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There is a reason issues 

remain unresolved after 

two decades and $$$

of intensive work…



STI Control for HIV Prevention 
Bottom Line

• Other STIs increase HIV susceptibility & infectiousness

• Treatment of curable STIs can reduce HIV incidence

• Standard HSV-2 treatment regimens do not prevent HIV 
infection

• Holistic, critical examination of data (RCT & 
observational) is essential

• Targeting to populations with STIs is key

• Potential for co-benefits & synergies is substantial 
– Effects on HIV progression
– Optimal HIV care (OIs)
– Entry point for other HIV prevention services



Here’s how we usually      
frame the dilemma

• RCTs are the gold standard to demonstrate 
causality & estimate intervention efficacy

• 1 of 9 RCTs showed STI treatment reduces HIV 
incidence (in a concentrated HIV epidemic)

• In southern Africa, most HIV epidemics are now 
generalized, rather than concentrated

• STI treatment probably has greatest impact in 
earlier phase epidemics sustained by core 
groups, so it is low priority in SSA



Randomized Controlled Trials (RCTs)
of STI Management for HIV Prevention



Improved STI management for HIV prevention:
1 of 9 RCTs showed efficacy

Source: Hayes, Watson-Jones, Celum, van de Wijgert, Wasserheit. AIDS 2010 



3 Reasons for Flat RCT Results

Wrong Concept Inert Intervention Design/conduct 
gone awry



RCTs of STI control for HIV Prevention: 
Issues in design & conduct

Study Intervention Enhanced prev’n
in control gp(s)

Risk 
behavior 

I/C

Adherence I/C 
(%)

HIV incidence
(per 100 py or %) 

Projected/observed

CRCTs of curable STI management

Grosskurth ‘95 SM Std of care N/N NR/NR 1.0%/0.9%

Wawer 1999 PPT (Az, C, M) Y/Y >90/>90 2.0/1.5

Kamali 2003 SM Y/Y NR/NR 1.5%/0.8

Gregson 2007 SM Y/Y NR/NR 2.0%/1.5

IRCTs of curable STI management

Ghys 2001 SM w/ 
microscopy

* Y/Y 81/81 16.3/7.6

Kaul 2004 PPT (Az) Y/Y NA/NA 15%/3.2%

IRCTS of HSV-2 Suppression
Watson-Jones 2007 ACV 400 BID Y/Y 51/52 10/4.1**

Celum 2008 ACV 400 BID Y/Y 73/73 3.5%/3.3

Celum 2010 ACV 400 BID Y/Y 97/97 4.0/2.7

*Comparison of basic (sxic only) & intensive (regardless of sx) STI management strategies in FSWs   
** Sample size & f/u extended

Source:  Padian, McCoy, Balkus, Wasserheit.  AIDS 2010;24:621-35.



Criteria to Support Causality in 
Observational Epidemiological Studies

1. Strength of the association 

2. Consistency of the association

3. Temporal relationship of the association

4. Dose-response relationship

5. Specificity of the association (not essential)

6. Biological plausibility of the association
Source:  Advisory Committee to Surgeon General of PHS, 1964; Hill. AB 

Proc. R. Soc. Med. 1965; 58:295-300.



STIs consistently associated with 2 to 3-fold 
increased risk of HIV acquisition

• Meta-regression & meta-analysis of 31 longitudinal 
studies (Sept 2003)

• Adjusted estimates of STI effect OR (95% CI)
– Any STI 3.87 (2.8-5.3; p<0.01)
– Any GUD 2.76 (2.3-3.3; p<0.01)

– Herpes 2.71 (2.1-3.5; p<0.01)
– Syphilis 2.31 (1.9-2.8; p<0.01)
– Chancroid 2.25 (1.4-3.6; p<0.01)

– Any non-ulcerative STI 1.69 (1.4-2.0; p<0.01)
– Gonorrhea 2.31 (1.9-2.8; p<0.01)
– Chlamydia 2.83 (1.8-4.5; p<0.01)
– Trichomoniasis 1.59 (1.3-2.0; p<0.01)

Sexton J, Garnett G, Rottingen J-A.  Sex Transm Dis 2005



Prevalent HSV-2 strongly & consistently 
associated with HIV acquisition

• Meta-analysis of 25 cohort & nested case control 
studies adjusted for age & sexual behavior (2009)

• Summary estimates RR (95% CI)
– Gen pop’n women (6 studies) 3.4 (2.4-4.8)
– Gen pop’n men (11 studies) 2.8 (2.1-3.7)
– CSW (8 studies) 1.5 (0.75-3.0)
– MSM (5 studies) 1.6 (1.2-2.0)

• Impact of incident HSV-2 usually even stronger

Glynn JR, Biraro S, Weiss HA.  AIDS 2009



Increased Plasma Viral Load with GC & 
GUD Among HIV-Infected FSW, Abidjan

Source:  Nkengasong, et al. JID 2001;183:1405-08



Overall  (I-squared = 60.3%)
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STIs associated with increased detection & 
concentration of HIV-1 shedding 

• Meta-analysis of 39 studies evaluating impact of STIs on 
genital tract HIV-1 DNA or RNA (Jan 2008)

• Effect on HIV detection & genital viral load (GVL)

Source:  Johnson LF & Lewis DA. STD 2008;35:946-959

STI # studies OR (95% CI) Increased GVL
Urethritis 3 3.1 (1.1-8.6)
Cervicitis 5 2.7 (1.4-5.2)

Gonorrhea 7 1.8 (1.2-2.7)
Chlamydia 5 1.8 (1.1-3.1)

Vaginal discharge 6 1.5 (0.9-2.6)

Trichomoniasis 9 0.9 (0.7-1.3)
Bacterial vaginosis 11 1.0 (0.7-1.5) ?

Genital ulcers 4 1.8 (0.8-3.8)
Syphilis 4 1.3 (0.9-1.9)
Herpes 6 1.3 (0.7-2.5)



p=0.84

Pre-treatment

2 wks post treatment

Urethritis & Trichomoniasis Therapy Reduced HIV-1 
RNA in Semen of Symptomatic Men in Malawi

Source:  Cohen M, et al.  Lancet 1997;349:1868-73
Source:  Price MA, et al.  Sex. Trans. Dis. 2003;30:516-522

p=0.06



GC, CT & TV treatment reduced cervico-vaginal
HIV-1 shedding in STD/FP clinic attendees in Kenya
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Overall  (I-squared = 83.1%)
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Source:  Barnabas, Webb, Weiss, Wasserheit



Acyclovir dose affects impact on genital & plasma HIV-1 RNA 
in HSV-2/HIV-1 co-infected people pre-ART

Suppressive therapy Frequency of 
anogenital shedding

Anogenital VL 
(log10 copies/ml)

Plasma viral load 
(log10 copies/ml)

Men & Women (800mg 
TID x 2 mo, USA)                 
(Schacker et al. JID 2002)

N/A N/A
-0.28

(-0.54 to -0.02)
Women (800mg BID x    
1 mo, Thailand)
(Dunne et al. J AIDS 2008)

aRR=0.81 (> once)

p<0.01

-0.33

p<0.01

-0.43

p<0.01

Women (400mg BID x    
3 mo, S Africa)
(Delany et al. AIDS 2009)

aRR=0.96

p=0.62

-0.13

p=0.12

-0.27

p<0.001

Women (400mg BID x  
24 mo, Tanzania)
(Tanton, et al. JID 2010)

Adj OR=0.79

p=0.19

0.03

p=0.70

0.02

p=0.69

Discordant couples 
(400mg BID x 24 mo,      
7 African countries)
(Celum, et al. NEJM 2010)

N/A N/A
-0.25

p<0.001



Valacyclovir* reduces anogenital & plasma HIV-1 
RNA in HSV-2/HIV-1 co-infected people pre-ART

Suppressive 
therapy 

Frequency of 
anogenital shedding

Anogenital VL

(log10 copies/ml)

Plasma viral load

(log10 copies/ml)

Women in
Burkina Faso
(Nagot et al.   
NEJM 2007)

Adj OR=0.41

p=0.009

-0.29

p<0.001

-0.53

p<0.001

Women in Peru
(Baeten, et al.   
JID 2008)

OR=0.48

p<0.001

-0.35

p<0.001

-0.26

p<0.001

MSM in Peru
(Zuckerman, et al.  
JID 2007)

69% Val. vs 78% 
placebo phase 

p=0.02

-0.16

p<0.0008

-0.33

p<0.001

*500 mg BID



HIV Seroconversion increased with 
frequency of GUD among FSW in Nairobi
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HIV incidence fell with increasing regularity
of clinic visits among FSW in Kinshasa
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Mechanisms by Which STIs
Increase HIV Transmission

Infectiousness Susceptibility

Mucosal disruption X X
Target cell recruitment & 
activation

X X

Altered cytokine production X X

Reduced CD4+ counts X ?
Impaired HIV-specific CTL 
function

X X

Enhanced HIV replication X



STI Control for HIV Prevention:
Gaps in Evidence

• How do we block the biological mechanisms underpinning  STI-HIV 
interactions & what is the relative importance of these mechanisms?

• How should STI treatment regimens be re-tuned to better hit these 
targets?

Source:  Lingappa et al. PLoS One 2010.

• How much do we need to 
reduce VL & in which 
compartment (PVL vs. GVL)?

• Is the STI effect on HIV 
infectiousness more important
in generalized than in 
concentrated epidemics?

• Are effects on HIV progression in the pre-ART window real/robust?  
How do they vary by STI?



STI control for HIV prevention:
Translating research to policy & programs

• Curable STIs still thriving in many 
communities with generalized HIV 
epidemics 

• HSV-2 common (estimated global 
prevalence 536 m), especially in 
mature epidemics

• Critical analysis of current data 
suggests STI control should remain 
a key part of HIV prevention 
– People with symptomatic STIs, 

especially HIV co-infected people 
pre-ART highest priority

– Biologically & behaviorally may be 
central to HIV transmission

– Feasibility of service delivery 
enhanced if in HIV care

– Entry point for detecting new & acute 
HIV infections and for other HIV 
prevention services

8 600 000
Female 4 330 377
Male 4 231 056

52 000 000
Female 26 583 505
Male 25 397 743

108 600 000
Female 56 064 831
Male 52 530 179

25 400 000
Female 2 597 979
Male 3 913 178

80 600 000
Female 39 564 409
Male 41 060 391

111 300 000
Female 39 460 792
Male 71 803 576

70 700 000
Female 30 128 032
Male 40 602 390

457 200 000
Female 207 594 580
Male 249 524 252

Global estimated incidence of selected STIs*, 2005

* Gonorrhea, chlamydia, syphilis & trichomoniasis
Source: WHO, HIV/AIDS  Department, 2009



STI Control for HIV Prevention:
Implications of the Evidence

Principles for practice, policy & program linkages
Type of 

Intervention
HIV prevention efficacy

TotalPositive 
effect

Adverse 
effect

No 
effect

Behavioral & 
Microfinance --- --- 8 8
Diaphragm --- --- 1 1
Vaginal 
Microbicides 1 1 11 13
Male Circumcision 3 --- 1 4
HIV Treatment 
(PrEP) --- --- 1 1
STI Treatment 1 --- 8 9
Vaccine 1 --- 3 4
Total 6 1 33 40

• Paradigm must be ART plus, not 
ART or

• Use RCT & observational data 
carefully (or toolkit is very slim)

• Cost & cost effectiveness 
analyses are essential to define 
where we need to be, but deadly 
if they define what we cannot do

• In areas with effective STI control, dismantling services is risky (& rigorous 
evaluation must accompany decision to do so)

• STI services must be targeted & tailored to appropriate populations based 
on local epidemiology informed by STI surveillance

Source:  Padian, et al. AIDS 2010;24:621-35;
Abdool Karim, et al.  Science 2010;329:1168-1174



STI Control for HIV Prevention
Starting points for PEPFAR programs

• HIV-infected people w/ ongoing risk behaviors in HIV care:
– Syndromic management of symptomatic GUD, ur & vag d/c
– Syphilis/GC/CT screening of asx’ics if indicated by local epi
– Pre-ART HIV+ highest priority

• Patients w/  STI symptoms in STI or PHC clinics:
– Syndromic STI management
– HIV testing, counseling & referral; MC referral

• Groups w/ high risk behaviors (eg: SWs & clients, MSM, 
sexually active adolescents, men seeking MC):
– STI/HIV screening & management

• Improved STI surveillance:
– High risk groups & general population
– Cannot “know your HIV epidemic” w/o it!



STI Control for HIV Prevention
Critical research to inform PEPFAR programs

• Health services & behavioral research:
– Impact of STI svc on entry & retention in HIV prevention/care

• Improved HIV prevention svc uptake? Which ones (MC, FP, condoms)?
• Earlier entry into HIV care (CD4/VL, % AHI)?
• Better adherence to prevention & care (risk reduction /health behaviors)? 

– Impact of STI partner services on HIV prevention/care/PS
• Which PS models for steady partners of GUD, UrD, Cx inf pts improve 

detection of new STI & HIV in partners (by HIV status of index, sex, age)?
• Which reduce recurrent STIs?  Increase HIV prevention svc uptake?
• Highest priority discordant couples w/ HIV positive index

– Impact of de-funding/dismantling STI svc
• Increases in STIs (which ones, in whom)? Increases in HIV infections?

• Clinical/epidemiological research (NIH/CDC partnerships):
– POC STI diagnostics for GC, CT, GUD (TV) – Let’s get real!!
– Impact of STI Rx on GVL/PVL & progression by STI
– Re-tuned STI Rx regimens to reduce HIV txn (HSV top priority) 



STI Control for HIV Prevention 
Bottom Line

• Other STIs increase HIV susceptibility & infectiousness

• Treatment of curable STIs can reduce HIV incidence

• Standard HSV-2 treatment regimens do not prevent HIV 
infection (but new data early 2011)

• Holistic, critical examination of data is essential

• Targeting to populations with STIs is key

• Potential for co-benefits & synergies is substantial 
– Effects on HIV progression
– Optimal HIV care (OIs)
– Entry point for other HIV prevention services
– Service linkages (e.g. HIV testing, counseling & referral in STI care; 

STI detection & treatment in HIV care; STD screening before MC )



STI Control for HIV Prevention:
A Conceptual Framework for Programs & Policies

Source:  Dallabetta G, Wi TE, Neilsen G.  In Sexually Transmitted Diseases, 4th Edition. New York, McGraw Hill, 2008:1958-76

Population focus:
•High-risk sub-populations
•People who present for care with symptomatic STIs (especially 
genital ulcer disease (GUD)* and urethral discharge (UD))
•HIV-infected persons with ongoing high-risk behavior 
(symptomatic and asymptomatic STIs)
•Others at risk defined locally (e.g. sexually active adolescents, 
mobile or displaced populations)

Generalized
(HIV transmission in general population self-sustaining, core 

groups may contribute disproportionately to HIV spread)

Low or Concentrated
(HIV transmission dependent on core groups to be sustained)
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Population focus:
•HIV-infected persons with on-going high risk behavior 
(asymptomatic and symptomatic STIs)
•HIV testing and counseling services for persons with STIs
•People who present for care with symptomatic STI (especially 
GUD)
•Sexually active adolescents
•High-risk sub-populations

Population focus:
•High-risk sub-populations
•People who present for care with symptomatic STIs (especially 
GUD* and urethral discharge )
•HIV-infected persons with ongoing high-risk behavior 
(symptomatic and asymptomatic STIs)
•Others at risk defined locally (e.g. sexually active adolescents, 
mobile or displaced populations)

Population focus:
•High-risk sub-populations
•People who present for care with symptomatic STIs 
•HIV-infected persons with on-going high risk behavior 
(asymptomatic and symptomatic STIs)
•HIV testing and counseling services for persons with STIs
•Sexually active adolescents

STI Focus:
•Syndromic management of GUD*
•Etiologic diagnosis of HIV-infected and high-risk sub-
population
•Syndromic management of UD and vaginal discharge 
and etiologic or risk based diagnosis of cervical infection 
•Intervention of sex partners for curable GUD

STI Focus:
•Syndromic management of GUD* and UD
•Presumptive treatment or screening of  STI  for high 
risk women
•Syndromic management of  vaginal discharge and 
etiologic or risk based diagnosis of cervical infection for 
high risk women and other women with persistent 
vaginal discharge

Additional interventions for all phases of the HIV epidemic:
Strengthen STI services for general population so long as resources for populations of high epidemiologic priority can be maintained.
Strengthen STI surveillance

HIV Epidemic
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Community Randomized Trials of 
STI Treatment for HIV Prevention
Mwanza
(1991-95)

Rakai
(1994-98)

Masaka
(1995-2001)

Manicaland
(1998-2003)

Trial design
Intervention 
group

Improved 
syndromic
treatment at 
health centers

Mass treatment 
of all adults in 
homes every 10 
months 

Improved syndromic
treatment w/ IEC 
(2nd intervention 
arm = IEC alone)

Community-based 
peer ed’n, condoms, 
improved syndromic
treatment

Control 
group

Current svc Current svc & rx
or referral for 
sx’ic STIs; RPR+

Current svc & comm
devel; VCT; condom 
social marketing

Current svc & IEC, 
condoms, condom 
social marketing

Context 
(HIV prev:incid
ratio)

Expanding  HIV 
epidemic (4.6); 
High STI prev

Mature HIV 
epidemic (10.6);  
Lower STI prev

Mature HIV 
epidemic (12.5); 
Lower STI prev

Mature HIV epidemic 
(15.3); Falling STI 
prevalence

Intervention effect
Reduction in 
HIV incidence

38% (95%Cl 15-55) 3% (95%Cl -16 -19) 0% (95% Cl -58-37) - 27% (95%CI -8-75)

Reduction in 
STIs High titer syphilis, 

urethritis
Active syphilis, 
trich (women)

Active syphilis, GC No STI laboratory 
data collected 

Source:  Corbet, et al. Lancet 2002; 359:2177-87; Kamali, et al. Lancet 2003;361:645-52;
Gregson, et al. PloSMed 2007;4(3):545-55;  Hayes, et ak. AIDS 2010



RCT of STD care for FSWs, Abidjan 1994-97:
HIV ↓60%, but not linked to STD strategy

16.3

6.5
7.6

5.3

0

2

4

6

8

10

12

14

16

18

Intervention STD Strategy

H
IV

 in
ci

de
nc

e/
10

0 
p-

yr
s.

Before
During
Basic
Intensive

Source:  Ghys, et al. AIDS 2001;15:1421-31.

P<0.001

P<0.005

P<0.001

P=NS P=NS

aRR
0.42 (0.18-0.96)

P=0.04 RR
0.70 (0.25-1.9)

P=0.5



RCT of Periodic Presumptive Therapy in 
Nairobi CSWs: STI & HIV Incidence 1998-2002
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No Reduction in HIV Incidence with HSV-2 Suppressive 
Therapy in HSV-2+/HIV- Women in Mwanza, 2004-’06
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Multicenter RCTs of HSV-2 suppression 
for prevention of HIV infection

• PVL reduced 0.25 log10 copies/ml   
(-0.22, -0.29, p<0.001)

• 17% reduction in HIV progression 
(CD4<200,  ART initiation or death      
HR 0.83 (0.71-0.98))

Source:  Celum, et al.  Lancet 2008;371:2109-19; 
Celum, et al. NEJM 2010;362:427-39 

a) Acquisition
No significant effect on: 

b) Transmission

Hazard ratio with acyclovir, 1.16 (95% CI 0.83-1.63); 
P= 0.39



Risk Behaviors More Common
in Mwanza than Rakai/Masaka
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Curable STDs More Common
in Mwanza than Rakai/Masaka
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Behavior Change & Epidemic Phase 
Key Factors in Divergent RCT Results

Source:  Korenromp et al. JID 2005;191:S168-175

Simulated rate ratios in Mwanza    & Rakai    after 2 yrs; in Masaka    after 4 yrs.
Empiric data & 95% CI



STI PAFs for HIV transmission

Orroth KK, et al,
STD, 2006:33(9);536-544



Community Randomized Trials of 
STD Treatment for HIV Prevention

Mwanza
(1991-95)

Rakai
(1994-98)

Masaka
(1995-2001)

Manicaland
(1998-2003)

Intervention effect
Reduction in
HIV incidence

38% (95%Cl 15-55) 3% (95%Cl -16 -19) A: 6% (95% Cl -45-40)

B: 0% (95% Cl -58-37)

- 27% (95%CI -8-75)*

Reduction in 
STD prevalence
(final follow-up)

High-titre active 
syphilis: 38%
Sx’ic urethritis 
(men): 49%
GC/CT:  NS

Active syphilis: 20%

TV (women): 41%

GC/CT:  NS

A: Syphilis/GC/CT: NS
B: Active syphilis: 48%

B:  GC: 75%

B:  CT:  NS

NS change in STD 
sx (signif drop in 
reported sx in 
intervention & 
control comm’ties; 
STD incidence fell 
in clinic cohorts in 
intervention & 
control comm’ties)

* HIV incidence rate ratio 1:27 (0.92-1.75) for intervention commmunities c/w control; 0.48 (0.24-0.98) for   
men attending programme meetings & OR for unprotected sex w/ casual partners 0.45 (0.28-0.75).  

Source:  Corbet, et al. Lancet 2002; 359:2177-87; Kamali, et al.  Lancet 2003;361:645-52.
Gregson, et al. PloSMed 2007;4(3):545-55.



Reduction in HIV Shedding in RCT of HSV-2 Suppressive 
Therapy in HSV-2+/HIV+ Women in Mwanza, Tanzania
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Acyclovir 400mg BID Placebo

Source:  Watson-Jones et al.  4th IAS Conference on HIV pathogenesis, treatment & prevention. Sydney 2007

n.b. – GUD incidence due to HSV-2 halved; no effect on HSV-2 shedding

Adj OR=0.83
P=0.37
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P=0.07
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