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Blood Chemistry Profile and Cardiac Troponin T Concentration
in Thai Stray Dogs I nfected with Heartworms
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ABSTRACT

To investigate blood chemistry profile and to determine levels of myocardial marker proteinsin
canine dirofilariasis, measurements of biochemical parametersin liver and renal profile as well as the
activity of theenzyme creatine kinase (CK) and cardiac troponin T (cTnT) concentration were performed
on 72 Thai stray dogs with and without the presence of heartworms. The results showed that, with the
exception of the low levels of gamma-glutamyl transferase (GGT) and uric acid, levels of other blood
chemistry variables are comparabl eto those obtained from human subjects. Therelatively high activity of
CK observedwasprobably dueto skel etal muscleinjury occurred during restraint of animals. Themajority
of dogs, on the other hand, exhibited virtually non-detectable cTnT concentration comparable to those
observed in apparently healthy persons. Furthermore, there was no statistically significant differencein
cTnT levelsbetween asymptomatic dogs with and without the presence of heartworms. These results may
provideabasisfor futureclinical studieson assessing theextent of myocardial cell damagein symptomatic

heartworm disease.
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INTRODUCTION

The infection of dogs with heartworms
appears to be common throughout the world. In
many parts of the United States, there was a high
prevalenceof caninedirofilariasis (Ciferri, 1982),
and in Japan, as high as 47% canine heartworm
infection rate hasbeen reported (Nogami and Sato,
1997). Although many of these animals remain
asymptomatic, severe forms of canine heartworm
disease may occur which result in multiple organ
dysfunctions. To monitor the course of such
diseases, severa biochemical parametershavebeen

used for testing of liver and renal malfunctions
including the enzymes aspartate aminotransferase
(AST) andalanineaminotransferase (ALT) aswell
as blood urea nitrogen (BUN) and creatinine
respectively. Most of these organ dysfunctions,
however, are secondary from circulatory
disturbance due to lesions in pulmonary arteries
and right-sided heart failure (Rawlings, 1986 ;
Kitagawaet al., 1991).

In human medicine, serum activities of the
enzyme creatine kinase (CK) havelong been used
asan indicator of cardiac damage in patients with
ischemic myocardial injury. This enzyme usually
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shows, however, arelatively low cardiospecificity
due to its presence in a significant amount in
skeletal muscle (Lott and Wolf, 1986). With the
advent of sophisticated test method and the
development of immunoassay system for
determining level sof themoreheart-specificprotein
troponinT (cTnT), several recent studiesperformed
on human (reviewed by Mercer, 1997 and Wu,
1997) aswell as on animals (Carrier et al., 1994 ;
Bachmaieretal., 1995) reported ahigher diagnostic
performanceof cTnT than CK indetecting damage
to the heart muscle.

Thepresent study wasconducted, therefore,
to comparatively determine levels of cardiac
marker proteinsin Thai stray dogs with or without
the presence of heartworms. The results obtained
would be served as baseline datafor future studies
of the canine model of myocardial damage in
general, and of the severity of cardiac dysfunction
in dogs presenting with symptomatic heartworm
diseasein particular.

MATERIALSAND METHODS

Study animals

The study comprised 72 stray dogs brought
to the Department of Veterinary Medicine,
Kasetsart University intheyear 1997 for anatomical
and physiological study purposes. There were 30
male and 42 female animals, most of which were
olderthan 1year of age. All animal sstudied showed
no clinical signsand symptomes of severe cardiac
dysfunction (e.g. caval syndrome).

Laboratory analysis

Blood samplesweredrawn from saphenous
veinsof each animal on the day of arriving and the
heparinized plasmaobtained werefrozen at -20°C
until analysisof blood chemistry profileand cardiac
troponin T (cTnT) concentration performed within
5daysafter blood sampling procedure. Theactivity

of the enzymes AST, ALT, akaline phosphatase
(ALP), gamma-glutamyl transferase (GGT) and
CK aswell aslevelsof BUN, creatinine, uric acid,
total cholesterol and triglycerides were measured
with standard enzymatic methods. Total protein
and albumin levels were determined by Biuret
method and Bromocresol green method
respectively. Measurements of al these variables
were performed using the fully-automated blood
chemistry analyzer Hitachi 717 (Boehringer
Mannheim)

Cardiac troponin T concentration was
determined by a second-generation cTnT
immunoassay (Enzymun TnT) performed on ES
300 analyzer (Boehringer Mannheim). Thisnewly
developed test is based on a single-step sandwich
ELISA principlewith streptavidin coated tubes as
thesolid phaseand two cardiacspecific monocl onal
cTnT antibodies directed against two different
epitopes on cTnT molecules. The intraassay
precisionand between-day imprecisionof thisassay
showed acoefficient of variation (CV) <4.1and<
5.8 %, respectively. The cross-reactivity of cTnT
with skeletal muscle TnT wasreportedtobe<0.3%
(Mueller-Bardorff et al., 1997). The monoclonal
antibodies used in thisimmunoassay system were
recently showntorecognizeboth humanand murine
cardiac but not skeletal muscle TnT (Bachmaier et
al., 1995), and were applicabl e across other animal
speciesincluding those usedinthe caninemodel of
cardiac injury (Beck et al., 1997).

Detection of heartwor m infection

The presence of heartwormswasdefined as
the detection of microfilariae by wet blood smear
and K nott concentrationtest intheperipheral blood
smear examination. In case of a negative blood
smear result, an immunodiagnostic test based on
enzyme immunoassay for the semi-quantitative
detection of Dirofilaria immitis antigen (Snap”
canine heartworm PF, |dexx) was used to diagnose
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the presence of adult heartworn infection.

Statistical analysis

Theresultsareexpressedasmean+ standard
deviation. The difference in the mean between
subgroupswas examined with unpaired Student’s
t test. For all comparisons p values of < 0.05 were
considered significant.

RESULTS

Routine blood chemistry profile

Blood samples for determinations of BUN
and creatinine concentration were obtained from
al 72 animalsstudied. Duetoalow samplevolume
obtained by blood sampling, the activity of AST,
ALT and levels of uric acid, total cholesterol and
triglycerides as well as the activity of ALP,GGT
and the concentration of albumin and total protein
were measured in 60 and 45 dogs respectively.
Table 1 shows, in comparison, levels of these
biochemical parametersinmaleandfemal eanimals.
A widerange of activities and concentrations was
observed across the sexes in nearly al variables
measured. On the average, female dogs
demonstrated higher concentrations of uric acid
and triglycerides and higher activities of ALP and
GGT than male animals, whereas higher activities
of ALT and higher BUN, creatinine, total
cholesteral, albuminandtotal proteinconcentrations
were observed in male dogs. However, al of these
differences did not reach statistical significance
(Table 1).

Cardiac marker proteins.

Measurements of the activity of CK and
cTnT concentration were performed in al 72
animals studied. Male animals exhibited higher
activities (p > 0.05) of CK than female animals.
(Table 1). Determinations of cTnT concentration,
on the other hand, showed comparable results

between animals of both sexes. Figure 1
demonstratesthe distribution of cTnT valuesin 72
dogs. It can be seen that the majority of animals
(53%, n = 38) displayed virtually non-detectable
cTnT concentration of 0.00 ng/ml, with a mean
valueof 0.016 ng/ml. Noneof theanimalsstudied
had cTnT levels exceeding the upper limit of
reference range of 0.10 ng/ml reported for human
subjects.

Therewasnosignificant correl ation between
the activity of CK and cTnT concentration and no
statistically significant difference in both CK
activity andcTnT concentration between dogswith
and without the presence of heartworms (Table 2).

DISCUSSION

Several blood biochemical parametershave
been used in veterinary medicine for diagnosing
and assessing the extent and severity of a disease
state. With the exception of the enzyme GGT and
uric acid, most of the reported normal ranges in
blood chemistry profileindogs(Meyer etal., 1992
; Willard et al., 1994) are comparable with those
determined in human subjects (Henry, 1996). In
the present study, although some parameters in
liver and rena profile showed a wide range in
activities and concentrations across the sexes, the
results with Thai stray dogs are on average in
agreement withthosestatedintheliterature(Meyer
et al., 1992 ; Willard et al., 1994), and are also
similar to the values obtained from 15 heartworm-
free dogs reported recently by Kitagawa et al.
(1997). However, these authors observed, asin our
study, a much lower activity of GGT compared
with that usually found in apparently healthy
persons. Thereasonfor thisdifferenceisat present
not known but may reflect abiochemical peculiarity
unique for dogs and cats, since higher values of
GGT have been observed in other animal species
(Schmid and Forstner, 1986). In contrast, a low
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Tablel Comparison of mean blood chemistry levels (range in parenthesis) in female and male dogs.

Female Mae p - value
BUN (mg/dl)* 15+ 15 18+7 0.12
(4-34) (5-36)
Creatinine (mg/dl)* 1010 11+£02 0.07
(05-1.7) (0.8- 1.6)
AST (U/L)* 35+ 25 35+ 20 0.99
(13- 161) (21 - 111)
ALT (U/L)* 28+ 16 31+£19 0.51
(11- 84) (15- 104)
ALP (U/L)* 64 + 55 54 + 41 0.49
(15 - 226) (13 - 143)
GGT (U/L)** 0.3+0.8 02+05 0.54
(0-3) (0-2
Uric acid (mg/dl)* 06+0.3 05+0.2 0.13
(0.1-2.0) (0.0-0.8)
Total cholesterol (mg/dl)* 139+ 37 151+ 45 0.28
(63 - 237) (62 - 234)
Triglycerides (mg/dl)* 53+ 17 47 £ 15 0.21
(22 - 109) (21 - 75)
Albumin (g/dl)** 31+06 33+03 0.30
(1.9- 4.4) (2.5-3.8)
Total protein (g/dl)** 87+15 89+13 0.70
(5.6 - 11.5) (6.6 - 11.6)
CK (U/L)* 167 = 167 210+ 208 0.27
(55 - 750) (56 - 1125)
cTnT (ng/ml)* 0.016 £ 0.023 0.016 £ 0.025 0.96
(0.00 - 0.09) (0.00 - 0.10)

Number of female/ male : * 42/30, * 37/23, ** 26/19

Table2 Meanactivity of CK andcTnT concentration (rangein parenthesis) in asymptomatic dogs with
and dogs without the presence of heartworms.

Presence (n = 35) Absence (n = 37) p Vaue
CK (U/L) 162 + 133 207 + 188 0.25
(62 - 750) (55 - 1125)
cTnT (ng/ml) 0.017 £ 0.023 0.015+ 0.024 0.65

(0.00 - 0.10) (0.00 - 0.09)
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Figurel Distribution of cardiac troponin T concentration from 72 Thai stray dogs.

concentration of uric acid was reported in all
domestic animals(Clarenburg, 1992) ascompared
with that in humans (Henry, 1996), and was also
foundin 72 dogsand 15 heartworm-freedogsinthe
present study and in the study by Kitagawa et al.
(1997) respectively.

Theprimary location of dirofilariaimmitis,
the dog heartworm, is the right ventricle and
pulmonary arterieswheretheadult nematodelodges
(Rawlings, 1986). The adult female sheds up to
several thousand microfilariaedaily andcirculating
microfilariae can be detected in the periphera
blood examination. In human medicine, the
infection with heartwormswasrarely reported and
man is usually a dead-end host (Ciferri, 1982 ; De
Campos et al., 1997). Many cases of heartworm
disease in animals have also a benign course but
complications may develope resulting in right-
sided heart failure and circulatory disturbances

(Rawlings, 1986 ; Kitagawa et al., 1991).
Inthepast, theenzyme CK hasbeenused as
an indicator of myocardial damage. However, the
variable normal levels of CK and itspresencein a
significant amount in non-cardiac muscle tissue
have limited its diagnostic value. Increased CK
activity hasbeen observed in patientswith skeletal
muscle injury of various etiologies including
muscular dystrophies, myopathies, surgery,
poisoning and all types of trauma (Lott and
Wolf,1986). In the present study, male animals
exhibited, although not with significant difference,
ahigher CK activity than females. Thisdifference
iscomparablewith theresult obtained from human
subjectsand may reflect the higher muscle massin
male animals. On the other hand, 10 of 30 males
(33%) and 12 of 42 female animals (29%)
demonstrated a higher activity of CK than the
upper limit of normal determined in human of 195
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U/L. Furthermore, the mean CK activity in both
sexes (female=167 + 167 U/L ; male=210+ 208
U/L) arealsohigher thanthosereported by Kitagawa
et al. (1997) obtained from heartworm-free dogs
(101 £ 37 U/L). The relatively high CK activity
found in the study may possibly be due to skeletal
muscleinjury occured during catching and restaint
of animal's, and again pointsto thelimitation of CK
as areliable diagnostic marker of myocardial cell
injury.

TroponinT belongstothetroponincomplex
located on the thin filament of myofibrils that
regulates the calcium-dependent adenosine
triphosphatehydrolysisof actomyosin. Toimprove
the cardiospecificity of atest ascardiac marker, an
immunoassay using two cardiospecificmonoclonal
TnT antibodieshasrecently beendevel oped, which
can detect the cardiac isoform of TnT with a high
analytical specificity (Mueller-Bardorff et al.,
1997). Thisnovel assay system was also shown to
have ahigh clinical specificity ascTnT wasfound
to be not elevated in patients with skeletal muscle
injury, in whom amarked increase in CK activity
was observed (Collinson et al., 1995).
Determinations of cTnT concentration have been
performed to evaluate the diagnostic performance
in detecting myocardial injury in several animal
speciesincluding mice and rats (Bachmaier et al .,
1995 ; Vorderwinkler et al., 1996), chickens
(Maxwell et al., 1995), pigs (Vaen et al., 1997)
anddogs(Carrieretal., 1994 ; Carrier etal., 1996).
However, to the best of our knowledge, there has
been thus far no clinical data demonstrating the
normal distribution of cTnT concentration in
animals. The results obtained from 72 Thai stray
dogs showed that most of the animals studied
displayed virtually non-detectable cTnT
concentration comparable to those observed in
apparently healthy persons. In addition, there was
no statistically significant difference in cTnT
concentration between the sexes and a so between

asymptomatic dogs with and without the presence
of heartworms. These results indicated that the
presence of heartworms in the right ventricle per
se, without causing any symptoms suggestive of
right-sided heart failure, is not associated with a
significant myocardial cell injury. Whether
measurementsof cTnT concentration may provide
areliable test method for assessing the degree of
cardiac damagein symptomatic heartwormdisease
remains to be determine in future studies.
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