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(Mirounga angustirostris), and Disseminated Intravascular

Coagulation in This Species
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ABSTRACT: Coagulation assays, including
platelet counts, antithrombin III, fibrinogen, fi-
brinogen degradation product levels, pro-
thrombin (PT), activated partial thromboplastin
(APTT) and activated clotting times (ACT),
were performed on 20 healthy juvenile north-
ern elephant seals (Mirounga angustirostris)
stranded along the central California coastline
from 15 March to 15 April 1994, to establish
baseline parameters for this species. Elephant
seals appear to have relatively short ACT, PT,
and APTT times, while fibrinogen, platelet and
antithrombin III levels are similar to domestic
species. Based on these mean values in healthy
animals, disseminated intravascular coagulation
(DIC) was diagnosed in an elephant seal with
low plasma fibrinogen and extended ACT, PT
and APTT times; this animal had hemorrhages,
mixed bacterial suppurative interstitial pneu-
monia with verminous arteritis, epicarditis,
hepatitis and enterocolitis.

Key words: Elephant seal, Mirounga an-
gustirostris, phocid, disseminated intravascular
coagulation, fibrinogen, clotting, hematology.

Between 1 March and 30 July 1993, post
mortem examinations were performed on
52 northern elephant seals (Mirounga an-
gustirostris) that died during rehabilitation
following live stranding along the central
California (USA) coastline (32°59' to
37°42'N, 121°30’ to 123°05'W); 22 (42%)
of these had severe pulmonary arteritis of-
ten accompanied by septicemia. Microth-
rombi were often present in multiple or-
gans. We believe that disseminated intra-
vascular coagulation (DIC) was an impor-
tant process associated with mortality.

Disseminated intravascular coagulation
is a pathological state induced by many
types of disease, which itself can cause se-
vere pathology (Feldman et al., 1986). It
is a hypercoagulable state resulting from
simultaneous activation of platelets, the in-

trinsic and extrinsic blood coagulation
pathways and the fibrinolytic system, with
loss of the ability to re-establish a hemo-
static equilibrium (Bick, 1994). Progres-
sion of hypercoagulability leads to micro-
vascular occlusion, organ failure, con-
sumptive depletion of both platelets and
clotting factors, and the development of a
hypocoagulable state expressed as clinical
bleeding (Coles, 1986). Systemic accumu-
lation of soluble fibrin and fibrinogen deg-
radation products (FDPs) occurs, these ex-
acerbating the bleeding tendency due to
their potent anticoagulant effects (Bick,
1994).

There is no single or specific laboratory
test for identifying a state of DIC. Diag-
nosis in the live animal depends upon de-
tection of a bleeding tendency and multi-
ple abnormalities in a coagulogram (Bick,
1994). A database for diagnosis ideally
consists of clotting times (prothrombin
time, PT, and partial thomboplastin time,
PTT), platelet count, plasma fibrinogen
and FDP levels. Typically, not all of these
results will be abnormal at any one time,
due to fluctuations in disease progression
and compensatory mechanisms to re-es-
tablish hemostatic homeostasis. Our pur-
pose was to document baseline coagula-
tion assay values in the northern elephant
seal, and to describe a case where DIC
was diagnosed in a living animal using
these data.

Blood was collected aseptically from 20
apparently healthy, stranded northern el-
ephant seals as part of routine monitoring
during their rehabilitation. All animals
stranded between 15 March and 15 April
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1994 along the northern California coast
(32°59' to 37°42'N, 121°30' to 123°05'W)
and were sampled between 15 May and 15
June 1994. All animals were between 4
and 6 mo old (Le Boeuf et al., 1972) and
were acclimatized to the rehabilitation
center (The Marine Mammal Center, Sau-
salito, California). Samples were collected
from the extradural intravertebral sinus 5
cm cranial to the pelvis using an 18 gauge
X 38 mm needle (Bossart and Dierauf,
1990). Two ml were placed immediately
into a pre-warmed Vacutainer tube (Bec-
ton-Dickinson and Company, Franklin
Lakes, New Jersey, USA) containing puri-
fied inert silica. The tube was held at 37
C for 60 sec and then inverted every 5 to
10 sec until a clot was detected. The pe-
riod between blood first entering the tube
and initial signs of clot formation was re-
corded as the activated clotting time
(ACT) (Feldman et al., 1986). The re-
maining blood was distributed among four
Vacutainers containing either ethylenedi-
amine-tetra-acetic acid (EDTA), citrate,
thrombin soya trypsin or serum separation
gel (Becton-Dickinson and Company). Ci-
trated samples had a 10:1 ratio of blood to
citrate. Plasma and serum were harvested
following immediate centrifugation at
2,000 X G for 30 min. Complete blood
counts were done on blood collected into
EDTA using the Nova Cell-Trak 2 (Nova
Biomedical, Boston, Massachusetts, USA).
Platelet counts were performed manually
using a hemocytometer and the Unopette
system (Unopette No. 5855, Becton-Dick-
inson, Rutherford, New Jersey). Blood
smears were stained with a modified
Wright's stain (Hema Tek, Miles, Inc., Elk-
hart, Indiana, USA) and differential white
cell counts were performed manually. One
stage PTs were performed by adding tissue
thromboplastin and calcium to citrated
plasma (Thromboplastin, Dade, Puerto
Rico) (Hougie, 1972a). Activated partial
thromboplastin times (APTT) were mea-
sured using phospholipid and a factor XII
activator (Actin, Dade, Puerto Rico)
(Hougie, 1972b). Antithrombin III was
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TABLE 1. Baseline coagulation assay values from 20
northern elephant seals (Mirounga angustrirostris).

Sam-
ple
Coagulation assay size. Mean (SD) Range
Prothrombin time
(sec) 19 12 (0.85) 10.3-13.7
Activated partial
thromboplastin time
(sec) 19 22.8(2.6) 17.6-28
Citrated fibrinogen
(mg/dl) 19 106 (28) 50-162
56 C fibrinogen (mg/
dl) 19 179 (87) 100-300

Fibrinogen degrada-

tion products

(monoclonal) 20 0 0
Fibrinogen degrada-

tion products (poly-

clonal) 6 0 0

Antithrombin III (%) 19  95(14) 70-120
Platelets (X 10%/ml) 20 513(173) 167-859
Total protein (g/dl) 14 7.5(0.3) 6.9-8.1
Activated clotting time

(sec) 8  67(6) 55-70

evaluated using thombin-specific substrate
(S-2238), a synthetic peptide (KabiVitrum,
Stockholm, Sweden). Prothrombin time,
APTT and Antithrombin III assays were
all performed on citrated plasma. Fibrin-
ogen degradation products were evaluated
by latex agglutination of antibody coated
particles (ThromboWellcotest, Murex Di-
agnostics, Norcross, Georgia, USA) and by
a monoclonal latex agglutination method
on citrated plasma (Fibrinosticon, Orga-
non-Teknika, Durham, North Carolina,
USA). Total protein was determined re-
fractometrically (Foster et al., 1959). Fi-
brinogen was determined both by 56 C
precipitation (Foster et al., 1959) and by
modified thrombin clotting time (Morse et
al., 1971). For some parameters, the sam-
ple size was less than 20, as samples that
were clotted or severely hemolyzed were
discarded. The ranges for fibrinogen, an-
tithrombin III and activated clotting time
(ACT) were established using the method
of Solberg (1981).

Based on these results (Table 1), we be-
lieve elephant seals have relatively short
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ACT, PT and APTT times compared to do-
mestic animal species, while fibrinogen,
platelet and antithrombin IIT levels are
similar (Coles, 1986).

On 3 July 1994, a 6-mo-old, 60-kg fe-
male northern elephant seal stranded on
Pismo Dunes, central California (32°08'N;
121°39'W). Dehydration was the only clin-
ical abnormality detected. Blood was col-
lected for routine hematology and serum
biochemical analysis, and results were
within published normal ranges for this
species (Bossart and Dierauf, 1990). Her
appetite was good until 26 July, when she
became anorexic and passed loose feces
containing flecks of necrotic mucosa. We
observed congested mucous membranes
and conjunctiva, blepharospasm, and re-
duced air movement over all lung fields.
She had a severe neutrophilia with a left
shift (102,000 white blood cells/mm3, 78%
neutrophils, 10% immature band neutro-
phils), hypersegmented neutrophils, as
well as elevated sodium (162 meq/1), chlo-
ride (114 meq/l), blood urea nitrogen
(BUN) (65 mg/dl), gamma glutamyl tran-
speptidasv (355 m/l), aspartate trans-
aminase (AST) (562 nv/1) and alanine trans-
aminase (ALT) (397 m/]) levels. Despite
treatment with 2500mg ceftriazone (Ro-
cephin, Hoffimann-LaRoche Inc., Nutley,
New Jersey) intramuscularly every 12 hr,
lg sucralfate (Carafate, Marion Merrell
Dow, Kansas City, Missouri, USA) orally
every 12 hr she had deteriorated by the
following day when she was observed
bleeding from the mouth and injection
sites. Blood collected for coagulation as-
says had a low fibrinogen level (<15 mg/
dl), prolonged ACT (90 sec), PT (>60 sec)
and APTT (>120 sec), as well as the pres-
ence of FDP’s (none on monoclonal test,
positive at dilution 1:5 on polyclonal test);
her platelet count was 585,000 per ml and
antithrombin IIT value was 76%. A diag-
nosis of DIC was made. Heparin (Elkins-
Sinn, Inc., Cheray Hill, New Jersey treat-
ment of 15,000 I U intravenously in 5%
dextrose plus 15,000 I.U. subcutaneously)
was started. After 18 hr the animal had
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FIGURE 1.
lung of an elephant seal, Bar = 10 ¢m.

Hemorrhage into caudal half of right

further deteriorated, was comatose and
bleeding persistently from the venipunc-
ture site. She was then euthanized by in-
travenous administration of 20 ml pento-
barbitone (Pentobarbital solution, An-
thony Products, Arcadia, California) into
the extradural intravertebral sinus.

On post mortem examination, free
blood was observed in the nasopharynx,
esophagus and gastrointestinal tract, and
urine was red. A massive hemorrhage oc-
cupied the caudal half of the right lung
(Fig. 1). Small sub-endocardial and sub-
cutaneous hemorrhages were also present.
Samples of lung, liver, kidney and intestine
were cultured on blood agar with 5% add-
ed citrated sheep blood, and on Mac-
Conkey agar, incubated at 35 C then ex-
amined after 24 hr (Carter, 1973). Bacteria
were identified using the API 20E System
(Sherwood Medical, Plainview, New York,
USA) and colony and biochemical char-
acteristics (MacFaddin, 1980). Pseudo-
monas aeruginosa and Corynebacterium
sp. were isolated from kidney, intestine,
liver and lung. From the lung, Escherichia
coli, Enterococcus sp. and a coagulase neg-
ative Staphylococcus were also isolated.
Sections of all organs were fixed in 10%
formalin, paraffin-embedded, cut into 4 to
6 pm sections and stained with hematox-
ylin and eosin. Based on histologic exam-
ination, we observed suppurative intersti-
tial pneumonia associated with severe



acute suppurative arteritis, diffuse alveolar
hemorrhage and intra-alveolar and intra-
arterial nematode larvae and adults. Mor-
phology of intra-arterial nematodes resem-
bled Otostrongylus circumlitus, that of in-
tra-alveolar nematodes resembled Parafi-
laroides sp. (Delyamure, 1968). There was
also suppurative epicarditis and myocar-
ditis, with diffuse myocardial degenera-
tion. Multifocal portal venous thrombosis
was seen in the liver, with random hepa-
tocellular necrosis and suppurative hepa-
titis. Multiple fibrin thrombi were recog-
nizable within the liver and occasionally
within alveolar capillaries. There was also
enterocolitis, which, in the colon, was fo-
cally pyogranulomatous.

In this case, clinical signs, several labo-
ratory values, necropsy and histologic find-
ings of intravascular thrombosis and mul-
tifocal hemorrhages were consistent with
DIC. The hemorrhagic diathesis, prolon-
gation of PT and PTT and extremely low
fibrinogen were evidence that a consump-
tive hypocoagulable state had been
reached. Although a platelet count well
within the normal range is inconsistent
with DIC (Bick, 1994), little is known
about the kinetics of platelets in pinnipeds.
It is unusual for AT III levels to be within
normal range during progression of ful-
minant DIC (Bick, 1994). This result, in
combination with the platelet count, may
be evidence that this animal was in a par-
tially compensated state of DIC. The high
AST and ALT are of note, as these liver
enzymes are considered important non-
specific indicators of DIC in man (Bick,
1994). The FDP’s were only detected at 1:
5 dilution, a level considered within the
normal range for man and dog (Slappen-
del, 1988). Although elevated FDP’s are
not always found in DIC, poor cross-reac-
tivity of the polyclonal antibody is another
possible explanation for failure to detect
higher levels of FDP’s in this animal. Lack
of cross-reactivity probably explains the in-
ability to detect normal levels of FDP us-
ing the monoclonal antibody, which de-
tects more restricted, often species specif-
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ic, protein sequences than polyclonal re-
agents.

Arteritis is a common finding in ele-
phant seals stranded in central California,
and, with sepsis, probably plays an impor-
tant role in triggering DIC in this species.
Intensive care of elephant seals is difficult,
stressful to the animal, and expensive. The
antemortem detection of DIC may help
the clinician decide whether such treat-
ment is warranted. This case exemplifies
such detection in a northern elephant seal,
and provides base-line coagulation values
for this species which may prove to be use-
ful diagnostic and prognostic tools.
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