
INTRODUCTION

Serum aminotransferases are enzymes that are of­
ten used to assist in the diagnosis of liver disease in 
domestic animals. Variable amounts of both aspar­
tate aminotransferase (AST) and alanine amino­
transferase (ALT) occur in the apo-enzyme form 
(inactive protein portion), which has no catalytic 
activity, and needs to be converted to an active holo-
enzyme form by the addition of pyridoxal 5-phos­
phate (P5P), the bio-active metabolite of dietary vi­
tamin B6 (Mesher, Rej & Stokol 1998; Stokol & Erb 
1998). P5P is water-soluble and is excreted in the 

urine; consequently, normal serum levels and cel­
lular levels need to be maintained by daily dietary 
intake, and therefore may be affected by anorexia in 
patients. Measurements of the serum activity of 
these aminotransferases in mammalian patients 
with liver disease rely on the endogenous P5P level. 
In most patients, however, serum P5P is sufficient to 
allow the in vitro reaction to proceed optimally (Vin­
yard, Joven, Swendseid & Drenick 1967).

Canine babesiosis, a tick-borne disease caused by 
the intra-erythrocytic protozoan parasites, Babesia 
rossi and Babesia vogeli, is a significant cause of 
morbidity in dogs in South Africa (Matjila, Leisewitz, 
Jongejan & Penzhorn 2008). In a retrospective study 
by Reyers, Leisewitz, Lobetti, Milner & Jacobson 
(1998), the serum ALT activity was measured in 662 
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Accurate measurements of serum aminotransferase (ALT) activity in dogs relies on the endogenous 
pro-enzyme pyridoxal 5-phosphate (P5P). The purpose of this study was to determine whether the 
exclusion of P5P from the analytical method causes an underestimation of serum ALT activity in dogs 
suffering from babesiosis and in those manifesting evidence of hepatocellular damage, and to deter­
mine if anorexia causes sufficient P5P depletion to affect in vitro serum ALT activity. One-hundred-
and-twenty healthy control dogs and 105 Babesia-infected dogs were included in the study. Two 
methods for ALT measurement were used: Method 1 included P5P, and Method 2 excluded P5P from 
the reaction mixture. Higher serum ALT activity was measured with Method 1 in the Babesia-infected 
dogs (P < 0.001), as well as in 14 dogs with suspected hepatocellular damage (P = 0.03). Duration of 
anorexia had no effect, irrespective of the method used. Although inclusion of P5P to the reaction 
mixture consistently resulted in higher measured serum ALT activity, the differences were too small 
to have led to incorrect diagnoses in the Babesia-infected dogs suspected of liver disease.
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dogs that were diagnosed with canine babesiosis. 
For this study the haematocrit (Ht) was used to clas­
sify the cases into three groups: severely anaemic 
(Ht < 0.15 ℓ∕ℓ), moderately anaemic (Ht 0.15–0.29  ℓ∕ℓ) 
and non-anaemic (Ht > 0.30 ℓ∕ℓ) groups. The mean 
serum ALT activity was relatively high in the anae­
mic groups, but still within the normal reference lim­
its. Only 41  % of the dogs in the severely anaemic 
group and 25  % of the dogs in the non-anaemic 
group had elevated serum ALT activity above the 
upper reference limit. The data from this study sug­
gested that there may be an underestimation of se­
rum ALT activity in the recorded babesiosis cases. 
It has been confirmed that human serum ALT and 
AST determination requires P5P for full activation 
(Horder & Bowers 1977; Bergmeyer, Scheibe & 
Wahlefeld 1978; Nanji 1983; Vanderlinde 1986; Rej, 
Rudolfsky, Magro & Prendergast 1990). 

Most routinely used kits do not include the addition 
of exogenous P5P to the reagent mixture. There are, 
however, analytical reagent kits available that do 
use added P5P in order to overcome the potential 
problem of P5P depletion in the patient. These meth­
ods require a two-step process and many automated 
analysers do not easily accommodate a two-step 
process. The incubation time for the two-step pro­
cess is also longer and the ideal incubation time ex­
ceeds the programmable time limit of some instru­
ments. 

The objective of this study was to determine wheth­
er the use of the method, without addition of P5P, 
could lead to underestimation of ALT, leading to un­
derdiagnosis of liver disease in dogs suffering from 
canine babesiosis, a disease that is often associated 
with inappetance and anorexia (Jacobson & Clark 
1994; Lobetti 1998; Jacobson 2006). 

MATERIALS AND METHODS

Study design

Serum ALT activity of healthy control dogs and Babe­
sia-infected dogs was assessed using two methods 
that differed with regards to the inclusion or exclu­
sion of P5P in the reaction mixture: Method 1 with 
added P5P and Method 2 without P5P. The latter 
method is the most commonly used method in lab­
oratories according to the Bio-rad Laboratories Ex­
ternal Quality Assurance Services 2007. This study 
was done, primarily, to determine the effect of add­
ed exogenous P5P on the activation of serum ALT 
activity measurements and secondly, to determine 
the effect of anorexia (including its duration) on the 

underestimation of ALT activity levels of Babesia-
infected patients using a non-P5P activated method. 

Experimental animals

Controls

One-hundred-and-twenty dogs were used as con­
trols. These were deemed clinically healthy (based 
on clinical and blood smear evaluation) and had no 
record or history of anorexia in the week prior to 
sample collection. 

Patients

One-hundred-and-five dogs that had been diag­
nosed with babesiosis based on the demonstration 
of Babesia parasites (trophozoites) in erythrocytes 
on a thin blood smear, stained with a Diff Quick so­
lution (Kyro-Quick stain, Kyron Laboratories (Pty) 
Ltd., Benrose, Johannesburg) were included. The 
babesiosis group was divided into five subgroups 
according to the number of days of anorexia:

Group 1	 1 day of anorexia (n = 31)
Group 2	 2 days of anorexia (n = 30)
Group 3	 between 1–3 days of anorexia (n = 10; 

excludes the first two subgroups)
Group 4	 3 days of anorexia (n = 21)
Group 5	 ≥ 4 days of anorexia (n =13). 

The babesiosis group was also classified on the ba­
sis of the presence/absence of hepatocellular dam­
age, due to decreased perfusion as seen in anaemia, 
based on their serum ALT activity: A serum ALT 
activity of ≥ 1.7 x top normal (i.e. ALT ≥ 80 U/ℓ, 
normal 17–47 U/ℓ ) at admission, as measured by 
Method 2, was considered a reasonable indicator of 
the presence of hepatocellular damage (n = 14) (Ja­
cobson 2006); and dogs without possible hepato­
celluar damage (n = 91).

The reference limits used for serum ALT activity, as 
measured by the method without P5P (Clinical Path­
ology Laboratory, Faculty of Veterinary Science, Uni­
versity of Pretoria, Onderstepoort), were 17.0 U/ℓ to 
47.0 U/ℓ. This was taken from the Boehringer Mann­
heim range for dogs published for the DGKC-opti­
mised reagent used in that laboratory between 1975 
and 1990 (Schmid & Von Forstner 1986).

Blood analysis

Serum ALT activity was measured using the stand­
ard methodological principle, namely the reduction 
of the oxo acid product with a specific dehydroge­
nase, in this case lactate dehydrogenase (LDH). 
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The oxidation of NADH was then assessed spectro­
photometrically at 340 nm. The analyser, the Tech­
nicon RAXT (Bayer, South Africa), was maintained 
and calibrated according to the specifications of the 
manufacturer. Internal and external quality control 
samples were analysed in each analytical run. Meth­
od 1 involved the measurement of ALT with exoge­
nous P5P added to the reagent solution. One tablet 
of pyridoxal 5-phosphate (0.3 mg P5P; Bayer cata­
logue number T01-1760-AO) was added to 10 mℓ of 
ALT reagent prior to the analysis and allowed to dis­
solve. The sample volume used was 18 µℓ and the 
reagent volume 330 µℓ, with a pre-incubation time of 
5 min on the analyser at 37 °C, to allow for the acti­
vation of ALT by the exogenous P5P. A further incu­
bation time of 1 min and 30 s was allowed for the 
standard reaction to take place. Method 2 involved 
the measurement of ALT without exogenously add­
ed P5P. All other test conditions (besides the 5 min 
pre-incubation period) remained the same as for 
Method 1. The shorter incubation time is regarded 
as one of the advantages of this method. All the test 
samples were analysed in the same analytical run 
to minimize analytical variation. Samples from the 
control dogs were also analysed in one analytical 
run but at a later stage.

Statistical analysis

The paired t-test was used to calculate the mean 
difference between all the observed activity read­
ings for each case (controls and Babesia-infected 
dogs) for Method 1 versus Method 2. The coeffi­
cient of variation (CV) was calculated for Method 1 
and Method 2 for dogs in the control group, the 
Babesia-infected group, and the group suspected of 
hepatocellular damage in the Babesia-infected 

group. In the Babesia-infected dogs, using the 
Bland-Altman analysis, the differences between the 
two methods (Method 1 minus Method 2) were plot­
ted against the mean for each ALT reading from 
both methods [(Method 1 plus Method 2) divided by 
2] as recommended by Altman & Bland (1983) and 
Hopkins (2004) for the comparison of one method 
with another. The data were expressed in absolute 
units. The effect of the duration of anorexia in the 
Babesia-infected dogs was evaluated by linear re­
gression analysis of the duration of anorexia on the 
difference in ALT activity between Method 1 and 
Method 2. For all comparisons, differences were 
considered significant when p < 0.05.

RESULTS

Serum ALT activity in control samples

The serum ALT activity of all the control samples 
analysed by Method 1 was equal to or greater than 
that obtained by Method 2. The 95  % confidence in­
terval for Method 1 was 8.25–49.53 U/ℓ (x1 ± 2 SD1, 
SD1 = 10.32) with a mean (x1) of 28.9 U/ℓ. For Method 
2 the 95 % confidence interval was 8.25–41.73 U/ℓ 
(x2 ± 2 SD2, SD2 = 8.36) with a mean (x2) of 25.0 U/ℓ. 
A difference of 3.9 U/ℓ between the mean values for 
the two methods was observed. Data were normally 
distributed. The CV for Method 1 was 0.36 and for 
Method 2 it was 0.33. To the authors’ knowledge, 
no reference ranges for serum ALT activity in dogs, 
with added P5P (Method 1), have been published to 
date. Although the difference in the mean serum 
ALT activity between the two methods was relative­
ly small, it was, however, statistically significant (P < 
0.0001; paired t-test). The two methods did show a 
positive correlation (r = 0.981) (Fig. 1).

FIG. 1	 Correlation of ALT measurements with P5P (Method 1) and ALT measurements without P5P 
(Method 2) in the control dogs
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The statistically significant increase in serum ALT 
activity in the control samples using Method 1, com­
pared to those in Method 2, clearly indicates a ben­
eficial effect of exogenous P5P on the accurate 
measurement of serum ALT activity. This increase 
is assumed to be because of the full saturation of 
the ALT apo-enzyme by the addition of exogenous 
P5P (Nanji 1983; Westerhuis & Hafkenscheid 1983; 
Vanderlinde 1986; Rej et al. 1990)

Serum ALT activity in the Babesia-infected dogs

Most of the samples (86  %; 90/105) had higher se­
rum ALT activity levels when analysed by Method 1 
compared to Method 2. The mean difference be­
tween the two methods was relatively small (4.2  U/ℓ), 
although statistically significant (P < 0.0001; paired 
t-test). The CV for Method 1 was 2.79 and 2.83 for 
Method 2. The two methods showed a strong pos­
itive correlation, as was observed in the control dog 
samples (Fig. 2). Fifty-three percent (53  %; 56/105) 
of the infected dogs had serum ALT activity differ­
ences of 2 U/ℓ or less, 28  % (29/105) differed by 
between 3 and 5 U/ℓ, and 17  % (18/105) dogs had 
serum differences greater than 5 U/ℓ. Only one dog 
had a difference of 15 U/ℓ while another dog differed 
by 96 U/ℓ. This last dog had a serum ALT activity in 

excess of 1500 U/ℓ (1576 U/ℓ and 1480 U/ℓ with 
Methods 1 and 2, respectively) which is not shown 
in Fig. 2.

Serum ALT activity in patients with suspected 
hepatocellular damage

The mean difference between the two methods for 
the subset of Babesia-infected dogs with suspected 
hepatocellular damage (n = 14) was 13.8 U/ℓ (Table 
1). This difference was statistically significant (P = 
0.0306, paired t-test). The CV was 1.49 for both 
Method 1 and Method 2. The classification of the 
infected dogs into those suspected to be suffering 
from hepatocellular damage versus those which did 
not, using serum ALT activity, was unchanged by the 
use of either Method 1 or Method 2. The average 
difference between the two methods for this group 
of dogs was 15.2 U/ℓ (P = 0.0306), but only four 
dogs (28.6  %) had differences greater than 10 U/ℓ. 
In general, the sera from the infected dogs with sus­
pected hepatocellular damage (i.e. ALT activity 
≥  80  U/ℓ with Method 2) showed consistently larger 
differences between the mean of the two methods 
(13.8 U/ℓ) than in those assumed not to have hepa­
tocellular damage (ALT activity < 80 U/ℓ with Method 
2), which had a mean difference of 3.9 U/ℓ. 
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FIG. 2	 Correlation of ALT measurements with P5P (Method 1) and ALT measurements without P5P 
(Method 2) in the dogs suffering from babesiosis

TABLE 1	 Correlation between Method 1 and Method 2 in the Babesia-infected dogs with suspected hepatocellular damage (n = 14) 
where serum ALT measured ≥ 1.7x the upper limit of the normal value 

Method 1
ALT with P5P

Method 2
ALT without P5P

t-value P-value (paired t-test)

Range 92–1576 U/ℓ 88–1480 U/ℓ 2.43 P = 0.0306

Mean 256.1 U/ℓ 242.3 U/ℓ
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Serum ALT activity in dogs with anorexia

The serum ALT activity for dogs reported with peri­
ods of anorexia using Methods 1 and 2 are shown in 
Table 2. The increase in serum ALT activity, using 
Method 1, was statistically significant in all the groups 
of anorexic dogs. The extent of the difference be­
tween the methods did, however, not increase with 
the increase in the duration of anorexia. It was of 
interest to determine if this difference was progres­
sively greater with each additional day of anorexia. 
The correlation was thus tested between the differ­
ence between Methods 1 and 2, and the number of 
days of anorexia (Table 2). There was no significant 
correlation or linear association between the days 
of anorexia and the depletion of P5P in canine 
babesiosis for up to 4 days (r = 0.0103). 

Bland-Altman Analysis

The difference between Method 1 and Method 2, as 
determined by the Bland-Altman analysis, was al­

most always positive in the Babesia-infected dogs 
(Fig. 3). The few negative differences were restrict­
ed to serum ALT activity of less than 25 U/ℓ. For 
values above a serum ALT activity of ± 40 U/ℓ, the 
increase in serum ALT activity, attributable to the 
effect of P5P, was constant as a proportion (or per­
centage) of the mean ALT activity, running at 2–9 % 
of the mean ALT activity (Fig. 3). This shows that 
P5P did activate the apo-enzyme, that the apo-en­
zyme was a constant proportion of the total serum 
ALT, and that P5P concentration was not rate limit­
ing. 

DISCUSSION

The results of this study showed on average a 16 % 
increase in serum ALT activity after the addition of 
P5P to the reagent mixture which, when compared 
with that in the published literature, is relatively 
small.

TABLE 2	 Correlation between Method 1 and Method 2 and the days of anorexia in the Babesia-infected dogs

Anorexia Method 1 
ALT with P5P
(mean value)

Method 2 
ALT without P5P
(mean value)

Paired t-test

1 day	 (n = 31) 41.0 U/ℓ 37.8 U/ℓ P < 0.0001

2 days	 (n = 30) 90.6 U/ℓ 84.4 U/ℓ P = 0.0235

1–3 days	 (n = 10) 37.1 U/ℓ 33.8 U/ℓ P = 0.0036

3 days	 (n = 21) 46.4 U/ℓ 42.9 U/ℓ P = 0.0001

4+ days	 (n = 13) 44.1 U/ℓ 40.5 U/ℓ P = 0.0106

FIG. 3	 The Bland-Altman absolute difference plot related to ALT activity in the Babesia-infected dogs

–5

5

10

15

20

0
–30 20 70 120 170 220

ALT activity (U/ℓ)

A
bs

ol
ut

e 
di

ffe
re

nc
e 

in
 A

LT
 a

ct
iv

ity
 (U

/ℓ
)



332

Pyridoxal-5-phosphate on serum alanine aminotransferase activity in dogs suffering from canine babesiosis

Previous studies reported an increase in serum ALT 
activity of 17–49 % in humans and 23–150  % in 
animals (Marsh, Greenberg & Rinehart 1955; 
Horder & Bowers 1977; Bergmeyer et al. 1978; 
Vanderlinde 1986; Mesher et al.1998). In this study 
it is important to note that the addition of P5P to the 
serum of the dogs suffering from babesiosis did not 
have a clinically significant effect on the ALT activity 
to the degree that any of the animals would have 
been misclassified for the presence or absence of 
hepatocellular damage. The mean difference in 
ALT activity in the Babesia-infected dogs was simi­
lar to that obtained in the control dogs (4.2  U/ℓ and 
3.9 U/ℓ, respectively). The difference was therefore 
not considered as clinically significant. 

In this study the 14 dogs that had ALT activity high­
er than 80 U/ℓ measured consistently higher with 
Method 1 than with Method 2. An interpretation, in 
light of this study, is that the hepatocellular damage 
had an effect on the availability of P5P in the sera 
from these patients.

It appears that the presence of hepatocellular dam­
age reduces the availability of P5P and that the ad­
dition of P5P to the reaction mixture, therefore, en­
hances the serum ALT activity in such cases more 
than it does in patients without hepatocellular dam­
age. However, one could speculate that there may 
be other explanations such as the presence of in­
hibitors released by damaged hepatocytes or pro­
duced during the inflammatory reaction. Neither of 
these potential explanations could be confirmed on 
the basis of the data available from this study or 
from the hospital case records. The data did confirm 
that the activation of canine serum ALT by P5P is 
significant in patients in which hepatocellular dam­
age is presumed to be present, based on elevated 
serum ALT activity. The difference in activity be­
tween the two methods is, however, unlikely to lead 
to an incorrect clinical conclusion regarding the 
presence of liver disease.

The length of anorexia, as reported by the owners, 
had no significant effect on the measured ALT activ­
ity as the difference between the two methods did 
not increase with an increase in the duration of ano­
rexia. In one dog, with a serum ALT of 1 576 U/ℓ 
(Method 1) and a serum ALT of 1 480 U/ℓ (Method 
2), one may assume that the severe depletion of 
serum P5P was the cause for the difference in se­
rum ALT activity. As this specific case was only re­
ported to be anorexic for 2 days, the P5P depletion 
could have been due to another cause such as a 
concurrent or pre-existing disease. Unfortunately, 

this could not be confirmed since no further testing 
was done on this case. It is, however, possible that 
the length of anorexia, exhibited by these patients 
(up to 5 days) was not long enough to deplete the 
endogenous body reserves of P5P. This suggests 
that the sera from the greatest majority of dogs with 
babesiosis in this study were not severely depleted 
of P5P, and implies that a large reserve capacity 
may exist for P5P or, possibly, that mild or moderate 
depletion did not represent a rate-limiting factor in 
the reaction as suggested by Conzolazio, Johnson, 
Krzywicki, Daws & Barnart (1971) in humans. Fur­
ther studies are needed to investigate the serum 
ALT activity with and without P5P in illnesses with 
longer periods of anorexia. 

The Bland-Altman technique of method compari­
sons (Method 1 versus Method 2) revealed that 
there was a true enhancement of the activity of se­
rum ALT by adding P5P and that this effect was pro­
gressively greater, the higher the serum activity of 
ALT. Furthermore, the analysis provided evidence 
that it was, in fact, the P5P that enhanced the activ­
ity. The percentage difference between the meth­
ods was relatively high between serum activities of 
0 U/ℓ and 40 U/ℓ, but then decreased to a fairly con­
stant percentage value. The reasonable conclusion 
to be drawn from this is that the proportion of canine 
serum ALT apo-enzyme that can be activated is 
roughly constant, as a proportion of the total serum 
ALT enzyme. The relatively high percentage differ­
ence at lower activities (below 25 U/ℓ) allows one to 
conclude that, at this level of serum ALT activity, the 
methodological background random error is larger 
(on average) than the effect of the P5P activation.

The effect of added P5P on serum ALT activity in 
dogs suffering from babesiosis was examined in 
this study. It was found that, although there was a 
statistically significant increase in ALT activity with 
added exogenous P5P, it was unlikely to lead to in­
correct clinical diagnoses of hepatocellular damage 
in patients, suffering from liver disease. 
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