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Summary

HIV/AIDS is one of the primary concerns of the Sustainable Development
Goals. It has a high prevalence and causes significant effects for the sufferers.
Several prevention methods against HIV infection have been developed, includ-
ing intravaginal rings loaded with antiretroviral drugs. We aim to inform about
the potential use of an intravaginal ring as pre-exposure prophylaxis.

Relevance

Recently available methods of HIV/AIDS prevention have many pitfalls, espe-
cially in compliance, resulting in inconsistent efficacy. New methods of preven-
tion need to be addressed and intravaginal rings can be used following abundant
evidence stating their efficacy, compliance, and patient preference.

Take Home Messages

Intravaginal rings have the potential to be used as a pre-exposure prophylaxis
against HIV infection.
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DEFINITION OF HIV/AIDS

Human Immunodeficiency Virus/Acquired Immunodeficiency
Syndrome (HIV/AIDS) is one of the key concerns of the Sustain-
able Development Goals (SDGs) published by the United Nations
in 2015. It is listed in the third point, “good health and well-being,”
which deals with various diseases that occur during pregnancy and
are potentially transmitted to children. (1) There are 36.8 million
people affected by HIV infection worldwide, 57% of whom are
women and children. (2) There are about two million new cases
worldwide each year, 47% of which come from women and chil-
dren. (3) Based on these estimates, HIV incidence appears to be far
from the goal of fewer than 500,000 new cases per year, emphasis-
ing the importance of preventive measures. (4)

HIV TRANSMISSION

HIV is a highly contagious virus transmitted via multiple routes.

(5) HIV transmission can take the form of horizontal transmission
(sexual contact with body fluids or parenteral inoculation with in-
fected blood) and vertical routes. (6) Vertical transmission can hap-
pen through three pathways; during pregnancy (transplacental, in
utero), during labour (peripartum), or during the lactation period,
and is responsible for 15-45% of HIV/AIDS cases. (7) Of these, it is
reported that in utero HIV transmission could occur in 11-50% of
all cases without intervention. (8)

AVAILABLE METHODS OF HIV/AIDS PREVENTION AND
THEIR SHORTCOMINGS

The three methods of HIV prevention are pre-exposure prophylax-
is, post-exposure prophylaxis, and early intervention. (9) Pre-expo-
sure prophylaxis involves the use of antiretroviral therapy (ART) in
preparation for the acquisition of HIV infection and aims to affect
the normal course of disease development, reduce morbidity, and/
or minimise contagiousness. (10) Meanwhile, post-exposure proph-
ylaxis refers to the use of short-term (28 days) ART administration
to decrease the risk of HIV acquisition after the exposure (adminis-
tered less than 36-72 hours post-exposure). (11) Early intervention
is the prompt initiation of ART combination and is commonly used
in pregnant mothers. (12) We aim to inform about the potential use
of an intravaginal ring as pre-exposure prophylaxis.

Pre-exposure prophylaxis has featured in the guidelines for HIV
prevention for ten years in the United States (13,14) and was
introduced in the European guidelines, including in the United
Kingdom, in 2021. (15) The most popular method of pre-exposure
prophylaxis is the use of oral antiretroviral drugs. This method has
demonstrated high efficacy in different geographical and sexual
behaviour (including heterosexuals, men who have sex with men
(MSM), and transgender) settings. (16,17) Nevertheless, this strat-
egy has some drawbacks, including potential suboptimal adherence
(<95% per year, as measured by the medication possession ratio
(MPR), the quantity of daily antiretroviral medication doses pro-
vided by the pharmacy to every patient divided by the patient’s total
follow-up period in days since starting ART) (18,19), which is as-
sociated with virological failure, manifested as unfavourable amount

of viral load (20,21). Inadequate drug adherence was associated with
several factors, including perceived stigma, inadequate risk percep-
tion, incompatibility of dosing regimens, and adverse reactions of
the drug. (22) In addition, oral drug administration contributed to
more severe adverse systemic effects and inconsistent effectiveness in

the range of 6%0-49%. (23,24)

Another prevention method is the use of topical gels to protect
against the intravaginal transmission of HIV. The use of this ap-
proach is expected to increase patient comfort for the use of preven-
tive measures (in comparison to daily oral ART intake) in addition
to reduce the risk of HIV infection by about 54%. (25) Nonethe-
less, in its evaluation, based on evidence from Vaginal and Oral
Epidemic Control Interventions (VOICE), the use of these topical
gels along with oral drugs does not provide adequate protection.
(26) Vaginal gel has further been considered ineffective in prevent-
ing HIV-1 infection in the Follow on African Consortium for
Tenofovir Studies (FACTS-001) trial. (27) Moreover, compliance
has been shown to be even lower with this method (up to only 20%
adherence). (28) Repeated use of the gel can also present a risk of
dose-dependent side effects, such as epithelial toxicity.

POTENTIAL USE OF INTRAVAGINAL RINGS AS HIV/AIDS
PROPHYLAXIS
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Figure 1: Intravaginal Rings as Pre-Exposure Prophylaxis.
Image created using BioRender®.
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The intravaginal ring is a female-initiated drug-delivery apparatus
with polyurethane, silicone, ethylene, or vinyl acetate as the major
components. (29) It is an alternative method for preventing HIV/
AIDS transmission, particularly as a pre-exposure prophylaxis
method from sexual intercourse, reducing the risk of vertical and
horizontal transmission of HIV. (30) It can be used for storage and
delivery of ART and may contain a combination of ART drugs,
each with distinct mechanisms of action, reducing drug resistance
risks. (31) The intravaginal ring functions by releasing continu-
ous drug particles into the vaginal canal. The release method is
regulated by a matrix or a reservoir, ensuring a steady rate of drug
expenditure. The potential activity of intravaginal rings as pre-
exposure prophylaxis is depicted in Figure 1.

The intravaginal ring can be modified in size (depending on the
drug’s capacity), material strength, material resistance, and colour.
(32) The selection is geared to the affordability of treatment, access
to health facilities, and other personal factors. In addition, this ap-
proach is also very suitable to be implemented in developing coun-
tries because the price is affordable (i.e., $5/month for Tenofovir
Disproxil Fumarate (TDF) vaginal gel vs. less than $1/ninety days
for TDF intravaginal ring). (33,34)

Drug formulations that may be inserted into intravaginal rings can
include a combination of nucleoside (TDF) or non-nucleoside re-
verse transcriptase inhibitor (dapivirine) and complementary drugs,
including a chemokine type 5 (CCRS5) receptor inhibitor, maravi-
roc. Mechanisms of action include the provision of protein-based
microbicide, the inhibition of HIV interaction with target cells,

the suppression of viral genetic material transcription, inhibition

of cell internalisation, restriction of viral replication, and uptake by
immune cells. (30,36,37) Use of an intravaginal ring can protect
the individual for an extended time (up to 90 days of use), minimise
the requirement for systemic drug use, direct transport of anti-HIV
drugs to the site of virus inoculation, and preserve the level of mi-
crobicide through the continuous release of drugs based on sexual
activity and regular dosage. (37) The benefit of this product is that
it can reduce the risk of vertical transmission to less than 10%. (38)

IMPROVED COMPLIANCE BY INTRAVAGINAL RINGS

Compliance with HIV prophylaxis by use of the intravaginal ring
method is very high (94%), in addition to consumer enjoyment
(100%), and comfort (93%) which led to recommendations for
use by 85-90% of respondents. (29,39) This is due to ease of ap-
plication, as it does not require a dose adjustment after coitus and
only needs to be replaced once every 30-90 days depending on the
amount of drugs given. (40)

PHARMACOLOGICAL AND CLINICAL BENEFIT

Antiretroviral administration by the intravaginal ring can prevent
the occurrence of the first-pass metabolism associated with the low-
er dose required. (41) This method can offer greater protection as it
can improve the half~time of antiretroviral drugs compared to oral
or gel administration, providing a steadier state of drug concentra-
tion. (40,42) Dapivirine-containing intravaginal rings have reduced
the incidence of HIV-1 infection in the mother by up to 56%

to 91% as compared with placebo, thus potentially reducing the
risk of HIV dissemination to the child through vertical transmis-
sion. (30,40). The variability was mainly associated with different
adherence levels of the users and variable drug concentrations in the
vaginal mucosa. (37,43) Efficacy could increase to 71% if the level
of compliance is met (>95% MPR level). (44)

POTENTIAL DRAWBACKS OF INTRAVAGINAL RINGS HIV/
AIDS PRE-EXPOSURE PROPHYLAXIS

Although the intravaginal ring shows a lot of promise for HIV
prophylaxis, some drawbacks still need to be addressed before it can
be extensively used. Examples of the downsides of the intravagi-
nal ring study include differing efficacy in some clinical trials and
the inability to achieve multi-compartmental protection. (45) For
the first and second shortcomings, recent studies are assessing the
mechanism of creating better regimens, either by combination ther-
apy or pharmacokinetic optimization. Proposed antiretroviral drugs
combinations are Vicriviroc (MK-4176)—MK-2048, (46) TDF—
maraviroc, (35) and dapivirine—maraviroc. (26) It is based on the
principle of HIV treatment by using a drug combination of nucleo-
side reverse transcriptase inhibitors (NRTTs) class in conjunction
with a non-nucleoside reverse transcriptase inhibitor (NNRTTI), a
protease inhibitor (PI), a CCR5 receptor inhibitor, or an integrase
strand transfer inhibitor (INSTI) to increase drug potency and
prevent resistance (table 1). (47,48) Meanwhile, awareness of the
inability to provide multi-compartment protection (since HIV has
some different pathways of dissemination, including the mucosa
(cervicovaginal, colorectal) and blood) (49) can be resolved by using
multiple prevention methods, including the proposed intravaginal
ring, HIV vaccination, the use of contraceptives (new intravaginal
ring research combining antiretroviral and contraceptive drugs),
oral antiretroviral drugs, and government initiatives to optimise the
knowledge, attitude, and practice of vulnerable populations. (50,51)
Furthermore, although it is generally considered comfortable for the
user, the acceptability has, in one study, been shown to be as low

as 719%. (29) In addition, a study on intravaginal rings for contra-
ceptive use has found an increase in Candida infection and vaginal
inflammation due to the change of vaginal microbiota composition.
(52) However, this has not been studied yet for intravaginal rings
designed for the use of HIV prophylaxis.

While progress in the implementation of the intravaginal ring

as pre-exposure prophylaxis against HIV infection appears to be
significant, there are some potential issues restricting its worldwide
use. These include no available design rules (including differing
mechanical properties that are still in development), discrepancies
between several clinical trials (in the presentation of efficacy and
acceptability), inadequate understanding of pharmacokinetics, and
risk of infection. (53)
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STATUS OF INTRAVAGINAL RING IMPLEMENTATION FOR
PRE-EXPOSURE PROPHYLAXIS OF HIV/AIDS

The European Medicines Agency (EMA) has approved the use of
a dapivirine-releasing intravaginal ring as of July 2020 (54). This is
based on several clinical trials which are showing good efficacy (al-
though the results differ according to the adherence), acceptability,
and safety. Although the standard for stating the efficacy of preven-
tive measures in HIV transmission is still in debate, a systematic
review and meta-analysis have found the long-acting intravaginal
ring containing dapivirine to be the only significant measure, re-
ducing HIV transmission by 29%, in comparison with other eight
microbicides, including the vaginal gel and the second-generation
microbicides containing direct-acting antiretroviral agents such as
1% tenofovir disoproxil fumarate. (49,55) In addition, the anti-HIV
activity of microbicides was attributed to its potential for promot-
ing inflammatory cytokine release and acidifying vaginal mucosa.
(49,56) EMA recommends the use of a dapivirine vaginal ring to
prevent HIV-1 infection through vaginal transmission, specifically
for women aged 18 years or older, with negative HIV testing and
unavailability or inability to use oral antiretroviral pre-exposure
prophylaxis. (54) Following this approval, the World Health
Organization is preparing a review of the evidence of dapivirine
vaginal ring use. (57)

IMPORTANT POINTS

1. Intravaginal rings can serve as tools for pre-exposure prophylaxis
against HIV infection.

2. Intravaginal ring application for pre-exposure prophylaxis can
give more choice and control for women to protect themselves from
HIV infection.

3, This approach is very fitting to be implemented in numerous
countries due to the nature of sustained drug release by the device
(intravaginal ring) compared to conventional (oral) methods.

4. More research for implementation in each country of destination
is still required, depending on the demographics of the population
concerned.
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APPENDIX Terminology Explanation
Nucleoside A drug that prevents HIV replication by inhibiting HIV reverse
reverse transcriptase (an HIV enzyme that converts RNA into DNA). The
transcriptase NRTI might incorporate with the DNA of the host (T-cell).
inhibitors
(NRTIs)
Non- A drug that inhibits HIV replication by impairing HIV reverse
nucleoside transcriptase (an HIV enzyme that converts RNA into DNA). The
reverse NNRTTI did not enter the host's DNA.
transcriptase
inhibitor
(NNRTI)
Protease A drug that inhibits the activity of protease (an HIV enzyme
inhibitor (PI) responsible for the maturation of HIV)

Integrase strand
transfer

A drug that inhibits integrase (an HIV enzyme that inserts viral DNA
into the host CD4 cells DNA). It is useful for hindering viral

inhibitor replication.

(INSTT)

Chemokine A drug that restricts the CCR5 coreceptor on the surface of certain
type 5 (CCR5) [ immune cells, including CD4 T lymphocytes (CD4 cells). This keeps
receptor HIV from infiltrating the cell.

inhibitor

Table 1: Glossary of Antiretroviral Medication Class.
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