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Summary

The Human Immunodeficiency Virus is one of the most serious concerns in
regards to public health, as “approximately 1.2 million people in the U.S. are living
with HIV today”(Content Source: HIV.govDate last updated: March 17) and a high
percentage of them are not even aware of their infection. As HIV falls under the
category of retroviruses, it is incredibly difficult to find a cure to it. Therefore, great
efforts were made towards preventing HIV infections, rather than finding a cure.
Prevention methods include using condoms, regular STD screenings, and medication
as PrEP.

The following research document aims to study the biological, physiological,
and molecular mechanism of Preexposure Prophylaxis, as well as its social,
behavioral, and political considerations. The present paper will look at the issues of
PrEP efficiency under conditions affected by functional circumstances of micro and
macro elements in terms of consumer behavior, alimentation, drug interference, age,
groups of individuals, gender, sex, culture, etc. The outcome of the presented research
will shed a new light on the safeness and effectiveness of this medication, as well as
drug administration, all in an effort to control the HIV epidemic.

The report will be divided in two sections, the first one considering the
molecular biology of the medication, and the second one dealing with social and
behavioral factors.

Introduction

The history of HIV may be seen as a relatively short one, as the epidemic
originated in the early 1980’s. However, “it is widely believed that HIV originated in
Kinshasa, in the Democratic Republic of Congo around 1920 when HIV crossed
species from chimpanzees to humans”(History of HIV and AIDS Overview, 2019).
The pathogenic factor of the immune was unknown at that time when a group of gay
men developed Pneumocystis carinii pneumonia (PCP), and in some cases individual
developed Kaposi’s Sarcoma, a tremendously aggressive type of cancer. Nevertheless,
all symptoms were pointing to a deficiency of the immune system. In 1984, the
National Cancer Institute announced that the cause of AIDS is the retrovirus
HTLV-III, which later was named HTLV-III/LAV to ultimately be named HIV in
1986. Up to this point, global panic installs, governmental reglementations ban
infected individuals from certain countries, including the U.S., and different types of
treatment prove to be absolutely inefficient. It was just in 1995 that the first efficient
treatment was approved by FDA, as the end of the year brings over 10 million new
infections worldwide. The highly active antiretroviral treatment (HAART) brought a
60% to 80% decrease in AIDS related deaths, as the first protease inhibitor is widely
used. “In July 2012, the FDA approved PrEP for HIV-negative people to prevent the
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sexual transmission of HIV”(FDA Approves First Medication to Reduce HIV Risk ,
2012), as roughly 32 million people live with HIV. The approval of PrEP was a major
step forward in combating the epidemic, as it protects against HIV contraction with a
success rate between 92% and 99%.

Despite the fact that PrEP has such a high rate of efficiency, there are still
certain factors and certain behaviors that may decrease its effectiveness. The
medication is still to receive a tremendous amount of attention from researchers,
scientists, behaviorists, and medical organisations, as it is not a medication suitable for
every individual. Unexplored issues remain unresolved, as children, women, and
transgender women do not meet the requirements in order to safely consume PrEP.
Correct administration and closer studies of PrEP may bring the HIV epidemic closer
to an end, or at least keep it under control until a cure is created.

Discussion

Part I-Molecular Considerations

1. What is the Human Immunodeficiency Virus? How does it work?

In order to better understand the function of PrEP against HIV we will take a
look at the structure and function of HIV, pointing out why it is so difficult to target
the virus, the way it genetically mutates, and how it replicates. HIV is a small simple
retrovirus that encases its viral proteins and two strains of identical RNA in a lipid
envelope. The viral RNA only codes a dozen proteins, in opposition to 20,000 proteins
coded by human DNA. The viral envelope is studded with glycoproteins and markers
that help attach to the host cell. More exactly, HIV uses the gp120 protein to bind to
the CD4 receptor and a coreceptor in order to fuse with the host cell, usually T cells
and macrophages. T cells and macrophages are essential immune cells that help fight
infections in the body. Once inside the host cell, the viral RNA and the enzyme
reverse transcriptase reverse transcribe the RNA to viral DNA. Followed by this
event, the DNA is transported into the host cell’s nucleus and randomly integrated in
its DNA, hijacking the cell’s protein producing mechanism. This is the only known
process to contradict the Central Dogma of Biology (DNA to RNA to protein),
creating the mechanism of RNA to DNA to protein. After the viral DNA is integrated,
the cells continue to replicate, also manufacturing proteins required for viral
replication. Since the normal DNA and the viral DNA appear under the same
structure, the cell regulation factors fail to identify the foreign element by not
triggering apoptosis. Image 1 summarises HIV’s replication mechanism.
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Image 1

(Life Cycle: NIH)

As a result, HIV destroys the host cell after its replication, compromising the
immune system and making it susceptible to opportunistic infections that a healthy
individual would normally be able to fight.

The life cycle of HIV can be summarised in the following steps:
1. Binding
2. Fusion
3. Reverse transcription
4. Integration
5. Replication
6. Assembly
7. Budding

1.2. What makes HIV so difficult to fight?

The efforts made to combat this type of virus are tremendous, but the results
are often not promising, as HIV has an enormous rate of mutation; therefore, it can’t
be targeted with an universal tool or medication. “Within an individual, the virus can
change over time and in different locations within the body. Between individuaIs,
strains can vary by around 10% of their total sequence and by as much as 40% of
amino acid sequences in gp120. This has led to the classification of global HIV-I
strains into 11 subtypes (A-J and O), also called clades”(Cowley, 2001). The
tremendous genetic mutation of the gp120 protein points to the fact that the immune
response will always be a step behind, being unable to manufacture corresponding
antibodies in a suitable time. Moreover, a vaccine targets only a specific genetic
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dimension of a pathogen, as it fails to do so with HIV’s high rate mutations.

2. How does PrEP work? How does it protect against HIV contraction?

2.1. Active Substances Found in PrEP

Now that we have a clear understanding of how HIV behaves and its
mechanism, we can easily comprehend the mechanism of PrEP.

Preexposure Prophylaxis is derived from the actual treatment of HIV, which
consists of three or more substances that accomplish different goals in interrupting
HIV’s life cycle. These substances fall under different categories and can be used in
different combinations. This type of drug administration is known as antiretroviral
therapy (ART). Some of these substances include Nucleotide/Nucleoside Reverse
Transcriptase Inhibitors (NRTI) as emtricitabine (FTC) and tenofovir disoproxil
fumarate (TDF), Non Nucleotide Reverse Transcriptase Inhibitors, Protease inhibitors,
Integrase inhibitors, etc. For this study we will concentrate on the active substances
found in Preexposure Prophylaxis which are emtricitabine (FTC) and tenofovir
disoproxil fumarate (TDF), both falling under the category of nucleoside reverse
transcriptase inhibitors (NRTI).

2.2. What are Nucleotide Reverse Transcriptase Inhibitors? How do they work?

As mentioned in section 1, once integrated in the host cell, HIV must
accomplish a set of steps in order to multiply. One of these steps is called reverse
transcription, in which the enzyme reverse transcriptase (not found in human cells, but
inside the viral package) transcribes the viral RNA into viral DNA by gathering
nucleosides in a chain. Nucleosides are the basic blocks that build DNA and are found
in the host cell. “NRTIs act as nucleoside mimics that stop the DNA-building process.
NRTIs look like normal nucleosides, except they’re missing a special chemical group
on one side. Without this group, the reverse transcriptase enzyme is unable to attach
more nucleosides to the chain after them”(Editorial Team October 14). By interrupting
this mechanism, HIV is not able to build its own DNA and fails to replicate. Image 2
summarises the inhibition process used by NRTIs.
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Image 2

(by Genericforce and Genericforce)

2.3. Who can take PrEP? What conditions must be met to be eligible for PrEP?

Despite the fact that PrEP is suitable for the majority of people, certain
conditions might put a restraint on drug use. PrEP “is not for use in people assigned
female at birth who are at risk of getting HIV from vaginal sex, because its
effectiveness has not been studied. [Individuals] must be HIV-negative before and
while taking [...] PrEP”(Learn about DESCOVY, n.d.), and PrEP is not recommended
for individuals that weigh less than 30 pounds.

Side effects of PrEP are rare and usually disappear within a week of
administration:

1. Worsening of Hepatitis B infection (serious side effect)
2. Creating HIV drug resistance
3. Kidney problems and kidney failure
4. Lactic acidosis
5. Severe liver issues
6. Diarrhea
7. Nausea
8. Headache
9. Fatigue
10. Stomach pain
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2.4. Drug interaction and transgender women

The effects of PrEP on the transgender women community expands beiond the

biological dimension and brings into discussion matters of recreational drug use,
hormone therapy influence, discrimination, transphobia, etc. “Inclusion of transgender
women has been limited, underscoring an urgent need to focus PrEP research on these
individuals to increase uptake, facilitate access, and ensure safe and effective PrEP
use”(Anderson et al.). Transgender women undergo a series of continuous chemical
impairments when taking transitional treatment which includes estrogens,
antiandrogens, progestin, and spironolactone, a mineralocorticoid with antiandrogenic
activity. Moreover, transgender women “are more likely to have a sexually transmitted
infection (STI), use cocaine or methamphetamines, and take high doses of female sex
hormones and antiandrogens as feminizing hormone therapy (FHT), all of which may
impact pharmacokinetic–pharmacodynamic relationships”(Cottrell et al.) Given the
chemical impairments and drug effects on the body, an adequate distribution to genital
and lymph tissues takes place in the body, including other possible disequilibriums as
“cellular uptake by target cells, phosphorylation and accumulation to effective
intracellular TFV-DP/emtricitabine triphosphate (FTC-TP) concentrations, successful
competition against endogenous deoxynucleoside triphosphates (dNTPs) for reverse
transcriptase, potential immune contributions, followed by pharmacologic
effect”(Anderson et al.).

Several important scientific gaps are identified in terms of transgender women
and PrEP efficiency, including effects on renal clearances, intracellular emtricitabine
and tenofovir reabsorption, and hormone repercussions on HIV susceptibility. Further
scientific research must be continued on this matter, for instance using quantitative
systems pharmacology models.

Part II-Behavioral and Social Considerations

Apart from the molecular and biological considerations, as any other
medication, PrEP efficiency is greatly altered by consumer behavior. Since HIV is a
sexually transmitted infection, the type, timing, and degree of protection of the sexual
act might conflict with Preexposure Prophylaxis and its ability to counterrecept HIV
contraction.

HIV infection sites are numerous and include, universally, segments as small
fissures that allow access to peripheral blood, vaginal intercourse, oral intercourse,
anal intercourse, and reused infected needles when drugs are injected. In this section
we will take a closer look at each of these possibilities, as well as at behaviors that
include consumer consciousness resulting in higher STD infections.
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1. Vaginal Exposure to HIV

The female reproductive tract represents the active site of infection with HIV in
most HIV infections in women. The cavity naturally secrets a thick muscosa that
facilitates reproduction functions, but also protects against pathogens by creating an
immune barrier between the vaginal cavity and the circulatory system. The vaginal
mucosa is rich in Immunoglobulin A (IgA), which “is the first line of defence in the
resistance against infection, via inhibiting bacterial and viral adhesion to epithelial
cells and by neutralisation of bacterial toxins and virus, both extra- and
intracellularly”(Curran). Studies have shown increased levels of HIV-neutralizing IgA
from cervicovaginal secretions associated with oral use of PrEP. Specifically, immune
memory is closely related to artificial cellular stimulus by active antiretroviral
substances found in PrEP that shut down the initiation of viral replication. “Using a
cutoff of ≥90% HIV-1 neutralization, 19% of women on-PrEP had HIV-1-neutralizing
IgA compared to 0% of women on placebo (P = 0.09)”(Lund et al.). The results of
these studies sustain the efficiency of PrEP in lowering the infection levels from
vaginal intercourse. Image 3 summarizes results from the following clinical trials:
“Antiretroviral prophylaxis for HIV prevention in heterosexual men and women,”
“Antiretroviral prophylaxis for HIV infection in injecting drug users in Bangkok,
Thailand (the Bangkok Tenofovir Study): a randomised, double-blind,
placebo-controlled phase 3 trial,” and “Preexposure chemoprophylaxis for HIV
prevention in men who have sex with men, Antiretroviral preexposure prophylaxis for
heterosexual HIV transmission in Botswana.”

Image 3

2. Oral Exposure to HIV

Even though oral sexual practices are the most common throughout the
majority of the population, the infection rate of HIV through this site is the least
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studied because it is difficult to gather data from oral intercourse only, as most of the
individuals are engaging in other types of sexual behavior as well. Therefore, isolation
of incidence is almost nonexistent in studies. However, acquiring HIV through the
oral cavity is the least common compared to vaginal and anal intercourse because
saliva is rich in enzymes that deconstruct the virus. Moreover, there are very few types
of cells found in the oral cavity that HIV can bind to. Nevertheless, HIV transmission
through this site is still possible and is the most neglected among individuals, mostly
in men that have sex with men (MSM) and transgender women, that are less likely to
use protection. “The risk increases with frequency of activity, the presence of oral
ulcers, oropharyngeal inflammation, or sexually transmitted infections in the
oropharynx”(de Lastours et al.). In order for PrEP to be effective in protecting against
HIV through oral intercourse, the antiretroviral must be taken orally, and the
individual must have high saliva and plasma levels. Unfortunately, yet another
impediment in establishing PrEP efficiency in this case is represented by the lack of
studies of tenofovir and emtricitabine penetration of saliva. One of the most relevant
studies conducted on this subject was developed by the Paris Saint-Louis Institutional
Review Board, in which HIV infected individuals were administered a combination of
245 mg TDF daily and/or 200 mg FTC daily for at least 3 months. The saliva of each
individual was studied and the “assay was linear over the range of 0.25 (LLOQ) to 50
ng/ml for TFV and 2 (LLOQ) to 2,000 ng/ml for FTC. A P value of 0.05 was
considered significant”(de Lastours et al.). The results indicate that PrEP offers
protection in plasma as well as in saliva; therefore, making oral practices considerably
safer. However, physiological differences among individuals might alter in terms of
saliva concentration; therefore, not protecting against HIV at a high rate. These
considerations must be analysed and assigned great importance when starting PrEP
therapy. As of current time, these aspects are not discussed with patients. Image 4
summarizes the saliva-plasma concentrations of PrEP.

Image 4
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3. Anorectal Exposure to HIV

Anal intercourse is the most common aquisition site of HIV because of the
sensitive nature of the epithelial tissue found in the intestines. Even microscopic
ulcerations of the intestines facilitate access to the circulatory system and, therefore,
facilitate HIV infection. The incidence of infection at this site is also enhanced by
frequent sexual practices among men that have sex with men (MSM). In anal
intercourse (AI), “PrEP is extremely effective at reducing HIV acquisition;
randomized controlled trials indicate that once-daily oral PrEP can reduce the
likelihood of acquisition by more than 90%”(Newcomb et al.). The real issue with AI
and PrEP is that they raise the risk compensation, as in most of the sexual behaviors,
but it appears to be the most pronounced in AI.

4. Drug Injection and Shared Needles HIV Infections

The use of recreational drugs is an enormous issue in the present and it affects
the effectiveness of PrEP in multiple manners. Again, there are only a few studies that
concentrated on HIV prevention and PrEP in the area of injection drug users (IDU).
The risk factor in this behavior comes first from the presence of HIV on shared
needles and second from the pharmaceutical interactions of the drugs that alter
pharmacokinetics. The study that concentrates on this type of infections reports that
“1506 (63%) participants reported they had injected drugs and 435 (18%) had shared
needles during the 3 months before enrollment. Among those who injected, 801 (53%)
injected methamphetamine, 558 (37%) midazolam, 526 (35%) heroin, 124 (8%) other
sedative-hypnotics, and 55 (4%) other drugs. A substantial proportion of those who
injected drugs reported injecting more than one drug: 203 (14%) injected
methamphetamine and midazolam, 186 (12%) methamphetamine and heroin, 184
(12%) heroin and midazolam, and 69 (5%) heroin, methamphetamine, and
midazolam”(Martin et al.). We notice that there is a very wide range of drugs injected
from which most have tremendous secondary and tertiary effects on proper PrEP
function; therefore, making the medication considerably less effective and leading to
severe health complications and high susceptibility to HIV infection.

5. Risk Compensation and PrEP

Once the effectiveness of PrEP was established at a HIV prevention rate of
90%, researchers noticed a relaxation among the users of the medication, relaxation
that led to reduced condom use, increase in other sexually transmitted diseases, and
engagement in more risky sexual behavior. “People with optimistic beliefs about
avoiding HIV because of treatment have been found to be nearly twice as likely to
report condomless sex as are their more skeptical peers, regardless of their HIV
status”(Holt and Murphy). The study conducted by Iniciativa Profilaxis Preexposicion
or Prexposure Prophylaxis Initiative revealed dramatic reports in condomless sex with
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increases from 20% to 25%. Image 5 shows statistical analysis of condom use before
and after use of PrEP.

Image 5

(Statistical analysis of condom use before and after use of PrEP, Holt and Murphy)

Even though the problem of risk compensation appears to be one of community
consciousness, the study of the issue revealed “a very high incidence of STIs in this
sample, particularly rectal gonorrhea and chlamydia. The factors shown to be
independently associated with the presence of an STI on multivariate analysis were
age below 30 years and over 10 sexual partners/month”(Ayerdi Aguirrebengoa et al.).
Image 6 summarizes the attitudes on a community level and people’s perceptions of
PrEP protection against HIV.

Image 6
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(Examples of measures of HIV prevention optimism related to PrEP, Holt and

Murphy)

Conclusion and Recommendations

It is absolutely obvious that Preexposure Prophylaxis changed the views and
dynamics of HIV infection tremendously. There is no question that PrEP is a reliable,
safe, and effective medication that proves to be the most powerful tool of controlling
HIV infections, along with condom use and other resources. Unfortunately, the
previous discussion revealed new issues that have to be studied when it comes to
PrEP. Tissue absorbance differs enormously from region to region, from gender to
gender, and ultimately from individual to individual. However, despite the fact that we
have an exhaustive comprehension in terms of molecular mechanism PrEP uses, there
is an important issue in regards to drug interaction and pharmacokinesis, as a
tremendous number of individuals at high risk of HIV contraction persist in using hard
recreational drugs. Yet another light is shed on the social factor of PrEP adherence and
how it is accepted and administered in minorities such as transgender individuals, and
people that exhibit irrational levels of optimism when consuming antiretroviral
medication. There is an entire sphere of social studies that must adopt a different
approach in terms of PrEP awareness, how it works, the degree to which it prevents
HIV contraction etc. Medical doctors must work together with researchers and social
scientists in order to bring a safe and effective PrEP that exploits its maximum
potential and that will ultimately pose a significant tool of reducing HIV infections.
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