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Vitamin B12 deficiency in infants is a rare

cause of a treatable medical condition that

includes failure to thrive, developmental

delay, anemia, and a prominent movement

disorder [1,2]. The normal newborn has

sufficient vitamin B12 stored in his liver to

cover all his metabolic needs until the end

of the first year of life. Infants born to

mothers deficient in vitamin B12 due to

nutritional preferences (e.g., vegetarian-

ism) or disease states (e.g., pernicious

anemia), and who are exclusively breast-

fed may develop vitamin B12 deficiency in

the first months of life. The non-specific

manifestations of vitamin B12 deficiency in

infants may cause a marked delay in the

diagnosis and result in deleterious effects

on their neurodevelopment. The following

case report demonstrates the importance

of early recognition and treatment of this

serious, treatable nutritional disorder in

infancy. Laboratory cobalamin deficiency

was previously described in Israel as part of

general nutritional deficiencies in infants

raised by a cult that practiced vegetarian-

ism [3]; however, we are not aware of

previous reports of cobalamin deficiency

due to maternal vegetarianism that re-

sulted in reversible neurologic deteriora-

tion.

Patient Description

The patient was the first child of non-

consanguineous parents of Arab origin who

was born following an uneventful preg-

nancy and normal delivery. Her birth

weight was 2,850 g. She appeared to be a

very quiet infant, never smiled and showed

no interest in her surroundings. Although

she began developing the skills of rolling

over, pointing to objects and holding toys,

they soon waned and she became inactive.

During the few weeks before admission she

had become apathetic, slept for many

hours at a stretch, refused to eat and

exhibited some involuntary hand move-

ments. She was exclusively breast-fed and

refused all trials of formula or baby food.

She was admitted to the Schneider's

Children Medical Center at age 9 months

because of fever and further deterioration

in her general condition. Her weight was

6.2 kg (below the 5th percentile for her

age), head circumference 42.5 cm (5th

percentile) and body length at the 50th

percentile for her age. She was a normal-

appearing, silent baby and demonstrated

good head control. Hypotonicity of the

trunk and the limbs was prominent. She

had fasciculations of the tongue and

tremor in the limbs and head, as well as

myoclonic jerks of the extremities, some of

which resembled shivering attacks. The rest

of the clinical examination was normal.

Initial laboratory results including ser-

um glucose, urea, creatinine, electrolytes,

calcium, phosphorous and uric acid were

within normal limits. Alanine aminotrans-

ferase, aspartate aminotransferase, alka-

line phosphatase, gamma glutamyl trans-

peptidase and total bilirubin were within

normal limits. Lactic acid, ammonia, albu-

min, total protein and blood gases were

normal. Lactate dehydrogenase was 3,400

IU, hemoglobin 8.0 g/dl, mean cell volume

96.2 U (normal 70±78), mean cell Hb

concentration 36.4 U (normal 30±33), and

reticulocytes 0.5%. The serum iron level

was 21 g/dl, transferrin 182 mg/dl (normal

95±385 mg/dl), Hb F 5.4% and Hb A2 2.8%.

Hypersegmented neutrophils and macro-

cytes were present in the peripheral blood

smear. Bone marrow aspiration revealed

hypercellular marrow with an increased

proportion of promegaloblasts and the

presence of giant metamyelocytes.

The serum vitamin B12 level was 13

pmol/L (normal 138±781), plasma homo-

cysteine 118 mmol/L (normal 4±11),

methionine 3 nmol/ml (normal 8±47), and

urinary homocysteine 95 mmol/mmol crea-

tinine (normally undetected). Urinary ex-

cretion of methylmalonic acid was 200

mmol/mol creatinine (normal <5).

The electroencephalogram was abnor-

mal, showing an encephalopathic pattern

with high amplitude delta waves and the

absence of normal sleep activity with no

epileptic discharge. A computed tomogra-

phy scan of the head showed marked

dilatation of the cerebral ventricles and

prominent cerebral sulci and extra-axial

cerebrospinal spaces compatible with

brain atrophy. An auditory brain-evoked

response examination showed bilateral

prolonged conduction time between the

nerve and the auditory brain stem (inter-

peak latencies I-V), compatible with a

demyelination process. Her hearing was

normal bilaterally.

After the laboratory results revealed the

presence of severe vitamin B12 deficiency,

further questioning revealed that the

mother had been a strict vegetarian

(`̀ vegan'') for the past 5 years. The mother

had no obvious gastrointestinal disease or

any neurologic abnormalities. Her hemo-

globin level was 12.1 g/dl, white blood cell

count 5.6 K/l, MCV 87.4 fl (normal 70±78),

but her blood smear failed to show any

abnormalities. Her plasma vitamin B12

concentration was 56 pmol/L (normal

138±781), and urine MMA 8 mmol/mol
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creatinine (normal <5). The rest of her

biochemical profile was within normal

limits. No antiparietal cell antibodies were

detected.

The child had a stormy clinical course

that was complicated by Klebsiella sepsis

with signs of acute hemolysis, severe

leukopenia and disseminated intravascu-

lar coagulation. She recovered following

treatment with antibiotics, packed cells

and plasma transfusions. She was treated

with daily parenteral vitamin B12 (1 mg/

day) starting on the 12th day of her

hospitalization when cobalamin deficiency

had been confirmed. Her appetite im-

proved gradually, and she was discharged

when she had reached the point of eating

appropriate amounts of infant formula.

The mother was referred to her primary

physician for further workup, which re-

vealed no additional problem. She dis-

continued her former strict vegetarian

practices and underwent parenteral coba-

lamin therapy. The baby gradually became

more alert, began to smile and commu-

nicate and gained weight. Although the

movement disorder was slow to improve,

there were no signs of it at the age of 10

months. At follow-up at the age of 2

years, the child was on a normal diet and

had normal cognitive and motor develop-

ment. Her head circumference was 48 cm

(50th percentile).

Comment

Our patient had the full-blown hemato-

logic and neurologic manifestations of

infantile vitamin B12 deficiency, which

was confirmed by low serum levels of

the vitamin, increased excretion of MMA

and increased serum levels of homocys-

teine. She had weakness, anorexia, devel-

opmental delay, anemia, macrocytosis,

and hypersegmentation of the neutro-

phils. She also had some silent feature

of the condition, such as high LDH levels,

low reticulocyte count and large numbers

of fragmented red blood cells on the

blood film that characteristically accom-

pany cobalamin deficiency. In addition,

she had a peculiar movement disorder

that included tremor, twitches and myo-

clonic jerks that are typical for infantile

cobalamin deficiency [4].

About one-half of the infants who

develop signs and symptoms of vitamin

B12 deficiency in the first year of life

present with an unusual movement dis-

order [4]. These include tremor, twitches,

chorea, or myoclonus that may involve the

limbs, the head and the tongue in a non-

uniform pattern. This movement disorder

can present before treatment or several

days following the initiation of vitamin B12

therapy when the infant shows general

signs of improvement. The duration of the

movement disorder can range from 10 to

30 days. von Schneck et al. [5] summarized

the clinical description of 26 infants who

had been reported up to 1997 and found

that 24 of them had neurologic abnormal-

ities at infancy; of the 16 infants for whom a

follow-up was available 6 still had an

abnormal neurodevelopmental status

years after the correction of the cobalamin

deficiency. These were the infants who were

diagnosed much later (mean age 13

months) than those who improved when

treatment was administered within an

acceptable time frame (mean age 10

months).

Infants who are born to well-nourished

mothers have about 25 mg of vitamin B12

stored in their liver at birth. The recom-

mended daily allowance of vitamin B12 is

0.3 mg/day, while the World Health Organi-

zation recommendation is even less (0.1

mg/day for therapeutic effect). The stored

vitamin B12 should be adequate to main-

tain the infant cobalamin status until the

end of the first year of life. In mothers with

vitamin B12 deficiency, the amount of

vitamin B12 transferred to the infant during

pregnancy and during breast-feeding is

markedly decreased and, if no supplemen-

tary formula is added to the child's diet,

may lead to clinical signs of cobalamin

deficiency late in the first year of life, when

the relationship between the maternal

nutritional status and a normally born

infant seems to be remote [2].

There are many causes of vitamin B12

deficiency in lactating mothers, among

them abnormal absorption, inborn errors

of cobalamin transport and metabolism,

and decreased intake. Since the main

source for cobalamin in the diet comes

from meats, eggs and diary products, a

prolonged, strict vegetarian diet inevitably

causes a marked decrease in cobalamin

liver stores and low plasma vitamin B12

concentrations that are associated with

poor breast milk cobalamin concentra-

tions. This was shown in different ethnic

and religious populations that practice

vegetarianism. In addition, it has been

shown that folic acid, which is abund-

ant in the vegetarian diet, may delay

the development of vitamin B12 deficiency

manifestations in the vegetarian patient.

Vegetarianism has a long history of

association with alternative medicine and

with radical and often altruistic causes,

ranging from feminism, nuclear disarma-

ment or environmental issues to animal

rights. In addition, the consumption of

red meat decreased in Western Europe

during the last decade due to the bovine

spongiform encephalopathy scare. It is

not surprising that vegetarianism appeals

to younger age groups, and that it puts

the infants of a young vegetarian mother

who has been practicing the restricted

diet for prolonged periods at high risk for

nutritional, developmental and hematolo-

gic disadvantages. While the trends of

adopting vegetarianism in western socie-

ties seems to increase the risk of poor

vitamin B12 status in infants, the rarity of

the clinical syndrome may result from

several possibilities, such as `̀ partial''

vegetarianism that permits consumption

of other sources of vitamin B12 (diary

products, fish or eggs), or the awareness

of the need to supplement the diet with

vitamin B12. Moreover, the availability of

diverse infant formulas that can be used

as a supplement to the poorly growing

baby may halt the progression of the full

clinical spectrum of infantile cobalamin

deficiency.

We recommend that dietary assessment

of pregnant and lactating women be

accompanied by appropriate education

and monitoring of mothers and their

offspring. This will minimize the risks of

poor dietary practices that can lead to

infantile nutritional deficiency such as

vitamin B12 deficiency.
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The purpose of the study was to conduct a

systematic morphologic and biochemical

analysis of events occurring in seminiferous

tubules of the golden hamster by means of

flow cytometry and confocal microscopy. The

model developed was used to investigate

and analyze selected semen samples from

azoospermic or severely aligospermic human

patients for the presence of immature

germinal cells. Confocal laser scanning

microscopy (CLSM) was used to follow

changes during spermatogenesis inside the

seminiferous tubules without performing

histologic sections. Longitudinal z-sections

were obtained to produce three-dimensional

images of the differentiating germinal cells.

This allowed us to observe spatial relation-

ships between spermatogonia, spermato-

cytes, round and elongated spermatids

within the tubule. Flow cytometry analysis

was applied to testes single cell suspen-

sions. Staining of DNA with propidium

iodide (PI) allowed distinguishing testicular

cells according to their ploidy. C-Kit is a

receptor to one of the molecules controlling

the process of spermatogonia proliferation.

Western blot analysis combined with con-

focal microscopy was used to follow C-kit

expression in hamsters.

The band of 150 kDa (C-kit150T) corre-

lated with positive staining of C-kit in

tubules using confocal microscopy. C-kit150T

appeared at stages VII±VIII of spermatogen-

esis and it remained attached to the cell

until late pachytene. The C-kit appeared at

day 13±14 during the first spermatogenic

wave. In old hamsters the intensity of

staining for C-kit decreased. This may explain

the subfertility seen in old age and in some

cases of testicular disorders.

The proliferation of cells involves synth-

esis of DNA and this occurs in the S-phase of

the cell cycle. The percent of cells in the S

phase fraction was measured in hamsters, at

various ages from 24 days until old age. A

cyclical pattern of 9 days was detected (P <

0.01) during hamster maturation but disap-

peared after the second spermatogenic wave.

Thus, whereas mature males continually

produce sperm, maturing animals passed

through a stage in which testicular biological

rhythm was involved.

The synaptonemal complex was studied

using an antibody against SC3 (the protein of

axial/lateral element). The synaptonemal

complex was observed from the leptotene

stage spermatocytes until the first meiotic

division with maximal staining in mid-

pachytene, suggesting a role for SC3 at this

post-recombinational stage. In addition, 3D

images of synaptonemal complex were ob-

tained, providing information about spatial

distribution of the chromosomes within the

nuclei of spermatocytes at different stages of

meiosis. Round spermatids, the products of

meiosis, undergo further differentiation to

form mature spermatozoa. Using confocal

microscopy, stage-specific changes in sper-

matid morphology were followed inside the

tubule, and by using flow cytometry five

subpopulations of haploid cells were distin-

guished.

In order to validate the methods devel-

oped here as diagnostic tools, artificial

unilateral cryptorchidism was performed in

golden hamsters. The non-operated side was

used as a control. Using flow cytometry

analysis, a marked decrease in the haploid

condensed cell fraction was detected at the

beginning stages of experimental cryptorch-

idism. Using confocal microscopy, spermato-

genic arrest at the stages IX±X of

seminiferous epithelium was observed and

no mature forms of haploid cells were

detected. In testes with more severe damage,

there were almost no haploid cells in

cryptorchid animals. In addition, a significant

decrease in tetraploid cell fraction and

increase in S-phase fraction was obtained

in severe cases. This may be explained by

cell cycle arrest before entering into meiosis.

Destruction of tubule structure and cell

arrangement was also observed by confocal

microscopy in such cases. Using the meth-

ods developed we demonstrate immature

germinal cells including tetraploid and im-

mature haploid cells in semen samples from

azoospermic and severe oligospermic pa-

tients. These preliminary results suggest that

flow cytometry can be used as a non-invasive

tool to reflect the testes spermatogenesis

status.
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