Pied tamarins (Saguinus bicolor): endangered and vulnerable

An analysis of health issues, with particular reference to
the wasting syndrome observed in captive breeding programmes
By Dr Vanessa Crawford
Supervised by Dr Eluned Price and Mr Dominic Wormell
September 2014
A thesis submitted in partial fulfilment of the requirements for the degree of
Master of Science and the Diploma of Imperial College London
Submitted for the MSc in Conservation Science

DECLARATION OF OWN WORK

I declare that this thesis, “Pied tamarins (Saguinus bicolor): endangered and vulnerable. An
analysis of health issues, with particular reference to the wasting syndrome observed in
captive breeding programmes”, is entirely my own work and that where material could be
construed as the work of others, it is fully cited and referenced, and/or with appropriate
acknowledgement given.

Signature

Name of student

Dr Vanessa Louise Crawford

Name of supervisors

Dr Eluned Price
Mr Dominic Wormell

CONTENTS
List of figures / List of tables

i

List of acronyms

iii

Abstract

iv

Acknowledgements

v

1 INTRODUCTION

1

1.1

Study aims

5

1.2

Proposed methods

5

1.3

Null hypotheses

6

1.4

Structure of thesis

6

2 BACKGROUND

7

2.1

Callitrichids – a brief overview

7

2.2

Wasting Marmoset Syndrome (WMS) – an overview

8

Conditions linked to ill health

11

2.3

11

Autoimmune disorders
2.3.1 Antibodies, diet and WMS

2.4

Captivity and stress
2.4.1 Primate behavioural problems in captivity

2.5

Cardiac conditions
2.5.1 Cardiac pathology and WMS

2.6

Dietary factors
2.6.1 Diet and WMS

2.7

Gastrointestinal disorders
2.7.1 Adenocarcinoma

11
12
12
13
13
13
14
15
15

2.8

2.9

2.7.2 Colitis

15

2.7.3 Bullying and inflammatory disease

16

2.7.4 Post mortem gastrointestinal findings

16

Infectious Diseases

17

2.8.1 Bacteria

17

2.8.2 Parasites

17

2.8.3 Viruses

18

2.8.4 Zoonoses and anthroponoses

18

Metabolic conditions

19

2.9.1 Cortisol and WMS

19

2.9.2 Glucose tolerance, albumin and total protein

19

2.9.3 Metabolic bone disease

19

2.9.4 Haemosiderosis

20

2.10

Renal disorders

20

2.11

Weight loss

20

3 METHODS

21

3.1 Methods overview

21

3.1.1 Taxon and post mortem reports

21

3.1.2 Clinical records evaluation

21

3.1.3 Repeat entries

22

3.1.4 Presence / absence

22

3.1.5 Multiple checks

22

3.1.6 Defining onset of wasting

23

3.1.7 Clinical issues

23

3.1.8 Length of time in DWCT collection

24

3.1.9 Clinical issues analysis

24

3.1.10 Weights

24

3.1.11 Weights analysis

25

3.1.12 Familial relationships

26

3.1.13 Familial relationship analysis

27

4 RESULTS
4.1

29

Overview
4.1.1 Gender and wasting

4.2

4.3

4.4

4.5

Clinical codes

29
29
29

4.2.1 Start of ill health to wasting documentation

32

4.2.2 Age at death in non-wasters and wasters

35

Post mortem and histopathology results

38

4.3.1 Key features in post mortem reports

38

4.3.2 Key features in histopathology reports

38

4.3.3 Bacteria – ante and post mortem

38

Weights

39

4.4.1 Age-matched weights in 20 specimens

45

4.4.2 Three case studies of weight over time

46

Familial linkage
4.5.1 Death in the first week after birth

5 DISCUSSION

50
52

53

5.1

Summary of key findings

53

5.2

Is there a defined wasting syndrome?

53

5.3

What are the protective factors for those who remain well?

54

5.4

Can we improve health outcomes for pied tamarins?

54

5.5

Reliability and limitations of study methods

55

5.6

Recommendations for future action

57

REFERENCES

60

APPENDIX 1

PTWS defined

69

APPENDIX 11

References summarised

71

APPENDIX 111

Collection proformas for clinical issues /

79

histopathology

APPENDIX 1V

Sample of weights data for one specimen

86

APPENDIX V

Taxon report for one specimen

87

APPENDIX V1

Coding example

88

A: Original clinical record for one year in one specimen

88

B: Text in A coded

110

APPENDIX V11

Coding list

113

APPENDIX V111

Original post mortem examination for one

115

specimen

APPENDIX 1X

Cover photo: pied tamarin
Credit: Dominic Wormell

Pet trade data

118

LIST OF FIGURES
Figure 1.1

Manaus, Brazil (2000-2012) Forest loss

2

Figure 4.1

Time from documentation of infection to wasting

32

Figure 4.2

Time from documentation of diarrhoea to wasting

33

Figure 4.3

Time from documentation of weight loss to wasting

34

Figure 4.4

Age at death (years) in non-wasters and wasters

35

Figure 4.5

Initial test in R of weights showing outlier

41

Figure 4.6

Adult weights (7655) from 117 of 194 specimens by gender

41

Figure 4.7

Adult weights (7655) from 117 of 194 specimens by

42

wasting status
Figure 4.8

Adult weights (7655) from 117 of 194 specimens by season

42

Figure 4.9

Mean weights in non-wasters and wasters by season

44

(adult males)
Figure 4.10

Mean weights in non-wasters and wasters by age group

45

Figure 4.11

Age-matched weights in 10 non-wasters and 10 wasters

46

Figure 4.12

Weight profile for non-waster M2190, not exported

47

Figure 4.13

Weight profile for waster M2453, not exported

48

Figure 4.14

Weight profile for non-waster M1721, exported

49

Figure 4.15

Pied tamarin family group

50

LIST OF TABLES
Table 1.1

Study research objectives and questions

5

Table 3.1

Page and word count before and after coding clinical files

23

Table 3.2

Parenting data for the first two dam / sire pairs: sections 1-3

26

Table 4.1

Gender and status (April - June 2014) of all specimens

29

Table 4.2

Clinical issues: wasters versus non-wasters

31

Table 4.3

ANOVA results for gender, wasting and age at death

35

Table 4.4

Cause of death at post mortem in non-wasters

36

Table 4.5

Cause of death at post mortem in wasters

37

i

Table 4.6

Weight values by season

39

Table 4.7

Weight values by age group

39

Table 4.8

Weight values by year

40

Table 4.9

Random effects in weights data linear mixed effects model

43

Table 4.10

Fixed effects in weights data linear mixed effects model

43

Table 4.11

Birth parents, wasting status and wasting in offspring

50

Table 4.12

Dam sibship details for inheritance analysis

51

Table 4.13

Parental wasting status for those dying in the first week

52

ii

LIST OF ACRONYMS
AIDS

Acquired immune deficiency syndrome

ANOVA

Analysis of variance

CRP

C-reactive protein

DWCT

Durrell Wildlife Conservation Trust

EAZA

European Association of Zoos and Aquaria

EEP

European Endangered species Programme

HIV

Human immunodeficiency virus

ICMBio

The Chico Mendes Institute for Biodiversity Conservation

ID

Identification

Ig

Immunoglobulin

IgA-AGA

IgA-gliadin antibodies

IgA-CIC

IgA-circulating immune complexes

ISIS

International Species Information System

IUCN

International Union for Conservation of Nature

LCM

Lymphocytic choriomeningitis

LOTIC

Length of time in collection

MWS

Marmoset wasting syndrome

NAD

No abnormalities detected

ND

Not deceased

NK

Not known

PM

Post mortem

PTWS

Pied tamarin wasting syndrome

RBC

Red blood cell count

WCC

White blood cell count

WMS

Wasting marmoset syndrome

ZIMS

Zoological Information Management System

ZSL

Zoological Society London
iii

ABSTRACT
The pied tamarin (Saguinus bicolor) is at risk of extinction in the wild, due to its small range
and rapid habitat destruction, with the associated risks of living in an urban environment.
Captive breeding has been established at Durrell Wildlife Conservation Trust (DWCT) to
improve long-term survival. DWCT has the longest, most scientifically rigorous conservation
experience and knowledge relating to pied tamarins in captivity of all the institutions
involved in captive breeding globally.
Optimal survival in captive breeding programmes is threatened by the development of a
wasting syndrome. Although referred to in the literature, the wasting syndrome has not
been formally defined in pied tamarins. This study looked at taxon, post mortem and clinical
records for pied tamarins managed by DWCT, in conjunction with a literature review, in
order to formally define pied tamarin wasting syndrome (PTWS).
Both qualitative and quantitative methods were used to examine the literature and data
sets. The data for quantitative analysis was provided by DWCT. The text documents were
coded and analysed. There is a significant difference in the frequency of presentation of a
defined set of clinical issues in wasters compared to non-wasters. PTWS is an ante mortem
diagnosis with a typical phenotypic presentation. This project found no gender preference in
wasting. Interestingly, non-wasters were found to have a lower age at death than wasters.
Weights vary by season in wasters and non-wasters, but are significantly lower in wasters
across the year. The dataset was too small for statistical heritability analysis.

Word count: 14,964
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INTRODUCTION

“For at least 3.5 million years humans have lived sympatrically with other primate species;
we have eaten them, worshipped them, caged them, been entertained by them, and used
them extensively as substitutes for humans in research. But only in the past 60 years have
we gone out among them to observe these special animals in their native habitats, in order
to better understand their place in nature, and thus our own” (Fedigan, 1992).

The focus of this thesis was conservation of an endangered species with an illness profile in
captivity that has led to considerable morbidity and early mortality. The condition is
associated with wasting, has been described in callitrichids, but never formally defined in the
literature specifically for pied tamarins.

This project was based with the world’s pied tamarin experts at DWCT, an institution already
providing the highest standards of captive care, through experience, compassion and
research. As a medical doctor, the ability to use transferable skills to read post mortem and
clinical records proved invaluable.
Listed as Endangered on the International Union for Conservation of Nature (IUCN) Red List
in 2008, the pied tamarin population has declined by at least 50% over eighteen years (three
generations) from 1990-2008 (Mittermeier et al, 2008). The reason for decline is cited as
habitat destruction (Figure 1.1) and range replacement by Saguinus midas. Habitat is
destroyed through urbanisation, and agriculture and cattle ranching near Manaus,
Amazonas, Brazil (Subira, 2009; Wormell, 2004). Pied tamarin groups are found in small,
highly degraded forest patches around housing estates and in the suburbs of Manaus
(Wormell, 2000). Their current range in Brazil is approximately 7500km2 (ICMBio, 2011). Pied
tamarins are also captured for sale as pets (ICMBio, 2011; Mittermeier et al, 2008).

1

Habitat loss driving the need for captive breeding

Figure 1.1
Manaus, Brazil (2000-2012) Forest loss: top map in red. Forest gain: bottom map in blue.
Source: Hansen/UMD/Google/USGS/NASA
http://earthenginepartners.appspot.com/science-2013-global-forest (Hansen et al, 2013)
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As the pied tamarin is endangered in the wild, ex-situ populations have been established for
species conservation (Wormell, 2000; Wormell & Feistner, 1992). With such a fragile
existence in the wild, it is increasingly important to ensure that ex-situ populations are
healthy (Wormell et al, 1996; Wormell, 2008). However, pied tamarins have complex social
systems making management in captivity challenging (Anzenberger & Falk, 2012).
Ex-situ breeding success and survival has improved considerably at DWCT, since the pied
tamarin programme started in 1990 (Wormell, 2000), but health has been affected by what
is variously known as ‘marmoset wasting syndrome’ (MWS) and ‘wasting marmoset
syndrome’ (WMS) (Ialeggio, 1999; Schroeder et al, 1999). Although often referred to in the
literature, this ‘syndrome’ has never been definitively defined in pied tamarins. Whether the
wasting syndrome is one or several diseases has remained unresolved (Bairrão Ruivo, 2010;
Morin, 1983). A syndrome is a collection of symptoms that commonly occur together; WMS
has a common presentation, but no single aetiology discovered to date. A disease is a
disorder of structure or function that affects a specific location or produces specific
symptoms. In human medicine the terms are often used interchangeably.
Problems described in captive pied tamarins include metabolic bone disease, poor parental
early years’ care, aggression and a wasting syndrome (Lopez, Wormell & Rodriguez, 2001;
Wormell, 1994; Wormell, 2000). Ill health is indicated by a range of presentations including
neck ruff piloerection, craving food and heat seeking, with diarrhoea and weight loss leading
to a classic wasting picture (Wormell et al, 2000).
Pied tamarins are susceptible to stress in captivity; naturalistic captive environments, with
space to hide from visitors, reduce stress levels (Holm et al, 2012; Wormell, 2000).
Environmental enrichment promotes health and wellbeing (French & Fite, 2005; Herron,
Price & Wormell, 2001). Triggers of stress include close proximity of conspecifics and fights,
with inability to disperse; stress is considered to be one of the main triggers for WMS
(Wormell et al, 2000). Stress also inhibits breeding, which is an essential part of conservation
efforts in captive environments (Morgan & Tromborg, 2007; Wormell, 1994).
3

Illness identification is affected by the quality of an institution and its veterinary medicine
and husbandry expertise. The European Endangered species Programme (EEP) provides
intensive population management for a species kept in the European Association of Zoos and
Aquaria (EAZA) zoos. Each EEP has a coordinator, assisted by a Species Committee. The
coordinator has specialist knowledge of the species concerned and is from an EAZA zoo or
aquarium. Dominic Wormell, DWCT, has been EEP lead for pied tamarins since 2001. The
coordinator collects information on the status of all the species specimens kept in EAZA zoos,
producing a studbook, carrying out demographic and genetic analyses, and creating species
management plans (EAZA, 2011).The (EEP) population of pied tamarins increased from 76 in
2008 to 140 in 2012 (Wormell, 2013).
My Durrell supervisors for this project have been investigating the wasting syndrome for
over two decades and identified a need for more detailed research.

4

1.1

Study aims

Table 1.1

Study research objectives and questions
Research objective

Research question

To review the literature relating to health What clinical and post mortem presentations
issues in callitrichids, with specific reference are seen in callitrichids; do they contribute to
to WMS

or occur as a result of WMS?

To review all DWCT post mortem (including Are there common features in pied tamarins
histopathology) and clinical records for pied with WMS e.g. gender effects, weight change
tamarins, to look at the relationship between by season, familial pattern of wasting?
WMS and other factors e.g. weight
To define PTWS

What is the presentation of WMS in
callitrichids as a group and specifically in pied
tamarins?

Familial impact of WMS

Are offspring of wasters more likely to
develop WMS?

To improve the survival of pied tamarin Is death in the first 7 days of life linked to
neonates in captivity

WMS in one / both parents?

1.2 Proposed methods
The project is an analysis of 24 years of data from DWCT. The background information
included a range of sources from published peer reviewed papers and husbandry guidelines
to on-line information from pet-keeping forums (Appendix 11). Hypotheses relating to a
‘wasting syndrome’ include factors as diverse as genetic linkage, season of year effects,
exposure to stress and pancreatic worms. The data was examined for clinical evidence
suggesting several discrete illnesses as opposed to one ‘wasting syndrome’.

5

1.3

Null Hypotheses

A. There is no gender difference between those with and without wasting
B. Those specimens defined as wasters are no more likely than those without wasting to
have higher documented episodes of ill health
C. There is no difference in weight in different seasons of the year in either wasters or nonwasters
D. Offspring of one or both parents with wasting are no more likely to develop wasting than
those with both parents without wasting
E. Infants that die in the first week of life are no more likely than those that live longer, to
have one or both parents with wasting
F. Of those dying in the first 7 days, those dying due to infanticide are no more likely to have
parents with wasting than those dying due to other reasons

1.4

Structure of thesis

Chapter One (current chapter) describes the aims and objectives of the study. Chapter Two
gives an overview of the literature relating to illness in callitrichids, focusing on WMS.
Chapter Three describes the methods used and Chapter Four the results achieved. Chapter
Five explains the results in the context of future captive management to reduce morbidity
and mortality in pied tamarins.
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2

BACKGROUND

This section gives a brief overview of the profile of callitrichids and describes the WMS
literature chronologically. The section concludes with conditions linked to ill health, ordered
alphabetically.

2.1

Callitrichids – a brief overview

The sub-family Callitrichinae is a monophyletic group containing six genera [Callimico
(Goeldi’s

monkey),

Callithrix

(Atlantic

marmosets),

Cebuella

(pygmy

marmoset),

Leontopithecus (lion tamarins), Mico (Amazonian marmosets), and Saguinus (tamarins)], with
a total of 60 species and subspecies (Digby, Ferrari & Saltzman, 2006).

Callitrichids are known for their unique behaviours compared to other primates. They exhibit
social suppression of reproduction, postpartum ovulation, twinning, and cooperative care of
young with flexible mating systems. They have claw-like nails on all digits, except for the
hallux and two molars instead of the usual three (Digby, Ferrari & Saltzman, 2006).
Callitrichids have high metabolic rates and appear susceptible to spontaneous disease and
environmental changes (Kaplan & Shelmidine, 2010). Marmosets have a relatively enlarged
and complex caecum, useful for digesting gums (Digby, Ferrari & Saltzman, 2006; Rylands &
Mittermeier, 2009). Callitrichines are affected by intergroup exchanges, responding with
vocalizations, physical aggression and chases (Wormell et al, 1996). Aggressive exchanges in
callitrichines present with cuffs, “arch walks”, piloerection, chases, avoidance and submissive
vocalizations (Digby, Ferrari & Saltzman, 2006).

In captivity 50-80% of callitrichine litters are dyzygotic twins, 20-50% singletons, triplets and
quadruplets. Survival is usually limited to two individuals. Triplets have a higher mortality
rate than twins or singletons. If an infant survives beyond one week they have a good chance
of surviving into adulthood (Leong, Terrell & Savage, 2004). Two litters may be produced per
year in captivity. In the wild, tamarins tend to breed once per year in the rainy season when
fruit is plentiful. Breeding is monopolized by a single, dominant female. Tamarin and
7

marmoset adult males and other family members help with the care of newborns (Digby,
Ferrari & Saltzman, 2006; Wormell et al, 2000). Infanticide is well documented in callitrichids
and other primates (Leong, Terrell & Savage, 2004; van Schaik & Aureli, 2000; Wormell et al,
2000).

Leong, Terrell and Savage (2004) assessed causes of mortality in captive cotton-top tamarins.
Initial mortality was high in both infants and adults. Survival improved with appropriate
social housing, diet, and sibling experience before rearing children. In zoo animals the
highest mortality was in the first week of life. Lack of or incomplete necropsy information for
many specimens made full analysis impossible; thorough necropsy information for all
specimens is recommended, to improve conservation husbandry.

2.2

Wasting Marmoset Syndrome (WMS) – an overview

The ‘wasting syndrome’ is variously known as ‘wasting’, being a ‘waster’, ‘marmoset wasting
syndrome’ and ‘wasting marmoset syndrome’ (Ialeggio, 1999; King, 1976; Schroeder et al,
1999; Tribe, 1979). For the purposes of this thesis I will use the acronym ‘WMS’ for wasting
marmoset syndrome, to cover all these terms. Wasting has been observed in other
mammals, prior to the description of WMS, including ‘downer cows’ and ‘skinny horses’
(Morin, 1983). In addition to marmosets, WMS has been reported in other non-human
primates (Ialeggio & Baker, 1995; Morin, 1983). To date there has been no evidence of
inheritance of WMS (Shimwell, Warrington & Fowler, 1979; Smithyman, 2010; Zoller, MätzRensing & Kaup, 2008).

Since the mid-1970s WMS has been described as a disease of high morbidity and mortality,
characterised by progressive emaciation, muscle atrophy, paralysis of the hind limbs, tail
alopecia, nephritis and intermittent diarrhoea (King, 1976; Morin, 1983; Tribe, 1979). It
remains a controversial term, with some researchers saying it is not one syndrome, but
several different diseases (Bairrão Ruivo, 2010).
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One of the earliest WMS reports, based on the DWCT collection, described four cases with a
dry spiky coat, base of tail alopecia and weight loss and stiffness, especially of the hind legs.
Despite treatment with vitamins, antibiotics and increased dietary protein, all four died; two
were euthanased. Three were related: a mother, son and daughter, leading to consideration
of inheritance. Proposed WMS root causes included pancreatic dysfunction and fat
malabsorption, essential fatty acid deficiency, diabetes, vitamin B and C deficiencies, vitamin
D3 overdose and pregnancy (King, 1976).

Shimwell, Warrington and Fowler (1979) described WMS as a ‘failure to thrive and
generalized weakness in recently weaned marmosets’, with tail alopecia, small size, wet coat
and inactivity followed by anaemia, red-cell inclusions and death. There was no evidence of
links to inheritance, gender or low birth weight.

McNees et al (1983) defined WMS in common marmosets as excessive weight loss, alopecia
and an unthrifty appearance. Longer term presentation included chronic diarrhoea, weight
loss and cachexia. In 1983, Chalmers, Murgatroyd and Wadsworth, described WMS as the
most significant non-infectious disease found in marmoset breeding colonies, affecting
animals of all age groups and characterized by chronic weight loss, hair loss, muscle atrophy
and haemolytic anaemia. Weight loss with normal food intake is characteristic of WMS
(Logan & Khan, 1996; Morin, 1983; Tribe, 1979; Zoller, Mätz-Rensing & Kaup, 2008).

Between 1989 and 1993 WMS was responsible for significant morbidity in zoologic and
laboratory callitrichid collections. Two hundred and seventy five animal managers and
veterinarians were surveyed at 149 institutions, with a 79% response rate. Many survey
respondents were unfamiliar with the full array of signs associated with WMS. Clinical signs,
associated with but not limited to WMS, were decreased body weight (> 30%), alopecia,
chronic diarrhoea, chronic colitis, muscle atrophy and anaemia (Ialeggio & Baker, 1995).
Institutions reporting reduction in the presentation of WMS cited improved diet, with
reduced fruit intake and correction of vitamin D3 deficiency (Wormell et al, 1996; Wormell et
9

al, 2000). Improved housing and sanitation, routine parasitic and Campylobacter prophylaxis,
reduction in populations of affected species and stress reduction lessen the impact of WMS
(Ialeggio & Baker, 1995; Morin, 1983).

Logan and Khan (1996) described two cases of laboratory-caged marmosets with wasting; a
5-year old female and a 9-year old male, both with a history of good health. Both lost weight,
with bloated faecally impacted abdomens, whilst maintaining an appetite. Both had alopecia
and reduced muscle mass. Pathology showed macrocytic normochromic anaemia,
hypoproteinaemia, hypoalbuminaemia, elevated serum aspartate aminotransferase and
alkaline phosphatase, and thrombocytosis. Chronic colitis was the most common
contributing factor to the wasting syndrome on histopathology. Chronic inflammation is the
primary insult; release of inflammatory cytokines, such as tumour necrosis factor alpha,
secondarily causes chronic muscle wasting (Logan & Khan, 1996).

Other blood anomalies associated with wasting are low blood calcium and low total protein.
Tail alopecia is associated with nutritional deficiencies, pancreatic worms, over-grooming,
excessive scent marking and dermatophytosis or bacterial dermatitis (Wissman, 2006).

Incidence and prevalence of WMS decrease with each generation in captivity. Age of onset is
lower with each successive generation, but could be a result of earlier diagnosis with
improved recognition (Smithyman, 2010). Although based on < 10 individuals, wild born pied
tamarins had a later age of onset of WMS, despite having been in captivity longer.
Smithyman defined WMS as weight loss ≥ 20% from the previous maximum non-pregnant
bodyweight, or a persistent subnormal body condition, normal or increased appetite, chronic
or recurrent diarrhoea over a minimum six-month period, together with a lack of identifiable
aetiologies and absence of other identifiable disease processes.
The ‘executive summary of national action plan for the conservation of the pied tamarin’
(ICMBio, 2011) details a plan for protecting the Brazilian population of pied tamarins. There
10

is no mention of WMS within this report, which covers animals in the wild. Wasting is
considered to be an illness of captivity. However, it may be that specimens more prone to
stress or other triggers in the wild respond with a wasting syndrome, but have not been
observed.
As most callitrichids do not show signs of wasting, the question to address is why most
individuals are not susceptible to WMS (Morin, 1983). However, identifying wasters is
necessary to reduce morbidity and mortality. Identification guides the institution to monitor
and consider a multifactorial approach in eliminating potential triggers. Identification may be
important for breeding, if wasters prove to produce more offspring with wasting than nonwasters. There may be common WMS triggers with standard treatment protocols to
disseminate across institutions e.g. Camplyobacter jejuni infection (Leong, Terrell & Savage,
2004).
Conditions linked to ill health
2.3

Autoimmune disorders

2.3.1 Antibodies, diet and WMS
Schroeder et al (1999) characterised WMS as failure to thrive and generalised weakness,
often progressing to death. They linked WMS to recurrent diarrhoea, weight loss,
dehydration, poor hair condition and chronic enteritis on necropsy reports. In their study, 12
of 72 marmosets suffered from WMS. The proportion of IgA-gliadin (IgA-AGA) and IgA
containing circulating immune complexes (IgA-CIC) was higher in specimens with WMS; the
group strongly positive for glomerular IgA included significantly more marmosets with WMS.
Increased IgA deposits are linked with coeliac disease in humans. Marmosets with WMS
improved on a gluten free diet. Antibodies against food derived gliadins may trigger WMS.
Gliadins do not seem to be found in wild diets; gliadins are seen in feeding pellets. Gliadins
may lead to immune complex deposition and multi-organ damage seen in WMS. Several
parallels exist between coeliac disease and IgA-nephropathy in humans and changes seen in
WMS (Schroeder et al, 1999).
11

2.4

Captivity and stress

The stress response modifies over time in captivity (Morgan & Tromborg, 2007). This poses
challenges to conservation goals, if the role of captivity is to better understand behaviour in
the wild (Mason et al, 2013). Wild habitats are also changing, making it difficult to define the
natural habitat for a species (Hosey, 2005).

Stressors include artificial lighting, loud noise, smells, temperature changes, restricted
movement and lack of privacy, restricted feeding opportunities, forced proximity to humans
and being in an abnormal social group (Morgan & Tromborg, 2007; Wormell et al, 1996). The
effect of chronic exposure to stressors is raised glucocorticoid levels with suppressed
reproductive cycling, blunting of the hypothalamic-pituitary-axis response to acute stress,
suppressed immune response, reduced growth hormone levels, and reduced body weight
(Novak et al, 2013). An acute stress response is normal, but chronic stress can lead to ill
health.

There may be certain essential behaviours that need to occur whether in the wild or captivity
(Morgan & Tromborg, 2007). Attention has increasingly been given to the built environment,
from very simple environments lacking in physical and mental stimulation to the highly
developed environment at DWCT (Wormell et al, 1996; Wormell et al, 2000). Limited
knowledge of species behaviour in the wild is a limiting factor in developing the best
environment. Zoos may fail to consider the impact of ecological adversaries within hearing or
olfactory distance. Scent marking may be removed by daily cleaning, and surfaces in
enclosures may be alien and affect species’ behaviour (Bairrão Ruivo, 2010). Sound levels in
natural habitats rarely approach those of zoos; intermittent noise of cleaning, building work,
vehicles and fireworks is more stressful than constant noise (Morgan & Tromborg, 2007).
2.4.1 Primate behavioural problems in captivity
Primates kept in captive conditions can develop behavioural problems; well-designed
accommodation can positively impact on their wellbeing, reducing aggressive and self12

injurious behaviours (Honess & Marin, 2006). Environment is linked to reproductive success,
morbidity and mortality. Vertical space allows for climbing and an escape route from
perceived or actual threats. Arboreal species require arboreal heights in their
accommodation. Visual barriers and nesting boxes both improve the health and welfare of
primates; static furniture is preferred over dynamic. The lighting colour affects behaviour;
green and blue lights calm chimpanzees and red light intensifies aggression (Honess & Marin,
2006). Despite the risks of climate, falls and infection, outdoor spaces are positive for health
and wellbeing of primates (Price et al, 2012).
2.5

Cardiac conditions

2.5.1 Cardiac pathology and WMS
Twelve hearts of Wied’s black-tufted-ear marmoset (Callithrix khulii) were examined, 6 with
WMS. Specimens with WMS had marked cachexia, intermittent diarrhoea and limb paralysis.
WMS was linked with significant weight loss; body weight was 63.43% lower in those with
WMS and cardiac weights were lower (Pissinatti, Pissinatti & Burity, 2007).

Normal cardiac structure has myocytes, separated by interstitium; in WMS the interstitium is
much more prominent. Cardiac interstitial fibrosis may render the heart vulnerable to
ischaemia (Pissinatti, Pissinatti & Burity, 2007). Trypanosoma cruzi, the parasite leading to
Chagas disease, has been isolated in callitrichids. It is associated with cardiac abnormalities
including low T and R wave voltages and poor health outcomes (Monteiro et al, 2006).
2.6

Dietary factors

Dietary requirements and dietary behaviours vary between non-human primate species;
appropriate nutrition in captivity has been a long standing challenge (Crissey & Pribyl, 1997;
Price et al, 1999; Wormell et al, 2000).
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2.6.1 Diet and WMS
DWCT has extensively researched nutrition in callitrichids, the value of gum-feeding in
promoting naturalistic behaviour and the link between nutrition and wasting (Foster,
Feistner & Wormell, 2001; Herron, Price & Wormell, 2001; Wormell et al, 2000). Callitrichids
are omnivores; the primary diet in the wild is formed of fruit and insects and varies by
season. They spend a quarter of their time in the wild foraging for food. Low protein intake is
linked to wasting, reduced growth, muscle loss and increased susceptibility to disease (Price
et al, 1999). Pied tamarins have a high requirement for vitamin D3; diet alone does not meet
this requirement (Wormell, 2000). Vitamin E deficiency has been linked to WMS, anorexia
and generalised muscle wasting (Foster, Feistner & Wormell, 2001).

In six marmoset deaths, following weakness and paralysis of the hind legs, weight loss,
anaemia and transient diarrhoea, post mortem showed subacute to chronic tubulointerstitial
nephritis, subacute to chronic pancreatitis and generalised haemosiderosis (Brack & Rothe,
1981). The proposed aetiology was chronic protein deficiency; increased protein levels in the
diet improved the health of the remaining animals. It was not clear why they received a 15%
protein diet, when guidelines at the time stated 25%.

Shimwell, Warrington and Fowler (1979) looked at dietary habits in WMS. More protein was
eaten if made more palatable, and more palatable, less nutritious fruits made less available.
Hypoalbuminaemia without proteinuria suggested defective albumin synthesis by the liver.
Neither low birth weight nor ancestry was linked to WMS, which was described as a ‘failure
to thrive’. Reducing dietary protein intake below 6% or absence of histidine and arginine in
the diet, led to coprophagy in marmosets (Flurer & Zucker, 1988). Faecal flora is affected by
diet; lactobacilli are reduced in specimens with WMS (Lewis et al, 1987).

14

2.7

Gastrointestinal disorders

WMS has been linked to gastrointestinal diseases, glucose intolerance, primary deficiency of
antioxidants and parasitosis of the pancreatic ducts (Pissinatti, Pissinatti & Burity, 2007).
Chronic enteritis is found in callitrichids (Zoller, Mätz-Rensing & Kaup, 2008).

2.7.1 Adenocarcinoma
Cotton-top tamarins have been used in laboratories as a model for spontaneous colonic
adenocarcinoma (Wissman, 2006).

2.7.2 Colitis
Leong, Terrell and Savage (2004) studied cotton-top tamarins bred in captivity; ten of eleven
cases of idiopathic inﬂammatory disease were diagnosed as colitis / WMS. Campylobacter,
E. coli, Helicobacter and Corona-like viruses have been implicated in the development of
chronic colitis (Leong, Terrell & Savage, 2004). In human primates, Campylobacter colitis
presents with the histological picture of acute infectious colitis with immunoglobulin (Ig) A
and IgM containing plasma cells; IgA, IgM and IgG are found in non-Campylobacter colitis
(van Spreeuwel et al, 1985). Intestinal inflammation is common in captive and wild-caught
captive callitrichids; colitis is particularly common in older specimens (Chalmers, Murgatroyd
& Wadsworth, 1983; Leong, Terrell & Savage, 2004).
Proteins in wheat, soy and milk can lead to an immune reaction in Saguinus oedipus and
Callithrix jacchus. An immune reaction leading to colitis was seen in specimens exposed to
wheat (Gore et al, 2001). The authors did not think infection was a cause of WMS, but that it
was caused by a dietary or metabolic problem. High protein foods averted WMS in recently
weaned marmosets. IgA levels in males decreased on a rice diet and increased on a wheat
diet; females had high IgA levels on both diets.
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Fruit may be problematic; in neo-tropical diets fruit tends to be low in fructose and high in
water content, whereas commercial fruit has high fructose content, leading to diarrhoea.
Sometimes fruit is coated in gluten to improve the appearance (Gore at al, 2001).

2.7.3 Bullying and inflammatory disease
A human study on inflammatory disease may reflect the issues for pied tamarins subjected
to bullying. Copeland et al (2014) studied young people who have been bullied, are bullies or
a mixture of bully / victim. Pure victims had higher C-reactive protein (CRP) than those who
had not been bullied, extending into adulthood and independent of other variables. Bullies
had lower CRP than non-bullies and were healthiest mentally and physically; this definition
of healthy could be challenged, but suggests that they thrive physically. High CRP is
associated with low-grade inflammatory disease. Those in the bully-victim group have the
worst outcome overall, in terms of long-term emotional and physical health, despite having
similar CRP levels to non-bullies. Bully-victims are often grouped together in studies with
bullies producing unexpected outcomes, as they are two distinct groups (Copeland et al,
2014).

2.7.4 Post mortem gastrointestinal findings
Chalifoux et al (1982) looked at post mortem gastroenteric lesions in 162 cotton-top
tamarins (Saguinus oedipus) with WMS. Of 210 tamarins housed in small cages in a primate
facility, 162 died over 2 years; most were emaciated and dehydrated at death. They
described five key gut wall features: prosthenorchosis, amoebiasis, paramyxovirus disease,
sepsis and chronic colitis. All but prosthenorchosis (the commonest abnormality, presenting
as a small fibrous nodule in the ileum wall) were associated with cachexia. Chronic colitis
featured crypt abscesses, mononuclear and polymorphonuclear infiltration of the lamina
propria, epithelial cell atypia, karyorrhexis, and lymphoid hyperplasia. Paramyxovirus was
linked to 5 deaths within 3 days of arrival to the facility. Flagellates were identified as
Trichomonas sp. Lesions similar to those found in a colitis-affected colon were found in 22 of
76 stomachs.
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2.8

Infectious diseases

Microbial surveillance is essential as environments and pathogens change constantly and
animals previously isolated from humans are exposed to them (Wachtman & Mansfield,
2008).

2.8.1 Bacteria
Bacteria identified in callitrichids include Aeromonas hydrophila, Bordetella, Campylobacter,
Escherichia

coli,

Klebsiella,

Pasteurella,

Salmonella,

Shigella,

Streptococcus

zooepidemicus, Tularemia, Yersinia enterocolitica and Yersinia pseudotuberculosis (Wissman,
2006).

2.8.2 Parasites
The pancreatic worm, Trichospirura leptostoma, is a proposed trigger for WMS; the
intermediate host is the cockroach. Eggs may only appear sporadically in faeces, making ante
mortem diagnosis difficult. At post mortem the duodenum and pancreas should be
examined, although the pancreas may be atrophied and difficult to assess (Illgen-Wilcke et
al, 1992). Sousa et al (2008) found adult ﬂukes (Platynosomum) in the liver, gallbladder and
extrahepatic bile ducts of six common marmosets diagnosed with WMS; all had nondiarrhoeic weight loss.
Toxoplasmosis occurs sporadically in callitrichids. Giardia may cause diarrhoea and
malabsorption. Thorny-headed worms, Prosthenorchis elegans, are carried by cockroaches
and coprophageous beetles and can affect callitrichids (Illgen-Wilcke et al, 1992). Human
pinworms, Enterobius vermicularis, may infest callitrichids and cause potentially fatal
enteritis by intestinal wall invasion. The raccoon roundworm, Baylisascaris procyonis, causes
cerebrospinal nematodiasis (Wissman, 2006). A study of 96 free-ranging pied tamarins in the
Brazilian Amazon identified Trypanosoma rangeli and Trypanosoma cruzi (Maia da Silva et al,
2008). Primates in captivity have different infection profiles to those in the wild; protozoal
infections increase, while some infections that are mitigated by prophylactic treatment are
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reduced e.g. worms (Munene et al, 1998). With population fragmentation parasites are
becoming more evident in wild pied tamarins (Wormell, 2008).
2.8.3 Viruses
Two viruses seen in callitrichids are lymphocytic choriomeningitis (LCM) caused by an
arenavirus, and encephalomyocarditis. LCM causes anaemia and hepatitis. The rat and
mouse are host reservoirs for both viruses. Encephalomyocarditis occurs most frequently in
zoos. Other viruses may be transmitted to callitrichids from other nonhuman primates or
humans. Coronaviruses and adenovirus have been isolated, but are of questionable
pathogenicity. Callitrichids are susceptible to Eastern equine encephalitis, West Nile
encephalitis virus and hepadnaviruses (Wissman, 2006).

AIDS and WMS
In a fascinating patent article about a test for acquired immune deficiency syndrome (AIDS)
reactive tissues, serum was taken from marmosets with current or historic wasting disease
(Lindner & Wechter, 1987). The patent was filed in 1984 before human immunodeficiency
virus (HIV) was named in 1986. WMS was described with a similar profile to AIDS. Marmoset
serum antibodies reacted with human lymph node tissues; this WMS antibody reacted
selectively with lymphocytes from AIDS-infected individuals. A distinct “disease syndrome”
was described in the patent, with weight loss, loss of hair and opportunistic infections. The
marmosets had a decreased ratio of helper to suppressor lymphocyte subsets, decreased
lymphocyte activation and disturbances of lymphocyte production as seen in AIDS.

2.8.4 Zoonoses and anthroponoses
Consideration must be given to the risks of exposing immunocompromised or pathogen
naïve animals or humans, to what may be benign infections in a healthy animal or human
(Chapman, Gillespie & Goldberg, 2005; Dunn, 2011). In addition, transmission of infection
occurs between animals in captivity and domestic cats, dogs and wild rodents.
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2.9

Metabolic conditions

2.9.1 Cortisol and WMS
Pick (2008) identified the major health issues for pied tamarins as metabolic bone disease
and a wasting syndrome, ‘similar to WMS’. The aggression and confrontational nature of
pied tamarins in captivity may link stress to WMS. Female pied tamarins had higher average
cortisol levels than males; parent-reared animals had lower average cortisol levels than
hand-reared individuals. Aggression within the group, cage moves and repeated handling for
medical treatment produced a strong stress response. Animals suffering from wasting
syndrome had lower average levels of cortisol than healthy animals; persistent high levels of
stress can lead to impaired adrenal function and thus reduced cortisol production (Pick,
2008). Cortisol measurement should be minimally invasive, to reduce procedural stress that
will confound results (Heistermann & Hodges, 2009). Faecal samples can be used to measure
adrenocortical and gonadal hormones in pied tamarins (Armstrong & Santymire, 2013).
Smith and French (1997) looked at psychosocial stress and urinary cortisol secretion in
marmosets. Subjects were trained to urinate in return for a favourite food item. Females had
higher baseline cortisol levels, but males had a greater rise in cortisol levels following a
stressor. Holding an animal for as little as 5 minutes and keeping an animal in a confined
space both elevate cortisol levels.
2.9.2 Glucose tolerance, albumin and total protein
In 18 healthy common marmosets and 6 defined as ‘wasters’, McNees et al (1983) found that
wasters had low glucose levels, low albumin levels and impaired glucose tolerance tests.
Testing for glucose and albumin may provide an early warning system for WMS.

2.9.3 Metabolic bone disease
Metabolic bone disease includes osteomalacia, osteoporosis and osteopetrosis and is linked
to calcium, phosphorus and vitamin D imbalance (Hatt & Sainsbury, 1998). Rickets (childhood
osteomalacia) may occur in specimens weaned too early, or those living indoors and not
exposed to ultraviolet light (Bairrão Ruivo, 2010; Wissman, 2006; Wormell et al, 2000).
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2.9.4 Haemosiderosis
Accumulation of iron pigment (haemosiderosis) in the liver occurs in callitrichids. Fruit and
vitamin C, although essential in the diet, enhance gut absorption of iron, so should be limited
(Wissman, 2006).

2.10

Renal disorders

Callitrichids in captivity have a relatively high incidence of glomerulonephropathies, bacterial
cystitis and chronic interstitial nephritis (Gozalo et al, 2008; Wissman, 2006; Zoller, MätzRensing & Kaup, 2008).

2.11

Weight loss

Sainsbury et al (1992) linked weight loss in marmosets to enteritis, colitis, alimentary
neoplasia, interstitial nephritis and metabolic bone disease. Group composition changes and
stress are related to weight loss (Wormell et al, 1996). Kaplan and Shelmidine (2010) studied
57 callitrichids over 2.5 years in the Bronx Zoo; 20 marmosets, 26 tamarins and 11 lion
tamarins. Only adult non-pregnant weights were included. Weights were measured from
January to December, at the same time each day, using operant conditioning techniques.
Events were categorised as medical, social or housing; social included births, deaths,
integration and removal. A 10% weight loss was seen in marmosets for all events. Tamarins
as a group lost weight when moved between buildings, but not when moved from exhibit to
exhibit within the same building. The climatic differences of an outdoor exhibit did not
appear to influence the results. Marmosets were more sensitive to event-triggered weight
loss than tamarins and lion tamarins (Kaplan & Shelmidine, 2010).
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3

METHODS

3.1

Methods overview

This was a retrospective, case notes study. All animals in the study are referred to as
specimens. Post mortem, taxon and clinical records for 194 specimens (all pied tamarins in
the DWCT collection from 1990-2014) were provided electronically by DWCT. Reports were
downloaded from the International Species Information System / Zoological Information
Management System (ISIS/ZIMS) database by Dr Alberto Barbon, veterinarian, DWCT.
Samples of the three types of report are attached (Appendices V, V1 and V111), with a coded
version of the clinical record to demonstrate the extensive reduction process. The initial plan
was to include data from the UK pet trade, but a preliminary request for information was
unsuccessful (Appendix 1X).

3.1.1 Taxon and post mortem reports
Key clinical information was extracted from the taxon and post mortem reports in full text
and entered into an Excel spreadsheet, for each specimen. The taxon report provided basic
demographic information, including transfer dates between institutions and dam / sire
details.

3.1.2 Clinical records evaluation
Due to variable recording styles and spelling conventions used by different practitioners, the
'find and replace' function in Microsoft Word was supplemented by visual inspection. The
main clinical issues were coded and the full text reduced to a series of codes for analysis.

A numeric code was given to all clinical, procedural and enclosure recordings (Appendix V11).
Enclosure recording was stopped, once it became evident that the original data was
incomplete. Letter codes were given on one occasion when the coding list was not
accessible, to ensure the codes used were not repetitions. Coding included procedures such
as anaesthesia and stool sample collection. The postmortem (including histopathology)
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reports were coded using the same list. Where the code had already been included from the
clinical records, it was not duplicated.

The coding system evolved as the 8 clinical file documents were reviewed, hence the
idiosyncratic ordering. For example, clinical issues may appear in clinical file 2, which had not
initially been obvious in clinical file 1. A second check was made to ensure these issues had
not been missed in earlier records. The aim was to capture all salient features, not just those
noted in the WMS literature, so that these could be built into the analysis.

3.1.3 Repeat entries
The clinical records had repeat entries for most specimens. These entries were for the same
date in two different places in the record; one a truncated report and one a full report. In
order to ensure that all information was captured, repeat entries were compared and
repetitions removed to leave one entry per date.

3.1.4 Presence / absence
Recording included presence and absence. Therefore, although it was possible to use the
‘find and replace’ function in Microsoft Word, the majority of the work was done by visual
inspection to ensure that a feature, such as ‘no weight loss,’ was not coded as ‘weight loss.’

3.1.5 Multiple checks
Clinical records were re-visited to check all the required words had been coded. The reports
contained a total of 1,082,117 words, condensed after multiple checks, to 295,528 words
(Table 3.1).
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Table 3.1

Page and word count before and after coding clinical files

Clinical file

1

2

3

4

5

6

7

8

Totals

Pages at start

712

733

2042

2281

1661

2486

1528

949

12392

Pages at finish

44

45

127

150

100

214

126

72

878

% page reduction

93.82

93.86

93.78

93.42

93.98

91.39

91.75

92.41

92.92

Word count start

61555

60946

170569

189802

139758

228485

141159

89843

1082117

Word count finish

12076

14289

43646

49412

32768

75240

43550

24547

295528

% word reduction

80.38

76.56

74.41

73.97

76.55

67.07

69.15

72.68

72.69

number

3.1.6 Defining onset of wasting
All those defined as ‘wasters’ (wasting, waster, WMS, MWS) in the clinical notes were
identified and the date of first mention recorded. The post mortem and histopathology
records were also examined for mention of wasting.

3.1.7 Clinical issues
All repeating clinical issues were given a code to enable analysis of the differences in
presentation between wasters and non-wasters. The onset date of the three most commonly
occurring clinical issues in wasters was added, to look at first onset of symptoms to first
mention of wasting.
Additional neonatal death information was added from Wormell et al’s 1996 paper on pied
tamarin management, behaviour and reproduction. For collection proformas for clinical
issues and histopathology see Appendix 111; post mortem recording and coding followed the
same format. All bacteria isolated were coded as ‘infection’. Where the bacterium was
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clearly defined as ‘non-pathogenic’ it was not included. Medication was divided into
‘medicine’ e.g. febendazole, ‘fluids’ e.g. Hartmann’s and ‘supplements’ e.g. vitamins. The
number of ‘medicines’ prescribed is a marker of illness frequency. The number of mentions
for each issue was recorded, with a view to demonstrating the intensity of the issue. All
efforts were made to identify discrete episodes, whilst representing duration with multiple
counts.

3.1.8 Length of time in DWCT collection
Clinical records, excluding weights, were only available for specimens during their time in the
DWCT collection. In order to link number of clinical entries to the time period over which
they occurred, length of time in the DWCT collection (LOTIC) was calculated; five episodes of
diarrhoea in one month is very different to five episodes over five years. If the specimen was
still alive in the Jersey collection, the date of the last clinical entry or print date of the report
(if no recent clinical entry) was used as the ‘removal date’.

3.1.9 Clinical issues analysis
The difference in prevalence of WMS between genders was examined using a chi-square
test. To discover whether recorded clinical issues were greater in wasters or non-wasters a
Mann-Whitney U test was chosen, after data was tested for normality in R and found to be
non-parametric (Anderson-Darling test for normality, p<0.05). Analysis of variance (ANOVA)
was used to look at the age at death in wasters and non wasters, by gender.

3.1.10 Weights
Weights, including records post-export from DWCT, were extracted from the clinical records
for all specimens, to look at variation in weight with season of year, gender, and wasting
status. A specimen may be born into the collection, or imported in after birth; it may be
exported from the collection or die in the collection. Although clinical information was only
available for the time in the DWCT collection, weight data was available after export. All
weights were included in the analysis, as they were not being analysed against all clinical
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events, but against gender, season and wasting. However, if wasting occurred after leaving
the DWCT collection, this would not have been on record. Data for 175 recorded pregnancies
in 28 specimens was removed from the weights data, the assumption being that pregnancy
would cause weight increase. In agreement with DWCT and further to urinary hormonal
profiling by Heisterman et al (1987), a gestation period of 160 days was used. The delivery
date was available; the gestation start date was calculated by using ‘delivery date – 160’ in
Excel.

For the Excel weights dataset for the first four data points for specimen 'Trotsky', see
Appendix 1V. Each specimen had a unique local identification number (LOCAL_ID). The age in
days of the specimen was calculated for each weight and then subdivided into four separate
age groups, following the convention used in cotton-top tamarins: neonate (<1 week of age),
infant (1 week to 6 months of age), juvenile (6 months to 1 year of age), and adult (>1 year)
(Leong, Terrell & Savage, 2004).

3.1.11 Weights analysis
Due to the multiple repeat weight measures for individuals, a mixed-effects model was
chosen to analyse the weights data. With multiple measurements for the same individual,
the statistical assumption of independent measures is contravened. Weight was the
response variable. The individual specimen and ‘days from start’ were treated as random
effects and season of weight and age at weight as fixed effects. The unique individual
identification number (LOCAL_ID) is included as a random effect in order to control for
multiple observations on the same individual. ‘Days from start’ is nested as a baseline using
the date of the earliest specimen weight, with all other weights relating to that point. The
weights data was examined for gender and season of year effects in both wasters and nonwasters. The analyses were undertaken using R, free source software (R Core Team, 2013).
The formula for the linear mixed effects model used was: WEIGHT ~ SEASON_OF_DATE +
GENDER + AGE_GROUP + WASTER + SEASON_OF_DATE:WASTER + GENDER:AGE_GROUP + (1
| LOCAL_ID) + (1 | DaysFromStart)
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Ten specimens with the maximum number of weight measurements in waster and nonwaster groups were identified and age matched. A paired t-test was used (Anderson-Darling
test for normality, p=0.2054); although these were independent samples they were agematched so were effectively dependent samples. Three specimens were chosen from this
group as case studies to visually represent wasters, non-wasters and export in a non-waster.

3.1.12 Familial relationships
Information for 175 specimens, with dates of birth and dam/sire information, was extracted
from the taxon report. The information was arranged into 29 sibships, with same dam / sire
pairs. Only sibships with known parents were included. The data is shown in sections below
for the first two sets of parents (Table 3.2)

Table 3.2
1
2
3
4
5
6
7
8
9
10
11

Parenting data for the first two dam/sire pairs: Section 1 of 3

LOCAL_ID
M1654
M1655
M1733
M1734
M1827
M1828
M1748
M1749
M1750
M1850
M1851

Dam
M1595
M1595
M1595
M1595
M1595
M1595
M1603
M1603
M1603
M1603
M1603

Sire
M1594
M1594
M1594
M1594
M1594
M1594
M1602
M1602
M1602
M1602
M1602

Dam_Waster
1
1
1
1
1
1
1
1
1
1
1
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Sire_Waster
1
1
1
1
1
1
1
1
1
1
1

Offspring_Waster
0
0
0
0
0
0
0
0
0
0
0

Offspring_Alive
0
0
0
0
0
0
0
0
0
0
0

Section 2 of 3
Died_firstweek Infanticide Jersey Exported
1
1
1
1
0
2
1
1
1
0
3
1
1
1
0
4
1
1
1
0
5
1
0
1
0
6
1
0
1
0
7
1
0
1
0
8
1
0
1
0
9
1
0
1
0
10
1
0
1
0
11
0
0
1
0
LOTIC_CORRECTED – length of time in DWCT collection

LOTIC
0
0
0
0
0
0
0
0
1
1
210

DOB
20/02/1991
20/02/1991
04/09/1991
04/09/1991
04/06/1992
04/06/1992
12/10/1991
12/10/1991
12/10/1991
03/08/1992
03/08/1992

DATE_IN
20/02/1991
20/02/1991
04/09/1991
04/09/1991
04/06/1992
04/06/1992
12/10/1991
12/10/1991
12/10/1991
03/08/1992
03/08/1992

Section 3 of 3
DATE_INMINUSDOB BORN_IN_COLLECTION
DATELASTINCOLLECTION LASTAGE
1
0
Y
20/02/1991
0
2
0
Y
20/02/1991
0
3
0
Y
04/09/1991
0
4
0
Y
04/09/1991
0
5
0
Y
04/06/1992
0
6
0
Y
04/06/1992
0
7
0
Y
12/10/1991
0
8
0
Y
12/10/1991
0
9
0
Y
13/10/1991
1
10
0
Y
04/08/1992
1
11
0
Y
01/03/1993
210
DATE_INMINUSDOB – days between date of birth and entry into DWCT collection
DATELASTINCOLLECTION – date exported or date last reported on if still in collection

3.1.13 Familial relationship analysis
Estimation of h2 (heritability) uses relatedness and phenotype data. Relatedness is
calculated from pedigree, but can be calculated from genetic markers, or both. Analysis uses
a general mixed effect linear model, which gives the variance (including additive variance,
Va) estimates; Va/Vp (where Vp is the total phenotypic variance) gives the h2 of a trait.
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Unfortunately, second opinion expert advice in the latter stages of the project was that
heritability analysis requires a much larger dataset than the 194 specimens in this project
and that statistical analysis was not valid (Wang, 2014).
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4

RESULTS

4.1

Overview

The taxon, post mortem and clinical records data was collated for 194 specimens. Of 194
specimens, 63 died within seven days of birth. Forty eight (24.74%) were exported; of these
17 are still alive. One hundred and forty six (75.26%) stayed at Durrell; of these 33 are still
alive. One exported specimen has been lost to follow up on the ISIS system, so its current
status could not be recorded. The gender and current status details are documented in Table
4.1.
Table 4.1 Gender and status (April - June 2014) of all specimens
Specimens Male Female Gender NK Waster Died ≤ 7 days old ND
194

85

74

35

38

63

50

E
48

Status
D-NE ND-NE D-E ND-E
Specimens 113
33
30
17
D – deceased, E – exported, ND – not deceased, NE – not exported, NK – not known

Of the 35 specimens with unknown gender, 34 had died within the first week of birth.
Twenty five of 63 deaths in the first 7 days post partum were due to infanticide.
4.1.1 Gender and wasting
The chi-square test found no significant difference between the observed gender split of
wasters and the expected split of 50/50. I therefore found no evidence that wasters were
more likely to be male or female (Χ2 = 0.2229, df = 1, p-value = 0.6368).

4.2

Clinical codes

A coding system was created from the clinical, post mortem and histopathology records.
Enteritis was merged with colitis and weakness was merged with lethargy due to their
similarities and potential for terms being used interchangeably by different clinicians. The
clinical issues identified were used in the analysis of clinical issues in Table 4.2.
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Of 194 specimens, 38 were described as having wasting on ante and post mortem findings;
twenty females and eighteen males. The terms used were ‘wasting’, ‘waster’ and ‘marmoset
wasting syndrome’, with 917 mentions in total. Six of 38 specimens had been exported and
33 of the 38 are now deceased. In the last 55 of 194 specimens born from 2005 onwards and
raised at DWCT for all or part of their lives, only one has been categorized with WMS to date.
A Mann-Whitney U test was used to compare each clinical issue in wasters (n=38) and nonwasters (n=93), correcting for length of time in the collection and excluding all deaths ≤ 7
days of age. All clinical issue counts, except for those highlighted, were found to be
significantly higher in wasters (Table 4.2).
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Table 4.2

Clinical issues: wasters (W) versus non-wasters (NW)
W ave.
NW ave.
W-value
CLINICAL ISSUES
mentions
mentions
Test statistic
Infection
17.08
7.25
2288.5
Diarrhoea
15.24
1.55
2949
Weight Loss
14.79
2.61
2429
Dental
2.87
0.34
2242.5
Weakness.Lethargy
2.87
0.32
2362
Depression
2.32
0.65
2207
Alopecia
1.74
0.16
2487.5
Dermatology
1.61
0.39
2487.5
(other)
Enteritis.colitis
1.45
0.35
2534
Anisocytosis
1.29
0.49
2151
Trauma
1.21
2.06
1598
Heat seeking
1
0.2
2338.5
Anaemia
0.74
0.02
2278
Aggression
0.66
0.22
1880
Long anaesthetic
0.66
0.14
2341
recovery
Hepatic capillariasis
0.42
0.06
2385
Perineal scouring
0.42
0.03
2237.5
Hepatitis
0.39
0.06
2288.5
Drowsy
0.24
0.29
1806
INTERVENTIONS
Weights taken
106.08
53.46
1800
Stool samples
27.45
13
2203
Medications
27.16
10.55
2278
Anaesthetics
5.39
2.23
2286
Euthanasia
0.39
0.09
2166
Non-significant results
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p-value
0.008199
3.249e-10
0.0003124
0.001063
0.0001682
0.0009521
2.389e-07
0.01449
1.861e-06
0.03169
0.3095
8.327e-05
1.377e-06
0.3717
1.62e-05
1.509e-06
4.331e-06
2.418e-05
0.638
0.8691
0.02714
0.009526
0.008225
9.787e-05

4.2.1 Start of ill health to wasting documentation
The three most common clinical issues in wasters were infection, diarrhoea and weight loss.
There was often a delay between the onset of the three clinical issues and the description of
wasting in the notes; weights may be recorded, but weight loss not documented in the
clinical record text. This can be seen in Figures 4.1-4.3 which indicate the delay in each
specimen examined and the average time delay (‘mean time delay’) to mention of wasting.
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4.2.2 Age at death in non-wasters and wasters
All 68 adult deaths in male and female wasters (30) and non-wasters (38) were compared
using ANOVA (Table 4.3).
Table 4.3

ANOVA results for gender, wasting and age at death
GENDER_F
WASTER
Sum of Squares
0.5241
125.5396
df
1
1
Pr>F
0.8802
0.0223*

RESIDUALS
1488.1623
65

Significance code ‘*’ 0.05

There is no significant relationship between gender and age at death, but being a waster is
significantly associated with age at death. The direction of this relationship is shown in Figure
4.4.

Figure 4.4 Age at death (years) in non-wasters and wasters

This was not the expected direction of association, leading to exploration of the post mortem
data for all 68 individuals (Tables 4.4-4.5). There was no post mortem data for 26 of 38 nonwasters and 5 of 30 wasters. Early death is not exclusive to wasters; being a recognised
waster may lead to more attentive healthcare and longevity.
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Table 4.4
Unique ID
M2718
M2070
M3015
M3114
M2347
M2590
M3132
M2680
M2881
M2642
M2040
M2454

Cause of death at post mortem in non-wasters
Cause of death
Died outside, hypothermia, social competition, chronic lymphocytic enterocolitis ? toxic plant/chemicals
Spleen, Yersinia pseudotuberculosis
Fight leading to head injury
Enteritis, dermatitis, pericholangitis
Died outside, hypothermia
Died outside, hypothermia
Enteritis, weight loss, sudden death ? enterotoxaemia
Euthanasia, endocarditis
Toxoplasma gondii
Colitis, acute peritonitis, Klebsiella sp.
Acute parasitic hepatitis
Euthanasia, hyperparathyroidism, painful renal calculi
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Age died (years)
1.28
1.29
1.95
2.44
2.65
2.90
3.16
4.20
4.60
4.73
5.21
12.35

Table 4.5
Unique ID
M2560
M2421
M2836
M2456
M2724
M3035
M2796
M2462
M2684
M1595
M2920
M1602
M2626
M2409
M2352
M2517
M2516
M2350
M1594
M1603
M1720
M2354
M1923
M2349
M2353

Cause of death at post mortem in wasters
Cause of death
Hepatic capillariasis, terminal renal failure, WMS
Euthanasia, perforated ileum and peritonitis
Hypothermia, body as a whole, cold exposure
Hypothermia, free-ranging and in good condition
Euthanasia, WMS, large intestine perforation
Hypothermia, body as a whole, environmental conditions
Colitis, intestine (colon),bacterial, presumptive
WMS, body as a whole, unidentified aetiology
Unknown ? shock from colic
Septicaemia
Generalised infection, presumptive, unidentified aetiology
Euthanasia, genital area swollen, tissue infiltration by urine, trauma to testes
Generalised infection, body as a whole, Toxoplasma gondii
Septicaemia, body as a whole
Body as a whole, generalised infection, presumptive
Myocarditis, heart, unidentified aetiology
Euthanasia. Body as a whole, WMS, unidentified aetiology
Malnutrition, starvation, cachexia, WMS
Euthanasia, WMS
WMS. Unidentified aetiology, euthanasia
Hepatitis, WMS, hepatic capillariasis
Euthanasia, WMS, thorns / nematodes not causing it
WMS, mild intestinal inflammation, hepatic capillariasis
Body as a whole, WMS, unidentified aetiology
Euthanasia-malnutrition, starvation, cachexia, body as a whole, chronic active
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Age died (years)
1.17
1.65
3.13
3.53
3.93
3.95
4.07
4.68
5.10
5.70
7.26
8.72
8.94
8.97
10.29
10.34
10.53
13.39
15
15.36
15.37
16.06
18.47
20.45
22.06

4.3

Post mortem and histopathology results

Excluding the cells for 47 specimens that had been exported and 33 specimens still alive at
DWCT, 40.62% of 1130 and 44.74% of 1017 cells were blank in the post mortem and
histopathology Excel reports respectively, indicating no recorded information. Blanks were
predominantly linked to non-wasters. Key features for wasters and non-wasters are detailed
below.
4.3.1 Key features in post mortem reports
Adrenals - reduced or enlarged in size, cholecystitis, colonic intramural abscesses, hepatic
capillariasis with normal liver function, hypercalcaemia, hyperparathyroidism, hyposplenism,
kidneys - enlarged, liver fibrosis, mesenteric lymph nodes - enlarged, pancreatitis, peritonitis,
renal calculi, splenomegaly, typhlitis and white streaks, nodules, lesions in various organs.
4.3.2 Key features in histopathology reports
Adrenalitis, anisocytosis, anisokaryosis, blunted villi, bronchiolitis, enterocolitis, gastritis,
haemosiderin-laden macrophages, hepatitis, inflammatory cells in lamina propria, large
intestine abscesses, lymphoid hyperplasia, myocarditis, parasitic eggs, pericholangitis,
proprial lymphoplasmacytic cells, protozoal tachyzoites, renal tubular dilatation and necrosis,
splenitis.
4.3.3 Bacteria – ante and post mortem (nomenclature as per DWCT records)
A. hydrophila, A. naeslundii, C. albicans, C. jejuni, C. perfringens, E. asburiae, E. avium, E.
cloacae, E. coli, E. faecalis, H. alvei, H. fennelliae, Klebsiella pneum., Lactobacillus,
Micrococcus sp., Moraxella Sp., M. morganii, Pseudomonas sp, P. putida, P. vulgaris, R.
terrigena, Salmonella, S. equinus, Shigella, S. lentus, T gondii, Toxascaris sp., Y. pseudo TB.
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4.4

Weights

The earliest weights were recorded in 1990 and the latest in 2014. The number of weights
recorded per specimen ranged from 0 to 407. For 48 of 194 specimens there was no
recorded weight, leaving 8803 weight entries for 146 specimens. Thirty five specimens had
no recorded gender; 34 of these were included in the specimens with no weights. Thirty
eight of 194 specimens had documented wasting. To assess weight difference across the
year, data points were divided by season (Table 4.6).

There were 3953 entries for females, 4849 for males and 1 with gender unknown, which was
removed for the analysis. All dates of birth for 175 specimens born into the collection were
collated; they were born to 28 different mothers. The 426 maternal weights taken during the
gestation period were excluded from the analysis. Weights were divided by age group (Table
4.7). Table 4.8 shows the number of weight values per year.
Table 4.6
Weight values by season
SEASON
SEASON MONTHS
1

Mar, Apr, May – spring

1975

2

Jun, Jul, Aug – summer

1976

3

Sept, Oct, Nov – autumn

2376

4

Dec, Jan, Feb – winter

2049

Total weight entries

Table 4.7
NEONATE
51

NO. OF WEIGHT VALUES

8376

Weight values by age group
INFANT JUVENILE ADULT
253

417

7655

TOTAL
8376
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Table 4.8

Weight values by year
YEAR

NO. OF WEIGHT VALUES

1990

3

1991

25

1992

18

1993

21

1994

14

1995

22

1996

55

1997

15

1998

19

1999

49

2000

71

2001

141

2002

286

2003

199

2004

144

2005

253

2006

766

2007

785

2008

875

2009

823

2010

878

2011

1025

2012

984

2013

900

2014

5

TOTAL

8376

The importance of plotting large data sets was exemplified by the first plot undertaken in R
(Figure 4.5), where the circled outlier was detected. Exploration of the weights data in Excel
uncovered 4 further weight errors. Visual exploration of 8376 data points may have failed to
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capture these errors. The errors were traced back to the clinical records, where percentage
change is also an excellent indicator of an outlier.

Figure 4.5 Initial test in R of weights showing outlier
The initial analysis for weight variation by gender, wasting and season looked at 7655 nonpregnant adult weights in 117 specimens. The box plots are presented (Figures 4.6-4.8). The
trends seen in the box plots for adult weights suggested that females may be heavier than
males, wasters weigh less than non-wasters and that there is no seasonal difference in
wasters and non-wasters combined.

Figure 4.6 Adult weights (7655) from 117 of 194 specimens by gender
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Figure 4.7 Adult weights (7655) from 117 of 194 specimens by wasting status

Figure 4.8 Adult weights (7655) from 117 of 194 specimens by season
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All age-group weights (n=8376) were then analysed using a linear mixed effects model to
identify the drivers of weight change. The results of the linear mixed effects model used are
shown below (Table 4.9; Table 4.10).
Table 4.9

Random effects in weights data linear mixed effects model
Name
Variance
Std. Dev.
No. observations
Days from start
Intercept
0.0005038
0.02245
2309
LOCAL_ID
Intercept
0.0034901
0.05908
145
Residual
0.0019610
0.04428

Table 4.10

Fixed effects in weights data linear mixed effects model

Estimate
Std. Error
Intercept
4.959e-01 8.053e-03
SEASON_OF_DATE2
-8.819e-05 2.600e-03
SEASON_OF_DATE3
8.519e-03 2.479e-03
SEASON_OF_DATE4
5.487e-03 2.585e-03
GENDER1
1.366e-02 1.057e-02
AGE_GROUPInfant
-3.253e-01 4.343e-03
AGE_GROUPJuvenile
-1.266e-01 3.626e-03
AGE_GROUPNeonate
-4.615e-01 1.099e-02
WASTER1
-5.611e-02 1.202e-02
SEASON_OF_DATE2:WASTER1
-7.405e-03 3.170e-03
SEASON_OF_DATE3:WASTER1
-1.189e-02 3.015e-03
SEASON_OF_DATE4:WASTER1
-9.251e-03 3.116e-03
GENDER1:AGE_GROUPInfant
-2.783e-02 6.845e-03
GENDER1:AGE_GROUPJuvenile -2.186e-04 5.153e-03
GENDER1:AGE_GROUPNeonate -1.304e-02 1.614e-02
Significance codes: ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05

df
1.610e+02
1.923e+03
1.952e+03
1.845e+03
1.420e+02
7.818e+03
8.324e+03
4.980e+03
1.390e+02
8.137e+03
8.094e+03
7.988e+03
7.082e+03
8.201e+03
4.053e+03

t value
61.578
-0.034
3.437
2.123
1.293
-34.911
-74.896
-41.974
-4.669
-2.336
-3.944
-2.969
-4.067
-0.042
-0.808

Pr(>|t|)
< 2e-16
0.9729
0.0006 ***
0.0339 *
0.1982
< 2e-16 ***
< 2e-16 ***
< 2e-16 ***
7.04e-06 ***
0.0195 *
8.09e-05 ***
0.0030 **
4.82e-05 ***
0.9662
0.4192

Weight values are significantly lower across the seasons in wasters. Non-wasters are
significantly heavier in autumn and winter than in spring, but wasters are not (Figure 4.9).
Wasters are lighter in summer than they are in spring.
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Figure 4.9

Mean weights in non-wasters and wasters by season (adult males)

When weights are compared by age group and gender the difference in weights between
adult males and females is not significant, although the higher weight for adult females in
Figure 4.6 is supported. The relationship is reversed in the infant age group where infant
females are significantly lighter than infant males (Figure 4.10).
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Figure 4.10

Mean weights in non-wasters and wasters by age group

4.4.1 Age-matched weights in 20 specimens
To look at age-matched weights, ten wasters and ten non-wasters with the most weight
measures were compared using a paired t-test after testing for normality. They were
analysed and plotted using R (Figure 4.11). There were 1768 weights in wasters and 2571
weights in non-wasters age matched from 1-17 years of age. Specimens with wasting have
significantly lower weights compared to non-wasters at the same age (t=-11.1137, df=16, pvalue=6.201e-09).
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Age-matched weights in non-wasters (NW) and wasters(W)

0.55

Weight (Kg)

0.50
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W
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0.35

5

10

15
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Figure 4.11 Age-matched average weights in 10 non-wasters and 10 wasters

4.4.2 Three case studies of weight over time
Three case studies were chosen based on the large number of weight recordings these
individuals had compared to other specimens in the data set, and to represent wasters, nonwasters and the effect of export. Arrows indicate age group status and first documentation
in the records of clinical issues. Due to the variable number of weight recordings for all 194
specimens it was not possible to estimate the weight loss associated with different clinical
presentations.
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Case study 1 (Figure 4.12)
William, M2190, not exported, non-waster with 235 recorded weights from birth to 2014.
Hand-reared after twin sister killed by mother; William’s injuries were incompatible with
fostering with a pied tamarin female (Wormell et al, 1996). History of Salmonella and
probable vitamin D3 deficiency.

Non-waster: birth to adulthood
0.6

Adult
0.5

0.3

Juvenile

0.2

0.1

Infant
Neonate

Date of weight

Figure 4.12

Weight profile for non-waster M2190, not exported
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Case study 2 (Figure 4.13)
Sid, M2453, not exported, waster with the most weight measurements (407). Only one nonadult (juvenile) weight; value excluded from the plot. First infection (camplylobacter) isolated
3/12/1998. Diarrhoea and wasting first documented 2/9/2004; weight down 19% from
previous adult weight of 24/8/2004. Weight loss not documented in the clinical notes until
11/9/2006; recorded as a ‘previous waster that had recovered’. Although documented as
weight loss, the recorded weight on 11/9/2006 showed a 1% increase from the previous
weight on 8/9/2006.

Waster adult: not exported
0.6
Weight loss

Wasting
Diarrhoea

0.5

0.3

0.2

0.1

Date of weight

Figure 4.13

Weight profile for waster M2453, not exported
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Case study 3 (Figure 4.14)
Matilda, M1721, exported, non-waster. All weights (129) recorded as an adult. Sparse clinical
notes, non-waster, but loss of weight after export suggests possible WMS

Non-waster adult: before and after export
0.8
Infection,
Diarrhoea
'Poor condition'

0.7

Exported

0.6

0.4

0.3

0.2

0.1

Date of weight

Figure 4.14

Weight profile for non-waster M1721, exported
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Figure 4.15

Pied tamarin family group

One hundred and seventy five births were recorded with their parental details; 173 of 175
were born into the collection (Table 4.11). Two born outside the collection joined DWCT at
21 days old. The 29 sibships ranged from two to twenty three individuals (Table 4.12).

Table 4.11

Birth parents, wasting status and wasting in offspring
Births
D-S pairs
NP- W
D- W
S- W
175

29

PP- W

Total

17

50

16

92

W-O

1

4

1

21

27

NW-O

16

15

46

71

148

D-S – dam-sire, NP-W – parents non-wasters, D-W – dam waster, S-W – sire waster
PP-W – both parents waster, W-O – waster offspring, NW-O – non-waster offspring
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Table 4.12

Dam sibship details for inheritance analysis

Sibship #

Sibship size

Singleton

Twins

Triplets

1

6

0

3

0

2

5

0

1

1

3

12

7

1

1

4

4

0

2

0

5

2

2

0

0

6

7

1

3

0

7

12

2

5

0

8

3

1

1

0

9

2

0

1

0

10

23

4

8

1

11

10

0

5

0

12

12

2

2

2

13

12

0

6

0

14

2

0

1

0

15

9

3

3

0

16

6

1

1

1

17

6

0

3

0

18

2

0

1

0

19

2

0

1

0

20

2

0

1

0

21

9

1

4

0

22

9

1

4

0

23

2

0

1

0

24

2

0

1

0

25

3

0

0

1

26

3

1

1

0

27

2

0

1

0

28

4

0

2

0

29

2

0

1

0
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Unfortunately the sample size, even including all 194 specimens, was insufficient to use
statistical techniques to determine heritability.

4.5.1 Death in the first week after birth
Of those dying in the first week with records of both parents, 22 died as a result of
infanticide, 5 were stillborn, 3 were premature and 30 had no documented cause of death.
The hypotheses that first week death and particularly infanticide may be related to parents
with wasting were not analysed statistically due to the low numbers. A basic percentage
calculation was made relative to the total parental wasting status information (Table 4.13).
Table 4.13

Parental wasting status for those dying in the first week

Infanticide (%)

Stillborn (%)

Premature (%)

Other (%)

Parents – all (%)

NPW

1(4.55)

1(20)

1(33.33)

0(0)

17(9.71)

OPW

16(72.73)

3(60)

0(0)

11(36.67)

66(37.71)

TPW

5(22.73)

1(20)

2(66.67)

19(63.33)

92(52.57)

Total

22

5

3

30

175

NPW – no parent a waster

OPW – one parent a waster

52

TWP – two parents are wasters

5

DISCUSSION

5.1

Summary of key findings

This was a preliminary study to look at taxon, post mortem and clinical reports alongside the
literature, leading to the first formal definition of the pied tamarin wasting syndrome
(PTWS). The literature relating to health issues in callitrichids is predominantly based on
laboratory and captive populations, with limited specific references to pied tamarin health
issues. The published scientific evidence is heavily skewed to pre-2000, and there has never
been a detailed published statistical analysis of WMS in callitrichids. There are small scale
studies in the 1970s and 1980s with excellent, detailed descriptions of WMS. The majority of
published pied tamarin papers are from DWCT.

There is no single aetiological factor in WMS or PTWS, but a series of possible triggers have
been identified. These proposed triggers have remained constant since the initial WMS
research papers in the 1970s and 1980s. Inheritance of WMS has not been evidenced;
findings are limited by low numbers, lack of information on exported specimens and
specimens in a collection that are yet to develop WMS. There is no gender specificity in those
developing wasting. Weight loss is intrinsically linked with wasting, but setting a figure for
percentage weight loss required to meet criteria for WMS requires a standardised
measurement protocol. Waiting until an animal has lost 20% of its body weight may make
treatment less effective, due to the extent of illness by the time treatment is instigated. Early
identification of a trend of weight loss enables closer monitoring and identification of
triggers to weight loss, with prompt treatment.

5.2

Is there a defined wasting syndrome?

There is a clear common wasting presentation seen in all species of callitrichids. Wasting
predominantly presents in pied tamarins at DWCT, warranting separate recognition
(Wormell, 2013). The aim is to alert practitioners to vulnerability to wasting in pied tamarins
relative to other callitrichids. Both the literature and this study identify a cluster of clinical
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issues that produce a familiar phenotypic presentation of wasting. A 2-page PTWS
description has been designed from the information collated in this project, with the
definition below. It forms a quick reference guide with mnemonics to aid differential
diagnosis of potential triggers to WMS (Appendix 1). In human medicine the ‘surgical sieve’ is
a mnemonic used by all levels of clinician as a diagnostic aide memoire.

PTWS definition: a chronic, relapsing condition presenting with failure to thrive, infections,
diarrhoea, weight loss, dental problems, weakness, lethargy, depression, alopecia and other
dermatological issues, enteritis and colitis, anisocytosis, heat seeking, anaemia, excessive
hunger with weight loss, prolonged anaesthetic recovery, hepatic capillariasis, perineal
scouring and hepatitis. Infection, diarrhoea and weight loss are the most common
presentations in PTWS, in various combinations with the clinical issues above.

5.3

What are the protective factors for those who remain well?

The majority of pied tamarins do not develop wasting syndrome. Dietary modifications have
improved callitrichid health and survival since the 1970s. Additionally, an early response to
antagonism within enclosures, treating illness including prophylactic parasite management,
minimizing noise and noting specimens that appear ill in a timely manner appears to limit the
progress of wasting. The role of genes in the vulnerability to developing wasting syndrome,
secondary to a range of triggers, is a future research project.

5.4

Can we improve health outcomes for pied tamarins?

DWCT’s international work has demonstrated that sharing of basic good husbandry
techniques and support in achieving these can make a positive difference to pied tamarin
health and behaviour. Improvement to cage size and features is one such example; in theory
not difficult to achieve, but not always adequately considered. Breeding by wasters may not
lead to WMS in future offspring, but the stress of pregnancy and childcare may be
detrimental to an animal that is already compromised. Improved reliability of contraception
will be required to support these specimens.
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Early identification of infections, weight loss and diarrhoea enable close monitoring and
invasive treatment when required.
Each specimen should have an individualised care plan, identifying particular triggers to ill
health. Keeper knowledge of the individual specimen’s triggers should be documented in the
care plan so that other practitioners involved, such as visiting veterinarians, are aware. To
compare weights it would be best to weigh specimens at the same time of day, on a regular
basis e.g. monthly, but only where this can be done without causing additional stress to the
specimen. Ideally post mortem examination should be undertaken in all specimens, to
compare wasters and non-wasters, particularly in light of the all-cause mortality in nonwasters leading to potentially earlier age at death than wasters. All post mortem notes
should specify which organs were examined and document why not, if they were omitted.
5.5

Reliability and limitations of study methods

Manual coding of high word count clinical records carries a high risk of error. The data
studied did not have a universal format, although there were repeating patterns of data
entry. In some, but not all clinical reports, the data for the same issue was recorded slightly
differently in two parts of the document. Although this was compared before removing
duplicates, this was time consuming. It may have been more efficient to remove the lower
word count repeat entries without checking them, in order to focus on ensuring that all the
remaining data was fully coded. However, on occasion there was information recorded in the
repeat entry that was not recorded in the first entry. In addition, checking entries gave an
opportunity for missed items to be identified and coded. ‘Find and replace’ is an excellent
function to insert coding numbers for specific words, but does not identify 100% of entries.
Mistyped entries or spelling anomalies will not be picked up, without the use of the
‘wildcard’ and other Word matching functions. These are very useful, but again time
consuming. In using the ‘find and replace’ system to count numbers of coded entries, it is
essential that the ‘match prefix’ and ‘match suffix’ boxes are always ticked. Failure to do this
leads to false positive readings e.g. ‘CODE 6’ will be identified from ‘CODE 61’.
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Identifying key words took place as a developmental process given the volume of data. This
meant that items identified in later clinical records, as clinical information became much
more detailed, had not been coded in earlier records. This was rectified during multiple revisits to the clinical records to reduce the data down and remove repeat entries. The
reduction process became more efficient over time, due to user familiarity with the process,
the text layout and the coding numbers.

Using frequency of coded clinical information is a crude but useful measure and
acknowledges the complexity of clinical recording. Recording the information in a binary
format would fail to acknowledge the duration and frequency of interventions linked to ill
health. However, once a specific medical condition is diagnosed, it stays on the clinical
record until the episode ends. When other unrelated issues are recorded, they will have the
enduring medical condition(s) recorded on the same entry. For example, if a specimen is
checked three times in one week, the chronic condition will be picked up three times. All
efforts were made to delineate discrete episodes.

The study data defines those specimens that have left the collection. There is only weight
data, not clinical data, on record for these specimens from the date of export. Not all
specimens in the collection will have a post mortem (including histopathology) and for those
that do the depth of detail varies between post mortem and between pathologists. Absence
of pathology cannot be assumed when an organ or tissue was not examined or it is unclear
whether it was examined.

Clinical records became increasingly detailed from the arrival of pied tamarins at DWCT to
the present, with significantly more detailed documentation appearing at the start of this
century. As with any clinical condition, greater knowledge draws more attention to the
recognition of such features, leading to better documentation. Absence of information may
not reflect absence of pathology, but lack of documentation.
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The recording of health issues is only as good as the observer, the skills of the keeper in
alerting veterinary staff to concerns and the presentation of the specimen. As with human
clinical records, the input varies for a range of reasons from available time to knowledge and
recognition skills of the practitioner and the interest of an institution. The benefit of
undertaking research in a high quality institution, with an observable high level of
governance and concern for animal welfare, is that standards of husbandry, including record
keeping are high.

Onset of wasting is very difficult to determine. Is it better to report the onset based on
presentation of a specific clinical issue e.g. diarrhoea, or documentation of wasting itself? In
this study the first documentation of wasting was taken as the onset of wasting. However, in
some cases wasting was only mentioned at the time of death. Clinical issues should be used
as an alert to wasting and to enable monitoring, given the time lag to documentation of
wasting from first presentation of clinical issues.

In trying to define the PTWS, by highlighting what differentiates wasters from non-wasters,
it seemed inappropriate to choose a specific clinical issue as the date of onset. The
convention of using weight loss > 20% requires a defined baseline, ideally from birth. If all
specimens are weighed at the same time of day and frequency, the percentage difference
between weights can be used. Body mass index would be a more specific measurement to
use, but requires specimen length for each weight point. Laser measurement for primate
length was developed by Rothman et al, 2009, but there were outstanding safety issues to
address.

5.6

Recommendations for future action

Defining PTWS provides an early recognition template, highlighting individuals that will be
particularly prone to health issues triggered by stressors such as noise, proximity of
conspecifics, change of environment, pregnancy and youngsters in the group. Early
identification allows for early management and treatment and may potentially limit episodes
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of ill health. Identified stressors can be removed or reduced where possible. This template
can be used internationally, through dissemination of a simple 2-page outline guide
(Appendix 1).
To enable rapid feedback, a simple numeric coding system, similar to the one used in this
thesis, would enable information to be downloaded rapidly for each specimen. This would
rationalize different languages, spelling conventions and descriptions, in a simple system.
This would not be additional work, but part of the normal recording process with quick
reference to an A4 laminated card. Ideally the computer system would set an alert if there
were more than x number of episodes of y condition in z time, as agreed by the keepers,
Head of Mammals and veterinary department across institutions. An alert system may not be
required in an institution, such as DWCT, where staff know their animals well and have a
close working relationship with their veterinarians. However, even very experienced staff
benefit from reminders, particularly during a busy working week. In institutions with a larger
staff body, or faster staff turnover and less experience with callitrichids, such a system may
save lives. This is a system that can be used across species, to identify health issues promptly.
In my 25 years’ experience as a medical doctor, most untoward incidents share common
themes of poor documentation and communication within and between institutions.
A mobile App could be produced for on or off-line use, but a good App requires coding
expertise. Key issues such as diarrhoea or weight loss could be added by one touch for a
specimen and an alert received when the number of recorded problems has reached a preagreed level. The App could also be presented as a simple proforma, prepared in hard copy
and either collated in a book or uploaded to a computer, with a simple scoring system giving
the alert point. Onset of a range of PTWS clinical issues, including any of the following, would
set a heightened observation alert: infection, diarrhoea, weight loss, dental problems,
alopecia, weakness, lethargy and heat seeking. Stool description and weights could be added
as the basic monthly observations. Where possible any invasive procedures should be
avoided, in view of the stress caused and the potential for anthroponotic transmission to
immunocompromised specimens.
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Visitors should be made aware of the importance of gaze, noise, proximity and zoonotic and
anthroponotic risks, in a way that educates them more about the vulnerability of a species.
Sharing of information between institutions is essential and already takes place via DWCT.
The next stage of this project is to institute a system for consistent post-export clinical
feedback, to enable recognition of those specimens that develop WMS and other health
issues after leaving the DWCT collection. This will also provide an opportunity to introduce
the PTWS definition, so that the nomenclature used is universal. A simple system for
gathering information once a specimen has moved to another collection would enable a
longitudinal study of all specimens. A set proforma would also trigger observations of key
features, by acting as an aide memoire. In a busy setting, key features can be overlooked in
free text, but entered into a proforma. Wasting may be underestimated, with specimens
moved to other collections developing wasting after export. An annual summary report from
each institution, with a set format, would support a more detailed study and sharing of
expertise.
Improved recognition, documentation and information sharing will enable greater
understanding of why only some individuals exposed to the same environment develop
PTWS, leading to reduced morbidity and mortality.

59

REFERENCES
Anzenberger, G. & Falk, B. (2012) Monogamy and family life in callitrichid monkeys:
deviations, social dynamics and captive management Int. Zoo Yb., 46, 109–122.
Armstrong, D.M. & Santymire, R.M. (2013) Hormonal and Behavioral Variation in Pied
Tamarins Housed in Different Management Conditions. Zoo Biology, 32, 299–306.
Bairrão Ruivo, E. (2010) EAZA Husbandry guidelines for Callitrichidae. 2nd ed. Beauval Zoo:
EAZA.
Barnard, D., Knapka, J. & Renquist, D. (1988) The Apparent Reversal of a Wasting Syndrome
by Nutritional Intervention in Saguinus Mystax. Laboratory Animal Science, 38 (3), 282–
288.
Brack, M. & Rothe, H. (1981) Chronic Tubulointerstitial Nephritis and Wasting Disease in
Marmosets (Callithrix jacchus). Veterinary Pathology Online, 45–54.
Chalifoux, L.V., Bronson, R.T., Escajadillo, A. & McKenna, S. (1982) An Analysis of the
Association of Gastroenteric Lesions with Chronic Wasting Syndrome of Marmosets.
Veterinary Pathology, 19 (7), 141–162.
Chalmers, D.T., Murgatroyd, L.B. & Wadsworth, P.F. (1983) A survey of the pathology of
marmosets (Callithrix jacchus) derived from a marmoset breeding unit. Laboratory
Animals, 17 (4), 270–279.
Chapman, C.A., Gillespie, T.R. & Goldberg, T.L. (2005) Primates and the Ecology of their
Infectious Diseases: How will Anthropogenic Change Affect Host-Parasite Interactions?
Evolutionary Anthropology: Issues, News, and Reviews, 14 (4), 134–144.

60

Copeland, W.E., Wolke, D., Lereya, S.T., Shanahan, L., Worthman, C. & Costello, E.J. (2014)
Childhood bullying involvement predicts low-grade systemic inflammation into
adulthood. Proceedings of the National Academy of Sciences of the United States of
America, 111 (21), 7570–7575.
Crissey, S.D. & Pribyl, L.S. (1997) Utilizing wild foraging ecology information to provide
captive primates with an appropriate diet. The Proceedings of the Nutrition Society, 56
(3), 1083–1094.
Cronin, A. (2014) Written evidence on the UK Primate Pet Trade. Monkey World Ape Rescue
Centre.
DEFRA (2009) Code of Practice for the Welfare of Privately Kept Non-Human Primates. Defra.
Report number: PB13353.
Digby, L.J., Ferrari, S.F. & Saltzman, W. (2006) Callitrichines: The Role of Competition in
Cooperatively Breeding Species. In: Campbell, CJ., Fuentes, A. & MacKinnon, K.C. (eds.)
Primates in Perspective. USA, Oxford University Press, pp. 85–106.
Dunn, J.R. (2011) Compendium of Measures to Prevent Disease Associated with Animals in
Public Settings, 2011. Centre for disease control and prevention Morbidity and Mortality
weekly report, 60 (4), 1–28.
EAZA (2011) European Association of Zoos and Aquaria. [Online] Available from:
http://www.eaza.net/ACTIVITIES/CP/Pages/EEPs.aspx [Accessed 18th March 2014].
Fedigan, L.M. (1992) Primate paradigms Sex roles and Social Bonds. 2nd ed. Chicago,
University of Chicago Press.
Flurer, C.I. & Zucker, H. (1988) Coprophagy in marmosets due to insufficient protein (amino
acid) intake. Laboratory Animals, 22 (4), 330–331.

61

Foster, K., Feistner, A. & Wormell, D. (2001) Food intake and the nutrient composition of
Pied Tamarin diets at Jersey Zoo. In: Wehnelt, S. and Hudson, C. (eds.) Proceedings of
the Third Annual Symposium on Zoo Research, 9-10 July 2001, Chester Zoo. Chester, The
North of England Zoological Society. pp. 77–84.
French, J.A., & Fite, J.E. (2005) Marmosets & Tamarins (callitrichids) Enrichment for nonhuman primates. NIH Publication No. 05-5747. Department of Health and Human
Services.
Gore, M. A., Brandes, F., Kaup, F.J., Lenzner, R., Mothes, T. & Osman, A.A. (2001) Callitrichid
nutrition and food sensitivity. Journal of Medical Primatology, 30 (3), 179–184.
Gozalo, A.S., Cheng, L.I., St Claire, M.E., Ward, J.M. & Elkins, W.R. (2008) Pathology of captive
moustached tamarins (Saguinus mystax). Comparative medicine, 58 (2), 188–195.
Hansen, M.C., Potapov, P.V., Moore, R., Hancher, M., Turubanova, S.A., Tyukavina, A., Thau,
D., Stehman, S.V., Goetz, S.J., Loveland, T.R., Kommareddy, A., Egorov, A., Chini, L.,
Justice, C.O. & Townshend, J.R.G. (2013) High-Resolution Global Maps of 21st-Century
Forest Cover Change. Science, 342 (6160), 850-853.
Hatt, J-M. & Sainsbury, A.W. (1998) Unusual case of metabolic bone disease in a common
marmoset Callithrix jacchus. Veterinary Record, 143, 78–80.
Heistermann, M. & Hodges, K. (2009) Non-Invasive Assessment of Physiological Status: A 30Year Contribution to Primatology. 3rd Congress of the European Federation for
Primatology. Folia Primatologica, 80 (2), 106–174.
Heistermann, M., Pröve, E., Wolters, H.J. & Mika, G. (1987) Urinary oestrogen and
progesterone excretion before and during pregnancy in a pied bare-face tamarin
(Saguinus bicolor bicolor). Journal of reproduction and fertility, 80 (2), 635–640.

62

Herron, S., Price, E. & Wormell, D. (2001) Feeding gum arabic to new world monkeys: species
differences and palatability. Animal Welfare, 102, 49–256.
Holm, C.M., Priston, N.E.C., Price E.C. & Wormell, D. (2012) An Investigation into the
Environmental Factors Affecting Behavioural Stress in Captive Pied Tamarins, Saguinus
bicolor. Canopy: Journal of the MSc in Primate Conservation, 12(2), 14-15.
Honess, P.E. & Marin, C.M. (2006) Enrichment and aggression in primates. Neuroscience and
Biobehavioral Reviews, 30 (3), 413–436.
Hosey, G.R. (2005) How does the zoo environment affect the behaviour of captive primates?
Applied Animal Behaviour Science, 90 (2), 107–129.
Ialeggio, D.V.M. (1999) Wasting Marmoset Syndrome In: Sodaro, V. & Saunders, N. (eds.)
Callitrichid Husbandry Manual. Chicago, Neotropical Primate Taxon Advisory Group, p.
123.
Ialeggio, D.M., & Baker, A.J. (1995) Results of a preliminary survey into wasting marmoset
syndrome in callitrichid collections. In: Proceedings of the First Annual Conference of the
Nutrition Advisory Group of the American Zoo and Aquarium Association, pp. 148-158.
ICMBio (2011) Executive summary of national action plan for the conservation of the pied
tamarin. Brazil, The Chico Mendes Institute for Biodiversity Conservation.
Illgen-Wilcke B., Beglinger R., Pfister R. & Heider, K. (1992) Studies on the developmental
cycle of Trichospirura leptostoma (Nematoda: Thelaziidae). Experimental infection of
the intermediate hosts Blatella germanica and Supella longipalpa and the definitive
host Callithrix jacchus and development in the intermediate hosts. Parasitol Res., 78,
509-512.
Kaplan, E. & Shelmidine, N. (2010) Factors influencing weight changes in callitrichids at the
Bronx Zoo. Zoo Biology, 29 (5), 551–566.
63

King, G.J. (1976) An investigation into “wasting marmoset syndrome” at Jersey Zoo. Extract
from the Jersey Wildlife Preservation Trust Thirteenth Annual Report.
Leong, K.M., Terrell, S.P. & Savage, A. (2004) Causes of mortality in captive cotton-top
tamarins (Saguinus oedipus). Zoo Biology, 23 (2), 127–137.
Lewis, D.H., Stein, F.J., Sis, R.F. & McMurray, D.N. (1987) Fecal Microflora of Marmosets with
Marmoset Wasting Syndrome. Laboratory Animal Science, 37 (1), 103–105.
Lindner, L.E. & Wechter, S.R. (1987) Methods and Compositions for the detection of acquired
immune deficiency syndrome. United States Patent.
Logan, A.C. & Khan, K.N.M. (1996) Case Report: Clinical Pathologic Changes in Two
Marmosets with Wasting Syndrome. Toxicologic Pathology, 24 (6), 707–709.
Lopez, J., Wormell, D. & Rodriguez, A. (2001) Preliminary examination of the efficacy and
safety of a UVB lamp used to prevent metabolic bone disease in pied tamarins Saguinus
bicolor at Jersey Zoo. Dodo, J. Wildl. Preserv. Trusts, 37, 41–49.
McNees, D.W., Lewis, R.W., Ponzio, B.J. & Stein, F.J. (1983) Carbohydrate Tolerance , Serum
Albumin and Protein Values of Normal and “ Waster ” Marmosets (Callithrix jacchus).
Primates, 24 (4), 537–545.
Maia da Silva, F., Naiff, R.D., Marcili, A., Gordo, M., D’Affonseca Neto, J.A., Naiff, M.F.,
Franco, A.M.R., Campaner, M., Valente, V., Valente, S.A., Camargo, E.P., Teixeira,
M.M.G. & Miles, M.A. (2008) Infection rates and genotypes of Trypanosoma rangeli and
T. cruzi infecting free-ranging Saguinus bicolor (Callitrichidae), a critically endangered
primate of the Amazon Rainforest. Acta Tropica, 107 (2), 168–173.
Mason, G., Burn, C.C., Dallaire, J.A., Kroshko, J., McDonald Kinkaid, H. & Jeschke, J.M. (2013)
Plastic animals in cages: behavioural flexibility and responses to captivity. Animal
Behaviour, 85 (5), 1113–1126.
64

Mittermeier, R.A., Boubli, J.-P., Subirá, R. & Rylands, A.B. (2008) Saguinus bicolor. In: IUCN
2013. IUCN Red List of Threatened Species. Version 2013.2. [Online] Available from:
http://iucnredlist.org/ [Accessed 15th March 2014].
Monteiro, R.V., Baldez, J., Dietz, J., Baker, A., Varella Lisboa, C. & Jansen, A.M. (2006) Clinical,
biochemical, and electrocardiographic aspects of Trypanosoma cruzi infection in freeranging golden lion tamarins (Leontopithecus rosalia). Journal of Medical Primatology,
35 (1), 48–55.
Morgan, K.N. & Tromborg, C.T. (2007) Sources of stress in captivity. Applied Animal
Behaviour Science, 102 (3-4), 262–302.
Morin, M.L. (1983) A different approach in examining a wasting syndrome. Laboratory
Animal, 12(3), 36-41.
Munene, E., Otsyula, M., Mbaabu, D.A., Mutahi, W.T., Muriuki, S.M.K. & Muchemi, G.M.
(1998) Helminth and protozoan gastrointestinal tract parasites in captive and wildtrapped African non-human primates. Veterinary parasitology, 78 (3), 195–201.
Novak, M. A., Hamel, A.F., Kelly, B.J., Dettmer, A.M. & Meyer, S.J. (2013) Stress, the HPA axis,
and nonhuman primate well-being: A review. Applied animal behaviour science, 143 (24), 135–149.
Pick, J. (2008) Stress management of captive pied tamarins Saguinus bicolor. Recent
advances in animal welfare science. UFAW Animal Welfare Conference Poster
presentation. Birmingham Council House 3 July 2008.
Pissinatti, T.A., Pissinatti, A. & Burity, C.H.F. (2007) Myocardial stereology in captive Callithrix
kuhlii (Callitrichidae, Primates): healthy animals versus animals affected by wasting
marmoset syndrome (WMS). Pesq. Vet. Bras., 27 (2), 75–79.

65

Price, E.C., Herron, S., Wormell, D. & Brayshaw, M. (1999) Getting primates to eat pellets:
The nutrition of New World Monkeys at Jersey Zoo. Dodo, J. Wildl. Preserv. Trusts, 35,
57–66.
Price, E.C., Wormell, D., Brayshaw, M., Furrer, S., Heer, T. & Steinmetz, H.W. (2012)
Managing free-ranging callitrichids in zoos. International Zoo Yearbook, 46 (1), 123–136.
R Core Team (2013) R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria.
Rothman, J.M., Chapman, C.A., Twinomugisha, D., Wasserman, M.D., Lambert, J.E. &
Goldberg, T.L. (2008) Measuring physical traits of primates remotely: the use of parallel
lasers. Am. J. Primatol., 70, 1191–1195.
Rylands, A.B. & Mittermeier, R.A. (2009) The Diversity of the New World Primates
(Platyrrhini). In: Garber, P.A., Estrada, A., Bicca-Marques, J.C., Heymann, E.W., Strier,
K.B. (eds.) South American Primates: Comparative Perspectives in the Study of Behavior,
Ecology, and Conservation. New York, Springer, pp. 23–54.
Sainsbury, A.W., Cunningham, A.A., Hawkey, C.M., & Garden, O.A. (1992) Conditions causing
loss of weight in marmosets. In: Marmosets and tamarins in captivity: 17th Annual
Symposium of the Association of British Wild Animal Keepers. North of England
Zoological Society. pp. 16-22.
van Schaik, C.P. & Aureli, F. (2000) The Natural History of Valuable Relationships in Primates
In: Aureli, F. & De Waal, F.B.M. (eds.) Natural Conflict Resolution. Berkeley, University
of California Press, pp. 307-333.
Schroeder, C., Osman, A.A., Roggenbuck, D. & Mothes, T. (1999) IgA-Gliadin antibodies, IgAcontaining circulating immune complexes, and IgA glomerular deposits in wasting
marmoset syndrome. Nephrol dial transplant, 14, 1875–1880.
66

Shimwell, M., Warrington, B.F. & Fowler, J.S.L. (1979) Dietary habits relating to “wasting
marmoset syndrome” (WMS). Laboratory Animals, 13 (2), 139–142.
Smith, T.E. & French, J.A. (1997) Psychosocial stress and urinary cortisol excretion in
marmoset monkeys (Callithrix kuhli). Physiology & Behavior, 62 (2), 225–232.
Smithyman, J. (2010) Wasting Marmoset Syndrome in Pied Tamarins (Saguinus bicolor)
Unpublished internal report. Jersey, DWCT.
Sousa, M.B.C., Leão, A.C., Coutinho, J.F.V. & de Oliveira Ramos, A.M. (2008) Histopathology
findings in common marmosets (Callithrix jacchus Linnaeus, 1758) with chronic weight
loss associated with bile tract obstruction by infestation with Platynosomum (Loos,
1907). Primates, 49 (4), 283–287.
van Spreeuwel, J.P., Duursma, G.C., Meijer, C.J.L.M., Bax, R., Rosekrans, P.C.M. & Lindeman,
J. (1985) Campylobacter colitis : histological immuno-histochemical and ultrastructural
findings. Gut, 26, 945–951.
Subira, R.J. (2009) Sauim de Manaus Saguinus bicolor. Brazil, Sociedade Civil para Pesquisa e
Conservação da Amazônia.
Tribe, G.W. (1979) Wasting Syndrome in Primates. Primate Supply, 4 (1), 15–17.
Wachtman, L.M. & Mansfield, K.G. (2008) Opportunistic infections in immunologically
compromised nonhuman primates. ILAR journal / National Research Council, Institute of
Laboratory Animal Resources, 49 (2), 191–208.
Wang, J. (2014) Email sent to Dr Vanessa Crawford, 20th August.
Wissman, M.A. (2006) Nutrition and Husbandry of Callitrichids [Online] Available from:
http://exoticpetvet.net/primate/callitrichid.html [Accessed 26th June 2014].

67

Wormell, D. (1994) Relationships in male-female pairs of pied tamarins Saguinus bicolor
bicolor. Dodo, J. Wildl. Preserv. Trusts, 30, 70–79.
Wormell, D. (2000) Management guidelines for pied tamarins Saguinus bicolor bicolor. Dodo,
J. Wildl. Preserv. Trusts, 36, 87.
Wormell, D. (2004) Between a rock and a hard place – the plight of the pied tamarin. On the
Edge, Durrell Wildlife Conservation Trust, 96, 4–5.
Wormell, D. (2008) Pied tamarins; hope on the road to extinction. EAZA News 62. p.17.
Wormell, D. (2013) Marmosets and tamarins (Callitrichidae). [Lecture] DWCT, 2nd December.
Wormell, D., Allchurch, A., Brayshaw, M. & Price, E.C. (2000) Management guidelines for pied
tamarins Saguinus b. bicolor. Jersey, Durrell Wildlife Conservation Trust.
Wormell, D., Brayshaw, M., Price, E.C. & Herron, S. (1996) Pied tamarins Saguinus bicolor
bicolor at the Jersey Wildlife Preservation Trust: Management, Behaviour and
Reproduction. Dodo, J. Wildl. Preserv. Trusts, 32, 76–97.
Wormell, D. & Feistner, A. (1992) Preliminary observations of scent marking in captive pied
tamarins Saguinus bicolor bicolor. Dodo, J. Wildl. Preserv. Trusts, 28, 70–77.
Zoller, M., Mätz-Rensing, K. & Kaup, F-J. (2008) Morphology and Distribution of Lesions
Associated with Wasting Marmoset Syndrome in Common Marmosets (Callithrix
jacchus). Primate Report, 78, 63–78.

68

APPENDIX 1 PTWS defined
PIED TAMARIN WASTING SYNDROME (PTWS)
Defined by: Durrell Wildlife Conservation
Trust
Date of definition: 1 October 2014
Age of onset: Any
Gender ratio: 1:1
Syndrome observed in captivity only

Definition: a chronic, relapsing condition presenting with failure to thrive, infections, diarrhoea, weight loss,
dental problems, weakness, lethargy, depression, alopecia and other dermatological issues, enteritis and colitis,
anisocytosis, heat seeking, anaemia, excessive hunger with weight loss, prolonged anaesthetic recovery,
hepatic capillariasis, perineal scouring and hepatitis. Infection, diarrhoea and weight loss are the most common
presentations in PTWS, in various combinations with the clinical issues above. PTWS is an ante mortem finding
with a common phenotypic presentation (Figure 1).
Description: A syndrome seen in all callitrichids in captivity, but particularly in pied tamarins. Presentation is
insidious, leading to significant morbidity. Onset of the syndrome should alert the keeper to consider a range of
triggers causing the common presentation of PTWS. The goal is to highlight particular individuals that seem
more prone to ill health, enabling earlier investigation and treatment. The syndrome is chronic and relapsing,
but morbidity and early mortality can be reduced with early intervention. The common presentation in
response to a range of issues defines the syndrome; a syndrome that is multifactorial in aetiology.
Figure 1. Pied tamarin with PTWS
Note the ‘unthrifty’ appearance as described
by McNees et al (1983), with obvious weight
loss and poor coat condition.
Photo: DWCT

Post mortem findings include: adrenals-enlarged, anisokaryosis, bladder distended, caecal & colonic abscesses,
chronic cholecystitis, hepatic capillariasis with apparently normal liver function, intussusception, liver fibrosis,
mesenteric lymph nodes-enlarged, nephritis-suppurative, pancreatitis, peritonitis, spleen-increased or reduced
in size, typhlitis, white streaks, nodules and lesions in various organs. Histopathology findings include
haemosiderosis, intestinal villi blunted, myocarditis, proprial lymphoplasmacytic cells, splenitis. Infections
found ante and post mortem include A. hydrophila, A. naeslundii, C. jejuni, C. albicans, C. perfringens, E.
asburiae, E. avium, E. cloacae, E. coli, E. faecalis, H. alvei, H. fennelliae, K. pneumoniae, Lactobacillus,
Micrococcus sp., M. morganii, Moraxella Sp., P. putida, P. vulgaris, Pseudomonas sp., R. terrigena, Salmonella,
S. equinus, S. lentus, Shigella, T. gondii. N.B. These findings are not exclusive to wasters.
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Pied tamarin wasting syndrome (PTWS) management from Durrell Wildlife Conservation Trust

Detect early – monitor weights non-invasively and record visual presentation of stool specimens
Watch carefully to respond to changes in presentation

Control symptoms
Take notes profiling the stressors / triggers for each animal, to share with keepers, veterinarians and visitors
Regardless of experience, a ‘surgical sieve’ helps to guide us, ensuring all aetiologies are considered.
Here are 2 possible mnemonics I have created to act as aide memoires to differential diagnosis:

I

AM

SAGUINUS

Infective

Autoimmune Metabolic

BICOLOR

Stress Anaemia Genetic Urological Iatrogenic Neoplastic / Neurological Undernutrition Systemic

Blood/bone Idiopathic Cardiac Obstetric Lifelong (congenital) Oral (dental, diet, toxins, medicines) Rickets
PIED TAMARINS
Pharmaceutical Infective Endocrine Degenerative

Traumatic Autoimmune Metabolic Anaemia Reproductive Iatrogenic Neoplastic Stress

POST MORTEM
Ideally all animals should have a comprehensive post mortem documenting at least each of the following areas:
digestive system, gallbladder, heart, kidneys, liver, lungs, lymphatic system, pancreas, spleen. All fields should
be entered, so that it is clear where a decision was made not to examine a particular organ and the reason
given. Alerts can be added where tests are awaited so that these can followed up.
INFORMATION SHARING
In order to optimise animal husbandry, sharing of information is essential and possible with global access to the
internet, even on an irregular basis. A larger information database will enable a better understanding of the
many factors leading to one well recognised but formerly undefined PTWS.
McNees, D.W., Lewis, R.W., Ponzio, B.J. & Stein, F.J. (1983) Carbohydrate Tolerance , Serum Albumin and Protein Values of
Normal and “ Waster ” Marmosets ( Callithrix jacchus ). Primates, 24(4), 537–545.
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APPENDIX 11 REFERENCES SUMMARISED
Lead author
Title
Anzenberger, G.

Armstrong, D.M.

Monogamy and family life in callitrichid
monkeys: deviations, social dynamics
and captive management
Hormonal and Behavioral Variation in
Pied Tamarins Housed in Different
Management Conditions

Key Words

Main themes

Callitrichids
Captivity

Captivity, cooperation, competition and social instability

Non-invasive faecal hormone analysis can be used to monitor gonadal
and adrenocortical activity in pied tamarins

Bairrão Ruivo, E.

EAZA Husbandry guidelines for
Callitrichidae

Barnard, D.

The Apparent Reversal of a Wasting
Syndrome by Nutritional Intervention in
Saguinus Mystax
Chronic Tubulointerstitial Nephritis and
Wasting Disease in Marmosets
(Callithrix jacchus)
An Analysis of the Association of
Gastroenteric Lesions with Chronic
Wasting Syndrome of Marmosets.

Breeding
On-off show
Aggression
Sensitivity
Gonadal
Adrenocortical
Callitrichids
Zoos
Husbandry
Nutrition
WMS
Saguinus mystax
Marmosets
WMS
Diet
Necropsy
Saguinus oedipus
WMS

Chalmers, D.T.

A survey of the pathology of marmosets
(Callithrix jacchus) derived from a
marmoset breeding unit.

Marmosets
Anaemia
Colitis

Chapman, C.A.

Primates and the Ecology of their
Infectious Diseases: How will
Anthropogenic Change Affect HostParasite Interactions?

Pathogens
Hunting
Logging
Climate change
Conservation

Brack, M.

Chalifoux,L.V.
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Maintaining callitrichids in captivity with good husbandry and
population management
A change in the dietary formulation reduced mortality, alopecia and
diarrhoea
Six marmosets with wasting, all deceased. Protein deficiency in the
diet seen as the aetiological factor
Retrospective data from post mortems of 162 Saguinus oedipus,
linking pathology to those presenting with wasting. The post mortems
identified prosthenorchosis, amoebiasis, paramyxovirus disease,
sepsis, and chronic colitis
A study of the pathology in 256 captive bred and 70 wild-caught
marmosets. Common findings include a Heinz body haemolytic
anaemia, skeletal muscle myopathy thought to be due to vitamin E,
selenium and protein deficiency. Intestinal inflammation was a major
issue, with chronic colitis being particularly common in older
marmosets
Changing environment and climate is increasing human and
nonhuman primate contact, with the increased risk of infection
sharing

Copeland, W.E.

Childhood bullying involvement predicts
low-grade systemic inflammation into
adulthood

Crissey, S.D.

Utilizing wild foraging ecology
information to provide captive primates
with an appropriate diet
Written evidence on the UK Primate Pet
Trade

Cronin, A.

DEFRA

Code of Practice for the Welfare of
Privately Kept Non-Human Primates

Digby, L.J.

Callitrichines: The Role of Competition
in Cooperatively Breeding Species
Compendium of Measures to Prevent
Disease Associated with Animals in
Public Settings, 2011

Dunn, J.R.

Durrell, G.
EAZA

Fedigan, L.M.
Flurer, C.I.

Foster, K.

French, J.A.

The Aye-Aye and I: A Rescue Mission in
Madagascar
European endangered species
programme
Primate paradigms: Sex roles and Social
Bonds
Coprophagy in marmosets due to
insufficient protein (amino acid) intake
Food intake and the nutrient
composition of Pied Tamarin diets at
Jersey Zoo
Marmosets & Tamarins (callitrichids)
Enrichment for non-human primates

Bullying
Children
Systemic
inflammation
Captivity
Nutrition
Wild foraging
Primates
Pets

A study demonstrating the impact of stress on inflammatory
conditions. Bully-victims are often classified, in research studies, with
bullies, under accounting for the morbidity in this mixed presentation
group
Nonhuman primates have a range of dietary requirements and
behaviours. How can these be best managed in captivity, using wild
foraging ecology information?
A summary of the concerns relating to the UK trade in primates as
pets: the extent, the code of practice and should primates be kept as
pets / privately?
DEFRA guidance on the management of primates in private and
corporate body ownership. This guidance does not cover research
laboratories
A description of the callitrichid breeding system

Primates
Pets
Husbandry
Breeding
Human-animal
Public health
Hand washing

Madagascar
Aye-aye
European
endangered
species
Social structures
Gender roles
Coprophagy
Marmosets
Protein deficiency
Pied tamarins
Nutrition
Captivity
Enrichment
Marmosets
Tamarins

Although most human-animal interaction is seen as beneficial,
transmission of infection is a risk. All venue staff needs to be aware of
the risks and ensure access to hand washing facilities for both staff and
visitors, to reduce transmission risks. This should be accompanied by
educational material re: infection control
A visit to the island of Madagascar, where aye-ayes are in danger of
extinction
Intensive population management for species maintained under EAZA

Female and male roles in social structures; female roles previously
under-researched
When dietary protein intake is reduced to a specific cut-off level in
marmosets, coprophagy is seen.
Dietary management of pied tamarins in the context of WMS, general
health issues and infant survival
A practical guide for improving habitats for marmosets and tamarins
and providing appropriate enrichment
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Gore, M.A.

Callitrichid nutrition and food sensitivity

Gozalo, A.S.

Pathology of captive moustached
tamarins (Saguinus mystax)

Hansen, M.C.

High-Resolution Global Maps of 21stCentury Forest Cover Change
Unusual case of metabolic bone disease
in a common marmoset (Callithrix
jacchus)
Urinary oestrogen and progesterone
excretion before and during pregnancy
in a pied bare-face tamarin (Saguinus
bicolor bicolor)
Non-Invasive Assessment of
Physiological Status: A 30-Year
Contribution to Primatology
Feeding gum arabic to new world
monkeys: species differences and
palatability
An investigation into the Environmental
Factors Affecting Behavioural Stress in
Captive Pied Tamarins, Saguinus bicolor
Enrichment and aggression in primates

Hatt, J-M.

Heistermann,
M.(1987)

Heistermann,
M.(2009)
Herron, S.

Holm, C.M.

Honess, P.E.

Hosey, G.R.

How does the zoo environment affect the
behaviour of captive primates

Antibody
Immune reaction
Marmoset
Tamarin
Laboratory
Tamarins
Pathology
Forest cover
Maps
Osteomalacia
Marmoset
Vitamin D
Pregnancy
Gestation period
Hormones
Field endocrinology
Stress
Faeces
Animal welfare
Exudates
Nutrition
Stress
Pied tamarins
Captivity
Environmental
enrichment
Aggression
Primates
Welfare
Captivity
Behaviour
Primates
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A study of 23 specimens with colonic changes in response to gliadin, a
wheat protein linked to coeliac disease in humans

A study of the pathology of 33 laboratory tamarins. Pathology included
chronic lesions in the colon, heart and kidney; colitis cystica profunda,
interstitial myocardial fibrosis and membranoproliferative
glomerulonephritis
Links to website to create maps showing global forest cover change
over time
A case study looking at the presentation of metabolic bone disease in
one specimen
Confirms the accepted 160 days gestation period used for pied
tamarins

The importance of undertaking endocrine testing without the need for
stressful invasive procedures
Callitrichids consume gum exudates in the wild. Provision of gum can
help to promote naturalistic behaviours
A study of the effects of visitor activity on stress in pied tamarins. At
DWCT no effect was shown, but the environment is naturalistic and
specimens can hide in a large landscape
Poor environments in captivity can lead to behavioural problems
including social aggression and self-injurious behaviour. Improved
habitats with enrichment can improve the health and behaviour of
primates in captivity
The importance of a high quality zoo environment for the welfare of
the animals, a positive visitor experience and for behavioural research
to take place

Ialeggio, D.M.
(1995)
Ialeggio, D.M.
(1999)
ICMBio

Illgen-Wilcke, B.

Kaplan, E.

King, G.
Leong, K.M.

Lewis, D.H.
Lindner, L.E.

Logan, A.C.

Lopez, J.

Results of a preliminary survey into
wasting marmoset syndrome in
callitrichid collections
Wasting Marmoset Syndrome

Executive summary of national action
plan for the conservation of the pied
tamarin
Studies on the developmental cycle of
Trichospirura leptostoma (Nematoda:
Thelaziidae). Experimental infection of
the intermediate hosts Blatella
germanica and Supella longipalpa and
the definitive host Callithrix jacchus and
development in the intermediate hosts
Factors influencing weight changes in
callitrichids at the Bronx Zoo
An investigation into ‘wasting marmoset
syndrome’ at Jersey Zoo
Causes of mortality in captive cottontop tamarins (Saguinus oedipus)

Fecal Microflora of Marmosets with
Wasting Marmoset Syndrome
Methods and compositions for the
detection of acquired immune
deficiency syndrome
Case report: Clinical Pathologic Changes
in Two Marmosets with Wasting
Syndrome
Preliminary examination of the efficacy
and safety of a UVB lamp used to
prevent metabolic bone disease in pied
tamarins Saguinus bicolor at Jersey Zoo

WMS
Zoo survey

Understanding and identification of WMS varied between institutions

Callitrichid
Husbandry
WMS
Action plan
Conservation
Pied tamarin
Laboratory
Marmosets
Cockroaches
Trichospirura

Summary of WMS following on from the 1995 Ialeggio paper

Callitrichid
Life events
Weight
WMS description

The impact of medical, social and housing life events on callitrichid
weights

Necropsy
Adenocarcinoma
Callitrichid
Husbandry
Faecal microflora
WMS
Patent
AIDS
WMS
WMS
Pathology

A review of mortality in captive cotton-top tamarins, in order to
inform better husbandry practice

Saguinus bicolor
Metabolic bone
disease
Ultraviolet light

Ultraviolet light is required in addition to dietary vitamin D to prevent
onset of metabolic bone disease

Brazilian 5-year action plan to protect the pied tamarin

Cockroaches act as the vector for Trichospirura leptostoma, a
nematode entering the pancreas, but without necessarily presenting
clinically as problematic
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One of the first published descriptions of WMS, from DWCT

The role of intestinal bacteria in host welfare
WMS serum used as an agent for testing for HIV. Patent suggests a
similarity between AIDS and WMS. Written before the virus had been
named as HIV
Detailed study of the pathology of two specimens with WMS

McNees, D.W.

Maia da Silva, F.

Mason, G.

Mittermeier,
R.A.
Monteiro, R.V.

Morgan, K.N.

Morin, M.L.
Munene, E.

Novak, M.A.

Pick, J.

Carbohydrate tolerance, Serum Protein
and Albumin Values of Normal and
“Waster” Marmosets (Callithrix jacchus)
Infection rates and genotypes of
Trypanosoma rangeli and T. cruzi
infecting free-ranging Saguinus bicolor
(Callitrichidae), a critically endangered
primate of the Amazon Rainforest
Plastic animals in cages: behavioural
flexibility and responses to captivity

Albumin
Glucose
WMS
Saguinus bicolor
Trypanosoma cruzi
Trypanosoma
rangeli
Brazilian Amazon
Conservation
Captivity
Stereotypic
behaviour

IUCN red list

Endangered
Saguinus bicolor
Callitrichids
Trypanosoma
Chagas

Clinical, biochemical, and
electrocardiographic aspects of
Trypanosoma cruzi infection in freeranging golden lion tamarins
(Leontopithecus rosalia)
Sources of stress in captivity

A different approach in examining a
wasting syndrome
Helminth and protozoan
gastrointestinal tract parasites in
captive and wild-trapped African nonhuman primates
Stress, the HPA axis, and nonhuman
primate well-being: A review
Stress management of captive pied
tamarins Saguinus bicolor

Environment
Confinement
Captivity
Wasting mammals
Sharing data
Baboon
Vervet
Syke
Zoonoses
Social housing
Cortisol
Primates
WMS
Stress
Captivity
Pied tamarins

75

Marmosets with wasting had lower glucose and albumin levels,
abnormal glucose tolerance and fewer protein bands. These findings
were suggested as early warning signs of WMS
T. cruzi and T. rangeli were both found in free-ranging Saguinus bicolor
in the Brazilian Amazon

Animals are struggling in the wild due to rapid environmental changes
and are challenged in captivity due to environments that are
inappropriate to their needs. Developmental plasticity may allow for
survival short-term, but may produce challenging longer-term
evolutionary changes
Demographic overview with current threats detailed
Wild golden-lion tamarins infected with Trypanosoma cruzi can
develop cardiac abnormalities, seen on ECG

Animals in captive environments are subject to a range of potential
stressors including lighting, temperature, limited space to move,
abnormal social groups, limited feeding opportunities
A detailed epidemiologic questionnaire for colony managers to share
husbandry information
Wild and captive primates have different infection profiles, linked to
zoonotic transmission and to prophylactic treatment

A comparison of the advantages and disadvantages of the sampling
matrices used to measure cortisol levels in primates.
A pilot study looking at the cortisol response to stressors at DWCT

Pissinatti, T.A.

Price, E.C. (1999)

Myocardial stereology in captive
Callithrix kuhlii (Callitrichidae,
Primates): healthy animals versus
animals affected by wasting
marmoset syndrome (WMS)
Getting primates to eat pellets: The
nutrition of New World Monkeys at
Jersey Zoo

Price, E.C. (2012)

Managing free-ranging callitrichids in
zoos

Rothman, J.

Measuring physical traits of primates
remotely: the use of parallel lasers

Rylands, A.B.

The Diversity of the New World
Primates (Platyrrhini)

Sainsbury, A.W.

Conditions causing loss of weight in
marmosets
The Natural History of Valuable
Relationships in Primates

van Schaik, C.P.

Schroeder, C.

Shimwell, M.
Smith, T.E.

Smithyman, J.

IgA-gliadin antibodies, IgA-containing
circulating immune complexes, and
glomerular deposits in wasting
marmoset syndrome
Dietary habits relating to 'wasting
marmoset syndrome' (WMS)
Psychosocial stress and urinary cortisol
excretion in marmoset monkeys
(Callithrix kuhli)
Wasting Marmoset Syndrome in Pied
Tamarins (Saguinus bicolor)

WMS
Cardiac changes

A study of 12 Wied’s black-tufted-ear marmosets, 6 with WMS and 6
without. Looks at post mortem changes in cardiac tissue

Marmoset
Tamarin
Diet
Palatability
Callitrichidae
Free range
Zoo
Laser
Remote measure
Primates
Classification
South America
Callitrichids
Marmosets
Weight loss
Social bond
Infanticide
Protective bonds
WMS
Antibodies

Meeting the nutritional requirements of callitrichids in captivity

WMS
Diet
Stress
Marmosets
Urinary cortisol
WMS
DWCT
Saguinus bicolor

WMS changes the dietary requirements and intake. Diet can be
modified to improve outcomes
Urinary cortisol provides a valid measure of the hypothalamic-pituitary
axis response to stress
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Managing free-ranging callitrichids to promote natural behaviours in
captivity
The adaptation of a technique previously used in terrestrial and
marine mammals, but not primates
A detailed overview of the classification history of New World
primates
An overview of the various causes of weight loss in marmosets
An overview of the varied primate relationships, from the nurturing to
the aggressive
Glomerular IgA deposits seen in marmosets with WMS

Internal report looking at WMS in 113 pied tamarins housed at DWCT
between 1990 and 2009

Sousa, M.B.C.

Subira, R.J.

Histopathology findings in common
marmosets (Callithrix jacchus Linnaeus,
1758) with chronic weight loss
associated with bile tract obstruction by
infestation with Platynosomum (Loos,
1907)
Campylobacter colitis: histological
immuno-histochemical
and ultrastructural findings
Sauim de Manaus Saguinus bicolor

Tribe, G.W.

Wasting Syndrome in Primates

Wachtman, L.M.

Opportunistic infections in
immunologically compromised
nonhuman primates

Wissman, M.A.

Nutrition and husbandry of callitrichids

Wormell, D.
(1992)

Preliminary observations of scent
marking in captive pied tamarins
Saguinus bicolor bicolor

Wormell, D.
(1994)

Relationships in male-female pairs of
pied tamarins Saguinus bicolor bicolor

Wormell, D.
(1996)

Pied tamarins Saguinus bicolor bicolor
at the Jersey Wildlife Preservation
Trust: Management, Behaviour and
Reproduction
Management guidelines for pied
tamarins Saguinus bicolor bicolor

van Spreeuwel,
J.P.

Wormell, D.
(2000)

Marmosets
Weight loss
Infection
WMS

A histopathological examination of six common marmosets with
severe non-diarrhoeic weight loss.

Campylobacter
Colitis
Human primates
Saguinus bicolor
Brazil
Overview
WMS

Campylobacter colitis has the histological picture of acute infective
colitis in human primates, with IgA and IgM. IgG is seen in addition in
non-infective active chronic inflammatory bowel disease
A detailed summary in Portuguese of the biology and ecology of
Saguinus bicolor

Immunodeficiency
Opportunistic
infections
Primates
Callitrichids
Husbandry
Pied tamarin
Scent mark
Olfactory
communication
Pied tamarin
Pair behaviour
Incest

An early paper based on laboratory primate experience. Reports on
the history and nomenclature of wasting. Myopathy seen as the
prominent feature with or without diarrhoea
Immunocompromised primates are particularly prone to opportunistic
infections. Human-animal and animal-animal infection transfers are
problematic. The highest standards of husbandry are required in
captive settings
Comprehensive on-line guidance including breeding, diet and health
management in callitrichids
Observation of scent marking in 6 pied tamarins, over the course of 4
pairings

An observational study of four heterosexual pairs of pied tamarins
within the DWCT collection

Callitrichidae
Breeding success
Health

A review of the health and reproductive problems affecting pied
tamarins from their arrival at DWCT in 1990

Pied tamarin
Housing
Health

An overview of the issues relating to pied tamarins in captivity
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Wormell, D. et al
(2000)

Management guidelines for pied
tamarins Saguinus bicolor bicolor

Pied tamarin
Housing
Health

Full text version of the one page summary in Wormell, D (2000)

Wormell, D.
(2004)

Between a rock and a hard place – the
plight of the pied tamarin

A visit to the increasingly fragmented pied tamarin habitat in Manaus

Wormell, D.
(2008)

Pied tamarins; hope on the road to
extinction.

Zoller, M.

Morphology and Distribution of Lesions
Associated with Wasting Marmoset
Syndrome in Common Marmosets
(Callithrix jacchus)

Manaus
Deforestation
Pied tamarin
Manaus
Pied tamarin
Extinction
Prevention
Enteritis
Diarrhoea
Weight loss

A summary of measures in place to save the pied tamarin from
extinction

An overview of the post mortem findings in common marmosets with
WMS
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APPENDIX 111

Collection proformas for clinical issues (10 specimens) and histopathology (7 specimens)

Section 1 of 7
LOCAL_ID NAMES
GENDER
0
M1594
Trotsky
1
M1595
None
0
M1602
None
1
M1603
Boadicea
0
M1654
None
1
M1655
None
0
M1720
Vlad
1
M1721
Matilda
0
M1733
None
1
M1734
None
Gender 0 – male, 1 – female

STOOLS
42
0
0
39
0
0
21
0
0
0

MEDICINE INFECTION
24
43
0
2
0
0
15
25
0
0
0
0
15
42
0
1
0
0
0
0

DIARRHOEA
17
1
2
13
0
0
2
1
0
0

Colour coding
Clinical file 1/8 All colour-coded

Coding checked ≥ 2 occasions

Died ≤ 7 days old

Documented wasting

Section 2 of 7
LOCAL_ID NAMES
WEIGHT_LOSS HEPATIC_CAP WMS SKINS ANAESTH SLEEPY
30
1
2
1
10
3
M1594
Trotsky
2
0
0
0
3
0
M1595
None
0
0
0
0
3
0
M1602
None
17
1
3
0
11
3
M1603
Boadicea
0
0
0
0
0
0
M1654
None
0
0
0
0
0
0
M1655
None
18
1
1
0
4
0
M1720
Vlad
0
0
0
0
2
0
M1721
Matilda
0
0
0
0
0
0
M1733
None
0
0
0
0
0
0
M1734
None
HEPATIC_CAP – hepatic capillariasis, SKINS – dermatology excluding alopecia, ANAESTH – no. of anaesthetics
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Section 3 of 7
LOCAL_ID NAMES
WEAK LETHARGY WEAKLETH STILLBORN PREM
RECOVERY
0
26
26
0
0
1
M1594
Trotsky
0
0
0
0
0
0
M1595
None
0
0
0
0
0
0
M1602
None
0
0
0
0
0
3
M1603
Boadicea
0
0
0
0
0
0
M1654
None
0
0
0
0
0
0
M1655
None
1
18
19
0
0
1
M1720
Vlad
0
0
0
0
0
0
M1721
Matilda
0
0
0
0
0
0
M1733
None
0
0
0
0
0
0
M1734
None
WEAKLETH – weakness and lethargy combined, PREM – premature, RECOVERY – prolonged anaesthetic recovery
Section 4 of 7
LOCAL_ID NAMES
INFANTICIDE HEAT ANISO EUTH
WASTING WAWMS ALOPECIA
0
2
1
1
1
3
3
M1594
Trotsky
0
0
0
0
1
1
0
M1595
None
0
0
1
1
1
1
0
M1602
None
0
0
2
2
1
4
0
M1603
Boadicea
1
0
0
0
0
0
0
M1654
None
1
0
0
0
0
0
0
M1655
None
0
1
1
0
0
1
1
M1720
Vlad
0
0
0
0
0
0
0
M1721
Matilda
1
0
0
0
0
0
0
M1733
None
1
0
0
0
0
0
0
M1734
None
HEAT – heat seeking, ANISO – anisocytosis, EUTH – euthanasia, WAWMS – wasting and WMS combined
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Section 5 of 7
LOCAL_ID NAMES
M1594
Trotsky
M1595
None
M1602
None
M1603
Boadicea
M1654
None
M1655
None
M1720
Vlad
M1721
Matilda
M1733
None
M1734
None

ANAEMIA
1
0
0
2
0
0
2
0
0
0

DENTAL
1
0
0
34
0
0
1
0
0
0

COLITIS
0
1
0
0
0
0
2
0
0
0

DEPRESSED
1
0
0
0
0
0
1
0
0
0

HEPATITIS ENTERITIS
0
0
1
1
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0

Section 6 of 7
LOCAL_ID
NAMES
ENTCOLITIS SCOURING TRAUMA AGGRESSION NO_OF_WEIGHTS
0
0
0
3
59
M1594
Trotsky
2
0
0
0
12
M1595
None
0
0
0
0
31
M1602
None
0
0
0
0
29
M1603
Boadicea
0
0
1
0
1
M1654
None
0
0
1
0
1
M1655
None
3
0
0
0
11
M1720
Vlad
0
0
0
0
129
M1721
Matilda
0
0
0
0
1
M1733
None
0
0
0
0
2
M1734
None
ENTCOLITIS – enteritis and colitis combined, SCOURING – perineal scouring
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Section 7 of 7
LOCAL_ID NAMES
DECEASED
EXPORTED
1
0
M1594
Trotsky
1
0
M1595
None
1
0
M1602
None
1
0
M1603
Boadicea
1
0
M1654
None
1
0
M1655
None
1
0
M1720
Vlad
1
1
M1721
Matilda
1
0
M1733
None
1
0
M1734
None
LOTIC_CORRECTED – length of time in DWCT collection

LOTIC_CORRECTED DATE_OF_ BIRTH
4536
4/2/1988
752
12/1/1987
1820
7/12/1986
4443
23/6/1987
0
20/2/1991
0
20/2/1991
3282
17/3/1985
1909
3/3/1986
0
4/9/1991
0
4/9/1991

The following tables detail the data collection proforma for the histopathology records for 7 specimens
Histopathology records for specimens M2351 – M2393 after coding Section 1 of 10
LOCAL ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

LIVER
BLANK
NECROSIS, CAPILLARIA CODE 7
INNUMERABLE PARASITE EGGS, PARENCHYMA FINE
CAPILLARIA HEPATICA CODE 7
BLANK
BLANK
CONGESTION

GALLBLADDER
BLANK
BLANK
NK
BLANK
BLANK
BLANK
NK
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LUNGS
BLANK
HYPERAEMIA, SILICOTIC DEBRIS
NK
NAD
BLANK
BLANK
PARTIAL ATELECTASIS, MILD INFLAMMATION

Section 2 of 10
LOCAL
ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

HEART

KIDNEYS

BLANK
NAD
NK
NAD
BLANK
BLANK
NAD

BLANK
BILIRUBIN IN TUBULES
FIBROSIS, INFLAMMATORY INFILTRATE
L'CYTES AND PLASMA CELLS, IRON DEPOSITS
BLANK
BLANK
SWOLLEN EPITHELIUM, SOME COAGULATIVE, DEGENERATIVE CHANGES

Section 3 of 10
LOCAL ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

DIGESTIVE SYSTEM
BLANK
LI: DIFFUSE MUCOSAL HYPERPLASIA, LCYTES, PLASMA CELLS,
HARD TO IDENTIFY LOCATIONS BUT HIGH LEUCOCYTE NUMBERS,
L'CYTES IN LP, CRYPT MICROABSCESSES, SI: VILLOUS SHORTENING. LI: DIFFUSE LP INFILTRATE
BLANK
BLANK
MILD AUTOLYSIS

Section 4 of 10
LOCAL ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

PANCREAS
BLANK
HYPERPLASIA
NK
NAD
BLANK
BLANK
NK

SPLEEN
BLANK
NECROSIS
NK
NK
BLANK
BLANK
NAD
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Section 5 of 10
LOCAL ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

REPORT
BLANK
CODE 63, SPLENITIS, CODE 56, LYMPHADENITIS, ADRENALITIS, CAPILLARIA, ACUTE ULCERATIVE CODE 56 LESIONS
CHRONIC INTERSTITIAL NEPHRITIS AND IBD, HEPATIC CODE 7
ENTERO CODE 64 CODE 56, CODE 63, GASTRITIS, NEPHRITIS, LYMPHOID HYPERPLASIA
BLANK
BLANK
BLANK

Section 6 of 10
LOCAL_ID PATH
CAUSE_OF_DEATH
M2351
No PM
BLANK
M2352
JL.MS
BODY AS A WHOLE, GENERALISED CODE 4, PRESUMPTIVE
M2353
ARB.GL
CODE 32-MALNUTRITION, STARVATION, CODE 51, BODY AS A WHOLE, CHRONIC ACTIVE
M2354
JL.MS
CODE 32 - CODE 8 - THORNS / NEMATODES NOT CAUSING IT
M2385
ARB
REPORT OF CYST REMOVAL, NOT DEATH
M2386
JL. MS
TRAUMA, SUBCUTIS
M2393
JL
DEHYDRATION, TOXASCARIS SP. CODE 4, ESCHERICHIA COLI CODE 4
Path – pathologist initials
PM – post mortem

Section 7 of 10
LOCAL_ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

LIVER
BLANK
VERMINOUS TRACTS
CAPILLARIA - CODE 7
SMALL, BROWN ORANGE NECROSIS
BLANK
NAD
NAD

LUNGS
BLANK
NAD
NAD
THREE CACTUS THORNS
BLANK
NAD
NAD
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HEART
BLANK
NAD
NAD
NAD
BLANK
NAD
NAD

KIDNEYS
BLANK
NAD
NAD
NAD
BLANK
NAD
NAD

WT (KG)
BLANK
0.2735
0.309
0.262
BLANK
0.0373
0.0454

Section 8 of 10
LOCAL_ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

PANCREAS
BLANK
NK
NK
NK
BLANK
NAD
NK

LYMPHATIC Sx
BLANK
ALL LNs ENLARGED,
NAD
NAD
BLANK
NAD
NAD

DIGESTIVE SYSTEM
BLANK
NAD
PROBABLE PM CONGESTION AND INTUSSUSCEPTION.
NAD
BLANK
NAD
SLIGHT HYPERAEMIA SI WALL, SI / LI FULL OF YELLOW DIGESTA/FAECES

Section 9 of 10
LOCAL_ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

LAB RESULTS
BLANK
E COLI, NO PARASITES. CODE 4
LIVER C HEPATICA IDENTIFIED
CODE 7
NK
BLANK
NOT DONE
NOT DONE

Section 10 of 10
LOCAL_ID
M2351
M2352
M2353
M2354
M2385
M2386
M2393

OTHER
BLANK
FOUND DEAD IN NEST BOX, LONG Hx CODE 33 SYNDROME, ? YERSINIA PSEUDO TB/ SALMONELLA CODE 4 CODE 4
FOUND UNDER HEAT LAMP CODE 28, V SLOW RESPONSE, LETHARGIC CODE 16, CHRONIC WASTER CODE 33, KIDNEY FAILURE
ON STEROID CODE 3 AND COBALAMIN INJECTIONS CODE 13, TAIL CODE 38 SUGGESTS CHRONIC CODE 5
SEVERE ALOPECIA CODE 38, OFF WHITE CODE 5
FIGHT WITH CONSPECIFIC, SEVERAL INJURIES TO HEAD - WOUNDED CODE 68 + APOCRINE CYSTADENOMA REMOVED.
ACCIDENTALLY DROPPED BY PARENTS CODE 68, MALE TRIED TO RETRIEVE, HAND REARED
HAND REARED, DOING WELL. THEN YELLOW CODE 5, WEAKNESS CODE 15, DEATH
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APPENDIX 1V

Sample of weights data for one specimen, showing first 4/59 weights

Weights data – Section 1 of 5
LOCAL_ID

NAMES

GENDER

DATE_OF_ BIRTH

DATE_OF_ WEIGHT

WEIGHT

AGE_IN_DAYS

M1594

Trotsky

0

04/02/1988

14/11/1990

0.615

1000

M1594

Trotsky

0

04/02/1988

07/10/1991

0.502

1323

M1594

Trotsky

0

04/02/1988

11/10/1991

0.472

1327

M1594

Trotsky

0

04/02/1988

21/10/1991

0.535

1337

Section 2 of 5
LOCAL_ID

NAMES

AGE_GROUP

MONTH_OF_WEIGHT SEASON_OF_DATE

M1594

Trotsky

Adult

11

3

1990

M1594

Trotsky

Adult

10

3

1991

M1594

Trotsky

Adult

10

3

1991

M1594

Trotsky

Adult

10

3

1991

Section 3 of 5
LOCAL_ID NAMES PREGNANCY START PREGNANCY END NO_OF_WEIGHTS
M1594

Trotsky

0

0

59

M1594

Trotsky

0

0

59

M1594

Trotsky

0

0

59

M1594

Trotsky

0

0

59

Section 4 of 5
LOCAL_ID

NAMES

DATE_IN

DATE_OUT

DATE_OF_DEATH

M1594

Trotsky

31/08/1990

31/01/2003

31/01/2003

M1594

Trotsky

31/08/1990

31/01/2003

31/01/2003

M1594

Trotsky

31/08/1990

31/01/2003

31/01/2003

M1594

Trotsky

31/08/1990

31/01/2003

31/01/2003

Section 5 of 5
LOCAL_ID

NAMES

LOTIC_CORRECTED DECEASED EXPORTED

M1594

Trotsky

4536

1

0

1

M1594

Trotsky

4536

1

0

1

M1594

Trotsky

4536

1

0

1

M1594

Trotsky

4536
1
LOTIC_CORRECTED – length of time in DWCT collection

0

1
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WASTER

YEAR_OF_WEIGHT

APPENDIX V

TAXON REPORT FOR ONE SPECIMEN – ‘RICKETY’

22053965 | Local ID: M1958
Individual

Pied tamarin

Endangered (EN)

Saguinus bicolor

Date in

Acquisition - Vendor/Local Id

Phy Own Reported By

Disposition - Recipient/Local Id

Phy Own Date out

23/08/1993
30/10/1996

Birth/Hatch
Loan In From Vendor: IBAMA/M1958

In
In

Loan Transfer To BELFAST/2414
Death

Out
Out

Sex/Contraception

Male / Not a hybrid
Parent
[GAN: 25572999 | M1603/JERSEY] [GAN: 25572999 |
M1603/JERSEY]
[GAN: MIG12-29043338 | M1720/JERSEY] [GAN:
MIG12-29043338 | M1720/JERSEY]

Hybrid Status
Enclosure
Rearing
Dam
Sire

-

JERSEY / M1958
BELFAST / 2414
Birth Type
Birth Location
Birth Date/Age
House Name
Intl Stdbk#
Local ID
Transponder
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Captive Born
Durrell Wildlife Conservation Trust
23/08/1993 / 18Y,11M,7D at the time of death
[Rickety/BELFAST]
[123/BELFAST] [123/JERSEY]
[2414/BELFAST] [M1958/JERSEY]
[00 00 62 49 0D/BELFAST] [00-00-62-49-0D/JERSEY]

-

31/10/1996
30/07/2012

APPENDIX V1
CODING EXAMPLE
A: Original clinical record for one year in one specimen
.....1998...
29.Apr Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO PARASITES SEEN
7.May Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO/ENTAMOEBA/ENDOLIMAX
Clinical note recorded. (AT)
13.Jul Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO/NO PARASITES SEEN
31.Jul Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO/NO PARASITES SEEN
5.Oct Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO/NO PARASITES SEEN
7.Oct Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO/NO PARASITES SEEN
10.Oct Parasitology examination: (ROUTINE EXAMINATION) Fecal sample.
NO PARASITES SEEN
Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f

- page 2 Medical History Report - Summary for Individual Specimen
JERSEY ZOO - D.W.C.T
============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
.....1998...
6.Nov PROBLEM: decreased alertness (onset)
Immobilized: ISOFLURANE
Blood sample: (Heparin) Hematology/Chemistry/Serology results.
WBC:23.10 *10^9/L; HCT: 45.0%; BUN:9 MMOL/L;
88

Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO PARASITES SEEN
Rx: AMOXICILLIN TRIHYDRATE 4.57mg PO QID for 5 days. (10.00 mg/kg)
CYANOCOBALAMIN 25mcg IM once (54.70 mcg/kg)
AMOXICILLIN TRIHYDRATE 18.28mg IM once (40 mg/kg)
IVERMECTIN 91.40mcg IM once (.200 mg/kg)
RINGER'S SOLUTION, LACTATED USP 10ml SQ once
Clinical note recorded. (CJD)
Weight: .4570 Kg (1.01 Lb)
8.Nov Clinical note recorded. (BAC)
11.Nov Purpose/Problem: decreased alertness
Rx: DELMADINONE ACETATE 1mg IM once (2.19 mg/kg)
Clinical note recorded. (AFA)
16.Nov PROBLEM: decreased alertness (resolved)
Clinical note recorded. (CJD)
30.Nov Clinical note recorded. (BAC)
3.Dec Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO PARASITES SEEN
Clinical note recorded. (BAC)
9.Dec Clinical note recorded. (AFA)
10.Dec Immobilized: ISOFLURANE
Parasitology examination: (DIAGNOSTIC EXAMINATION) Fecal sample.
NO PARASITES SEEN
Purpose/Problem: Aggression.
Purpose/Problem: Poor condition.
Rx: DELMADINONE ACETATE 1mg IM once
MULTIVET 4BC INJECTION 17.75mg SQ once
Clinical note recorded. (AFA)
Clinical note recorded. (BAC)
Weight: .49 Kg (1.08 Lb)
In-house reference values are for SAGUINUS BICOLOR
Printed on: 24.Apr.2014
/ISIS/MedARKS/5.54.f
- page 7 ============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 6Y 3M 13D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Parasitology Examination:
89

Submission Data >>
Sample id.: 1998-0009
Type: Fecal sample
Date collected: 29.Apr.1998
Purpose: DIAGNOSTIC EXAMINATION
Collected by: MB
Collected from:
Enclosure: BRU3A
Group of specimens housed together.
Examination Data >>
Storage: room temperature
Date examined: 29.Apr.1998
Consistency: liquid to watery
Gross appearance: Atypical
by: AT
Sample description:
Pungent, creamy-yellow in colour.
<<< Sample resubmission requested >>>
Tests & Results >>
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN
Comments >>
Bacteriology - No pathogens isolated.
---------------------------------------------------------------------------Clinical Note:
7.May.1998
Microbiology: Fecal swab submitted for enteric pathogen screen.
Entamoeba coli +
Endolimax nana ++
No pathogens isolated. (AT)
Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f
- page 8 -

============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 6Y 3M 13D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Parasitology Examination:
Submission Data >>
Type: Fecal sample

Sample id.: 1998-0021
Date collected: 7.May.1998
90

Purpose: DIAGNOSTIC EXAMINATION

Collected by: MB

Collected from:
Enclosure: BRU3A
Group of specimens housed together.
Examination Data >>
Storage: room temperature
Consistency: soft
Gross appearance: Atypical
Sample description:
Pungent odour.

Date examined: 7.May.1998
by: AT

Pungent odour.
Tests & Results >>
BACTERIOLOGY
NO ENTERIC PATHOGENS ISOLATED
DIRECT MICROSCOPIC EXAMINATION ENTAMOEBA COLI
ENDOLIMAX NANA
2+
---------------------------------------------------------------------------Submission Data >>
Sample id.: 1998-0119
Type: Fecal sample
Date collected: 13.Jul.1998
Purpose: DIAGNOSTIC EXAMINATION
Collected by: DS
Collected from:
Enclosure: BRU3A
Group of specimens housed together.
Examination Data >>
Storage: room temperature
Consistency: liquid to watery
Gross appearance: Atypical
Sample description:
Pungent odour

Date examined: 13.Jul.1998
by: AT

Tests & Results >>
BACTERIOLOGY
NO ENTERIC PATHOGENS ISOLATED
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN

Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f
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- page 9 ============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 6Y 3M 13D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Parasitology Examination:
Submission Data >>
Sample id.: 1998-0160
Type: Fecal sample
Date collected: 31.Jul.1998
Purpose: DIAGNOSTIC EXAMINATION
Time collected: 12:18
Collected by: JMB
Collected from:
Enclosure: BRU3A
Group of specimens housed together.
Examination Data >>
Storage: room temperature
Consistency: soft
Gross appearance: Atypical

Date examined: 31.Jul.1998
by: AT

Tests & Results >>
BACTERIOLOGY
NO ENTERIC PATHOGENS ISOLATED
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN
---------------------------------------------------------------------------Submission Data >>
Sample id.: 1998-0312
Type: Fecal sample
Date collected: 5.Oct.1998
Purpose: DIAGNOSTIC EXAMINATION
Time collected: 10:00
Collected by: WM
Collected from:
Enclosure: BRU3A
Group of specimens housed together.
Examination Data >>
Storage: room temperature
Date examined: 5.Oct.1998
Consistency: formed
Gross appearance: Not specified
by: AT
Tests & Results >>
BACTERIOLOGY
NO SHIGELLA SP ISOLATED
92

NO CAMPYLOBACTER SP ISOLATED
NO SALMONELLA SP ISOLATED
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN
---------------------------------------------------------------------------Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f
- page 10 -

============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 6Y 3M 13D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Parasitology Examination:
Submission Data >>
Sample id.: 1998-0308
Type: Fecal sample
Date collected: 7.Oct.1998
Purpose: DIAGNOSTIC EXAMINATION
Time collected: 10:00
Collected by: MB
Collected from:
Enclosure: BRU3A
Group of specimens housed together.
Examination Data >>
Storage: room temperature
Consistency: formed
Gross appearance: Atypical

Date examined: 13.Oct.1998
by: AT

Tests & Results >>
BACTERIOLOGY
NO CAMPYLOBACTER SP ISOLATED
NO SALMONELLA SP ISOLATED
NO SHIGELLA SP ISOLATED
CENTRIFUGATION
NO PARASITES SEEN
----------------------------------------------------------------------------

Submission Data >>
Type: Fecal sample

Sample id.: 1998-0306
Date collected: 10.Oct.1998
93

Purpose: ROUTINE EXAMINATION
Time collected: 10:00
Collected by: WM
Collected from:
From an individual specimen.
Examination Data >>
Storage: room temperature
Consistency: formed
Gross appearance: Typical

Enclosure: BRU3A

Date examined: 10.Oct.1998
at: 11:00
by: AT

Tests & Results >>
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN
---------------------------------------------------------------------------Printed on: 24.Apr.2014
/ISIS/MedARKS/5.54.f
- page 11 ============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 6Y 3M 13D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Clinical Note:
6.Nov.1998
Problem: decreased alertness (Suspected)
Specimen found lethargic and seeking warmth, presented to Veterinary
Hospital in collapsed state. History of chronic diarrhoea and poor
body condition. Anaesthetised with isoflurane and oxygen. Identity
checked (00 01 F5 FC 84). Weight 457 g. Temperature 39.48 degrees
centigrade. Blood sample taken from jugular vein - heparinised sample
sent to Greendale for haematology and biochemistry. Clinical
examination reveals underweight specimen with very poor body
condition, evidence of chronic scouring, and suggestion of a palpable
cranial abdominal mass (? enlarged spleen). Dorso-ventral and lateral
whole-body radiographs (50 kV, 75 mA, 0.08 sec) taken, ? abnormal
density in cranial abdomen. Rectal swab taken for bacteriology.
Recovery uneventful.
Rx: CYANOCOBALAMIN 25 mcg IM once for 1 day.
Rx: AMOXICILLIN TRIHYDRATE 18.28 mg IM once for 1 day.
Rx: IVERMECTIN 91.40 mcg IM once for 1 dose.
94

Rx: RINGER'S SOLUTION, LACTATED USP 10 ml SQ once for 1 day.
Rx: AMOXICILLIN TRIHYDRATE 4.57 mg PO QID until further notice.
Continue with oral rehydration fluids (Dioralyte). (CJD)
Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f

- page 12 Anesthesia Records Report - Individual Specimen
JERSEY ZOO - D.W.C.T
============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 10Y 9M 2D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Baseline Data >>
Date of anesthesia: 6.Nov.1998
Health: Abnormal - class III
Preanesthetic Fasting: < 8 hours
Activity: excited and aggressive
Immobilized using manual restraint (as an isolated animal).
Body weight: .4570 Kg (1.01 Lb)
Veterinarian: CJD
Body condition: poor / emaciated
Immobilization Data >>
No anesthetic complications.
Anesthetic induction was good
Muscle relaxation was good
Overall rating for anesthesia: good
Recovery Data >>
Recovery was prolonged
Drug Data >>
Drugs given Amount Time
dosage
Route

Effect produced

ISOFLURANE
4%
light anesthesia
facemask
ISOFLURANE
2.5 %
light anesthesia
facemask
Physiological Data Values >>>
Date collected: 6.Nov.1998
95

Bottle #

Time Body temp.
Celsius
:
39.5
======================================================================
Blood Sample Data >>
Time Sample type(s)

Heparin, Whole blood JUGULAR VEIN - CJD
Comments >>
Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f

- page 13 Clinical Pathology Records - Specimen Report
JERSEY ZOO - D.W.C.T
============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 10Y 9M 2D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Collection Information >>
Date of Collection: 6.Nov.1998
Health Status: Abnormal
Time of Collection: :
Fasting Time: < 8 hours
Collected by: CJD
Activity: Excited
Sample Collection Site: JUGULAR VEIN
Weight: .4570 Kg on 6.Nov.1998
Restraint was with the following drugs:
ISOFLURANE
Hematology >>
Analysis Information >>
Laboratory: GREENDALE
Anticoagulant: Heparin
Date of Analysis: 7.Nov.1998
Storage: Refrigerated (>48 hours)
Time of Analysis:
Sample Quality: No quality problems.
Analysis by:
Automated analysis.
Tests and Results >>
WHITE BLOOD CELL COUNT > 23.1
RED BLOOD CELL COUNT > 7.11
96

*10^9/L
*10^12/L

HEMOGLOBIN 156
GM/L
HEMATOCRIT 45
%
MCV << 63.3
fL
MCH 21.9
uug
MCHC >> 347
gm/L
SEGMENTED NEUTROPHILS > 74 (17.09) % (*10^9/L
NEUTROPHILIC BANDS
2 (0.462) % (*10^9/L
LYMPHOCYTES 20 (4.620) % (*10^9/L
MONOCYTES
2 (0.462) % (*10^9/L
EOSINOPHILS
2 (0.462) % (*10^9/L
PLATELET COUNT > 0.582
*10^12/L
Comments >>
Film Comment: Moderate anisocytosis and slight polychromasia were
both seen in the RBCs.

In-house reference values are for SAGUINUS BICOLOR
Printed on: 24.Apr.2014
/ISIS/MedARKS/5.54.f
- page 14 Clinical Pathology Records - Specimen Report
JERSEY ZOO - D.W.C.T
============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 10Y 9M 2D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Collection Information >>
Date of Collection: 6.Nov.1998
Health Status: Abnormal
Time of Collection: :
Fasting Time: < 8 hours
Collected by: CJD
Activity: Excited
Sample Collection Site: JUGULAR VEIN
Weight: .4570 Kg on 6.Nov.1998
Restraint was with the following drugs:
ISOFLURANE
Chemistry >>
Analysis Information >>
Laboratory: GREENDALE
Chemistry Sample: Whole Blood (Heparin)
Date of Analysis: 7.Nov.1998
Storage: Room temperature (>10 hours)
Time of Analysis:
Sample Quality: No quality problems.
Analysis by:
Automated analysis.
97

Tests and Results >>
BLOOD UREA NITROGEN
8.78
MMOL/L
CREATININE 98.1
UMOL/L
BUN/creatinine ratio
0.090
TOTAL PROTEIN (COLORIMETRY) >> 82.4
GM/L
ALBUMIN (COLORIMETRY) > 43.0
GM/L
GLOBULIN (COLORIMETRY) 39.4
GM/L
albumin/globulin ratio
1.09
ALANINE AMINOTRANSFERASE 10
U/L
ALKALINE PHOSPHATASE 496
U/L
In-house reference values are for SAGUINUS BICOLOR
Printed on: 24.Apr.2014
/ISIS/MedARKS/5.54.f
- page 15 ============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 10Y 9M 2D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Parasitology Examination:
Submission Data >>
Sample id.: 1998-0390
Type: Fecal sample
Date collected: 6.Nov.1998
Purpose: DIAGNOSTIC EXAMINATION
Time collected: 10:00
Collected by: MB
Collected from:
From an individual specimen.
Examination Data >>
Storage: room temperature
Consistency: liquid to watery
Gross appearance: Atypical

Enclosure: BRU3A

Date examined: 6.Nov.1998
by: AT

Tests & Results >>
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN
---------------------------------------------------------------------------Prescription Data >>
Starting date: 6.Nov.1998
Drug: AMOXICILLIN TRIHYDRATE 4.57 mg PO QID for 5 days
98

Formulation: 50.00 mg/ml suspension
Prescribed by: CJD (6.Nov.1998)
Filled by: CJD (6.Nov.1998)
Drug dosage: 10.00 mg/kg
Treatment weight: .4570 kg
Comments >>
Originally prescribed until further notice.
Discontinued on 11.Nov.1998
__________________________________________________________________________
Prescription Data >>
Starting date: 6.Nov.1998
Drug: CYANOCOBALAMIN 25 mcg IM once
Formulation: 250 mcg/ml injectable
Prescribed by: CJD (6.Nov.1998)
Filled by: CJD (6.Nov.1998)
Drug dosage: 54.70 mcg/kg
Treatment weight: .457 kg
Daily Treatment Notes >>
Date Time Success By Comments
6.Nov.1998 : 100% CJD
__________________________________________________________________________
Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f

- page 16 Medical History Report - Individual Specimen
JERSEY ZOO - D.W.C.T
============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Prescription Data >>
Starting date: 6.Nov.1998
Drug: AMOXICILLIN TRIHYDRATE 18.28 mg IM once
Formulation: 150.00 mg/ml injectable suspension
Prescribed by: CJD (6.Nov.1998)
Filled by: CJD (6.Nov.1998)
Drug dosage: 40 mg/kg
Treatment weight: 0.457 kg
Daily Treatment Notes >>
Date Time Success By Comments
6.Nov.1998 : 100% CJD
_________________________________________________________________________
99

Prescription Data >>
Starting date: 6.Nov.1998
Drug: IVERMECTIN 91.40 mcg IM once
Formulation: 1.00 mg/ml injectable
Prescribed by: CJD (6.Nov.1998)
Filled by: CJD (6.Nov.1998)
Drug dosage: .200 mg/kg
Treatment weight: .4570 kg
Comments >>
Drug dilution notes:
Original concentration: 10.00 mg/ml
Final concentration: 1.00 mg/ml
Add 1 part drug to 9 parts of diluent.
Daily Treatment Notes >>
Date Time Success By Comments
6.Nov.1998 : 100% CJD
_________________________________________________________________________
Prescription Data >>
Starting date: 6.Nov.1998
Drug: RINGER'S SOLUTION, LACTATED USP 10 ml SQ once
Formulation: injectable
Prescribed by: CJD (6.Nov.1998)
Filled by: CJD (6.Nov.1998)
Treatment weight: 0.457 kg
Daily Treatment Notes >>
Date Time Success By Comments
6.Nov.1998 : 100% CJD
__________________________________________________________________________
Printed on: 24.Apr.2014

/ISIS/MedARKS/5.54.f

- page 17 ============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Clinical Note:
8.Nov.1998
Problem: decreased alertness (Suspected)
<<< Microbiology >>>
Sample Accession #:M1594
100

Laboratory:
[ ] JWPT
Collection Date:08.11.98
[ ] Hospital
Submission Date:09.11.98
[X] Microbiology Labs:
Submission type:
[x] aerobic bacteriology
Sample source:Faeces
[ ] anaerobic bacteriology
[ ] mycology
[x] enteric pathogen screen
[ ] mycobacterial
Organism:
Growth: heavy moderate light
1.Klebsiella pneum. pneumoniae
[] [] []
2.Lactococcus clemaris
[] [] []
3.E. coli
[] [] []
4.Proteus sp
[] [] []
5.Pseudomonas sp
[] [] []
6.
[] [] []
Sensitivity:
1 | 2 | 3 | 4 | 5 | 6 |
Amikacin: S | S | S | S | S | R |
Amoxicillin: R | S | S | S | R | R |
Amoxicillin/Clavulanate: | | | | | |
Ampicillin: R | S | S | S | R | R |
Carbenicillin: R | S | S | S | R | S |
Ceftazidime: S | R | S | R | R | S |
Cephalexin: R | R | S | R | S | R |
Chloramphenicol: S | S | S | S | S | R |
Clindamycin: R | R | R | R | R | R |
Doxycycline: S | S | R | S | R | R |
Enrofloxacin: S | S | S | S | S | S |
Erythromycin: R | S | R | S | R | R |
Framycetin: S | S | S | S | S | S |
Gentamicin: S | S | S | S | S | S |
Neomycin: S | S | S | S | S | R |
Oxolinic acid: S | R | S | R | S | R |
Oxytetracycline: S | S | R | S | R | R |
Penicillin: R | S | R | S | R | R |
Piperacillin: S | S | S | S | R | R |
Printed on: 24.Apr.2014
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- page 18 ============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Clinical Note:
8.Nov.1998
Polymyxin: S | R | S | R | R | S |
Septrin: S | S | S | S | R | R |
Streptomycin: S | S | S | S | R | R |
Tobramycin: | | | | | |
Synulox: S | S | S | S | R | R |
Vancomycin: | | | | | | (BAC)

Clinical Note:
11.Nov.1998
Problem: decreased alertness (Suspected)
Caught up for excessive masculine behaviour, e.g., aggression towards
female (repeated trauma to head).
Rx: DELMADINONE ACETATE 1 mg IM once for 1 day. (AFA)
Purpose: decreased alertness
Prescription Data >>
Starting date: 11.Nov.1998
Drug: DELMADINONE ACETATE 1 mg IM once
Formulation: 10.00 mg/ml injectable suspension
Prescribed by: AFA (11.Nov.1998)
Filled by: AFA (11.Nov.1998)
Drug dosage: 2.19 mg/kg
Treatment weight: .4570 kg
Daily Treatment Notes >>
Date Time Success By Comments
11.Nov.1998 : 100% AFA
_________________________________________________________________________
Clinical Note:
16.Nov.1998
Problem: decreased alertness (Suspected)
Behaviour improved, less aggressive. (CJD)
Printed on: 24.Apr.2014
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SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Clinical Note:

30.Nov.1998
<<< Microbiology >>>

Sample Accession #:M1594
Laboratory:
[X] JWPT
Collection Date:30.11.98
[ ] Hospital
Submission Date:30.11.98
[ ] Microbiology Labs:
Reporting Date: 04.12.98
Submission type:
[x] aerobic bacteriology
Sample source:Faeces
[ ] anaerobic bacteriology
[ ] mycology
[x] enteric pathogen screen
[ ] mycobacterial
Organism:
1.Citrobacter freundi
2.Burkholderia sp
3.Streptococcus sp
4.
5.
6.

Growth: heavy moderate light
[] [] []
[] [] []
[] [] []
[] [] []
[] [] []
[] [] []

Sensitivity:
1 | 2 | 3 | 4 | 5 | 6 |
Amikacin: S | S | S | | | |
Amoxicillin: R | S | R | | | |
Amoxicillin/Clavulanate: | | | | | |
Ampicillin: R | S | R | | | |
Carbenicillin: R | S | R | | | |
Ceftazidime: S | S | S | | | |
Cephalexin: R | S | S | | | |
Chloramphenicol: S | R | S | | | |
Clindamycin: R | R | R | | | |
Doxycycline: S | S | S | | | |
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Enrofloxacin: S | S | S | | | |
Erythromycin: R | R | R | | | |
Framycetin: S | S | S | | | |
Gentamicin: S | S | S | | | |
Neomycin: R | S | S | | | |
Oxolinic acid: S | S | S | | | |
Oxytetracycline: S | S | S | | | |
Penicillin: R | R | R | | | |
Piperacillin: R | S | S | | | |
Polymyxin: S | R | S | | | |
Printed on: 24.Apr.2014
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SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Clinical Note:
Septrin: R | S | S |
Streptomycin: R | S | S
Tobramycin: | | |
Synulox: S | S | S |
Vancomycin: | | |

|
|
|
|
|

Comments:
(BAC)
Printed on: 24.Apr.2014
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SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Clinical Note:

3.Dec.1998
<<< Microbiology >>>
Sample Accession #:M1594
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Laboratory:
[X] J.W.P.T
Collection Date:03.12.98
[ ] Jersey Gen. Hospital
Submission Date:03.12.98
[ ] The Microbiology Labs
Reporting Date: 07.12.98
[ ] Other:
Submission type:
[x] aerobic bacteriology
Sample source: Faeces
[x] enteric pathogen screen
[ ] Individual sample
[X] Group sample

Organism: Negative for Salmonella, Shigella and Campylobacter.
(BAC)
Printed on: 24.Apr.2014
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SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Parasitology Examination:
Submission Data >>
Sample id.: 1998-0468
Type: Fecal sample
Date collected: 3.Dec.1998
Purpose: DIAGNOSTIC EXAMINATION
Time collected: 14:00
Collected by: SRH
Collected from:
Enclosure: BRU3A
Group of specimens housed together.
Examination Data >>
Storage: room temperature
Consistency: soft
Gross appearance: Atypical

Date examined: 3.Dec.1998
by: AT

Tests & Results >>
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN
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---------------------------------------------------------------------------Clinical Note:
9.Dec.1998
Examined re: re-occurrence of aggressive behaviour, advise examination
and possible repeat treatment of Tardak (AFA)
Clinical Note:
10.Dec.1998
Identity confirmed. Specimen anaesthetised with Isoflurane/Oxygen for
examination. Thin body. Hair loss around hindquarters, typical of
hormonal alopecia (?). Small blood sample obtained. Faecal swab from
rectum.
Rx: DELMADINONE ACETATE 1 mg IM once
Rx: MULTIVET 4BC INJECTION 17.75 mg SQ once (AFA)
Printed on: 24.Apr.2014
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SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 14Y 11M 27D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Clinical Note:

10.Dec.1998
<<< Microbiology >>>
Sample Accession #:M1594

Laboratory:
[X] J.W.P.T
Collection Date:10.12.1998
[ ] Jersey Gen. Hospital
Submission Date:10.12.1998
[ ] The Microbiology Labs
[ ] Other:
Submission type:
[x] aerobic bacteriology
Sample source: Faeces
[x] enteric pathogen screen
[X] Individual sample
[ ] Group sample
Organism: Negative for Salmonella, Shigella and Campylobacter. (BAC)
Printed on: 24.Apr.2014
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Anesthesia Records Report - Individual Specimen
JERSEY ZOO - D.W.C.T
============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 10Y 10M 5D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Baseline Data >>
Date of anesthesia: 10.Dec.1998
Health: Abnormal - class III
Preanesthetic Fasting: 8-24 hours
Activity: excited and aggressive
Immobilized using manual restraint (as an isolated animal).
Body weight: .49 Kg (1.08 Lb)
Veterinarian: AFA
Body condition: poor / emaciated
Recorded by: AT
Immobilization Data >>
Initial dose given at 11:30
Showed initial drug effects at 3 min (11:33)
Recumbent at 3 min (11:33)
No anesthetic complications.
Anesthetic induction was good
Muscle relaxation was excellent
Overall rating for anesthesia: good
Recovery Data >>
Recovery was normal
Recovered to normal by 11:55
Drug Data >>
Drugs given Amount Time
dosage
Route
ISOFLURANE
4 % 11:30
facemask
ISOFLURANE
3 % 4 min
facemask
Physiological Data Values >>>
Date collected: 10.Dec.1998

Effect produced

Bottle #

surgical anesthesia @3 min
surgical anesthesia @11:34

Time Body temp.
Celsius
107

11:34

39.9

======================================================================
Blood Sample Data >>
Time Sample type(s)
EDTA FEMORAL VEIN - AFA
Comments >>
Printed on: 24.Apr.2014
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SAGUINUS BICOLOR
Sex: Male
Acc. #: M1594
Pied tamarin
Age: 10Y 10M 5D Birth: 4.Feb.1988
Name: Trotsky Chip: 00-00-F5-FC-84 Tattoo: A15
============================================================================
Parasitology Examination:
Submission Data >>
Sample id.: 1998-0532
Type: Fecal sample
Date collected: 10.Dec.1998
Purpose: DIAGNOSTIC EXAMINATION
Collected from:
From an individual specimen.
Examination Data >>
Storage: room temperature
Consistency: soft
Gross appearance: Atypical

Enclosure: BRU3A

Date examined: 10.Dec.1998
by: AT

Tests & Results >>
CENTRIFUGATION
NO PARASITES SEEN
DIRECT MICROSCOPIC EXAMINATION NO PARASITES SEEN
---------------------------------------------------------------------------Purpose: Aggression.
Prescription Data >>

Starting date: 10.Dec.1998
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Drug: DELMADINONE ACETATE 1 mg IM once
Formulation: 10.00 mg/ml injectable suspension
Prescribed by: AFA (10.Dec.1998)
Filled by: AFA (10.Dec.1998)
Treatment weight: .49 kg
_________________________________________________________________________
Purpose: Poor condition.
Prescription Data >>
Starting date: 10.Dec.1998
Drug: MULTIVET 4BC INJECTION 17.75 mg SQ once
Formulation: 35.50 mg/ml injectable
Prescribed by: AFA (10.Dec.1998)
Filled by: AFA (10.Dec.1998)
Treatment weight: .49 kg
MULTIVET 4BC INJECTION = THIAMINE HYDROCHLORIDE + RIBOFLAVIN
PHOSPHATE + PYRIDOXINE HYDROCHLORIDE + NICOTINAMIDE + ASCORBIC
ACID

__________________________________________________________________________
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B: Coded text for the above specimen
1998
29.Apr. 1998 CODE 37 FAECAL SAMPLE CODE 2 NO PARASITES SEEN CODE 0
CODE 35
Group of specimens housed together.
Consistency: liquid to watery CODE 5 Gross appearance: CODE 1
Sample description: Pungent, creamy-yellow in colour. Bacteriology - No pathogens
isolated.
7.May. 1998 CODE 37 FAECAL SAMPLE CODE 2.
Entamoeba coli + Endolimax nana ++ No pathogens isolated. NO PARASITES SEEN CODE 0
CODE 35
Group of specimens housed together.
Consistency: soft
Gross appearance: CODE 1
Sample description: Pungent odour.
13.Jul.1998
FAECAL SAMPLE CODE 2
CODE 37 CODE 35 Group of specimens housed together.
Consistency: liquid to watery CODE 5 Gross appearance: CODE 1
Sample description: Pungent odour
NO ENTERIC PATHOGENS ISOLATED CODE 0
NO PARASITES SEEN CODE 0
31.Jul.1998
FAECAL SAMPLE CODE 2
CODE 37
CODE 35
Group of specimens housed together. Consistency: soft Gross appearance: CODE 1
NO ENTERIC PATHOGENS ISOLATED CODE 0 NO PARASITES SEEN CODE 0
5.Oct.1998 FAECAL SAMPLE CODE 2 CODE 37 CODE 35
Group of specimens housed together.
Consistency: formed
Gross appearance: Not specified
CODE 61 NO CAMPYLOBACTER SP ISOLATED NO PARASITES SEEN CODE 0
7.Oct.1998 Type: FAECAL SAMPLE CODE 2
CODE 37
CODE 35
Group of specimens housed together.
Consistency: formed Gross appearance: CODE 1
CODE 61
NO CAMPYLOBACTER SP ISOLATED NO PARASITES SEEN CODE 0
10.Oct.1998 Type: FAECAL SAMPLE CODE 2
CODE X
CODE 35
From an individual specimen.
Consistency: formed Gross appearance: CODE 0
NO PARASITES SEEN CODE 0
6.Nov.1998
CODE 37 FAECAL SAMPLE CODE 2. NO PARASITES SEEN CODE 0 CODE 14
Specimen CODE 16 and CODE 28, presented to Veterinary Hospital in collapsed state.
History of CODE 5 and CODE 51. ? enlarged spleen. Rectal swab taken for bacteriology.
Rx: CYANOCOBALAMIN CODE 13
Rx: AMOXICILLIN TRIHYDRATE CODE 3
Rx: IVERMECTIN CODE 3
Rx: RINGER'S SOLUTION, LACTATED USP CODE 12
Rx: Dioralyte CODE 12
Health: Abnormal - class III Activity: excited and aggressive Body condition: poor /
emaciated
Immobilization Data >> No anesthetic complications.
Recovery Data >> Recovery was prolonged CODE 10 CODE 24
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Drug Data >> ISOFLURANE
CODE 11
HAEMATOLOGY >> WBC > 23.1
RBC > 7.11
HB 156
HCT 45
MCV << 63.3
MCH 21.9
MCHC >> 347
SEGMENTED NEUTROPHILS > 74 (17.09) %
NEUTROPHILIC BANDS
2 (0.462) %
LYMPHOCYTES 20 (4.620) %
MONOCYTES
2 (0.462) %
EOSINOPHILS
2 (0.462) %
PLATELET COUNT > 0.582
Comments >>
Film Comment: Moderate CODE 31 and slight polychromasia were both seen in the RBCs.
Chemistry >>
BLOOD UREA NITROGEN
8.78
CREATININE 98.1
BUN/creatinine ratio
0.090
TOTAL PROTEIN (COLORIMETRY) >> 82.4
ALBUMIN (COLORIMETRY) > 43.0
GLOBULIN (COLORIMETRY) 39.4
albumin/globulin ratio
1.09
ALANINE AMINOTRANSFERASE 10
ALKALINE PHOSPHATASE 496
FAECAL SAMPLE CODE 2
CODE 37
CODE 35
From an individual specimen.
Consistency: liquid to watery CODE 5 Gross appearance: CODE 1
NO PARASITES SEEN
CODE 0
8.Nov.1998
Problem: decreased alertness (Suspected) CODE 14
[x] aerobic bacteriology
Sample source: Faeces CODE 2
[x] enteric pathogen screen
Organism:
1.Klebsiella pneum. Pneumoniae CODE 4
2.Lactococcus clemaris CODE 4
3.E. coli CODE 4
4.Proteus sp CODE 4
5.Pseudomonas sp CODE 4
11.Nov.1998
CODE 14 CODE Z
Rx: DELMADINONE ACETATE CODE 3
30.Nov.1998
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[x] aerobic bacteriology
Sample source: Faeces CODE 2 [x] enteric pathogen screen
1.Citrobacter freundi CODE 4
2.Burkholderia sp CODE 4
3.Streptococcus sp CODE 4
3.Dec.1998
[x] aerobic bacteriology Faeces CODE 2 [x] enteric pathogen screen
[X] CODE 36
Organism: CODE 61 and no Campylobacter.
CODE 35
Group of specimens housed together. CODE 37
Consistency: soft
Gross appearance: CODE 1 NO PARASITES SEEN CODE 0
9.Dec.1998
CODE Z
10.Dec.1998
Immobilized: ISOFLURANE CODE 11
CODE 37
Purpose/Problem: CODE Z
CODE 51
Rx: DELMADINONE ACETATE CODE 3
Rx: MULTIVET 4BC INJECTION CODE 13
Thin body. CODE 38 Small blood sample obtained.
[x] aerobic bacteriology
Sample source: Faeces CODE 2
[x] enteric pathogen screen
[X] Individual sample
Organism: CODE 61 and no Campylobacter.
Health: Abnormal - class III Activity: excited and aggressive
Body condition: poor / emaciated
No anesthetic complications.
Recovery Data >> Recovery was normal CODE 10
CODE 35
From an individual specimen FAECAL SAMPLE CODE 2
Consistency: soft
Gross appearance: CODE 1
NO PARASITES SEEN CODE 0
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APPENDIX V11

CODING LIST

WORD (S)

CODE NUMBER

FAECAL SAMPLE
MEDICATION EXCLUDING VITAMINS
INFECTIONS
DIARRHOEA
WEIGHT LOSS
HEPATIC CAPILLARIASIS
MARMOSET WASTING SYNDROME
DERMATOLOGY
ANAESTHETIC RECOVERY
ANAESTHETIC DRUGS
FLUIDS GIVEN
VITAMINS / DIETARY SUPPLEMENTS
DECREASED ALERTNESS
WEAK
LISTLESS
ENCLOSURE EY2
RESEARCH PROJECT
STILLBORN
PREMATURE
ENCLOSURE MANOR
ENCLOSURE EY5
RESEARCH SAMPLE
PROLONGED ANAESTHETIC RECOVERY
ENCLOSURE V/C
ENCLOSURE BRUANX
INFANTICIDE
HEAT SEEKING
ENCLOSURE EY3
ENCLOSURE M12 / 13
ANISOCYTOSIS
EUTHANASIA
WASTING
ENCLOSURE RANGE 1
ENCLOSURE BRU3A
GROUP SAMPLE
DIAGNOSTIC EXAMINATION
ALOPECIA
RENAL PROBLEMS
ANAEMIA
ENCLOSURE Q2
CODING REMOVED (DUPLICATE)
ENCLOSURE BRU1
ENCLOSURE Q1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
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ENCLOSURE M11
ENCLOSURE EY4
ENCLOSURE SQ
CARDIOPATHY
ENCLOSURE M6
ENCLOSURE M5 & M6
CACHEXIA
ENCLOSURE RANGE 2
ENCLOSURE RANGE 3
DENTAL PROBLEM
ENCLOSURE F27
COLITIS
ENCLOSURE F2
VOMITING
DEPRESSED
PRESHIPMENT EXAMINATION
Salmonella sp and Shigella sp not isolated.
ENCLOSURE F4
HEPATITIS
ENTERITIS
CONGESTED
PERITONITIS
PERINEAL SCOURING
PHYSICAL TRAUMA

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

CODE X
CODE Y
CODE Z
BRED Y/ N
FEMALE / MALE
PARASITES Y/N
STOOL ATYPICAL Y/N

ROUTINE EXAMINATION
FOLLOW-UP / RE-CHECK
AGGRESSION
1/0
1/0
1/0
1/0
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APPENDIX V111
Original post mortem examination record for one specimen, M2331.
Printed on: 22.Apr.2014
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1997-0110 - page 24 Pathology Records - Taxonomic Group Report
JERSEY ZOO - D.W.C.T
============================================================================
SAGUINUS BICOLOR
Sex: Male
Acc. #: M2331
Pied tamarin
Age: 2M 19D
Birth: 27.Mar.1997
Studbook #: 242 Time in this collection: > 30 days (80 days)
============================================================================
Baseline Data >>>
Pathology Case Number: 1997-0110
Specimen Died: 15.Jun.1997
(Necropsy Record)
Death was spontaneous
Enclosure: F3
SEX: MALE
Carcass Weight: .0871 Kg (0.19 Lb) (Estimated)
Reproductive History: Breeding History Unknown
Recent History and Observations >>
Chronic diarrhoea for several weeks; wasting away. Tried course of
erythrmycin oral drops (ofetn have Campylobacter within the groups)
and oral-redyhdration fluids. Died.
Necropsy Report >>
Prosector: JAVIER LOPEZ
Necropsy Date: 15.Jun.1997
Death to Necropsy Interval: 0-6 hours
Necropsy Location: DWCT (JERSEY)
Carcass Disposition: UNKNOWN
Gross Examination Report >>
1. EXTERNAL EXAMINATION, SKIN AND APPS.: Accumulation of faeces around
tail-base. Clear, watery discharge around left eye and ear.
2. SENSORY: NAD.
3. MUSCULAR AND SKELETAL APPARATUS: NAD.
4. BODY CAVITIES: NAD.
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5. DIGESTIVE SYSTEM: Buccal cavity, teeth and tongue normal.
Oesophagus and stomach normal, both emoty. SPI, NAD. LI, NAD; brown,
watery liquid faeces. Caecum, NAD; enlargement of associated lymph
node. Rectum and anus show signs of scouring.
6. LIVER: Dark brown/black in colour; normal shape and size. Pancreas,
NAD.
7. RESPIRATORY SYSTEM: NAD.
8. CARDIOVASCULAR SYSTEM: Heart, possibly a little enlarged; no
gross lesions, no pericardial fluid.
9. LYMPHATIC SYSTEM: Spleen, NAD. Massive enlargement of mesenteric
lymph nodes.
10. URINARY SYSTEM: NAD.
11. REPRODUCTIVE SYSTEM: MALE, NAD.
12. ENDOCRINE SYSTEM: NE.
13. NERVOUS SYSTEM: NE.
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1997-0110 - page 25 Pathology Records - Taxonomic Group Report
JERSEY ZOO - D.W.C.T
============================================================================
Laboratory Samples Submitted >>>
TISSUES SENT:
BACTERIOLOGY/MYCOLOGY: LI sample taken.
Campylobacter species isolated.

Histopathology Report >>
Oesophagus, lungs, heart (2), liver, kidney + adrenal, spleen, SI +
mesenteric lymph nodes (enlarged), LI, ileo-caeco-colic junction taken
in formalin and sent to Rest Associates.
Heart (2): NAD.
Ileo-caecal junction: one area of mucosal ulceration with associated
inflammation; generally an increase in inflammatory cells including
neutrophils and eosinhophils.
Kidney: NAD.
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LI: slight increase in inflammatory cells in the lamina propria.
Liver: NAD.
Lung: irregular areas of atelectasis and of emphysema; the collapsed
areas show mild acute inflammation.
Nodes (2): NAD.
Oesophagus: NAD.
SI: generally, an increase in inflammatory cells in the lamina
propria, including netrophils and eosinophils.
Spleen: NAD.
Diagnosis: Acute enteritis due to Campylobacter infection.
Comments: It is not possible to determine the cause of the enteritis.
The presence of polymorphs indicates that bacteria were involved.
Cause of Death >>>
ENTERITIS, INTESTINE, ACUTE, CAMPYLOBACTER SP.
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1997-0110 - page 26 Pathology Records - Taxonomic Group Report
JERSEY ZOO - D.W.C.T
============================================================================
Pathologist: JAVIER LOPEZ
ARKS Death Codes:
Circumstances: F - Infectious disease associated
Topography: G - Digestive/Gastrointestinal
Etiology: B - Bacterial
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APPENDIX 1X

Pet trade data

Consideration was given to collating the knowledge base held within the exotic pet trade.
The following advertisement was placed on line at www.UKclassifieds.co.uk, due to their
regular advertising of exotic pets for sale:

“Tamarin / Marmoset Project - information gathering
I am doing a UK-based MSc in Conservation Science and writing up illnesses seen in pied
tamarins in particular. I know there is a lot of expertise in the pet trade and would like to
hear from anyone who has seen illness and in particular features of a wasting syndrome in
their callitrichids. This has been seen in captivity in zoos, so is highly likely seen in home kept
callitrichids. The best descriptions and treatments collated in one document, will allow the
best survival rates. All contributors will be acknowledged, if they want to be and the MSc
thesis will be available free on-line.”

The advertisement was placed on 16 April 2014 and remains on-line for one year. It has been
viewed 688 times (25/08/2014), although a handful of those will be visits from me to check
the viewing activity. My expectations for this method of enquiry were not high, due to the
negative press associated with the exotic pet trade and the potential reluctance of breeders
to engage in research (Cronin, 2014; DEFRA, 2009). A Twitter account was also created, with
the name ‘MonkeyMalady’ with a similar request for WMS information sharing. No replies
were received to the advert or the Twitter request. It is possible that people were not keen
to respond to a cold call from an unknown researcher. There may have been the inertia that
is endemic in answering numerous requests for information, or concern about sharing
information regarding a trade that has negative connotations. The latter may be even
greater when considering raising ‘ill’ specimens as opposed to healthy ones and may not be
something individuals want to admit to. Given the volume of high quality data received from
DWCT, a decision was made not to progress these two lines of enquiry further.
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