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Despite substantial advances in the field, liver 
disease morbidity and mortality remain serious 
issues among people with HIV. The causes of 
liver disease are often multifactorial and in-
clude hepatitis viruses, hepatic steatosis and 
oxidative stress, bacterial translocation with 
activation of hepatic macrophages and stellate 
cells, and direct toxicities from alcohol and 
drugs of abuse. Biopsychosocial factors includ-
ing a high prevalence of psychiatric disorders, 
food insecurity, insufficient access to care and 
medications, and social stigma all play roles in 
the persistence of liver injury and hepatic fi-
brosis development among people with HIV. 
Rising rates of hepatocellular carcinoma have 
been observed, suggesting that the epidemiol-
ogy of liver disease is evolving.     

Keywords: HIV, HCV, HBV, hepatitis, NASH, 
NAFLD, fatty liver, pathogenesis, opioid

Introduction
Liver disease was initially recognized as a major con-
tributor to morbidity and mortality among people 
with HIV in the early 1990s and became fully manifest 
as a major health issue in the mid-1990s following 
the introduction of effective combination antiret-
roviral therapy (ART). The subsequent 3 decades 
witnessed tremendous progress in HIV care, as well 
as the stubborn persistence of liver disease threat-
ening survival and quality of life. Microelimination of 
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the hepatitis C virus (HCV) infection in people with 
HIV seems achievable, yet new infections and rein-
fections threaten progress. Hepatitis B virus (HBV) 
infection can be suppressed by nucleotide and nu-
cleoside therapy, but a cure remains elusive. Limited 
HBV vaccine responses in people with HIV who use 
older vaccine products remain problematic. Newly 
developed HBV vaccines may help people with 
HIV but have not been widely studied yet in the 
populations that would most benefit. Nonalcoholic 
fatty liver disease (NAFLD) and nonalcoholic steato-
hepatitis (NASH) have increased in prominence as 
HCV treatment reduces the threat of HCV-related 
liver disease. ART drugs have improved in their he-
patic safety, but some trends like the use of 2-drug 
regimens with limited HBV activity may represent a 
step backward for people coinfected with HBV, and 
weight gain associated with many integrase strand 
transfer inhibitors (InSTIs) is problematic as well. 
Barriers to treatment and prevention remain, in part 
because of the presence of major psychiatric co-
morbidities that are more prevalent in people with 
HIV. Emergence of the COVID-19 pandemic added 
complexity to the prevention and management of 
liver disease among people with HIV and continues 
to affect care and disease outcomes. 

To address these issues and encourage collabo-
ration among researchers to investigate emerging 
issues, the National Institute of Allergy and Infectious 
Diseases, in association with industry partners, has 
provided support for a biennial meeting to discuss 
the research agenda. Held in September 2021, the 
8th Biennial HIV and Liver Disease Conference in-
cluded key representatives from infectious diseases, 
hepatology, psychiatry, nutrition, and pharmacol-
ogy, as well as policymakers, regulators, and basic 
and translational scientists focused on liver-related 
issues in this unique, at-risk population.

Author Correspondence
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The association of HCC development with HBV  
viral titer was previously well established in the 
Taiwanese REVEAL (Risk Evaluation of Viral Load 
Elevation and Associated Liver Disease/Cancer-Hep-
atitis B Virus) study.5 More recently, this relationship 
was also noted in people with HBV/HIV coinfection; 
higher HCC risk was noted for persons with HBV 
DNA levels greater than 200 IU/mL than those with 
lower quantities. Longer duration of complete HBV 
suppression was likewise associated with decreased 
HCC risk.6 Additional risk for HCC attributable to 
hepatitis D virus (HDV) infection was described in 
results from the Swiss HIV Cohort Study. The haz-
ard ratio for HCC-free survival was 9.3 (95% CI,  
3–28.6), representing a significant decrease in 
cancer-free survival for persons with HDV/HBV/
HIV infection.7 Recently, bulevirtide was approved 
in the European Union for treatment of hepatitis D 
virus (HDV) infection and may soon be approved in 
the USA, providing one tool to combat this serious 
challenge.

Not all news related to liver disease trends in peo-
ple with HIV is negative, however. Among the first 
groups to document the salutary effects of effec-
tive HCV treatment in this population, Mocroft and 
colleagues reported significant reductions in the in-
cidence of ESLD in people with HIV in the EuroSIDA 
cohort whose HCV was cleared spontaneously, ver-
sus those whose HCV was not. The lowest rates 
of ESLD were observed in those with spontaneous 
clearance, and those with treatment failure had the 
highest observed rates of ESLD. Successfully treated 
persons were normalized at an incidence rate of 1.8 
Similarly, the national US database known as the 
Nationwide Inpatient Sample was used to examine 
trends in mortality over a 15-year period within a 
subset of people with liver disease, namely, those 
with cirrhosis, either with or without HIV. Higher 
inpatient mortality (10.9%) was observed among 
people with cirrhosis and HIV than among those 
without HIV (9.2%; P <.001). However, the rate 
declined in both groups over the 15-year period. 
Liver-decompensating events decreased but in-
fections increased in people with HIV. Thus, HIV 
remains an independent predictor of mortality in 
people with cirrhosis.9

Epidemiologic Considerations

Liver Disease and Hepatocellular Carcinoma

Few studies have addressed the epidemiology of 
and trends in liver disease over time in large cohorts 
that are diverse and have sufficient geographic 
representation to fully represent the at-risk popu-
lations. The NA-ACCORD (North American AIDS 
Cohort Collaboration on Research and Design), a 
US and Canadian cohort study, examined morbidity 
and mortality of liver disease across 3 distinct time 
periods that correspond broadly to eras in available 
choices of ART. Its results clearly documented the 
lack of longitudinal changes in disease mortality 
and progression to end-stage liver disease (ESLD) 
associated with coinfection with HCV, HBV, or both 
in people with HIV.1 Despite this finding, more re-
cent analyses in the NA-ACCORD identified a clear 
increase in rates of hepatocellular carcinoma (HCC), 
culminating in an incidence of 0.75 cases per 1000 
person-years compared with an HCC rate in the  
general US population of 0.23 per 1000 person- 
years.2 Interestingly, people affected by triple infec- 
tion with HBV/HCV/HIV are at highest risk. 

High HCC rates were also observed in the VACS 
(Veterans Aging Cohort Study) among nearly 35,000 
veterans. Data adjusted for age, sex, race, body mass 
index, alcohol use, diabetes, and HBV and HCV se-
rostatus revealed HIV virus detection and viral load 
as key factors associated with this outcome.3 Pres-
ence of fatty liver disease was also identified as an 
important factor. In a combined analysis of 4 Euro-
pean cohorts of individuals coinfected with HBV/HIV 
on tenofovir disoproxil fumarate (TDF), cumulative 
time on TDF treatment was associated with a sta-
ble-to-decreased risk of HCC development, but the 
time off TDF therapy was highly associated with an 
increase in the incidence rate ratio of HCC.4 In the 
same study, HCC surveillance strategies were evalu-
ated to determine the optimal screening paradigm. 
In people with cirrhosis, as in HBV monoinfection, 
age was not found to be a factor, meaning all per-
sons with HBV/HIV coinfection should be screened. 
In people without cirrhosis, an age threshold of 45 
years was associated with a predetermined screen-
ing threshold of 2 events/1000 person-years. 
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Trends in people with NAFLD and NASH remain 
unclear and are difficult to discern because of sub-
stantial differences in reporting methods used to 
define the presence or absence of disease. Varying 
definitions within and between diagnostic catego-
ries sharply limit the ability to draw conclusions 
about disease progression and make comparisons 
between people with HIV and cohorts without HIV. 
For example, the histologic definition of steatosis is 
the presence of 5% or more hepatocytes contain-
ing fat droplets, and the biomarker MRI-derived 
proton density fat fraction appears to have excel- 
lent reliability and reproducibility for defining stea- 
tosis at this level.10 However, most studies utilize 
other, substantially less sensitive methodologies in-
cluding controlled attenuation parameter or even 
echogenicity on ultrasound. The definition used for 
NAFLD is also variable, requiring abnormal levels of 
alanine aminotransferase (and with studies using 
varying cutoff levels) or the presence of fibrosis as 
determined by liver-stiffness measurement, which is 
itself a surrogate for fibrosis. NASH is a purely his-
tologic diagnosis, but few studies perform enough 
liver biopsies to allow meaningful cross-sectional 
comparisons between people with HIV and control 
participants. This area remains key for future inves-
tigation and is especially important because of the 
putative relationship between some ART drugs and 
fat accumulation in the liver and elsewhere. This 
point is discussed later in more detail.

HIV Epidemiology

In 2018, several key issues in HIV epidemiology 
were identified. At that time, not only had progress 
toward ending the epidemic of new HIV infections 
in the United States stalled, but the opioid epidemic 
was driving a resurgence of new infections. Indeed, 
the US Centers for Disease Control and Prevention 
(CDC) estimated that the next decade would yield 
a net gain of nearly 400,000 HIV infections, based 
upon an incidence of greater than 38,000 new 
cases/year.11 This modeling led the CDC to begin a 
new initiative targeting a 75% reduction in new HIV 
infections within 5 years and a 90% reduction in 
10 years. The cornerstones of this effort included 
increased use of HIV preexposure prophylaxis (PrEP) 

and syringe exchange service programs (SSPs). Fur-
thermore, early diagnosis and treatment with the 
goal of sustained viral suppression would reduce 
the pool of HIV index cases. Targeting was achieved 
by identifying 57 jurisdictions with the highest rates 
of HIV transmission, many in 7 rural states. 

Unfortunately, data available in 2021 show little 
progress made to date. There were 34,800 new HIV 
infections in 2019, the majority (82%) among males. 
Black/African American and Hispanic/Latino persons 
account for the majority (69%) of new infections. 
Male-to-male sexual contact represents the highest 
proportion of transmissions (66%). Because 80% 
of infections are transmitted by people unaware 
they have HIV, this group remains a key priority for 
intervention.12 Self-testing strategies may have an 
important role in increasing early diagnosis.13 Large 
gaps in PrEP use between whites and other racial or 
ethnic groups remain, representing an area of op-
portunity. However, SSPs have lost ground in areas 
with high opioid-use risk, which poses a threat to 
achievement of lower HIV incidence targets. Results 
of several economic modeling studies suggest that 
SSPs are cost-effective, but political considerations 
may continue to limit implementation.14

Immunopathogenesis

The higher risk of cirrhosis in people living with HIV 
than in those without HIV underscores the impor-
tance of understanding the mechanisms of liver 
fibrosis. Most of the focus and disease burden has 
been on individuals with underlying HCV or HBV in-
fection. However, some data suggest that even 
without a primary liver disease, HIV itself may cause 
liver steatosis and fibrosis. For example, results of a 
study of 432 people with HIV revealed that 10% of 
those without HBV infection, HCV infection, or self-
reported excessive alcohol use had elevated values 
of liver stiffness (>7.1 kPa), a finding associated with 
HIV viral load and metabolic dysfunctions like diabe-
tes.15 Thus, even though the apparent net effect of 
HIV on liver fibrosis is most evident in the presence 
of a second contributor such as HCV infection, HBV 
infection, excessive alcohol use, or metabolic liver 
disease, HIV infection itself biases the liver toward 
fibrosis and synergistically promotes these other 
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processes. Notably, some mechanisms are reversed 
by ART, and others continue to contribute (or are even 
caused by) the ART medications (discussed later). 

Various mechanisms have been proposed through 
which HIV may potentiate or cause liver fibrosis; 
many overlap, and all converge on the central role of 
stellate cells (Table). Results of pivotal in vitro stud-
ies have shown that HIV cooperatively enhances 
the fibrogenesis caused by HCV accentuating reac-
tive oxygen species and transforming growth factor 
(TGF)-beta induction, thereby inducing the secretion 
of type 1 collagen and tissue inhibitor of metallo- 
protease (TIMP)-1 in hepatic stellate cells as well as 
hepatocyte apoptosis.16,17 Likewise, with HBV coin-
fection, recent evidence suggests that HIV and HBV 
cooperatively promote fibrosis by upregulation of hy-
poxia-inducible factor 1-alpha, which in turn might 
increase TGF-beta production.18 Emerging evidence 
also suggests a role for the Hippo–yes-associated 
protein (YAP) pathway in hepatic fibrogenesis. When 
Hippo is turned off (directly or indirectly by infection), 
YAP is unphosphorylated and free to translocate to 
the stellate cell nuclei to induce genes promoting 
fibrosis in a manner attenuated by recognized in-
hibitors of fibrogenesis such as lysophosphatidic 
acid (LPA) and epidermal growth factor receptor 
(EGFR) inhibitors. Interestingly, in a murine model 
the YAP-mediated fibrogenesis is also attenuated 
by ART. 

Other data point to a role for liver macrophages 
(Kupffer cells) in the pathogenesis of HIV-related 

liver disease. HIV can infect Kupffer cells and alter 
their cellular physiology, even though the macro-
phage is not thought to contribute to the latent 
reservoir.19 The M2 Kupffer cell phenotype is espe-
cially relevant, in that it can activate stellate cells, a 
process that is correlated with the net production of 
a soluble protein, CD163.20,21 Soluble CD163 was 
highly associated with evidence of liver injury in 
people with HIV and with development of hepatic 
fibrosis in a human cohort study.22

HIV infection also has myriad effects on adipocyte 
biology that might coordinately impact liver disease. 
The most obvious connection is with the accumula-
tion of additional liver fat (steatosis), which in some 
instances also is associated with disease (inflamma-
tion or fibrosis). One example is the HIV accessory 
protein Vpr, which can inhibit peroxisome prolifer-
ator-activated receptor (PPAR)-gamma, increasing 
lipolysis and fat accumulation in liver.23 Although 
inhibition of HIV replication would be expected to 
reduce that mechanism, some ART medications 
themselves are associated with fatty liver. Older ART 
medications such as stavudine (d4T) were directly 
toxic to cells, but even newer drugs like the InSTIs 
cause weight gain and possibly increased hepatic 
steatosis. 

Chemokines and Their Receptors 

Chemokines are molecules that regulate inflamma-
tion and, not surprisingly, are dysregulated in people 
with HIV. For example, the peripheral circulation of 
people with HIV/HCV coinfection contains fewer 
CD4+ T cells than that of individuals monoinfected 
with HCV, and these cells are disproportionately in 
an activated and “exhausted” state (PD1+, CD38+, 
HLADR+). Compared with T cells from people with 
HCV monoinfection, cells isolated from individu-
als with HIV/HCV coinfection are also more likely 
to express CXCR3, a liver-homing molecule, and to 
secrete chemokines and cytokines that stimulate 
stellate cells to produce extracellular matrix proteins 
and accelerate liver fibrosis (Figure 1).24 Interestingly, 
in contrast to the findings for circulating blood, op-
posite trends occur in liver tissue (ie, more CD4+ 
T cells from individuals with monoinfection ex-
press CXCR3). This paradigm suggests that blocking 

Table. Proposed Overlapping Mechanisms for HIV 
Potentiation of Liver Disease

Enhanced oxidative stress and TGF-beta induction  

HIF-1, Hippo, YAP, LPA signaling effects

Adaptive immune dysfunction (eg, CD4+ T-cell depletion)

Alterations in Kupffer cell physiology

Lipodystrophy and adipocyte effects

Enhanced microbial translocation

Abbreviations: HIF-1, hypoxia-inducible factor-1; LPA, 
lysophosphatidic acid; TGF-beta, transforming growth 
factor-beta; YAP, yes-associated protein. 
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chemokine receptor 2 (CCR2) or chemokine receptor 
5 (CCR5) might attenuate the increase in liver fibro-
sis associated with HIV. 

Evidence supporting the pharmacologic blockade 
of these chemokine pathways comes from murine 
models of liver inflammation and NASH.25,26 Some, 
but not all, human epidemiologic data also support 
the paradigm. For example, people with hemophilia 
and HIV/HCV coinfection who have 1 copy of the  
CCR5 allele known as the delta 32 mutation have 
lower serum liver fibrosis scores than those who 
are homozygous for the wild type.27 Likewise, in a 
study in which people with HIV but not HCV were 
randomly assigned 2:1 to receive either cenicri-
viroc or efavirenz (plus TDF and emtricitabine), 
the cenicriviroc group had lower serum fibrosis 
scores than the efavirenz group.27 This observational 

research set the stage for clinical 
trials to test the hypothesis. Thus  
far, a phase 2b study was reported 
in which people with NASH were 
randomly assigned to receive ceni- 
criviroc either immediately or after  
a delay, and results of each group 
were compared with those of 
a placebo group.28 In this rela-
tively small study, no difference 
was detected in the number of 
participants who had both an 
improvement of at least 1 stage 
of fibrosis and no worsening of 
NASH. 

Microbiome 

The microbiome refers to all the 
microorganisms (bacteria, viruses, 
fungi, and archaea) that live within 
an ecosystem. In humans, the gut 
is the most studied ecosystem, 
and in health, homeostasis ex-
ists between the microbiome and 
intestinal mucosa. HIV disrupts 
this homeostasis, and evidence in- 
dicates that HIV affects the muco-
sal interface. Specifically, during 
acute HIV infection, there is mark- 

ed depletion of the CD4+ T cells that line the intes-
tinal lumen.29 More pronounced effects are the 
depletion of a subset of Th17+ T cells and dis- 
ruption of mucosal barriers. This breach in the gut  
mucosa is thought to promote translocation of bac-
teria from the gut microbiome, and correlates of 
that process (and macrophage activation) such as 
soluble CD14 are associated with HIV-related im-
mune activation and even mortality.30 

There is also evidence that the components of 
the microbiome are altered in people with HIV. 
Results of some studies adjusting for HIV risk ex-
posure and other confounders show differences 
linked to HIV infection itself. Specifically enriched 
in people with HIV are some Proteobacteria and 
Enterobacteria species, with a corresponding reduc-
tion in Bacteroides species.31 A dynamic metabolic 
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mechanism has been proposed, with increased pro-
duction of kynurenine from tryptophan associated 
with disease in a manner that contributes to de- 
pletion of Th17+ cells and disruptions in muco-
sal protection. Results of a recent study provided 
evidence for this paradigm in peripheral blood. 
In people with HIV receiving ART, fragments of 
enteric microbes and specifically Serratia species 
were correlated with proinflammatory cytokines and 
CD4+ T-cell increases in the first treatment year. Sub-
sequently, lower Serratia species DNA abundance 
was associated with more favorable outcomes. DNA 
fragments traced to Pseudomonas species had the 
opposite associations.32 

The link with liver pathogenesis is assumed to 
be related to the drainage of organisms that are 
translocated from the gut to the liver via the portal 
blood.33,34 Collectively, this work raises the question 
of whether the microbiome could be manipulated 
therapeutically to improve HIV and liver outcomes. 
There is precedence in the use of rifaximin and 
lactulose to reduce encephalopathy in people with 
cirrhosis. Although probiotics and synbiotics have 
been studied in NAFLD, none has yet been convinc-
ingly translated into improving patient care.35

Prevention and Treatment of Liver Disease 
in People With HIV
Prevention and treatment of HIV-related liver dis- 
ease logically targets the underlying causes, begin-
ning with prevention and treatment of HIV itself. 
The clear medical benefits of PrEP shift the focus to 
implementation, overcoming barriers, and reach-
ing those at risk. Notably, prevention of disease 
need not be siloed. Harm-reduction strategies to 
reduce the risks of illicit drug use also prevent HCV 
and HIV infections. These benefits were observed 
in Scott County, Indiana, where changes in behav-
ior were reported after introduction of SSPs as part 
of the public health response to an HIV outbreak 
associated with shared injection paraphernalia 
among opioid users.36 Unfortunately, county of-
ficials ended the program in mid-2021, following 
ongoing local and national debate over providing 
such services.37

As mentioned, ART improves some drivers of 
liver disease and is indicated for all people with 
HIV. Individuals for whom specific components of 
ART clearly need to differ are those with HBV/HIV 
coinfection, for whom compounds that are also ac-
tive against HBV, such as tenofovir analogues, are 
recommended. This principle became especially 
relevant with the 2021 US Food and Drug Adminis-
tration (FDA) approval of a long-acting HIV regimen 
composed of cabotegravir and rilpivirine, which 
lacks activity against HBV. People with HIV should 
not be switched from a TDF-based regimen without 
knowledge of each individual’s HBV serostatus.38 
Similarly, a dolutegravir/lamivudine combination is 
not effective for long-term suppression of HBV,  as 
resistance emerges quickly when HBV is present. 
An additional recent consideration concerns the as-
sociation of marked steatosis with the weight gain 
that may accompany InSTI treatment. If confirmed, 
this association might justify switching people with 
NAFLD from an InSTI-based treatment to alterna-
tive regimens (eg, ritonavir boosted or darunavir 
based).39

Improved understanding of the immunopatho-
genesis of liver disease in people with HIV has yet 
to translate into HIV-specific treatments other than 
ART. Medical manipulation and restoration of the 
specific molecular pathways described earlier are 
theoretically possible; various potential approaches 
are shown in Figure 2. However, large, random-
ized clinical trials are still needed to establish their 
efficacy.

Beyond treatment of HIV, the current approach 
for preventing and treating liver disease in people 
with HIV is essentially the same as in those without 
HIV: reducing or eliminating alcohol ingestion, re-
ducing weight in people with high body mass 
index values, and updating vaccinations as needed 
to protect against other forms of liver disease like 
that related to HBV or hepatitis A virus. 

Since 2017, 2 new HBV vaccines have been 
approved by the FDA. The first was a 2-dose re- 
combinant, adjuvanted HBV vaccine that is more 
immunogenetic than historic recombinant vaccines 
and is undergoing testing in people with HIV in a  
large multicenter, multinational clinical trial. Single- 
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center retrospective results have been reported that 
suggest improved efficacy compared with older vac-
cine products.40,41 The second vaccine, approved in 
November 2021, is a recombinant hepatitis B vac-
cine that is composed of recombinant forms of 
surface and 2 larger presurface envelope proteins 
and is more immunogenetic than historic recombi-
nant vaccines when given in 3 doses.42 Studies in 
people with HIV are needed to determine whether 
these new products (1) overcome the lower re-
sponses to historic recombinant vaccines in people 
with HIV, and (2) permit revaccination with desirable 
responses among people who did not respond to 
older vaccine preparations. 

Although interferon alfa–based treatments for 
HCV originally differed for people coinfected with 
HIV, the current era of direct-acting antiviral (DAA) 
HCV therapies now provides similarly high efficacy 
and effectiveness for sustained virologic response 
in both groups.43 The same treatments are recom-
mended for HCV without regard for an individual’s 
HIV serostatus. With available DAA treatments, even 

liver transplantation outcomes are similar between 
people coinfected with HIV and those with HCV 
monoinfection.44 

Biopsychosocial Barriers and Responses
The prevention and treatment of liver disease in 
people with HIV are inhibited by the presence of nu-
merous barriers to care, some of which are intrinsic 
to this population and others that are more broadly 
distributed in the general population and thus im-
pact those with HIV as well. These barriers have 
their basis in socioeconomic and political processes 
that affect equal application of current scientific 
principles of prevention and care.45 Cultural and 
religious differences among people at risk also lead 
to imbalances in the application of interventions. 
For example, hepatitis and HIV harm-reduction pro-
grams, including SSPs and health-education and 
screening programs, are limited or not available 
in many jurisdictions in the United States, despite 
evidence from Australia and Europe that they reduce 

Figure 2. Schematic showing potential targets for decreasing liver injury (boxed text) that are not disease specific and 
may find application in people with HIV.54 Solid arrows indicate impact on disease pathogenesis; dotted arrows denote gut 
microbiome metabolite leakage into portal circulation. BCAA, branched-chain amino acid; CYP, cytochrome P450; FGF, 
fibroblast growth factor; FMT, fecal microbiota transplantation; FXR, farnesoid X receptor; LPS, lipopolysaccharide; SCFA, 
short-chain fatty acid; TLR, toll-like receptor.
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spread of chronic viral infections.46,47 Funding op-
portunities vary between state and local levels. Even 
use of Ryan White HIV/AIDS Program funds for HCV 
treatment is allowed only in some states for people 
coinfected with HIV. Rules for the use of DAAs vary 
by state as well, with some requiring evaluation by  
a subspecialist before prescriptions for treat- 
ment can be filled. Although liver transplantation 
has been shown with few caveats to be safe and 
efficacious for people with HIV, only a subset of 
transplant centers will consider this population for 
transplant.47,48

Comorbid psychiatric and behavioral disorders  
are common among people with HIV. Axis 1 disor-
ders may be present in nearly 50% of individuals 
with HIV.49 These disorders include psychiatric dis-
eases such as depression, bipolar disorder, and 
schizophrenia; behavior disorders like addictions; 
problems of endowment including personality and 
cognitive disorders; and problems of lived experi-
ences including poor coping, limited choices, and 
poverty. A complex interaction exists among factors 
that lead to HIV, systemic immune activation, and 
depression and other psychiatric manifestations of 
disease (Figure 3). 

Behavioral interventions appear to represent a 
key step in limiting the epidemic and managing 
individual patients. Implementing this step requires 

the development of integrated care systems that 
include medical, psychiatric, and substance-use 
expertise.50,51 Economic models suggest that this  
approach is cost-effective, but it requires investment 
and infrastructure, and sadly, implementation of 
such systems has been absent from most care ven-
ues. Randomized trials are needed to confirm the 
efficacy of these approaches.52

Research Agenda: 2022 and Beyond
A key deliverable from the 8th Biennial HIV and 
Liver Disease Conference was the identification of 
a research agenda encompassing near- and long-
term priorities for HIV and liver disease; a synthesis 
is presented herein. For HIV infection itself, targeted 
programs have been put in place as part of disease-
elimination plans in the United States, but ongoing 
assessments of their efficacy and adjustments of 
implementation methods are still needed. HIV and 
viral hepatitis continue to be spread via parenteral 
exposure. Syringe exchange service programs work 
as an element of risk reduction, but backsliding is 
observed in many parts of the country. Economic 
modeling and education are needed to provide 
information on the cost-effectiveness of SSPs and 
other early-intervention programs that limit disease 
transmission. 

Figure 3. Diagram summarizing the complex interplay between HIV infection and depression and other manifestations of 
psychiatric and behavior disease processes. (Diagram courtesy of Glenn Treisman, MD, PhD.) 
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Highly effective treatment regimens for HIV 
are readily available but are not curative and may 
engender adverse effects with long-term implica-
tions for liver disease. Additional research is clearly 
needed to clarify the role of InSTIs in weight gain  
and the linkage to NAFLD, NASH, and other com-
plications of metabolic syndrome. Up to 35% of 
people with HIV may have NAFLD, including NASH, 
yet data are limited regarding new treatment modal-
ities for NAFLD and NASH in this group, and many 
researchers are still using diagnostic modalities like 
ultrasound that lack both sensitivity and specificity 
for disease identification. Lean disease appears to 
be more prevalent than NAFLD and NASH in people 
with HIV and may have a different mechanism that 
requires different treatment. Despite many efforts 
to utilize large electronic medical record databases 
to study these issues, more refined and integrated 
tools to do so are needed. The use of International 
Classification of Diseases (ICD)-10 codes is at best a 
blunt instrument when trying to determine disease  
incidence and prevalence. 

Basic and translational science research continues 
to identify new pathways for liver injury and fibrosis 
(eg, hypoxia-inducible factor-1, yes-associated pro-
tein-1). These pathways represent potential new 
targets for therapeutic intervention. To this end, re-
sults of several clinical studies suggest a central role 
for chemokines as mediators of liver injury, stellate-
cell activation, and remodeling. Thus far, however, 
the results are mixed for blockade of receptors like 
CCR5 and CCR2, and whether this lack of clarity 
stems from efficacy or study design is unclear. 

Results of other studies point toward manipula-
tion of the microbiome as a promising intervention 
strategy, but progress is hindered by the lack of 
agreement on the best methods for identifying mi-
crobial populations as well as clearly defined risks of 
such manipulation. Data suggest that a conceptu-
ally simple idea like addressing food insecurity can 
impact the microbiome and reduce downstream 
hepatic injury by affecting translocation and macro-
phage activation. However, any beneficial strategies 
for changing diet would require an understanding 
of the economic and social drivers of dietary choice 
and lack of choice. 

Hepatic viral infections continue as ongoing 
sources of injury and progressive liver disease, even 
in 2022. HBV cure still seems remote despite the 
availability of valid targets and medications. Long-
standing definitions of treatment response need to 
be updated, and current measures used to define  
response require revalidation with newer endpoints 
or replacement with newer biomarkers. The ability to 
separate host-integrated HBV DNA from covalently 
closed circular DNA (cccDNA) remains a challenge 
and may be key to definitions of functional cure. 
HBV vaccination outcomes remain suboptimal. Stud-
ies are needed to identify optimal vaccine strategies, 
which may rely on newer vaccine products and bet-
ter population-based adherence to useful preventive 
vaccine regimens. Infection with HCV is now easily 
curable with DAAs, but new infections continue to 
occur, and men who have sex with men, with or 
without HIV infection, remain at high risk. An ef-
fective HCV vaccine is still elusive; development of 
new RNA vaccine technologies such as those used 
for SARS-CoV-2 may lead to development of new 
HCV vaccines. In addition, human challenge studies 
such as used for SARS-CoV-2, dengue, malaria, and 
other vaccines may promote HCV vaccine testing. 
Infection with HDV currently receives little attention 
but may emerge as a key issue with new treatment 
interventions approaching approval. However, avail-
ability of testing for HDV RNA is limited, and studies 
are needed to confirm the value of reflex-testing 
strategies following HBV detection. 

Long-acting treatments for HCV and HBV in-
fections may well transform their treatment and 
prevention, as they have for HIV. For HCV in particu-
lar, long-acting treatments might provide the ability 
to cure infection in a single encounter, opening the 
paradigm to test-and-cure public health approaches 
to elimination. In contrast, long-acting treatments 
for HBV infection might provide another “pill-free” 
option for maintaining treatment, especially useful 
when adherence is challenging. The dual activity of 
tenofovir against HIV and HBV makes development 
of those long-acting approaches of interest.

Although use of illicit drugs and high alcohol 
intake are known as key factors in the promotion 
and maintenance of HIV disease and viral hepatitis, 
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recent data suggest they have substantial direct ef-
fects on liver injury and fibrosis progression. Cocaine 
may promote fibrosis independently of its effects on 
HIV. Fentanyl and other opioids may increase viral 
loads of HCV and HIV and thus alter both disease 
epidemiology and clinical presentation in individu-
als with either or both infections. Studies of these 
cofactors are needed to further elucidate their roles 
in individuals who use drugs. 

The linkage between HIV infection and liver dis-
ease is multifactorial and remains a key driver of 
morbidity and mortality. Ongoing research in a vari-
ety of areas provides the opportunity to change the 
current landscape and improve the health of people 
with HIV.   
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The 2022 edition of the International Antiviral So-
ciety–USA (IAS–USA) drug resistance mutations list 
updates the Figure last published in September 
2019.1 In this update:  

• Cabotegravir, fostemsavir, and ibalizumab have 
now been approved by regulatory agencies in 
many countries are all now included. The cap-
sid inhibitor lenacapavir (GS 6207) has been 
added to the Figure.2 

• A new section on specific drugs and details has 
been added to this update for information on 
recently approved drugs, that may not been 
added to the Figure.

Dr Wensing (Group Chair), University Medical Center Utrecht, The Netherlands and Ezintsha, University of the Wit-
watersrand, Johannesburg, South Africa; Dr Calvez, Pierre et Marie Curie University and Pitié-Salpêtrière Hospital, 
Paris, France; Dr Ceccherini-Silberstein, University of Rome Tor Vergata, Rome, Italy; Dr Charpentier, Paris Cité Uni-
versity and Bichat-Claude Bernard Hospital, France; Dr Günthard, University Hospital Zurich and Institute of Medical 
Virology, University of Zurich, Switzerland; Dr Paredes, HIV Unit and IrsiCaixa AIDS Research Institute, Hospital 
Universitari Germans Trias i Pujol, Badalona, Spain; Dr Shafer, Stanford University Medical School, California; Dr 
Richman (Group Vice Chair), University of California San Diego
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• Several changes were made to drugs already on 
the Figure. Several changes were made to the 
Figure Bars of the integrase strand transfer in-
hibitors (InSTIs) cabotegravir and dolutegravir, 
the protease inhibitors atazanavir and lopinavir, 
and the nonnucleoside analogue reverse tran-
scriptase (NNRTI) inhibitor doravirine. 

• The user notes for tenofovir have been modi-
fied as recent clinical data suggest that the K65R 
plus M184V mutational profile is of less clinical 
relevance if tenofovir with either lamivudine or 
emtricitabine is prescribed in combination with 
a boosted protease inhibitor or one of the second 
generation InSTIs bictegravir or dolutegravir.

• For antiretroviral drugs that are no longer recom-
mended, the associated Figure Bars are listed at 
the bottom of the drug class and are shaded in 
gray. Their user notes are retained for historical 
significance.

Specific Drugs and Details

Cabotegravir (formerly GSK-1265744) was ap-
proved by the US Food and Drug Administration 
(FDA) in December 2021 in combination with 
rilpivirine for the treatment of HIV-1 infection in 
adults who are virologically suppressed on a stable 
antiretroviral regimen with no history of treatment 

The 2022 edition of the IAS–USA drug resis-
tance mutations list updates the Figure last 
published in September 2019. The mutations 
listed are those that have been identified by 
specific criteria for evidence and drugs de- 
scribed. The Figure is designed to assist practi-
tioners to identify key mutations associated 
with resistance to antiretroviral drugs, and 
therefore, in making clinical decisions regard-
ing antiretroviral therapy.    

Keywords: HIV, antiretroviral, drug resistance, 
TAM, therapy, mutations
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in clinical practice. In rare occasions phenotypic 
testing may be performed, if available. 

Methods
The IAS–USA Drug Resistance Mutations Group is 
an independent, volunteer panel of experts charged 
with delivering accurate, unbiased, and evidence- 
based information on drug resistance–associated  
mutations for HIV clinical practitioners. The group 
reviews new data on HIV drug resistance to main-
tain a current list of mutations associated with 
clinical resistance to HIV-1. This list includes mu-
tations that may contribute to a reduced virologic 
response to a drug.

The group considers only data that have been 
published or have been presented at a scientific 
conference. Table 1 provides the list of amino acids  
and the abbreviations used. Drugs that have been  
approved by the US FDA and are generally recom- 
mended, as well as any drugs available in develop-
ment with expectation of approval in the next few 
years are included (listed in alphabetic order by 
drug class). Drugs that are no longer recommended 
are listed at the bottom of the class and are shaded 
in gray. User notes provide additional information. 
Although the Drug Resistance Mutations Group 
works to maintain a complete and current list of 
these mutations, it cannot be assumed that the list 
presented here is definitive.

The magnitude of the reduction in susceptibil-
ity conferred by drug resistance mutations varies 
widely, and is modulated by the genetic context of 
the HIV sequence in which the mutation occurs. 
Despite the fact that mutations result in a spectrum 
of degrees of resistance, mutations have been arbi-
trarily designated as major (bolded) or minor (not 
bolded) (see Figure 1).  Those defined as major 
tend to occur earlier during treatment failure and 
generally confer larger reductions in susceptibil-
ity. Those defined as minor tend to accrue after 
the emergence of a major mutation, confer some 
incremental resistance, may occur as well as poly-
morphisms in wild-type virus, and in some cases 
do not reduce susceptibility but restore replica-
tion fitness to viruses with resistance mutations 

failure and with no known or suspected resistance 
to either cabotegravir or rilpivirine. Cabotegravir 
is available for the treatment of HIV-1 infection 
as oral formulation or as an extended-release in-
jectable suspension copackaged with rilpivirine.3,4 
Cabotegravir suspension was also approved as a 
long-acting injectable for the use of preexposure 
prophylaxis (PrEP).5  

Fostemsavir (formerly GSK-3684934) was ap- 
proved by the FDA in February 2020 as a first-
in-class oral attachment inhibitor binding to 
gp120.6  It is licensed for the treatment of HIV-1 
infection in combination with other antiretro-
viral drugs in heavily treatment-experienced 
adults with multidrug-resistant HIV-1 infection 
in whom their current regimen has failed due 
to resistance, intolerance, or safety consid-
erations.2,7 Fostemsavir shows high variation of 
in vitro susceptibility, but susceptibility is not 
dependent on tropism or on subtype with the 
exception of CRF01_AE, which shows intrinsic 
resistance.8,9  In areas where CRF01_AE is preva-
lent, subtyping is recommended. No correlation 
between baseline resistance and treatment suc-
cess has yet been established. For this reason, 
resistance testing for gp120 is not currently rec-
ommended. Fostemsavir-associated resistance 
does not cause cross-resistance to other entry 
or attachment inhibitors such as ibalizumab and 
maraviroc.10  

Ibalizumab, a humanized monoclonal anti-
body and noncompetitive CD4 post-attachment 
inhibitor, is approved for treatment in patients 
with multiclass drug-resistant virus.11 Since the 
mechanism of action of ibalizumab requires a 
previous attachment of HIV-gp120 to the CD4 
receptor, ibalizumab does not interfere with the 
functional capacity of CD4 receptors unbound to 
HIV-1. Loss of N-linked glycosylation sites in the 
V5 loop reduce the activity of this compound by  
preventing HIV-1 gp120 conformational changes 
and gp41 rearrangements required for the virus to 
enter target cells.12-14 There are no mutations de- 
picted on the Figure Bars for fostemsavir, ibalizum- 
ab, or maraviroc. As such, genotypic testing to pre- 
dict resistance to these drugs is not recommended 
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that impair fitness. In general, a major mutation 
should raise concern that a drug is at least par-
tially compromised; a minor mutation on its own 
may not raise such a concern, but it should add 
concern in the presence of other mutations. The 
delineation between major and minor is often not 
clear-cut.

Identification of Mutations

The mutations listed are those that have been 
identified by 1 or more of the following criteria: 
(1) in vitro passage experiments with validation 
of contribution to resistance by using site-directed 
mutagenesis; (2) susceptibility testing of laboratory 
or clinical isolates; (3) nucleotide sequencing of vi-
ruses from patients in whom the drug is failing; (4) 
association studies between genotype at baseline 
and virologic response in patients exposed to the 
drug. 

The development of more recently approved 
drugs that cannot always be tested as monother- 
apy precludes assessment of the impact of resis-
tance on antiretroviral activity that is not seriously 
confounded by the activity of other drug compo-
nents in the background regimen. Readers are 
encouraged to consult the literature and experts 
in the field for clarification or more information 
about specific mutations and their clinical im-
pact. Polymorphisms associated with impaired 
treatment responses that occur in otherwise wild-
type viruses should not be used in epidemiologic 
analyses to identify transmitted HIV-1 drug resis-
tance. Consequently, only some of the resistance 
mutations depicted on the Figure can be used to 
identify transmitted drug resistance.15 

Clinical Context
The Figure is designed for practitioners to use in 
identifying key mutations associated with antiret-
roviral drug resistance and in selecting therapeutic 
regimens. In the context of making clinical deci-
sions regarding antiretroviral therapy, evaluating 
the results of HIV-1 genotypic testing includes: (1) 
assessing whether the pattern or absence of a pat-
tern in the mutations is consistent with the patient’s 
history of antiretroviral therapy; and (2) recogniz-
ing that resistant strains may be present at levels 
below the limit of detection of the test after discon-
tinuation or during poor adherence of the regimen 
that conferred the selection pressure. Analyzing 
stored samples, collected under selection pressure, 
could be useful in this setting; and (3) recognizing 
that virologic failure of a first-line regimen typically 
involves HIV-1 isolates with resistance to only 1 or 
2 of the drugs in the regimen. In this setting, re-
sistance emerges most commonly to lamivudine 
or emtricitabine, NNRTIs, or first-generation InSTIs 
(elvitegravir, raltegravir).

The absence of detectable viral resistance after 
treatment failure may result from any combination 
of the following factors: the presence of drug-
resistant minority viral populations, a prolonged 
interval between the time of antiretroviral drug dis-
continuation and genotypic testing, nonadherence 
to medications, laboratory error, lack of current 
knowledge of the association of certain mutations 
with drug resistance, the occurrence of relevant 
mutations outside the regions targeted by routine 
resistance assays, drug-drug interactions leading to 
subtherapeutic drug levels, and possibly the con-
sequence of drugs not reaching optimal levels in 
specific anatomic compartments.

Table 1. Amino acids and their abbreviations.

Alanine A Methionine M 
Cysteine C Asparagine N
Aspartate D Proline P
Glutamate E Glutamine Q
Phenylalanine F Arginine R
Glycine G Serine S
Histidine H Threonine T
Isoleucine I Valine V
Lysine K Tryptophan W
Leucine L Tryosine Y

K ▼

65
R

Amino acid wild-type

MUTATIONS

Amino acid position

Insertion

Amino acid substitution
conferring resistance

Figure 1. Display of the Figure Bar: Amino acid po- 
sition, wild type, mutation conferring resistance, and 
indication of insertion mutation.
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is counterproductive. If you have any questions 
about reprints or adaptations, please contact 
IAS–USA.

The IAS–USA has identified and resolved ahead 
of time any possible conflicts of interest that may 
influence CME activities with regard to exposition 
or conclusion. All financial relationships with in-
eligible companies for the authors and planners/
reviewers are below. 

Financial relationships with ineligible companies within 
the past 24 months: Dr Calvez has served as an advisor 
or consultant to and has received research grants from 
Bristol-Myers Squibb, Johnson & Johnson, Merck Sharp 
& Dohme, Inc, ViiV Healthcare, and Gilead Sciences, 
Inc. Dr Ceccherini-Silberstein has been a consultant to 
ViiV Healthcare, Gilead Sciences, Inc, and Merck Sharp 
& Dohme, Inc, and has received research grants from 
ViiV Healthcare, Gilead Sciences, Inc, and Merck Sharp & 
Dohme, Inc. Dr Charpentier serves as an advisor for ViiV 
Healthcare, Gilead Sciences, Inc, Janssen Therapeutics, 
Theratechnologies, and Merck Sharp & Dohme, Inc, and 
has received research grants from ViiV Healthcare. Dr 
Günthard has served as a consultant to Merck & Co, Inc, 
ViiV Healthcare, GlaxoSmithKline, Novartis, Johnson and 
Johnson Inc, and Gilead Sciences, Inc, and has received 
research grants from Gilead Sciences, Inc. Dr Paredes  
has received research grants from ViiV Healthcare and 
Merck Sharp & Dohme, Inc and has been a consultant 
for Gilead Sciences, Inc, ViiV Healthcare, Pfizer, Inc, 
Theratechnologies, Inc, and Eli Lilly and Company. Dr 
Richman has been a consultant to Antiva Biosciences, 
Assembly Biosciences, Generate Biomedicines, and IGM 
Biosciences, and serves as Chair of the Data Manage-
ment Committee of Gilead Sciences, Inc. Dr Shafer has 
received research grants from Janssen Therapeutics, Vela 
Diagnostics, and InSilixa, Inc, and personal consulting 
fees from Abbott Diagnostics. Dr Wensing has served on 
advisory boards for ViiV Healthcare, GlaxoSmithKline, 
Janssen Therapeutics, and Gilead Sciences, Inc, and has 
received investigator-initiated research grants from Gil-
ead Sciences, Inc. Ms Jacobsen has no relevant financial 
relationships with ineligible companies to disclose. All 
relevant financial relationships with ineligible companies 
have been mitigated.

Funding/Support: This work w as funded by IAS–USA. No 
commercial company or government funding was used to 
support the effort. Panel members are not compensated.                       

For more in-depth reading and an extensive 
reference list, see the 2018 IAS–USA panel rec-
ommendations for resistance testing16 and 2020 
IAS–USA panel recommendations for antiretroviral 
therapy.17 Updates to the Figure are posted periodi-
cally at www.iasusa.org.

Comments
Please send your evidence-based comments, in-
cluding relevant reference citations, to journal@
iasusa.org.

Reprint Requests
The Drug Resistance Mutations Group welcomes 

interest in the Figure as an educational resource 
for practitioners and encourages dissemination of 
the material to as broad an audience as possible. 
However, permission is required to reprint the Fig-
ure and no alterations in format or content may 
be made.

Requests to reprint the material should include 
the name of the publisher or sponsor, the name or 
a description of the publication in which the mate-
rial will be reprinted, the funding organization(s), 
if applicable, and the intended audience. Requests 
to make any minimal adaptations of the material 
should include the former, plus a detailed explana-
tion of the adaptation(s) and, if possible, a copy of 
the proposed adaptation. To ensure the integrity 
of the Figure, IAS–USA policy is to grant permis-
sion for only minor, preapproved adaptations of 
the Figure (eg, an adjustment in size). Minimal ad-
aptations only will be considered; no alterations 
of the content of the Figure or user notes will be 
permitted.

Permission will be granted only for requests to 
reprint or adapt the most current version of the 
Figure as they are posted at www.iasusa.org. 
Because scientific understanding of HIV drug resis-
tance evolves and the goal of the Drug Resistance 
Mutations Group is to maintain the most up-to-
date compilation of mutations for HIV clinicians 
and researchers, publication of out-of-date figures 

www.iasusa.org
mailto:journal@iasusa.org
mailto:journal@iasusa.org
www.iasusa.org
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MUTATIONS IN THE REVERSE TRANSCRIPTASE GENE ASSOCIATED WITH RESISTANCE TO REVERSE TRANSCRIPTASE INHIBITORS
Nucleoside and Nucleotide Analogue Reverse Transcriptase Inhibitors (nRTIs)1

69 Insertion Complex2 (affects all nRTIs currently approved by the US FDA)
M A ▼ K L T K

Multi-nRTI 
Resistance

41 62 69 70 210 215 219
L V  Insert R W Y Q

F E

151 Complex3 (affects all nRTIs currently approved by the US FDA except tenofovir)
A V F F Q

Multi-nRTI 
Resistance

62 75 77 116 151
V I L Y M

Thymidine Analogue-Associated Mutations4,5 (TAMs; affect all nRTIs currently approved by the US FDA other than emtricitabine and lamivudine)
M K L T K

Multi-nRTI 
Resistance

41 70 210 215 219
L R W Y Q

F E

K L Y M
Abacavir1,6 65 74 115 184

R V F V
E
N

K M
Emtricitabine/ 65 184

Lamivudine R V
E I
N

K K
Tenofovir1,7 65 70

R E
E
N

M D K L T K
Zidovudine4,5,8,9 41 67 70 210 215 219

L N R W Y Q
F E

K L
Didanosine1,10,21 65 74

R V
E
N

M K D K L T K
Stavudine1,4,5,8,9 41 65 67 70 210 215 219

L R N R W Y Q
E F E
N

Nonnucleoside Analogue Reverse Transcriptase Inhibitors (NNRTIs)1,11

V Y G P F M L Y
Doravirine12 106 188 190 225 227 230 234 318

A L E H C L I F
I I

M L
T R

V

L K K V V Y Y G P M
Efavirenz 100 101 103 106 108 181 188 190 225 230

I P N M I C L S H L
S I A

V A L K V E V Y G M
Etravirine13 90 98 100 101 106 138 179 181 190 230

I G  I E I A D  C S L
H G F  I A
P K T  V

Q
L K K V V Y Y G M

Nevirapine 100 101 103 106 108 181 188 190 230
I P N A I C C A L

S M I L
H

L K E V Y Y H F M
Rilpivirine14 100 101 138 179 181 188 221 227 230

I E A L C L Y C I
P G I L

K V
Q
R

MUTATIONS IN THE CAPSID GENE ASSOCIATED WITH RESISTANCE TO CAPSID INHIBITORS

L M Q K N A T
Lenacapavir31 56 66 67 70 74 105 107

I I H N D T N
S S
R
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MUTATIONS IN THE INTEGRASE GENE ASSOCIATED WITH RESISTANCE TO INTEGRASE STRAND TRANSFER INHIBITORS25

G E G Q S R
Bictegravir26 118 138 140 148 153 263

R A A H F K
K C K Y
T R R

S

T T G E G Q S N R
Cabotegravir27 66 97 118 138 140 148 153 155 263

K A R A A H F H K
K C K Y
T R R

S

G E G Q S N R
Dolutegravir28 118 138 140 148 153 155 263

R A A H F H K
K C K Y
T R R

S

T E T F   S Q N R
Elvitegravir29 66 92 97 121 147148 155 263

I Q A Y  G H H K
A G K
K R

L E T F E G Y Q N R
Raltegravir30 74 92 97 121 138 140 143 148 155 263

M Q A Y A A R H H K
K S H K

C R

MUTATIONS IN THE ENVELOPE GENE ASSOCIATED WITH RESISTANCE TO ENTRY INHIBITORS
G I V Q Q N N

Enfuvirtide23 36 37 38 39 40 42 43
D V A R H T D
S M

E

Maraviroc24       See User Note

MUTATIONS IN THE PROTEASE GENE ASSOCIATED WITH RESISTANCE TO PROTEASE INHIBITORS(PIs)15,16,17

L K L V L M G I F I G V I I N L
Atazanavir  

+/- ritonavir18
10 20 24 32 33 46 48 50 53 54 73 82 84 85 88 90
F T I I F I V L L L C A V V S M

L Y V S T
M T F
T A L
A M
S S

V V L I I I T L I L
Darunavir/ 
ritonavir19

11 32 33 47 50 54 74 76 84 89
I I F V V M P V V V

L

L K L V L M I I F I A G L V I L
Lopinavir/ 
ritonavir20

10 20 24 32 33 46 47 50 53 54 71 73 76 82 84 90
F M I I F I V V L V V S V A V M
I R L A L T F
R A T
V M S

T
S

L L M K M I I Q H T V N I L
Tipranavir/ 

ritonavir
10 33 36 43 46 47 54 58 69 74 82 83 84 89
V F I T L V A E K P L D V I

L M R T M
V V V

L V M I I I G L V I L
Fosamprenavir/ 

ritonavir21
10 32 46 47 50 54 73 76 82 84 90
F I I V V L S V A V M
I L V F
R M S
V T

L K L V M M I A G L V V I L
Indinavir/ 

ritonavir21
10 20 24 32 36 46 54 71 73 76 77 82 84 90
I M I I I I V V S V I A V M
R R L T A F
V T

L D M M A V V I N L
Nelfinavir 21,22 10 30 36 46 71 77 82 84 88 90

F N I I V I A V D M
I L T F S

T
S

L L G I I A G V V I L
Saquinavir/ 
ritonavir 21

10 24 48 54 62 71 73 77 82 84 90
I I V V V V S I A V M
R L T F
V T

S
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User Notes
1. Mutations at the C-terminal reverse 
transcriptase domains (amino acids 
293-560) outside of regions depicted 
on the Figure Bar may contribute to 
nucleoside (or nucleotide) analogue 
reverse transcriptase inhibitor (nRTI) 
and nonnucleoside analogue reverse 
transcriptase inhibitors (NNRTI) HIV-1 
drug resistance. The clinical relevance 
of these connection domain muta-
t ions ar ises most ly in conjunct ion 
with thymidine analogue–associated 
mutations (TAMs) and M184V and 
they have not been associated with 
increased rates of virologic failure of 
etravirine or rilpivirine in clinical tri-
als.1-3 K65E/N/R variants are reported in 
patients experiencing treatment failure 
of tenofovir (ie, tenofovir disoproxil 
fumarate [TDF] or tenofovir alafen-
amide [TAF]), stavudine, or didanosine. 
The K65R/N variants may be selected 
by tenofovir, didanosine, abacavir, or  
stavudine and are associated with de- 
creased viral susceptibility to these 
drugs.4-8 The K65R may be more easily 
selected in subtype C clades.9 K65E usu-
ally occurs in mixtures with wild-type 
virus. Patient-derived viruses with K65E 
and site-directed mutations replicate 
very poorly in vitro; as such, no suscep-
tibility testing can be performed.10,11 
Some nRTI mutations, like T215Y and 
H208Y,12 may lead to viral hypersuscep-
tibility to NNRTIs, including etravirine.13 
The presence of these mutations may 
improve subsequent virologic response 
to NNRTI-containing regimens (nevirap- 
ine or efavirenz) in NNRTI-naive individ- 
uals;14-18 no clinical data exist for im- 
proved response to etravirine in NNRTI- 
experienced individuals.

2. The 69 insertion complex consists 
of a substitution at codon 69 (typically 
T69S) and an insertion of 2 or more 
amino acids (S-S, S-A, S-G, or others). 
The 69 insertion complex is associated 
with resistance to all nRTIs currently 
approved by the US Food and Drug 
Administration (FDA) when present 
with 1 or more TAMs at codons 41, 
210, or 215.4 Some other amino acid 
changes from the wild-type T at codon 

69 without the insertion may be associ-
ated with broad nRTI resistance.

3. Since no differences in resistance 
patterns have been observed between 
TDF and TAF, both drugs are referred to 
as “tenofovir” on the Figure Bar.19 Teno-
fovir retains activity against the Q151M 
complex of mutations.4 Q151M is the 
most important mutation in the com-
plex (ie, the other mutations in the 
complex [A62V, V75I, F77L, and F116Y] 
in isolation may not reflect multi-nucle-
oside resistance). 

4. Mutations known to be selected by 
TAMs (ie, M41L, D67N, K70R, L210W, 
T215Y/F, and K219Q/E) also confer re- 
duced susceptibility to all currently ap-
proved nRTIs20 except emtricitabine and 
lamivudine, which in fact reverse the 
magnitude of resistance and are recom-
mended with tenofovir or zidovudine 
in the presence of TAMs. The degree 
to which cross-resistance is observed 
depends on the specific mutations and 
number of mutations involved.21-24

5. Although reverse transcriptase changes 
associated with the E44D and V118I 
mutations may have an accessory role 
in increased resistance to nRTIs in the 
presence of TAMs, their clinical rele- 
vance is very limited.25-27 

6. The M184V mutation alone does not 
appear to be associated with a reduced 
virologic response to abacavir in vivo. 
When associated with TAMs, M184V 
increases abacavir resistance.5,28 

7. If resistance develops specifically to 
tenofovir, the most common drug re-
sistance mutation to emerge is K65R. 
It is associated with about 2-fold re-
duced tenofovir susceptibility, which 
is clinically significant. However, when 
K65R occurs in combination with the 
lamivudine/emtricitabine resistance 
mutation M184V/I, the reduction in 
tenofovir susceptibility is less than 1.5 
fold, a reduction in susceptibility that 
is less clinically significant. This is par-
ticularly the case in patients who are 
treated with the combination of teno-
fovir, a cytosine analogue, and a highly 
potent third drug such as the integrase 

strand transfer inhibitors (InSTIs) bicte-
gravir and dolutegravir or a boosted 
protease inhibitor (PI).29,30

A reduced response also occurs in the 
presence of 3 or more TAMs inclusive of 
either M41L or L210W.4 The presence 
of TAMs or combined treatment with 
zidovudine prevents the emergence of 
K65R in the presence of tenofovir.31-33 

8. The presence of M184V appears to 
delay or prevent emergence of TAMs.34 
This effect may be overcome by an ac-
cumulation of TAMs.

9. The T215A/C/D/E/G/H/I/L/N/S/V sub- 
stitutions are revertant mutations at co-
don 215 that confer increased risk of 
virologic failure of zidovudine or stavu-
dine in antiretroviral-naive patients.35,36 
The T215Y mutant may emerge quickly 
from one of these mutations in the 
presence of zidovudine or stavudine.37 

10. The presence of 3 of the follow-
ing mutations—M41L, D67N, L210W, 
T215Y/F, K219Q/E—is associated with 
resistance to didanosine.38 The pres-
ence of K70R or M184V alone does not 
decrease virologic response to didano-
sine.39 However, the mutations depicted 
on the Figure Bar cannot be considered 
comprehensive because little relevant 
research has been reported in recent 
years to update the resistance and cross-
resistance patterns for this drug.

11. There is no evidence for the utility 
of efavirenz, nevirapine, or rilpivirine in 
patients with NNRTI resistant virus.40 

12. Doravirine is active in vitro against 
variants containing the common NNRTI 
mutations K103N, E138K, Y181C, and 
G190A.41,42 Doravirine selects for muta-
tions at positions 106, 108, 227, and 
234, with more than 1 mutation usu-
ally required for substantial levels of 
resistance.43 Mutations V106A, Y188L, 
and M230L are associated with a 10- 
or greater fold reduced susceptibility 
to doravirine. V106A and Y188L have 
also been selected in vivo.44,45 In 1 clini-
cal isolate, G190E was associated with 
about 20-fold reduced susceptibility to 
doravirine.42 Furthermore, the double 
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and triple mutants V106A and F227L; 
V106A and L234I; V106A and F227L 
and L234I; and V106A and 190A and 
F227L, are all associated with substan-
tial resistance to doravirine.41,43,46 

13. Resistance to etravirine has been ex-
tensively studied only in the context of 
coadministration with ritonavir-boosted 
darunavir. Mutations associated with 
virologic outcome were assessed and 
their relative weights (or magnitudes of 
impact) assigned. Phenotypic cutoff val-
ues were calculated, and assessments 
of genotype-phenotype correlations 
from a large clinical database have de-
termined the relative importance of the 
various mutations. These 2 approaches 
are in agreement for many, but not all, 
mutations and weights.47-49 The single 
mutations L100I, K101P, and Y181C/I/V 
have high relative weights with regard 
to reduced susceptibility and reduced 
clinical response compared with other 
mutations.50,51 The presence of K103N 
alone does not affect etravirine re- 
sponse.51 Accumulation of several mu- 
tations results in greater reductions in 
susceptibility and virologic response 
than do single mutations.52-54 

14. Sixteen mutations have been as- 
sociated with decreased rilpivirine sus- 
ceptibility (K101E/P, E138A/G/K/Q/R, 
V179L, Y181C/I /V, Y188L, H221Y, 
F227C, and M230I/L).55-57 The K101P 
and Y181I/V mutations reduce rilpivirine 
susceptibility approximately 50 fold 
and 15 fold, respectively, but are not 
commonly observed in patients receiv-
ing rilpivirine.58-60 Mutations at position 
138 (most notably E138A) may occur 
as natural polymorphisms, especially 
in non-B subtype virus.61 The K101E, 
E138K, and Y181C mutations, each of 
which reduces rilpivirine susceptibility 
2.5 fold to 3 fold, occur commonly in 
patients receiving rilpivirine. E138K and 
to a lesser extent K101E usually occur in 
combination with the nRTI resistance–
associated mutation M184I, which 
alone does not reduce rilpivirine suscep-
tibility. When M184I is combined with 
E138K or K101E, rilpivirine susceptibility 
is reduced about 7 fold and 4.5 fold, 
respectively.60,62-64 The combinations of 

reverse transcriptase–associated mu-
tations L100I plus K103N/S and L100I 
plus K103R plus V179D were strongly 
associated with reduced susceptibil-
ity to rilpivirine; however, for isolates 
harboring the K103N/R/S or V179D as 
single mutations, no reduction in sus-
ceptibility was detected.57,65 

15. Often, several mutations are nec-
essary to substantially impact virologic 
response to a ritonavir-boosted PI.66 

16. Mutations in Gag cleavage sites 
may confer or contribute to resistance 
to PIs and may even emerge before 
mutations in protease.67 A large propor-
tion of virus samples from patients with 
confirmed virologic failure on a PI-con-
taining regimen is not found to have PI 
resistance–associated mutations, attrib-
utable to poor adherence. 

17. Ritonavir is not listed separately, as 
it is currently used only at low doses as 
a pharmacologic booster of other PIs.

18. Several mutations are associated 
with atazanavir resistance. Their im-
pacts differ, with I50L, I84V, and N88S 
having the greatest effect. Mutations 
that are selected during unboosted 
atazanavir are not different from those 
selected during boosted atazanavir, but 
the relative frequency of mutations may 
differ. Higher atazanavir levels obtained 
with ritonavir boosting increase the 
number of mutations required for loss 
of activity. The presence of M46I plus 
L76V might increase susceptibility to 
atazanavir when no other related muta-
tions are present.68 

19. Virologic response to ritonavir- 
boosted darunavir correlates with base- 
line susceptibility and the presence of 
several specific PI resistance–associated 
mutations. Reductions in response are 
associated with increasing numbers of 
the mutations indicated on the Figure  
Bar. The negative impact of the pro-
tease mutations I47V, I54M, T74P, and  
I84V and the positive impact of the 
protease mutation V82A on virologic 
response to ritonavir-boosted daruna-
vir were shown independently in 2 
data sets.69,70 Some of these muta-
tions appear to have a greater effect 
on susceptibility than others (eg, I50V 

vs V11I). The presence at baseline of 2 
or more of the substitutions V11I, V32I, 
L33F, I47V, I50V, I54L/M, T74P, L76V, 
I84V, or L89V was associated with a 
decreased virologic response to ritona-
vir-boosted darunavir.71 

20. Virologic response to ritonavir-
boosted lopinavir is affected by the 
presence of 3 or more of the following 
amino acid substitutions in protease at 
baseline: L10F/I/R/V, K20M/N/R, L24I, 
L33F, M36I, I47V, G48V, I54L/T/V, 
V82A/C/F/S/T, and I84V. In addition, the 
combination of 47A/V with V32I is as-
sociated with high-level resistance.68,72-78 

I50V is only occasionally selected in 
vivo but has a clear impact on suscep-
tibility.12,79-81 Subtype C patterns with 
M46L, I54V, L76V, and V82A are fre-
quently observed in patients receiving 
ritonavir-boosted lopinavir. 

21. The mutations depicted on the  
Figure Bar cannot be considered com- 
prehensive because little relevant re-
search has been reported in recent 
years to update the resistance and 
cross-resistance patterns for this drug.

22. In some nonsubtype-B HIV-1, D30N 
is selected less frequently than are other 
PI resistance–associated mutations.82 

23. Resistance to enfuvirtide is associ-
ated primarily with mutations in the 
first heptad repeat (HR1) region of the 
gp41 envelope gene. However, muta-
tions or polymorphisms in other regions 
of the env (eg, the HR2 region or those 
yet to be identified), as well as core-
ceptor usage and density, may affect 
susceptibility to enfuvirtide.83-85 

24. The activity of CC chemokine re-
ceptor 5 (CCR5) antagonists is limited 
to patients with virus that use only 
CCR5 for entry (R5 virus). Viruses that 
use both CCR5 and CXC chemokine 
receptor 4 (CXCR4; termed dual/mixed 
[D/M] virus) or only CXCR4 (X4 virus) do 
not respond to treatment with CCR5 
antagonists. Virologic failure of these 
drugs is frequently associated with 
outgrowth of D/M or X4 virus from a 
preexisting minority population pres-
ent at levels below the limit of assay 
detection. Mutations in HIV-1 gp120 
that allow the virus to bind to the drug- 
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bound form of CCR5 have been de-
scribed in viruses from some patients 
whose virus remained R5 after virologic 
failure of a CCR5 antagonist. Most of 
these mutations are found in the V3 
loop, the major determinant of viral 
tropism.86 There is as yet no consen-
sus on specific signature mutations for 
CCR5 antagonist resistance, so they are 
not depicted on the Figure Bar. Some 
CCR5 antagonist–resistant viruses se-
lected in vitro have shown mutations 
in gp41 without mutations in V3;87 the 
clinical significance of such mutations is 
not yet known.

25. With their low genetic barrier to 
resistance and the high level of cross-
resistance, the InSTIs elvitegravir and 
raltegravir are no longer generally rec-
ommended in an initial therapy for 
most people with HIV.88 A second-gen-
eration InSTIs (dolutegravir, bictegravir, 
and cabotegravir) is recommended for 
most treatment situations. 

26. In vitro susceptibility data indicate 
relatively small quantitative reductions 
in most cases for dolutegravir and bic- 
tegravir for single mutations in inte-
grase.89-91 Consequently, the Figure Bar  
listing the mutations or indicating them 
as bold is somewhat arbitrary in the 
absence of clinical data. The listing of 
mutations is based in most cases on in 
vitro selection data and testing single 
mutations seen mostly with first-gen-
eration InSTI failure in vitro. Several 
mutations were selected by dolutegra-
vir, primarily during monotherapy trials 
or as add-on therapy to failing regi-
mens.92 Failure with the emergence of 
resistance to bictegravir, which is only 
available as a fixed-dose formulation 
with TAF and emtricitabine for individu-
als with no known InSTI resistance, has 
not been well documented. The only 
clinical data for treatment of individu-
als with InSTI resistance comes from the 
VIKING Study, in which even double 
doses of dolutegravir combined with 
the best available background regimen 
had higher failure rates against Q148K 
with 2 or more additional mutations in 
integrase.93 Failure with emergence of 
resistance to bictegravir in a first-line 

regimen has been very rarely observed.94 
In vitro data suggest that these double 
mutants might have compromised the 
efficacy of bictegravir in one study but 
not another.90,91 Multiple mutations are 
not displayed in the Figure Bar. 

27. Cabotegravir is a long-acting InSTI. 
In clinical trials in individuals receiving 
HIV treatement or PrEP, several resis- 
tance mutations were observed in inte- 
grase associated with in vitro cabotegra-
vir resistance.95-97 A multivariate analysis 
showed that the presence of at least 2 
factors among archived rilpivirine resis-
tance-associated mutations at baseline, 
HIV-1 subtype A6/A1, or body mass 
index of at least 30  kg/m2, was asso-
ciated with increased risk of confirmed 
virologic failure.98 The A6/A1 subtype 
frequently harbors the L74I polymor-
phism. A recent study showed that L74I 
conferred greater replication capacity 
to recombinant viruses expressing HIV-1 
A6 integrase when present together 
with InSTI resistance mutations at po-
sitions 118, 140, 148, and 263. This 
finding may explain in part the associa-
tion of this subtype to virologic failures 
of long-acting cabotegravir/rilpivirine.99 

Although knowledge from cl inical 
studies thus far is limited, in vitro stud-
ies indicate that multiple integrase 
substitutions including compensa-
tory mutations enhance resistance to 
cabotegravir.100 

28. Several mutations are required 
in HIV integrase to confer high-level 
resistance to dolutegravir.100,101 Cross-
resistance studies with raltegravir- and 
elvitegravir-resistant viruses indicate 
that Q148H/R and G140S in combi-
nation with mutations L74I/M, E92Q, 
T97A, E138A/K, G140A, or N155H 
are associated with 5-fold to 20-fold 
reduced dolutegravir susceptibility102 
and reduced virologic suppression in 
patients.103-106 

29. Seven elvitegravir codon muta-
tions have been observed in InSTI 
treatment–naive and –experienced pa-
tients in whom therapy is failing.107-113 
T97A, which may occur as a polymor-
phism,114 results in only a 2-fold change 

in elvitegravir susceptibility and may 
require additional mutations for re-
sistance.112,113 The sequential use of 
elvitegravir and raltegravir (in either 
order) is not recommended because of 
cross-resistance between these drugs.112 

30. Raltegravir failure is associated with 
integrase mutations in at least 3 distinct, 
but not exclusive, genetic pathways de-
fined by 2 or more mutations including 
(1) a mutation at Q148H/K/R, N155H, 
or Y143R/H/C; and (2) 1 or more ad- 
ditional minor mutations. Minor muta- 
tions described in the Q148H/K/R 
pathway include L74M plus E138A, 
E138K, or G140S. The most common 
mutational pattern in this pathway is 
Q148H plus G140S, which also confers 
the greatest loss of drug susceptibil-
ity. Mutations described in the N155H 
pathway include this major mutation 
plus either L74M, E92Q, T97A, E92Q 
plus T97A, Y143H, G163K/R, V151I, or 
D232N.115 The Y143R/H/C mutation is 
uncommon.116-120 E92Q alone reduces 
susceptibility to elvitegravir more than 
20 fold and causes limited (<5 fold) 
cross-resistance to raltegravir.121-123 
N155H mutants tend to predominate 
early in the course of raltegravir failure, 
but are gradually replaced with con-
tinuing raltegravir treatment by viruses 
with higher resistance, often bearing 
mutations G140S plus Q148H/R/K.

31. The emergence of resistance with 
lenacapavir was characterized with 
in vitro selection, which identified 
several variants in the capsid (CA) por-
tion of Gag (L56I, M66I, Q67H, K70N, 
N74D/S, and T107N), with 20-fold to 
1000-fold reduced susceptibility in vi-
tro with Q67H+N74S, Q67H+T107N, 
L56I (204), Q67H+M66I, Q67H+N74D, 
M66I (>2,700), and reduced replication 
capacity for most mutant viruses.124-126  

None of these mutations were found to 
be polymorphic suggesting there is no 
need for resistance testing before treat-
ment with lenacapavir.127 In a phase Ib 
study, post-monotherapy analyses re-
vealed the emergence of mutation Q67H 
at the lowest lenacapavir doses.125,126 In 
highly treatment-experienced patients 
with lenacapavir failure, M66I was 
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observed alone or in combination 
with other mutations. In all cases, the 
failures were initially associated with 
the selection of M66I.30,128

In highly treatment-experienced pa-
tients experiencing treatment failure 
in the CAPELLA study, the M66I muta-
tion was most frequently observed.129 In 
treatment-naive individuals in the CALI-
BRATE trial mutations 67H (fold change 
7) and 70R were selected.130,131 
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The 2022 outbreak of monkeypox virus infec-
tion has expanded far beyond regions in which 
the disease was previously endemic. Monkey- 
pox has a wide range of manifestations, some 
of which are unique to this outbreak. Novel 
clinical presentations, testing limitations, and a 
lack of available treatments have contributed 
to delays in recognition, diagnosis, and treat-
ment of monkeypox. As health care workers 
and governments fight this rare viral infection, 
which may become a routine diagnosis, early 
recognition of potential signs and symptoms 
along with appropriate testing is essential to 
prevent continuing spread and potential en-
demicity.    

Keywords: monkeypox, MPX, lesions, tecoviri-
mat, Tpoxx, JYNNEOS, proctitis

Many parts of the world are currently experienc-
ing an outbreak of monkeypox virus infection, with 
more than 100 countries reporting cases.1 Mon-
keypox is a rare viral infection that can cause fever, 
chills, lymphadenopathy, fatigue, myalgia, cough, 
and, characteristically, skin lesions or rash.1,2 Pa-
tients may present with prodromal symptoms, rash, 
or lesions, or sometimes unexpected manifestations 
such as proctitis, urethritis, or conjunctivitis (Figure 
1).3,4 The skin lesions seen in monkeypox can vary  
widely in appearance and may include papules, 
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pustules, umbilicated lesions, ulcers, or morbilliform 
rash (Figures 2, 3, 4, and 5). Classically, most lesions 
are deep-seated and well circumscribed and pro- 
gress through a series of stages.1,2 Lesions or rash 
can appear anywhere on the body, with predomi-
nance in the genital and anorectal areas in the 
current outbreak.5,6 Interestingly, monkeypox virus 
has been detected on rectal swabs of at-risk but  
asymptomatic individuals despite the absence of 
skin lesions, raising concern about the possibility of 
asymptomatic transmission of the virus.7

The evolving definition of suspected monkeypox 
according to the Centers for Disease Control and 
Prevention (CDC) is a rash consistent with monkey-
pox and a high degree of clinical suspicion in patients 
who, within 21 days of symptom onset, had contact 
with a suspected or known case; close contact with 
men who have sex with men, especially if contact 
was made via dating or hookup websites, apps, 
or parties; or traveled to an area where there are 
confirmed cases or the disease is endemic. Given 
that tens of thousands of cases have been identified 
across the United States, having traveled abroad is 
no longer an essential clue to diagnosis.

Testing for monkeypox virus should be ordered  
for any suspected case. Although testing for the 
presence of monkeypox virus can be performed with  
cerebrospinal fluid, urine, blood, breast milk, or geni-
tal swabs in the absence of lesions, the only type of 
testing that has been cleared by the US Food and 
Drug Administration (FDA) to date is lesion based 
because of insufficient clinical data to support other 
sample types and the risk of inaccurate results.8 

This means that, under current recommendations, 
if a patient presents with prodromal symptoms 
but without rash or skin changes, they should be 
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Figure 1. Flowchart for an approach to monkeypox virus infection. 
Abbreviations: HSV, herpes simplex virus; LAD, lymphadenopathy; MSM, men who have sex with men; STI, 
sexually transmitted infection. 
aSome presentations of MPX can start without prodromal symptoms or visible skin changes. As current 
testing recommends sampling of skin lesions, if a patient presents with symptoms such as urethritis, con-
junctivitis, pharyngitis, or particularly proctitis, perform careful evaluation for lesions at areas such as the 
urinary meatus, inner eyelids, mouth, pharynx, and perirectal region. If no lesions are found, in cases of 
proctitis consider a rectal mucosal swab to test for monkeypox virus if testing is available. 
bRefer to Centers for Disease Control and Prevention STI Treatment Guidelines, 2021. 
cRefer to Centers for Disease Control and Prevention guidance for antiviral eligibility criteria.
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anal mucosa can be considered if a patient presents 
with proctitis without visible lesions in the perianal 
region.4 If no lesions are identified, these patients 
should be monitored for lesion development in ac-
cordance with testing guidance from the CDC. This 
guidance does have limitations in cases of oc-
cult lesions or delayed appearance of lesions, or if 

monitored for the development of lesions. If none 
appear within approximately 5 days, they are un- 
likely to be infected with monkeypox, and testing is 
not recommended according to current CDC guide- 
lines.1 Similarly, if a patient presents with a mani- 
festation such as proctitis, urethritis, conjunctivitis, 
or pharyngitis, testing is recommended if they have 
lesions. A thorough physical examination should be 
performed in these cases to identify any nonappar-
ent lesions, which may be occult in the inner eyelids, 
mouth, pharynx, perirectal region, urinary meatus, 
or other areas, depending on the location of symp-
toms. An anoscopy to look for deeper lesions in the 

Figure 3. A: Umbilicated lesion on penis. B: Clus-
ter of papules in the perianal region, many with 
umbilication. 

AA

BB

Figure 2. A and B: Pustule-like lesions on a limb 
and dorsal hand. C: Cluster of papules, some with 
umbilication. 

AA

BB

CC
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Figure 4. Morbilliform rash on buttocks (A), lower 
trunk (B), and forearm (C). D: Morbilliform rash on 
thigh with area of confluent rash. 

AA
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DD

asymptomatic transmission of the virus is confirmed. 
Therefore, while nonlesion monkeypox tests are not 
currently approved by the FDA, their use could be 
considered on a case-by-case basis, depending on 

Figure 5. A: Ulcerations on palate and tonsil. B: 
Ulceration on penis. C: Ulcerations on penis and 
pubis.
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BB

CC
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provider suspicion. However, if a patient does not 
have major risk factors for monkeypox and their 
illness seems inconsistent with the disease, differ-
ential diagnoses to consider include syphilis, herpes 
simplex virus, primary varicella virus, varicella zoster 
virus, molluscum contagiosum, lymphogranuloma 
venereum, gonorrhea, enterovirus (including cox-
sackievirus) infection, and fungal infections. 

Once a patient is suspected to have a monkey- 
pox virus infection, they should begin isolation 
while test results are pending. Given high rates of 
concurrent sexually transmitted infections, it is rec-
ommended that patients who are at risk of such 
infections (ie, those with multiple sexual partners, 
anonymous partners, or new partners) also be 
screened for coinfections, which can include syphi-
lis, HIV infection, herpes simplex virus infection, and 
triple-site pharyngeal, urinary, and rectal gonorrhea 
and chlamydia.1,5 

In suspected or confirmed cases of monkeypox, 
the mainstay of treatment is symptomatic man-
agement. Therapy should target oral, genital, and 
anorectal pain; pruritus; fever; proctitis, if present; 
and keeping skin lesions clean. Treatment options 
include oral salt and anesthetic rinses, topical anes-
thetics, sitz or oatmeal baths, stool softeners, pain 
medication, oral or topical antihistamines, or other 
nonirritant gels or lotions such as calamine or men-
thol.9 Some patients develop severe pain requiring 
multimodal oral pain management regimens that 
may include opioids. Most patients recover with 
symptom management alone, but those who are 
at high risk of severe disease, have involvement of 
anatomic areas that might result in serious sequelae 
from scarring or strictures, or experience complica-
tions should be evaluated for eligibility to receive 
the antiviral tecovirimat, currently available through 
a CDC-sponsored expanded access program or clin-
ical trials.10,11 Although tecovirimat may shorten the 
duration of illness, it is not approved by the FDA, its 
efficacy is unknown, and its low genetic barrier to 
resistance has raised concerns.12

Typical illness courses of monkeypox last, on 
average, 2 to 4 weeks.1,2,6 Complications of this 
viral infection can include bacterial superinfection 
of lesions, gastroenteritis, bronchopneumonia, 

encephalomyelitis, sepsis, uncontrolled pain, spread 
of infection to eyes, scars, and strictures (Figure 
6).1,5,9 Any symptoms that raise concerns about 
complications should prompt reevaluation. If a  

Figure 6. Complications of monkeypox. A: Sec-
ondary infection of chin lesions. B: Appearance of 
infection shown in panel A 5 days later. C: Fissure 
and ulceration in the perianal region surrounded 
by papules and umbilicated lesions.

AA

BB

CC



IAS–USA        Topics in Antiviral Medicine

580

Published November 5, 2022 © IAS–USA  www.iasusa.org

patient's sample tests positive, they should inform 
recent close contacts so those individuals may moni-
tor themselves for symptoms and be evaluated for 
postexposure prophylaxis, which in most cases is 
accomplished with prompt vaccination.

Figure 8. A, B, and C: Resolution of lesions.
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BB
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Figure 7. Scabbed lesions. A: On penis; note 
the varying stages of lesions present with adja-
cent pustule. B: Progression of ulcerated lesions 
shown in Figure 5C; note the reepithelization of 
the penile shaft lesion and scabbing of the pubic 
ulceration. C: Scabbed lesion. 

AA

BB

CC



 581

Approaching Monkeypox

Published November 5, 2022 © IAS–USA  www.iasusa.org

Methods to prevent the spread of monkeypox 
include vaccination for those who are eligible as 
well as behavioral changes regarding sex practices 
to reduce infection risk. JYNNEOS, a live nonrepli-
cating virus vaccine, is the primary vaccine in use 
in the United States during the current outbreak. 
Although the efficacy of JYNNEOS in preventing 
monkeypox virus infection in this outbreak is un-
known, early data suggest that there is a lower 
incidence of infection among individuals with even 
1 dose of the 2-dose vaccine series compared with 
unvaccinated individuals.1,13 Other infection risk 
reduction strategies include discussing symptoms 
of monkeypox with partners, avoiding or delaying 
close or intimate contact with someone who may 
be symptomatic or has a pending monkeypox test, 
and avoiding sharing linens, sex toys, and personal 
grooming items.1,9 Those infected with monkeypox 
should isolate until all skin lesions have scabbed (Fig-
ure 7) and fallen off, with the formation of new skin 
(Figure 8).

Given the many challenges that arose in the early 
part of this outbreak, some of which continue today, 
it is unlikely that this infection will be eradicated, 
which means that ongoing knowledge of and abil-
ity to manage monkeypox infections may become 
part of everyday clinical care. 

This invited review was submitted in September 2022 
and accepted for publication in September 2022.
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below. Outlines or abstracts of proposed 
manuscripts are welcome and may be sent 
via mail or email.

 Editor, Topics in Antiviral Medicine™ 
 IAS–USA 
 131 Steuart St, Ste 500 
 San Francisco, CA  94105

 Email: journal@iasusa.org
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form as a condition of publication.
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Editors and published in its Recommenda- 
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1. International Committee of Medical Journal 
Editors. Recommendations for the Conduct, 
Reporting, Editing, and Publication of Schol-
arly Work in Medical Journals. http://www.icmje.
org. Updated May 2022. Accessed October 24, 
2022.
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