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Abstract 
Background:  Colorectal cancer screening programs have been established in 
many European countries.   Good quality of the screening services are an 
essential prerequisite for the success of these screening programs to reduce 
the mortality and/or incidence of the disease.   The control and the reduction of 
hemoglobin degradation are fundamental at higher ambient temperatures. 

Methods:  The FOB Gold Tube Screen (REF 11561H) is a device for the 
collection and conservation of fecal samples.   The buffer contained in this 
device is able to reduce the hemoglobin degradation at room temperature.   In 
the protocol were used single fecal samples and pooled fecal samples.   The 
fecal samples were collected with 3 different buffers:  FOB Gold Tube Screen, 
FOB Gold Tube NG (REF 11561N), Eiken Buffer (REF V-PZ25).   The buffers 
were evaluated on their capability to preserve hemoglobin by degradation for at 
least 10 days at 2-8°C, 8 days at +25°C, 3 days at +30°C.   For the 
determination of hemoglobin concentration in the samples was used the FOB 
Gold NG reagent (REF 11560N). 

Results:  After 10 days at 2-8°C the recoveries (% bias) vs Time 0 
concentration on single fecal samples were:  FOB Gold Tube Screen 94.0%, 
FOB Gold Tube NG 76.0%, Eiken Buffer 81.5%, while on pooled fecal samples 
were:  FOB Gold Tube Screen 94.4%, FOB Gold Tube NG 76.6%, Eiken 
Buffer 80.4%.   After 8 days at +25°C the recoveries (% bias) vs Time 0 
concentration on single fecal samples were:  FOB Gold Tube Screen 68.5%, 
FOB Gold Tube NG 44.1%, Eiken Buffer 57.7%, while on pooled fecal samples 
were:  FOB Gold Tube Screen 58.7%, FOB Gold Tube NG 47.9%, Eiken 
Buffer 50.3%.   After 3 days at +30°C the recoveries (% bias) vs Time 0 
concentration on single fecal samples were:  FOB Gold Tube Screen 68.6%, 
FOB Gold Tube NG 27.6%, Eiken Buffer 49.7%, while on pooled fecal samples 
were:  FOB Gold Tube Screen 85.6%, FOB Gold Tube NG 41.6%, Eiken 
Buffer 56.4%. 

Conclusion:  The use of FOB Gold Tube Screen (REF 11561H) has allowed 
to reduce the hemoglobin degradation in the fecal sample, in comparison with 
results obtained with other buffers.   These results confirm the ability of FOB 
Gold Tube Screen to reduce the hemoglobin degradation at high temperatures, 
with clear advantages in the execution of screening programs. 
 

Introduction 
Colorectal cancer is a major cause of cancer-related death in many countries.   
Because of its generally favorable clinical biology, it is an appropriate target for 
screening.   About 6% of people will develop colorectal cancer by 80 years of 
age, and half of these persons will die as a result.   Mortality rates associated 
with colorectal cancer can be reduced about 15% to 35% by screening with 
fecal occult blood tests.   The fecal sampling is a very important step.   The 
stability of the hemoglobin in the sample must be guaranteed. 
Colorectal cancer screening programs are based on the use of biological 
samples collected directly from the patient.   These samples are delivered to an 
intermediate collection center (i.e. pharmacy) or directly to the laboratory deputy 
to perform the test.   The shipment of these samples is usually carried out by 
postal service.   It is easy to understand that a proper management of the pre-
analytical phase is crucial for the development of screening programs 
scientifically valid. 
Fecal samples collected in collection tube, during the postal delivery, could be 
exposed to high ambient temperatures, higher than appropriate storage 
conditions (like refrigerated conditions at 2-8°C). 
For these reasons is necessary to study and to develop sampling device able to 
control and to reduce hemoglobin degradation at higher temperatures than 
those generally used in the storage and conservation of biological samples. 
 
Instruments and materials 
The FOB Gold Tube Screen is a new collection device designed, validated, 
patented and manufactured by SENTINEL CH. SpA.   Each collection tube 
contains 1.7 mL of extraction solution.   Composition and concentration of active 
components in the extraction solution are:  bovine serum albumin (BSA) 0.5%, 
sodium azide < 0.1% and stabilizers. 
The FOB Gold Tube NG is the previous version of collection device designed, 
validated, patented and manufactured by SENTINEL CH.   Each collection tube 
contains 1.7 mL of extraction solution.   Composition and concentration of active 
components in the extraction solution are:  bovine serum albumin (BSA) 1%, 
sodium chloride ≤ 0.9%, sodium azide < 0.1% and stabilizers. 
The predicate device is the collection buffer produced by Eiken. 
The determination of hemoglobin concentration in the samples was performed 
using the SENTINEL CH. SpA reagent FOB Gold NG.   This reagent was used 
for the hemoglobin determination in Eiken collection devices also because was 
analyzed the hemoglobin degradation trend and not the absolute value. 
Architect c4000 is a random-access analyzers. 
 
Protocol 
 
Samples: 
Samples used in this evaluation were: 
1) 10 single fecal samples, spiked with human hemoglobin to obtain positive 

samples in a concentration range from about 70 ng/mL to about 750 ng/mL; 
2) 3 pools obtained from single fecal samples, spiked with human hemoglobin 

to obtain positive samples in a  concentration range from about 65 ng/mL to 
about 530 ng/mL; 

3) 3 hemoglobin solutions from human lyophilized hemoglobin, in a 
concentration range from about 20 ng/mL to 195 ng/mL. 

 
Sample collection: 
All samples described above were collected using the following 3 sampling 
devices: 
1) FOB Gold Tube Screen (REF 11561H) (Sentinel Ch. SpA); 
2) FOB Gold Tube NG (REF 11561N) (Sentinel CH. SpA); 
3) QC-Auto Sampling Bottle 3 (REF V-PZ25) (Eiken). 
 
Determination of hemoglobin concentration at Time 0: 
At Time 0, before proceeding with samples storage at different temperatures, 
the hemoglobin concentration was determined in all samples after the collection 
in sampling devices.   FOB Gold NG reagent REF 11560N (Sentinel CH. SpA) 
was used.   This reagent was used also for the hemoglobin determination of 
samples in Eiken buffer.   This was done because the absolute value of 
hemoglobin concentration was not considered essential, but was needed to 
evaluate the hemoglobin degradation trend at different storage temperatures. 
 
Samples storage: 
After determination of hemoglobin concentration at Time 0, all samples were 
aliquoted and aliquots were stored at following different storage temperatures: 
1) 2 - 8°C 
2) +25°C ± 3°C; 
3) +30°C ± 3°C. 

 
Analysis of hemoglobin degradation at different storage temperatures: 
After 1 day at above listed temperatures, an aliquot of each sample was tested 
to determine the hemoglobin concentration and the relative % bias in 
comparison with the concentration value at Time 0.   In this way it was 
evaluated the degradation trend of hemoglobin in each sample and the ability of 
each sampling buffer to preserve hemoglobin by thermal degradation. 
This operation was repeated for the following 10 days. 
 
Acceptance criteria 
 
Acceptance criteria were to maintain the hemoglobin degradation at different 
storage temperatures within 10% bias versus Time 0 hemoglobin concentration 
values. 

Figure 1 

Structure of human haemoglobin 

 
Figure 2 

FOB Gold Tube Screen (REF 11561H) 

 
 

RESULTS 

Determination of haemoglobin concentration at Time 0 

Hemoglobin concentration 
ng/mL 

Mean of 3 replicates 
Sampling with 

FOB Gold 
Tube Screen 

Sampling with 
FOB Gold 
Tube NG 

Sampling with 
Eiken Buffer 

ID Sample 

11561H 11561N Eiken 
Single fecal samples 
S1 89.7 584.9 130.9 
S2 416.6 138.9 112.2 
S3 386.6 204.7 104.0 
S4 88.9 209.5 104.7 
S5 102.8 302.5 261.1 
S6 278.5 396.3 259.9 
S7 623.3 709.5 658.3 
S8 102.8 266.9 203.0 
S9 72.5 179.2 95.8 
S10 559.0 748.4 539.4 
Pooled fecal samples 
P1 190.1 387.8 178.1 
P2 64.1 217.0 167.0 
P3 278.7 527.2 352.8 
Hemoglobin solution samples 
L1 17.1 62.4 77.0 
L2 39.9 96.3 137.7 
L3 63.9 101.0 193.7 

Trend at 2-8°C 

In the following graph are reported the mean of the values obtained on the single 
fecal samples stored at 2-8°C. 

Single faecal samples
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In the following graph are reported the mean of the values obtained on the 
pooled fecal samples stored at 2-8°C. 

Pooled faecal samples
Trend at 2-8°C
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In the following graph are reported the mean of the values obtained on the 
hemoglobin solutions samples stored at 2-8°C. 

Hb solution samples
Trend at 2-8°C
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Trend at +25°C ± 3°C 

In the following graph are reported the mean of the values obtained on the single 
fecal samples stored at +25°C ± 3°C. 
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In the following graph are reported the mean of the values obtained on the 
pooled fecal samples stored at +25°C ± 3°C. 

Pooled faecal samples
Trend at +25°C
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In the following graph are reported the mean of the values obtained on the 
hemoglobin solutions samples stored at +25°C ± 3°C. 

Hb solution samples
Trend at +25°C
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Trend at +30°C ± 3°C 

In the following graph are reported the mean of the values obtained on the single 
fecal samples stored at +30°C ± 3°C. 
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In the following graph are reported the mean of the values obtained on the 
pooled fecal samples stored at +30°C ± 3°C. 

Pooled faecal samples
Trend at +30°C
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In the following graph are reported the mean of the values obtained on the 
hemoglobin solutions samples stored at +30°C ± 3°C. 

Hb solution samples
Trend at +30°C
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CONCLUSIONS 
The use of FOB Gold Tube Screen (REF 11561H) has allowed to reduce the 
hemoglobin degradation in the fecal sample, in comparison with results obtained 
with other buffers.   These results confirm the ability of FOB Gold Tube Screen to 
reduce the hemoglobin degradation at higher ambient temperatures, with clear 
advantages in the execution of screening programs.  
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