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Abstract
Vitamin B12 deficiency is traditionally treated with intramuscular injections of cobalamin, which are stressful events for children.
In adults, studies have shown adequate absorption of intranasally administered vitamin B12. To date, data concerning efficacy of
intranasal administration of vitamin B12 in children are lacking. We report on ten cases of children with vitamin B12 deficiency
who were successfully treated with intranasal administration of a spray containing hydroxocobalamin. The mean baseline
vitamin B12 concentration increased from 126.3 pmol/l (SD 55.4) to 1914.7 pmol/l (SD 1509.7). No side effects were reported.

Conclusion: In children, intranasal application of vitamin B12 seems a safe and effective alternative to intramuscular injections,
leading to higher compliance and less burden to patients.

What is Known:
• Children with vitamin B12 deficiency are traditionally treated with intramuscular cobalamin injections, which are costly and painful.
• Studies in adults showed that intranasal application of hydroxocobalamin leads to normalisation of vitamin B12 levels.

What is New:
• The intranasal application of vitamin B12 resulted in a substantial increase of the mean baseline vitamin B12 levels without any side effect.
• These data encourage a systematic evaluation of intranasal treatment of vitamin B12 deficiency in order to define safety, optimal dosage and

administration frequency.
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Abbreviations
MMA Methylmalonic acid

Introduction

Vitamin B12 (cobalamin) is a coenzyme involved in ho-
mocysteine and methylmalonic acid (MMA) metabolism,

which is important for bone marrow and central nervous
system. The main source of vitamin B12 is food of
animal origin, such as meat, eggs and milk products.
Vitamin B12 deficiency may lead to megaloblastic anae-
mia and bone marrow failure [8]. In infants and chil-
dren, vitamin B12 deficiency may result in developmen-
tal delay, feeding difficulties and neurological symptoms
such as hypotonia and even demyelinating nervous
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system disease and convulsions. The reported preva-
lences of vitamin B12 in children vary between 7.7
and 45% [2, 4, 6].

Vitamin B12 deficiency is traditionally treated with intramus-
cular injections of cobalamin. The monthly injections, which
often have to be continued for several years, are commonly
painful and stressful events, especially for children, and costly
if given by a health care professional. This might affect patient
compliance and result in discontinuation of therapy. Another
route for treating vitamin B12 deficiency is by oral or sublingual
supplementation with daily high-dose vitamin B12, which has
been shown to be effective and safe in adults [1, 11]. However,
there are no data in children and insufficient data in patients
with malabsorptive conditions, such as short bowel syndrome.

The administration of medication via the intranasal route is
increasingly considered a non-invasive alternative for injec-
tions, particularly in emergency care and with procedural seda-
tion. Intranasal application of agents such as midazolam is con-
sidered effective and safe [5]. Intranasal vitamin B12 adminis-
tration has been demonstrated as effective in adults [7]. In vita-
min B12–deficient children as well, intranasal application of
vitamin B12 seems a promising alternative to intramuscular in-
jections. Therefore, we would like to share our first experience
with intranasal treatment of vitamin B12 deficiency in children.

Methods

We performed a retrospective chart review of paediatric
patients with vitamin B12 deficiency, who were treated
with in t ranasa l hydroxocobalamin spray at the

Amsterdam University Medical Centres since 2005.
Clinical data were collected including age, sex, underly-
ing medical condition, laboratory values, dosing regimen
of intranasal hydroxocobalamin and side effects (Table 1).
Plasma vitamin B12 (cobalamin) concentrations were de-
t e rm i n e d t h r o u g h c omp e t i t i v e immuno a s s a y
(Luminescence, Archi tect , Abbott Laborator ies ,
Diagnostics Division, IL, USA). Intra- and inter-assay co-
efficients of variation (CV) with this technique are equal
to or lower than 5% and 7%, respectively. Plasma MMA
levels were measured using liquid chromatography
electrospray ionisation tandem mass spectrometry [3],
with intra- and inter-assay CV of less than 12%. Vitamin
B12 deficiency was defined as a plasma cobalamin con-
centration below 200 pmol/l in combination with a MMA
level above 0.32 μmol/l. Plasma cobalamin levels be-
tween 200 and 700 pmol/l were considered normal.
Plasma cobalamin concentrations could be accurately de-
termined up to 4400 pmol/l. For the intranasal application
of vitamin B12, a nasal spray was used containing per
millilitre the following: 20 mg hydroxocobalamin,
2.7 mg sodium acetate, 5.5 mg sodium chloride, 1 mg
sodium edetate and 0.1 mg benzalkonium chloride (US
and EU patents). The solution has a pH of 4.5 and has a
red colour. One puff of 100 μl results in the administra-
tion of 2 mg of hydroxocobalamin, with a bioavailability
of 5.4% (Van der Kuy et al., unpublished). The
hydroxocobalamin preparation used has not yet been ap-
proved by the European Medicines Agency or the Food
and Drug Administration. The treatment schedules are
listed in Table 1. Plasma vitamin B12 and MMA levels

Table 1 Patient characteristics and plasma vitamin B12 and MMA levels before and after start of treatment with intranasal hydroxocobalamin

Patient Sex Age (years) Diagnosis B12* (pmol/l) MMA (μmol/l) Dose B12* (pmol/l) MMA
(μmol/l)

Before After

1 M 14.7 Ulcerative colitis, deficient diet 72 NA A 3433 NA

2 F 16.9 Vitamin B12 deficiency of unknown origin 140 NA A > 4400 NA

3 M 10 Short bowel syndrome 112 2.26 B 1000 NA

4 F 11.4 Pernicious anaemia (APECED syndrome) 251 2.13 B 4338 NA

5 F 16.2 Suspicion of pernicious anaemia 158 0.36 B 643 0.15

6 M 16.9 Crohn disease 129 NA B 243 NA

7 F 7.2 Short bowel syndrome 61 NA C 1071 NA

8 F 3.2 Short bowel syndrome 94 2.68 D 1476 0.10

9 F 17.3 Right-sided colitis 71 NA D 456 NA

10 F 6 Short bowel syndrome 175 4.49 E 2060 0.18

M male, F female, NA not available

*Mean vitamin B12 level before and after start of treatment differ significantly (t test, p = 0.008)

Dose A one puff of the spray in both nostrils per day during 1 week, thereafter in one nostril per day. Dose B one puff in both nostrils once every week
during 4 weeks, thereafter in one nostril per 2 weeks. Dose C one puff in one nostril per day during 4 weeks, thereafter in one nostril per week. Dose D
one puff in both nostrils 2 days per week. Dose E one puff in both nostrils per week during 4 weeks, thereafter in one nostril per month

Eur J Pediatr



were checked at the next hospital visit. Descriptive anal-
yses and paired t test were performed using Microsoft
Office Excel, Microsoft, Redmond, WA. A value of p <
0.05 was considered a statistically significant difference.

Results

A total of 10 patients with vitamin B12 deficiency were treated
with intranasal hydroxocobalamin (7 female; age 3–17 years).
Clinical characteristics, underlying medical conditions, plas-
ma vitamin B12 and MMA levels and treatment schedules are
depicted in Table 1. The mean vitamin B12 concentration in-
creased significantly from 126.3 pmol/l (SD 55.4) to 1914.7
pmol/l (SD 1509.7) (t test, p = 0.008). The time interval be-
tween measurements of vitamin B12 values before and after
the start of treatment varied between patients from 47 to 266
days (median 101). Patients were treated with different dosing
regimens, which were adapted in time according to the
attained vitamin B12 levels. Length of follow-up ranged from
1 to 9 years (median 4). No side effects were reported. One
patient switched to intramuscular therapy because the mother
preferred intramuscular treatment (Table 1, patient 4).
Compliance problems were documented in one case
(Table 1, patient 6), which were reflected by the modest in-
crease in vitamin B12 level after the start of treatment.

Discussion

To our knowledge, this is the first report to document paediatric
data of intranasal treatment of vitamin B12 deficiency. We de-
scribed results of 10 patients treated with hydroxocobalamin
nose spray according to different dosing regimens. Vitamin
B12 deficiency resolved in all patients without side effects.

Intranasal administration is thus a promising alternative for
the stressful intramuscular injections to treat vitamin B12 de-
ficiency in children. It seems preferable to the oral route be-
cause of the extremely low bioavailability of oral
hydroxocobalamin requiring high doses during several
months before the same effect is reached as with intramuscular
therapy [11].

The vitamin B12 levels after the start of treatment vary
greatly reflected by the high standard deviation of the mean,
with levels above the upper limit of normal in seven out of ten
cases. The different dosing regimens can explain part of the
widespread in vitamin B12 levels. Furthermore, differences in
nasal mucociliary clearance and variations in spraying tech-
nique may lead to intersubject differences. Remarkably, one
patient switched to intramuscular therapy despite a large in-
crease in serum vitamin B12 level after intranasal treatment,
because the mother believed that intramuscular treatment is
more effective.

This report carries several strengths. It describes an inno-
vative and child-friendly way to treat vitamin B12 deficiency.
Moreover, there was a long follow-up and vitamin B12 levels
were assessed in a standardised way. However, there clearly
are also some limitations. First, it is a retrospective study with
a small group size. A further limitation is that patients were
treated according to different dosing regimens, as the appro-
priate dosing protocol was not yet established. In addition, no
pharmacokinetic data were assessed and there was no
standardised assessment of compliance and follow-up.

The plasma vitamin B12 concentrations achieved after in-
tranasally administered hydroxocobalamin were above the
therapeutic range in part of our patients. This could simply
be addressed by lowering the administration frequency. No
side effects were reported in our patients, nor in adults treated
with intranasal vitamin B12 [7, 9]. Toxicity is rare, although
symptoms such as diarrhoea and skin reactions have been
described after the intramuscular administration of
hydroxocobalamin [10]. It should be noted that intramuscular
injection of hydroxocobalamin results in much higher plasma
vitamin B12 levels than intranasal administration [9]. There are
no studies available on pharmacokinetics of vitamin B12 sup-
plementation in children. Further research is needed to pro-
vide information on the optimal dosage and administration
frequency and the minimal age of children who qualify for
this treatment, and to assess patient compliance and possible
adverse effects. Treatment of vitamin B12 deficiency in chil-
dren, either by the intramuscular or intranasal route, should
take place under medical supervision to check plasma vitamin
B12 levels and adjust, if necessary, the dosing regimen.
Patients should be informed about the non-licensed status of
the product and the red colour of the solution, which may
result in red-coloured nasal discharge.

Notwithstanding the theoretical advantages of intranasal
application of cobalamin in terms of costs and burden on
patients, the number of studies is surprisingly limited and
confined to adults. Our preliminary data should encourage
the systematic evaluation of intranasal treatment and follow-
up of vitamin B12 deficiency in children.
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