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SUMMARY

In October 1998, cohorts of circular migrant men and their non-migrant sexual partners, and
non-migrant men and their non-migrant sexual partners from rural South Africa were recruited
and followed-up every 4 months until October 2001. At each visit, information on socio-
demographic, sexual behaviour, sexually transmitted infections (STIs) and HIV was collected. In
total, 553 individuals aged between 18 and 69 years were recruited. A man and his sexual
partner(s) form a sexual partnership. Migration status, age, marital status, age at sexual debut,
recent sexual partners and HIV status were found to be important determinants of STI. The risk
of STI varies (0>=1-45, P<0-001) significantly across sexual partnerships even after controlling
for important determinants. The variance implies substantial correlation (0-59) between members
of the same sexual partnership. Ignoring this correlation leads to incorrect inference. Migration
contributes significantly to the spread of STIs. Community interventions of HIV/STI should
target co-transmitter sexual partnerships rather than high-risk individuals.

INTRODUCTION type of migration is circular labour migration [4-6]. In
circular migration, young men migrate to work in
urban areas leaving behind their sexual partners, to
whom they return periodically [4, 7]. The common
theme is that migrant men get infected with HIV/STI
from partners acquired during migration periods and
infect their rural female partners when they return
[4, 8]. In some cases, migrant men establish parallel
families between urban and rural areas [5]. In this
way, migrant men form linked sexual partnerships,
which become a critical bridge for transmitting HIV/
. ' STI between rural and urban areas. However, the
e for cotopondee: D K. Zuw, fluman S6616etuation becomes complex as the women let behind
(Email: kzuma@hsrc.ac.za) sometimes have to exchange sex for favours as a

The spread of sexually transmitted infections (STIs)
results from a complex interaction of factors related
to demography, socio-economic and sexual behav-
iour. A significant factor in the spread of HIV/STI
from one place to another is the migration of people
[1]. The contribution of migration to the geographical
spread of HIV/STI has been the topic of discussion
for some time [1-3]. In South Africa, the predominant
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survival strategy [9] and this introduces another
dimension in which migration contributes to the
spread of STIs [10].

The formation of groups of sexual partnerships
plays an important role in the transmission dynamics
of STIs [11]. An important dynamic feature of infec-
tions taking place within the constraints of sexually
linked partnerships is the high rate at which members
of the same sexual partnership have the same infection
status [12]. For example, many infected individuals
also have their sexual partners infected since they
either infected their partners, or vice versa. The
consequent inherent classification of individuals into
subgroups of linked sexual partners introduces
clusters of correlated, with respect to their infection
status, individuals within a cluster [a man and his
sexual partner(s)] and introduces extra variability
associated with the cluster. Estimators of variance
that do not control for this clustering would be biased
downwards. This results in confidence intervals that
are too narrow, and differences that appear to be
more significant than they actually are.

In this paper, we investigate the possible socio-
demographic, behavioural and biomedical risk factors
determining the presence of at least one STI among
cohorts of sexual partnerships of migrant men and
their rural non-migrant female partners, and non-
migrant men and their rural non-migrant female
partners from a rural district of KwaZulu/Natal,
South Africa. The evidence shows that presence of any
STI facilitates transmission of HIV [13]. However,
these two types of infections also share the same
behavioural risk factors. Understanding transmission
dynamics and possible risk factors of STIs could help
control further transmission of HIV [14]. The esti-
mated parameters are corrected for the extra varia-
bility introduced by clustering of sexual partnerships.
The study was designed to investigate the effects of
urban—rural circular labour migration on the spread
of HIV and other STIs in rural South Africa [7].

MATERIAL AND METHODS
Sampling method and data structure

The data comes from cohorts of migrant men from a
rural district of South Africa working at two common
migration destinations. Migrant men were eligible to
participate if they had at least one non-migrant reg-
ular sexual partner living in the district, and have been
migrants for at least the last 6 months. Once migrant
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men were enrolled, they provided contact details of
their rural sexual partners who were then recruited. In
the neighbourhood of each migrant man’s rural
household, the household of a non-migrant man was
identified and the non-migrant man and his rural
female partner(s) were recruited. A non-migrant man
was defined as someone who spent most nights at
home, and had not been a migrant for more than a
total of 6 months in the last 5 years, and whose reg-
ular partner was not a migrant. Some men identified
more than one steady sexual partner. The man and
his sexual partner(s) form a sexual partnership. The
partnerships are distinct in the sense that no woman
was identified by more than one man as the sexual
partner.

A professional nurse physically examined study
participants for presence of any STI. Blood and urine
specimen were collected for laboratory examination
of STI and HIV. Syndromic management was com-
pleted according to standard provincial guidelines [15].
Infections detected by laboratory analysis were treated
10 days after examination. Participants were visited
every 4 months between October 1998 and October
2001. A detailed questionnaire was administered at
each visit to elicit information on socio-demographic,
sexual behavioural and other biomedical character-
istics.

The outcome of interest is a binary indicator of the
presence or absence of at least one STI in an indivi-
dual at each of the first four (including baseline)
clinical examination visits. The STIs considered are
the laboratory-diagnosed active syphilis, gonorrhoea
and chlamydia; syndromically diagnosed genital sores
and genital discharge. There was high correlation
between the laboratory-diagnosed and syndromically
diagnosed STIs. HIV infection was excluded when
formulating the outcome because it is non-recurrent
and has been analysed elsewhere [7].

Parameter estimation and interpretation

It is the variability of the population of sexual part-
nerships that is of interest and not just the individual
member of the sexual partnership. This variability is
best modelled as a random effect rather than a fixed
effect [16, 17]. The random effect refers to an under-
lying unobserved random variable shared by members
of the same sexual partnership, which introduces
correlation within a sexual partnership. The random
effect variable is assumed to be normally distributed
with mean 0, and unknown variance (¢?). However,
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any continuous symmetric unimodal distribution can
be assumed for the random effect variable. The series
of binary indicators of STI status over time is
represented by a binomial distribution [18]. The ex-
pectation-maximization (EM) algorithm [19] is used
to estimate parameters since unobservable random
effects can be viewed as incomplete data [16, 17, 20].
The EM algorithm finds the maximum of the ob-
served data likelihood by alternating between finding
the expectation of the unobserved part of the data
(random effect), given the observed data (E-step), and
maximizing the complete data likelihood as if the
unobserved data were actually observed (M-step) [21].
In this approach, estimation amounts to iteratively
fitting a weighted logistic regression model with the
weights depending on estimated parameters [16].

The exponent of the coefficient of fixed effects is
interpreted as the odds ratio (OR). The estimate of o®
represents the degree of variability (heterogeneity)
across sexual partnerships in the propensity for an
STI not attributable to measured variables [20, 22]. A
large estimate of ¢? implies a high degree of hetero-
geneity between sexual partnerships thus indicating
high correlation (p) between members of the same
sexual partnership. Manda [17] presents formulae
translating estimates of heterogeneity into corre-
lation. A P value of <5% was considered significant.
We report 95 % confidence intervals (CIs).

Ethical approval

The human subjects committees of Johns Hopkins
University School of Hygiene and Public Health and
the University of Natal, Durban approved the study.

RESULTS
Descriptive analysis

The analysis focuses on 553 men and women aged
between 18 and 69 years. The proportion of males
(56 %) was slightly higher than that of females (45 %).
Only 17% of sexual partners of migrant men could
not be recruited; in these cases migrant men either
provided incorrect information about their partners
or their identified partners refused to participate. Out
of 553 participants migrant men constituted 35 %,
partners of migrant men (19%), non-migrant men
(22%) and partners of non-migrant men (24 %).
Migrant men and their partners were on average
younger than non-migrant men and their partners.
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Women were generally younger than their partners
with average age difference of 3-4 years.

Table 1 presents the baseline distribution of poss-
ible determinants of STI and baseline prevalence of
STI. Migrant men were at higher risk of having at
least one STI compared to any other migratory cate-
gory at baseline. The baseline risk of STT is also high
among those who were never married. Having two or
more recent sexual contacts or being infected with
HIV are associated with an increased risk of STI at
baseline.

Table 2 presents the composition of sexual
partnerships and prevalence of STI at each visit. The
prevalence of STI is highest among partnerships of
size four (30-0%) followed by men whose partners
were not recruited (29:0%). There are small propor-
tions of sexual partnerships of size greater than three
to make valid comparisons. The risk varies consider-
ably between sexual partnership sizes over time (Table
2). This indicates the importance of considering the
sexual partnership random effect in this analysis. The
proportion infected with at least one STI from
baseline to the final visit was 27-4, 15-9, 116 and 13-6
respectively. Twenty-two people were diagnosed with
the same STI in two consecutive visits, with 4-5%
co-infected with both active syphilis and gonorrhoea.
Out of five people re-infected with an STI, three
were re-infected with active syphilis and two with
gonorrhoea. No one was re-infected with chlamydia.
Re-infection is considered where there is at least one
negative diagnosis of a particular STI between two
positive diagnoses.

Multivariate analysis

Stepwise regression analysis identified migration
status, age at recruitment, marital status, age at first
sexual intercourse, number of recent sexual contact
partners, HIV status at recruitment and visit number
as important independent fixed effects to be included
in the regression model (data not shown). The model
without random effect was fitted first (Table 3).
Results show that migrant men (OR 1-54) and their
partners (OR 1-20) are at higher risk of contracting an
STI compared to partners of non-migrant men. Non-
migrant men were at lesser risk of STI than their
partners (OR 0-91). Sexual partnerships consisting of
a migrant man were at higher risk of infection than
sexual partnerships where a man was a non-migrant
(P=0-031). The risk did not differ significantly
between males and females (P=0-652). Age was


https://doi.org/10.1017/S0950268804003607

424 K. Zuma and others

Table 1. Baseline description of possible determinants of STIs

Baseline prevalence

Variable Total Percentage of STI (%) (95% CI)*
Migration status

Migrant men 195 353 33-9 (27-:3-40-9)

Partners of migrant men 119 21-5 21-0 (14:1-29-4)

Non-migrant men 105 19-0 20-9 (13-6-29-9)

Partners of non-migrant men 134 242 20-2 (13-7-27-9)
Age <35 years

Yes 35 647 23-7 (19-4-28-5)

No 195 353 28-2 (22:0-351)
Never married

Yes 146 26-4 33:6 (25:9-41-8)

No 407 73-6 224 (18-4-26'7)
Age first sexual contact

16 years or younger 174 315 28-2 (21-6-35-5)

More than 16 years 379 68-5 24-0 (19-8-28:6)
Recent sexual contact partners

One or none 427 77-2 22-5 (18:6-267)

Two or more 126 22-8 34-9 (26-7-43-9)
HIV status

Positive 130 235 30-8 (23-0-39-5)

Negative 423 765 236 (19-7-28:0)

* 959% Exact binomial confidence interval.

Table 2. Partnerships and prevalence of STIs at each visit by sexual partnership size

Partnerships Baseline Visit 2 Visit 3 Visit 4
Partnership size N (%) n* (%) n* (%) n* (%) n* (%)
Singlest 140 (42-9) 41 (29-3) 17 (19-5) 6 (12:0) 4(13-8)
Couples 152 (46-6) 72 (23-7) 31 (13-9) 11 (10-5) 10 (15-5)
Man +2 partners 28 (8-6) 21 (25:0) 10 (16-4) 4(87) 3(9-4)
Man + 3 partners 5(1-5) 20 (30-0) 0 (0-0) 0 (0-0) 0 (0-0)
Man +4 partners 1(0-3) 0(0-0) 0(0-0) 0 (0-0) 0 (0-0)
* Number of infected individuals within a sexual partnership.
1 Men whose partners were not recruited.
univariately associated with the risk of STI. However, increases the risk of STI. However, its effects

the effect of age diminished when migration status
was considered. Individuals who had never been
married were at higher risk of STI (OR 1-44,
P=0-039) compared to those who were married or
had ever been married.

Earlier commencement (16 years or younger) of
sexual activity was significantly associated with high
risk of STI (OR 1-43, P=0-023). The risk was sig-
nificantly higher among those who reported recent
sexual contact with at least two partners (OR 2-34,
P=0-003) compared to those who reported no recent
sexual contacts. A larger number of lifetime partners
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completely diminished when the number of recent
sexual contact partners was included in the model.

Presence of HIV is associated with a significantly
increased risk of contracting an STI (OR 1-53,
P=0-012). For every clinical visit attended, the odds
of having at least one STI were reduced by an OR of
0-75. The reduction in the risk of STIs is evidence
for the importance of continuous treatment of STIs,
sexual behavioural education and appropriate health-
seeking behaviour.

The model with random effect presents the results
of the analysis correcting for correlation in the data
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Model without random effects

Model with random effect

Variable OR (95% CI) P value OR (95% CI) P value
Migration status
Migrant men 1-54 (1-00-2-37) 0-049 1-74 (1-08-2-81) 0-023
Partners of migrant men 1-20 (0-76—1-88) 0-438 1-:07 (0-66—1-76) 0-779
Non-migrant men 0-91 (0-55-1-51) 0-711 0-90 (0-52—-1-57) 0-715
Partners of non-migrant men 1 1
Age <35 years
I=Yes, 0=No 116 (0-83-1-64) 0-382 1-21 (0-83-1-76) 0-332
Never married
I=Yes, 0=No 1-44 (1-02-2-:04) 0-039 1-66 (1-12-2-43) 0-012
Age first sexual contact
16 years or younger 143 (1-05-1-94) 0-023 1-62 (1-16-2-27) 0-005
More than 16 years 1 1
Recent sexual contact partners
Two or more 2-:34 (1-:24-4-44) 0-009 2-87 (1-43-5-78) 0-003
One 1-42 (0-79-2-55) 0-239 1-50 (0-80-2-82) 0-206
None 1 1
HIV status
1 =Positive, 0 =Negative 1-53 (1-:09-2-12) 0-012 1-49 (1-03-2-15) 0-033
Visit number
Linear 0-75 (0-65-0-86) <0-001 0-70 (0-59-0-81) <0-001
Sexual partnership
Variance estimate (S error) 1-46 (0-11) <0-001

OR, Odds ratio; CI, confidence interval.

(Table 3). The results indicate that variation across
sexual partnerships has a sizable impact on the risk of
STI. The estimates of fixed effects were slightly mag-
nified in this model, with an exception of HIV status.
The corresponding standard errors were consistently
larger, indicating that parameters are now estimated
with less precision. However, most variables remained
significant and inference remained unchanged.

The notable change in the risk of other STTIs is the
effect of HIV status. In the model without random
effect, the OR of an STI was 1-53 times higher
(P=0-012) among those infected with HIV. The OR
of HIV infection in the model with random effect was
reduced by ~6%. Transmission of HIV in a sexual
partnership is high if at least one partner is infected
with HIV. Therefore, inclusion of sexual partnership
random effect that accounts for unmeasurable
common sexual partnership behaviour is likely to
reduce the magnitude of the effect of HIV. However,
HIV status remained significant (P =0-033).

The estimate of sexual partnership variance is 1-46,
which is considerably greater than zero at the 5%
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level of significance based on the one-sided upper
tail of a normal distribution with a critical value of
1-645 [23]. The estimate indicates a high degree of
variability across sexual partnerships. The variance
estimate implies substantial association between
members of the same sexual partnership with respect
to the risk of STI even after adjusting for other
individual specific covariates in the model. The
corresponding estimated correlation is 0-59.

DISCUSSION

The results of this study show that circular migration
contributes significantly towards the transmission
dynamics of STIs. Contacts between migrant men and
highly sexually active women during migration bring
the epidemic of HIV/STI into local regions, through
their less sexually active rural partners [5]. However,
an ongoing local epidemic of HIV/STI in rural areas
is also responsible for sustaining the epidemic of HIV/
STI [10]. Efficient transport systems between urban
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and rural areas provides adequate conditions for the
formation of linear sexual partnerships that are an
important reservoir for the maintenance of STIs,
particularly gonorrhoea [11].

The risk factors considered in the analysis are
interdependent and thus make it difficult to isolate the
effect of individual factors. Age and marital status are
interrelated in that older people are more likely to be
married than younger people. This phenomenon
overshadows the importance of other variables in the
model. Partnerships involving a migrant man are
more likely to be younger than partnerships involving
a non-migrant man as migrant men are often at their
working age. Certain variables commonly considered
in such analysis, for example education and income,
were not considered either because of collinearity
between variables such as income, job status and
migration status or because there was little variation
in the data for any valid statistical analysis. For
example, all migrant men were recruited at their
workplaces, and therefore all employed whilst few
non-migrant men were employed.

Sexual mixing between older men and younger
women has the potential to introduce infections into
younger women [24]. In our model, age was not a
significant risk factor for STT after adjusting for other
factors. However, it was kept in the model due to its
epidemiological importance. The risk of STI increases
exponentially with an increase in the number of recent
sexual contact partners. This indicates the intensity of
STIs in the presence of multiple partners as confirmed
by stochastic simulation models [25]. The risk associ-
ated with the number of recent sexual contact part-
ners increased in the model with random effect, thus
indicating underestimation of the effects of multiple
partners in the transmission dynamics of STIs in the
model without random effect.

HIV transmission in this society is mainly hetero-
sexual [26]. Therefore, its presence is a good indicator
of the history of risky sexual behaviour. Inclusion of
unobserved random effect variables that account for
sexual partnership specific behaviour is likely to
reduce the magnitude of the effect of HIV. However,
the importance of HIV was not completely removed.
The remaining importance could be that the reduced
immune system response caused by HIV infection
increases the likelihood of acquiring an STI during
unprotected contact with an infected
partner. The most unfavourable scenario is that
people infected with HIV continue to engage in
unprotected sexual contact even though efforts are

sexual
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made to educate them about the importance of
safe sex.

Heterogeneity across sexual partnerships has
important implications for transmission dynamics of
HIV/STI [27]. The main source of heterogeneity in
HIV/STI studies arises from patterns of sexual mixing
and structural composition of sexual partnerships.
Migrant men frequent prostitutes or have sexual
contacts with sexually active women during their
migration periods [4]. The risky behaviour of migrant
men is followed by sexual contacts with their less
sexually active rural partners. Their rural partners
may have other short-term relationships while their
partners are away [5, 24]. If this mixing pattern
occurs, a multiple peaked epidemic of HIV/STI may
occur and the epidemic will spread rapidly through
the small proportion of sexually active men and
women but more slowly through the less sexually
active group of men and women [28].

The estimates obtained in both models are subject
to some reporting bias. It is possible that not all
relationships were divulged to the interviewers.
Societal values play an important role in the forma-
tion of sexual partnerships and their structure. In this
society, extra-marital relationships among women are
not as accepted as they are among men. Thus, women
may underreport their sexual activity whilst men may
overstate theirs. The sampling method used starts
from a random sample of people, thus sexual beha-
vioural aspects are expected to be the same as in the
true sexual partnership formations. However, refusal
to participate or identify sexual partners leads to
underestimation of sexual mixing.

The analysis accounted for correlation in the data.
Ignoring this correlation leads to spurious associa-
tions between STI and some covariates due to
underestimation of variability. In our data, standard
errors of the model that ignore correlation were
underestimated by at most 11% compared to the
model that corrected for correlation. Therefore,
treating each individual as independent gives a false
impression that there is more information in the data
than there really is.

The results have important implications for
epidemiology and control of STIs. Control measures
of STIs should extend further from focusing on high-
risk individuals to considering high-risk sexual
partnerships such as those that involve casual or
multiple partners. This is more imperative for women
who are in disadvantaged positions to negotiate safe
sex or prevent their partners from having extra
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relationships. Partners of people with STI should be
encouraged to be tested and treated in order to stop
the continuing transmission cycle of STIs and further
transmission of HIV within sexual partnerships.
Interventions targeted at local communities will attain
only short-term success in the presence of urban—rural
migration that creates opportunities for re-entry of
STIs. Therefore, interventions should fully incorpor-
ate the effects of migration and sexual partnership
structures in their approaches.

ACKNOWLEDGEMENTS

The authors thank all members of the Migration
Project Team, without whom this project would not
have been possible. The authors also thank Dr
William M. Bolstad for his helpful and constructive
comments. The study was part of the Africa Centre
for Population Studies and Reproductive Health,
South Africa and was supported by the Wellcome
Trust (Grant no. 050517/z/97abc) and South African
Medical Research Council. This publication was
made possible in part through the support of the New
Zealand Overseas Development Assistance, National
Institute of Drug Abuse to the Miriam Hospital
(Grant no. 5 T32 DAI13911), a Fogarty AIDS
Training Grant (Grant no. Two-0321) and a career
development award from the MIH (Grant no. 1 KOI
MHO69113-O1AlI).

REFERENCES

1. Decosas J, Kane F, Anarfi JK, Sodji KD, Wagner HU.
Migration and AIDS. Lancet 1995; 346: 826-828.

2. Hunt CW. Migrant labour and sexually transmitted
disease: AIDS In Africa. J Health Soc Behav 1989; 30:
353-373.

3. Zuma K, Gouws E, Williams B, Lurie M. Risk
factors for HIV infection among women in
Carletonville, South Africa: migration, demography
and sexually transmitted diseases. Int J STD & AIDS
2003; 14: 814-817.

4. Jochelson K, Mothibeli M, Leger JP. Human immuno-
deficiency virus and migrant labor in South Africa.
Int J Health Serv 1991; 21: 157-173.

5. Lurie M, Harrison A, Wilkinson D, Abdool Karim SS.
Circular migration and sexual networking in rural
KwaZulu/Natal: implications for the spread of HIV
and other sexually transmitted diseases. Health Trans
Rev 1997; 7: 15-24.

6. Lurie MN. Migration and AIDS in southern Africa: a
review. S Afr J Sci 2000; 96: 343-347.

https://doi.org/10.1017/50950268804003607 Published online by Cambridge University Press

10.

I1.

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Risk factors of STIs from sexual partners 427

. Lurie MN, Williams BG, Zuma K, et al. The impact of

migration on HIV-1 transmission in South Africa: a
study of migrant and nonmigrant men and their part-
ners. Sex Transm Dis 2003; 30: 149-156.

. Pison G, Le Guenno B, Lagarde E, Enelm C, Seck C.

Seasonal migration: a risk factor for HIV infection in
rural Senegal. J Acq Immun Defic Syndr 1993; 6:
196-200.

. Evian C. The socio-economic determinants of the AIDS

epidemic in South Africa—a cycle of poverty. S Afr
Med J 1993 83: 653-656.

Lurie M, Williams BG, Zuma K, et al. Who infects
whom? HIV-1 concordance and discordance among
migrant and non-migrant couples in South Africa.
AIDS 2003; 17: 2245-2252.

Wylie JL, Jolly AM. Patterns of chlamydia and gon-
orrhea infection in sexual networks in Manitoba,
Canada. Sex Transm Dis 2001 ; 28: 14-24.

Friedman SR, Neaigus A, Jose B, et al. Sociometric risk
networks and risk for HIV infection. Am J Public
Health 1997; 87: 1289-1296.

. John-Arne R, Cameron W, Garnett GP. A systematic

review of epidemiologic interactions between classic
sexually transmitted diseases and HIV: how much
really is known? Sex Transm Dis 2001 ; 28: 579-597.

. Grosskurth H, Mosha F, Todd J, et al. Impact of im-

proved treatment of sexually transmitted diseases on
HIV infection in rural Tanzania: randomised controlled
trial. Lancet 1995; 346: 530-536.

Department of Health, KwaZulu-Natal Province,
South Africa. Syndromic management of STDs.
Durban: Department of Health, Coordinating
Committee, 1985.

Anderson DA, Aitkin M. Variance component models
with binary response: Interviewer variability. J Roy
Statist Soc, Series B 1985; 47: 203-210.

Manda SOM. Unobserved family and community
effects on infant mortality in Malawi. Genus 1998; LIV :
143-164.

McCullagh P, Nelder JA. Generalized linear models.
London: Chapman & Hall, 1989.

Dempster AP, Laird NM, Rubin DB. Maximum
likelihood from incomplete data via the EM algorithm
(with discussion). J Roy Statist Soc, Series B 1977; 39:
1-38.

Im S, Gianola D. Mixed models for Binomial data with
an application to lamb mortality. Applied Statist 1988;
37: 196-204.

McLachlan GJ, Krishnan T. The EM algorithm and
extensions. New York: Wiley, 1997.

Pebley AR, Goldman N, Rodriguez G. Prenatal and
delivery care and childhood immunisation in
Guatemala: do family and community matter?
Demography 1996; 33: 231-247.

Self SG, Liang K. Asymptotic properties of maximum
likelihood estimators and likelihood ratio tests under
nonstandard conditions. J Am Statist Assoc 1987; 82:
605-610.

Gregson S, Nyamukapa CA, Garnett GP, et al. Sexual
mixing patterns and sex-differentials in teenage


https://doi.org/10.1017/S0950268804003607

428

25.

26.

K. Zuma and others

exposure to HIV infection in rural Zimbabwe. Lancet
2002; 359: 1896-1903.

Morris M, Kretzschmar M. Concurrent partnerships
and the spread of HIV. AIDS 1997; 11: 641-648.
O’Farrell N, Windsor I, Becker P. HIV-1 infection
among heterosexual attenders at a sexually transmitted
diseases clinic in Durban. S Afr Med J 1991 80: 17-20.

https://doi.org/10.1017/50950268804003607 Published online by Cambridge University Press

27.

28.

Ghani AC, Swinton J, Garnett GP. The role of sexual
partnership networks in the epidemiology of gonorrhea.
Sex Transm Dis 1997; 24: 45-56.

Anderson RM, May RM, Boily MC, Garnett GP,
Rowley JT. The spread of HIV-1 in Africa: sexual
contact patterns and the predicted demographic impact
of AIDS. Nature 1991; 352: 581-589.


https://doi.org/10.1017/S0950268804003607

