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To the Editor,

An accurate test of vitamin B12 (B12) status is crucial to
support a prompt diagnosis of deficiency requiring correc-
tion. In the population at risk for B12 deficiency this prevents
the development of megaloblastic anaemia, potentially
irreversible neuropathy and neuropsychiatric changes.
Definitive rule out for B12 deficiency is also relevant to
suggest and investigate alternative causes of symptoms [1].

Although pregnancy does increase risk of B12 deficiency
and sound literature has reported that in pregnant women
low dietary intake, eating habits limiting/excluding foods
from animal origin (e.g. vegetarians or vegans) cause the
depletion of B12 body pool, the current recommendations
released by the World Health Organization (WHO) do not
address B12 testing and supplementation in routine preg-
nancy care [2-6]. A recent study has shown that there is no
evidence that infant growth or neurodevelopment within 1
year of age may be improved by administering supplemen-
tation in mothers with the biochemical evidence of a severe
B12 deficiency during pregnancy (identified according to a
serum total B12 level<148 pmol/L, i.e. 200 ng/L) [3]. This trial
excluded women carrying clinical signs and symptoms or
biochemical evidence of B12 deficiency at enrolment, since
these conditions require prompt supplementation [3].
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However, this study has been criticized for the short term
follow up and also for ethical issues. These latter arose by
considering both the documented maternal risks associated
to B12 depletion in pregnancy (increased risk of gestational
diabetes, preeclampsia, preterm birth) [4], and the several
studies reporting that, in the case of maternal B12 severe
depletion, newborns may have a delay in the normal growth
and neurological damage [5]. Furthermore, it has been
recently reported that preterm newborns are two-fold
higher in cohorts of mothers with severe B12 nutritional
deficiency with respect to those with a preserved B12 body
pool [5, 6]. A premature birth increases the cardiovascular
risk for the child, in addition to the enhanced risk of motor
disorders and neurodevelopmental retardation [5, 6]. One of
the crucial issues concerning the decision of supplementing
or not is however linked to the reliable identification of se-
vere B12 deficiency by biochemical tests. And this issue may
also affect the results obtained from the clinical trials on the
effects of supplementation [3].

In particular, most authors agree on the fact that a lack
of consensus about cutoff values related to B12 depletion for
serum total B12 tests and the debate on the reliability of
homocysteine and methylmalonic acid concentrations
make the diagnosis difficult [3, 4]. First, it has to be stressed
that homocysteine and methylmalonic acid increased con-
centrations have not to be considered for identifying B12
deficiency as first line tests, but their increase over the cut-
off values may address the supplementation in subjects
with a possible biochemical deficiency traditionally defined
as serum total B12 levels falling within the range of
100-300 ng/L [7].

More recently this range has shifted to 180-350 ng/L
according to the update of the UK National Institute for
Clinical Excellence (NICE) clinical practice guidelines (CPG)
[1]. Subjects falling within this range may carry a B12 defi-
ciency if there are specific signs and symptoms or if serum
methylmalonic acid is altered [1].

The identification of thresholds of risk for identifying
severe B12 deficiency is undoubtedly the most challenging
issue, by considering all the different thresholds reported by
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various authors and documents [1, 3, 7, 8]. About 35 years
ago, a total B12 concentration<100 ng/L. was suggested as
threshold of probable cobalamin deficiency, with a speci-
ficity of 90 %, by investigating patients with haematological
abnormalities or neurological symptoms [8].

NICE CPG currently recommend for total B12 that a
concentration<180 ng/L (i.e. 133 pmol/L) identifies an abso-
lute deficiency. By retrieving the full document [9], the main
study supporting the selection of this threshold value has
been performed on subjects undergoing Schilling test for
cobalamin absorption, but the cohort has been evaluated by
blending results from two total B12 immunoassays routinely
used 30 years ago: the SimulTRAC-S kit (Becton Dickinson
Immunodiagnostics, Orangeburg, NY) and the Quantaphase
kit (Bio-Rad Laboratories, Richmond, CA) [10].

In the same document [9] there are however some
robust studies, performed by more recent assays (i.e. AXSYM
analyser, Abbott), generating results which may be
compared with those obtained from current generation of
total B12 assays. According to AXSYM method, the threshold
for B12 deficiency is 180 pmol/L (ie. 244ng/L) [11]. By
considering this threshold value, the diagnostic specificity,
which should be prioritized to improve the rule in for B12
deficiency, appeared to be higher with respect to the speci-
ficity reported in the older study: 64 % (95 %CI: 58-69) [11] vs.
53 %(95 %CI: 43-62) [10]. Furthermore the first proposed
value of 180 ng/L [10] might be considered next to 244 ng/L
[11], by accounting for the interindividual biological vari-
abhility for cobalamin (37 %) [12], and an optimistic estimate
of the inter-method analytical variability, which for current
assays is approximately 17 %, for a serum total B12 value of
~200 ng/L [6].

Assays have changed overtime, and the recent align-
ment of serum total B12 assays to the WHO International
Standard (IS) code 03/178 has produced a significant positive
shift in the average B12 measured values [13]. Noteworthy,
the authoritative CPG, which define the risk for deficiency
according to total B12 testing, do not rely on assays traceable
to the WHO IS and in some cases more assays have been used
[1, 9-11]. There are several commercially available assays
measuring B12 and the knowledge of the inter-assay vari-
ability of B12 measurement at serum concentrations around
the established thresholds for the risk of deficiency is rele-
vant to indicate if these cut-offs may be generalized or
require to be adjusted according to the method employed in
a laboratory [13, 14]. Over the past decade, data about the
comparability among total B12 assays show that results
obtained by some assays were negatively biased, and
currently we are unaware if the harmonization of B12
results obtained by the commercially available measuring
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systems is acceptable, after the recalibration to WHO IS [13].
Noteworthy, among current methods Roche assay is the only
calibrated to the WHO IS 03/178. For some other methods the
manufacturers declare to have measured the WHO IS 03/178
and the difference from the target value (i.e. —3.6 % for the
Architect B12 assay). We might think to convert the threshold
of 180 pmol/L (i.e. 244 ng/L) obtained from Abbott AXSYM to
result obtained by Cobas Roche, having available data on the
comparison between results obtained from the current
Alinity Abbott and Cobas Roche. Indeed the relationship
between Abbott AXSYM and Architect analysers and there-
fore between Architect and Alinity are declared by the
manufacturer. Anyway data on harmonization of B12 mea-
surements by pair-wise comparison of current commercial
measuring systems on a large number of unprocessed indi-
vidual patient samples are lacking.

Traceability to reference materials and harmonization
between results obtained from different assays are impor-
tant points to highlight since affecting the reliable identifi-
cation of the deficiency. Indeed, cost-effectiveness of
measuring B12 is maximized when the request is applied to
subjects at risk for deficiency, which may represent a severe
clinical condition requiring supplementation.

Furthermore, it should be considered that the mea-
surement of holotranscobalamin is a better marker of early
B12 deficiency than the detection of total B12, in several
populations as well as in pregnant women and newborns.
Indeed, spurious low levels of total B12 in pregnancy may be
associated to the decrease of circulating haptocorrin, bind-
ing approximately 80 % of total B12 and to haemodilution
[15]. Spurious results may also occur in newborns since hu-
man milk contains high concentrations of unsaturated
haptocorrin [16]. The relevance of obtaining accurate results
should be accounted since also an excess of B12 in newborns
may represent a health issue and has to be prevented [6].
Several authors have recommended to consider the mea-
surement of holotranscobalamin in pregnant women, since
changes in total vitamin B12 do not reflect those of body pool
[17]. Holotranscobalamin assays detect the active portion of
B12 available to cells (~20 % of circulating B12) and are less
prone to interferences [6]. However, the great majority of
laboratories worldwide have not replaced the detection of
total B12 with holotranscobalamin.

In conclusion, several biochemical issues, in particular
the agreement between the analytical methods and the
measurement of holotranscobalamin have to be considered
for a reliable clinical assessment of B12 status in pregnancy.
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