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Original Article

Serum biotinidase is a sensitive and specific biochemical
marker of hepatic dysfunction: A preliminary report
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with acute (4.59 ± 1.26 IU/L vs 7.56 ± 0.82 IU/L in controls;
P ≤ 0.001) and chronic (2.98 ± 1.18 IU/L vs 7.56 ± 0.82 IU/L in
controls; P ≤ 0.001) liver disease. Using receiver–operator
characteristic curves, serum biotinidase was found to have
high values of sensitivity and specificity when applied as a
diagnostic test in both acute and chronic liver disease. These
results suggest that serum biotinidase may be a sensitive and
specific diagnostic marker of hepatic biosynthetic function in
both acute and chronic liver disease.
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Biotinidase is an enzyme synthesized predominantly by the
liver. Serum activity of this enzyme has been shown to be low
in chronic liver disease. In this study, we endeavored to
assess the diagnostic value of serum biotinidase as a marker
of hepatic biosynthetic function in acute and chronic liver dys-
function. Twenty-three patients with acute liver disease and
46 with chronic liver disease, as diagnosed by clinical exam-
ination, laboratory tests, histopathology and tests for viral
markers, were inducted into the study. Forty-six healthy vol-
unteers were selected as controls. Serum biotinidase activity
was estimated in all the subjects. Biotinidase activity was
found to be significantly lower in the serum of patients 

INTRODUCTION

BIOTINIDASE (EC 3.5.1.12) is an enzyme that cat-
alyzes the cleavage of biotin from biocytin (E-N-

biotinyl-L-lysine) or biotinyl peptides (products of
carboxylase degradation), but not from intact holocar-
boxylases.1 In humans, there are four known biotin-
dependent carboxylases that are involved in various
metabolic pathways, such as fatty acid synthesis and
gluconeogenesis. Proteolytic degradation of these car-
boxylases results in the formation of biocytin or biotinyl
peptides. Biotinidase catalyzes the cleavage of biotin
from these.2

The liver is the major source of this enzyme in serum,
with other sources being the kidney and adrenal
glands.3 Biotinidase is important in the recycling of
biotin.4 It also acts as a binding protein for biotin,
thereby minimizing its loss in urine.5 It has been shown
that there is a decrease in biotinidase activity in liver and
serum in carbon tetrachloride treated rats,6 in chronic

liver disease7 and in hepatectomized experimental
animals.6 These studies have confirmed that the major
source of the enzyme is the liver. In addition, Abraham8

has reported that plasma biotinidase levels increase in
paracetamol-induced injury to the liver. However, such
an observation has not been corroborated by any other
published reports.

Diagnoses of liver diseases are confirmed by an assort-
ment of biochemical parameters, with serum albumin
levels being one of the most important markers of
hepatic biosynthetic function. This study was under-
taken in an endeavor to assess the diagnostic value of
biotinidase as a biochemical marker of biosynthetic
function of the liver, in both acute and chronic liver
disease.

METHODS

Patients in the study

THE STUDY POPULATION consisted of 23 patients
with acute liver disease and 46 patients with chronic

liver disease, seen in the Department of Gastroenterol-
ogy, Christian Medical College, Vellore, India. The com-
puter software program EPI INFO, version 6, was used
to calculate sample sizes. The following values were
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employed to calculate sample size for the chronic liver
disease group: confidence 95%; power 80%; prevalence
of low biotinidase in controls 20%; and prevalence 
of low biotinidase in chronic liver disease 50%.7 The
number of cases and controls required in this group was
45 each. For the acute liver disease group, the following
values were employed to calculate sample size: confi-
dence 95%; power 80%; prevalence of low biotinidase
in controls 20%; and prevalence of low biotinidase in
acute liver disease 65%. The number of cases and con-
trols required in this category was 22 in each group.

Patients were diagnosed to have liver disease on the
basis of clinical examination, biochemical parameters,
histopathology and tests for viral markers. Acute liver
disease was defined as the presence of clinical features
of liver disease and abnormal liver function tests of less
than 6 months’ duration, while chronic disease was
defined as the presence of the same features but of more
than 6 months’ duration. Patients with proteinuria,
uncontrolled diabetes and hypertension were excluded
from the study. Informed consent was obtained from
the patients before they were inducted into the study.
Patients with chronic disease were classified using
Child-Pugh9 and MELD (Model End Stage Liver
Disease) scores,10 both of which are scoring systems to
assess the severity of chronic liver disease. Forty-six
healthy volunteers were selected as controls.

Estimations carried out
Blood drawn from patients and controls was used to
assess liver function by estimating total bilirubin, direct
bilirubin, total protein, albumin, alanine transaminase
(ALT), aspartate transaminase (AST) and alkaline phos-
phatase (ALP). All these parameters were estimated by
automated methods by the Boehringer Mannheim

Automated Analyzer for Hitachi 912 auto-analyzer. Pro-
thrombin time was also determined for each subject and
this was used to calculate international normalized
ratios (INR). Serum biotinidase activities were estimated
in all three groups by an established colorimetric
method.11

Statistical analysis
Data analysis was done by analysis of variance (ANOVA),
applying a Bonferroni correction as a posthoc test, using
the Statistical Package for Social Sciences (SPSS), version
11, comparing data from patients with those from con-
trols. A P-value of less than 0.05 was taken to indicate
statistical significance. Correlation coefficients were also
calculated using SPSS. Receiver–operator characteristic
(ROC) curves12 were employed to obtain optimal cut-
off values for all the biochemical tests done.

RESULTS

Patient profiles

IN THE ACUTE disease group, 16 patients were male
and seven were female, while in the chronic disease

group 40 were male and six were female. In the former
group, 21 were diagnosed to have viral hepatitis (seven
with hepatitis A, 11 with hepatitis B and three with hep-
atitis E), one had fatty liver of pregnancy and in one case
the etiology was unknown. In the latter group, 34 had
cirrhosis, eight had chronic hepatitis and four had hepa-
tocellular carcinoma, secondary to chronic hepatitis.

Results of biochemical estimations done
The results of the liver function tests in the control
group and those with liver disease are shown in Table 1.
Patients with acute and chronic liver disease had signif-

Table 1 Routinely performed parameters of liver function and levels of serum biotinidase in control subjects and patients with
acute and chronic liver disease

Parameters of liver function Controls (n = 46) Acute liver disease (n = 23) Chronic liver disease (n = 46)

Total bilirubin (mg/dL) 0.51 ± 0.25 11.6 ± 7.98* 7.2 ± 9.82*
Direct bilirubin (mg/dL) 0.16 ± 0.07 9.9 ± 6.65* 5.19 ± 8.13*,**
AST (IU/L) 23 ± 6.31 459 ± 440.65* 159 ± 260.27*,**
ALT (IU/L) 18 ± 11.93 649 ± 581.49* 66 ± 59*,**
Alkaline phosphatase (IU/L) 68 ± 18.31 263 ± 211.47* 173 ± 156.15*,**
Total protein (gm/dL) 7.58 ± 0.46 7.49 ± 0.84 6.71 ± 1.25*,**
Albumin (gm/dL) 4.49 ± 0.30 3.56 ± 0.86* 2.54 ± 0.71*,**
Biotinidase (IU/L) 7.56 ± 0.82 4.59 ± 1.26* 2.98 ± 1.18*,**

*P ≤ 0.01, when compared with control data; **P ≤ 0.01, when compared with acute liver disease group.
Values represent means (±standard deviation) for the number (n) of subjects indicated.
Abbreviations used: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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icant elevations in levels of total bilirubin and direct
bilirubin and activities of AST, ALT and ALP, as com-
pared with the control group. Serum albumin and bio-
tinidase levels were significantly lower in both the
groups with disease when compared with control sub-
jects. Biotinidase and albumin levels were found to 
be significantly correlated in the group with chronic
disease (intraclass correlation coefficient = 0.64,
P ≤ 0.001), but did not reach statistical significance in
the group with acute disease (intraclass correlation coef-
ficient = 0.47, P = 0.07).

Correlation between disease severity and
serum biotinidase and albumin
In the group with chronic disease, classification of
patients by Child-Pugh scores resulted in five patients
with a score of A (least severe disease), 16 with B 
and 25 with C (most severe disease). The levels of 
biotinidase fell progressively with increasing Child-
Pugh scores (category A: 4.12 ± 1.62IU/L; category 
B: 3.24 ± 1.02IU/L; category C: 2.59 ± 1.03 IU/L). A
similar fall was recorded for albumin (category A:
3.78 ± 0.59 g/dL; category B: 2.71 ± SD of 0.56g/dL; cat-
egory C: 2.18 ± SD of 0.47 g/dL). Both biotinidase and
albumin correlated significantly with Child-Pugh scores
seen in this group (F = 4.78, P = 0.013 for biotinidase;
F = 21.5, P ≤ 0.001 for albumin, using one-way ANOVA).
The mean, median and range of MELD scores in the 46
patients with chronic disease were 14.91 (SD 7.26), 14.5

and 0–34, respectively. MELD scores were significantly
correlated with biotinidase (Pearson’s correlation 
coefficient = –0.364, P = 0.013) and albumin levels
(Pearson’s correlation coefficient = –0.349, P = 0.017)
in this group. In this group, the INR correlated signifi-
cantly with biotinidase values (Spearman’s correlation
coefficient = –0.367, P = 0.012), but not with albumin
values (Spearman’s correlation coefficient = –0.235,
P = 0.116). In patients with acute disease, the INR values
were found to correlate with albumin levels (Spear-
man’s correlation coefficient = –0.527, P = 0.010), but
not with the activity of biotinidase (Spearman’s corre-
lation coefficient = 0.140, P = 0.524).

The activity of serum biotinidase correlated signifi-
cantly with disease status, in both acute and chronic
disease groups, even after adjusting for bilirubin levels
using linear regression (B = –2.4; SE = 0.38; P < 0.001
for acute disease and B = –4.5, SE = 0.24; P < 0.001 for
chronic disease).

Receiver–operator curves for diagnosis of
disease, using albumin and biotinidase 
as markers
Figures 1 and 2 show the ROC curves for biotinidase
and albumin in acute and chronic liver disease. In the
group with acute disease, the optimal threshold value
for serum biotinidase was 6 IU/L, attaining 96% for
both sensitivity and specificity, for the diagnosis of acute
liver disease (area under the curve = 0.969) (Fig. 1A).
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Figure 1 (a) Receiver operating characteristic (ROC) curve for serum biotinidase in acute liver disease. The optimal threshold
value chosen for serum biotinidase was 6 IU/L, with both sensitivity and specificity at 96%, for the diagnosis of acute liver disease
(area under the curve = 0.969). (b) Receiver operating characteristic (ROC) curve for serum albumin in acute liver disease. The
optimal threshold value chosen for albumin was 4.0 g/dL, with sensitivity and specificity of 69.6% and 91.3%, respectively (area
under the curve = 0.780).
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For albumin, the optimal threshold value in this group
was 4.0 g/dL, with sensitivity and specificity of 69.6%
and 91.3% respectively (area under the curve = 0.780)
(Fig. 1B).

In chronic liver disease, using a threshold value for
biotinidase of 5 IU/L, the sensitivity and specificity were
96% and 100%, respectively, for the diagnosis of liver
dysfunction (area under the curve = 0.997) (Fig. 2A). An
optimal threshold obtained for serum albumin at 4 g/dL
had a sensitivity of 98% and specificity of 91% (area
under the curve = 0.989) (Fig. 2B).

ROC curves drawn for total bilirubin, direct bilirubin,
total protein, ALT, AST and ALP in chronic disease were
found to have areas under the curves which were 0.929,
0.932, 0.722, 0.906, 0.982 and 0.916, respectively,
thereby showing lower rates of sensitivity and specificity
when compared with biotinidase and albumin. The 
corresponding values in acute disease were 0.999, 1.0,
0.553, 0.999, 1.0 and 0.978.

DISCUSSION

ALL THE PATIENTS in the study who had been 
diagnosed as having acute or chronic liver disease

showed distinct impairment in various aspects of liver
function, as assessed by the routine parameters used for
this purpose. In addition, these patients had signifi-
cantly lower serum activities of biotinidase when com-
pared with control subjects. The decrease in activity of
this enzyme in these patients was, thus, associated with

impairment of hepatocellular function. These observa-
tions are in agreement with those reported by Pabuc-
cuoglu et al.13 in their study on children. They have
reported that serum biotinidase activity was signifi-
cantly lower in children with cirrhosis, especially in
those with decompensated cirrhosis and fulminant 
hepatitis.

The Child-Pugh classification is used to assess the
prognosis of chronic liver disease. The MELD score is
widely used for the prediction of mortality from end-
stage liver disease and is a marker of disease severity. In
our study, we have applied both scores to patients with
chronic disease. Significant correlations were noticed
between Child-Pugh and MELD scores and biotinidase
and albumin levels in patients with chronic disease. The
correlation was seen between increasing scores by both
systems and decreasing levels of both serum albumin
and biotinidase. This is significant in view of the fact
that both these scores reflect the severity of disease (as
the scores increase), and falls in albumin and bio-
tinidase reflect the failing biosynthetic functions of the
liver. In addition, biotinidase values were also found to
correlate significantly with the INR (another indicator
of the biosynthetic function of the liver) in patients with
chronic disease. Our results thus indicate that serum
biotinidase activities correlate well with the presence of
liver dysfunction. In order to determine whether the ele-
vated levels of bilirubin may affect biotinidase activity,
we have used linear regression to adjust for the effect of
bilirubin levels in the patients’ samples. It was found
that biotinidase activities in the disease groups were sig-
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Figure 2 (a) Receiver operating characteristic (ROC) curve for serum biotinidase in chronic liver disease. The optimal threshold
chosen for biotinidase was 5 IU/L with a sensitivity and specificity of 96% and 100%, respectively, for the diagnosis of liver dys-
function (area under the curve = 0.997). (b) Receiver operating characteristic (ROC) curve for albumin in chronic liver disease.
The optimal threshold chosen for serum albumin at 4 g/dL had a sensitivity of 98% and specificity of 91% (area under the curve =
0.989).
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nificantly lower than control values, even after adjusting
for bilirubin levels in this fashion.

Nagamine et al.14 have shown that reduced serum bio-
tinidase correlated with reduced serum albumin in
patients with both acute and chronic liver diseases. They
also showed reduced serum biotinidase correlated with
reduced serum biotin and increased urinary biotin levels
in patients with liver disease. Abraham et al.15 have 
suggested from their studies in a rat model of carbon
tetrachloride-induced cirrhosis that decreases in serum
biotinidase levels may be an earlier indicator than
serum levels of albumin of biosynthetic function of the
liver. The significance of the correlation between INR
and albumin levels, but not with biotinidase, in acute
disease in this study is not clear. Further work is required
to confirm this association.

The high rates of sensitivity and specificity obtained
for biotinidase as a diagnostic marker for liver dysfunc-
tion in acute and chronic liver disease are very interest-
ing. These rates are higher for biotinidase than they are
for albumin, which is one of the markers classically used
for assessing biosynthetic function of the liver. Our find-
ings thus suggest that biotinidase outperforms albumin
in this respect. To our knowledge, the possibility of
using serum biotinidase activity as a diagnostic marker
for liver dysfunction has not been reported before. Cur-
rently, serum biotinidase is commonly used as a screen-
ing test for the diagnosis of multiple carboxylase
deficiency in children. Our results indicate that, in addi-
tion, it holds promise as a parameter to assess the
biosynthetic function of the liver, in both acute and
chronic liver disease. This is especially so as the assay for
this enzyme is simple to perform and can be carried out
easily. However, we would like to emphasize that these
results are preliminary. It would be necessary to confirm
these results in a larger sample size of patients with
hepatic as well as non-hepatic disease, in order to estab-
lish its possible utility as a reliable diagnostic marker of
biosynthetic function of the liver.

CONCLUSIONS

OUR RESULTS INDICATE that serum biotinidase
levels appear to be highly sensitive and specific in

the diagnosis of acute and liver dysfunction. They
appear to correlate well with the degree of liver dys-
function. We suggest that activity of serum biotinidase
may have diagnostic value as a biochemical marker for
biosynthetic functions of the liver.
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