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Introduction
In veterinary medicine there is an ongoing need for cost-
effective screening diagnostics (Bayer Veterinary Care 
Usage Study: Phase 1; Bayer Healthcare 2011). In veteri-
nary medicine, point-of-care (POC) testing has become a 
routine aspect of patient assessment in many areas, 
including blood glucose assessment, ketoacidemia 
assessment and blood gas analysis.1–3 Historically, one of 
the earliest POC diagnostics popularized in human and 
veterinary medicine was designed to determine the 
presence of occult blood in the feces.

In human medicine, fecal occult blood (FOB) testing 
is widely accepted in screening of patients at risk of 
developing gastrointestinal cancer.4 This has led to sig-
nificant decreases in mortality associated with diseases 
such as colorectal cancer.5–9 Findings such as these have 
led to FOB testing becoming the most commonly used 
POC test in human colorectal cancer screening.4 This 
information in human medicine highlights the potential 
benefit of this cheap, quick and easy diagnostic if stud-
ied further and applied to more specific situations in vet-
erinary medicine.

Although considered by some to be an antiquated test, 
POC diagnostics like the FOB still have value as a diag-
nostic screening test when used in the correct clinical 

setting in veterinary medicine. For example, in previous 
studies, diets with animal protein, diets with high peroxi-
dase activity and diets high in vitamin C have been 
shown to result in either false-positives or false-nega-
tives.10–12 However, when diet and medications are con-
trolled for, FOB is a reliable screening test for the presence 
of occult blood in humans and dogs.11–13 Given this infor-
mation, over the past few decades FOB testing has been 
reported in a variety of veterinary species.11–18 However, 
currently the FOB test has had minimal validation in cats. 
The current extent of knowledge regarding this test in 
cats is centered around the effect of diet on false-positive 
reactions.17 Therefore, currently, when this test is per-
formed in clinical practice it is used without supporting 
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evidence-based medicine. As a result, its diagnostic capa-
bility and validity are still in question in this species.

The aim of this study was to characterize the limit of 
detection of FOB detection in feline feces, using a com-
mercially available testing kit. The secondary aim of this 
study was to determine the approximate blood volume 
required to cause melena.

Materials and methods
All animal use was approved by The Ohio State 
University Institutional Animal Care and Use Committee. 
Five healthy, purpose-bred cats were used in this study. 
All cats were 5 years of age. Cats were housed in indi-
vidual cages in facilities accredited by the Association 
for Assessment and Accreditation of Laboratory Animal 
Care International. All cats were acclimatized and social-
ized for at least 1 year before the start of experiments, 
with environmental enrichment provided. At the conclu-
sion of the experiment all animals were adopted into 
permanent homes.

Cats were fed a balanced veterinary formula diet (APF 
diet) ad libitum, which contained no animal protein 
(Royal Canin Veterinary Diet). Daily physical examina-
tions were performed throughout the study. Routine lab-
oratory tests, including complete blood counts (CBC), 
serum chemistry, coagulation profile and urinalysis, were 
performed at the beginning of the acclimatization period. 
No treats, food additives or other oral medications were 
administered during the course of the study. Throughout 
the experiment, naturally voided feces were collected 
from each cat every 12 h. At each 12 h time point, the 
feces were immediately tested for the presence of occult 
bleeding and the overt visual presence of melena.

FOB testing was performed using a commercially avail-
able diagnostic kit (Hemoccult Single Slides; Beckman 
Coulter). The test kit was used according to the manufac-
turer’s instructions. In brief, an applicator stick was used 
to apply a thin smear of fresh feces to the two test boxes 
inside the test card. Once the feces were applied, the test 
card was closed and allowed to incubate fully for 4–5 mins 
at room temperature. At the completion of the 4–5 min 
incubation period, a developer was applied to each test 
spot, as well as the positive and negative controls on the 
test card. Results were assessed and recorded at 60 s for the 
fecal smears and at 10 s for the positive and negative con-
trol. Positive and negative results were determined by 
comparison to the positive and negative controls. If the 
collected fecal samples were black and positive on the 
occult blood test they were classified as melenic (Figure 1). 
All testing was performed by one author (AR).

Heterologous canine packed red blood cells were 
administered orally, as a single dose, to each cat on a mil-
ligram of hemoglobin per kilogram of body weight basis. 
Blood was obtained from the Animal Blood Bank at The 
Ohio State University Veterinary Medical Center. The 

Animal Blood Bank donors are screened based on physi-
cal examination performed by a veterinarian and normal 
baseline bloodwork (CBC, chemistry profile) and nega-
tive for infectious disease (ie, Dirofilaria immitis antigen, 
Anaplasma phagocytophilum antibody, Anaplasma platys 
antibody, Borrelia burgdorferi antibody, Ehrlichia canis 
antibody and Ehrlichia ewingii antibody). All donors are 
required to be ⩾1 year of age, current on vaccines and be 
on no medications. Blood used in the study was evaluated 
by CBC at the beginning of the study (day 0) (Table 1). 
Between trials, the blood was stored at 4°C in citrate 
phosphate dextrose solution with red cell preservatives 
(USP [CPD] BLOOD-PACK; Fenwal). This stored solu-
tion was tested independently to ensure it did not affect 
the results of the Hemoccult test. No positive reactions 
were noted during this testing (data not shown).

All cats were fed a commercial maintenance feline 
diet (Teklad Diets, Harlan Feline Diet #2060; Harlan 
Laboratories) until 1 week before entry into the study. At 
day −7 the diet was changed to the APF diet (Royal 
Canin Veterinary Diet) and FOB testing was started. 
Each cat was required to have six consecutive fecal tests 
that were negative for occult blood before the first (day 
0) oral administration of blood and before each consecu-
tive administration. Blood was dosed at 1.5, 3, 15, 30 and 
45 mg/kg hemoglobin. Each dosage was administered 
as a single dose followed by a FOB testing period. All 
cats received the lowest dose first and then consecutively 
higher doses after each wash-out period.

Statistical analysis was performed using commer-
cially available computer software (GraphPad Prism 
[GraphPad Software] and SPSS 14.0 for Mac [IBM]). 
Descriptive statistics were calculated separately for time 
to reach a positive result after blood administration, as 
well as the time to negative result. The data were ana-
lyzed for normality using the Shapiro–Wilk test. All data 
were found to be non-parametric. Friedman’s test with 
Dunn’s post-hoc test was therefore used to assess data. 
Statistical significance was set at P <0.05.

Results
Immediately after transitioning from the maintenance 
diet to the APF diet, one cat was FOB-negative and the 
other four FOB-positive. All cats became FOB-negative 
within 84 h (median 48 h, range 0–84 h). At the time of 
the first PO blood administration, all five cats were FOB-
negative for at least seven consecutive evaluations 
(median 10, range 7–14; median 120 h, range 84–168 h).

FOB was detected in one (20%) cat at 1.5 mg/kg hemo-
globin, three (60%) cats at 3 mg/kg hemoglobin, and in 
all five (100%) cats at 15, 30 and 45 mg/kg hemoglobin 
(Table 2). Melena was not detected in doses <30 mg/kg 
hemoglobin. At 30 mg/kg, one (20%) cat had a fecal 
appearance consistent with melena. At 45 mg/kg, four 
(80%) cats had a fecal appearance consistent with melena.
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In all cases except one, the first FOB positive 
result was detected after two evaluations (24 h) after 
PO blood administration. In the single positive cat 
that was negative at 24 h, it first became positive 
after three evaluations (36 h). Positive results were 
persistent up to 108 h at the 45 mg/kg hemoglobin 
dosage. There was no difference in time to first posi-
tive result between dosages (P = 1.00). However, 
dose did affect time to negative results following 
positive tests (P = 0.005), with the difference between 
the 1.5 mg/kg dose and the 45 mg/kg dose main-
taining statistical significance with post-hoc testing. 
All cats tested negative by 36 h after administration 
of 1.5 mg/kg hemoglobin, by 48 h after administra-
tion of 3 mg/kg hemoglobin, by 72 h after adminis-
tration of 15 mg/kg hemoglobin (median 48 h, range 
36–72 h), by 84 h (median 72 h, range 48–84 h) after 

administration of 30 mg/kg hemoglobin and by 108 
h (median 72 h, range 72–108 h) after administration 
of 45 mg/kg hemoglobin.

The doses used in this study correspond to approxi-
mately 0.06, 0.12, 0.63, 1.26 and 1.89 ml (total volume) of 
canine blood with hemoglobin of 131 g/l. When these 
hemoglobin concentrations are extrapolated to typical 
feline blood values, the volume remains similar and cor-
responds to approximately 0.08, 0.17, 0.83, 1.65 and 2.48 
ml (total volume) of feline blood with hemoglobin of 100 
g/l. Variation in hemoglobin concentration would affect 
the volume necessary to cause positive results (Table 3).

Discussion
This study represents the first report of the quantity of 
blood needed to obtain a positive test result for FOB in 
cats using the Hemoccult test cards.18 Administration of 

Figure 1 (a) Fecal occult blood test kit (Hemoccult Single Slides; Beckman Coulter). Test card on the left demonstrates positive 
and negative controls in orange box, as well as positive results, indicated by the blue color in the test windows. Test card on 
the right demonstrates positive and negative controls in orange box, as well as negative results, indicated by the lack of blue 
color in the test windows. (b) Normal feline feces while on the APF diet (Royal Canin Veterinary Diet). (c) Melenic feces and  
(d) comparison of feces before and after blood dosing at 45 mg/kg
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15 mg/kg hemoglobin was required to yield a positive 
result consistently in all cats within 24 h of administra-
tion. However, a dose as low as 1.5 mg/kg hemoglobin 
was detected as positive in one cat. This demonstrates 
that the FOB test has good sensitivity at 15 mg/kg of 
hemoglobin and an overall low limit of detection in 
appropriate clinical situations.

In dogs, based on hemoglobin content, 20 mg/kg was 
sufficient to cause a consistent positive on the FOB test, 
but 500 mg/kg was needed to cause melena.13 In people, 
the lower limit of detection of a single dose of ingested 
blood is about 25 ml whole blood (roughly equal to 50 
mg/kg of hemoglobin based on a 75 kg body weight per 
person and an average concentration of hemoglobin of 
150 g/l).19 In the present study, the dosage of hemo-
globin necessary was similar to that used in the main 
canine study to cause a consistent positive result and, on 
rare occasions, able to detect FOB at much lower dos-
ages.13 However, this comparison must be interpreted 
with caution as diagnostic test methods and advances in 
test kit performance have changed since the initial stud-
ies in dogs and people were performed.

Hemoccult (Hemoccult Single Slides; Beckman 
Coulter) blood testing is based on detection of the heme 
portion of the hemoglobin molecule.20 Heme has 

Table 3 Estimated blood volumes expected to reproduce results based on average hemoglobin concentrations

Dose (mg/kg 
HGB)

Median (range) volume 
of canine blood (ml)  
(HGB 13.1)

Median (range) 
estimated volume  
of feline blood (ml) 
(HGB 5)

Median (range) 
estimated volume  
of feline blood (ml)  
(HGB 10)

Median (range) 
estimated volume  
of feline blood (ml)  
(HGB 15)

1.5 0.06 (0.05–0.08) 0.17 (0.14–0.20) 0.08 (0.07–0.10) 0.06 (0.05–0.07)
3 0.12 (0.10–0.15) 0.33 (0.28–0.41) 0.17 (0.14–0.20) 0.11 (0.10–0.14)
15 0.63 (0.52–0.77) 1.65 (1.38–2.04) 0.83 (0.69–1.02) 0.55 (0.46–0.68)
30 1.26 (1.04–1.54) 3.30 (2.76–4.08) 1.65 (1.38–2.04) 1.10 (0.92–1.36)
45 1.89 (1.56–2.31) 4.95 (4.14–6.12) 2.48 (2.07–3.06) 1.65 (1.38–2.04)

HGB = hemoglobin

Table 2 Number of animals that tested positive on fecal occult blood testing and for presence of melenic feces, 
stratified according to dosage

Dose (mg/kg 
HGB)

Occult-positive 
cats (n)

Occult-
negative cats 
(n)

Median time to 
positive result 
(h)

Melena-
positive cats 
(n)

Melena-
negative cats 
(n)

Median time to 
positive result 
(h)

1.5 1 4 24 0 5 NA
3 3 2 24 0 5 NA
15 5 0 24 0 5 NA
30 5 0 24 1 4 24
45 5 0 24 4 1 24

HGB = hemoglobin; NA = not applicable

Table 1 Complete blood count for donor animal

Test Value Reference interval

RBCs (×1012/l) 5.46 5.65–8.87
HCT (%) 34.1 37.3–61.7
HGB (g/l) 131 131–205
MCV (fl) 62.5 61.6–73.5
MCH (pg) 24.0 21.2–25.9
MCHC (g/dl) 38.4 32.0–37.9
RDW (%) 18.6 13.6–21.7
Reticulocytes (% of RBCs) 0.002
WBCs (×109/l) 6.71 5.05–16.76
Neutrophils (×109/l) 5.14 2.95–11.64
Lymphocytes (×109/l) 0.88 1.05–5.10
Monocytes (×109/l) 0.12 0.16–1.12
Eosinophils (×109/l) 0.57 0.06–1.23
Basophils (×109/l) 0 0–0.10
Platelets (×109/l) 156 148–484
MPV (fl) 12.0 8.7–13.2
PDW (fl) 18.5 9.1–19.4
PCT (%) 0.19 0.14–0.46

RBCs = red blood cells; HCT = hematocrit; HGB = hemoglobin;  
MCV = mean cell volume; MCH = mean cell hemoglobin; MCHC 
= mean cell hemoglobin concentration; RDW = red cell distribution 
width; WBCs = white blood cells; MPV = mean platelet volume;  
PDW = platelet distribution width; PCT = plateletcrit
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peroxidase activity, which catalyzes the oxidation of 
alpha (α)-guaiaconic acid (the active component of the 
guaiac paper) by hydrogen peroxide (the active compo-
nent of the developer) to form a highly conjugated blue 
quinone compound. Guaiac tests vary in their perfor-
mance characteristics, and more recent test kits, includ-
ing the Hemoccult, reportedly result in a more intense 
blue color reaction translating to improved overall read-
ability and precision, according to the manufacturer 
(Beckman Coulter). However, as mentioned before, these 
variations can result in different testing results between 
kits. In the initial reports of occult blood testing using 
older guaiac acid-based tests, their sensitivity was 
reduced compared with other tests.21 This variability 
and recent advancements, which are different between 
test kits, may explain the improved analytical sensitivity 
in the Hemoccult test that was used in this study. 
However, we are unable to determine if this is the defini-
tive cause as species differences, testing condition or 
other variables may be playing a role.

When considering the hemoglobin molecule, it is typ-
ically viewed as a tetramer comprised of four globulins 
(two α and two beta (β) subunits) with a single heme 
molecule bound in the center. There is well-conserved 
homology across mammalian species in the heme, while 
genetic and structural variation is commonly seen in the 
globulin components.22 Therefore, species differences 
are unlikely to affect the reaction and differences in the 
globin are irrelevant. As a result, in this study we chose 
to utilize canine blood products, owing to their ease of 
availability. However, this represents a theoretical limi-
tation of the study.

In humans, it is also known that FOB testing can be 
altered by other patient-related factors including diet, 
collection method and medications.23–30 Specifically, the 
effect of diet on FOB detection has been reported in 
cats.17 However, the amount of hemoglobin associated 
with blood detection (occult or clinical) was never 
assessed in that study. The animals used in the present 
study were in a highly controlled environment and rep-
resent an ideal situation in terms of clinical use and mini-
mized patient-based factors. Therefore, effects of diet on 
the FOB test sensitivity was minimized for false-positive 
results and optimized for clinical performance. 
Importantly, these data cannot be extrapolated to other 
diets or clinical scenarios. As a result, it could limit the 
clinical utility of this test if the cat will not eat the test 
diet. Additionally, as all cats had naturally voided fecal 
samples and were on no medications at the time of the 
study, it is assumed that these factors are not altering the 
presented data.

Conclusions
For clinical application of the results reported in this 
study, we stress the importance of utilizing 

this screening test in the recommended manner. Most 
importantly, ensuring the animal is on a diet devoid of 
animal protein and does not have a medication history, 
which could result in false-positive results in healthy 
patients, is imperative. Also, gastrointestinal hemor-
rhage below the limit of detection may occur, albeit at 
very small volume, causing a false-negative result. 
Because both false-positive and false-negative results are 
possible in a clinical situation, the FOB test should 
remain a screening test utilized in strict clinical condi-
tions, including a controlled diet, adequate washout 
period prior to testing and no medication, which could 
interfere with results.
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