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This study was designed to evaluate which of several T-cell-specific, immune response assays are the most
relevant in measuring the key characteristics of an effective immune response to HIV-1. Using 5 HIV-1 antigens
as stimulants, we assessed lymphocyte proliferation, supernatant gamma interferon (IFN-�) cytokine produc-
tion (CP), single-cell IFN-� production by enzyme-linked immunospot (ELISPOT) assay, with and without
Epstein-Barr virus-transformed B-lymphoblastoid cell lines (B-LCLs), and intracellular cytokine production
(ICC) for IFN-� and interleukin 2 (IL-2) by flow cytometry. We used these to compare specimens from
HIV-1-infected subjects who were virally suppressed with a stable antiretroviral therapy (ART) regimen (group
A) with specimens from subjects not on ART but with HIV-1 viremia of <3,000 copies/ml (group B). The
lymphocyte proliferation assay (LPA) did not significantly differentiate between the two groups. Using fresh
peripheral blood mononuclear cells (PBMCs), the CP and ELISPOT assays for IFN-� detected the greatest
differences between the two groups, specific for three of the five HIV-1 antigens, whereas significant differences
were seen only in response to one antigen when cryopreserved cells were used. The strongest correlations were
seen between the CP and ELISPOT assays. The ELISPOT B-LCL assay showed a cell concentration-dependent
increase in IFN-� production compared to that shown by the standard ELISPOT assay but did not differentiate
between the groups. In the ICC assay, greater numbers of IFN-�-producing T cells were seen in group B, and
little or no detectable IL-2 production was seen in both groups. These studies highlight complexities of
immunologic monitoring of T-cell responses in multisite clinical trials in HIV infection and outline consider-
ations for optimizing these efforts.

During acute HIV-1 infection, a potent T-cell immune re-
sponse is generated soon after the peak of viremia and con-
tinues until such time as a steady state is reached among
immune control, viral replication, and availability of targets
(12). The mechanism(s) by which HIV-infected individuals
come to a steady-state viremia within several months of initial
infection is a central issue in HIV disease pathogenesis. There
is a wide variation in the steady-state level among individuals,
with rare patients able to control viral replication at levels
associated with slow disease progression. It is hypothesized
that the T-cell-mediated immune response helps determine the
level of viremia in patients who are not on antiretroviral drugs
and is therefore a fundamental measure of viral control (6–8).
Since persistent antigen stimulation is thought to be necessary
to maintain a continuous level of effector function, one might

predict that removal of antigen, such as in the setting of potent
antiretroviral therapy (ART), would result in a coordinated
decrease in T-cell effector activity. In these cases, exogenous
viral antigens could be used as immunogens to increase the
magnitude of the antiviral immune response (11, 13, 14, 23).

There are many obstacles to the implementation of such a
therapeutic strategy. One of these is devising a panel of im-
munologic readouts predictive of an effective antiviral immune
response that could control HIV replication. Another chal-
lenge is to utilize antigens for in vitro testing that are suffi-
ciently reflective of the sequence diversity of the circulating
virus for each subject. Finally, the analytical characteristics of
our current assays have not been directly compared across
multiple laboratories. Given the urgency of developing an ef-
fective vaccine and methods to evaluate vaccine activity, the
AIDS Clinical Trials Group (ACTG) implemented this study
to evaluate current assays that may inform the optimal moni-
toring of a therapeutic immunization trial. Results of this study
may then be used by investigators in evaluating which vaccine
candidates are effective and should continue to be studied
further in clinical trials.
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We designed these studies to ask which of the commonly
used T-cell-specific immune response assays are the most rel-
evant in measuring the key characteristics of an effective im-
mune response by evaluating their ability to distinguish be-
tween two HIV-1-infected populations. As a surrogate cohort
for subjects with “vaccine”-induced immunologic control of
HIV replication, subjects who maintained low plasma HIV
levels (�3,000 copies/ml over at least 6 months in the absence
of ART) were chosen for examination. We enrolled chronically
HIV-1-infected subjects maintained on a stable ART regimen
with undetectable plasma virus levels for at least 9 months to
be the comparison group, in which we expected to see less
robust immune responses. We also characterized the relations
between results using fresh and cryopreserved specimens and
the correlation between the assays studied.

Our results showed evidence that the cytokine production
(CP) and enzyme-linked immunospot (ELISPOT) assays could
reliably distinguish between effective and less effective immune
responses. However, the variations between the assay runs and
between fresh and frozen cell analyses are larger than has been
commonly realized.

MATERIALS AND METHODS

Study design and population. This was a stratified observational study con-
ducted by the Immunology Specialty Laboratories (ISLs) of the AIDS Clinical
Trials Group (ACTG), protocol A5181, in which blood samples were obtained
from HIV-1-infected study participants at entry, week 12, and week 24 for
plasma HIV-1 RNA and CD4�/CD8� T-cell count and for multiple immuno-
logic assays designed to measure HIV-1 antigen-specific T-cell function. Local
review boards in each study site approved the study, and written informed
consent was obtained prior to enrollment. Study participants were stratified into
two groups upon entry. Group A consisted of adult HIV-1-positive subjects who
had effective control of HIV-1 replication (i.e., �75 copies/ml) with the same
antiretroviral regimen for at least 9 months prior to study entry. Subjects in this
group continued taking their current antiretroviral regimen for the entire
6-month follow-up. Group B consisted of adult HIV-1-infected patients who had
not been on any antiretroviral drugs for 6 months prior to study entry but had a
plasma HIV-1 RNA viral level of �3,000 copies/ml within the 6 months prior to
entry. Participants in both groups also had a CD4� T-cell count greater than 300
cells/mm3 within 6 months prior to study entry. Exclusion criteria included
pregnancy or breast-feeding and any history of an AIDS-defining opportunistic
infection. Medical history was obtained during screening to determine if the
participants had any diseases that may reflect altered immunologic status. Each
of the 6 ACTG sites enrolled 9 subjects, 5 for group A and 4 for group B.
Subjects participated in the study for a maximum of 6 months, with no additional
follow-up required.

Cryopreserved and fresh peripheral blood mononuclear cells (PBMCs) were
used in the immunologic assays. PBMC isolation and cryopreservation were done
using standard operating procedures utilized in Division of AIDS network pro-
tocols as described in the HIV/AIDS Network Coordination website at http:
//www.hanc.info/labs/Pages/PBMCSOP.aspx. All sites assessed the percent and
absolute count of CD4� and CD8� cells by flow cytometry at entry and at weeks
12 and 24. Each of the six study sites performed three conventional assays, i.e.,
the lymphocyte proliferation assay (LPA), ELISPOT assay for gamma interferon
(IFN-�), and supernatant cytokine production of IFN-� detected by enzyme
immunoassay (EIA). Week 12 responses from these assays were used to analyze
differences using fresh and cryopreserved specimens. In addition, additional
assays were performed in selected laboratories. These were intracellular cytokine
staining by flow cytometry (ICC-flow, also termed the intracellular cytokine
staining [ICS] assay) and the ELISPOT assay with autologous Epstein-Barr virus
(EBV)-transformed B-lymphoblastoid cell lines (B-LCLs) as antigen-presenting
cells (APCs) (ELISPOT B-LCL).

Immunologic assays. A combination of any of five HIV-1 antigens together
with corresponding negative and positive controls was used for each of the assays
tested. These HIV-1 antigens were HIV-1 MN Aldrithiol-inactivated virions
(final concentration, 5.8 �g/ml; J. Lifson, Frederick, MD), Gag peptide pool (75
15-mer Gag peptides overlapping by 11; p17 [aa 11 to 48, 71 to 107], p17-to-p24

transition, p24 [aa 133 to 363], p15 [aa 364 to 493]; SynPep, Dublin, CA; 1
�g/well), PEN peptide pool (45 15-mer Pol peptides [aa 311 to 345, 356 to 370,
398 to 434, 448 to 474, 496 to 538, 547 to 561, 571 to 612, 640 to 695], 24 15-mer
Env peptides [gp120 aa 1 to 15, 31 to 61, 103 to 129, 192 to 217, 237 to 261, 298
to 321, 369 to 391, 416 to 430], and 20 15-mer Nef peptides [68 to 146, 175 to
198], all overlapping by 11 peptides; SynPep, Dublin, CA; 1 �g per well), re-
combinant HIV-1 p24 protein (aa 241 to 255, 245 to 259, 249 to 263, 329 to 343,
333 to 347, 337 to 351; Protein Sciences, Meriden, CT; 1 �g/well), and a vaccinia
virus construct expressing env, gag, and pol (vHIV; multiplicity of infection
[MOI], 0.2) (where aa stands for amino acid). Positive controls were staphylo-
coccus enterotoxin B (SEB) superantigen (10 �g/ml), pokeweed mitogen (PWM;
0.1 �g/ml), tetanus toxoid (TT; 1 limit of flocculation unit [LFU]/ml), and
Candida albicans (10 �g/ml); negative controls were mock recombinant antigen
(for the HIV-1 p24; 1 �g/well), vLacZ (vaccinia virus vector control; MOI, 0.2),
and CEMx174 cell extract (5.8 �g/ml; HIV-1 MN control).

For the LPA, the ACTG consensus method was utilized. One hundred thou-
sand PBMCs (fresh for weeks 0 and 24 and thawed and fresh for week 12) were
placed in each well of a 96-well plate and were cocultured with SEB, PWM, TT,
Candida albicans, and the following HIV-1 antigens: the Gag peptide pool, the
PEN peptide pool, HIV-1 MN and a control, and HIV-1 p24 antigen and a
control. The cells were allowed to proliferate for 6 days at 37°C in a 5% CO2

humidified incubator. On day 6, the plates were pulsed with 25 �l/well of [3H]thy-
midine (1 �Ci/well; NEN Life Science Products, Boston, MA). After 6 h, cells
were harvested on glass fiber filters using a cell harvester. The amount of
radioactivity incorporated into DNA was measured in a scintillation counter. The
results are reported as stimulation indices (SI � counts per minute experimental/
counts per minute background unstimulated).

The CP assay for production of IFN-� was done using the same antigens used
for the LPA plus vHIV. Cryopreserved PBMCs were used at weeks 0 and 24,
while both fresh and cryopreserved cells were used at week 12. One million
PBMCs were cocultured with Gag and PEN peptide pools, p24 antigen, HIV-1
MN, or vHIV in a 96-well plate at 37°C in a 5% CO2 humidified incubator for
48 h. From each well, 150 �l of supernatant was obtained and placed in a
separate, labeled 96-well plate and stored at �20°C. All supernatants were
shipped to the University of Alabama laboratory, and the enzyme immunoassay
(EIA) was performed in a single batch.

The ACTG consensus method was also used for the ELISPOT assay. This was
performed on both fresh and frozen PBMCs at week 12 and on frozen cells at
weeks 0 and 24. Using sterile techniques in a biological hood, 96-well ELISPOT
plates were coated with mouse anti-human IFN-� (1-D1K; 100 �l/well of 5-�g/ml
solution; Mabtech, Sweden) and incubated overnight at 4°C. The plates were
then washed four times in sterile phosphate-buffered saline (PBS) and blocked
with 200 �l of sterile RPMI 1640-10% fetal calf serum (FCS) (Gemini Bio-
Products, West Sacramento, CA). Three cell concentrations were prepared in
RPMI 1640-10% FCS, i.e., 3 � 106, 1 � 106, and 3 � 105 cells/ml, and were
added to the wells (at 100 �l/well to deliver final concentrations of 3 � 105, 1 �
105, and 0.3 � 105 cells/well in duplicate) after decanting the blocking medium.
Stimulants (SEB, p24, Gag and PEN peptide pools, HIV-1 MN, and vHIV and
controls) were added to the appropriate wells at a final culture volume of 125
�l/well. The plates were then incubated in a 5% CO2 incubator for 18 h at 37°C.
After overnight incubation, the plates were washed three times with PBS and
three times with PBS-0.05% Tween 20 (number BP337-50; Fisher Scientific,
Pittsburgh, PA). They were then washed twice with distilled H2O to lyse residual
cells. Biotinylated detecting antibody was added to each well (1 �l/ml of mouse
anti-human IFN-� biotinylated monoclonal antibody [MAb]; 100 �l/well), incu-
bated at room temperature (RT) for 3 h, and washed four times with PBS-0.05%
Tween 20, with a 5-min soak in PBS-0.05% Tween 20 during the third wash.
Enzyme-avidin conjugate diluted in 1% FCS-PBS (ABC-horseradish peroxidase
[HRP]; 100 �l/well) was added, and the plates were incubated for 1 h at RT and
then washed four times in the same manner as was described earlier. Diamino-
benzidine solution (D-0426 at 100 �l/well; Sigma, St. Louis, MO) was added to
each well and incubated for 5 min at RT. Plates were washed with tap water three
times and were then air dried overnight. Spots were counted the following day
with an automated ELISPOT reader system. Background was subtracted from
results in the stimulated wells. For the ELISPOT B-LCL assay (performed only
in the Pittsburgh ISL on both fresh and frozen cells at weeks 12 and 24), antigens
(10 �l/well at 100 �g/ml solution) were loaded into autologous B-LCLs and
cocultured with the PBMCs for 2 h at 37°C, as in the antigen-stimulation systems
(17). Controls for this assay included medium alone and SEB.

For the ICC assay, fresh and cryopreserved cells were stimulated with three
HIV-1 antigens: the Gag and PEN peptide pools and the HIV-1 p24 antigen. Cell
suspension (160 �l; final concentration, 1 � 106 cells) was dispensed to desig-
nated wells of a 96-well round-bottom plate. The HIV-1 antigens were added to
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the corresponding wells (40 �l/well), and the plates were incubated at 37°C in a
5% CO2 humidified incubator for an hour. Brefeldin A solution (20 �l at 500
�g/ml; BD, Franklin Lakes, NJ; 10 �l/106 cells) was added to each culture and
was incubated for an additional 5 h. After the cells were harvested and washed,
they were incubated with FACS permeabilizing solution (BD, Franklin Lakes,
NJ; 10� solution diluted 1:10 with deionized water) for 10 min at RT and
subsequently washed prior to staining. For each stimulant, 3 sets of 0.3 � 106

PBMCs were stained with three different cocktails of labeled MAb (20 �l; BD,
Franklin Lakes, NJ): isotype control MAbs, anti-interleukin 2 (IL-2)-fluorescein
isothiocyanate (FITC) plus anti-CD69-phycoerythrin (PE) plus anti-CD4-PerCP
(peridinin chlorophyll protein)-Cy5.5 plus anti-CD3-APC MAbs, and anti-IFN-
�-FITC plus anti-CD69-PE plus anti-CD4-PerCP-Cy5.5 plus anti-CD3-APC
MAbs. Samples were incubated at RT for 30 min in the dark and then washed
twice before adding 200 �l of 1% paraformaldehyde in PBS. The samples
were then stored at 4°C in the dark prior to flow cytometric analysis. The
samples were analyzed using four-color flow cytometry. At least 50,000 lym-
phocyte events were acquired and recorded per tube. A template report form
that runs under BD CellQuest software was used to analyze the list mode data
and calculate the indices for analysis.

Statistical analysis. Differences in each assay between the two groups were
tested using the Wilcoxon rank sum test. Correlations between two different
types of assays or between fresh and cryopreserved PBMCs used in the same
assay were assessed using rank-based Spearman correlation coefficients. All
available data at each time point were included in the analyses. With a sample
size of 30 subjects in group A and 24 in group B, the study was expected to have
a 94% power to detect a 0.75 log10 shift (e.g., 2 SI to 11.05 SI for LPA responses,
4 spot-forming cells [SFC]/105 cells to 22.10 SFC/105 cells for ELISPOT re-
sponses, or 20 ng/ml to 1,105 ng/ml for CP responses) in the distribution of a
given assay result on a given type of specimen between the two groups with a type
I error of 0.05. Reported P values are two-sided at the 5% level and unadjusted
for multiple testing. Comparisons and correlations with a P value of �0.05 are
considered statistically significant.

RESULTS

Group demographics. Fifty-four subjects were enrolled, 30
in group A and 24 in group B. Differences between the baseline
demographic information of the two groups were not statisti-
cally significant (Table 1). The median age was 43 years. Me-
dian CD4 counts were 682 and 776 cells/mm3 for groups A and
B, respectively. Two subjects from group A had plasma viral
loads �50 copies/ml (97 and 1,170 copies/ml) at entry. For
group B, the median plasma viral load was 165 copies/ml, with
25th and 75th percentiles being 50 and 1,110 copies/ml, respec-
tively. None of the subjects were lost to follow-up.

T-cell reactivity in the two groups of subjects assessed by the
LP, CP, and ELISPOT assays. We performed 3 conventional
assays for anti-HIV-1 T-cell-specific immunologic function,
i.e., the LPA (at entry and weeks 12 and 24 on fresh PBMCs
and at week 12 on cryopreserved PBMCs), the CP assay (at
week 12 on fresh PBMCs and at entry and weeks 12 and 24 on
cryopreserved PBMCs), and the ELISPOT assay (same as for
the CP assay). Our initial analysis suggested no discernible
variability within each of these assays at the three different
time points using the same type of PBMCs, and in order to
effectively summarize and present data, results from the three
time points using the same type of PBMCs were averaged using
the geometric mean for further analysis of each assay. Al-
though there were no subjects lost to follow-up, we were un-
able to obtain some specimens, and certain samples were clas-
sified as technical failures due to inadequate positive-control
responses and were excluded from the analyses. A technical
failure was defined for each of the assays as follows: for the
LPA, an SEB response of SI � 10; for the CP assay, an SEB
response of �10,000 ng/ml IFN-�; for the ELISPOT assay, an
SEB response of �100 spot-forming units (SFU)/105 cells; for

the ICC-flow assay, fewer than 10 CD8� CD69� IFN-� cells
per 50,000 cells examined in the sample stimulated with SEB.

We examined LPA responses to inactivated HIV-1, to both
HIV-1 peptide pools, and to recombinant HIV-1 p24 antigen
in fresh PBMC samples at all time points and on cryopreserved
PBMCs at week 12. The HIV-1 peptide pools should stimulate
both CD8� and CD4� T cells, whereas the whole protein
should predominately activate CD4� T cells. The results show
that the PBMCs from both groups of subjects had proliferative
responses to the HIV-1 antigens, with the greatest responses to
whole inactivated HIV-1 MN and to p24 Gag (Fig. 1a). Al-
though there were higher levels of T-cell proliferative re-
sponses for group B subjects than for group A to all four types
of HIV-1 antigens using fresh PBMCs, these differences were
not significant. Similarly, there were no significant differences
observed between the groups when using cryopreserved spec-
imens (Fig. 1b).

We assessed PBMC supernatants by EIA (CP) for produc-
tion of IFN-� in response to the same 4 HIV-1 antigens as in
the LPA, as well as to vHIV. Fresh specimens were used from
week 12 only, while cryopreserved cells were used for all time
points. Fresh PBMCs from group B produced more IFN-�
than group A PBMCs in response to HIV-1 MN and the two
HIV-1 peptide pools (Fig. 1a). Indeed, fresh PBMCs from
group A produced detectable median IFN-� in response to
HIV-1 MN only. When cryopreserved PBMC samples were
used, greater IFN-� levels were produced in group B than in

TABLE 1. Baseline demographics of the A5181 study groups
(P � not significant)

Demographics

Valuea

Total
(n � 54)

Group A
(n � 30)

Group B
(n � 24)

Age
Medianb 43 42 43
18–29 3 (6) 2 (7) 1 (4)
30–39 15 (28) 9 (30) 6 (25)
40–49 22 (41) 13 (43) 9 (38)
50–59 12 (22) 5 (17) 7 (29)
Over 60 2 (4) 1 (3) 1 (4)

Gender
Male 41 (76) 25 (93) 16 (67)
Female 13 (24) 5 (17) 8 (33)

Race/ethnicity
White 30 (56) 17 (57) 13 (54)
Black 20 (37) 10 (33) 10 (42)
Hispanic 4 (7) 3 (10) 1 (4)

CD4 countc

Median 736 682 776
Q1, Q3 557, 887 549, 851 598, 918

RNA entry
�50 copies/ml 35 (65) 28 (93) 7 (29)
�50 copies/ml 19 (35) 2 (7) 17 (71)
Median (Q1, Q3)d 165 (50, 1,110)

a Values are the numbers of patients (percentages) except where otherwise
noted.

b Values are the median ages in years.
c Values are the numbers of CD4 cells/mm3.
d Q values are median HIV-1 RNA expressed in copies per milliliter.
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group A in response to HIV-1 MN only (group A, �10 ng/ml;
group B, 113 ng/ml; P � 0.004), with loss of response to the
peptide pools (Fig. 1b).

Our third approach to defining T-cell reactivity specific for
HIV-1 was enumerating the number of IFN-�-producing cells
as detected by the ELISPOT assay. For this, we tested all 5
HIV-1 antigens. Figure 1a shows results from 4 antigens. Using
fresh PBMC specimens, group B subjects had higher IFN-�
responses by ELISPOT assay than group A subjects for the
PEN peptide pool, the p24 Gag antigen, and vHIV (P � 0.02).
Although IFN-� production was noted in response to all of the
HIV-1 antigens with the cryopreserved specimens for both
groups, the assay could differentiate between them only in
response to vHIV (group A, 3.97 SFC/105 cells; group B, 15.2
SFC/105 cells; P � 0.037) (Fig. 1b). In a subset of seven sub-
jects, we compared stimulation of IFN-� production in the
ELISPOT assay by coculturing both the fresh and cryopre-
served PBMCs with autologous EBV-transformed B-LCLs act-
ing as antigen-presenting cells to the response in the standard
ELISPOT assay. The cumulative results show that there was a
cell concentration-dependent increase in IFN-� production in
response to B-LCLs loaded with any of the 4 different HIV-1
antigens (vHIV, Gag pool, PEN, or HIV-1 MN) compared to
the responses to antigens without B-LCLs. Figure 2 shows a
comparison of the two assays using cryopreserved specimens
obtained at week 12 and assayed using three different PBMC
concentrations. Proportional T-cell reactivity decreased as
the PBMC concentration increased, with the greatest T-cell
response at the lowest concentration of PBMCs. Although
there were significant differences between the results of the
ELISPOT B-LCL and the standard ELISPOT assays, the
ELISPOT B-LCL assay did not reveal significant differences in
T-cell responses between the two study groups (data not
shown).

T-cell reactivity detected by the ICC assay. Intracellular
production of IFN-� and IL-2 was measured by the ICC assay
using flow cytometry in both CD4� and CD8� T cells and in
both fresh and cryopreserved specimens (Table 2). The two
HIV-1 peptide pools and the p24 antigen were used as stimu-
lants. Using fresh specimens, group A IFN-� production in
CD8� T cells was only found for the PEN antigen, whereas
T-cell responses were induced by all of the antigens in cells
from group B. The ICC assay significantly differentiated the
two groups when using the peptide pools. Significant differ-
ences were also observed with the peptide pools when using
cryopreserved specimens, but there were greater numbers of
reactive T cells in the fresh PBMC responses. There was no
detectable IL-2 production by fresh CD8� T cells in response
to either peptide pool. Although IL-2 production was observed
in cryopreserved CD8� T cells, the assay was not able to
significantly differentiate between the two groups. Finally,

FIG. 1. T-cell responses assessed by the LP, CP, and ELISPOT
assays in group A versus group B using fresh PBMC specimens (a) and
using cryopreserved specimens (b). The CP and ELISPOT assays were
used to detect IFN-�. For each assay, data were averaged over 1 to 3
separate time points for each individual and each antigen, and differ-
ences between the two arms were tested by the Wilcoxon rank sum
tests. Comparisons marked with asterisks reached clinical significance.
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there was little or no detectable IL-2 and IFN-� production by
fresh or cryopreserved CD4� T cells in response to any of the
antigens in group A or B. Where some positive responses were
seen, the assay was not able to significantly differentiate be-
tween the two groups (Table 2).

Correlations between assays. Correlations were assessed be-
tween the LP, CP, and ELISPOT assays (Table 3). A modest
correlation was seen between the ELISPOT assay and the
LPA for both fresh and cryopreserved PBMC samples in
response to HIV-1 MN (r � 0.37, P � 0.01 and r � 0.43, P �
0.02, respectively). Similar correlations were noted between
the ELISPOT and the CP assays in response to HIV-1 MN
(r � 0.39, P � 0.01 and r � 0.53, P � 0.001 for fresh and
cryopreserved PBMCs, respectively). Greater correlations
were also observed between the ELISPOT and CP responses
for cryopreserved PBMCs when stimulated with the Gag
and PEN peptide pools (r � 0.60, P � 0.001 and r � 0.68,
P � 0.001, respectively). Modest correlations were also
noted between the ICC and ELISPOT assays when using the
p24 antigen (r � 0.49, P � 0.006) (Fig. 3) and between the

ICC and CP assays when using the PEN peptide pool (r �
0.39, P � 0.038) (Fig. 3).

The HIV-1 antigen-specific T-cell responses of fresh and
cryopreserved PBMC samples were examined for correlations
at week 12 using the three assays. In the LPA, significant
correlations were observed between responses of fresh and
cryopreserved samples when using HIV-1 MN and the Gag
peptide pool. Of the HIV-1 antigens used in the CP assay, only
the response to vHIV was found to have a significant correla-
tion in fresh and cryopreserved samples. In the ELISPOT
assay, significant albeit marginal correlations between fresh
and cryopreserved PBMC samples were found for responses to
HIV-1 MN and the Gag peptide pool. A stronger correlation
was seen when the stimulant used was vHIV (r � 0.6, P �
0.001) (Fig. 4).

DISCUSSION

As immunotherapeutic strategies for HIV-1 infection are
continuously being developed, so are the techniques for assess-

FIG. 2. Median ELISPOT B-LCL and standard ELISPOT responses in week 12 cryopreserved PBMC samples (n � 7; n � 6 in all 3 � 105-cell
concentrations). ELISPOT B-LCL points with asterisks indicate statistically significant differences compared to results from the standard
ELISPOT assay.
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ing their immunologic activities. In HIV-1 immune-based ther-
apy trials, the standard assays have included the ELISPOT, LP,
CP, and ICC assays. Of these, the ELISPOT assay has been
considered the gold standard in a number of vaccine trials
because of its sensitivity and extensive validation (18, 20).
However, although the ELISPOT assay is more sensitive than
the ICC assay, the latter has the advantage of simultaneously
identifying production of many different cytokines, chemo-
kines, and cytotoxic factors (26).

The rationale for this study was to compare T-cell reactivity
using different, highly controlled immunologic assays in order
to determine which of these commonly used assays is the most
relevant in measuring an effective immune response to HIV.
Our data suggested that no single assay showed clear-cut dif-

ferences between the study groups for all of the HIV-1 anti-
gens. Among the four assays tested, the LPA did not differen-
tiate between the two groups with any of the HIV antigens
tested. Use of fresh or cryopreserved specimens did not make
a difference. Despite not being able to differentiate between
the two groups, lymphocyte proliferation was observed with all
the antigens tested. The inability to distinguish between the
two groups may be because the LPA has been shown to detect
T-cell immunity whether the immune response is low or robust,
whereas IFN-� secretion detected by the ELISPOT assay was
accurate in assessing a robust T-cell response (15).

The CP assay detected the most number of differences be-
tween the two groups of study subjects, indicating that this
simple EIA for IFN-� on cell culture supernatants may be

TABLE 2. Expression of IFN-� and IL-2 in groups A and B as measured by intracellular cytokine staining by flow cytometrya

Assay PBMC prep Group
(no. of samples)

Median antigenic stimulus for:

Gag pool PEN pool p24

ICC-flow IFN-� CD8� Fresh A (17) �5 6.3 �5
Fresh B (14) 23.2 33.9 8.7
P value 0.048 0.019 0.14
Cryopreserved A (11) 5.5 21.9 �5
Cryopreserved B (10) 196.7 112.5 �5
P value 0.036 0.042 0.31

ICC-flow IL-2 CD8� Fresh A (17) �5 �5 �5
Fresh B (14) �5 �5 20.7
P value 0.61 0.80 0.36
Cryopreserved A (11) 42.7 30.8 �5
Cryopreserved B (10) 58.6 33.6 33.0
P value 0.47 0.76 0.07

ICC-flow IFN-� CD4� Fresh A (17) �5 �5 �5
Fresh B (14) �5 �5 11.4
P value 0.31 1.0 0.25
Cryopreserved A (11) 23.7 �5 �5
Cryopreserved B (10) 23.9 11.5 9.2
P value 0.82 0.52 0.67

ICC-flow IL-2 CD4� Fresh A (17) �5 �5 �5
Fresh B (14) �5 10.4 6.2
P value 0.66 0.70 0.60
Cryopreserved A (11) 49.9 18.3 �5
Cryopreserved B (10) 27.1 11.9 79.7
P value 0.63 0.97 0.29

a For each assay, data were averaged over 1 to 3 separate time points for each individual and each antigen, and medians are for the two arms tested for differences
by the Wilcoxon rank sum tests. Comparisons that reached statistical significance are in bold.

TABLE 3. Correlation between the ELISPOT and the LP and CP assaysa

Antigen

Correlation between ELISPOT and:

LPA CP assay

Fresh samples Cryopreserved samples Fresh samples Cryopreserved samples

n r (P value) n r (P value) n r (P value) n r (P value)

HIV-1 MN 48 0.37 (0.010) 31 0.43 (0.016) 43 0.39 (0.010) 52 0.53 (<0.001)
Gag pool 51 �0.18 (0.21) 31 �0.07 (0.70) 45 0.003 (0.98) 52 0.60 (<0.001)
PEN pool 51 �0.15 (0.29) 31 0.37 (0.38) 45 0.11 (0.49) 52 0.68 (<0.001)
p24 44 0.03 (0.050) 24 0.28 (0.18) 45 �0.03 (0.85) 30 0.04 (0.98)
vHIV Not done Not done 45 0.05 (0.74) 51 0.11 (0.45)
vLacZ Not done Not done 42 �0.08 (0.61) 44 0.11 (0.49)

a Correlations in bold indicate statistical significance using rank-based Spearman correlations.
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adequate in distinguishing between endogenous immune con-
trol of HIV replication and its absence. The ELISPOT assay
detected as many differences as the CP assay but in response to
different HIV-1 antigens. As the ELISPOT assay has been
standardized and is sensitive to low-frequency responses, as
low as 25 IFN-�-producing cells per million (25), results of this
assay still prove to be useful readouts of immunologic control.
However, it is important to consider that results of previous
studies have shown that the ELISPOT assay for IFN-� pro-
duction does not necessarily correlate with viral control (1, 27),
hence the need for other assays that would better predict
immune control of HIV.

The use of B-LCLs as antigen-presenting cells for the
ELISPOT assay also yielded interesting results. Although this
assay did not show significant differences between the groups,
there was an increase in the numbers of IFN-�-producing cells
in this system compared to results using the standard ELISPOT
assay in response to most of the HIV-1 antigens. This has been
found in previous studies wherein the use of B-LCLs yielded
higher numbers of HIV-1-specific cytotoxic T lymphocyte
(CTL) and IFN-�-producing cells (10, 17). Due to the presence
of EBV and the relatively high background responses to the
B-LCL assay, current approaches to enhance the magnitude of
T-cell reactivity in vitro include using autologous dendritic cells
(16, 22) and nontransformed B cells (28) as antigen-presenting
cells or an extension of the incubation period in the ELISPOT
assay (9). It is important to note that the ELISPOT B-LCL
assay was conducted in only a subset of patients (n � 7), which
could possibly explain why, statistically, it was not able to
distinguish between the two groups.

Although the ICC assay was able to differentiate between the two
groups only when using the peptide pools, it was able to do so in both
fresh and cryopreserved specimens, unlike the CP and ELISPOT

assays, where the ability to distinguish between the groups was de-
creased when cryopreserved specimens were used. Our results con-
firm previously published findings which found that in flow cytom-
etry, peptides were more effective in stimulating responses in both
fresh and cryopreserved than whole-protein antigens (21). More-
over, previous studies have suggested that using 15-mer peptides
overlapping by 11 amino acids can effectively stimulate responses in
both CD4� and CD8� T cells (19, 21). Our results showed that even
if we were able to show T-cell responses in both CD4� and CD8� T
cells using these types of peptides, it was only in the CD8� T cells
that the ICS was able to distinguish between the two groups. Secre-
tion of IL-2 did not distinguish between the two groups. Moreover,
CD8� IL-2 secretion was lower than CD8� IFN-� secretion. This
could be due to CD8� T-cell dysfunction or depletion as a conse-
quence of sustained HIV replication. IL-2 production is lost early in
the transition into viral persistence (5). Indeed, in chronic viral in-
fections, there is a hierarchical loss of effector cytokines, with IL-2
secretion as the first to go and IFN-� the last (29). The advantage of
using flow cytometry is its ability to combine multiple parameters in
evaluating T-cell function. As recent studies have shown that an
effective HIV-1 response is characterized by the presence of a poly-
functional (i.e., secreting two or more immune mediators) CD8�

T-cell response to the virus (2, 4, 24), multiparameter flow cytometry
could have a better role in evaluating HIV immunotherapeutic strat-
egies.

Since multiple sites are necessary for large studies, such as those
needed to explore the utility of prophylactic vaccines, the use of
cryopreserved PBMCs permits centralized analyses of samples in
these multisite trials. In the ELISPOT and CP assays, the ability to
detect a difference between the two groups was decreased when
cryopreserved specimens were used. Indeed, in the study by Best et
al. (3), IFN-� release as detected by enzyme-linked immunosorbent
assay (ELISA) was lower in samples that were cryopreserved than
that in fresh samples. Specimen processing may be a factor contrib-

FIG. 4. Correlations between fresh and cryopreserved PBMCs in
the ELISPOT assay (rank-based Spearman correlation).

FIG. 3. Correlation between the ICC-flow assay for IFN-� (sum of
IFN-�-producing CD4� and CD8� T cells) versus the ELISPOT and
CP assays using fresh PBMCs (rank-based Spearman correlation).
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uting to the disparity. As such, strict quality control in cryopreserva-
tion and thawing is necessary. Although participating sites in the
ACTG follow the same procedures in processing specimens for all
network protocols, laboratory performance must be regularly evalu-
ated to ensure strict adherence and uniformity among laboratory
processing sites. As with frozen specimens, the use of fresh samples
also requires strict processing guidelines. In protocols with multiple
study sites, proper and efficient shipping procedures must be in place
if real-time assays are to be done. In ICC-flow assays, the same
number of statistically significant comparisons was observed with the
use of fresh and frozen samples.

In conclusion, we found that both the CP and ELISPOT assays
were able to discriminate in vitro immune responses associated with
endogenous control of HIV replication from those that were not.
However, the wide variation between the assays studied provides a
cautionary note to the use of multiple laboratories to monitor results
of HIV immunotherapeutic vaccine trials, specifically those which
use in vitro assays of T-cell function as primary endpoints. The basics
of specimen handling, cryopreservation, and thawing should also be
emphasized, as they will necessarily affect the performance and reli-
ability of these assays. Quality control of immunologic techniques
should be performed regularly in order to validate these tests, allow-
ing them to be used in large-scale immunotherapeutic studies.
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