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Abstract
Sub Saharan Africa has the world’s highest prevalence of HIV/AIDS with approximately 1.9 million people infected by the disease in 2007 alone
 and female sex work plays a vital role in this epidemic.  The existing preventive methods, such as male condom usage, VCT, and treatment fail due to the lack of control of the female sex worker who is highly vulnerable to HIV infection.  She is rarely able to negotiate condom use, often forced to endure multiple sex partners, and may be subjected to violent sex. The development of Pre-exposure prophylaxis (PrEP) can help female sex workers protect themselves. With PrEP sex workers not only have the right and privilege to protect themselves against transmission of HIV/AIDS but use them without the consent of their male clients and fear of sexual violence.  While clinical trials thus far have not shown significant results in reducing risk of HIV transmission, the results are still encouraging.  Using PrEPs as Tenofovir and Truvada orally, once a day prior to HIV exposure could potentially reduce risk of infection by up to 74%.   To make the availability of such PrEPs at low costs a reality in this region, sex worker solidarity, adequate research, development, funding and attention are needed to maximize impact and combat HIV/AIDS in Sub-Saharan Africa.  
Introduction

Although cases of HIV/AIDS have been reported in every nation of the world, the disease has affected some countries more than others.  Sub-Saharan Africa alone has the world’s highest prevalence of HIV/AIDS and is challenged with the most demographic impact.  In 2007 alone, approximately 1.9 million people were infected with HIV in Sub-Saharan Africa, which are 67% of the worldwide estimate of infected HIV people as well as 75% of total HIV-related deaths. 
  Additionally, it is documented that a high prevalence of HIV/AIDS exists among female sex workers in various regions of Sub-Saharan Africa-73% in Ethiopia, 40%in Benin, 50% in Ghana as well as South Africa, 27% in Kenya and Djibouti, 31% in Cote d’Ivoire, and 23% in Mali. 

While there are several factors that contribute to the spread of HIV/AIDS in Africa, transmission though sex-work plays a vital role and adds to the burden of the epidemic.  Poverty has also played a significant role in the high prevalence of sex work and HIV/AIDS in Africa.  Poverty has led to the lack of basic resources and dehumanized individuals to a point where issues of self-esteem and morality have become less important.  Prostitution is seen as a way out of poverty for girls and their families, and the brutal cycle of increase in HIV/AIDS is perpetuated.
 

Several other issues have played a role in the rising trends of the epidemic in Africa.    The very nature of sex work increases the percentage of sexual partners of the sex workers as well as their clients when compared to the general population putting both groups at a higher risk of HIV/AIDS transmission.
  The increased mobility of African population is also directly related to sex work.  Heavy truck traffic has served as a major vehicle for transmission of the disease.  Clusters of infected individuals often occur at the ‘rest points’ of truck drivers along major trucking routes.  The virus can quickly spread into the mainstream population through the sex-workers who serve the truckers at these junctions.  As a result, infection rates have grown swiftly among females-both to female sex workers and clients’ wives and girlfriends back home.
  Studies conducted with the help of sex workers in eastern KwaZulu-Natal province of South Africa have shown that 56 percent of truck drivers were HIV-positive.  Of these drivers, it was reported that 34 percent always stopped for sex during their trips and 29 percent of them never utilized a condom with the sex workers.  Moreover, in another truck stop where 320 drivers were surveyed, it was shown that 95 percent were HIV-positive.  All the drivers stated that they traveled to more than three provinces in South Africa and sometimes to neighboring countries.  Seventy percent of the 320 surveyed drivers had wives or girlfriends and only a small percentage utilized a condom with their regular sexual partners, thus perpetuating the spread of HIV.
  

So while economic disparity, power differentials, lack of female autonomy and inadequate good governance contribute to the high incidence of the epidemic in Sub-Saharan Africa, the demand for care for those living with HIV/AIDS is also on the rise. Preventing and curbing HIV is contingent on finding durable approaches to avert new infections and treat individuals who have been exposed and infected.  Consequentially, the use of Pre-exposure Prophylaxis (PrEP) as a preventive mechanism, especially among sex workers in this region can be an effective and acceptable tool to combat the spread of the HIV.  

Virology
Human immunodeficiency virus (HIV) is a retrovirus in humans that causes the gradual failure of the immune system by infecting and destroying primary cells called the helper T or CD 4 cells, macrophages and dendritic cells.  CD4 cells are a vital defense mechanism against illnesses for the human body.  Glycoproteins of HIV first enter macrophages and CD4+T and bind to target cells.  The fusion of the host cell and virus envelope follows and releases the HIV capsid in the cell.  A viral enzyme known as reverse transcriptase then replicates the RNA of HIV into a double-stranded DNA which is then incorporated into the host genome and duplicated along with it.  As a result, the newly produced virus infects and destroys the primary cells and the process is repeated in other CD4 cells until eventual impairment of the immune system.
  Consequently, the person becomes more vulnerable to developing other opportunistic infections such as cancers and pneumonia.  Infected persons can acquire the virus though transfer of semen and vaginal fluid by sexual intercourse, breast milk through breast-feeding and also by blood, most often through sharing needles with someone who’s infected.  While the progression of the infection among individuals varies, eventually, a majority of those who are infected with HIV develop Acquired Immunodeficiency Syndrome (AIDS).  This is the stage when the CD4 cell count falls to critical levels of 200/mm3 and leads to the progressive failure of the immune system and eventually death as a result of opportunistic infections and malignancies.
 Such infections may not be detrimental in people with unimpaired immune systems, but can prove fatal and deadly in those whose immune systems that have been greatly undermined.  Figure 1 demonstrates the replication cycle of HIV.  

                                         
Figure 1: Replication Cycle of HIV

Testing, treatment and access-Sub-Saharan Africa

Although people in Sub-Saharan Africa are familiar with HIV/AIDS, very few actually know their own or their partner’s HIV serostatus.
 Hence, the need for comprehensive and culturally acceptable testing and education programs is pertinent to alter current sexual behaviors to safer practices and recognize relevant health needs.  

Confidential and Voluntary HIV Counseling and Testing (VCT) for prevention, treatment and support access for sex workers and their clients in Sub-Saharan Africa is vital.  However, rates of HIV testing in this region are currently dismal.  For instance, only 10% of the adult population of Zimbabwe has participated in VCT.   Additionally, female sex workers are less prone to utilize VCT if they lack sufficient funds, have high-risk sexual partners, have low condom usage rate, and have inadequate information about HIV/AIDS thereby increasing their physiological susceptibility to the epidemic.  It is found that only 33% of surveyed sex workers along various truck routes in Africa with an average age of 22.8 years and an education level of up to sixth grade knew that they were prone to risk if they had unprotected sex. 
  As the prevalence of HIV is highest in Sub-Saharan Africa, the need for this treatment is tremendous.  Unfortunately, it is noted that in 2005 only 1 in 6 people in the region actually received it.  

For that reason, it is very important to not only rely on treatment of HIV, but to first focus efforts on prevention of the transmission of the deadly virus.  
Proposed Preventive Methods

Preventative mechanisms are very critical to combat the transmission and spread of HIV/AIDS.  Several methods have been proposed in Sub-Saharan Africa to reduce the risk of infection such as increased condom usage and reduction of concurrent partners of sex workers and clients.  However, these proposals have been harder to implement in this region.  Alternatively, the development and use of PrEP could be more acceptable and appropriate for this demographic in Sub-Saharan Africa.  

Male Condoms
The use of male condoms is currently the most highly recommended form of prevention of sexually transmitted infections such as HIV by minimizing the risk of transmission by 85 percent.
  Male latex condoms cover the penis and act as an extremely efficient, impermeable barrier to HIV by preventing the exposure to urethral and vaginal secretions during vaginal intercourse. 
,
 In circumstances of having multiple partners, the consistent and correct usage of condoms is necessary to protect them from the spread of infection; however, condom use in Sub-Saharan Africa is limited.
 This is mainly due to the lack of knowledge on protective values of the condom or the lack of access to it.  However, in cases where condoms were used or even requested by sex workers, it resulted in lower pay, physical abuse and sexual coercion and loss of clients.
 When sex workers comply with having unprotected sex, it usually results in additional pay.  An offer such this is sometimes difficult to refuse especially if the sex worker is in urgent need of additional income.
  While male condom usage may seem to be the most logical and needed intervention to prevent HIV/AIDS transmission, in regions of Sub-Saharan Africa it is difficult to obtain widespread usage.
Reduction in number of sexual Partners

Reduction in the number of sexual partners that a sex worker or a client interacts with can dramatically reduce the incidence of HIV/AIDS.  However, if interventions were to target only the reduction of sexual partners among sex workers, this could lead potential clients to perceive that they are safer or at a lower risk of contracting HIV by pursuing sex workers, hence increasing their frequency of utilizing sex workers.  Consequentially, there would also be a higher probability that infected male clients could transmit HIV to their wives, girlfriends, and other sexual partners thus increasing the spread of the epidemic among populations at lower risk of HIV transmission.
  

Additionally, the desperate need to earn a source of income leads sex workers to pursue as many clients as they possibly can to make more money.  According to Karim et al. sex workers in Durban, South Africa usually worked 3 overnight jobs with several partners and 17 ‘short jobs’ on an average during a 7-day cycle.  Sex workers who had the lowest activity rate earned the least and as result did not gain a consistent clientele who employed them on a regular basis.

While this intervention could be a desirable way to minimize the prevalence of HIV/AIDS in Africa, it potentially results in a reverse effect as individuals face an unpleasant trade-off between the desired number of sexual partners and the likelihood of infection.

Pre-exposure prophylaxis (PrEP)

The use of pre-exposure prophylaxis can be an essential tool to reduce the incidence of HIV and consequently its prevalence as well among sex workers and their clients.  It is a prophylactic treatment for HIV that can be consumed by HIV-negative individuals prior to potential virus exposure.  The PrEP drug, that can be consumed once a day, with or without food
, would be in the individual’s bloodstream before the HIV exposure, hindering the integration of pro-viral DNA into the human host DNA, thus ensuring the prevention of HIV from reproducing in the body or preventing or delaying the development of AIDS. The most recognizable use of such prophylactics is in the form of antiretroviral therapy (ARV) that is used by individuals faced with a higher probability to HIV exposure such as sex workers and their clients.
  Post-exposure prophylaxis (PEP) differs from PrEP in that ARVs are consumed after probable HIV exposure to help reduce the likelihood of infection. ARVs provided to pregnant HIV-positive women and their newborns have reduced the risk of mother-to-child HIV transmission by about 50% as well as the use of ARVs as PEPs has reduced risk by 80% from contaminated needle stick and accidental exposure among health care workers. Additionally, the use of PrEP in macaque monkeys exposed repeatedly to HIV-like virus during animal studies have shown significant protection when administered prior to and after single retroviral exposure showing potential to be effective in humans as well in HIV prevention.  
, 
 

Clinical Trials

The use of pre-exposure prophylaxis with ARVs given to rhesus macaques by mouth or by vaginal gels demonstrated to be highly efficient in protection against Simian Immunodeficiency Virus (SIV) in two particular studies.  In the first study, the monkeys were given oral doses of Truvada, a combination of Tenofovir and Emtricitabine at differing intervals known as intermittent PrEP before and after SIV inoculation once weekly for 3 months.  Five out of six monkeys who were administered one dose of PrEP one to three days prior to exposure to SIV were protected from the virus.  The use of PrEP was most effective in preventing and lowering risk to infection, if administered one to seven days before exposure, when compared to using it immediately before or after exposure.  In the alternative study, vaginal gels that contained either Tenofovir alone or the combination drug were applied thirty minutes prior to twice-weekly exposure to SIV in macaques.  It was found that both single-drug and combination-drug vaginal gel formulations were similarly efficient in protecting against the virus.
  

ARVs have also demonstrated to be efficient in HIV infected individuals by suppressing viral replication.  However, it requires long-term use of the ARVs before exposure to the infection even transpires, to prevent from acquiring HIV or modify the normal course of the infection to decrease infectiousness or improve diagnosis.  As of now, Tenofovir disoproxil fumarate (Tenofovir (TDF) or brand name Viread) and Truvada, taken orally are anti-retrovirals (ARVs) that act as nucleotide reverse transcriptase inhibitors (NRTI) that block the HIV reverse transcriptase enzyme in the human body and increase CD4 count. They have been authorized for use of treatment of HIV infection and have been proven safe for usage among seropositive individuals. 
 However, currently, these drugs are under PrEP clinical trials to test their efficiency and safety of their use among 18,000 sero-negative high-risk populations in Sub-Saharan Africa, Thailand and United States.

So far, one Phase II
 human clinical trial conducted in Ghana, Nigeria and Cameroon involving 936 HIV-negative women to test the efficacy of oral Tenofovir had been completed in March 2006.  The women either received 300 mgs of TDF once daily or a placebo.  Two and six HIV sero-conversions were found in the TDF and placebo group respectively.
  Unfortunately, due to early termination of two study sites and low HIV incidence in the study population, it was incapable of addressing the issue of efficiency. 
 Alternative PrEP trials were also ceased or restrained from proceeding in Cambodia and Malawi due to violations in standard of ethics that resulted in apprehension from the community and human rights activists.  A trial conducted among sex workers to study the use of Tenofovir as PrEP in August 2004 was also stopped due to concerns of inadequate post-study care and prevention counseling for the participants.
  However, three additional trials are set to begin in 2009 to examine the efficacy and safety of Tenofovir, Viread and oral Truvada in high-risk women and discordant couples and with findings of current trials expected in early 2010. Table 1
 lists the PrEP trials in progress.  
In the case that these trials exhibit efficiency, safety and a possibility to become a public health benefit it is projected that there could be a decline in cumulative HIV infections by up to 74% in 10 years when the product is 90% effectual and administered to at least 75% of the general population.
  These projections are encouraging and will undeniably decrease HIV incidence among sex workers significantly. Development of PrEP can help female sex workers protect themselves. With PrEP, sex workers not only have the right and privilege to protect themselves against transmission of HIV/AIDS but use them without the consent of their male clients and fear of sexual violence.  
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Table 1: Antiretroviral Pre-exposure Prophylaxis Trials Currently Underway

Limitations

In addition to desired effects of PrEP, several challenges currently exist.  
Side effects

Mild to moderate severity side effects of nauseas, diarrhea, and asthenia have been documented in the use of Tenofovir and Emtricitabine.  Although, tenofovir has the potential to reduce bone density, worsen existing renal impairment, Fanconi's syndrome resulting in severe hypophosphataemia, and lactic acidosis, less than 1% of HIV patients participating in clinical trials using tenofovir claimed to have had these adverse drug related side effects.  However, the concern is that while these drugs produce mild to moderate side effects in most cases and may be tolerated for therapeutic reasons, the medication could have adverse effects on healthy asymptomatic individuals who might use them as a PrEP treatment and have the potential to compromise adherence.  The need for continual drug safety surveillance is necessary to reduce harmful and unfavorable side effects to particularly benefit high-risk HIV-negative groups of sex workers and their clients.
 

Behavioral Changes

False perception of being completely protected from HIV transmission can lead to changes in risky sexual behavior among sex workers as well as their clients.  Since the use of PrEP is meant to minimize the risk of infection, sex workers and clients might be prone to increasing the rate that they have unprotected sex with all sexual partners involved, thus increasing their chances of contracting HIV and other sexually transmitted diseases such as gonorrhea, herpes and hepatitis.
  Another concern is condom migration, which is the possibility of individuals stopping the use or negotiation of condoms all together.  Such risky behavior can be counterproductive and enhance rather than suppress the spread of HIV.  However, while condom usage and negotiation in Sub-Saharan Africa is a challenge in itself, the use of PrEP as the only preventive mechanism still helps to reduce HIV transmission and incidence.  It is estimated that with a 50% drop in condom usage among PrEP users consuming an 80% effective drug; condom migration would have negligible effect on prevention of HIV transmission.
   Figure 2 demonstrates the effect of various PrEP scenarios and condom usage on HIV prevalence while Table 2 demonstrates the impact of the PrEP scenarios in Botswana, Nyanza and Southern India among sex workers.
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Figure 2: Effect of different PrEP scenarios and condom use on HIV prevalence.
A: Botswana, B: Nyanza province, Kenya. ‘PrEP low’ means 25% coverage and 50% effectiveness; ‘PrEP high’ means 75% coverage and 90% effectiveness; ‘Only CSW’ means target group is sex workers; ‘CSW&client’ means target group is sex workers and clients.
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Table 2: Impact of different PrEP scenarios in Botswana, Nyanza and Southern India.
Additionally, the phase II trial in Ghana showed that risky sexual behavior did not rise when women received HIV risk reduction counseling, and treatment for other sexually transmitted infections once monthly. 
 
Adherence

In order for PrEP to be successful, long-term adherence is imperative.   Inadequate adherence might lead to suboptimal protection against HIV as well as possible impact on drug resistance.  Even as clinical trials achieve high endurance at the moment, it is necessary to bring about adequate attention to practical adherence support among sex workers and high-risk population in the future.
 Even if condom migration occurs, healthy and un-infected sex workers have to remember to adhere to the required daily dosage of the PrEP. However, since PrEPs can be taken before sexual intercourse and will not require male client consent, sex workers might be more motivated to adhere to PrEPs especially if the drugs are found to be highly effective in preventing HIV transmission. If this is the case, health practitioners, pharmacists, host governments and support programs of Sub-Saharan Africa have to be ready to expect and efficiently deal with high demand among high-risk HIV groups as sex workers.
  

Resistance
While drug resistance is unlikely to occur in uninfected-HIV individuals, there is a chance that it could develop if a person undergoing a PrEP regimen becomes infected with the virus during ongoing drug intake, especially since the use of PrEP is not 100% effective yet.  In studies of HIV-infected individuals using combination-drug ARVs, a selection of mutation called K65R was detected in 3.2% of the participants over 96 weeks of follow-up.  A phase I Tenofovir monotherapy study showed no drug resistance mutations development with treatment up to 28 days, and no TDF-related mutations occurred in one seroconverter in the tenofovir arm in the Ghana Phase II trial.
  However, three women at baseline who used Tenofovir at enrolment were found to have low-level TDF resistance mutations of M41L, L210M and T215I/Y in their plasma that remained unchanged after 2 weeks of TDF exposure.  On the other hand, high doses of TDF in macaques with high viral load showed quick development of K65R.  At this point it is unclear if low levels of systemic absorption of PrEPs are essential to prevent HIV transmission or if prolonged phases of exposure to PrEPs results in the development of resistance mutations.  While, Truvada showed lower risk of resistance because of the combination of drugs, it is nonetheless imperative that future trials closely investigate resistance and systemic absorption of all types of parent drug and metabolites of PrEPs. For this reason, it would be advisable to set aside a separate category for use of PrEPs as a primary prevention mechanism, in the case that they were proven to effective and safe.  
 Additionally, continued and consistent HIV testing of individuals on Pre-exposure Prophylaxis is needed to monitor resistance among individuals who become infected while on PrEP regimens.  
Distribution and Affordability
A concern for the future is its affordability for sex workers since it could be expensive.   Since the feasibility and compliancy of using a condom is relatively low among sex workers’ clients in Sub-Saharan Africa, the demand of PrEPs among this demographic could potentially be high, considering their personal desire to take precautions in HIV transmission.  According to UNAIDS estimates, universal access for ARVs as PrEPs roughly costs US$54 billion annually to individuals in need in low-income countries as in Sub-Saharan Africa by 2015.  Further, Gilead, the manufacturer of Tenofovir and Truvada, charges developing countries $17 and $26 for each drug respectively per month.
 Considering high treatment costs in Sub-Saharan Africa, and minimal financial capabilities of sex workers, it is necessary to lower costs of PrEPs to make it a more viable and accessible preventive method for this demographic.  Additionally, with the U.S government donating nearly $50 billion in the next 5 years and the biggest funder towards AIDs treatment in developing countries, it is necessary that other international private, public and government entities also come together to increase monetary, in-kind, and intellectual contributions to make the development and use of PrEPs successful. Further, PrEP programs might have to set aside funding for HIV testing, renal function evaluation before and after TDF usage and for laboratory screening costs.  To lower part of these costs, incorporating PrEP in existing HIV prevention services could lower part of these costs.  Finally, if PrEPs are found to be effective and safe for manufacturing and distribution, providing them in existing and in new institutions where HIV testing, prevention, treatment, counseling and support programs subsist could prove to be suitable and cost-effective.
 

Education and Awareness

Lastly, the correct and frequent use of PrEP among sex workers who have minimal knowledge of proper sexual practices is vital.  Investment in effective education and advocacy campaigns in family planning clinics, health care settings, brothels, and through media-sources is needed to bring awareness of safer sex practices, prevention of HIV/AIDS transmission and economic and health benefits of reduction of the virus on a regional and global aspect. 
 
Conclusion
Combating the HIV/AIDS epidemic in Sub-Saharan Africa, especially among sex workers and client population is essential. In spite of other preventive methods such as condom usage and the reduction of number of sexual partners, HIV transmission in Sub-Saharan Africa is continuing at a disturbing rate.  Increased condom usage is almost unfeasible in low-resource settings such as Sub-Saharan Africa where sex workers are powerless to condom negotiation, are subjected to sexual coercion and violence and face economic hardships. PrEPs are the most valuable female-controlled preventive measure and the most feasible tool against HIV transmission other than condoms.  
Universal coordination of the Sub-Saharan African governments, local and international aid organizations, pharmaceutical companies and academics is vital reinforcing efforts to find means to develop, manufacture, distribute and promote successful usage of PrEPs among sex workers and clients. Encouragement of safer sexual behavior among sex workers and their sexual partners, such as condom usage, non-violence and mutual respect is also critical.  Committed and comprehensive involvement of sex workers in every phase of development to assessment to implementation of PrEPs is necessary to mobilize their group to use these products on a correct and consistent basis once available.  This bottom-up approach reduces vulnerability and addresses economic and gender issues while allowing empowerment of sex workers to be part of something that improves their livelihood and overall well-being.  Finally, ongoing trials should adhere to ethical guidelines of standard of care in collaboration with host governments and citizens, include long-term assessments and counseling as well as follow-ups to examine PrEP side effects, adherence, resistance and behavioral changes to effectively develop and implement PrEP as prevention mechanism.  
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