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ABSTRACT

Objective: This study is based on the comparison of the diagnostic accuracy of active B12 (holotranscobalamin) to total vitamin B12 (cobalamin)
and verification of the active B12 test for clinical use.

Materials and methods: We have considered 310 individuals (total, mean age 48 + 15years) that includes 233 individuals with serum active
B12 levels within the biological reference interval of 20.6-196.7 pmol/L (controls, mean age 47 + 15 years) and 54 individuals with serum active
B12 levels below 20.6 pmol/L (cases, mean age 46 + 13 years).

Results: Based on the study, we have found that the diagnostic accuracy of active B12 (holotranscobalamin) was found to be better than that
of total vitamin B12 (cobalamin). The precision of active B12 testing was found to be comparable to the manufacturer’s claim. The reference
interval for active B12 was also found to be comparable to the manufacturer’s claim.

Conclusion: From the above study, active B12 assay was found to be a better means for detecting vitamin B12 deficiency in individuals, and
also, this assay was found to be a better one to follow-up the vitamin B12 levels in the patients who are already vitamin B12-deficient.
Clinical significance: Active B12 (holotranscobalamin) testing can be used as a secondary choice of test for the patients with total B12 levels
within the gray-zone (100-400 pg/mL) or can be used as a primary choice of test for the diagnosis of vitamin B12 deficiency and the follow-up

during its treatment.
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INTRODUCTION

Vitamin B12 deficiency is a serious health issue among the elderly
population.' It is no longer a rare kind of disease; it prevails as a
common condition in approximately 15% of the elderly population.?
Vegetarians mainly suffer from vitamin B12 deficiency for the
reason that natural source of vitamin B12 mainly comprises of food
from the animal origin.>* This vitamin B12 deficiency may occur
due to malabsorption, prolonged insufficient intake, increased
requirements (pregnancy, hyperthyroidism), or excessive loss of
vitamin.*> Malabsorption of vitamin B12 can be drug-induced,
protein-bound cobalamin malabsorption, dysfunction of intrinsic
factors, pancreaticinsufficiency, ileal disease, or pernicious anemia.
Also, the patients undergoing gastrectomy have shown a high
risk of vitamin B12 deficiency.%” Small intestinal disorders like
celiac disease, ileitis, and Crohn'’s disease lead to malabsorption
of vitamin B12.2 Congenital transcobalamin Il deficiency also
leads to impaired utilization of vitamin B12, which in turn leads to
its deficiency.” Vitamin B12 deficiency is found to be associated
with neurological deficits like macrocytic anemia and pernicious
anemia.®"" Vitamin B12 levels also play a role in cancer patients
as in cellular processes, vitamin B12 acts as a coenzyme. These
processes include regenerating methionine for protein synthesis,
DNA synthesis, and DNA methylation.'?

Vitamin B12 (cobalamin) when in circulation binds to two
proteins, namely haptocorrin (HC) and transcobalamin (TC). The
complex formed by cobalamin and transcobalamin protein is
known as HoloTC, which is around 10-30% of total cobalamin. This
HoloTC fraction is the active fraction of cobalamin which is taken
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up by the cells and made available for various biological functions.
The rest 80-90% of total cobalamin bound to haptocorrin forming
acomplex known as HoloHC has no known biological function and
is said to be inert.>”"3 This inert form of vitamin B12 is stored in the
liver." Based on the fact that the active form of cobalamin utilized
by the cellis HoloTC, it forms a sensitive marker for detecting vitamin
B12 (cobalamin) deficiency.”

It is seen that the specificity and sensitivity of vitamin B12 are
insufficient for the diagnosis of vitamin B12 deficiency.'” Detection
of total serum vitamin B12 (cobalamin) can also lead to false results,
the main reason being that total serum cobalamin includes that
biologically active fraction (HoloTC) as well as the fraction which is
not utilized by the cells, that s, inert (HoloHC). Hence, HoloTC (active
B12) detection is considered as a reliable approach for detecting
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vitamin B12 deficiency and is more clinically meaningful as it detects
only the fraction that is biologically active in the system.">1

In this study, we have compared the HoloTC (active B12) levels
in the serum to the total serum cobalamin (vitamin B12) and have
suggested the use of HoloTC (active B12) assay as a clinical approach
for detecting vitamin B12 deficiency in the patients.

MATERIALS AND METHODS

Study Design

This retrospective study was conducted in the Department
Biochemistry and Immunology of Kokilaben Dhirubhai Ambani
Hospital, Mumbai, India. A total of 310 individuals between 2 years
and 85 years of age (mean age 48 + 15 years) were considered
that comprised of 233 individuals (controls) with serum active B12
levels within the biological reference interval (according to the
Abbott Diagnostics, Abbott Park, IL, USA, kit used) of 20.6-196.7
pmol/L (mean age 47 + 15 years) and 54 individuals (cases) with
serum active B12 levels below 20.6 pmol/L (mean age 47 + 13).
This complete group of 310 subjects considered for this study
included 149 males and 161 females. The parameters taken into
consideration include total B12 (pg/mL) and active B12 (pmol/L).
Analytical accuracy of active B12 assay was checked by running
20 samples in ARCHITECT i2000 SR as well as ARCHITECT /1000
SR followed by the comparison of the data obtained to check
linearity. The verification of the precision of active B12 was carried
out according to the CLSI protocol.

Ethical Consideration
The data used in the study are retrospective data.

Laboratory Methods

The total B12 concentration in the serum was measured using
commercially available ARCHITECT system B12 kits (Abbott
Diagnostics, Abbott Park, IL, USA). Similarly, active B12 concentration
in the serum was estimated using the commercially available
ARCHITECT system active B12 (holotranscobalamin) kits (Abbott
Diagnostics, Abbott Park, IL, USA).

Statistical Analysis

The analysis of the data was done using Minitab (Minitab Inc, PA)
and Prism (Graph pad Software, San Diego, CA) statistical software
packages. To determine the significance of the data, t-test was
carried out. This t-test can be applied to the data that have normal
distribution or to the data that have lognormal distribution; hence,
normal distribution of data was checked by the histogram with fit
curve and was confirmed by probability plots. F-test was applied
to each of the pairs of case and control groups for total B12 and
active B12 to determine whether the variance between case and
control groups for each was significant. Also, modified t-test with
Welch's correlation was applied to the case and control groups for
total B12 as well as active B12.

Cumulative distribution function was applied to the case and
control groups of both, total B12 and active B12 to estimate the
percentage of the population mistakenly classified as controls. The
cumulative distribution function (CDF) calculates the cumulative
probability for a given X-value. The CDF is used to determine
the probability that a random observation that is taken from the
population will be less than or equal to a certain value or the
observation will be greater than a certain value, or between two
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values. It helps to find out the difference in the value of the case and
the control groups. This difference is independent of the external
factors like lifestyle, environmental factors, etc.

Receiver operating characteristic (ROC) curve analysis was
also carried out for case and control for total B12 and active B12
to determine the accuracy of the test. The accuracy of the test is
determined on the basis of the area under the curve (AUC).

Linear regression analysis was applied to the data for active B12
assay to check analytical accuracy and coefficient of determinant
() along with correlation coefficient (r) was calculated.

REesuLTs

The total subjects (310 individuals) considered for the study were
bifurcated into two groups, namely case and control, based on the
serum active B12 concentration. The case group (54 individuals)
consisted of individuals with active B12 concentration below 20.6
pmol/L, whereas the control group (233 individuals) consisted of
individuals with active B12 concentration in the biological reference
interval of 20.6-196.7 pmol/L. From the total subjects, 23 individuals
had the active B12 levels more than 256 pmol/L; this population
was not considered for the case group as well as the control group.

The data obtained on estimating the serum active B12 and total
B12 concentration in 310 individuals are shown below (Table 1).

The total B12 and active B12 levels were compared using
a scatter diagram (Fig. 1) for 310 subjects considered. The
gray zone was marked for total B12 serum concentration. This
gray zone indicates that the total B12 serum concentrations of
the symptomatic patients lying in this interval are suggested
further testing. The gray zone for total B12 lies between 100 and
400 pg/mL.’

As mentioned that prior to the application of t-test for
determining the significance of the data, it is necessary to check
the normal distribution of the data, histogram with a fit curve was
plotted for control and case groups (Fig. 2). This normal distribution
was further confirmed with probability plots for control and case
groups (Fig. 3). The histogram plots (Fig. 2) indicate a normal
distribution of data for control and case groups, shown by the
continuous curve, whereas the probability plots show that the data
lie within 95% confidence interval (Cl) of lognormal fit.

The CDF analysis was carried out for active B12 (control and
case groups) as well as for total B12 (control and case groups) to
determine the percentage of the population in case group that
mistakenly was classified as controls. The x-axis shows the active
B12 and total B12 data, as observed in case group, whereas the
y-axis gives the percentage of samples having active B12 and
total B12 values below that. This graph gives a value of maximum
vertical deviation between the plotted curves. Greater the value
of deviation, greater is the separation between the groups. The
point of overlap of the curves determines the percentage of the
population mistakenly classified as control. Figure 4 shows the
CDF analysis for active B12 and total B12. The CDF analysis of active
B12 indicates that 20.6% of the case group population could have
mistakenly been classified as controls, whereas in case of total B12
CDF analysis, 36.02% of the case group were mistakenly classified
as controls.

The total data for active B12 and total B12 were subjected
to ROC curve analysis to check the ability of active B12 and total
B12 assays to predict the population likely of having metabolic
vitamin B12 deficiency (Fig. 5). The ROC curve plots true-positive
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Table 1: Data representation: levels of active B12 and total B12

Active B12 (pmol/L) Total B12 (pg/mL)
Control (n=233) Case (n=54) Control (n=233) Case (n=54)
Mean + SD 55.13 £33.75 15.32 £ 3.86 273.84 + 141.30 182.70 £50.74
Quartile (Q1-Q3) 31.35-70.1 12.42-18.3 190.75-316.45 149.52-204.75
p value <0.0001 (S) <0.0001 (S) <0.0001 (S) <0.0001 (S)
S, significant
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Fig. 1: Scatterplot to compare total B12 and active B12 levels in the study subjects
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Fig. 2: Histogram of active B12 data and corresponding log-normal fit for case and control groups

vs false-positive for different cut points in the diagnostic test. The
test accuracy depends on the AUC.

The AUC of 0.90-1 indicates that the diagnostic test has an
excellent accuracy, 0.80-0.90 indicates a good accuracy, 0.70-0.80
indicates that the diagnostic test is fairly accurate, 0.60-0.70
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indicates a poor accuracy, and 0.50-0.60 indicates a failure. From
the ROC curve analysis, the AUC for active B12 was found to be 1.0
with 95% Cl 1.0 to 1.0, standard error 0.0, and p value of <0.0001,
whereas the AUC for total B12 was found to be 0.7346 with 95%
Cl10.6928 to 0.8234, standard error 0.0333, and p value of <0.0001.
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Fig. 3: Probability plot of active B12 data and corresponding normal fit for case and control groups
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Table 2: Analytical accuracy of active B12 assay

Levels of active B12 (pmol/L)

Sample no. Architect i2000 SR Architect i1000 SR
1 194 27.3
2 219 28.7
3 29.1 39.1
4 19 254
5 13.7 18.7
6 358 47.6
7 34.9 47.7
8 343 44

9 228 29.7
10 248 331
11 135 16.7
12 44.7 62.1
13 7.7 9.6
14 337 45.2
15 63.7 81.4
16 389 49.7
17 18.6 233
18 14.4 17.7
19 18.6 24.2
20 26.6 30.3

Verification Analysis

According to CAP and NABL, ISO 15189, CLIA requirements the
data produced in the laboratory should be verified on its accuracy,
precision, and reference interval. The data obtained for analytical
accuracy check for active B12 were subjected to linear regression
analysis to check its reliability (Fig. 6). On carrying out the analysis,
the data were found to be reliable with the regression coefficient
(r*) of 0.9903 and the correlation coefficient (r) as 0.9951.

To check the analytical accuracy of the test, 20 samples within
the analytical measurable range (AMR) were analyzed by both
new and comparative methods. The AMR is the range that can
be reported without the dilution of the samples. The data for the
analytical accuracy of active B12 are shown in Table 2.

For precision study, five replicates per control were analyzed
for five days. Table 3 represents the data for precision study for
active B12.

Reference interval was determined by considering the
active B12 data obtained from 161 healthy individuals. On the
data analysis, the reference interval for active B12 was found to
be 20.6-104.4 pmol/L which was satisfying when compared to
the reference interval claimed by the manufacturer which was
25.1-165 pmol/L.

Discussion

In this study, we have given importance to deficiency of vitamin B12,
which is no longer considered as a rare disorder and has become
a common scenario.? The association of vitamin B12 deficiency
to neurological disorders, trigeminal neuralgia, end-stage renal
disorders and patient having undergone gastrectomy makes it a
matter of great importance.®?

We have targeted the ongoing total B12 assay, which is used
widely for the detection of vitamin B12 concentration in an
individual and have compared it to active B12 assay used for the
detection of the same. We aim at choosing a better diagnostic
method for detection of vitamin B12 levels in the serum to avoid
false reporting and for better diagnosis of vitamin B12 deficiency.

Based on our results, we found that the diagnostic accuracy
of activeB12 assay was better than that of total B12 assay, which
is used at present for the detection of vitamin B12 and in the
follow-up of the vitamin B12 levels in case of vitamin B12-deficient
patients. Also, the precision of active B12 testing was also found
to be comparable to the manufacturer’s claimed. Both within-
run precision and within-laboratory precision of active B12 assay
were found to be comparable to the manufacturer’s claim. The
reference interval established by considering the active B12 data
of 161 healthy individuals was found to be comparable to the
manufacturer’s claim.

We believe that the study has clinical relevance as it avoids
false reporting. We also believe that there has been no Indian
study which has given a comparison of active B12 and total B12
assays on the bases of diagnostic accuracy and precision."” It is
known that in spite of having indicative markers like methylmalonic
acid (MMA) and homocysteine (Hcy) being related to vitamin B12
deficiency, there was a need for developing an accurate marker for
detecting vitamin B12 deficiency due to the limitations associated
with these markers. As known from the previous studies, the MMA
levels are affected during a number of clinical conditions like renal
dysfunction, genetic disorder, antibiotic therapy, etc. Similarly, the
Hcy levels are also affected by renal dysfunction, folate deficiency,
genetic disorder, etc.” Hence, the specificity of MMA and Hcy in
the context of vitamin B12 deficiency is debatable and this has
been majorly seen in the case of elderly population with renal
dysfunction.! It has been seen that total B12 assay suffers from
false results due to the reasons like folate deficiency, liver disorder,
etc.” As the only fraction of vitamin B12 utilized by the cells for
its biological function is the one linked to holotranscobalamin
(HoloTC) or active B12, it is clinically meaningful to detect the active
fraction of vitamin B12. Therefore, active B12 or HoloTC have higher
sensitivity and specificity for diagnosis and treatment of vitamin
B12 deficiency.”'81°

CONCLUSION

Since the accuracy, reliability, and efficiency of active B12 assay
were found to be higher as compared to those of total B12 assay,
using active B12 approach is a good choice for diagnosis as well
as prognosis.
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Table 3: Precision (repeatability) for active B12

Low control (L) High control (H)
Concentration target 15 48
Concentration range 9.6-21.8 29.6-66.7

Day 1

Sample ID Rep 1 Rep2 Rep3 Rep 4 Rep 5 Mean SD CV%
Observed value (L) 14.9 143 14.4 143 14.2 14.42 0.27749 1.92433
Observed value (H) 48.2 474 47.4 48 47 47.6 0.4899 1.0292

Day 2

Sample ID Rep 1 Rep2 Rep3 Rep 4 Rep 5 Mean SD CV%
Observed value (L) 123 13 12.3 12.6 12.3 12.5 0.308 2.46577
Observed value (H) 423 4.1 411 40.8 40.2 41.1 0.76485 1.86096

Day 3

Sample ID Rep 1 Rep2 Rep3 Rep 4 Rep 5 Mean SD CV%
Observed value (L) 13.8 134 133 13.1 13 13.32 0.31145 2.3382
Observed value (H) 43.9 41.8 42.2 428 41.6 42.46 0.92628 2.18154

Day 4

Sample ID Rep 1 Rep2 Rep3 Rep 4 Rep 5 Mean SD CV%
Observed value (L) 15.7 15.8 15.6 14.9 16 15.6 0.41833 2.6816
Observed value (H) 48.4 47.4 46.8 46.9 46.9 47.14 0.80498 1.70765

Day 5

Sample ID Rep 1 Rep2 Rep3 Rep 4 Rep 5 Mean SD CV%
Observed value (L) 1.7 1.4 11.2 111 11.1 11.3 0.25496 2.2562
Observed value (H) 37.8 37.4 37.3 35.8 36.4 36.94 0.81731 221254

where CV% = coefficient of variation

CLINICAL SIGNIFICANCE

As vitamin B12 deficiency is quite common, active B12 assay being
more accurate, reliable, and efficient, it can be used as secondary
choice of test for the patients with total B12 levels within the gray
zone as well as it can be used as a primary choice of test for the
diagnosis and treatment of vitamin B12 deficiency.
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