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Introduction  
T-SPOT®.TB is an in vitro diagnostic assay which involves incubating peripheral blood mononuclear cells 
(PBMCs) with antigens specific for Mycobacteria tuberculosis.  The assay involves four steps: sample 
collection and preparation, cell counting and dilution, plate set-up and incubation, and spot development 
and counting.  Each of these steps is considered in detail in this guide.  
 
1.  Sample collection and preparation 
Blood collection tubes 
The isolation of PBMCs from blood samples is an important step in performing T-SPOT.TB.  Typically, 
viable PBMCs are isolated using Ficoll-PaqueTM Plus density gradient centrifugation.  Many varieties of 
tubes are available for blood collection.  However, not all are suitable for use with T-SPOT.TB.  Whole 
blood should be collected in evacuated blood collection tubes called Vacutainers® or syringes and sample 
tubes containing anticoagulants such as heparin.  Where syringes are used, the needle should be 
removed before transferring the blood sample to the tube.  Failure to remove the needle may result in cell 
lysis.  The Cell Preparation Tube (CPT™) is an evacuated BD Vacutainer tube containing anticoagulant, 
separation gel and density gradient liquid which enables blood collection and PBMC separation to be 
conducted in the one tube.   
   
Tubes which have been shown to be suitable for use with T-SPOT.TB and those that are not are 
highlighted in Figures 1 and 2, respectively.    
 

Figure 1: Blood collection tubes which are suitable for use with T-SPOT.TB. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  Tubes with similar anticoagulants from alternative suppliers may also be used when performing T-SPOT.TB.  

 
 

Figure 2: Blood collection tubes which are unsuitable for use with T-SPOT.TB 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  Tubes with similar additives from alternative suppliers should also be avoided when performing T-SPOT.TB. 
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Blood draw volumes 
Typically, for an immunocompetent patient, sufficient PBMCs to run the assay can be obtained from 
venous blood samples according to the following guidelines: 

·  Adults and children 10 years old and over: one 8mL or two 4mL tubes 
·  Children 2-9 years old: one 4mL tube 
·  Children up to 2 years old: one 2mL paediatric tube 

For immunocompromised patients, two 8 mL tubes should yield sufficient PBMCs to run the assay. 
 
Important notes for blood collection 
 
·  Blood collection tubes should be stored at room temperature and must not be chilled or frozen. 
·  The tube contents must be inverted (8 – 10 times) to ensure that the whole blood is mixed 

thoroughly with the anticoagulant. 
·  Samples should be stored at room temperature (18-25oC) before processing. 
·  Blood should be processed for use in T-SPOT.TB on the day of blood collection (within 8 

hours). 
 
 
Isolation of PBMCs 
PBMC isolation can be achieved using Ficoll gradients or CPTs (see T-SPOT.TB Package Insert for full 
details).  Leucosep tubes (Greiner Bio-One) offer a time-saving approach to Ficoll gradients.  The tubes 
contain a porous barrier that enables the blood sample to be poured onto the Ficoll gradient, thereby 
eliminating the need to gently layer on the sample.  Following centrifugation, separated PBMCs should 
look like those shown in Figure 3.     
 

 
Figure 3:  Typical PBMC layers: (a) BD Vacutainer CPT and (b) Ficoll gradient. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
If separation is not achieved, the tubes may look like those examples shown in Figure 4. 
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Figure 4:  Examples of poor separation in (a) BD Vacutainer CPT and (b) Ficoll gradient. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Where separation is not achieved the following should be checked:  
 
Were the appropriate blood collection tubes used and were the tubes stored appropriately before use? 
Were the blood samples stored at room temperature (18-25oC)? 
Were the tubes inverted to mix the samples thoroughly with anticoagulant? 
Was the Ficoll gradient set up according to the T-SPOT.TB Package Insert? 
Was the appropriate centrifugation speed used and was the centrifuge brake turned off?  
Was the blood sample processed on the day of blood collection (within 8 hours)? 
 
Cell Washing 
After centrifugation, PBMCs should be isolated, without delay, using a large bore pipette tip.  The PBMC 
layer should be extracted by immersing the pipette tip into the PBMC layer (see Figure 5).  This cloudy 
layer should be carefully aspirated and transferred to a sterile conical tube for the wash steps.  Ensure 
that all of the cloudy PBMC layer is collected. It is better to take more of the plasma layer than to leave 
any of the PBMCs in the blood collection tube. However, if using CPTs avoid transferring any of the 
separation gel, which can block the tip.  If this happens transfer the cells already in the tip into a 
centrifuge tube and then use a new tip to transfer the remaining PBMCs. 
 
PBMCs should then be washed twice in serum-free media (GIBCOTMAIM-V or RPMI 1640 are suitable for 
this purpose) to remove endogenous cytokines.  Media containing serum should be avoided as variations 
in the background intensity may be observed. Oxford Immunotec strongly recommends that the washed 
cells are resuspended in AIM-V, which is a highly nutritious medium (RPMI 1640 and other standard 
media are less nutritious and so are not suitable for the overnight incubation).  
 
Important notes for washing PBMCs 
 
·  It is strongly recommended that cells are resuspended in AIM-V for the overnight incubation 

(not RPMI 1640). 
·  Cells should be mixed immediately prior to removing aliquots for dilution or counting to ensure 

that the cells are evenly distributed. 
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Figure 5:  Method recommended for removal of PBMC layer from (a) BD Vacutainer CPT and (b) 
Ficoll gradient. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. Cell Counting and dilution. 
Counting of the cells should be performed, as large variations in the PBMC yield between samples are 
observed, for example when the cell yield from 67 healthy donor samples was compared, results ranged 
from 0.2 – 1.56 x 106 PBMCs per mL of whole blood.  The counting step ensures that accurate results are 
achieved, even in those individuals with low T cell titres (eg. HIV positive patients and those patients 
receiving immunosuppressive therapy).   
 
Manual Counting of PBMCs 
Enumeration of the PBMCs may be carried out by a variety of means.  The Trypan Blue exclusion method 
requires the mixing of PBMCs with the dye.  Viable cells, with intact membranes, will not take up the dye 
and can therefore be counted using a suitable microscope. Several different approaches are routinely 
used to calculate the number of PBMCs/mL.  Care should therefore be taken with these calculations. 
 
Cell concentration can be determined by counting the number of cells within a defined volume.  A 
Neubauer haemocytometer contains two chambers, which are divided into nine major squares (Figure 6 
(a)).  These have a volume of 0.1mm3 or 1 x 10-4mL each.  Fast-Read Counting Slide is an optically clear 
plastic slide consisting of 10 separate counting chambers with integral coverslip.  Each of these counting 
areas consists of ten major squares that have a volume of 0.1mm3 or 1 x 10-4mL each (Figure 6 (b)). 
  

PBMC layer 

(a) (b) 
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Count the cells in one major square (highlighted in red in Figure 6) of the counting grid using the low-
power (x10) objective to count the number of cells within the appropriately defined area.  When 
counting the cells that touch the perimeter lines, count only those cells that touch the left and upper 
outside lines and disregard those that touch the right and lower lines.  This is to avoid counting the 
same cells twice.  An example of cells that have been stained with Trypan blue is shown in Figure 6 
(c). 
 
Figure 6: Sample chamber and counting areas of (a) Neubauer hemocytometer and (b) Fast-Read 
Counting Slide.  Cells stained with Trypan Blue as seen under a microscope using the x10 objective 
(c) 
 
                           (a)                                                                                                (b) 

 

* Note counting area representations not to scale. 
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Calculations  
                   
     For Manual Counting, this simplified equation can be used: 
 
Volume of cell suspension     =       25              
required to prepare cell                           Number of cells counted 
dilution (mL)     
 
This can only be used when the dilution factor is 5 and the volume of the area counted is 0.1µL. 
 
Example: 
For a cell count of 125: 
 
       25      = 200µL cell suspension 
      125   
 
This volume of cell suspension should then be made up to the required volume of 500µL by adding 300µL 
AIM-V medium.  This gives a final solution of 250,000 cells / 100µL for use in the assay. 
 
 
Automated Counting of PBMCs 
 
Where possible carry out the cell counting step using an automated counting method, which can reduce 
handling time and will reduce operator bias. Before use with T-SPOT.TB, all instruments should be 
validated for use against a manual counting method. 
 
Tips 
Check the length of the probe on the analyser. It is often not long enough to reach the cell suspension in 
the centrifuge tube. In this case, transfer some of the liquid into a small vial (ideally with a capacity of 2 – 
5mL) for sampling on the analyser.    Ensure that the analyser is programmed to count white blood cells 
only. 
 
Check the volume of liquid that the counter requires. Analysers use between 100mL and 400mL. 4 x 
100mL of  cell  suspension will be added to the microtiter plate wells when running the assay so if the 
analyser uses 400mL, you will need at least 900mL of cell suspension, allowing for some dead volume.  In 
this case, the final volume of the cell suspension should be 1mL rather than 0.7mL. 
 
Calculate the number of viable cells/mL in the stock cell suspension. 
 
For Automated Counting, this simplified equation can be used: 
 
Volume of cell suspension     =      1.25   
required to prepare cell                              N 
dilution (mL)   
 
where N is the initial cell concentration represented as millions of cells/mL. 
 
Example: 
 
For a cell concentration of 10 million cells/mL: 
 
       1.25     = 125µL cell suspension 
        10   
 
This volume of cell suspension should then be made up to the required volume of 500µL by adding 375µL 
AIM-V medium.  This gives a final solution of 250,000 cells / 100µL for use in the assay. 
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Where insufficient viable cells are obtained to perform the assay the following should be checked: 
 
Was the appropriate volume of blood drawn from the patient? 
Were the cells counted within 10 minutes of dilution in cell counting dyes?  Longer storage periods will 
affect cell viability. 
Was the counting chamber used correctly?  
Were the correct calculations used when calculating number of cells/mL and dilutions? 
Were the cells thoroughly mixed prior to removing an aliquot for counting?  Cells can settle towards the 
bottom of the tube leading to a misinterpretation of the true cell number. 

 
 
 
3. Plate set-up and incubation 
T-SPOT.TB requires four wells to be used for each patient sample. A Nil Control and a cell functionality 
Positive Control should be run with each individual sample. It is recommended that the samples are 
arranged vertically on the plate as illustrated below.  This arrangement should prevent cross-
contamination when the cells are added to the wells.  Change tip when changing from one reagent to the 
next. 
 

�   Nil control 
�   Panel A  
�   Panel B 
�   Positive control 

 
The pipette tip must not touch the membrane as this will produce artefacts in the wells.  After addition of 
the antigens/controls it may be necessary to gently tap the plate to ensure the solutions cover the surface 
of the membrane.  It is important to avoid vigorous agitation, which can cause cross-contamination 
between the wells.  Thoroughly mix the cells and add 100mL (containing 250,000 viable cells) to each of 
the four wells for each patient sample.  Ensure a new tip is used for every addition of each patient’s cells 
to avoid cross-contamination between wells.  Do not mix well contents by pipetting as this may damage 
the membrane.  Avoid disturbing the plate once in the incubator as this may lead to blurring of spots.  
Plates should not be stacked in the incubator as this may lead to uneven temperature distribution and 
ventilation.  
 
4. Spot development and counting 
Spot development 
After the appropriate incubation time (16 – 20 hours), remove the plate from the incubator.  Discard the 
overnight media from the wells by inverting the plate and shaking the contents into an appropriate 
container (e.g., containing 1% Virkon).  DO NOT remove the contents of the wells by pipetting as this may 
cause damage to the wells.  The wells are then washed by adding 200mL of PBS (Phosphate Buffer 
Saline).  Remove the PBS by inverting the plate and shaking the contents into an appropriate container.  
It is important not to pipette the PBS solution up and down as this may damage the membrane.  The 
wash step should be repeated four times and after the final wash the plate should be inverted onto tissue 
paper and tapped to remove residual PBS.  Various PBS solutions have been shown to produce 
equivalent results in T-SPOT.TB.  However, it is important to avoid the use of detergents (e.g. TweenTM) 
in the PBS solution as this is known to increase the background in the T-SPOT.TB wells. 
 
An appropriate volume of working strength Conjugate Reagent is prepared by making a 1/200 dilution in 
freshly prepared or sterile 1x PBS. Ensure that only a small excess (to allow for wastage) of working 
strength solution is prepared, to ensure sufficient stock for future assays. 50mL of Conjugate Reagent is 
provided. This is sufficient to prepare working strength Conjugate Reagent for two plates. 
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It is recommended that an aliquot of Substrate Solution be removed from the reagent bottle to avoid risk 
of contamination.    
 
 
 
Important notes for spot development 
 
·  Use freshly prepared or sterile PBS 
·  Manifold tips on automated plate washers should be adjusted so they do not touch the plate 

membrane  
·  Working solution of Conjugate Reagent should be prepared by performing a 1/200 dilution in 

PBS.  
·  Substrate solution should be allowed to equilibrate to room temperature before use and ideally 

should be added to wells using a multi-channel pipette to keep the incubation period consistent 
across all wells 

·  The recommended incubation times and temperatures should be adhered to. 
 
 
 
 
 
Counting spots  
Allow the plate to dry in the dark, either by standing it in a well ventilated area at room temperature or in 
an oven at up to 37°C. Spots become more visible as the plate dries. Allow at least 4 hours drying time at 
37°C or overnight at room temperature. Count and record the number of distinct, dark blue spots on the 
membrane of each well. The dark blue spots can be counted by naked eye. Alternatively, spots can be 
visualised by a number of methods, including manually using a magnifying glass or a suitable 
microscope, or using a dedicated ELISPOT plate reader instrument. Ideally, counting should be 
performed independently by two trained users and should be performed blind (i.e. without patient details).  
Automated spots counts should always be verified by visual inspection of each well.  The results for all 
four wells (i.e. Nil Control, Panel A, Panel B and Positive Control) must be recorded, with the reporting of 
results following the guidelines set out in the T-SPOT.TB Package Insert. 
 
Automated counting 
A variety of instruments are available to count the coloured spots which are formed in ELISPOT assays.  
Examples of suppliers include AID, CTL and Zeiss.  All plate readers should be validated before being 
used for diagnostic purposes. A calibration routine for the plate reader should be established. For routine 
use of an AID plate reader we recommend that calibration should be performed once a week with an AID 
Masterlot plate and a T-SPOT.TB plate with known spot counts. The use of an AID Masterlot plate for 
calibration should ensure consistent results independent from deviations in light conditions. Automated 
counts should be verified by visual inspection of each well image. Adjustments on count settings should 
be performed if required. For further information about AID plate readers please see 
http://www.elispot.com. 
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Typical T cell responses 
Nil Controls 
Nil Control wells will generally be devoid of spots (Figure 7(a)) but will occasionally contain a low number 
of spots, which should be counted (see Figure 7(b) and (c)). 

Figure 7:  Typical images from nil control wells: (a) shows a well with 0 spots; (b) shows a well with 1 
spot and (c) shows a well with 3 spots. 

              
 
 
 
 
 
 
 
 
 
 
 
 
 
If high numbers of spots or dark background are observed in the Nil Control wells, the assay reagents, 
particularly the culture media, should be checked for contamination. 
 
Positive Controls 
Positive Control wells will generally be saturated with spots, which do not need to be counted accurately 
as high spot numbers are difficult to count.  However, the number of spots should be greater than 20 to 
be considered a valid response.  It should be noted that spots resulting from PHA-stimulation generally 
appear smaller than those which result from antigen-stimulation.  

 
Figure 8:  Typical images from positive control wells.  
 
 
 

 
 
 
 
 
 
 
 
 
 
If a weak response to the positive control is observed (a) check all calculations to ensure that the correct 
number of cells were added and (b) ensure the recommended incubation conditions were used.  Weak 
responsiveness to PHA may reflect patient anergy. 
 
Panel A and B Antigens 
The number of spots in the antigen wells can vary from zero to several hundred.  High spot numbers will 
be difficult and time-consuming to count so may be recorded as >20 spots.   
 
 
 
   

  

(a) (b) (c) 

(a) (b) (c) 
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Figure 9:  Typical images from Panel A and B antigen well, (a) Reactive sample (>20 spots); (b) 
Reactive sample (>20 spots) and (c) Non Reactive sample (0 spots).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
See the Package Insert for notes on results interpretation. 
 
Which spots should I count? 
The spots produced as a result of antigen-stimulation should appear as distinct round dark spots.  In the 
following wells, the number of spots which should be counted are shown.   
 
 
 

 
 
 

Total spot count = 20                                Total spot count = 0                      Total spot count = 5 

Total spot count = 1                                Total spot count = 3                       Total spot count = 11 

(a) (b) (c) 
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Troubleshooting images. 
Care should be taken when counting spots in wells that contain debris or have a high background.  Thus 
it is particularly important to verify spot counts when automated counting is performed as the instrument 
may generate erroneous counts when debris are present in the wells.  
 

 
  

  
 

 
  

  
 

 
  

  

           
           
           
           
           
           

  
  

Example 1: High background 
Total spot count = 18 

 

Example 2: Variable background 
Total spot count = 11 

 

Example 3: High background 
Total spot count = 0 

 
  

  
 

 
  

  
 

 
  

  

           
           
           
           
           
           

  
  

Example 4: Debris in well 
Total spot count = 1 

 

Example 4: Debris in positive 
control well  

 
Example 4: Debris in well  

 
 

  
  

 
 

  
  

 
 

  
  

           
           
           
           
           

  
  

Example 7: Well showing 
scarring left by contact with 

pipette tip   

Example 8: Well showing 
scarring left by contact with 

pipette tip   

Example 9: Well showing 
scarring left by plate washer 

manifold head.  
 
 
 
 
 
 
 
For further information on conducting T-SPOT.TB please see www.oxfordimmunotec.com.  All technical 
queries can be addressed to technicalsupport@oxfordimmunotec.com. 
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T-SPOT and the Oxford Immunotec logo are trademarks of Oxford Immunotec Limited 
AIM-V, RPMI 1640 and GIBCO are trademarks of Invitrogen 
BD, CPT and Vacutainer are trademarks of Becton Dickinson 
Ficoll-Paque is a trademark of GE Healthcare Technologies 
Tween is a trademark of ICI Amerricas 
Vacuette is a trademark Greiner Bio-One  
Leucosep is a trademark of Greiner Bio-One 
 
Fast Read Counting Slides are manufactured by Immune Systems Limited, Torquay, UK 
 
T-SPOT.TB is protected by the following patents and patents pending: 
EP 0941478,  US 09/308,725,  AU 728357,  CA 2272881,  JP 524410/98,  EP 1152012,  AU 765013,  EP1144447,  US 09/830,839,  JP 2000-579635,  US 
09/916,201,  WO 02/054072,  WO 9709428,  US 6290969,  US 6338852,  US 09/724,685,  AU 727602,  BR 9610262,  CA 2230885,  CN 1200147,  CZ 9800628,  
HU 9900902,  IL 123506,  NO 9800883,  PL 325373,  TR 9800411,  ZA 9607394,  WO 9709429,  AU 9671587,  JP 11514217,  BR 9610268,  CA 2230927,  CN 
1200146,  WO 9501441,  US 5955077,  EP 706571,  AU 682879,  CA 2165949,  NZ267984 
 
T-SPOT.TB incorporates patented technology under license from the Statens Serum Institut, Copenhagen, Denmark and Isis 
Innovation Limited, Oxford, UK. 
© Oxford Immunotec Limited, 2007. All rights reserved. 
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Oxford Immunotec Limited 
94C Milton Park, Abingdon 
Oxfordshire, OX14 4RY, UK 
www.oxfordimmunotec.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


