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ELISPOT ON THE SPOT
Understanding how an investigational product modulates the immune system is of 
outstanding value in many therapeutic areas and indications. The enzyme-linked  
immunosorbent spot (ELISpot) assay was firstly developed more than 30 years ago for 
the detection of antibody-secreting cells1,2. Since then, this method has become one of 
the most popular for documenting functionality of antigen-specific T cell responses in 
the context of therapies expected to modulate the immune system, such as preventive  
or therapeutic, universal or individualized vaccines, but also therapeutic antibodies, 
immune check-point inhibitors or oncolytic viral therapies, in many fields, including 
immuno-oncology, infectious diseases, autoimmunity, (neuro)inflammation or allergy. 
If there are indisputable advantages (sensitivity, measure of cell function, low-cost 
assay) of the ELISpot assay for evaluating cell-mediated immunogenicity in large-scale  
clinical trials, many factors, if not under control, may affect assay performance and outcomes. 

HOW CAN WE HELP YOU GET RELIABLE AND INFORMATIVE ELISPOT DATA?
Firstly, it’s a matter of clear understanding of the context of use of the assay, entailing not only a good description of the model:
• In which indication? 
• What is the expected magnitude of responses?
• What’s the target of your product?
• What is the expected impact of your product on the immune system? 

But also of the organizational constraints related to your clinical study: 
• When is the starting date & duration of the study?
• How many clinical sites & where are they located?
• What is the injection & sampling schedule?
• Who are the other stakeholders? Is there a central laboratory, a CRO, a logistical partner...? 
• What will you use the ELISpot data for? Is it a primary, secondary or exploratory endpoint?

This information will determine the design (ex vivo, expansion phase), the required level of validation of the assay as well as the degree 
of freedom for optimizing sample preparation. 

(1) A solid-phase enzyme-linked immunospot (ELISPOT) assay for enumeration of specific antibody-secreting cells. Czerkinsky CC. & al, J Immunol Methods. 1983, 65:109.
(2) A solid-phase immunoenzymatic technique for the enumeration of specific antibody secreting cells. Sedgwick JD & al, J. Immunol. Methods 1983, 57:301.



HIGH QUALITY ENVIRONMENT
Active Biomarkers, as a bioanalytical laboratory, periodically  
challenges its performance through participation to external  
quality assessment programs implemented by the CIMT-CIP  
(Association for Cancer ImmunoTherapy Immunoguiding Program) 
or the EQAPOL (External Quality Assurance Program Oversight 
Lab from Duke University). 

HIGH QUALITY CLINICAL SAMPLES
One of the most critical steps in the standardization of an 
ELISpot method is to ensure optimal recovery and viability of  
peripheral blood mononuclear cells (PBMC) that will eventually 
determine immune cell reactivity in the ELISpot. High quality 
clinical samples are compulsory to get reliable and infor-
mative data. Sample quality can be impacted by multiple steps 
before end-point assay, including the time from venipuncture 
to cell preparation, experimental protocols for PBMC isolation, 
cryopreservation and thawing/defrosting. 

Common practice, in the context of clinical trials, is to have 
samples collected at multiple clinical sites and shipped over-
night to a central processing site for preparation and storage. 
However, delayed blood processing has major impact on yield, 
viability, and frequency of antigen-specific IFN-g producing cells 
as measured by ELISpot3.

One option is to shift the paradigm from centralization to multi-site 
local laboratories. In that setting, a very tight coordination 
between the sponsors, global CRO, clinical sites, courier and 
local laboratory, as well as organizational compromises at the 
clinical site and local laboratory, are needed so that PBMC are 
processed and cryopreserved within 8H after venipuncture. In 
addition, ensuring harmonization in PBMC processing between 
multiple local labs will require that a common standardized  
operating procedure is used and ideally, comprehensive training 
and proficiency testing of local laboratories.

These data perfectly illustrate the need for having samples processed within 8 hours after venipuncture, according to harmonized 
procedures (standardized operating procedures, controlled reagents) by skilled technical staff (03, 04).

Figure 1 shows PBMC viability and yield after thawing in clinical studies for which blood sample processing was centralized (01),  
performed in one (03) or multiple on-site labs (02), according to standardized operating procedure (03, 04) or not (02), by trained and  
qualified operators (03) or not (01, 02, 04).

(3) Defining blood processing parameters for optimal detection of cryopreserved antigen-specific responses for HIV vaccine trials. Bull M. & al, J. Immunol.  
Methods 2007, 322:57

Figure 1 : PBMC Viability (A) and recovery (B) after thawing

Representative examples of PBMC prepared (01) by 2 central laboratories from blood samples shipped overnight from 28 clinical 
sites in US & EU ; (02) by 3 on-site labs according to non-standardized procedure from 3 clinical sites (03) by 1 local laborato-
ry, audited & qualified by us, from sample transported within 3-4 hours after venipuncture from 3 clinical sites; (04) by 1 on-site  
laboratory from sample transported immediately after venipuncture from one clinical site. Median values are shown (dash symbol).
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FIT-FOR-PURPOSE METHOD
Depending on the indication and the expected impact of your product, we can play different parameters, such as the need for expanding  
antigen-reactive cells prior to ELISpot, in order to set up a method that will fit your needs in terms of sensitivity, specificity and  
precision. 

One of our partners, developing a preventive vaccine, wondered whether to use recombinant protein or peptide pools for stimulation 
and what would be the optimal incubation time for detecting antigen-specific IFN-g secreting cells by ex vivo ELISpot. For this particular 
viral antigen model, stimulation with overlapping peptide pool induced higher levels of responses compared with recombinant protein 
and 48H incubation did not increase responses compared to 24H (Figure 2).

For some of our partners, who are developing therapeutic vaccines either for chronic viral infection or for cancer and thus not expecting 
high magnitude baseline responses, we evaluated the benefit of an in vitro expansion phase prior to ELISpot on the detection rate of 
antigen-specific cells. 

Many different protocols of in vitro stimulation, described in the literature, can increase the detection of antigen-specific populations. 
Unlike ex vivo ELISpot that quantifies effector T cells, cultured ELISpot measures central memory T cells, which are able to proliferate 
and acquire an effector function4. 

However, different protocols, when compared in one multicenter panel on the same set of characterized samples, clearly do not show 
equivalent performance5 and best performing protocol for the expansion phase needs to be tested and potentially adapted to the  
specific indication, target and therapy. 

Figure 2 : Impact of the type of antigen and incubation time on viral antigen-specific IFN-g producing cells

PBMC from 3 donors were stimulated with or without (medium) recombinant antigen (Rec Ag) or overlapping peptide pool (Pept 
pool) for 24H or 48H in ELISpot plates in triplicate. Individual spot forming cells per million PBMC as well as median (dash symbol) 
are shown per condition.

(4) The relationship between human effector and memory T cells measured by ex vivo and cultured ELISPOT following recent and distal priming. Todryk S.M. & al, Immunology 2009, 128:83

(5) Harmonisation of short-term in vitro culture for the expansion of antigen-specific CD8+ T cells with detection by ELISPOT and HLA-multimer staining. Chudley L. &al, 
Cancer Immunol Immunother 2014, 63:1199



Figure 3 : Enhanced sensitivity of ELISpot after in vitro expansion of PBMC  
A. Response to HCMV pp65 peptide pool of PBMC from 3 HCMV-seropositive healthy volunteers  
B. Response to viral antigen, in-study samples were expanded or not (ex vivo) in the presence of a pool of 13 peptides (PP) prior 
to ELISpot in the presence or not (Med) of PP vs individual peptides (P1-P3) Individual replicate as well as median (dash symbol) 
spot counts per million, determined by ELISpot performed ex vivo (24H) or after a 10-days in vitro expansion in the presence or 
not (Med) of HCMV pp65 peptide pool (A), or a pool of 13 peptides (PP) PP vs individual peptides (P1-P3), are shown for back-
ground (Med) or specific antigen.

Figure 4 : Impact of culture medium during 
expansion phase on antigen-specific responses 
by ELISpot IFN-g. PBMC from 5 healthy donors 
have been pre-stimulated or not with CEFT 
peptide pool in culture medium supplemented 
with fetal calf serum (FCS), human plasma 
(Hu plasma) or in serum-free culture medium 
then tested by ELISpot IFN-g in serum-free 
medium. Responses to CEFT peptide pool as 
well as background spots (Med) are shown for  
individual replicates as well as mean value 
(dash symbol).

Based on data from the CIMT immunoguiding program, demonstrating that cell quality was not compromised and good performance of 
the IFN-g ELISPOT assay could be achieved under serum-free conditions6, any ex vivo ELISpot assay implemented in our laboratories 
has been optimized for serum-free conditions. 

In order to definitely eliminate the requirement of serum batch testing, we have also screened different culture media during the  
expansion phase, prior to ELISpot performed in serum-free conditions. As shown in Figure 4, serum-free medium for expanding antigen- 
specific cells, performs equally, even slightly better than media supplemented with fetal calf serum or human plasma. 

With another partner, anticipating barely detectable antigen-specific responses, we have shown that culturing PBMC prior to ELISpot 
clearly allows detection of antigen-specific responses otherwise undetectable by ex vivo ELISpot (Figure 3). Furthermore, in these 
conditions, we have demonstrated that the number of cells to plate per ELISpot well could be significantly reduced, and allowed, during 
clinical sample testing, epitope mapping after expansion in the presence of master peptide pools (Figure 3 B).

(6) Serum is not required for ex vivo IFN-g ELISPOT: a collaborative study of different protocols from the European CIMT Immunoguiding Program. Mander A. &al, Cancer 
Immunol Immunother 2010, 59:619
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Figure 5 : Intermediate precision of ELISpot

The qualification of this ELISpot assay after 
in vitro expansion was performed on a set of  
clinical samples, pre-screened for selecting low, 
intermediate and high levels of responses to 
the vaccine antigen. These 3 in-study samples 
were tested in 3 independent experiments,  
performed at 3 different days by 3 operators. 
Variability (CV%) according to spot counts per 
million PBMC is shown.

Once the assay has been optimized, you need to check the  
capacity of the method to measure objectively and reproducibly 
antigen-specific responses. This means that we need to check 
the performance of the assay prior to clinical sample testing, but 
also that the method remains suitable during routine testing. 

One of the major barriers for method validation, according to the 
BMV7 guidances (EMA, FDA & ICH), a cellular assay, such as the  
ELISpot, is that no reference material exists for determining the 
accuracy of the method. Therefore, validation of such an assay 
will rely on scientific validation principles (often referred to as  
qualification) rather than regulatory validation (per guidance)8 and 
is generally limited to the evaluation of precision. 

Parameters to be evaluated are defined based on the design of 
the clinical testing, especially clinical study duration, testing sche-
dule, number of patients, number of visits per patient. If multiple  
runs are anticipated, at different days by multiple operators, 

validation will include repeatability & intermediate precision  
(inter-operator / inter-day). If multiple lots of critical reagents (ELISpot  
kit, antigen, culture medium) are expected to change during the 
course of the study, lot-to-lot comparison may be planned in the 
validation study, should multiple lots be available at that time. 
Otherwise, lot-to-lot bridging is included during clinical testing.

Variability of ELISpot usually reflects cumulative variability of each 
step of the whole process. These steps encompass blood draw, 
cell dispatching into ELISpot wells, transport and storage condi-
tions, PBMC preparation, freezing, thawing, resting, cell counting9. 
In the majority of models, the shape of the curve representing the 
coefficient of variation according to the levels of responses (spots 
per million PBMC) looks like the graph in Figure 5. In this example, 
ELISpot was performed after in vitro expansion and variability  
exceeded 30% for levels of responses below 50 spots per million, 
which represented 10 spots per well. Intuitively, one may expect 
higher variability due to this additional step of expansion. 

SCIENTIFIC VALIDATION

(7) Bioanalytical method validation guidances: 
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-bioanalytical-method-validation_en.pd 
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Multidisciplinary/M10/M10EWG_Step2_DraftGuideline_2019_0226.pdf 

(8) Scientific or regulated validation: a tiered approach? Meeting report from a joint EBF/DVDMDG workshop. Timmerman P. & al, Bioanalysis 2015, 7:1703

(9) Precision and linearity targets for validation of an IFNg ELISPOT, cytokine flow cytometry, and tetramer assay using CMV peptides. Maecker H.T. & al, BMC Immunology 2008, 9:9
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ACTIVE BIOMARKERS  |  www.active-biomarkers.com  |  info@active-biomarkers.com

Overall, our team has a long experience in ELISpot notably for deciphering antigen-specific  
immune responses in the context of multiple phase I and II clinical studies. We are involved 
in the evaluation of very innovative vaccination approaches for unmet medical needs in 
the fields of cancer and infectious diseases. These studies are conducted in BSL2 labo-
ratories by experienced and trained technical staff. In addition, we commit to continuous  
improvement through participation to external proficiency programs, especially for  
ELISpot assays.

CONCLUSION

Figure 6: Levey Jennings control chart
Quantification of CEFT-specific T cells 
of a reference QC sample by ELISpot 
IFN-g. Each symbol represents the 
mean SFC/1E+06 PBMC of triplicates 
of QC samples tested on each plate. 
Mean of target value (grey line) and ac-
ceptance limits (Red lines) correspond 
to mean +/- 3 SD of the first 10 expe-
riments performed in a 8-month period 
by 3 different operators.

RESPONSE CRITERIA 
And now that you have your spot counts, comes the never-ending debate of response criteria... Will you apply empirical rules or statistical 
tests? How will you define the positivity threshold? What will you consider as an increase or decrease in response? Although consensus 
is far from being reached, based on our experience, we strongly recommend, if statistical tests are not applicable, to rely on an empirical 
rule that would consider the increase of spot number over background in addition to a minimum threshold for antigen-specific responses10.

SUITABILITY OF THE METHOD FOR ROUTINE TESTING
Finally, when testing of clinical samples begins, as much as possible, all samples from one given patient are tested in the same run, in 
order to limit variability. In addition, one needs to ensure that the method does not drift during the course of the study. Since there is no 
international reference for cell-based assays, we at Active Biomarkers screen, on a regular basis, cryopreserved PBMC samples from 
healthy blood donors for their reactivity towards recall antigens (TT, PPD) and/or persistent/seasonal viruses (EBV, HCMV, AdV, Flu) 
by ELISpot both directly ex vivo and after in vitro pre-stimulation. Samples with intermediate levels of positive response and low back-
ground (ideally <50 spots per million PBMC) are then selected for specific clinical studies and tested, in parallel with clinical samples. 
Antigen-specific responses as well as background from these reference / QC samples are plotted in Levey-Jennings control charts and 
trended timely for acceptance or rejection of analytical runs (Figure 6).

(10) Response Definition Criteria for ELISPOT assays revisited. Moodie Z. & al, Cancer Immunol Immunother. 2010, 59: 1489
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