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Abstract. Until 2016, the population living with HIV is 36.7 million. Though WHO set the goal to end
HIV/AIDS, it is very challenging to stop HIV acquisition in 12 years due to insufficient of medical,
economic, social and legal supports. Men who have sex with men (MSM), transgender people, sex
workers, and drug users are traditionally classified as the key infected population. Recently, HIV
infection in pregnant and breastfeeding women has caused more attention, for HIV hurts two
generations in this case. Pre-exposure prophylaxis (PrEP) has been evaluated to be an efficient tool to
reduce HIV infection among high-risk population. In this paper, we reviewed the most recent progress of
PrEP application in these critical populations who are at substantial risk of HIV acquisition. We also
discussed challenges and solution for better prevention of HIV/AIDS.
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1 Introduction

As one of the biggest public health challenges in the 21st century, human immunodeficiency virus (HIV) or
acquired immune deficiency syndrome (AIDS) has caused the death of about 35 million people globally
until 2016. Around 36.7 million people were still living with HIV at the end of 2016[1].Each year, there are
many newly infected cases. There are four types of typical key population at increased risk of HIV infection:
(1) men who have sex with men (MSM), including gay men and prisoners, (2) transgender people, (3) sex
workers, and (4) drug users (see Table 1 and Figure 1). Another untypical group of people at high risk are
pregnant or breast-feeding women. Distribution of HIV infection is related to the geography. As shown in
Table 1, in Asia and Pacific, MSM, sex workers and rest of population are the major infected groups, about
80% of the whole population. In eastern, southern, western and central Africa, the rest of population is the
dominating group. In Eastern Europe and central Asia, drug users and sex workers are the two major
groups. In Latin America, Caribbean, Middle East and North Africa, MSM, sex workers and rest of
population are the main infected population. In western and central Europe and North America, MSM and
sex workers are two major populations.

The World Health Organization (WHO) has set the goal to end AIDS by 2030, which is very challenging.
In 2015, about 2.1 million people were newly infected with HIV, which is similar to the 2.2 million
infections in 2010. At the same time, due to the application of antiretroviral treatment, the number of
death dropped from 1.5 million in 2010 to 1.1 million in 2015 ([2]). Accompanying the significant
achievements of antiretroviral therapy, pre-exposure prophylaxis (PrEP) has been recently approved as a
critical prevention choice for people at high risk of HIV infection.
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Table 1. Distribution of new HIV infections among groups in different regions of the word in 2014

Sex People Gay men and Transgender Clients of sex Rest of
workers who inject other men who  people workers and other population
drugs have sex with sexual partners of
men key populations
Asia and Pacific 5% 13% 18% 2% 24% 38%
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Eastern Europe
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and North
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Figure 1. Distribution of new HIV infections among population groups in different region of the world in 2014. Source:
UNAID special analysis, 2016.

PrEP is the preventative strategy for HIV-uninfected people to take HIV medicines, i.e. oral co-formulated
tenofovir disoproxil fumarate-emtricitabine (TDF-FTC), daily to prevent HIV infection ([3-4]). PrEP was
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approved byUS Food and Drug Administration (FDA) in 2012 ([5] and US Public Health Service released
the clinical guideline of PrEP in 2014 ([6]). One year later, PrEP was recommended by WHO as a
preventative option for people who are at substantial risk of HIV infection. “Substantial risk is defined as
HIV incidence greater than three per 100 person-years in the absence of PrEP”.([7]).

In order to achieve the goal of ending AIDS in 12 years, it is crucial to make a public health- and
people-centered approach. The combined efforts are needed from community educators and advocates,
counsellors, leaders, pharmacists, testing providers and PrEP users. Awareness, accessibility, availability,
acceptability and quality of PrEP will directly influence the outcome of HIV prevention in these four
typical key groups and one atypical group of people. We will report the most recent progress of PrEP in
these five subgroups, though there may be overlap among subgroups sometimes.

2 PrEP in MSM

Since its approval in 2012, the low uptake of PrEP has been observed in the MSM community ([8]). First
of all, PrEP is only available in a few countries. Based on surveys among MSM worldwide, awareness and
acceptance of PrEP and factors to influence MSM’s decision are quite different in high-income,
middle-income and low-income countries.

In the USA, a cross-sectional study was performed with 164 people by in-person interview ([9]). Intimacy
motivation was found to influence the willingness to take PrEP, when condomless sex is favored. Age and
education are the two other factors. In another pilot study of 209 participants without any intervention in
the state of Rhode Island has shown that less than half of the HIV-negative people were willing to take
PrEP in 2014, even though there was a high prevalence of condomless sex ([8]). Knowledge of PrEP was
low and interest in knowing more about PrEP through counseling and education was moderate, though
electronic media and brochure was available. One more comprehensive study across USA showed that 1774
people used PrEP between Jan, 2011-March, 2013, with 48% were female ([10]). This low interest and
uptake of PrEP is consistent with other studies done in USA recently ([11]). During the past three decades,
medical providers and advocacy groups have kept saying that condom is the most effective way to prevent
HIV infection. Therefore, they are hesitating to promote PrEP in MSM population. By educating the MSM
community and the general public, uptake of PrEP should be able to increase.

The first study of PrEP in Scotland (UK) showed that both social and psychological barriers are the
major barriers. ([12]).PrEP does not prevent hepatitis C and other sexually transmitted diseases (STD),
which causes doubt about the effectiveness of PrEP. Adherence to PrEP with a daily uptake is
tedious,which is another concern for these participants in Scotland. Later on, another wider survey with
690 participants published in 2016 showed that only 30% of MSM were aware of PrEP and 50% were
willing to use it if available ([13]). Young men between 18-25 years old were more likely to accept PrEP
than the elder generation.

Among studies focusing on low-income and middle-income countries, MSM participants from South
Africa, Uganda, Brazil, Peru, China, India, Kenya, Malaysia, Myanmar, Thailand and Vietnam were
surveyed ([14-15]). In most studies, awareness of PrEP was quite low and the average was 30%. Average
acceptability of PrEP was relatively higher, around 64%. Legal and policy environments play an important
role in PrEP acceptability, due to the limited implementation of PrEP and criminalization of MSM in some
countries.

3 PrEP in Transgender People

Though the population of transgender people is smaller than MSM worldwide, unusual disproportionately
high prevalence of HIV infection was found in transgender women, this marginalized population ([16]). One
meta-analysis in 2013 showed that transgender women had 49 times the odds of getting HIV infection than
all other adults at reproductive age ([17]. One study in San Francisco (USA) showed that infected
transgender women had the lower ART (antiretroviral therapy) coverage among all high-risk groups ([18]).
About 34% transgender women were reported to be HIV positive in Argentina in 2013, who usually had a
history of sex work ([19]). In one survey, about 89% of 337 participants showed the will to take PrEP. In
Thailand, HIV prevalence among transgender women was 11.8%, which is ten times of that in the general
population (1.1%) (]20]). Participants’ risk perception of HIV played a critical role for their willingness to
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accept PrEP, which indicates that education about HIV and PrEP is important for transgender women in
Thailand. Among seven clinical trialson efficacy of PrEP in the world, transgender women only comprised
0.2% of total trial enrollment ([16]).Among transgender youth, only 8.2% were accessible to PrEP
([21])-MostPrEP clinical trials or projects haven’t included transgender women in a meaningful way.

Besides the factors influencing PrEP acceptance in MSM, transgender people encounters more
individual barriers in HIV prevention.They are weak in the games of social, political and economic power
struggles. In Argentina, discrimination by healthcare workers was a strong negative correlate of willingness
to use PrEP. Discrimination, transphobia and violence are the unique barriers for transgender women to
access PrEP.As shown in Figure 2, whether trans patient or medical provider may accept or resist each
other and PrEP is influenced not only by interpersonal stigma and discrimination, but also by structural
and institutional stigma and discrimination. Transgender people usually need to take hormone medicine.
Drug-drug interaction between hormone and PrEP medicines lacks sufficient data, which needs urgent
biomedical and pharmacological studies. Combined efforts are needed to help transgender people get better
accessibility to PrEP.
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Figure 2. management of stigma/uncertainty in the relations of trans patient and medical provider.

Source: Poteat, T., German, D., Kerrigan, D. (2013) “Managing uncertainty: a grounded theory of stigma in
transgender health care encounters” Soc Sci Med., 84, 22-29. doi: 10.1016/j.socscimed.2013.02.019.

4 PrEP in Sex Workers

Sex workers may be female, male and transgender. Since transgender population has been discussed in the
last section and some male sex workers are MSM, this section will focus on female workers. HIV acquisition
is disproportionately high among female sex workers, with an overall prevalence of 11.8% in low- and
middle-income countries ([22]). Studies showed that awareness and knowledge of PrEP among sex workers
were low, though the willingness to take PrEP was high ([23]). Studies at South Africa showed that HIV
infection rate was as high as nearly 75% among female sex workers ([24]). Among 692 female participants,
49% were infected. In the HIV-negative group, 93% were eligible for PrEP. 98% of this eligible group took
PrEP, but only 22% stayed with PrEP after 12 months. Though the retention rate was low, none of the
participants adhering to PreP got HIV infection. Violence and discrimination towards to sex workers have
made HIV infection worse ([25]).

5 PrEP in Drug Users

Similar to sex workers, high risk drug users are traditionally underserved of PrEP. Awareness of PrEP
among drugs users are remarkably low, which is in contrast to MSM in North America ([26-28]). One study
of 400 HIV-negative participants in North America showed a low average acceptability of 56.2% due to one
or several factors among cost, dose, efficiency, side-effects, adherence and treatment-setting ([29]). Cost is
the major concern, followed by efficacy and no side-effect. Researchers brought up a method that a
combination of biomedical intervention and behavioral intervention would help cut HIV acquisition more
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efficiently among drug users, since many of them encountered neurocognitive impairments ([30]). Another
recent study showed that enrollment of the sexual and needle-sharing partners of drug users into PrEP can
significantly improve the cost effectiveness of PrEP ([31]).

6 PrEP in Pregnant and Breastfeeding Women

There is an urgent call for advertising and promoting PrEP among regnant and breastfeeding women,
though it is not generally treated as high-risk population ([32]: P). Contrary to other high-risk populations,
pregnant and breastfeeding women were excluded from most PrEP clinical trials, due to the safety concern
for fetuses and infants ([33]). Usually PrEP was discontinued when pregnancy was recognized. However,
women at birth age in sub-Saharan Africa are at substantial risk of HIV based on the WHO reports ([34]:),
therefore there is an emergent call for HIV prevention in pregnant and breastfeeding women, for HIV hurts
two generations in this case.

Recently, several studies in Africa have demonstrated that PrEP is not associated with adverse events
during pregnancy ([32, 35]).

Among a study with 50 mother-infant pairs enrolled, median peak concentration of tenofovir and
emtricitabine were 3.2 ng/mL and 212.5 ng/mL, respectively (([36]). In infant plasma, tenofovir was not
detectable, and the median concentration of emtricitabine was 13.2 ng/mL. The doses of two compounds in
infant’s milk were about <0.01% and 0.5% relative dose compared to 6 mg/kg dose that was proposed for
clinical HIV treatment of infant infection. Therefore, these clinical doses of PrEP haven’t shown safety
concerns. In addition, follow-up study didn’t show serious adverse effects.

Another study in African American group at USA showed that more than 10% of 1637 participants were
at increased risk of HIV acquisition, who were eligible for PrEP ([37]). Less than 30% of these pregnant
women had condom protection during sex. It is unknown how many in or around-pregnancy women are
eligible for PrEP. Besides PrEP, other preventive HIV interventions are also underused during pregnancy.
Based on the Centers for Disease Control (CDC) data, about 468,000 or 0.6% heterosexual women in USA
are eligible for PrEP ([38]).

The consequence of HIV acquisition is a disaster for not only adults, but also for unborn babies and
infants. Given these high stakes, PrEP together with other HIV intervention should be more efficiently
delivered to HIV-negative pregnant women at risk.

7  Challenges and Solutions

Since initial recognition of HIV in 1980s, 39 medicines have been approved by FDA for HIV treatment,
including Nucleoside Reverse Transcriptase Inhibitors (NRTIs), Non-Nucleoside Reverse Transcriptase
Inhibitors (NNRT1Is), Protease Inhibitors (PIs), Fusion Inhibitors, CCR5 Antagonists, Integrase Inhibitors,
Pharmacokinetic Enhancers and Combination HIV Medicines ([39]). Though ART treatment has gained
meaningful progress worldwide, HIV acquisition has only been slightly slowed down. Therefore, effective
prevention is critical and urgent for global human health. Efficacy and safety of PrEP has been evaluated
in multiple populations, which is appropriate for MSM, transgender people, sex workers, drug users and
pregnant /breastfeeding women so far.

However, awareness of PrEP in these key groups is low, especially in transgender, sex worker, drug user
and pregnant/breastfeeding women. Cost, efficacy, side effect are the major factors determining people’s
acceptance. Legal and policy regulation, discrimination from medical workers and society and violence also
plays an important role in implementation of PrEP. As part of the HIV prevent package, PrEP needs to
work together with other preventative methods, including condom use, STT prevention and testing service,
and HIV therapy to achieve the goal ending the AIDS epidemic in 2030.
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