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Transgender and gender-diverse populations 
have unique medical and psychosocial needs. It 
is important that clinicians address these needs 
with a gender-affirming approach in all as-
pects of health care for these populations. 
Given the significant burden of HIV experi-
enced by transgender people, such approaches 
in providing HIV care and prevention are es-
sential both to engage this population in care 
and to work toward ending the HIV epidemic. 
This review presents a framework for practitio-
ners caring for transgender and gender-diverse 
individuals to deliver affirming, respectful 
health care in HIV treatment and prevention 
settings.    

Keywords: transgender health, HIV, HIV pre-
vention, gender-affirming care

Introduction
Gender and sex are complex constructs that have 
garnered considerable attention recently across 
multiple spheres including health care.1 In the 
United States, more than 1.6 million people older 
than 13 years identify as transgender or gender 
nonconforming, representing approximately 0.5% 
of adults and 1.4% of youth.2 This population 
experiences enormous health disparities, particularly 
related to sexual health. Transgender women in the 
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United States have an estimated HIV prevalence 
of 42%3 as well as prevalence rates for bacterial 
sexually transmitted infections (STIs) that are higher 
than those for other populations.4 These disparities 
are worsened by suboptimal engagement in health 
care by transgender people, which itself is driven by 
stigma, discrimination, and limited access to affirm-
ing practitioners.5 The aim of this review is to equip 
clinicians with tools to provide culturally sensitive, 
gender-affirming health care for transgender and 
gender-diverse populations, specifically in the set-
ting of HIV treatment and prevention.

Gender and Sexual Identity Terminology
Although transgender and gender-diverse people 
have always existed, the current shifting cultural 
and political landscape toward recognition and 

support for these individuals underscores the 

Sex refers to the physiologic 
and genetic characteristics  
of an individual, such as  
genitalia, reproductive  
anatomy, and composition of 
X and Y chromosomes; it is 
assigned at birth. Gender, by 
contrast, is a social construct 
defined by the behavioral or 
cultural norms of either men 
or women

im-
portance of health care practitioners having better 
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identity, whereas cisgender individuals experience 
congruence between their sex assigned at birth and 
gender identity. Many individuals do not feel that 
the binary genders of “male” and “female” de-
scribe their identity, so they may identify as another 
gender such as gender nonconforming, or nonbi- 
nary. Table 1 lists common gender identities and 
their characteristics.

Gender-Affirming Health Care
Gender affirmation refers to the process of rec-
ognizing, accepting, and expressing one’s gender 
identity; as applied to health care practitioners, it 
refers to supporting patients in these areas.8 Gender 
affirmation is often conceptualized in 4 domains: 
medical, social, psychologic, and legal.9 Although 
this review focuses largely on the medical domain, 
the other 3 domains are important for clinicians who 
care for gender-diverse people to be familiar with  
so that they can provide comprehensive, gender-
affirming care. 

Methods for socially affirming gender identities 
can include asking about and using the person’s 
chosen name and pronouns during all clinic encoun-
ters. For psychologic and legal gender affirmation, 
clinicians may provide support and refer individuals 
to appropriate resources such as gender-affirming 
mental health clinicians and legal professionals who 
may be able to help with gender-marker (ie, the  
designated gender on an individual’s identifying 
documents such as driver licenses) and name-
change processes, respectively.

An essential component of providing gender- 
affirming medical care is appropriate documen-
tation of all encounters to ensure that costs are 
covered by insurance. At this time, we recommend 
that clinicians document each patient’s experience 
of gender dysphoria, which refers to the distress 
related to having incongruence between gender 
identity and sex assigned at birth and has a specific 
ICD-10 code. Importantly, not all patients seeking 
or receiving gender-affirming therapies experience 
dysphoria related to their gender. However, billing 
these visits using a gender dysphoria code is the 
easiest way to ensure insurance coverage. 

understanding for the needs of these people. Basic 
needs include the correct use of common gender 
identity terms and an appreciation that each gender 
identity has several components. 

Sex refers to the physiologic and genetic char- 
acteristics of an individual, such as genitalia, re- 
productive anatomy, and composition of X and Y 
chromosomes; it is assigned at birth.6 Examples of 
sex include male, female, or intersex.7 Gender, by 
contrast, is a social construct defined by the behav-
ioral or cultural norms of either men or women.6 
Every person, regardless of the sex assigned at 
birth, has a gender identity, which is the individual’s 
internal subjective sense of being a boy or girl, a 
man or woman, or another gender identity.7 Gen-
der expression is the manner in which individuals 
express their gender identity to society in terms of 
physical appearance and clothing.7 Sexual identities 
such as sexual and romantic attractions are distinct 
from gender but similar to gender identity; each 
individual has a personal sexual identity. Notably, 
these concepts exist on a spectrum, and assump-
tions about any of them for an individual should  
be avoided. 

Transgender individuals are those whose sex as-
signed at birth does not align with their gender 

Table 1. Common Gender Identity Terms and Their  
Characteristicsa

Gender identity term Characteristics

Cisgender female or 
woman

Person assigned female sex at birth whose 
gender identity is female or woman

Cisgender male or man Person assigned male sex at birth whose 
gender identity is male or man

Genderqueer Person who does not follow gender identity or 
expression for their sex assigned at birth; they 
may identify as neither, both, or a combination 
of binary genders

Nonbinary Person who does not identify with binary ex-
pectations of being strictly a man or a woman

Transgender Person whose gender identity and sex as-
signed at birth do not correspond

•	� Transgender female or transgender woman 
or male-to-female (MTF)b

•	� Transgender male or transgender man or 
female-to-male (FTM)b

a �The terms included are the most common, but dozens more are used, 
and terminology continually evolves.   

b�Medical model terms (not recommended for use unless an individual 
prefers them).
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Several sets of clinical guidelines are useful for 
practitioners caring for transgender and gender-
diverse people; these include guidelines from the  
Endocrine Society, the World Professional Associa-
tion of Transgender Health, and the University of 
California San Francisco.10–12 All discuss approaches 
to the 2 main components of gender-affirming 
medical care: gender-affirming hormone therapy 
(GAHT) and surgical care.

Gender-Affirming Hormone Therapy

Despite nuanced differences in approach among 
the various guidelines, all share the same basic 

tenets of GAHT, which 
are described in Table 2.  
In general, masculinizing  
hormone therapy con- 
sists of administering ex- 
ogenous testosterone via  
either long-acting in- 
jectable routes (eg, sub- 
cutaneous, intramuscu- 
lar)  or shorter-acting 
topical routes (eg, gels, 
patches). Feminizing hor-
mone therapy involves 
the administration of 
exogenous estrogen as  
well as adjunctive thera-
pies aimed at blocking 
testosterone. Estradiol 
can be administered 
orally, transdermally via  
patches, or injected in- 
tramuscularly or subcu-
taneously. The choice of 
route for these medica-
tions is best determined 
on an individual basis, 
accounting for insurance 
coverage, safety, patient 
preference, and cost. 
Testosterone-blocking 
adjunctive therapies for 
femin iz ing hormone 
regimens include spi-

ronolactone, gonadotropin-releasing hormone 
(GnRH) agonists, and finasteride. 

Monitoring of people receiving GAHT requires 
laboratory testing every 3 months for the first 
year of therapy. The 3 guideline documents differ 
slightly in this aspect but in general agree that prac-
titioners should consider testing for testosterone 
and estradiol levels, electrolyte levels, hematocrit  
values (for people receiving testosterone), lipid 
levels, and liver function. It is also important for 
clinicians to ask patients at these intervals about 
their perceived progress since starting hormone 
therapy, including positive and negative effects 

Table 2. Common Gender-Affirming Hormone Therapy Regimensa

Medication 
class

Route Suggested starting dose 
range 

Suggested maximum 
dose

Feminizing hormone therapy

Estrogens

Oral or sublingual estradiol 2.0 mg daily 8.0 mg daily

Transdermal estradiol patch 0.1 mg daily 0.4 mg daily 

Parenteral estradiol valerate 
   (IM/SQ)

20 mg every 2 weeks 40 mg every 2 weeks

Parenteral estradiol cypionate  
   (IM/SQ)

2 mg every 2 weeks 5 mg every 2 weeks

Antiandrogens

Oral spironolactone 100 mg daily 200 mg twice daily

Oral cyproterone acetateb 10 mg daily same as starting dose

Parenteral GnRH agonists 
   (IM/SQ)

3.75–7.50 mg monthly same as starting dose

Parenteral GnRH agonist  
   depot formulation (IM/SQ)

11.25 mg every 3 months or  
   22.5 mg every 6 months

same as starting dose

Progesterone

Oral micronized progesterone 100 mg daily 200 mg daily

Masculinizing hormone therapy

Parenteral  
testosterone  
enanthate/cypionate (IM/SQ)

50–100 mg weekly or 100–200  
   mg every 2 weeks

same as starting dose 

Parenteral  
testosterone  
undecanoate (IM)

1000 mg every 12 weeks or 750  
   mg every 10 weeks

same as starting dose

Transdermal  
testosterone patches

2.0 mg daily 8.0 mg daily

Testosterone topical gel 1% 50 mg dailyc 100 mg daily

Abbreviations: IM, intramuscular; GnRH, gonadotropin-releasing hormone; SQ, subcutaneous.
a Adapted from Coleman11 and Deutch.12

b Not available in the United States.
c 30 mg = 1 pump.



IAS–USA        Topics in Antiviral Medicine

6

Published March 31, 2023 © IAS–USA�  www.iasusa.org

of medications on their body or mood. Counsel- 
ing to set appropriate expectations for the changes 
they may experience from GAHT is essential. The 
majority of people experience the most dramatic re-
sults within the first 6 months, but treatment can 
take up to 3 years for some individuals to reach de-
sired results. 

Gender-Affirming Procedures and Surgery

Although many individuals desire gender-affirming 
procedures and surgeries, it is important to under-
stand that not all wish to pursue such treatments. 
Early in the patient–clinician relationship, practitio-
ners should assess the individual’s goals for desired 
procedures as well as any previous procedures the  
person may have undergone, whether under the 
supervision of licensed health care practitioners  
or otherwise. In general, data on outcomes for 
various procedures are limited because gender- 
affirming surgery is a growing field; however, avail- 
able studies suggest promising outcomes for patient 
satisfaction and quality of life for transgender indi-
viduals who have undergone these procedures.13,14 
Colloquially, gender-affirming surgeries are grouped 
as “top” surgery (ie, involving the chest or breasts), 
“bottom” surgery (ie, involving the genitourinary 
or reproductive organs), or cosmetic surgery.

Among transgender women, approximately 4%  
to 25% undergo gender-affirming surgical proce- 
dures.15 These procedures include breast augmen-
tation, orchiectomy, chondrolaryngoplasty, facial 
feminization surgery, vaginoplasty, labioplasty, and 
vulvoplasty.11 In recent years, increasing numbers 
of transgender women are undergoing genital sur-
geries,16 likely aided by increases in the number of 
health care practitioners gaining this expertise and 
offering such procedures as well as by changes in in-
surance coverage that make these procedures more 
financially feasible.16 Despite this increased utiliza-
tion, cost remains a substantial barrier preventing 
many transgender people from pursuing desired 
surgical procedures.17,18 

Cosmetic procedures are also utilized by this 
population, including fillers, which are used by an 
estimated 10% to 17% of transgender women. 
Most commonly, loose fillers are injected into the 

breasts, face, hips, and buttocks to achieve a more 
feminine-appearing silhouette. Whereas licensed 
clinicians safely inject substances such as silicone 
and other fillers in many patients, people desiring 
such treatments may seek unlicensed individuals to 
overcome barriers of cost and availability.19 Thus, 
counseling should be given on the potential risks 
of accessing such procedures outside of the health 
care system; risks include potential for acquisition of 
bloodborne pathogens (eg, HIV, viral hepatitis), filler 
migration, inflammation, emboli, disfigurement,  
and death. 

For transgender men, an estimated 25% to 50%  
undergo gender-affirming top surgery, which often  
involves breast reduction or chest reconstruc- 
tion.15 Hysterectomy and bilateral salpingectomy- 
oophorectomy (estimated prevalence, 14%)20 not 
only offer gender-affirmation via removal of repro-
ductive organs, but also may provide dysphoria relief 
by eliminating menstruation or the risk of becoming 
pregnant. Bottom genital surgeries are also avail-
able, although less common (prevalence, 2%–5%), 
including metoidioplasty, phalloplasty, urethro-
plasty, and scrotoplasty.15 However, these genital 
procedures can be complex and require extensive 
surgical expertise and close follow-up. 

HIV in Transgender Populations
In the general US population, the estimated prev- 
alence of HIV is 0.39%, which is significantly 
lower than estimates among transgender women 
and transgender men (42.0% and 3.2%, respec-
tively).5,21 Transgender people of color experience 
the most significant HIV burden, with 51% of trans-
gender women and 58% of transgender men with 
HIV identifying as Black or African American.22 

Significant data demonstrate that transgender 
women with HIV have poorer outcomes across 
the entire HIV care cascade, including lower rates 
of retention in care, use of, as well as adherence 
to, antiretroviral therapy (ART), and viral suppres-
sion.23–27 Data from the Ryan White HIV/AIDS 
Program in 2020 showed that viral suppression 
rates among transgender women were signifi-
cantly lower than those of other populations. For 
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example, 89.5% of cisgender individuals were 
virally suppressed compared with 84.2% of trans- 
gender women.28 Within this group of transgen-
der women, rates of viral suppression were even 
lower for those who were African American (81%), 
aged 20 years to 24 years (73.9%), aged 25 years 
to 29 years (79%), experiencing unstable housing 
(71.6%), and particularly those who were Black and 
experiencing unstable housing (66.9%).28 

Several factors have been associated with viral 
non-suppression among transgender women, in- 
cluding prioritization of transition-related medical  
care over HIV care, concerns about drug–drug  
interactions between ART and GAHT, negative 
experiences with health care professionals and sys-
tems, fear of discrimination, HIV stigma, and mental 
health and substance use comorbidities.29,30 

Drug–Drug Interactions

Although drug–drug interactions between ART 
and GAHT medications are cited as major concerns 

among transgender women with HIV, there 

ART regimens with the least 
potential to interact with 
GAHT are those that are most 
commonly prescribed as part 
of first-line therapy: nRTIs,  
unboosted InSTIs, and NNRTIs

are 
relatively few such interactions. According to the 
2022 US Department of Health and Human Ser-
vices HIV/AIDS Treatment Guidelines, ART regimens 
with the least potential to interact with GAHT are 
those that are most commonly prescribed as part of 
first-line therapy: all nucleoside reverse transcriptase 
inhibitors (nRTIs), unboosted integrase strand trans-
fer inhibitors (InSTIs), and nonnucleoside reverse 
transcriptase inhibitors (NNRTIs), particularly rilpiv-
irine and doravirine.31 

Some medication classes have the potential to 
increase or decrease levels of GAHT components, 
so monitoring patients on these medications and 
adjusting GAHT drug dosages based on the desired 

clinical effects, adverse effects, and serum hormone 
concentrations are essential. Medications that may 
decrease estradiol levels include protease inhibi-
tors boosted with ritonavir, efavirenz, etravirine, 
and nevirapine, with the latter 3 also having the 
potential to decrease testosterone and finasteride 
levels. Medications that may increase testosterone, 
finasteride, or dutasteride levels include boosted el-
vitegravir as well as protease inhibitors boosted by 
either cobicistat or ritonavir. The effects of boosted 
elvitegravir and protease inhibitors boosted with co-
bicistat on estradiol levels are unclear. 

Medical Comorbidities

People with HIV who are receiving ART are at risk of 
long-term medical comorbidities, including weight  
gain, cardiovascular disease, low bone mineral  
density, and renal dysfunction. For transgender in-
dividuals on GAHT, these comorbidities have the 
potential to be augmented and can yield similar 
sequelae. 

Weight Gain. Certain components of ART regi-
mens, particularly InSTIs and tenofovir alafenamide 
(TAF), have been associated with weight gain.32,33 

This phenomenon is multifactorial for most individu-
als, with lifestyle factors such as diet and exercise 
likely having roles. Further, especially for people with 
advanced, long-standing HIV infection, weight gain 
may represent a reversal of HIV-related wasting and 
a return to a healthy weight. However, there are 
situations for which initiation of ART can contribute 
to weight gain and associated metabolic sequelae 
such as diabetes and hyperlipidemia. For persons on 
GAHT, weight-related changes are also commonly 
observed, including changes in fat distribution and 
muscle mass. For transgender individuals taking es-
trogen as part of a feminizing GAHT regimen, loss 
of muscle mass and weight gain are frequently ob-
served. Increased muscle mass is expected for indi-
viduals taking testosterone as a part of masculinizing 
GAHT, but the weight gain is variable. In addition to 
the stress associated with transition, weight gain in 
people initiating GAHT can thus be multifactorial.34 

For transgender individuals with HIV who are 
on ART as well as GAHT, weight gain may be 
compounded; thus, shared decision making on how 
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to approach such changes is imperative. For many,  
changes in fat distribution, weight gain, and muscle 
mass are desired as part of their transition, so moni-
toring other metabolic parameters (eg, levels for 
hemoglobin A1c and lipids) is reasonable. Currently, 
switching ART components is not recommended for 
most people experiencing weight gain, and lifestyle 
modifications should be prioritized. As an alterna-
tive, if an ART switch is deemed appropriate using a 
patient-centered approach, an NNRTI-based regimen 
could be considered.31 If individuals taking estrogen 
are experiencing significant weight gain with which 
they are not happy, reducing their estrogen dose 
could be discussed if the person is amenable. 

Cardiovascular Risk. Inflammation, associated 
with HIV infection, increases the risk of cardiovas-
cular disease, especially in aging populations.35 
Compounding that risk is the potential for certain 
components of ART regimens, namely protease in-
hibitors and abacavir, to potentially increase cardio-
vascular risk as well.36,37 More recently, associations 
between TAF and dyslipidemia have also been pro-
posed.38 

GAHT regimens with estrogen are associated with 
increased venous thromboembolic risk39 as well as 
potential increased risk of hypertension, dyslipid-
emia, and stroke.40 Notably, these associations are 
extrapolated from data in cisgender women being 
treated with estrogens for menopause-related 

symptoms. Discussions of these potential 

Transgender people  
experience poorer cardio-
vascular outcomes than their 
cisgender counterparts for 
multifactorial reasons,  
including the likely major 
drivers of psychosocial and 
minority stress factors

adverse 
events are important to have with people who are 
with HIV and taking estrogens as part of a femi-
nizing GAHT regimen. 

With ART, avoiding regimens containing prote-
ase inhibitors, abacavir, and TAF may be considered 
to decrease cardiovascular risk. Estrogen inject-
ables and patches should also be considered for 
people older than 40 years, given their lower po-
tential for adverse cardiovascular events versus oral 
treatment.41 These considerations are particularly 
important in older populations, as cardiovascular 
risk increases with age. 

Overlying these medication factors are the roles of 
lifestyle and equity components as well as stress in 
cardiovascular risk. Transgender people experience 
poorer cardiovascular outcomes than their cisgender 
counterparts for multifactorial reasons, including 
the likely major drivers of psychosocial and minority 
stress factors (eg, discrimination, lack of affordable 
housing, and limited access to health care).42 The pro-
vision of comprehensive medical and social services 
to populations such as transgender people with HIV 
has the potential to reduce some of this stress and 
possibly improve cardiovascular outcomes. 

Another major lifestyle factor to be considered 
is tobacco use. Counseling patients on smoking 
cessation at initiation of GAHT with estrogens is 
very important. However, withholding estrogens 
altogether is not recommended for people who 
continue to smoke. Harm reduction strategies can 
be applied in a shared decision-making process to 
help people identify ways to reduce and eventually 
quit smoking entirely. 

Bone Health and Renal Impairment. Although 
limited, some data suggest that transgender women 
may be at risk of osteoporosis, especially with un-
derutilization of hormones after gonadectomy 
or the use of androgen blockers with insufficient  
estrogen.12,43,44 Long-term use of ART regimens con-
taining tenofovir disoproxil fumarate (TDF) have also 
been associated with decreases in bone mineral 
density.45 For transgender women with HIV, balanc-
ing the need for estrogen and androgen blocker is 
essential, especially after gonadectomy. Avoiding 
ART regimens containing TDF in favor of those con-
taining TAF, which has less impact on bone mineral 
density, can also help promote bone health. Health 
modifications such as addition of regular, light-
weight-bearing exercise are also beneficial. 
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In addition to its impact on bone mineral density, 
TDF also adversely affects renal function. Therefore, 
TAF-containing regimens are preferred for people 
with underlying renal disease.46 In monitoring renal 
parameters for transgender people, clinicians need 
to recognize that changes in body composition and 
lean body mass associated with GAHT can affect 
creatinine levels. Therefore, after a person has taken 
GAHT longer than 6 months, monitoring creatinine 
clearance and calculations of ideal body weight 
should be based on gender identity rather than on 
sex assigned at birth.47 

HIV Prevention and Transgender 
Populations
Within the past decade, several biomedical options 
for HIV prevention have become available, including 
2 oral antiviral combinations of tenofovir and em-
tricitabine, TDF/FTC and TAF/FTC, and 1 long-acting 
injectable antiretroviral, cabotegravir (CAB-LA).48 

Despite the demonstrated efficacy and safety of HIV 
pre-exposure prophylaxis (PrEP) in transgender pop-
ulations, the uptake, adherence, and persistence 
of PrEP among transgender men and transgender 
women have been suboptimal.49–52 Reasons include 
concerns about drug–drug interactions with GAHT, 
competing health care priorities, and limited access 
to gender-affirming care practitioners.52–54 

Some regions in the United States have had im-
provement in PrEP uptake in recent years, however. 
In San Francisco in 2013, for example, among a co-
hort of transgender women (n = 233), only 14% 
had heard of PrEP and 1% were willing to take 
it.55 When the same survey was repeated there in 
2019–2020, 94% of the cohort of 201 transgen-
der women had heard of PrEP and 45% had taken 
PrEP in the previous 12 months.56 Despite such im-
provements in PrEP awareness and uptake, PrEP 
persistence is still challenging among transgender 
populations. Another San Francisco study reported 
that the median days to PrEP discontinuation among 
transgender women who have sex with men was 
120 days. As for reasons for low PrEP uptake, the 
explanations for low persistence are complex and 
require further study.57 

The first step toward effective individual HIV pre-
vention is identifying the person’s risk of acquiring 
HIV infection. The 2021 CDC HIV PrEP guidelines 
provide useful risk assessment tools for sexually ac-
tive persons, such as asking about HIV serostatus of 
partners and recent history of bacterial STIs.48 It is 
important that clinicians assess transgender people 
for HIV risk factors as for patients of any gender 
identity. One qualitative study among transgender 
women in the southeastern United States found 
that when clinicians conflated HIV risk with gender 
identity and made assumptions about sexual behav-
iors based on gender identity, transgender women 
felt alienated and stigmatized.53 

Practitioners should discuss the various options 
available with transgender people desiring to start 
HIV PrEP, taking into consideration each person’s 
gender identity, sex assigned at birth, medical co-
morbidities, and sexual behaviors. Use of CAB-LA 
has been studied and deemed safe and effective 
in people of all genders; however, the medication 
cannot be used in individuals who have silicone 
injection or fillers involving the buttocks because 
the CAB-LA injection is administered there.58 Oral 
options for transgender women include daily FTC/
TDF and daily FTC/TAF; however, no studies have 
yet assessed efficacy of FTC/TAF in individuals par-
ticipating in receptive neovaginal sex.48 Given that 
people assigned female at birth were not included 
in the landmark clinical trial assessing efficacy of 
daily FTC/TAF, this option is not currently recom-
mended for transgender men or nonbinary people 
assigned female at birth.59 

For nondaily oral PrEP, also known as the “2-1-1” 
regimen or event-driven dosing of FTC/TDF, current 
CDC guidelines include this regimen as an option          
for cisgender men who have sex with men based 
on efficacy data from 2 trials that included this  
population.48,60,61 However, the 2022 IAS–USA 
guidelines offer a CIII recommendation rating for 
prescribing event-driven PrEP for transgender indi-
viduals, extrapolating from pharmacokinetic data 
from the Ipergay trial.62,63 Given no direct data on 
the efficacy of this dosing regimen in any trans-
gender population engaging in any kind of sexual 
behaviors, we recommend shared decision making 
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between patient and clinician in the choice of dos-
ing regimen. 

Drug–drug interactions between GAHT and PrEP 
medications are a major concern of transgender in-
dividuals.53 As such, the interplay between these 2 
medication groups has been an area of active re-
search in transgender health in recent years, and no 
evidence of bidirectional effects between PrEP and 
GAHT has been established. The iBrEATHe trial (Tru-
vada for HIV Pre-exposure Prophylaxis Using Daily 
Directly Observed Therapy to Look at Potential 
Interactions Between Truvada and Hormone Ther- 
apy) demonstrated that among transgender women 
on estrogen therapy as well as transgender men on 
testosterone, serum hormone concentrations were 
not impacted after 4 weeks of therapy with FTC/
TDF. In addition, dried blood spots had comparable 
serum FTC/TDF levels after 4 weeks of therapy re-
gardless of gender identity and GAHT regimen.64,65 
Results of the DISCOVER trial (Emtricitabine and 
Tenofovir Alafenamide vs Emtricitabine and Teno-
fovir Disoproxil Fumarate for HIV Pre-exposure 
Prophylaxis) found comparable TFV–DP concentra-
tions between transgender women on GAHT and 
cisgender men who have sex with men for those 
taking FTC/TAF. Finally, initial findings in a subset of 
patients (n = 53) from the HPTN (HIV Prevention Tri-
als Network) 083 study suggest that GAHT does not 
impact CAB–LA concentrations.66 

Improving HIV Prevention and Care 
Engagement in Transgender Communities
Creating care environments that facilitate gender 
affirmation is key to improving engagement in HIV 
prevention and care among transgender populations. 
Transgender people with HIV who have health care 
practitioners that affirm their gender by using their 
chosen name and pronouns are more likely to be vi-
rally suppressed.67 Integration of gender health with 
HIV care is also associated with higher rates of viral 
suppression, fewer clinician visits, and facilitation 
of open discussions related to an individual’s con-
cerns about HIV and gender-related health care.68 

Transgender representation in health care envi-
ronments is also essential to creating safe spaces for 

people who have traditionally experienced blatant 
discrimination in these settings. Use of peer navi-
gation services and hiring of transgender staff can 
ease the discomforts of engaging in care and pro-
mote advancement along the HIV care continuum.69 

Displays of allyship such as including transgender 
images throughout clinic spaces and providing gen-
der-neutral restrooms are also impactful. Given the 
various forms of violence, stigma, and discrimina-
tion experienced by transgender people,20 applying 
a trauma-informed lens to HIV care is another im-
portant consideration.70 

The ways in which clinics collect gender-related 
data are key to creating an affirming environment 
for the transgender and nonbinary community. This 
process begins with clinic and health-system intake 
forms, including how these data are entered into 
electronic medical records by staff. Collecting such 
data has been deemed acceptable not only by trans-
gender and gender-diverse populations, but also 
by cisgender, heteronormative populations.71 Either 
via direct questions on intake forms or when con-
versing with individuals, clinic staff should ask each 
person for their preferred name and pronouns. In 
addition, we recommend using the 2-step method 
that allows clinicians to reconcile both current gen-
der identity and sex assigned at birth.12 Other best 
practices include obtaining and maintaining organ 
inventories for patients that account for any prior 
gender-affirming procedures, as well as the use of 
neutral, nongendered language in general.12

Conclusion 
Transgender patients are highly impacted by the  
HIV epidemic as well as many other health care 
disparities. Creating gender-affirming care environ-
ments and providing evidence-based, high-quality 
care for those with and at risk for HIV are essential 
components of ending the HIV epidemic. �

This article is based on a presentation given by Dr 
Blumenthal on December 8, 2022. The initial presen-
tation is presented as a webcast here: https://www.
youtube.com/watch?v=1tp8Lu1upuc

https://www.youtube.com/watch?v=1tp8Lu1upuc
https://www.youtube.com/watch?v=1tp8Lu1upuc
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Hepatitis B virus (HBV) infection is common 
among people with HIV owing to shared 
modes of viral transmission. Compared with  
individuals with HBV infection alone, people 
with HIV/HBV coinfection experience an accel-
erated progression of liver disease, including 
increased risks for hepatocellular carcinoma, 
liver-related mortality, and all-cause mortality. 
Therefore, HBV screening and appropriate 
treatment are crucial for people with HIV. This 
article reviews the epidemiology, natural his-
tory, and management of HIV/HBV coinfection, 
as well as recommendations for prevention of 
HBV infection among people with HIV.     

Keywords: HIV, HBV, HIV/HBV coinfection, 
hepatitis B virus, coinfection

Introduction
Hepatitis B virus (HBV) is a partially double-stranded 
DNA virus that can be transmitted through blood 
and bodily fluids.1 HBV infection can cause acute 
and chronic hepatitis and over time can lead to liver 
fibrosis, cirrhosis, hepatocellular carcinoma (HCC), 
and end-stage liver disease (ESLD).2 In 2019, the 
World Health Organization estimated that 296 mil-
lion people, or 3.8% of the global population, had 
chronic HBV infection, with most residing in low- and 
middle-income countries.3 Despite the availability of 
effective treatment with antiviral medications and 
prevention by vaccination, HBV infection remains a 
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major driver of morbidity and mortality around the 
world, with an estimated 820,000 related deaths in 
2019.4

Owing to shared modes of transmission, chronic 
coinfection with HBV is common among people 
with HIV. In the era of antiretroviral therapy, cir- 
rhosis, ESLD, and HCC account for an increasing 
proportion of deaths among individuals with HIV.5-8 
In this article we outline key epidemiologic and 
natural history features of HIV/HBV coinfection and 
review important principles in the management and 
prevention of HBV infection among people with HIV. 

Epidemiology of HIV/HBV Coinfection
Globally, an estimated 8% to 10% of people with 
HIV have chronic HBV infection, although the preva-
lence of coinfection varies significantly by region.9-14  
A recent meta-analysis of HBV infection among peo-
ple with HIV reported the prevalence of HIV/HBV 
coinfection as highest in the World Health Organiza-
tion Western Pacific region (11.4%) and sub-Saharan 
Africa region (10.0%) and lowest in the regions of 
Europe (6.7%) and the Americas (5.3%).9 Modes 
of transmission for HBV also vary significantly by 
region. In high-prevalence countries, HBV is most 
commonly transmitted perinatally, from mother to 
child, and rates of HIV/HBV coinfection are broadly 
similar across different HIV risk groups, including 
individuals engaging in heterosexual sex, pregnant 
persons, men who have sex with men (MSM), and 
children.14 In low-prevalence countries, including  
the US, sex and injection drug use are more com-
mon modes of transmission, with few reported 
cases of perinatal transmission.1,15 

In the US, the prevalence of chronic HBV infection 
in the general population is estimated to be 0.3%  
to 0.7%, with most infections occurring among for-
eign-born individuals.16-19 In contrast, an estimated 
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HBV coinfection among the early (1996-2000), 
middle (2001-2005), and modern (2006-2010) an-
tiretroviral therapy eras. The authors hypothesized 
that this surprising finding might be due to the fact 
that 35% of the cohort was not receiving optimal 
anti-HBV therapy with tenofovir, or perhaps to in-
sufficient power and follow-up time.29 

The impact of HBV infection on the natural history 
of HIV infection is less clear. Although some stud-
ies have indicated that people coinfected with HIV 
and HBV experience lower CD4+ cell counts,30,31 
HIV/HBV coinfection has not been associated with 
an increased risk of AIDS progression or mortality in 
large cohort studies.32-34 

Management of HBV Infection in People 
Coinfected With HIV
Given the high prevalence of chronic HBV infec-
tion among people with HIV, and the elevated risk 
of liver-related complications among invidividu-
als with coinfection, it is crucial that all individuals 
with HIV are screened for HBV. Screening identifies 
not only individuals who need treatment for HBV in-
fection but also those who would benefit from HBV 
vaccination.35 For people with HIV, the American 
Association for the Study of Liver Disease (AASLD) 
recommends screening with the following tests: 
hepatitis B surface antigen (HBsAg), hepatitis B core 
antibody (anti-HBc), and hepatitis B surface antibody 
(anti-HBs).35 People with HIV who test positive for 
HBsAg should undergo further testing with an HBV 
DNA level to determine the magnitude of HBV rep-
lication, as well as testing for hepatitis B e antigen 
(HBeAg) and hepatitis B e antibody (anti-HBe).36 

Major guideline committees recommend ini-
tiating antiviral therapy for the treatment of HBV 
infection in all HIV/HBV-coinfected persons regard-
less of CD4+ cell count or HBV-related factors (such 
as viral level or liver aminotransferase elevation). 
The immediate goal of therapy is to reduce necro-
inflammation and HBV DNA replication, and the 
ultimate goal is to avert or delay the development 
of cirrhosis, ESLD, and HCC, and improve overall 
survival (Table 1).35-38 There are 6 oral antiviral 
agents and 2 injectable interferon alfa formulations 

5% to 10% of people with HIV in the US have 
chronic coinfection with HBV.11,20 In a large US-
based observational cohort study of people with 
HIV from 1996 to 2007, the prevalence of HBV 
coinfection was higher among MSM than in other 
subgroups, including heterosexual individuals and 
people who inject drugs. However, these data were 
collected largely before the opioid epidemic in the 
US, and newer data from the Centers for Disease 
Control and Prevention suggest that injection drug 
use is the most common risk factor for HBV infec-
tion among the general US population, followed by 
having multiple sexual partners.11,21 

Natural History of HIV/HBV Coinfection
Compared with individuals with HBV infection  
alone, people with HIV/HBV coinfection can expe-
rience an accelerated progression of liver disease, 
including increased risks for HCC, liver-related 
mortality, and all-cause mortality.22-26 In a large US-
based cohort study of MSM from the era before 
and shortly after the advent of antiretroviral ther-
apy, liver-related mortality among individuals with 
HIV/HBV coinfection was 8 and 18 times higher 
than in those with HIV or HBV infection alone, re-
spectively.22 Among invidividuals with coinfection 
in this study, liver-related mortality was highest 
among those with a low nadir CD4+ cell count, a 
finding that was replicated in this same cohort later 
in the antiretroviral therapy era.26 Although anti-
retroviral therapy has been shown to improve liver 
fibrosis among persons coinfected with HIV and 
HBV,27,28 HBV infection remains a major contributor 
to ESLD well into the modern antiretroviral therapy 
era. In a large observational study of 12 clinical co-
horts in the NA-ACCORD (North American AIDS 
Cohort Collaboration on Research and Design), 
investigators evaluated incident ESLD outcomes 
among more than 34,000 people with HIV from 
1996 through 2010.29 Despite substantial increases 
in the use of antiretroviral therapy active against 
both HIV and HBV, as well as high rates of HIV viral 
suppression among those receiving antiretroviral 
therapy in this cohort, there were no differences in 
the incident rates of ESLD in individuals with HIV/ 
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that have been approved for the treatment of HBV 
infection by the US Food and Drug Administration 
(Table 2). However, only 3 oral agents—entecavir, 
tenofovir disoproxil fumarate (TDF), and tenofo-
vir alafenamide (TAF)—are considered first-line, 
because of their potency against HBV, high barrier 
to resistance, and favorable adverse effect profile.35 

Although lamivudine was the first oral antiviral  
agent approved for the treatment of HBV, and the 
first to show a reduction in disease progression and 
incidence of HCC, its use as HBV 
monotherapy is no longer recom-
mended because of the substantial 
risk of developing drug resistance, 
with a 5-year cumulative resistance 
rate of 70%.37,39,40 The use of adefo-
vir is similarly not favored owing to  
its toxicity, relatively low potency, and 
moderate risk of resistance. Telbivu-
dine is no longer manufactured in the 
US, and interferon alfa is generally not 
used as a first-line agent because of 
significant adverse effects. 

For individuals with HIV/HBV coin-
fection, the Panel on Antiretroviral 

Guidelines for Adults and Adolescents recommends 
initiation of an antiretroviral therapy regimen that 
contains a nucleoside reverse transcriptase inhibi-
tor backbone of TDF or TAF plus emtricitabine (FTC) 
or lamivudine.36 Although combination antiviral 
therapy is generally not used in HBV monoinfection, 
dual therapy with a combination of TDF or TAF plus 
FTC or lamivudine is recommended in invidividuals 
with coinfection, as these agents provide activity 
against both HIV and HBV and are generally cofor-
mulated. Individuals with HIV being considered for 
a tenofovir-sparing regimen, including the 2-drug 
regimens of dolutegravir-lamivudine and cabote-
gravir-rilpivirine, should first be evaluated for HBV 
to confirm the absence of coinfection. Entecavir, al-
though highly active against HBV, has only partial 
activity against HIV and can produce an M184V mu-
tation in people with HIV infection if it is not given 
in conjunction with a fully suppressive antiretroviral 
therapy regimen.36

For tenofovir, in addition to being highly active 
against HBV and HIV, data suggest that long-term 
use can lead to improvements in liver necroinflam-
mation and to regression of fibrosis. In an open-label 
study of TDF for the treatment of patients with HBV 
monoinfection, 304 of 348 (87%) had histologic 
improvement on liver biopsy and 176 (51%) had re-
gression of fibrosis by year 5 of treatment.41 Despite 
these encouraging findings for HBV monoinfection, 
similar results have not been replicated in HIV/HBV 
coinfection.42 

Table 1. Summary of Guideline-Based Treatment  
Recommendations for HIV and HBV Coinfection

Guidelines When to initiate What to initiate

AASLD HBV update, 
201835

All patients with HIV/
HBV, regardless of 
CD4+ cell count

2 HBV-active agents: 
tenofovir (TAF or TDF) with 
lamivudine or emtricitabine

DHHS antiretroviral 
guidelines, 202236

All patients with HIV/
HBV, regardless of 
CD4+ cell count

Tenofovir (TAF or TDF) with 
emtricitabine; chronic ad-
ministration of lamivudine 
or emtricitabine as the only 
HBV-active agent as part of 
ART should be avoided.

EASL HBV guide-
lines, 201737

All patients with HIV/
HBV, regardless of 
CD4+ cell count

Tenofovir (TAF or TDF)–con-
taining ART regimen

APASL HBV update, 
201538

All patients with HIV/
HBV, “irrespective 
of immunologic, 
virologic, or histologic 
considerations”

2 HBV-active agents: 
tenofovir with lamivudine or 
emtricitabine

Abbreviations: AASLD, American Association for the Study of Liver Dis-
eases; APASL, Asian Pacific Association for the Study of the Liver; ART, 
antiretroviral therapy; DHHS, US Department of Health and Human Ser-
vices; EASL, European Association for the Study of the Liver; HBV, hepatitis 
B virus; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

Table 2. US Food and Drug Administration–Approved Oral Antiviral Therapy 
for HBV Infection

Medication Potency against 
HBV

Barrier to HBV 
resistance

HIV activity Selection of HIV 
resistance

Lamivudine Moderate Low Yes Yes

Adefovir Low Moderate Noa No

Entecavir High Highb Partial Yes

Emtricitabine Moderate Low Yes Yes

Telbivudine High Low Partialc No

Tenofovird High High Yes Yes

Abbreviation: HBV, hepatitis B virus.
 aAnti-HIV activity at higher doses; more potent against HBV. 
 bIn patients without lamivudine resistance.
 cNo in vitro activity observed against HIV, but HIV RNA decline reported.
 dEither tenofovir disoproxil fumarate or tenofovir alafenamide.
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Although there are several short- 
and long-term health benefits of 
treatment for HBV infection, the 
key limitation of antiviral therapy is 
that it does not offer a functional 
cure, defined by the sustained 
loss of HBsAg and control of HBV 
viremia, even in the absence of an-
tiviral therapy. Studies performed 
in individuals without HIV suggest 
that after 2 to 3 years of therapy, 
HBsAg loss ranges from 1% to 8% 
for entecavir, TDF, and TAF despite 
high rates of viral suppression with 
these antiviral agents (Table 3).35 

Among individuals with HIV/HBV coinfection, there 
is emerging evidence suggesting a possible ad-
vantage to TAF over TDF with regard to HBV viral 
endpoints. In an international multicenter trial 
of 234 individuals with HIV/HBV coinfection, par-
ticipants were randomly assigned to receive either 
TAF/FTC/bictegravir or TDF/FTC plus dolutegravir 
for treatment of HIV and HBV infection.43 Partici-
pants were followed for 48 weeks and monitored 
for key HIV and HBV virologic endpoints. Compared 
with those receiving TDF/FTC plus dolutegravir, the 
group receiving TAF/FTC/bictegravir had a higher 
proportion of HBsAg loss (12.6% vs 5.8%), HBsAb 
seroconversion (8.4% vs 3.3%), HBeAg loss (25.6% 
vs 14.4%), and alanine aminotransferase normal-
ization (73.3% vs 55.3%). HIV viral suppression and 
mean CD4+ cell gains were comparable across both 
groups.43 Interestingly, aside from alanine amino-
transferase normalization, similar findings have not 
been seen in studies of HBV-monoinfected individu-
als, and replication of these results in larger-cohort 
studies is needed to establish whether there is in-
deed an advantage to TAF over TDF in individuals 
with HIV/HBV coinfection. 

Staging of Liver Disease
Because treatment for HBV infection is indicated 
in all individuals with HIV/HBV coinfection, fibro-
sis staging does not affect treatment decisions 
as it does for HBV-monoinfected individuals. 

Nevertheless, determining whether a patient has 
cirrhosis remains important for their overall medical 
care and for making decisions surrounding the need 
for HCC screening. Although hepatic ultrasound 
may provide clues to the diagnosis (eg, spleno-
megaly, nodular hepatic contour), it is not sufficient 
for making the diagnosis of cirrhosis, and sensi-
tivity may be as low as 40%.44 Other noninvasive 
tests, including the aspartate aminotransferase–to-
platelet ratio index and fibrosis-4 scores, have been 
well validated in patients coinfected with HIV and 
hepatitis C virus, but they have a limited ability to 
discriminate between fibrosis stages in individuals 
with HBV receiving antiviral therapy, and therefore 
have limited utility in the management of HIV/HBV 
coinfection.45 

Transient elastography is an office-based, non-
invasive method for determining liver stiffness in 
persons with chronic viral hepatitis and fatty liver 
disease. It propagates an elastic shear wave through-
out the liver tissue and uses pulse-echo ultrasound 
to measure the shear wave velocity, which corre-
lates with liver stiffness.46 Although liver biopsy 
remains the gold standard for fibrosis assessment, 
transient elastography has emerged as the most 
accurate noninvasive modality for fibrosis staging 
among persons with HBV infection. Transient elas-
tography has also been validated in patients with 
HIV/HBV coinfection and has been shown to have 
an accuracy of approximately 85% compared with 
liver biopsy.47 The main disadvantages of transient  

Table 3. Antiviral Efficacy for HBV Infection in Persons Without HIV 

Endpoint Peginterferon 
alfaa

Entecavirb Tenofovir 
disoproxil 
fumarateb

Tenofovir 
alafenamidec

Viral  
suppression, %

30-42 61 76 73

HBeAg loss +/− 
seroconversion, %

29-36 21-25 21 22

ALT  
normalization, %

34-52 68-81 68 —

HBsAg loss, % 2-7 4-5 8 1

Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B 
surface antigen; HBV, hepatitis B virus.
aAssessed 6 months after completion of 12 months of therapy.
bAfter 3 years of therapy.
cAfter 2 years of therapy.
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elastography are its expense and limited availability, 
as it requires a specific ultrasound machine that is 
not accessible in many medical practices. 

Screening for HCC
Liver disease, including HCC, is one of the leading 
causes of non–AIDS-related death among people 
with HIV,48 and people with HIV/HBV coinfection 
are at risk for developing HCC at an earlier age.22-26 
Cirrhosis is a major risk factor for HCC, with 70% 
to 90% of HBV-related HCC occurring in persons 
with underlying cirrhosis.49 HBV DNA level has also 
been shown to be a major predictor of HCC inci-
dence. In a retrospective analysis of 8354 individuals 
with HIV/HBV coinfection in the US and Canada, the 
risk of HCC was 1.77 times higher for those with 
an HBV DNA level of 201 to 200,000 IU/mL and 
4.34 times higher for those with an HBV DNA level 
of more than 200,000 IU/mL compared with those 
with an HBV DNA level of 200 IU/mL or lower.50 In 
this same study, sustained HBV suppression for 1 
year or more was associated with a 58% reduction 
in HCC risk, with a dose-response relationship with 
duration of viral suppression.50 

Because of the markedly elevated risk of HCC 
among people with cirrhosis, the American Associa-
tion for the Study of Liver Disease recommends HCC 
screening for all individuals with HIV/HBV coinfec-
tion with cirrhosis, regardless of age.35 In addition, 
HCC screening is indicated in the following groups 
with HBV infection irrespective of the presence or 
absence of cirrhosis35:

•	 Black men older than 40 years of age
•	 Asian men older than 40 years of age
•	 Asian women older than 50 years of age
•	� Persons with a first-degree family member with  

a history of HCC
•	 Persons with hepatitis D virus infection

Considering the faster progression of liver disease 
among HIV/HBV coinfected individuals, some experts 
would recommend HCC screening in all coinfected 
persons over the age of 40 years, although there 
is no standardized approach. Screening for HCC 
should be performed using hepatic ultrasound, with 
or without serum α-fetoprotein, every 6 months.35 

Individuals with suspected HCC should undergo 
further testing with multiphasic abdominal imag-
ing, via either computed tomography or magnetic 
resonance imaging.35 

HBV Vaccination for People With HIV
For people with HIV who do not have HBV coinfec-
tion, vaccination is a key pillar of prevention. HBV 
immunization is now universally recommended for 
infants, children, and adults aged 0 through 59 
years, as well as select groups of adults aged 60 
years and older, including people with HIV.51 Al-
though HBV vaccine recommendations have been 
simplified over time, HBV immunization has been 
recommended for MSM, people who inject drugs, 
and heterosexual individuals with multiple sexual 
partners since the 1980s, and for all individuals with 
HIV since 2006.52 Nevertheless, HBV vaccination 
rates remain low for people with HIV. For example, 
in a nationally representative cohort of more than  
18,000 adults receiving care for HIV infection be-
tween 2009 and 2012, more than one-third of 
individuals did not have documentation of HBV 
infection, immunity, or vaccination, and less than 
10% of individuals eligible for the HBV vaccination 
received it during the study period.53 In addition, 
almost 8% of this cohort had evidence of natural 
infection during the study period, an indication of 
ongoing risk for HBV infection in this population.53 

The US Guidelines for the Prevention and Treat-
ment of Opportunistic Infections in Adults and 
Adolescents with HIV (OI Guidelines) outline the 
following indications for HBV vaccination among 
people with HIV54: 

1.	�Individuals without chronic HBV infection 
(HBsAg negative), immunity to HBV (HBsAb 
<10 mIU/mL), or evidence of past exposure 
(anti-HBc negative)

2.	�Individuals with isolated anti-HBc (eg, anti-HBc 
positive, but anti-HBs and HBsAg negative) 

The OI Guidelines offer several vaccine options for 
HBV, including the following54: 

1.	�A double dose of hepatitis B vaccine intramus-
cularly (Engerix-B or Recombivax HB) at 0, 1, 
and 6 months; or
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2.	�Combined hepatitis A and hepatitis B vaccine 
(Twinrix) at 0, 1, and 6 months; or

3.	�Vaccine conjugated to CpG (Heplisav-B) at 0 
and 1 months

Because HIV infection is associated with subopti-
mal response rates to HBV vaccination, particularly 
among those with a low CD4+ cell count,55 the OI 
Guidelines recommend checking an anti-HBs titer 1 
to 2 months after completion of the vaccine series 
to document an immunologic response to vacci-
nation.54 Although vaccine response is better in 
persons with higher CD4+ cell counts, particularly 
those with CD4+ cell counts greater than 350/cell 
mm3, the OI Guidelines do not recommend delay 
or deferral of HBV immunization until CD4+ cell re-
covery on antiretroviral therapy, as some individuals 
will respond to vaccination despite a lower CD4+ 
cell count.54 Those patients who do not mount a 
seroprotective antibody response after immuniza-
tion should undergo another complete vaccine 
series. In individuals with isolated anti-HBc, in lieu 
of providing a full vaccination series, it is reason-
able to provide 1 standard dose of the HBV vaccine 
followed by an anti-HBs titer in 1 to 2 months. If 
the titer is less than 100 mIU/mL, then the complete 
vaccine series should be provided.54 

Several strategies, including double dosing, have 
been studied to improve the immunogenic re- 
sponse to HBV vaccine; however, historically none 
have been consistently effective enough for wide-
spread adoption. Nevertheless, more recently the 
Heplisav-B vaccine has emerged as a strategy to 
increase vaccine response rates, in both vaccine-
naive adults and previous nonresponders to HBV 
vaccine. In phase III registration trials among 
persons without HIV, Heplisav-B was found to be 
safe and effective, producing higher rates of sero-
protection than Engerix-B.56-59 Furthermore, in 
studies involving previous vaccine nonresponders, 
Heplisav-B was shown to induce higher rates of  
seroprotection than single-antigen 3-dose hepatitis 
B vaccines (eg, Engerix-B and Recombivax-HB).60,61 
Similarly, among persons with HIV, there is emerg-
ing evidence for the use of Heplisav-B. Previous 
studies of Engerix-B versus Engerix-B plus a CpG 
adjuvant, small real-world observational studies, 

and preliminary results from an ongoing prospec-
tive, open-label study to evaluate immunogenicity 
of Heplisav-B, all suggest that this vaccine is safe 
and efficacious in persons with HIV.61,62 

Conclusion
HBV infection remains a major contributor to liver-
related deaths among people with HIV, despite 
effective treatment and prevention strategies. Teno-
fovir, either TDF or TAF, is the mainstay of therapy for 
coinfected patients owing to its potency and high 
barrier to resistance. Antiviral therapy does not offer 
a functional cure for HBV infection, but sustained 
HBV suppression with therapy has been shown to 
reduce the risk of liver-related complications. Be-
cause individuals with HIV/HBV coinfection are at 
increased risk for progression to cirrhosis, ESLD, and 
HCC, fibrosis staging and routine HCC screening 
are important interventions to help identify and pre-
vent complications from HBV-related liver disease. 
For people with HIV without HBV infection, major 
guidelines recommend universal HBV vaccination, 
including for those with isolated anti-HBc. �

This article was prepared by Dr Corcorran and Dr Kim in 
November 2022 and accepted for publication in Novem-
ber 2022.

Financial relationships with ineligible companies in the 
past 24 months: Dr Corcorran has no relevant financial 
relationships to disclose. Dr Kim has received funding 
paid to her institution from Gilead Sciences, Inc. (Up-
dated November 15, 2022)

References
1.	Trépo C, Chan HL, Lok A. Hepatitis B virus infection. 

Lancet. 2014;384(9959):2053-2063.
2.	 Hu J, Protzer U, Siddiqui A. Revisiting hepatitis B virus: 

challenges of curative therapies. J Virol. 2019;93(20) 
:e01032-19.

3.	World Health Organization (WHO). Interim guidance 
for country validation of viral hepatitis elimination.  
https://www.who.int/publications/i/item/978924 
0028395. Published: June 8, 2021. Accessed Novem-
ber 29, 2022. 

4.	 World Health Organization (WHO). Hepatitis B key facts.  
https://www.who.int/news-room/fact-sheets/detail/
hepatitis-b. Published June 24, 2022. Accessed No-
vember 6, 2022. 

https://www.who.int/publications/i/item/9789240028395
https://www.who.int/publications/i/item/9789240028395
https://www.who.int/news-room/fact-sheets/detail/hepatitis-b
https://www.who.int/news-room/fact-sheets/detail/hepatitis-b


IAS–USA        Topics in Antiviral Medicine

20

Published March 31, 2023 © IAS–USA�  www.iasusa.org

5.	 Singh KP, Crane M, Audsley J, Avihingsanon A, Sasa-
deusz J, Lewin SR. HIV-hepatitis B virus coinfection: 
epidemiology, pathogenesis, and treatment. AIDS. 
2017;31(15):2035-2052.

6.	 Rosenthal E, Roussillon C, Salmon-Ceron D, et al. Liver-
related deaths in HIV-infected patients between 1995 
and 2010 in France: the Mortavic 2010 study in col-
laboration with the Agence Nationale de Recherche 
sur le SIDA (ANRS) EN 20 Mortalité 2010 survey. HIV 
Med. 2015;16(4):230-239.

7.	Goehringer F, Bonnet F, Salmon D, et al. Causes of 
death in HIV-infected individuals with immunovirologic 
success in a national prospective survey. AIDS Res Hum 
Retroviruses. 2017;33(2):187-193.

8.	 Ioannou GN, Bryson CL, Weiss NS, Miller R, Scott JD, 
Boyko EJ. The prevalence of cirrhosis and hepatocellu-
lar carcinoma in patients with human immunodeficiency 
virus infection. Hepatology. 2013;57(1):249-257.

9.	 Leumi S, Bigna JJ, Amougou MA, Ngouo A, Nyaga UF, 
Noubiap JJ. Global burden of hepatitis B infection in 
people living with human immunodeficiency virus: a 
systematic review and meta-analysis. Clin Infect Dis. 
2020;71(11):2799-2806.

10.	Kellerman SE, Hanson DL, McNaghten AD, Fleming PL. 
Prevalence of chronic hepatitis B and incidence of acute 
hepatitis B infection in human immunodeficiency virus-
infected subjects. J Infect Dis. 2003;188(4):571-577.

11.	Spradling PR, Richardson JT, Buchacz K, Moorman AC, 
Brooks JT. Prevalence of chronic hepatitis B virus in-
fection among patients in the HIV Outpatient Study, 
1996-2007. J Viral Hepat. 2010;17(12):879-886.

12.	Alter MJ. Epidemiology of viral hepatitis and HIV co-
infection. J Hepatol. 2006;44(suppl 1):S6-S9.

13.	Puoti M, Airoldi M, Bruno R, et al. Hepatitis B virus co-
infection in human immunodeficiency virus-infected 
subjects. AIDS Rev. 2002;4(1):27-35.

14.	Platt L, French CE, McGowan CR, et al. Prevalence and 
burden of HBV co-infection among people living with 
HIV: a global systematic review and meta-analysis. J 
Viral Hepat. 2020;27(3):294-315.

15.	Centers for Disease Control and Prevention (CDC). 
Rates of reported cases of acute hepatitis B virus infec-
tion, by age group – United States, 2005-2020. https://
www.cdc.gov/hepatitis/statistics/2020surveillance/
hepatitis-b/figure-2.4.htm. Accessed November 29, 
2022. 

16.	Patel EU, Thio CL, Boon D, Thomas DL, Tobian AAR. 
Prevalence of hepatitis B and hepatitis D virus infec-
tions in the United States, 2011-2016. Clin Infect Dis. 
2019;69(4):709-712.

17.	Wasley A, Kruszon-Moran D, Kuhnert W, et al. The  
prevalence of hepatitis B virus infection in the United 
States in the era of vaccination. J Infect Dis. 2010; 
202(2):192-201.

18.	Kim WR. Epidemiology of hepatitis B in the United 
States. Hepatology. 2009;49(suppl 5):S28-S34.

19.	Mitchell T, Armstrong GL, Hu DJ, Wasley A, Painter 
JA. The increasing burden of imported chronic hepa-

titis B–United States, 1974-2008. PLoS One. 2011; 
6(12):e27717.

20.	Dharel N, Sterling RK. Hepatitis B virus-HIV coinfection: 
forgotten but not gone. Gastroenterol Hepatol (NY). 
2014;10(12):780-788.

21.	Centers for Disease Control and Prevention (CDC). 
2020 viral hepatitis surveillance report. https://www.
cdc.gov/hepatitis/statistics/2020surveillance/index.
htm. Published September 2022. Accessed November 
29, 2022. 

22.	Thio CL, Seaberg EC, Skolasky R, Jr., et al. HIV-1,  
hepatitis B virus, and risk of liver-related mortality 
in the Multicenter Cohort Study (MACS). Lancet. 2002; 
360(9349):1921-1926.

23.	Konopnicki D, Mocroft A, De WS, et al. Hepatitis B and 
HIV: prevalence, AIDS progression, response to highly 
active antiretroviral therapy and increased mortality in 
the EuroSIDA cohort. AIDS. 2005;19(6):593-601.

24.	Puoti M, Spinetti A, Ghezzi A, et al. Mortality for liver 
disease in patients with HIV infection: a cohort study. 
JAIDS. 2000;24(3):211-217.

25.	Brau N, Fox RK, Xiao P, et al. Presentation and out-
come of hepatocellular carcinoma in HIV-infected pa-
tients: a U.S.-Canadian multicenter study. J Hepatol. 
2007;47(4):527-537.

26.	Falade-Nwulia O, Seaberg EC, Rinaldo CR, Badri S, Witt 
M, Thio CL. Comparative risk of liver-related mortality 
from chronic hepatitis B versus chronic hepatitis C virus 
infection. Clin Infect Dis. 2012;55(4):507-513.

27.	Grant JL, Agaba P, Ugoagwu P, et al. Changes in liver 
stiffness after ART initiation in HIV-infected Nigerian 
adults with and without chronic HBV. J Antimicrob 
Chemother. 2019;74(7):2003-2008.

28.	Vinikoor MJ, Sinkala E, Chilengi R, et al. Impact of 
antiretroviral therapy on liver fibrosis among human 
immunodeficiency virus-infected adults with and 
without HBV coinfection in Zambia. Clin Infect Dis. 
2017;64(10):1343-1349.

29.	Klein MB, Althoff KN, Jing Y, et al. Risk of end-stage 
liver disease in HIV-viral hepatitis coinfected persons in 
North America from the early to modern antiretroviral 
therapy eras. Clin Infect Dis. 2016;63(9):1160-1167.

30.	Thio CL, Smeaton L, Saulynas M, et al. Characterization 
of HIV-HBV coinfection in a multinational HIV-infected 
cohort 1. AIDS. 2013;27(2):191-201.

31.	Idoko J, Meloni S, Muazu M, et al. Impact of hepatitis 
B virus infection on human immunodeficiency virus re-
sponse to antiretroviral therapy in Nigeria. Clin Infect 
Dis. 2009;49(8):1268-1273.

32.	Thornton AC, Jose S, Bhagani S, et al. Hepatitis B, hep-
atitis C, and mortality among HIV-positive individuals 1. 
AIDS. 2017;31(18):2525-2532.

33.	Chun HM, Mesner O, Thio CL, et al. HIV outcomes 
in hepatitis B virus coinfected individuals on HAART. 
JAIDS. 2014;66(2):197-205.

34.	Hoffmann CJ, Charalambous S, Martin DJ, et al. Hep- 
atitis B virus infection and response to antiretroviral 
therapy (ART) in a South African ART program. Clin 
Infect Dis. 2008;47(11):1479-1485.

https://www.cdc.gov/hepatitis/statistics/2020surveillance/hepatitis-b/figure-2.4.htm
https://www.cdc.gov/hepatitis/statistics/2020surveillance/hepatitis-b/figure-2.4.htm
https://www.cdc.gov/hepatitis/statistics/2020surveillance/hepatitis-b/figure-2.4.htm
https://www.cdc.gov/hepatitis/statistics/2020surveillance/index.htm
https://www.cdc.gov/hepatitis/statistics/2020surveillance/index.htm
https://www.cdc.gov/hepatitis/statistics/2020surveillance/index.htm


21

HIV/HBV Coinfection

Published March 31, 2023 © IAS–USA�  www.iasusa.org

35.	Terrault NA, Lok ASF, McMahon BJ, et al. Update on 
prevention, diagnosis, and treatment of chronic hepa-
titis B: AASLD 2018 hepatitis B guidance. Hepatology. 
2018;67(4):1560-1599.

36.	Panel on Antiretroviral Guidelines in Adults and Ado-
lescents. Guidelines for the use of antiretroviral agents 
in adults and adolescents with HIV. https://clinicalinfo.
hiv.gov/sites/default/files/guidelines/documents/adult-
adolescent-arv/guidelines-adult-adolescent-arv.pdf. 
Updated September 21, 2022. Accessed November 
29, 2022. 

37.	European Association for the Study of the Liver. EASL 
2017 Clinical Practice Guidelines on the management 
of hepatitis B virus infection. J Hepatol. 2017;67(2): 
370-398.

38.	Sarin SK, Kumar M, Lau GK, et al. Asian-Pacific clinical 
practice guidelines on the management of hepatitis B: 
a 2015 update. Hepatol Int. 2016;10(1):1-98.

39.	Liaw YF, Sung JJ, Chow WC, et al. Lamivudine for pa-
tients with chronic hepatitis B and advanced liver dis-
ease. N Engl J Med. 2004;351(15):1521-1531.

40.	Lai CL, Dienstag J, Schiff E, et al. Prevalence and clinical 
correlates of YMDD variants during lamivudine therapy 
for patients with chronic hepatitis B. Clin Infect Dis. 
2003;36(6):687-696.

41.	Marcellin P, Gane E, Buti M, et al. Regression of cirrho-
sis during treatment with tenofovir disoproxil fumarate 
for chronic hepatitis B: a 5-year open-label follow-up 
study. Lancet. 2013;381(9865):468-475.

42.	Boyd A, Bottero J, Miailhes P, et al. Liver fibrosis re-
gression and progression during controlled hepatitis B 
virus infection among HIV-HBV patients treated with 
tenofovir disoproxil fumarate in France: a prospective 
cohort study. J Int AIDS Soc. 2017;20(1):21426.

43.	Avihingsanon A, Lu H, Leong C. Week 48 results of 
a phase 3-randomized controlled trial of bictegravir/
emtricitabine/tenofovir alafenamide (B/F/TAF) vs do-
lutegravir + emtricitabine/tenofovir disoproxil fumarate 
(DTG+F/TDF) as initial treatment in HIV/HBV-coinfected 
adults (ALLIANCE). [Oral Abstract OALBX0105]. Poster 
presented at: 24th International AIDS Conference; July 
29-August 2, 2022.; Montreal, Canada.

44.	Bonekamp S, Kamel I, Solga S, Clark J. Can imaging 
modalities diagnose and stage hepatic fibrosis and cir-
rhosis accurately? J Hepatol. 2009;50(1):17-35.

45.	Kim WR, Berg T, Asselah T, et al. Evaluation of APRI and 
FIB-4 scoring systems for non-invasive assessment of 
hepatic fibrosis in chronic hepatitis B patients. J Hepatol. 
2016;64(4):773-780.

46.	Rockey DC, Bissell DM. Noninvasive measures of liver 
fibrosis. Hepatology. 2006;43(2 suppl 1):S113-S120.

47.	Miailhes P, Pradat P, Chevallier M, et al. Proficiency of 
transient elastography compared to liver biopsy for the 
assessment of fibrosis in HIV/HBV-coinfected patients. 
J Viral Hepat. 2011;18(1):61-69.

48.	Croxford S, Kitching A, Desai S, et al. Mortality and 
causes of death in people diagnosed with HIV in the era 
of highly active antiretroviral therapy compared with 
the general population: an analysis of a national ob-
servational cohort. Lancet Public Health. 2017;2(1): 
e35-e46.

49.	El-Serag HB. Epidemiology of viral hepatitis and hepa-
tocellular carcinoma. Gastroenterology. 2012;142(6): 
1264-1273.

50.	Kim HN, Newcomb CW, Carbonari DM, et al. Risk 
of HCC with hepatitis B viremia among HIV/HBV-
coinfected persons in North America. Hepatology. 
2021;74(3):1190-1202.

51.	Weng MK, Doshani M, Khan MA, et al. Universal hepa-
titis B vaccination in adults aged 19-59 years: updated 
recommendations of the advisory committee on im-
munization practices – United States, 2022. MMWR 
Morb Mortal Wkly Rep. 2022;71(13):477-483.

52.	Mast EE, Weinbaum CM, Fiore AE, et al. A comprehen-
sive immunization strategy to eliminate transmission of 
hepatitis B virus infection in the United States: recom-
mendations of the Advisory Committee on Immuniza-
tion Practices (ACIP) Part II: immunization of adults. 
MMWR Recomm Rep. 2006;55(RR-16):1-33.

53.	Weiser J, Perez A, Bradley H, King H, Shouse RL. Low 
prevalence of hepatitis B vaccination among patients 
receiving medical care for HIV infection in the United 
States, 2009 to 2012. Ann Intern Med. 2018;168(4): 
245-254.

54.	ClinicalInfoHIV.gov. Guidelines for the prevention and 
treatment of opportunistic infections in adults and ado-
lescents with HIV. https://clinicalinfo.hiv.gov/en/guide-
lines/hiv-clinical-guidelines-adult-and-adolescent-op-
portunistic-infections/whats-new. Updated September  
28, 2022. Accessed November 29, 2022. 

55.	Kim HN, Harrington RD, Van Rompaey SE, Kitahata 
MM. Independent clinical predictors of impaired re-
sponse to hepatitis B vaccination in HIV-infected per-
sons. Int J STD AIDS. 2008;19(9):600-604.

56.	Jackson S, Lentino J, Kopp J, et al. Immunogenicity 
of a two-dose investigational hepatitis B vaccine, HB-
sAg-1018, using a toll-like receptor 9 agonist adjuvant 
compared with a licensed hepatitis B vaccine in adults. 
Vaccine. 2018;36(5):668-674.

57.	Heyward WL, Kyle M, Blumenau J, et al. Immuno-
genicity and safety of an investigational hepatitis B 
vaccine with a Toll-like receptor 9 agonist adjuvant 
(HBsAg-1018) compared to a licensed hepatitis B vac-
cine in healthy adults 40-70 years of age. Vaccine. 
2013;31(46):5300-5305.

58.	Halperin SA, Ward B, Cooper C, et al. Comparison of 
safety and immunogenicity of two doses of investiga-
tional hepatitis B virus surface antigen co-administered 
with an immunostimulatory phosphorothioate oligo-
deoxyribonucleotide and three doses of a licensed hep-
atitis B vaccine in healthy adults 18-55 years of age. 
Vaccine. 2012;30(15):2556-2563.

59.	Halperin SA, Dobson S, McNeil S, et al. Comparison of 
the safety and immunogenicity of hepatitis B virus sur-
face antigen co-administered with an immunostimula-
tory phosphorothioate oligonucleotide and a licensed 
hepatitis B vaccine in healthy young adults. Vaccine. 
2006;24(1):20-26.

60.	Halperin SA, Ward BJ, Dionne M, et al. Immuno-
genicity of an investigational hepatitis B vaccine 
(hepatitis B surface antigen co-administered with an  

https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-opportunistic-infections/whats-new
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-opportunistic-infections/whats-new
https://clinicalinfo.hiv.gov/en/guidelines/hiv-clinical-guidelines-adult-and-adolescent-opportunistic-infections/whats-new


IAS–USA        Topics in Antiviral Medicine

22

Published March 31, 2023 © IAS–USA�  www.iasusa.org

immunostimulatory phosphorothioate oligodeoxy-
ribonucleotide) in nonresponders to licensed hep-
atitis B vaccine. Hum Vaccin Immunother. 2013;9(7): 
1438-1444.

61.	Khaimova R, Fischetti B, Cope R, Berkowitz L, Bakshi A. 
Serological response with Heplisav-B(R) in prior hepa-
titis B vaccine non-responders living with HIV. Vaccine. 
2021;39(44):6529-6534.

62.	Schnittman SR, Zepf R, Cocohoba J, Sears D. Brief re-
port: Heplisav-B seroprotection in people with HIV: a 
single-center experience. JAIDS. 2021;86(4):445-449. 

Top Antivir Med. 2023;31(1):14-22 
©2023, IAS–USA. All rights reserved.



23

Bacteriophages

Published March 31, 2023 © IAS–USA�  www.iasusa.org

The golden age of antibiotics, which lasted 
from the 1930s until 2005, brought a brisk clip 
of antibiotic discovery and fueled optimism 
about the victory of modern medicine over 
bacterial infections. Since then, however, with 
a stalled antibiotic discovery effort and wide-
spread antibiotic use, antimicrobial resistance 
has emerged as a major global health threat. 
Bacteriophages, or phages (literally viruses 
that infect certain bacteria), have coevolved 
with bacteria for almost 4 billion years and are 
the most abundant organisms on the earth. 
Substantial progress is being made such that 
selection, engineering, and synthetic produc-
tion of phages may make it possible for these 
lethal enemies of bacteria to be harnessed as 
potent allies in our battle against antimicrobial 
resistance.    

Keywords: bacteriophage, phage, antibiotic-
resistant bacteria

Introduction
The golden age of antibiotics began in the 1930s 
with the introduction of sulfonamides into clinical 
medicine and ended in 2005 with the appearance 
of daptomycin. Since then, no truly novel anti- 
biotics have been brought to the bedside. Through-
out the golden age, the brisk clip of antibiotic 
discovery fueled optimism about the victory of 
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modern medicine over bacterial infections. In large 
part because of the successful antibiotic discovery 
effort, the growing evidence that resistant microor-
ganisms were emerging at an accelerating rate was 
not seen as a major threat, and investments in an-
tibiotic discovery waned. With a stalled antibiotic  
discovery effort and widespread antibiotic use, anti- 
microbial resistance (AMR) has emerged as a major 
global health threat over the past 2 decades. 

In a comprehensive assessment of the global im-
pact of AMR published in 2022, it was estimated 
that in 2019, nearly 5 million deaths were associ-
ated with AMR and that 25% of these deaths were 
directly attributable to antibiotic-resistant patho-
gens.1 The largest burden of morbidity and mortality 
from AMR was borne by lower- and middle-income 
countries, especially those in sub-Saharan Africa.  
Emerging data indicate that the incidence of AMR 
has further accelerated during the COVID-19 pan-
demic.2 Modeling suggests that AMR-related deaths 
may increase to 10 million people per year and 
that the economic costs from lost productivity will 
be as high as $1 trillion yearly by 2050 unless cur-
rent trends are reversed.3 These alarming trends 
have stimulated interest in alternative modalities for 
tackling the problem of AMR. Bacteriophages (or 
phages), literally “bacteria eaters,” have coevolved 
with bacteria for almost 4 billion years and are the 
most abundant organisms on the earth.4 This article 
outlines the current evidence that these lethal en-
emies of bacteria can be harnessed as potent allies 
in our battle against AMR.

Phage Discovery and Early Development
Beginning in the last decade of the 19th century, 
researchers noted that there were “factors” in the 
environment that were capable of lysing bacteria. 
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programs flourished throughout the last half of the 
20th century.7 Phage therapy has emerged in the  
West over the last half-decade as the failure of anti- 
biotics to keep up with AMR has led to a broad 
awareness that new tools to address AMR are sorely 
needed. Advances in the understanding of phage 
biology and improved phage selection and produc-
tion technologies, coupled with several high-profile 
anecdotal case reports of the use of phage therapy 
to cure infections for which antibiotics had failed, 
have led to a renaissance of interest in phage ther-
apy in the US and Europe.8,9

Phage Biology
Defined most simply, phages are viruses that infect 
bacteria. They are ubiquitous in nature, immensely 
diverse, and highly selective in their bacterial prey. 
The genomes of most, but not all, phages consist of 
double-stranded DNA. This DNA is tightly packed 
into the phage capsid and is usually attached to a 
“tail” of varying length (see Figure 1). The tips of 
the tail bind with high specificity to structures on 
the bacterial cell surface and play a major role in 
defining the breadth (or range) of bacteria that a  
given phage can infect. Some phages can infect 
a large proportion of bacterial strains in a given 
species. These phages are said to have a “broad” 
host range. Conversely, some phages may infect 
only a small fraction of bacteria within a species; 
these are designated as having a “narrow” host 

The recognition that these “factors” were parasites 
of bacteria is attributable to the French microbi-
ologist Félix d'Hérelle, who announced in 1917 
that he had discovered an “invisible microbe” that 
lysed bacteria causing dysentery.5 This agent could 
be propagated in bacteria and then passed through 
filters with pores that were too small for bacteria 
after the bacterial population had been destroyed. 
He recognized the potential for these agents to be 
used therapeutically, and by 1919 he had begun 
to experiment with them in humans. Although he 
was convinced that the agents he was working 
with were reproducing biologic organisms, others 
believed that the bacterial lysis was being caused 
by enzymes harbored within the bacteria. With the 
advent of electron microscopy, Helmut Ruska dem-
onstrated that phages were actually viruses.6 

The use of phages in medicine became wide-
spread throughout Europe, North America, and 
the Soviet republics in the 1920s and 1930s and 
was central to Sinclair Lewis’s novel Arrowsmith.7 A 
failure to fully appreciate the narrow antimicrobial 
spectrum of phages and the lack of clinical investiga-
tions with rigorous microbiologic underpinnings led 
to an erosion of the phage fervor in the West. When 
penicillin emerged during World War II, the broader 
spectrum of penicillin and the antibiotics that fol-
lowed resulted in the eclipse of phage therapy by 
antibiotics in the United States and Europe. Interest 
in phage therapy continued unabated in Eastern Eu-
rope and the Soviet republics, where phage therapy 

Figure 1. Electron micrographs of the myoviral (left), siphoviral (center), and podoviral (right) bacteriophage morphotypes. Photographs 
courtesy of Pooja Ghatbale and David Pride, IPATH Translational Research Laboratory, University of California San Diego School of Medicine.
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range. The breadth of host range of a phage is de-
pendent on cell-binding specificities as well as its 
resistance to intracellular bacterial defenses and is 
defined by millions of years of coevolution.10 Phages  
of certain bacterial species such as Staphylococcus 
aureus may have a broad host range, whereas 
most phages of other species such as Acinetobacter 
baumannii have narrow host ranges. 

Phage replication begins with binding of the  
phage tail to a ligand on the cell surface (Figure 2). 
Once the tail has bound to the cell surface, the nu-
cleic acid of the phage is injected into the cytoplasm 
of the host bacterium and the phage can proceed 
with 1 of its 2 developmental programs, or “life-
styles.” Based on which of these 2 pathways the 
phage pursues, a phage is classified as being lytic 
or temperate. Lytic phages quickly take over the 
host cell’s metabolic machinery to initiate the phage 
genome expression, nucleic acid replication, and as-
sembly of hundreds (or more) of progeny phages 
in as little as 20 minutes. When phage production 
is complete, lytic proteins are produced and the 
phages burst through the bacterial cell wall to re-
peat the process in additional bacteria. 

Phages that follow a temperate development pro-
gram can also follow the lytic pathway; however, at 
varying frequencies depending on the phage, the 
bacterium, and growth conditions, the genes essen-
tial for the lytic pathway can be turned off and the 
phage can establish “lysogeny.”11 In this situation  
the phage genome becomes a “prophage” and ex-
ists within the host bacterium as integrated DNA or 
as a plasmid. From time to time under the appro-
priate conditions, these prophages can be activated 
and resume a lytic lifestyle by creating a burst of  
progeny phages and lysing their bacterial hosts. 
When this occurs, phages may incorporate compo-
nents of the bacterial genome and transfer these 
genetic elements to bacteria they infect. This 
transfer of bacterial DNA may enable lateral transfer 
of deleterious genes encoding antibiotic resistance 
or pathogenetic properties. In addition to the pos-
sibility of transferring deleterious genetic elements, 
prophages may encode repressors that inhibit the 
ability of lytic phages to infect their bacterial hosts. 
Because the primary goal of phage therapy is to kill 
bacterial hosts rather than to transfer genetic mate-
rial and render bacteria less susceptible to infection 
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by other phages, temperate phages are not suitable 
for clinical use.

Sourcing and Characterizing Phages and 
Preparing Them for Clinical Use
Phages are ubiquitous in the environment and can 
be found essentially anywhere bacteria are found. 
Until recently, most phages used in clinical medi-
cine have been sourced and used “as is” from the 
environment after being prepared for clinical use, 
although substantial progress is being made in the 
area of phage engineering and synthetic phage 
construction.12-14 Environmental phage searches are 
generally undertaken by passing extracts of water, 
soil, or another potential phage source through 
0.22-μm filters, plating dilutions of the filtrate onto 
lawns of the bacterium of interest, and looking for 
holes in the lawn indicative of lytic activity.15 

The likelihood of finding phages that are active 
against a given bacterial species may be enhanced 
by sampling from environmental sources where 
their host bacteria are likely to be found.16 Such 
sources might, for example, include sewage treat-
ment plants for phages active against enteric flora 
or discarded bandages if the target is a phage with 
antistaphylococcal activity. Phages can be plucked 
from regions of the agar where the bacterial lawn 
has been disrupted, passaged on their intended 
host for amplification, and then fully characterized. 
In non-emergency circumstances, this characteriza-
tion should include whole-genome sequencing to 
search for genetic sequences indicative of lysogenic 
potential or genes conferring antibiotic resistance 
or pathogenetic factors.17 After passing the ge-
netic search for deleterious sequences, phages are 
amplified on prophage-free host strains and then 
purified using approaches that approximate good 
manufacturing practice conditions.18 The process of 
identifying and purifying lytic phages remains one 
of the rate-limiting features for emergency use of 
phages. Fortunately, over the past decade a number 
of well-annotated phage banks have been devel-
oped in commercial and academic laboratories that 
contain phages covering broad spectra of individual 
bacterial species. When these phage banks can be 

used as a starting point, the process of preparing 
phages for clinical use can be substantially abridged.

Principles of Phage Therapy
The development of the principles of phage ther-
apy is a work in progress. A recent review of animal 
and human experiences with phage administra-
tion identified very few safety concerns.19 Although 
much has been learned from case reports, a more 
systematic approach to phage therapy will require 
the conduct of rigorous clinical trials based on the 
same paradigms that have been applied to antibi-
otic development over the past 80 years.20,21 

Pharmacology

In perhaps the biggest departure from the ex-
perience with traditional antibiotics, phages will 
propagate on the pathogen at which they are 
directed once they are delivered to the site of 
infection. Advances in phage preparation and puri-
fication have made it possible to administer phages 
parenterally, and the clinical use of phages is in-
creasingly shifting to intravenous administration 
for the treatment of systemic or deep infections. 

Phages are also administered topically for open 
wounds and burns, by nebulization for pulmonary 
infection, orally for gastrointestinal infection, and 
into the bladder for urinary infections. Phage dos-
age is expressed as “plaque-forming units” (PFUs), a 
measure of how many phage particles in a dose are 
capable of infecting the pathogen of interest in the 
laboratory. Depending on the dose administered, 
intravenously administered phages are removed 
from the circulation by the reticuloendothelial sys-
tem and sequestered in the liver and spleen over 1 
or 2 hours. 

Regardless of the route of administration, a pri- 
mary goal of therapy is to deliver a sufficiently  
large dose of phage to the site of infection to ini- 
tiate self-propagating phage replication within the 
pathogen population. From a practical perspec-
tive, most phage regimens feature individual doses 
in the range of 109 PFUs per dose. Doses in this 
range have been associated with treatment suc-
cess in a number of published case reports. With 
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current approaches to the removal of endotoxin in 
the phage production process, higher doses can 
be difficult to achieve without exceeding US Food 
and Drug Administration (FDA)-recommended lim-
its on endotoxin administration (5 endotoxin units 
[EU]/kg/h). 

Phage Resistance

As with all antimicrobial agents, phages can select 
for organisms with lower levels of susceptibility.8 
Phage resistance can require a substantial tradeoff 
on the part of the bacterium in terms of fitness. This 
loss of fitness can come in the form of greatly re-
duced capsule formation, which can result in less 
invasiveness and more susceptibility to host im-
mune responses.8,22 Phages can also be targeted to 
bacterial efflux pumps that pump antibiotics out 
of the bacterial cytoplasm. In this case, resistance 
confers a major disadvantage to the pathogen by re-
sensitizing it to antibiotics to which it was previously 
resistant.23 Although phages are often administered 
as “cocktails” to mitigate this challenge, much 
additional knowledge is required to advance combi-
nation design from empiricism to a scientific basis. 
Solutions proposed include efforts to compose 
cocktails of phages with different receptor specific-
ity or orthogonal resistance pathways.

Human Immune Responses to Phages

Phages can be immunogenic and have been used  
experimentally for decades to study host immune  

responses.24 Humoral and cel-
lular immune responses have 
been detected in patients re- 
ceiving phage therapy.25 Case  
reports have appeared that 
link treatment failure to the 
advent of phage-specific anti- 
bodies in an immunocompe-
tent patient.26 The same phage 
was used in the treatment of 
a lung transplant recipient for 
more than 2 years without im-
mune-based loss of activity.27 

The frequency and clinical 
significance of this issue are 

not yet fully understood, but currently available 
evidence suggests that it may be more problematic 
in the immunocompetent population. Replace-
ment of phages inducing an immune response with 
phages capable of lysing the target bacterium but 
not sharing the epitopes of the strain inducing the 
immune response has been suggested as a strategy 
to enable extension of therapy should immune re-
sponses to the original phage or phages limit their 
efficacy. 

Phage Susceptibility Testing

Development of tools for the assessment of phage 
susceptibility in the clinical microbiology labora-
tory is still in its infancy. The most commonly used 
approaches to determine phage susceptibility are 
the agar overlay technique, in which the ability of 
phages to create visible spots of lysis is assessed, 
and liquid methods, in which the ability of phages 
to block bacterial growth is assessed by quantifying 
bacterial metabolism.28 The agar overlay method is 
a classic method for assessing phage susceptibil-
ity that has been in use for a century. It requires 
no specialized equipment, but the readout is sub-
jective. Liquid-based assays can be mechanized for 
higher throughput and provide quantitative read-
outs. Efforts to standardize these assays within and 
across laboratories are in early stages.29 Very little in-
formation is currently available about the extent to 
which either assay platform predicts clinical activity. 
As was the case with traditional antibiotics, clinical 

Figure 3. Steps required to identify and prepare phages for clinical use (top). Steps required for regula-
tory approval for clinical use of phages in the United States (bottom).  
Abbreviations: IND, investigational new drug; eIND, emergency investigational new drug; IRB, 
institutional review board; FDA, Food and Drug Administration.
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correlations will evolve over time in the context of 
clinical trials and clinical experience.

Practical Aspects of Phage Therapy
Phages have several major properties that make 
them particularly attractive as antimicrobial agents. 
Among them is that they are virtually limitless in na-
ture yet highly targeted individually in terms of host 
range, resulting in potent antimicrobial activity with 
limited disruption of the microbiome. The ability to 
disrupt biofilms provides opportunities to dislodge 
bacteria from implanted prosthetic devices and 
from biofilms at mucosal surfaces or in wounds.30 
Phages can restore the susceptibility of bacteria to 
antimicrobial agents by disabling cellular antibiotic 
efflux pumps.23 

A wider appreciation of these properties, coupled 
with advances in biotechnology that have enabled 
better access to phages suitable for clinical use, has 
resulted in an accelerating number of case reports 
of phage therapy in the peer-reviewed medical lit-
erature. Case reports of phage therapy that have 
appeared since 2017 largely reflect these proper-
ties.31 Roughly one-third of the cases have involved 
implanted prosthetic devices including joints and 
cardiac devices. Twenty percent of the case re-
ports have focused on pneumonia (mostly involving 
drug-resistant organisms), and 10% each have been 
about the treatment of osteomyelitis and urinary 
tract infections. Modern case series reflecting this 
diversity of clinical indications for phage therapy are 
consistent in focus with the distribution of case re-
ports.32,33 As with other clinical conditions, it is likely 
that selection bias results in overreporting of courses 
of therapy that were perceived to be successful. The 
fact that there has been so much perceived success 
in these areas, however, has driven interest in clini-
cal trials to the same areas.

When a physician believes that a patient is a can- 
didate for phage therapy, the first step is to find 
phages that are active against the patient’s organism 
(see Figure 3). This requires that the organism be 
retrieved from the clinical laboratory where it was 
isolated. Because clinical laboratories discard organ-
isms relatively quickly after they are characterized, it 

is important that the laboratory be asked to save any 
isolates for which phage therapy might be indicated. 
The organism then must be sent to a laboratory with 
access to phages for organisms of that species. This 
can be a confusing task for physicians who have 
not been closely following the field; assistance with 
identifying a laboratory with the correct microbial 
focus and a willingness to screen the isolate for 
active phages can be obtained from University of  
California San Diego’s Center for Innovative Phage 
Applications and Therapeutics (IPATH; https://med-
school.ucsd.edu/som/medicine/divisions/idgph/
research/center-innovative-phage-applications-and-
therapeutics/Pages/default.aspx). Physicians and 
staff members at IPATH are willing to give advice 
about the suitability of the patient for phage ther-
apy, provide assistance with locating laboratories 
willing to screen for phages, provide assistance with 
the regulatory aspects of phage therapy, and dis-
cuss possible treatment plans. Over the past 5 years, 
IPATH has fielded more than 1500 phage therapy 
consultations.

In the US, phage therapy is still considered to be 
experimental by regulatory bodies and must be ad-
ministered under the supervision of the FDA Office 
of Vaccines Research and Review in the Center for 
Biologics Evaluation and Research. Individual can-
didates for phage therapy are treated under the 
FDA’s investigator-initiated investigational new drug 
(IND) regulations. The FDA should be contacted 
through its website (https://www.fda.gov/about-
fda/center-drug-evaluation-and-research-cder/
physician-request-single-patient-ind-compassion-
ate-or-emergency-use) or, in emergency situations, 
by telephone. The FDA scientist requests informa-
tion about the case, the phage preparation to be 
used, and a description of the treatment plan. In 
emergency situations under the emergency IND 
(eIND) program, approval can be obtained on the 
same day. In this case, the patient (or an autho-
rized patient representative) must provide informed 
consent, but review by a local institutional review 
board (IRB) is not required. The local IRB must sub-
sequently be notified within 5 days of the initiation 
of therapy. In less emergent situations, the time-
line is a bit longer because more details about the 
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phage preparation and treatment plan are required 
and the local IRB must also opine before the initia-
tion of therapy. 

Summary and Conclusions
Over the past several years, phage therapy has be-
come recognized as one of the more promising 
approaches to the challenge of AMR. Developments 
in biotechnology have greatly simplified isolation 
and preparation of phages for clinical use. Phages 
are being increasingly used in the clinic in the treat-
ment of difficult-to-treat bacterial infections under 
FDA supervision. Various clinical trials have been 
launched in the US and Europe that are expected to 
provide much more detailed knowledge about the 
principles and practice of phage therapeutics over 
the years to come. �
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