
 
 

PARASITE INFECTION IN HOWLER MONKEYS, ALOUATTA PALLIATA, AT 

WILDSUN RESCUE IN COSTA RICA   

 

 

A Report of a Senior Study 

by 

Hannah Mattison 

 

Major: Biology BS 

 

Maryville College 

Fall, 2022 

 

Date approved , by 

  Faculty Supervisor 

 

Date approved , by 

  Division Chair 



 
 

 



iii 
 

 

ABSTRACT 

 

Wildlife rehabilitation centers attempt to provide captive primates with an 

environment that closely resembles their natural habitat. Due to limited space and resources, 

captive species are exposed to numerous changes related to their diet, their mental wellbeing, 

and the physical environment. These changes can increase the prevalence of health issues 

such as parasite infection, changes in their immune system, and increased stress. This study 

examined parasite infections in captive howler monkeys, Alouatta palliata, through fecal 

analysis.  Behaviors were observed and blood collected, and fecal results were compared to 

general behavior and hematology. Treatment with Tinidazole was effective in limiting 

Chilomastix mesneli, Giardia, Stronglyoides stercoralis and Ancylostoma duodenale. Other 

parasites like Pentatrichomanas hominis and Blastocystis hominis remained prevalent despite 

treatment. Heavy infestation with parasites was associated with increased stress and higher 

leucocytes and neutrophil counts. It is recommended that wildlife centers with captive 

enclosures limit human interaction with primates as well as improve enclosure design to limit 

parasite infections.   
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CHAPTER I 

 

INTRODUCTION

 

Throughout the world, different biomes have developed due to differences in wildlife 

populations that inhabit that specific area. Some biomes provide nutrients to a diverse 

population while others may be limited in what resources they can provide. Differences in 

climate, nutrient availability, and space can impact the survival and reproduction rates of a 

species.  These differences also may affect the overall health of a species by influencing the 

prevalence of different parasites and spread of infectious diseases.  Changes in climate and 

nutrient availability that may affect the overall health of a species can also impact their 

genetic variability and survival. While these changes can occur in the natural environment, 

animals held in captivity can also be affected in different ways. In some cases, captive 

primates often have reduced gut microbial diversity and differences in the abundance of 

beneficial and pathogenic taxa when compared to healthy primates in the wild (Amato et al. 

2016). Intestinal microbiota can be analyzed through fecal samples and have often varied in 

captive populations due to site conditions and diet diversity (Gonzalez et all 2021). Analysis 

of the microbiota can provide information regarding the causes of gastrointestinal illness in 

species and can help sanctuaries prevent it from occurring in other animals. Research 

performed on nutrition, disease, and genetic variability can help wildlife veterinarians, 
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sanctuaries, and rescues provide effective care to injured and sick wildlife as well as protect 

endangered species.  

 
Nutrition in Tropical and Temperate Wildlife 

Tropical and terrestrial wildlife differ in many aspects including rainfall, temperature, 

and seasonality.  Tropical rainforests are the most diverse biome with temperatures ranging 

from 20-34 degrees Celsius and rainfall ranging from 250-450 centimeters a year (Neal 

2019). Temperate forests have temperature ranges between -30-31 degrees Celsius with 

average rainfall falling between 75 and 150 centimeters (Neal 2019).  Additionally, tropical 

habitats are characterized by thermal constancy, whereas temperate environments experience 

seasonality in temperature (Neal 2019). The climate differences allow for different plant and 

animal species to live in these different environments. This results in different food 

availability and food type which can impact the overall health of different animals.  

The nutritional requirements of tropical wildlife around the world are being studied to 

understand what these animals may need for growth, reproduction, immunity, and 

productivity. This understanding is particularly important when wildlife is brought into 

captivity, as most commonly fed captive diets are deficient in one or more essential nutrients 

(Koustos et al. 2001). By fully understanding how tropical species digestive systems work as 

well as what types of food they eat, veterinarians and wildlife rescues can create more well-

balanced diets for tropical wildlife that are in captivity or require health assistance.  In the 

tropics of Trinidad and Tobago, wild agouti consumed roots of ferns, tubers, bark, fruits, 

berries, seeds, nuts, and succulent plants (Lall et al., 2018). For instance, based on the 

analysis of native agouti, it was determined that captivate agouti could be fed coconut, bread, 

and cooked rice in order to remain healthy and they have the ability to digest higher levels of 
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protein (Lall et al., 2018). While this diet has helped tropical birds, it is not a universal diet 

for all species. Biologists must consider differences between organisms that live in different 

ecosystems.  

The nutritional requirements of temperate forest animals differ from the requirements 

of tropical wildlife, as the vegetation available for herbivores can change throughout the 

seasons. In a temperate environment, wildlife often must rely on low quality vegetation 

sources like bark, needles, and grasses throughout the winter months. Throughout the warmer 

months, non-carnivorous wildlife feed on leaves, flowers, and fruit. Consumption of needles 

by ruminants in a temperate forest during winter months increased by 40% and sometimes 

made up 90% of some species diets (Kamler and Homolka 2011). This large increase in 

consumption of needles just in the winter months indicates that temperate herbivores have 

adapted to consume a variety of vegetation in order to survive when other food isn’t 

available. By analyzing the diet of ruminants, the nutritional content of the different 

vegetation can be evaluated and used to help feed domesticated or captive animals. Spruce 

needles are commonly consumed throughout winter and are known for contributing little 

metabolic energy when compared to broad leaved plants, however their crude protein content 

is comparable to broad leaved plants (Kamler and Homolka 2011). Different species that live 

in a temperate environment can also have a difference in the overall quality of their diet. 

Dietary nitrogen, and metabolized energy were higher in two species of deer during the 

vegetation season when compared to winter however the content of fecal nitrogen was higher 

in roe deer than red deer (Kamler and Homolka 2005). In summary, temperate wildlife must 

have the ability or adaptation to survive on vegetation with lower nutritional quality in the 

winter months.  
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Based on the analysis of temperate wildlife diets in their natural habitat, rescues can 

compare and see the differences between what is fed in captivity and what the animals eat in 

the wild. For temperate species of deer held in captivity, the foods fed was high in protein 

and polysaccharide contents which was different than the food consumed in the natural 

environment which was rich in fiber. The differences in microbiota found in the captive and 

wild deer may be strongly associated with the dietary differences (Li et al. 2017). Their 

nutritional requirements are different than tropical animals who live in a more constant 

environment. Based on these differences, it is important to provide captive animals with the 

nutrients they need so that they are able to recover and return to the wild.  

 While nutritional deficiencies can affect many different species, captive tropical birds 

are commonly fed deficient diets. Domesticated terrestrial birds are found to primarily feed 

on seeds, and bugs in grass areas. Tropical birds have to rely on food sources found in moist 

areas such as tree fruits, seeds, and flowers. Some tropical birds like parrots have been 

domesticated by humans and are fed a seed-based diet that doesn’t always contribute to 

healthy growth. Crop contents were sampled from scarlet macaw chicks at a research center. 

A diet analysis performed on scarlet macaw chicks acknowledged some nutrients like protein 

levels, fat content, magnesium, iron and calcium levels were higher than the recommended 

and phosphorus was lower (Brightsmith et al. 2010). Other captive diets were primarily seed 

based causing them to lack vitamins A, D, E, and K, biotin, and water-soluble vitamins since 

seeds are low in vitamin A. Physical characteristics of tropical birds can change because of 

their nutrient deficient captive diets. In one example a blue macaw had feathers that grew in 

tattered and unsymmetrical due to his diet of pasta, crackers, and pellets (Harrison and 
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McDonald 2020). To prevent such from occurring, future research needs to examine proper 

diets for captive animals.  

 Ultimately, by analyzing how diet impacts a species’ overall health, veterinarians can 

also prevent certain diseases from developing. In the avian medical journal, nutritional 

imbalance such as high iron displayed differences in parrots and frugivores. Parrots fed high 

iron diets often experience sudden death where insectivores and frugivores had dyspnea and 

a swollen coelomic cavity. Treatment was similar in that these birds were fed a low iron diet 

while also avoiding vitamin C and excess vitamin A (Harrison and McDonald 2020). Other 

nutritional imbalances led to metaplasia of the respiratory epithelium. Parrots experienced 

clinical signs including rhinal discharge, wheezing, sinusitis, tracheal obstruction, panting, 

etc. (Harrison and McDonald 2020). Treatment for this side effect included flushing of the 

sinus area, drainage, nebulization, diet correction, and making sure the birds were in a 

healthy environment with avoidance of aerosols. Fatty liver disease in birds was also 

commonly associated with an unbalanced diet. Pesticides, unnecessary force feeding, or 

feeding improper formulated diets may all contribute to the development of fatty liver 

disease. Severe illness and disease can develop in both tropical and terrestrial animals that 

are not treated for nutritional deficiencies.   

 In order to effectively analyze an animal’s diet, different techniques are used to 

measure the nutrient content. Plasma biochemistry is one technique that can be used to 

evaluate what nutrients are high or low. For an example, by looking at plasma lipid 

concentrations in tropical birds can be used to mark differences in plasma cholesterol 

concentrations between different parrot species (Bavelaar 2005). Another example of a 

technique used is to gather fresh crop and food samples and boil the samples with a nitric 
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acid-perchloric acid mixture in order to perform mass spectrometry as well as measure 

moisture in the soil and available food resources (Brightsmith et al. 2010). Practicing 

frequent diet analysis of a species can be beneficial in preventing disease and illness from 

developing as well as it allows captive animals to recover faster if they are given the 

adequate amount of nutrients.  

 

Common Diseases and Illnesses in Tropical and Terrestrial Wildlife  

Captive wildlife can be at high risk for infectious disease which can lead to 

catastrophic effects like epidemics which result in almost complete decimation of a 

population.  For instance, avian malaria in Hawaiian avifauna and rinderpest in African 

bovids were two epidemics that completely reduced population size by 90% (Ballou 1993). 

Other common diseases that affect both tropical and terrestrial animals can be found in Table 

1. For such cases, veterinarians and rescues must work quickly to stop the spread as well as 

treat infected animals. Some infectious diseases may lead to other issues in a population that 

can be detrimental to the survival of a species. These effects may include reduced 

reproduction, increased risk for predation, or increased susceptibility to environmental stress. 

All of these effects can lead to severe population reduction if the spread isn’t stopped or 

prevented from occurring in other locations. Tropical birds can also be presented to 

veterinarians for cases of dehydration. In these cases, it is important for Veterinarians to have 

a suitable fluid to use in fluid therapy which is a common treatment for animals that are 

severely dehydrated (Beaufrere 2011). Treatment should be both efficient and effective with 

the goal of returning injured or sick wildlife back to their natural environment.  
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Some animals that are severely injured or sick are brought into sanctuaries or rescues 

until they can go back into their natural habitat. While this is helpful in treating some disease 

and injuries, individuals can become exposed to diseases that aren’t found in their natural 

habitat. These animals will lack natural immunity and also may be more prone to getting 

other infections while their bodies are trying to fight off other illness. Rescues and 

rehabilitation centers may then have to deal with outbreaks of disease that develop while 

animals are captive. In the tropics, there have been cases of rat mites infecting endangered 

Amargosa voles and this is suspected to have occurred due to the straw bedding used 

(Mantovani 2018). The infected voles developed skin lesions that required treatment with 

tropical selamectin due to infestation of mice.  Ulcerated lesions typically had dozens of 

mites, however once the selamectin was applied, the lesions resolved within 1-2 weeks 

(Mantovani 2018). Besides being exposed to non-natural harmful agents, captive species also 

spend less time processing food, as animals being treated are given food to eat and aren’t 

required to catch their own food. Previously captive Orangutans that were released started to 

feed on more fruits than flowers and invertebrates that wild orangutans did. It was predicted 

that their diet during rehabilitation and captivity caused them to be drawn towards the foods 

they were given by humans (Chappell and Thorpe 2021). Similar effects happen when 

temperate forest animals are held in captivity. Common diseases found in forest musk deer 

include gastrointestinal diseases, which have the highest mortality rate of 30%, as well as 

pneumonia, abscesses, parasitic diseases, and rumen impaction (Li et al. 2017). For these 

reasons it is important that rescues attempt to treat illnesses and injuries as effectively and 

efficiently as possible so that wildlife can return to their natural habitat and still survive on 

the food that is available. If a species doesn’t go back to their normal food in the natural 
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environment, they may become nutrient deficient or may develop other illness associated 

with eating new food their body is incapable of processing the same way.  

In order to help prevent disease and injuries, rescues are working to develop 

conservation action plans before a population becomes too small. These plans should avoid 

keeping animals in captivity long term since captive species like the black footed ferrets have 

lost 12% of their genetic diversity since there is a smaller population size available for 

mating (Ballou 1993).  Populations that are in the natural environment can freely mate with a 

larger population. Human’s affect genetic diversity when they breed for specific and 

common traits which leads to a decrease in the overall genetic diversity of a breed or species 

as a whole.  
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Table 1: Diseases and injuries commonly found in tropical species. 

Disease or injury  Species Study performed References 
Intestinal and blood parasites  Scarlet macaw and great 

green macaw 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- Fecal samples 
obtained from birds at 
four locations and 
were sent to a 
parasitology lab 

- Used qualitative 
examination by 
flotation technique in 
saturated sugar 
solution and examined 
using a microscope 

- Blood samples taken 
from the cutaneous 
ulnar vein or right 
jugular vein (blood 
smears were made and 
examined under a 
microscope to look for 
hemiparasites) 

- Location 2 and 3 of 
rehabilitation centers, 
had higher rates of 
direct transmission 
and frequent 
movement of birds 
between cages. 
 

Dieckmann et al. 2020 

Fatal Fungal dermatitis  Eastern Mississauga - Healthy survey and 
disease investigation 

Allender et al. 2011 
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conducted in Carlyle 
Illinois 

- Used the polymerase 
chain reaction assay to 
analyze swabs taken 
from the snakes  

- Obtained hematologic 
and plasma 
biochemical data, and 
toxicological data  

-  
Leptospira spp. In captive 
animals  

Vertebrates from zoos 
and rehabilitation centers  

- Leprospiros is the 
most common zoonic 
disease and is more 
prevalent in humid 
and tropical climates. 

- Samples were 
obtained from 
different mammals 
like the Mexican 
Spider monkey, the 
Yucatan spider 
monkey, white tailed 
deer and reptiles like 
the Morelet crocodile 

- Collected 3 ml of 
peripheral blood from 
the jugular, 
saphenous, or femoral 
veins at different 
rehabilitation centers   

Pérez-Brígido et al. 2020 
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Prevalence and distribution of 
Vibrio spp. in wild aquatic 
birds 

Migratory aquatic birds in 
Venezuela 

- Collected fecal 
samples of resident 
and migratory birds at 
two different coastal 
sites.  

- DNA was amplified 
by PCR  

- Found nontoxigenic 
Vibrio cholerae in one 
wildlife refuge had a 
higher prevalence in 
the resident birds  

- Saw that different 
samples related to 
different species of 
Vibrio 

Delgado et al. 2016 

Avian tuberculosis  Macaws in tropical 
rainforests  

- Sampled 
Mycobacterium avium 
strains in feces which 
commonly causes 
avian tuberculosis  
 

Washko et al. 1998 
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Genetic Variability in Tropical Wildlife  

 Tropical rainforests are known for being diverse biomes for many species of plants 

and animals. However, due to habit loss, wildlife trade, and hunting, species like the wild 

scarlet macaws have now been declared an endangered species in Central America 

(Dieckmann 2020). Different programs have started reintroducing these species to different 

areas they once inhabited. Reintroduction programs are complex and must meet specific 

requirements before approval. It is important to screen for disease, evaluate population 

viability, habitat quality, potential food availability, and consider potential predation. 

Following release of a species into an area, genetic analysis is often used to monitor the birds 

by identifying their sex, health status, as well as determine genetic variability within the 

population. By reintroducing animals into large populations risks of inbreeding and genetic 

variation can be limited (Estrada 2014). 

 Some species of birds, like parrots and macaws, lack sexual dimorphism which 

creates an obstacle in the identification of sexes as well as the establishment of breeding 

programs. PCR can be used to genotype the CHD gene found in macaws through invasive 

and noninvasive sampling (Gutierrez 2017). Invasive sampling can be used by drawing blood 

or using plucked feathers where noninvasive sampling includes using fecal samples or 

freshly-shedded feathers.  

 Genetic diversity can be evaluated in a species through extraction and genotyping of 

DNA which can be used to provide data for estimating allelic variation and heterozygosity 

levels (Ortiz et al. 2020). The use of mitochondrial sequence data can also provide 

information regarding phylogenetic relationships between two species. Biologists can make 
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comparisons between a species that lives in one area and compare to another species that 

may be found in a different environment.  For instance, two different species of macaws, 

military macaws and great green macaws, are closely related however they are classified 

separately due to differences in size, bill color, plumage, vocalization, and location (Eberhard 

2015). Biologists can better understand why these differences exist by extracting DNA 

samples and performing genetic analysis. Genetic analysis has provided explanations for 

genetic diversity and the impact of geographical conditions on diversity, such as how 

mountain ranges have separated different species (Eberhard 2015). Reintroduction of a 

species to a new environment requires time and maintenance including close monitoring for 

parasites and infection that may affect the health of the entire ecosystem.  

Parasite Loads 

 Fecal and blood samples can be used to monitor any parasites that may have infected 

reintroduced species. Birds that do not undergo proper health screening prior to release can 

expose wild bird populations to different parasites and diseases. Certain species like the 

Psttacidae family are known for carrying parasites like the Haemoproteus and Plasmodium 

which have affected 12.4% of Costa Rican macaw species (Dieckmann et al. 2020). Intestinal 

parasites can be detected in fecal samples from birds in both the wild and rehabilitation 

centers. It is common for some intestinal parasites like Ascardia galli and Giardia duodenalis 

to infect birds that are located at these centers and because of transmission, many birds can 

become infected quickly (Dieckmann et al. 2020).  Parasites can cause many different 

clinical signs such as diarrhea, weight loss, anorexia, and liver lipidic degeneration, 

oedematose lungs, hydropericardium and death in untreated or severe cases (Alarcon et al. 

2015). It is also possible for parasite infection to lead to other diseases as shown in table 1. 



 
 

14 

Parasite infection commonly develop while birds are at rehabilitation centers but can also 

occur in their natural environment. Some scarlet macaws have ingested gastropods, that are 

an intermediate host, inside the cages during rainy and humid seasons (Alarcon et al. 2015). 

Animals kept in a relatively small area are more likely to become exposed to other animals 

with parasite infection. For these reasons, keeping captive animals in clean environments 

with access to good nutrition and clean water can prevent parasitic infection from occurring 

(Doneley 2009).  

Ensuring a species is healthy before releasing is important in keeping the other wild 

populations healthy. If a reintroduced species carries parasites, the wild population can 

experience environmental stress, susceptibility to predators, and it can reduce reproduction 

(Patino et al. 2018).  Biologists will often take fecal samples from birds located in different 

regions to determine the infection rate of the species. Amplification of the 16S region of 

ribosomal RNA can determine presence of different avian pathogens (Patino et al. 2018). By 

examining infection, biologists can then determine what parasites are more prevalent in the 

area and how that environment has contributed to avian infection.  

Purpose 

Injured and sick tropical wildlife are commonly brought into clinics and sanctuaries 

in order to provide adequate treatment. Protection of these species is important, however 

more gastrointestinal illness challenges have recently been associated with housing wild 

animals. By further studying tropical wildlife, biologists and veterinarians can work together 

to analyze if their facilities are effectively treating illness and preventing other health issues 

from occurring. As mentioned previously, nutrition and spread of parasites can greatly 

impact the health and recovery of sick organisms.  
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The purpose of this study is to evaluate parasite infection in tropical, rehabilitating 

howler monkeys to analyze whether animals in captivity at treatment centers are 

experiencing changes within their gastrointestinal system or immune system.  The impact of 

these changes was examined through fecal, behavioral, and hematology analysis. In addition, 

this study sought to determine whether treatment with Tinidazole and Fenbendazole was 

effective at eliminating infections.
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CHAPTER II 

 

MATERIALS AND METHODS 

 

 Sixteen howler monkeys, Alouatta palliata, were studied at Wild Sun Rescue in Cabuya 

Costa Rica (9.5973 N, 85.0994 W).  Handling and procedures were approved by the 

Environmental Ministry of Costa Rica (See Appendix 1). Whereas all animals were named at the 

Rescue, for this study the individuals were numbered based on age, from youngest to oldest.  

Howler monkeys 9,11, 14, and 15 were being treated and closely monitored in the Intensive care 

unit and were kept in small kennels. The other monkeys were in outdoor enclosures in a more 

isolated area of the rescue campus. The enclosures were set up so that they were beside one 

another so the monkeys had social interaction with one another. Wild primate species would 

often pass through the area. Fecal samples were collected from howler monkey enclosures, 

located on site, on June 17th, 2022, and June 28th, 2022, and again after treatment on August 16th 

and September 13th, 2022. A sterile swab was used to add the sample to fecal containers which 

were stored in the refrigerator. Next wet mount slides were prepared using a saline solution and 

another sterile swab. A cover slip was placed over the sample on a microscope slide. The 

samples were examined under a light microscope at 400X magnification.  

Presence of parasites was recorded and identified for each monkey using criteria outlined 

by Rondon et al. (2017; see Appendix 2) and Helenbrook et al. (2015, See Appendix 3).  Fecal 

samples were then sent to Jackson Laboratory clinic in Santa Teressa, Costa Rica. Fecal samples
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were tested at the lab for protozoans, nematodes, and cestodes. A small sample was taken from 

the tubes and placed into a container with a saline solution. This will allow the eggs and material 

to float to the top where it will stick to a cover slip. The coverslip is placed on a microscope slide 

and examined under a microscope. Howler monkeys that were positive for parasite infection 

were given a dose of Tinidazole (50mg/kg) on day 1 and 4 post diagnosis. Howler monkeys that 

were positive for roundworms (Stronglyoides stercoralis) were also given a dose of 

Fenbendazole (50mg/kg) once a day for five consecutive days. Retesting for parasite infection 

was performed on August 16th and September 13th, 2022.  

 Blood samples were drawn from howler monkeys being treated in the Intensive Care Unit 

at Wild Sun Rescue from June 17th-July 9th Using a 21-gauge needle and syringe, blood was 

drawn and put into Greiner Bio-One tubes and labeled. The blood samples were sent to Jackson 

Laboratory clinic in Santa Teressa, Costa Rica. Hematology data was also collected from the 

blood samples including leukocyte concentration, erythrocyte concentration, hemoglobin 

concentration, and hematocrit percentage.     

 The behaviors of all the howler monkeys were observed. Normal behavior for young  

howler monkeys included being social, playful, and active. Depression symptoms included 

behavior of inactivity, a weak appetite, and unwillingness to socialize with other monkeys. Most 

howlers became stressed during handling by humans, however symptoms of extreme stress was 

observed as being extremely fearful, loose bowel movements, poor appetite, repetitive 

scratching, and making crying noises. 
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CHAPTER III 

 

RESULTS 

Behaviors 

 The general behavior of the howler monkeys was observed on both June 17th and June 

28th, 2022. Howler monkeys 1, 2, 5, 6, 7, 8, 12, 14, 15, and 16 appeared to be normal. They were 

alert, responsive, and social with the other monkeys in their enclosure. All were eating well and 

appeared to be healthy. Howler monkey 11 recently underwent an amputation surgery prior to 

fecal sample collection and seemed alert and responsive however psychologically appeared 

depressed, as she had little motivation towards any sort of activity. Howler monkey 9’s overall 

appearance was poor, she was lethargic, dehydrated, underweight, and stressed. She had a very 

weak appetite, loose bowel movements, and was very unsocial with the other monkeys. She 

lacked social skills and the ability to defend herself against dominate individuals. Both 3 and 4 

were recently rescued as orphans and appeared to be stressed, and slightly dehydrated. Howler 

monkeys 10 and 13 were also observed to be stressed, with loose bowel movements, and were 

underweight.  

Fecal samples 

 Fecal samples were examined under a light microscope at 400X magnification. Parasites 

were observed and identified for comparisons between individual howler monkeys.  Frequent 

parasites observed included Chilomastix mesneli, Giardia, and Pentatrichomanas hominis 
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Figure 1: Parasites identified in Howler Monkey fecal samples collected on June 17th and June 
28th, 2022 under 400X magnification. A. Blastocystis hominis, B. Chilomastix mesneli, C. 
Stronglyoides stercoralis, D. Pentatrichomanas hominis, E. Giardia, F. Ancylostoma duodenale.  
 
 
however some howler monkeys also had Ancylostoma duodenale, Stronglyoides stercoralis and 

Blastocystis hominis as seen in Figure 1.   

The fecal samples were sent to Jackson laboratory to confirm presence of identified 

parasites in each howler monkey as seen in Table 2 below. Jackson Lab performed numerous 

fecal flotations to examine the specimens under a light microscope for identification. Using both 

analyses, howler monkeys that were positive for certain parasites could be treated.  

Fecal samples were analyzed again on August 16th and September 13th, 2022 in order to 

determine any changes following treatment. The total percentage of howler monkeys positive for 

Chilomastix mesneli decreased from 56.3% to 43.8%, the total for Giardia decreased from 

37.5% to 6.3%, and 0% of howlers were positive for Stronglyoides stercoralis and Ancylostoma 

duodenale after treatment with Tinidazole and fenbendazole. The total percentage of howlers 

positive for Pentatrichomanas hominis increased after treatment from 31.3% to 43.8%, and the 

percentage of howler’s with Blastocystis hominis remained the same.  
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Table 2: Parasites identified in fecal samples from Howler monkeys at Wild Sun Rescue before and after 
treatment with Tinidazole and Fenbendazole  

Monkey Age Parasites (before treatment) Parasites (after treatment) 
1 5 months none none 
2 7 months Giardia none 
3 8 months Chilomastix mesneli 

Giardia 
Pentatrichomanas hominis 
Stronglyoides stercoralis 

 

Chilomastix mesneli 
Pentatrichomanas hominis 

(Small amount) 

4 1 Chilomastix mesneli 
Pentatrichomanas hominis 

Giardia 
 

Chilomastix mesneli 
Pentatrichomanas hominis 

(Small amount) 
5 1 none Chilomastix mesneli 

Pentatrichomanas hominis 
Giardia 

 

6 1 none none 
7 1 Giardia none 
8 2 Chilomastix mesneli 

 
none 

9 2 Chilomastix mesneli 
Pentatrichomanas hominis 

Giardia 
Stronglyoides stercoralis 

 

 
Chilomastix mesneli 

Pentatrichomanas hominis 
 

10 2 Blastocystis hominis 
Chilomastix mesneli 

 

Chilomastix mesneli 
Pentatrichomanas hominis 

 

11 2 Chilomastix mesneli none 
12 2 none none 
13 2.5 Chilomastix mesneli 

giardia 
Pentatrichomanas hominis 

Ancylostoma duodenale 
 

Chilomastix mesneli 
Pentatrichomanas hominis 

 

14 3.5 Chilomastix mesneli none 
15 3.5 Chilomastix mesneli 

Pentatrichomanas hominis 
 

none 

16 4 Chilomastix mesneli 
Pentatrichomanas hominis 

 

Chilomastix mesneli 
Pentatrichomanas hominis 

Blastocystis hominis 
 

 
 

Hematology 
 
 Hematology samples were collected from the four howler monkeys being treated in the 

Intensive Care Unit (ICU) from June 17th- July 9th 2022. Samples were stored in Greiner Bio-one 
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tubes and sent to Jackson Laboratory for hematology analysis. Hematology values were 

calculated and listed in Table 3.  

Based on the hematology values, monkey 9 was the only howler to have significantly 

high values of leukocytes, neutrophils, and lymphocytes. Out of the other howlers in the 

Intensive Care Unit, she was the only individual positive for Giardia and Stronglyoides 

stercoralis (roundworms). Monkey 9 was also very underweight and stressed when compared to 

the other monkeys. Monkey 9 had diarrhea, frequently refused to eat, and often would pace in 

her kennel. 

 
Table 3: Number of Leukocytes, Erythrocytes, neutrophils, and lymphocytes found in 
hematology samples analyzed at Jackson Laboratory clinic in Santa Teresa, Costa Rica. (+) 
represents values significantly above reference values. (-) Represents values significantly below 
reference values  
 

Monkey Leukocytes Erythrocytes Neutrophils Lymphocytes 
9 24,300 + 4,320,000 11,178 + 11,907 + 
11 3,700 2,450,000 1,443 2,109 
14 10,000 4,710,000 6,700 2,500 
15 8,500 4,280,000 

 
6,120 1,785 
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CHAPTER IV 

 

DISCUSSION 

Habitat Disturbances Effect on Parasite Infection 

In the wild, howler monkeys are an arboreal species and spend most of their lives in the 

forest canopy. Howler monkeys and other primate species in captivity are kept in much smaller 

enclosures that often only have a small number of objects for them to use to climb during 

rehabilitation. Wildlife rescues like Wild Sun have attempted to provide these primates with an 

area that resembles their natural habitat; however, despite these efforts, these monkeys still are 

more likely to eat food off the ground and because of this, are at high risk of parasite infection. 

Human and habitat disturbances may increase the likely hood of these individuals being exposed 

to zoonotic transmission of gastrointestinal parasites including protozoans, nematodes, and 

platyhelminths (Helenbrook et al. 2015).   

The howler monkeys at Wild Sun rescue were exposed to numerous habitat disturbances, 

including being in contact with wild primates nearby, human exposure, and were fed a mixed 

diet consisting of fruit, vegetables, and leaves from the cecropia tree.  Diets that are deficient in 

nutrients or may include macro or micronutrients that aren’t apart of the natural diet of howler 

monkeys can account for higher infection rates. Confined space can also lead to an increase in 

parasite infection since there is more crowding and a restricted host distribution (Trejo-Macías 

and Estrada 2012). These factors likely led to the 75% infection rate of the population. These 

results are consistent with the data collected by Rondón et al. which saw a rate of 72.9% of 
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individuals in the species, Alouatta seniculus, Ateles hybridus, and Cebus versicolor being 

positive for parasites. Parasites can be transmitted between individuals quickly through direct 

and indirect exposure, and the four most common parasites are three protozoans (Chilomastix 

mesneli, Trichomonas and Giardia) and a nematode (Stronglyoides stercoralis). 

Parasite Prevalence and Treatment 

The protozoan Chilomastix mesneli is often found in the gastrointestinal microflora of 

primates. It is considered nonpathogenic but is often associated with parasitic infection 

(Helenbrook et al 2015). This protozoan was found in most of the fecal samples collected and 

often was found with other bacteria like Pentatrichomanas hominis, Giardia, and Stronglyoides 

stercoralis. The medication Tinidazole was administered to howler monkeys at Wild Sun rescue 

that were positive with this protozoan. Tinidazole slightly decreased the infection rate. In other 

species of primates, treatment with metronidazole was highly effective in eradicating 

Chilomastix mesneli (Kramer et al 2009).   

Intestinal Trichomonas infection has been reported in captive howler monkeys which 

often present as asymptomatic (Pastor-Nieto 2014). This protozoan inhabits the cecum and will 

penetrate the mucosal epithelial layer in the body (Pastor-Nieto 2014). Some individuals that 

didn’t show any behavioral, or hematology changes were positive for this parasite. Tinidazole, a 

synthetic nitroimidazole, was used for treatment against this parasite. Tinidazole’s mechanism of 

action against this parasite may be secondary to generation of free nitro radicals produced by this 

protozoan (Kliegman 2020). In this experiment, treatment with Tinidazole appeared to be 

ineffective as almost all individuals were positive post treatment. Infection resistant to tinidazole 

may respond to metronidazole. The reasons that tinidazole was only moderately effective for 

both Chilomastix and Trichomonas could be that the individuals needed a longer course of 
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treatment. Previous research found thar using smaller quantities over a 5-day period was more 

effective than a singular large dose (Armstrong and Wilson 2009). Metronidazole was used and 

successfully treated gastrointestinal trichomonas in squirrel monkeys (Brady et al. 1999). 

Captive primates that are in close contact with humans are more susceptible to infection 

with Giardia. Giardia enters the body through ingestion of contaminated food or water, where it 

then attached to the intestinal mucosa and damages microvilli (Pastor-Nieto 2014). This parasite 

can cause a variety of symptoms including diarrhea, gas, cramps, anorexia, vomiting, and fever 

(Pastor-Nieto 2014). Treatment options for Giardia infection vary but usually involve 

administration of a medication like metronidazole or tinidazole. Many veterinary clinics use 

metronidazole, however, this specific medication requires 5-8 days of treatment, where 

tinidazole is administered as a single dose (Kramer et al. 2009). The infection rate with Giardia 

at Wild Sun Rescue did decrease after treatment using tinidazole. A combination of medication 

administration and sanitation practices most likely prevented other monkeys from becoming 

infected with this highly contagious parasite. Tinidazole proves itself to be effective in long term 

prevention in other species of primates, were 11 out of 13 individuals remained negative for 

giardia a year after treatment (Kramer et al 2009).  

The nematode Stronglyoides stercoralis is more relevant in troops that are in areas near 

humans. Human presence causes an increase in the individuals stress levels which then impairs 

their immune response against this parasite (Camber 2020). Environments that are warm and 

humid can also increase the survival rate of species like Stronglyoides (Rondón et al. 2017). 

Howler monkeys positive for this parasite were given fenbendazole (50 mg/kg) for 5 consecutive 

days which was effective in eliminating the parasite completely.  
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Effect of Parasite Infection  

 Many parasites are harmful to their host species and can lead to other extreme health 

issues including psychological changes, nutritional disturbances, weakness, and increased 

susceptibility to secondary infection (Rondón et al. 2017). In this study, howler monkeys 9, 3, 4, 

and 13 all were infected with multiple parasite species including Chilomastix mesneli, 

Pentatrichomanas hominis, Giardia as well as some additionally had Stronglyoides stercoralis 

and Ancylostoma duodenale. The development of heavy parasite loads is often associated with 

captivity stress, chronic illnesses, and under nutrition (Pastor-Nieto 2014).  When these four 

individuals were observed, their psychological behavior seemed to be poor, and they also were 

more dehydrated and malnourished. Their high parasite infection rate may have led to these 

specific nutritional disturbances and psychological problems. Hematology results from patients 

in the ICU indicated high levels of white blood cells, like leukocytes, in howler monkey 9 who 

was heavily infested with parasites. Howler monkey 9 came to Wild Sun rescue as an orphan and 

has been in and out of the ICU since her arrival due to repeated infections and health issues. She 

has been a patient at Wild Sun rescue for over a year and it is common for captive species to 

have higher white blood cell counts than free ranging individuals (Vié et al. 1998). Due to high 

infection with parasites, it is common to see changes in the body’s immune system as it elicits a 

response to infection.  Neutrophils are also key limiters of bacterial and parasitic inflammation as 

the immune system responds to foreign material in the body (Brinkworth et al. 2019). Howler 

monkey 9 was heavily infested with multiple parasites with high neutrophil counts when 

compared to monkeys 11, 14, and 15 who had normal levels of neutrophils and much lower 

infection rates.  
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 Captive and rehabilitated animals experience many behavioral changes depending on 

their time spent in captivity and their new environment. These animals rely on humans to provide 

them with food, predation is not an issue, and group living is different. Wild howler individuals 

travel in group, known as a troop, with anywhere from 4-20 members consisting of mainly 

females, juveniles, and very few males. In wildlife rescues, howler monkeys may be put into 

enclosures based on age and thus individuals aren’t necessarily exposed to the same group living 

they would have in the wild. Captivity provides a static environment and often results in reduced 

interest, decreased problem solving skills, and reduced attention (Pastor-Nieto 2014).  

 

Recommendations 

 The results of this study suggest that several steps can be taken to lower the parasite loads 

of captive howler monkeys.  To minimize the prevalence of parasite infection in howler monkeys 

in captivity, the monkeys should have very minimal human interaction. It is estimated that 60% 

of primate species are threatened with extinction due to human activity (Estrada et al. 2017). 

Enclosures should be built in areas with the least amount of exposure to humans. High stress 

levels seem to contribute to increased susceptibility to parasite infection, as stressed animals are 

often immunosuppressed (Cowl 2019). Veterinarians can use new methods to limit direct contact 

with these animals such as sedating the animals before exams so that they don’t become 

comfortable with human interaction. The use of noninvasive sampling can also prevent the 

animal from being exposed to stress with handling. Previous research found that fenbendazole 

formulated in a commercial primate diet was effective in stopping the shedding of parasite eggs 

(Reichard et al 2008). By putting medications in food, direct human interaction with primate 

species is limited, reducing stress levels, and exposure to new pathogens or parasites from 
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humans. Enclosures should also be built in areas that closely resemble their natural habitat. 

Using elevated feeding trays and perches can limit infection for these arboreal primates. Arboreal 

primates in rehabilitation or individuals living at rescue centers often experience abnormal 

behaviors such as moving on the ground. For captive primates, social group dynamics should 

also be considered. Primates at rescue centers may be put into unnatural social groups with large 

male or female populations.  Unnatural social groups can lead to escalated aggression, abnormal 

behavior, and may increase stress (Cowl 2019). Based on the results from this study, wildlife 

rescue centers should focus on creating a environment, for captive animals, that resembles their 

natural habitat and social dynamic structure. These changes can contribute to decreasing the 

prevalence and spread of parasites in individuals.  

 

Future Studies 

 Future research could potentially examine how environmental changes and land changes 

affect wild species of primates in terms of parasite infection. Understanding other environmental 

changes, like seasonal changes, and how it may affect the population dynamics of zoonotic 

parasites can help researchers understand the epidemiology (Rondón et al 2017). Veterinarians 

and wildlife centers can better prepare by giving antiparasitic medications during times of 

increased susceptibility.  These data can also provide a better understanding of the health status 

of wild primate populations and how parasite infection differs between each population. It may 

also be beneficial to examine how parasite infection differs between species, such as capuchins, 

who have more frequent contact with the soil (Rondón et al. 2017).  

 Besides crowding and abnormal foraging, other variances from normal could affect 

parasite infection. Future research should examine whether the sex of the individual correlates 
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with a higher infection rate. Sex hormones can potentially affect parasite infection as estrogen 

can produce antibodies against parasite antigens (Aguiliar Diaz et al 2015).  

 Parasite infection is just one of many problems seen in captive primates. The gut 

microbiome of primates is also extremely susceptible to issues due to the enclosure design, 

captive diets, and stress. Addressing and treating for these changes early on can help primates, as 

the gut microbiome provides their host with 70% of their daily needs including the facilitation of 

nutrient absorption and prevention of accumulation of toxic metabolic products (Amato 2016). 

More research in this area can greatly improve conditions for primates and species in captivity 

and prevent further health problems from developing. 
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APPENDIX 1:   Animal Handling documentation for howler monkeys at Wild Sun rescue in 
Costa Rica 
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APPENDIX 2: Nematodes and protozoans located in fecal samples from Primates in Colombia.  
 

 
This diagram was used to identify parasites seen in fecal samples at Wild Sun Rescue  

A. Trichuris sp., B. Oxyuridae, C. Ancylostomatidae, D. Stronglyoides, E. Ascarididae, F. 
Gnathostomatidae, G. Trichostronglyidae, H-I Trematodes, J. Entamoeba, K. 
Ancanthocephala, L. Balantidiidae 
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APPENDIX 3: Parasites and parasite eggs found in howler monkeys in Ecuador. 
 

 
This diagram was used to identify parasites seen in fecal samples at Wild Sun Rescue. A. 
Stronglyoides, B. Entamoeba, C. Stronglyoids, D. Entamoeba, E. Trypanoxyuris, F. Enterobius, 
G. Capillaria.  
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