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Present strategies for control of herpes genitalis recurrences require multiple daily doses of antiviral
medication. Imiquimod, an immune response modifier, induces alpha interferon and interleukin-12; applica-
tion in the presence of local herpes antigens during a recurrence may augment herpes simplex virus (HSV)-
specific cell-mediated immunity. To test this theory, we performed a randomized, double-blind, placebo-
controlled study of imiquimod 5% cream to assess safety and efficacy for decreasing recurrences. Patients with
six or more recurrences of herpes genitalis per year applied study cream (imiquimod or placebo) to lesions one,
two, or three times per week for 3 weeks for each recurrence during a 16-week treatment period. This was
followed by a 16-week observation period. Of 124 patients randomized to the study, 103 completed the
treatment period and 93 completed the observation period. The median times to first genital herpes recurrence
were 53 days for those receiving placebo (n � 30) and 54, 60, and 64 days for those receiving imiquimod one
time per week (n � 34), two times per week (n � 32), and three times per week (n � 28), respectively. The
median annualized recurrence rates during the treatment period were 3.8, 4.9, 3.2, and 3.1, respectively. There
were no statistically significant differences in the time to first recurrence or in the annualized recurrence rate
between the imiquimod and placebo groups in either the treatment or the observation period. A trend in
increased rates of local adverse events at the application site and a delay in lesion healing with more frequent
dosing suggested a pharmacologic effect. Although clinical efficacy has been observed for imiquimod in other
conditions in which a TH1-type immune response may be beneficial, including other viral infections such as
those caused by human papillomavirus, no apparent effect on the short-term natural history of herpes genitalis
recurrences was observed.

Genital herpes represents a significant health problem, as
rates of infection with herpes simplex virus (HSV) type 2
(HSV-2), the most common cause of recurrent genital herpes,
continue to increase (8, 25). More than 20% of adults in the
United States are infected with HSV-2, and in sexually trans-
mitted disease clinics, the seroprevalence rate approaches 50%
(3, 8, 11, 12, 16). Because HSV is capable of establishing
latency in the sensory ganglion, intermittent reactivation of
viral replication can result in both symptomatic and subclinical
recurrences. The recurrence rate can be quite variable. In a
study of patients with symptomatic genital first-episode infec-

tions, 11% of patients had no recurrences, 38% had at least 6
recurrences, and 20% had more than 10 recurrences (3). Sub-
clinical reactivations are also variable, with asymptomatic
shedding observed in half of the women with genital herpes in
one study and with the time of asymptomatic shedding ranging
from 0 to 35% of days sampled (27). Cell-mediated immunity
(CMI) is believed to play a major, if not well-understood, role
in restricting reactivations (13).

Suppression of genital herpes recurrences focuses on use of
nucleoside analogs, such as acyclovir, valacyclovir, and famci-
clovir, which inhibit viral replication by interfering with HSV
DNA polymerase (1). While effective, this approach requires
chronic daily dosing to maintain inhibition of the virus, de-
mands good compliance, and is expensive (14, 15, 17, 18, 19).
There is no posttreatment efficacy; discontinuation of suppres-
sive treatment results in reversion to the pretreatment recur-
rence rate (6, 23).

An alternative strategy for control of HSV disease is to
enhance the host’s ability to control the virus. Although a
prophylactic HSV-2 vaccine appears to decrease the risk of
infection in women seronegative for both types of HSV (S.
Spruance, Abstr. 40th Intersci. Conf. Antimicrob. Agents Che-
mother., abstr. L6, 2000), therapeutic genital herpes vaccines
have been unsuccessful to date (22, 24).

Imiquimod is a topically active immune response modifier
that induces endogenous production of cytokines, including
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alpha interferon (IFN-�), tumor necrosis factor alpha (TNF-
�), and interleukin-12 (IL-12), primarily from cells of the
monocyte/macrophage lineage (20). In addition to indirectly
inducing gamma interferon (IFN-�), a pivotal TH1-type cyto-
kine in stimulating CMI, imiquimod enhances antigen presen-
tation. In the recurrent genital herpes model in guinea pigs,
administration of imiquimod for 5 days decreased lesion for-
mation but had no posttreatment effect on subsequent lesion
formation (10). In contrast, administration for 3 weeks resulted
in a continued reduction in lesion formation posttreatment.
The effect during administration is probably mediated by in-
duced IFN-�, whereas the posttreatment effect may be medi-
ated via augmentation of HSV-specific CMI (10).

Topical imiquimod is used for the treatment of external
anogenital warts, a condition caused by human papillomavirus
(7). It was hypothesized that application of imiquimod to her-
pes lesions would induce IFN-� and IL-12 in the skin, which, in
the presence of HSV antigens present during a recurrence,
would augment HSV-specific CMI. This enhanced immunity
might manifest as a delay in time to the next recurrence or a
decrease in the overall recurrence rate. However, as some of
the cytokines induced by imiquimod have proinflammatory
properties, application in the presence of lesions may also
increase the inflammatory response.

Therefore, a pilot, placebo-controlled, dose-frequency-rang-
ing study was performed to determine the safety of application
of imiquimod to anogenital herpes lesions and its effect on
subsequent recurrences.

MATERIALS AND METHODS

Population. Men and women between 18 and 65 years of age with a history of
recurrent genital herpes (six or more recurrences per year while not on suppres-
sive antiherpes therapy) were enrolled at seven centers in the United States.
Prospective study patients were screened by medical history, physical examina-
tion, complete blood count, serum chemistries, urinalysis, serology for human
immunodeficiency virus infection, and, where applicable, pregnancy testing. Doc-
umentation of a prior clinical diagnosis or of HSV-2 seropositivity was required.
Eligible patients were required to present to the clinic within 24 h of onset of a
genital herpes recurrence for clinical confirmation and randomization into the
16-week treatment period. All patients signed informed consent forms approved
by local institutional review boards. Enrollment began in November 1998, and all
study procedures were completed by July 2000.

Study procedures. For each recurrence during the treatment period, the pa-
tients applied study cream (imiquimod 5% cream [Aldara; 3M Pharmaceuticals,
St. Paul, Minn.] or matching placebo cream) at bedtime (to achieve topical
treatment for approximately 8 to 10 h per application) according to their as-
signed dosing regimen (one, two, or three times per week for 3 weeks). At the
completion of the treatment period, patients entered a 16-week observation
period to assess recurrences. Patients were required to present to the clinic at
scheduled visits and for each recurrence in both periods. Swabs for HSV culture
and/or PCR were obtained at the clinic for each recurrence; PCR was performed

TABLE 1. Demographic characteristics of study patients

Parameter Placebo
Imiquimod

P value
One time/wk Two times/wk Three times/wk

Sex (no. [%] of patients)
Female 22 (73) 20 (59) 21 (66) 17 (61) 0.647a

Male 8 (27) 14 (41) 11 (34) 11 (39)

Age (yr)
Mean 37.2 34.8 37.9 40.8 0.202b

SD 11.74 8.70 10.59 12.69
Median 36 34 36 37
Range 19–58 20–56 19–62 26–65

Race (no. [%] of patients)
White 25 (83) 30 (88) 29 (91) 25 (89) 0.686a,c

Nonwhite 5 (17) 4 (12) 3 (9) 3 (11)

No. of recurrences/yr
Median 6 8 8 8 0.203b

Range 0–20 6–12 2–15 6–12

Time (mo) since diagnosis
Median 64 59 56 110 0.621b

Range 8–364 10–263 8–429 1–458

No. (%) of patients on suppression in past 12 mo 4 (13) 5 (15) 3 (9) 2 (7) 0.805a

No. (%) of patients with the following serostatus:
HSV-2 positive only 12 (40) 19 (56) 15 (47) 7 (25) 0.094a

HSV-1 positive only 1 (3) 1 (3) 2 (6) 0 0.845a

HSV-2 and HSV-1 positive 17 (57) 13 (38) 15 (47) 20 (71) 0.061a

HSV-2 and HSV-1 negative 0 1 (3) 0 0 1.000a

HSV-2 indeterminant and HSV-1 positive 0 0 0 1 (4) 0.226a

No. (%) of patients with history of orolabial herpes 8 (27) 10 (29) 8 (25) 7 (25) 0.984a

a Fisher exact test across treatment groups.
b Kruskal-Wallis test across treatment groups.
c For statistical testing, race was grouped as white versus nonwhite.

3244 SCHACKER ET AL. ANTIMICROB. AGENTS CHEMOTHER.



only on culture-negative samples. Results from the initial recurrence were not
required for randomization.

Laboratory. Routine laboratory tests, human immunodeficiency virus serolo-
gies, and HSV cultures were performed by Quintiles Laboratory (Atlanta, Ga.).
HSV PCR was performed by the Emory University Virology Laboratory (Atlan-
ta, Ga.). HSV Western blotting was performed by the University of Washington,
Seattle (2).

Efficacy analysis. The primary efficacy parameter was the time to recurrence
following treatment. Two time frames were considered: time to next recurrence
after the initial treated recurrence (to evaluate the effect of a single treatment
cycle) and time to next recurrence after the last treated recurrence (to evaluate
a cumulative effect, as multiple recurrences may be treated). These parameters
were analyzed for any patient-reported recurrence (primary endpoint), investi-
gator-confirmed recurrence, and virologically confirmed recurrence. Investiga-
tor-confirmed recurrences were defined as those that were visually verified in the
clinic. Recurrences that had a positive HSV culture or PCR result were defined
as virologically confirmed.

Safety. Safety was determined by clinical laboratory measurements, collection
of information regarding adverse events, and lesion assessments (the number of
lesions and the size, location, and stage of each lesion). Information on specific
local adverse events was collected independently, and adverse events were de-
fined as local signs (erythema, edema, ulceration, vesicles, scabbing or flaking) or
local symptoms (pain, numbness or tingling, burning, pruritis).

Statistical analysis. Data for all placebo patients were pooled regardless of the
frequency of application for the analysis. For safety parameters, overall tests
comparing all treatment groups were performed. Efficacy was assessed by com-
paring each imiquimod group with the pooled placebo group. All statistical tests,
other than efficacy analyses, were two tailed at a significance level of 0.05.
Efficacy analysis type I error was adjusted for multiple comparisons by using the
Bonferroni method (three comparisons, P � 0.017).

The distributions of time-to-recurrence variables were estimated by the
Kaplan-Meier product limit method and were compared between treatment
groups by the Wilcoxon test. Differences between treatment groups after adjust-
ing for covariates were also analyzed by using the Cox proportional hazards
regression model, stratified by study center. The numbers of recurrences were
normalized for the number of days during the treatment and observation periods
and were compared by the Wilcoxon rank-sum test. The Fisher exact test was
used to compare the proportions of patients who were recurrence free and the
incidence of adverse events across treatment arms.

RESULTS

This study was conducted in compliance with relevant fed-
eral guidelines and local institutional policies.

Patient characteristics. Of 235 patients screened, 209 en-
tered the 12-week eligibility period and 124 had a qualifying
recurrence to be randomized to treatment. There were no
significant differences across treatment groups for any baseline
characteristics (Table 1). Overall, 65% of patients were female,
and the median age was 36 years (age range, 19 to 65 years).
The median number of recurrences of herpes genitalis in the
past year was 8 (range, 0 to 20 recurrences), and 11% of
patients reported having been on oral suppressive therapy
prior to study entry. At the baseline, 43% of patients were
seropositive for only HSV-2, 52% were positive for both
HSV-2 and HSV-1, and 3% were positive for only HSV-1. One
patient was seronegative for both HSV-2 and HSV-1, and one
had an indeterminate serology.

Patient-reported herpes locations. During follow-up, 60
(75%) of the 80 female patients had vulvar lesions and 16
(20%) had perineal lesions. Thirty-eight (86%) of the 44 male
patients had penile shaft lesions, and 6 (14%) had penile head
or rim lesions. Buttock lesions were present in 22 (28%) fe-
male patients and 4 (9%) male patients. Seventy-three percent
of the imiquimod patients and 77% of the placebo patients
were positive for HSV by culture or PCR at day 1 of the initial
treated recurrence. Overall, 110 of the 124 randomized pa-
tients (89%) had an HSV culture- or PCR-positive recurrence
at some time during the study.

Efficacy. The median times to the next patient-reported re-
currence after the initial treated recurrence were 53 days for
patients receiving placebo and 54, 60, and 64 days for patients

FIG. 1. Kaplan-Meier estimate of time to first patient-reported recurrence for each treatment group after the first treated recurrence in the
treatment period.

VOL. 46, 2002 IMIQUIMOD AGAINST GENITAL HERPES RECURRENCES 3245



receiving imiquimod at one, two, and three times per week,
respectively (Fig. 1). The median times to the next patient-
reported recurrence after the last treated recurrence (from day
1 of that recurrence) were 143 days for the patients receiving
placebo and 106, 145, and 130 days for the patients receiving
imiquimod at one, two, and three times per week, respectively.
There were no statistically significant differences or trends
when the times to the next recurrence after the initial or last
treated recurrence were compared between the imiquimod
and placebo groups for patient-reported, investigator-con-
firmed, or virologically confirmed recurrences. Also, no statis-
tically significant differences in the annualized recurrence rates
in either the treatment or the observation period were ob-
served between treatment groups. The proportions of patients
who were recurrence free at the end of the treatment period
were 10% for the placebo group and 24, 25, and 21% for the
patients receiving imiquimod at one, two, and three times per
week, respectively; this was not statistically significant.

Safety. Overall, topical application of imiquimod to genital
herpes lesions was reasonably well tolerated. There were no
statistically significant differences among the treatment groups
in the frequencies of systemic adverse events. More patients in
the groups receiving imiquimod two times per week (22%) and
three times per week (25%) than patients in the group receiv-
ing imiquimod once per week (12%) or placebo (13%) re-
ported adverse events that were considered possibly or prob-
ably related to the study medication; however, the differences
were not statistically significant, and no trends were observed
when the adverse events were analyzed by body system terms,
including application-site reactions. Analysis of the maximum
severity of each defined local sign and symptom, about which
information was collected separately from information on the
other adverse events, during the initially treated recurrence did
not show differences or trends across treatment groups. As the
underlying signs and symptoms of herpes may have obscured
differences during the early portion of the 3-week treatment

FIG. 2. Percentage of patients with moderate or severe maximum severity of specific local skin signs (A) or symptoms (B) at the application
site during the initial treated episode.

3246 SCHACKER ET AL. ANTIMICROB. AGENTS CHEMOTHER.



cycle, a subgroup analysis was performed on the defined local
skin signs and symptoms from day 8 to day 22. More patients
in the groups receiving imiquimod two times per week (any
local skin sign, 48%) and three times per week (50%) than
patients in the group receiving imiquimod one time per week
(15%) or the placebo group (20%) had moderate or severe
reactions. Figure 2A provides a comparison of moderate or
severe maximum local skin signs by treatment group. A similar
trend was observed for the local skin symptoms (Fig. 2B). In
addition, fewer patients in the groups receiving imiquimod two
times per week (22%) and three times per week (22%) than
patients in the group receiving imiquimod one time per week
(55%) or placebo (43%) were healed by day 8. Finally, the
median maximal lesion size during the initial recurrence was
greater for the groups receiving imiquimod two times per week
(98 mm2) and three times per week (100 mm2) than for the
group receiving imiquimod one time per week (30 mm2) or
placebo (42 mm2).

Twenty-one patients (17%) discontinued from treatment
during the treatment period; however, three of these patients
continued into the observation period. Four patients discon-
tinued from treatment because of local skin reactions, and one
discontinued because of an anxiety attack (the patient had a
history of anxiety attacks); all were in the imiquimod groups
(two patients were receiving the drug one time per week, one
patient was receiving the drug two times per week, and two
patients were receiving the drug three times per week). Thir-
teen of the 106 patients who entered the observation period
discontinued. There did not appear to be a difference across
treatment groups with respect to discontinuations during the
treatment or the observation period.

DISCUSSION

The goal of this study was to determine if topical imiquimod
5% cream, which has evidence of clinical efficacy against gen-
ital human papillomavirus infections, would provide a similar
benefit for another viral infection, recurrent herpes genitalis.
The hypothesis was that treatment with imiquimod, which in-
duces local IFN-� and IL-12 responses, in conjunction with
HSV antigens from a recurrence would enhance HSV-specific
CMI, resulting in a posttreatment delay in the onset of subse-
quent recurrences and a reduction in recurrence frequency.

In this study of topical application of imiquimod to lesions of
recurrent herpes genitalis, no evidence of posttreatment effi-
cacy was observed with respect to increasing the time to the
next recurrence or decreasing the total number of recurrences
in either period. This was despite evidence of pharmacologic
activity, as manifested by the non-statistically significant in-
creases in local adverse events associated with more frequent
imiquimod dosing.

In the guinea pig model of herpes genitalis, imiquimod was
effective in decreasing posttreatment lesion formation; how-
ever, those studies were not conducted with the imiquimod 5%
cream formulation (4, 10). The route (intravaginal route) or
the relative dose of imiquimod administered may have pro-
vided a more appropriate or greater immunologic stimulus,
accounting for the difference. In addition, as a species guinea
pigs may also be more sensitive to manipulation of the HSV
immune response than humans, and other immune-based ther-

apies with evidence of efficacy in this model have failed to be
confirmed in studies with humans (5, 24).

These results are in contrast to those observed in a phase II
study involving a related immune response modifier, re-
siquimod, with a similar patient population (21). Spruance et
al. (21) also observed a trend toward increased local adverse
events associated with more frequent dosing and higher con-
centrations of resiquimod gel during the latter portion of a
3-week treatment course. This trend was similar to what was
observed in this study and suggestive of a pharmacologic effect
from local induction of cytokines. Treatment with topical re-
siquimod gel, however, was associated with an increase in the
median time to first recurrence after the treated recurrence
compared to that achieved with placebo (169 versus 57 days; P
� 0.006). The median time to the next recurrence after the
initial treated recurrence in this study for the imiquimod
groups combined was 56 days, nearly identical to that for the
placebo group in this study (53 days) and to that in the re-
siquimod study (57 days).

A number of possibilities may account for the different ob-
servations in these studies. In the resiquimod study, patients
applied unit doses of 100 or 200 mg of gel, while in the present
study patients only used sufficient cream to cover the lesion(s),
potentially resulting in underdosing. While there are similari-
ties in dose frequency-related late local adverse events, sug-
gesting that a pharmacologic effect was achieved, these events
may be more a consequence of inflammatory effects qualita-
tively distinct from the immunologic stimulus required for ef-
fective stimulation of HSV-specific CMI. In addition, there are
qualitative differences between imiquimod and resiquimod.
Resiquimod induces more IL-12 and TNF-� directly and more
IFN-� indirectly compared to the levels of induction of these
cytokines caused by imiquimod (26). In addition, resiquimod
appears to be more effective in activating dendritic cells, which
may be crucial in HSV antigen presentation in the skin (9).

Despite evidence of some pharmacologic response, imi-
quimod 5% cream, dosed in the regimens studied, did not
reduce the number of subsequent herpes recurrences or pro-
long the interval between recurrences. The hypothesis that
combining an immune-response modifier with host-provided
HSV antigen, a form of “therapeutic vaccination,” might con-
trol HSV recurrences may still prove valid in future studies
with resiquimod.
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