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Abstract

Background: Studies have demonstrated the role of ulcerative and non-ulcerative sexu-

ally transmitted infections (STI) in HIV transmission/acquisition risk; less is understood

about the role of non-specific inflammatory genital abnormalities.

Methods: HIV-discordant heterosexual Zambian couples were enrolled into longitudinal

follow-up (1994–2012). Multivariable models estimated the effect of genital ulcers and in-

flammation in both partners on time-to-HIV transmission within the couple. Population-

attributable fractions (PAFs) were calculated.

Results: A total of 207 linked infections in women occurred over 2756 couple-years (7.5/

100 CY) and 171 in men over 3216 CY (5.3/100 CY). Incident HIV among women was asso-

ciated with a woman’s non-STI genital inflammation (adjusted hazard ratio (aHR) ¼ 1.55;

PAF ¼ 8%), bilateral inguinal adenopathy (BIA; aHR ¼ 2.33; PAF ¼ 8%), genital ulceration

(aHR ¼ 2.08; PAF ¼ 7%) and the man’s STI genital inflammation (aHR ¼ 3.33; PAF ¼ 5%),

BIA (aHR ¼ 3.35; PAF ¼ 33%) and genital ulceration (aHR ¼ 1.49; PAF ¼ 9%). Infection

among men was associated with a man’s BIA (aHR ¼ 4.11; PAF ¼ 22%) and genital ulcer-

ation (aHR ¼ 3.44; PAF ¼ 15%) as well as with the woman’s non-STI genital inflammation

(aHR ¼ 1.92; PAF ¼ 13%) and BIA (aHR ¼ 2.76; PAF ¼ 14%). In HIV-MþF- couples, the
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man being uncircumcised. with foreskin smegma. was associated with the woman’s

seroconversion (aHR ¼ 3.16) relative to being circumcised. In FþM- couples, uncircum-

cised men with BIA had an increased hazard of seroconversion (aHR ¼ 13.03 with

smegma and 4.95 without) relative to being circumcised. Self-reporting of symptoms

was low for ulcerative and non-ulcerative STIs.

Conclusions: Our findings confirm the role of STIs and highlight the contribution of non-

specific genital inflammation to both male-to-female and female-to-male HIV transmis-

sion/acquisition risk. Studies are needed to characterize pathogenesis of non-specific in-

flammation including inguinal adenopathy. A better understanding of genital practices

could inform interventions.

Key words: Couples’ voluntary HIV counselling and testing, discordant couples, HIV risk, genital ulceration and in-

flammation, longitudinal cohort, Zambia

Background

In seeking an explanation for differential HIV transmission

probabilities regionally and per sex act, genital ulceration

and inflammation (GUI) emerged as important transmis-

sion co-factors in the late 1980s and early 1990s.1–3

Decades of observational research implicate several inflam-

matory sexually transmitted infections (STIs) including

gonorrhea, chlamydia, trichomonas and ulcerative STIs as

well as syphilis and herpes simplex virus type 2 (HSV-2).

Reviews4,5 indicate that few studies consider the effect of

GUIs in both sexual partners on HIV risk, or address non-

STI inflammatory abnormalities such as candida, bacterial

vaginosis (BV), genital discharge or inflammation more

broadly.6–9 Inflammatory processes can recruit HIV-in-

fected or target cells to the genitalia, thereby increasing

risks of both transmission and acquisition. Studies of in-

flammatory markers confirm that cells are associated with

high viral loads (VL) in cervico-vaginal fluids,10 and cyto-

kine markers11–14 and innate antimicrobial responses15,16

are linked to HIV acquisition. Causes of these inflamma-

tory processes warrant closer investigation.

Though antiretroviral treatment (ART) reduces HIV-1

transmission,17 it does not alter genital cytokine levels in

HIVþ women,18 and adherence and retention are poor in

Zambia.19–22 Low-cost strategies that reduce HIV risk inde-

pendently of ART remain imperative. Building on what is

known about the impact of inflammation and ulceration in

heterosexual HIV transmission, we quantify the risk and

population-attributable fraction (PAF) associated with a

wide range of both sexually transmitted and more common

non-sexually transmitted GUIs among ART-naı̈ve Zambian

serodiscordant couples over 18 years of follow-up.

Methods

Ethics

This study was approved by the Office for Human

Research Protections-registered Institutional Review

Key Messages

• Observational research implicates several sexually transmitted infections (STIs) (including Neisseria gonorrhoeae,

Chlamydia trachomatis, Trichomonas vaginalis, Treponema pallidum and herpes simplex virus 2), primarily as co-factors

in HIV acquisition in high-risk women.

• Studies considering the risk conferred by more common genital inflammatory conditions not due to STI are lacking.

• Our findings confirm the contribution of STI and highlight the independent contribution of non-STI inflammatory

processes to risk of HIV transmission and acquisition in both men and women.

• Low self-reporting of symptoms of STIs supports routine screening/treatment where possible.

• Studies to characterize pathogenesis of non-specific inflammation leading to development of interventions to reduce

HIV transmission are warranted.
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Boards at Emory University and the University of Zambia.

Joint written informed consent was obtained from all par-

ticipating couples.

Study participants and staff

Heterosexual HIV serodiscordant couples (MþF- or FþM-)

were recruited from couples’ voluntary HIV counselling

and testing (CVCT) in Lusaka, Zambia.23,24 Enrolment

was continuous in the open cohort through 1994–2012 and

follow-up continued quarterly. Risk reduction counselling

was provided at enrolment and at every visit. Free outpa-

tient health care was provided by Zambian registered

nurses, clinical officers or general medicine physicians, and

specialists in internal medicine, obstetrics and gynaecology,

and laboratory diagnostics. Clinical and laboratory staff

received training in good clinical practices and standard

operating procedures, including quality assurance and con-

trol. Couples were censored if either partner died or was

lost to follow-up, the couple separated or the HIVþ partner

initiated ART. Criteria for ART changed over time after it

became available in government clinics, based on evolving

World health organization (WHO) guidelines (CD4 < 200

cells/ml pre-2006, < 350 cells/ml post-2006).25 HIVþ
participants were referred for ART; those confirmed to

have initiated ART were discharged from the cohort to re-

duce possible confusion from enrolment in multiple

programmes.

Longitudinal data collection

Procedures changed over time as a function of available re-

sources and study priorities. Over 1994-2002, both part-

ners were seen quarterly and had routine genital

examinations. Beginning in 2003, physical and genital

examinations were performed at baseline, annually and

when symptoms were reported. Plasma banking for VL

testing began in 1999, and p24 antigen enzyme-linked im-

munosorbent assay (ELISA) screening began in 2003. Over

2007-08, HIV partners were seen at months 0,1,2 and3,

and quarterly at which time sexual exposures were as-

sessed by self-report or biological markers of condomless

sex.26 HIV partners with one or more exposures received

monthly HIV testing until the next quarterly visit, at which

time the assessment was repeated. Over 2008-12, all HIV

partners were tested for HIV monthly. When HSV-2

ELISA was available in 2005, these tests were run on

banked and new baseline samples. Due to funding con-

straints, follow-up was truncated at 36 months (2010) and

24 months (2011).

Exposures of interest

Exposures measured at baseline and follow-up visits

included: self-reported genital ulcer, urethral or vaginal

discharge, dysuria or dyspareunia; genital examination

findings including external or internal genital inflamma-

tion (redness, swelling, exudate, discharge, irritation or

tenderness) or genital or perianal ulceration (including ero-

sion or friability); and laboratory studies including rapid

plasma regain (RPR; BD Macro-VueTM, Becton-Dickinson

Europe, with Treponema pallidum haemagglutination

assays (TPHAs) confirmation when available27); vaginal

wet mount for detection of trichomonas, clue cells (BV)

and candida, including potassium hydroxide (KOH) prep-

arations for the whiff test (BV).28,29 Gonorrhea culture

and Gram staining both routinely and in the presence of

endocervical pus was piloted, but very few positive results

were obtained. These expensive and time-consuming pro-

cedures were discontinued and diagnosis was based on

endocervical or urethral discharge.

Diagnosis and treatment were based on the best avail-

able information including self-report, physical examina-

tion and laboratory results. Incident positive RPR

prompted treatment of both partners for syphilis,27 and

self-report or clinical diagnosis of RPR-negative ulcer was

treated based on clinical presentation and HSV-2 serology.

Urethral discharge or dysuria in men, or endocervical dis-

charge were detected, both partners were treated for gon-

orrhea and chlamydia. Both partners were treated when

trichomonas was detected on vaginal wet mount, and

women with candida or BV were treated given symptoms.

Unilateral inguinal adenopathy (UIA) and bilateral in-

guinal adenopathy (BIA) were not treated.

Composite variables

For each 3-monthly interval, composite variables were cre-

ated. The genital inflammation composite had two mutu-

ally exclusive levels: inflammatory STIs (clinical or

laboratory diagnosis or treatment of gonorrhea, chlamydia

or trichomonas); or non-inflammatory STIs (reported dis-

charge, dysuria, dyspareunia; observed discharge or in-

flammation of external or internal genitalia; and/or

laboratory diagnosis of candida or BV) with no indication

of an inflammatory STI. The composite for genital ulcer

included observed or reported ulcers and/or incident posi-

tive RPR.

Other covariates

We measured: baseline age, years cohabiting, income, liter-

acy, current pregnancy and number of previous
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pregnancies, clinical and laboratory stage as developed by

our group for Kigali and modified for Zambia30,31 and VL

of HIVþ partners;32 male circumcision (MC); HSV-2 sero-

logical positivity; STI and number of sexual partners in the

past year; and contraceptive method. Time-varying meas-

ures of unprotected sex with the study partner, sperm pre-

sent on a vaginal swab wet mount, contraceptive use and

pregnancy were measured.

Outcome of interest

The outcome was time-to-incident HIV infection genetic-

ally linked to the study partner. HIV testing of HIV part-

ners was conducted at 1- to 3-monthly intervals using

rapid serological tests.33 When possible, plasma from the

last antibody-negative sample was tested by p24 ELISA

and RNA polymerase chain reaction (PCR). To determine

if infections were linked or acquired outside the partner-

ship, conserved nucleotide sequences (gag, gp120, gp41,

long terminal repeat regions) from both partners were

PCR-amplified, and pairwise genetic distances were calcu-

lated for these sequenced regions.34,35 Date of infection

was defined based on available data, as the minimum of:

the midpoint between the last negative and first positive

antibody date (only eight seroconverters had more than

6 months between last negative and first positive visits);

2 weeks before first antigen-positive test date; or 2 weeks

before first VL-positive/antibody-negative test date.

Data analysis

Analyses were conducted with SASv9.4 (SAS Institute,

Cary, NC). Couples experiencing unlinked seroconversion

were excluded from analysis.

HIV incidence

HIV incidence rates (the number of incident infections per

couple-year (CY) of follow-up from enrolment until either

the outcome occurred or the couple were censored) were

calculated by months since enrolment, to explore cohort

effects, and differences were evaluated by log-rank tests for

linear trend. Months since enrolment were also dichotom-

ized (months > 0-3 versus > 3), and differences evaluated

by mid-P exact tests to compare incidence prior to joint

testing and counselling (months > 0-3, reflecting transmis-

sions occurring in the seroconversion window before

CVCT) compared with rates for > 3 months of follow-up.

Exposures

Exposures are described stratified by HIV transmission sta-

tus using counts and percentages (categorical variables),

means and standard deviations (normal continuous

variables) and medians and interquartile ranges (non-nor-

mal continuous variables). Bivariable associations were

evaluated via unadjusted Cox models. Crude hazard ratios

(HRs), 95% confidence intervals (CIs), and P-values are re-

ported. We also calculated the proportion of patients with

STI diagnoses that reported symptoms before diagnosis,

for 1994-2002.

Multivariable models

Multivariable Cox models accounting for repeated obser-

vations evaluated predictors of time-to-HIV infection.

Confounding was assessed using a data-based criteria

method to identify variables that changed the point esti-

mate of any exposure of interest by þ/-10%. Candidate

variables were evaluated for multi-collinearity (condition

indices > 30, variance decomposition proportions > 0.5);

collinear variables with weaker associations with the out-

come were removed. The proportional hazards assumption

was confirmed for time-independent covariates. We

explored for potential interaction by: cohabitation length

(< 1 year versus � 1 year); circumcision and smegma; and

circumcision, smegma and BIA. A ‘generalized’ R-squared

statistic (with > 60% thought to be meaningful) was calcu-

lated for each model as:36

R2 ¼ 1� e�
LRT

nð Þ

where LRT (likelihood ratio test) is the difference between

the -2log likelihood for the null model with no covariates

and the fitted model, and n is the number of observations.

Adjusted hazard ratios (aHRs) are reported.

Population-attributable fractions

PAFs were calculated for genital inflammation and ulcer-

ation composites using standard formulae37–39 with aHRs

as the measure of relative risk:40–42

PAF ¼ aHR� 1ð Þ
aHR

� �
� p

where p is the proportion of cases exposed. Confidence

intervals around PAFs were calculated.43,44

Sub-analyses

For the data collected over 1994-2002, we explored inter-

actions between circumcision, foreskin smegma and BIA in

men.

Sensitivity analyses

To explore the possibility of GUI exposure misclassifica-

tion, we built models assuming a random 15% of expos-

ures preceding seroconversion were incorrectly classified as
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negative, and another model assuming 15% of GUI expos-

ures preceding seroconversion were incorrectly classified as

positive. We also constructed a model after multiple imput-

ation, carried out using Markov Chain Monte Carlo meth-

ods which assume that the variables have a joint

multivariate normal distribution. Simulation studies indi-

cate that this common imputation method typically leads

to robust estimates regardless of true normality.45,46

Results

Follow-up and transmission

A total of 1348 MþF- couples were followed for a median

of 430 (interquartile range ¼ 767) days; 207 linked trans-

missions occurred in women over 2756 CY (7.5/100 CY;

95% CI: 6.5-8.6). Follow-up among 1601 FþM- couples

was a median of 448 (interquartile range ¼ 730) days; 171

linked transmissions occurred in men over 3216 CY (5.3/

100 CY; 95% CI: 4.5-6.2). During this time, 45 unlinked

infections occurred in women and 55 in men; these couples

were excluded from analysis. Among study couples, 57%

had at least 1 year of follow-up, 35% had � 2 years and

22% had � 3 years.

HIV incidence

Incidence in women decreased between > 0-3 months (13.0/

100 CY; 95% CI: 9.4-17.5) versus > 3 months of follow-up

(6.7/100 CY; 95% CI: 5.7-7.8) (P < 0.001, Figure 1A). This

was also true for men: > 0-3 months (8.7/100 CY; 95% CI:

6.0-12.2) versus > 3 months (4.8/100 CY; 95% CI: 4.0-5.7)

(P < 0.001, Figure 1B). Rates of transmission from MþF-

were consistently higher than for FþM-. Follow-up time

was predictive in unadjusted and adjusted models (> 0-3

months versus > 3 months, P < 0.001).

Baseline exposures

Exposures associated with transmission included lower

men’s and women’s ages, fewer years cohabiting, fewer

previous pregnancies and increasing baseline VL of the

HIVþ partner (Table 1). Among MþF- couples, the wom-

an’s illiteracy and pregnancy at baseline were associated

with transmission. Among FþM- couples, the man being

uncircumcised was associated with transmission.

Time-varying exposures

Time-varying exposures associated with male-to-female

transmission included non-STI inflammation in women

and STI inflammation, genital ulceration and BIA in both

partners (Table 2). Female-to-male transmission was asso-

ciated with non-STI genital inflammation and BIA in both

partners and genital ulceration in men.

Multivariable models

Collinear variables included men’s and women’s ages, ages

and years cohabiting and age and number of previous preg-

nancies (Tables 3 and 4). Women’s age was retained.

There was no interaction by cohabitation length. Genital

ulcer of HIVþ women was not included in multivariable

models because of lower statistical significance and magni-

tude of the crude point estimate.

Incident HIV among women was associated with the

woman’s non-STI genital inflammation (aHR ¼ 1.6; PAF

¼ 8%), BIA (aHR ¼ 2.3; PAF ¼ 8%) and genital ulcer-

ation (aHR ¼ 2.1; PAF ¼ 7%), and the man’s STI genital

inflammation (aHR ¼ 3.3; PAF ¼ 5%), BIA (aHR ¼ 3.4;

PAF ¼ 33%) and genital ulceration (aHR ¼ 1.5; PAF ¼
9%). The ‘generalized’ R-squared statistic was 63%.

A B

Figure 1. HIV seroincidence rates per 100 couple years (CY) and 95% confidence interval bars among Zambian women and men in HIV discordant re-

lationships, Ns indicate number of seroconversions occurring in each time interval.
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Table 3. Multivariable model of predictors of time to HIV transmission among Zambian women and men in HIV discordant

relationships

Primary modela,b MþF- couples FþM- couples

Exposures of interest aHR 95% CI P-value aHR 95% CI P -value

Genital inflammation of woman

STI 1.36 0.76 2.43 0.30 1.01 0.50 2.05 0.97

Non-STI 1.55 1.01 2.38 0.04 1.92 1.15 3.22 0.01

No ref ref

BIA of woman

Yes 2.33 1.43 3.81 < 0.01 2.76 1.69 4.51 < 0.001

No ref ref

Genital ulcer of woman

Yes 2.08 1.27 3.41 < 0.01

No ref

Genital inflammation of man

STI 3.33 1.79 6.17 < 0.01 e

Non-STI 1.18 0.43 3.21 0.75 1.19 0.51 2.77 0.69

No ref ref

BIA of man

Yes 3.35 2.24 5.03 < 0.001 4.11 2.52 6.72 < 0.001

No ref ref

Genital ulcer of man

Yes 1.49 1.05 2.11 0.03 3.44 2.20 5.38 < 0.001

No ref ref

Baseline and time-varying variables

Age of woman (per year increase) 0.98 0.95 1.00 0.04 0.99 0.96 1.02 0.42

Woman reads Nyanja

Yes, easily ref

With difficulty/not at all 1.22 0.82 1.80 0.32

Circumcised manc

Yes ref

No 2.10 1.12 3.95 0.02

VL of positive partner (per log10 copies/ml increase) 1.68 1.35 2.08 < 0.001 1.80 1.44 2.23 < 0.001

Any self-reported unprotected sex with study partner since last visit

Yes 1.38 1.01 1.88 0.04 1.91 1.33 2.75 < 0.01

No ref ref

Sperm present on vaginal swab wet mount

Yes 1.41 0.88 2.26 0.15 1.73 1.03 2.91 0.04

No ref ref

Current pregnancy

Yes 1.35 0.79 2.31 0.27

No ref

Interval since enrolment

0–3 months 4.30 2.75 6.72 < 0.001 5.07 2.93 8.78 < 0.001

< 3 months ref ref

Pre-2002 model 1d

Circumcision and smegma status

Circumcised ref ref

Uncircumcised and no smegma 1.68 0.93 3.04 0.08 4.50 2.36 8.59 < 0.001

Uncircumcised and smegma 3.16 1.54 6.46 < 0.01 8.59 3.72 19.86 < 0.001

Pre-2002 model 2d

Circumcision status and smegma by man’s BIA

Circumcised

BIA of man: Yes 0.36 0.06 1.99 0.24

BIA of man: No ref

(continued)
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Infection among men was associated with the woman’s

non-STI genital inflammation (aHR¼ 1.9; PAF ¼ 13%) and

BIA (aHR ¼ 2.8; PAF ¼ 14%), and the man’s BIA (aHR ¼
4.1; PAF ¼ 22%) and genital ulceration (aHR ¼ 3.4; PAF ¼
15%). The ‘generalized’R-squared statistic was 80%.

In MþF- couples, 84% of trichomonas were detected

without self-reported discharge; 78% (men) and 92%

(women) of incident positive RPR results were detected

with no self-reported genital ulcers; 32% (men) and 71%

(women) of incident RPR-negative ulcers were detected

without self- reported ulcer; and 28% (men) and 98%

(women) of cases of gonorrhea and chlamydia were diag-

nosed with no self-reported symptoms.

In FþM- couples, 86% of trichomonas were detected

without self-reported discharge; 90% (men and women) of

incident positive RPR results were detected with no self-

reported genital ulcers; 20% (men) and 65% (women) of

incident RPR-negative ulcers were detected without self-re-

ported ulcer; and 20% (men) and 92% (women) of cases

of gonorrhea and chlamydia were diagnosed with no self-

reported symptoms.

1994–2002 sub-analyses

In MþF- couples, being uncircumcised with foreskin

smegma was associated with seroconversion (aHR ¼ 3.2)

relative to being circumcised. In FþM- couples, uncircum-

cised men with BIA had an increased hazard of seroconver-

sion (aHR ¼ 5.0 without smegma, aHR ¼ 13.0 with

smegma) relative to being circumcised (Table 3).

Sensitivity analyses

If 15% of GUI exposures before seroconversion were mis-

classified as false-negative, GUI exposures are more

hazardous than in primary analyses (Appendix 1, available

as Supplementary data at IJE online), whereas if 15% of

these GUI exposures were misclassified as false-positive,

estimates were tempered toward the null (Appendix 2,

available as Supplementary data at IJE online). For every

variable in primary analyses, 87% of MþF- and FþM-

cases were complete, and multiple imputation results were

similar to primary analyses, with slightly more hazardous

point estimates (Appendix 3, available as Supplementary

data at IJE online).

Discussion

Our findings confirm the role of ulcerative STIs and high-

light the contribution of non-ulcerative STIs and non-

specific genital inflammation in HIV transmission risk in

both donor and recipient in both MþF- and FþM- couples.

The high PAF contributed by BIA merits further investiga-

tion. Genital practices may be a contributing factor and

should be investigated.

As in other studies,40,47 ulcerative STIs contributed to a

substantial PAF of transmission in both men and women

donors and women seroconverters. Most incident ulcers

diagnoses were asymptomatic and detected during routine

physical examinations or screening. Syphilis is common in

Zambia,48 and routine RPR screening is inexpensive and

does not require sophisticated laboratory equipment or

electricity, and penicillin treatment is inexpensive with no

documented resistance.27

We did not find prevalent HSV-2 antibody associated

with HIV transmission in our analysis, but this is not surpris-

ing as only a minority of HSV-2 antibody-positive persons

developed detectable ulcers. When RPR-negative ulcers were

detected, they were generally assumed to be herpetic and

Table 3. Continued

Primary modela,b MþF- couples FþM- couples

Exposures of interest aHR 95% CI P-value aHR 95% CI P -value

Uncircumcised and no smegma

BIA of man: Yes 4.95 2.43 10.10 < 0.001

BIA of man: No 0.85 0.31 2.34 0.75

Uncircumcised and smegma

BIA of man: Yes 13.03 4.97 34.17 < 0.0001

BIA of man: No e

Foreskin smegma recorded from 1994-2002. P-values are two-tailed from Cox models. Adjusted point estimate for genital ulcer of woman in FþM- primary

model (not included in final models): aHR ¼ 0.94, 95% CI:0.55-1.62 (P ¼ 0.84).
a‘Generalized’ R-squared ¼ 0.63 for MþF- couples (primary model).
b‘Generalized’ R-squared ¼ 0.80 for FþM- couples (primary model).
cCircumcised at baseline or ever during follow-up.
dControlling for the primary model variables.
eSmall sample size; a measure of association could not be estimated.
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treated with acyclovir when it became available. Though

Phase III clinical trials of acyclovir for HSV-2 antibody-pos-

itivity have not decreased HIV risk,49–51 acyclovir treatment

of visible ulcers in RPR- patients is still advisable. Men and

women could be encouraged to examine external genitalia

and seek treatment for visible ulcers.

Inflammatory STIs in HIVþ men were risk factors for

women’s HIV acquisition. As with ulcers, many inflamma-

tory STIs were asymptomatic – particularly in women who

cannot inspect their internal genitalia – and were diag-

nosed during routine physical examination or screening.

Many countries, including Zambia, rely on syndromic STI

detection, an approach associated with reduced HIV inci-

dence in neighbouring Tanzania.52 In contrast, mass popu-

lation treatment of presumptive STI has not resulted in

reduced HIV incidence in most settings.53 New diagnostics

for gonorrhea, chlamydia and trichomonas may be useful

in screening asymptomatic disease.54

Inflammation not due to STI included reported symp-

toms, visible abnormalities on genital examination, and/or

diagnosed candida or BV. Non-STI inflammation in

women was associated both transmission and acquisition.

BIA contributed a surprisingly high PAF to transmission in

both HIVþ and HIV- men and women. Lymphadenopathy

is non-specific and typically as reaction to infection; HIV-

associated lymphadenopathy can last 2-3 months.55 To de-

velop testable interventions to reduce discharge and non-

specific inflammation without compromising genital integ-

rity, an understanding of current genital practices is

needed. In Zambia, as in many sub-Saharan African coun-

tries, women engage in intra-vaginal practices in response

to discharge, genital disturbance, or for cultural reasons,

which can lead to inflammatory processes, abrasion and

increased STI risk.56–58 Additionally, highly diverse non-

lactobacillus-dominated bacterial communities have been

associated with inflammation facilitating HIV transmis-

sion,59–61 and a better understanding of the microbiome is

needed.62–64 Education ideally before initiation of sexual

activity, to increase recognition and management of abnor-

mal vaginal discharges, odours or discomfort, is indicated.

As expected, lack of circumcision was independently

predictive of seroconversion in FþM- couples. BIA was not

associated with increased risk of seroconversion in circum-

cised HIV- men. Being uncircumcised with smegma was

associated with risk of both transmitting and acquiring

HIV. The presence of smegma increased the risk associated

with BIA. We support the scale-up targeted voluntary MC

for HIV- men with HIVþ partners. In settings like Zambia

where circumcision is not a tradition and MC is low, re-

search on men’s genital hygiene practices is needed.

Foreskin smegma has been associated with inguinal aden-

opathy in Rwandan men,65 and a study of Ugandan men

found foreskin inflammation to be associated with higher

VL and smegma.66

We observed a decrease in infections at the time of

enrolment versus subsequent months, paralleling the re-

ported onset of condom use after CVCT. These data sug-

gest GUIs contribute a substantial proportion of new HIV

infections in ART-naı̈ve serodiscordant couples after

CVCT. In Zambia, virological failure, transmitted resist-

ance21,67,68 and GUI-associated transmission of multiple

HIV-variants66,69,70 have been noted.

Limitations

We previously published analyses of possible selective enrol-

ment and retention biases which may limit generalizability.71

A possible selection bias for healthier index partners and

Table 4. Attributable fraction in the population for exposures of interest significant in multivariable models

MþF- FþM-

Primary models AFp 95% CI AFp 95% CI

Genital inflammation of woman: Non-STI 8% 3.71 16.73 13% 7.48 21.85

BIA of woman 8% 5.94 11.75 14% 11.24 17.93

Genital ulcer of woman 7% 4.79 11.42

Genital inflammation of man: STI 5% 3.77 6.02

BIA of man 33% 30.19 36.58 22% 18.56 25.36

Genital ulcer of man 8% 4.24 17.17 15% 13.88 16.97

Pre-2002 model 1

Uncircumcised and no smegma 55% 46.17 66.12

Uncircumcised and smegma 11% 8.12 14.86 17% 14.89 18.63

Pre-2002 model 2

Uncircumcised and no smegma and BIA of man 31% 26.18 37.29

Uncircumcised and smegma and BIA of man 8% 7.17 9.01

Foreskin smegma recorded from 1994-2002.
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information bias in self-reported exposure variables could be

differential by risk, biasing our results in an unknown direc-

tion. It is possible that couples with GUIs were more likely to

have follow-up visits, though baseline STIs were not associ-

ated with retention.71 Though we attempt to control for un-

protected sex to assess the independent effect of genital

inflammation, uncontrolled confounding could make the lat-

ter a proxy measure of unprotected sex.

Conclusions

Our findings confirm the role of STIs and highlight the con-

tribution of non-specific genital inflammation to HIV trans-

mission and acquisition risk in both HIVþ and HIV- men

and women. A multipronged approach will be needed

that maximizes detection, management and prevention.

More research to develop low-cost, sustainable interventions

to reduce genital co-factors for HIV transmission is

warranted.

Supplementary Data

Supplementary data are available at IJE online.
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