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To assess the timing of symptomatic genital ulcer disease (GUD) relative to human immunodeficiency virus
(HIV) seroconversion, we studied 248 case subjects who underwent HIV seroconversion and 496 HIV-negative
control subjects, at 3 interview visits conducted at 10-month intervals: visit 1, before HIV acquisition; visit
2, after seroconversion; and visit 3, 10 months after detection of seroconversion. Odds ratios (ORs) and 95%
confidence intervals (Cls), for HIV acquisition, were estimated by logistic regression. HIV load was measured
by RNA-polymerase chain reaction, and herpes simplex virus type 2 (HSV-2) serologic testing used HerpeSelect
EIA with Western blot confirmation. The OR of HSV-2 seropositivity associated with HIV acquisition was 1.7
(95% CI, 1.2-2.4). Prevalence of GUD was increased among case subjects, at visits 2 (OR, 3.2; 95% CI, 1.9-
5.3) and 3 (OR, 2.1; 95% CI, 1.1-3.9). HIV load was increased in HSV-2—seropositive case subjects, compared
with that in HSV-2-seronegative subjects, at 5 (P = .04) and 15 (P = .02) months after seroconversion. HIV
acquisition is associated with HSV-2 seropositivity, and GUD is increased after seroconversion. HIV load is
increased in HSV-2—positive subjects who seroconverted, suggesting a role for treatment of HSV-2 infection
in HSV-2-seropositive, dually infected individuals.

Numerous observational studies have reported an as-
sociation between genital ulcer disease (GUD) and an
increased risk of human immunodeficiency virus (HIV)
acquisition in HIV-negative individuals [1-4]. It is
plausible that, in an HIV-negative individual, GUD
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might increase susceptibility to HIV infection by dis-
rupting the mucosal barrier and by inflammatory
changes, which increase recruitment of HIV target cells
to the ulcer [1, 2]. A meta-analysis estimated the relative
risk of HIV acquisition associated with GUD to be 2.7
(95% confidence interval [CI], 2.2-3.3), but there were
concerns that this might, in part, reflect confounding
by correlated sexual behaviors, which could increase
the risk of both GUD and HIV acquisition [1]. Another
potential source of confounding is that GUD could be
a symptom of acute seroconversion illness. GUD is re-
ported by 15% of individuals during the acute sero-
conversion illness [5] and is more common among
patients with prevalent HIV [6, 7]. Thus, misspecifi-
cation of the timing of reported GUD relative to the

timing of HIV acquisition could result in reverse cau-
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sality, whereby HIV infection causes GUD, rather than vice
versa. This is a particular problem with cross-sectional studies.
Such reverse causality is biologically plausible, because herpes
simplex virus type 2 (HSV-2) seropositivity is associated with
HIV acquisition [8], and HIV infection exacerbates HSV-2 in-
fection, increasing the frequency and persistence of herpetic
ulceration [9, 10]. Also, HSV-2 infection is a common cause
of genital ulceration [7, 11].

To assess the timing of reported GUD relative to HIV se-
roconversion, we conducted a case-control study nested within
a longitudinal cohort, in which HSV-2 serologic test results and
data on GUD symptoms were available before, concurrent with,
and after detection of HIV seroconversion.

PATIENTS, MATERIALS, AND METHODS

During 1994-1998, we conducted a community-randomized
trial of sexually transmitted disease (STD) control for preven-
tion of HIV, in rural Rakai District, southwestern Uganda [7].
The study population comprised >10,000 initially HIV-negative
individuals, 15-59 years old, from 56 rural communities. In-
formation on behaviors, STD symptoms, and blood samples
were obtained during 3 home-based interviews conducted at
10-month intervals. At each interview visit, participants were
asked about genital ulceration during the previous 6 months
(period prevalence) and about symptoms current at the time
of the visit or within the previous 7 days (point prevalence).
All participants provided informed consent at the time of en-
rollment and before each follow-up visit, and the study was
approved by 4 institutional review boards (2 in Uganda and 2
in the United States) [7].

HIV was detected by 2 EIAs (Vironostika HIV-1; Organon
Teknika and Cambridge Biotech), and discordant EIA results
or new seroconversions were confirmed by Western blot (HIV-

Structure of data showing timing of visit and sample collection, history of genital ulcer disease (GUD), and herpes simplex virus type 2

1 Western Blot; Bio-Merieux-Vitek). HSV-2 seropositivity was
determined by HerpeSelect 2 ELISA IgG (for detection of hu-
man IgG—class antibodies to HSV-2; Focus), and ELISA-posi-
tive samples were confirmed by Western blot [8]. The HSV-2
assay was conducted on the blood samples obtained before HIV
seroconversion. The HerpeSelect assay is considered to be pos-
itive if the index value (estimated from the ratio of optical
density in the sample to the optical density of a cut-off cali-
brator) exceeds 1.1. However, false-positive results are known
to occur, and, on the basis of results confirmed by Western
blot (O. Laeyendecker, personal communication), we further
categorized the index values as “probable” positives (index val-
ues, 1.1-3.5) or “definite” positives (index value, >3.5).

These data were used to design a nested case-control study.
Case subjects were defined as subjects who experienced HIV
seroconversion, and 2 HIV-negative control subjects were
matched to each case subject, by sex, age (2 years), and cal-
endar time of seroconversion (i.e., incidence density sampling
of HIV-negative control subjects who provided an interview and
a blood sample concurrent with the visit at which the serocon-
version was detected). There were 248 case subjects and 496
matched control subjects. Figure 1 shows the structure of the
data. We ascertained a history of GUD from both case subjects
and control subjects, at 3 interview visits: visit 1, before the period
of seroconversion risk; visit 2, after seroconversion; and visit 3,
10 months after detection of seroconversion. Information was
available from 246 case subjects at the first visit, from 248 case
subjects at the second visit, and from 182 case subjects at the
third visit. Information was available from 393 control subjects
at the first visit, from 496 control subjects at the second visit,
and from 349 control subjects at the third visit.

Odds ratios (ORs) and 95% CIs of HIV seroconversion as-
sociated with HSV-2 infection and/or GUD were estimated for
each of the 3 periods (between enrollment and visit 1, between
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Table 1.

Timing of genital ulcer disease (GUD) and human immunodeficiency virus seroconversion risk.

No. of subjects with GUD/

no. of subjects tested (%)

Unadjusted OR  Adjusted OR
Timing of GUD symptoms Case subjects  Control subjects (95% CI) (95% CI)®
Before seroconversion (visit 1) 21/246 (8.5) 23/393 (5.9) 1.5 (0.8-2.7) 1.3 (0.7-2.5)
Concurrent with or immediately after
seroconversion (visit 2) 43/248 (17.3) 31/496 (6.3) 3.2 (1.9-5.2) 2.8 (1.6-2.9)
After seroconversion (visit 3) 21/181 (11.6) 24/358 (6.7) 2.1 (1.1-3.9) 2.1 (1.1-3.9)

NOTE. Cl, confidence interval; OR, odds ratio.

@ Adjusted for number of sex partners and condom use, by conditional logistic regression, accounting for matching variables

of age, sex, and period.

visit 1 and visit 2, and between visit 2 and visit 3). Adjusted
ORs were estimated by conditional logistic regression, after
controlling for numbers of sex partners and condom use, re-
ported at each interview visit. Age, sex, and timing of obser-
vation were controlled for by the matching procedure. At the
first visit, any reported GUD clearly preceded HIV acquisition.
The period prevalence of GUD reported at the second visit
might have preceded, been concurrent with, or occurred after
HIV acquisition. However, the point prevalence of GUD re-
ported at the second visit occurred after HIV seroconversion,
as did GUD reported at the third visit, which, on average, was
15 months after HIV acquisition. We hypothesized that, if GUD
or HSV-2 infection were possible risk factors for HIV sero-
conversion, the ORs of HIV acquisition would be increased
before seroconversion (i.e., at visit 1). If GUD is a cause and/
or a consequence of HIV acquisition, the ORs would be in-
creased for the period prevalence of GUD reported for the
period concurrent with HIV infection (i.e., visit 2). However,
if GUD was a consequence of HIV acquisition, then the ORs
would be increased for the point prevalence of GUD at visit 2
and for the period prevalence of GUD reported at visit 3. Also,
we hypothesized that, if HSV-2 infection was the major cause
of GUD, these associations would be stronger among HSV-2—
positive than among HSV-2—negative individuals. Therefore, we
conducted analyses stratified by HSV-2 serostatus.

HIV load in case subjects who seroconverted was determined
by reverse-transcriptase polymerase chain reaction (PCR), by
use of Amplicor HIV-1 Monitor 1.5 Assay (Roche Molecular
Systems), from the blood sample obtained at visit 2, when
seroconversion was first detected (i.e., an average of 5 months
after HIV acquisition, assuming that seroconversion occurred
randomly throughout the 10-month period), and at visit 3.
Because of cost considerations, virus load assays were per-
formed on a random sample of case blood specimens, for 130
individuals at visit 2 and for 58 individuals at visit 3. To assess
whether HSV-2 seropositivity affected the postseroconversion
viremia, analyses were stratified by HSV-2 status.

RESULTS

Because of the matched study design, case subjects and control
subjects were comparable, with respect to age and sex. A total
of 132 female (53.2%) and 116 male (46.8%) case subjects were
matched with 264 female (53.2%) and 232 male (46.8%) con-
trol subjects, respectively. The median age of female subjects
was 25 years (mean, 28.3 years); the median age of male case
subjects was 27.0 years (mean, 30.7 years) and that of male
control subjects was 27.5 years (mean, 30.6 years).

The association between timing of reported GUD and HIV
acquisition is shown in table 1. The period prevalence of GUD
reported at the first visit was 8.5% in the case subjects and
5.9% in the control subjects. This difference was not statistically
significant (adjusted OR, 1.3; 95% CI, 0.7-2.5). However, at
the second visit, the period prevalence of reported GUD was
17.3% in the case subjects and 6.3% in the control subjects
(adjusted OR, 2.8; 95% CI, 1.6-5.3). At the second visit, the
point prevalence of GUD after HIV acquisition was 3.2% (8/
248) in the case subjects and 0.2% (1/496) in the control sub-
jects (unadjusted OR, 16.5; 95% CI, 2.2-733.6). At the third
visit, 11.6% of case subjects and 6.7% of control subjects re-
ported GUD (adjusted OR, 2.1; 95% CI, 1.1-3.9).

We also assessed the association between HSV-2 seroposi-
tivity and HIV acquisition. The prevalence of HSV-2 was 70.2%
(174/248) in case subjects and 57.9% (287/496) in control sub-
jects (OR, 1.7; 95% CI, 1.2-2.4). The OR of HIV acquisition
associated with probable HSV-2 positive values (index values,
1.1-3.5) was 1.7 (95% CI, 1.0-2.9) and that associated with
definite HSV-2 positive values (index value, >3.5) was 2.1 (95%
CI, 1.4-3.1).

Table 2 shows incidence of GUD reported by case subjects
and control subjects at the 3 visits, stratified by HSV-2 status.
Among HSV-2—seropositive case subjects, the period prevalence
of GUD increased significantly between the first visit (10.5%)
and the 2 subsequent visits (19.1% and 13.6%, respectively;
P = .025). However, among HSV-2—seropositive control sub-
jects, we observed no time trends in the period prevalence of
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Table 2.

Genital ulcer disease (GUD) reported before, during, and after the period

of seroconversion risk, stratified by herpes simplex virus type 2 (HSV-2) serostatus.

No. of subjects with GUD/

Timing of GUD symptoms, no. of subjects tested (%) eaorzijzlg(i\r/w
HSV-2 status Case subjects  Control subjects (95% Cl)
Before seroconversion (visit 1)

+ 18/172 (10.5) 18/230 (7.8) 1.4 (0.7-2.7)

- 3/74 (4.1) 5/163 (3.1) 1.3 (.0-1.1)
Concurrent with or immediately after

seroconversion (visit 2)

+ 33/173 (19.1) 22/287 (7.7) 2.8 (1.6-5.1)

- 10/74 (13.5) 9/209 (4.3) 3.5 (1.4-8.9)
After seroconversion (visit 3)

+ 18/132 14/214 (6.5) 2.3 (1.1-4.7)

- 3/49 10/44 (6.9) 0.9 (0.2-3.3)

NOTE. +, Positive; —, negative; Cl, confidence interval; HIV, human immunodeficiency virus; OR,

odds ratio.

GUD, which remained between 6.5% and 7.8% during the 3
periods. Among HSV-2-seronegative case subjects, the period
prevalence of GUD increased from 4.1%, at the first visit, to
13.5%, at the second visit, but this difference was not statis-
tically significant (P = .67), and declined to 6.1%, at the third
visit. Period prevalence of GUD reported by HSV-2—negative
control subjects was low at the first 2 visits (3.1% and 4.3%,
respectively) and increased to 6.9% at the third visit, but this
apparent increase was based on small numbers and was not
statistically different from the prevalences of GUD reported at
the earlier visits (P = .19).

Table 2 also shows the associations between GUD and HIV
acquisition, by HSV-2 status. At the first visit, although more
case subjects than control subjects reported GUD, the differ-
ences were not statistically significant for either HSV-2—sero-
positive or —seronegative individuals. However, at the second
visit, the period prevalence of GUD was 19.1% in HSV-2-
seropositive case subjects and 7.7% in HSV-2—seropositive con-
trol subjects (OR, 2.8; 95% CI, 1.6-5.1), and period prevalence
of GUD was 13.5% in HSV-2-seronegative case subjects and
4.3% in HSV-2-seronegative control subjects (OR, 3.5; 95%
CI, 1.4-8.9). At the third visit, 13.6% of HSV-2—seropositive
case subjects and 6.5% of HSV-2—seropositive control subjects
reported GUD (OR, 2.3; 95% CI, 1.1-4.7), whereas the period
prevalence of GUD was 6.1% in HSV-2—seronegative case sub-
jects and 6.9% in HSV-2—-seronegative control subjects. Thus,
the higher rates of GUD among case subjects who experienced
HIV seroconversion were observed during the period of se-
roconversion or the period 10 months after detection of HIV
infection, and the excess of GUD among these subjects was
mainly observed among HSV-2—seropositive case subjects.

We also determined the HIV load in case subjects who ex-

perienced HIV seroconversion (table 3). At the second visit,
the log,, HIV load was increased among 152 HSV-2—seropos-
itive case subjects (4.48 log, copies/mL), compared with 67
HSV-2-seronegative case subjects (3.93 log,, copies/mL; P =
.004). There were no significant differences in virus loads be-
tween case subjects reporting GUD symptoms and those not
reporting GUD symptoms, irrespective of HSV-2 serostatus.
However, among case subjects without symptomatic GUD,
HSV-2-seropositive individuals had significantly higher virus
loads (4.46 log,, copies/mL) than did HIV-2—seronegative in-
dividuals (3.83 log,, copies/mL; P = .003). At the third visit,
the mean HIV loads were 4.53 copies/mL in HSV-2-seropositive
subjects and 4.40 copies/mL in HSV-2—seronegative subjects
(P = .6), and virus load was comparable among those reporting
GUD symptoms and those not reporting GUD symptoms.

DISCUSSION

These results suggest that prevalence of symptomatic GUD is
increased both during the period of HIV seroconversion risk
and after HIV acquisition and that this increase is mainly ob-
served among HSV-2—seropositive individuals (tables 1 and 2).
Our data do not permit precise definition of the timing of
GUD in relation to HIV acquisition, because GUD symptoms
reported during the period of seroconversion risk might have
occurred before HIV infection, concurrent with the acute se-
roconversion illness, or after seroconversion. Thus, GUD may
be both a risk factor and a symptom of HIV acquisition. How-
ever, the increased point prevalence of GUD at the second visit
and the increased period prevalence of GUD at the third visit
suggest that symptomatic GUD is increased as a consequence
of HIV infection (table 1). Moreover, the persistent increase in
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Table 3.

Human immunodeficiency virus (HIV) loads in herpes simplex virus type 2

(HSV-2)-seropositive and —seronegative subjects who experienced HIV seroconversion.

HSV-2—-seropositive case

HSV-2-seronegative case

subjects subjects
No. with Log,, virus load, No. with Log,, virus load,
Visit, GUD virus load mean (SE), virus load mean (SE),
status determination copies/mL determination copies/mL P?
Visit 2 152 4.48 (0.10) 67 3.93 (0.17) .004
+ 29 4.62 (0.20) 9 4.61(0.34) 97
- 122 4.46 (0.11)° 58 3.83(0.19°  .003
Visit 3 47 4.53 (0.17) 11 4.40 (0.39) 6
+ 8 4.38 (0.35) 0 NA NA
- 39 4.56 (0.19)° 11 4.40 (0.39) 7

NOTE. +, Positive; —, negative; GUD, genital ulcer disease; NA, not applicable.

@ HSV-2 seropositive vs. HSV-2 seronegative.

® The differences in HIV load between individuals with and without GUD were not statistically significant.

GUD associated with HIV acquisition was mainly observed
among HSV-2—seropositive subjects who experienced HIV se-
roconversion (table 2). These findings are consistent with other
data indicating that herpetic GUD is a common symptom in
HIV-infected individuals [5, 6, 10—13]. Thus, concurrent HSV-
2 infection may explain why GUD is exacerbated by HIV
infection.

HSV-2 seropositivity was high in this population (70.2% in
the case subjects and 57.9% in the control subjects), and the
OR of HIV acquisition associated with HSV-2 seropositivity
was 1.7, which is compatible with the OR (2.1) found in a
meta-analysis of prospective studies [8]. Also, in the Rakai set-
ting, HSV-2 infection is the most common cause of GUD,
detected in 44% of genital ulcers assessed by multiplex-PCR
assays [7]. That symptomatic GUD was increased among HSV-
2-seropositive case subjects after HIV acquisition suggests that
HIV acquisition may exacerbate prior HSV-2 infection, leading
to more-symptomatic ulceration, as has been reported in other
studies [10-13]. Thus, reactivated ulcerative herpes could ac-
count for the increase of GUD after HIV acquisition.

The absence of an association between HIV acquisition and
GUD, at the first visit, and the ambiguous interpretation of the
period prevalence at the second visit raise some questions with
regard to the role of symptomatic genital ulceration as a co-
factor for HIV acquisition [1-3]. Observational studies may be
unable to precisely define the temporal sequence of GUD in
relation to timing of HIV seroconversion, and this could lead
to potential confounding by reverse causality. Such confound-
ing might occur if a history of GUD concurrent with or after
HIV acquisition was conflated with or was assumed to represent
GUD symptoms before HIV infection. This potential con-
founding, if present, could result in overestimation of the ORs,
the rate ratios, and the population-attributable fraction of in-
cident HIV ascribed to GUD in previous analyses, by ourselves

and others [12, 13] However, asymptomatic microulceration
due to herpes, a common occurrence in HSV-2—seropositive
individuals, also could have contributed to the risk of HIV
acquisition, as suggested by the increased OR (1.7) associated
with HSV-2 seropositivity. With immunosuppression associated
with HIV seroconversion, such microulceration may have been
exacerbated, resulting in an increased frequency of symptomatic
GUD after HIV acquisition. If symptomatic ulceration is par-
tially a consequence of HIV acquisition, the syndromic ap-
proach to GUD management in HIV-negative individuals, as
a means of HIV prevention, might have less effect than pre-
viously assumed. In addition, if most GUD is caused by HSV-
2 infection, treatment of bacterial STDs without treatment of
HSV-2 infection, as was done in 2 published trials of STD
control for prevention of HIV [7, 14, 15], may be less efficacious
than previously thought.

At the second visit, subjects who experienced HIV serocon-
version and who were HSV-2 seropositive had significantly
higher HIV loads than did subjects who experienced HIV se-
roconversion who were HSV-2 seronegative, but this was not
found at the third visit (table 3). Reports of GUD were not
associated with a significant effect on virus load, although the
power to detect an effect was limited by small numbers of
individuals reporting GUD. Nevertheless, among asymptomatic
subjects who underwent HIV seroconversion, HSV-2 seropos-
itivity was associated with a significantly higher virus burden
at the second visit. Thus, HSV-2 seropositivity was associated
with higher viremia in the short-term, but not in the long-
term. This suggests that HSV-2 infection may up-regulate HIV
replication [16]. Previous studies of patients with prevalent HIV
also have reported increased HIV load after active herpes ul-
ceration [17]. Higher HIV viremia is associated with increased
rates of HIV transmission per coital act, as is GUD in HIV-
positive individuals [18], and GUD is increased after HIV se-
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roconversion (tables 1 and 2). Thus, the enhanced HIV viremia
and increased symptomatic GUD, in newly HIV-infected indi-
viduals with concurrent HSV-2 infection, may have implications
for increased HIV infectivity [19]. In addition, higher postsero-
conversion viremia is associated with poorer prognosis and the
more rapid onset of AIDS [20, 21]. This finding suggests that,
for HIV and HSV-2 coinfected individuals and their partners,
treatment of HSV-2 infection may provide potential benefits
against active GUD and that, for HSV-2-seropositive asymptom-
atic individuals, this treatment may provide prophylaxis.

In conclusion, our findings suggest that symptomatic GUD
is increased as a consequence of HIV acquisition, probably as
a result of reactivation of preexisting HSV-2 infection. Also,
there is evidence that HSV-2 up-regulates HIV load and causes
GUD, suggesting a role for treatment/prophylaxis of HSV-2
infection in individuals at risk for HIV and in newly HIV-
infected individuals.

Acknowledgment

We are grateful to Anna Wald for her advice on the inter-
pretation of herpes simplex virus type 2 serologic test results.

References

1. Rottingen JA, Cameron DW, Garnett GP. A systematic review of the
epidemiologic interactions between classic sexually transmitted diseases
and HIV: how much really is known? Sex Transm Dis 2001;28:579-97.

2. Fleming DT, Wasserheit JN. From epidemiological synergy to public
health policy and practice: the contribution of other sexually trans-
mitted diseases to sexual transmission of HIV infection. Sex Transm
Infect 1999;75:3-17.

3. Korenromp EL, de Vlass SJ, Nagelkerke NJ, Habbema JD. Estimating
the magnitude of STD cofactor effects on HIV transmission: how well
can it be done? Sex Transm Dis 2001;28:613-21.

4. Kamali A, Nunn AJ, Mulder DW, Van Dyck E, Dobbins JG, Whitworth
JA. Seroprevalence and incidence of genital ulcer infections in a rural
Ugandan population. Sex Transm Infect 1999;75:98-102.

5. Kahn JO, Walker BD. Acute human immunodeficiency virus type 1
infection. N Engl ] Med 1998;339:33-9.

6. McFarland W, Gwanzura L, Basset MT, et al. Prevalence and incidence
of herpes simples virus type 2 infection among male Zimbabwean
factory workers. J Infect Dis 1999; 180:1459—65.

10.

11.

12.

13.

14.

15.

16.

18.

20.

21.

. Wawer M]J, Sewankambo NK, Serwadda D, et al. Control of sexually

transmitted diseases for AIDS prevention in Uganda: a randomized
community trial. Rakai Project Study Group. Lancet 1999; 353:525-35.

. Wald A, Link K. Risk of human immunodeficiency virus infection in

herpes simplex virus type 2-seropositive persons: a meta-analysis. J
Infect Dis 2002; 185:45-52.

. Ashley RL, Militoni J, Lee F, Nahmias A, Corey L. Comparison of

Western blot (immunoblot) and glycoprotein G-specific immunodot
enzyme assay for detecting antibodies to herpes simplex virus types 1
and 2 in human sera. J Clin Microbiol 1988;26:662—7.

Schacker T, Zeh J, Hu H, Shaughnessy M, Corey L. Changes in plasma
human immunodeficiency virus type 1 RNA associated with herpes
simplex virus reactivation and suppression. J Infect Dis 2002;186:
1718-25.

Hitti J, Watts DH, Burchett SK, et al. Herpes simplex virus seroposi-
tivity and reactivation at delivery among pregnant women infected
with human immunodeficiency virus-1. Am ] Obstet Gynecol 1997;
177:450—4.

Conant MA, Schacker TW, Murphy RL, Gold ], Crutchfield LT, Crooks
RJ. Valaciclovir versus acyclovir for herpes simplex virus infection in
HIV-infected individuals: two randomized trials. Int ] STD AIDS 2002;
13:12-21.

Gray RH, Wawer MJ, Sewankambo NK, et al. Relative risks and pop-
ulation attributable fraction of incident HIV associated with symptoms
of sexually transmitted diseases and treatable symptomatic STDs in
Rakai, Uganda. AIDS 1999;13:2113-23.

Orroth KK, Gavyole A, Todd J, et al. Syndromic treatment of sexually
transmitted diseases reduces the proportion of incident HIV infections
attributable to these diseases in rural Tanzania. AIDS 2000; 14:1429-37.
Grosskurth H, Gray R, Hayes R, Mabey D, Wawer M. Control of
sexually transmitted diseases for HIV-1 prevention: understanding the
implications of the Mwanza and Rakai trials. Lancet 2000;355:81-7.
Schacker T. The role of HSV in the transmission and progression of
HIV. Herpes 2001; 8:46-9.

. Mole L, Ripich S, Margolis D, Holodniy M. The impact of herpes

simplex virus infection on human immunodeficiency virus load. J In-
fect Dis 1997;176:766—70.

Gray RH, Wawer M]J, Brookmeyer R, et al. Probability of HIV-1 trans-
mission per coital act in monogamous, heterosexual, HIV-1-discordant
couples in Rakai, Uganda. Lancet 2001;357:1149-53.

. Pilcher CD, Eron JJ, Vemazza PL, et al. Sexual transmission during the

incubation period of primary HIV infection. JAMA 2001; 286:1713-14.
Mellors JW, Rinaldo CR, Gupta P, White RM, Todd JA, Kingsley LA.
Prognosis in HIV-1 infection predicted by the quantity of virus in
plasma. Science 1996;272:1167-70.

Craib KJP, Strathdee SA, Hogg RS, et al. Serum levels of human im-
munodeficiency virus type 1 (HIV-1) RNA after seroconversion: a pre-
dictor of long-term mortality in HIV infection. J Infect Dis 1997;176:
798-800.

HIV Acquisition Associated with GUD and HSV-2 Infection * JID 2003:188 (15 November) * 1497

220z Yotey G0 uo Jasn Aysieaiun [euoneulsiul ejedwey Aq GZ1026/2611/01/881L/2101He/pil/woo dnoolwepese//:sdiy woly pepeojumoq



