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Abstract

Background: The second-generation electrochemiluminescence immunoassay
(ECLIA) kit of vitamin B12 is widely used in clinical laboratories, and the establishment
of a reference interval (RI) is essential to provide the basis for clinical monitoring. The
purpose of this study was to establish a laboratory Rl for vitamin B12 in China and at
the same time verify the method performance of the second-generation kit.
Methods: The verification of the method performance was conducted according
to the Clinical and Laboratory Standards Institute (CLSI) guidelines. Based on these
guidelines, a total of 580 serum samples were collected, and 391 serum samples
were used for the establishment of the Rl according to CLSI guidelines. The sub-
jects were grouped by sex and age. The age groups were as follows: 21-40, 41-60,
and 61-80 years. The Rl was defined by nonparametric 2.5th and 97.5th percentile
intervals.

Results: The performance of the second-generation kit of vitamin B12 from the
Roche Cobas E602 system was in compliance with laboratory requirements. Serum
vitamin B12 levels conformed to a non-Gaussian distribution. Harris-Boyd's test
did not indicate partitioning for different age and gender group. Besides, there was
no significant difference between different age groups (P = .07) and gender groups
(P =.2002). The RI for healthy Chinese adults (aged 21-80 years) calculated by the
nonparametric method was 250.8-957.1 pg/mL.

Conclusions: The reference range of vitamin B12 was established, which provided a

theoretical basis for the clinical application and monitoring of vitamin B12 detection.
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1 | INTRODUCTION

Vitamin B12 (cobalamin) is a complex water-soluble vitamin, mainly
available in animal protein (including meats, fish, and shellfish), which
plays an important role in the process of DNA synthesis, methyl group
transformation, and amino acid and fatty acid metabolism.Vitamin
B12 is essential for normal blood formation, cell synthesis, and neu-
rological functions in the human body.?* Low levels of vitamin B12
can lead to diseases mainly manifested in the blood, metabolism, and
nervous system, such as high homocysteinemia, anemia, paraesthesia,
cognitive impairments, depression, methylmalonic acidemia, vascular
dementia, and Alzheimer's disease.>” Vitamin B12 deficiency during
pregnancy and childhood is associated with poor infant growth, im-
paired psychomotor function, and abnormal brain development.®
Previous studies have reported that 6% of the population 260 years of
age in developed countries suffer from vitamin B12 deficiency (plasma
vitamin B12: 148 pmol/L). The deficiency percentage is much higher
in developing countries, starting in early life and persisting throughout
life, with the prevalence of deficiency increasing with age.9

The detection of serum or plasma vitamin B12 is areliable method
to determine whether a patient suffers from vitamin B12 deficiency.
Immunoassays have been used for the quantification of vitamin B12
since 1959, after the radioimmunoassay (RIA) was reported to be
a new method for clinical laboratory analyses.10 Because of its ra-
dioactive pollution problem, RIAs have been gradually replaced by
other immunoassays for vitamin B12 quantification, including the
enzyme-linked immunosorbent assay (ELISA), fluorescence immu-
noassay (FIA), and chemiluminescent immunoassay (CLIA).AYS The
electrochemiluminescent immunoassay (ECLIA) used by the Roche
Cobas E602 system is currently the most widely used method for the
detection of vitamin B12.24

The appropriate interpretation of vitamin B12 test results re-
quires that it be compared with a reference interval (RI). All com-
mercial kits in different clinical laboratories need their own RI. As a
result, a reliable vitamin B12 RI determined from a healthy popula-
tion is an essential task for clinical laboratories.’> However, the R for
vitamin B12 used in China is supplied by a second-generation kit that
was established from the European population, which is a different
ethnicity than the Chinese. In addition, there has been no report
about performance verification of the second-generation ECLIA kit
using the Roche Cobas E602 system. The aim of the present study
was therefore to establish the Rl for vitamin B12 in our clinical lab-
oratory based on the Chinese population after performance verifi-
cation of the kit.

2 | MATERIALS AND METHODS
2.1 | Subjects
A total number of 580 serum samples from routine analysis of 580

subjects, who were referred to the PLA General Hospital (Beijing,
China) from March 2017 to October 2019 for a medical check-up,

were collected for the study. The inclusion criteria were as follows:
reported feeling healthy, balanced diet, no malnutrition, and did not
take medication containing vitamin B12. Exclusion criteria were as
follows: pregnancy, intake of aspirin, anticonvulsants, colchicines,
ethanol ingestion, estrogens, and contraceptive hormones; ingestion
of vitamin C, vitamin B12, and vitamin A; vitamin B12 deficiency-
related diseases; other posterior ischemic optic neuropathy-related
diseases; and severe lipid, hemolysis, or jaundice samples. After
screening, a total of 389 samples from healthy individuals (198
males and 191 females, ages 21-80 years) were finally included in
the establishment of the Rl for vitamin B12. The study was approved
by the Ethical Committee of the PLA General Hospital (Number:
$2018-007-01).

2.2 | Blood sampling and measurement

According to standard operating procedures, venous blood of each
subject was drawn in the morning and collected into a separator
tube. The tubes were centrifuged for 7 minutes at 2793 g to sepa-
rate the serum, which was tested immediately or stored at -80°C
for a period of time before detection. Vitamin B12 of different sam-
ples was measured by the Roche Cobas E602 ECLIA system (Roche
Diagnostics). According to the manufacturer's instructions, standard
methodologies and dedicated reagents were used, and the analyzer
was routinely maintained. The standard curve of the method was
established, and two levels of quality controls (as advised by the
manufacturer) were run every day. The Westgard rules were used
in the internal quality control procedure to evaluate the stability of
the measurement process during the entire period of the study. All
measurements were performed under the guidance of the standard
and routine operation protocols of the clinical laboratory.

2.3 | Measurement analysis

Performance verification of the Roche Cobas E602 ECLIA sys-
tem was conducted with reference to guidelines from Clinical and
Laboratory Standards Institute (CLSI) before the establishment of
RI, including detection linearity, allowable dilution ratio, accuracy,
trueness, and interference experiments.

The linearity was evaluated for six pools of serum, besides the
serum samples containing the lowest level and highest level con-
centrations (157.54 and 1741.22 pg/mL); the other three pools were
from a mixture of the mentioned serum with a ratio of 1:4, 2:3, 3:2,
and 4:1 according to the CLSI document EP06-A2.* Linear-fit vita-
min B12 values were calculated by using the equation of the best-fit-
ted line, and the percentage deviation from the linearity of each pool
was calculated by using the equation: 100% - (predicted vitamin
B12/linear-fit vitamin B12) x 100%.

The allowable dilution ratio was determined by testing diluted
clinical samples, and the dilution ratio was acceptable when the bias
did not exceed 8.38% according to CLSI document EP34-A.Y
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According to CLSI document EP15-A3, the accuracy of the assay
was assessed with two IQC samples. Over a period of 5 working
days, one run of one plate each was performed daily, and the sam-
ples were measured in triplicate on each plate.*®

As for the evaluation of recovery of the assay, different volumes
of quantity control serum were added to the two clinical samples
(the volume of quantity control serum was <10% of the total volume).
Concentrations of clinical samples, quantity control serum samples,
and final serum samples were measured, and the recovery rate (RR)
was calculated using the formula, RR = [C x (V, + V) - Cy x V,]/
(V x Cs) x 100%, where V was the volume of control serum, V, was
the volume of the clinical sample, C was the predicted value of the
final serum sample, C, was the predicted value of the clinical sample,
and Cs was the value of the quantity control serum sample.

The interference experiment was conducted by comparing de-
tection results of 15 serum samples with/without interfering sub-
stances (37 mmol/L of triglyceride, 342 pmol/L of bilirubin, and 3 g/L
of hemoglobin) according to CLSI document EP07-A2,* with an al-
lowable bias of 10%.

2.4 | Statistical analysis

All analyses were performed using SPSS statistical software for
Windows, version 17.0 (SPSS) and GraphPad Prism software
(GraphPad). Intra- and inter-assay components of error were calcu-
lated with a fully nested analysis of variance. Regarding the RI, ac-
cording to CLSI document C28-A3,%° the D/R ratio was used in the
estimation of the reference value, where D was the absolute differ-
ence between an extreme observation (large or small) and the next
largest (or smallest) observation, and R was the range of all observa-
tions (extreme values included). Only when the value of D was less
than one/third of the value of R, could we keep all the values in the es-
tablishment of the RI. If not, the extreme observation was deleted and
the data were estimated again by the mentioned ratio. The Shapiro-
Wilk normality test was used to evaluate whether the data were nor-
mally distributed. The correlation between age and serum vitamin B12
was assessed by Spearman's rank correlation coefficient. The samples
were firstly divided into different gender and age groups. Then accord-
ing to Harris-Boyd's method, the z values with the standard deviation

and a calculated z for two groups to determine whether each group
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is sufficient different statistically to its own grouping. If the results of
Harris-Boyd's test did not demonstrate partition, the subgroup should
be combined.?! Together with that, analysis of difference between sex
and age was conducted using one-way analysis of variance, the Mann-
Whitney U test, or the Kruskal-Wallis test, as appropriate. The Rl was
calculated using the 2.5th percentile for the low reference limit and the
97.5th percentile for the high reference limit. A value of P < .05 was
defined as statistically significant.

3 | RESULTS

3.1 | Measurement analysis

Regarding the linearity of the system, the results showed that the
percentage deviations of all dilutions were <8.33%, which indicated
good linearity of the commercial kit (See Figure S1 and Table S1).

Regarding the allowable dilution ratio, serum samples with con-
centrations of 1.736, 1,825, and 1658 pg/mL were diluted at differ-
ent ratios to compare the predicted value with the actual value and
assess the bias. When the dilution ratio was below 5, all biases were
<8.33% (See Table S2). Thus, the acceptable dilution ratio was 5 for
the assay.

The within-run and between-run CVs, which is relative standard
deviation, for vitamin B12 were 1.55% and 1.60% with a high con-
centrations (1000.05 pg/mL) and 1.63% and 1.56% with a low con-
centration (513.21 pg/mL) (See Table S3). All CV results were in the
allowable range.

The recovery rates of serum samples at different levels were
between 93% and 108%. The biases caused by different interfering
substances (including triglyceride, bilirubin, and hemoglobin) were all
<10% for all serum samples at different levels, which corresponded
with the document (Figure 1 and Table S4).

3.2 | Distribution of reference values

The values were obtained from all reference samples (n = 391), and
two extreme values were discarded as outliers. The Shapiro-Wilk
test results indicated that the values were not parametric (P < .001).

The details of measuring values are shown in Table 1 and Figure 2.
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FIGURE 1 Bias analysis of different interference substances. Note: (A) Bias analysis of interference caused by triglyceride (TG); (B) bias
analysis of interference caused by bilirubin (BIL); and (C) bias analysis of interference caused by hemoglobin (Hb). All biases caused by

interference substances were <10%
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TABLE 1 Vitamin B12 values of reference subjects

Number of values

Mean + SD, pg/mL

Median (X5, X;55,), P8/ML

S-W test, P value

Range, pg/mL

All 389 537.6 £ 184.3 524.1(392.3, 653.6) <.0001 178.3-1165.0
Male age, year
21-40 96 499.7 £165.4 485.3(375.1, 587.2) .0028 203.6-1002.0
41-60 70 5720+ 182.6 566.0 (426.6, 656.3) .0557* 275.1-1103.0
61-80 32 491.7 + 164.8 483.8(349.6, 634.7) .0432 235.0-774.1
Total 198 524.0 + 174.4 519.8 (377.6, 634.0) .0001 203.6-1103.0
Female age, year
21-40 118 568.9 + 189.6 534.0 (427.2,704.4) .0039 178.3-1165.0
41-60 50 541.9 +185.5 543.3(404.2, 696.2) 4176* 202.8-909.9
61-80 23 483.8 +221.5 438.9 (296.1, 658.2) .0228 222.3-1114.0
Total 191 551.6 £ 193.4 525.4 (408.3, 698.7) .0013 178.3-1165.0

*P > .05; the Shapiro-Wilk test results indicated that the data followed a Gaussian distribution.

3.3 | Comparison of sex and age

The detection results were firstly divided into different sex groups
(males, females), and Figure 3 shows that there was no significant
difference between males and females (P = .2002). Besides, Harris-
Boyd's test did not indicate partitioning between males and females.
Since z < z* (1.47 < 3.82), the groups were not separated but com-
bined (n = 389) and reevaluated (see Table S5).

Then, the detection results were divided into different groups based
on age (21-40 years old, 41-60 years old, and 61-80 years old) in Table 2.
Figure 4 shows that Spearman's rank correlation analysis indicated that
serum vitamin B12 levels were not correlated with age (R2 = .0036;
P = .2369). As for the comparison of different age groups, detection
results of the 21-40 group and 41-60 were selected for 60 results ran-
domly for the analysis in order to balance the simple size that is involved
in the comparison, and the Kruskal-Wallis test results indicated that
there was no significance between different age groups (P = .0704). In
addition, Harris-Boyd's test results between different age groups did
not demonstrate partition (see Table S5). Thus, the subgroups were
combined and the Rls for vitamin B12 was 250.8-957.1 pg/mL.
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FIGURE 2 Distribution of vitamin B12 values

4 | DISCUSSION

Vitamin B12 is an indispensable micronutrient for the growth of the
body and the maintenance of normal bodily functions. As a coen-
zyme of methylmalonic acid, folic acid, and homocysteine, vitamin
B12 plays an important role in DNA synthesis, erythropoiesis, and
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FIGURE 3 Analysis of vitamin B12 values of different sexes.
Note: There was no significant difference between different sex
groups

TABLE 2 Different groups of vitamin B12 values

S-W test, P Reference
Groups Numbers value Range, pg/mL
Males 198 .0001 269.8-926.1
Females 191 .0013 241.6-979.4
21-40 214 <.0001 269.3-976.2
41-60 120 .0816* 243.6-909.4
61-80 55 .0056 227.4-993.8
Total 389 <.0001 250.8-957.1

*P > .05; the Shapiro-Wilk test results indicated that the data followed a
Gaussian distribution.
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FIGURE 4 Analysis of vitamin (A)1500_ (B) 1500-

B12 values of different ages. Note: (A) TEl -E‘ p=0.07

Spearman's rank correlation results =) . . . \2 . . N

between vitamin B12 levels and age; :: 1000+ o~ 1000+ . i pun

there was no significant correlation. (B) 2 o 0o e .".'-' ‘:%:-':-.AA:‘

Comparison of different age groups; there £ 5004 E 500- % - ‘#‘;ﬁ;

was no significant difference between g s g e ety

different age groups g > " “
% &0 8 55 14 "1 4160 e1s0

Age, year Age, year

Vitamin B12 values associated with age

neurodevelopment.”?? Under normal circumstances, the human
body can obtain vitamin B12 from animal-derived foods, such as
meat, eggs, fish, and milk, so vitamin B12 is generally not lacking.?
Vitamin B12 is metabolized in the body over an extended period of
time, and a change in vitamin B12 levels may be more significant for
individual differences. At present, patients with vitamin B12 defi-
ciency have various pathogenic factors, and their clinical manifesta-
tions are atypical and harmful. In particular, peripheral neuropathy
and megaloblastic anemia often occur in advanced stages, and not
all types of vitamin B12 deficiency manifest as clinical symptoms.
As a result, regular testing of vitamin B12 is of great significance for
health.

The RI of different medical markers is an important index for
judging whether a subject is healthy. Uncertain Rls can lead to erro-
neous clinical judgments and clinical interventions, at the same time
causing mental and economic burdens on patients leading to a waste
of medical resources.!®> Most imported reagents currently used in
China only give Rls derived from European and American popula-
tions. It is therefore especially important to establish new Rls for the
Chinese population.

The linearity, allowable dilution ratio, precision, accuracy, and
interference experiments of the second-generation kit of vitamin
B12 from the Roche Cobas E602 system used in this study were
in compliance with laboratory requirements. According to CLSI
document C28-A3, 391 subjects in our hospital or outpatients
for medical check-up were selected. The serum vitamin B12 lev-
els were assessed to establish the biological RI for the Chinese
population. Strict calibrations of the detection system and quality
control procedures were performed during the testing process.
Finally, 389 qualified serum samples were obtained and analyzed
for the study after two results were deleted as outliers. The mea-
sured values were firstly divided into male and female groups, and
groups of males and females showed a nonparametric distribution
according to the Shapiro-Wilk test (Table 2). Harris-Boyd's test did
not indicate partitioning, and the Mann-Whitney U test indicated
that there was no significant difference of the vitamin B12 values
between different gender groups. After that, the vitamin B12 val-
ues were divided into different age groups. Harris-Boyd's test did
not indicate partitioning. With regard to the Kruskal-Wallis test,
the sample size of 21-40 group and 41-60 group was larger than
that of 61-80 group, and the reliability of the direct comparison

Comparison of Age

between different groups under these circumstances is not as high
as the balanced sample size of each group. Thus, the measuring re-
sults of the 21-40 group and 41-60 group were selected for 60 re-
sults randomly for the analysis in order to balance the sample size.
As we can see in Figure 4, vitamin B12 levels were not correlated
with age (R? = .0036; P = .2369) and there was no significant dif-
ference between different age groups. Therefore, the Rl of vitamin
B12 in this study, which can be determined using the 2.5th and the
97.5th percentiles based on a total of 389 subjects according to
the Shapiro-Wilk test, is 250.8-957.1 pg/mL.

The RI of vitamin B12 claimed by the manufacturer is 197.0-
771 pg/mL, which differed from the Rl established by the pres-
ent study. There are two reasons for their difference. First, the
claimed RI of the ECLIA kit was calculated based on the European
or American populations, rather than the Chinese population. In ad-
dition, the vitamin B12 values of different ethnic groups are not at
the same level. Second, the claimed RI of the ECLIA kit was based
on measurements of 135 healthy subjects, which is not a sufficient
number compared with the present study. As a result, the establish-
ment of a new RI for vitamin B12 in China is of vital importance for
clinical diagnoses.

There were some limitations in this study. First, the clinical sam-
ples were collected in our hospital, which may make our results less
representative. Second, the sample size of the study is not large
enough to keep all the subgroups that have more than 120 samples
and the sample size of different age group is not close. Third, the RI
established in this study was only suitable for serum vitamin B12
measured by ECLIA using the Roche Cobas E602 system, which may
be different to that of other immunoassays, such as ELISA, FIA, and
CLIA.

In a word, based on the performance verification of the sec-
ond-generation kit of the Roche Cobas E602 system, the Rl of vi-
tamin B12 was successfully established for the Chinese population
in our laboratory, which provides a reliable and accurate reference
for clinical judgment and intervention. However, further studies are
needed for multicenter and multiethnic research to make the results

more representative of different populations.
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