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The exact pathophysiology of cold stress syndrome (CSS) in the Florida manatee 

(Trichechus manatus latirostris) was previously unknown. The condition was 

hypothesized as a nutritional, immunological and metabolic disturbance caused by 

prolonged exposure to water temperatures <20°C. Following extensive research into the 

coagulation system, we confirmed that CSS involves a severe hemostatic disorder. We 

established the following mean results for normal coagulation parameters in 40 wild 

manatees; prothrombin time (PT) 10.8 seconds, partial thromboplastin time (PTT) 9.2 

seconds, fibrinogen level 132mg/dl, and D-dimer level 82ng/mL.  We found CSS cases 

in comparison had statistically prolonged PT, PTT, increased D-dimer and fibrinogen 

levels and a reduced platelet count, consistent with disseminated intravascular 

coagulation (DIC).  

Furthermore we characterized the normal clotting process, performing 

coagulation factor assays in 20 wild manatees and thromboelastography (TEG) in 29 
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wild manatees. Wild manatees were relatively hypercoagulable compared to other 

species. The following mean (SD) normal TEG parameters were determined: reaction 

time R = 2.1(0.77) minutes, clotting time K = 0.8 (0.0) minutes, α angle 83.1° (2.0), 

maximum amplitude MA = 75mm (7.6) and clotting lysis LY30 = 0.41% (0.68). In 

comparison we found CSS cases to show increased coagulability supporting our 

hypothesis of thromboembolic disease playing a role in the pathophysiology of CSS. We 

established that increased PTT, PT, D-dimer, and fibrinogen levels and 

thrombocytopenia have a negative prognostic value in assessment of CSS cases. We 

propose that prolonged hypothermia results in a coagulopathy which is a component of 

the syndrome and may ultimately contribute or lead to the clinical signs associated with 

CSS including epidermal bleaching, enterocolitis and anorexia.  
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CHAPTER 1  
COLD STRESS SYNDROME REVIEW 

Introduction 

The Florida manatee (Trichechus manatus latirostris) is an aquatic mammal 

found in the tropical waters around the coast of Florida. They are currently protected 

under the Endangered Species act of 1973, the Marine Mammal Protection Act of 1972, 

and the Manatee Sanctuary Act of 1978. The Florida manatee is one of four living 

species in the order Sirenia with the other three species comprising the West African 

manatee (Trichechus senegalensis), the Amazonian manatee (Trichechus manatus) 

and the dugong (Dugong dugon) (Reep and Bonde 2006). The West Indian manatee 

contains two subspecies, the Florida manatee (Trichechus manatus latirostris) and the 

Antillean manatee (Trichechus manatus manatus). 

Cold stress syndrome (CSS) has been defined as mortality resulting from 

prolonged exposure to water temperatures <20°C (Bossart et al. 2002). It is one of the 

main causes of natural mortality, accounting for 18% of annual mortality rates. Despite 

the importance of the disorder, the pathophysiology of CSS  is not well understood 

(Bossart 1999). Bossart et al. 2002 explained death attributed to cold exposure as 

multisystemic organ failure resulting from life threatening opportunistic infectious 

disease that was preceded by nutritional, immunological and metabolic disturbances.   

Biology 

The current Florida manatee population is thought to have originated from 

Caribbean stock over the last 12,000 years. The natural warm water sources available 

in Florida allowed manatees to expand their range north from the Caribbean and 

ultimately the Floridian subspecies evolved. Currently the geographic range is 
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established as the entire coast of Florida, however individuals have been noted to stray 

as far north as Cape Cod and as far West as Texas (Reep and Bonde 2006). 

Manatees have a very low natural metabolic rate, similar to their closest living 

non-sirenian relative the elephant. Their low metabolism predisposes them to effects of 

temperature with their energetic requirements inhibiting their geographical distribution 

(Irvine 1983). It has also been shown that juvenile manatees have lower circulating 

thyroid levels, confirming an even lower basal metabolic rate, further predisposing them 

to the detrimental effects of hypothermia (Worthy et al. 1999).This low basal rate results 

in a low thermoneutral zone with the lowest water temperatures for survival being 20-

23°C. This is significantly higher than other marine counterparts such as the bottlenose 

dolphin which can survive readily in temperatures 8-15°C (Costa and Williams 1999). 

Despite their large size with average weight and length at 500kg and 3meters, the 

manatee’s geographic range is limited due to their reliance on warm water refuges for 

thermoregulation when water temperatures drop below 20°C.  This dependence on 

warm water refuges results in a necessary seasonal migration to warmer water in the 

colder winter months. Historically the manatees relied on natural thermal springs for 

warm water, however in recent decades warm water power plant effluents have 

provided a man-made alternative.  

Unlike many other marine mammals, manatees are a primarily tropical species 

and therefore have not adapted to survive cold temperatures (Bertram and Bertram 

1973). The closest living relatives to the Sirenia are the families of the rock hyrax 

(Hyracoidea) and the elephant (Proboscidae) (Domning 2001). The latter is particularly 

important when considering the low metabolic rate of the manatee. It is likely that the 
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manatee’s low basal metabolic rate and fairly high lower critical temperature contribute 

to morbidity and mortality following exposure to low temperatures (Irvine 1983, Worthy 

et al. 1999). Further, the manatee’s blubber anatomy is unlike that found in other marine 

mammal groups. It does not have a high insulative value and consequently may also 

predispose the species to hypothermia. Other marine mammals are more adapted to 

colder waters. For example,  the harbor porpoise (Phocoena phocoena) has a high lipid 

content within the blubber layer and therefore a low conductivity factor, facilitating 

retention of heat  (Worthy and Edwards 1990). Despite the manatee dermal layer being 

relatively thick, it has relatively low lipid content, and therefore a high conductivity factor 

(Ames et al. 2002). The high conductivity factor results in poor heat conservation, 

enabling heat to be easily lost in cold water.  

Adaptations that may enhance heat conservation include a counter current 

exchange system within the vasculature. There is a high ratio of veins to arteries at 2:1 

facilitating each artery to be surrounded by veins. This close approximation enables a 

counter current exchange system between the arterial and venous blood facilitating heat 

conservation (Rommel and Caplan 2003). In addition, the adaptation of arteriovenous 

anastomoses, are additional anatomical specializations that facilitate heat conservation, 

by the transfer of arterial heat back into the body via the venous system. Ultimately this 

facilitates reduced heat loss from the extremities. Despite these adaptations exposure 

to prolonged cold is detrimental to manatees. 

The manatee has unique anatomy with their pleural cavity comprising the entire 

dorsal compartment. This creates a particularly large abdominal cavity facilitating a 

large digestive system, as illustrated in Figure 1-1. Manatees survive on an herbivorous 
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diet, consuming a wide variety of both freshwater and saltwater plants. Their prehensile 

upper lip aids consumption of 10% of their body weight in plant material per day (Walsh 

and Bossart 1999).  

Manatees are hindgut fermenters like elephants, and require that a large volume 

of various sea grasses be consumed daily (Reynolds and Rommel 1996). Due to their 

slow metabolism food transit time is approximately 7-10 days, allowing a large 

generation of heat,  a significant contributor to effective thermoregulation (Rommel et al. 

2003). 

Mortality 

The main anthropogenic cause of manatee mortality in Florida is trauma as a 

result of watercraft collisions as demonstrated in Table 1-1. Brevetoxicosis and perinatal 

mortality are additional causes of mortality reported annually by FWC.  

Cold stress syndrome has been shown to be a major cause of natural mortality in 

the Florida manatee accounting for approximately 18% of annual mortality (Bossart et 

al. 2004). Morbidity and mortality caused by CSS can be highly variable due to the 

severity and length of cold weather events. Acute changes in temperature can result in 

exposure to extreme cold before a suitable migration to a warm water site can occur. In 

addition, prolonged cold weather periods can result in increased cold stress syndrome 

due to cold exposure when leaving the warm water refuges to facilitate feeding. 

The FWC operates a carcass salvage program, performing necropsies on all 

recovered carcasses either in the Marine Mammal Pathobiology Laboratory or in the 

field if too remote to remove the carcass. The most commonly reported cause of 

mortality for each year is reported in Table 1-1. Over the forty years that the carcass 

recovery program has been in operation, severe cold weather has resulted in multiple 
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deaths as a result of CSS. At the start of the carcass recovery program, cold stress 

syndrome was still poorly defined and it is not clear that all possible cases would have 

been correctly categorized.  

 In recent years the numbers of CSS mortalities have increased from only 14 

deaths confirmed in 2000, to 50 deaths in 2004, 282 deaths in 2010 and 114 deaths in 

2011(FWC 2015). The winter of 2010-2011 was particularly cold which accounted for 

the increased mortality (Barlas et al. 2011). This increase in reported mortality for CSS 

may be due to a more specific definition of the condition, and improved recognition by 

recovery personnel. However increased deaths were also a result of extreme, 

prolonged cold temperatures. Only 26 deaths were confirmed as a result of CSS in 

2014 and 17 in 2015 (November) indicating the winter of 2014-2015 was relatively mild.  

Unusual Mortality Events 

An unusual mortality event is described under the Marine Mammal Protection Act 

as “a significant die-off of any marine mammal population; and demands immediate 

response”. Cold stress syndrome was determined to be responsible for two recent 

unusual mortality events (UMEs) in winter of 2009-2010 and winter of 2010-2011 where 

252 manatees deaths were attributed to cold exposure (Barlas et al. 2011). Further, an 

additional 228 carcasses were recovered during this period, which were too 

decomposed to make a definitive determination about the cause of death. There were 

two phases to the 2010-2011 UME which lasted a total of 89 days. The first phase 

consisted of acute mortality resulting from brief exposure to extreme cold <15° with 10 

carcasses being recovered on average per day for the first 22 days. The second phase 

consisted of chronic mortality following a period of prolonged cold exposure which 

resulted in a total of 181 carcasses over a two month period. The start of the UME 
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correlated with the coldest water temperatures recorded in this period of 10°C.This 

extremely low temperature resulted in the large numbers of acute deaths due to severe 

hypothermia (Barlas et al. 2011). Spatial and temporal UME data analysis corroborated 

with the geographical locations of warm water refuges where lower levels of mortality 

were reported (Barlas et al. 2011).  

All carcasses confirmed as cold stress mortality in these UMEs demonstrated 

skin lesions. These ranged from mild epidermal lesions such as bleaching of the 

epidermis (Figure 1-2) to large ulcerations and abscesses (Barlas et al. 2011). The 

cobblestone skin (Figure 1-3) appearance was frequently observed with mild to severe 

hyperkeratinisation of the epidermis. Thickening of the epidermis was particularly 

prevalent at the extremities. Bossart et al. (2002) suggested that this may be an 

adaptive response to the reduction in temperature. Serous fat atrophy and chronic 

emaciation was understandably less apparent in the acute mortality phase but was 

consistently present in the chronic cold stress cases. The  post mortem figures 

supported the demographic of the manatees affected with a greater representation by 

the smaller manatees with 58% of the carcasses being juvenile manatees (Barlas et al. 

2011).  

Demography 

The first abundance estimate conducted on the Florida manatee was conducted 

in 2011 and 2012 and estimated 6350 individuals (Martin et al. 2015). Previously 

performed synoptic surveys counted 3802 manatees in 2009. Despite an apparent 

population increase the manatee is still classed as endangered (Martin et al. 2015). This 

consistent classification is partially due to the stochastic nature of the mortality patterns 

with large population die offs occurring periodically due to harmful algal blooms and cold 
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stress syndrome as demonstrated in Table 1-1. The demographic most affected by cold 

stress syndrome are the juveniles and sub adults (O'Shea et al. 1985), which was 

confirmed in the 2010 UME data. The reasons for this are multifactorial. The current 

guidelines to indicate age categories during physical examination are length of >260cm 

adult, 236-260cm juvenile, and <236cm calves (Bonde et al. 2012). In smaller animals 

there is a reduced surface area to volume ratio resulting in increased heat loss, which 

can challenge homeostasis in cold environments (Bossart et al. 2004). Young animals 

may be experiencing cold water independently for the first time. This inexperience may 

inhibit suitable migration to warm water sites when water temperatures fall. Social 

factors, such as learning to survive without the guidance of the mother, may also be 

influential. The minute number of perinatal animals affected is primarily due to the fact 

that they are still nursing and are subsequently guided to appropriate warm water 

refuges by the dam. The lack of perinatal deaths by cold stress syndrome and the high 

preponderance of juveniles supports this hypothesis (O'Shea et al. 1985).  

As previously mentioned, juveniles have reduced body mass and fewer fat 

reserves. Thus, subsequent serous fat atrophy – a common result of cold stress 

syndrome - will have an even greater detrimental effect on thermoregulation. 

Inadequate access to forage may contribute to weight loss, exacerbating the condition. 

Early separation from the mother or the inability to locate sufficient food sources will 

increase susceptibility of young animals to CSS. As gut digestion can provide a large 

proportion of heat generation, the potential of the younger animals having a lower food 

intake could therefore reduce the fermentation furnace efficiency of the gastrointestinal 

system. Incomplete weaning would also result in lower forage intake and reduced heat 
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production. The reduced ability of juveniles to adjust their metabolic rate for cold 

exposure is a major factor in their susceptibility to cold stress (Worthy et al. 1999). In 

conclusion, a reduction in nutritional status compounded with a small surface area 

exacerbates the metabolic drain on these individuals (Irvine 1983).  

Warm water refuges 

Previous studies into the winter habitat preferences of the Florida manatee have 

shown how manatees rely on one of three types of warm water sources (Laist et al. 

2013). These are natural springs, passive thermal basins or warm water effluent from 

power plants. The ideal warm water refuge should have a short transit time to access 

foraging sites and minimize cold exposure. Cold exposure coupled with lack of forage 

has been shown to have subclinical effects on surviving manatees in addition to those 

which succumb to CSS (Wilson et al. 2011).  Subclinical consequences in survivors 

include increased vulnerability to other stressors, and reduced reproductive 

performance (Wingfield and Sapolsky 2003). The very large numbers of manatees 

aggregating at warm water sites during cold weather increases the demand on the 

available food sources. Longer commutes may be needed to reach forage areas, 

potentially increasing cold water exposure.  

 The geographical range of cold stress mortality has been widespread throughout 

Florida. The temperatures within a warm water area can fluctuate, providing varying 

degrees of protection against cold temperatures. Warm water springs are the most 

consistent in protecting manatees from declining water temperatures in the winter. 

Power plants may be unable to elevate discharge temperatures enough to raise 

ambient water temperatures during significant cold spells (Laist et al. 2013). As a result, 

the levels of mortality between  locations can vary significantly depending on weather 



 

21 

conditions and the quality and availability of a refuge site (Langtimm and Beck 2003). 

The largest mortalities attributed to cold stress were recorded in the record breaking 

winter of 2009-2010 (Stith et al. 2012).  

As all power plants currently used by manatees in Florida are over 35 years old, 

the current population has adapted to relying on their warm water supply. The site 

fidelity shown by the manatees to a particular warm water location has resulted in the 

formation of four somewhat discrete subpopulations of  manatees within the state of 

Florida (Laist et al. 2013). In a recent winter survey  it was found that almost 50% of the 

current population were residing at power plants (Laist et al. 2013). There are several 

proposed power plant closures in the near future which could have dramatic effects on 

these populations and their offspring, who have learned to migrate to these locations 

(Laist and Reynolds 2005b). Due to the longevity of the operation of power plants, 

manatees habituated to these sites may be unaware of an alternative warm water 

source if this refuge is withdrawn.  

The risk of succumbing to cold stress syndrome is linked directly to the duration 

and intensity of the cold weather and the quality of forage within, or adjacent to, the 

warm water site. Studies have shown that manatee’s feeding becomes erratic when 

water temperatures drop to 18-19°C (Campbell 1981). If manatees have to venture out 

of the warm water refuge to feed they experience increased exposure to hypothermia. 

Remaining in  warm water without feeding may result in starvation, causing a cascade 

of nutritional deficiencies, decreased energy reserves, and a reduction in the 

thermogenic activity of gut microflora (Rommel et al. 2003). 
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Clinical Signs of Cold Stress Syndrome 

Obvious clinical symptoms commonly include bleached epidermis with varying 

degrees of severity of ulceration and abscessation (Figure 1-2), predominantly confined 

to the extremities (Buergelt et al. 1984). In addition to the epidermal findings, behavioral 

signs observed in the live manatee include shivering followed by a reduction in activity 

and floating at the surface of the water (Walsh and Bossart 1999). Decreased, or a 

complete cessation of feeding activity may be observed early in the disease process, 

therefore chronically affected individuals are often underweight. Extreme weight loss is 

most evident in the head and neck region, and may be described as “peanut head” 

(Figure 1-4). On physical exam a reduction in heart rate and respiratory rate can be 

seen with oral body temperatures as low as 25°C. Normal parameters in the manatee 

include a heart rate of 50-60bpm , respiratory rate of 1 breath per minute and core body 

temperature of 36°C (Wong et al. 2012). Dyspnea indicated by shallow, rapid breaths 

(>10 per 5 minutes) is often seen when the animal is severely compromised (Barlas et 

al. 2011). Marked lethargy is invariably present, however in rescued manatees 

neurological deficits as a result of extreme hypothermia are rarely seen, most likely 

because these animals die prior to rescue (Barlas et al. 2011).  

Current Therapy 

Historically, the pathophysiology of cold stress was poorly understood and 

treatment  largely based on providing supportive care (Bossart et al. 2002).  Most 

manatees admitted with signs of cold stress syndrome will be nutritionally compromised. 

Gradual return to food is advised to minimize colic and to allow the gut microflora to re-

establish. This can be achieved by passing a gastric tube through the nostril to allow 
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administration of water, electrolytes, and oral medications. The amount of food offered 

initially will be strictly controlled to prevent excessive initial consumption.  

A blood sample is obtained from the capillary bed located in the interosseous 

space between the ulna and radius from either pectoral flipper as demonstrated in 

Figure 1-5 (Walsh and Bossart 1999).  Following sterile preparation using betadine and 

alcohol gauze, a 20 gauge 1.5 inch needle is inserted and attached to a wing tipped 

blood collection set. Standard collection involves serum and EDTA tubes for 

biochemistry and hematology analysis with the addition of citrated plasma to allow 

coagulation analysis (Harvey et al. 2007, Harvey et al. 2009). Laboratory tests that can 

be immediately performed include packed cell volume, total protein and blood glucose. 

Hypoglycemia is particularly important to identify in cold stress cases.  

Blood work frequently demonstrates low numbers of heterophils and 

lymphocytes. However, white blood cell values in manatees appear to show similar 

trends to the bovine species where leukocyte counts will only elevate during very severe 

disease (Harr et al. 2006, Reep and Bonde 2006). As a result white blood cells are not a 

sensitive indicator of infection or inflammation. Alternative tests such as serum amyloid 

A are now being measured in the manatee as they have improved specificity and 

sensitivity for inflammation (Harr et al. 2006, Cray et al. 2013). Increased serum amyloid 

A exceeding >1200µg/mL was demonstrated to carry a poor prognostic indication which 

can be used to aid clinical decision making (Harr et al. 2006).  

Pneumonia is a common sequelae to cold stress syndrome.  Nasal discharge 

may indicate an upper respiratory tract infection and antibiotics are frequently indicated. 

The respiratory system was affected in approximately 60% of 188 CSS cases examined 
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in 2001 (Bossart et al. 2002). Bronchopneumonia is common in acutely affected 

individuals that may be early in the course of the disease, showing little to no change in 

the epidermis. Epidermal bleaching and subsequent hyperkeratinization and 

abscessation are more chronic changes (Barlas et al. 2011). On arrival at the 

rehabilitation centers CSS manatees will usually receive broad spectrum antibiotics to 

treat both local abscesses and systemic infections (Bossart 1999).  

In cases with extensive epidermal sloughing, topical treatments such as dimethyl 

sulfoxide may reduce cellulitis and minimize further infection. Non-steroidal anti-

inflammatories can be used to provide both a reduction in inflammation in the epidermis 

and some pain relief for the abscessation.  

Pathological Findings 

The pathological features of cold stress syndrome were first identified and 

described in 2002 (Bossart et al. 2002). Following chronic exposure to cold water <20°C 

several pathological conditions were observed that supported a clinical diagnosis of 

CSS. In the winter of 2000-2001, 188 manatees were necropsied and diagnosed with 

CSS (Bossart et al. 2002). Consistent necropsy findings in these 188 cases were poor 

body condition, frequently demonstrating emaciation, with internally depleted fat stores 

and serous fat atrophy. These pathological findings are consistent with insufficient food 

stores within the warm water refuge sites as previously described (Flamm et al. 2013).  

Internal pathology consistently associated with cold stress primarily involves the 

gastrointestinal system with a recurrent finding being little to no ingesta throughout the 

length of the gastrointestinal tract (O'Shea et al. 1985). This is consistent with the 

cessation of feeding attributed to both hypothermia and decreased access to forage. 
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 The opposite was apparent however in the closely related dugong (Dugong 

dugon) with CSS where large amounts of sea grasses were found in the stomach at 

post mortem. The explanation for this is likely due to the fact that sea grasses are 

present in the dugong's refuge warm water zones whereas manatees usually must 

leave the warm water refuge to forage (Owen et al. 2013). The lack of food in 

combination with hypothermia in the Florida manatee appears to predispose them to the 

cascade of events frequently observed during CSS such as immunosuppression, 

epidermal lesions and metabolic abnormalities. Interestingly the dugong appears to 

have improved adaptation to the colder water temperatures, with temperatures as low 

as 18°C being required before movement to warmer areas is initiated and subsequently 

appear to be less predisposed to CSS (Owen et al. 2013). 

Immunosuppression with reduced lymphocyte numbers has been documented in 

cold stress manatees and may predispose affected animals to systemic bacterial 

infections (Walsh et al. 2005). Lymphoid depletion of the mucosal associated lymphoid 

tissue (MALT) has been reported in CSS and was moderate to severe in most cases. 

Depletion of lymphoid tissue was consistently observed in all peripheral lymph nodes 

and the spleen (Bossart et al. 2002). Both the cell mediated and humoral immune 

systems are affected by the lymphoid depletion, predisposing to secondary infections 

(Halvorsen and Keith 2008).  

Enterocolitis, often with dried black fecal material observed in the gastrointestinal 

tract, is also reported in manatees suspected of succumbing to CSS. The feces are 

hemacult positive indicating prior bleeding during passage through the intestines. This is 

significant when considering the possibility of a coagulopathy in the pathophysiology of 
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CSS. Although thromboembolisms can be challenging to diagnose grossly at necropsy 

they are a frequent finding in histopathology (Marder et al. 2012).  

Myocardial degeneration has also been a consistent finding in cold stress 

syndrome. This was characterized histologically as attenuated myofibres and extensive 

cytoplasmic vacuolation (Buergelt et al. 1984). Occasionally mild interstitial fibrosis was 

also present. A possible etiology for the cardiac changes could be the link to the 

nutritional disturbance leading to cachexia  from the advanced emaciation (Bossart et 

al. 2004). The presence of cardiorespiratory, gastrointestinal and lymphoid pathology 

supports the likelihood of a systemic inflammatory response and subsequent multi 

systemic organ failure. Exposure to cold has resulted in a similar effect in other species 

such as cold stunning in sea turtles (Anderson et al. 2011). Pathology reports of cold 

stunned sea turtles between 2001-2006 found that hypothermia resulted in a multitude 

of pathologies (Innis et al. 2009). The most frequently observed pathologies included 

pneumonia and necrotizing enterocolitis. Additional contributing factors were described 

as respiratory, metabolic and electrolyte derangements as a result of hypothermia with 

drowning frequently being the ultimate cause of death (Innis et al. 2009, Keller et al. 

2012).  

Mitigation 

Due to cold stress syndrome being a natural phenomenon, mitigation is 

particularly challenging.  Manatees have adapted to reliance on power plant refuges as 

a source of warm water during cold weather for more than fifty years. It may require a 

similar time frame for them to learn to rely on Florida’s  natural networks of warm water 

springs and  thermal basins as they have in the historic context (Laist et al. 2013). 

Disease attributed to hypothermia  is linked to the duration as well as the intensity of 
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cold water exposure, as well as access to quality forage (Flamm et al. 2013). In the 

more northern sites, where the cold can be more extreme, it is even more important that  

forage is accessible without having to spend a large amount of time away from the 

warm water source (Zoodsma 1991).  

Coagulation 

Before the possible presence of an underlying thromboembolic component to 

cold stress syndrome could be explored it was necessary to describe the coagulation 

parameters in normal, healthy animals (Chapter 2). Thromboelastography (TEG) is a 

tool that allows assessment of the rate of clot formation and the strength of the clot 

formed. Measurement of D-dimer concentrations allows detection of prior thromboses 

by measuring fibrin-fibrinogen degradation products (FDPs) (Stokol et al. 2000b).High 

levels of D-dimer concentration >500ng/mL are indicative of prior thromboses. 

Assessment of the more routine coagulation tests prothrombin (PT) and partial 

thromboplastin time (PTT) are important however they lack the specificity and sensitivity 

of D-dimer concentrations and thromboelastography (Massignon et al. 1996). 

Fibrinogen is the final parameter to complete the coagulation panel. This is a soluble 

protein which is broken down by the enzyme thrombin into fibrin during the clotting 

cascade. Fibrinogen is the primary protein responsible for platelet aggregation (Marder 

et al. 2012). Very low levels of fibrinogen are indicative of DIC and high levels are often 

associated with increased clot formation. High levels must be interpreted with other 

coagulation tests as fibrinogen is also an acute phase protein therefore high levels can 

result from inflammation or infection (Marder et al. 2012). Coagulation factors VII 

through XII activity levels will also be determined to complete the cascade analysis. By 

assessing all these coagulation parameters in cold stress syndrome cases and 
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comparing these results to previously established normal reference ranges in wild 

manatees, improved understanding of the pathophysiology of cold stress syndrome will 

be obtained.     

 TEG enables evaluation of the entire clot formation process rather than a 

specific pathway such as PT and PTT.  In veterinary medicine reference intervals for 

TEG have been established in dogs, horses and cats (Wiinberg et al. 2005, Epstein et 

al. 2009, Hall et al. 2012). Recently, TEG has been used to diagnose 

hypercoagulability, hypocoagulability and disseminated intravascular coagulation during 

various disease processes including parvovirus, immune mediated hemolytic anemia, 

and sepsis (Otto et al. 2000, Wiinberg et al. 2008, Sinnott and Otto 2009, Bentley et al. 

2013). TEG could identify possible coagulopathies occurring during CSS that routine 

coagulation panel tests could be too insensitive to detect.  

Summary 

Manatees are susceptible to death from cold stress syndrome when water 

temperatures remain below 20°C for a prolonged period of time. This condition  is 

recognized as a leading natural cause of mortality in the Florida manatee (Laist et al. 

2013), accounting for as much as 18% of annual mortality.  

A clinical diagnosis of cold stress syndrome is confirmed when there is a 

combination of advanced emaciation, characteristic skin lesions, and a correlated 

prolonged cold weather period (Bossart et al. 2004). At post mortem, enterocolitis, 

lymphoid depletion, serous fat atrophy and myocardial degeneration support the 

diagnosis of  cold stress syndrome (Bossart et al. 2004). 

Due to the decreased availability of warm water refuge during winter months  in 

Florida, the incidence of cold stress will likely increase in the future (Bossart 1999). 
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Examining the migration patterns during winter months and behaviors of the Florida 

manatee is essential to monitoring the predisposition to the condition (Laist et al. 2013). 

Understanding the pathophysiology and facilitating effective treatment is 

therefore paramount to reduce this cause of mortality. Current treatment is mainly by 

supportive care involving oral nutritional and fluid therapy as well as appropriate 

antibiotic therapy via culture and sensitivity results when practical (Dierauf and Gulland 

2001).  

Consistent surveillance of post mortem findings of cold stress syndrome will help 

to convey the message from the dead to the living, to improve our understanding of the 

complex pathophysiology. Increased understanding of cold stress syndrome, will aid 

with conservation of this endangered species to ensure their long term survival, which is 

our ultimate goal. 
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Table 1-1. Total mortality reports of the Florida manatee from 1974 to 2015 provided by 
the FWC carcass recovery program. Total number of deaths per year and the 
greatest cause of mortality identified for each year.  

Year Total overall 
mortality 
count 

Greatest cause 
of mortality: 

Year Total overall 
mortality 
count 

Greatest 
cause of 
mortality: 

1974 7 Watercraft 1995 201 Perinatal 
1975 29 Perinatal 1996 415 Red Tide 
1976 62 Perinatal 1997 242 Perinatal 
1977 114 Watercraft 1998 232 Watercraft 
1978 84 Watercraft 1999 269 Watercraft 
1979 77 Watercraft 2000 272 Watercraft 
1980 63 Watercraft 2001 325 Watercraft 
1981 116 Watercraft 2002 305 Red Tide 
1982 114 Watercraft 2003 380 Red Tide 
1983 81 Watercraft 2004 276 Perinatal 
1984 128 Watercraft 2005 396 Red Tide 
1985 119 Watercraft 2006 417 Watercraft 
1986 122 Watercraft 2007 317 Red Tide 
1987 114 Watercraft 2008 337 Perinatal 
1988 133 Watercraft 2009 429 Cold Stress 
1989 168 Watercraft 2010 766 Cold Stress 
1990 206 Watercraft 2011 453 Cold Stress 
1991 174 Perinatal 2012 392 Watercraft 
1992 163 Perinatal 2013 830 Red Tide 
1993 145 Perinatal 2014 371 Perinatal 
1994 193 Watercraft 2015 (Oct) 344 Perinatal 
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Figure 1-1. Internal anatomy of the Florida manatee, note the horizontal diaphragm 
resulting in a large surface area of digestive organs. Adapted from The 
Florida Manatee Biology and Conservation by Roger Reep and Robert Bonde 
(Reep and Bonde 2006) 

 
 

 

Figure 1-2.  A manatee calf admitted for rehabilitation at Tampa’s Lowry Park Zoo for 
cold stress syndrome. Note the classic epidermal lesions. Photograph taken 
by Ashley Barratclough.  
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Figure 1-3. A manatee calf admitted to Tampa’s Lowry Park Zoo demonstrating 
hyperkeratinisation which is frequently associated with cold stress syndrome . 
Photograph by Ashley Barratclough.  

 
 
Figure 1-4. Weight loss particularly marked around the head and neck resulting in the 

“peanut-head” appearance. Photograph by Ashley Barratclough.  
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Figure 1-5. Location of blood sample collection in the intraosseous space between the 

ulna and the radius. Photograph courtesy of Dr. Francis-Floyd.  
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CHAPTER 2 
ESTABLISHING THE NORMAL COAGULATION FACTORS IN WILD FLORIDA 

MANATEES (Trichechus manatus latirostris) AS A BASIS FOR EXAMINING THE 
PATHOPHYSIOLOGY OF THEIR HEMOSTATIC DISORDERS.  

 
Determination of normal coagulation factor concentrations in the Florida manatee 

(Trichechus manatus latirostris) is important to facilitate further understanding of 

potential hemostatic disorders. During annual wild manatee health assessments 

organized by U.S. Geological Survey (USGS) in November and December 2014 citrated 

blood samples were collected for coagulation analysis. Twenty samples were collected 

in total, with 10 animals from the east coast and 10 from the west coast of Florida. The 

following analyses were performed: prothrombin (PT), partial thromboplastin time (PTT), 

and concentrations of fibrinogen, D-dimers and factors VII, VIII, IX, X, XI and XII. 

Manatees were found to have relatively high levels of factor VIII activity (134%) and 

relatively low factor VII activity (106%). Shortened PT results (mean (s.d.)) of 9.2 (1.6) 

seconds and PTT 10.8 (0.5) seconds indicate a lack of hypocoagulability. D-Dimer 

results of 82 (65) ng/mL confirmed a lack of prior thromboembolic disease. Further 

research is required to determine how hemostatic abnormalities of the manatee 

coagulation system could influence disease processes. 

Introduction 

Recent studies performed at Tampa’s Lowry Park Zoo have implicated 

thromboembolic disease in the pathophysiology of cold stress syndrome in the Florida 

manatee. Prior to assessing a potentially abnormal state in diseased animals it is 

necessary to establish normal coagulation parameters in comparable wild “healthy” 

animals. An effective coagulation system requires a delicate balance between clot 

breakdown and clot formation. This highly complex system is the ultimate physiological 
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defense against traumatic injury of blood vessels and prevents excessive hemorrhage. 

The basic mechanisms of initiation of clot formation, post endothelial damage, are 

comparable across species (Gentry 2004). The level of variation in quantitative 

differences between species in regards to thrombin generation and fibrin formation 

supports the demand for species-specific analysis of coagulation systems.  

Studies of the blood coagulation system in humans are extensive, primarily due 

to the identification and treatment of congenital and acquired hematologic disorders. In 

veterinary medicine, detailed information on the coagulation system is only available for 

a few domesticated species (Hawkey 1975). An important reason that these analyses 

are not pursued more frequently is that plasma factors are often species-specific and 

therefore require individualized tests to measure them. This is both expensive and time 

consuming, which limits further investigation. Previous work has found that with the 

exception of factor XII in Cetaceans (Robinson et al. 1969) and the lack of factor XI in 

the Greater Kudu (Hawkey 1975), the clotting factors which have been identified in 

humans can be found in other mammals. The level of activity of these factors varies 

between species, making quantitative comparison complicated. Increased factor activity 

in non-human mammals results in faster in vitro clot formation. This can be readily 

identified using tests such as thromboelastography and whole blood clotting time. 

Interestingly, there is no evidence that a relative increase in coagulability predisposes 

wild mammals to spontaneous thromboembolic diseases which cause high rates of 

morbidity in humans (Finlayson 1965). 

The Florida manatee (Trichechus manatus latirostris) is an obligate aquatic 

mammal of the order Sirenia (Reep and Bonde 2006). Manatees reside in the warm 
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coastal waters of Florida and can survive in both salt and fresh water. Studies of the 

hematology of marine mammals are sporadic and are particularly rare in manatees. The 

large erythrocytes in manatees were first described in 1976 by White et al. and are 

comparable to those found in the close relative, the African elephant (Loxodonta 

Africana) (Simon 1961, White et al. 1976). The large erythrocyte size was originally 

thought to be linked to the size of the overall animal. However the presence of large 

erythrocytes in manatees and the rock hyrax has confirmed that this is likely due to 

origin from the same ancestor rather than having a  direct relation to gross body size 

(Lewis 1996).  

Factors II, V, VII, VIII, IX, X, XI, and XII were measured in 10 long term captive 

manatees previously by Medway in 1982. In this study healthy normal canine plasma 

was used as a reagent control and as an established standard for comparison to the 

manatee as there were no previous Sirenia coagulation studies for comparison. It was 

important for the basis of our study to use wild, rather than captive, manatees from 

various locations to facilitate establishing the normal reference values for the Florida 

manatee.  

Medway et al. 1982 found that all known human clotting factors (identified at that 

time) were present in the manatee, unlike cetaceans which lack Factor XII (Robinson et 

al. 1969). Most marine mammals are carnivorous, however the sirenians are 

herbivorous and subsequently are perhaps more suitably compared to the elephant. 

Medway et al. (1982) found that manatee factor VIII was nine times higher (889± 387%) 

than in normal dogs, with factor IX seven times higher (712 ± 195%),  and factor X 

activity to be equivalent to a normal dog. Increased factor XI and XII activity was also 
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present indicating rapid activation of the intrinsic clotting cascade enabling rapid 

initiation of clot formation. Factor XII was found to be 6 times higher than in dogs, which 

is particularly interesting considering the lack of factor XII in cetaceans. This could be 

linked to the deep diving physiology adaptations in cetaceans.  From an evolutionary 

standpoint, Factors XI and XII are derived from ancestral proteins that originally were 

related to digestive enzymes (Patthy 1990). It is interesting to consider that the great 

variation in digestive physiology may be ultimately responsible for some of the variation 

in hemostatic proteins we are discovering in different species (Gentry 2004). 

Elephant coagulation studies have shown that blood coagulation in vitro is more 

rapid in Indian (Elephas maximus) than in African elephants (Hawkey 1975). Like 

manatees, elephants have been reported to have similarly high levels of factor XII 

(Gentry et al. 1996). The fact that both elephants and manatees have large 

erythrocytes, and can live to a considerable age with no evidence of age related 

thromboembolic problems, indicates an appropriately balanced hemostatic system. 

Further studies are required to investigate the exact mechanisms in vivo, because 

laboratory studies so far have found that elephant fibrin clots formed in vitro do not lyse 

(Lewis 1996).  In vitro hemostatic studies are clearly insufficient for fully describing the 

coagulation and fibrinolytic activity in these species and further studies are needed to 

better understand these systems in health and disease. 

The most frequently performed coagulation tests in veterinary medicine are PT 

(prothrombin time)  and PTT (partial thromboplastin time) with more emphasis being 

placed on D-dimers and fibrinogen in recent years (Stokol et al. 2000a). Measuring PT 

enables evaluation of factor VII and the traditionally referred to extrinsic coagulation 
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pathway, whereas PTT evaluates the intrinsic pathway, assessing the activity of factors 

VIII, IX, XI, and XII. The function of factors I, II, V and X are assessed by both PT and 

PTT and is traditionally referred to as the common pathway. While PT and PTT have 

been utilized in a wide variety of species they are actually the least sensitive and 

specific tests when attempting to identify a mild coagulopathy, with changes only 

occurring when severe coagulopathies are present (Massignon et al. 1996). Prolonged 

PT and PTT are often indicative of hypocoagulation however the results are very 

insensitive in detection of hypercoagulation (Donahue and Otto 2005). Consequently, 

when interested in identifying hypercoagulation it is more beneficial to perform these 

tests as part of a coagulation panel and interpret the results along with D-dimer 

concentration, fibrinogen levels and platelet count to get a more comprehensive 

analysis of the coagulopathy (Fenty et al. 2011). Thrombin cleaves fibrinogen to form 

fibrin which functions in clot stabilization. D-dimers measure the cross linked fibrin 

degradation products giving an indication that clot formation has occurred. Increased D-

dimer levels, increased fibrinogen concentration and reduced platelet count give a more 

accurate indication of the presence of thromboembolic disease than relying on PT and 

PTT alone (Donahue and Otto 2005). 

Individual coagulation factor activity concentrations are often overlooked. The 

major limitation in the availability of measuring coagulation factor activity levels lies in 

the lack of individual reagent for that species. The assumption is that there will be 

significant structural homology between the species being measured, and human 

proteins is relied on for the test to function.  This enables assessment of any hemostatic 

abnormality or factor deficiency relative to human factor deficient plasma. Unfortunately 
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this makes the results unreliable when trying to determine the absolute activity for an 

alternative species (Gentry 2004). By determining the manatee coagulation factor 

concentrations against a pooled plasma sample of normal healthy manatees the relative 

normal factor concentrations for this species can be established.  

A more recent study into the hematology of the manatee confirmed 

hematological variation between clinically normal wild and captive manatees. Captive 

manatees had lower MCV, MCH and eosinophil counts but higher heterophil, nucleated 

red blood cells, and fibrinogen concentrations (Harvey et al. 2009). Florida manatees 

are known to have heterophils with pink to red granules rather than neutrophils with 

nearly colorless granules.  

Despite hematological studies in manatees there is a lack of coagulation data on 

wild manatees, which prompted the present investigation. By establishing the normal 

concentrations of coagulation factors in wild manatees, we will then be able to apply this 

tool in the clinical investigation of debilitated animals, including cold stress syndrome 

and brevetoxicosis cases.  

Methods 

All wild manatees were selected via opportunistic random sampling as part of the 

ongoing USGS health assessments survey (Bonde et al. 2012). Two sample locations 

were utilized to give a broader population representation, Brevard County on the East 

coast of Florida and Crystal River (Citrus County) on the West coast. In November 2014 

10 animals were sampled in Crystal River and in December 2014 10 animals were 

sampled in Brevard County. Wild manatees were deemed healthy according to physical 

exam, activity level and results of biochemistry and hematology analysis (Bonde et al. 

2012).  
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Blood samples were obtained via standard manatee phlebotomy techniques from 

the brachial plexus between the radius and ulna from either pectoral (Walsh and 

Bossart 1999). Following standard sterile preparation using alternating alcohol and 

betadine gauze swabs, a 20 gauge 1.5 inch needle was inserted and attached to a wing 

tipped blood collection set. An initial non-additive tube was obtained to prevent tissue 

contamination of blood, followed by two anticoagulated 0.32% sodium citrate tubes to 

obtain plasma. Sampling processing was consistent with standardized procedure 

throughout considering collection site, preparation of site, tube collection order and 

processing. Following centrifugation remaining plasma was harvested and maintained 

at -80°C. All samples were sent to The Comparative Coagulation Laboratory at Cornell 

University for analysis within 6 weeks of collection.  

Assays were performed for coagulation factors VII through XII as well for PTT, 

PT and concentrations of fibrinogen, antithrombin and D-dimers. A coagulation panel 

consisting of PTT, PT, and fibrinogen was performed using an automated clot detection 

instrument (STA Compact, Diagnostica Stago, Parsippany, NJ) commercial reagents 

(Dade Actin FS, Dade Behring, Newark, DE, Thromboplastin LI, Helena Diagnostics, 

Beaumont, TX, Fibrinogen, Diagnostica Stago, Parsippany, NJ) and reaction conditions 

as previously described (Stokol et al. 2000a). Antithrombin activity (AT) was measured 

in a functional assay configured to measure thrombin inhibition (anti-IIa assay) using a 

commercial chromogenic kit (Stachrom ATIII, Diagnostica Stago, Parsippany, NJ) and 

the manufacturer’s automated analyzer (STA Compact, Diagnostica Stago, Parsippany, 

NJ). The standard curves for determination of clottable fibrinogen (Clauss 1957) and 

antithrombin activities in the test plasmas were derived from a calibrated human plasma 
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standard (STA Unicalibrator, Diagnostica Stago, Parsippany, NJ). D-dimer concentration 

in ng/mL was measured using a quantitative, immunoturbidometric method as 

previously described, (Delgado et al. 2009) using a commercial kit and the 

manufacturer’s human D-dimer standards (HemosIL, D-dimer Calibrator, 

Instrumentation Laboratory, Bedford, MA). For coagulant activity assays, a standard 

curve was generated from serial dilutions of pooled manatee plasma, previously 

prepared from 8 wild healthy manatees. The coagulant activities of Factors VII and X 

(FVII:C and FX:C) were measured in one-stage PT and activities of Factors VIII, IX, XI, 

and XII (FVIII:C, FIX:C, FXI:C, FXII:C) were measured in one-stage PTT assays 

(Triplett and Harms 1981) configured with a series of human substrate deficient plasmas 

(George King Biomedical, Overland Park, KS) and commercial PT (Thromboplastin LI, 

Helena Diagnostics, Beaumont, TX) or PTT (Fibrinogen, Diagnostica Stago, Parsippany, 

NJ) reagents.   

Statistical Analysis 

Statistical analysis was performed using the software program R (http://www.R-

project.org). Histograms were mapped to identify any outliers in data. The extreme 

studentized deviate method confirmed the outliers statistically at p < 0.05. A 

Kolmogorov-Smirnov test was used to check for normality. As not all the data were 

normally distributed, a Wilcoxon signed rank test was used to compare the data 

between locations and between sex and size. Statistical differences were confirmed 

when p < 0.05. 

Results 

Twenty wild manatees were included in this study. There were 11 males and 9 

females with body length ranging from 219cm to 324cm and weight ranging from  220kg 
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- 727kg. Current length guidelines to indicate age categories are: >260cm adult, 236-

260cm juvenile, and <236cm calves. All three age categories were represented in this 

study with 9 adults, 6 juveniles and 5 calves.  

The results of factor analyses were reported as the percentage activity of the 

manatee standard which had an assigned value of 100%. The antithrombin activities of 

the test samples were reported as a percentage of the human calibrated standard.  

Mean values ± standard deviation (SD), were calculated for each parameter. Reference 

ranges were established within 95% confidence intervals. Our results were generally 

very consistent, with low levels of variation between the 20 wild manatees. Out of 220 

results only 2 were deemed as outliers and removed from the formation of reference 

intervals. The mean, SD, and 95% confidence interval for the coagulation panel are 

listed in Table 2-1 and coagulation factors in Table 2-2. These values provide the 

standard reference ranges for wild manatee coagulation factor activity.  

Wilcoxon rank sum tests were performed to compare location, sex and size. 

There were some statistically significant differences between the two locations. Factors 

VIII, IX and XII were significantly higher in Brevard County compared to Crystal River 

with p values of 0.007, 0.005 and 0.007 respectively. PT and antithrombin were 

significantly higher in Crystal River than in Brevard County with p values 0.005 and 0.01 

respectively. There were no statistically significant differences between sex and size 

irrespective of location. Figure 2-1 represents the differences between location and the 

similarities between sexes graphically, clearly demonstrating the differences present in 

locations.  
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Discussion 

By determining the quantitative measures of manatee coagulation factors against 

a pooled plasma sample from normal manatees, we have established the relative 

normal values for this species. These results are incomparable to other species, but will 

facilitate the identification of underlying abnormalities during pathological processes 

such as cold stress syndrome or brevetoxicosis in manatees.  

The reference intervals reported showed no variation according to sex or age 

class. This suggests that these values will be clinically relevant for any manatee 

>219cm. Very small calves were not included in this study; therefore interpretation of 

results in an individual less than 6 months old or < 219cm should be taken with caution. 

The significance of the variation in results according to location is not fully understood. 

A larger sample size may negate the degree of variation observed between locations. 

Further, the human literature suggests that coagulation factor activity may be influenced 

by both genetics and diet (Mennen et al. 1998). We hypothesize that there could be 

variation as a result of being exposed to different diets on the opposite coasts and being 

linked to different gene pools as these are recognized subpopulations (Laist and 

Reynolds 2005a).  

These results support the work of Medway et al. in the first coagulation study 

performed in captive manatees (Medway et al. 1982). The levels of activity reported 

here confirm that manatees have a very active intrinsic clotting system; however the 

significance of this is not currently understood. Our results are similar to the coagulation 

profile of the elephant – although not directly comparable – in the relatively high levels 

of plasma FVIII:C activity. Interestingly the elephant was shown to have a relatively long 

PTT with a mean of 65.6 seconds (Gentry et al. 1996) whereas the manatee was 9.2 
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seconds. This is unusual in the elephant in that PTT is thought to be primarily influenced 

by FVIII:C activity, with high levels of FVIII:C activity resulting in a shorter PTT as 

supported by our results. Other species with the same combination of increased FVIII:C 

activity and shortened PTT include the camel and llama (Morin et al. 1995, Hussein et 

al. 2010).  A possible reason for the variation between species could be due to potential 

presence of an inhibitor of activated FXII that prevents the contact pathway in the 

elephant plasma (Gentry et al. 1996). It is still unclear whether high FVIII:C levels in 

some species actually represent a greater amount of circulating FVIII or indeed a 

greater sensitivity to activation by thrombin. This study also confirmed the high levels of 

FXII:C activity in manatees consistent with elephants and unlike several other aquatic 

mammals such as whales, dolphins and porpoises (Robinson et al. 1969, Lewis 1996).  

The shortened PT and PTT found in manatees indicates rapid contact activation, 

enabling fibrin formation via the intrinsic cascade (Maas and Renné 2012). The contact 

activation pathway involves high molecular weight kininogen (HMWK) forming a primary 

complex on collagen along with three serine protein zymogens: prekallikrein (PK), FXI 

and FXII. The evolution of the contact system is particularly relevant to manatees. 

HMWK is present in all vertebrates however PK, FXI and FXII only evolved later in 

tetrapods. Birds lost the gene for FXII over 300 million years ago as did most marine 

mammals. FXI and PK however have continued to be present in all mammals 

withstanding evolution (Ponczek et al. 2008). The high level of FXI (124%) in manatees, 

and the fast rate of generation of FXII accounts for the fast PTT.   

The similarities in the coagulation factors of manatees to desert animals such as 

the camel and sand gazelle presents a curious finding. As manatees are one of the few 
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marine mammals that can survive in both salt and fresh water, the blood similarities to 

desert animals who can survive long periods of dehydration may suggest an 

evolutionary adaptation to environmental stressors. The results all demonstrate 

increased factor VIII and fibrinogen and shortened PTT. The exact significance for this 

is unknown but could be linked to the fact that manatees also undergo periods of 

dehydration when in salt water (Ortiz 2001). Potentially, the location and habitat of the 

manatee will therefore influence these concentrations.  

The normal circulating levels of D-Dimers and fibrinogen established here in wild 

manatees were as expected. Generally a normal animal’s D-dimer levels should be 

<250ng/mL which is indicative of no prior thromboembolic disturbances (Stokol et al. 

2000b). The 95% confidence interval in the 20 wild manatees sampled ranged from 51-

113ng/mL with a mean of 82 and a standard deviation of 65. These results are 

consistent with other species and confirm that normal manatees should have low 

circulating levels of D-dimers. This provides a solid reference range to establish a 

prognostic indicator for elevated results in debilitated manatees. Similarly all fibrinogen 

results were  within an expected low range with a mean of 367 and standard deviation 

of 52, this provided 95% confidence intervals of 343 -392mg/dl. In other species 

fibrinogen levels <400mg/dl are classed as normal. This is indicative of no active 

inflammation or infection in addition to a normal coagulation status (Stokol et al. 2000b).  

The present findings are likely to improve our understanding of the 

pathophysiology of two important causes of mortality in manatees – cold stress 

syndrome and brevetoxicosis. By providing a baseline of coagulation factors in wild 

manatees that appear to be in good health, comparison can be made to apply the 
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information to the clinical management of debilitated animals, some of which appear to 

have abnormal coagulation profiles. Animals in a rehabilitative setting with symptoms of 

either CSS or brevetoxicosis have been observed to have evidence of coagulation 

abnormalities. These abnormalities have been observed pre-mortem in the clinical 

setting as well as on post mortem examination. Brevetoxicosis often results in catarrhal 

rhinitis clinically with hemorrhage and haemosiderosis at necropsy (Bossart et al. 1998). 

CSS has demonstrated the opposite with thromboembolic disease apparent in 

epidermal lesions clinically and at necropsy (Bossart et al. 2002). Having identified the 

normal coagulation activity levels, this will allow identification of any abnormalities that 

could explain the pathophysiology of these conditions.  

Further studies will help us to expand our knowledge on the relevance of these 

results and their implication in determining disease pathophysiology, and as prognostic 

indicators in rehabilitation.  

Products and References: 
a. STA Compact, Diagnostica Stago, Parsippany, NJ 
b. Dade Actin FS, Dade Behring, Newark, DE 
c. Thromboplastin LI, Helena Diagnostics, Beaumont, TX 
d. Fibrinogen, Diagnostica Stago, Parsippany, NJ 
e. Stachrom ATIII, Diagnostica Stago, Parsippany, NJ 
f. STA Unicalibrator, Diagnostica Stago, Parsippany, NJ 
g. HemosIL, D-dimer Calibrator, Instrumentation Laboratory, Bedford, MA 
h. George King Biomedical, Overland Park, KS 
i. Actin, Dade Behring, Newark, DE). 
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Table 2-1. Complete data set for coagulation panel results in wild healthy manatees. 

ID PTT PT  Fibrinogen Anti- thrombin  D-dimer 
 (sec) (sec) (mg/dL) (%) (ng/mL) 

Mean 9.2 10.8 367.1 131.5 82 
SD 1.6 0.5 52.3 11 65 
95% CI 8.4 - 9.9 10.5 - 11.0 343 – 392 126 - 137 51 - 113 

 
 
Table 2-2. Reference values for coagulation factors in wild Florida manatees  

ID FVII FVIII FIX FX FXI FXII 
 (%) (%) (%) (%) (%) (%) 

Mean 103.5 134 126 114 124 113 
SD 12 35 32 19 23 25.6 
95% CI 98 – 109 118 – 151 111 - 141 105 - 

123 
114 - 135 101 - 125 
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Figure 2-1. Graphical representation to indicate the increased variability of factor activity 

levels between locations and the lack of variation between locations when 
comparing sex.  
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CHAPTER 3 
ESTABLISHING NORMAL REFERENCES FOR THROMBOELASTOGRAPHY IN WILD 

FLORIDA MANATEES (Trichechus manatus latirostris) 

Thromboelastography (TEG) provides a comprehensive evaluation of blood clot 

formation. This test can be used to identify many abnormalities in coagulation by 

assessing multiple aspects of the clotting cascade from speed of clot initiation and 

formation, clot strength, and ultimately fibrinolysis. Thromboembolic disease has been 

hypothesized to play a role in the pathophysiology of cold stress syndrome (CSS), an 

important cause of natural mortality in the Florida manatee (Trichechus manatus 

latirostris). The objective of this study was to establish thromboelastography reference 

ranges using the TEG 5000 with citrated whole blood samples and kaolin activation in 

manatees. In December 2014 and January 2015 twenty nine wild manatees were 

sampled as part of the annual wild manatee health assessments organized by U.S. 

Geological Survey. The samples were obtained from Crystal River, Citrus county and 

used in this study to identify the following mean (SD) normal TEG parameters: R = 

reaction time 2.1 min (0.8),  K = clot formation time 0.8min (0), α angle 83.1° (2), MA = 

maximum amplitude 75mm (7.6) andLY30 = clot lysis 0.41% (0.68). No significant 

differences were found between manatee size, sex or time after sampling to running the 

test. Manatee TEG parameters demonstrate a relatively hypercoagulable condition 

when compared to other mammals. This information will facilitate detection of changes 

in hemostasis during injury and disease. 

Introduction 

Thromboelastography (TEG) is a novel diagnostic test, rarely applied to wild 

animals. However it has been used extensively in human medicine for several decades, 

particularly in Europe (De Nicola and Mazzetti 1955). In veterinary medicine, reference 
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intervals for TEG have been established in dogs, horses and cats (Wiinberg et al. 2005, 

Epstein et al. 2009, Hall et al. 2012). Recently, TEG has been used to diagnose 

hypercoagulability, hypocoagulability and disseminated intravascular coagulation during 

various disease processes including parvovirus, immune mediated hemolytic anemia, 

and sepsis (Otto et al. 2000, Wiinberg et al. 2008, Sinnott and Otto 2009, Bentley et al. 

2013). Conventional methods to assess coagulation in veterinary medicine have relied 

on PT (prothrombin time), PTT (partial thromboplastin time) and platelet count. 

Unfortunately these tests are insensitive when trying to identify a hypercoagulable state, 

and are nonspecific for determining risk of hemorrhage (Fenty et al. 2011). 

The TEG apparatus generates a thromboelastogram tracing which represents 

the mechanics of clot formation. The thromboelastogram consists of a precoagulation 

phase represented by a flat line, a coagulation phase where the line diverges into two, 

and a fibrinolysis phase where the lines converge.   

Four standard values are obtained from a TEG tracing; R = Reaction Time or 

precoagulation time.  R is the time taken for clot formation to initiate (Donahue and Otto 

2005).  It is measured as the distance in mm from the start of the tracing to the point 

where the lines diverge 1mm. The R value can be interpreted to evaluate the intrinsic 

pathway and can therefore be influenced by changes in factor VIII, IX, XI and XII. K = 

clot formation time. K represents the time in minutes from clot initiation (R) until the 

distance between the two diverging lines reaches 20mm. The rapidity of the clot 

formation is influenced by factor II, VIII, platelet count, platelet function, hematocrit, 

fibrinogen concentrations and fibrin precipitation. α = the angle between the midline and 

the tangent to the curve at the point where the lines diverge. This gives an additional 
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indication of the rate of clot formation and is therefore affected by the same factors that 

affect K. α can therefore provide an indication of whether the blood is hypercoagulable 

or hypocoagulable. MA= the maximal amplitude, represented by the greatest distance 

between the two diverging branches. This reflects the final clot strength because at the 

greatest distance between the two lines the clot will be completely formed (Jackson et 

al. 2009). Clot lysis is reported as the LY30, which is the percentage of clot retraction 30 

minutes after MA is reached. Figure 3-1 illustrates a thromboelastogram from a healthy 

wild manatee during this study. 

The Florida manatee (Trichechus manatus latirostris) is a marine  mammal 

distributed along the warm waters of the southeastern United States (Garcia‐Rodriguez 

et al. 1998). Thromboembolic disease is suspected of playing a role in cold stress 

syndrome (CSS), a poorly understood but extremely important cause of natural mortality 

in Florida manatees. CSS can account for as much as 18% of annual mortality and in 

the 2010-2011 UME more than 480 deaths were attributed to the condition (Bossart et 

al. 2004, Barlas et al. 2011). Prior to investigation of the potential role of 

thromboembolic disease in the pathophysiology of CSS, it is essential to define normal 

reference ranges in clinically healthy wild animals.  

The primary objective of this study was to validate thromboelastography in 

manatees using a TEG 5000 and achieve a standardized set of reference intervals.  An 

additional objective was to investigate the effect of time on sample stability allowing this 

test to be available in the field and in institutions without a TEG machine.  

Methods 

All wild manatees were selected via opportunistic  random sampling as part of 

the ongoing United States Geological Survey (USGS) health assessments survey 
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(Bonde et al. 2012). In December 2014 and January 2015 USGS captured 29 wild 

manatees for routine health assessment in Crystal River, Florida. Each animal was dry 

docked to facilitate veterinary assessment and biological sampling. A normal healthy 

manatee at the time of sampling was determined by veterinary physical exam, weight, 

fat ultrasound measurements, morphometrics and level of activity. Following bloodwork 

analysis, selection criteria included all manatees that had routine biochemistry and 

hematology performed as part of the health assessment. All individuals were classed as 

normal according to published biochemistry and hematology reference ranges (Harvey 

et al. 2007). 

In addition to the 29 wild manatees described above, 7 captive manatees were 

tested. These were animals that were deemed healthy and ready for release following a 

period of rehabilitation from CSS. These animals were not included in the formation of 

the reference ranges. Samples from these animals allowed comparison between 

“healthy” captive individuals and their wild counterparts.  

Blood samples from all manatees were obtained via standard manatee 

phlebotomy techniques from the capillary bed between the radius and ulna from either 

pectoral (Walsh and Bossart 1999). Following sterile preparation using betadine and 

alcohol gauze, a 20 gauge 1.5 inch needle was inserted and attached to a wing tipped 

blood collection set (BD Vacutainer Safety-Lok blood collection set (Ref 367281), 

Becton, Dickinson and Co, Franklin Lakes, NJ). An initial non-additive tube (serum 

separator) (BD Vacutainer 3.0-mL serum blood collection tube (Ref 366668), Becton, 

Dickinson, and Co, Franklin Lakes, NJ) was obtained to prevent tissue contamination of 

blood, followed by two anti-coagulated 0.32% sodium citrate tubes (BD Vacutainer 1.8-
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mL buffered sodium citrate 3.2% (Ref 366392), Becton, Dickinson, and Co, Franklin 

Lakes, NJ) to obtain plasma. The citrated whole blood was stored on ice immediately 

after collection. Samples were warmed and gently rocked for 30 minutes prior to using 

the citrated whole blood for thromboelastography.  

The TEG assays were performed using a commercially available TEG® 5000 

analyzer (TEG 5000 thromboelastograph hemostasis analyzer, Haemoscope Corp, 

Niles, IL) at 37°C using a thromboelastography kit provided by the manufacturer 

(Donahue and Otto 2005). These kits were stored at 4°C in a refrigerator until 30 

minutes prior to use. Machine balance and e-test was confirmed prior to running each 

batch of samples. 1mL of Citrated whole blood was added to a proprietary blood tube 

with kaolin present (Kaolin, Haemoscope Corp, Niles, IL). A small volume, 340 µL of the 

kaolin-activated blood, was added to the cup along with 20µL of calcium chloride 

(Calcium chloride 0.2M, Haemoscope Corp, Niles, IL) and the pin was then lowered into 

the blood (Donahue and Otto 2005). The apparatus oscillated the cup for ten seconds at 

an angle. Once a fibrin clot starts to form the pin started to move within the cup and the 

resistance against movement was transferred up the wire to an electrical transducer 

which quantifies the critical parameters of the clot (Palmer and Martin 2014). TEG 

output was recorded on a laptop computer using commercial software (TEG V4 4.2.97). 

The program displayed the thromboelastogram which was visually inspected for 

asymmetry or lack of activation prior to accepting the results into analysis.  

Most samples were processed within 3 hours of collection; however, duplicate 

samples from 10 individuals were tested beyond the three hour sampling time. As a 

result we ran 12 additional samples on those individuals that had been processed in 
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<3hrs at 4, 6, 9, 12 and 16 hours post sampling to address whether time was influential 

on the results. Four individuals had 3 additional samples performed and the results 

compared below and above the 3hr threshold to assess the influence of time.  

 
 

Statistical Analysis 

TEG data is reported as mean and standard deviation. The Shapiro-Wilk test was 

performed to establish whether data was normally distributed. Wilcoxon rank sum tests 

were performed to analyze the effect of time, sex and age class upon the results. 95% 

reference intervals were calculated as mean +/- two standard deviations.  

Histograms were performed on all parameters to highlight potential outliers prior 

to determining reference intervals (Friedrichs et al. 2012). Subsequently Tukey’s 

interquartile fences were used to establish whether these outliers should be included. 

John Tukey defined data points as outliers if they are 1.5*IQR above the third quartile or 

below the first quartile.  

Results 

Twenty nine wild manatees (17 male and 12 female) were sampled to establish 

normal TEG reference values. All individuals were classed as healthy having normal 

biochemistry and hematology according to published reference ranges (Harvey et al. 

2007, Harvey et al. 2009). Tukey’s statistical analysis demonstrated that out of the 138 

data points from the TEG analysis 6 were classified as outliers and removed from 

further analysis. The following mean (SD) normal TEG parameters were calculated: R = 

reaction time 2.1min(0.77), K= clotting time 0.8min (0), α angle 83.1° (2), maximum 

amplitude 75.1mm (7.6) and LY30 0.4% (0.68). 
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Effects of time, sex and size were assessed via a Wilcoxon rank sum test. This 

determined statistically significant differences if p <0.05. The test could not be 

performed on the K parameter as the standard deviation was zero as all results were 

identical. Sex and size class did not influence TEG values (Table 3-1). In comparing 

size classes 136cm was the threshold cut off to compare adults with calves. Time from 

blood sample collection to TEG processing (compared as < 3 hr and > 3 hr) did not 

affect TEG parameters (Table 3-1).  

Table 3-2 provides the mean, (SD), 95% CI, for the Florida manatee as 

established in this study and horse, cow, dog and human references for comparison (no 

other marine mammal data is available).  

There was also no difference in TEG parameters between the wild Crystal River 

manatees and the 7 captive individuals being prepared for release (Table 3-3).Mann-

Whitney U analysis between these two data sets showed no significant difference.  

Discussion 

Thromboelastography is a clinical tool that can be used to assess 

hypercoagulation, hypocoagulation, and to investigate thromboembolic disease. Various 

methodologies exist in both human and veterinary medicine for the preparation of a 

blood sample prior to thromboelastography (Zambruni et al. 2004).  The major 

advantage of using thromboelastography as a diagnostic tool is that TEG allows a 

single assay to assess both the kinetic and mechanical clot properties in whole blood. 

Currently the most readily available coagulation tests are PT and PTT. These tests are 

insensitive in that they only analyze small components of the clotting cascade rather 

than appreciating the entire process. PT analyses the extrinsic and common pathways 

whereas PTT looks at the intrinsic and common pathways. They both provide 
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information about hypocoagulability as a result of a defect in secondary hemostasis but 

fail to provide reliable information on hypercoagulability (Donahue and Otto 2005) They 

also do not account for the crucial role that platelets and other cells play in hemostasis 

in vivo. To detect abnormalities in these tests factor levels need to have decreased by 

over 30-40% of normal, deeming these tests as insensitive (Marder et al. 2012).   

When sufficiently robust statistics are utilized, as few as 20 individuals can be 

used to establish reference intervals in endangered species (Friedrichs et al. 2012) 

Therefore the twenty nine wild individuals presented here provide sufficient data to 

enable establishment of TEG reference values for this species. Several data sets (R, K, 

MA, LY30) were not normally distributed due to the extensive overlap of values. This is 

however beneficial in establishing normal reference intervals, particularly in a wild 

endangered species where sample sizes are limited (Horn and Pesce 2003). The high 

consistency in values was clearly represented in the small standard deviation across all 

variables (Table 3-2).  

Running a TEG analysis on wildlife under field conditions does not permit the 

immediate processing time that is possible when a patient is hospitalized. In addition to 

the challenge of transport time from field sites to the laboratory where the machine is 

located, there are further delays caused by multiple samples. It can take up to two hours 

to process a single sample, therefore it was essential to develop a protocol that allowed 

for accurate results while permitting a delay between sample collection and TEG 

processing. In the current study, there were samples for 10 individuals that could not be 

run within the desired 3 hour time limit.  Time delays between blood collection and 

processing TEG sample have been shown to affect test results in dogs (Wiinberg et al. 
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2005) however samples stored for up to 48hours in cattle were unaffected  (Sommerey 

et al. 2014).Consequently, it was essential to assess the effect of delayed processing 

time on TEG samples taken from wild manatees. To address this concern, we 

performed replicate tests on blood samples after the 3 hour threshold and compared 

these results to those processed within the desired time frame. In the 12 repeated 

samples performed, we found no statistically significant differences in TEG results run 

at >3hours compared to those run within the 3 hour time frame.    

TEG results for wild manatees demonstrate that clinically normal manatees show 

a relative hypercoagulation with a short R, K and increased α, and MA (Table 3-2). The 

consistency in K with every manatee producing a result of 0.8 minutes provided a very 

solid reference value. Data presented in Table 3-3 shows minimal variation between 

healthy individuals. These data suggest that in a clinical setting a very minor alteration 

may have large clinical implications.  Minor variations that might be overlooked in other 

species may be clinically relevant in manatees. This relative hypercoagulation, which 

appears to be normal for manatees, suggests that manatees may be predisposed to 

thromboembolic disease.  

Use of citrated kaolin samples may be particularly important because of their 

natural hypercoagulable state. In a pilot study with hospitalized animals we found that 

when native samples were used the blood clotted before the TEG began recording data, 

resulting in no “R” value in the profile that was generated. 

Interpretation of the TEG usually starts with MA which is the most frequently 

evaluated TEG parameter in veterinary medicine (Hall et al. 2012). MA is reflective of 

final clot strength. R is arguably the second most reliable parameter as it reflects time 
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taken for clot formation to initiate demonstrating changes in hypercoagulation or 

hypocoagulation. R is influenced by changes in the coagulation factors, which are more 

important for initiation of clot formation but have little effect on the clot strength. The 

greatest variation in the manatee TEG when compared to other species was noted in R 

and MA, indicating that manatees form strong clots quickly (Table 3-2). The possible 

adaptive advantage of this capacity is not fully understood.   

The repeatability of these results in healthy captive manatees demonstrates the 

appropriate and practical methodology established for thromboelastography in 

manatees. The protocol we have established does differ in the time taken to sampling 

from what is typically used in other veterinary species, but this was to account for the 

clinical scenario experienced in wild mammals. The similarity in TEG parameters 

between wild apparently healthy animals and captive animals being prepared for 

release further supports the clinical assessment of these rehabilitated manatees and 

provides additional criteria that they are appropriate candidates for release.  

Manatee age categories are defined according to their length. Current guidelines 

to indicate age categories >260cm adult, 236-260cm juvenile, and <236cm calves 

(Bonde et al. 2012). All three categories were represented in this study. We did not 

include any animals less than 210cm  (neonatal) in length in this study so all animals in 

our study are presumed to be over 6 months (Bonde et al. 2012). Lack of data on 

neonatal manatees, or young calves, makes it impossible to assess whether similar 

variation occurs in this species. However we can confirm that very little variation was 

observed in manatees older than 6 months of age. The effects of age on TEG have 

been reported in neonates less than 6 months old (Edwards et al. 2008). TEG studies in 
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humans have reported some variation in results based on age and sex. Donahue and 

Otto (2005) reported slight variation in TEG parameters in cattle between bulls and 

steers.  Concerns with this study were that they did not distinguish variation related to 

age from that related to sex. Additional investigation would be needed to clarify these 

observations.  

TEG facilitates in-depth analysis of the interplay of protein and cellular elements 

of coagulation in addition to fibrinolysis, thereby focusing on the bigger picture of 

hemostasis. This study enabled us to establish a TEG protocol for manatees and 

determine normal reference intervals in wild healthy individuals of this endangered 

species. TEG analysis has also allowed us to better understand the manatee 

coagulation process, and results support previous work that suggests that manatees are 

relatively hypercoagulable compared to other species. 
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Table 3-1.  Statistical comparison between sex, time (comparing samples at 3hrs and 
post 3hrs) and size (comparing adult with calf) with the p value for each 
parameter with <0.05 classed as significant. This table demonstrates that 
there were no significant effects of time, sex or size on the results.  

 R MA α LY30 

Sex p= 0.65 p=0.15 p=0.7 p=0.14 

Time p=0.15 p=0.2 p=0.77 p=0.098 

Size p=0.32 p=0.76 p=0.12 p=0.45 
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Table 3-2.  Established thromboelastography reference intervals for wild Florida 
manatees showing mean and (standard deviation) results. Additional data of 
horse, cow, dog and human values are presented for relative comparison.  

Sample Set R (min) K (min) Angle° MA (mm) LY30(%) 

Wild Manatee 2.0 (0.5) 0.8 (0.0) 83.1 (2.0) 77 (3.4) 0.3 (0.4) 

95% CI 1.8 – 2.2 0.8 82.3 – 83.9 75.7-78.3 0.14-0.45 

Horse 
comparison(Eps
tein et al. 2009) 

17.0 (3.0) 5.8 (2.3) 42(14) 60.3 (5.7) 0.6 (0.6) 

Cow 
comparison 
(Sommerey et 
al. 2014) 

2.2-6.2 0.8-2.0 58.2 to 
81.8 

64.3 -89.2  

Dog 
comparison(Don
ahue and Otto 
2005) 

7.8-11.1 4.4-5.3 57.8-62.8 57.8-62.8  

Human 
intervals(Antony 
et al. 2015) 

5.3-9.3 
7.7 (1.7) 

1.4-3.5 48.8-72.2 
61.9 (6.4) 

55.3-69.3 
61.9 (4.2) 

0.9 (0.8) 

 
 
 
Table 3-3.  Comparison of the wild manatee thromboelastography established reference 

intervals with captive healthy rehabilitated individuals to facilitate confirmation 
of their normal health status.  

Sample 

Set 

R (min) K (min) Angle° MA (mm) LY30(%) 

Wild (29) 2.0 (0.5) 0.8 (0.0) 83.1 (2.0) 77 (3.4) 0.3 (0.4) 

Captive 

(7) 

1.9 (0.5) 0.8 (0.8) 83.4 (1.4) 79.8 (2.3) 0.4 (0.55) 

p value 0.5 1.0 0.9 0.1 1.0 
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Figure 3-1.  Thromboelastogram of a wild healthy manatee demonstrating the shortened 

R=1.7 minutes and increased α = 83.4 indicating hypercoagulability.  
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CHAPTER 4 
THE ROLE OF THROMBOEMBOLIC DISEASE IN THE PATHOPHYSIOLOGY OF 

COLD STRESS SYNDROME 

 

 During the winter of 2014-2015, ten Florida manatees with clinical signs of cold 

stress syndrome were presented to Lowry Park Zoo. Thromboelastography and 

coagulation panels were performed at the time of entry. In addition, coagulation panel 

data from 23 retrospective cases were added to the clinical data base to identify 

average CSS results. Having established normal manatee reference ranges in 

coagulation parameters and thromboelastography, comparison could be performed with 

coagulation results in CSS cases. The results demonstrated that severe coagulation 

abnormalities are associated with cold stress syndrome in the manatee. The p values 

for the comparison between CSS and normal were as follows R (0.019) K (0.02) α (0.6) 

MA (0.5) and LY30 (0.048). With p=<0.05 classed as statistically significant, R, K and 

LY30 showed significant differences in the CSS cases. These results indicate that 

manatees are relatively hypercoagulable and ultimately at increased risk of 

thromboembolic disease  

Introduction 

The Florida manatee (Trichechus manatus latirostris) is currently classed as 

endangered with the most recent aerial survey of the manatee population estimated at 

6350 individuals (Martin et al. 2015). There are several important causes of mortality, 

the majority of which are anthropogenic, with the highest number being attributed to 

watercraft collisions as demonstrated in Table 1-1 (Barlas et al. 2011). Environmental 

factors such as exposure to red tide dinoflagellate blooms, habitat defragmentation, and 
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loss of artificial warm water refuges also  contribute to  manatee morbidity and mortality 

(Ackerman et al. 1995). 

Cold stress syndrome is recognized as one of the leading natural causes of 

mortality in the Florida manatee (Laist et al. 2013), accounting for approximately 18% of 

annual manatee deaths (Bossart et al. 2004). The pathophysiology of this condition is 

not well understood. It has been described as a series of physical and behavioral 

changes that can progress to multisystemic organ failure and death in  severe cases 

(Bossart 1999). The condition has been  defined as mortality caused by prolonged 

exposure to water temperatures <20°C (Dierauf and Gulland 2001). Improved 

understanding of the pathophysiology of cold stress syndrome is needed. The risk of 

succumbing to cold stress syndrome is linked directly to the duration and intensity of the 

cold weather and the quality of forage within the warm water site (Campbell 1981). 

Manatee exposure to cold water is expected to increase as older power plants 

are closed in coming years. These have provided refuge from dropping water 

temperatures in winter months for manatees for the past 35 years, and the animals do 

not distinguish between these temporary, man-made refuges and natural refuges (i.e. 

artisanal springs and warm water basins) that are available to them (Bossart 1999). As 

some animals will seek refuge from cold water in areas that  will no longer be set up to 

provide that warm water effluent the incidence of cold stress-related disease will likely 

increase in future winters.  

The geographical range of cold stress mortality has been widespread throughout 

Florida. Natural artesian springs provide optimal warm water refuge security for the 

manatees. There is minimal fluctuation in the water temperature near the spring head, 
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even when the temperature of surrounding water falls sharply. In contrast, artificial 

refuge provided by power plants in recent decades is neither permanent, nor stable. 

Warm water effluent from power plants may not be sufficient to maintain stable water 

temperatures in the event of extreme cold (Laist and Reynolds 2005a). As a result,  

mortality can vary significantly in populations that seek refuge from natural or artificial 

warm water locations  (Langtimm and Beck 2003).The largest mortality event attributed 

to cold temperature was in the UME in 2010-2011 as described in Chapter 1.  

The most frequently observed clinical sign in CSS are epidermal lesions as 

described in Chapter 1. These can vary from mild epidermal bleaching to abscessation 

as shown in Figure 1-2. The pattern and distribution of epidermal lesions associated 

with cold stress syndrome gave rise to the hypothesis that thromboembolic disease 

could be contributing to the manatee’s demise during hypothermia. Interestingly, on 

personal experience some of the more severely affected individuals actually showed 

evidence of bleeding post blood sampling, rather than clotting. We hypothesized this 

was likely due to the presence of disseminated intravascular coagulation resulting in a 

consumptive coagulopathy in the more severely affected individuals as demonstrated in 

humans (Bick 2003). From personal experience there were occasional incidences of 

prolonged bleeding at the site of blood collection in cold stress syndrome cases. To 

increase our understanding of this phenomenon, and further our understanding of the 

pathophysiology of cold stress syndrome, the manatee’s coagulation cascade was 

examined (Chapter 2). Initially the normal coagulation parameters needed to be 

identified. This was performed on 40 wild manatees to establish reference ranges for 

PT, PTT, D-dimer concentrations and fibrinogen levels. To understand the clot 
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formation physiology in the manatee thromboelastography was performed as previously 

described in Chapter 3.  

Anatomically, manatees are likely to be predisposed to a higher incidence of 

thromboembolic disease due to their complex subdivision of large arteries into vast 

numbers of parallel small arteries (Rommel and Caplan 2003). In most mammals this 

occurs in a pattern similar to a tree with each subsequent vessel branching off 

becoming smaller. In manatees the reduction from a larger vessel to multiple small 

vessels occurs abruptly rather like the head of a broom as illustrated in Figure 4-1. In 

theory this could be an adaptation to facilitate counter current heat exchange and 

reduce the risk of a hypothermic insult in the extremities (Rommel and Caplan 2003). 

Ironically this anatomy could predispose the manatee to thromboembolic disease and 

explain why many of the lesions seen in cold stress syndrome are confined to the 

extremities. The narrower lumen and thinner walls of the vessels in juveniles compared 

to adults could also impact the prevalence of cold stress lesions in the extremities of the 

younger demographic (Rommel and Caplan 2003).  

The normal reference ranges for coagulation factor activity; coagulation panel 

and TEG were previously established in wild healthy manatees also sampled in 

December 2014. By assessing all these coagulation parameters in cold stress 

syndrome cases and comparing these results to previously established normal 

reference ranges in wild manatees, improved understanding of the pathophysiology of 

cold stress syndrome will be obtained. The normal thromboelastography results for the 

manatee (Chapter 3)  reveal that compared to TEGs established in other species, 

clinically normal manatees show relative hypercoagulation with a short R, K and 
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increased α, and MA (Table 3-2). There was a high consistency in results of wild 

individuals indicating minimal variation in healthy individuals (Table 3-3). As a result, 

what appears as a very minor alteration could actually have a large clinical implication. 

Minor variations would often be overlooked in other species however the lack of 

variation in manatees and the high level of consistency usually demonstrated, indicates 

that even minor variation might be interpreted with significance.  

Methods 

From December 5th 2014 to March 3rd 2015, 10 opportunistic cold stress 

syndrome manatees were admitted into Tampa’s Lowry Park Zoo for rehabilitation. A 

diagnosis of cold stress syndrome was made using previously described clinical criteria 

(Bossart et al. 2002).  

Blood was collected on admission and obtained via standard manatee 

phlebotomy techniques  (Walsh and Bossart 1999). For TEG and coagulation factor 

analysis, an initial non-additive tube (BD Vacutainer 3.0-mL serum blood collection tube 

(Ref 366668), Becton, Dickinson, and Co, Franklin Lakes, NJ) was obtained to prevent 

tissue contamination of blood, followed by two anti-coagulated 0.32% sodium citrate 

tubes (BD Vacutainer 1.8-mL buffered sodium citrate 3.2% (Ref 366392), Becton, 

Dickinson, and Co, Franklin Lakes, NJ), to obtain plasma. The citrated whole blood was 

stored on ice immediately after collection. Samples were warmed and gently rocked for 

30 minutes prior to using the citrated whole blood for thromboelastography (TEG). 

Immediately following TEG, the samples were centrifuged at 1000xg for 15 minutes to 

separate the plasma. This remaining plasma was harvested and maintained at -80°C for 

batch analysis of PT, PTT, fibrinogen and D-Dimers and coagulation factor activity 

levels. These samples were sent to The Comparative Coagulation Laboratory at Cornell 
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University within 6 weeks of sampling for analysis to ensure comparability. Assays were 

performed for coagulation factors VII through XII as well as activated partial 

thromboplastin time (PTT), prothrombin time (PT), and concentrations of fibrinogen, 

antithrombin and D-dimers. A coagulation panel consisting of PTT, PT, and fibrinogen 

was performed using an automated clot detection instrument (STA Compact, 

Diagnostica Stago, Parsippany, NJ), commercial reagents (Dade Actin FS, Dade 

Behring, Newark, DE, Thromboplastin LI, Helena Diagnostics, Beaumont, TX, 

Fibrinogen, Diagnostica Stago, Parsippany, NJ), and reaction conditions as previously 

described (Stokol et al. 2000a). Antithrombin activity (AT) was measured in a functional 

assay configured to measure thrombin inhibition (anti-IIa assay) using a commercial 

chromogenic kit (Stachrom ATIII, Diagnostica Stago, Parsippany, NJ) and the 

manufacturer’s automated analyzer (STA Compact, Diagnostica Stago, Parsippany, 

NJ). The standard curves for determination of clottable fibrinogen (Clauss 1957) and 

antithrombin activities in the test plasmas were derived from a calibrated human plasma 

standard (STA Unicalibrator, Diagnostica Stago, Parsippany, NJ).  D-dimer 

concentration in ng/mL was measured using a quantitative, immunoturbidometric 

method as previously described,(Delgado et al. 2009)  using a commercial kit and the 

manufacturer’s human D-dimer standards (STA Unicalibrator, Diagnostica Stago, 

Parsippany, NJ) . The coagulant activities of Factors VII and X (FVII:C and FX:C) were 

measured in one-stage PT and activities of Factors VIII, IX, XI, and XII (FVIII:C, FIX:C, 

FXI:C, FXII:C) were measured in one-stage aPTT assays (Triplett and Harms 1981) 

configured with a series of human substrate deficient plasmas (George King 

Biomedical, Overland Park, KS) and commercial PT (Thromboplastin LI, Helena 
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Diagnostics, Beaumont, TX) or PTT (Fibrinogen, Diagnostica Stago, Parsippany, NJ 

reagents).  

The TEG assays were performed using a commercially available TEG® 5000 

analyzer (Hemonetics, Braintree, MA) Hemostasis Analyzer (TEG 5000 

thromboelastograph hemostasis analyzer, Haemoscope, Niles, IL) at 37°C using a 

thromboelastography kit provided by the manufacturer (Donahue and Otto 2005). These 

kits were stored at 4°C in a refrigerator until 30 minutes prior to use. Machine balance 

and e-test was confirmed prior to running each batch of samples. 1mL of citrated whole 

blood was added to a proprietary blood tube with kaolin present (Kaolin, Haemoscope 

Corp, Niles, IL). A small volume, 340µL of the kaolin-activated blood, was added to the 

cup along with 20µL of calcium chloride  (Calcium chloride 0.2M, Haemoscope Corp, 

Niles, IL), and the pin was then lowered into the blood (Donahue and Otto 2005). The 

apparatus oscillated the cup for ten seconds at an angle. Once a fibrin clot starts to form 

the pin started to move within the cup and the resistance against movement was 

transferred up the wire to an electrical transducer which quantifies the critical 

parameters of the clot (Palmer and Martin 2014). TEG output was recorded on a laptop 

computer using commercial software (TEG V4 4.2.97). The program displays the 

thromboelastogram which was visually inspected for asymmetry or lack of activation 

prior to accepting the results into analysis.  

Retrospective analysis of an additional 23 cold stress syndrome cases admitted 

to Lowry Park Zoo between March 2009 and December 2014 were included to increase 

the sample population. These manatees had also been rescued and exhibited clinical 

evidence of cold stress pathology. Citrated blood samples had been drawn at the time 
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of admission and PT, PTT, D-dimer concentration and fibrinogen levels were 

documented. No thromboelastography or factor activity results were available for this 

cohort due to the retrospective analysis.  

Statistics 

Statistical analysis was performed to compare the results of cold stress 

syndrome cases to wild manatee reference ranges using the statistical software 

program R (http://www.R-project.org.) for data analysis. Data distribution was examined 

for normality by the Kolmogorov-Smirnov test. A Mann-Whitney U test was performed to 

compare the thromboelastography results from cold stress syndrome cases with the 

wild manatee reference ranges. Statistical significance was defined as a p value of 

<0.05. TEG data is reported as mean and standard deviation. An unpaired T-test was 

performed to compare coagulation panel results of PT, PTT, D-dimer and fibrinogen 

concentrations to established normal reference ranges.  

Results 

Ten cold stress cases were included in the thromboelastography study. All ten 

individuals were rescued with signs of overt cold stress syndrome. These consisted of 

four males and six females with sizes ranging from 59kg to 405kg in weight and 145cm 

to 275cm in length.  

Thromboelastography results from the cold stress syndrome cases revealed 

several statistically significant differences when compared to the wild manatee 

reference range. The results of thromboelastography comparison are presented in 

Table 4-1. The p values for the comparison were as follows R (0.019) K (0.02) α (0.6) 

MA (0.5) and LY30 (0.048). With p=<0.05 classed as statistically significant, R, K and 

LY30 showed significant differences in the CSS cases.  
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The following coagulation panel results, were obtained for the mean and 

standard deviation in the 33 cold stress cases: PT 12.6 (16.1) seconds, PTT 25.9, 

(38.6), D-dimer 924 (814) and fibrinogen 424 (226).  Statistical comparison of these 

results with the wild manatee reference ranges revealed statistically significant 

increases in both PTT (p = 0.0156) and D-Dimers (p=0.0001) for CSS manatees. These 

results are presented in Table 4-2. 

The results of the coagulation factor activity levels in 10 CSS manatees are 

displayed in Table 4-3. Comparison can be made with Table 2-2 which contains the 

reference values for coagulation factors in wild manatees and is summarized in Table 4-

4. The obvious difference in factor level activity is present in Factor XI where there was 

a significant difference (p= 0.0012) in activity level in CSS cases with increased activity 

compared to wild manatees. Anti-thrombin also showed a statistically lower level of 

activity in CSS compared to normal manatee activity levels.   

Discussion 

The objective of this study was to compare coagulation profiles of manatees 

affected with cold stress syndrome to previously established reference values for wild 

healthy animals (chapters 2 and 3). The aim was to identify coagulopathies associated 

with CSS with a view to improving the understanding of the pathophysiology of this 

complex syndrome.  

Thromboelastography is one of the best diagnostic testing options for the 

assessment of hypercoagulation (Fenty et al. 2011). In comparing the TEG results from 

wild healthy manatees (Chapter 3) with cold stress cases we found subtle but 

statistically significant differences. Low variation in the healthy population (Chapter 3) 

allowed detection of changes in the coagulation profile of CSS affected manatees 
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despite the relatively small sample size form clinical cases received during the winter of 

2014-2015. Our findings support the hypothesis that cold stress manatees are 

hypercoagulable compared to normal wild manatees. The time taken for the clot to form 

(R) was the most statistically significantly different variable (p = 0.019) indicating that 

manatees with cold stress syndrome form blood clots at a faster rate. K was also 

statistically significantly higher at p = 0.02. This is particularly remarkable considering 

the standard deviation in the wild subset was zero i.e. no wild animals had a result 

different from 0.8. As K reflects the time taken to reach 20mm of divergence, it provides 

an indication of speed of clot formation. Therefore the significance in the variation of K 

indicates CSS-affected manatees have more rapid clot development confirming the 

hypercoagulable state.  K can be influenced by factors II and VIII as well as hematocrit, 

platelet count, thrombin formation and fibrin precipitation (Donahue and Otto 2005). In 

combination, the R and K values reflect the coagulation time to formation of 

predetermined clot strength. The changes seen in the K values in manatee were 

anticipated due to the hypercoagulable nature of their coagulation system (Chapter 2 

and 3). Similar findings of shortened R and K parameters were discovered in dogs with 

septic peritonitis which were also found to have hypercoagulable TEGS with shortened 

R and K parameters (Bentley et al. 2013). An example of a hypercoagulable TEG is 

illustrated in Figure 4-2 and is superimposed on a normal TEG for comparison.  

Neither MA or α were found to differ significantly in CSS cases compared to wild 

healthy manatees. This is to be expected as MA represents the final clot strength, which 

would be the same as in normal manatees and α is measuring rate of final clot 

formation. LY30 was significantly higher in CSS cases than in the normal wild 
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individuals. As LY30 measures the rate of amplitude reduction thirty minutes after the 

maximum amplitude was reached. It can be interpreted as an indication of the stability 

of the clot. This suggests that although the CSS manatees are reaching the same clot 

strength as normal manatees there is a small degree of fibrinolysis occurring in some 

cases. The largest value of LY30 in CSS case was 4.3%. This is still classified as a 

normal percentage of clot breakdown in other species (<7.5% at 30 minutes (Kelley et 

al. 2015)) however the difference was statistically significant in CSS cases due to the 

minimal occurrence of fibrinolysis in normal wild manatees (95% CI 0.18-0.70%).  

In other veterinary species TEG can be used as a prognostic survival indicator 

and has been found to be more accurate than routine coagulation tests such as PT and 

PTT (Bentley et al. 2013). Having established the normal manatee parameters and 

observed statistically significant differences in CSS cases, TEG may be valuable as a 

prognostic indicator in manatee cases. Thromboelastographs with the greatest variation 

from normal would have a poorer prognosis.  

In addition to TEG we compared the coagulation panel consisting of PT, PTT, 

and D-dimer and fibrinogen concentrations in the 10 CSS cases acquired during this 

study period to normal references. In addition, data from 23 retrospective cases 

admitted for treatment of CSS, since March 2009 were added to the analysis to 

increase the sample population. Inclusion criteria involved a coagulation panel of PT, 

PTT, platelet count, D-Dimers and fibrinogen,  performed at the time of hospital 

admission. The following values were obtained for the mean and standard deviation in 

the 33 cold stress cases: PT 12.6 (16.1) seconds, PTT 25.9, (38.6). In wild manatees 

the mean and standard deviation were PT 9.2 (1.5) and PTT 10.8 (0.5). Statistical 
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comparison between CSS and wild reference range of PT revealed p = 0.1876 and PTT 

p = 0.0156. Although changes in PT were not statistically significant, normal PT is <10 

seconds so there was a trend for CSS cases to  have a prolonged PT. PTT was 

statistically significant but this is most likely due to the large standard deviation caused 

by very prolonged values such as 180 seconds.  By increasing our sample size rather 

than just using the 10 cases obtained during this study period we can reduce the bias of 

extreme outliers and provide a more accurate representation of CSS. The extreme 

results of 180 seconds are however important to include as these represent the more 

severely affected individuals likely undergoing disseminated intravascular coagulation. 

All of the 10 CSS manatees which had TEG performed survived. Therefore from 

our current analysis we cannot comment on the use of TEG as an accurate prognostic 

indicator. Further analysis would need to be performed on more severe CSS cases to 

identify TEG changes in fatal cases. As 2014-2015 was a relatively mild winter it is likely 

more severe abnormalities would be detected via TEG during colder conditions.    

Normal D-Dimer levels are classed as < 250ng/mL (Stokol et al. 2000b). Wild 

manatees (n=40) were all normal with mean (SD) of 132 (126)ng/mL. Cold stress 

manatees showed a wide variation in D-Dimer concentrations with a range of 250 – 

3309ng/mL. The 33 cases produced a mean and SD of 924 (814) ng/mL.  This is clearly 

very significant with a p value of 0.0001. This is the most clinically relevant value 

produced in this report as it can be used as an accurate prognostic indicator. As D-

dimers only result from the degradation of a stabilized clot (cross-linked fibrin) they 

provide a sensitive and specific quantification of active coagulation and fibrinolysis 

(Nelson 2005). The use of the sensitive D-dimer assay enables informed clinical 
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assessment and prognostic indication as to the extent of thromboembolic disease. 

Continual monitoring can also indicate whether the patient is stable, improving or 

deteriorating as to whether the D-dimer levels are the same, decreasing or increasing 

(Stokol et al. 2000b).   From comparing D-dimer levels in the 33 cases with survival 

outcome, any value > 500ng/mL is classed as abnormal with values >1500ng/mL 

carrying a grave prognosis. Increasing values throughout rehabilitation are also 

indicative of a poor survival outcome.  

Fibrinogen is highly variable as a prognostic indicator due to the fact that it is also 

an acute phase protein therefore levels can be increased due to inflammation and 

infection as well as active coagulation (Sato et al. 1995). Wild manatees were found to 

have a mean (SD) of 379 (79) with CSS having a mean of 424 (226). There was no 

statistically significant difference in the CSS cases with p = 0.24. This is likely due to the 

very wide variation in values amongst the CSS cases from 15-860mg/dl resulting in a 

large standard deviation. Increasing the number of cold stress cases would likely 

improve the fibrinogen significance. The wide variation can be explained by fibrinogen 

being  raised due to systemic inflammation as an acute phase protein in addition to 

changes in levels as a result of coagulation (Wada et al. 2003). Its role in the 

coagulation cascade can result in depleted levels due to excess clot formation. As a 

result low values of 15mg/dl can also indicate a consumptive coagulopathy and could 

actually be of greater clinical significance in extreme cold stress cases. Consequently 

those individuals undergoing more extreme CSS are actually more likely to have greatly 

reduced fibrinogen levels. The wide range of values suggests that plasma fibrinogen is 

not a sensitive marker for CSS or DIC and results should be interpreted on a case by 
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case basis. Although higher levels are often associated with a poorer outcome as there 

is a correlation with elevated fibrinogen and reduced activation of secondary fibrinolysis 

which can be linked to organ failure and a poorer prognosis (Wada et al. 2003).  

Comparison of antithrombin levels between CSS and normal samples revealed 

p=0.0014 demonstrating a statistically significant difference with CSS manatees having 

lower values. Antithrombin is a plasma proteinase inhibitor that functions to inactivate 

thrombin and the enzymes responsible for the generation of thrombin. As a result it is a 

very effective anticoagulant and can be enhanced by heparin which encourages further 

antithrombin binding to factors II and X (Marder et al. 2012). A deficiency in antithrombin 

results in clinical thrombosis. Acquired deficiencies are associated with severe sepsis, 

trauma, neoplasia, burns and surgery; all of which result in consumptive coagulopathy 

and acute inflammation. Previous studies have found that a reduction in plasma 

antithrombin below 70% of normal reflects the crucial threshold in the pathogenesis of 

normal venous thrombosis (Marder et al. 2012). As a result low levels of antithrombin 

are often found in DIC due to rapid consumption (Fourrier et al. 1992). Low levels in 

humans have been positively correlated with a poor prognosis, as a result treatment 

with antithrombin has been instrumental in preventing DIC and death (Fourrier et al. 

1992). Three of the CSS cases (103223, 103224, 103230) showed antithrombin levels 

<70% indicating active DIC and a consumptive coagulopathy. This was supported by 

these individuals also showing extremely prolonged PTT at 180 seconds and prolonged 

PT at 90 seconds. This is in stark contrast to the wild sample set where the lowest 

antithrombin value was 112% compared to the lowest CSS value of 41%.  
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With regard to the coagulation factors, the only factor which showed statistical 

difference in activity level was factor XI (p=0.0012) in addition to antithrombin (p = 

0.0014). Prior work by Medway established that Factor XI in manatees has double the 

activity of Factor XI in normal dogs. Interestingly these results showed further increased 

Factor XI levels in CSS cases. In humans increased Factor XI levels have been 

associated with increased risk for venous thrombosis (Meijers et al. 2000, Siegemund et 

al. 2004). This supports the hypothesis that CSS individuals are likely to have a great 

occurrence of thromboembolisms.  

Although not significantly different, factor VIII did show reduced levels in CSS 

which could be explained by the thrombin induced generation of protein C resulting in 

proteolysis of the activated factor VIII (Marder et al. 2012). This is further support of a 

coagulopathy in association with CSS. Factors VII, IX and X showed little variation 

between the two groups, however the consistently high activity levels were comparable 

to the previous work by Medway (Medway et al. 1982). Finally factor XII showed 

increased activity in CSS although p=0.135 therefore was not deemed statistically 

significant.  The rate of generation of FXII accounts of the increased variability in PTT 

seen in the CSS cases.  

The cold stress samples used in this study for TEG and factor level analysis were 

opportunistically obtained within the time frame of the project over winter 2014. This 

was a mild winter in Florida; however the coastal Gulf of Mexico temperatures did drop 

below 20°C; therefore warm water migration was required for thermoregulation. Cold 

stress is defined as chronic exposure to low temperatures. Due to the short time frame 

of a few days of cold weather this winter, several cases appeared as “acute” cold stress 
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with mild epidermal bleaching but normal core temperatures. Consequently the 

coagulopathies detected were likely less extreme than in severe cold stress cases seen 

historically. 100% of CSS in this sample set survived despite three individuals 

demonstrating severe coagulation abnormalities. The fact that these CSS cases all 

presented mildly clinically yet demonstrated dramatic coagulopathies internally indicates 

the potential extent of subclinical abnormalities. In a more severe winter it is likely that 

the survival outcome would be less favorable as demonstrated in the archived 23 cases 

where there was a 30% mortality rate.  

Although manatees can give birth year-round they have been described to 

engage in a diffusely seasonal reproductive pattern with suppression of activity 

occurring in the winter months (Reep and Bonde 2006). Due to the 12-14 month 

gestation period and mating frequently occurring post winter, most calves are several 

months old before enduring their first winter (Koelsch 2001). The majority of cold stress 

cases are usually 2nd year calves having to survive their first winter alone (Bossart et al. 

2002).If they are estimated to be over 6 months the standard reference intervals 

established here could feasibly be used in these cases to try to establish 

hypercoagulation alterations in cold stress syndrome. 

This study successfully measured changes in coagulation in Florida manatees 

undergoing CSS. By comparing these results to the previously established normal 

coagulation parameters (Chapters 2 and 3), coagulopathy occurring in manatees with 

CSS could be identified and clinical tools were defined which may have value as 

prognostic indicators. Cold stress syndrome has had a profound effect on this species, 
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therefore a thorough understanding of the predisposing factors to this multifactorial 

condition is important for future management and conservation. 
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Products and References: 
a. BD Vacutainer Safety-Lok blood collection set (Ref 367281), Becton, Dickinson 

and Co, Franklin Lakes, NJ.  

b. BD Vacutainer 3.0-mL serum blood collection tube (Ref 366668), Becton, 
Dickinson, and Co, Franklin Lakes, NJ.  

c. BD Vacutainer 1.8-mL buffered sodium citrate 3.2% (Ref 366392), Becton, 
Dickinson, and Co, Franklin Lakes, NJ. 

d. STA Compact, Diagnostica Stago, Parsippany, NJ 

e. Dade Actin FS, Dade Behring, Newark, DE 

f. Thromboplastin LI, Helena Diagnostics, Beaumont, TX 

g. Fibrinogen, Diagnostica Stago, Parsippany, NJ 

h. Stachrom ATIII, Diagnostica Stago, Parsippany, NJ 

i. STA Unicalibrator, Diagnostica Stago, Parsippany, NJ 

j. HemosIL, D-dimer Calibrator, Instrumentation Laboratory, Bedford, MA 

k. George King Biomedical, Overland Park, KS 

l. TEG 5000 thromboelastograph hemostasis analyzer, Haemoscope, Niles, IL. 

m. Kaolin, Haemoscope Corp, Niles, IL. 

n. Calcium chloride 0.2M, Haemoscope Corp, Niles, IL. 
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Table 4-1.  Thromboelastography results from 10 cold stress syndrome cases 
compared with the wild manatee reference ranges. P value indicates 
statistical comparison, <0.05 is classed as being statistically significantly 
different.  

 
 
Table 4-2.  Coagulation panel results comparing cold stress syndrome cases with wild 

manatee reference ranges. P value indicates statistical comparison, <0.05 is 
classed as being statistically significantly different. 

Sample Set PT 
(sec) 

PTT  
(sec) 

D-Dimer  
(ng/mL) 

Fibrinogen (mg/dl) 

Wild (n = 40) 9.2 (1.5) 10.8 (0.5) 82 (65) 367 (52) 

CSS (n=33) 12.6 (16.1) 25.9 (38.6) 924 (814) 424 (226) 

P value 0.1876 0.0156 0.0001 0.126 

 

Sample Set R (min) K (min) Angle° MA (mm) LY30(%) 

Wild (n = 29) 2.1 (0.75) 0.8 (0.0) 83.3 (2.0) 75.1 (7.8) 0.4 (0.69) 

CSS(n=10) 1.48 (0.34) 0.90 (0.23) 82.6 (3.2) 76.6 (12.7) 1.2 (1.62)  

P value 0.019 0.02 0.60 0.50 0.048 
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Table 4-3.  Cold stress syndrome case results showing the coagulation panel consisting of PTT, PT, fibrinogen, 
antithrombin, D-dimer and factors VII through XII. The mean and standard deviation are provided for each 
parameter for these 10 individuals.  

Animal ID PTT PT Fibrinogen AT D-dimer FVII:C FVIII:C FIX:C FX:C FXI:C FXII:C 

 (sec) (sec) (mg/dL) (%) (ng/mL) (%) (%) (%) (%) (%) (%) 

103215 12.1 12.3 398 125 79 105 135 98 117 125 112 

103223 180 90 15 68 134 107 19 96 < 10 338 64 

103224 180 90 15 41 544 96 11 112 < 10 163 73 

103226 19.8 27.6 436 116 647 104 121 108 92 132 103 

103229 11.3 11.2 344 123 221 113 135 97 137 168 120 

103231 6.8 11.7 429 123 174 128 172 168 102 187 148 

103230 180 90 15 60 470 64 14 33 44 158 195 

103232 10.8 12.3 625 130 1743 143 189 155 151 265 181 

103234 10 11.8 490 124 253 135 169 186 136 150 147 

103235 6 11.4 413 129 216 143 182 130 149 132 180 

Mean 61.68 36.83 318 103.9 448.1 113.8 114.7 118.3 116 181.8 132.3 

SD 77.54 35.12 210.14 31.95 466.86 23.18 68.70 41.62 33.75 64.54 43.18 
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Table 4-4.  Cold stress syndrome coagulation factor results compared with wild normal 
values. P value indicates statistical comparison, <0.05 is classed as being 
statistically significantly different. 

 
 
 
 
 
 
 
 
 
 
 
 

  

 

Antithrombin 
(%)  

FVII:C 
(%) 

FVIII:C 
(%) 

FIX:C 
(%) 

FX:C 
(%) 

FXI:C 
(%) 

FXII:C 
(%) 

Mean 
CSS (10) 103.9 113.8 114.7 118.3 116.0 181.8 132.3 

SD CSS 32.0 23.2 68.7 41.6 33.8 64.5 43.2 

        Mean 
wild (20) 131.5 103.5 134.3 126.4 113.9 124.5 113.4 

SD wild  10.7 12.0 35.0 31.9 19.0 22.6 25.6 

        P Value  0.0014 0.2840 0.3000 0.5500 0.7500 0.0012 0.1350 
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Figure 4-1. The right intercostal artery; demonstrating the dramatic reduction in 

diameter, between the large artery and the subsequent blood vessels 
showing similar branching structure as that of a broom. Anatomical photo 
credit Rommel et al. (Rommel and Caplan 2003) 

 
 
Figure 4-2.  A thromboelastograph of a cold stress syndrome calf in white superimposed 

over a normal wild manatee TEG. Note the reduction in R with clot initiation 
commencing after just 1.1minutes. Also the lines begin to diverge 
demonstrating a degree of fibrinolysis occurring and 30minutes and 
increasing to 8.7% at 60 minutes.  
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CHAPTER 5  
CONCLUDING SUMMARY 

 Cold stress syndrome in manatees has been defined as morbidity and mortality 

that result from prolonged exposure to water temperatures <20°C. The pathophysiology 

of this condition is not well understood and has previously been described as nutritional, 

immunological and metabolic disturbances that contribute to multisystemic organ failure, 

and may result in life threatening opportunistic infectious disease (Bossart et al. 2002). 

Further investigation of the pathophysiology of CSS was warranted to improve 

understanding and enhance mitigation of one of the leading natural causes of mortality 

in this endangered species.  

Federal and State protection of the Florida manatee is provided by the 

Endangered Species Act of 1973, the Marine Mammal Protection Act of 1972, and the 

Manatee Sanctuary Act of 1978. State and Federal recovery effort success is reflected 

in an apparent increase in Florida manatee populations in recent years. Annual 

population counts were estimated by synoptic survey as 2639 in 1996 (Bossart 1999) 

and estimated 6063 by abundance survey in 2011-2012 (Martin et al. 2015). 

Unfortunately despite this success, stochastic events can result in mass manatee 

mortality; events such as  red tides (brevetoxicosis) and prolonged cold weather 

(resulting in CSS) can result in hundreds of manatees dying within a short time frame 

(Ackerman et al. 1995, Barlas et al. 2011). The impact that these unpredictable but 

natural events can have on the manatee population in Florida play a role in its continued 

endangered status despite the apparent improvement in population size. The two 

greatest threats to the manatee are loss of warm water refuge and  high mortality as a 

result of water craft injuries (Runge et al. 2007). On an average year, cold stress 
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syndrome accounts for up to 18% of annual mortality, or approximately 124 manatees 

despite the morbidity being much higher (Bossart et al. 2002). However, during 

particularly cold periods this figure can increase dramatically. For example during the 

winter of 2010 there were 480 manatee deaths attributed to CSS; almost 4x higher than 

average. At the time this represented almost 10% of the documented population (Barlas 

et al. 2011). Consequently, from the rehabilitation perspective there is the possibility of 

receiving a large number of manatees affected by cold stress syndrome in a very short 

period of time. The rehabilitation capacity of the state can be rapidly overwhelmed when 

such events occur. This concern is exacerbated by the loss of artificial warm water 

refuges which is projected to occur in coming years as aging power plants are closed.  

The problem is further exacerbated by continued habitat defragmentation and lack of 

access to natural warm water springs (Laist et al. 2013).  

This study aimed to establish the normal reference ranges in wild manatees for 

thromboelastography, coagulation factor activity levels, PT, PTT, D-dimer concentration 

and fibrinogen levels. Forty wild manatees were sampled for PT, PTT, D-dimer 

concentration and fibrinogen levels also referred to as the coagulation panel. Twenty 

nine of these manatees had thromboelastography performed. TEG analysis was limited 

by the requirement that samples be processed  within 3 hours of blood collection. 

Further, financial constraints limited coagulation factor analysis to only twenty of the 

forty wild manatees that were sampled for coagulation factor activity levels. 

Nonetheless, sample size was sufficient  to statistically establish the reference range in 

this endangered species (Friedrichs et al. 2012). 
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Once the normal reference levels were established for wild healthy Florida 

manatees, comparison with cold stress syndrome cases could be performed. Within this 

study period there were ten opportunistic cold stress syndrome cases admitted to 

Tampa’s Lowry Park Zoo. In addition to this, 23 archived cases had limited coagulation 

factor analysis performed at hospital admission for CSS. Data from these cases was 

added to that available for the 10 active CSS cases seen during the study period. 

Thromboelastography and coagulation factor level analysis were not available for the 

archived CSS cases.  

The results of this study support our hypothesis that cold stress syndrome results 

in coagulopathy in the Florida manatee. This is indicated by the presence of elevated D-

dimer levels in CSS cases indicating prior thromboembolic disease.  

D-dimers are degradation products of cross-linked fibrin and can be used 

clinically to indicate prior venous thromboembolisms. Levels <250ng/mL are classed as 

normal (Eichinger et al. 2003). This was reinforced with the mean (SD) result in the 

healthy wild population of  132 (126)ng/mL compared to the mean CSS D-dimer value 

of 924 (814)ng/mL with the highest individual at 3309 ng/mL. High D-dimer results are a 

sensitive and specific indicator of prior thromboembolism and can be used as a 

prognostic indicator in CSS (Stokol et al. 2000b). 

 Other coagulation panel abnormalities included elongated PTT and PT. It is 

likely these animals are undergoing disseminated intravascular coagulation with 

increased blood clotting occurring as a result of the hypothermia followed by prolonged 

bleeding due to a consumptive coagulopathy. By performing a complete coagulation 

panel and assessing PT, PTT, platelet count and fibrinogen levels in addition to D-dimer 
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concentration, more information can be gathered regarding the extent of prior 

thromboembolisms and also the presence of disseminated intravascular coagulation. By 

sampling at the time of admission and repeating throughout rehabilitation, this can give 

a prognostic indication as to whether the patient is improving internally.  

Thromboelastography is a novel test in veterinary medicine, particularly in marine 

mammals. We were able to demonstrate a protocol for successfully performing TEG in 

manatees that may be useful for assessing hemostatic abnormalities in debilitated 

manatees as well as aid in the evaluation of the pathophysiology of various disease 

processes.  The high level of consistency in the results from wild manatees makes this 

test of particular interest for allowing assessment of abnormal findings.  We 

demonstrated that in general manatees are relatively hypercoagulable and form clots 

faster than any of the domestic species previously analyzed. What was particularly 

significant in this case was that despite manatees being naturally relatively 

hypercoagulable, the cold stress syndrome cases demonstrated further increase in 

coagulability. This demonstrates that even a marginal change in TEG results in CSS 

cases can be  significant. Due to the minimal variation seen in the wild manatees the 

slightest change was actually clinically relevant.  

Improved understanding of the pathophysiology of cold stress syndrome has 

enabled greater insight into the underlying causes of cold stress syndrome and related 

multisystemic organ failure. Although it is still most likely that cold stress syndrome is a 

multifactorial condition, a component of the underlying pathophysiology is now 

understood. The clinical tests described can be used to effectively diagnose cold stress 

syndrome in addition to relying on the classical clinical presentation of advanced 
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emaciation, characteristic skin lesions, and a correlated prolonged cold weather period. 

Measurement of the coagulation panel can give a prognostic indication during 

rehabilitation which may influence treatment protocols and ultimately improve clinical 

management and enhance survival of this condition.  

 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-1.  Example of how diagnostic tests can be used to aid identification and 
diagnosis of CSS.  
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