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Determination of antigen-specific T-cell responses is an important part of vaccine assessment. High levels
of recovery, viability, and functionality of peripheral blood mononuclear cells (PBMCs) are essential for
reliable assessment of cell-mediated immune responses. Here, we sought to find the cell preparation technique
best suited for two clinical vaccine trial sites: Stockholm, Sweden, and Dar es Salaam, Tanzania. Standard
Ficoll-Paque gradient centrifugation, BD Vacutainer cell preparation tube (CPT), and Greiner Bio-One
LeucoSep tube techniques were tested. Cell yield and viability were recorded. Gamma interferon (IFN-�)
enzyme-linked immunospot (ELISPOT) testing was used to assess cell functionality. No differences in mean
recovery or mean viability of fresh PBMCs were observed between Ficoll-Paque gradient centrifugation and
CPT techniques as used in Stockholm. In Dar es Salaam, recovery of PBMCs isolated by use of the Ficoll-Paque
gradient technique was higher than that seen with CPT (1.58 � 0.6 versus 1.34 � 0.4 million cells/ml of blood
[P � 0.0469]), and the viability of PBMCs processed by Ficoll-Paque gradient was higher than that seen with
CPT-purified cells (95.8% � 2.3% versus 92.6% � 4.8% [P � 0.0081]). Furthermore, LeucoSep cell separation
gave higher levels of yield (1.10 � 0.3 versus 0.92 � 0.3 million cells/ml of blood [P � 0.0022]) and viability
(95.7% � 2.0% versus 93.4% � 3.2% [P � 0.0012]) than Ficoll-Paque cell separation. The cells purified by the
different techniques at the two sites performed equally well in IFN-� ELISPOT assays. Both techniques
generated cell preparations with excellent yield, viability, and functionality in Stockholm. In Dar es Salaam,
CPT did not perform as well as Ficoll-Paque separation. In a subsequent comparison, LeucoSep performed
better than Ficoll-Paque separation. Our findings emphasize the need for on-site assessment of PBMC
purification techniques for optimal evaluation of cell-mediated immune responses.

Several experimental vaccines are being developed for dis-
eases where cellular immunity is likely to contribute to protec-
tion. Vaccines for control of chronic persisting or recurrent
diseases, such as those for treatment of human immunodefi-
ciency virus (HIV), malaria, human papillomavirus, hepatitis C
virus, and tuberculosis, are being designed to induce cellular
immune responses (1, 2, 12, 15, 19). Determination of antigen-
specific T-cell responses has therefore become an important
part of vaccine assessment.

Cellular immune responses were traditionally assessed in
bulk assays, such as the T-cell proliferation assay using mea-
surement of [3H]thymidine incorporation or the cell cytotox-
icity assay using measurement of 51Cr release. These methods
are today being replaced by single-cell assays, including major
histocompatibility complex-peptide tetramer staining, intra-
cellular cytokine staining, and enzyme-linked immunospot
(ELISPOT) assays (4, 10, 16). Multiparameter flow cytometric
examination of phenotypic and functional profiles of antigen-
specific cells is likely to be needed for a more comprehensive
analysis of vaccine-induced cellular immune responses (3, 20).

However, the flow cytometry techniques require expensive
equipment and large numbers of peripheral blood mononu-
clear cells (PBMCs). The ELISPOT assay is a rapid, quantita-
tive, and highly sensitive method that requires comparatively
few cells. ELISPOT detection of one or more cytokines is the
recommended first step for screening of antigen-specific T-cell
immunity ex vivo in large clinical studies or vaccine trials (6, 7).

Critical to performing cellular immunology assays is the in-
tegrity of the PBMCs. A good cellular separation process yields
a pure, highly viable population of mononuclear cells with
minimal red blood cell and platelet contamination while main-
taining optimum functional capacity. The standard method for
purification of PBMCs is the use of Ficoll-Paque gradient
centrifugation (5). Two new types of PBMC collection devices
that are technically easier to handle are available commer-
cially. The BD Vacutainer cell preparation tube (CPT) is an
evacuated tube containing an anticoagulant and a cell separa-
tion medium comprising a polyester gel and a density gradient
liquid. The Greiner Bio-One LeucoSep and Sigma-Aldrich
Biotechnology LP Accuspin tubes have a porous membrane
frit that separates the density gradient from the blood sample.
This barrier eliminates the laborious overlay of blood samples
over Ficoll-Paque and thus may allow reduced interpersonnel
variability and higher cell yields. Both techniques may be ap-
plicable in clinical vaccine trial settings.
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A phase I/II HIV type 1 vaccine trial using a multigene,
multiclade HIV type 1 plasmid DNA prime modified vaccinia
virus Ankara boost is ongoing in Stockholm, Sweden, and in
Dar es Salaam, Tanzania. Here, we describe pretrial evalua-
tions of standard Ficoll-Paque gradient PBMC separation,
CPT, and LeucoSep tube techniques for purification of
PBMCs used in assessment of cellular immune responses. This
study was performed with the objective of finding the cell
preparation technique best suited for each of the two clinical
vaccine trial sites. Cell yield, cell viability, and gamma inter-
feron (IFN-�) ELISPOT reactivity were determined using
PBMC samples purified by the different techniques.

MATERIALS AND METHODS

Study design and samples. Experiments using paired blood samples were
performed to establish cell separation techniques that enabled maximal through-
put capacity and yet maintained optimal yield, viability, and function at the two
different clinical vaccine trial sites. Standard operation procedures were estab-
lished for each of the techniques used. Thereafter, we tested CPT versus stan-
dard Ficoll-Paque cell separation techniques at the Swedish Institute for Infec-
tious Disease Control, Stockholm, Sweden. We next tested CPT versus standard
Ficoll-Paque gradient separation and LeucoSep versus Ficoll-Paque gradient
separation at the Department of Microbiology and Immunology laboratory,
Muhimbili University of Health and Allied Sciences, in Dar es Salaam, Tanzania.

Sodium-heparinized blood was collected from Swedish (n � 50) and Tanza-
nian (n � 45) healthy blood donors. The samples were processed, and PBMCs
were frozen, within 6 h of blood collection. For comparison of CPT versus
standard Ficoll-Paque cell separation, a Vacutainer CPT (8 ml) and a heparin
tube (10 ml) were used. Thus, the total blood volume collected from each donor
was 18 ml. For comparison of Ficoll-Paque separation and LeucoSep separation,
blood was drawn into two sodium heparin Vacutainer tubes, giving a maximal
volume of 20 ml. On arrival at the laboratory, the contents of the two tubes were
pooled, mixed, and divided into two aliquots—one for each of the procedures
used.

Three Swedish laboratory technologists participated in the paired sample
processing in Stockholm. The first group of 20 Tanzanian samples was processed
by a single Tanzanian laboratory technologist, and the second group of 25
samples was processed by three laboratory technologists. In addition to deter-
minations of yield and viability, the functionality of the PBMCs purified by the
different techniques was assessed by IFN-� ELISPOT assays performed on 10
donor samples for each of the cell purification techniques being compared. The
ELISPOT assays were performed with batches of frozen/thawed cells by a single
laboratory technologist in Stockholm. In Dar es Salaam, ELISPOT assays using
fresh cells were run by the same laboratory technologist throughout the study
period.

Isolation of PBMCs by standard density gradient technique. PBMCs were
purified using standard Ficoll-Paque gradient centrifugation according to the
instructions of the manufacturer (Amersham Pharmacia, Uppsala, Sweden).
Briefly, 4 ml of Ficoll-Paque gradient was pipetted into two 15-ml centrifuge
tubes. The heparinized blood was diluted 1:1 in phosphate-buffered saline (PBS)
and carefully layered over the Ficoll-Paque gradient (9 to 10 ml/tube). The tubes
were centrifuged for 20 min at 1,020 � g. The cell interface layer was harvested
carefully, and the cells were washed twice in PBS (for 10 min at 640 � g followed
by 10 min at 470 � g) and resuspended in RPMI 1640 medium with Glutamax
supplemented with penicillin (50 U/ml)-streptomycin (50 �g/ml) and 10 mM
HEPES (complete RPMI medium) before counting.

Isolation of PBMCs by using BD CPT. Whole blood collected in BD Vacu-
tainer CPTs containing sodium heparin as an anticoagulant was processed ac-
cording to the manufacturer’s instructions. After blood drawing and inversion of
the CPTs, the tubes were transported within 3 h to the laboratory, where they
were inverted eight times before centrifugation (for 15 min at 1,500 � g) at room
temperature. The cell suspension was collected, and the cells were washed twice
in PBS (for 10 min at 640 and 470 � g, respectively, for the two successive
washes) and resuspended in complete RPMI medium before counting.

Isolation of PBMCs by using LeucoSep tubes. PBMCs were purified using
LeucoSep tubes according to the instructions of the manufacturer (Greiner
Bio-One). In brief, 3 ml of Ficoll-Paque was preloaded in a 14 ml LeucoSep tube
by centrifugation for 30 s at 1,000 � g. The heparinized whole-blood samples
were diluted with equal volumes of PBS, and 6 ml of the diluted blood was added

to a LeucoSep tube. The cell separation tubes were centrifuged for 15 min at
800 � g without braking at room temperature. The cell suspension was collected,
and the cells were washed twice in PBS (for 10 min at 640 and 470 � g,
respectively, for the two successive washes) and resuspended in complete RPMI
medium before counting.

Determination of cell yield and cell viability. PBMC yield and viability were
determined using a NucleoCounter (ChemoMetec A/S, Allerød, Denmark). The
NucleoCounter detects nonviable cells by use of propidium iodide staining of the
cell nuclei and determines cell viability of a sample by using the total cell count
and the count of nonviable cells.

Cryopreservation and thawing of PBMCs. Aliquots of purified PBMCs were
cryopreserved and stored in liquid nitrogen. A freezing medium containing 20%
fetal calf serum (FCS), 10% dimethyl sulfoxide, and 70% complete RPMI me-
dium was prepared daily and stored at room temperature. Following centrifu-
gation, the cells were gently resuspended in freezing medium to give at least 8
million cells/cryovial, depending on the number of PBMCs recovered after pro-
cessing. The cryovials were immediately transferred to a Mr. Frosty freezing
container (Nalgene) and stored at �80°C overnight. The following day the
cryovials were transferred to a liquid nitrogen container for storage until assayed.

On the day of IFN-� ELISPOT testing, the cryovials were transferred from
liquid nitrogen to �80°C for an hour prior to thawing. The cryopreserved cells
were thawed in a 37°C water bath until the cell suspension was almost completely
melted. Each cell suspension was transferred to a 15-ml tube, and prewarmed
(37°C) complete RPMI medium supplemented with 20% FCS was slowly added.
The tubes were centrifuged for 10 min at 330 � g, and the cells were washed once
in complete RPMI medium supplemented with 10% FCS before counting. The
cell volume was adjusted to give a cell concentration of 4 million/ml in complete
RPMI medium supplemented with 20% FCS for use in the IFN-� ELISPOT
assay.

IFN-� ELISPOT assay. IFN-� ELISPOT assays were performed using an
h-IFN-� ELISPOTPLUS kit and a two-step detection system according to the
instructions of the manufacturer (Mabtech, Nacka, Sweden). Briefly, precoated
IFN-� ELISPOT plates were washed. Phytohemagglutinin (the positive control),
purified protein derivative, and a peptide pool composed of a panel of 23
peptides from cytomegalovirus, Epstein-Barr virus, and influenza virus (CEF)
isolates (9) were diluted in complete RPMI medium and added to triplicate wells
(at 50 �l/well) to give a final concentration of 5 �g/ml. Triplicate medium wells
were used as a background control. A 50-�l cell suspension was added to each
well, giving 200,000 cells/well. Empty wells were filled with 100 �l of medium, and
the plates were wrapped in aluminum foil and incubated 20 h under conditions
of 37°C and 7.5% CO2. After washing, IFN-� secretion was detected by addition
of biotinylated anti-IFN-� 7-B6-1 monoclonal antibody followed by alkaline
phosphatase-conjugated streptavidin. The enzyme complexes were visualized by
addition of BCIP (5-bromo-4-chloro-3-indolylphosphate)–nitroblue tetrazolium
substrate. Frequencies of antigen-specific spot-forming cells (SFC) were mea-
sured with an automated microscope (Zeiss, Göttingen, Germany). Results were
expressed as the number of SFCs per million PBMCs and were calculated for
each pool of peptides using the equation 5 � mean number of SFC/2 � 105 cells
(from three stimulated wells), without subtracting background. IFN-� ELISPOT
responses were considered positive when the number of SFCs was at least four
times the background (medium only) and was �55 SFCs per million PBMCs.

Ethical clearance. The study received ethical clearances from the Regional
Ethics Committee in Stockholm, Sweden, and from the Muhimbili University
College of Health Sciences, Dar es Salaam, Tanzania. Informed consent was
obtained from subjects, and the human experimentation guidelines of Karolinska
Institutet, Stockholm, and Muhimbili University College of Health Sciences, Dar
es Salaam, were followed.

Statistical analysis. Data on PBMC yield and viability were reported as mean
cell counts or percentages of viable cells � standard deviations. Differences in
the means were calculated using the Student’s t test.

RESULTS

Recovery and viability of PBMCs isolated from Swedish
donors. No differences in mean recovery or mean viability of
fresh PBMCs were observed between the two cell preparation
techniques used in the Swedish setting. The mean recovery
values for fresh PBMCs isolated from 35 Swedish blood donors
by use of heparinized blood and standard Ficoll-Paque gradi-
ent separation and those determined by use of CPTs contain-
ing heparin as an anticoagulant were 1.27 � 0.4 and 1.36 � 0.4
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million cells/ml of blood, respectively (P � 0.0987) (Fig. 1A).
The mean viability values for freshly recovered cells from 24
Swedish blood donors were 97.1% � 1.0% for standard Ficoll-
Paque gradient-separated cells and 97.1% � 1.1% for CPT-
purified cells (P � 0.9537) (Fig. 1B). The overall cell recovery
results from Swedish donor samples ranged from 0.77 to 2.40
million cells/ml of blood.

Recovery and viability of PBMCs isolated from Tanzanian
donors. The recovery of cells isolated from 20 Tanzanian blood
donors was measured at 1.58 � 0.6 million cells/ml of blood
when standard Ficoll-Paque separation was used. Fewer cells
were recovered when the CPT technique was used (1.34 � 0.4
million cells/ml of blood [P � 0.0469]) (Fig. 2A). Additionally,
the viability of PBMCs processed by standard Ficoll-Paque
separation (95.8% � 2.3%) was higher than that seen with
CPT-purified cells (92.6% � 4.8% [P � 0.0081]) (Fig. 2B).

Parallel LeucoSep tube and standard Ficoll-Paque gradient
cell separations were also performed on blood collected from
another group of 25 Tanzanian blood donors. The mean re-
covery values for fresh cells isolated from these donors were
0.92 � 0.3 million cells/ml of blood when standard Ficoll-
Paque separation was used and 1.10 � 0.3 million cells/ml
when LeucoSep tube separation was used (P � 0.0022) (Fig.
2C). Mean viability values for fresh recovered cells were 93.4% �
3.2% for standard Ficoll-Paque gradient-separated cells
and 95.7% � 2.0% for LeucoSep-separated cells (P �
0.0012) (Fig. 2D).

The overall rate of cell recovery from the first group of 20
Tanzanian donor samples ranged from 0.66 to 2.76 million
cells/ml of blood. A lower overall recovery rate was recorded
for the second group of 25 donors, with yields ranging from
0.13 to 1.54 million cells/ml of blood. The mean rate of recov-
ery of cells from Ficoll-Paque gradient separations performed
using blood from all 45 Tanzanian blood donors was 1.21 �
0.54 million cells/ml of blood, while the viability was 94.4% �
3.0%.

Functionality of purified PBMCs. To test the functionality
of purified PBMCs, the IFN-� ELISPOT reactivity to CEF was
determined using cells prepared from 10 blood donors for each
of the cell separation techniques. At the Stockholm vaccine
trial site, cryopreserved cells were used to assess functionality
of the cells prepared by Ficoll-Paque gradient separations and

CPTs. The viability of frozen/thawed PBMCs ranged from
93.2% to 99.1% and 84.9% to 97.8% for Ficoll-Paque- and
CPT-separated PBMCs, respectively. Similar levels of IFN-�
ELISPOT reactivity to CEF were recorded irrespective of the
PBMC isolation procedure used (Fig. 3A). At the Dar es
Salaam vaccine trial site, IFN-� ELISPOT assays were per-
formed using fresh cells. The viability of fresh cells ranged
from 88.6% to 98.0%, 84.7% to 98.6%, and 92.5% to 98.1% for
Ficoll-Paque-, CPT-, and LeucoSep-separated PBMCs, respec-
tively. No differences in rates of IFN-� ELISPOT reactivity
to CEF were seen when Ficoll-Paque- versus CPT-separated
PBMCs and Ficoll-Paque- versus LeucoSep-separated PBMCs
were compared (Fig. 3B and C). However, for two blood do-
nors, LeucoSep-separated cells exhibited a rate of reactivity
that was more than twice that seen with Ficoll-Paque-sepa-
rated cells (Fig. 3C). The rates of response to the CEF peptide
pool in IFN-� ELISPOT assays were similar for the pair-wise
comparisons of cell separation techniques (Table 1).

DISCUSSION

The viability of fresh PBMCs is critical for optimal assess-
ment of T-cell function irrespective of whether the cells are
used fresh or after cryopreservation. Here, we report equiva-
lent levels of cell viability for Ficoll-Paque separation and CPT
processing when preparing PBMCs from Swedish blood do-
nors but a significantly higher viability rate for Ficoll-Paque-
separated PBMCs compared to that seen with CPT-processed

FIG. 1. Mean recovery (A) and viability (B) of paired fresh PBMCs
isolated from Swedish blood donors obtained using heparinized blood
and standard Ficoll-Paque gradient separation or CPTs containing
heparin as an anticoagulant.

FIG. 2. Mean recovery (A) and viability (B) of paired fresh PBMCs
isolated from 20 Tanzanian blood donors obtained using heparinized
blood and standard Ficoll-Paque gradient separation or CPTs contain-
ing heparin as anticoagulant. Mean recovery (C) and viability (D) of
fresh PBMCs isolated from 25 Tanzanian blood donors obtained using
heparinized blood and standard Ficoll-Paque gradient separation or
LeucoSep tubes.
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PBMCs from Tanzanian blood donors. Ruitenberg et al. re-
cently reported that Ficoll-Paque-processed fresh PBMCs ex-
hibited significantly greater viability than CPT-processed
PBMCs when samples from HIV-seropositive donors were
tested (21). Additionally, in Dar es Salaam, we found that the
mean rate of viability of LeucoSep-separated PBMCs was
higher than that of Ficoll-Paque-purified cells.

For comprehensive assessments of immune responses in
clinical vaccine trials, high cell yields are required. In Stock-
holm, we found similar high levels of cell recovery irrespective
of the technique used. In Dar es Salaam, recovery of PBMCs
isolated by Ficoll-Paque was higher than the cell yields ob-
tained using the CPT technique. The LeucoSep tube cell sep-
arations gave higher cell yields than the Ficoll-Paque cell sep-
arations. Cox et al. (8) reported comparable rates of cell
viability for citrate CPT processing and for acid citrate dex-
trose-treated blood separated using LeucoSep tubes but a
marginally higher percentage of lymphocytes obtained with
LeucoSep tubes. In contrast to our findings, others have
previously found higher yields by use of CPTs compared to
yields obtained using a standard gradient technique (22).
The difference in our findings could be due to the separation
medium used (Lymphoflot versus Ficoll-Paque) and the skill
level of laboratory personnel in harvesting cells from the
Ficoll-Paque gradient.

In Dar es Salaam, the overall cell yields differed between the
two groups of blood donors sampled. Samples collected for
comparison of the Ficoll-Paque and CPT techniques exhibited
overall higher cell yields (range, 0.66 to 2.76 million cells/ml of

blood) compared to the yields obtained with samples collected
for comparison of Ficoll-Paque and LeucoSep tubes (range,
0.13 to 1.54 million cells/ml of blood). The differences in yield
between the two groups could be due to biological influences
as well as technical factors. The Ficoll-Paque separation tech-
nique is highly dependent on the skill of the laboratory per-
sonnel. The CPT and LeucoSep tubes are designed to avoid
such variations. An overall lower recovery rate was seen with
the second group of Tanzanian donors irrespective of separa-
tion technique used. Thus, factors other than interlaboratory
personnel variations must be considered. Cell counts have
been shown to vary with age, gender, and diurnal variation (13,
14, 17). Age, gender, and exact time of collection were not
recorded for any of the donors whose blood was sampled in
this study. A recent seroprevalence study of blood-borne
pathogens among blood donors at the Muhimbili National
Hospital in Dar es Salaam showed that the ages of blood
donors ranged from 16 to 69 years but that most (72%) were
between 20 and 39 years of age. The majority were males (18).
Of note, the first group of 20 Tanzanian blood donors were
sampled during January to March 2006 while the other 25
individuals were sampled during August to November 2006. To
minimize the influence of biological factors, paired cell sam-
pling and processing were performed.

To our knowledge, this is the first report applying CPT
processing for PBMC purification in an African setting. The
CPTs have been reported to be sensitive to excessive temper-
ature fluctuations, resulting in the deterioration of the gel (8).
Therefore, for the purpose of this study, CPTs from a batch
tested in Sweden were hand carried to Tanzania and the tubes
were kept at room temperature (20 to 25°C) until dispatched to
the blood bank for specimen collection. Despite these precau-
tions, CPT separation did not perform as well as standard
Ficoll-Paque separation with respect to cell recovery or cell
viability.

In the limited number of IFN-� ELISPOT tests performed,
the results showing the functionality of the frozen PBMCs used
in Stockholm or of the fresh cells used in Dar es Salaam were
similar regardless of the cell separation technique used. Others
have shown that there is a relationship between viability post-
thawing and a capacity for functional responses. For lympho-

FIG. 3. IFN-� ELISPOT responses to CEF stimulation obtained using PBMCs separated by Ficoll-Paque or CPT in samples collected from 10
Swedish blood donors (A), using PBMCs separated by Ficoll-Paque or CPT from 10 Tanzanian blood donors (B), and using PBMCs separated
by Ficoll-Paque or LeucoSep from another 10 Tanzanian blood donors (C).

TABLE 1. Number of CEF-positive responders by IFN-�
ELISPOT assays using PBMCs prepared by three

different cell separation techniques

Donors (n)a
No. of responders by:

Ficoll-Paque CPT LeucoSep

SWE (10) 5 6 NDb

TZC (10) 6 5 ND
TZD (10) 8 ND 9

a SWE, Swedish blood donors tested using frozen/thawed PBMCs; TZC and
TZD, two groups of Tanzanian blood donors tested using fresh PBMCs.

b ND, not done.
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cyte proliferation, a viability rate of �70% has been suggested
to be critical (11, 23). Here, the rate of viability of cells used
after cryopreservation was above 84.9% and the rate of viabil-
ity of fresh cells always exceeded 84.7% when used in the
IFN-� ELISPOT assay.

In summary, we have assessed three cell purification tech-
niques with the intent of identifying mononuclear cell isolation
procedures giving maximal yield and good cell quality for use
in testing cell-mediated immune responses at two geographi-
cally distinct clinical trial sites. In Stockholm, the CPT separa-
tion and Ficoll-Paque gradient cell separation techniques per-
formed equivalently. In Dar es Salaam, we first compared the
Ficoll-Paque gradient cell separation with CPT separation.
However, we found that the CPT technique did not perform as
well as the Ficoll-Paque gradient cell separation technique,
with the CPTs giving lower yield and cell viability results.
Because the Ficoll-Paque gradient cell separation technique is
laborious, demands a highly skilled operator to give maximal
cell yields, and is difficult to standardize, the LeucoSep cell
preparation technique was assessed. The LeucoSep cell sepa-
ration tubes performed better than standard Ficoll-Paque gra-
dient cell separation. The laboratory work in the ongoing
phase I/II HIV DNA modified vaccinia virus Ankara vaccine
trial in Dar es Salaam, Tanzania, was designed on the basis of
the data from the present study, and cell separations are being
performed using LeucoSep cell separation tubes.
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