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1 Objectives

The objectives of the current work are to study the role of circular migrations (periodic
movement of individuals between two or more locations [1]) in the transmission dynam-
ics of HIV. While it has been established in the epidemiological literature that human
population mobility is linked to infectious disease dispersal [2], the precise nature of this
connection is not well understood. We use two different types of mathematical models
to understand this connection. The first method will involve classic ordinary differential
equations that build on the classic Susceptible-Infected-Removed (S-I-R) paradigm. We
then compare the results obtained from these models with modern stochastic network-
based models that allow us to more explicitly model the partnership structure and person

to person transmission.

2 Background

According to the UNAIDS 2010 report, in 2009 there were 33 million people all over the
world living with HIV. Of these, about 22.5 million are living in Sub-Saharan Africa [3]. In
particular, South Africa alone has 5.6 million people living with HIV [3]. The prevalence of
HIV in Africa increased from 0.76% in 1990 to 26.5% in 2002 [4].

Of the nine provinces in South Africa, Kwa-Zulu Natal has had the highest HIV preva-
lence (39.5% in 2009) [5]. In this province, migration has historically been an important
part of the local economy [4]. The precise relationship between migration and sexually

transmitted diseases is not well understood [6, 7]; however, there is evidence that human
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migrations potentially play a prominent role in the transmission of sexually transmitted
diseases [1, 8, 9, 10]. South Africa, in particular, has had a history of circular migra-
tions, which involve the movement of individuals between two or more locations [1], often
characterized by return to the same partners.

Besides South Africa, higher prevalence rates among migrants have been observed
in other African countries, notably Uganda, Zimbabwe, Senegal [4, 7, 11], and Kenya
[12]. However, other studies in Zimbabwe [13, 14] have found no link between migra-
tion/mobility and HIV and another study in Tanzania [15] found no significant differences in
the sexual behavior of migrant and non-migrant men [6]. Migration is not a homogeneous
process; when studying migration and its epidemiological implications, it is imperative to
clearly define the pattern of mobility, and the populations at risk [6].

Mathematical modeling can play a useful role in understanding the connection be-
tween migrations and HIV transmission. Circular migrations are also unique on account
of the underlying structure of temporal overlap in partnerships (called “concurrency”) be-
cause even if the migrant laborers have multiple partners, depending on their location,
only the partnerships in that location will be active. Their partnerships in any other lo-
cation, while still existent, will be inactive. It is not intuitively clear how this structure in
partnerships impacts transmission dynamics, and mathematical models can play an im-

portant role in understanding this impact.

3 Methods

We consider a simple system where the population is divided equally between the urban
and the rural locations. The total population consists of an equal proportion of women
and men, and the male population is divided equally between migrants and non-migrant.
As time evolves, the migrant men in the urban and rural areas change their locations;

migrations by women are not considered. We assume only heterosexual contact, and
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migrating men. These assumptions are made to be consistent with the framework of the
underlying epidemiological literature [16, 17].

We consider four states of infection: susceptibility, acute, chronic and late-stage in-
fection. The rural women can only exchange disease with the non-migrant men who live
in that location, and the migrant men who are there. Similarly the men in any location
can only exchange disease with the women in that location. Thus the members of our
population are classified on migration-ability, sex, location, and disease-status.

We treat frequency of migration as our independent variable, and disease prevalence
over time as our outcome. We obtain prevalence as a function of time at different migration
frequencies, and analyze how migrations impact HIV transmission.

We first model this system using ordinary differential equations (ODE) that build on
the classic Susceptible-Infected-Recovered (S-I-R) framework [18]. ODE models assume
random mixing and therefore do not allow explicit modeling of person-to-person trans-
mission. To explicitly person-to-person transmission, and account for temporal overlap in
partnerships, we use network based models.

Recent work in Exponential Random Graph Models (ERGMs) has allowed explicit
modeling of the partnership structure in a population [19]. We know have the ability to
model fully dynamic networks that account for vital demographic processes such as birth,
death and aging [20]. These models are relevant to sexually transmitted infections in gen-
eral, and HIV in particular because the mode of transmission is intimate, and very different

from other common infectious diseases such as flu.

4 Significance

Through this study, we may develop a better understanding of the precise link between
migrations and HIV. One of the major puzzles in HIV research is the reason Sub-Saharan

Africa bears a disproportionate burden of the epidemic [8]. Migrations have been a major
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component of the economic structure in Sub-Saharan Africa, and this project may help
elucidate what role such movement has played in driving the HIV epidemic.

The comparison between classical and ordinary approaches helps clarify if modern
network methods are necessary for understanding HIV transmission in complex systems.

Mathematical modeling has shown that concurrent partnerships can be a major driver
of the HIV epidemic [21, 22, 23]. This argument has been criticized recently, as not
providing a plausible explanation for HIV in Sub-Saharan Africa [24, 25]. Two of the prime
arguments against Morris and Kretzschmar’s work [21, 22, 23] are that they assume daily
sex and a transmission probability that is much higher than the accepted level, even during
the acute phase [25].

The proposed project provides an opportunity to address some of these concerns
regarding concurrency as a driver of the HIV epidemic; the pattern of concurrency with
regard to migrant men is unique because while they may have concurrent partners in the
two locations (rural home area and urban working area), only those partnerships where
they are present will be “active” at any given time. Hence, the assumption of daily sex
with all concurrent partners does not hold true. Moreover, to parametrize the model, we
use accepted infection probabilities from Wawer et al (2005) [26] and Hollingsworth et al
(2008) [27] that provide infectivities during acute, chronic and late-stage HIV.

This work thus addresses both of the critiques mentioned above about some existing
models of concurrency. It thus allows us to understand how the epidemic impact of circular
migrations - which represent a structurally unique but important type of concurrency -
relates to other forms of concurrency, and how the practice of circular migrations can

drive HIV transmission in settings where it is practiced.



PAA 2012 Extended Abstract

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Thomas C. Quinn. Population migration and the spread of types 1 and 2 human
immunodeficiency viruses. Proc. Natl. Acad. Sci., 91:2407 — 2414, March 1994.

Colloquium Paper.

Richard G White. Commentary: What can we make of an association between
human immunodeficiency virus prevalence and population mobility? International

Journal of Epidemiology, 32:753 — 754, 2003.

Joint United Nations Programme on HIV/AIDS (UNAIDS). Global report: UnAIDS
report on the global AIDS epidemic. Retrieved January 29, 2011 from the World

Wide Wed: http://www.unaids.org/globalreport/Global_report.htm, 2010.

Mark N Lurie. The epidemiology of migration and HIV/AIDS in South Africa. Journal
of Ethnic and Migration Studies, 32(4):649 — 666, May 2006.

AVERT. The South African Department of Health Study, 2009. Retrieved January 29,

2011 from the World Wide Web: http://www.avert.org/safricastats.htm, 2009.

K. D. Deane, J. O. Parkhurst, and D. Johnston. Linking migration, mobility and HIV.
Tropical Medicine & International Health, 15(12):1458—-1463, December 2010.

M. Lurie. Migration and AIDS in Southern Africa: a review. South African Journal of

Science, 96:343-347, June 2000.

J. Hargrove. Migration, mines and mores: the HIV epidemic in southern africa. South

African Journal of Science, 104(1-2):53-61, January 2008.

Charles W. Hunt. Migrant labor and sexually transmitted diseases. Journal of Health
and Social Behavior, 30(4):353 — 373, December 1989. Theme: Sociological Studies
of Third World Health and Health Care.



PAA 2012 Extended Abstract

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

K Zuma, E Gouws, B Williams, and M Lurie. Risk factors for HIV infection among
women in carletonville, South Africa: migration, demography and sexually transmit-

ted diseases. International Journal of STD and AIDS, 14:814-817, 2003.

Mark Lurie, Abigail Harrison, David Wilkinson, and Salim Abdool Karim. Circular
migration and sexual networking in KwaZulu/Natal: implications for the spread of
HIV and other sexually transmitted diseases. Health Transition Review, Supplement

3 to Volume 7:17-27, 1997.

Martin Brockerhoff and Ann E. Biddlecom. Migration, behavior and the risk of HIV in
kenya. International Migration Review, 33(4):833—-856, 1999.

M. P. Coffee, G. P. Garnett, M. Mlilo, H. A. C. M. Voeten, S. Chandiwana, and S. Greg-
son. Patterns of movement and risk of HIV infection in rural zimbabwe. Journal of

Infectious Diseases, 191:5159-S167, February 2005.

C. Mundandi, D. Vissers, H. Voeten, D. Habbema, and S. Gregson. No difference
in HIV incidence and sexual behaviour between out-migrants and residents in rural
manicaland, zimbabwe. Tropical Medicine & International Health, 11(5):705-711,

May 20086.

E. Coast. Local understandings of, and responses to, HIV: Rural-urban migrants in

tanzania. Social Science & Medicine, 63(4):1000—-1010, August 2006.

Mark Lurie, Brian G. Williams, Khangleani Zuma, David Mkaya-Mwamburi, Geoff P.
Garnett, Michael D. Swat, Joel Gittelsohn, and Salim Abdool Karim. The impact
of migration on HIV-1 transmission in South Africa. Sexualy Transmitted Diseases,

30(2):149-156, February 2003.

Mark Lurie, Brian G. Williams, Khangleani Zuma, David Mkaya-Mwamburi, Geoff P.
Garnett, Michael D. Swat, Joel Gittelsohn, and Salim Abdool Karim. Who infects



PAA 2012 Extended Abstract

whom? HIV-1 concordance and discordance among migrant and non-migrant cou-

ples in South Africa. AIDS, 17:2245-2252, 2003.

[18] Matthew James Keeling and Pejman Rohani. Modeling infectious diseases in hu-

mans and animals. Princeton University Press, Princeton, 2008.

[19] David R. Hunter, Mark S. Handcock, Carter T. Butts, Steven M. Goodreau, and Mar-
tina Morris. ERGM: A package to fit, simulate and diagnose exponential family mod-

els fro networks. Journal of Statistical Software, 2007 .

[20] Pavel Krivitsky. Statistical Models for Social Network Data and Processes. PhD
thesis, University of Washington, 2009.

[21] Mirjam Kretzschmar and Martina Morris. Measures of concurrency in networks and

the spread of infectious disease. Mathematical Biosciences, 133:165 — 195, 1996.

[22] Martina Morris and Mirjam Kretzschmar. Concurrent partneships and transmission

dynamics in networks. Social Networks, 17:299-318, 1995.

[23] Martina Morris and Mirjam Kretzschmar. Concurrent partnerships in the spread of

HIV. AIDS, 133:165 — 195, 1997.

[24] M. Lurie, S. Rosenthal, and B. Williams. Concurrency driving the African HIV epi-
demics: where is the evidence? Lancet, 374(9699):1420—1420, October 2009.

[25] Larry Sawers and Eileen Stillwaggon. Concurrent sexual partnerships do not explain
the HIV epidemics in Africa: a systematic review of the evidence. Journal of the

International AIDS Society, 13(34), 2010.

[26] Maria J. Wawer, Ronald H. Gray, Nelson K. Sewankambo, David Serwadda, Xi-
anbin Li, Oliver Laeyendecker, Noah Kiwanuka, Godfrey Kigozi, Mohammed Kid-
dugavu, Thomas Lutalo, Fred Nalugoda, Fred Wabwire-Mangen, Mary P. Meehan,

and Thomas C. Quinn. Rates of HIV-1 transmission per coital act, by stage of HIV-1

7



PAA 2012 Extended Abstract

infection, in Rakai, Uganda. Journal of Infectious Diseases, pages 1403—1409, May

2005.

[27] T. D. Hollingsworth, R. M. Anderson, and C. Fraser. HIV-1 transmission, by stage of
infection. Journal Of Infectious Diseases, 198(5):687—693, September 2008.



