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EFFECT OF IMMUNIZATION WITH A COMMON RECALL ANTIGEN ON VIRAL EXPRESSION IN
PATIENTS INFECTED WITH HUMAN IMMUNODEFICIENCY VIRUS TYPE 1
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Abstract Background. Activation of the immune sys-
tem is a normal response to antigenic stimulation, and
such activation enhances the replication of human immu-
nodeficiency virus type 1 (HIV-1). We studied the effect
of immunization with a common recall antigen on viral ex-
pression in HIV-1—infected patients, on the ability to iso-
late virus, and on the susceptibility to HIV-1 infection of
peripheral-blood mononuclear cells (PBMCs) from con-
trol subjects not infected with HIV-1.

Methods. Thirteen HIV-1-infected patients and 10 unin-
fected adults were given a 0.5-ml booster dose of tetanus
toxoid. Studies were performed to evaluate changes in the
degree of plasma viremia, proviral burden, the ability to iso-
late HIV-1, and the susceptibility of PBMCs to acute infec-
tion in vitro. Two patients underwent sequential lymph-node
biopsies for the assessment of viral burden in these tissues.

Results. All 13 HIV-1—infected patients had transient

HE critical role of cellular activation in the ini-
tiation and propagation of infection with human
immunodeficiency virus type 1 (HIV-1) has been well
established.! A number of in vitro studies have demon-
strated the importance of activation in the induction of
viral expression from infected primary cell lines? as well
as myeloid and lymphocytic tumor cell lines chronically
infected with HIV-1.3* Cellular activation is also impor-
tant in vitro in the acute infection of cells with HIV-1.
Resting T cells incubated with HIV-1 generate an in-
completely reverse-transcribed proviral DNA that, in
the absence of cellular activation, results in an abortive
infection.>® In contrast, peripheral-blood mononuclear
cells (PBMCs) that have been activated with phytohe-
magglutinin are readily infected with HIV-1.>7
There is a similar relation between cellular activation
and the expression of HIV-1 in vivo. Previous studies
have suggested that the degree of immune activation in
response to simian immunodeficiency virus infection
was a factor determining the course of disease,® and ev-
idence from studies in both animals and humans indi-
cates that activation of the immune system is associated
with altered regulation of HIV-1 in infected patients.®!*
The course of HIV-1 infection and progression to the
acquired immunodeficiency syndrome (AIDS) appear to
be much more rapid in sub-Saharan Africa than in de-
veloped countries.'>!® Tt has been postulated that the in-
creased rate of disease progression as well as the greater
susceptibility to infection after exposure to HIV-1 in sub-
Saharan Africa is due at least in part to the persistent
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increases in plasma viremia after immunization, and
the proviral burden increased in 11. These changes did
not correlate with the base-line CD4+ T-cell counts. The
lymph-node tissue also had increases in the proviral
burden and viral RNA after immunization. The virus
was more easily isolated from PBMCs from nine of the
patients after immunization than before immunization.
Despite considerable variability in the results, PBMCs
from 7 of the 10 normal subjects were more easily infect-
ed in vitro with HIV-1 after immunization than before
immunization.

Conclusions. Activation of the immune system by an
ongoing antigen-specific immune response to an exoge-
nous stimulus transiently increases the expression of
HIV-1 and may enhance the susceptibility of uninfected
subjects to HIV-1. (N Engl J Med 1996;334:1222-30.)
01996, Massachusetts Medical Society.

immune activation associated with chronic parasitic in-
festation and frequent infections with other pathogens.!?

We undertook the current study to delineate the ef-
fect of cellular activation associated with a discrete im-
mune stimulus provided by immunization with a com-
mon recall antigen on in vivo and in vitro expression of
virus in HIV-1-infected patients. We also examined the
effect of immunization on the in vitro susceptibility to
acute infection of PBMCs from normal subjects not in-
fected with HIV-1.

METHODS

Patients and Control Subjects

The study was carried out according to a clinical protocol approved
by the investigational review board of the National Institute of Allergy
and Infectious Diseases. Healthy heterosexual men and women and
homosexual men, all of whom were seronegative for HIV-1, were used
as control subjects. The patient population consisted of 16 homosex-
ual men seropositive for HIV-1. All participants were asymptomatic;
one patient had been given a diagnosis of AIDS on the basis of a total
CD4+ T-cell count of less than 25 per cubic millimeter. The partici-
pants were either given a 0.5-ml tetanus booster intramuscularly (Wy-
eth—Ayerst Laboratories, Marietta, Pa.) or mock immunized (three
seropositive patients and four seronegative control subjects). Blood
was drawn on the day of the injection and approximately 3, 7, 14, 21,
28, and 42 days later and was analyzed as described. Two patients un-
derwent serial lymph-node biopsies before and after immunization.
The lymph nodes were from sites unrelated to the site of immuniza-
tion. All subjects gave informed consent.

Processing of PBMCs and Depletion of CD8+ T Cells

PBMC:s were obtained by standard Ficoll centrifugation (LSM, Or-
ganon Teknika, Durham, N.C..). The samples were depleted of CD8+
T cells by incubation (in a 10:1 ratio) with magnetic beads coated with
an anti-CD8 antibody (Dynabeads M450 CD8, Dynal, Lake Success,
N.Y.) according to the manufacturer’s instructions.

Fluorescence-Activated Flow Cytometry

Unfractionated PBMCs and PBMCs depleted of CD8+ T cells
(0.5%X10° to 1 X10° cells) were placed on ice with the appropriate an-
tibodies for 30 minutes, washed, and fixed with 1 percent paraformal-

dehyde. Antibodies recognizing CD4, CD8, CD3, HLA-DR, CD25,
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and isotype controls (Becton Dickinson, Mountain View, Calif.) were
used. Cells were analyzed with an Epics-C flow cytometer (Coulter,
Hialeah, Fla.).

Measurement of Tetanus-Specific Inmune Responses

Serum samples were examined for tetanus-specific antibodies and
PBMC:s were assayed for tetanus-specific proliferative responses in vi-
tro according to standard methods.?*?!

Isolation of Virus from HIV-1-Infected PBMCs

Freshly obtained unfractionated PBMCs and PBMCs depleted of
CD8+ T cells were cultured in complete medium with 10 percent fe-
tal-calf serum (Hyclone Laboratories, Logan, Utah), 10 U of interleu-
kin-2 per milliliter (Boehringer—Mannheim, Mannheim, Germany),
and either no other stimulus or 5 ng of interleukin-4 per milliliter
(R & D Systems, Minneapolis). Culture supernatants were harvested
every two to three days, and cultures were fed as needed. Serial cul-
tures from a single patient were maintained in a consistent fashion by
one laboratory worker. The ability to isolate virus in culture was con-
sidered to be increased when the levels of reverse transcriptase in the
culture were at least twice those measured before immunization.

Acute Infection of PBMCs from Control Subjects

PBMC:s from normal subjects were cultured in complete medium
with 10 percent fetal-calf serum with or without added interleukin-2
(0, 1, or 10 U per milliliter). After three days, a primary HIV-1 isolate
was added to the cultures at a dilution of 1072 (25 times the dose re-
quired to infect half the cultures) and 107°. Supernatants were har-
vested every three days, and cultures fed as needed.

Reverse Transcriptase Assays

Reverse transcriptase assays were performed according to standard
techniques.?? In general, the results for duplicate supernatants varied
by less than 10 percent and the radioactivity of samples labeled with
phosphorus-32 (Dupont NEN, New England Nuclear, Newtown,
Conn.) was measured with a Betaplate beta counter (model 1205,

Wallac, Gaithersburg, Md.).

Measurement of PBMC-Associated Viral Burden by the
Polymerase Chain Reaction

The polymerase chain reaction (PCR) was performed as previous-
ly described.? Serial frozen samples of PBMCs from each patient
or, in the case of two patients, frozen lymph-
node mononuclear cells obtained by excisional
lymph-node biopsy were thawed simultaneous-
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verse transcription, amplification, and quantitation of HIV-1 genomic
RNA were performed as described previously.?* The interassay vari-
ability was 2 to 4 percent.

RESULTS
Viral Burden in Plasma and Cells

Plasma obtained before and at various times after
tetanus immunization was analyzed for the presence of
HIV-1 RNA. In all 13 immunized patients, significant
increases in plasma viremia were detected after immu-
nization; peak viremia occurred 3 to 28 days after im-
munization, with a mean of 13 days (Table 1). Figure 1
shows the changes in the degree of viremia in 12 of the
13 immunized patients and 2 mock-immunized patients.
The magnitude of the increases in plasma viremia
ranged from a factor of 2 to a factor of 36; the mean val-
ue at base line was 2.18X10° copies of HIV-1 per milli-
liter, as compared with a mean peak value of 7.75X10°
copies of HIV-1 per milliliter (P=0.001, by the Wilcox-
on signed-rank test). Patients with higher total CD4+
T-cell counts had earlier peaks in viremia (day 7), with
fairly rapid resolution and return to base-line values
(Patients 9, 10, and 12) (Table 1). In contrast, in those
with lower CD4+ T-cell counts, plasma viremia tended
to occur later after immunization (e.g., Patients 1, 2, and
7) (Table 1). The magnitude of the increase in viremia
did not correlate with base-line CD4+ T-cell counts, al-
though the largest increase (by a factor of 36) was seen
in Patient 10, with long-term nonprogressive infection.
Plasma obtained serially from three mock-immunized
patients showed no significant changes in the levels of
viremia over a six-week period (Fig. 1E).

One patient of particular interest is Patient 6, who was
initially asymptomatic with a CD4+ T-cell count of 336
cells per cubic millimeter. The level of plasma viremia
had tripled seven days after tetanus immunization and

Table 1. Induction of Plasma Viremia after Tetanus Immunization in HIV-1—Infected

ly and run in the same reaction to avoid assay Patients.*
variability. Two primers (SK38 and SK39)
were used to detect HIV-1 proviral DNA; the PATIENT No. CD4+ T-CELL COUNT VIREMIAT PROVIRAL BURDENT
calculated amount of total DNA in the reaction BASE LINE AT PEAK VIREMIA BASE LINE PEAK BASE LINE PEAK
\I/]\/’lllt)l(j‘}:illsjZdéﬁfﬁgrggﬁgglziggﬂl;; l;id;tfr?ls cells/mm’ copies of HIV-1 RNA/ml copies of HIV-1 DNA/10° cells
plify the human HLA locus. The amplified 1 362 255 147,000 437,000 (21) 20,000 80,000 (22)
product ?vasXZ hybridized with probes. end- ) 271 138 3.850 10,500 (28) 20 22 (14)
ltzbillzgtxﬂl;rfsi?gg 1*8“‘1 GH64), Sl“blwfd 3 350 301 120,000 900,000 (7) 1,000 2,500 (28)
. P | pereent polyacryfa- 4 389 271 100,000 700,000 (21) 360 1,044 (42)
mide gels, and quantitated on a PhosphorIm-
ager (Molecular Dynamics, Sunnyvale, Calif.). 3 386 482 21,000 45,000 (3) 30 33 (42)
6 336 374 215,000 725,000 (7) 30 75 (42)
Quantitative COmpetitive PCR 7 336 270 75,000 315,000 (21) 13 26 (42)
L 8 361 274 87,500 241,000 (7) 100 220 (3)
pellted o rone lymplinode momonucloa X oo 20000 745000 () 150 3606
cells from the various time points were thawed 10 602 710 10,500 375,000 (7) 50 240 (42)
and run together to avoid assay variability. 11 363 211 80,000 225,000 (21) 2,500 5,000 21)
RNA was purified from stored plasma with the 12 403 690 215,000 725,000 (7) 7 54(28)
QIAamp blood kit (Qiagen, Chatsworth, Cal- 13 8 5 1,550,000 4,970,000 (7) 250 303 3)
if.). RNA was extracted from the cell pellets 14% 658 NA 175 NA ND NA
with the QIAshredder and RNeasy mini preps 15% 1102 NA 175,000 NA 96 NA
(Qiagen) to homogenize the cells and purify 16% 445 NA 27,500 NA 32 NA

the RNA, respectively. The extracted viral nu-

cleic acids were treated for one hour at room
temperature with DNase (Sigma Chemical, St.

Louis) to remove any contaminating DNA. Re- #Mock-immunized patient.

*NA denotes not applicable, and ND not detectable.

FThe day after immunization on which peak values were obtained is given in parentheses for each patient.
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