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SUPPLIER SIDE

T
he enzyme-linked immu-
nospot (ELISpot) assay 
is one of the most useful 
techniques for the immu-
nological monitoring 

of vaccine trials and has increasing 
application as a measure of specific 
T-cell activation.  Recently, we devel-
oped, optimized, and validated a cus-
tomized ELISpot kit for the detection 
of interferon gamma (IFNγ) positive 
cells.  The precision of the ELISpot 
was good and it varied over the range 
of the assay values, independent of the 
stimulus.  Here we describe the devel-
opment of a library of donors with 
characterized responses to the CEF 
peptide pool: cytomegalovirus (CMV), 
Epstein-Barr virus (EBV), and inf luen-
za (Flu); pool of 32 peptides which can 
be used as controls for IFNγ ELISpot 
and multiple immune monitoring 
assay validations for use in clinical 
trials.  The ELISpot reactivities of six 
PBMC donor samples (leukophere-
sis cell packs from six anonymous, 
healthy donors) were characterized 
using standard concentrations of CEF 
pool (2 µg/ml) with 200,000 cells per 
well.  These samples are representative 
of a bank of 31 unique PBMC samples 

from healthy donors (SeraCare Life 
Sciences, Oceanside, CA).  

Post-cryopreservation cell recovery 
and viability were monitored for six 
months using a Guava PCA.  There 
was little variability in the cell recov-
eries and viabilities from six donors 
whose PBMCs were tested over six 
months.  Recovery was 14.3 + 2.8 
million and viability was 91 + 3%.  
ELISpot spot forming cell (SFC) values 
were consistent among fresh, frozen, 
and frozen for six months, with good 
precision (average CV = 23%).  This 
study demonstrates that frozen PBMC 

samples can be used as a convenient 
control tool for the better standard-
ization of protocols and reagents in 
obtaining reliable and reproducible 
cell functionality data among differ-
ent laboratories. Such standardization 
of data may support immunogenicity 
studies, vaccine regulatory submis-
sions, and aid in designing validation 
studies for immunoassays, including 
ELISpot assays. 

The ELISpot assay is sensitive and 
reproducible for measuring immune-
reactive T-cells in response to prophy-
lactic and immuno-therapeutic vac-
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cines.  ELISpot assays for the detec-
tion of cytokine-producing T-cells are 
becoming more widely adopted for 
detection of cellular immune respons-
es.  The IFNγ ELISpot assay has been 
used for several years in detecting 
functional antigen-specific T- and 
B-cells to measure HIV-1 specific 
responses in seronegative and seropos-
itive recipients of HIV-1 vaccines and 
cancer vaccines.1-8   The ELISpot assay 
is currently being evaluated as a bio-
marker for cancer immunotherapeutic 
and HIV-1 vaccine trials throughout 
the United States and internationally, 
resulting in the organization of profi-
ciency testing programs.9-10  Although 
the sensitivity and technical ease of 
the ELISpot assay makes it a use-
ful alternative to traditional analyti-

cal methods, there remains a need 
to monitor reproducibility and preci-
sion in detection of the frequency of 
antigen-specific T-cell responses in all 
laboratories. 

We have developed, optimized, 
and validated a customized SeraCare 
ELISpot kit for immunogenicity assess-
ments in NIAID-sponsored vaccine tri-
als.  Coating and detection antibod-
ies, Streptavidin-HRP, and substrate 
were titrated for optimal performance.  
Precision and linear range were char-
acterized using a standard curve with 
various concentrations of phytohemag-
glutinin (PHA) stimulated PBMC and 
the CEF peptide pool (CMV, EBV and 
flu peptides).11  The linear range of the 
SeraCare ELISpot was 10–1,000 SFC per 
well.  The precision of ELISpot results 

varied over the range of assay values, 
independent of the stimulus, demon-
strating decreasing variability, corre-
lating with increasing SFC values.12-

14  Several reports have stressed the 
importance of validating clinical assays, 
and specifically ELISpot assays, before 
using the assays to evaluate trial out-
comes.15-17   Validation guidelines for 
bioassays are based on the International 
Conference on Harmonization (ICH) 
document ICH-Q2A.18   Included in 
the parameters that need to be validated 
are precision, specificity, linearity, and 
range.  In order to establish and moni-
tor these validation criteria for clini-
cal assays like the ELISpot assay, it is 
important to have a consistent source 
of donor samples whose responses 
cover the linear range of the assay.  We 
describe here the development of a 
donor bank that can be used in assay 
validation, and the ELISpot assay is 
used as the example assay.  The tech-
niques, however, can be adapted for 
other immune monitoring assays. 

Methods

PBMC Sample Preparation
 Leukopaks from 31 healthy donors 

(approximately 450 ml each) were 
acquired from SeraCare Life Sciences, 
Oceanside, CA.  Acid-citrate-dextrose 
(ACD) was used as an anticoagulant.  
Within 24 hours, the PBMCs were 
isolated and frozen using a program-
mable rate-controlled freezer.  PBMC 
samples were cryopreserved with 10% 
dimethyl sulfoxide (DMSO), volume/
volume, and stored at –150° C in liquid 
nitrogen freezers.

ELISpot Assay
The SeraCare ELISpot kit was used.  

Briefly, sterile Millipore polyvinylidene 
fluoride (PVDF) plates were pre-coat-
ed with IFNγ coating antibody and 
blocked with 10% FCS-RPMI.  The 
CEF pool of 32 peptides (8–10 mers) 
from CMV, EBV and flu, was used 
to measure antigen-specific responses; 
and phytohemaglutinin (PHA) was 
used to measure general cell reactivi-
ty.11   The CEF pool was prepared from 
frozen 10X CEF pool aliquots (200 µg/
ml).  PHA was prepared from 10X PHA 

Figure 1.  Cell Recovery of Frozen PBMC Over a Six Month Period.  One vial of PBMC from 
each donor was thawed, washed with media, and counted using a Guava PCA at each time 
point.  Counts are shown as million cells per vial.

Figure 2.  Cell Viability of PBMC Over a Six Month Period. One vial of PBMC from each donor 
was thawed, washed with media, and counted using a Guava PCA with vital dye at each time 
point.  To determine % viability, the viable cell count was divided by the total count.
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aliquots (80 µg/ml).  CEF pool (20 
µg/ml final concentration) and PHA (8 
µg/ml final concentration) were added 
to the appropriate wells on each plate.  
The CEF pool was tested using 200,000 
PBMC, and PHA used 100,000 PBMC.  
The plates were placed in the 37° C, 5% 
CO2 incubator for 18-20 hours. They 
were washed the next day, six times 
with wash buffer, and then each plate 
received IFNγ detection antibody.  The 
plates were incubated for two hours at 
37° C, 5% CO2, followed by six washes 
with buffer.  Next, Streptavidin-HRP 
was added to each plate.  The plates 
were covered, incubated for one hour 
at room temperature, and again washed 
six times with wash buffer.  Each plate 
then received Nova Red solution.  The 
plates were allowed to incubate at room 
temperature in the dark for five min-
utes and immediately rinsed with cool 
tap water for five minutes.  Finally, 
the plates were dried overnight in the 
dark before analysis with the Cellular 
Technology, Ltd., (CTL) ImmunoSpot® 
plate reader. 

Evaluations
 Assays were performed using sam-

ples from the 31 consented donors.  
Age, gender, and human leukocyte anti-
gen (HLA) type were obtained through 
SeraCare Life Sciences.  Cell recov-
ery and viability were determined by 
counting cells using a Guava Personal 
Cell Analyzer (Guava PCA).  The CEF 
and PHA reactivity was determined by 
ELISpot.  The variability in SFC values 
and cell recovery, over time within an 
individual lot, were evaluated using 
PBMC from six donors in multiple 
assays at different times.  Standard sta-
tistical analyses were performed in Excel 
for mean, standard deviation (SD), and 
coefficient of variability (CV). 

Results

Development of the PBMC 
Donor Bank

PBMCs were isolated from leukopaks 
of 31 independent donors.  Information 
on demographics and HLA type were 
provided for each donor.  The level of 
immune response to the CEF peptide 
pool was determined using an ELISpot 

assay with a PHA-stimulated posi-
tive control to assess general immune 
function.  All PBMC made IFNγ in 
response to PHA, demonstrating that 
the cells were functional.  Four levels 
of response were observed for the CEF 
pool: 2 non-, 11 low-, 9 medium-, and 
9 high-responders (Table 1).

PBMC Stability
In order for a donor bank to be 

useful as an assay validation tool, the 
PBMC must retain viability and func-
tion with long term storage in liq-
uid nitrogen.  Representative samples 
from the donor bank were thawed and 
assessed for recovery, viability, and 
function shortly after freezing, and 
periodically for six months.  As shown 
in Figures 1 and 2, cell recovery and 
viability were consistent over the six 
month period.  The responses to CEF 
for the same PBMC samples are shown 
in Figure 3.  A comparison between 
levels of response before and after 
freezing is presented for two sam-
ples.  The other four were all assayed 
after freeze-thaw.  All donors’ PBMC 
demonstrated consistent responses 
between fresh and frozen, and when 
frozen and stored for varying periods 
up to six months before assay was 
performed. 

Variability
Specific donor’s PBMC can be use-

ful as controls for assay precision.  

Results from the ELISpot assay are 
very dependent upon the precision of 
the cell counts.  As seen in Table 2, 
when PBMC from three donors were 
counted six different times over six 
months, the variability was approxi-
mately 20%.  IFNγ  ELISpot assays 
were performed on five of the six 
sampling timepoints from each of 
the three donors.  The repeatability 
(intraassay variability) ranged from 
5% to 15%, and the intermediate pre-
cision (interassay, within laboratory) 
ranged from 12% to 34% depending 
on the donor (Table 3).

Summary and Discussion

The donor bank consists of PBMC 
from donors who generally are over 
30 years old, with approximately equal 
distribution between Caucasians and 
non-Caucasians, and demonstrate a 
wide range of HLA-A subtypes.  Of 
the 31 characterized donors, 94% (29) 
were CEF responders with variable 
levels of responses.  Post-thaw cell 
viability was ~90% with 4% variabil-
ity.  Cell recovery variability was 20% 
as measured by cell count.  The values 
obtained for IFNγ SFC were com-
parable in fresh and frozen samples 
from the same donor, and variability 
was ~20% in frozen samples over a 
six month period.  Using the format 
presented here as an example, the use 
of cryopreserved PBMC from a donor 

Figure 3.  IFNγ ELISpot Response for Fresh and Frozen PBMC.  At each time point, one vial 
of PBMC from each donor was thawed, washed with media, counted using a Guava PCA, and 

set up in an IFNγ ELISpot assay.  Each well received 200,000 PBMC and CEF pool.  Data is    
shown as SFCs per well.
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bank can be initiated at the first stage 
of assay development and continue 
throughout the immune monitoring 
phase of clinical trials.

Assay Development
An assay being developed from 

an independent set of reagents needs 
a consistent set of responding cells 
(PBMC) in order to properly compare 
reactivities of varying reagent concen-
trations.  Optimization of the assay 
with repeatable results is essential to 
obtain the best sensitivity and speci-
ficity.12-14,17

Assay Validation
Before an assay can be released for 

use in a clinical trial, the precision and 
dynamic range must be determined.15-

17  As demonstrated in this report, 
cryopreserved PBMC from the donor 
bank can be used to determine repeat-
ability, (i.e., intraassay precision and 
intermediate precision) and intralabo-
ratory variability in cell counting and 
assay performance (Tables 2 and 3).  

In addition, with a diverse donor bank 
like that presented here (Table 1), the 
effective range of the assay can be 
determined.

Quality Assurance (QA)
Ensuring that assay performance is 

uniform across an entire trial requires 
monitoring the performance of a posi-
tive control that is identical with each 
assay.  A donor bank of PBMC that 
perform consistently over time can 
provide that performance/QA control 
(Figure 3).  Large trials sometimes 
necessitate the involvement of multiple 
laboratories at the immune monitoring 
stage of a trial.  A measure of repro-
ducibility across labs may be necessary 
to accurately compare results.  This 
can be accomplished through profi-
ciency testing.  Donor bank samples 
have been used for ELISpot proficien-
cy testing in clinical trial laboratories 
participating in both HIV and cancer 
vaccine clinical trials.9-10

The diversity in this donor bank 
and its resemblance to the overall 

population, results in a broad range of 
reactivities, making it a good source of 
materials for use throughout the stages 
of assay development, validation, and 
other clinical trial QA studies.
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