

Although phenotypically similar to pigs (Sus scrofa) and belonging to the same order 

(Artiodactyla), the collared and white-lipped peccaries belong to the Tayassuidae family 

whereas pigs to the Suidae family (Sowls, 1996). Following the early divergence from a 

common ancestor during the late Eocene–early Oligocene, peccaries and pigs evolved 

separately: peccaries in North America and pigs in Eurasia (Gerber et al. 2012; Ducrocq 

1994 in Herrera et al. 2008). 

 

Pigs are one of the most important livestock in Guatemala. At the rural areas of 

Guatemala, they are randomly raised without any concern of medicine or technical 

breeding. Swine diseases reported for Guatemala include Classical Swine Fever, 

Mycoplasmosis, Actinobacillus, Salmonella sp. and Brucella sp. (Ministry of Agriculture, 

Livestock and Food, Guatemala – MAGA –, personal communication). Other diseases, 

such as Circovirus, Parvovirus Aujezky and PRRS have not been reported. 

 

Interaction between human and animal populations is a possible hazard for the 

outspread of zoonotic agents; which is especially true for the strong interrelationship 

between wildlife and rural populations in developing countries (Aguirre et al. 2002). Most 

of the families in Uaxactún cultivate maize and other crops for domestic consumption, and 

raise pigs and poultry as sources of animal protein, as well as they collect and use 
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material from wildlife. Hunting is common and happens in an irregular and opportunistic 

basis during the course of other extractive and agricultural activities, with only a small 

percentage continuing to rely on hunting for their subsistence. (Baur 2008, Baur et al. 

2008) Subsistence hunting pressure is focused on larger vertebrate species, and 

individuals are generally harvested without regard to sex or age-class. According to 

Baur’s personal observations (2008), the annual wildlife harvests represent a subsidy 

equivalent to more than 10 % of the local economy. Like many Maya Biosphere Reserve 

(forthwith: MBR) communities, Uaxactún is heavily dependent on natural resources to 

meet their basic needs. However, the reliance on bush meat differs between households 

and the continuance of this practice remains as a potential danger for villagers, as they 

may trigger a disease outbreak of new or old known pathogen.  

 

There is an interface between wildlife, domestic animals and humans, which may 

increase the zoonotic burden and cause human diseases. Because of the possible 

diseases that could emerge from wildlife to domestic animals and humans, human 

population is possible at risk. Therefore, the question “what pathogens do wild animals 

have” is essential to decide if a substantial burden of zoonotic pathogens exists. It is 

necessary to study the host species and their pathogens, and on the other hand, the 

ecosystem and the species; particularly, the health of those usable species (Ojasti 2000; 

Aguirre 2002; Collinge 2006). 

 

The focus of this study therefore was to determine the prevalence of potential 

zoonotic agents (Trypanosomiasis, Leishmaniasis, Leptospirosis, Brucellosis, and 

Tuberculosis) as well as the existence and prevalence of suidae pathogens (Classical 

Swine Fever, Mycoplasma and Actinobacillus), and blood parasites in peccaries and 

domestic pigs in the community forestry concession of Uaxactún.  

 

(C) Materials and Methods 

Study Area: The study was performed in Uaxactún (subtropical moist forest; 688 

people in 2000 and about 1,000 for 2008; at 17°23’40.41’’N, 89°37’58.29’’ W 168masl 

[UTM 16q 220082.10 mO, 1925018.32 mN]), located at the north of Guatemala. Uaxactún 
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is one of the largest and oldest, traditional forest settlements within the Maya Biosphere 

Reserve itself. 

 

Sampling: 50 blood samples of white-lipped peccaries were collected between 

August 2013 and May 2014, during hunting events conducted regularly by subsistence 

hunters and villagers. Samples were collected immediately after hunting; whereas 67 

samples of domestic swine were collected at the community under regular veterinary 

visits. Blood samples of peccaries were collected from the heart, and when not feasible, 

by bleeding from the jugular vein; whereas for domestic pigs, from the orbicular sinus or 

from the jugular vein. For both taxa, about 10ml of blood were taken for whole blood tests 

and between 10-15ml for serological tests.  

 

The amount of samples was determined by a probabilistic approach. With these 

sampling figures an absolute error of less than ±15% of any prevalence observed may be 

estimated for 95%-confindence intervals for the prevalence (Thrusfield, 2005). For rare 

pathogens these numbers guarantee that the probability of detecting at least one positive 

sample is close to 100%, if the true prevalence increases 2% (Canon & Roe; 1982). 

 

Samples for blood tests were conserved in tubes with EDTA (BD Vacutainer® Plus 

Plastic K2EDTA Tubes, Becton, Dickinson and Company, USA) or without anticoagulant 

(BD Vacutainer® Plus Plastic Serum Tubes, Becton, Dickinson and Company, USA). 

Samples were preserved cold during fieldwork in an icebox (30 Quart Cooler, Coleman®, 

USA), kept within tube racks (different manufacturers), and with enough ice or refrigerants 

(Maxcold® Ice Medium Freezer Block, IGLOO®, USA). After returning to the village, 

samples were immediately stored at a fridge and serum was naturally allowed to separate 

by repose. Sera were collected using syringes for 3ml (different manufacturers) and 

stored in Eppendorf tubes ® (USA) and frozen at around -8°C, whereas blood samples 

were stored cold between 2 - 4°C. Samples were stored at the facilities available at the 

village. 
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Samples were transported regularly from Uaxactún to the City of Flores, Petén, and 

from there to Guatemala City; for all transportation, samples were placed in iceboxes (70 

Quart Xtreme® 5 Cooler, Coleman®, USA) with enough ice and refrigerants (Maxcold® 

Ice Medium Freezer Block, IGLOO®, USA) for conservation, until samples reached the 

laboratory where tests were performed.  

 

Serology: Classical Swine Fever, Mycoplasmosis, and Actinobacillosis were 

determined by ELISA IDEXX HERDCHEK® Antibody Test Kits at the reference laboratory 

of the Ministry of Agriculture, Livestock and Food. 

 

ELISA: Coating: antibody was diluted with Coating Buffer and wells of ELISA plate 

appropriately coated with the antigen by pipetting 100 μl of the diluted solution. Plate was 

covered with an adhesive plastic and incubated for 2 hours at 37°C. The antibody coating 

solution was removed from the wells by flicking the plate over a sink, after which the plate 

was washed three times by adding 200 μl of Washing Buffer to the wells. 

 

Blocking: 200 μl of Blocking Buffer were added to block the non-specific binding 

sites in the coated wells. Then, the plate was covered with an adhesive plastic and 

incubated for 1 hour at 37°C. The Blocking Buffer was removed from the wells by flicking 

the plate over a sink, and the plate was washed three times by adding 200 μl of Washing 

Buffer to the wells. 

 

Competitive Incubation: the standard/sample was diluted in the Blocking Buffer and 

the HRP conjugated antigen diluted in the Blocking Buffer at the same time. The 

standards/sample and HRP-conjugated antigen were mixed together and add 100 μL of 

the diluted mixture to the wells. The plate was covered with an adhesive plastic and 

incubated for 2 hours at 37°C. The mixture solution was then removed from the wells 

flicking the plate over a sink. The plate was washed three times by adding 200 μl of 

Washing Buffer to the wells. 
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Detection: 100 μl of the TMB Reagent was added per well with a multichannel pipet. 

After sufficient color development, 100 μl of Stop Buffer were added to the wells, and after 

10-15 minutes lecture was performed; the absorbance of each well was measured with a 

plate reader. 

 

Brucellosis: was determined by Card Test at the Department of Microbiology, 

Faculty of Veterinary Medicine, University of San Carlos, Guatemala. Within a given 

order, 30 µl of sera were deposited on each square of the glass, and 30 µl of Dyed 

antigen were added next to each sera sample, avoiding mixture at this point. With a clean 

stirrer, antigen and sera were mixed, creating a surface of around 2-2.5 cm. After mixing, 

4 minutes have to be waited, and during this time, the glass has to be swiveled at a 10-

12RPM. If mixture showed agglutination, then sample was positive to Brucellosis.  

 

Leptospirosis: was detected by MAT test, at the Department of Microbiology, 

Faculty of Veterinary Medicine, University of San Carlos, Guatemala. For the MAT test, all 

96 wells of a microtitre plate were filled with 50 µl PBS, to which another 40 µl PBS were 

added to the wells of the second column. 10 µl of antiserum were added afterwards to the 

wells of column 2. 50 µl from one well were dilute by pipetting to the next. The final 50 µl 

were discarded. Afterwards, 50 µl of sera were added to all wells and the microtitre plate 

was covered. Samples were incubated for 4 hours at 30°C. Lecture was performed 

afterwards by Dark Field Microscopy. 

 

Tuberculosis: For pigs, PPD-Mammalian intradermal tuberculinization test 

(mantoux) was performed, injecting 0.1ml of PPD mammalian (AN5 strain; SAGARPA 

Reg. B-0653-035) at the eyelid. Samples were read after 72 hours. For peccaries, 

imprintings would be collected if clinical lesions suggested tuberculosis, which was not 

the case. 

 

Parasite species determination: Blood samples were processed at the 

Parasitology Laboratory of the University of San Carlos, Guatemala. 3-5 blood smears 

were fixed at the field with absolute methanol in the same day of the hunting, in order to 
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avoid cell lysis. Wright staining was performed at the laboratory to determine blood 

parasites Smears were set in a manual staining rack, after which blood smears were set 

in Methanol for 30 seconds. Afterwards, slides were flooded with WRIGHT staining for 3 

minutes. Slides were set in Wright Stain Buffer for 1.5 minutes. Slides were air dried 

before examination with immersion oil and 100x objective. 

 

Statistical evaluation: To determine the prevalence of the evaluated diseases as 

well as to determine the influence of sex, the origin of the sample, which are for the 

hunting activities six different sub-regions of the forest, and for pigs, it was 21 different 

households participating on this study. Season was scaled by (month) of hunting. Groups 

were compared based on usual frequency tables statistics and Fisher's exact test was 

used to compare groups. All risk analyses are expressed with usual and adjusted Odds 

Ratio (Dohoo et al., 2009).  

 

(D) RESULTS 

Samples of 67 DP and 50 WLP were collected from Uaxactún. Results are reported 

in the following table, with a general overview on the amount of positive outcome for each 

disease under study. 
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Table 1: Amount of positive findings in peccaries and pigs in Uaxactun:  

number of positives (%) 

 White-lipped peccary Domestic Pig 

finding males 

(n=29) 

females 

(n=21) 

males 

(n=42) 

females 

(n=25) 

Trypanosomiasis 0 (0) 0 (0) 0 (0) 0 (0) 

Leishmaniasis 0 (0) 0 (0) 0 (0) 0 (0) 

Leptospirosis 6 (20.6) 8 (38.09) 18 (42.85) 8 (32) 

Brucellosis 8 (27.58) 7 (33.3) 0 (0) 0 (0) 

Tuberculosis 0 (0) 0 (0) 0 (0) 0 (0) 

Babesia sp. 29 (100) 21 (100) 0 (0) 0 (0) 

C. Swine Fever 0 (0) 0 (0) 0 (0) 0 (0) 

Mycoplasma 0 (0) 0 (0) 0 (0) 0 (0) 

Actinobacillus 0 (0) 0 (0) 0 (0) 0 (0) 

 

Leptospirosis: Leptospirosis had prevalence of 38.8% by circulating antibodies in 

pigs. Five serovars were identified for the domestic pigs at the community, being the most 

common serovar Pomona (12), followed by Bratislava (7), Tarassovi (3), Pyrogenes (2) 

and Bataviae (2). No statistical difference between households (p = 0.2293) and no 

influence of sex (p = 0.3778) was detected. 
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Table 2: Frequencies of Leptospirosis in Pigs by Household:  

number of positives (%) 

Household 

Positive 

(Percentage)  

Total 

animals 

1 2 (66.67) 3 

2 1 (11.11) 9 

3 0 (0.00) 2 

4 1 (50.00) 2 

5 0 (0.00) 2 

6 0 (0.00) 1 

7 0 (0.00) 2 

8 3 (60.00) 5 

9 1 (50.00) 2 

10 1 (33.33) 3 

11 2 (100.00) 2 

12 1 (25.00) 4 

13 4 (80.00) 5 

14 0 (0.00) 2 

15 2 (66.67) 3 

16 2 (100.00) 2 

17 1 (33.33) 3 

18 0 (0.00) 3 

19 1 (33.33) 3 

20 3 (50.00) 6 

21 1 (33.33) 3 

 

For peccaries, results contrast as prevalence was 28%, by circulating antibodies; 

being the most common serovar Pyrogenes (4), followed by Bratislava (3), Bataviae (2), 

Pomona (2), Tarassovi (1), Autumnalis (1) and Grypotyphossa (1). There is no statistical 

difference between males and females (p = 0.176), neither between regions (p = 0.404) 

nor within year season (p = 0.895).  
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Table 3: Frequencies of Leptospirosis in Peccaries by Season:  

number of positives (%) 

Month 

Positive 

(Percentag

e) 

Total 

animals 

September 1 (33.33) 3 

October 2 (18.18) 11 

November 2 (40.00) 5 

January 1 (33.33) 3 

March 2 (50.00) 4 

April 3 (21.43) 14 

May 3 (30.00) 10 

 

Table 4: Frequencies of Leptospirosis in Peccaries by Region:  

number of positives (%) 

Region 

Positive 

(Percentage) 

Total 

animals 

1 0 (0.00) 7 

2 1 (50.00) 2 

3 6 (35.29) 17 

4 2 (25.00) 8 

5 5 (38.46) 13 

6 0 (0.00) 3 

 

No difference between both species was found for Leptospirosis strains distribution 

(p = 0.1627), nor for the overall prevalence (p = 0.2228).  

 

Brucellosis: peccaries had a prevalence of 30%. There was no difference 

according to the season month of hunting (p = 0.3865) nor between sex (p = 0.6616). 

Pigs were all negative to this test. 
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Table 5: Frequencies of Brucellosis in Peccaries by Month: number of 

positives (%) 

Month 

Positive 

(Percentage) 

Total 

animals 

Septembe

r 

1 (33.33) 3 

October 4 (36.36) 11 

November 3 (60.00) 5 

January 0 (0.00) 3 

March 0 (0.00) 4 

April 3 (21.43) 14 

May 4 (40.00) 10 

 

Table 6: Frequencies of Brucellosis in Peccaries by Region: number of 

positives (%) 

Region 

Positive 

(Percentage) 

Total 

animals 

1 0 (0.00) 7 

2 1 (50.00) 2 

3 4 (23.53) 17 

4 4 (50.00) 8 

5 5 (38.46) 13 

6 1 (33.33) 3 

 

No lesions consistent with tuberculosis were found during necropsy of both species; 

intradermal tuberculine injection on pigs did not develop any positive results. 

 

All peccaries were found positive to Babesia, whereas pigs were all negative. There 

was no evidence of Trypanosomiasis, Leishmanias, Classical Swine Fever, 

Mycoplasmosis or Actinobacillus.  
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(E) DISCUSSION 

Pig population in Uaxactún: Pigs are one of the most important livestock species 

for Uaxactún; as well, pigs are relatively healthy, since no diseases other than manges or 

gastrointestinal worms (Nematoda) were detected. To the authors’ knowledge, there are 

two factors which could explain this. The first one is that pigs are usually slaughtered at 

approximately 12 (+/- 2) months of age, depending on their individual growth, reducing 

the exposure time for acquiring or developing several diseases. Furthermore, they are 

usually slaughtered at December for the Christmas season; thus, pigs usually live around 

one year. This may have an incidence lowering the prevalence, explaining as well why 

diseases such as Tuberculosis are not detected, as the course of this disease is slow, 

before it begins to manifest clinical signs (OIE. 2014). Therefore it could expected, that no 

reaction to tuberculin injection, and no gross lesions were determined in lungs or regional 

lymph nodes. 

 

Peccary population in Uaxactún: To the authors’ perspective, peccaries are one of 

the most important species for bush meat in the community, a perspective that has been 

referred in literature (Romero et al. 2010, Shender et al. 2009, Jori et al. 2008, Mayor et 

al. 2006, Sowls 1996). This is due to the large herds created by this species (Tavares et 

al. 2010, Peres 1996), making them easier to hunt, as well as for the amount of meat a 

single animal may have. Up to date, the amount of herds within the forests of Uaxactún 

and their dynamics is not completely known or understood. 

 

General remarks to field work: Fieldwork posed a complicated effort as heavy 

raining and other projects conducted at the village took place during the season, as well 

as other natural activities of the villagers. Samples were successfully preserved and 

stored at the village. Several times, due to meteorological conditions and of road 

infrastructure, delivery to the laboratory was delayed for 2 or 3 weeks; nevertheless, 

conservation was successfully achieved at the facilities of the village. 

 

To assure the validity of the test procedure under the field condition two pigs were 

used for control. Pigs were sampled for Mycoplasmosis and detected negative. 
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Afterwards, pigs were vaccinated against Mycoplasmosis (Bayovac Neumogard, 1ml vía 

IM; Bayer, Mexico) two times with two weeks in between; both samples resulted positive 

one month after. 

 

Leptospira: Leptospirosis is a bacterial disease which becomes more prevalent in 

older animals. The majority of these infections within stable host-parasite relationships 

are usually asymptomatic (Jori et al. 2009, Mayor et al. 2006). In Uaxactún, although pigs 

are free-roaming animals and there are several water bodies in the community, the young 

age to which pigs are usually slaughtered apparently reduces the prevalence, as the 

overall prevalence found was around 39% The most commonly reported serovars for pigs 

are Pomona, Tarassovi and Bratislava; and incidentally Autumnalis, Icterohaemorrhagiae 

y Grippotyphosa (Sandow & Ramirez 2005). For peccaries, the most commonly reported 

serovars include Autumnalis, Grippotyphosa, Bataviae, Pomona, and 

Icterohaemorrhagiae (Tavares et al. 2010).  

 

In the case of the collared peccary (P. tajacu), there are varying reports regarding to 

this disease prevalence. For example: 28.5% of prevalence for leptospirosis in a semi-

wild population was reported in Guatemala (Mérida et al. 2011). As well, a report 

indicating a change of the prevalence in a population, from 100% to 86% in 27 months 

was given by Jori et al. (2009). Tavares et al. (2010) reported a prevalence of 70.4 % in 

White-lipped peccaries in Pantanal, Brazil, and that the type of antibody to L. interrogans 

serovars was linked to the age but not gender. Reports of prevalences of 65% in Bolivia 

(Karesh et al. 1995); 100% and 86.4% in the Peruvian Amazon (Jori et al. 2009); 100% in 

Loreto and 51.9%, 16.6% y 63.6% in Ucayali, Perú (Mendoza et al. 2007); 23% in Arizona 

(Corn et al. 1987) and 9.8% in Pará, Brazil (Mayor et al. 2006); 95% in Chapultepec, 

Mexico (Acoltzi et al. 1990). In several cases, individuals had shown antibodies against 

one or more serovars (Corn et al. 1987, Mendoza et al. 2007, Jori et al. 2009). To date, 

the role of tayassuidae as reservoirs and disseminators of leptospirosis has not been 

assessed (Jori et al. 2009). In this study, peccaries appear to have a low prevalence 

compared to other reports, as prevalence found is of 28%. 
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Brucella: In a former study, Freitas et al. (2004) reported a 6.9% of prevalence of 

brucellosis in Pantanal, Brasil. For the case of P. tajacu, Corn et al. (1987) did not detect 

any seroprevalence for Brucella spp. Conversely, in Apure and Guarico (Venezuela), Lord  

& Lord (1991) detected a seroprevalence of 87.8%, but were only able to isolate the 

pathogen in 31% of the samples. Mayor et al. (2006) reported 4.9% prevalence in Pará, 

Brazil. The above-mentioned results confirmed that peccaries could carry Brucella. 

However, it was not possible to isolate and identify the suspected bacteria by culture. As 

Mayor et al. (2006) state, bacterial isolation is desirable for confirming the circulation 

Brucella within the hosts. Since Brucella is not a host-specific bacterium, epidemiological 

survey must be ongoing due to the relevance of this microorganism for wild animals, 

domestic livestock and people. 

 

This result is relevant, as pigs were negative to brucellosis but peccaries were 

prevalent in a 30%. Pigs do not come into direct contact with peccaries, but some hunters 

take viscera of peccaries and other wildlife to feed their dogs, giving sometimes the 

opportunity to pigs for accessing these organs, creating a risk of disease transmission; 

the negativity of pigs suggest that pigs have either a low susceptibility to this particular 

pathogen, or are not affected at all.  

 

Based on personal communication with the director of the National Program for 

Brucellosis and Tuberculosis, there is no Brucella suis in Guatemala. Therefore, it is 

suggested that the Brucella species affecting peccaries is abortus, and reports of natural 

disease in pigs caused by this organism are rare (OIE, 2009). Negativity of pigs may be 

partially explained as well by the prohibition to possess domestic ruminant species at the 

region, as ruminants are known reservoirs for B. abortus, as well as the low susceptibility 

of pigs for acquiring this pathogen (OIE, 2009). 

 

Tuberculosis: No lesions consistent with tuberculosis were detected during the 

fieldwork on peccaries. Furthermore, no pig was positive to tuberculosis by intradermal 

tuberculin injection, nor at necropsy. Mayor et al. (2006) did not find tuberculosis in a 

peccary population surveilled. To the best of the authors’ knowledge, there is only one 
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current report available of one peccary being positive to Mycobacterium bovis (Mayer et 

al 2012), and therefore it is suggested that these species have a low susceptibility for 

developing tuberculosis.  

 

Classical Swine Fever Virus: CSF was not detected in pigs or peccaries. The 

National Program against CSF has been conducting surveillance and vaccinating against 

this disease since 1996. The Peten Region was declared free of CSF in 2005 (MAGA, 

Declared in the Ministerial Agreement 1993-2004). It is prohibited to import pigs to this 

region from other regions of the country; therefore, negative results in pigs were 

expected.  

 

In the case of peccaries, Sowls (1996) described the susceptibility of collared 

peccaries to acquire and propagate CSF Virus while developing symptoms from which 

they rapidly recover; however, peccaries do not appear of being capable of being a 

natural reservoir to the virus. The absence of virus at Peten region and the low density of 

pigs both have roles for minimizing exposure of tayassuids. Osley Umaña (2009) 

demonstrated that peccaries can develop antibodies to CSF virus, detectable by ELISA 

test for pigs, when vaccinated. This principle may apply to other pig diseases in 

peccaries. During a surveillance on domestic populations of peccaries in Guatemala, 

Mérida et al (2011) found circulating antibodies to CSF virus in a population with 

vaccination history. Thus, these results strengthen the findings of Umaña (2009). 

 

Babesia sp.: All peccaries were positive to Babesia sp., which is a pathogen 

transmitted by ticks (Bowman, 2009). All peccaries were heavily infested with ticks of the 

Amblyomma genus, and therefore, it is strongly suggested that these ticks act as the 

vectors of this pathogen. In contrast, pigs were negative to Babesia, and during field 

observations, pigs were rarely affected by ticks with very low loads. 

 

Trypanosoma sp.: For Trypanosoma sp., none of the sampled swine were positive 

by blood smears. The northern region of Peten in Guatemala is reported as free of 

Trypanosoma sp. (Personal communication, Biology School, Faculty for Chemical 
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Sciences and Pharmaceutics, University of San Carlos, Guatemala, 2013). In a previous 

study in Brazil, some peccaries were found positive for Trypanosoma sp. (Herrera et al. 

2008), confirming the susceptibility of this species to this pathogen. As well, in a former 

study, Mérida et al. (2011) found 6 of 27 collared peccaries of a captive population at 

Petencito Park as positive to Trypanosoma sp. on the basis of blood smears in the Peten 

region. Some of those peccaries were brought to the park from other regions where this 

pathogen may be found (Mérida, personal observation). Since this pathogen has not been 

reported at the region, and considering the sensitivity of the diagnostic technique, we 

suggest that either this pathogen is absent of the area under study, or that there is no 

contact with the vector species. Therefore, there is a huge likelihood that these negative 

results are reliable. 

 

Leishmania sp.: No evidence of Leishmania sp. was detected on blood smears for 

either species, although this pathogen is endemic to the region and commonly affects 

people and dogs at the village; therefore, the absence of this pathogen during this 

surveillance suggests that both pigs and peccaries do not play a major role in the 

epidemiology transmission of this disease. According to a report of the Institute for 

International Cooperation in Animal Biologics of the Iowa State University (2009), to their 

knowledge, only one case of Leishmania in pigs has been documented, and furthermore, 

pigs infected experimentally did not develop the disease, and could not transmit the 

pathogen to sandflies; as well, it mentions that dogs are the most affected domestic 

species.   

 

Other Swine Diseases: No peccary was positive to Mycoplasmosis or Actinobacillus. 

Karesh et al. (1998) reported mycoplasmosis in one of 17 peccaries in Bolivia, whereas 

Gomes de Castro et al. (2014) found one white-lipped peccary and one collared peccary 

positive to Mycoplasma in Brazil. Therefore, individuals may be infected, but their ability 

to replicate or disseminate these agents is unknown. Negative results to these pathogens 

for both species suggest, under the Canon and Roe (1982) calculations, that with a 95% 

of probability, prevalences are lower than 6%, and therefore not found for this case, if 

diseases are present. 
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General Conclusion 

As stated by Mayor et al. (2006) the negative seroprevalences to various infectious 

pathogens may reflect no recent exposure to those agents. Nevertheless, since the levels 

of specificity and sensitivity of these diagnostic tests in peccaries are not completely 

known or understood, results should be interpreted with caution. Since these tests might 

as well under report a present disease, a clinical evaluation would be desirable for a more 

complete and appropriate approach of the animal populations. As well, in regard that 

some of these pathogens have been found and reported in previous studies, confirming 

the susceptibility of peccaries to these pathogens under certain conditions, we may 

conclude that either these pathogens were absent of the region during the development 

of the study, or that the appropriate conditions may not be present up to date in the 

forests of Uaxactún. Therefore, an ongoing effort for the study of the diseases in wildlife is 

necessary, as these animals were positive to two different zoonotic diseases which may 

pose a threat for villagers at Uaxactún. As well, a study on other species as well as in 

other regions or communities is desirable for the strengthening of the epidemiological 

surveillance systems. 

 

From the epidemiological perspective and according to these results, no pressure 

towards domestic livestock concerning to diseases was identified at the community, as no 

evidence of direct spillover of diseases between both swine species was found or 

suggested. In the case of human population, two zoonotic agents of public health 

importance were detected; thus, it is important to study and understand the habits of 

people towards wildlife, as well as assessing the risk degree to which people may interact 

with these agents.  
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Abstract: The following study was intended to describe the interrelationship 

between villagers, domestic animals and wildlife at the Community Forestry Concession 

of Uaxactún, Guatemala, by means of participatory epidemiological methods. The main 

focus was generating information regarding different livestock diseases considered as 

important by villagers, their relevance, as well as obtaining knowledge concerning to the 

hunting activities and cooking patterns to have a better understanding of the 

interrelationship of people and animals; and the diseases of their animals.  

 

Results: For diseases: for the case of pigs, 39% was found prevalent for 

leptospirosis disease by circulating antibodies detection. No evidence of Classical Swine 

Fever, Mycoplasmosis or Actinobacillus was found. For poultry, an overall prevalence of 

41% of Newcastle disease was found by ELISA test by antibody detection, being chicken 

the most affected species at the village. No samples were positive to Avian Influenza by 

HI test. No virus was isolated of the tracheal or cloaca swabbing of the ducks.  

 

For hunting: all species could be hunted by chance at any time of the year. There 

was a difference of species hunted between seasons, being peccaries more frequently 

hunted during the dry season, whereas deer and wild avian during the rainy season.  

 

For cooking: villagers do not consume raw meat. The cooking patterns depend 

according to the species. Stewed is predominant for peccaries, wild birds, tepezcuintle 

and domestic poultry, whereas grilled for deer, roasted for armadillo and marinated for 

pork. 

 

Conclusion: According to the generated information, the most important domestic 

livestock species at the village are chicken and pigs, being chicken the most affected by 

diseases. No evident health problems on pigs were observed by means of this study. 

Hunting was shown as an activity enhanced by poverty and the lack of employment 

opportunities at the village, and is mostly directed to larger species such as deer and 

peccaries. From the viewpoint of a transmission of zoonoses from animals to humans 

cooking patterns reflect mostly a protective factor, as no raw meat is eaten, and stewed 
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and broths are the most common patterns, involving an exposure of meat to high 

temperatures. But, both agricultural and hunting activities represent a risk factor for the 

spill of diseases, as hunters may act as mechanical vectors for different pathogens within 

domestic and wild animal populations.  

 

Keywords: Wildlife, Foodborne diseases, Risk Factors, Food Management, 

Cooking Patterns. 

 

Abbreviations: AI (Avian Influenza); ANAVI (sp. National Association of Poultrymen 

of Guatemala); MAGA (Ministry for Agriculture, Livestock and Food, Guatemala); MBR 

(Maya Biosphere Reserve); NCD (Newcastle Disease); OMYC (sp. Management and 

Conservation Organization of Uaxactún); PE (Participatory Epidemiology); PROSA 

(National Poultry Program);  

 

BACKGROUND 

In Guatemala, most of veterinary services are found at and around the cities or close 

to the most inhabited places easy to access; conversely, for remote areas where 

environmental conditions are harsh and where access and infrastructure are poor, 

services are almost absent. This increases the risk for disease misdiagnosing and 

dissemination, as interaction between human and animal populations is a possible hazard 

for the outspread of pathogenic agents, being this especially true for the strong 

interrelationship between wildlife and rural populations in developing countries (Aguirre et 

al. 2002). 

 

Therefore, the following study was intended to describe and understand the 

diseases within the community of forestry concessions of Uaxactún, Maya Reserve 

Biosphere in Guatemala, as well as the behavior of villagers towards wildlife. The 

following study was conducted between the months of August 2013 to May 2014.  

 

In the study area, most of the families cultivate maize and other crops for domestic 

consumption, and raise pigs and poultry in different amounts as sources of animal 
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protein, as well as they collect and use material from wildlife. Hunting is a common 

activity happening on an opportunistic and irregular basis during the course of other 

agricultural activities, with only a small percentage continuing to rely on hunting for their 

subsistence. (Baur 2008, Baur et al. 2008) Subsistence hunting pressure is directed 

towards larger vertebrate species, and animals are generally harvested without regard to 

sex or age-class. According to Baur’s personal observations (2008), the annual wildlife 

harvests represent a subsidy equivalent to more than 10% of the local economy. Like 

many Maya Biosphere Reserve (forthwith: MBR) communities, Uaxactún is heavily 

dependent on natural resources to meet their basic needs. However, the reliance on bush 

meat differs between households, as people have different consumption habits as well as 

different backyard animals. 

 

One of the key constraints for veterinary surveillance and disease control is the lack 

of information on disease morbidity (Thrusfield, 2005). Governmental and Non-

Governmental organizations would regularly attend to different communities to conduct 

vaccination programs for the prevention and control of animal diseases, without any real 

knowledge of the status of the diseases at those places. Since, in addition, the behavior 

of the different diseases of livestock is frequently changing depending on the season of 

the year and of the region of the country, generating knowledge for the creation of a 

baseline for further actions is required. 

 

Nevertheless, gathering information within rural populations represents a challenge 

due to the lack of structured information systems. Therefore, participatory epidemiology 

(PE) has been described as the use of participatory rural appraisal methods to improve 

the understanding of (animal) health issues, to collect, learn and to enable the local 

population to play a role in defining, analyzing and solving their problems (Catley, 1999; 

Catley, 2002; Thrusfield, 2005, Mariner, 2000). PE is an emerging field in public health 

based on traditional epidemiological concepts on one hand which allows for the 

exploration of interactions between the host, agent, and environment within a more social 

context on the other hand. The PE methodology is flexible, inexpensive, and employs a 

variety of techniques such as interviewing, mapping, and ranking to study disease 
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patterns within a population and to identify pertinent information gaps. (FAO. 2013; cited 

by Harding et al. 2014) 

 

The goal of the present study was to describe the veterinary and human health 

perception within the village under study by participatory approaches, as well as the 

various factors which could represent risk for the health of villagers and their domestic 

livestock. Aspects concerning to hunting and meat cooking patterns were as well 

explored. Results concerning to interviews, personal observation and comments of 

villagers are summarized.  

 

METHODS 

Study Area: The study was performed in Uaxactún (subtropical moist forest; 688 

people in 2000 and about 1,000 in 2008; at 17°23’40.41’’N, 89°37’58.29’’ W 168masl 

[UTM 16q 220082.10 mO, 1925018.32 mN]), located at the north of Guatemala. Uaxactún 

is one of the largest and oldest, traditional forest settlements within the Maya Biosphere 

Reserve itself. 

 

Participatory epidemiology: The interrelationship between Wildlife - Domestic 

animals - Human was determined through participatory methods (Catley, 1999; Mariner 

2000, Catley et al. 2002). Within these methods study participants were asked to discuss 

what they perceived as problems with their domestic livestock, with their own health, and 

as well the cooking patterns they use, to determine if any of those could pose as a risk 

factor. For the case of hunting, hunters were asked to provide information about the 

seasonality of hunting and the most hunted species, to assess the degree of contact and 

interaction with wildlife. Housewives were asked to describe cooking and preparation of 

meat. 

 

Semi-structured interviews were used to gather knowledge concerning to the topics 

using open-ended questions, and informants were asked to identify and evaluate several 

variables under study (Thrusfield, 2005; Mariner, 2000). Each interview was conducted by 

the main investigator at each different house. The purpose was asking people concerning 
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hunting patterns, cooking patterns, common diseases for both animals and people, and 

their personal perception of animal health. For diseases, the morbidity (amount of animals 

sick of a particular disease) and mortality (amount of animals dead because of a 

particular disease) were assessed. Interviews were conducted in different times of the 

day and varyed in length according to the situation of the interviewed. The focus group of 

the study was housewives of varying ages with different backgrounds. Informants were 

asked about their personal opinions concerning different topics. During this stage, direct 

observations were registered. 

 

Afterwards, all of this information was divided according to the topic of interest and 

registered within the database to generate different score matrices. In the case of 

diseases, clinical signs and clinical findings at necropsy were linked to particular 

pathologies consistent with veterinary literature. Data was enhanced with previous 

information of a local census generated by the local organization OMYC (Management 

and Conservation Organization of Uaxactún, in Spanish). These data were as well 

incorporated to the statistical analysis for a better understanding of (but not restricting to) 

work activities, income, house infrastructure, etc). Some other data were already 

available due to a former census of the OMYC. These data were analyzed as well and 

most relevant data are presented. 

 

Various PE techniques were used during interviews. Proportional piling allowed 

relative scores to be assigned to various categories related to one criterion using maize or 

beans as designated counters (FAO. 2013; cited by Harding et al. 2014). Proportional 

piling was used individually rather than in group because of the low collaboration 

willingness of the villagers. For cooking patterns, proportional piling was used (Mariner, 

2000; Thrusfield, 2005). A ranking from 3 to 1 was given according to the different 

patterns already determined were predominant on the community, where 3 was the 

highest score, indicating a very common pattern, and 1 was the least score, indicating an 

infrequent pattern. People may give only two (3 and 1) or the three different scores. By 

species, scores were added over households and afterwards relative frequencies were 

determined for each cooking pattern. (Mariner, 2000; Thrusfield, 2005)  
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For diseases, it was asked to mention diseases present in the village, either by 

perennial or outbreak status, and the relevance such diseases would have. Some 

informants were asked to describe as timelines the occurrence of diseases. All data and 

observations from these PE techniques were collected using written notes. No 

photographs were taken because of the discomfort villagers felt towards this. Prevalences 

for the different diseases in this study are named as “prevalence” for the data obtained by 

classical epidemiological work (Dohoo et al. 2009); whereas for the data estimated by 

participatory means, “PE-“ is the further abbreviation. 

 

Cooking patterns were classified with the following categories: 

 Stewed: combination of solid food ingredients that have been cooked in liquid and 

served in the resultant sauce. Ingredients in a stew include any combination of 

vegetables and meat. 

 Broth: liquid food preparation, typically consisting of either water or an already 

flavored stock, in which bones, meat, fish, cereal grains, or vegetables have been 

simmered. Broth is used as a basis for other edible liquids such as soup, gravy, or 

sauce. 

 Grilled: (a la plancha) is a Latin-American food preparation, consisting of putting 

the meat directly on a heated iron surface. Usually this is done without oil or fat, 

leaving meat with a low degree of fat. This is comparable to fried meat, but without 

adding any other kind of fat. 

 Roasted: pattern involving a substantial amount of direct radiant heat, and often for 

cooking meat quickly. Food to be grilled is cooked on a grill or griddle. Heat transfer 

to the food when using a grill is primarily via thermal radiation.  

 Fried: is the cooking of food in oil or another fat. Foods can be fried in a variety of 

fats of either animal or vegetable origin.  

 Marinated: is the process of soaking foods in a seasoned liquid before cooking. The 

'marinade', can be either acidic (made with ingredients such as vinegar, lemon juice, 

or wine) or enzymatic (made with ingredients such as pineapple). In addition to 

these ingredients, a marinade often contains oils, herbs, and spices to further flavor 

the food items. The process may last seconds or days.  
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Within the social methods, and for increasing the participation of the community, an 

active role played by the field researcher was taken; the veterinarian was working for free 

at the village with different services. The most relevant fieldwork for being integrated into 

the community was deworming and vitaminization of pigs (Albendazole 10% PO, 

20mg/kg; AD3E + Complex B 3-5cc). Other treatments included administration of 

Ivermectine (1%) to dogs, and deworming and vitaminizing equines. As well, poultry were 

vaccinated against Newcastle Disease, Pasteurellosis, and Coryza disease (Triple Aviar, 

LAVET laboratories, Guatemala). 

 

Statistical Methods: For the prevalences, the PE-prevalences, morbidity and 

mortality rates of each disease, mean values were generated from the collected data by 

descriptive statistics. Associations were measured with Cramer's V and Fisher's exact 

tests were used to check for statistical significance of the association. All data was 

processed in SAS® software. 

 

RESULTS AND DISCUSSION 

 

1. General remarks 

The informants who agreed to participate represented a subset of the population. 

Not everyone was willing to participate, and not all informants gave relevant information. 

Overall, information of 10 hunters and 26 housewives who actively participated in the 

investigation and gave information was used. Informants differed in their comfort level 

when discussing certain subjects. Some informants broke the conversation several times 

because of stress or discomfort, whereas some decided to drop their collaboration before 

a meeting started.  

 

Hunters were particularly uncomfortable during interviews. They explained that they 

receive a lot of pressure from outside the village to stop with this activity. Most of them 

claimed that there are no other means of work and the necessity of sustaining a family 

was forcing them to go hunting. In contrast, housewives were more open and kind when 
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giving information concerning to their cooking patterns and experiences with the diseases 

of their animals. 

 

2. Description of community information 

Data collected by the main organization of the village, concerning to 82 of the 147 

families living at the village were analyzed. 

 

According to personal communication with the staff of the OMYC, there was no 

actual difference between being associated to the organization or not, as every villager 

would receive the same benefits independent of this status (i.e. products of the 

concession, salaries, or employment opportunities). As well, there are several families in 

which one or more individuals are members of the OMYC, whereas the rest are not; thus, 

several families not holding a member status may be taken as if they do, since an 

individual is a member. 

 

From the data of OMYC, the association between holding different animal species is 

as follows: Poultry and Pigs (Cramer’s V = 0.2080, p = 0.09); Poultry and Horses 

(Cramer’s V = 0.1543, p = 0.344); Poultry and Mules (Cramer’s V = 0.1055, p = 1.00), 

Pigs and Horses (Cramer’s V = 0.2266, p = 0.0659); Pigs and Mules (Cramer’s V = 

0.0454, p = 0.65) and Horses and Mules (Cramer’s V = 0.2165, p = 0.1102). These 

results indicate that the ownership of one animal species does not influence the 

ownership of another one.  

 

3. Diseases of domestic animals 

Within table 1, results obtained by Participatory epidemiology (PE), concerning to 

the PE-percentages of morbidity and mortality of each relevant disease named at the 

village are summarized. According to PE, diseases of poultry are the most relevant, as 

those bear the highest PE-morbidity and PE-mortality rates. Swine diseases, in contrast, 

have an apparent low relevance, as PE-mortality rate is almost 0% even if a 41% of the 

people would consider them infected by digestive parasites; for pigs, dermatitis does not 

appear to represent a problem. For the villagers, both pigs and poultry represent the most 
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important species at the community. For the case of dogs, the most relevant disease 

according to the PE approach is Mange; even if dogs do not die of this disease, villagers 

estimate a PE-prevalence of 23% for the dogs. Botfly in dogs (Dermatobia hominis) is 

considered as a disease with low PE-prevalence (5%) and no PE-mortality. Diseases of 

horses appear to be neglected by villagers, and glanders (suspected by Streptococcus 

equii) is the only mentioned disease for them. 

 

Table 1: Participatory Epidemiology Morbidity and Mortality of Animal Diseases 

Disease PE-Morbidity 

(Average) 

PE-Mortality 

(Average) 

Swine Dermatitis 3.58% 0.12% 

Swine Parasites 40.80% 0.25% 

Newcastle Disease 88.46% 85.81% 

Avian Pox 38.00% 16.62% 

Avian Diarrhea 11.69% 3.85% 

Equine Glanders 7.20% 0.20% 

Canine Mange 22.77% 0.54% 

Canine Leishmania 9.50% 0.00% 

Canine Botfly 5.00% 0.00% 

 

3.1 Pigs 

Pigs are the second most important backyard livestock at the village after poultry. 

Overall, 31.7% of the households interviewed by the OMYC owned pigs, and 53.6% 

considered them as a basic need. Diseases of pigs are not seen as relevant as those of 

poultry, since these are not deadly. The most common disease mentioned by villagers 

was cysticercosis, locally known as “sapillo”. This disease was commonly referred to by 

villagers as an important problem. Nevertheless, no evidence of cysticercosis was 

apparent during field necropsies, and when people were asked for if they had ever seen 

this disease at the community, no one had. Therefore, there is no field evidence of the 

presence of this disease at Uaxactún. One person commented that the last case 

happened approximately 20 years ago. Governmental organizations have created a high-
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profile for this disease, and therefore, people are always cautious when consuming pork 

and checking the meat and carcass. This is an important finding, as cysticercosis is 

present in other communities of the country, although this community is free of this 

disease. Some pigs were dewormed with Albendazole, and several nematodes were 

recovered from feces and later identified as Ascaris sp. To the peoples‘ perception, 

around 40% of pigs are infested of nematodes, but there is no mortality due to this. 

 

Another condition reported and observed in pigs was dermatitis. A clinical 

examination of skin was performed to determine if there were any infections or 

suppurations of skin, if the skin was irritated, sensible to contact, heat or swollen. Only 3 

of 67 pigs were believed to have skin lesions actually being dermatitis. Several others 

were only covered of dirt which may have been considered as either dermatitis or mange. 

 

Based on a general surveillance program of the pig population of Uaxactún, there 

was no evidence of Classical Swine Fever, Brucellosis, Mycoplasmosis or Actinobacillus. 

Overall, 38.8% of pigs were positive to leptospirosis. All results based on detection of 

circulating antibodies (Mérida et al. 2015).  

 

Since Uaxactún is located 23km from the Tikal National Park, approximately 40km 

to the closest village – El Caoba – and 85km of the City of Flores, importation of pigs and 

other livestock are controlled at the Tikal Security Gate. Pigs brought into Uaxactún 

usually come from El Caoba. The Peten Region has been free of Classical Swine Fever 

since 2005 (MAGA, Declared in the Ministerial Agreement 1993-2004), and therefore this 

disease was not expected being found. Nevertheless, the surveillance program must 

confirm the absence of this disease. As well, it is forbidden to vaccinate pigs against CSF 

in the Peten region, and thus ELISA analysis were expected negative either to field or 

vaccination exposure. 

 

3.2 Poultry 

Poultry accounts for the largest domestic livestock within the community, mainly 

composed of chickens (Gallus gallus), ducks (Cairina moschata), and turkeys (Meleagris 
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gallopava) in a lesser extent, all of various ages. Diseases of poultry were considered as 

the most relevant issue for the community. Overall, 85% of the surveyed families had 

backyard poultry, whereas 90% considered this as a basic need.  

 

Diseases mentioned by villagers were Newcastle Disease (NCD), locally known as 

Peste or Accidente, Chicken Pox (Viruela), and various respiratory diseases generally 

known as Soco. Fifty-two blood samples from poultry -33 from chicken, 3 from turkey and 

16 from duck- were sent to the Reference Laboratory of the Ministry for Agriculture, 

Livestock and Food (MAGA) of Guatemala; furthermore, 16 swab samples of both 

trachea and cloaca from ducks were sent to the Laboratory for Ornitopathology, 

University of San Carlos of Guatemala, for viral isolation. 

 

Following the indication of the National Association for Poultry of Guatemala 

(ANAVI) and the National Poultry Program (PROSA), attention was given to both NCD 

and Avian Influenza (AI), for the national surveillance system. Since there was no 

vaccination history for sampled poultry, it was assumed that all positive results were due 

to field exposure. 29 samples of chicken were used for NCD diagnose, and 33 for AI. 

Overall, 12/29 (41.3%) of chicken samples, 1/3 of turkeys and 1/16 of ducks were positive 

to NCD. However, none was positive to AI. All ducks swabbed were negative for viral 

isolation, and thus NCD virus, AI virus, and Infectious Bronchitis (Coronavirus) were not 

detected. 

 

Assessment with PE approach reported that according to the villagers, NCD has a 

PE-morbidity of 88%, and a PE-mortality of 85%; thus, being the most important disease 

for poultry. Avian Pox had an estimated of 38% of PE-morbidity and 16% of PE-mortality, 

and other diseases were PE-ranked below 10. 

 

For disease identification, villagers reported both depression and respiratory signs 

as the most common evidence of disease and therefore not relevant for disease 

discrimination. NCD was linked to a high morbidity and mortality rates, in which birds 

developed respiratory signs (coughing) followed immediately in some cases by 
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neurological symptoms (depression, dropped wings, twisted neck). Almost no poultry 

survives this disease, and usually, poultry surviving are killed and discarded. Since every 

time a poultry epidemic occurs people attribute it to NCD, no other diseases are regarded 

as mortal or as important as this one. Chicken pox was linked to scabs on the comb, 

wattles, around the eyes and over the nose. Few cases of Chicken Pox were personally 

seen at field, and people did not claim it as a relevant disease, unless chicks were 

affected, as these are highly susceptible to death. Any other disease was referred as non-

relevant due to a low transmission level or low mortality rates. Diarrhea or respiratory 

diseases were not defined as a high problem, as only a few chickens in the household 

would be affected. 

 

A key factor observed for the disease transmission is that when an outbreak is 

detected or suspected, people would begin either killing backyard poultry for self-

consumption or sell live poultry to their neighbors. Under a threat of Newcastle disease, 

prices of chicken decrease more than a 50%, therefore, some villagers from other parts of 

the community would find it attractive to buy them and then the disease may spread if 

these poultry were already infected. 

 

It is important to remark that during August-September 2013, an outbreak of NCD 

occurred in the village; most of poultry at the south side of the community were dead. By 

participatory methods, it was determined that poultry from outside of the village were 

taken into a household, and afterwards the disease spread to the surrounding areas. 

Consequently, a vaccination program was initiated in collaboration with the OMYC from 

the opposite side of the community towards the center; disease did not spread to these 

areas. Samples were collected before vaccination.  

 

3.3 Equine 

Horses (Equus ferus caballus) and mules (E. f. caballus * E. africanus. asinus) are 

of low importance in Uaxactún; they are not used for transport or as burden animals. Only 

12.2% of the surveilled population had horses and 6.1% mules; whereas 50% considered 

horses as a basic need and 43.9% considered mules as such. Diseases were primarily 
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glanders (suspected by Streptococcus equii), which is usually not treated. High levels of 

tick infestation were personally diagnosed, but this is usually not treated either. In former 

times, horses were a transportation vehicle used by xateros and chicleros (forest workers) 

to move within the forest when roads were not available and access was difficult. In some 

cases, horses are still used to transport various resources, particularly when roads are 

either flooded or swampy, making cars or other vehicles useless.  

 

3.4 Dogs 

In the case of dogs (Canis lupus familiaris), manges (Sarcoptes sp. and Demodex 

sp.) were a common problem for which people would regularly ask for medicine 

(ivermectine) at the veterinary agro-services in the City of Flores. This disease is not 

considered as important by villagers. Colmoyote (human botfly by Dermatobia hominis) 

was described as a problem; nevertheless, this was not considered relevant by the 

villagers either. During personal observations, 9 dogs were either affected by living larvae 

or had scars suggesting old infections. Some people claimed being affected by this 

parasite; but only 3 human cases were personally recorded by the researcher. 

 

An important disease diagnosed at clinical level on 13 dogs was Leishmaniasis. This 

disease appears to affect dogs frequently and humans at a lesser frequency, as no 

human cases were personally seen during the fieldwork. However, few people claimed 

being diseased of Leishmaniasis in the past. 

 

3.5 Miscellaneous 

By law, holding any kind of ruminant is forbidden at the community forestry 

concessions of the Maya Reserve Biosphere. As well, some pigs and equine are 

frequently injured with a machete or any other stabbing weapon by villagers when 

animals invade the crops of other people; 1 horse and 3 pigs were seen during this time. 

 

3.6 Seasonality of diseases 

Seasons were divided as dry (summer) and rainy (winter) season. Dry season 

extends usually from mid-March to the end of May, whereas the rainy season from 
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August to January, with a varying intensity during this time. The other months are of 

progressive changing weather and are not considered as summer or winter. It is worth 

mentioning that for 2014, people claimed seasonal variations as uncommon, as there 

were several storms close to the region this year. 

 

Summer season was mentioned as a time when outbreaks of poultry diseases such 

as NCD and Chicken Pox occur. Various outbreaks may happen through the year, but 

mostly during this season. No steps to prevent these diseases are taken at the 

community. 

 

As previously mentioned, during August there was an uncommon outbreak of NCD 

involving fieldwork for the researcher. The vaccination program conducted on those days 

may have suppressed the appearance of Newcastle disease during the summer season 

2014. 

 

4. Hunting 

As stated by Baur in 2008, hunting is common activity happening on an irregular 

basis and focused towards large vertebrates without any concern of the sex or species. 

According to the information generated by OMYC, hunting accounts for approximately 

0.75% of the income to the perception of the surveyed families; thus, representing a low 

proportion of the local economy according to villagers. Hunters could not account for an 

average number of animals per month or per season, as this number is always random 

considering their field visits, other activities which could occur, health issues, family affairs 

among others.  

 

As a general background, nine of the ten hunters have backyard animals, of which 

only one has vaccinated some poultry against NCD. One hunter has a child who hunts as 

well, and five of them would like to receive support with the health or management of their 

animals. Of the hunters, six would visit the clinical center under clinical disease; four 

claimed not needing the practioner. Seven had felt diseases during the last year. 

Common diseases mentioned by hunters affecting them were respiratory symptoms, 
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diarrhea and flu. Usually, no further diagnoses are performed at the village but treatment 

is focused on clinical symptoms.  

 

4.1 Hunting seasons 

Hunting is influenced by season; summer season was described as the best season 

for hunting peccaries, as most of these herds would gather close to water bodies which 

do not dry during this season, and which are known by the hunters. White-lipped 

peccaries were regarded as the easiest species to hunt during summer due to the high 

number of individuals composing a herd. During the rainy season, hunting of peccaries 

happens by chance in an opportunistic pattern, as they roam freely all over the forest due 

to water and food resources being everywhere. 

 

In contrast, deer are present all over the year, being elusive animals which usually 

are harder to hunt during the dry season, but easier during the rainy season. As there are 

no dry leaves or branches on the soil creating noise, promoting a silent approach to the 

individuals, which usually live alone; but access to the forest is more difficult as well. 

 

Armadillos (Dasypus novemcintus) and Tepezcuintles (Cuniculus paca) are hunted 

whenever they are found, usually not by purposive hunting but by chance, when tracks 

are spotted, and hunters would return on another journey. Tepezcuintles are sometimes 

hunted with the aid of dogs, whereas armadillos are not. Sereque (Dasyprocta punctata) 

has been regarded as an undesirable species to hunt. 

 

Rainy season as well allows an easier approach to birds, which may be over the soil 

or on the branches of trees. In the case of birds, curassow (Crax rubra) and crested guan 

(Penelope purpurascens) are the most hunted species as those are the most abundant. 

Hunters prefer hunting curassows because of their taste and size (3-5kg. vs 1.6-2.5kg.; 

Quesada et al. 2009). There is a high degree of sexual dimorphism of curassow and 

hunters would usually prefer to hunt males, claiming that if females are hunted, no 

offspring would be available for the following years.  
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People do not consume reptiles (Reptilia: Vertebrata) and only a few fishes 

inhabiting in the near rivers or lakes. 

 

Of the surveilled hunters, 5 had dogs which were regularly used to hunt under 

particular circumstances (i.e. short time, elusive animals, knowledge of prey at a precise 

moment and location); the use of dogs to assist hunting is never consistently successful, 

even if all hunters claim that dogs increase the success of hunting. As well, hunters say 

bringing dogs may be dangerous as jaguars (Panthera onca) or pumas (Puma concolor) 

may attack. Likewise, if peccaries feel distressed, they may attack the dog and the hunter. 

Hunters stated that the greatest risk of hunting are the pit-viper species (Crotalinae: 

Reptilia), particularly Fer-de-Lance (Bothrops asper), Rattlesnakes (Crotalus simus), and 

Jumping Vipers (Atropoides mexicanus). 

 

4.2 Hunting patterns 

Of the ten hunters interviewed, frequency of hunting was two hunters hunting 1-2 

times a month, one hunting 3-5 times a month, two hunting 1-2 times a week and four 

hunting 3-5 times a week. One hunter said he would hunt less than once a month. Three 

hunters would prefer hunting alone by themselves, whereas four would hunt with friends 

or relatives, two only with friends, and only one would go either alone or accompanied. 

Transportation means were diverse as most would go into the forest, depending of the 

availability of a vehicle (motorcycle or bicycle) or by foot. 

 

Two hunters stated that they only hunt for self-consume, whereas eight claimed 

hunting for both self-consume and selling. Most hunters would sell only to relatives and 

close friends. Concerning to the frequency of hunting, five hunters stated they did not 

hunt more because of their responsibilities, four because of the low availability of animals, 

and one claimed to hunt what was needed. Five hunters would bring dogs for hunting, 

depending on the conditions of weather and former experiences of days before. 

 

Depending of the kind of animal hunted, carcass is either prepared at the field (large 

mammals) or the animals are brought complete to the village (Tepezcuintle, Armadillo, 
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Avian species). The latter being only prepared at thein field if the hunter is returning to the 

village on the next day. If the carcass is brought to the village on the next day, it will be 

roasted on site for conservation. 

 

5. Cooking 

Values for cooking patterns are presented in table 2. All numbers are the estimated 

percentages, by species, of what each cooking pattern would represent for meat cooking. 

In general, people do not eat raw meat or middle-term meat, nor if it still has blood. 

Scores are added by species and households and relative frequencies for each cooking 

pattern are presented. 

 

As shown in Table 2, for the case of poultry, wild avian, pork, peccary and 

tepezcuintle, more than a 50% of cooking methods reach high temperatures (stewed and 

broth), which could be considered as a protective factor against food-borne pathogens. 

Methods as grilling may be considered protective, since meat is heated at high 

temperatures on an iron and according to the duration of cooking, there would be no raw 

or intermediate meat. Roasting, conversely, could represent a problem if direct exposure 

to the flames could burn the external layer of food, prompting cessation of cooking, but 

leaving raw parts or tissue liquids; armadillos are usually roasted and may represent an 

exposure of this kind. Nevertheless, as corroborated during fieldwork, people do not 

consume meat until completely cooked. Surveyed people said that roasting method is at 

low fire (when no flames come of the logs, but only heat).  
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Table 2: Scoring results (percentages) of cooking patterns at Uaxactún 

 Stewed Broth Grilled Roasted Fried Marinated 

Poultry 41.26 13.29 6.29 18.18 20.98 0.00 

Beef 8.18 36.36 34.55 18.18 2.73 0.00 

Pork 8.70 0.00 19.57 21.74 5.07 44.93 

Wild Avian 51.18 22.83 7.87 18.11 0.00 0.00 

Peccary 52.94 15.69 0.00 31.37 0.00 0.00 

Deer 31.30 2.29 44.27 20.61 1.53 0.00 

Tepezcuintle 70.73 0.00 1.22 0.00 28.05 0.00 

Armadillo 46.43 0.00 0.00 53.57 0.00 0.00 

 

As there is no electricity in Uaxactún, food conservation is not possible using fridges 

or under conventional means. Therefore, meat (of domestic or wild origin) is either 

smoked or grilled to be dried and stored in pots covered with foil. For some occasions, 

large iceboxes are filled with iced for storage for a maximum of 2 or 3 days. Other 

preparations are possible, but would only last for one day. At the first indication of 

spoilage, meat would be discarded. 

 

For the viscera of hunted animals, liver is the most commonly consumed viscera, 

followed by lungs, locally named as “bofe”. The remaining viscera are discarded because 

they are not considered food. Some people may eat kidneys as well. However, kidneys 

are usually not eaten, and when they are, are well cooked, so that Leptospira is not likely 

to survive the cooking procedure. Intestines of domestic swine are used to prepare 

sausages, but not the intestines of wild animals as they are usually infested with worms.  

 

Lungs of peccaries are said to have always worms. In that regard, 10/11 in-depth 

inspected peccaries were positive for lung worms, possibly Metastrongylus apri (based on 

gross examination by size and morphology) (Taylor et al. 2007). Lungs of other wild 

animals as well as of domestic swine do not possess any worms. No liver was positive for 

parasites and no reports of this were given. 
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According to the data given by people (table 3), of 26 housewives consulted, 50% of 

them would consume meat 4-5 times a week, whereas around 35% would consume 

between 1-3 times per week, and the remaining 15% 6-7 times. . 

 

Table 3: Meat consumption per week 

 
n percentage 

1 time a week 1 3.85 

2-3 times a week 8 30.77 

4-5 times a week 13 50.00 

6-7 times a week 4 15.38 

Total 26 100.00 

 

As well, concerning to the proportion of bush meat within the diet, 42% of 

housewives indicated that most of meat consumed at house was bush meat. This data, 

nevertheless, might be considered as biased, as most of consulted housewives are family 

of hunters. Hunters would usually share with their closest relatives the carcass of the 

hunted animals, and the main approach was taken to this subset of the population, and 

may as well not be completely representative for the village.  
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Table 4: Proportion of Bush meat within the diet 

 n percentage 

Missing 1 3.85 

Rare (01-20) 4 15.38 

Few (21-40) 4 15.38 

Some (41-60) 5 19.3 

A lot (61-80) 1 3.85 

Most (100-81) 11 42.31 

Total 26 100.00 

 

6. Medical and veterinary services 

Within Uaxactún there is a clinic (human health center) to which most of villagers 

come in case of disease. Nevertheless, there are no reliable databases containing 

information of the cases diagnosed at the clinic. Common infectious problems affecting 

villagers are diarrhea and respiratory diseases. Most treatments are directed towards 

controlling clinical symptoms instead of defining a specific diagnosis. This is partially due 

to individuals failing to seek for medical attention because severity of diseases is low, or 

embarrassment of visiting the medical staff, as well as the lack of equipment and facilities 

for further diagnoses. 

 

Samples for tuberculosis are commonly taken, although no positive cases have 

been reported; as well, blood samples are collected when “oreja de chiclero” 

(Leishmaniasis) is suspected. 

 

Concerning veterinary services, there is only little interest of the villagers of 

Uaxactún to have such services. Villagers are concerned about the health of their 

animals; but concurrently, they are not willing to travel far or pay for those services. Some 

villagers would purchase NCD vaccination (ocular drops). This was a remarkable finding, 

as few people are willing to invest into the health of their backyard animals. People would 
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invest in poultry but not into other animals, due to the high morbidity and mortality rates of 

the NCD. There are just few non-governmental organizations which help with vaccination, 

particularly poultry. Programs for de-worming and a multi vitamin-injection program for 

pigs provided by the researcher in appreciation for being allowed to work at the 

community were well received. People noticed that after treatment, pigs would have 

better appetite and be more active; this was attributed to malnourishment and heavy 

infestation of digestive nematodes. 

 

Summary Discussion 

The present study generated information concerning wildlife diseases and factors 

influencing hunting, as well as the particular seasonality of diseases of livestock within the 

area of Uaxactún, Maya Reserve Biosphere, Guatemala. However, due to the limited 

resources, as well as being the first study of this type at the region, it should be 

considered as a pilot project which may be improved and extended.  

 

During many times of the fieldwork development, some information was difficult to 

analyze or synthesize. Data generated from fieldwork corresponds to the opinions of (in 

most of the cases) illiterate or people with a low educational degree. As interviews 

occurred in a personal and private environment, trust and openness was enhanced; 

nevertheless, in many cases (as identified later), several people felt ashamed and held 

several opinions in many cases as they thought their opinions would be considered as 

pointless. It is likely that under group activities results may change from the results driven 

by individually conducted procedures, but it is not possible to contrast the impact of social 

desireabilty bias in case of group procedures to the restricted knowledge bias in case of 

the individual procedures used for this study. Involving people for describing their 

problems and proposing solutions would enhance the success of an investigation. 

 

For the case of animal diseases within this study, we conclude that there are no 

immediate threats to public health from the domestic livestock, and that the level of 

problems is not substantial, as for needing an immediate action. The most representative 

diseases for livestock are Newcastle disease and Avian Pox, for which control and 
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prevention would be possible and feasible if the necessary steps for the regular 

vaccination of poultry are programmed between the community and the government -or 

with a non-governmental organization-. Other procedures, such as deworming or 

vitaminization of domestic livestock might be conducted by villagers themselves after 

proper capacitation is given. Further steps are desirable for a wider study of backyard 

animals, increasing the collection and variety of samples of the different animal species 

within the village. 

 

Concerning to human diseases, no relevant diseases were mentioned between 

villagers other than respiratory symptoms or diarrhea. There are no definitive diagnostics 

for these problems and only clinical symptoms are treated. Disease surveillance in 

humans is required to reveal factors influencing the appearance and frequency of 

diseases at the region.  

 

We conclude as well that villagers realize the importance of proper cooking, even if 

this is not recognized by them as directly linked to diseases. Describing cooking patterns 

indicated several protective and risk factors within the procedure, which may be 

considered for further health suggestions. Thus, even if roasted and grilled meat might 

pose a higher degree of risk of raw remains, people would take care of the cooking meat 

properly before consumption, which would inactivate most of the possible pathogens 

which could be transmitted by meat.  

 

Xate collection and Agricultural activities may influence hunting, as these activities 

put people into direct contact with wild animals. Therefore, understanding hunting as a 

whole from the reasons generating this activity to the field activities is a necessary step 

for the improvement of wildlife management and conservation. Increasing the number of 

other activities and generating other sources of income at the village would decrease the 

frequency of hunting, and thus decreasing the frequency of exposure to the risks related 

to this. We concluded as well that Xate collection, OMYC and Governmental work as well 

as agriculture are the most important income activities for the villagers. 
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As participatory epidemiology relies heavily on indigenous knowledge and 

terminology, it is recommended that participatory rural appraisal techniques are actively 

integrated into the surveillance systems in rural communities. Within participatory 

epidemiology, the main methods for collecting information are by semi-structured 

interviews, scoring and ranking, and visualization (Thrusfield, 2005). Thrusfield mentions 

how PE has been widely used for data collection and further veterinary actions in several 

countries in Africa, procedures which have helped either to describe (Catley et al., 2004; 

Mariner et al., 2002; Mochabo et al., 2005), detect (Mariner and Roeder, 2003), control 

and eradicate (Catley and Leyland, 2001) several animal diseases, as well as to improve 

animal health. (Mugunieri et al., 2004) 

 

Future steps 

Concerning to the management of livestock for both health and reproduction as well 

as for improving animal husbandry education of villagers is required. Education 

concerning to food-borne diseases is desirable, as this is an important factor for the 

prevention of the spread of diseases. To this capacitation of villagers to apply different 

drugs and medicaments for animals as preventive steps may be added as well. 

Furthermore, education of people for the collaboration in this type of studies is desirable, 

as mistrust hinders the development of participatory approaches. 

 

For the assessment of human and animal health, as well as for analyzing the 

frequency and occurrence of human and animal diseases one-health programs would be 

an important advance. Increasing the capacity for sample collection and conservation, 

laboratory diagnostics, and socio-economic analyses may be added to strength the 

spectrum of a program. As well, increasing the monitoring and surveillance efforts for 

different diseases by participatory approach, allowing people to feel included within the 

development of health programs for their communities, may increase the success rate of 

the fieldwork. Acquiring qualitative information of this kind will be helpful for 

complementing other information of quantitative nature. The assessment of particular 

diseases affecting backyard livestock and human health is paramount for developing 

health and management plans according to the necessity of each place in particular. 
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Beside this, the standardized collection, classification and storage of information 

concerning to the different reports of diseases, as well as other data related to the 

epidemiological tracing and tracking records for a particular outbreak or case is desirable. 

This should generate a one-health data structure as the basis for action plans and 

surveillance. 
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5 Summary Discussion 

 

5.1 General remarks 

The results of the present investigation represent important epidemiological data 

concerning to pathogens in wild peccaries and related domestic pigs for Guatemala. 

Furthermore, it explores relevant social information concerning to diseases of domestic 

livestock, factors influencing hunting, as well as the particular seasonality of diseases, 

and cooking patterns used for meat within the area of Uaxactún, within the Maya Reserve 

Biosphere of Guatemala. With this, the investigation serves information for a better 

understanding of the health of the animals and the human population. In addition a 

method for the surveillance systems in Guatemala in general, but particularly for wildlife 

was opened, which may be used in future studies as well.  

 

Currently, the common epidemiological methods dominate the veterinary fieldwork 

and improvements of those methods have been sought. Involving participatory 

epidemiology was a key factor for understanding the interests of the villagers, as well as 

the perspective they have towards diseases of domestic livestock and wildlife.  

 

As the requirements for the national standards on public and veterinary health are 

increasing, the interest of understanding diseases of wildlife in the country has increased 

as well. There is a worldwide interest for the understanding of diseases of wildlife, and the 

pressure created towards it makes it more relevant to develop both surveillance systems 

for wildlife, as well as one-health approaches for the integration of health data and a 

proper assessment of the burden that pathogens may represent for any population at a 

particular region.  

 

For the case of the present investigation, the integration of efforts of the Ministry for 

Agriculture, Livestock and Food of Guatemala, and of the Faculty of Veterinary Medicine 

of the University of San Carlos, Guatemala, for the support to the main investigator for the 

development of the present research, has been a key point for the successful 

development of the research, as well. With this, the research could be used as a part for 
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the development of a pilot program which may incorporate to the current epidemiological 

approaches and would strength the surveillance systems of the country in the future. To 

the aforementioned efforts, the incorporation of the support and advice of the University of 

Veterinary Medicine Hannover was added. Advices of the latter were as well paramount 

for the development of the work, as new lines of work and experiences in other regions 

and countries was valuable for the comparison of methods and the incorporation of the 

most relevant indications for the different protocols. 

 

For the fieldwork, the active role played by the main researcher within the village 

constitutes a different strategy added to the classical surveillance system. For increasing 

the participation of the community, the main researcher was working for free at the village 

with different veterinarian services. This general support was seen as a special incentive 

necessary for a successful data generation. The most relevant fieldwork for being 

integrated into the community was deworming and vitaminization of pigs and equines, the 

administration of Ivermectin to dogs, as well as vaccination of poultry against Newcastle 

Disease, Pasteurellosis, and Coryza disease. All of the field material was given by the 

Ministry for Agriculture, Livestock and Food, through the PROSA, and constituted an 

important step for the social approach. Most projects in Guatemala would focus on 

samples collection and the results coming from them, instead of empowering people to 

have an active role in the development of research. Thus, the present research 

constitutes an effort for the integration of social research into the animal epidemiological 

surveillance systems in Guatemala. 

 

Finding both Leptospira and Brucella in free-ranging peccaries is an important and 

remarkable result, as these represent the first reports of these diseases in wild peccaries 

in Guatemala. The importance of those diseases resides in their zoonotic nature. During 

the development of the fieldwork, it was observed that hunters come in direct contact with 

blood as well as with kidneys; some hunting dogs would lick the blood of the hunted 

animals during the carcass preparation, being this an important factor for the transmission 

of diseases to dogs. For the case of people; kidneys are usually not eaten, and when they 

are, are well cooked, so that Leptospira is not likely to survive the cooking procedure. 
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Thus, it is important to study and understand the habits of people towards wildlife, as well 

as assessing the risk degree to which people may interact with these agents. 

 

For the villagers, both pigs and poultry represent the most important species at the 

community. As stated in the second publication, poultry accounts for the largest domestic 

livestock within the community, mainly composed of chickens, ducks, and turkeys in a 

lesser extent, all of various ages. Overall, 85% of the surveyed families hosted backyard 

poultry. Diseases of poultry therefore were considered as the most relevant issue for the 

community, as those have the highest mortality rates. 

 

In the rural areas, poultry has found a place to develop due to the ease of 

reproduction and the small initial investment required. (PRESAAT, 2010) As well, both 

pigs and poultry constitute a mean for saving different amounts of money for every 

household. (Calderón et al 2015) This is especially true for the case of Uaxactún, and 

particularly for poultry. The economical impact of diseases is due to the losses occurring 

when poultry die, as poultry would be sold when money is required with urgency. As well, 

pig ownership represents a higher degree of saving, as the average cost of a pig is 

between Q700-1200 (€84-145), whereas a chicken between Q50-100 (€6-12, exchange 

rates as for march 2015; local prices recorded during fieldwork). As Lekule et al. (2003) 

and Kitalyi (1998) mention, these species have the potential of turning low-quality protein 

and food by their scavenging behavior, and tuning it into high-quality protein; and 

therefore, there is a direct nutritional impact on the villagers given by the health of these 

animals, as they would be regularly consume their livestock 

 

Due to the requirements of the PROSA, surveillance programs were scheduled for 

the National Surveillance System, and therefore, samples taken during this fieldwork were 

taken into account for their surveillance. No sample was positive to Avian Influenza, which 

is a disease with a high profile for the country. Newcastle disease, in the other hand, was 

found with a relative high prevalence (41%); and since there is no vaccination history, it 

may be assumed that these antibodies are to be from field exposure to the antigen. As 

well, during the months before the fieldwork an unusual outbreak of NCD took place. A 



5 Summary Discussion | 68 

 

key factor observed for the disease transmission is that when an outbreak is detected or 

suspected, people would begin either killing backyard poultry for self-consumption or sell 

live poultry to their neighbors, and then disease may spread if these poultry were already 

infected. Kitalyi (1998) presents within a study of the FAO the relevance of backyard 

poultry as local economy in Africa, where like in the case of Uaxactún, backyard chickens 

have no regular health control programs, and they constitute a basic and integral part of 

the farming systems. Thus, the relevance of this livestock constitutes a key point for the 

sustainability of a community. 

 

Diseases mentioned by villagers for poultry were Newcastle Disease, Chicken Pox, 

and various respiratory syndromes. Assessment with PE approach reported that 

according to the villagers, NCD has a PE-morbidity of 88%, and a PE-mortality of 85%; 

thus, being the most important disease for poultry. Avian Pox had an estimated of 38% of 

PE-morbidity and 16% of PE-mortality. Any other disease was referred as non-relevant. 

 

It has been a paramount effort to incorporate villagers into the research, as the 

population in general would give hints of their common habits for living. The integration of 

housewives was as well important for a better evaluation of the management of the food 

and husbandry of the domestic livestock. Nevertheless, the integration of hunters into the 

research was the most valuable and important advance and part of the research. This is 

due to the fact that hunters in Guatemala are usually a neglected factor, and furthermore, 

they receive a lot of pressure from the outside of the village by different organizations to 

stop this activity -which in many cases represents the only income for them-. Thus, 

mistrust of this particular subset of the population is high and common, and this would 

hinder any program or research which would require from their help. Trust and 

acceptance is an important part of social investigation, as villagers require seeing the field 

researcher to their own level and sharing their own lifestyles. Trust of villagers, but trust of 

hunters in particular was a key point for the research success, and therefore the 

insentives mentioned above were of substantial need. 
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Fieldwork posed a complicated effort as heavy raining and other projects conducted 

at the village took place during the season, as well as other activities as seeding, 

harvesting, construction, among others. Samples were successfully preserved and stored 

at the village. Several times, due to meteorological conditions and of road infrastructure 

damage, delivery to the laboratory was delayed for 2 or 3 weeks; nevertheless, 

conservation was successfully achieved at the facilities of the village. Considering all 

disadvantages represented by independent variables such as meteorological and former 

adverse experiences of villagers towards field research, these results may be considered 

as representing a high degree of additional knowledge, which may be used for further 

investigations and programs. 

 

In detail, the overall summary of the investigation may be structured in  

 the different populations under study 

 the diseases under study and 

 social habits of the population including hunting activities, cooking and 

general medical precaution, 

 

which are summarized in the following. 

 

5.2 Overview of the different populations in Uaxactún 

Pig population in Uaxactún: As discussed in the Publications 1 and 2, pigs are the 

second most important backyard livestock at the village after poultry. Overall, 31.7% of 

the households interviewed by the OMYC owned pigs, and 53.6% considered them as a 

basic need. Backyard breeding of pigs has an impact on the local economy as a method 

for saving money, but as well as ownership of pigs and the amount of pigs owned may be 

linked to a better economical status within the village; therefore, as Lekule et al (2003) 

mention, pigs have functions that are not reflected in a simple economic balance. Lekule 

et al. (2003) give an explanation of the lower fixed cost of traditional pig production 

compared with intensive production keep the backyard farming as a common husbandry 

form, as well as that many households have kind of kitchen waste, which may be 

exploited by a pig.Thus, pigs are a source of income, where people may save different 
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amounts of money, which otherwise might disappear. All of these principles were present 

in Uaxactún, as pigs usually are roaming free within the village and scavenging on the 

streets.  

 

In the study region pigs show a relative healthy status, as no diseases other than 

mange or gastrointestinal nematoda were detected. For this several reasons may 

discussed. First, diseases of pigs are not seen as relevant as those of poultry, since these 

are not deadly. This may generate a general lack in awareness. This failure to monitor 

infectious diseases is a major limiting factor for pig production in the Asian region (Huynh 

et al, 2006), a statement similar applying to the backyard livestock in Guatemala. In 

Addition, to the authors’ knowledge, pigs are usually slaughtered at approximately 12 (+/- 

2) months of age, depending on their individual growth, reducing the exposure time for 

acquiring or developing several diseases, and that they are usually slaughtered at 

December for the Christmas season; thus, pigs usually live around one year. Ofukwu et al 

(2010) report as well in Nigeria this increase of slaughter during Christmas. Therefore 

incident events are little and the prevalence is low. This as well explains why diseases 

such as Tuberculosis are not detected, as the course of this disease is slow, before it 

begins to manifest clinical signs (OIE. 2014). Therefore it could be expected, that no 

reaction to tuberculin injection, and no gross lesions were determined in lungs or regional 

lymph nodes.  

 

Peccary population in Uaxactún: To the authors’ perspective, peccaries are one of 

the most important species for bush meat in the community, a perspective that has been 

referred in literature (Romero et al. 2010, Shender et al. 2009, Jori et al. 2008, Mayor et 

al. 2006, Sowls 1996). This is due to the large herds created by this species (Tavares et 

al. 2010, Peres 1996), making them easier to hunt, as well as for the amount of meat a 

single animal may have. Villagers agree with their cultural knowledge that these are the 

most relevant factors for being important as game species. Currently, no data concerning 

to abundance and distribution of peccaries within the forests of Uaxactún is known; 

hunters have traditional methods to find peccaries. Nevertheless, peccaries would flee 

away when disturbed if several resources of food and water exist. As well, there is an 
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important seasonal variation of landscape concerning to food and water resources 

through all the year, of which number and distribution is partially unknown; Therefore, 

herds may be roaming all over the place as environment dries, and then only few places 

remain during March to May, when hunting increases at places known for hunters. Up to 

date, the amount of herds within the forests of Uaxactún and their dynamics is not 

completely known or understood.  

 

Villagers in Uaxactún: As stated in the paper 2, informants who agreed to 

participate represented a subset of the population. The community may be divided 

between members or not of the OMYC organization, and of these members a subset was 

taken for the development of the rural approach and participatory epidemiology 

techniques. Not everyone was willing to participate, and not all informants gave relevant 

information. Overall, information of 10 hunters and 26 housewives who actively 

participated for the investigation and gave information was used. Informants differed in 

their comfort level when discussing certain subjects. Some informants broke the 

conversation several times because of stress or discomfort, whereas some decided to 

drop their collaboration before a meeting started.  

 

5.3 Diseases of animals 

Concerning to the diseases of animals, in summary, and according to PE approach, 

diseases of poultry are the most relevant, as those bear the highest PE-morbidity and PE-

mortality rates. Swine diseases, in contrast, have an apparent low relevance, as PE-

mortality rate is almost 0% even if a 41% of the people would consider them infected by 

digestive parasites; for pigs, dermatitis does not appear to represent a problem. For the 

case of dogs, the most relevant disease according to the PE approach is mange; even if 

dogs do not die of this disease, villagers estimate a PE-prevalence of 23% for the dogs. 

Botfly in dogs is considered as a disease with low PE-prevalence (5%) and no PE-

mortality. Diseases of horses appear to be neglected by villagers, and glanders 

(suspected by Streptococcus equii) is the only mentioned disease for them. 
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For swine and poultry, besides of the participatory epidemiology assessment, 

samples were taken for the laboratory diagnose of several diseases. With the following 

disease pattern were observed in general. 

 

5.3.1 Diseases of Swine 

Leptospira: the overall prevalence found in in peccaries was around 28%, whereas 

in pigs 39%. Mérida et al (2011) found a prevalence of 28.5% of leptospirosis in collared 

peccaries in Petén, Guatemala. In Uaxactún, although pigs are free-roaming animals and 

there are several water bodies in the community, the young age to which pigs are usually 

slaughtered apparently reduces the prevalence. As Jung, et al (2009) state, although 

seropositive samples may be found in all age categories, the seroprevalence increases 

with age. Suepaul et al. (2011) did not find any statistical difference for pigs concerning to 

sex or location in Trinidad; whereas Anampa (2010) did not find influence of sex on the 

frequency of leptospirosis in pigs in Peru either. As discussed in paper I, several studies 

refer to the frequency and behavior of leptospirosis on peccaries. (Tavares et al. 2010, 

Jori et al. 2009, Mendoza et al. 2007, Mayor et al. 2006, Karesh et al. 1995, Acoltzi et al. 

1990, Corn et al. 1987) Romero et al (2011) studied the crucial components played by 

wild animals (Tayassuidae, Chiroptera, Primates, Felidae, Rodentia, Cingulata, among 

other taxonomical classifications) in the epidemiologic cycle of leptospirosis, in different 

regions, as they may act as reservoirs, maintenance hosts, carriers or accidental hosts, 

according to factors related to the agent, taxonomic species and the environment, thus 

participating in the transmission of different serotypes. 

 

Brucella: Pigs were negative to brucellosis, but peccaries were prevalent in a 30%. 

At the village, pigs do not come into direct contact with peccaries, but some hunters take 

viscera of peccaries and other wildlife to feed their dogs, giving the opportunity to pigs for 

accessing these organs, and creating a risk of disease transmission. As well, negativity of 

pigs may be partially explained as well by the prohibition to possess domestic ruminant 

species at the region, as ruminants are known reservoirs for B. abortus, and the low 

susceptibility of pigs for acquiring this pathogen (OIE, 2009). Positivity of peccaries to this 



5 Summary Discussion | 73 

 

disease has been described before (Freitas et al 2004, Lord and Lord 1991, Mayor et al. 

2006).  

 

Tuberculosis: No lesions consistent with tuberculosis were detected for both pigs 

and peccaries. Furthermore, no pig was positive to tuberculosis by intradermal tuberculin 

injection. Since literature reports for tuberculosis in peccaries are scarce, it is assumed 

that these species have a low susceptibility to the pathogen. (Mayor et al. 2006; Meyer et 

al. 2012) As for pigs, they are particularly susceptible to M bovis, which is usually 

acquired from shared grazing or ingestion of contaminated dairy products. This can cause 

a rapidly progressive, disseminated disease with caseation and liquefaction of lesions. 

The single intradermal test conducted on the dorsal surface of the ear or in skin is often 

useful for diagnosis. (Merck, 2014) As well, absence of ruminants may decrease the 

exposure to Mycobacterium at the village. Negative results reflect no recent exposure to 

the pathogen. Ofukwu et al (2010) report that Mycobacterium affected pigs of all ages in 

Nigeria; nevertheless, older animals were the most affected. Arega et al. (2013) found 

during a prospective study in Ethiopia, that pigs older than a year of age were more 

affected by tuberculosis than those younger, as well as more prevalent the disease on the 

free-roaming pigs. 

 

Classical Swine Fever Virus: CSF was not detected in pigs or peccaries. The 

National Program against CSF has been conducting surveillance and vaccinating against 

this disease since 1996. The Peten Region was declared free of CSF in 2005 (MAGA, 

Declared in the Ministerial Agreement 1993-2004). Negative results were therefore 

expected for both species, as pigs at the region are considered free, as no outbreak of 

the disease has been reported at the north of Guatemala (David Orellana, Zoosanitary 

Department, Ministry of Agriculture, Livestock and Food, Guatemala – MAGA –, personal 

communication, 27 February 2015), and for the case of peccaries, Sowls (1996) 

describes how unlikely it is for peccaries to either acquire or transmit this pathogen. 

 

Hemoparasites: All peccaries were positive to Babesia sp., which is a pathogen 

transmitted by ticks (Bowman, 2009). All peccaries were heavily infested with ticks of the 
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Amblyomma genus, and therefore, suggesting that these ticks act as the vectors of this 

pathogen. In contrast, pigs were negative to Babesia, and during field observations, pigs 

were rarely affected by ticks with very low loads. Pigs have a low susceptibility to 

Babesia, and this parasite constitutes a minor problem for the Latin American region. 

(Victor Montenegro Hidalgo, Universidad Nacional de Costa Rica, personal 

communication, 09 March 2015) Furthermore, Babesia trautmanni, which causes severe 

disease to pigs, as well as B. perroncitoi, have been reported in the former Soviet Union, 

southern Europe, Africa, and China. (Zobba, 2014; Bowman, 2009; Merck, 2011) There 

are no reports of these pathogens for Latin America to the best if the authors’ knowledge. 

 

For Trypanosoma sp., none of the sampled swine were positive by blood smears. 

Since peccaries are suceptible to this pathogen (Herrera et al. 2008), and as this 

pathogen has not been reported at the region, we suggest that either this pathogen is 

absent of the area under study, or that there is no contact with the vector species. No 

evidence of Leishmania sp. was detected on blood smears for either species, although 

this pathogen is endemic to the region and commonly affects people and dogs at the 

village. According to a report of the Institute for International Cooperation in Animal 

Biologics of the Iowa State University (2009), to their knowledge, only one case of 

Leishmania in pigs has been documented, and furthermore, pigs infected experimentally 

did not develop the disease, and could not transmit the pathogen to sandflies. The former 

information, therefore, suggests that these do not play a major role in the epidemiology 

transmission of these diseases at the region.  

 

5.3.2 Diseases of Poultry 

Laboratory results indicated that 12/29 (41.3%) of chicken samples, 1/3 of turkeys 

and 1/16 of ducks were positive to NCD; whereas none was positive to AI. All ducks 

swabbed were negative for viral isolation, and thus NCD virus, AI virus, and Infectious 

Bronchitis (Coronavirus) were not detected. As Avian Influeza virus was not detected 

during this survey, we conclude that poultry does not pose a risk for public health (Conan 

et al 2012); nevertheless, it should be stated that the improvement of the management 

and husbandry of poultry would increase the biosecurity and health of the local flock 
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(Conan et al. 2002). Sharma et al. (2014) report a prevalence of 48% in chicken in West 

Indies, as well as no evidence of influenza virus; they reference to the different outbreaks 

of Newcastle at the Latin American region. As well, Wang et al. (2013) suggest that 

owners should be advised to reduce free-range rearing of poultry, as this is a potential 

source of viral or pathogen exchange. 

 

5.3.3 Diseases of other Animals 

Equine: Horses and mules are of low importance in Uaxactún; they are not used for 

transport or as burden animals. Only 12.2% of the surveilled population had horses and 

6.1% mules; Diseases were primarily glanders (suspected by Streptococcus equii). High 

levels of tick infestation were personally diagnosed. Sweeney et al. (2005) report that the 

majority of strangles cases require no treatment other than proper rest and a dry, warm 

stall and provision of soft, moist, and palatable food of good quality while letting the 

disease run its course. Therefore, cases at the village may represent the mild form of the 

disease and do not require any particular treatment. 

 

Dogs: In the case of dogs, mange was a common problem for which people would 

regularly ask for medicine (ivermectin) at the veterinary agro-services in the City of 

Flores. This disease is not considered as important by villagers. Although mange may be 

a non-lethal disease, discomfort provoked to the host may be detrimental for its health 

(Ettinger 2009). Therefore, education of the people for treating this disease is 

recommended. Colmoyote (human botfly) was described as a problem too; nevertheless, 

this was not considered relevant by the villagers either. Presence of rural or forest areas 

and coexistence of dogs and farm animals created an adequate ambient to flies 

proliferation, including the vector flies of Dermatobia eggs. (Krammer-Ribeiro et al. 2003) 

 

An important disease diagnosed at clinical level on 13 dogs was Leishmaniasis. This 

disease appears to affect dogs frequently and humans at a lesser frequency. Dogs are 

the main reservoir host for human visceral leishmaniosis caused by L infantum, and the 

disease is potentially fatal in dogs and people. (Merck, 2011) 
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5.4 Hunting 

As described by Ojasti (1996), the subsistence hunter may be a farmer, a 

smallholder, a settler, a farm worker, a fisherman, a miner, etc. all linked by the fact that 

they are poor and rural. Subsistence hunters usually hunt in a restricted area close to 

home. Subsistence hunting can also become commercial hunting when a good part of the 

product is sold to third parties. The need to hunt for food, implicit in the term "subsistence 

hunting", may be a very authentic feature of daily life in rural Latin America 

 

Ojasti (1996) reports that indigenous peoples hunt a great variety of vertebrates, 

prominently species are tapir (Tapirus terrestris), peccaries (Tayassu pecari and P. 

tajacu), deer (Mazama sp., Odocoileus virginianus), paca (Cuniculus paca) and agouti 

(Dasyprocta punctata). With exception of the tapir, the other ones are the main hunted 

species at Uaxactún and are the most coveted species for hunters. 

 

Hunters could not account for an average number of animals per month or per 

season, as this number is always random considering their field visits, season, health 

issues, and family affairs, among others. Hunting is a common activity happening on an 

irregular basis and focused towards large vertebrates without any concern of the sex or 

species. (Baur, 2008; Ojasti 1996) According to the information generated by OMYC, 

hunting accounts for approximately 0.75% of the income to the perception of the surveyed 

families; thus, representing a low proportion of the local economy according to villagers.  

 

For the case of Uaxactún, hunters may go out solely to hunt or accompanied by 

relatives and friends, according to the experiences of the last days. As Ojasti (1996) 

describes, hunters may go during day or night, and may also blend hunting with other 

activities, like in the case of Uaxactún, during agricultural activities as well as during Xate 

collection. They hunt to feed themselves and their families, and generally share and eat 

the product of the hunt within the community; some of them may as well sell some of the 

product obtained. (Ojasti, 1996) They take their weapons along to the field, ready for any 

opportunity that may arise. They may use firearms, machetes and clubs. (Ojasti, 1996) All 

of these patterns were observed at Uaxactún. 
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Hunting is strongly influenced by season; summer was described as the best season 

for hunting peccaries, as most of these herds would gather close to water bodies known 

to the hunters, which do not dry during this season, and access to the forest is easier. In 

contrast, deer are present all over the year, being elusive animals which usually are 

harder to hunt during the dry season, but easier during the rainy season, but access to 

the forest is more difficult as well. Hunting is as well influenced by the conditions of 

weather and former experiences of days before. 

 

Armadillos (Dasypus novemcintus) and paca are hunted whenever they are found, 

usually not by purposive hunting but by chance, and sometimes with the aid of dogs. 

Agouti (Dasyprocta punctata) has been regarded as an undesirable species to hunt. 

 

Rainy season as well allows an easier approach to birds, which may be over the soil 

or on the branches of trees. In the case of birds, curassow (Crax rubra) and crested guan 

(Penelope purpurascens) are the most hunted species as those are the most abundant. 

As Ojasti (1996) reports, data concerning to wild birds hunting is scarce and not as 

frequently collected as for mammals. Hunters prefer hunting curassows because of their 

taste and size. There is a high degree of sexual dimorphism of curassow and hunters 

would usually prefer to hunt males, claiming that if females are hunted, no offspring would 

be available for the following years. 

 

Depending of the kind of animal hunted, carcass is either prepared on field (large 

mammals) or the animals are brought complete to the village (Paca, Armadillo, Avian 

species). The latter being only prepared on field if the hunter is returning to the village on 

the next day. If the carcass is brought to the next day, it will be roasted on field for 

conservation. 

 

Dogs are regularly used to hunt under particular circumstances (i.e. short time, 

elusive animals, knowledge of prey at a precise moment and location); the use of dogs is 

not always successful, but increases the success of hunting. Bringing dogs may be 

dangerous, as jaguars (Panthera onca) or pumas (Puma concolor) may attack. 
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Furthermore, if peccaries feel distressed by dogs, they may attack. Hunters stated that 

the greatest risk of hunting are the pit-viper species (Crotalinae: Reptilia), particularly Fer-

de-Lance (Bothrops asper), Rattlesnakes (Crotalus simus), and Jumping Vipers 

(Atropoides mexicanus). 

 

People do not consume reptiles (Reptilia: Vertebrata) and only a few fishes 

inhabiting in the near rivers or lakes. 

 

As stated by Alvard et al (1997); hunting is an important component of native 

subsistence strategies. It may be found from the Americas to Africa as a widespread 

phenomenon in tropical forests (Peres, 2000). Subsistence hunting varies greatly from 

one region to another depending on factors such as habitat, land use, current status of 

wildlife and the cultural factors. Although subsistence hunting is ubiquitous in Latin 

America, information on it is scarce and mostly anecdotal. The most specific studies 

cover only the forest areas of Peru and Brazil. (Ojasti, 1996) 

 

In most of the cases, hunting pressure is higher than the sustainable harvest 

amount. (Peres, 2000; Alvard et al. 1997; Ojasti, 1996) Peres (2000) describes for 24 

locations in both the Brazilian Amazon and regions of Perú the pressure of hunting, and 

considers through a socioeconomic approach the enormous value that game meat 

represents for those regions. These statements may also apply for the forestry of 

Uaxactún, even if forests and communities are different, the economic problems that 

these villages may share may be similar, and could drive to the same forestry approach.  

 

5.5 Cooking 

For the case of poultry, wild avian, pork, peccary and tepezcuintle, more than the 

50% of the times meat would be either stewed or prepared as broth, reaching high 

temperatures, which could be considered as a protective factor against food-borne 

pathogens. Methods as grilling may be considered protective, since meat is heated at 

high temperatures on an iron and according to the duration of cooking, there would be no 

raw or intermediate meat. Roasting, conversely, could represent a problem if direct 
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exposure to the flames could burn the external layer of food, prompting cessation of 

cooking, but leaving raw parts or tissue liquids; armadillos are usually roasted and may 

represent an exposure of this kind. Nevertheless, as corroborated during fieldwork, 

people do not consume meat until completely cooked. Surveyed people said that roasting 

method is at low fire (when no flames come of the logs, but only heat).  

 

As there is no electricity in Uaxactún, food conservation is not possible using fridges 

or under conventional means. Therefore, meat is either smoked or grilled to be dried and 

stored in pots covered with foil. At the first indication of spoilage, meat would be 

discarded. 

 

For the viscera of hunted animals, liver is the most commonly consumed viscera, 

followed by lungs. The remaining viscera are discarded because they are not considered 

food. Some people may eat kidneys as well, being this not frequently. Kidneys would be 

well cooked, so that any bacteria or pathogen in them would be inactivated or destroyed 

during the cooking procedure. 

 

According to the obtained data, of 26 housewives consulted, 50% of them would 

consume meat 4-5 times a week, whereas around 35% would consume between 1-3 

times per week, and the remaining 15% 6-7 times. 

 

As well, concerning to the proportion of bush meat within the diet, 42% of 

housewives indicated that most of meat consumed at house was bush meat. This data 

might be considered as biased, as most of consulted housewives are family of hunters. 

Hunters would usually share with their closest relatives the carcass of the hunted animals, 

and the main approach was taken to this subset of the population, and may as well not be 

completely representative for the village.  

 

Warnock (2007) reported some cooking patterns in Cambodia for the World Health 

Organization. He assessed the degree of hygienic practices, if meat was cooked 

thoroughly, if raw and cooked food were separated during preparation, and if people 



5 Summary Discussion | 80 

 

washed hands. He describes how the education of people through capacitation may 

change perception of the importance of proper cooking and handling, as well as how 

hygienic practices may increase as long as they do not represent any further costs for the 

villagers. Kuhnlein et al (2013) report studies in depth of the food systems of indigenous 

peoples for several regions of the world, as well as the relevance they have as potential 

protective factors, when during rural approaches, simple capacitation and 

recommendations may have a fruitful impact over health and hygiene. 

 

Whereas indigenous knowledge systems in the aspect of food must be preserved for 

future generations and conservation of their history and culture, approaches for health 

improvement must be sought for the benefit of the populations under study. It should be 

encouraged an adaptation to the modern life without denying the indigenous knowledge 

of tribal peoples. (Kuhnlein et al, 2013). Kuhnlein et al (2013) describe as well the 

participatory approach used in nine different scenarios in Canada, India, Peru, Japan, 

Nigeria, Kenya, among other countries, where the health assessment was driven by an 

approach of understanding cooking and where health improvements were driven from this 

assessment. There is an important description concerning to the epidemiological 

approaches in these studies, not only as for understanding the cultural and demographic 

characteristics of the people and the nutritional basis given by their cooking styles, but as 

well as for teaching them on a better management for raising their animals, and the latter 

measure of the impact of social activities for improving health and management of their 

livestock, as well as for the hygienic practices concerning to food preparation. 

 

5.6 Medical and veterinary services 

Fay (2005) has a wide approach to the health of poor people in Latin America; she 

remarks how in Guatemala the urban poor have a better health performance than their 

rural counterparts, whereas in other countries it happens to be the opposite. She 

addresses how the physical environment, along with inadequate hygiene practices deters 

health. It is mentioned, nevertheless, that the individuals’ health-seeking behavior is a 

relevant factor for the health improvement. She presents data revealing the relationship 

between illnesses on the one hand and income, unemployment, education, and access to 



5 Summary Discussion | 81 

 

basic services on the other. The data neither prove causality nor isolate the influence of 

each variable, but they do demonstrate a positive correlation between health and factors 

associated with poverty. 

 

In addition, although the evidence is not specific to urban areas, health care systems 

in Latin America provide an unequal distribution of benefits: the gap between the need for 

and utilization of services is much larger among the poor. Increasing access to health 

care services may not increase the utilization of them, since the poor do not take 

advantage of health services to the same extent as the rich. (Suarez-Berenguela, 2000, in 

Fay 2005) The former statement applies to the situation in Uaxactún. Even if medical 

services and medicine are available for free at the village, people fail to seek for medical 

attention due to either cultural believes or embarrassment. These results suggest that 

education programs must accompany increased access to services in order to maximize 

their benefits. Health is as well linked to food management and hygiene (Kuhnlein et al 

2013); and therefore an improvement of health may be achieved by education of people 

concerning to disease transmission through food.  
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6 Conclusions 

As stated in the second paper, the present study generated information concerning 

wildlife diseases and factors influencing hunting, as well as the particular seasonality of 

diseases of livestock within the area of Uaxactún, Maya Reserve Biosphere, Guatemala. 

However, due to the limited resources, as well as being the first study of this type at the 

region, it should be considered as a pilot project which may be improved and extended. 

 

As mentioned in the first paper, citing Mayor et al. (2006) concerning to the diseases 

of swine, the negative seroprevalences to various infectious pathogens may reflect no 

recent exposure to those agents. Nevertheless, since the levels of specificity and 

sensitivity of these diagnostic tests in peccaries are not completely known, results should 

be interpreted with caution. Since these tests might as well under report a present 

disease, a clinical evaluation would be desirable for a more complete and appropriate 

approach of the animal populations. As well, in regard that some of these pathogens have 

been found and reported in previous studies, confirming the susceptibility of peccaries to 

these pathogens under certain conditions, we may conclude that either these pathogens 

were absent of the region during the development of the study, or that the appropriate 

conditions may not be present up to date in the forests of Uaxactún. Therefore, an 

ongoing effort for the study of the diseases in wildlife is necessary, as these animals were 

positive to two different zoonotic diseases which may pose a threat for villagers at 

Uaxactún. As well, a study on other species as well as in other regions or communities is 

desirable for the strengthening of the epidemiological surveillance systems. 

 

From the epidemiological perspective and according to these results, no pressure 

towards domestic livestock concerning to diseases was identified at the community, as no 

evidence of direct spillover of diseases between both swine species was found or 

suggested. In the case of human population, two zoonotic agents of public health 

importance were detected; thus, it is important to study and understand the habits of 

people towards wildlife, as well as assessing the risk degree to which people may interact 

with these agents. Furthermore, both for humans and animals, it may be concluded that 

there are currently no major threats which would require an immediate action. 
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Nevertheless, education of people concerning to the management of livestock for both 

health and reproduction, for the improvement of animal husbandry, concerning to food-

borne diseases is desirable, as this is an important factor for the spread of diseases.  

 

Concerning to human diseases, no relevant diseases were mentioned between 

villagers other than respiratory symptoms or diarrhea. There are no assured diagnostics 

for these problems and only clinical symptoms are treated. Disease surveillance in 

humans is required to reveal factors influencing the appearance and frequency of 

diseases at the region.  

 

Concerning veterinary services, there is little interest of the villagers of Uaxactún to 

have them. Nevertheless, villagers are concerned about the health of their animals; 

finding key players would be a good starting point for the installation of a medical 

veterinary kit, which would help to improve the livestock health at the community. 

Educating villagers for the application of different drugs and medicaments for animals as 

preventive steps (for deworming and vitaminizing livestock, for instance) is another further 

step for the improvement of health. Steps for scheduling a regular vaccination program of 

poultry should be taken between the community organization and the government -or with 

a non-governmental organization-. 

 

Fieldwork advance was performed so far under a defying scenario, where the 

development of new approaches both for social and scientific approaches for the 

fulfillment of the investigation were necessary and challenging, giving a plus for the 

experience and learning of the researcher.  

 

A major problem was cancellation of hunting events, especially if suspicion of a non-

convenient day for hunting arose or if hunters had personal affairs, even if they had 

already agreed to participate or if support was offered; if during a field activity hunters 

collected another species (mammal or avian), hunt event was over. Deer species and 

avian species are easier to hunt during rainy season.  
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Between March to May, projects such as the Slovak Archaeology and History 

Institute, the French project at Naachtún (behind Uaxactún), the Archaeological project at 

San Bartolo and the Annual Organization Plan of the Community employ most of men of 

the village, reducing the amount of hunters available for the fieldwork. These were not 

known in beforehand and affected the course of the fieldwork and the organization of the 

special field activities. All of these, added to the extended and unusual rainy season in the 

region for the time of the work development. 

 

It may concluded as well that villagers realize the importance of proper cooking, 

even if this is not recognized by them as directly linked to diseases. Describing cooking 

patterns indicated several protective and risk factors within the procedure, which may be 

considered for further health suggestions. Thus, even if roasted and grilled meat might 

pose a higher degree of risk of raw remains, people would take care of the proper and 

even cooking of meat before consumption, which would inactivate most of the possible 

pathogens which could be transmitted by meat.  

 

Hunting frequency varies according household and of other economic activities or 

the season of the year, among others. As well, hunting depends in most of cases of 

chance. Agricultural activities may influence hunting, as this puts people may come into 

direct contact with wild animals. Increasing the number of activities at the village would 

decrease the frequency of hunting.  

 

Within the work it may be concluded as well that subsistence hunting is an activity 

created by poorness and enhanced by the lack of employment opportunities. If possible, 

hunting would not be the first option as a lifestyle, this due to the fact that hunting is never 

a complete successful activity, incurring into loses of time and resources, and involves 

dangers such as the attack of venomous vipers or of a large felidae; as well, peccaries 

may be aggressive and could harm the hunters. In addition, peccaries may get violent 

due to the presence of dogs and may attack the dog or the hunter, of which several cases 

were reported of dogs being either injured or killed by peccaries, particularly by the white-

lipped peccary. Thus, creating more employments taking people towards other activities 
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may decrease the frequency and incidence of hunting, and thus helping the conservation 

of wildlife. 

 

As participatory epidemiology relies heavily on indigenous knowledge and 

terminology, it is recommended that participatory rural appraisal techniques are actively 

integrated into the surveillance systems in rural communities. Within participatory 

epidemiology, the main methods for collecting information are by semi-structured 

interviews, scoring and ranking, and visualization (Thrusfield, 2005, Kuhnlein, 2013). 

Thrusfield mentions how PE has been widely used for data collection and further 

veterinary actions in several countries in Africa, procedures which have helped either to 

describe (Catley et al., 2004; Mariner et al., 2002; Mochabo et al., 2005), detect (Mariner 

and Roeder, 2003), control and eradicate (Catley and Leyland, 2001) several animal 

diseases, as well as for improving animal health. (Mugunieri et al., 2004) 

 

Wildlife studies in the Americas still a growing and developing field to which new 

information is slowly added, and where all efforts concerning to this field constitute a 

basic need. This is, therefore, a field where more investigation is needed. For the 

improvement of this, as well, the standardized collection, classification and storage of 

information concerning to the different reports of diseases, as well as other data related to 

the epidemiological tracing and tracking records for a particular outbreak or case is 

desirable. Not only for the case of animal diseases, but as well for human diseases. 

Therefore, again educating people for the collaboration in this type of studies is desirable, 

as mistrust hinders the development of participatory approaches. 
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7 Outlook 

The present research was conducted in collaboration and support with the 

Government of Guatemala, and represents a first approach of a combined active 

epidemiological surveillance of wildlife species and backyard farming by the Government. 

The interest for developing methods suitable for field conditions and encouraging villagers 

to actively collaborate on this tasks together with the government has been a key factor 

for the development of the project; Therefore, this project has been successful both as an 

academic research, as well as for developing epidemiological assessment tools for the 

government. This is not only based on the amount of samples obtained at field, but as 

well it is based on other key factors explored to encourage active collaboration by 

villagers for further studies at the country. 

 

Concerning to the management of livestock for both health and reproduction as well 

as for improving animal husbandry education of villagers is required. The main point for 

the education of villagers, is about animal welfare, to the best of their understanding; as 

well, teaching good animal husbandry practices and other methods for improving the 

health of their animals. Education concerning to the diseases of animals would be 

required as well, so that people are able to understand the most simple forms of the 

transmission of different diseases, to be able to prevent them by themselves. 

Furthermore, education concerning to food-borne diseases is desirable, as this is an 

important factor for the spread of diseases. It would be necessary for them to learn the 

basic skills to apply different drugs and medicaments for animals as preventive steps; as 

well as the management of the biological material such as vaccines. Education of people 

for the collaboration in this type of studies would be valuable, as mistrust hinders the 

development of participatory approaches. 

 

As well, for the case of the social workers, veterinarians, and other agricultural-

oriented professionals, it is really necessary and required to include the sociological 

approaches for rural villages within the study background, not only for the sense of 

openness, and basic collaboration techniques, but the application of these tools for the 

data acquirement, for being able to generate strong bindings and trust with the villagers 
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and people in general. All of these is required for not creating the impression of an 

outsider coming to pick information for his own benefit, but the one of an outsider coming 

to learn and help the community with this knowledge the own people may have. 

 

For the assessment of human and animal health, as well as for analyzing the 

frequency and occurrence of human and animal diseases, one-health programs would be 

an important tool. Increasing the capacity for sample collection and conservation, 

laboratory diagnostics, and socio-economic analyses may be added to strength the 

spectrum of a program. Increasing the spectrum of the wildlife analysis, including other 

wildlife species to the fieldwork is another further step for the disease diagnosis and 

prevention. 

 

As well, increasing the monitoring and surveillance efforts through participatory 

approach for the different diseases may generate a feeling of integration for the people, 

so that they are included within the development of health programs at the community. 

Acquiring qualitative information of this kind will be helpful for complementing other 

information of quantitative nature. The assessment of particular diseases affecting 

backyard livestock and human health is paramount for developing health and 

management plans according to the necessity of each place in particular. 

 

Beside this, the standardized collection, classification and storage of information 

concerning to the different reports of diseases, as well as other data related to the 

epidemiological tracing and tracking records for a particular outbreak or case is desirable. 

This should generate a one-health data structure as the basis for action plans and 

surveillance. 
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11.1 List of Technical Equipment 
 

 

Field Material 

 Plastic bags 

 Scalpels 

 Scalpel handle 

 Scissors  

 Latex Gloves 

 Iceboxes of different sizes 

 Magnifying glass 

 Absolute methanol BAR ACS 99.8% 

 Formol 

 Diamond-tip Pen 

 Eppendorf tubes for 1.5ml 

 Labels  

 Syringe for 10 and 20ml 

 Needles G18 and G16 

 EDTA tubes for 5ml 

 Machete and sheath 

 Rubber boots 

 GPS  

 Pencils and Pens 

 Digital Camera 

 Assay tubes for 10ml 

 Coverslips  

 Slides 

 

Medical / Biological Material 

 Ivermectin (1%) 

 Albendazole (10%) 
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 AD3E + Comp B 

 Bayovac Neumogard, Bayer, Mexico 

 Triple Aviar, Lavet, Guatemala 

 

Office Material 

 Calculator 

 SAS (R) software 

 Microsoft Office Pack 

 Computer  

 Tablet (Ipad) 

 Printer 

 Notebook 

 80g White paper sheets 

 Black and Color Ink 
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11.2 LIST OF SAMPLES USED 
Type of 
sample 

Conservation Amount 
to Collect 

(mL) 

Alliquote Amount 
(mL) 

Test DISEASE Description 

Serum pigs 
and 

peccaries 

Without 
anticoagulant 

10-20 1 2 ELISA CSF, 
Mycoplasma, 
Actinobacillus 

Samples run with 
the ELISA IDEXX 

herdcheck kit 
 

   2 2 MAT Leptospirosis Several Leptospira 
strains tested by 

“Dark field 
microagglutination” 
with live antigens 

 

   3 2 Card Test Brucella Card test 
performed for 

Brucella abortus. 
 

   4 2  To be conserved 
Samples frozen 

at -20°C 
   5 2  To be conserved 

   6 2  To be conserved 

Blood pigs 
and 

peccaries 

With EDTA 5-10 1 1 WRIGHT stain Babesia sp / 
haemoparasites 

Slides fixed and 
stained with 

WRIGHT with a 
under standard 

methods 

Serum 
poultry 

Without 
antigoagulant 

1-3 1 1 Immunodiffusion 
Agar Gel 

Avian Influenza  

Serum 
poultry 

  2 1 Haemoagglutination 
inibition test 

Newcastle 
disease 

 

  



11.3 Appendix: Technical Description of Laboratory Procedures Use| 105 

 

11.3 Technical Description of Laboratory Procedures Used 

 

Laboratory Proccedures: 

 

A LEPTOSPIROSIS was detected by MAT test, at the Department of Microbiology, 

Faculty of Veterinary Medicine; University of San Carlos, Guatemala. 

 

Sample type: Serum. 

 

Using a panel of 8 antigens; serovares include: Pomona, Autumnalis, Bataviae, 

Icterohaemorragiae, Pyrogenes, Grippotyphosa, Bratislava and Tarassovi. Sera were 

considered positive to the end point of 50% agglutination. Agglutination titres lower than 

1:100 will be considered of previous exposures (Mayor 2006), titre of 1:100–1:200 to be 

considered a low positive titre, and interpreted as indicative of recent exposure to 

leptospires. Titres P1:400 will be considered to be high and interpreted as indicating 

either recent or active infection. (Jori 2009) 

 

For sera showing positive reactions against more than one serovar, titres two or 

more dilution steps lower than the highest recorded titre were considered as crossed 

reaction and excluded from further analysis. Thus, as done in other studies (Boqvist et al., 

2002), all end point titres being one serum dilution lower than the highest recorded 

dilution were considered as contributing to serological prevalence. Since antigens used in 

the MAT test are serovars, but antibodies detected react more specifically to serogroups 

than they do to serovars and only infection with the correspondent serogroup can be 

inferred, we chose serogroups for the analysis and presentation of serological results. 

Nevertheless, for the sake of comparison with other studies, the equivalence with 

correspondent serovars was used and is presented in Table 1. 

 

Procedure:  

1 Fill all 96 wells of a microtitre plate with 50 µl PBS.  

2 Add another 40 µl PBS to the wells of column 2.  
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3 Add 10 µl of antiserum to the wells of column 2 (serum dilution is now 1:10).  

4 Dilute by pipetting 50 µl from one well to the next. Discard the final 50 µl.  

5 Add 50 µl Leptospira culture to all wells (dilution in wells from column 2 is now 

1:20) and cover the microtitre plate. 

6 Mix thoroughly on a micro shaker for a few seconds.  

7 Incubate for 2-4 hours at 30C or overnight at room temperature.  

 

Reading the results:  

 

The serum-antigen mixtures are examined under a dark field microscope for 

agglutination. This can be done by transferring one drop of mixture to a microscope slide.  

 

The endpoint (titer) is taken as that dilution which gives 50% agglutination, leaving 

50% of the cells free. Compare with a control suspension of leptospires diluted 1:2 in PBS 

without serum (column 1).  

N.B. Agglutination is not always visible under the microscope.  
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B PARASITE SPECIES DETERMINATION: Blood samples were processed at the 

Parasitology Laboratory of the University of San Carlos, Guatemala. 3-5 blood smears 

were fixed at the field with absolute methanol in the same day of the hunting, in order to 

avoid cell lysis. Wright staining was performed at the laboratory to determine blood 

parasites  

 

Sample type: Whole blood 

 

1 Place freshly prepared and air dried blood smears in a manual staining rack 

2 Place slide rack with air dried blood smears in Methanol for 30 seconds.  

3 Take a disposable pipette and flood the Wright Stain on the appropriately labeled 

slides.  

4 Set timer for 3 minutes.  

5 Place oxidizing Wright Stain and Wright Stain Buffer Mixture on Wright stained 

slides lying on slide rack (Displacing the Wright Stain off the slides with the pipette 

filled with Wright Stain/buffer mixture and viewing a metallic sheen on the top of 

slides. 

6 Set timer for 6 minutes.  

7 Place slides in Wright Stain Buffer for 1.5 minutes.  

8 Set timer for 1.5 minutes.  

9 Retrieve slide rack with stained slides from buffer rinse and allow to air dry before 

examination with immersion oil and 100X objective. 

 

STAINED SLIDETIPS 

1 Wipe excess stain from back of slides with methanol soaked gauze, being careful 

not to wipe off the stained side of the slides. 

2 Place on slide envelope or slide flat/folder and proceed to the microscope room.  

3 Place 1 drop of immersion oil onto slide to be viewed making sure it is completely 

air dried after staining. 
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C BRUCELLOSIS: was determined by Card Test at the Department of Microbiology, 

Faculty of Veterinary Medicine, University of San Carlos, Guatemala.  

 

Sample type: Serum 

 

1 Within a given order, 30 µl of sera are deposited on each square of the glass. 

2 30 µl of Dyed antigen are added next to each sera sample, avoiding mixture at this 

point. 

3 With a clean stirrer, antigen and sera have to be mixed, creating a surface of 

around 2-2.5 cm. 

4 After mixing, 4 minutes have to be waited, and during this time, the glass has to be 

swiveled at a 10-12RPM. 

5 Read the results. If agglutination is Br Positive, if not, negative.  
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D. ELISA 

 

ELISA Tests (Classical Swine Fever, Mycoplasmosis, and Actinobacillosis): were 

determined by ELISA IDEXX HERDCHEK® Antibody Test Kits at the reference laboratory 

of the Ministry of Agriculture, Livestock and Food. 

 

Sample type: Serum 

 

Procedure 

 

Coating 

1 Dilute the antibody with Coating Buffer and coat appropriate wells of ELISA plate 

with the antigen by pipetting 100 μl of the diluted solution.  

2 Note: the concentration of coated antibody ranges from 2-5 μg. 

3 Cover the plate with an adhesive plastic and incubate for 2 hours at 37oC or 4oC 

overnight. 

4 Remove the antibody coating solution from the wells of plate by flicking the plate 

over a sink. 

5 Wash the plate three times by adding the wells with 200 μl Washing Buffer. 

 

Blocking 

1 Add 200 μl Blocking Buffer to block the non-specific binding sites in the coated 

wells. 

2 Cover the plate with an adhesive plastic and incubate for at 1 hour at 37oC or 

overnight. 

3 Remove the Blocking Buffer from the wells of plate by flicking the plate over a sink. 

4 Wash the plate three times by adding the wells with 200 μl of Washing Buffer. 

 

Competitive Incubation 

1 Dilute the standard/sample in the Blocking Buffer and dilute the HRP conjugated 

antigen in the Blocking Buffer at the same time. 
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2 Mix the standards/sample and HRP-conjugated antigen together and add 100 μL 

of the diluted mixture to the wells. 

3 Cover the plate with an adhesive plastic and incubate for 2 hours at 37oC. 

4 Remove the mixture solution from the wells of plate by flicking the plate over a 

sink. 

5 Wash the plate three times by adding the wells with 200 μl of Washing Buffer. 

 

Detection 

1 Add 100 μl of the TMB Reagent per well with a multichannel pipet or a multipipet. 

2 After sufficient color development add 100 μl of Stop Buffer to the wells.  

3 Note: 10-15 minutes is enough for color development. 

4 Read the absorbance of each well with a plate reader. 
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E. NEWCASTLE DISEASE: Samples were processed at the laboratory of the National 

Program for Poultry of Guatemala by haemoagglutination Inhibition test. 

 

Sample type: Serum 

Performed at: Laboratory of PROSA 

 

1 0.025 ml of PBS is dispensed into each well of a plastic V-bottomed microtitre 

plate. 

2 0.025 ml of serum is placed into the first well of the plate. 

3 Twofold dilutions of 0.025 ml volumes of the serum are made across the plate. 

4 HAU virus/antigen in 0.025 ml is added to each well and the plate is left for a 

minimum of 30 minutes at room temperature, i.e. about 20°C, or 60 minutes at 

4°C. 

5 0.025 ml of 1% (v/v) chicken RBCs is added to each well and, after gentle mixing, 

the RBCs are allowed to settle for about 40 minutes at room temperature, i.e. 

about 20°C, or for about 60 minutes at 4°C if ambient temperatures are high, when 

control RBCs should be settled to a distinct button. 

6 The HI titre is the highest dilution of serum causing complete inhibition of 4 HAU of 

antigen. The agglutination is assessed by tilting the plates. Only those wells in 

which the RBCs stream at the same rate as the control wells (positive serum, 

virus/antigen and PBS controls) should be considered to show inhibition. 

7 The validity of results should be assessed against a negative control serum, which 

should not give a titre >1/4 (>22 or >log2 2 when expressed as the reciprocal), and 

a positive control serum for which the titre should be within one dilution of the 

known titre. 
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F. AVIAN INFLUENZA: Samples were processed at the laboratory of the National 

Program for Poultry of Guatemala by Immunodiffusion in Agar Gel test. 

 

Sample type: Serum 

 

1 Place approximately 50 μl of each unknown sera in the appropriate well (the well 

should be filled as near level as possible without overflowing), using a micropipette 

with an attached pipette tip. A clean tip must be used for each new serum sample 

tested.  

2 Place approximately 50 μl AI AGID positive control antiserum (current version of 

protocol AVRPP0101) in each of three alternate peripheral wells. 

3 Place approximately 50 μl of AI AGID antigen (current version of protocol 

AVRPP0100) in the center well (see Figure 1). This arrangement provides a 

positive control line on each side of the test serum, thus facilitating accurate 

determination of lines of identity. Note: A pattern should be included with positive, 

weak positive and negative reference serum in the test sera wells to aid in the 

interpretation of results.  

4 Cover each plate after filling all wells and allow plate(s) to set for a few minutes 

before moving. This will reduce the possibility of spillage. 

5 Incubate the plate(s) for 24 hr at room temperature (25 C) in a closed chamber to 

prevent evaporation. Humidity can be provided, if necessary, by placing a damp 

paper towel at the bottom of the incubation chamber. 

 

Serum antibody detection 

1 Remove the lid and read plate(s) over an intense narrow beam of light against a 

dark background. A microscope illuminator works well and allows for varying 

intensities of light and positions.  

2 The type of reaction will vary with the concentration of antibody in the sample 

being tested. The positive control serum line is the basis for reading the test, and if 

the line is not distinct, the test is not valid and must be repeated. The following 

types of reactions are observed:  
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Reading: 

Negative reaction: the control lines continue into the test sample well without 

bending or with a slight bend away from the antigen well and toward the positive control 

serum well  

Positive reaction: control lines join with and form a continuous line (line of identity) 

with the line between the test serum and antigen. The location of the line will depend on 

the concentration of antibodies in the unknown sample. Weakly positive samples may not 

produce a complete line between the antigen and test serum but may only cause the tip 

or end of the control line to bend inward toward the test well 

Non-specific lines: these lines occasionally are observed between the antigen and 

test serum well. The control lines will pass through the non-specific line and continue on 

into the test serum well. The non-specific line does not form a continuous line (line of 

identity) with the positive control lines. 
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G. TUBERCULOSIS: For pigs, PPD-Mammalian intradermal tuberculinization test 

(mantoux) was performed, injecting 0.1ml of PPD mammalian (AN5 strain; SAGARPA 

Reg. B-0653-035) at the eyelid. Samples were read after 72 hours. For peccaries, 

imprintings would be collected if clinical lesions suggested tuberculosis, which was not 

the case. 
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11.4 Questionnaire for structured interview (in Spanish) 

 

1 Información General 

Aldea:   Uaxactún 

Nombre:  _________________         ___________________ 

Dirección:  Calle:  _____________.: ____  … 

GPS:  X: _________  Y: _________ 

Sexo:   Hombre   Mujer 

Edad:   _________________ Años 

Contacto: 

 

Antecedentes: 

2 Qué tan frecuentemente caza?  

 3-5 veces /semana  

 1-2 veces /semana 

 3-5 veces /semana 

 1-2 veces /semana 

 Menos 

 No sabe / No responde 

 

3 Con quién caza?  

 Solo 

 Familiares 

 Amigos 

 Familiares y amigos 

 Otros: ___________________ 

 

4 En promedio, cuantas personas lo acompañan?  

___________________ personas 

 

5 En promedio, cuánto tiempo (en horas) dura de cacería?  

___________________ Horas 

 

6 En promedio, cuántos kilómetros recorre para cazar? 

___________________ Km 

 

7 En total, como cuantos animales caza al mes? 

_____________ Animales. 
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8 Por qué caza esa cantidad y no más / menos? 

 No hay más animales para cazar / Hay muy pocos animales 

 No tengo tiempo/ tengo otras responsabilidades 

 Estoy consciente de la conservación / Me preocupo por ellos 

 No necesito más / Solo cazo lo que necesito 

 Otros: ______________________ 

 

9 Los animales cazados son para: 

Consumo familiar       yes  no 

Venta (Cuanto representa, en dinero/kg o total)     yes  no 

Otro: _______________________     yes  no 

 

10 Como lleva los animales a su casa? 

 Preparo la carcasa en el campo 

 Llevo el animal entero a casa 

 Otro: ______________ 

 

11 Como prepara la carne usualmente (Dos opciones)? 

 Por cuantos 

minutos 

Parrilla   si  no ______ 

Rostizada  si  no ______ 

Sopa   si  no ______ 

Estofado  si  no ______ 

Cruda  si  no ______ 

Otra: ______________ ______ 

 

12 Aparte de la carne, usa otras partes del animal? – Para qué? 

Piel    si  no  Comida     Venta     Artesanía        Otro 

Huesos    si  no  Comida     Venta     Artesanía        Otro 

Estómago   si  no  Comida     Venta     Artesanía        Otro 

Intestinos   si  no  Comida     Venta     Artesanía        Otro 

Hígado    si  no  Comida     Venta     Artesanía        Otro 

Pulmones   si  no  Comida     Venta     Artesanía        Otro 

Riñon                    si  no  Comida     Venta     Artesanía        Otro 

Otro: __________   si  no  Comida     Venta     Artesanía        Otro 

 



11.4 Appendix: Questionnaire for Structred Interview | 117 

 

Antecedentes médicos: 

13 Ud. Va al doctor?  

 Si 

Por qué? 

 No 

Por qué? 

      Profilaxis 

      Enfermedad clínica 

      Enfermedad crónica / tratamiento 

      Reconsulta 

      Otro: 

_________________________ 

      Muy caro 

      Muy lejos 

      No hay tiempo 

      Tengo miedo / no me gusta 

      No me hace falta 

      Otro: _________________________ 

 

14 Cuándo fue la última vez que visitó al doctor? 

 En el último mes (1-2/mes) 

 En el último trimestre; (1-2 veces / Trimestre) 

 Entre hace 6 meses / 1 año (1/Semestre) 

 Ya más del año (1/Año) 

 

15 Qué tan frecuente va al doctor? 

 1-2 / mes 

 1-2 veces / trimestre 

 1 / semestre 

 1 / año 

 

16 Se ha sentido enfermo durante el último año?  

 No 

 Si 

 

17 Enfermedades: 

A 

B 

C 

D 

E 

 

18 Tiene animales de traspatio? 

 No 

 Si (cuantos y cuales en el inciso 13) 
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19 Quién cuida a los animales? 

 Hombre 

 Esposa 

 Hijos 

 Otros: ____________________ 

 

20 Sus animales están tratados / vacunados? 

 

 No     

 Si     

 Especie: Tratamiento / 

Profilaxis 

Fecha: Por quién? 

 ________________ ___________________ ___.___._____  Privado 

 ONG 

 Gobierno 

 

Otro:______________ 

 ________________ ___________________ ___.___._____  Privado 

 ONG 

 Gobierno 

 

Otro:______________ 

 ________________ ___________________ ___.___._____  Privado 

 ONG 

 Gobierno 

 

Otro:______________ 

 ________________ ___________________ ___.___._____  Privado 

 ONG 

 Gobierno 

 

Otro:______________ 

 

 

21 Recibe apoyo con sus animales?  

 Si 

 No 
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22 Por quién?  

 Salud Man. Repro 

      Privado    

      Vecino    

      

Otro:___________ 

   

    

ONG    

    

Gobierno    

     MAGA 

     CONAP 

     MARN 

     Otro:___________ 

   

 

23 Le gustaría recibir ayuda para sus animales? 

 No 

 Si 

 

24 Si, Especifique en qué: 

 Salud 

 Manejo / Reproducción 

 Otro: __________________ 

 

Información familiar 

25 Escolaridad del entrevistado? _____ grado 

26 Edad a la primer cacería? ______ años 

27 Cazan sus hijos? 

 No 

 Si 

 

28 Cuántas personas viven en la casa, incluyendolo a ud.  

________ 
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29 Qué animales silvestres ha visto en / entran a la comunidad? 

Nombre Especie: Cantidad* Frecuencia*

* 

______________________ ______________________ _____ _____ 

______________________ ______________________ _____ _____ 

______________________ ______________________ _____ _____ 

______________________ ______________________ _____ _____ 

______________________ ______________________ _____ _____ 

* Cantidad de animales vistos a la vez 

** Frecuencia es el promedio de avistamientos por año. 
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30 Ud. tiene de las siguientes especies? 

Especie Cantidad Infraestructura *  Estado de salud  

Macho Hembrra Juv. Enfermedad Prioridad 1 a 4 Cuando (Mes) 

Cerdis _____ _____ _____     

Cabras _____ _____ _____     

Ovejas _____ _____ _____     

Caballos _____ _____ _____     

Mulas _____ _____ _____     

Burros _____ _____ _____     

Perros _____ _____ _____     

Gatos _____ _____ _____     

____________ _____ _____ _____     

____________ _____ _____ _____     

Coche de 

monte 

_____ _____ _____     

Jabalí _____ _____ _____     

Venado C. 

blanca 

_____ _____ _____     

Cabrito _____ _____ _____     

Conejo _____ _____ _____     

Liebre _____ _____ _____     

____________ _____ _____ _____     

____________ _____ _____ _____     

Pollo _____ _____ _____     

Pato _____ _____ _____     

Pavo (M. g.) _____ _____ _____     
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Pavo (M. o.) _____ _____ _____     

Pajuil _____ _____ _____     

Cojolita _____ _____ _____     

Chacha negra _____ _____ _____     

Chacha _____ _____ _____     

____________ _____ _____ _____     

____________ _____ _____ _____     

1.Libre  2.Campo abierto, libre 3.Cerrado, por especie 4.Cerrado, especies mezcladas 

Prioridad 1 menor grado, 4 mayor grado 
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11. 4 General data form of the census of Management and Conservation 
Organization of Uaxactún 
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11.5 Census Data - List of Variables 
 
Table 1 List of Variables of the OMYC Census, 2013 

Description Question Data 

Información General 
  
  
  
  

Fecha Date 

Codigo_unico ID 

Comunidad Uaxactún 

Boleta ID 

Familia (casa) ID 

Personas viven en el hogar 

Mujeres Discrete 

Hombres Discrete 

Total Discrete 

Años Viven en esa casa Discrete 

Cuantos leen y escriben Yes / No 

Casa 

Casa propia Yes / No 

NB_casa Yes / No 

HOGAR 

H_Techo Guano / Lámina 

NB_techo Yes / No 

H_Suelo 
Madera / Cemento /  
Tierra / Cerámico 

NB_suelo Yes / No 

H_Pared Yes / No 

NB_pared Yes / No 

BIENES 

B_pila Yes / No 

NB_pila Yes / No 

B_letrinas Yes / No 

NB_letrinas Yes / No 

B_bañoslavables Yes / No 

NB_bañoslavables Yes / No 

B_panelsolar Yes / No 

NB_panelsolar Yes / No 

B_plantaelectrica Yes / No 

NB_plantaelectrica Yes / No 

B_refrigerador Yes / No 

NB_refrigerador Yes / No 

B_television Yes / No 

NB_television Yes / No 

B_estufa Yes / No 

NB_estufa Yes / No 

B_celular Yes / No 

NB_celular Yes / No 

B_computadora Yes / No 

NB_computadora Yes / No 

B_internet Yes / No 

NB_internet Yes / No 

B_botiquín Yes / No 
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Description Question Data 

NB_botiquín Yes / No 

   

ALIMENTACION 

A_3vecesdia Yes / No 

NB_3vecesdia Yes / No 

A_animalesdomes Yes / No 

NB_animalesdomes Yes / No 

A_animalessilvestres Yes / No 

NB_animalessilvestres Yes / No 

ANIMALES 

Aves_corral Yes / No 

NB Aves_corral Yes / No 

Mulas Yes / No 

NB Mulas Yes / No 

Cerdos Yes / No 

NB Cerdos Yes / No 

Caballos Yes / No 

NB Caballos Yes / No 

LABOR 

Trabajadero Yes / No 

NB Trabajadero Yes / No 

Huertofam Yes / No 

NB Huertofam Yes / No 

Hacha Yes / No 

NB Hacha Yes / No 

Motosierra Yes / No 

NB Motosierra Yes / No 

SALUD 

Unidadsalud Yes / No 

NB Unidadsalud Yes / No 

Médico_completo Yes / No 

NB Médico_completo Yes / No 

Basurero_com Yes / No 

NB Basurero_com Yes / No 

AGUA 

Entubada Yes / No 

NB Entubada Yes / No 

Potable Yes / No 

NB Potable Yes / No 

Tinaco Yes / No 

NB Tinaco Yes / No 

TRANSPORTE 

Bicicleta Yes / No 

NB Bicicleta Yes / No 

Motocicleta Yes / No 

NB Motocicleta Yes / No 

Carro Yes / No 

NB Carro Yes / No 

Carretera Yes / No 

NB Carretera Yes / No 
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Description Question Data 

Otra información 

Educacion Yes / No 

NB Educacion Yes / No 

Trab_hogar Yes / No 

Fam_extranj Yes / No 

ACTIVIDADES 

Act. 1 Xate 

% Discrete 

Act. 2 Chicle 

% Discrete 

Act. 3 Cacería 

% Discrete 

Act 4 Proyecto Pavo 

% Discrete 

Act 5 Salario OMYC 

% Discrete 

Act. 6 Salario Gobierno 

% Discrete 

Act. 7 Salario proyectos arqueológicos 

% Discrete 

Act. 8 Salario ONG 

% Discrete 

Act. 9 Agricultura 

% Discrete 

Act. 10 Comercio 

% Discrete 

Act. 11 Turismo 

% Discrete 

Act. 12 Contratista 

% Discrete 

Act. 13 Carpintería 

% Discrete 

Act. 14 Artesanía 

% Discrete 

Act. 15 Albañilería 

% Discrete 

Act. 16 Otros 

% Discrete 

TOTAL Discrete 

  



11.6 Appendix: Census Data - List of Variables | 129 

 

Description Question Data 

ULTIMO DIA 

Fuente 

OMYC/WCS/CONAP/ 
XATE/ARTESANIA/EMPLEO 
/SAN BARTOLO/IDAEH/TIENDA 
/COMEDOR/AGRICULTURA 

Pagó 

OMYC/WCS/CONAP/ 
XATE/ARTESANIA/EMPLEO 
/SAN BARTOLO/IDAEH/TIENDA 
/COMEDOR/AGRICULTURA 

Forma_Pago Día / Mes / Semana 

SEMANA PASADA 

Fuente 

OMYC/WCS/CONAP/ 
XATE/ARTESANIA/EMPLEO 
/SAN BARTOLO/IDAEH/TIENDA 
/COMEDOR/AGRICULTURA 

Pagó 

OMYC/WCS/CONAP/ 
XATE/ARTESANIA/EMPLEO 
/SAN BARTOLO/IDAEH/TIENDA 
/COMEDOR/AGRICULTURA 

Forma_Pago Día / Mes / Semana 

ULTIMO MES 

Fuente 

OMYC/WCS/CONAP/ 
XATE/ARTESANIA/EMPLEO 
/SAN BARTOLO/IDAEH/TIENDA 
/COMEDOR/AGRICULTURA 

Pagó 

OMYC/WCS/CONAP/ 
XATE/ARTESANIA/EMPLEO 
/SAN BARTOLO/IDAEH/TIENDA 
/COMEDOR/AGRICULTURA 

Forma_Pago Día / Mes / Semana 
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Table 2 List of Variables asked to the Hunters 

Description Data 

Frecuencia f3-5M 

f1-2M 

f3-5W 

f1-2W 

Menos 

Razón No hay suficientes 
animales 

No hay tiempo / Otras 
responsabilidades 

Conciente de 
conservación 

Solo lo necesario 

Gustaría de recibir apoyo Salud 

Manejo 

Reproducción 

Todos 

Cerdos SSMorbidityD1 

SSMortalityD1 

SSMorbidityD2 

SSMortalityD2 

Caballos ECMorbidityD1 

ECMortalityD1 

Perros CFMorbidityD1 

CFMortalityD1 

CFMorbidityD2 

CFMortalityD2 

CFMorbidityD3 

CFMortalityD3 

Aves GGMorbidityD1 

GGMortalityD1 

GGMorbidityD2 

GGMortalityD2 

GGMorbidityD3 

GGMortalityD3 

Consumo Carne a la semana 1 

2-3 

4-5 

6-7 
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Description Data 

Proporción carne de caza Mayoría (100-81) 

Bastante (61-80) 

Algo (60-41) 

Poco (21-40) 

Muy poco (1-20) 

Puntuación 1,2,3 
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Table 3 List of Scoring for the Assessment of Cooking Patterns 

Description Cooking method Data 

Nombre 
 

1/2/3 

Poultry Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Broth 1/2/3 

Beef Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Broth 1/2/3 

Pork Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Marinated 1/2/3 

Avian Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Broth 1/2/3 

Peccary Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Broth 1/2/3 

Deer Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Broth 1/2/3 

Tepezcuintle Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Broth 1/2/3 

Armadillo Stewed 1/2/3 

Grilled 1/2/3 

Roasted 1/2/3 

Fried 1/2/3 

Broth 1/2/3 
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Table 4 List of Data for Laboratory Results of Poultry 

Description Data 

ID  

Owner Name 

Species 

G.gallus, 
M.ocellata,  
C. Moschata 

Newcastle_Status Yes/No 

Newcastle_Titles Yes/No 

Newcastle_log2 Yes/No 

Avian_Flu Yes/No 

Viral_Isolation Yes/No 

 
 
Table 5List of Data for Laboratory Results of Peccaries 

Description Data 

Sample_ID ID 

Sex M/F 

Region 1,2,3,4,5,6 

Procedence 

Different Region Names 

MonthID 

1,2,3,4,5,6,7,8,9,10 

Month 

Aug/Sep/Oct/Nov/Dec/ 
Jan/Feb/Mar/Apr/May 

Br Yes/No 

Tb Yes/No 

Lepto 
Autumnalis, Icterohaemorrhagiae, Grippothyphosa, 
 Bataviae, Pomona, Tarassovi, Bratislava, Pyrogenes 

Lepto2 Yes/No 

CSF Yes/No 

MYO Yes/No 

ACT Yes/No 

Trypanosoma Yes/No 

Leishmania Yes/No 
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Table 5List of Data for Laboratory Results of Pigs 

Description Data 

Sample_ID ID 

Sex M/F 

House 1-21 

House Different Owner Names 

Br Yes/No 

Tb Yes/No 

Lepto 
Autumnalis, Icterohaemorrhagiae, Grippothyphosa, 
 Bataviae, Pomona, Tarassovi, Bratislava, Pyrogenes 

Lepto2 Yes/No 

CSF Yes/No 

MYO Yes/No 

ACT Yes/No 

Trypanosoma Yes/No 

Leishmania Yes/No 
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11.6 Census Data - General Tables of Results 

 

Table 1 House Celing Material in 82 households in the House Survey of Basic Needs at Uaxactún, 2013  

 n percent 

Celing Material 

17 20.73 GUANO 

LAMINA 65 79.27 

total 82 100.00 

 
 

Table 2 House Wall Material in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Wall Material 

6 7.32 CEMENT 

MIXTURE 16 19.51 

WOOD 60 73.17 

total 82 100.00 

 
 

Table 3 House Floor Material in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Floor Material 

27 32.93 CEMENT 

SOIL 53 64.63 

WOOD 2 2.44 

Total 82 100.00 

 
 

Table 4 Description Amount of Females per Household in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013  

 

n mean median STD CV minimum 5%-quantile 95%-quantile Maximum missing 

81 2.47 2.00 1.21 48.80 0.00 1.00 4.00 7.00 1 

 
 

Table 5 Description of Amount Males Females per Household in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

n mean median STD CV minimum 5%-quantile 95%-quantile Maximum missing 

82 2.66 2.00 1.62 60.92 0.00 1.00 5.00 9.00 0 
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Table 6 Description the Amount of People total inhabitants per Household in 82 households in the House Survey of 
Basic Needs at Uaxactún, 2013 

n mean median STD CV minimum 5%-quantile 95%-quantile Maximum missing 

82 5.10 5.00 2.23 43.66 1.00 2.00 8.00 13.00 0 

 

 
Table 7 Description of the Ownership of a House in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Own House 

2 2.44 No 

Yes 80 97.56 

total 82 100.00 

 
 

Table 8 Description of the Ownership of a Pila in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Pila 

12 14.63 No 

Yes 70 85.37 

total 82 100.00 

 
 

Table 9 Description of the Consideration of Ownership of a Pila as a Basic Need in 82 households in the House Survey of 
Basic Needs at Uaxactún, 2013 

 n Percent 

Pila as a Basic Need 

82 100.00 Yes 

total 82 100.00 

 
 

Table 10 Description of the Ownership of a Latrine in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n Percent 

Latrine 

5 6.10 No 

Yes 77 93.90 

total 82 100.00 
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Table 11 Description of the Consideration of Ownership of a Latrine as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Latrine as a Basic Need 

3 3.66 No 

Yes 79 96.34 

total 82 100.00 

 
 

Table 12 Description of the Ownership of a Toilete in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Toilete 

80 97.56 No 

Yes 2 2.44 

total 82 100.00 

 
 

Table 13 Description of the Consideration of Ownership of a Toilete as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Toilete as a Basic Need 

1 1.22 Missing 

No 26 31.71 

Yes 55 67.07 

total 82 100.00 

 
 

Table 14 Description of the Ownership of a Solar Plant in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n Percent 

Solar Panel 

63 76.83 No 

Yes 19 23.17 

total 82 100.00 
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Table 15 Description of the Consideration of Ownership of a Solar Panel as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013  

 n percent 

Solar Panel as a Basic Need 

1 1.22 Missing 

No 1 1.22 

Yes 80 97.56 

total 82 100.00 

 
 

Table 16 Description of the Ownership of a Power Plant in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n percent 

Power Plant 

54 65.85 No 

Yes 28 34.15 

total 82 100.00 

 
 

Table 17 Description of the Consideration of Ownership of a Power Plant as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Power Plant as a Basic Need 

1 1.22 Missing 

No 5 6.10 

Yes 76 92.68 

total 82 100.00 

 
 

Table 18 Description of the Ownership of a Fridge in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 N percent 

Fridge 

69 84.15 No 

Yes 13 15.85 

total 82 100.00 
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Table 19 Description of the Consideration of Ownership of a Fridge as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Fridge as a Basic Need 

1 1.22 Missing 

No 25 30.49 

Yes 56 68.29 

Total 82 100.00 

 

 

Table 20 Description of the Ownership of a Television in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Television 

62 75.61 No 

Yes 20 24.39 

total 82 100.00 

 
 

Table 21 Description of the Consideration of Ownership of a Television as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Television as a Basic Need 

1 1.22 Missing 

No 20 24.39 

Yes 61 74.39 

Total 82 100.00 

 
 

Table 22 Description of the Ownership of a Stove in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Stove 

62 75.61 No 

Yes 20 24.39 

total 82 100.00 
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Table 23 Description of the Consideration of Ownership of a Stove as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Stove as a Basic Need 

1 1.22 Missing 

No 9 10.98 

Yes 72 87.80 

Total 82 100.00 

 
 

Table 24 Description of the Ownership of a Cellphone in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Cellphone 

39 47.56 No 

Yes 43 52.44 

Total 82 100.00 

 
 

Table 25 Description of the Consideration of Ownership of a Cellphone as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Cellphone as a Basic Need 

1 1.22 Missing 

No 4 4.88 

Yes 77 93.90 

Total 82 100.00 

 

 

Table 26 Description of the Ownership of a Computer in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Computer 

73 89.02 No 

Yes 9 10.98 

total 82 100.00 
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Table 27 Description of the Consideration of Ownership of a Computer as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Computer as a Basic Need 

1 1.22 Missing 

No 21 25.61 

Yes 60 73.17 

total 82 100.00 

 
 

Table 28 Description of the Ownership of Internet Service in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n Percent 

Internet Service 

81 98.78 No 

Yes 1 1.22 

Total 82 100.00 

 

 

Table 29 Description of the Consideration of Ownership of Internet Service as a Basic Need in 82 households in the 
House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Internet Service as a Basic Need 

1 1.22 Missing 

No 22 26.83 

Yes 59 71.95 

Total 82 100.00 

 
 

Table 30 Description of the Ownership of a Medical Kit in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n Percent 

Family Medical Kit 

75 91.46 No 

Yes 7 8.54 

Total 82 100.00 
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Table 31 Description of the Consideration of Ownership of a Family Medical Kit as a Basic Need in 82 households in the 
House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Family Medical kit as a Basic Need 

1 1.22 Missing 

No 1 1.22 

Yes 80 97.56 

Total 82 100.00 

 
 

Table 32 Description of the Food Times Consumption in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 N Percent 

Three meal times a day 

6 7.32 No 

Yes 76 92.68 

Total 82 100.00 

 

 

Table 33 Description of the Consideration of 3 food times a day as a Basic Need in 82 households in the House Survey of 
Basic Needs at Uaxactún, 2013  

 n percent 

Three times meal a day as a Basic Need 

82 100.00 Yes 

Total 82 100.00 

 

 

Table 34 Description of the Ownership of Domestic Livestock in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 Ownership of Domestic Livestock at House 

 n percent 

Domestic livestock as food 

3 3.66 No 

Yes 79 96.34 

Total 82 100.00 
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Table 35 Description of the Consideration of Ownership of Domestic Livestock as a Basic Need in 82 households in the 
House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Domestic livestock as food as a Basic Need 

4 4.88 No 

Yes 78 95.12 

Total 82 100.00 

 

 

Table 36 Description of the Consumption of Wildlife in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Wildlife as food 

25 30.49 No 

Yes 57 69.51 

Total 82 100.00 

 
 

Table 37 Description of the Consideration of Consumption of Wildlife as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 N Percent 

Wildlife as food as a Basic Need 

38 46.34 No 

Yes 44 53.66 

Total 82 100.00 

 

 

Table 38 Description of the Ownership of Poultry in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 N percent 

Ownership of Poultry at house 

12 14.63 No 

Yes 70 85.37 

Total 82 100.00 
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Table 39 Description of the Consideration of Ownership of Poultry as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Ownership of Poultry at house as a Basic Need 

1 1.22 Missing 

No 7 8.54 

Yes 74 90.24 

Total 82 100.00 

 

 

Table 40 Description of the Ownership of Mules in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 N Percent 

Ownership of Mules at house 

77 93.90 No 

Yes 5 6.10 

Total 82 100.00 

 

 

Table 41 Description of the Consideration of Ownership of Mules as a Basic Need in 82 households in the House Survey 
of Basic Needs at Uaxactún, 2013 

 n Percent 

Ownership of Mules at house as a Basic Need 

2 2.44 Missing 

No 44 53.66 

Yes 36 43.90 

Total 82 100.00 

 

 

Table 42 Description of the Ownership of Pigs in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of Pigs at house 

56 68.29 No 

Yes 26 31.71 

Total 82 100.00 
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Table 43 Description of the Consideration of Ownership of Pigs as a Basic Need in 82 households in the House Survey of 
Basic Needs at Uaxactún, 2013 

 n Percent 

Ownership of Pigs at house as a Basic Need 

38 46.34 No 

Yes 44 53.66 

Total 82 100.00 

 

 

Table 44 Description of the Ownership of Horses in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 N Percent 

Ownership of Horses at house 

72 87.80 No 

Yes 10 12.20 

Total 82 100.00 

 
 

Table 45 Description of the Consideration of Ownership of Horses as a Basic Need in 82 households in the House Survey 
of Basic Needs at Uaxactún, 2013 

 n Percent 

Ownership of Horses at house as a Basic Need 

41 50.00 No 

Yes 41 50.00 

Total 82 100.00 

 
 

Table 46 Description of the Ownership of Field Crops in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 N percent 

Ownership of Field for Crops 

30 36.59 No 

Yes 52 63.41 

Total 82 100.00 
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Table 47 Description of the Consideration of Ownership of Field Crops as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Ownership of Field for Crops as a Basic Need 

10 12.20 No 

Yes 72 87.80 

Total 82 100.00 

 
 

Table 48 Description of the Ownership of a Family Orchard in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n percent 

Family Orchard at House 

64 78.05 No 

Yes 18 21.95 

Total 82 100.00 

 

 

Table 49 Description of the Consideration of Ownership of a Family Orchard as a Basic Need in 82 households in the 
House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Family Orchard at House as a Basic Need 

1 1.22 Missing 

No 3 3.66 

Yes 78 95.12 

Total 82 100.00 

 

 

Table 50 Description of the Ownership of an Axe in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of Axe 

10 12.20 No 

Yes 72 87.80 

Total 82 100.00 
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Table 51 Description of the Consideration of Ownership of an Axe as a Basic Need in 82 households in the House Survey 
of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of Axe as a Basic Need 

1 1.22 Missing 

No 3 3.66 

Yes 78 95.12 

Total 82 100.00 

 
 

Table 52 Description of the Ownership of a Chainsaw in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Ownership of Chainsaw 

68 82.93 No 

Yes 14 17.07 

Total 82 100.00 

 

 

Table 53 Description of the Consideration of Ownership of a Chainsaw as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of Chainsaw as a Basic Need 

1 1.22 Missing 

No 31 37.80 

Yes 50 60.98 

Total 82 100.00 

 
 

Table 54 Description of the Importance of a Health Center in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 N Percent 

Presence of a Health Center at the Community 

1 1.22 Missing 

No 16 19.51 

Yes 65 79.27 

Total 82 100.00 
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Table 55 Description of the Consideration of the Presence of a Health Center at the Community as a Basic Need in 82 
households in the House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Presence of a Health Center at the Community as a Basic Need 

1 1.22 Missing 

Yes 81 98.78 

Total 82 100.00 

 
 

Table 56 Description of the Importance of a Full time helth assistant at the community in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 N Percent 

Presence of a Full-Time Nurse / Health assistant at the Community 

1 1.22 Missing 

No 4 4.88 

Yes 77 93.90 

Total 82 100.00 

 

 

Table 57 Description of the Consideration of Ownership of a Full- time Nurse / Health assistant as a Basic Need in 82 
households in the House Survey of Basic Needs at Uaxactún, 2013 

 N percent 

Presence of a Full-Time Nurse / Health assistant at the Community as a Basic Need 

2 2.44 Missing 

No 1 1.22 

Yes 79 96.34 

Total 82 100.00 

 
 

Table 58 Description of the Use of the Community Dump rops in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n percent 

Use of the Community Dump 

19 23.17 No 

Yes 63 76.83 

Total 82 100.00 
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Table 59 Description of the Consideration of the use of the Community Dump as a Basic Need in 82 households in the 
House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Use of the Community Dump as a Basic Need 

1 1.22 Missing 

Yes 81 98.78 

Total 82 100.00 

 
 

Table 60 Description of the Ownership of Piped Water Service in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n percent 

Piped-Water Service at house 

7 8.54 No 

Yes 75 91.46 

Total 82 100.00 

 

 

Table 61 Description of the Consideration of Ownership of Piped Water Service as a Basic Need in 82 households in the 
House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Piped-Water Service at house as a Basic Need 

2 2.44 No 

Yes 80 97.56 

Total 82 100.00 

 

 
Table 62 Description of the Availability of Potable Water per House in 82 households in the House Survey of Basic Needs 

at Uaxactún, 2013 

 n percent 

Availability of Potable Water at house 

78 95.12 No 

Yes 4 4.88 

Total 82 100.00 
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Table 63 Description of the Consideration of the Availability of Potable Water as a Basic Need in 82 households in the 
House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Availability of Potable Water at house as a Basic Need 

22 26.83 No 

Yes 60 73.17 

Total 82 100.00 

 

 

Table 64 Description of the Ownership of a Tinaco in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Ownership of a Tinaco at House 

58 70.73 No 

Yes 24 29.27 

Total 82 100.00 

 
 

Table 65 Description of the Consideration of Ownership of a Tinaco as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of a Tinaco at House as a Basic Need 

3 3.66 No 

Yes 79 96.34 

Total 82 100.00 

 
 

Table 66 Description of the Ownership of a Bicycle in 82 households in the House Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Ownership of a Bicycle 

37 45.12 No 

Yes 45 54.88 

Total 82 100.00 
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Table 67 Description of the Consideration of Ownership of a Bicycle as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of a Bicycle as a Basic Need 

18 21.95 No 

Yes 64 78.05 

Total 82 100.00 

 
 

Table 68 Description of the Ownership of a Motorcycle in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n Percent 

Ownership of a Motorcycle 

47 57.32 No 

Yes 35 42.68 

Total 82 100.00 

 
 

Table 69 Description of the Consideration of Ownership of a Motorcycle as a Basic Need in 82 households in the House 
Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Ownership of a Motorcycle as a Basic Need 

15 18.29 No 

Yes 67 81.71 

Total 82 100.00 

 
 

Table 70 Description of the Ownership of a Car in 82 households in the House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of a Car 

74 90.24 No 

Yes 8 9.76 

Total 82 100.00 
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Table 71 Description of the Consideration of Ownership of a Car as a Basic Need in 82 households in the House Survey 
of Basic Needs at Uaxactún, 2013 

 n percent 

Ownership of a Car as a Basic Need 

28 34.15 No 

Yes 54 65.85 

Total 82 100.00 

 

 

Table 72 Description of the Importance of a Road to Uaxactún in 82 households in the House Survey of Basic Needs at 
Uaxactún, 2013 

 n percent 

Road to Uaxactún 

68 82.93 No 

Yes 14 17.07 

Total 82 100.00 

 

 

Table 73 Description of the Consideration of the Importance of a Road to Uaxactún as a Basic Need in 82 households in 
the House Survey of Basic Needs at Uaxactún, 2013 

 n percent 

Road to Uaxactún as a Basic Need 

82 100.00 Yes 

Total 82 100.00 

 

 

Table 74 Description of the Attendance to the Community School in 82 households in the House Survey of Basic Needs 
at Uaxactún, 2013 

 N Percent 

Attendance to the School of the Community 

29 35.37 No 

Yes 53 64.63 

Total 82 100.00 

 
 

Table 75 Description of the Consideration of Attendance to the Community School as a Basic Need in 82 households in 
the House Survey of Basic Needs at Uaxactún, 2013 

 n Percent 

Attendance to the School of the Community as a Basic Need 

5 6.10 No 

Yes 77 93.90 

Total 82 100.00 
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Table 76 Description of having relatives living abroad in 82 households in the house Survey of Basic Needs at Uaxactún, 
2013 

 n percent 

Relatives living in Foreign Countries 

1 1.22 Missing 

No 78 95.12 

Yes 3 3.66 

Total 82 100.00 

 


