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Abstract

Background: No prospective study has evaluated the efficacy of oral supplementa-
tion with cobalamin in hypocobalaminemic cats.

Objectives: To investigate the efficacy of oral or SC supplementation with cyanocobal-
amin in normalizing serum cobalamin and methylmalonic acid (MMA) concentrations in
hypocobalaminemic cats with chronic gastrointestinal disease (CGID) or exocrine
pancreatic insufficiency (EPI).

Animals: Forty-eight client-owned hypocobalaminemic (<290 ng/L) cats with normal
or abnormally high serum MMA concentrations.

Methods: This study was conducted based on the prospective randomized clinical
trial method. Cats with CGID or EPI were randomly assigned to 2 groups that
received either oral or SC supplementation with cobalamin (250 pg/cat) for 12 and
10 weeks, respectively, in addition to other medical and dietary interventions. Each
cat was evaluated 3 times (baseline, 6-week postsupplementation, and 1-week
postcompletion) by measuring serum cobalamin and MMA concentrations.

Results: In cats with CGID or EPI, cobalamin concentrations were normalized in
all cats that received either oral or SC supplementation (mean 100% [95% CI:
80.6%-100%)] in both groups in cats with CGID and 100% [67.6%-100%] in both
groups in cats with EPI). Among 37 cats with elevated MMA concentrations at base-
line (21 cats with CGID and 16 cats with EPI), MMA concentrations were normalized
in most cats with CGID (70% in oral and 82% in SC group) or EPI (88% in both
groups).

Conclusions and Clinical Importance: In hypocobalaminemic cats with CGID or EPI, in
conjunction with other medical and dietary interventions, both oral and SC supplemen-

tation are effective at normalizing serum cobalamin and MMA concentrations.

Abbreviations: CGID, chronic gastrointestinal disease; EPI, exocrine pancreatic insufficiency; fPLI, feline pancreatic lipase immunoreactivity; fTLI, feline trypsin-like immunoreactivity; Gl Lab,
gastrointestinal laboratory; IF, intrinsic factor; MMA, methylmalonic acid; R, reference interval; TVMDL, Texas A&M Veterinary Medical Diagnostic Laboratory; ULRI, upper limit of the reference

interval.
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1 | INTRODUCTION

Cobalamin (vitamin B12) is an essential cofactor for 2 intracellular
cobalamin-dependent enzymes that play an important role in sustain-
ing cell functions in mammals.' Dietary cobalamin binds with intrinsic
factor (IF) to form a complex before being absorbed through specific
receptors in the distal small intestine.® Because IF is exclusively pro-
duced by acinar cells in the exocrine pancreas in cats, exocrine pancre-
atic insufficiency (EPI) is a common cause of hypocobalaminemia in
cats.*® Chronic small intestinal disease, including low-grade intestinal
T-cell lymphoma, has been identified as another common cause
of hypocobalaminemia in cats.”'® Hepatic/hepatobiliary diseases or
pancreatic diseases have been described in hypocobalaminemic cats;
however, these diseases were often concurrently present with chronic
intestinal diseases, making it difficult to determine that they were the
sole cause of hypocobalaminemia in these cases.”!° In addition,
congenital malfunction of cobalamin receptors is a rare cause of
hypocobalaminemia in cats.!!

Clinical signs in hypocobalaminemic cats are usually due to the pri-
mary disease causing hypocobalaminemia or from complications of hypo-
cobalaminemia. Common clinical signs include decreased or increased
appetite, lethargy, vomiting, diarrhea, weight loss, and much less com-
monly neurological signs, failure to thrive, anemia, or pancytopenia with
bone marrow failure. 4?1114

Measurement of serum cobalamin concentration is commonly
used for the evaluation of cobalamin status in cats. However, it is not
a reliable maker for the evaluation of intracellular cobalamin status,
and measuring serum methylmalonic acid (MMA) concentration is
recommended for it.}>*® Hypocobalaminemia is defined as having a
serum cobalamin concentration below the lower limit of the reference
interval (RI), and cobalamin deficiency is defined as having hypocoba-
laminemia and a concurrent elevation of serum MMA concentration
above the upper limit of the RI (ULRI).2>"%7

Cobalamin supplementation is important in hypocobalaminemic
cats because untreated cobalamin deficiency can hinder successful
treatment for the underlying condition.”*® For cobalamin supplementa-
tion, the injectable route (SC or IM) has been the main method in cats;
however, recent studies in dogs have shown that both oral and inject-
able supplementation with cobalamin were effective in normalizing
serum cobalamin concentrations in hypocobalaminemic dogs caused by
chronic gastrointestinal disease (CGID) or EP1.1?2° Because there is only
1 retrospective study and an abstract available evaluating the efficacy of

24,2
,5a

oral supplementation with cobalamin in hypocobalaminemic cats,
randomized prospective clinical trial was needed to evaluate the efficacy
of oral supplementation with cobalamin in hypocobalaminemic cats.

The aim of this study was to investigate the efficacy of oral or SC
supplementation with cyanocobalamin in normalizing serum cobala-

min and MMA concentrations in hypocobalaminemic cats (with or

without abnormally high serum MMA) with CGID or EPI. We hypoth-
esized that both oral and SC supplementation with cobalamin would
be effective in normalizing serum cobalamin and MMA concentrations

in hypocobalaminemic cats with CGID or EPI.

2 | MATERIALS AND METHODS

21 | Animals

Eligibility for enrollment of client-owned cats was determined based on
the measurement of serum concentrations of cobalamin, folate, feline
pancreatic lipase immunoreactivity (fPLI), and feline trypsin-like immu-
noreactivity (fTLI) through the Gastrointestinal Laboratory (Gl Lab) at
Texas A&M University. Criteria for initial screening included a history
of chronic clinical signs of Gl disease for more than 3 weeks' duration,
hypocobalaminemia (<290 ng/L), an fPLI within the RI (<3.5 pg/L), and
an fTLI above 20 pg/L (RI: 12-82 pg/L) for CGID cats or an fTLI
<8 pg/L for EPI cats. Cats with any history of cobalamin supplementa-
tion or diagnosed with other metabolic diseases (eg, hyperthyroidism)
or extragastrointestinal disease were excluded based on previous
(within 2 months) blood work results performed by each cats' primary
care veterinarian. Eligibility of enrollment was confirmed based on the
results of repeat blood work including CBC, serum chemistry profile,
and a second Gl panel (serum cobalamin, folate, fPLI, and fTLI) using
the criteria described above. Instructions for a venous blood draw,
including withholding food for at least 10 to 12 hours, were given to all
participating veterinarians. Diet and medication for treatment CGID or
EPI other than cobalamin supplementation during this study were
decided by the primary care veterinarian. Additionally, a standardized
diagnostic workup was not required for enrollment, and the decision
regarding it was made by the primary care veterinarian. Before enroll-
ment, an informed consent form was signed by each owner. The animal
use protocol for this study was approved by the Animal Care and Use
Committee at Texas A&M University (IACUC 2015 - 0286, IACUC
2018 - 0347, IACUC 2021 - 0283).

2.2 | Study design and cobalamin supplementation
This study was performed as a prospective randomized nonblinded clini-
cal trial. Based on the fTLI results, enrolled cats were divided into 2 groups
(CGID or EPI), and each cat was then randomly assigned to receive 1 of
3 supplementation options (oral supplementation of cobalamin, oral sup-
plementation of cobalamin and folate, or SC supplementation of cobala-
min) irrespective of baseline serum folate concentration. The random
assignment for each cat was done by following the ordered number that

was created using the block randomization method. Cats assigned to the
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oral treatment groups (cobalamin only or cobalamin with folate) received
daily oral chews containing either 250 pg of cyanocobalamin or 250 ug
of cyanocobalamin and 50 pg of folate (Cobalequin), respectively, for a
total of 12 weeks. Both chews were manufactured by Nutramax Labora-
tories, Inc. (Lancaster, South Carolina). Cats assigned to the injectable
treatment group received weekly SC injections of 250 ug of cyanocobala-
min (Vitamin B12 injection 1000 pg/mL, SPARHAWK Laboratories,
Lenexa, Kansas; or Vitamin B12 injection 1000 pg/mL, VEDCO INC,
Saint Joseph, Missouri) for 6 weeks, and an additional SC injection
(250 pg of cyanocobalamin) 4 weeks after the last dose for a total of
7 SC injections. Administration of every SC injection was performed by a
veterinary professional in a clinic setting. For each cat, 3 visits (baseline
and 2 rechecks) were scheduled with their primary care veterinarian.

Eligible on initial evaluation (86 cats)

The first recheck was performed 6 weeks after starting cobalamin
supplementation (week 7), and the second recheck was performed
1 week after finishing cobalamin supplementation (week 13 for both oral
supplementation groups and week 11 for the injectable supplementation
group). During each visit, a history was taken, a physical exam was
performed, and a fasted blood sample (after withholding food for at least

10-12 hours) was collected by venipuncture.

2.3 | Blood sample processing

About 5 mL of venous blood was collected from each cat for every
blood draw with approximately 1 mL of whole blood placed into

ﬂonﬁrmation of enrollment: total 60 catm

Excluded at baseline (26 cats)

12 cats: normalized serum cobalamin concentration
6 cats: abnormally high liver enzymes (>2 times ULRI)
6 cats: Spec fPLI > ULRI

2 cats: accidental cobalamin supplementation

44 cats with CGID
e 13 cats: oral cobalamin only
e 11 cats: oral cobalamin + folate
® 20 cats: SC cobalamin

16 cats with EPI
e 4 cats: oral cobalamin only
® 4 cats: oral cobalamin + folate

Ko 8 cats: SC cobalamin

/

/ Completion of study: total 48 cats \

32 cats with CGID
® 8 cats: oral cobalamin only
e 8 cats: oral cobalamin + folate
e 16 cats: SC cobalamin

16 cats with EPI
e 4 cats: oral cobalamin only
e 4 cats: oral cobalamin + folate

ko 8 cats: SC cobalamin

FIGURE 1

)

Excluded during study (12 cats with CGID)

5 cats: clinical decline
e 2 cats: oral cobalamin only
o 1 cat: Worsened hyporexia & weight loss
o 1 cat: Identified thoracic mass (euthanized)
e 1 cat: oral cobalamin + folate
o Worsened chronic vomiting & weight loss (euthanized)
e 2 cats: SC cobalamin
o 1 cat: Development of acute kidney injury
o 1 cat: Worsened chronic diarrhea & weight loss

3 cats: diagnosis of GI lymphoma
e 1 cat: oral cobalamin only
e 2 cats: SC cobalamin

2 cats: non-compliant owners
e 2 cats: oral cobalamin only

2 cats: potential adverse effects
e 2 cats: oral cobalamin + folate
(Diarrhea in 1 cat & constipation in 1 cat)

This flow chart illustrates the process of study participation from initial evaluation to completion including number of cats of each

group, and reasons for exclusion at baseline and during the study. ULRI, upper limit of reference interval.
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EDTA anticoagulant-containing blood tubes. The remaining whole
blood was centrifuged, and serum was separated and aliquoted into
plain red top tubes. The whole blood and serum samples (at least
1.5 mL) were shipped to the Gl Lab overnight on an icepack. When
shipment within the same business day was not possible, the blood
tubes were kept in a refrigerator (3-5°C) overnight or over the week-
end (up to 48 hours). Upon receiving the samples, serum samples
were aliquoted into several plastic tubes. The EDTA containing blood
tubes (for CBC) and one of the tubes with serum (for chemistry pro-
file) were sent to the Texas A&M Veterinary Medical Diagnostic
Laboratory (TVMDL). The remaining serum tubes were used for per-
forming a Gl panel and for measurement of MMA concentrations.

24 | Assays

Complete blood counts were performed using automated instrumenta-
tion (ADVIA 120 Hematology System, Siemens, Erlangen, Germany),
and a board-certified clinical pathologist at the TVMDL reviewed the
blood smear slides of all cats. An automatic analyzer (DxC 700 AU
Chemistry Analyzer, Beckman Coulter, Inc., USA) at the TVMDL was
used for chemistry profiles. An automated competitive binding chemilu-
minescence immunoassay system (IMMULITE 2000 XPi, Siemens,
Erlangen, Germany) in the GI Lab was used for measuring serum cobala-
min and folate concentrations. The Rl for serum cobalamin concentra-
tion in cats is 290 to 1500 ng/L and lower and upper detection limits of
the cobalamin assay are 150 and 1000 ng/L, respectively.?® When
serum cobalamin concentration exceeded 1000 ng/L, the remaining
serum sample was diluted and rerun until a numerical value was
obtained. The RI for serum folate in cats is 9.7 to 21.6 ug/L. The RI for
serum MMA concentration in cats (determined by stable isotope dilu-
tion gas chromatography-mass spectrometry as previously described) is
139 to 898 nmol/L, and the RI for serum fTLI (measured by radioimmu-
noassay) is 12 to 82 ug/L.>%” A commercially available ELISA kit (Spec
fPL, IDEXX Laboratories, Westbrook, Maine, USA) was used for evalu-

ating serum fPLI, where the Rl for fPLI is <3.5 pg/L.2®

TABLE 1

ylnt
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2.5 | Daily online questionnaire for owners

Owners were required to fill out a daily online questionnaire during
the entire study for each enrolled cat. The questionnaire asked
owners to comment on ease of supplement administration (for oral
supplementation group only) and to note cat's appetite, episodes of
vomiting or diarrhea, and any other adverse effects attributable to the

cobalamin supplementation.

2.6 | Statistical analysis

Serum cobalamin, folate, and MMA concentrations were analyzed
using a commercially available software package (GraphPad Prism ver-
sion 9.2 for Windows, GraphPad Software, Boston, Massachusetts,
USA, www.graphpad.com). Because all data were not normally distrib-
uted based on the Shapiro-Wilk normality test results, the comparison
of data (serum cobalamin, folate, and MMA concentrations) between
different time points (ie, baseline, first recheck, and second recheck) in
each treatment group was performed using the Friedman test
followed by Dunn's multiple comparison tests. As there was no signifi-
cant change in serum folate identified in either oral treatment group
(either cobalamin only or cobalamin with folate) or between 2 oral
treatment groups, the data from both oral treatment groups were
merged to achieve a higher statistical power. Consequently, 2 treat-
ment groups (merged oral and SC) were evaluated for final statistical

analyses. Statistical significance was set at P <.05.

3 | RESULTS

3.1 | Animals
Based on the initial evaluation, 86 client-owned cats were screened
for enrollment. Among them, 38 cats were excluded for various

reasons, and 48 cats (each from a different clinic) completed the

Results (median and range) of body weight and body condition score at each time point in cats with chronic gastrointestinal disease

(CGID) or exocrine pancreatic insufficiency (EPI) that received either oral or injectable supplementation with cobalamin.

- copame Baseline First recheck (week 7) Second recheck (week 13 or 11)
Measurement group  supplementation #Cats Median Range #Cats Median Range #Cats Median Range
Body weight CGID  Oral (n = 16) 16 4.05 3-7.2 12 3.9 28-71 14 4.1 2.7-8.1
(ke) Injectable (n = 16) 16 4 26-73 14 4.15 2.9-7 16 4.05 3.1-6.7
EPI Oral (n = 8) 8 3.7 23-7.1 7 4 3-6.9 8 4.05 3-6.7
Injectable (n = 8) 8 3.3 2.5-54 7 4.3 2.8-5.2 8 4.6 2.8-5.2
Body condition ~ CGID  Oral (n = 16) 16 4 3-7 12 4 2-8 14 5 2-8
score (1-9) Injectable (n = 16) 16 4 2-8 14 4 3-8 16 4 3.7
EPI Oral (n = 8) 8 4 27/ 7 5 3-6 8 4.5 3-6
Injectable (n = 8) 8 3 2-5 7 4 2-6 8 5 2-6

Note: The baseline assessment was conducted before initiating cobalamin supplementation, and the second recheck (week 13 for oral supplementation
and week 11 for injectable supplementation) was performed 1 week after completing the supplementation.
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study, as shown in Figure 1. During the study, the owners of 2 cats
chose to withdraw them due to owner-perceived adverse events
coinciding with the initiation of oral supplementation with cobala-
min (cobalamin + folate). One cat developed diarrhea after initiating
supplementation, whereas another cat, with a history of constipa-
tion, experienced a relapse of constipation. Domestic shorthair
(27 cats with CGID and 14 cats with EPI) was the most common

breed in both groups, whereas other breeds included Domestic

longhair cat (1 cat with CGID and 1 cat with EPI), Persian (1 cat with
CGID), ragdoll (1 cat with CGID), and mixed breed (2 cats with CGID
and 1 cat with EPI). The median ages of cats with CGID and
EPI were 9 years old (range: 2.5-13 years) and 6 years old (range:
2-12 years), respectively. The sexual status of cats with CGID con-
sisted of 1 intact male, 9 neutered males, and 12 spayed females.
The sexual status of cats with EPI included 10 neutered males and

6 spayed females.

TABLE 2 Chief complaints, physical exam findings, and concurrent medical management at baseline and second recheck in cats with chronic

gastrointestinal disease (CGID) or exocrine pancreatic insufficiency (EPI).

Chief complaints

Cats with CGID (32 cats)

Cats with EPI (16 cats)

Baseline (32 cats)

Weight loss (18 cats, 56%)
Chronic diarrhea (17 cats, 53%)
Chronic vomiting (16 cats, 50%)
Decreased appetite (4 cats, 13%)
Lethargy (3 cats, 9%)

More hiding than usual (1 cat, 3%)
Weight loss + chronic diarrhea (6
cats, 19%)

Weight loss + chronic vomiting (8
cats, 25%)

Chronic diarrhea + chronic vomiting

(7 cats, 22%)
Weight loss + chronic diarrhea +
chronic vomiting (2 cats, 6%)

Physical exam findings

Second recheck (30 cats)

No clinical signs (12 cats,
40%)

Chronic diarrhea with partial
improvement (6 cats, 20%)
Chronic diarrhea without
improvement (5 cats, 17%)
Continued or not improved
weight loss (6 cats, 20%)
Intermittent vomiting (5 cats,
17%)

Intermittently decreased
appetite (4 cats, 13%)

Baseline (16 cats)

Weight loss (14 cats, 88%)
Chronic diarrhea (11 cats, 69%)
Increased appetite (8 cats, 50%)

Chronic intermittent vomiting (4 cats, 25%)

Decreased appetite (2 cats, 13%)
Increased drinking (1 cat, 6%)

Weight loss + chronic diarrhea (6 cats, 38%)

Second recheck
(16 cats)

No clinical signs (12
cats, 75%)

Chronic diarrhea with
partial improvement (3
cats, 19%)

Not improved weight
loss (1 cat, 6%)

Weight loss + increased appetite (4 cats, 25%)
chronic diarrhea + increased appetite (1 cat,

6%)

Weight loss + chronic diarrhea + increased

appetite (4 cats, 25%)

Cats with CGID (32 cats)

Baseline (32 cats)

Generalized mild muscle
wasting (6 cats, 19%)
Mildly thickened Sl on
palpation (5 cats, 16%)
Heart murmur (4 cats, 13%)

Concurrent medical
management
Cats with CGID (32 cats)

Second recheck (30 cats)

Generalized mild muscle wasting
(1 cat, 3%)

Generalized severe muscle
wasting (1 cat, 3%)

Mildly thickened Sl on palpation
(3 cats, 10%)

Heart murmur (2 cats, 7%)

Cats with EPI (16 cats)

Baseline (16 cats)

Mildly thickened Sl on palpation

(4 cats, 25%)

Generalized mild muscle wasting

(3 cats, 19%)

Cats with EPI (16 cats)

Second recheck (16 cats)

Mildly thickened Sl on
palpation (2 cats, 13%)
Generalized mild muscle
wasting (1 cat, 6%)

Heart murmur (1 cat, 6%)

Baseline (32 cats)

Anti-inflammatory dose of
prednisolone (3 cats, 9%)
Metronidazole (3 cats, 9%)
Maropitant (3 cats, 9%)
Probiotics (3 cats, 9%)
Tylosin (1 cat, 3%)
Mirtazapine (1 cat, 3%)
Fenbendazole (1 cat, 3%)
Omeprazole (1 cat, 3%)

Second recheck (30 cats)

Anti-inflammatory dose of
prednisolone (9 cats, 30%)
Maropitant (3 cats, 10%)
Probiotics (2 cats, 7%)
Mirtazapine (2 cats, 7%)

Baseline (16 cats)

Pancreatic enzyme replacement
therapy (8 cats, 50%)
Metronidazole (3 cats, 19%)
Anti-inflammatory dose of
prednisolone (2 cats, 13%)
Probiotics (2 cats, 13%)
Maropitant (2 cats, 13%)

Second recheck (16 cats)

Pancreatic enzyme replacement
therapy (14 cats, 88%)
Anti-inflammatory dose of
prednisolone (2 cats, 13%)
Probiotics (2 cats, 13%)

Tylosin (1 cat, 6%)

Maropitant (1 cat, 6%)
Lactulose (1 cat, 6%)

Cisapride (1 cat, 6%)

Note: The baseline assessment was conducted before initiating cobalamin supplementation, and the second recheck was performed 1 week after

completing the supplementation.
Abbreviation: SI, small intestine.
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o 3.2 | Pertinent history and physical exam findings
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FIGURE 2 Serum cobalamin concentrations (ng/L) at different time points (baseline, first recheck, and second recheck) in cats with CGID that
received either oral (A, n = 16) or injectable (B, n = 16) supplementation with cobalamin. The baseline assessment was conducted before
initiating cobalamin supplementation, and the second recheck (week 13 for oral supplementation and week 11 for injectable supplementation)
was performed 1 week after completing the supplementation. The RI for serum cobalamin concentration (290-1500 ng/L) is shown as a shaded

gray area, and the bar shows the median of each dataset.
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FIGURE 3 Serum cobalamin concentrations (ng/L) at different time points (baseline, first recheck, and second recheck) in cats with EPI that
received either oral (A, n = 8) or injectable (B, n = 8) supplementation with cobalamin. The baseline assessment was conducted before initiating
cobalamin supplementation, and the second recheck (week 13 for oral supplementation and week 11 for injectable supplementation) was

performed 1 week after completing the supplementation. The RI for serum cobalamin concentration (290-1500 ng/L) is shown as a shaded gray

area, and the bar shows the median of each dataset.

injectable treatment groups in the CGID cats (Figure 4). In cats However, the injectable treatment group had significantly higher
with EPI, the oral treatment group showed no significant differ- serum folate concentrations at the first recheck compared with

ence in serum folate concentrations between time points. baseline (Figure 5).
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FIGURE 4 Serum folate concentrations (ug/L) at different time points (baseline, first recheck, and second recheck) in cats with CGID that
received either oral (A, n = 16) or injectable (B, n = 16) supplementation with cobalamin. The baseline assessment was conducted before
initiating cobalamin supplementation, and the second recheck (week 13 for oral supplementation and week 11 for injectable supplementation)
was performed 1 week after completing the supplementation. The RI for serum folate concentration (9.7-21.6 pg/L) is shown as a shaded gray
area, and the bar shows the median of each dataset.
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FIGURE 5 Serum folate concentrations (ug/L) at different time points (baseline, first recheck, and second recheck) in cats with EPI that
received either oral (A, n = 8) or injectable (B, n = 8) supplementation with cobalamin. The baseline assessment was conducted before initiating
cobalamin supplementation, and the second recheck (week 13 for oral supplementation and week 11 for injectable supplementation) was
performed 1 week after completing the supplementation. The RI for serum folate concentration (9.7-21.6 pg/L) is shown as a shaded gray area,
and the bar shows the median of each dataset.

3.6 | Serum MMA concentrations EPI and 21/32 cats (66%) with CGID (10/16 cats in the oral and
11/16 cats in the SC group) had elevated serum MMA concentrations

For all cats that completed the study, serum MMA concentrations indicating cellular cobalamin deficiency. After completion of supple-
were available for all 3 time points. At baseline, all 16 cats (100%) with mentation, among these 37 cats, serum MMA concentrations were
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Serum MMA concentrations (nmol/L) at different time points (baseline, first recheck, and second recheck) in cats with CGID that

received either oral (A, n = 16) or injectable (B, n = 16) supplementation with cobalamin. The baseline assessment was conducted before
initiating cobalamin supplementation, and the second recheck (week 13 for oral supplementation and week 11 for injectable supplementation)
was performed 1 week after completing the supplementation. The RI for serum MMA concentration (139-898 nmol/L) is shown as a shaded gray

area, and the bar shows the median of each dataset.
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Serum MMA concentrations (nmol/L) at different time points (baseline, first recheck, and second recheck) in cats with EPI that

received either oral (A, n = 8) or injectable (B, n = 8) supplementation with cobalamin. The baseline assessment was conducted before initiating
cobalamin supplementation, and the second recheck (week 13 for oral supplementation and week 11 for injectable supplementation) was
performed 1 week after completing the supplementation. The RI for serum MMA concentration (139-898 nmol/L) is shown as a shaded gray

area, and the bar shows the median of each dataset.
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Results (median and range) of body weight and body condition score at each time point in cats with chronic gastrointestinal disease

(CGID) or exocrine pancreatic insufficiency (EPI) that received either oral or injectable supplementation with cobalamin.

Second recheck

VI i~ Cobalam Baseline First recheck (week 7) (week 13 or 11)
(reference interval) group supplementation Median Range Median Range Median Range
fPLI (<3.5 pg/L) CGID Oral (n = 16) 1.7 0.9-3.2 23 1.1-144 1.7 1-50
Injectable (n = 16) 2 0.7-3.1 1.85 0.8-3.7 2.15 1.2-55
EPI Oral (n = 8) 1.5 0.6-2.6 1.45 0.6-4 1.05 0.6-5.6
Injectable (n = 8) 14 0.7-2.6 1.05 0.9-8.3 14 0.6-9.7
fTLI (12-82 pg/L) CGID Oral (n = 16) 43.8 20.1-92.1 434 20.1-98 46.9 21.7-151.6
Injectable (n = 16) 49.2 26-90.6 40.8 19.7-141.4 41.2 25.5-101.4
EPI Oral (n = 8) 2 0.1-7.1 11 0.1-16 0.6 0.1-25.9
Injectable (n = 8) 3.9 1.8-7.8 3.1 1.7-8.2 4.6 2.1-10.3

Note: The baseline assessment was conducted before initiating cobalamin supplementation, and the second recheck (week 13 for oral supplementation
and week 11 for injectable supplementation) was performed 1 week after completing the supplementation.

TABLE 7 Summary of daily online questionnaire responses in both treatment groups.
Oral treatment Injectable treatment

Cat group CGID (14 cats) EPI (8 cats) CGID (16 cats) EPI (8 cats)

Ease of administration (yes) 13 cats (93%) 8 (100%) N/A N/A

Vomiting None 2 cats (14%) 2 cats (25%) 2 cats (12%) 2 cats (25%)
1-5 days total 9 cats (65%) 4 cats (50%) 7 cats (44%) 3 cats (37.5%)
6-10 days total 2 cats (14%) 2 cats (25%) 3 cats (19%) 3 cats (37.5%)
>10 days total 1 cat (7%) 0 4 cats (25%) 0

Diarrhea 1-5 days total 7 cats (50%) 8 cats (100%) 10 cats (62%) 8 (100%)
Intermittent 5 cats (36%) 0 3 cats (19%) 0
Persistent 2 cats (14%) 0 3 cats (19%) 0

Appetite Same to increased 6 cats (43%) 0 8 cats (50%) 0
Same 8 cats (57%) 8 (100%) 7 cats (44%) 8 (100%)
Decreased to same 0 0 1 cat (6%) 0

normalized in most cats with CGID (7/10, 70% [39.7%-89.2%] in the
oral group and 9/11, 82% [52.3%-96.7%)] in the SC group) or EPI (88%
[52.9%-99.4%] in both oral and SC groups). Table 5 shows serum
MMA concentrations (median and range) at each time point and
the difference (A) of serum MMA concentrations between each
recheck and baseline. In cats with CGID or EPI, both oral and
injectable supplementation with cobalamin caused a significant
decrease of serum MMA concentrations between baseline and
both rechecks (Figures 6 and 7).

3.7 | Serum fPLI and fTLI concentrations

Serum fPLI and fTLI concentrations for all 3 time points were available
for all cats that completed the study, and the results (median and
range) are described in Table 6. Serum fPLI was within RI at baseline
in all cats with CGID or EPI. Serum fTLI was above 20 pg/L in all cats
with CGID and was decreased, consistent with EPI, in all cats with EPI

at baseline. Two cats with EPI in the oral treatment group had serum

fTLI concentrations within the Rl at either recheck.

3.8 | Online daily questionnaire for owners

The summarized results of the questionnaire are shown in Table 7.

4 | DISCUSSION

The results from this prospective, randomized clinical trial show that
when used in conjunction with other medical and dietary interven-
tions, both oral and SC supplementation with cobalamin are effective
at increasing serum cobalamin concentrations in hypocobalaminemic
cats with either CGID or EPI. Many of these cats (21/32 cats with
CGID and all 16 cats with EPI) had elevated serum MMA concentra-
tions in addition to hypocobalaminemia. Accordingly, this study also
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indicates that both oral and SC supplementation with cobalamin,
when combined with other medical and dietary interventions, effec-
tively decrease serum MMA concentrations in cats with hypocobala-
minemia or cobalamin deficiency caused by CGID or EPI.

The efficacy of SC or IM supplementation with either cyanoco-
balamin or hydroxocobalamin in normalizing or improving serum
cobalamin or both serum cobalamin and MMA concentrations in
hypocobalaminemic cats with CGID or EPI is described in several
studies.’®2%%° Qur study used cyanocobalamin rather than other
forms of cobalamin, such as hydroxocobalamin, for SC supplementa-
tion to align with the cyanocobalamin administered orally. Addition-
ally, our study was designed before the efficacy of hydroxocobalamin
given IM in cats was described. However, there are only 2 studies
that have evaluated the efficacy of oral supplementation with cobala-
min in hypocobalaminemic cats. The first study, which is only avail-
able as an abstract, evaluated the efficacy of oral supplementation
with cobalamin in 14 geriatric cats (>12 years of age) with idiopathic
fat malabsorption that did not, however, have EPI.%° In this study,
oral supplementation with cobalamin was given to all cats by adding
the mixture (1 mg of commercially available cobalamin solution and
1 mL of a liquid flavor enhancer) to the food once daily for 2 months.
Only 4/14 cats had hypocobalaminemia (<290 ng/L) and the other
10 cats had normal serum cobalamin concentrations right before
starting the supplementation. Serum cobalamin concentrations were
above the ULRI after 1 week of daily administration in all 14 cats
(1892-13 109 ng/L) and remained above the ULRI during the supple-
mentation in 12 cats. The second, retrospective study evaluated the
efficacy of oral supplementation with cobalamin in 25 cats with Gl
diseases, including 2 cats with EPI (only 12/25 cats had a measure-
ment of fTLI for evaluation of EPI).?* Oral supplementation (250 ug
of cyanocobalamin tablets) was given once daily to all 25 hypocobala-
minemic cats (<290 ng/L) or low normal serum cobalamin concen-
trations (within the lowest 10% of the Rl [290-1000 ng/L]), and
the serum cobalamin concentration was reevaluated at recheck
(between 28 and 94 days). This study demonstrated that serum
cobalamin concentration was significantly increased and normal-
ized in all cats at recheck. However, this study had several limita-
tions due to its retrospective nature. First, reevaluation of serum
cobalamin concentration after initiating supplementation was done
only once at various time points. Also, serum MMA concentration
was measured only in 2 cats. Lastly, as only 2 cats with confirmed
EPI were included and about a half of the cats (13/25) were not
evaluated for EPI, it was difficult to differentiate cats with differ-
ent types of underlying conditions.

Our current study is the first prospective study evaluating the
efficacy of oral supplementation with cobalamin in hypocobalamine-
mic cats with CGID or EPI. The results of this current study are similar
to those of the previously mentioned 2 studies showing the efficacy
of oral supplementation with cobalamin in increasing serum cobalamin
concentrations in hypocobalaminemic cats with chronic Gl signs.?425
In contrast to the previous studies, this study had 2 distinct groups of
cats (ie, CGID or EPI) allowing evaluation of each group after cobala-

min supplementation. Also, this study measured serum MMA

concentrations in all cats, allowing the evaluation of cobalamin status
on a cellular level.

The results of this study in cats with CGID showed that more
cats in the oral treatment group (11 cats in the first recheck and
6 cats in the second recheck) than in the injectable treatment group
(2 cats in the first recheck and 1 cat in second recheck) had very
high serum cobalamin concentrations (> 5000 ng/L). In cats with
EPI, the serum cobalamin concentrations in some cats (3 cats in the
first recheck and 2 cats in the second recheck) in the oral treatment
group were very high (> 5000 ng/L); however, none of the cats in
the injectable treatment group had serum cobalamin concentrations
>5000 ng/L. This might be due to the wider range of serum cobala-
min concentrations achieved with oral supplementation compared
to injectable supplementation as previously shown in dogs.?’ These
very high serum concentrations were also identified in some cats in
the previous 2 studies that evaluated the efficacy of oral supple-
mentation with cobalamin in cats.?*?> An interesting finding is that
none of the dogs that received either oral or injectable supplemen-
tation with cobalamin in previous studies had been reported to have
such very high serum cobalamin concentrations after supplementa-
tion, indicating a potential difference between dogs and cats.1?2%-2%

Also, in this current study, all cats (except for 1 cat with EPI that
received oral supplementation with cobalamin) had serum cobalamin
concentrations greater than 400 ng/L at the second recheck. Conse-
quently, no further supplementation was required based on the cur-
rent recommendations from the Gl Lab at Texas A&M University. All
cats in the previous retrospective study evaluating oral supplemen-
tation with cobalamin had serum cobalamin concentrations greater
than 400 ng/L at the recheck, as well.?* In contrast, in the previous
study with hypocobalaminemic dogs, 6/27 dogs with CGID (3 dogs
in the oral and 3 dogs in the injectable treatment group, respec-
tively) and 5/19 dogs with EPI (5 dogs in the injectable treatment
group) had serum cobalamin concentration less than 400 ng/L at the
second recheck, suggesting a need for continued supplementation
with cobalamin.'® This difference between cats and dogs might be
related to the use of relatively higher dosages of supplemented
cobalamin in cats compared to dogs, dissimilar cobalamin receptor
expressions and subsequently different cobalamin absorption capac-
ity in the small intestine, or disparate cobalamin metabolism after
absorption between the species.

Our study evaluated serum MMA concentrations in all cats at all
3 time points, allowing us to evaluate the cobalamin status on a cellu-
lar level before and after finishing oral or injectable supplementation
with cobalamin. This is the first study that evaluated serum MMA con-
centrations after oral supplementation with cobalamin in hypocobala-
minemic cats. In cats with CGID, a significant decrease of serum
MMA concentrations was identified with both oral and injectable sup-
plementation with cobalamin indicating that both routes of supple-
mentation were effective in significantly improving or normalizing the
cobalamin status on a cellular level. This finding is consistent with
the results of previous studies in hypocobalaminemic dogs with CGID,
showing significantly decreased serum MMA concentrations after oral

or injectable supplementation with cobalamin.?”?* Interestingly, 6/32
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cats (19%) with CGID (4 cats and 2 cats in the oral and injectable
treatment group, respectively) had excessively high serum MMA con-
centrations (>10 000 nmol/L) at baseline. Similarly, some cats in the
previous studies evaluating injectable supplementation with cobala-
min in hypocobalaminemic cats with CGID reported excessively high
serum MMA concentrations at baseline.??*° This finding might indi-
cate a difference between cats and dogs or that the cats evaluated
had more severe cobalamin deficiency compared to the dogs exam-
ined in previous studies. Among the 32 cats with CGID in this study,
21 cats (66%, 10 cats and 11 cats in the oral and injectable treatment
group, respectively) had serum MMA concentrations higher than the
ULRI, indicating cobalamin deficiency at baseline, and all these 21 cats
had normalized or improved serum MMA concentrations at either
recheck. The remaining 11 cats (34%, 6 cats and 5 cats in the oral and
injectable treatment group, respectively) that had serum MMA con-
centrations within the Rl at baseline also had decreased serum MMA
concentrations at either recheck, indicating improved intracellular
cobalamin status after supplementation.

In cats with EPI, a significant decrease of serum MMA concentra-
tions was also found with both oral and injectable supplementation
with cobalamin showing that when used in conjunction with other
medical and dietary interventions, both routes of supplementation are
effective at improving or normalizing cobalamin status on a cellular
level. Interestingly, 12/16 cats (75%) with EPI (6 cats in both the oral
and the injectable treatment groups, respectively) had excessively
high serum MMA concentrations (>10 000 nmol/L) at baseline in our
study. The reason why the hypocobalaminemic cats with EPI have
more severe cobalamin deficiency than hypocobalaminemic cats with
CGID or hypocobalaminemic dogs with CGID or EPI is not clear; how-
ever, this might be related to differences in disease severity. EPI in
cats is still less well known than in dogs, which may delay proper diag-
nosis and thus lead to more severe cobalamin deficiency. Of special
note, all 16 cats (100%) with EPI in this study had serum MMA con-
centrations above the ULRI at baseline, indicating cellular cobalamin
deficiency, compared to only 21/32 cats (66%) with CGID at baseline.
After either oral or injectable supplementation with cobalamin, serum
MMA concentrations were significantly improved or normalized in all
16 cats with EPI. This finding is different from the results in hypoco-
balaminemic dogs with EPI in the previous study, showing a significant
decrease of serum MMA concentrations only in the oral treatment
group, but not in the injectable treatment group.?” This difference
between the 2 studies might be related to differences in cobalamin
metabolism between cats and dogs or to the relatively higher dosage
of supplemented cobalamin given to cats compared to dogs. In the
previous study with dogs with EPI, only half of the dogs had serum
MMA concentrations above the ULRI, suggesting a cobalamin defi-
ciency at baseline.r’ Indeed, 1 previous study described cobalamin
supplementation as one of the predictors for having a positive clinical
response to the treatment in cats with EPL.” In addition, similarly to
dogs, oral supplementation with cobalamin might be a convenient
alternative for owners who do not want to bring their cats to the vet-
erinary clinic for repeated injections of cobalamin or who do not feel

comfortable giving injections at home. Also, most cats with EPI
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receive daily pancreatic enzyme replacement therapy by mouth, and
adding oral supplementation with cobalamin might be an easier option
for some owners than giving injections. Interestingly, 2 cats with EPI
in the oral treatment group had serum fTLI concentrations within the
RI at either recheck (one cat at the first recheck and the other at
the second recheck). This finding might be related to fluctuations of
fTLI due to ongoing concurrent pancreatic inflammation and destruc-
tion of acinar cells.

Our findings might indicate that shorter duration or less fre-
quent supplementation with cobalamin than the currently recom-
mended protocol might be sufficient to normalize serum cobalamin
and MMA concentrations in most hypocobalaminemic cats. A
recent study evaluating the efficacy of hydroxocobalamin given
intramuscularly (total 4 injections given every 2 weeks) in cats with
cobalamin deficiency showed that this protocol was efficacious in
normalizing serum cobalamin and MMA concentrations in most
cats.®° Unfortunately, little information is currently available regard-
ing the ideal duration of oral supplementation with cobalamin or
when to repeat measurement of serum cobalamin concentrations
after discontinuing supplementation in cats. The circulating half-life
of cobalamin after 1 SC injection with 1 mg of cyanocobalamin was
reported to be shorter in sick cats with Gl disease than in healthy
cats in one study (5 days vs 12.75 days); however, only 2 cats with
inflammatory bowel disease and 4 healthy cats were evaluated in
that study.” Our study showed a decreasing trend of serum cobala-
min concentrations at the second recheck (evaluated 1 week after
discontinuing the cobalamin supplementation) compared to the first
recheck. However, this current study's design did not allow for
long-term evaluation of serum cobalamin concentrations after dis-
continuation of supplementation. The results of 2 previous studies
using intramuscular supplementation with either cyano- or hydroxo-
cobalamin described the similar pattern showing a decreasing trend
of serum cobalamin concentrations and an increasing trend of
serum MMA concentrations at the rechecks up to 4 to 10 weeks
postcompletion of supplementation.??3® Until further research is
completed, repeated measurements of serum cobalamin concentra-
tions after discontinuation of supplementation might be beneficial
to evaluate the need for continued cobalamin supplementation.

Even though several studies, including this current study, have
shown the efficacy of oral supplementation with cobalamin in improv-
ing/normalizing serum cobalamin and MMA concentrations in hypo-
cobalaminemic cats and dogs, the exact mechanism of cobalamin
absorption in the compromised Gl tract or in the absence of IF in cats
or dogs with EPI is unclear.1?-20:22-25

Several limitations should be mentioned for this study. First, due
to the limited range of diagnostic tests performed for each cat, spe-
cific disease entity causing chronic Gl signs could not be definitively
determined. For example, some cats might have had pancreatitis as
pancreatitis cannot be completely ruled out based on a fPLI test result
within the RI. Additionally, 8 cats had elevated serum fPLI concentra-
tions at either recheck despite having a serum fPLI concentration
within the RI at baseline; however, only 2/8 cats had a serum fPLI

concentration >8.8 ug/L, which is a newly suggested decision
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threshold for diagnosing pancreatitis in cats.*! Second, because vari-
ous diets were fed to the enrolled cats during the study, different
cobalamin content in various diets might have affected serum cobala-
min concentrations. Despite diet-related hypocobalaminemia seems
to be rare even in cats fed with vegetarian diets,%? a further study
evaluating the effect of diet on serum cobalamin concentrations in
cats is warranted. Third, because various therapies were given to the
enrolled cats for the treatment of their underlying diseases (CGID or
EPI), this might have independently influenced the control of under-
lying disease status and subsequent cobalamin absorption in the Gl
tract and cobalamin concentrations in serum. Finally, at the end of
the study, the remaining number of oral cobalamin chews was not
counted, leaving a possibility of having noncompliant owners who
did not follow the study instruction for daily oral administration of
oral cobalamin chews.

In conclusion, when used in conjunction with other medical and
dietary interventions using the dosing strategies described above,
both oral and SC supplementation with cobalamin showed efficacy for
normalizing cobalamin status in blood and on a cellular level in hypo-
cobalaminemic cats with CGID or EPI. Consequently, oral supplemen-
tation with cobalamin can be used as an alternative option for

supplementation in hypocobalaminemic cats with CGID or EPI.

ACKNOWLEDGMENT

The authors gratefully acknowledge Nutramax Laboratories, Inc. for
financial support and provision of all cobalamin products for this
study. The identification number for each patient was generated by

Nutramax Laboratories, Inc. for this study.

CONFLICT OF INTEREST DECLARATION

All authors are employed by the Gastrointestinal Laboratory at Texas
A&M University, which offers measurement of serum cobalamin and
methylmalonic acid concentrations on a fee for service basis. Dr. Stei-
ner acts as a consultant for Nutramax Laboratories, Inc., and Dr. Stei-
ner, Dr. Suchodolski, and Dr. Lidbury also act as paid speakers for
Nutramax Laboratories, Inc.

OFF-LABEL ANTIMICROBIAL DECLARATION
Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
(IACUC) OR OTHER APPROVAL DECLARATION

The animal use protocol for this study was approved by the Animal
Care and Use Committee at Texas A&M University (IACUC 2015 -
0286, IACUC 2018 - 0347, IACUC 2021 - 0283).

HUMAN ETHICS APPROVAL DECLARATION
Authors declare human ethics approval was not needed for this study.

ORCID
Chee-Hoon Chang " https://orcid.org/0000-0001-9852-810X
Jonathan Lidbury "= https://orcid.org/0000-0001-5107-4577

Jan S. Suchodolski
Joerg M. Steiner

https://orcid.org/0000-0002-2176-6932
https://orcid.org/0000-0003-3336-2086

REFERENCES

1. Ruaux CG. Cobalamin in companion animals: diagnostic marker, defi-
ciency states and therapeutic implications. Vet J. 2013;196:145-152.

2. Green R, Allen LH, Bjgrke-Monsen AL, et al. Vitamin B(12) deficiency.
Nat Rev Dis Primers. 2017;3:17040.

3. Banerjee R, Ragsdale SW. The many faces of vitamin B12: catalysis
by cobalamin-dependent enzymes. Annu Rev Biochem. 2003;72:
209-247.

4. Thompson KA, Parnell NK, Hohenhaus AE, Moore GE, Rondeau MP.
Feline exocrine pancreatic insufficiency: 16 cases (1992-2007).
J Feline Med Surg. 2009;11:935-940.

5. Steiner JM, Williams DA. Validation of a radioimmunoassay for feline
trypsin-like immunoreactivity and serum cobalamin and folate con-
centrations in cats with exocrine pancreatic insufficiency [abstract].
J Vet Intern Med. 1995;9:193.

6. Watanabe T, Hoshi K, Zhang C, Ishida Y, Sakata |. Hyperammonaemia
due to cobalamin malabsorption in a cat with exocrine pancreatic
insufficiency. J Feline Med Surg. 2012;14:942-945.

7. Xenoulis PG, Zoran DL, Fosgate GT, Suchodolski JS, Steiner JM.
Feline exocrine pancreatic insufficiency: a retrospective study of
150 cases. J Vet Intern Med. 2016;30:1790-1797.

8. Fyfe JC. Feline intrinsic factor is pancreatic in origin and mediates ileal
cobalamin absorption. J Vet Intern Med. 1993;7:133.

9. Simpson KW, Fyfe J, Cornetta A, et al. Subnormal concentrations of
serum cobalamin (vitamin B12) in cats with gastrointestinal disease.
J Vet Intern Med. 2001;15:26-32.

10. Reed N, Gunn-Moore D, Simpson K. Cobalamin, folate and inorganic
phosphate abnormalities in ill cats. J Feline Med Surg. 2007;9:
278-288.

11. Vaden SL, Wood PA, Ledley FD, Cornwell PE, Miller RT, Page R.
Cobalamin deficiency associated with methylmalonic acidemia in a
cat. J Am Vet Med Assoc. 1992;200:1101-1103.

12. Stanley EL, Eatroff AE. Hypocobalaminaemia as a cause of bone mar-
row failure and pancytopenia in a cat. Aust Vet J. 2017;95:156-160.

13. Simpson K, Battersby |, Lowrie M. Suspected acquired hypocobalami-
naemic encephalopathy in a cat: resolution of encephalopathic signs
and MRI lesions subsequent to cobalamin supplementation. J Feline
Med Surg. 2012;14:350-355.

14. Salvadori C, Cantile C, De Ambrogi G, et al. Degenerative myelopathy
associated with cobalamin deficiency in a cat. J Vet Med A Physiol
Pathol Clin Med. 2003;50:292-296.

15. Ruaux CG, Steiner JM, Williams DA. Relationships between low
serum cobalamin concentrations and methlymalonic acidemia in cats.
J Vet Intern Med. 2009;23:472-475.

16. Worhunsky P, Toulza O, Rishniw M, et al. The relationship of serum
cobalamin to methylmalonic acid concentrations and clinical variables
in cats. J Vet Intern Med. 2013;27:1056-1063.

17. Berghoff N, Suchodolski JS, Steiner JM. Association between serum
cobalamin and methylmalonic acid concentrations in dogs. Vet J.
2012;191:306-311.

18. Ruaux CG, Steiner JM, Williams DA. Early biochemical and clinical
responses to cobalamin supplementation in cats with signs of gastro-
intestinal disease and severe hypocobalaminemia. J Vet Intern Med.
2005;19:155-160.

19. Chang CH, Lidbury JA, Suchodolski JS, Steiner JM. Effect of oral or
injectable supplementation with cobalamin in dogs with hypocobala-
minemia caused by chronic enteropathy or exocrine pancreatic insuf-
ficiency. J Vet Intern Med. 2022;36:1607-1621.

20. Toresson L, Steiner JM, Razdan P, et al. Comparison of efficacy of oral
and parenteral cobalamin supplementation in normalising low


https://orcid.org/0000-0001-9852-810X
https://orcid.org/0000-0001-9852-810X
https://orcid.org/0000-0001-5107-4577
https://orcid.org/0000-0001-5107-4577
https://orcid.org/0000-0002-2176-6932
https://orcid.org/0000-0002-2176-6932
https://orcid.org/0000-0003-3336-2086
https://orcid.org/0000-0003-3336-2086

CHANG ET AL.

Journal of Veterinary Internal Medicine AC\%’/IM | 2479

21.

22.

23.

24.

25.

26.

27.

cobalamin concentrations in dogs: a randomised controlled study. Vet
J.2018;232:27-32.

Toresson L, Steiner JM, Spodsberg E, et al. Effects of oral versus
parenteral cobalamin supplementation on methylmalonic acid and
homocysteine concentrations in dogs with chronic enteropathies and
low cobalamin concentrations. Vet J. 2019;243:8-14.

Toresson L, Steiner JM, Spodsberg E, et al. Effects of oral cobalamin
supplementation on serum cobalamin concentrations in dogs with
exocrine pancreatic insufficiency: a pilot study. Vet J. 2021;269:
105619.

Toresson L, Steiner JM, Suchodolski JS, Spillmann T. Oral cobalamin
supplementation in dogs with chronic enteropathies and Hypocobala-
minemia. J Vet Intern Med. 2016;30:101-107.

Toresson L, Steiner JM, Olmedal G, Larsen MB, Suchodolski JS,
Spillmann T. Oral cobalamin supplementation in cats with hypocoba-
laminaemia: a retrospective study. J Feline Med Surg. 2017;19:1302-
1306.

Williams DA, Czarnecki-Maulden G. Oral cobalalmin supplementation
effectively raises serum cobalamin concentration in geriatric cats with
idiopathic malabsorption, but concentrations decreases rapidly fol-
lowing cessation of supplementation [abstract]. J Vet Intern Med.
2015;29:436.

Ruaux CG, Steiner JM, Williams DA. Metabolism of amino acids in
cats with severe cobalamin deficiency. Am J Vet Res. 2001;62:1852-
1858.

Steiner JM, Medinger TL, Williams DA. Development and validation
of a radioimmunoassay for feline trypsin-like immunoreactivity.
Am J Vet Res. 1996;57:1417-1420.

Open Access,

28.

29.

30.

31

32.

ey oneel hodiine
Forman MSJ, Armstrong P, Robertson J, Buch J. Evaluation of feline
pancreas-specific lipase (spec fPL™) for the diagnosis of feline pancre-
atitis. J Vet Intern Med. 2009;23:733-734.

Kempf J, Hersberger M, Melliger RH, Reusch CE, Kook PH. Effects of
6 weeks of parenteral cobalamin supplementation on clinical and bio-
chemical variables in cats with gastrointestinal disease. J Vet Intern
Med. 2017;31:1664-1672.

Kook PH, Melliger RH, Hersberger M. Efficacy of intramuscular
hydroxocobalamin supplementation in cats with cobalamin deficiency
and gastrointestinal disease. J Vet Intern Med. 2020;34:1872-1878.
Wu YA, Steiner JM, Huisinga E, et al. Analytical validation of an ELISA
for the measurement of feline pancreas-specific lipase and re-evaluation
of the reference interval and decision threshold for diagnosing
pancreatitis. Vet Clin Pathol. 2023;52:482-492.

Wakefield LA, Shofer FS, Michel KE. Evaluation of cats fed vegetarian
diets and attitudes of their caregivers. J Am Vet Med Assoc. 2006;229:
70-73.

How to cite this article: Chang C-H, Lidbury J, Suchodolski JS,
Steiner JM. Effect of oral or subcutaneous administration of
cyanocobalamin in hypocobalaminemic cats with chronic
gastrointestinal disease or exocrine pancreatic insufficiency.

J Vet Intern Med. 2024,38(5):2464-2479. doi:10.1111/jvim.
17195


info:doi/10.1111/jvim.17195
info:doi/10.1111/jvim.17195

	Effect of oral or subcutaneous administration of cyanocobalamin in hypocobalaminemic cats with chronic gastrointestinal dis...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Animals
	2.2  Study design and cobalamin supplementation
	2.3  Blood sample processing
	2.4  Assays
	2.5  Daily online questionnaire for owners
	2.6  Statistical analysis

	3  RESULTS
	3.1  Animals
	3.2  Pertinent history and physical exam findings
	3.3  Complete blood counts and serum chemistry profiles
	3.4  Serum cobalamin concentrations
	3.5  Serum folate concentrations
	3.6  Serum MMA concentrations
	3.7  Serum fPLI and fTLI concentrations
	3.8  Online daily questionnaire for owners

	4  DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	ORCID
	REFERENCES


