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Introduction
Cobalamin (vitamin B12) is a water-soluble vitamin with 
an important role in various intracellular biochemical 
pathways. Cobalamin deficiency has been recognised in 
cats and has significant metabolic and clinical conse-
quences, including methylmalonic acidaemia, which is 
associated with inappetence and lethargy, and may com-
plicate primary gastrointestinal (GI) disease.1,2

The absorption of cobalamin from the GI tract is a 
complex, receptor-mediated process. In the stomach, 
cobalamin is released from dietary proteins and binds to 
a non-specific binding protein of salivary and gastric ori-
gin called haptocorrin (or R-protein). In the duodenum, 
haptocorrin is degraded by pancreatic proteases and free 
cobalamin is transferred to intrinsic factor (IF). IF is  
produced solely by the pancreas in cats3 and has a high 
affinity for cobalamin at a neutral pH. Cobalamin-IF 
complexes pass through the small intestine until they 
bind to specific receptors (IF-cobalamin receptors or cubi-
lin) in the ileum. Following receptor-mediated endocyto-
sis by ileal enterocytes, cobalamin is released from IF and 
enters the portal circulation where it is transferred to a 
group of serum carrier proteins (the transcobalamins) 
which mediate the uptake of cobalamin by target cells.4

Enterohepatic recycling of cobalamin occurs in cats, 
with cobalamin being secreted into bile bound to hepatic 
haptocorrin.5 Cats have a lesser capacity to store cobala-
min than humans and lack the binding protein transco-
balamin 1. Consequently, cats can rapidly lose cobalamin 
and, in the presence of severe malabsorption, may 
become cobalamin depleted within a month.6

The complexity of the cobalamin absorption and stor-
age pathways means that a problem at any stage can 
lead to hypocobalaminaemia. Dietary deficiency is rare 
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and, consequently, hypocobalaminaemia may result 
from four mechanisms: reduced IF availability [eg, in 
exocrine pancreatic insufficiency (EPI), chronic pancrea-
titis or extra-hepatic biliary disease]; intestinal bacterial 
competition (eg, in dysbiosis secondary to EPI, reduced 
gastric acid production or disturbed mucosal immune 
system function); ileal mucosal disease resulting in 
down regulation of IF-cobalamin receptors (eg, owing to 
exposure of toxic bile acids or inflammatory mediators); 
or failure of cubilin expression owing to genetic defects, 
as described in humans and specific canine, but not 
feline, breeds.7–10

Recent studies describing the prevalence of hypoco-
balaminaemia in cats in the UK have shown markedly 
different results.1 Ibarrola et al11 reported hypocobalami-
naemia to be uncommon; however, a second study by 
Reed et al12 found hypocobalaminaemia in 16.5% of cats 
with GI disease. The two studies used different cobala-
min assays and different reference intervals. However, 
even the prevalence in the UK reported by Reed et al was 
still markedly lower than that reported from the USA, 
where 61% of cats with confirmed GI disease had con-
current hypocobalaminaemia.13

The first aim of this study was to evaluate the preva-
lence of hypocobalaminaemia, using a single methodol-
ogy, in UK cats presented for referral investigation  
of suspected GI disease. The second aim was to test the 
hypotheses that there is an association between the 
degree of hypocobalaminaemia and the severity of histo-
pathological changes in small intestinal biopsy samples, 
and the duration of the clinical signs.

Materials and methods
The medical records of the Feline Centre at the University 
of Bristol were searched for cases presented for investi-
gation of GI signs between 2006 and 2010. Inclusion cri-
teria were cats that had undergone intestinal biopsy and 
concurrent measurement of serum cobalamin. Cats that 
had knowingly received parenteral cobalamin were 
excluded.

Review of records
For each case, information was recorded regarding sig-
nalment, clinical presentation, duration of clinical signs, 
retroviral status, haematological abnormalities, serum 
biochemical abnormalities, serum cobalamin and folate 
concentrations, feline pancreatic lipase immunoreactiv-
ity (fPLI), feline trypsin-like immunoreactivity (fTLI) 
and thyroxine, urinalysis, faecal analysis and abdominal 
imaging (radiographic and ultrasonographic findings).

Serum cobalamin determination
Serum samples were stored at -20°C until shipping on 
dry ice to the GI Laboratory, Texas, TX, USA for measure-
ment by an automated chemiluminescence competitive 

binding immunoassay system (DPC Immulite 1000 
Vitamin B12 Assay with heat denaturation). The reference 
interval for feline serum cobalamin concentrations was 
290–1500 ng/l.

Histopathological assessment
The histopathological diagnosis for all tissue samples 
(GI, hepatic and pancreatic) was recorded. All sections of 
duodenal biopsy samples and other tissue samples were 
reviewed by a single board-certified pathologist (MJD) 
who was blinded to the original diagnosis. Cases of ali-
mentary lymphoma were identified and those samples 
that were histologically normal or inflamed were 
reviewed according to the WSAVA Gastrointestinal 
Standardization Group template.14 Each of the 10 histo-
logical changes considered individually was scored:  
normal = 0, mild = 1, moderate = 2, marked = 3, with a 
maximal possible cumulative score of 30 for very severe 
inflammation. Three of the morphological features used 
in the WSAVA template (villus stunting, epithelial injury 
and crypt distension) were also assessed for samples of 
alimentary lymphoma. Each category was assigned a 
score of 0–3 to give a maximum possible cumulative 
score of 9. Five cats had ileal biopsy samples obtained at 
exploratory laparotomy. These samples were also 
reviewed according to the WSAVA template, as in the 
study by Casamian-Sorrosal et al.15

Statistical analysis
Using a commercial software package (PASW statistics 
version 18 for Microsoft Windows), univariate linear 
regression models assessed the relationship of serum 
cobalamin concentration to histopathological scores and 
duration of clinical signs. To perform linear regression a 
conservative value of 140 ng/l was assigned to cases 
with cobalamin measured below the assay limit of the 
detection (150 ng/l). Regression analysis was performed 
and a P value calculated.

The cats were also subdivided into two groups 
(inflammation and lymphoma) on the basis of the histo-
pathological diagnosis; the distribution and median of 
the histopathology scores and duration of clinical signs 
for these groups were compared by a Mann-Whitney 
test. For all analyses, a P value <0.05 was considered 
significant.

Results
Forty-one cats fulfilled the inclusion criteria: 17 were 
domestic shorthair (DSH), two were domestic longhair 
(DLH) and 22 were purebreeds (including Siamese, 
British Shorthair, Persian, Birman, Burmese, Burmilla, 
Tonkinese, Russian Blue, Maine Coon and Singapura). 
The age range was 7 months to 18 years (median 7 years). 
There were 20 female cats (three entire) and 21 male cats  
(three entire).
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Prevalence of hypocobalaminaemia
Serum cobalamin concentrations ranged from <150 ng/l 
to 8320 ng/l. One cat had a cobalamin concentration 
reported as >4000 ng/l, but insufficient serum was  
available to dilute and measure the concentration accu-
rately. Another cat was reported to have a serum cobala-
min concentration of 8320 ng/l. These last two results 
were suggestive of prior parenteral supplementation 
and so despite clear historical evidence of such treat-
ment, these cats were excluded from further analysis.

A median value of 496 ng/l was documented for the 
remaining 39 cats. Hypocobalaminaemia (<290 ng/l) 
was found in 11 (28.2%) of the 39 cats (Table 1). In the 
hypocobalaminaemic cats, five had intestinal inflamma-
tion (all <150 ng/l); two had alimentary lymphoblastic 
lymphoma (both <150 ng/l); one had alimentary small 
lymphocytic lymphoma and chronic neutrophilic chol-
angitis (200 ng/l); one cat had intestinal inflammation, 
pancreatitis and diabetes mellitus (<150 ng/l); one  
cat had chronic neutrophilic cholangitis and severe intes-
tinal inflammation (<150 ng/l); and one cat had only 
chronic neutrophilic cholangitis (224 ng/l).

Twenty-eight cats were normocobalaminaemic. 
Twenty-one cats had intestinal inflammation alone; one 
of these cats was positive for feline immunodeficiency 
virus and Isospora species infection; two cats had alimen-
tary lymphoblastic lymphoma; one cat had intestinal 
inflammation and mild hepatic fibrosis; one cat had 
intestinal inflammation and pancreatitis; one cat had 
intestinal inflammation and chronic neutrophilic cholan-
gitis with marked fibrosis; one cat had intestinal inflam-
mation and a biliary cystadenoma; and one cat had 
intestinal inflammation, chronic neutrophilic cholangi-
tis and pancreatitis.

Histopathological diagnosis
Duodenal biopsies were obtained endoscopically in 32 
cats and surgically in seven cats. Of the 39 cats, 33 were 
diagnosed with intestinal inflammation and five with ali-
mentary lymphoma. One cat was diagnosed with chronic 
neutrophilic cholangitis alone based on histopathological 
examination of hepatic, pancreatic and duodenal biopsy 
samples; however, ileal samples were not collected. Seven 
of the 33 cats with intestinal inflammation and one of the 
cats with alimentary lymphoma had either concurrent 
hepatobiliary and/or pancreatic disease (Table 1) .

Histopathological scores and cobalamin levels
Of the 33 cats with intestinal inflammation, the cumula-
tive duodenal histopathological scores ranged from  
0 to 12 (median = 3) out of a possible 30. There was no  
correlation between the severity of inflammation, based 
on histopathological score, and cobalamin concentration 
(r = -0.18, r2 = 0.03, P = 0.30) (Figure 1).

For the five cats with alimentary lymphoma, the 
cumulative morphological histopathological scores 

ranged from 2 to 8 (median = 7) out of a possible 9. The 
number of cats with lymphoma was too small to assess 
for statistical correlations.

The three morphological characteristics used to assess 
the microscopical changes in intestinal morphology in 
lymphoma were also applied to the 33 cats with intesti-
nal inflammation. Using this assessment, the morpho-
logical scores ranged from 0 to 7 (median =1). If the 
samples from the inflammatory and lymphoma popula-
tions were compared, there was a significantly higher 
score in the median morphological histopathological 
score in those cats with lymphoma (P = 0.001) (Figure 2).

The morphological histopathological scores from cats 
with both intestinal inflammation and lymphoma were 
then grouped together but there was still no significant 
correlation with cobalamin concentration (r = –0.30,  
r² = 0.09, P = 0.07) (Figure 3).

Figure 1 Correlation between histopathological score and 
serum cobalamin concentration in 33 cats with intestinal 
inflammation

Figure 2 Comparison of morphological histopathological 
score between cats with intestinal inflammation (n = 33) and 
lymphoma (n = 5)
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Five cats had ileal biopsies collected during explora-
tory laparotomy. These were reviewed in order to com-
pare the findings with those from duodenal samples. Of 
these five cats, one had alimentary small lymphocytic 
lymphoma diagnosed on examination of both duodenal 
and ileal samples. The severity of histopathological 
change, based on morphological score, was comparable 
(7 out of a maximum possible score of 9 for the duode-
num and 4 out of a possible maximum score of 9 for the 
ileum). Two cats had an absence of ileal inflammation 
(histopathological score = 0), minimal inflammation in 
their duodenal biopsies (histopathological scores of  
0 and 3) and normal cobalamin concentrations. The 
two remaining cats had minimal ileal inflammation 

(histopathological score = 1) but marked duodenal 
changes (histopathological scores 10 and 12). One of 
these cats was also hypocobalaminaemic but the pres-
ence of concurrent chronic neutrophilic cholangitis may 
explain the altered cobalamin concentration in the 
absence of ileal inflammation.

Duration of clinical signs and cobalamin levels
The duration of clinical signs for the 33 cats with intesti-
nal inflammation ranged from 0.1 to 12 months (median 
4 months). There was no correlation between serum 
cobalamin concentrations and duration of clinical signs 
(r = 0.26, r2 = 0.07, P = 0.13) (Figure 4).

The duration of clinical signs for the five cats with ali-
mentary lymphoma ranged from 0.5 to 7 months (median 
1.5 months). No clear association between the duration 
of clinical signs and cobalamin concentrations could be 
determined given the small number of cases.

The duration of clinical signs in the two groups of cats 
were compared. There was no statistical difference in the 
distribution of the duration of clinical signs (P = 0.294).

Cats with intestinal inflammation and lymphoma were 
then assessed together and the correlation of serum cobal-
amin with duration of clinical signs analysed. This was 
not significant (r = 0.32 and r2 = 0.10, P = 0.05) (Figure 5).

Discussion
The tendency for cats to develop intestinal disease, pan-
creatic disease and biliary disease, often concurrently, 
makes them susceptible to developing hypocobalami-
naemia. Simpson et al13 demonstrated hypocobalami-
naemia in cats with disease in several organ systems but 
was unable to attribute the hypocobalaminaemia to a 
specific disease entity. With chronic enteropathies there 
is presumed reduced absorption of IF–cobalamin com-
plexes in the distal small intestine.

Figure 3 Correlation between morphological histopathological 
score and cobalamin concentration in cats with intestinal 
inflammation (n = 33) and cats with lymphoma (n = 5)

Figure 4 Correlation between duration of clinical signs 
and cobalamin concentration in 33 cats with intestinal 
inflammation

Figure 5 Correlation between duration of clinical signs and 
cobalamin concentration in cats with intestinal inflammation  
(n = 33) and lymphoma (n = 5)
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Cats have a more rapid turnover of cobalamin com-
pared to humans. The biological t1/2 of cobalamin in peo-
ple is approximately 1 year and signs of deficiency do 
not develop for several years after the onset of cobala-
min malabsorption. The turnover of cobalamin in cats is 
more rapid, with an estimated t1/2 of 11–14 days in four 
healthy cats and an estimated half-life of 4.5 days and 5.5 
days in two cats with intestinal inflammation and pan-
creatitis, respectively.13 This is the basis for the current 
recommendation for weekly supplementation. Given 
the reduced ability of cats to store cobalamin, reserves of 
cobalamin could become depleted within 1 month in 
cases of severe malabsorption. Therefore, the aim of the 
present study was to look for a relationship between the 
serum cobalamin concentration and the severity of intes-
tinal pathology or with the duration of clinical signs. The 
association between body condition score or body 
weight and cobalamin concentrations has been investi-
gated previously.12 Increased serum fPLI concentrations 
have also been shown to be negatively associated with 
cobalamin concentrations.16 However, there have been 
no previous studies evaluating the severity of intestinal 
disease, based on a histopathological assessment, or the 
chronicity of disease and cobalamin concentrations.

Two UK studies of the prevalence of feline hypoco-
balaminaemia have reported contrasting results. Ibarrola 
et al found few cases, with only 1/682 samples submit-
ted over a 3-year period recording a result below the ref-
erence interval.11 The second study documented 16.5% 
of cats with GI disease as having low serum cobalamin 
concentrations.12 In the present study, 28.2% (11/39 cats) 
with GI signs were shown to have low serum cobalamin 
concentrations using a single methodology to determine 
the cobalamin concentration.1 Previous studies have 
either used a radioimmunoassay or a combination of 
methodologies. Low serum cobalamin concentrations do 
not necessarily directly reflect cellular cobalamin defi-
ciency and true cellular deficiency of cobalamin is best 
assessed by measuring the serum concentration of meth-
ylmalonic acid (MMA). However, a previous study dem-
onstrated that, with the methodology used in this study, 
a serum cobalamin concentration of ≤160 ng/l predicted 
the presence of significantly elevated serum MMA con-
centration (ie, cellular cobalamin deficiency) with a sen-
sitivity of 74% and specificity of 80%.1 The prevalence of 
hypocobalaminaemia (28.2%) in this study is still lower 
than the 61% (49/80) documented in the USA.13 The 
same assay was used and so the age of the feline popula-
tion studied, dietary factors and genetic variation may 
be explanations for the difference. Age has been shown 
to be inversely correlated with serum cobalamin concen-
trations in healthy cats; however, this correlation is hard 
to interpret in a sick cat population.17,18 The possibility  
of breed variation in serum cobalamin concentrations 
was suggested by Ibarrola et al who found significantly 

higher concentrations in Birman and Maine Coon cats.11 
Like Reed et al, there was also an over-representation of 
purebred cats in the present study (53.6%). This may 
reflect a willingness of purebred cat owners to pursue 
investigation or a breed susceptibility to GI disease. 
Hyperthyroidism has been associated with low serum 
cobalamin concentrations19 but none of the cats in the 
present study was hyperthyroid. The possibility of occult 
hyperthyroidism cannot be excluded.

In this group of 39 cats, hypocobalaminaemia was 
found in those with intestinal inflammation or lym-
phoma, with or without concurrent pancreaticobiliary 
disease, and, on one occasion, in the absence of intestinal 
pathology on duodenal biopsy.

A variety of types of inflammation were noted, with 
lymphoplasmacytic enteritis being the most common 
diagnosis. Intestinal inflammation can only be termed 
idiopathic inflammatory bowel disease (IBD) when 
known underlying causes of inflammation, such as die-
tary allergies, are excluded. We, therefore, deliberately 
chose not to classify these cases as having idiopathic 
IBD. Hypocobalaminaemia might arise from the primary 
disease process leading to inflammation or from the 
inflammatory change itself.

The duodenal histological changes were scored using 
the WSAVA Gastrointestinal Standardization Group tem-
plate and a numerical value was determined to enable 
statistical comparison. However, it must be recognised 
that the template is not a weighted scoring system and it 
is not yet clear whether all histopathological features are 
of equal importance in the diagnosis of intestinal inflam-
mation. Selected morphological features of the scoring 
system were also adapted for use in scoring these changes 
in alimentary lymphoma. Although the template was 
devised to grade intestinal inflammation some of the 
architectural changes in the intestinal mucosa are similar 
in lymphoma and inflammation, although cellular 
changes in the mucosa are not. No association was found 
between the cobalamin concentrations and severity of 
histopathological change. This may reflect the use of duo-
denal biopsies to assign a score reflecting the severity of 
mucosal changes. Casamian-Sorrosal et al15 suggested 
the correlation in histopathological changes between 
biopsy samples of duodenum and ileum in dogs was 
poor. A recent study comparing endoscopic duodenal 
and ileal biopsy samples in cats20 documented intestinal 
inflammation in both duodenal and ileal biopsy samples 
in 19/33 cats (58%) but poor agreement in cases of small 
cell lymphoma, with a positive diagnosis in only 3/18 
cats (17%). Of the five cats that had ileal biopsy samples 
collected, the duodenal and ileal histopathological scores 
were comparable in two cats with intestinal inflamma-
tion and in one cat with lymphoma. Two cats had dis-
cordant histopathological scores but the overall numbers 
were too small to allow statistical analysis.
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In cats with alimentary lymphoma, the severity of 
histopathological change was significantly greater, but 
this did not appear to correlate with cobalamin concen-
trations, with only 3/5 cats documented as hypocobala-
minaemic. The correlation of either histopathological 
change or duration of disease with serum cobalamin 
concentrations may be confounded in lymphoma: the 
marked severity of histopathological change would be 
anticipated to cause hypocobalaminaemia in almost all 
cases of lymphoma, but the rapid progression of disease, 
particularly in large cell lymphoma, may mean that 
insufficient time has elapsed for the cobalamin store to 
be depleted by the time of diagnosis. It is interesting 
to note that the two cats with a short clinical history (<4 
weeks) had normal serum cobalamin concentrations and 
the three cats with a history of 6 weeks or more were all 
hypocobalaminaemic. One cat diagnosed with lympho-
blastic alimentary lymphoma had a surprisingly long 
clinical history and may represent a case of lymphocytic 
lymphoma that developed blast transformation or of 
intestinal inflammation that later transformed to alimen-
tary lymphoma.

Interestingly, there were two cats with cholangitis and 
hypocobalaminaemia in the present study. One of these 
cats had concurrent alimentary lymphoma that con-
founded interpretation, but the other cat had no other 
histopathological evidence of concurrent disease (enter-
opathy or pancreatitis). This cat also had an acute clinical 
presentation (2 weeks). It is not entirely clear in cases of 
cholangitis why hypocobalaminaemia develops, as a 
lack of enterohepatic recycling should limit exhaustion 
of cobalamin stores. The presence of undiagnosed con-
current ileal disease cannot be excluded in this patient 
given only duodenal biopsy samples were obtained, but 
cases of cholangitis may be worthy of further study.

Measurement of serum MMA concentrations is not 
readily available in the UK at present and so the serum 
concentration of cobalamin must be used as a guide to 
the likelihood of cellular deficiency. There is no direct 
proof that the chemiluminescent assay gave clinically 
relevant results, as serum MMA concentrations were not 
measured because of available serum sample size. 
However, we used a laboratory whose methodology  
has previously been validated against the presence or 
absence of MMA.

Cobalamin absorption occurs in the distal small intes-
tine and therefore ileal biopsy would be the ideal way to 
investigate the presence of significant GI disease influ-
encing cobalamin absorption. Only duodenal biopsies 
were obtained in most cases as it is usually assumed that 
infiltrative disease is diffuse and the changes in the distal 
small intestine are reflected in duodenal biopsies. Only 
five cats had ileal biopsies and these were collected at 
exploratory laparotomy when samples from liver, pan-
creas or lymph node were obtained concurrently to 

detect the presence of comorbid disease. The technicali-
ties of lower GI endoscopy (patient preparation with 
laxative and enemas, longer duration of general anaes-
thesia and the technical difficulties in passing through 
the ileocaecocolic junction) meant this was not per-
formed routinely.

Finally, there was no control group of cats in our 
study as under UK Home Office regulations we were 
unable to obtain biopsies for histopathological analysis 
and grading from clinically normal animals.

Hypocobalaminaemia was found in 11 (28.2%) of the 
39 cats in the present study and associated most com-
monly with alimentary lymphoma and the most severe 
grade of histological intestinal inflammation. There was 
no statistically significant correlation between serum 
cobalamin concentrations and histopathological score or 
duration of clinical signs but further studies with larger 
numbers of cats might help establish if a causal relation-
ship exists.
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