
TOPICAL REVIEW
Laboratory Tests for Diagnosis of Gastrointestinal and
Pancreatic Diseases

Olivier Dossin, DVM, PhD, Dipl. ECVIM-CA

The panel of laboratory tests available for diagnosis of gastrointestinal (GI) diseases in dogs and cats is wide,
and, recently, several new tests have been developed. This article will focus on advances in laboratory tests that
are available for the general practitioner for diagnosis of GI diseases. Laboratory tests for diagnosis of gastric
and intestinal infectious diseases include fecal parasite screening tests, enzyme-linked immunosorbent assays
for parvoviral enteritis, and some specific bacterial tests like fluorescent in situ hybridization for identification
of specific bacteria attached to the intestinal epithelial cells. Serum concentrations of folate and cobalamin are
markers of intestinal absorption, but are also changed in exocrine pancreatic insufficiency and intestinal
bacterial overgrowth. Hypocobalaminemia is common in GI and pancreatic disease. Decreased serum trypsin-
like immunoreactivity is a very sensitive and specific test for the diagnosis of exocrine pancreatic insufficiency
in dogs and cats. Serum pancreatic lipase is currently the most sensitive and specific test to identify pancreatic
cell damage and acute pancreatitis. However, serum canine pancreas-specific lipase is less sensitive in canine
chronic pancreatitis. Increased serum trypsin-like immunoreactivity is also specific for pancreatic damage but
is less sensitive. It is very likely that further studies will help to better specify the role of these new tests in the
diagnosis of canine and feline pancreatic diseases.
© 2011 Elsevier Inc. All rights reserved.
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Gastrointestinal (GI) and pancreatic diseases are fre-
quently encountered in canine and feline medicine. The

panel of laboratory tests available is wide, and recently sev-
eral new tests have been developed to help veterinarians in
their workup of such cases. These tests can help characterize
infectious agents, functional changes, or organ damage, and
are often the first step before identification of a lesion with a
biopsy.

This review is limited to tests that can be performed on
blood or fecal samples. Moreover, the reader is referred to a
review on fecal cytology in a previous issue of this journal for
further information.1

Tests for Gastrointestinal Infectious Diseases

Fecal Parasite Panel

GI parasites are a common cause of chronic GI disorders in
dogs and cats. A routine fecal flotation should always be
included in the early diagnostic workup of an animal with GI
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signs to screen for worms and common protozoans such as
giardia and coccidia. A detailed review on the diagnostic
methods of intestinal protozoans in dogs and cat is beyond
the scope of this article, but the reader is referred to a recent
issue of this journal devoted to protozoal diseases in small
animals (2010, Vol 25, issue 3).

Fecal shedding of GI parasites can be intermittent and
some clinically normal animals can shed parasites without
showing clinical signs. Therefore, a negative test should al-
ways be confirmed, ideally by 2 additional fecal panels. A
positive diagnostic test does not prove that the parasite is
causing disease, but it is usually advised to treat before em-
barking on invasive and/or expensive tests (unless some other
findings warrant immediate diagnostic workup).

Bacteria

Characterization of bacterial diarrhea is difficult in dogs
and cats, mostly because healthy pets are usually carriers of
important pathogenic bacteria such as Clostridium perfrin-
gens, Clostridium difficile, Escherichia coli, and Campylo-
bacter spp.2-4 However, it might be important to screen for
possible pathogenic bacteria in cases with acute diarrhea,
especially because some agents such as Campylobacter, Clos-
tridium, or enteropathogenic E. coli have contagious or zoo-
notic potential.

Clostridium perfringens may induce diarrhea via its cyto-
toxic entorotoxin (CPE). This toxin is produced during spo-

rulation and released during lysis of vegetative cells. How-
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ever, detection of endospores on a fecal smear does not
correlate with presence of CPE nor is it associated with clin-
ical signs of diarrhea in dogs.4,5 Therefore, the only useful
ests to identify C. perfringens–associated diarrhea are fecal
PE enzyme-linked immunosorbent assay (ELISA; reverse
assive latex agglutination tests are not reliable) or identifi-
ation of toxinogenic strains via polymerase chain reaction
PCR).4,6 Fecal culture is not helpful because the bacteria is
lso isolated from healthy dogs.6

Clostridium difficile is another pathogen associated with
diarrhea. It is especially prevalent with hospital-acquired di-
arrhea and secondary to antibiotic treatment.7 Both CPE and
C. difficile toxin A measured by ELISA were strongly associ-
ated with acute hemorrhagic diarrheal syndrome in dogs.8

Five commercially available ELISAs for toxins A and B of C.
difficile were reported to have low sensitivity (up to two
thirds of false negatives) on fecal samples but very high sen-
sitivity when performed on bacterial isolates.9 However, the
specificities were high (i.e., there are limited numbers of false-
positive results).

Campylobacter spp. have been identified in dogs and cats
with acute diarrhea,10 but they are also found with similar
revalence in feces of clinically normal animals.2,11,12 There-

fore, a positive culture result for Campylobacter does not
prove disease association with the infectious agent. However,
the potential risk for infectious or zoonotic disease may war-
rant treatment when the pet is exhibiting clinical signs. Iden-
tification of spiral- or seagull wing–shaped bacteria in a fecal
smear might suggest the presence of Campylobacter, but this
is not a sensitive nor a specific test. Only half of the dogs with
positive culture had characteristic organisms on the fecal
smear in one study, and other spiral-shaped bacteria such as
Helicobacter spp. can be observed on the fecal smear.8 Re-
cently, PCR tests for identification of C. jejuni and C. coli
were made available (http://www.vetmed.tamu.edu/gilab);
however, other Campylobacter species have been recovered
from feline or canine feces.3,11,13

Escherichia coli can be associated with acute diarrhea in
dogs either as the sole pathogen or in association with intes-
tinal viruses or parasites.14 However, because E. coli is a
major component of the normal intestinal flora,15 fecal cul-
ures are unhelpful in incriminating E. coli as the cause of the
iarrhea. Therefore, when E. coli–associated diarrhea is sus-
ected, screening for specific toxins or genes (e.g., Shiga
oxin,16 attaching and effacing A gene,14,17 etc.) is manda-
ory.15 It was recently reported that granulomatous colitis in
ogs is associated with the presence of an invasive and ad-
erent strain of E. coli in the colonic mucosa.18 A diagnosis
an be made by specific labeling of the bacteria in colonic
iopsy samples by fluorescence in situ hybridization (FISH);
he recommended treatment is fluorinated quinolones. Accu-
ate diagnosis is important in these cases because inappropri-
te use of antibiotics may induce severe antibiotic resistance
including to fluorinated quinolones).19 The FISH test is com-

mercially available at the Simpson Laboratory at Cornell

University (http://www.vet.cornell.edu/labs/simpson/).
Salmonellosis seems extremely rare in dogs.10 The isolation
ate of Salmonella spp. in feces of normal dogs and dogs with
iarrhea is not different.2,8 However, recently S. enterica was

isolated in 93% of the fecal samples tested in a breeding
facility where 3 puppies developed fatal clinical salmonello-
sis.20 The endemic circulation of the same strain of Salmo-
ella in this breeding facility was attributed to the raw meat
classified as unfit for human consumption) that was used to
eed the dogs.20

In conclusion, unless specific conditions that warrant a
search for bacterial diarrhea are present (outbreak of di-
arrhea in a shelter or veterinary hospital or risk of zoono-
sis), routine fecal culture is not recommended in dogs and
cats with GI signs. Identification of Clostridium toxins

ay help to diagnose hospital-acquired diarrhea due to C.
ifficile.
Finally, gastric Helicobacter spp. are normally present in

he stomach of dogs and cats and there is no clear association
etween their presence and disease. Therefore, diagnostic
ests such as rapid urease tests on gastric biopsy are not very
seful in the clinical management of chronic GI cases. Histo-
athological identification of massive colonization of the gas-
ric mucosa by spiral-shaped bacteria in association with in-
ammatory cells is usually enough to decide whether to treat
r not for Helicobacter infection.

Viruses

The main viruses that a clinician may want to identify in
a dog or cat with acute diarrhea are canine and feline
parvoviruses because they are very resistant and highly
contagious. Several point-of-care tests are available for the
identification of canine parvovirus antigen in the feces
(SNAP Parvo, IDEXX, Witness Parvo, Synbiotics). Their
specificity is very high, but a false positive can occur with
recent vaccination (less than 3 weeks). Their sensitivity is
variable.21 Therefore, if canine parvovirus enteritis is sus-
pected, a negative test should not be used to rule out the
disease. Recently, these tests have been validated for the
diagnosis of feline parvovirus. The reported positive and
negative predictive values are 100% and 97%, respec-
tively, for the 2 above-mentioned tests.22 However, a re-
ent modified live parvovirus vaccination may induce a
ositive test for at least 2 weeks.23 Most of the time, serol-

ogy is difficult to interpret unless the titers are very high or
increasing titers can be proved in paired samples. Conven-
tional or quantitative PCR tests for parvovirus and coro-
navirus are available in several commercial laboratories
and can be used to confirm negative results with a rapid
test and confirm strong clinical suspicions.

Fungal agents can be characterized with rectal scrapes or
fine-needle aspiration of digestive masses. A urinary antigen
test is available to screen for histoplasmosis (http://www.
miravistalabs.com), but its diagnostic performances have not

been evaluated yet.

http://www.vetmed.tamu.edu/gilab
http://www.vet.cornell.edu/labs/simpson/
http://www.miravistalabs.com
http://www.miravistalabs.com


c

h
d

m
o
m
m
d
t
a
i
f

c
w
H
t
a
d
7

88 Topics in Companion Animal Medicine
Test for Gastric Function

Gastric Permeability

Increased permeability of the gastric wall can be assessed
with the sucrose test. However, because this test is not avail-
able routinely in commercial laboratories, it will not be de-
tailed in this review. The test has been used experimentally to
screen for gastric damage associated with nonsteroid antiin-
flammatory drugs,24,25 gastric surgery,26 or strenuous exer-
ise27 in dogs.

Gastric Emptying Rate

The gold standard method to study gastric emptying is
scintigraphy. Recently, a 13C-octanoic acid breath test was
proposed in dogs.28 This test is not commercially available.

Test for Intestinal Function

Water-soluble Vitamins: Folate and Cobalamin
Serum Concentrations

Folate and cobalamin (vitamin B12) are water-soluble vi-
tamins present in large amounts in canine and feline diets.
Therefore, nutritional deficiency is very unlikely, and even a
strictly vegetarian diet with low cobalamin content does not
cause a decrease in serum cobalamin in cats.29 Folate and
cobalamin have specific GI metabolism and uptake. Dietary
folates are absorbed in the jejunum after hydrolysis of the
alimentary folate polyglutamates to folate monoglutamates
by a jejunal conjugase. The folate monoglutamate is ab-
sorbed by a specific jejunal carrier. Because the concentration
of folate is high in red blood cells, hemolysis can falsely
increase serum folate concentration, but lipemia or hyperbil-
irubinemia have no effect on serum folate concentration.30

Dietary cobalamin is absorbed in the ileum by a specific car-
rier after receptor-mediated endocytosis. Briefly, dietary co-
balamin is bound to proteins from which it is released by
pepsinogen and hydrochloric acid in the stomach. Then, co-
balamin binds to gastric and salivary R protein and is subse-
quently released in the proximal small intestine by pancreatic
proteases. Cobalamin then forms a complex with intrinsic
factor (which is excreted from the pancreas), and the com-
plex is absorbed by a specific ileal carrier. Therefore, cobal-
amin intestinal metabolism is very dependent on normal exo-
crine pancreatic and intestinal functions. Serum cobalamin
measurements are not affected by hemolysis, lipemia, or hy-
perbilirubinemia.30 Because folate and cobalamine are abun-
dant in commercial diets, their serum concentrations should
only be measured in fasted animals.

Serum folate and cobalamin concentrations have been
studied in small intestinal diseases, exocrine pancreatic insuf-
ficiency (EPI), and small intestinal bacterial overgrowth
(SIBO) (Table 1). Intestinal bacteria can synthesize folate and
use cobalamin. In SIBO, serum folate can be increased and
cobalamin decreased. In EPI, decreased excretion of intrinsic

factor (which is necessary for cobalamin absorption) and
secondary SIBO (a common complication of EPI) often leads
to decreased serum concentrations of cobalamin. Bacteria of
the distal small intestine and large intestine produce a lot of
folate that is excreted in the feces30 and can be absorbed in
coprophagic animals. Serum folate concentrations are often
increased in EPI because of secondary SIBO and also
coprophagia. In dogs with EPI, the prevalences of increased
serum folate, decreased serum cobalamin, or the combina-
tion of both are 60%, 82%, and 47%, respectively.31 Severe
ypocobalaminemia is reported in 36% of dogs with EPI and
ecreased folate in only 2% of dogs with EPI.31 In a recent

study of cats with EPI, 10/10 cats were hypocobalaminemic
and 4/10 had increased serum folate concentrations. None
had decreased serum folate concentrations.32 Serum cobala-

in concentrations should be documented in dogs and cats
n diagnosis of EPI and should be monitored during treat-
ent because cobalamin intestinal absorption does not nor-
alize after oral supplementation of pancreatic extracts in
ogs with experimentally induced EPI.33 Treatment with vi-
amin B12 injections is recommended for animals with EPI,
s well as monitoring of its serum concentrations (especially
f the clinical condition worsens or in the case of treatment
ailure).

Theoretically, in chronic small intestinal disease, serum
oncentrations of folate and/or cobalamin could decrease
hen the jejunum or the ileum are respectively affected.
owever, during chronic intestinal disease, SIBO is some-

imes present and it may cause an increase in folate synthesis
nd an increase in cobalamin use by intestinal bacteria as
escribed above. Hypocobalaminemia is reported in 6% to
3% of dogs with chronic enteropathies.34-37 Moreover, low

serum cobalamin has been associated with hypoalbuminemia
and a negative outcome in canine chronic enteropathies.34

The effect of chronic intestinal disease on serum folate con-
centrations is less consistent in dogs, but increased serum
folate suggesting secondary SIBO seems more prevalent than

Table 1. Interpretation of Changes of Serum Cobalamin
and Folate Concentrations in Dogs and Cats

Increased Decreased

Serum folate SIBO Proximal small
intestinal disease

Coprophagy Long-term antibiotic
treatment

Serum cobalamin EPI
SIBO
Distal small intestinal
disease
Congenital cobalamin
malabsorption
Ileal resection

Abbreviations: SIBO, Small intestinal bacterial overgrowth; EPI, exo-
crine pancreatic insufficiency.
decreased folate concentration.35,36 Hypocobalaminemia is
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prevalent (61%) in cats with chronic intestinal diseases (e.g.,
GI lymphoma, inflammatory bowel disease [IBD]) and also in
cats with pancreatitis and liver diseases.38,39 Changes in se-
rum folate concentrations are inconsistently reported in fe-
line chronic intestinal disease, but decreased folate is more
frequent than increased folate in feline GI and pancreatic and
liver diseases.38

The main purpose of cobalamin measurement is to identify
deficiency. Cobalamin is involved in metabolism of sulfur-
containing amino acids as well as in lipid and DNA synthesis.
Therefore, cobalamin deficiency affects tissues with rapidly
dividing cells, especially bone marrow and enterocytes.39 Co-
balamin deficiency can lead to severe life-threatening meta-
bolic disturbances in dogs40 and cats.39,41-45 However, hypo-
obalaminemia is generally very responsive to parenteral
upplementation and justifies rapid identification and early
ntervention.39,43 In a recent study, healthy cats over 8 years
of age had lower serum cobalamin concentrations compared
with those of younger cats, suggesting that serum cobalamin
should also be monitored in aging, healthy cats.46 In cats with
hyperthyroidism, the prevalence of hypocobalaminemia was
40.8%, compared with 25% in a control group of euthyroid
geriatric cats.47 Finally, breed-associated hypocobalamine-
mia is reported in several dog breeds including Border Col-
lies, Giant Schnauzers, Beagles, Australian Shepherds, Shar
Peis, Staffordshire Bull Terriers, and German Shepherds.48,49

Therefore, close monitoring of serum cobalamin concentra-
tions is suggested in sick dogs of these breeds.

Sugar Absorption Tests for Assessment of
Permeability and Absorption

Assessment of intestinal absorption and permeability has
been performed with sugar absorption tests in dogs and cats.
However, these tests are not commercially available and their
clinical applications are limited.30,50-53 They will not be cov-
red in this review.

Fecal �1-Proteinase Inhibitor for Intestinal
rotein Loss

�1-Proteinase inhibitor (�1-PI) is a protein that has a mo-
lecular mass similar to albumin and can leak through the
intestinal wall in cases of protein-losing enteropathy (PLE).
Because �1-PI is a protease inhibitor, it is resistant to hydro-
ysis and can be recovered in feces. In normal animals, only
race amounts of �1-PI are present in the feces.54 ELISAs have

been developed and validated to measure �1-PI in canine
serum and feces54 and in feline serum.55 Fecal �1-PI is not
ffected by long-term nonsteroidal antiinflammatory drug
reatment with carprofen or meloxican in dogs.56 Fecal �1-PI
as been suggested as an early marker of GI protein loss in
ogs that are prone to PLE such as Soft-coated Wheaten
erriers57-59 and also in dogs with IBD before the develop-
ent of hypoalbuminemia.60 Increased fecal �1-PI has been

eported in cats with chronic GI disease and concurrent hy-

ocobalaminemia.61 The test is available exclusively at the
Gastrointestinal Laboratory at Texas A&M University
(http://www.vetmed.tamu.edu/gilab/). The web site should
be consulted for specific information about sampling before
submission because specific sample preparation is necessary.
This test is helpful in monitoring cases before they develop
overt hypoalbuminemia in situations where PLE is strongly
suspected such as in Soft-coated Wheaten Terriers. In other
cases, the suspicion of PLE is mostly based on identifying
hypoalbuminemia and ruling out proteinuria and hepatic in-
sufficiency. The test can be helpful, however, in patients with
renal and/or liver disease if concurrent PLE is suspected. It
might confirm the presence of PLE and help in making a
decision to perform intestinal biopsies.

Fecal Occult Blood Tests

Fecal occult blood tests are indicated in conditions where
GI blood loss is suspected (e.g., unexplained microcytic ane-
mia), but overt melena or hematochezia are not seen. The
available tests are based on guaiac or orthotolodine reac-
tions. They are sensitive to amounts of blood that are 20 to
50 times less than the amounts required to cause melena.62

Immunologic tests for humans should not be used because
their cross-reactivities with canine or feline hemoglobin are
not documented. The sensitivity of fecal occult blood tests is
very high, but false-negative results are possible when only
very small amounts of blood are leaking in the GI tract.
False-positive results can occur when meat and/or raw fish
are a component of the diet.63,64 Therefore, in the face of a
ositive test, it is recommended to change the diet to a com-
ercial fish-based (not raw fish) or soy-protein-based diet

nd to repeat the test after 5 days on the new food.

Tests of Bacterial Overgrowth

Dysbiosis is a general term that covers quantitative and/or
qualitative changes in intestinal microbes. Dysbiosis might
cause GI disease such as IBD, but it can also be a consequence
of GI diseases such as EPI. SIBO, that is, an increase in the
quantity of small intestinal bacteria, has been considered as a
possible cause of chronic GI signs in dogs and cats. More
recently, the term antibiotic responsive diarrhea (ARD) has
been proposed to replace SIBO, which describes a syndrome
in which animals with chronic diarrhea improve with antibi-
otic treatment, relapse after cessation of treatment, and have
no other possible cause to explain the clinical disease.36 How-
ever, there is no complete overlap with SIBO. Some dogs may
have a diagnosis of SIBO associated with other GI conditions
that are not ARD.36

Direct Bacterial Counts Direct bacterial counts of duodenal
juice are considered the gold standard for diagnosis of SIBO.
Historically, SIBO in dogs and cats was defined as bacterial
counts above 105 colony-forming units (cfu)/mL for total
bacteria or above 104 cfu/mL for anaerobes.65 Based on this
definition, SIBO was incriminated as a cause of GI disease in

dogs. However, recent studies have shown that the total

http://www.vetmed.tamu.edu/gilab/
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number of bacteria is very variable and can exceed those
numbers from time to time even in healthy dogs or cats.66-68

Therefore, to make a diagnosis of bacterial overgrowth, bac-
terial counts of duodenal juice should be above 2.7 � 109

cfu/mL or 1.1 � 109 cfu/mL in dogs and cats, respectively.66

Moreover, aside from quantification of the total number of
bacteria, imbalances between the different species of the in-
testinal bacterial populations are probably also important. It
is likely that the use of advanced molecular techniques such
as massive parallel pyrosequencing or FISH will change the
analyses of bacterial populations in chronic intestinal dis-
eases such as IBD.69-71 Therefore, except in situations where a
specific pathogen is targeted, it is probably of very low diag-
nostic yield to submit duodenal juice for culture in the
workup of an animal with chronic GI disease.

Folates and Cobalamin for Bacterial Overgrowth As men-
tioned above, increased serum folate concentrations, de-
creased serum cobalamin concentrations, or the combination
of both, may be observed in SIBO. The validation of serum
cobalamin and folate concentrations as a test for SIBO is
difficult because there is currently no gold standard for diag-
nosis of SIBO. In one seminal study that included 41 dogs
with SIBO (diagnosed by duodenal juice culture and total
bacterial counts above 105 cfu/mL or anaerobic bacterial
counts above 104 cfu/mL), high serum folate concentrations
and low serum cobalamin concentrations had good specific-
ity (79% and 87%, respectively) but low sensitivity (51%
and 24%, respectively).65 The combination of high folate and
ow cobalamin had a sensitivity of 5% and specificity of
00% for SIBO.65 However, in a recent study, 7/9, 5/9, and

3/9 dogs with ARD had increased serum folate concentra-
tions, decreased serum cobalamin concentrations, or a com-
bination of both, respectively, but similar proportions of
changes were observed in dogs with IBD.36

Unconjugated Bile Acids Total unconjugated bile acids were
proposed 10 years ago as a sensitive test for SIBO in dogs.72

However, the use of this test has been challenged by a recent
study showing that increased total unconjugated bile acids
was not correlated with ARD in dogs.36 This test is not com-
mercially available.

Tests for Pancreatic Disease

The tests for pancreatic diseases can be divided into tests for
exocrine function and tests for pancreatic damage or cytoly-
sis.

Test for Exocrine Pancreatic Insufficiency

The TLI test measures trypsinogen and trypsin-like immu-
noreactivity in the blood. In a normal pancreas, the physio-
logical turnover of pancreatic acinar cells allows leakage of
small amounts of trypsinogen into the blood. In an animal
with EPI, the amount of trypsinogen synthesized in pancre-

atic acinar cells is drastically reduced and because trypsino-
gen is pancreas specific, the concentration of trypsinogen in
the blood is also severely reduced. The test is species specific
and has been validated for use in dogs73 and cats.74 The
anine TLI test is available in several laboratories, but the
eline TLI test (fTLI) is only available at the Gastrointestinal
aboratory at Texas A&M. Because the test recognizes either
anine or feline trypsinogen, it is not affected by pancreatic
nzyme extracts used for the treatment of EPI. Serum TLI is
ncreased after feeding in dogs75 and cats,76 and measurement
should be made only after 12 hours of fasting. The test is
affected by lipemia but not hemolysis or hyperbiliru-
binemia.30 The sensitivity and specificity of the decrease se-
rum TLI for the diagnosis of exocrine pancreatic insufficiency
are almost 100% in dogs73 and are probably also very high in
cats.32 Other than EPI, the only cause for a decreased TLI is
xtreme protein malnutrition. This is because there is an
daptative response of the pancreatic enzyme synthesis to
ow protein diet in dogs with a direct relationship between
erum TLI and the protein content of the diet.77 As for many

laboratory tests, there is a gray zone for TLI in the diagnosis
of EPI (2.5-5.7 �g/L in dogs and 8-12.4 �g/L in cats for the
eference range provided by the GI laboratory at Texas
&M University). Animals with a TLI measurement in this
ray zone may or may not progress to having TLI results
iagnostic of EPI, and it is recommended to retest them
ithin 1 to 3 months. In one study that followed up on 44
ogs with inconclusive TLI results, 20/44 dogs had a normal
LI on the second sample.78 TLI became diagnostic of EPI in

11/44 dogs and remained in the gray zone for 13/44 dogs.
These latter dogs underwent gross examination and biopsy of
the pancreas, which showed a remarkable reduction in the
amount of normal exocrine pancreatic tissue, but 8 dogs had
no GI signs and 5 dogs had intermittent GI signs atypical for
EPI.78 These dogs were diagnosed with subclinical exocrine
pancreatic insufficiency. It is recommended to retest these
dogs on a regular basis because they may develop overt EPI
that requires enzyme supplementation.

Increased serum TLI is discussed in the pancreatic cytolysis
section.

The only other test that has been recently studied in canine
EPI is fecal elastase-1 measurement. Elastase-1 is a pancreas-
specific protease that is resistant to hydrolysis and stable
during intestinal passage. A canine-specific ELISA has been
developed and validated for the determination of elastase-1
in the stool.79 However, despite a high sensitivity of 100%,
the test has a specificity of only 56.5% for the diagnosis of
EPI.80 Therefore, it is probably not useful for the diagnosis of

PI in dogs.

Tests of Pancreatic Acinar Cell Damage

The use of diagnostic tests for the diagnosis of pancreatic
disease and especially pancreatitis has been a matter of con-
troversy over the last 10 years. The main tests available are
measurement of serum amylase and lipase activity, and se-
rum pancreatic lipase concentration. The validation of these

tests is complex because it requires assessment of the organ
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specificity of the marker as a first step and subsequent field
validation in clinical conditions. The main problem with the
clinical validation is that there is no gold standard for the
diagnosis of pancreatitis in dogs and cats. Histopathology of
the pancreas might be considered a gold standard, but it is
not always feasible and its interpretation is problematic. His-
topathological lesions consistent with pancreatitis can be
very localized and easily missed if systematic assessment of
the entire organ is not performed.81 This is obviously impos-
sible in field conditions except for postmortem studies. Fur-
thermore, histopathological evidence of acute and chronic
pancreatic inflammation does not always correlate with clin-
ical signs of pancreatitis.81,82 Also, other, less common pan-
reatic diseases, such as cysts or neoplasms, may induce pan-
reatic acinar cell damage and an increase in blood
oncentration of pancreatic enzymes. Because of lack of a
ractical gold standard, clinical research often relies on the
ombination of clinical presentation and results of a myriad
f diagnostic tests, with or without histopathology, for the
ltimate diagnosis of pancreatitis in dogs and cats.

mylase and Lipase Amylase and lipase are not specific
arkers of pancreatic disease. For instance, in pancreatecto-
ized dogs, a significant amount of serum lipase and amylase

ctivities are conserved.83 Moreover, dogs with EPI have se-
um lipase activity within the reference range that is not
ifferent from that of control dogs.84 Nonpancreatic dis-
ases, such as renal failure, hepatic diseases, intestinal dis-
ases, and lymphoma, may induce an increase in serum am-
lase and/or lipase activities in dogs.85,86 To further

complicate the picture, there is a daily rhythm of serum lipase
and amylase activities in the dog (with a difference between
trough and peak of 120 U/L and 220 U/L for lipase and
amylase, respectively87) that makes the selection of a diag-
ostic threshold difficult.
In canine pancreatitis, plasma amylase activity is not in-

reased unless lipase is increased. Therefore, measurement of
mylase activity is not considered helpful.88 The sensitivity

and specificity of amylase and lipase in the diagnostic of
pancreatitis in dogs were 40% and 70%, and 66.7% and
60%, respectively, in one study.89 In a case series of 70 dogs
with fatal acute pancreatitis confirmed in necropsy, 30.8%
and 47.6% of the dogs had normal amylase or lipase, respec-
tively.90 Moreover, in a recent report in which the diagnosis
f acute pancreatitis was based on 5 different experts’ opin-

ons, amylase and lipase did not differ between dogs with and
ithout pancreatitis.91 In a cohort of 14 dogs with histolog-

cally confirmed chronic pancreatitis, the sensitivity of amy-
ase and lipase (3 times above the upper limit of the reference
ange) were 14% and 28%, respectively.92 The use of amy-

lase and lipase for the diagnosis of pancreatitis in cats is
seldom reported. However, in feline experimental pancreati-
tis, serum lipase was increased, whereas serum amylase was
decreased.93

These findings suggest than serum amylase is of little clin-

ical use in the diagnosis of pancreatitis in dogs and cats.
Lipase might be considered useful as a screening test for
pancreatitis in dogs, but it should not be used alone to make
a definitive diagnosis of pancreatitis. Only elevations above 3
to 5 times the upper limit of the reference range of lipase
might be considered suggestive of pancreatic damage86 and
nly in an animal with normal serum creatinine.

ancreatic Lipase Pancreatic lipase immunoreactivity (PLI)
easurement has been made available after the isolation and
urification of pancreas-specific lipase (PL) in dogs94 and
ats.95 This enzyme is very specific to the pancreas in dogs96

(no immunoreactivity in any of the 37 organ tissues tested
except the pancreas), but its distribution in feline tissues has
not been reported. Several tests have been made available
sequentially for the PLI measurement in dogs and cats: the
original radioimmunoassay (RIA) based on polyclonal anti-
bodies to native purified protein, Spec cPL and Spec fPL,
which are commercial quantitative ELISAs based on mono-
clonal antibodies and recombinant antigen, and finally,
SNAP cPL (IDEXX), a semiquantitative point-of-care ELISA
based on monoclonal antibodies for the measurement of ca-
nine PL (cPL). The PLI RIA is not commercially available
anymore. Analytical validation of the Spec cPL test has
shown good precision and reproducibility and no interfer-
ence of bilirubin, lipid, and hemoglobin on results.97 The
SNAP cPL has 96% to 100% agreement with the Spec cPL in
samples with normal PLI and 88% to 92% agreement in
samples with elevated PLI.98 This means that in a case with a
low to moderate index of suspicion of pancreatic damage, a
positive SNAP cPL result should be confirmed with quanti-
tative Spec cPL. As for TLI, PLI tests are species specific. PL is
stable for 21 days at temperatures ranging from –80°C to
24°C and is not affected by long-term prednisolone treat-
ment in dogs99 or by the fat content of the diet.75 However,
there is a slight increase in canine PLI (cPLI)75 after eating,
nd therefore cPLI and feline PLI (fPLI) should be evaluated
nly in fasted animals. In normal dogs, pancreatic fine-needle
spiration or surgical biopsy had no effect on cPLI.100 Simi-
arly, pancreatic laparoscopic biopsies had no effect on fPLI
n healthy cats.101 However, because these studies were per-
ormed in healthy animals and the effect of fine-needle aspi-
ation or biopsy in an abnormal pancreas is unknown, it is
ecommended to perform blood sampling for PLI before
ampling of pancreatic tissue.

The effect of renal failure on cPL has been reported in only
abstract.102 In this study, 3/17 dogs with experimentally

induced renal failure had cPLI values above the reference
range and the median cPLI was significantly higher than the
median cPLI measured in control dogs. However, the median
cPLI in dogs with induced renal failure was not above the
reference range.102 Therefore, the effect of renal failure is still
questionable and further studies on spontaneous cases are
necessary. In a recent study in cats, experimentally induced
renal failure had no effect on both Spec fPL or fPLI measured
by the original radioimmunoasay.103 cPLI may be increased

in epileptic dogs treated with phenobarbital, potassium bro-
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mide, or a combination of both.104 The interpretation of
hese findings is open because no histologic evaluation of the
ancreas was performed in this study.
In a recent study among 22 dogs with macroscopic evi-

ence of acute or chronic pancreatitis, serum PL measured by
IA or Spec cPL was above the cut-off values suggested for
ancreatitis in 14/22 dogs and above the upper limit of the
eference ranges in 17/22 and 16/22 dogs in RIA and Spec
PL, respectively.105 Amylase and lipase activities were above

the reference range in 9/22 and 7/22 dogs, respectively, and 3
times above the upper limit of the reference range (suggested
cutoff for pancreatitis) in 4/22 and 3/22 dogs, respectively.
TLI was above the reference range in 8/22 dogs.105 This study

as limited to cases with mild or moderate pancreatitis based
n histological evaluation, and it is likely that results could be
ifferent in more severe cases. A recent multi-institutional
tudy yielded a sensitivity of 93% and specificity of 78% of
pec cPL for the diagnosis of canine acute pancreatitis. In this
tudy, the diagnosis of acute pancreatitis was based on infor-
ation from medical records and imaging findings that were

valuated by 5 different experts blinded to the results of Spec
PL.91 The negative and positive likelihood ratios were 0.029

and 1.3, i.e., Spec cPL within the reference range is better at
rejecting the diagnosis than the opposite.91 This means that
pec cPL is currently the best diagnostic test for canine acute
ancreatitis. However, as for any diagnostic test, there are
alse-positive and false-negative results and it is always ad-
isable to make the diagnosis based on the combination of
linical signs, laboratory test results, and imaging studies.

cPL has been evaluated for the diagnosis of histologically
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Figure 1. Elimination of canine pancreatic lipase after int
measured after intravenous injection of purified canine pancr
rapid in a healthy dog.
onfirmed canine chronic pancreatitis with a sensitivity of 26%
r 58% depending on the cutoff.92 This relatively modest sen-
itivity is probably explained by a combination of the rapid
limination of PL from the blood (Fig 1) and the high intra-
ndividual variability of serum PL measurement.106 fPLI has
been evaluated in the diagnosis of pancreatitis in 18 cats with
biopsy-confirmed acute and/or chronic pancreatitis. The sensi-
tivity and specificity of fPLI were 67% and 91%, respectively.107

When the analysis was restricted to cats with moderate to severe
pancreatitis, the sensitivity and specificity were 100%. Overall,
fPLI was the best-performing test compared with fTLI and ul-
trasonography for the diagnosis of pancreatitis in cats.107

The use of PLI for the follow-up of pancreatitis has been
challenged recently because in some dogs with clinical pre-
sentation compatible with pancreatitis and increased Spec
cPL, the Spec cPL may remain increased despite clinical im-
provement.108 Moreover, because of high intra-individual
variability in healthy dogs (193.8%), the difference in mea-
sured Spec cPL between serial measurements has to be above
281 �g/L to be clinically significant.106 It is very likely that
this variability would be similar or even greater in dogs with
pancreatitis. However, despite this very high variability, val-
ues measured in healthy dogs remained in the current refer-
ence range for Spec cPL. When using Spec PL for the diagno-
sis of pancreatitis, a cutoff has been fixed (� 5.4 �g/L in cats
and � 400 �g/L in dogs) and there is a gray zone between the
cutoff and the upper limit of the reference range (3.5 �g/L in
cats and 200 �g/L in dogs). For gray-zone results, it is cur-
rently recommended to repeat the test after 2 to 3 weeks or
earlier if the clinical condition suddenly worsens.

In a recent study, increased Spec cPL was the only factor
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a cohort of dogs with IBD.37 This might suggest that IBD-
associated pancreatic damage is a poor prognostic indicator,
but no pancreatic histopathology was performed in the
study. In the same type of study performed in cats with IBD,
9/23 cats had fPLI (measured by RIA) above the diagnostic
cutoff for pancreatitis. These cats had lower cobalamin and
albumin than cats with normal fPLI, but no correlation was
found between increased fPLI and outcome.109

TLI as a Test for Pancreatic Damage The TLI test has been
proposed as a test of pancreatic damage because the enzyme is
also specific to the pancreas. Experimentally induced renal fail-
ure in cats was associated with an increase in fTLI above the
reference range in 13/20 cats,110 suggesting that a false diagnosis
of pancreatitis could be made in a patient with renal failure, and
also that a cat with renal failure and EPI may have an fTLI
within the normal range and therefore give a false-negative re-
sult in the diagnosis of EPI. Three independent clinical studies,
which included cats with histologically confirmed acute and
chronic pancreatitis, reported sensitivities and specificities of
TLI ranging from 28% to 44.4% and from 70% to 90%, re-
spectively, depending on the cutoff applied for the diagnosis of
pancreatitis107,111,112 In dogs, sensitivities of canine TLI (cTLI)
for the diagnosis of pancreatitis (acute or chronic) ranged from
38% to 45.5%.89,105 Two dogs with renal failure, among a
ontrol group of 28 dogs with nonpancreatic diseases, had in-
reased cTLI (specificity of 92%).89 In a recent study on a group
f 14 dogs with chronic pancreatitis, the sensitivity of cTLI was
7%.92 Therefore, TLI is not sensitive but fairly specific (if renal

failure is not present) for the diagnosis of pancreatitis in dogs or
cats. This lack of sensitivity is probably related to the very rapid
elimination of trypsinogen from the blood (at least in dogs).
However, it is unlikely that a dog with acute pancreatitis and

Figure. 2. Pancreatic fine-needle aspiration of a dog with ac
cytoplasm. Central nucleolated nucleus is suggestive of a
surround the pancreatic epithelium. May-Grünwald-Giem
Granulomatous steatitis. Several macrophages with fine va
May-Grünwald-Giemsa, �400. (Courtesy of Dr. C. Trum
increased cTLI will not have concurrently increased cPLI.105 o
Other Tests for Pancreatitis Trypsinogen activation peptide
(TAP) is the cleavage peptide produced by the action of en-
terokinase on trypsinogen. Normally, TAP is produced in the
intestinal lumen and not absorbed. However, when there is
abnormal activation of trypsinogen in the pancreas, such as
in pancreatitis, TAP is released into the circulation and then
eliminated by the kidney. Only 7/15 dogs with pancreatitis
had an increased plasma TAP concentration, and plasma
TAP concentrations were also increased in 3/7 dogs with
renal disease and 1 dog with diabetes mellitus.89 Therefore,

AP concentration is not a sensitive or specific test for the
iagnosis of pancreatitis in dogs and is not better than serum
ipase activity.89 Recently, TAP was evaluated in a group of
ats with acute pancreatitis and did not show any benefit over
TLI for the diagnosis of the condition.113 Moreover, this test

is not available in commercial laboratories.
Measurement of serum trypsin-�1PI complexes has been

proposed for the diagnosis of pancreatitis in dogs. In a nor-
mal animal, trypsin should not be present in the blood, and,
when present, it is rapidly complexed with the protease in-
hibitor �1PI. Therefore, serum trypsin-�1PI complexes
hould be a good marker of activation of trypsinogen to
rypsin in the pancreas, and its leakage into the blood, with
econdary neutralization by �1 PI. A serum trypsin-�1PI test

has been validated in dogs, but only 7/22 dogs with pancre-
atitis had trypsin �1PI complexes above the reference
range.105

Amylase and lipase activities have been measured in ab-
dominal fluid in dogs with and without pancreatitis.114 When
ree abdominal fluid is present, high lipase activity (especially
hen compared with blood lipase activity) may help differ-

ntiate pancreatitis from other causes (e.g., abdominal
rauma, neoplasia, intestinal perforation, etc.), despite some

e pancreatitis. (A) Cluster of cohesive cells with basophilic
vated pancreatic cells. Moderate numbers of neutrophils
�200. (B) Peritoneal lesions secondary to a pancreatitis.
lation around droplets of fat associated with neutrophils.

)

ut
cti
sa,
cuo
verlap between these different conditions.114
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In conclusion, PLI, trypsinogen, and TLI are pancreas spe-
cific and, when elevated in the blood, are indicative of pan-
creatic damage. They should be envisioned as cytolytic en-
zymes, mirroring the approach that has been used for
decades with liver-specific enzymes. They should be consid-
ered markers of acinar cell damage in conditions ranging
from transient increase in plasma membrane permeability to
complete necrosis (e.g., acute-necrotizing pancreatitis). They
cannot be considered as markers of a specific pancreatic dis-
ease, namely pancreatitis. The diagnosis of pancreatitis is
largely a diagnosis of exclusion. It should rely on a combina-
tion of a strong clinical suspicion, results of laboratory tests,
imaging studies, and, whenever possible, cytological (Fig 2)
or histopathological evidence of pancreatic inflammation.
The clinical significance of mild pancreatic lesions observed
in dogs and cats that have no clinical signs of pancreatitis is
questionable. Considering the high prevalence of lesions sug-
gestive of chronic pancreatitis in necropsy of dogs (34%)115

and cats (67%) presenting for other diseases, and in appar-
ently healthy cats (45%),82 it is very important to keep in
mind that the positive predictive value of any test improves
substantially when performed in an animal that is likely to
have the disease. This means that the performance of the
diagnostic tests for pancreatitis will be better when applied to
selected cases with a high index of suspicion of the disease.
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