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ABSTRACT 

Rehabilitation and release programs promote multiple scenarios in which non-

human primates born and reared in different environments come into contact with one 

another as well as humans.  Such programs necessitate an investigation of diseases to 

understand threats of introducing novel pathogens to naïve individuals and/or 

populations.  Parasitic diseases can be identified using non-invasive methodologies and 

were therefore the focus of this study.  One hundred and ninety-five fecal samples were 

collected from 65 mona guenons (Cercopithecus mona) and mangabeys (Cercocebus 

torquatus torquatus) living under various stages of captivity in southeast Nigeria.   

Parasites were recovered using fecal floatation and sedimentation procedures.  One 

protozoan (Balantidium coli) and 5 helminth taxa (Trichuris trichiura, Capillaria sp., 

Strongyloides sp., hookworm, and an unidentified strongyle) were found.  All parasites 

were found at low levels except for B. coli.  Parasite prevalence, richness, and multiple 

infections were investigated across species and populations.  Significant differences were 

found between species and living conditions, with semi-captive mangabeys having the 

largest output of B. coli and harboring greatest parasite richness.  Other factors that 

significantly impacted parasitism were place of birth and parasite treatment regime.  No 

effects of age class, sex, or dominance status were found.  Comparisons with previously 

analyzed samples from wild primates in Nigeria and samples from the local human 

population showed differences in some parasites present.  Such differences warrant 

caution for rehabilitation and release programs; however, larger scale studies of wild 

resident populations are needed to specify risks.   
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Chapter  1 

INTRODUCTION 

1.1 Overview 

It is not abnormal for western worlds to assume that the natural state of being is 

one without disease and sickness; however, disease plays a very conspicuous role in 

human demography.  It is therefore likely that disease plays an equal or greater role in 

plant and animal populations which do not have the luxury of modern medicine. 

Though habitat loss, over-harvesting, and pollution are commonly cited as most 

problematic for conservation, disease is becoming more recognized as a serious threat to 

endangered species  (Chapman and Peres, 2001; Lyles and Dobson, 1993; May, 1988; 

Smith, 1982).  Changes in land use practices that bring humans, domestic animals and 

wildlife into contact influence the involvement of wild animals in disease emergence  

(Wobeser, 2002).  In primates, disease emergence can occur directly through human 

introduced diseases, or indirectly through human induced changes in the disease ecology 

of wildlife.  Scenarios which can alter primate-parasite ecology include encroachment by 

humans into wildlife habitat, keeping of non-human primates as pets, in zoos or as 

laboratory animals, and/or hunting them for food.  These circumstances provide an 

opportunity for disease transmission between humans, captive animals and wild animals.  

Ironically, primate conservation efforts, including re-release and rehabilitation programs, 

also create a scenario in which all three factions come into contact. 

Rehabilitation programs in developing worlds can play an important role in 

enhancing conservation efforts. Issues incorporated in rehabilitation programs include the 
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susceptibility of species to diseases which animals are not normally exposed, and the 

potential for transmission of diseases to conspecifics in captivity and in the wild after 

their release (Karesh, 1995).  Additionally, introduced animals are at risk of getting 

parasites from natural environments (both semi-captive and wild) where they are no 

longer treated for parasites.  Therefore, an integral part of captive breeding, rehabilitation 

and release programs is defining diseases in animals that are at risk of introducing 

infectious agents to each other and into wild environments (Morner et al., 2002).    

1.2  Pr imates and Parasites 

Whether living in the wild or in captivity, non-human primates are beset with a 

variety of diseases including an extensive list of parasite infections that are acquired in 

situ or through exposure to introduced parasites from captive conspecifics (Kuntz, 1982).  

Having evolved with and adapted to their surrounding environment, parasite induced 

infectious disease is natural in wild animal populations; and in general, there is an 

established equilibrium between primates and their parasites (Jones, 1982; Kuntz, 1982; 

Lyles and Dobson, 1993).   Some diseases in the wild are therefore symptomless or have 

sub clinical infections without any obvious ecological impact, but occasionally epizootic 

outbreaks occur that devastate natural populations (Wobeser, 1994).   

Parasitic infection in primates, whether introduced or pre-existing, can reduce 

fitness at both the individual and population level.  Parasitosis can lead to malnutrition, 

impaired travel, feeding, predator escape, and competition for resources and mates.  More 

severe forms can cause blood loss, tissue damage, spontaneous abortion, congenital 

malformations, and death (Chandra and Newberne, 1977).  Parasite induced diseases also 

likely have an effect on immunology, genetic diversity, behavior, reproductive success, 
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fecundity, ecology, animal community structure, species diversity, and demography 

(Spalding and Forrester, 1993).  Additionally, the effects of parasitism can often be 

amplified when parasites are transmitted to populations that aren’ t immunologically 

equipped to deal with them (Viggers et al., 1993).  While natural existing parasitism 

plays an important role in population maintenance and natural selection, introduced 

diseases can alter natural dynamics and become problematic for species survival.  

Introduced diseases have been attributed to the death of the last remaining Tasmanian 

tigers (MacCallum and Dobson, 1995), the last known wild colony of black-footed ferrets 

(Thorne and Williams, 1988), a local extinction of Spanish ibex (Leon-Vizcaino et al., 

1999), and severe population declines in arctic foxes (Goltsman et al., 1996).  

Additionally, a recent discovery attributing 5000 gorillas deaths to human introduced 

Ebola virus exemplifies the devastating impact disease can have on a primate species 

(Bermejo et al., 2006).  

Species susceptibility to introduced parasites is often presumed from phylogenetic 

relatedness, or from lack of species specificity of the parasite (Munson and Cook, 1993).  

Generalist parasites are of considerable concern as they are capable of infecting multiple 

hosts including human and non-human primates.  High pathogenicity is predicted to drive 

a parasite extinct before its host; however, generalist parasites (capable of infecting other 

hosts) can overcome low host density and drive a focal host species to extinction (Castro 

and Bolker, 2005).  Therefore animals within the same taxonomic family, with known 

generalist parasites, are at high risk of spreading infection to conspecifics.  Additionally, 

the commonality of non-sexual and arthropod transmission mechanisms reflects the ease 
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at which generalist parasites could infect other species of wildlife as well as human 

populations (Pedersen et al., 2005).  For review of parasitological terms see Appendix 1. 

1.3 Parasitism and pr imate sociality 

Factors that generally contribute to differences between parasites found in animals 

living in different conditions include: resources, parasite community, and immune system 

(Chapman et al., 2006; Coop and Holmes, 1996; Pedersen and Fenton, 2006).   However, 

parasite prevalence, diversity and richness can vary between species and populations with 

different social organizations (Altizer et al., 2003), or within a population on the basis of 

age, sex class, and dominance rank (Freeland, 1976).    

Parasitism is expected to be positively correlated with age (Nunn and Altizer, 

2006).  Studies testing this hypothesis have produced mixed results   Clear positive 

associations have been found between helminth infections and baboon age (Hausfater and 

Watson, 1976; Ohsawa and Dunbar, 1984).  Mixed results have been found in baboons 

and howler monkeys with variation within  age classes differing between sexes or 

dependent on parasite species studied (Miller, 1960; Stuart et al., 1998).  No correlation 

was found in two studies of helminthes in baboons (Muller-Graf et al., 1996; Muller-Graf 

et al., 1997).  Explanations for expected differences between age classes include 

differential encounter rates based on behavioral difference in juveniles and adults and/ or 

immunity development (Nunn and Altizer, 2006). 

Parasite prevalence in males is expected to be greater than in females possibly due 

to sex differences in stress levels and exposure to parasites (with the exception of STD’s 

which are expected to be higher in females) (Nunn and Altizer, 2006).  Sex differences 

that can contribute to differences in levels of parasitism include:  sexual dimorphism, 
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differential social relationships, and effects of hormones.  In some sexually dimorphic 

primate species, greater nutritional requirement of larger males could lead to increased 

contact with infected vegetation.  Additionally, sex differences in social networks and 

access to mates can lead to increased/decreased contact with infected individuals.  Lastly, 

hormonal differences associated with pregnancy for females and testosterone in males 

can affect immune response (Nunn and Altizer, 2006; Nunn et al., 2003).   

Across mammals males tend to show higher parasite prevalence than females 

(Moore and Wilson, 2002).  However, studies of helminthes in primates aren’ t so 

conclusive.  Female sex biases have been found in two populations of baboons (Hausfater 

and Watson, 1976; Muller-Graf et al., 1996) , while male sex biases have been found in 

other studies of baboons as well as macaques (Fedigan and Zohar, 1997; Muller-Graf et 

al., 1997).  Another baboon study and several howler studies have found no sex biases 

(Nunn and Altizer, 2006; Stuart et al., 1990; Stuart et al., 1998).  The inconsistency of 

patterns in primate populations is likely due to the multitude of factors that variably effect 

different populations and species. 

Parasitism is predicted to increase with dominance rank.  This could be due to a 

large number of mechanisms that influence links between dominance and exposure and 

susceptibility (Nunn and Altizer, 2006).  Variables that may affect increased encounter 

probabilities include:  dominant individuals having greater access to infected food and 

water resources, and increased social and mating contact that could result in exposure to 

more parasites.  Conversely, the infection probability could be decreased via increased 

access to resources that may strengthen immunity.  The probability of infection could 
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also be increased as dominant individuals may experience more immunosuppressive 

effects of stress and testosterone (Nunn and Altizer, 2006).     

Previously, studies have shown a positive correlation between nematodes and 

baboon social rank (Hausfater and Watson, 1976); no correlation between helminth and 

baboon rank (Muller-Graf et al., 1996), and a negative correlation between  parasitism 

and rank in vervets, and ectoparasitism in baboons (Cheney et al., 1988; Eley et al., 

1989).  Inconsistency in results likely reflects various aspects of dominance can both 

increase and decrease susceptibility and immunity. 

Overall, parasites can be a driving force on social evolution, and patterns of 

parasitism in species and populations can sometimes be explained by social and 

demographic characteristics. 

1.4 Parasitism and pr imate behavioral ecology 

Other host traits that affect disease risk include: host population size and density, 

ranging patterns, substrate use, diet, and environmental factors such as seasonality (Nunn 

and Altizer, 2006). 

1.4.1 Environment 

Temperature and humidity are two factors that influence host-parasite 

relationships greatly; this is largely due to the fact that most parasites spend part of their 

life-cycle outside the host and must be able to persist long enough to infect a new host. 

Higher rates of parasitism have been found in primates inhabiting humid compared to 

arid environments (Hausfater and Mead, 1982; Stuart et al., 1990; Stuart et al., 1993).  In 

a study of chimpanzees, prevalence of Oesophagostomum stephanostomum was found to 

be significantly higher in the rainy season than the dry season; however, no such 
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relationship was found between Trichuris trichiura or Strongyloides fuelleborni 

(Huffman et al., 1996).  Studies of mangabeys have suggested that seasonally altered 

ranging patterns are a result of avoidance of fecal contaminated pathways (Freeland, 

1980); however recent studies suggest this may be more related to food availability than 

parasite avoidance (Olupot et al., 1997).   

1.4.2 Density 

Parasite diversity and prevalence is expected to be positively correlated to group 

density (Nunn and Altizer, 2006), as transmission rates (for parasites with direct or 

indirect life cycles) are likely to increase with greater contact rates (Chapman et al., 

2005b; Stuart et al., 1990).  Though density is the most consistent host trait influencing 

parasite diversity (Nunn et al., 2003), effects of density require large scale studies that are 

able to factor out other variables.  For example, recent studies have suggested that habitat 

characteristics may play a larger role than once realized (Gillespie et al., 2005a; Gillespie 

et al., 2004).  Nonetheless, density of hosts remains of prime importance for studying 

parasite infection rates (Poulin, 1998).   

1.4.3 Diet 

Parasite species richness, prevalence and intensity are predicted to increase with 

greater degrees of insectivory, folivory or omnivory and with specific feeding and 

drinking behaviors.  For example, folivorous animals tend to eat more which exposes 

them to a greater amount of contaminated vegetation; however, they also consume a 

greater amount of secondary compounds that can fight off infection.  Frugivorous animals 

tend to feed on a wider variety of plants which potentially exposes them to a wider 

variety of parasites; and insectivores consume arthropods which are often intermediate 
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hosts for parasites (Nunn and Altizer, 2006). Conversely, dietary stress and malnutrition 

can effect parasitism through immunosuppression of the host (Chapman et al., 2006).   

Additionally, as humans encroach into primate habitats crop and garbage raiding 

by non-human primates can lead to wild animals relying more heavily on human 

produced (and often contaminated) foodstuffs.  While consumption of human foods often 

raises the nutritional intake of animals and may help them fight off disease, such practices 

can also introduce human diseases into non-human primate populations and alter 

behaviors that may effect primate-parasite interactions (Weyher et al., 2006).  Such 

patterns likely persist in food-enhanced primate groups in both wild and captive 

conditions. 

1.4.4 Proximity to other hosts  

Overlap in ranges of phylogenetically similar primates can lead to cross-

infections between species some of which are better able to cope with certain parasites 

than others (Chapman et al., 2005b).  This is important for primates being housed 

together in crowded sanctuaries which are often un-avoidable in developing countries 

(Karesh, 1995). 

Threats from other hosts come from nearby humans as well as non-human 

primates.  Human contact is an important factor impacting parasite dynamics in non-

human primate populations.  For example, high intensity infections have been described 

in studies of chimpanzees and baboons living in sites with greater human contact 

compared to those living with lower rates of human contact (McGrew et al., 1989).  The 

importance of proximity to other hosts is further discussed in relation to rehabilitation and 

release programs in the following section. 
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1.5 Parasitism in rehabilitation and release programs 

Translocation of animals during confiscation, rehabilitation, introduction and 

reintroduction, also means translocation of parasites (Cunningham, 1996).  These animals 

represent ‘biological packages’  containing viruses, bacteria, protozoa, helminthes and 

arthropods (Woodford and Rossiter, 1994); and even with standardized quarantine and 

surveillance procedures  novel diseases can still be introduced to susceptible animals and 

into new habitats (Wolff and Seal, 1993).  Though conservation biologists strive to save 

species by introducing them into seemingly suitable natural habitats, the associated 

effects of introducing new parasite species can have a detrimental impact on re-

introduced species or wild resident populations (Cunningham, 1996; Scott, 1988).  

Introduction of disease into new areas and endemic species, as well as the existence of 

disease within the release area can cause translocation projects to fail (Griffith et al., 

1993) (Leighton, 2002).  Risk factors include the epidemiological situation at the source 

(where animals originate from) and those at the release site (Woodford and Rossiter, 

1994).  It is therefore important to have an understanding of parasite dynamics in primate 

populations living in different conditions associated with rehabilitation and release 

programs.    

1.5.1 Parasitism in captive primates 

Disease in captive animals is of major concern when animals are being housed 

together from different geographic regions, and/or there are plans to re-introduce animals 

into the wild (Viggers et al., 1993).  This is of considerable concern when animals are put 

into captivity after having an extensive amount of contact with humans and domesticated 

animals, and are therefore likely to harbor parasites foreign to captive conspecifics.  For 
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example, a survey of intestinal parasitic infection of pet macaques in Sulawesi, Indonesia 

revealed more commonalities between parasites in human and pet populations than 

between pet and wild populations (Jones-Engel et al., 2004).  This study demonstrates a 

potential threat of confiscating pets for rehabilitation and housing them in captive 

environments with immunologically naive conspecifics. Similar threats exist for captive 

primates that have frequent exposure to humans and live in close quarter outdoor housing 

(Nunn and Altizer, 2006). Overall, animals which have been in contact with humans risk 

introducing human diseases to populations that have had no previous contact with 

humans (Caldecott and Kavanagh, 1983). 

An additional concern in rehabilitation programs is the effect that capture and 

captivity itself can have on primate parasite loads and disease pathogenicity.  A survey of 

captive orangutans at various institutions concluded that captive individuals have a very 

high incidence of intestinal parasitism, and parasites have occasionally been associated 

with the death of some individuals (Frazier-Taylor and Karesh, 1987).  High levels of 

parasitism in captive animals can be attributed to abnormally high densities, cross-species 

transmission, and stress due to cold, fighting, caging, and confinement which exacerbate 

parasitic infections to the point of even causing death (Esch et al., 1975; Wiger, 1977; 

Woodford and Rossiter, 1994).  The capture and quarantine of animals upon onset of 

captivity may result in high stress levels (Woodford and Rossiter, 1994), and infection 

can be exacerbated by the confinement and stress primates experience in these captive 

environments (Toft, 1986).  Also problematic, is that in some captive facilities, 

particularly in developing countries, quarantine procedures that are up to standards may 

not be possible due to funding and space requirements.   
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Synergistic effects of captivity and parasitism may support surveillance and 

control of infectious disease in management regimes of captive environments (Mikota 

and Aguilar, 1996).  However, if quarantine and treatment is successful and/ or over used, 

the lack of exposure to parasites in captivity can lead to primates that are deficient in 

immune and behavioral responses to parasitism (Nunn and Altizer, 2006).   By protecting 

animals from disease through treatment it is possible that we are weakening the 

population’s immune system and increasing susceptibility to later infections.   

Captive breeding and re-introduction programs are increasingly concerned with 

disease transmission risks involved in transferring animals between facilities and natural 

environments (Ryan and Thompson, 2001).  The translocation process itself has been 

shown to exacerbate parasitism in several cases.  In one case, cape buffalo (Syncerus 

caffer) transported long distances in lorries excreted sufficient quantities of foot and 

mouth disease resulting in an infection of nearby cattle (Hedger and Condy, 1985).  In 

another example, the appearance of fatal cases of trypanomiasis arose in translocated 

black rhinos that previously appeared to be free from infection.  This apparent sudden 

onset was thought to be a result of increased intensity of infections resulting from high 

stress and confinement in translocation procedures (McCulloch and Achard, 1969).  

These examples illustrate that animals living in different areas and/or in different 

conditions can harbor different diseases, and that these can sometimes be difficult to 

elucidate. 

Overall, it is important to understand disease ecology in captive animals as they 

are less likely to be able to cope with morbidity and mortality via behavioral avoidance of 

exposure and/or immune response (as it may be altered due to stress, diet, or 
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environmental factors) than members of the original population.  If the prevalence of 

parasites is particularly high, or individuals harbor species not found in wild populations, 

there is an increased risk of introducing parasitic infections along with translocated hosts.  

The return of these animals to the wild after a period of captivity during which they may 

have been in contact with diseased animals of the same or related species from other 

sources is very dangerous (Woodford and Rossiter, 1994) 

1.5.2 Parasitism in semi-captive primates 

It is generally accepted that animals should be allowed to live in a free-range 

environment before release into the wild to aid in development of behaviors needed for 

survival in the wild (Kleiman et al., 1986).  In addition to foraging, locomotive, and anti-

predator behaviors, semi-captive environments may aid in development of disease 

avoidance behaviors and increased immune response.  However, long term pre-release 

captivity in absence of natural parasites can lead to a decreased immune response to 

infection.  This loss of resistance limits options for introduction by decreasing an 

animal’s ability to cope with infections endemic to natural habitats.  Animals in semi-

captivity are therefore at risk of exposure to novel pathogens which they are not 

immunologically equipped to deal with (Woodford and Rossiter, 1994),  

The release of social groups of animals into a large open enclosure near or within 

the release site for a considerable period of time before release has many advantages 

(Woodford and Rossiter, 1994), one of which is extending the quarantine period.  Though 

some studies have shown that diseases in captive populations are comparable to those in 

the wild (Munene et al., 1998; Munson and Cook, 1993), other studies have found that 

translocated animals harbored more different species of parasites than they shared with 
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wild resident populations (Raphael et al., 1993; Schaffer et al., 1981).  Surveys of 

primates as a whole indicate that intensity of infection and sometimes species harbored 

can vary greatly between individuals, populations, species, and geographic locations 

(Nunn and Altizer, 2005).  For example, parasite surveys comparing free-ranging 

orangutans with semi-captive animals at a rehabilitation center in Malaysia showed that 

while the two groups shared some parasite species, a majority differed between the two 

groups.  Differences may reflect higher densities and more contact with humans among 

rehabilitated animals (Kilbourn et al., 2003). Uncertainty in whether animals living in 

different conditions harbor similar parasite species and infection levels indicates that 

investigations should be made on a site to site basis where transmission risks can be 

evaluated. This is important as the introduction of a novel pathogens into host 

populations can have disparate effects ranging from having no effect to causing 

extinctions of populations (Wallis and Lee, 1999).   

Studies of the role of parasites in re-introduction programs is receiving more 

attention in primates than other animals (Ballou, 1993; Cunningham, 1996; Lyles and 

Dobson, 1993; Mikota and Aguilar, 1996; Stuart et al., 1993; Wolff and Seal, 1993; 

Woodford and Rossiter, 1994).  However, a shortage of information on diseases in 

founder (or semi-captive) populations requires active acquisition of pre-release data both 

overall, and on a site to site basis.  Such information is important for monitoring the 

health status of individuals released into semi-natural enclosures where they are no longer 

treated for parasites, as well as monitoring the risk of introducing novel and pathogens 

into wild resident populations(Cunningham, 1996).  Threats of disease transmission can 

be identified by comparing parasites existing in populations living under different 
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conditions.  For example, monitoring of semi-captive groups of rehabilitated orangutans 

led to the discovery of tuberculosis and thus the termination of the re-introduction project 

(Jones, 1982).  This exemplifies how introductions could have a devastating effect on 

natural populations.  Conversely, after a release of golden lion tamarins five re-

introduced individuals died from an unknown infectious disease (Kleiman et al., 1986), 

thus illustrating how immunodeficiency of captive individuals can lead to devastating 

effects upon encountering novel pathogens at the release site.  In a well strategized re-

introduction of ruffed-lemurs (Varecia variegata), steps to avoid introducing infectious 

disease were taken by researchers who selected individuals from captive stock to be re-

introduced into the wild.  Individuals selected underwent overall health evaluation 

including veterinary exams testing for viral, bacterial, helminth, and protozoan pathogens 

(Britt et al., 2004).  Such precautions are crucial for translocation and reintroduction 

projects. 

  Overall, the movement of diseases into new environments may have important 

effects on resident wildlife, and may have a detrimental effect on the translocation itself 

(Leighton, 2002).  Therefore, monitoring the outcome of a released population, or semi-

captive group is necessary to improve or modify future rehabilitation and re-introduction 

attempts (Spalding and Forrester, 1993).   

1.5.3 Parasites in wild primates 

Diseases in wildlife other than those that are a threat to humans are often 

overlooked and rarely monitored (Spalding and Forrester, 1993).  Studies of disease in 

wild populations can be used to explore parasite-host dynamics, how these dynamics are 

altered by anthropogenic change and threats to human health. Additionally, an 
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appropriate quarantine protocol for captive animals to be released into the wild cannot be 

established without prior knowledge of the disease agents that could be acquired at the 

release site.   As mentioned above, parasites are likely to be important selection 

mechanisms in natural primate populations, and exposed hosts should harbor a variety of 

resistance traits and inducible defenses (Nunn and Altizer, 2006).  However, if novel 

pathogens are introduced from humans or reintroduced animals, wild animals may lack 

an efficient immune response or behavioral defenses.  Finally, wildlife health monitoring 

is important so that if and when populations (wild resident or reintroduced) do decline, 

baseline information on diseases is available, and informed management decision can be 

made (Spalding and Forrester, 1993). 

Understanding associations between parasite transmission mechanisms and host 

specificity is crucial in identifying risks because host generalism favors the proliferation 

of disease amongst wild primates and humans.  Parasites are transmitted to non-human 

primates through contact with humans via air, water, soil, or arthropod vectors; and 

documented infections in wild populations include shigella, trichuris, hepatitis A and B 

viruses, herpes, scabies, a variety of intestinal worms, measles, Ebola and polio (Bermejo 

et al., 2006; Wallis and Lee, 1999).   

In concern for both the emergence of infectious diseases in humans and the 

extinction of non-human primates, worldwide assessment of diseases in wild primate 

populations is needed.  In 2004 a survey of wild guenons in western Uganda by Gillespie 

et al found that generalist parasites predominate and suggested that many of them may be 

transmissible to man.   Such baseline surveys are a necessary starting point in order to 
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understand parasite-host dynamics in natural conditions and later determine whether 

anthropogenic changes (including introduction of primates) are altering these dynamics. 

1.6 Parasites of cercopithecine pr imates 

There have been over 400 parasite species reported from 119 primate species 

(Nunn and Altizer, 2005).  This is in contrast to over 900 parasites that have been 

reported in only 7 livestock species (Cleaveland et al., 2001), and over 1400 parasites 

identified to infect humans (Taylor et al., 2001).  While it is possible that humans and 

livestock harbor greater parasite diversity, it is probable that we have only begun to 

identify the wide variety that may exist in wild animals.   

The most studied non-human primates include baboons, chimpanzees, gorillas, 

and macaques (Nunn and Altizer, 2006), however, recently there has been an onset of 

studies exploring the parasites of some of Africa’s other primates- the cercopithecines 

(Chapman et al., 2005a; Gillespie et al., 2004; Karere and Munene, 2002; Muriuki et al., 

1998).  The conservation status of many of these primates calls for a non-invasive 

assessment of primate parasites, especially those of wild populations.  For this reason 

many studies of primate parasites cover only gastro-intestinal parasites that can be found 

through examination of feces.  Appendix 2 provides a list of gastro-intestinal parasites 

previously found in cercopithecine primates from published studies. 

1.7 The study 

In southeastern Nigeria exists a primate sanctuary that houses a variety of 

cercopithecine primates.  Many of the animals living at Cercopan have been rescued from 

the pet trade, and all species housed there are affected by the bushmeat trade in Africa 

(Stein, 2001).  These primates are currently undergoing rehabilitation under various 
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living conditions.  The primates living in the Iko Esai community forest have been 

heavily hunted for many years, and at certain times of the year there are over 100 people 

in the forest collecting goods (with obviously no toilet facilities). Also, field researchers 

and primate keepers may introduce infections during animal care procedures (for captive 

groups), or through research conducted at the release site.  All of these situations pose a 

serious risk for disease transmission between humans and non-human primates. 

 Two species, the mona guenon (Cercopithecus mona) and the red-capped 

mangabey (Cercocebus torquatus torquatus) are being prepped for re-introduction into a 

local Nigerian forest habitat.  CERCOPAN (Centre for Education, Research, and 

Conservation of Primates and Nature) primate sanctuary and Rhoko research station 

provide an opportunity to evaluate these disease risks associated with transferring 

primates from captive to semi-captive environments within a natural forest area.   

1.7.1 Main Aim 

Disease risk is not easy to measure or even conceptualize (Ballou, 1993).  This 

project looks at parasitic disease, at a point in time, of two species of primates: the red-

capped mangabey and the mona guenon, living in various stages of rehabilitation (captive 

environment and semi-captive forest enclosure), and being prepared for reintroduction 

into natural forest.  Primates living under each condition will be subject to specific 

investigation: 1) captive population to investigate the disease risks associated with 

rehabilitating animals in a sanctuary setting and subsequently re-releasing animals into 

semi-captive forest enclosures and into the wild where they will no longer be treated for 

parasites; and 2) semi-captive population to investigate species health status after being 

re-introduced into a semi-natural environment, and to identify potential risks associated 
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with releasing these animals into the wild where foreign pathogens may exist.  

Additionally, investigations of parasites in nearby human populations can aid in which 

parasites parasites occur naturally in the area surrounding the forest enclosure, as well as 

investigate potential zoonoses.  The data generated will allow for the identification of the 

possibility for the spread of foreign pathogens to and from re-introduced animals with the 

aim of identifying possible threats and to inform care-takers, policy makers and the 

conservation community. 

1.7.2 Additional Aims 

Through collection of more comprehensive data in groups of captive and semi-

captive monas and mangabeys additional aims include: 1) comparing parasites of captive 

born to confiscated wild born animals; 2) comparing parasites within a single population 

between age class, sex, and dominance rank; 3) examining the effect of differential 

treatment regimes on parasitism; 4)  to gather and report the first known information on 

gastro-intestinal parasites of the red-capped mangabey; 5) to gather and report the first 

known information on gastro-intestinal parasites of mona monkeys from Nigeria; 5) 

provide information for use in large scale modeling of primate-parasite dynamics; and 6) 

provide new information for the Global Mammal Parasite Database (Nunn and Altizer, 

2005). 
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Chapter  2   

METHODS 

2.1 Study Site 

An investigation of the gastro-intestinal parasites of cercopithecine primates was 

conducted at CERCOPAN, Rhoko Research Centre, and the Iko Esai forest.   

CERCOPAN primate sanctuary is located in Calabar, the capital of Cross River 

State, Nigeria (Figure 2.1).  The sanctuary houses over 120 primates representing 7 

different species from the family Cercopithecidae.  Rhoko research centre and the Iko 

Esai forest are located adjacent to the Oban Division of the Cross River National Park in 

Cross River State, Nigeria (Figure 2.1).  Vegetation consists of patches of slightly 

disturbed and undisturbed lowland rainforest. The study took place during the onset of 

the long wet season.  The Rhoko forest is a 400ha Core Area which is fully protected 

from hunting and collection of timber and non-timber forest products.  CERCOPAN has 

an agreement with the landholder community, Iko Esai, which allows CERCOPAN to 

manage and fully protect this area.   The agreement also includes co-management of the 

adjacent 3,000ha research area which is protected from logging and farming, although 

bushmeat and other non-timber forest products continue to be collected by local people.  

Recently a primate hunting ban has been implemented by the community in all 

community forest.   Within the core area there is a 1 hectare forest enclosure with an 

electrified fence that houses semi-captive red-capped mangabeys.  There are three smaller 

enclosures next to this one that house mona monkeys. 
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Figure 2.1 Map of Africa showing Nigeria and the location of Cercopan primate sanctuary where 
captive primates are housed (Calabar) and associated field site where semi-captive primates are 
(Rhoko). 
 
2.2 Subjects 

Triplicate fecal samples were collected from all adults and juveniles living in 

captive (Calabar) and semi-captive (Rhoko) environments.  Single samples were 

collected from members of staff living in a nearby village and working within the core 

area and/or in close proximity with semi-captive primates in Rhoko. 

Table 2.1 Species studied and their sample sizes and living conditions 
Pr imate Species Sample 

Size 
Condition 

Red-capped mangabey (Cercocebus torquatus torquatus) 
Mona monkey (Cercopithecus mona) 

21 
5 

Captive  

Red-capped mangabey (Cercocebus torquatus torquatus) 
Mona monkey (Cercopithecus mona) 

31 
8 

Semi- Captive  

CERCOPAN Staff (Homo sapien sapien)  7 Rhoko, Iko Esai 
Village 
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Calabar  

Captive primates in Calabar live in outdoor enclosures within an urban 

environment and in close proximity to other captive Cercopithecine primates.  All 

monkeys are completely provisioned, though they also feed on local insects that enter 

enclosures.  Primates in Calabar are screened and subsequently treated for parasites using 

albendazole for nematodes, metronidazole for protozoans, and praziquantel for 

trematodes.  Treatment is dependent on number of eggs or parasites recovered.  

Protozoans are treated not to eradicate, but to reduce in numbers.  Upon screening captive 

mangabeys are not always treated unless levels are high enough that treatment is deemed 

necessary, as they are seemingly able to better cope with low levels of parasitism than 

monas (pers. comm. U. Anyaorah, 2007).    

Mona monkeys live in single species enclosures consisting of a wild born 

monogamous pair and unrelated juveniles. Gastro-intestinal parasites were examined 

from 5 individuals.  Mangabeys in Calabar live in multi-male multi-female groups in 

single species enclosures.  Gastro-intestinal parasites were examined from 21 individuals 

(1 group of 16 and 1 group of 5). 

Rhoko  

Primates at Rhoko live in enclosures within a forest environment.  Mona monkeys 

live in single species enclosures consisting of a monogamous pair and primarily unrelated 

juveniles.  Mona monkeys in Rhoko live in captive environments within the forest in 

enclosures with a mixture of natural growth and branches brought in from surrounding 

forest.  They are provisioned, but supplement their diet by foraging on natural foods that 

enter or exist within their environment.  Monas at Rhoko are no longer routinely treated 
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for parasites; however, they are still given Ivermectin© as routine treatment for 

helminthes on rare occasions when they are handled for veterinary purposes.  Gastro-

intestinal parasites were examined from 8 individuals (2 groups of 3 and 2 from a group 

of 4).   

 The mangabeys live in a one hectare forest enclosure with completely natural 

vegetation.  Mangabeys are provisioned, though they forage on natural vegetation, fruits, 

and insects within the enclosure.  These animals have not been treated for parasites since 

they were moved to Rhoko in 2003.  Gastro-intestinal parasites were examined from 31 

individuals from a single multi-male multi-female group. 

Fecal samples were not collected from young infants from any groups as fecal 

samples were small, inconspicuous, and difficult to locate. 

Wild Primates and CERCOPAN Staff 

 Fecal samples were collected from a single wild mona monkey (Cercopithecus 

mona); however, the sample was negative for parasites and results discarded from this 

study.  A group of putty-nosed guenons (Cercopithecus nicitans) also exist in the core 

area and were followed for a two-week period.  However, because these animals are top-

canopy dwellers and unhabituated, no fecal samples were able to be collected.  As a 

sufficient number of samples were not able to be collected from wild primates, un-

published records from parasites previously found in wild primates were requested from 

both CERCOPAN and Pandrillus (a nearby primate sanctuary housing chimpanzees (Pan 

troglodytes) and drill monkeys (Mandrillus leucophaeus)).  These records reflect 

parasites that naturally occur in wild primate populations from southeast Nigeria.   
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 Additionally, fecal samples were collected from CERCOPAN staff that live and 

work in close-proximity to CERCOPAN’s protected forest area and semi-captive 

primates.  Staff are annually de-wormed using Mectizan©.  Samples were collected from 

staff in an effort to understand which parasites are native to the specific region.  

Collections were conducted in the final week of the study and it was only possible to 

collect one sample from each individual.  A single fecal sample was therefore collected 

from 7 individuals (2 patrol men, 3 research assistants, and 2 keepers). 

2.3 Fecal collection 

Fecal collection methods followed guidelines established by Gillespie (2006), for 

noninvasive assessment of gastro-intestinal parasite infections of free ranging primates, 

with adjustments made when deemed necessary.   Individuals from captive and semi-

captive environments were identified before collection to ensure treatment of samples as 

independent data points (OIE, 2004).  The age class, sex, group rank, place of birth 

(captive or wildborn), and date since last treatment was defined for each individual. 

Groups living under these conditions were followed and observed throughout the day 

until individuals defecated and fecal samples were collected.  Collections took place over 

a one month period until each individual was represented by 3 samples.  Efforts were 

made to ensure that 72 hours was left between collections of samples.  However, this was 

not always possible due to time constraints, limited assistance, and the unpredictable 

nature of defecation.   

Before collection from all groups, feces were examined macroscopically and 

consistency, presence of blood, mucus, tapeworm proglottids and adult larval nematodes 

was noted.  Five milliliters of fecal material was taken from the fecal mass with a spoon 
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attached to the cap of collection tubes and stored in tubes labeled with primate species, 

individual identification, date, time, and site. Fecal samples were preserved in 30-ml 

Meridian Para-Pak™ tubes pre-filled with SAF (sodium acetate-acetic fixative) for 

preserving both helminth and protozoan larvae.  

2.4    Fecal analysis and parasite identification 

 Fecal samples were examined using concentration via sodium chloride floatation 

(for separating helminth eggs and protozoan cysts) and fecal sedimentation (for 

identification of trematodes).   

Fecal floatation consisted of: 1) adding 1 gram of feces to a 20ml centrifuge tube 

with 2/3 distilled water (homogenized with wooden applicator) and centrifuging the 

mixture at 1000 rpm for 15 minutes; 2) pouring off supernatant and re-suspending fecal 

material in NaCl solution and filling the tube to the meniscus; 3) covering the tube with 

22x22 mm cover slip and letting samples sit for 20 minutes; 4) removing cover slip and 

placing it on labeled slide to identify and count all parasite eggs, larvae, and cysts using a 

10X objective lens (and a 40X objective lens for measurement and confirmation); and 5) 

photographing representatives.   Parasites were counted and identified using egg color, 

shape, contents, and size.  Measurements were made using an ocular micrometer fitted to 

a compound microscope.  Photographs of unidentifiable parasites were sent to London 

School for Hygiene and Tropical Medicine. 

 Fecal sedimentation was done by 1) suspending fecal pellet (same pellet from 

fecal flotation) in sedimentation solution (dilute soapy water) filling ¾ of a 20 ml 

centrifuge tube; 2) filtering the suspension through fine wire mesh in a funnel into 

another 20 ml centrifuge tube, rinsing mesh, re-filtering, and disposing of mesh and 
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remaining fecal pellet; 3) allowing filtered suspension to settle until sediment was 

apparent, and removing supernatant using a pipet (this step was repeated until supernatant 

was clear); 4) transferring 5 drops of sediment to a labeled slide covered with a 22x40 

mm coverslip; and 5) examining using same technique as fecal floatation.   

 All sample tubes were numbered and examined blindly (without knowledge of 

species or condition in which they lived).  Fifteen samples were run as pilot samples, and 

results discarded.  These samples were used to ensure that consistent methods were 

established using facilities available in Calabar.  It was decided after examination of pilot 

samples that identification of small protozoans would not be possible due to quality of the 

microscope and uncertainty in correctly identifying these parasites.  Therefore, only large 

protozoans and all helminths were recorded.    

2.5 Timeline 

 

2.6 Data Analysis 

Floatation and sedimentation procedures yielded similar results in regards to 

parasite species identified.  Therefore presence/absence information reflects combined 

results from both methods.  However, only results produced from sedimentation 

procedures were used in analysis incorporating egg counts as it consistently produced 

higher output numbers that could be statistically analyzed.  
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Parasite infections are described by the prevalence of infection (percent of 

individuals of a host species or population infected with a particular parasite), richness 

(number of different parasite species found within a host species or population), and 

multiple infections (proportion of a population with more than one species of parasite 

(Margolis et al., 1982)).  Such measurements can be good indicators of the impact a 

parasite is having on the host population (Gillespie, 2006).  Differential prevalence of 

parasite species between living conditions and primate species was analyzed using a 

Pearson’s Chi-squared test.   

Because Balantidium coli was the only parasite that had a high output, it was used 

for analysis of effects of different variables on parasite output.  Data from average B. coli 

output was slightly skewed and attempts to normalize data were unsuccessful.  For this 

reason non-parametric tests were used.  The effects of living condition (captive/semi-

captive), place of birth (captive born/ wild born), age class and sex on B. coli output were 

analyzed using Mann-Whitney U test.  The effects of dominance rank and date since last 

treatment on the average output of B. coli cysts/trophs were analyzed using Kruskal-

Wallis test.  Only data from mangabeys was used for analyzing the effect of age class, 

sex, and dominance rank on B. coli output because the sample sizes were larger and the 

animals lived in large multi-male multi-female social groups which allow for such 

comparisons to be made.  The second and smaller captive mangabey groups were 

excluded from analysis comparing B. coli cyst/troph output with individual rank as there 

were only 5 individuals living together and no clear dominance hierarchy.  Finally, 

mangabeys and monas were split in a majority of the analysis as they were under two 

separate treatment regimes which would influence results.   
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Chapter  3 

RESULTS 

3.1 Parasites found in captive and semi-captive cercopithecines 

Appendix 3a displays the taxonomic classifications of the parasites found in 

primates from this study.  Overall, 6 parasite genera were recovered from fecal flotation 

and sedimentation procedures performed on samples from 65 cercopithecine primates.  

Five helminth taxa were found: Trichuris trichiura, Capillaria sp., Strongyloides sp., 

hookworm, and an unidentified strongyle egg.  A single protozoa, Balantidium coli, was 

found.  See Appendix 4 for representative photographs and descriptions of the diagnostic 

characteristics, life-cycle, epidemiology, and clinical pathology for each parasite 

recovered.   

3.2 Parasites found in CERCOPAN staff 

Appendix 3b displays the parasites found in staff members living in Iko Esai 

village and working within the forest area and/or in close proximity with semi-captive 

primate groups.  Overall, 8 parasite genera were recovered from 7 individuals (2 patrol 

men, 3 research assistants, and 2 keepers) using formal-ether concentration methods and 

analyzed by London School of Hygiene and Tropical Medicine.  Two helminth taxa were 

found:  hookworm and Ascaris lumbricoides.  Six protozoa taxa were found: Giardia 

intestinalis, Blastocystis hominis, Chilomastix mesneli, Entamoeba hartmanni, 

Entamoeba histolytica/ dispar, and Entamoeba coli.  Overall, staff had one parasite 

(hookworm) in common with non-human primates.  However, protozoa found in human 

fecal samples were not reported in non-human primate samples. 
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3.3 Parasites recovered from veter inary records of Niger ian pr imates 

Appendix 5 lists the parasite taxa that have been found in previous investigations 

of gastro-intestinal parasites of captive a wild primates living in Southeast Nigeria by 

CERCOPAN and Pandrillus primate sanctuaries.  Overall, 18 parasite genera (14 

protozoa and 4 helminthes) have been previously found in captive and wild primates from 

Southeast Nigeria.  Out of the 14 protozoans found 9 were found in captive 

cercopithecine primates and 12 were found in wild primates.  Captive and wild primates 

had 8 out of 14 protozoan taxa in common.  Out of the 4 helminth taxa found, 3 were 

found in captive cercopithecine primates and 3 in wild primates.  Captive and wild 

species shared 2 of the 4 helminth taxa found (hookworm and Trichuris sp.) 

One protozoan (B. coli) and all helminthes (hookworm, Strongyloides sp, and T. 

trichiura) were also found in captive and semi-captive primates in this study.  However, 

B. coli was the only protozoan reported, and it is therefore possible that the primates in 

this study were also infected with any combination of small protozoa.   

3.4 Parasite prevalence, r ichness, and multiple infections 

Of the 65 captive and semi-captive primates examined 89 percent of them were 

infected with at least one parasite species.   Table 3.1 displays parasite prevalence, 

richness, and percent of population with multiple infections for species living under both 

conditions.  All 3 measurements of parasitism were higher for both mangabeys and 

monas living in semi-captive compared to captive environments.   

Table 3.2 displays the prevalence of all parasite species in captive and semi-

captive mangabey and mona populations. Balantidium coli and T. trichiura were found 

across all species and conditions, and Capillaria sp. was only found in one individual 
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semi-captive mangabey.  The prevalence of Balantidium coli was significantly higher in 

semi-captive compared to captive mangabeys (� ²=6.40, d.f =1, p <.01), and the 

prevalence of hookworm approaches significance (� ²=3.05, d.f=1, p =.081) for being 

higher in semi-captive than captive mangabeys.  There was no significant difference in 

parasite prevalence between captive and semi-captive monas.  The prevalence of B. coli 

was significantly higher in mangabeys than in monas within the semi-captive 

environment (� ²=8.17, d.f=1, p <.01); however, the prevalence of T. trichiura and 

Strongyloides sp. was significantly higher in monas than mangabeys within the semi-

captive environment (� ²=12.45, d.f=1, p <.001) (� ²=5.48, d.f=1, p <.05).  There were no 

significant differences in parasite prevalence found between species compared within 

captive environments (for summary of statistics see Table 3.3 and 3.4). 

Semi-captive mangabeys had the highest species richness with 6 parasite species 

found to infect them.  Capillaria sp. was only found in semi-captive mangabeys.  

Captive mangabeys had the second highest richness (5 species); strongyle worm was 

found only in mangabeys.  Semi-captive monas had the third highest richness (4 species) 

and captive monas had the lowest; hookworm and Strongyloides sp. were found in all 

conditions except for captive monas.  Overall, parasite richness was higher in semi-

captive primates than captive (Figure 3.1). 
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Table 3.1 Total parasite prevalence, richness, and multiple infections in captive and semi-captive 
cercopithecine primates.  
 

Primate Species and Living Condition 

Mangabeys Monas 

 

Semi-captive (n=31) Captive (n=21) Semi-captive (n=8) Captive (n=5) 
Prevalence 100% 81% 87% 60% 
Richness 6 5 4 2 
Multiple infections 32% 28% 62% 20% 

 

Table 3.2 Prevalence of parasite taxa found in captive (C) and semi-captive (SC) populations of 
mangabeys and monas. 
 
Parasite 
 

Mangabeys SC 
(n=31) 

Mangabeys C 
(n=17) 

Monas SC 
(n=8) 

Monas C 
(n=5) 

Balantidium Coli 100% (n=31) 80% (n=17) 75% (n=6) 60% (n=3) 
Trichuris trichuria 3% (n=1) 5% (n=1) 50% (n=4) 20% (n=1) 
Capillaria 3% (n=1) 0 % (n= 0) 0% (n=0) 0% (n=0) 
Hookworm sp.  19% (n=6) 5% (n=1) 12% (n=1) 0% (n=0) 
Strongyle sp.  3% (n=1) 4% (n=1) 0% (n=0) 0% (n=0) 
Strongyloides sp. 6% (n=2) 12% (n=3) 37% (n=3) 0% (n=0) 
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Figure 3.1 Graph displaying parasite species richness. The number of individuals (y-axis) that 
harbored certain numbers of parasite taxa (x-axis) are compared between captive (black) and 
semi-captive (grey) environments. 
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Table 3.3 Differences in the prevalence of parasites in mangabeys and monas analyzed using 
Pearson’s Chi Squared Test.   
 
 Differences Between Mangabeys and Monas 
Living 
condition 

Parasite X² df P value Interpretation 

Semi-captive 
Balantidium coli 8.17 1 .004 prevalence significantly higher in 

mangabeys 
Tr ichur is tr ichiura 12.45 1 .000 presence significantly higher in monas 
Capillaria sp. .26 1 .607 not significant 
Hookworm sp .40 1 .529 not significant 
Strongyloides sp. 5.48 1 .019 prevalence significantly higher in monas  

 

Strongyle sp. .26 1 .607 not significant 
Captive 

Balantidium coli .99 1 .318 not significant 
Trichuris trichiura 1.32 1 .250 not significant 
Capillaria sp. - - - not present 
Hookworm sp .25 1 .619 not significant 
Strongyloides sp. .81 1 .369 not significant  

 

Strongyle sp. .25 1 .619 not significant 
 

Table 3.4 Differences in the prevalence of parasites in primate populations living in captive and 
semi-captive environments analyzed using Pearson’s Chi Squared Test. 
  
 Differences Between Captive and Semi-captive Environments 
Primate 
Species 

Parasite X² df P 
value 

Interpretation 

Mangabeys 
Balantidium coli 6.397 1 .004 prevalence is significantly higher is semi-

captive mangabeys 
Trichuris trichiura .080 1 .777 not significant 
Capillaria sp. .691 1 .406 not significant 
Hookworm sp 3.053 1 .081 Prevalence approaches significance for 

semi-captive mangabeys  
Strongyloides sp. .884 1 .347 not significant  

 

Strongyle sp. .080 1 .777 not significant 
Monas 

Balantidium coli .325 1 .569 not significant 
Trichuris trichiura 1.170 1 .279 not significant 
Capillaria sp. - - - not present 
Strongyloides sp. .677 1 .411 not significant 
Strongyle sp. 2.438 1 .118 not significant 

 

Hookworm sp - - - not significant 
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3.5 Var iations in B. coli output 

3.5.1 Balantidium coli output in relation to species and living conditions 

Quantifications of B. coli were done using average output from the three samples 

collected.  There was no significant difference found between the three samples 

(Friedman test:  � ² = 3.89, n= 65, d.f. = 2, p > .05).   

In semi-captive environments mangabeys had a significantly higher average 

output of B. coli cysts and trophozoites than monas (Mann-Whitney U-test = 2.0, Z= -

4.2; p <.001).  There was no significant difference between species living in captive 

environments (Figure 3.2; Table 3.5). Because a significant difference was found 

between the two species, mangabeys and monas were split for most B. coli analyses. 

Figure 3.2 also illustrates the difference in mean output of B. coli within a species 

and between environments.  Semi-captive mangabeys had a significantly higher output of 

B. coli cysts and trophozoites than captive mangabeys (Mann-Whitney U-test: U= 38.5, 

Z=-5.35; p<.001).  There was no significant difference between monas living in captive 

and semi-captive environments (Table 3.5).  
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Figure 3.2 Graph comparing the average output of B. coli trophs/cysts in captive and semi-
captive mangabey and mona groups.  The graph shows mangabeys having a significantly higher 
average B. coli output than monas within a semi-captive environment; and semi-captive 
mangabeys having higher average B. coli output than captive mangabeys  
 
 
 
Table 3.5 A comparison of B. coli troph/cyst output between species and living conditions using 
Mann-Whitney U test. 
 Differences found between monas and mangabeys 
Comparison made Variables 

split 
Mann-
Whitney 
U value 

Z 
value 

P  
value 

Interpretation 

captive 44 -.557 .613 Average 
output*species semi-captive 2.0 -4.244 .000 

Mangabeys had a significantly 
higher average output than monas 
in semi-captive environments. 

 Differences found between captive and semi-captive 
environments 

mangabeys 38.5 -5.35 .000 Average 
output* living 
condition 

monas 14 -.892 .372 
Semi-captive mangabeys had a 
significantly higher output than 
captive mangabeys 
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3.5.2 Balantidium coli output in relation to age class, sex and dominance rank in 

mangabeys 

There was no significant difference found in B. coli cyst/ troph output between 

sex, age class, or dominance rank in captive or semi-captive groups of mangabeys (Table 

3.6).  Balantidium coli output for monas was not analyzed as sample sizes were to small 

to provide meaningful comparison between variables.  

3.5.3 Effect of birthplace and treatment regime on B. coli output  

Captive born mangabeys living in semi-captive environments were found to have 

significantly higher B. coli output than wild born mangabeys living in semi-captivity 

(Mann-Whitney U-test= 83.5, Z=-2.79; p <.005).  There was no significant difference 

found between captive born and wild born mangabeys living in captivity, or for monas 

living in either conditions (Figure 3.3, Table 3.7). 

There was a significant effect of the date since last parasite treatment on the 

average B. coli output in primates irrespective of species or living condition (Kruskal-

Wallace one way ANOVA, � ²=38.5, d.f.=11, p<.001) (Figure 3.4, Table 3.7) 
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Table 3.6  A comparison of B. coli output between mangabey age class, sex (Mann-Whitney U-
test) and dominance rank (Kruskal-Wallis test). 
 
 Significant differences found 
Comparison made Variables 

split 
Mann-
Whitney 
U value 

Z 
value 

P  
value 

Interpretation 

Average output*age 
class 

mangabeys 204.5 -1.268 .204 

 captive 5.5 -1.625 .104 
 semi-captive 105 -.365 .715 

not significant 

Average output*sex mangabeys 316 -.075 .940 
 captive 34.5 -1.274 .203 
 semi-captive 94 -.811 .417 

not significant 

  � ² df P 
value 

 

Average 
output*dominance rank 

mangabeys 17.58 15 .285 

 captive 7.61 6 2.68 
 Semi-captive 12.65 15 .629 

not significant 

 
Table 3.7 The effects of place of birth (Mann-Whitney U test) and date since last treatment 
(Kruskal-Wallis test) on B. coli cyst/troph output 
 
Comparison made 
 

Species/ 
living 
condition 

Mann-
Whitney 
U value 

P 
value 

Z 
value 

Interpretation 

mangabeys 196.5 -2.224 .026 
monas 5.5 -.136 .892 
semi-captive 83.5 -2.786 .004 

Average output*place 
of bir th 

captive 72.5 -.398 .691 

Captive born mangabeys in 
semi-captivity were found to 
have sig. higher output than 
wild born. 

  � ² df P 
value 

 

Average output*date 
since last de-worming 

all combined 34.2 10 .000 Overall, recent de-worming 
contributed to lower output 
across species and living 
conditions. 
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Figure 3.3 Graph comparing the average output of B. coli trophs/cysts in captive and wild born 
cercopithecine primate living in captive and semi-captive environments.  Balantidium coli output 
was significantly higher for captive born mangabeys living in semi-captive environments.  
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Figure 3.4 Graph showing a positive relationship between date since last treatment and the log of 
average output of B. coli cysts/trophs in captive (� ) and semi-captive (� ) primates.  The 2 peaks 
represent the latest treatment of captive primates (12-14 months), and the day mangabeys were 
moved into the semi-captive environment where they were no longer treated for parasites (39 
months). 
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Chapter  4 

DISCUSSION 

4.1  Introduction 

 This study explored parasite prevalence, richness, multiple infections, and output 

in two species, the red-capped mangabey (Cercocebus torquatus torquatus) and the mona 

guenon (Cercopithecus mona), living in captive and semi-captive environments to 

investigate potential risks associated with moving captive animals into free-ranging 

environments.  As it was not possible to collect from wild primates, records from 

previous studies of parasites in wild primates were used to elucidate potential disease 

risks associated with releasing animals into the wild.  Significant differences were found 

between animals living in captive and semi-captive environments.  However, there are a 

number of factors that can contribute to differences in parasites infecting individuals, 

populations, and species including:  host density, proximity to other hosts (including 

humans), behavior, habitat (internal and external), age, sex, nutritional status, 

immunology, home range size, season, temperature, climate, and in the case of captive 

primates, treatment regime (Nunn and Altizer, 2006).   

An attempt was made to control for as many confounding factors as possible.  

Environmental factors such as season, relative temperatures, and climate were controlled 

for by collecting samples over a short period of time and during the same season for all 

individuals.  In most tests species were compared separately to control for inherent 

differences in species behavior, ecology, and natural immunity.  Factors that differ within 

species and between living conditions include moderate changes in dietary regime, host 

density, home range size, proximity to other hosts, and treatment regime.  These factors 
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reflect changes incorporated in release programs and therefore are of utmost interest in 

this study.  Additional aims included comparing parasites from semi-captive individuals 

to a small group of human hosts living in close proximity to investigate potential 

zoonoses; and to explore potential risks of foreign pathogen transmission between captive 

and wild primates via use of previously published studies and un-published records of 

parasites in wild cercopithecine primates. 

This chapter first reviews the nature of parasite recovery from fecal examination 

and the validity of laboratory techniques used.  It then moves on to discuss the parasites 

recovered from all factions studied (both directly through laboratory analysis and 

indirectly through literature review).  Next it explores how these parasites may be 

differentially impacting species and populations, then uses B. coli as a model for variation 

in parasite output in regards to group demography, and presents other factors potentially 

influencing parasitism.  Finally, implications for rehabilitation and release projects are 

discussed, avenues for further research are presented, and conclusions made.  

4.2  Parasites recovered 

Before discussing possible relationships between primates and parasites and 

explaining variation between individuals and populations, it is important to review the 

validity of methods used in examining parasites recovered from fecal collection.  

Understanding methods involved in identification and quantification have important 

implications for interpretation of results and subsequent cross-study comparisons.  

Additionally, knowing which parasites infect which populations is of little importance 

unless we can understand their lifecycles and thus the possible modes of transmission. 
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4.2.1 Laboratory diagnosis of parasites recovered from fecal examination 

 The detection of parasites from fecal samples is greatly improved through use of 

concentration procedures.  Though there are a wide variety of such procedures, 

standardized methodologies for non-invasive assessment of gastro-intestinal parasite 

infections in free-ranging primates were employed in this study (Gillespie, 2006).  These 

methods are relatively simple and can generally be carried out using basic solutions in the 

field when necessary.   

Fecal floatation was used for recovering protozoan and cysts and helminth eggs.  

Use of NaNO3 solution is optimal; however, due to limited access to this solution in 

Nigeria NaCl was used as it has been previously identified as an effective method 

(Dryden et al., 2005).  Nevertheless, it is not very efficient in recovering small 

protozoans.  Because of low reliability of NaCl solution to recover these small 

protozoans, the use of a microscope with poor resolution, and examination being carried 

out by an amateur parasitologist it was necessary to exclude small protozoans from the 

study.  Balantidium coli is large and conspicuous, and was therefore the only protozoan 

reported in this study. 

Fecal sedimentation is ideal for the separation of trematodes (flukes) which are 

too heavy to float up in floatation procedures.  No trematodes were found in this study.  

However, the sedimentation procedure used seemed more efficient at recovering helminth 

eggs and B. coli than floatation.  Therefore, only results from sedimentation procedures 

were used for all measures using parasite output as a variable.  Results from fecal 

floatation were incorporated into all other measurements of infection.    
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 Gastro-intestinal parasite identification through fecal examination is inherently 

weak.  Identifications made in this study were kept conservative.  Overall, 7 parasites 

were recovered from the 65 captive and semi-captive primates examined in this study.  

All parasites except for B. coli were found in very low density.  Confidence in correct 

identification of parasites is high; however, it is possible that the number of species has 

been underestimated as the species differences discernable from eggs are sometimes 

unknown and difficult to elucidate.  Only B. coli and Trichuris trichiura could be 

identified to species level. 

Capillaria sp. was found in one semi-captive mangabey.  It is possible that the 

species found was C. hepatica as it is cosmopolitan and known to infect humans in 

Nigeria (Guerrant et al., 2001).  Because eggs are not usually passed in the feces of 

animals that are infected it is difficult to diagnose.   

Strongyloides sp. was found sparsely in semi-captive monas and both captive and 

semi-captive mangabeys.  However, the number of strongyloides larvae found in feces is 

frequently very scant causing many infections to go undiagnosed (Ash and Orihel, 1980).  

Though floatation and sedimentation are sufficient in recovering Strongyloides, fecal 

cultures are often necessary to identify them to species level (Gillespie, 2006).  Both S. 

stercoralis  and S. fulleborni have previously been found in cercopithecine  primates 

(Gillespie et al., 2004; Muriuki et al., 1998). 

Hookworm infections were found sparsely in semi-captive monas and both 

captive and semi-captive mangabeys.  Hookworm eggs are nearly indistinguishable from 

one another and the distribution of the two species known to infect humans (Anclystoma 

duodenale and Necator americanus) overlap in parts of Africa (Ash and Orihel, 1980; 
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Guerrant et al., 2001).  It was therefore not possible to identify the species found in the 

primates of this study. 

Unidentified strongyle type eggs were found sparsely in both captive and semi-

captive mangabeys.  Trichostrogyloids, strongyloids, and other nematodes are often 

similar in size and appearance and differentiating them can be very difficult without use 

of fecal cultures (OIE, 2004). The genera Oesophagostomum and the genera Ternidens 

are two strongyle worms of monkeys and apes (Guerrant et al., 2001). 

Though eggs of all parasite species recovered were counted, egg counts should 

not be used as a measure of parasite intensity.  Intensity is the number of adult worm 

infecting a host and many factors contribute to the number of eggs expelled in host feces.  

Factors which can effect worm ovulation include: host immunity, density of worms 

within the host, environmental cues, differences in parasite fecundity, size, age and sex 

ratio, and the moisture content and consistency of the fecal sample (Anderson and Schad, 

1985; Christensen et al., 1995; Coadwell and Ward, 1982; Dineen et al., 1965; Eberhard 

and Busillo, 1999; Roepstorff et al., 1996; Stear et al., 1995).  Biologically, little can be 

inferred from quantifying parasite loads in individuals; however, trends in parasite output 

can provide qualitative measure of intensity and can be useful when comparing 

populations (McKenna, 1981).  Because so many confounding variables exist, basic 

reports of parasite prevalence, richness, and multiple infections provide the most reliable 

indicator of parasite impact on a population (Gillespie, 2006). 

4.2.2 Life cycles 

It is important not only to know which parasites infect primates in different living 

conditions, but also to know their lifecycles to understand how primates may have 
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become infected.  Strongyle worms, T. trichiura and B. coli have direct lifecycles in 

which infective stages are found in the soil and enter the host through ingestion of the 

larvae, egg, or cyst stages respectively (Noble et al., 1989).  The primates studied most 

likely became infected through consumption of contaminated soil or vegetation.  

Hookworm and Strongyloides sp. also have a direct life cycle in which infective stages 

are found in contaminated soil, but infect the host via penetration of skin by larvae 

(Noble et al., 1989).  The primates likely became infected through direct contact with 

contaminated soil.  Capillaria sp. has a direct or indirect lifecycle depending on the 

species.  In the case of C. hepatica (known to infect non-human primates in West Africa) 

rodents are intermediate hosts (Guerrant et al., 2001).  Adult worms lay their eggs 

directly in the liver of the host.  If the liver is then consumed (e.g. dead rodent 

decomposes in soil) eggs can pass freely in feces and embryonate in the soil.  Rodents, 

humans, and other animals become infected when they consume eggs and larvae hatch 

and migrate to the liver (Ash and Orihel, 1980).  Mangabeys could have become infected 

through ingestion of contaminated soil after decomposition of the rodent.  However, it is 

unsure what species was found and therefore mode of transmission cannot be accurately 

identified. 

For representative photographs and further information on diagnosis, lifecycles, 

epidemiology, and clinical pathology of parasites recovered from captive and semi-

captive primates see Appendix 4. 
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4.3 Measures of Parasitism 

4.3.1 Captive and semi-captive populations 

The primary focus of this research has been to compare parasites recovered 

directly from captive and semi-captive populations of cercopithecine primates.  

Information as simple as whether a parasite species is present or absent is useful for 

identifying whether threats of cross-transmission of novel pathogens exist.  Prevalence, 

richness, and percent of population harboring multiple infections can provide insight into 

the relative impact parasitism is having on a population.  Semi-captive primates had 

higher parasite richness, prevalence and number of multiple infections than their captive 

counterparts.  

Presence and richness 

Higher richness in semi-captive environments indicates that primates are 

encountering new parasites upon transfer to semi-captive environments.  However, the 

only parasite found solely in semi-captive environments was Capillaria sp.  Because only 

one egg was found in a single mangabey the risk of infection appears low.  However, 

because infected individuals do not normally pass eggs in stool, the prevalence in the 

population could be underrepresented.  Additionally, the nature of the parasites life-cycle 

creates uncertainty in whether the individual was truly infected, or if eggs were ingested 

and passed freely in feces (infection requires larvae to hatch and migrate within the host).  

Other parasite differences found within species and between environments could be 

explained by different treatment regimes between semi-captive and captive primates (see 

section 2.2).  It is therefore possible that parasite species that are absent in captive 

primates but present in their semi-captive counterparts have been successfully 
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relinquished from captive populations due to prior treatment.  Finally, because most 

parasites can infect more than one species of host (Woolhouse et al., 2001), and the 

genera recovered in this study have been found in multiple cercopithecine species as well 

as humans, it is not likely that differences in parasite species found are due to high host 

specificity. 

Prevalence 

Prevalence was estimated using direct evidence of parasites in feces.  An attempt 

to avoid false negatives was made by taking three independent samples from each 

individual. 

Differential parasite prevalence between populations and species is also likely 

affected by treatment regime.  Balantidium coli was the only parasite species to be 

significantly more prevalent within species and between environments. A higher 

percentage of individual mangabeys were infected with B. coli in the semi-captive 

population.  These results are consistent with (Mul et al., 2007) who found higher 

prevalence of B. coli in free-ranging orangutans when compared to captive individuals. 

  Hookworm followed the same trend; however results were not significant.  This 

is most likely explained by the fact that semi-captive mangabeys have been left untreated 

for parasites for the longest period of time therefore allowing certain species to spread 

throughout the population.  Both B. coli and hookworm have direct life cycles with 

infective stages persisting in soil and/or on vegetation.  When left untreated and confined 

to a 1 hectare enclosure where pathways are repeatedly passed over, mangabeys become 

more susceptible to the spread of directly transmitted pathogens across the population.  It 

is unclear why differential prevalence between environments was not found in other 
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directly transmitted parasites recovered in this study.  However, there is a possibility that 

infection with nematodes has been underestimated as density-dependent patterns illustrate 

that worm fecundity appears to decline as intensity increases (a pattern that has been 

documented in both hookworm and Trichuris sp.) (Anderson, 1986).   

The spread of infections does not necessarily present a major risk for semi-captive 

mangabeys. Many parasites have co-evolved with their hosts to have low levels of 

virulence (Anderson and May, 1978).  For example, B. coli colonizes many species of 

non-human primates as well as humans, pigs, rats, and hamsters, but is usually non-

pathogenic (Flynn, 1973).  However, caution is warranted when animals are sick, 

dehabilitated, or harbor multiple infections as mild diarrheal disease is often associated 

with epizootics in captive primates (Lee et al., 1991). 

Significant differences in parasite prevalence were found between species within 

a semi-captive environment.  Balantidium coli had a significantly higher prevalence in 

the mangabey population whereas T. trichiura and Strongyloides sp. prevalence was 

significantly higher in mona populations.  All three parasites have direct lifecycles with 

infective stages persisting in contaminated soil and vegetation.  It is therefore unclear 

why a disparity exists in prevalence between species.  Because semi-captive monas are 

treated more regularly it is somewhat surprising that they would have a higher prevalence 

of certain species.  This could be because monas live in smaller enclosures which 

increases the risk of coming into contact with contaminated pathways and thus exposure 

to directly transmitted parasites. Continual, though infrequent, treatment in semi-captive 

monas may keep parasite levels low while continual re-infection may keep infections 

present.   
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Inherent differences in species may cause differences in parasite prevalence and 

species present.  Higher prevalence of T. trichuris and Strongyloides sp. could reflect 

monas inferior avoidance and coping mechanisms.    For example, terrestriality 

influences susceptibility to certain parasites; and primates using both terrestrial and 

arboreal locomotion may be susceptible to wider range of parasites than those that 

specialize (Nunn and Altizer, 2006).  Wild monas do come to the ground (Matsuda, 

2006), though certainly not as frequently as mangabeys and captive monas.  This could 

mean that their natural immunity against directly transmitted parasites may be less than 

that of species that have adapted to terrestrial and arboreal modes of locomotion (e.g 

mangabeys).  However, this still doesn’ t fully explain why B. coli (also directly 

transmitted) does not follow the same pattern.   

Differences in prevalence can also be explained by the lack of continuity in 

sample sizes in semi-captive monas (n=8) and semi-captive mangabeys (n=31).  Because 

prevalence is the percent of a population infected with a certain species, at low sample 

sizes, prevalence can only be high and so will decrease as sample size increases.  

Negative correlations between host sample size and parasite prevalence are frequently 

seen, and though patterns may exist for a biological reason it is also possible that they are 

artifacts of sample size (Gregory and Blackburn, 1991).  Larger sample sizes in mona 

populations would be needed before the latter explanation could be discarded. 

Multiple infections 

Most deaths and infections from gastro-intestinal parasites occur when hosts 

harbor large intensities of a single parasite and/or multiple infections, or when an 

individual parasite migrates to an abnormal region of the host’s body (Orihel and Seibold, 
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1972; Woolhouse et al., 2001).  Multiple infections in a host can result in synergistic or 

antagonistic interactions by effecting growth, fecundity, establishment, and expulsion of 

the concurrent infection (Christensen et al., 1987).  Multiple infections were more 

common in semi-captive primates than in their captive conspecifics.  However, the 

difference within mangabeys was not large and the sample size of monas solicits a 

cautious interpretation of results.   

The interactions of parasites within a host are complex and effects upon the host 

are difficult to elucidate.  Parasites with similar lifecycles and transmission routes often 

are found together (Noble et al., 1989).  These parasites may then compete for nutrients 

and space within the host, which can lead to dominance of a species and potential 

expulsion of another (Noble et al., 1989; Stephenson, 1987).  Positive relationships have 

been suggested for B. coli, T. trichiura, and hookworm which share similar lifecycles and 

are often found together in human hosts (Noble et al., 1989; Stephenson, 1987).  Whether 

parasites in this study have been previously determined to have antagonistic or 

synergistic relationships, the resulting effect on the host remains unclear as interactions 

found in laboratory studies may be different from those in wild populations (Christensen 

et al., 1987) .  Longer term research on the dynamics of multiple infections within natural 

populations may help to better understand results of this study.  Overall, multiple 

infections did not predominate in mangabey populations and therefore may not be heavily 

impacting the population.   

4.3.2 Veterinary records and CERCOPAN staff 

Records taken from previously analyzed samples of captive and wild primates 

from Nigeria indicate that they share roughly half (10 out of 18) parasite taxa.  Two 
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helminth taxa (Capillaria sp. and an unidentified strongyle worm) recovered directly in 

this study have not been previously found in captive or wild primate populations in 

southeast Nigeria. The discrepancies between parasites in captive, semi-captive, and wild 

primates in southeast Nigeria should warrant caution for the possibility of transmitting 

foreign pathogens between wild and captive animals in release programs.  However, 

comparisons with previously analyzed samples should be made with care as samples were 

taken often only from a single individual, at an unknown point in time, in different 

regions, habitat types, seasons, and analyzed using different methods.  Also, wild samples 

are small and much larger sample sizes would be needed to discover whether certain 

parasites do or do not exist in natural populations.  The data from records is therfore 

limited and illustrates the need for more comprehensive and methodological studies to be 

carried out. 

All parasites recovered in this study have been previously found in cercopithecine 

primates in Africa (see Appendix 2).  However, Capillaria sp. and strongyle worms have 

not been found in wild mangabeys from the genus Cercocebus.  This could, however, be 

due to low number of published studies on parasites in this genus. 

Parasites were taken from staff members living near Rhoko as humans are closely 

related to old world primates and share many parasite species (Chapman et al., 2005a; 

Wallis and Lee, 1999).  It must be kept in mind that many behavioral differences 

important for host-parasite dynamics exist between the two factions and human travel 

means that parasites harbored do not necessarily come from the targeted area.     

Out of the 6 protozoan taxa and 2 helminth taxa recovered humans only shared 

one helminth (hookworm) with the cercopithecine primates from this study.  As small 
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protozoans were not looked at the only two species that truly differed were Ascaris 

lumbricoides (only found in humans) and B. coli (only found in non-human primates).  

Balantidium coli and A. lumbricoides have previously been found in both humans and 

non-human primates. 

  Ascaris  lumbricoides has not been identified as infecting primates from Nigeria  

(Nunn and Altizer, 2005) (see Appendix 5).  It is however known to infect mangabeys of 

the species Cercocebus galeritus in Central African Republic (Lilly et al., 2002).  The 

life-cycle of A. lumbricoides is direct (Ash and Orihel, 1980), with infection likely 

occurring through consumption of contaminated soil or foodstuffs.    The presence of A. 

lumbricoides in human populations and its absence in captive and semi-captive primates 

illustrates a possible risk of transmission of this parasite to primates while they are still in 

captivity or once they are released into the wild.   

Balantidium coli was found in captive non-human primates directly through this 

study as well as in veterinary records and published studies of wild non-human primates.  

However, B. coli was not found to infect the human population.  Once again interpretation 

of parasite presence/absence in humans should be made with caution as the sample size 

was very small and only a single sample was taken from each individual.  It is likely that 

results underestimate the parasites present in the human population.   

As well as providing insight into parasites that exist in the area, human samples 

allow for investigation of potential zoonotic transmissions occurring between semi-

captive animals and staff they are in contact with.   Parasite encounter rates are dependent 

on many factors including diet.  This is of considerable importance in provisioned 

primates where food is handled and prepared by humans.  Only one parasite (hookworm) 
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was found in both humans and semi-captive primate populations.  This is a positive result 

as it indicates that good hygienic practices are taking place.  Whether hookworm was 

transmitted to one faction from the other, or is simply natural to the area is unknown.  

Fecal cultures that could be used to identify the hookworm to species level could help to 

clarify. 

4.4 Explaining var iations in B. coli output  

4.4.1 Effects of sex, age class, and dominance on B. coli output 

 Many host traits have been hypothesized to affect disease risk in primates.  Tests 

were performed to see if host traits such as age class, sex and dominance rank affected 

parasite output.  As B. coli was the only parasite with high output levels it was used to 

test such predications.  Only data from mangabeys was used as sample sizes were large 

and their social structure is conducive to such comparisons.   

Previously mentioned confounding variables associated with use of output as a 

measure of intensity should be kept in mind when interpreting results.  Additionally, 

standardized methodologies for gastro-intestinal parasites of non-human primates 

requires a minimum of 60 independent fecal samples for studies reporting basic 

presence/absence data, but highlights the fact that studies reporting comparisons among 

sex and age class should aim for substantially more samples (Gillespie, 2006).  

Unfortunately, this was not possible due to constraints in time, assistance, and materials.  

However, such comparisons were carried out with data gathered to provide preliminary 

insight into whether differences may exist.   

 Age and dominance rank are expected to be positively correlated with parasitism 

and parasitism in males is expected to be higher than females.  Previous studies testing 
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these hypotheses have been met with mixed results.  In this study no relationship was 

found between B. coli output and sex, age class or dominance rank of mangabeys.  A 

variety of explanations exist for these results: 1) traits associated with demographic 

variables that are expected to effect parasite encounter rates may not vary between sex, 

age, and dominance status in red-capped mangabeys; 2) host traits that influence 

parasitism in natural populations are altered in semi-captive and captive environments 

and therefore no effect was found; 3)  traits may affect diversity of parasites found in 

primates and only output was measured; 4) confounding variables such as 

external/internal environment were affecting cyst/troph output; or 5) sample size was not 

large enough to elucidate patterns.  Though mangabeys in this study are housed in species 

specific social groups, the first point cannot be confirmed or denied without future long-

term studies on parasitism in wild populations of this species.  The second point is of 

considerable interest as primate social ecology is often altered when animals live in 

different densities and/or are provisioned (Judge and DeWaal, 1997; Rasmussen, 1988).  

Specifically, dominance has been found to be being highly correlated with feeding 

(Altman and Muruthi, 1988).  Such patterns could be expected in semi-captive 

provisioned primates at CERCOPAN.  If provisioned mangabeys do follow this trend, a 

relationship between parasitism and dominance (due to differential feeding patterns) 

could be expected; though infection risk would depend heavily on source and 

contamination of foodstuffs.  Overall, long term studies with large sample sizes and 

comparisons to wild populations are needed to discern patterns of parasitism in relation to 

mangabey sociality. 
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4.4.2 Other factors affecting B. coli output 

It is common for captive animals to lack infectious disease when veterinary care is 

available (Paul and Kuester, 1988).  As to be expected treatment had a significant effect 

on B. coli output (Figure 3.4).  However, it is important that both captive and semi-

captive primates retain low levels of parasites as long term breeding in absence of natural 

parasites can lead to loss of natural resistance (Nunn and Altizer, 2006).  Good control 

mechanisms include: actively screening for parasites, separating young animals from old 

at an early age to prevent cross generation transmission (if a threat exists), and giving 

anti-parasitic drugs (Nunn and Altizer, 2006).  Overall, veterinary intervention is very 

important to reduce impact and spread of infectious diseases.   

The place of birth had a significant effect on the levels of B. coli output in 

mangabeys living in semi-captive environments, with captive born mangabeys having a 

greater output than wild born mangabeys.  These results are consistent with a study that 

showed similar species of parasites, but higher prevalence of protozoan infection in 

captive born baboons as opposed to their wild caught counterparts (Munene et al., 1998).  

This trend could be due to differential immunity in captive and wild born animals.  

Though the extent of regulatory abilities of a host are mostly unknown and little 

data is available, it is expected that a host can regulate the severity of the infection by 

developing acquired resistance to the parasite (Wakelin, 1996).  Higher output in captive 

born mangabeys could reflect lowered acquired resistance as they have never lived in the 

wild and been exposed to natural parasites.  The function of acquired immunity could be 

insufficient in primates kept in captivity without exposure to parasites, and could be an 

added benefit of keeping primates in semi-natural environments.  However, because 
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many parasites have evolved to low level virulence in order to avoid recognition by the 

immune system, it is unknown to what extent lack of acquired immunity may play in 

primate populations.   

4.5       Implications for  release and rehabilitation programs 

When a species has become locally extinct due to hunting and other pressures, but 

its habitat still exists, captive breeding and subsequent release into the wild may be the 

only option to save that species. CERCOPAN’s long term goal is to restore the primate 

community at Rhoko. This involves reintroduction (mangabeys) or supplementation 

(monas).  However, decisions made now can easily change in the future due to any 

number of factors and plans will be altered accordingly. 

Disease is of major concern in these programs as animals can transmit foreign 

pathogens into wild populations or acquire foreign pathogens from the environment they 

are released into.  For released animals the pathogen acquisition is of considerable 

importance as they may be unequipped to avoid/cope with infections behaviorally or 

immunologically.  Additionally, the transition from captive to wild environments can 

alter an animal’s social ecology through changes in density and nutrition and thus the 

disease dynamics within the population.  

4.5.1 Avoidance Mechanisms 

Just as humans practice preventative behaviors ranging from various hygienic 

practices to cultural taboos that limit their exposure to infectious agents, non-human 

primates exhibit a variety of defense mechanisms against similar infections (Nunn and 

Altizer, 2006).  Some primates even use medicinal plants to treat infections once they 

become infected (Huffman, 2007).  Responses of captive and semi-captive animals in an 
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artificial environment will likely differ from their wild counterparts as it is often the case 

that protective measures cannot be achieved in captivity (Spalding and Forrester, 1993).  

The concern lies in whether animals living in captive and semi-captive environments lose 

natural defensive behaviors and thus the ability to proficiently avoid infection once 

released into the wild.  Behaviors of considerable interest are: ranging patterns, inter 

individual and intergroup associations, grooming, and foraging. 

Ranging patterns 

 It is expected that animals with larger day and home ranges will encounter more 

parasites and thus harbor a wider diversity of parasite species (Nunn et al., 2003).  

Conversely, animals with confined ranges should come into more frequent contact with 

parasites resulting in multiple infections of few species, especially those which infective 

stages are expelled in feces (Freeland, 1976; Freeland, 1980; Hausfater and Mead, 1982).  

The latter case would be true for mangabeys and monas living in and semi-captive 

environments.   

Wild mangabeys (Cercocebus albigena) in Kibale Forest, Uganda do not avoid 

defecating on vegetation that they later may forage or move upon, and sleeping sites are 

often highly contaminated with feces (Freeland, 1980).  However, these mangabeys do 

exhibit movement patterns suggested to be an avoidance strategy against contaminated 

environments (Freeland, 1980).  This could be of concern for semi-captive mangabeys 

that also may not avoid defecating in foraging/rest spots but do not have the ability to 

alter their range size as an avoidance strategy.  Similar avoidance mechanisms have been 

seen in baboons that rotate their sleeping sites, howlers that consistently defecate above 

gaps in forest vegetation, and other animals that have arboreal ranging patterns that are 
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associated with parasite avoidance  (Hausfater and Mead, 1982; Loehle, 1995; Stuart et 

al., 1998).  It is unknown whether captive or semi-captive primates at CERCOPAN 

exhibit any parasite avoidance behaviors. 

Diet 

 Host nutritional status is known to be related to parasite establishment and 

intensity (Nesheim, 1993).  Parasites either favor nutritionally stressed animals as it 

weakens their immune response, or conversely, favor healthy hosts due to need for 

certain nutrients (Bundy and Golden, 1987).  In either respect, released animals 

transitioning from semi-provisioned diet to a natural self-sufficient diet may come under 

periods of nutritional stress and thus alter the nature of the parasites they harbor.  

Primates in this study will continue to be provisioned until foraging efficiency in the wild 

is achieved; and therefore, this possibly detrimental scenario should be avoided. 

Another aspect of interest regarding diet and parasitism in captive animals exists 

in food choice.  Lafferty (1992) suggests that primates should be expected to avoid 

consumption of prey that serve as intermediate hosts; though he mentions that these 

selective pressures may be weak especially when the infectious agent is not overly 

harmful to the host and benefits may therefore outweigh the costs.  This is of particular 

concern for primates in captivity within their natural geographic range.  Monas at 

CERCOPAN have been observed to consume large amounts of flies that come into the 

enclosure and swarm around uneaten food and feces (pers. obs.).  It is unknown whether 

these flies are intermediate hosts for parasites and future studies investigating this would 

be very valuable.  As the monas eat the flies from the feces they are continually 

consuming bits of feces and thus facilitating the spread of directly transmitted parasites.  
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This behavior is likely intensified in captive primates as the confinement of food and 

feces within the enclosure increases opportunity for ‘ fly catching’ .  Routine cleaning of 

enclosures and continual treatment for parasites in mona populations is probably helping 

to avoid the development of chronic infections from directly transmitted parasites.  

Removal  

Grooming is an important yet complex behavior affecting patterns of parasitism. 

While it is an important mechanism for removal of ectoparasites it brings primates in 

close proximity and therefore increases the risk of transmitting parasites with a direct 

lifecycle (Freeland, 1976; Gillespie, 2006).  Additionally, many arthropod ectoparasites 

are intermediate hosts for gastro-intestinal parasites; therefore, primates may become 

infected through ingestion of these hosts (Poulin, 1998).  It has previously been shown 

that high population densities can lead to increased affiliative behaviors including 

grooming (Judge and DeWaal, 1997).  If this is the case, primates living in captive 

environments may be at a higher risk of transmitting parasites to one another due not only 

to high group density but also to increased contact through grooming.  One would 

therefore expect a trend in which captive primates have more parasites and/or higher 

intensities than semi-captive and wild individuals.  This however could not be tested in 

this research as groups in different living conditions are under different treatment 

regimes.   

Treatment 

Self medication has been thoroughly studied and documented as a practice used 

by great apes (Huffman, 1997).  Increasingly, other taxa and primate species are being 

suspected of having similar practices (Huffman, 2007).  The semi-captive mangabeys in 
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this study are living in an enclosure within a natural forest environment and therefore 

could be feeding on plants that produce secondary compounds that aid in fighting off 

gastro-intestinal parasites.  Many medicinal herbs and plants exist in the forest which are 

used by the local human populations.  Though self-medication implies intentionality and 

understanding and is difficult to prove, it would be interesting to see if semi-captive 

mangabeys are consuming dietary items with a preventative or health maintenance effect, 

or curative properties.    

4.5.2 Social ecology and host- parasite dynamics 

As humans began living in densely packed urban centers, increased infectious 

diseases began to seriously impact populations (Diamond, 1997).  Semi-captive primates 

provide for a strikingly similar situation in which populations continue to grow within a 

limited space. 

Density and Group Size 

A positive correlation was found between intensity of infection and group size in 

a cross species meta- analysis of mammals and parasites (Cote and Poulin, 1995); and 

previous studies in primates have shown that host density is positively correlated with 

parasite prevalence and diversity (Morand and Poulin, 1998).  In mangabeys and blue 

monkeys (Cercocebus albigena and Cercopithecus mitis) the number of protozoan 

parasites has been found to be positively correlated with group size (Freeland, 1979; 

Freeland, 1980).  This pattern is important to consider for animals living in semi-captive 

environments where they are no longer treated for parasites as it poses a potential risk of 

increased parasitism as group size increases within a limited range.  This supports the 

need for eventual release into the wild, mechanisms of birth control, or splitting 
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populations into smaller groups within the same social organization to reduce risk of 

increased parasitism.  This study examines the effects of primate density through 

comparisons of captive and semi-captive mangabeys.  Thirty-one semi-captive 

mangabeys living in a 1 hectare forest enclosure were compared to 16 captive mangabeys 

living in an enclosure that is approximately 10 m², and thus at about 500 times the 

density.   Contrary to previous studies, mangabeys living in a lower density population 

(semi-captive) harbored higher prevalence and diversity of parasites.  However, it is 

likely that the difference in parasite infection is due to differences in treatment regimes as 

opposed to host density.    

Provisioning 

Though semi-captive animals more likely approximate wild counterparts certain 

aspects of semi-captivity alter the natural behavioral ecology of animals and may thus 

influence their interactions with parasites.  For example, semi-provisioned baboons in 

Kenya spent a much smaller amount of time feeding, a longer time resting, and had a 

smaller day and home range than their wild-fed counterparts (Altman and Muruthi, 

1988).   These altered behaviors likely decrease an animals amount of contact with 

infective agents due to less feeding and foraging time; additionally, the variety of 

parasites they encounter may be decreased due to reduced range sizes.  Conversely, 

higher population densities within a reduced range and increased contact with human 

food may be simultaneously working to increase amount and variety of parasites 

contacted.  These somewhat conflicting expectations are consistent with those from a 

study finding higher helminth intensity in groups of non-crop raiding (wild-fed) 

compared to crop-raiding (semi-provisioned) baboons.  Meanwhile, this same study 
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found opposite results for protozoan taxa.  These latter results could represent the effect 

of closer proximity to humans and increased primate density, as all protozoan recovered 

have a direct lifecycle (Weyher et al., 2006).  Overall, behavioral patterns of food-

enhanced primate groups in the wild likely mirror those found in provisioned semi-

captive environments.  It is therefore possible that the lower levels of parasitism in semi-

captive primates (compared to those from previous studies of wild cercopithecine primate 

in Africa) could be explained by the various effects of captivity and provisioning on 

primate density and thus parasite dynamics. 

There is much evidence to support that disease/parasites affect an animals 

immunology, genetic diversity, behavior, predation, sexual selection, reproductive 

success, fecundity, ecology, community structure, species diversity and demography 

(Spalding and Forrester, 1993).  Because captive animals are less likely to be able to 

cope with such disease it is important to understand and attempt to manage such factors. 

The monitoring of success or failure of released populations is necessary to improve 

future attempts.  As disease related aspects of translocation are so poorly documented it 

must be assumed that that it is an important determinate of success versus failure in 

release programs (Griffith et al., 1993) 

4.6 Directions for  fur ther  research 

Cataloging disease is only the first step in understanding the threat it may pose.  

Listed below are avenues for future research to clarify results found in this study and to 

help understand parasite dynamics for release programs.  

·  Though many protozoan parasites can live commensally with primates it 

nevertheless remains important to understand dynamics of protozoan infections 



 60

existing in captive, semi-captive, and wild animals.  An investigation 

incorporating protozoans would be very valuable. 

·  Information of parasites from wild resident populations is imperative in 

understanding primate-parasite dynamics that exist in a natural state as well as aid 

in assessing transmission risks associated with rehabilitation and release 

programs. 

·  Whereas some studies have shown a clear seasonal pattern of infection in certain 

primate species (Huffman, 1997), others have shown no similar pattern (Gillespie 

et al., 2004; Gillespie et al., 2005b).  Therefore, it is important to do cross-

seasonal studies to see if parasite infection fluctuates in diversity and intensity at 

different times of the year. 

·  Post release follow-up studies would be useful for understanding how altered 

ranging and feeding patterns in released primates will affect parasite-host 

dynamics. 

·  Research looking into the efficiency of behavioral counter strategies in semi-

captive animals would be valuable in understanding how they may cope once 

introduced into the wild.  

·  The differences in immune resistance between animals living in different 

conditions are of considerable value in understanding parasitism.  It is possible to 

measure immunity of animals through fecal stress hormone assays.  

Concentrations of glucorticosteroid hormones (cortisol, corticosterone) from feces 

can indicate acute stress response or chronic stress depending on sampling 
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protocols.  However, it must be kept in mind that stress associated with other 

factors including captivity can be a major confounding variable. 

·  Host defense has a very strong genetic component.  An investigation into 

polymorphism at the major histocompatibility complex (MHC) could aid in 

understanding the ability to recognize and respond to a wide diversity of 

pathogens. 

4.7 Conclusions 

This research has compared parasites in primate species and populations living 

under different conditions and subsequently obtained baseline knowledge on parasites 

present, patterns of infection, and possible modes of transmission.  Information gathered 

is the first known from the species Cercocebus torquatus torquatus, and from 

Cercopithecus mona in Nigeria.   

  Differences in measures of parasitism were found between living conditions and 

between species living in semi-captive environments where treatment regimes differed.  

It is proposed that treatment regimes are helping to control chronic parasitism in captive 

mangabeys and captive and semi-captive monas.  Allowance of low levels of parasitism 

to persist in treated conditions may aid in maintenance of acquired immunity.  Low levels 

of parasitism (with the exception of B. coli) in semi-captive mangabeys may be 

maintained by effective immune and behavioral responses.  Overall, the lack of visible 

signs of sickness and high breeding success in the semi-captive mangabey population 

suggests that parasitism isn’ t having a large overall effect on the health of the population 

after being moved to a semi-captive environment where they are no longer treated for 

parasites.  Differences in parasite species harbored between populations and the existence 
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of foreign pathogens in nearby human populations warrants caution for releasing animals 

into semi-captive environments and into the wild.  However, comprehensive studies of 

parasites in wild resident populations are necessary to assess risks. 
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Appendix 1 

PARASITOLOGICAL TERMS 

Definitions taken from:  

(Gillespie, 2006; Margolis et al., 1982; Nunn and Altizer, 2006; Stuart and Strier, 1995) 

-  Cyst:  Nonmotile, resistant, and usually infective stage in the life cycle of many 

protozoa. 

-  Density dependence (independence):  Tendency for intraspecific characteristics 

(particularly vital rates such as birth and death) to change (or not) as a 

function of the density of that population 

-  Density: The number of individuals of a particular species per unit area, volume, or 

weight of infected tissue 

-  Direct life cycle:  development and reproduction completed in a single host species 

-  Egg:  life stage that is often infective and commonly expelled in feces from adult 

worms inhabiting the intestine. 

-  Epizootics:  Disease outbreak in animal populations 

-  Indirect life cycle:  Infect two or more host species to complete their development and 

reproduction 

-  Intensity:  The number of individuals of a particular parasitic species in each infected 

host; usually expressed as a numeric range 

-  Larva:  Immature stage of a parasite that requires further development before reaching 

reproductive adult stage 

-  Multiple Infections:  One or more parasites infecting a single individual 

-  Output:  The number of cysts, eggs, or larvae excreted in a unit of feces 

-  Prevalence:  The number of individuals of a host species infected with a particular 

parasitic species divided by the number of hosts examined; usually expressed 

as a percent. 

-  Richness:  The number of parasite species an individual or group harbors 

-  Trophozoite:  The active feeding stage of a protozoan parasite 

-  Zoonosis:  Disease transmissible between animals and humans 
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Appendix 2 

CERCOPITHECINE PARASITE L ITERATURE REVIEW 

 
A2.1  Published studies of parasites found in mangabeys from genus Cercocebus 
Parasite 
Kingdom 

Parasite Taxon Host Species Geographical location Reference 

Protozoa Entamoeba sp. C. albigena Kibale, Uganda (Freeland, 1979) 

 Entamoeba coli C. galeritus;     
C. albigena 

Dzanga-Ndoki, Central 
African Republic; Kibale, 
Uganda 

(Freeland, 1979; Lilly et 
al., 2002) 

 Dientamoeba fragilis C. albigena Kibale, Uganda (Freeland, 1979) 

 Iodamoeba butschlii C. albigena;     
C. galeritus 
 

Kibale, Uganda; Dzanga-
Ndoki, Central African 
Republic 

(Freeland, 1979; Lilly et 
al., 2002) 

 Retortamonas 
intestinalis 

C. albigena Kibale, Uganda (Freeland, 1979) 

 Entamoeba histolytica C. galeritus;     
C. albigena 

Dzanga-Ndoki, Central 
African Republic; Kibale, 
Uganda 

(Lilly et al., 2002) 

 Chilomastix mesnili C. galeritus Central African Republic (Freeland, 1979) 

 Endolimax nana C. albigena Kibale, Uganda (Freeland, 1979) 

 Giardia lamblia C. albigena Kibale, Uganda (Freeland, 1979) 

 Balantidium coli C. galeritus Dzanga-Ndoki, Central 
African Republic 

(Lilly et al., 2002) 

 Entamoeba hartmanni C. albigena Kibale, Uganda (Freeland, 1979) 

Helminth Ascaris sp. C. galeritus Dzanga-Ndoki, Central 
African Republic 

(Lilly et al., 2002) 

 Strongyloides sp. C. galeritus;  Dzanga-Ndoki, Central 
African Republic;  

(Lilly et al., 2002) 

 Necatur americanus C. torquatus Tiwai, Sierra Leone (Bakarr et al., 1991) 

 Cercogylus africanus C. galeritus Democratic Republic of 
Congo 

(Petter and Brochier, 1989) 

 Anatrichosoma ixyos C. torquatus Africa (Hoberg, 2000) 

 
A2.2  Published studies of parasites found in guenons (Genus Cercopithecus) 
Kingdom Parasite Taxon Host Species Geographical location Reference 

Iodamoeba butschlii C. mitis;            
C. ascanius 

Natal, South Africa;  Kibale, 
Uganda 

(Appleton et al., 1994; 
Freeland, 1979; Gillespie et 
al., 2005a) 

Entamoeba histolytica C. ascanius;      
C. mitis 

Kibale, Uganda; Kenya (Freeland, 1979; Gillespie et 
al., 2005a; Munene et al., 
1998) 

Giardia lamblia C. ascanius Kibale, Uganda (Freeland, 1979; Gillespie et 
al., 2005a) 

Chilomastix mesnili C. ascanius,      
C. mitis 

Kibale, Uganda (Freeland, 1979; Gillespie et 
al., 2005a)  

Entamoeba hartmanni C. ascanius,      
C. mitis 

Kibale, Uganda; Natal, 
SouthÁAfrica 

(Appleton et al., 1994; 
Freeland, 1979) 

Entamoeba coli C. ascanius;     
C. mitis 

Kibale, Uganda; Kenya; 
Natal, South Africa 

(Appleton et al., 1994; 
Gillespie et al., 2005a; 
Munene et al., 1998) 

Protozoa 

Endolimax nana C. mitis Natal, South Africa (Appleton et al., 1994) 
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Entamoeba chattoni C. mitis Natal, South Africa (Appleton et al., 1994) 

Dientamoeba fragilis C. mitis Kibale, Uganda (Freeland, 1979) 

Retortamonas 
intestinalis 

C. mitis Kibale, Uganda (Freeland, 1979) 

Balantidium coli C. mitis Kenya (Munene et al., 1998) 

Strongyloides sp. C. campbelli;   
C. diana 

Tiwai, Sierra Leone (Bakarr et al., 1991) 

Strongyloides fulleborni C. mitis;           
C. ascanius; 
C. lhoesti 

Cape Vidal, South Africa, 
Kibale, Uganda, Kenya; 
Kibale, Uganda 

(Appleton et al., 1994; 
Gillespie et al., 2005a; 
Munene et al., 1998)  

Subulura sp. C. mitis Nairobi, Kenya (Hoberg, 2000) 

Trichuris trichiura C. diana;          
C. mitis;            
C. campbelli;   
C. lhoesti 

Tiwai, Sierra Leone; Kenya; 
Kibale; Natal, South Africa 

(Bakarr et al., 1991; Hoberg, 
2000; Munene et al., 1998) 

Trichuris sp.  C. ascanius;     
C. lhoesti.         
C. mitis 

Kibale, Uganda (Gillespie et al., 2005a; 
Gillespie et al., 2004) 

Oesophagostomum sp. C. ascanius;     
C. lhoesti;        
C. mitis 

Kibale, Uganda; Kenya; 
Natal, South Africa 

(Appleton et al., 1994; 
Gillespie et al., 2005a; 
Munene et al., 1998)  

Oesphagostomum 
bifurcum 

C. mitis;           
C. mona 

Nairobi, Kenya; Fiema, 
Ghana 

(Gasser et al., 1999; Hoberg, 
2000) 

Enterobius sp. C. ascanius,     
C. mitis 

Kibale, Uganda; Natal, 
South Africa 

(Appleton et al., 1994; 
Gillespie et al., 2004) 

Enterobius vermicularis C. mitis Kenya (Munene et al., 1998) 

Gongylonema sp. C. mitis Natal, South Africa (Appleton et al., 1994) 

Streptopharagus sp. C. ascanius;     
C. mitis;           
C. lhoesti 

Kibale, Uganda; Kenya; 
Subukia, Kenya 

(Gillespie et al., 2005a; 
Gillespie et al., 2004; Hoberg, 
2000) 

Streptopharagus 
pigmentatatus 

C. mitis Natal, South Africa; 
Arabuko, Kenya 

(Appleton et al., 1994; 
Hoberg, 2000) 

Physaloptera sp. C. ascanius Kibale, Uganda (Gillespie et al., 2004) 

Ternidens deminutus C. mitis;           
C. mona 

Natal, South Africa; Ghana (Appleton et al., 1994; 
Schindler et al., 2005) 

Schistosoma 
haematobium 

C. mitis Africa (Nelson, 1960) 

Necator sp. C. ascanius;  
C. campbelli 

Kibale, Uganda; Tiwai, 
Sierra Leone 

(Gillespie et al., 2004), 
(Bakarr et al., 1991) 

Necator americanus C. diana Tiwai, Sierra Leone (Bakarr et al., 1991) 

Trichostrongylus sp. C. lhoesti;        
C. mitis 

Kibale, Uganda; Kenya (Gillespie et al., 2004), 
(Munene et al., 1998) 

Trichostrongylus axei C. mitis Natal, South Africa (Appleton et al., 1994) 

Capillaria sp C. mitis Natal, South Africa (Appleton et al., 1994) 

Bertiella sp C. acanius Kibale (Gillespie et al., 2004) 

Helminths 

Mesocestoides sp. C. mitis Kenya (Nelson et al., 1965) 
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Appendix 3 
 

TAXONOMIC CLASSIFICATION OF PARASITES RECOVERED 
 

A3a Parasite taxa found in fecal samples from cercopithecine primates and analyzed using fecal floatation and sedimentation procedures. 
 
Kingdom 
 

Phylum Order Family Genera Species Life 
Cycle 

Mode of 
Transmission 

Protista Ciliata Trichostomatida Ciliata Balantidium  coli direct Ingestion of 
trophozoites and 
cysts 

Helminth Nematoda Trichuridea Trichuridae Trichuris trichiura direct Ingestion of eggs 

  Trichocephalida Capilaridae Capillaria unidentified sp direct Ingestion of eggs 

  Rhabdiasidea Strongyloididae Strongyloides unidentified sp direct Penetration of 
skin by larvae 

  Ancylostomatoidea Ancylostomidae Hookworm unidentified sp direct Penetration of 
skin by larvae 

  Strongyloidea Chabertiidae Strongyle*  unidentified sp     ?            ? 
(Ash and Orihel, 1980; Gilles, 1999; Gillespie and Pearson, 2001; Theinpont et al., 1979) 
*  Life cycle of unidentified strongyle worm is dependent on genus and species 
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A3b Parasites taxa found in fecal samples analyzed from CERCOPAN staff (n=7) using formal-ether concentration techniques by London School 
of Hygiene and Tropical Medicine.  
 
Kingdom 
 

Phylum Order Family Genera Species Life 
Cycle 

Mode of 
Transmission 

Protozoa    Blastocystis  hominis+*  direct Ingestion of 
trophozoites and 
cysts 

 Metamonada Diplomonadidae Hexamitidae Giardia     
 

intestinalis + direct Ingestion of 
trophozoites and 
cysts 

  Retortomonadida Retortomonadidae Chilomastix  mesneli+ direct Ingestion of 
trophozoites and 
cysts 

 Amoebozoa Pelobiontida Entamoebidae Entamoeba  
 

hartmanni+ direct Ingestion of 
trophozoites and 
cysts 

    Entamoeba  histolytica/dispar+  direct Ingestion of 
trophozoites and 
cysts 

    Entamoeba  coli+ direct Ingestion of 
trophozoites and 
cysts 

Helminth Nematoda Ancylostomatoidea Ancylostomidae Hookworm unidentified sp º direct Penetration of 
skin by larvae 

  Ascaridida Ascarididae Ascaris  lumbricoides  direct Ingestion of eggs 
(Ash and Orihel, 1980; Gilles, 1999; Gillespie and Pearson, 2001; Theinpont et al., 1979) 
*  Taxonomic classification of Blastocystis hominis is controversial (Noel et al., 2005) 
º = parasite taxa also found in Cercocebus torquatus and Cercopithecus mona in this study 
+ = parasite taxa not reported in this study, but known to affect non-human primates (Nunn and Altizer, 2005). 
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Appendix 4 

 
INFORMATION ON PARASITES RECOVERED 

 

Brief descriptions of the diagnostic characteristics, life cycle stages, epidemiology, and 

clinical pathology of the parasites recovered in this study are presented below.  All of the 

parasites recovered are also found in humans and most information on epidemiology and 

pathology are taken from human studies.  All photographs (see Plates) are taken on X 40 

magnification by the author. 

 

Protozoa 

Balantidium Coli 

Diagnostic characteristics: Plate A4.1 shows pictures of B. coli trophozoites and cysts 

recovered in this study.  Trophozoites and cysts can be found in feces.  The trophozoite is  

large, ovoid, ciliated, and contains two nuclei, a kidney shaped macronucelus and smaller 

micronucleus.  The cystosome may contain numerous food and contractile vacuoles.  It is 

pointed at the anterior end which contains a cytosome. Trophozoite size ranges from 50-

200� m in length and 40-70� m in width.  Balantidium cysts are spherical to oval shaped 

with cilia that is often visible through the cyst wall.  Cysts contain both micro and 

macronucleus and contractile vacuoles can be seen.  Older cysts may be granular in 

appearance (Ash and Orihel, 1980).  

 

Life cycle:  Direct transmission occurs through ingestion of cyst stage (Ash and Orihel, 

1980).  Cysts are the infective stage and may remain viable for weeks in moist feces.  
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Ingestion of the cyst stage usually occurs from contaminated food, water or poor hygienic 

practice.  Ingestion is followed by excystation in the small intestine and trophozoites 

become established in mucosa of terminal ileum and colon (Gilles, 1999). 

 

Epidemiology:  Distribution is cosmopolitan.  In tropical and subtropical regions it 

inhabits the intestines of a variety of hosts including insects, fish, amphibians, fowl, and 

mammals.  Pigs are the most frequently and naturally infected mammal and are an 

important reservoir for human infections (Gilles, 1999). Wild non-human primates are 

commonly infected and the organisms are morphologically indistinguishable from human 

strains, and produce a similar spectrum of intestinal disease (Yang et al., 1995). 

 

Clinical Pathology:  The disease resulting from Balantidium coli infection is termed 

balantidiasis. Symptoms can vary greatly in degree of severity.  Infections can often be 

asympomatic.  Mild and chronic infections can result in intermittent diarrhea and 

constipation, weight loss, headache, nausea, vomiting, anemia, dehydration and malaise.  

Chronic symptoms can last for years (Gilles, 1999). 

 

Helminths 

Trichuris trichiura 

Diagnostic characteristics:  Plate A4.2 shows a T. trichiura egg.  Eggs are barrel-shaped 

with thick bile stain shells and clear bipolar plugs.  Eggs usually measure 50-55� m by 

22-24 � m. 

 



 81

Life Cycle:  Direct transmission occurs from ingestion of infective eggs containing first-

stage larvae.  Eggs pass in the soil where they undergo development for 2-3 weeks and 

then will contain an infective, first-stage larva.  Once ingested larvae emerge in the 

intestine and migrate to large intestine where they where they develop to maturity with a 

three month pre patent period.  Adult worms thread their anterior end into mucosal 

epithelium and can live up to 10 years or longer (Ash and Orihel, 1980). 

 

Epidemiology:  Trichuris trichiura has a cosmopolitan distribution.  It is amongst the 

most common of human helminthes.  Humans are the primary host, yet many members of 

the genus Trichuris infect domesticated animals.  It is prevalent in areas with warm moist 

soils and shade that allow eggs to mature.  Eggs are commonly found on vegetables that 

have been fertilized with night soil (untreated fecal material used as fertilizer).  In 

humans infections are commonly overdispersed and age related, with most intense 

infections existing in school children (Strickland, 2000).   

 

Clinical Pathology:  Trichuriasis is the disease that results from infection of Trichuris 

trichiura.  Severity of symptoms is directly related to intensity of infection and well-

nourished hosts are able to tolerate low level infections.  Heavy infections are associated 

with chronic diarrhea, anemia, growth retardation, and may possibly affect cognitive 

abilities.  Rectal prolapse and finger clubbing are indicators of trichuriasis (Gillespie and 

Pearson, 2001; Strickland, 2000). 
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Capillaria sp. 

Diagnostic characteristics: Plate A4.3 shows a Capillaria egg. Eggs from the genus 

Capillaria are striated with bi-polar plugs.  Depending on species eggs range from 36-

67� m in length and 21-35 � m in width. Because eggs are not passed in the feces of 

animals that are infected it is difficult to diagnose.  

 

Lifecycle:  Rodents are the usual host for Capillaria hepatica (the species known to infect 

humans in Africa).  Adult worms live 1-4 months in the liver parenchyma and females 

lay eggs directly in the tissue.  Once the liver is eaten eggs are passed freely in feces and 

embryonate in the soil.  Rodents, humans, and other animals become infected when they 

consume eggs and larvae hatch and migrate to the liver.  Capillaria sp. mature within 2-3 

weeks and lay eggs by the third week (Ash and Orihel, 1980). 

 

Epidemiology: Parasites of the genus Capillaria can be specific to a region (C. 

philippinensis in the Philippines and Thailand) or cosmopolitan (C. hepatica) (Ash and 

Orihel, 1980).  Capillaria hepatica infects small rodents, prairie dogs, monkeys, and 

other animals.  Human infection total less than 30 worldwide and Nigeria has been one of 

two African countries it has been reported in (Guerrant et al., 2001). 

  

Clinical Pathology:  The disease resulting from infection with Capillaria hepatica is 

hepatic capillariasis. Symptoms of the disease are variable, with some individuals 

showing manifestations of acute or sub-acute hepatitis.  The outcome of the disease is 
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dependent on the intensity of the infection and can vary from sever liver disease resulting 

in death to remission of illness (Guerrant et al., 2001).  

 

Strongyloides sp. 

Diagnostic characteristics:  Plate A4.4 shows a rhabitoid Strongyloides larvae.  First 

stage rhabitoid (free-living) larvae hatch from eggs and are approximately 180-380 � m 

long and 14-20� m wide and have a long buccal canal.  The third stage filariform 

(infective) larvae are 500� m long and have a notched tail and have a 1:1 esophageal 

length to intestinal length ratio.  The number of strongyloides larvae is frequently very 

scant causing many infections to go undiagnosed (Ash and Orihel, 1980). 

 

Life-cycle:  Rhabitoid larvae hatch in the mucosal epithelium of the small intestine, pass 

through the lumen, and then are expelled in feces where they undergo further 

development in the soil.  The filariform larvae may develop directly in the soil or 

alternatively another generation of rhabitoid larvae is produced that will produce eggs 

that will embryonate and become filariform larvae.  Infection is acquired through skin 

penetration by filariform larvae.  Auto-infection can occur when Rhabitoid larvae 

develop into filariform larvae within the intestinal tract of immunosuppressed individuals 

(Ash and Orihel, 1980).  

 

Epidemiology:  Strongyloides infections are cosmopolitan, but are more prevalent in 

warm climates where the water table is high (Ash and Orihel, 1980).  Strongyloides is 
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therefore present in virtually all tropical and sub-tropical countries.  Worldwide estimates 

of infected humans range from 3- 100 million (Guerrant et al., 2001). 

 

Clinical Pathology:  Disease from Strongyloides is termed strongyloidiasis.  Symptoms 

are often asymptomatic, mild or non-specific.  Stongyloidiasis can result in gastro-

intestinal, pulmonary, neurologic and/or cutaneous manifestations.  Symptoms of gastro-

intestinal manifestations include abdominal pain, bloating, heartburn, and alternating 

bouts of diarrhea and constipation. In some cases colonic and gastric hemorrhage has 

been reported.  Gastro-intestinal manifestations of disseminated strongyloidiasis can be 

catastrophic and lead to death.  Pulmonary manifestations of disseminated 

strongyloidiasis can lead to bronchopneumonia and intra-aveolar hemorrhage.  

Neurological manifestations are uncommon, but larvae have infrequently been found in 

cerebrospinal fluid and even less common are cerebral and cerebellar abscesses 

containing larvae.  Cutaneous manifestations take on two forms:  urticarial rashes from 

parasite anitgens and/or dermatitis from larvae migrations (Gillespie and Pearson, 2001; 

Guerrant et al., 2001). 

 

Hookworm sp. 

Diagnostic characteristics:  Plate A4.5 shows hookworm eggs.  Eggs of Anclystoma 

duodenale and Necator americanus are indistinguishable.  Eggs are thin-shelled, clear, 

contain blastomeres or larvae, and are 55-75� m long and 36-40� m wide.  
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Life cycle:  Eggs are shed in feces, embryonate in the soil within 24 hours, and mature to 

infective larvae in approximately one week.  Infection is acquired through skin 

penetration by infective larvae.  Larvae undergo a growth period within lungs before 

migrating to the small intestine.  The prepatent period is about 5-6 weeks and adults 

usually live 5-10 years (Ash and Orihel, 1980). 

 

Epidemiology:   Hookworm infections are common throughout rural tropics and 

subtropics.  Infections are commonly associated with agrarian practices in the developing 

world.  Poor sanitary practices, shaded soil, warm moist climate, and lack of footwear are 

conditions conducive to the spread of hookworm..  Hookworm infection is common in 

nearly all age classes.  Anclystoma duodenale and Necator americanus geographic 

distribution overlap in parts of Africa, India, and China (Guerrant et al., 2001; Strickland, 

2000). 

 

Clinical Pathology:  Upon entry hookworm larvae release proteins that cause itching.  

Larval migrations can cause minor visceral lesions, and blood and protein loss can occur 

at the site which adult hookworm attach to the intestine (Gillespie and Pearson, 2001; 

Guerrant et al., 2001) 

 

Unidentified Strongyle 

Diagnostic characteristics:  Plate A4.6 shows an egg from and unidentified strongyle 

worm.  Strongyle eggs share similar characteristics with hookworm eggs but are much 

larger. The egg shown in Plate A4.6 measured 54.2 X 103.2.  
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Life-cycle:  Genus Oesophagostomum: Adult worms live attached to the mucosa of the 

colon, eggs are expelled in feces, mature in the soil, and infective stage is acquired 

through consumption of larvae.  Genus Ternidens: largely unkown (Guerrant et al., 

2001). 

 

Epidemiology:  Most species of Oesophagostomum and the genera Ternidens are 

parasites of monkeys and apes, with few species of Oesophagostomum occurring in 

swine and sheep (Guerrant et al., 2001). 

 

Clinical pathology:  Attached worms leave lesions in colonic wall about 1-2 cm in 

diameter.  Nodules are found toward peritoneal surface, and in heavy infections worms 

can be recovered from the surface of the kidney or spleen.  Clinical manifestations are 

abdominal mass and intestinal obstruction (Guerrant et al., 2001).   
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Appendix 5 
 

PARASITES IN PRIMATES OF NIGERIA 
 

Parasite Captive species Wild species 
Protozoa   

Blastocystis hominis º Cercocebus torquatus, Cercopithecus 
mona, Cercopithecus erythrotis, 
Cercopithecus nictitans, 
Cercopithecus sclateri 

Cercopithecus mona, 
Cercopithecus nictitans, 
Mandrillus leucophaeus,  
Gorilla gorilla 

Endolimax nana º Cercocebus torquatus, Cercopithecus 
erythrotis, Cercopithecus nictitans, 
Cercopithecus sclateri 

Cercopithecus mona, Mandrillus 
leucophaeus, Gorilla gorilla 

Entamoeba chattoni º Cercocebus torquatus, Cercopithecus 
mona, Cercopithecus erythrotis, 
Cercopithecus nictitans 

 

Entamoeba coli º Cercocebus torquatus, Cercopithecus 
mona, Cercopithecus erythrotis, 
Cercopithecus nictitans, 
Cercopithecus sclateri 

Cercopithecus mona, 
Cercopithecus preussi, 
Cercopithecus nictitans, 
Mandrillus leucophaeus,  
Gorilla gorilla 

Entamoeba hartmanni º Cercocebus torquatus, Cercopithecus 
mona, Cercopithecus erythrotis, 
Cercopithecus nictitans, 
Cercopithecus sclateri 

Cercopithecus mona, 
Cercopithecus nictitans, 
Mandrillus leucophaeus,  
Gorilla gorilla 

Entamoeba histolytica  Cercopithecus mona, Mandrillus 
leucophaeus, Gorilla gorilla 

Entomoeba 
histolytica/dispar º 

Cercopithecus mona, Cercocebus 
torquatus, Cercopithecus sclateri 

Cercopithecus preussi, 
Cercopithecus nictitans 

Iodamoeba buetschlii º Cercocebus torquatus, Cercopithecus 
mona, Cercopithecus erythrotis, 
Cercopithecus nictitans, 
Cercopithecus sclateri 

Cercopithecus mona, Mandrillus 
leucophaeus, Gorilla gorilla 

Chilomastix mesnili  Cercopithecus preussi 
Retortomonas hominis   Cercopithecus preussi 
Trichomonas sp  Cercopithecus preussi, 

Cercopithecus nictitans, 
Mandrillus leucophaeus,  
Gorilla gorilla 

Balantidium coli + º Cercopithecus mona Mandrillus leucophaeus 
Giardia lamblia º Cercopithecus sclateri  

 

Troglodytella sp.  Gorilla gorilla 
Helminth   

Strongyloides sp +   Cercopithecus nictitans, 
Cercopithecus mona 

Hookworm + º Cercopithecus erythrotis, 
Cercopithecus nictitans 

Mandrillus leucophaeus,  
Gorilla gorilla 

Trichuris trichiura + º Cercopithecus mona, Cercopithecus 
nictitans 

 

 

Trichuris sp. + º Cercopithecus mona, Cercopithecus 
nictitans 

Cercopithecus mona 

+ = parasite taxa found in captive and semi-captive primates in this study 
º = parasite species previously found in captive primate populations from CERCOPAN 
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PLATES 
 
Plate A4.1a Balantidium coli trophozoite 

 
Plate A4.1b Balantidium coli cyst 
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Plate A4.1c Balantidium coli cysts 

 
 
 
Plate A4.2 Trichuris trichiura egg 
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Plate A4.3 Capillaria sp. egg 

 
 
 
Plate A4.4 Strongyloides larvae  
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Plate A4.5a Hookworm egg with blastomeres 

 
 
Plate A4.5a Hookworm egg with larvae 
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A4.6 Unidentified strongyle egg 
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