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Summary

INITIO is an open-labelled randomized trial evaluating first-line therapeutic
strategies for human immunodeficiency virus-1 (HIV-1) infection. In an
immunology substudy a tetanus toxoid booster (TTB) immunization was
planned for 24 weeks after initiation of highly active antiretroviral therapy
(HAART). All patients had received tetanus toxoid immunization in
childhood. Generation of proliferative responses to tetanus toxoid was
compared in two groups of patients, those receiving a protease inhibitor
(PI)-sparing regimen (n = 21) and those receiving a PI-containing (n = 54)
regimen. Fifty-two participants received a TTB immunization [PI-sparing
(n = 15), PI-containing (n = 37)] and 23 participants did not [PI-sparing
(n = 6) or PI-containing (n = 17)]. Cellular responses to tetanus antigen were
monitored by lymphoproliferation at time of immunization and every
24 weeks to week 156. Proportions with a positive response (defined as stimu-
lation index � 3 and D counts per minute � 3000) were compared at weeks 96
and 156. All analyses were intent-to-treat. Fifty-two participants had a TTB
immunization at median 25 weeks; 23 patients did not. At weeks 96 and 156
there was no evidence of a difference in tetanus-specific responses, between
those with or without TTB immunization (P = 0·2, P = 0·4). There was no
difference in the proportion with response between those with PI-sparing or
PI-containing regimens at both time-points (P = 0·8, P = 0·7). The prolifera-
tive response to tetanus toxoid was unaffected by initial HAART regimen.
Anti-tetanus responses appear to reconstitute eventually in most patients over
156 weeks when treated successfully with HAART, irrespective of whether or
not a TTB immunization has been administered.
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Introduction

Highly active antiretroviral therapy (HAART), typically a
combination of two nucleoside analogues with either a pro-
tease inhibitor (PI) or a non-nucleoside reverse transcriptase
inhibitor (NNRTI), has been shown to be equally effective at
reducing levels of plasma human immunodeficiency virus-1
(HIV-1). The INITIO trial is an open-labelled randomized
trial to evaluate different therapeutic strategies of combina-
tion therapy for HIV-1 infection. The immunology sub-
study of INITIO compared regimens utilizing two NRTI
(didanosine + stavudine) combined with NNRTI (efavirenz:
noPI); or combined with a PI (nelfinavir � efavirenz: PI), on
the generation of tetanus toxoid-specific immune responses
following tetanus toxoid boost (TTB) immunization. The

patients were naive for antiretroviral therapy (ART) at the
time of entry into the trial and were followed up for a period
of 196 weeks (3 years) [1,2]. TTB immunization is recom-
mended in all individuals every 10 years to maintain protec-
tion, although efficacy data in HIV-1+ individuals are limited
[3–6].

Lymphoproliferative responses (LPR) to various antigenic
stimuli are lost during HIV-1 infection as the CD4 count
decreases, leading to an increased incidence of opportunistic
infections [7]. HAART can restore CD4 levels and reduce
HIV-1 load, leading to a reduction in the incidence of
opportunistic infections [8–10]. LPR to recall antigens are
restored in many individuals following viral suppression
[11–13]. Previous in vitro studies have suggested that the
presentation and processing of antigen in the context of
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major histocompatibility complex (MHC) classes I and II
could be defective in the presence of PIs [14]. Therefore, this
study compared LPR to tetanus toxoid in patients initiating
HAART either with or without a PI.

Materials and methods

Trial design

Trial participants initiated HAART with two NRTI drugs
(didanosine + stavudine) and in addition were randomized
to receive either an NNRTI (efavirenz), a PI (nelfinavir), or
both [1,2]. Fifty-two participants received TTB immuniza-
tion at 25 weeks (noPI n = 15; PI n = 37) and 23 participants
did not (noPI n = 6; PI n = 17). The decision to receive TTB
immunization or not was made by the patient and clinician
and was not a structured randomization process. We com-
pared the generation of tetanus toxoid-specific responses in
those receiving TTB immunization and those not boosted in
participants receiving either a noPI regimen or a PI regimen.
The data were reported as proportion responding, as this was
the criterion set at the commencement of this trial by the
co-ordinating committee to remove any interlaboratory
variation or bias of the results. The Institutional Review
Boards of all clinical centres approved the study, and all
patients provided their written informed consent. Samples
were taken at randomization (week 0) and every 24 weeks
until week 156 (3 years).

Proliferation assays

Proliferation assays were carried out using standardized
reagents and protocols in Australia, France, Italy, Switzer-
land and the United Kingdom, as described previously [2].
Briefly, freshly isolated peripheral blood mononuclear cells
(105/well) were cultured in 10% AB plasma/RPMI-1640
(Sigma, Poole, UK) with either 5 mg/ml tetanus toxoid
(Pasteur Merieux, Marcy I’Etoile, France), 5 mg/ml phyto-
haemagglutinin mitogen control (Sigma) or 10% AB
plasma/RPMI-1640 only (negative control), in round-
bottomed microtitre plates (Greiner, Stonehouse, UK) for
5 days. Each well was then pulsed with 1 mCi [3H]-methyl
thymidine ([3H]-TdR; Amersham International, Amersham,
UK) and 16 h later cells were harvested onto glass fibre fil-
termats (Wallac Oy, Turku, Finland). Proliferation was mea-
sured by liquid scintillation spectroscopy using a 1205
Betaplate counter (Wallac Oy). A positive response is
defined as a stimulation index score of � 3 coupled with a D
counts per minute of > 3000.

Statistical analysis

All participants with data available for immunization and
response status at week 24 were included in the analysis. The

effect of immunization, week 24 CD4 count, pre-existing
week 24 tetanus response and class of HAART received, on
the proportion of positive tetanus responders and odds of a
positive response at weeks 48, 96 and 156, were investigated
using c2 tests and logistic regression, respectively. Changes in
CD4 counts from baseline were calculated using quartile
regression. All analyses are intention-to-treat.

Results

Patients

Of the 911 participants of the INITIO trial, 120 were
enrolled into the Immunology Substudy. LPR results were
available for 102 of these individuals. One participant did
not have TTB immunization data recorded, 10 were seen
only at baseline and 16 did not have a week 24 result. There-
fore, tetanus responses in the remaining 75 participants,
enrolled in Australia (23%), France (55%), Italy (5%),
Switzerland (11%) and the United Kingdom (7%), were
investigated. The decision as to whether to receive a TTB or
not was the choice of the patient and their physician and
was not a structured randomization process. Participants
randomized to receive a PI-sparing regimen (n = 21) were
compared with pooled data from all patients receiving a PI,
either with or without an NNRTI (n = 54). Fifty-two par-
ticipants had a TTB immunization at a median of 25 (inter-
quartile range 24–26) weeks from randomization and 23
patients did not. Median CD4 count and the proportion of
patients with HIV-1 RNA plasma levels < 50 copies/ml at
24 weeks were similar to those of the whole trial population
(Table 1).

Effect of HAART

Within the substudy group at the time of TTB immuniza-
tion, the median CD4 count was higher in participants
receiving PI-based regimens; however, this difference was
not statistically significant (P = 0·1) (Table 1). There was no
evidence of a difference in the magnitude of the increase in
CD4 count from randomization between the noPI and PI
groups at week 24 (P = 0·2; Fig. 1a). The proportion of par-
ticipants with HIV-1 RNA plasma levels below the limit of
detection (BLD; 50 copies/ml) at the time of TTB immuni-
zation was also similar in each treatment group (Table 1).
The proportion of participants with a tetanus response did
not differ significantly according to initial HAART regimen
received at week 24 (noPI 14% versus PI 28%; P = 0·2), week
96 (noPI 35% versus PI 57%; P = 0·8) or week 156 (noPI
50%, PI 59%; P = 0·7; Fig. 1b). A similar proportion of par-
ticipants who did and did not receive a TTB immunization
started HAART with a PI-based regimen [37 (71%) versus 17
(74%), P = 0·8]. There was no evidence of a difference in the
proportion with responses to tetanus antigen at weeks 96 or
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156 according to immunization status and class of HAART
(Fig. 1c).

Effect of TTB immunization

The median CD4 count and proportion with a HIV-1 RNA
plasma load BLD at week 24 were similar in those who did
and did not receive a TTB immunization (Table 1). Sixteen
(31%) participants receiving TTB immunization already had
a positive response to tetanus toxoid prior to immunization,
compared with two (9%) participants in the no TTB immu-
nization group (P = 0·04). The odds of proliferative response
at week 24 in the TTB immunization group were 4·67 [95%
confidence interval (CI): 0·98–22·33; P = 0·05] times that of
those in the no TTB immunization group. This may be
driven by a CD4 count effect, as the odds ratio (OR) was
reduced slightly to 4·34 (95% CI: 0·89–21·21; P = 0·07) after
adjustment.

By week 48 significantly more TTB immunization recipi-
ents made responses to tetanus antigen than those not
boosted [21 (50%) versus 3 (16%); P = 0·01]. The odds of
response at week 48 were 5·33 (95% CI: 1·35–21·06; P = 0·02)
times higher in those receiving TTB immunization than
those not, but the difference between the arms was reduced
after adjustment for CD4 counts and tetanus response at
week 24 (OR 3·81, 95% CI: 0·82–17·72; P = 0·09).

The proportion of non-immunized participants respond-
ing to tetanus toxoid increased over time and by week 96 the
difference in tetanus-specific responses between those who
had received TTB immunization and those who had not had
lessened, and the proportion responding no longer differed
significantly [15 (50%) versus 5 (29%), P = 0·2]. By week 156
the difference in proportion responding between those who
had received TTB immunization and those who had not had
reduced further [21 (60%) versus 7 (47%), P = 0·4] (Fig. 1d).

Effect of CD4 count on TTB response

The proportion of participants with week 24 CD4 counts
above 250 cells/ml was similar in those with and without a
TTB immunization [30 (58%) versus 12 (52%), P = 0·7].
There was no evidence of a difference between responses at
week 156 by TTB immunization status and week 24 CD4
count (P = 0·4), although the lowest response was seen in
participants with CD4 count � 250 cells/ml who had started
a PI-sparing regimen (29% versus 56%, 63%, 63%) (Fig. 1e).

Discussion

This INITIO [1] substudy compared the effect of initiating
HAART using/sparing PI and the effect of TTB immuniza-
tion on the generation of immune responses to tetanus
toxoid. The presence of a PI in the HAART regimen had no
effect on LPR to tetanus toxoid, whether or not patients
received TTB immunization. This concurs with the findingsTa
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of the main INITIO immunology substudy, which showed
no difference between regimens using/sparing PIs in terms of
levels of long-term immune reconstitution to a panel of
recall antigens [2], despite previous observations that PIs
interfere with cell-cycle progression with consequential
concentration-dependent inhibition of LPR [15]. Presenta-
tion and processing of antigen in the context of MHC classes
I and II could be defective in the presence of PIs [14],
although this effect appears to occur only at suprapharma-
cological doses in human cells [16]. Data presented here were
obtained while using the PI nelfinavir, and we cannot dis-
count that a ritonavir-boosted PI regimen, now used more
commonly, may have an effect on these results, because of
the differing pharmacokinetics [17].

By week 156 post-initiation of HAART, no difference in
the proportion responding to tetanus toxoid was observed
between the TTB immunization and non-TTB groups after
96 weeks, in spite of the initial lower LPR in those not
boosted. However, these data suggest that there may be a
difference in temporal responses before week 156, as more
boosted patients had LPR at week 48 (although higher week
24 LPR in this group suggests that this could be due to a
larger proportion of tetanus toxoid-specific memory T cells
prior to boost, rather than the immunization itself), whereas
non-TTB immunization patients showed a more delayed
response, dependent on immunological recovery with time
on ART [11–13].

Regimens containing NNRTIs have been shown to
provide at least similar improvements in the surrogate
markers of HIV-1 infection when compared with
PI-containing regimens [18]. Although there was a higher
CD4 count at week 24 in the PI group, there was no differ-
ence in CD4 T cell number recovery between the two groups.
Exploratory analyses suggest a trend towards a lower propor-
tion of responders in those with the lowest CD4 counts at
time of immunization, although this study lacks power to
address this question definitively, which concurs with data
showing that in HIV-1-infected individuals the amount
of antibodies formed after immunization with T cell-
dependent recall antigens such as tetanus toxoid is pro-
portional to CD4 counts [19]. Moreover, it has been
demonstrated that formation of IgG anti-tetanus toxoid
antibodies after immunization is impaired in HIV-1-infected
adults with CD4 counts below 300 cells/ml blood [20]. We
acknowledge that memory T cell responses may not correlate
directly with protection from tetanus toxin [21]. However,
we illustrate here that the reconstitution of memory immune
responses is equivalent under both PI and NNRTI regimens
in patients with advanced HIV-1 disease, and that TTB
immunization during the initial weeks of HAART does not
enhance this level of immune recovery. Indeed, our data
concur with previous findings that immune responses to
recall antigens are improved with PI-based HAART [22,23].
Here we propose that memory responses to tetanus toxoid
are present in many individuals and will eventually regener-

ate in time, irrespective of HAART regimen choice or TTB
immunization.
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