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Abstract: Pernicious anemia (also known as Biermer’s disease) is an autoimmune atrophic
gastritis, predominantly of the fundus, and is responsible for a deficiency in vitamin B12
(cobalamin) due to its malabsorption. Its prevalence is 0.1% in the general population and
1.9% in subjects over the age of 60 years. Pernicious anemia represents 20%–50% of the
causes of vitamin B12 deficiency in adults. Given its polymorphism and broad spectrum of
clinical manifestations, pernicious anemia is a great pretender. Its diagnosis must therefore be
evoked and considered in the presence of neurological and hematological manifestations of
undetermined origin. Biologically, it is characterized by the presence of anti-intrinsic factor
antibodies. Treatment is based on the administration of parenteral vitamin B12, although other
routes of administration (eg, oral) are currently under study. In the present update, these various
aspects are discussed with special emphasis on data of interest to the clinician.
Keywords: anemia, pernicious, autoimmune diseases, gastritis, atrophic, neurologic manifestations,
vitamin B12 deficiency

Hypovitaminosis B12 is common in adults and in elderly patients with a prevalence
ranging from 15%–40% according to the various studies and definition used.1 It is
often underdiagnosed because of subtle or polymorphous clinical manifestations.
Its main etiology is represented by classic pernicious anemia (PA), also known as
Biermer’s disease.2
PA is an autoimmune atrophic gastritis that causes a deficiency in vitamin B12
due to its malabsorption.3 It accounts for 20%–50% of the documented causes of
vitamin B12 (cobalamin) deficiency in adults according to a recent series.4 In the general
population, the prevalence of PA is 0.1%; in subjects over the age of 60, it reaches
1.9%.5,6 It often poses diagnostic and therapeutic challenges to the clinician.
In recent years, this disease has gained renewed interest both in regard to its
pathogenesis and clinical features as well as to its diagnosis and treatment. In the
present update, these aspects will be discussed with a special emphasis on data of
interest to the clinician.

Elements of pathogenesis for the clinician
Pathologically, PA is characterized by at least the following elements:
– The destruction of the gastric mucosa, especially fundic, by a process of cellmediated autoimmunity.6,7
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– A fundic atrophy accompanied by a reduction in gastric
acid secretion, a reduction in intrinsic factor (IF) secretion,
and vitamin B12 malabsorption, which is corrected by
the addition of IF.8,9
– The presence of various antibodies, including antibodies
detectable in both plasma and gastric secretions in the
form of anti-IF antibodies and antigastric parietal cell
(anti-GPC) antibodies, the latter being specifically
directed against the hydrogen potassium adenosine
triphosphatase (H+/K+-ATPase) proton pump.8
PA-associated type A atrophic gastritis is restricted to the
fundus and gastric body. Early lesions are characterized by
chronic inflammation in the submucosa that extends into the
lamina propria of the mucosa between gastric glands, with
a loss of both gastric and zymogene cells.3,7–9 In advanced
stages of the disease, gastric atrophy is recognizable
macroscopically. The architecture of the gastric body and
fundus is comparable to newsprint paper because of the
dramatic reduction or absence of gastric glands. In particular,
the parietal cells and zymogenic cells are absent from the
gastric mucosa and are replaced by intestinal metaplasia.7–9
A major breakthrough in understanding the pathogenesis
of type A atrophic gastritis has been the identification of
the gastric enzyme H+/K+-ATPase as the target antigen
recognized by anti-GPC antibodies.10,11 This proton pump
is responsible for acid secretion in the stomach and is the
major protein of the secretory canaliculi of GPCs. The
H+/K+-ATPase molecule is a heterodimer consisting of a
92 kDa α subunit and a highly glycosylated β subunit with
an apparent molecular weight of 60–90 kDa.
Experimental murine models have contributed significantly
to the knowledge of the pathogenesis of autoimmune gastritis.
The studies have shown that gastritis is caused by the
action of lymphocyte cluster of differentiation-4 T-helper
cell-1 inflammatory cells, directed against α and β subunits
of this enzyme.7–9 They are responsible for the damage to
the gastric mucosa. The β subunit is the causal antigen and
source of the autoimmune response.
The potential role of Helicobacter pylori in the pathogenesis of autoimmune gastritis and PA has been explored and
postulated in recent years.3,7 These studies have been largely
based on the presence of anti-GPC antibodies in individuals
who are infected with H. pylori. However, because of the
wide prevalence of infection by H. pylori in the human
population, it is difficult to infer and/or conclude that all
infected individuals will develop an autoimmune gastritis.
This is especially true given that recent murine studies on
the association between H. pylori and autoimmune gastritis
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are inconclusive.9 There are, however, a few disconcerting
clinical observations in which an affiliation (or at least a link)
was noted between H. pylori and PA, an association that will
need to be documented or refuted in the future.12
From a clinical standpoint, it should also be noted that
serologic testing for H. pylori is negative in advanced stages
of PA, since the growth of this organism is not optimal in
an alkaline environment (in the presence of immune atrophy
associated with achlorhydria).4

Antibodies and their clinical
interest
Anti-GPC antibodies, directed against the H+/K+- ATPase
(or gastric proton pump) antigen located in the secretory
canaliculi of parietal cells and in gastric microsomes, are
present at a high frequency of approximately 80%–90%,
especially in early stages of the disease.3,6 They are, however,
unspecific and can be found at low frequency in other autoimmune diseases (eg, Hashimoto’s disease or diabetes) or in
elderly subjects, even those free of any atrophic gastritis.13
In the later stages of the disease, the incidence of anti-GPC
antibodies decreases due to the progression of autoimmune
gastritis and a loss of GPC mass, as a result of the decrease
in antigenic rate. In recent studies, an average incidence of
55% of anti-GPC antibodies was documented in patients
with advanced PA.7
Anti-IF antibodies do not appear to have a clearly
defined pathogenic role in the development of gastritis.7,8 By
contrast, they have a well-documented role in the onset of
PA, via the vitamin B12 deficiency they induce. Two types
of autoantibodies have been described:
– the blocking autoantibodies (type I), which inhibit the
binding of vitamin B12 to the IF and thereby prevent the
formation of the vitamin B12/IF complex; and
– the binding autoantibodies (type II), which bind to IFvitamin B12 complexes, thus preventing their absorption
by the intestinal mucosa. They are found in one-third of
cases and only in patients who already have anti-type I
antibodies.14
With regard to diagnostic performance using an enzymelinked immunosorbent assay test, sensitivity is low for
anti-IF antibodies, in the order of 37% in the most recent
studies (50% in the authors’ experience) while specificity
is 100%; for anti-GPC antibodies, sensitivity is in the order
of 81.5% while specificity is at 90.3% (sensitivity of 50%
and specificity of .98% in the authors’ experience).1,4 The
combination of both antibodies for PA yields 73% sensitivity
and 100% specificity.15
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Clinical manifestations
Anemia is the most frequently encountered clinical
sign during PA, together with accompanying functional
manifestations, depending on their severity.1,4,5,16 It can often
include a hemolytic component with subicterus.16 Other
hematological manifestations have also been commonly
reported: neutropenia, thrombocytopenia, pancytopenia,
intramedullary hemolytic component due to ineffective
erythropoiesis, and pseudothrombotic microangiopathy.17
Table 1 summarizes these various manifestations.1,16 The
most frequent signs are the presence of macroovalocytes and
hypersegmented neutrophils on peripheral blood smears.16
It should also be noted at this juncture that incipient PA
may be associated in young women with a tendency for
microcytosis due to iron deficiency linked to achlorhydriainduced iron malabsorption, menstrual bleeding, and a failure
to exhaust the 10-year reserves of vitamin B12.17
Glossitis (Hunter’s glossitis) – characterized by a slick
or bald tongue, papillary atrophy, and burning sensation
on contact with certain foods – is usually associated with
this disease, although much less described in a recent series
devoted to PA.4
Vitamin B12 deficiency can be responsible for neurological impairment, which can occur in the absence of any
anemia or macrocytosis (30% of PA cases). Neurological
signs usually generate a clinical picture of combined sclerosis
of the spinal cord. Disorders are usually predominant in the
lower limbs.18–20 Large nerve fiber damage is responsible for
ataxia, paresthesia, tendinous areflexia, and deep sensitivity
disorders with Romberg’s signs. However, neurological signs
are inconsistent along with a highly variable clinical spectrum
ranging from optic neuritis to manifestations of depression. It
should also be kept in mind that neurological manifestations
may only partially regress despite prolonged and high-dose
Table 1 Elements of the hematological manifestations of vitamin
B12 deficiency
CBC: genuine aregenerative, normochromic, and macrocytic anemia;
generally associated with moderate leukopenia and thrombopenia.
Blood smear: large red blood cells, anisocytosis, Howell–Jolly bodies, and
globular-shape cells in the form of ovalocytes; large-size granulocytes with
hypersegmentation of the nuclei (shift to the right in Arneth’s formula).
Biology: elevated serum levels of LDH and free bilirubin and decreased
levels of haptoglobin (hemolysis by ineffective intramedullary erythropoiesis).
Spinal smear: rich and bluish spinal fluid due to cytoplasmic
hyperbasophilia; increased medullary erythroblastosis with megaloblastic
erythroblasts. All stages of erythroid maturation are represented but
the asynchrony of nucleocytoplasmic maturation is marked by immature
nuclei and an already acidophilic cytoplasm.
Abbreviations: CBC, complete blood count; LDH, lactate dehydrogenase.
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vitamin B12 therapy, leading to – at times – irreversible
sequelae.1,4 In this regard, the role of vitamin B12 deficiency
in clinical manifestations of dementia (pseudoAlzheimer’s)
is far from consensus, with data from interventional studies
being somewhat unconvincing.21
Lastly, Table 2 summarizes other clinical manifestations in addition to the classic manifestations of PA, eg,
thromboembolic events, atherothrombosis with cardiac
(myocardial infarction) and brain (ischemic stroke) impairments via hyperhomocysteinemia, fertility problems, and
recurrent abortions.1,4,5 Thus, given its polymorphism and
broad spectrum of clinical manifestations, PA appears as a
potential new “great pretender.”

Association with other autoimmune
diseases
Genetic susceptibility to PA appears to be genetically
determined, although the mode of inheritance remains
unknown. Evidence for the role of genetic factors includes
familial co-occurrence of PA and its association with
other autoimmune diseases.22 Thus, a certain number of
autoimmune diseases occur at a higher frequency in patients
with PA – around 30% in the authors’ experience – or among
family members of PA patients.4 They can precede the disease
or occur after its onset.
The association of PA with autoimmune diseases
such as type 1 diabetes (insulin dependent), autoimmune
thyroiditis (particularly Hashimoto’s thyroiditis), or
vitiligo is common. 2,22,23 Other associations have also
been frequently described, eg, Sjogren’s syndrome, celiac
disease, and Addison’s adrenal insufficiency.2,4,5 Cases of
multiple autoimmune syndrome including PA have also
been documented.24,25
With regard to susceptibility to PA, the role of the
human leukocyte antigen system has been demonstrated for
certain loci such as human leukocyte antigen B8 DR3.22,26
Nevertheless, data pertaining to genetic predisposition are still
relatively fragmented, preliminary, and/or unconfirmed, eg,
role of the AIRE gene. Comprehensive studies are currently
ongoing in an attempt to identify other susceptibility genes,
notably within the context of familial PA.2

Neoplastic complications
The somewhat subtle progression from autoimmune gastritis
to PA can take 20–30 years or even more, given that vitamin
B12 stores can last 5–10 years depending on the individual.1
Nonetheless, it should be emphasized that the diagnosis
of PA is important, not only because of the consequences
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Table 2 Main clinical manifestations of vitamin B12 deficiency
Neuropsychiatric manifestations

Digestive manifestations

Other manifestations

Frequent
Combined sclerosis of the spinal cord
Polyneuritis
Ataxias
Babinski
Rare
Cerebellar syndrome
Cranial nerve impairment
Sphincter dysfunctions
Others
Memory impairments
Dementia
Atherosclerosis
Parkinsonism
Depression

Frequent
Hunter’s glossitis
Hemolytic icterus
Others
Abdominal pain
GI transit disorders

Vaginal mucosa atrophy
Urogenital infections (especially mycoses)
Rebellious or recurrent cutaneous–mucosal ulcers
Thrombosis (venous thromboembolism and ischemic heart disease)
Subfertility and recurrent spontaneous abortions/male infertility

Abbreviation: GI, gastrointestinal.

of anemia but also because of neurological complications
and especially because of a susceptibility to all types of
gastric tumors – from common carcinoid tumors to more
rare adenoma carcinomas and non-Hodgkin’s malignant
lymphomas (of low grade).2 The prevalence of gastric
carcinoid tumors in patients with PA varies from 4%–7%
depending on the series.5,27
Thus, surveillance by upper endoscopy is recommended,
quarterly during the first year in the presence of neoplastic
lesions, and less frequently thereafter in the absence of
macroscopic or histological recurrence. In the absence of
such lesions, biannual endoscopic surveillance is suggested,
with multiple biopsies.2,5,27
In PA, gastric carcinoid tumors are usually low-grade
tumors, of fundic origin, multiple in 50% of cases (hence
the need for multiple biopsies), and small (,1 cm).27 They
can be accompanied by metastases in 16% of cases, without
clinical diagnosis of carcinoid syndrome.27
This low-grade malignancy of PA-related gastric
carcinoid tumors leads to conservative treatments, eg,
limited resection, with three main decision criteria according
to Cattan: age, size, and number of tumors.28 Therapeutic
abstention is usually recommended in patients . 70 years
of age.27,28

Diagnostic criteria of PA
The diagnosis of PA is classically (or historically) established in clinical routine by demonstrating the absence
of IF by the study of gastric juice – a rate of secretion of
IF , 200 U/hour after stimulation with pentagastrin (normal
being .2000 U/hour) is specific to PA;29 or indirectly by
performing a Schilling test which highlights abnormal
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absorption of radioactive cobalamin, which is corrected after
administration of IF.2,3,29
The recent disappearance of Schilling tests and the difficulty in finding a laboratory able to assess the secretion
of IF have led clinicians to develop alternative diagnostic
strategies as illustrated in Figure 1. Thus, diagnostic criteria
have changed in recently published studies.1,2 It should nevertheless be kept in mind that the Schilling test and lack of IF
secretion remain the gold standard for diagnosis of PA.29
Other criteria commonly used to diagnose PA vary in
specificity and sensitivity, routine availability, or invasiveness.1
These include:
– The presence of serum anti-IF antibodies for which sensitivity is only 50% (only one out of two patients with
true PA has these antibodies).
– The presence of histological lesions of autoimmune
fundic gastritis (as discussed above), especially in the
absence of H. pylori (in collected samples).
– Hypergastrinemia or increased serum chromogranin A in
response to achlorhydria, which strongly points to PA in
the absence of proton pump inhibitor use.1,4,5,29

Differential diagnosis of vitamin B12
deficiency
The primary differential diagnosis of vitamin B12 deficiency
in adults is food-cobalamin malabsorption (syndrome of
nondissociation of vitamin B12 from its carrier proteins), an
entity that is the primary etiology of vitamin B12 deficiency
in elderly subjects (Figure 1).1
In practice, this disorder is characterized by an inability
to release vitamin B12 from ingested food and/or from
intestinal transport proteins, particularly in the presence of
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Etiological implications and elements of clinical course

Exclusive dietary intake
(requirements = 2–5 µg/day, higher if pregnant
or breastfeeding)

MaInutrition, vegetarian diet
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Arrival in the stomach in bound form
(dietary proteins, haptocorrin, glycoproteins)

Food-cobalamin malabsorption

Dissociation
(HCI, pepsin, bile, pancreas)

(advanced age, alcohol, antisecretory biguanides, bacterial
overgrowth, surgery, gastritis)
Malabsorption, pernicious anemia (associated autoimmune
malabsorption syndrome)

Absorption
(Binding to IF 99%)
(Passive 1%)
Transport
(transcobalamins)

Congenital transport-protein deficiencies (newborn)

Uptake and cellular utilization

Congenital enzyme deficiencies (newborn)

Enterohepatic cycle + renal reabsorption

Large reserves (5–10 years)

Figure 1 Vitamin B12 metabolism, etiological implications, and elements of clinical course.
Abbreviations: IF, intrinsic factor; HCl, hydrogen chloride.

hypochlorhydria in which absorption of unbound vitamin B12
is normal.30,31
Low vitamin B12 intake is uncommon in industrialized
countries, aside from strict vegans and newborns of vegan
women. Other vitamin B12 malabsorption syndromes
comprise the genetic defects of proteins involved in
vitamin B12 metabolism such as IF deficiency/defects or
transcobalamin II deficiency/defects.1
Ultimately, one should bear in mind that PA is a great
pretender due to the similarity of presentation with other
clinical conditions that can result in vitamin B12 deficiency.
The diagnosis should be considered when faced with any
hematological and neurological manifestations.1,32

Treatment of vitamin B12
deficiency and optimal management
In most countries, treatment of vitamin B12 deficiency
related to PA is based on parenteral vitamin B12 administered
intramuscularly under the form of cyanocobalamin,
hydroxocobalamin, or methylcobalamin. 33,34 In France,
only the former is used for this indication. 1 A certain
superiority of hydroxocobalamin is nevertheless recognized
and related to better tissue uptake and storage than the
other forms.34
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Attitudes regarding the dosage and frequency of administration are very different from one group to another.34 In
the United States and the United Kingdom, the doses range
from 100–1000 µg/month for life.33,34 In France, cobalamin
therapy involves acute treatment at a dose of 1000 µg daily
for 1 week, followed by 1000 µg per week for 1 month, then
a monthly dose of 1000 µg for life.2,34
With regard to curative treatment by orally administered
cobalamin (1% of free vitamin B12 is absorbed passively,
independently of the IF and of its receptor [cubilin]), a therapeutic scheme has yet to be definitely validated, given the
present state of knowledge.34 In PA, the doses conventionally administered should in all cases greatly exceed those
required physiologically, ranging from 1000–2000 µg/day
of cyanocobalamin.35,36 In the authors’ experience of oral
administration, this therapeutic mode should be reserved
for primarily hematological consequences of vitamin B12
deficiency. Currently, it is always recommended to use the
parenteral route in severe neurological forms. Alternatively,
the oral route could curtail or avoid the inconvenience
related to discomfort of injections and of likely higher costs
(nursing care).34 It can also be particularly useful in patients
under anticoagulant or antiplatelet agent therapy in whom
intramuscular injections are contraindicated.34
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On a final note, the authors would like to draw the attention
of the field practitioner to the need for annual monitoring of
these patients to ensure therapeutic adherence (the vitamin
has to be administered for life) and to detect neoplastic
complications of PA (endoscopy at least twice yearly in the
absence of detectable lesions) as well as associations with
other autoimmune disorders. This latter surveillance can
be done without the need for a systematic comprehensive
assessment but rather by tracking all abnormal complaints
or clinical signs.
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